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ABSTRACT 

Thi s d i s sertat ion  exp l o res the rol e of soi l -amend i ng tec hnol ogy 
i n  the devel opment  of New Zea l and's agri cu l tura l  secto r .  I n  a s urvey 
of the evol u t i o n  New Zea l a nd ' s  farmi ng  systems i t  i s  s hown tha t the 
u se  of so i l amend i ng emerged from a s et of c i rcums tances whereby the 
u ti l i zati on of grass l a nd farmi ng methods was favoured by the devel op
ment of refr i gera ted mari ne transport a nd governmenta l pol i cy wh i ch  
fos tered the formati on of smal l ,  fami l y  farms adapted to more 
i n tens i ve l i ves tock producti on whose  p roduce refri gera ted s h i p s  cou l d  
del i ver to the Bri ti s h  ma rket . 

i i 

The re�at i ve s hortages of cap i ta l  and l a bour i n  thi s i n s t i tuti on
a l  struc ture l ed to the i n troducti on of l abour- sav i ng technol ogy whi ch  
promoted gra s s l a nd-based farm ing  sys tems . The need to  devel op  a nd 
ma i nta i n  cons i s tently h i g h  l evel s of  qual i ty produce , parti cu l ar ly  

i n  da i ryi ng ,  enta i l ed the  i nvesti gati on of  Bri ti sh agri cu l ture ' s  
so i l - amend i ng technol ogy . I ts s u cces sfu l  adapta tion  and adopt ion , 

favoured by i ts hi g h ly  d i v i s i b l e  l abour and cap i ta l  demands , wa s a 
key el ement  i n  s tab i l i z i ng the 'sma l l farm s tructure a s  i t  s u cces sfu l l y  
boos ted a gr i cu l tural producti v i ty and  enabl ed other i nnova t i ons  ba sed 
on h i gh ly  p ro ducti ve  p l a nts and  an i ma l s  to enter the farmi ng  sys tems . 
The perfect i on of mechan i ca l  d i s tr i buti on methods from tractors to 
ground- s p read i ng veh i c l e s  and a i rcraft a l l owed th i s  tec hno l ogy to be 
extended from the l owl and pl a i n  d a i ry and fa t-l amb farms i n to more 

rugged terra i n  areas produc i ng woo l  and s tore stock . 
An a g r i cu l tura l focus to s c i enti fi c research wa s a fea ture 

su pported by government  i n  the e s ta bl i s hmen t and fund i ng of organ i za
ti ons i nves ti gati ng ways to i ncrea se  and i mprove agri c u l tural  outp u t . 
Successfu l  research and deve l opment  brought  improved p l a n ts and s tock  
whi c h  benefi ted from so i l  amend i ng through  the addi ti on of  so i l  
nutri ents  and  trace el ements and  the control of so i l  ac i d i ty .  Concern 
wi th the s tudy of p a sture as an ecosys tem was a ba s i c  fac tor i n  the 
advances made .  Pedol ogi ca l  i nve s t i ga t i on and t he  adapta t i on of fore i gn 
research fi ndi ngs especi a l ly  after 1 945  i nduced rap i d  i ncrea ses  i n  
l i ves toc k output a s  better di s tri buti on methods fac i l i ta ted the u se of 
the technol ogy dev i sed . Conti nued economi c growth wa s the ou tcome 
of th i s  expans i on of output .  

The compara t i ve s tab i l i ty of the Bri t i s h  market wa s a central  
e l ement i n  the producti on  env i ronment  i n  wh i ch such  technol og i ca l  



l l l 

devel o pment  occurred . The a bi l i ty to focus a tten t i on on a sma l l 
range of produce for wh i ch demand con ti nued to i ncrease through  much 
of the  1 890- 1 960  per i od mea n t  that New Zea l and producers cou l d  benefi t 
substant i a l ly from i mprovements of those i nnovati ons adopted . Research 
acti v i ty too cou l d  be concentrated , so  max imi z i ng rel a ti vel y l i mi ted 

cap i ta l  and personnel resources . La ter deteri ora tion of tha t marke t • s  
stabi l i ty ha s l ed to i ncrea s i ng uncerta i nty and a sea rch for new 
stra tegi es i n  product ion , marketi ng , and  economi c p l anni ng . 

Government  has been a centra l factor i n  agri cul ture•s devel opment 
through pol i cy dec i s i ons  and  supporti ng research , and has become 

i n creas i ng ly  i nvol ved as i ts rol e  i n  regu l ati ng the economy has grown. 
I ts part i n  the produc ti on envi ronment wi th i n  whi ch soi l-amend i ng 

technol ogy deve l oped ha s s trongly i nfl uenced the pattern of tha t  
deve l opment .  

Noti ng  the rel evance of thi s comb i nat i on o f  factors i s  e s senti a l  
to  the  geograph i c  s tudy of New Zea l a nd agri cu l ture a s  a conc l udi ng 
rev i ew of a se l ecti on of s uch studi es  revea l s .  



P REFACE 

Thi s d i s s ertati on grew i n i ti a l ly  from an i n terest  i n  the 

ut i l i za t i on of a i rcraft i n  New Zeal and agr icu l ture for ferti l i zer  
d i s tri buti on . I nves ti gat i on i nto the creati on and evol u t i on of thi s 

tec hnol ogy began  to po i nt to a conti nu i ty i n  the use  of fert i l i zer  
rather than a ma rked c hange occas i oned by the a pp l i ca ti on of a i rcraft . 
The  attempt  to u nderstand the progres s i on i n  the use  of fert i l i zer i n  

New Zeal and farmi ng sys tems prompted a rev i ew of i ts evol ut i on . Such  
an  h i s tor ica l  a pproach wa s produc ti ve  in  that i t  began  to  furn i s h  a 
n umber of i n s i g hts i n to the i nteract i on between the farmi ng  systems 
created and t�e technol o gy empl oyed therei n .  So i l amend i ng ,  the 

u s e  o f  s ub stances  to a l ter and i mprove the producti ve  properti es of 
so i l s ,  appeared as a tec hnol ogy bas i c  to the devel opment of product i ve  
gra s s l and . The  gra s s l and bas i s of . producti on was  a prime c haracter
i s ti c of the farmi ng  sys tems presen t . 

The u t i l i zati on of  g rass l and deve l oped i n  the parti cu l ar 
cap i ta l a nd l a bour s u pp l y  s i tuation  found i n  a smal l coun try 
s pec ia l i z i ng i n  an ima l  p roduct output for a ma�ket ha l f  a wor l d 
away . The concern wi th so i l  amend i ng emerged i n  the evol u t i on of New 
Zea l and farmi ng  systems from exten s i ve to more i nten s i ve forms sub
s eq uent to  transport technol ogy i nnovat ion and a program of 
l eg i s l at i on wh i ch  s t i mu l a ted change i n  the i n s ti tu t i onal s tructure of 

farmi ng . The  producti on env i ronmen t wa s apparently a factor i n  the 
deve l opment of so i l - amend i ng technol ogy . The l a tter • s a s soc i ati on 
wi th  da i ry i ng i n  part i cu l ar appeared to demons trate how tec hnol ogy 

cou l d  both enabl e a farm enterpri s e  to exi s t  and i nduce c hange wi th i n  
i t .  The exten s ion  of th i s s o i l -amend i ng technol ogy to the  other 
l i ves toc k enterpr i ses  dur i ng the present  century was a maj or source 
of the h i g h  product i v i ty of New Zea l and • s  agr i cu l ture . The u s e  of 
a i rcraft cou l d  then be s een as  bu t a l ater phase i n  the evo l ut i on of 
s o i l amend i ng --a  means  of overcomi ng  the s l ope cons tra i nt imposed 

on earl i e r  fert i l i zer  d i s tri but i on techn i ques . 

The a bove con s i d eration h i gh l i ghted the rel a ted rol e of 
resource a ppra i s a l  a nd  c u l tural v a l ues  impl i c i t  i n  the  dec i s i on to 

empl oy a certa i n  technol ogy , parti cu l arly \'Jhere i t  was new . Cont i nued 
contact w i th  the s ource  areas of the  New Zea l and farmi ng  systems and 
t he emergence  of the  sc i enti f i c  s tudy of a gr i cu l ture i n  one of them , 

i V 



the Un i ted Ki ngdom , ev i den tl y  fac i l i ta ted the transfer of i nformat i on 
wh i l e ,  concurrent l y ,  the l oca l p i oneer i ng env i ronment encouraged the 

testi ng of the tec hn i ques p roposed . Adapt ing  fore i gn researc h to 

devel op  technol ogy of use l oca l ly was a pattern wh ich  pers is ted . 
S uccessfu l  i nnova t ion resul ted i n  the reappra isa l  of exis t i n g  

produc t i on resources i n  New Zeal and a n d  prompted the extens i on o f  new 

farmi ng  enterprises . Such  a s i tua t i on is dynami c as the tec hnol ogy 
i n trod uced creates a d is equ i l i br i um .  The attempt to recti fy the  
i n i ti a l  d isequ i l i br i um can contri bu te to d isequi l i br i a  e lsewhere i n  

V 

the sys tem . I nnovat ion is s timu l a ted to offset  the producti on 
d i ffi cu l t i es encoun tered a nd ta ke advantage of opportuni ti es presented . 
As product i v i�y improvemen t is a poss i bl e consequence of such  moves 
to more eff i c i ent ly  empl oy resources , a nd econom i c  growth is an  ou t
come of improved producti v i t� fol l owi ng  the Sc humpeter i a n  v i ew 
( Sc humpeter , 1 928 , 37 7-378 ) ,  change i n  technol ogy can be the bas i s  
for g rowth i n  the economy . From suc h  growth , econom i c  devel opmen t ,  a 
change  i n  the rel a ti ve i mportance of the sectors of the economy and 

i n  the soc i ety i n  wh i c h they opera te , is thought  to fol l ow .  Th is 
profound change  then i nf l uences the resource uti l i zati on patterns 
w i th i n  the economy . Th is  resource-appra isa l  cons i d erat i on is not  the 
c en tral concern of th is d isserta t i on , however , and i ts el a borat i on is 
not  pursued further . 

What is of concern is the effect of techno log i ca l  c hange . The 

i n teracti on of technol ogy , resource appra is a l , i ns t i tu ti onal  s tructure 
a nd econom i c  c hange is man i fes t i n  both the spati a l  organ i za t i on and 
the d is tri but i onal  patterns of farm i ng sys tems . Patterns res u l t i ng 
from a parti c u l ar comb i nat i on of the  a bove-ment i oned e l ements s houl d 
be subj ect to adjus tment once change is i n troduced to any one el ement  
in  the sys tem and d is equ i l i br i um is created . An  u nders tand i ng of a ny 
such  i n teract i on is bas i c  to expl a i n i ng ex isti ng s pati a l  patterns 
a n d  assess i ng the spat i a l  outcome of ongo i ng change . I d en t i fyi ng  

c hangi ng patterns can i nd i cate some a l terati on in  the  rel a t i ons h i p 
of the i nteract i ng  e l ements as they i nfl u ence man 's use of l and . 
The  analys is by geographers can thus be pred i cti ve  and d i a gnos t i c  a nd 
s o  contr i bu te to pol i cy-ma k i ng .  

Th is  d iss erta t i on is an overv i ew of the opera ti on of this 
i n teract i ng  sys tem of  technol ogy ,  resourc e  appra isal , i ns ti tuti ona l 
s tructure a nd economi c c hange i n  New Zea l and agr icu l ture wi th parti -



c u l a r  reference to the part p l ayed by soi l amend i ng .  The l a tter 

tec hnol ogy was i d enti fi ed as one wh i ch proved bas i c  to l a ter d eve l op

ment by creati ng a success i on of powerfu l d isequ i l i br ium  s i tua t i ons . 
This survey of the ensu i ng c hanges prov i des a framework wi th i n  wh i ch 
subsequen t ,  more exhaus t i ve s tud i es of New Zea l a nd agri cu l ture can 
prov ide  a greater u nders tand i ng of devel opment process es and the i r 
spat i a l  man i fes ta ti on .  

The ques t i ons address ed i n  the d iss erta t i on are rel a ted to the 
centra l probl ems of the so i l  amend i ng •s p l ace i n  agr icu l tura l 

devel opment i n  N ew Zeal a nd and  i ts rol e i n  econom ic  c hange . Why 
has soi l amend i ng been an  i mportant  technol ogy i n  the overa l l 

devel opment of New Zea l and agr icu l ture and  how has i t  p l ayed a rol e 
i n  change i n  the  country •s economy?  I t  is s een that i nnova t i on i n  
transport technol ogy s timu l a ted the evol u t i on of more i n tens i ve 

fa rm i ng sys tems a nd thereby fos tered the need for crea t i ng h i gh l y 
productive  grass l ands . Emp l oy ing so i l  amend i ng to i ncrease so i l 
n utr i ent l evel s to crea te and ma i ntai n such  grassl ands was a means 
to ach i eve the d evel opment  des i red . The technol ogi cal  response  to 
a l tered c i rcums tances i n  the produc ti on  env i ronment supported the 

i n tens i f i ca ti on  undertaken . I n  th is way emerged a widespread 
i ns ti tut iona l  s truc ture i n  the agr i c u l tura l s ector--the comparati vely 
sma l l , fam i l y  farm .  The l abour- and capi ta l -suppl y c harac teristi cs 
of this s truc tu re s trong ly  i nfl uenced the producti on technol ogy 
u ti l i zed and ,  i t  is argued , prompted the adopti on of grass l and  
technol ogy . 

What were the d is ti ncti ve features of the l abour and  cap i ta l  
s upp ly  of  that s tructure that i nfl uenced the  nature of the  p roduc t i on 

technol ogy u ti l i zed and  fostered the use of g rass l and technol ogy i n  
part icu l ar?  Both cap i ta l and l abour were i n  s hort supp l y ,  so  

technol ogy not  requ i r i ng much of  e i ther was favoured . The rel at i ve ly  
greater shortage of  l a bour mean t  t hat  l a bour-sav i ng technol ogy was 
more favou red even i f  i t  proved more expens i ve to acqu i re. 
Accord i ng l y ,  a d i rect  rel ati ons h i p  devel oped between the d emand for 
l a bour wi th i n a parti cu l ar farm enterpr ise and i ts use of l a bour
sav i ng technol ogy. I nsofar as grass l and techno l ogy met th is  demand , 

i t  was emp l oyed , parti cu l ar ly  when both the us e of so i l - amend i ng 
techno l ogy and the es tabl is hment of farm enterprises ab l e to use i t  
were favoured by the  p hys i ca l  env i ronment .  

vi  



What  was the consequence i n  such farm enterprises of focus i ng 

atten ti o n  on the technol ogy u t i l i zed ? Wou l d  they serve as a sou rce 

of technol og i ca l  i nformat i o n  to other enterpris es ?  If  so , grass l and 
technol ogy cou l d  be  improved a nd d issem i na ted i n  rel at ion to the 
importance of the farm enterpr ise mos t dependent u pon i t .  Th is  
wou l d  be  one  poss i bl e  answer to  the q u es t i ons of  how the  agri cul tural  
focus of i nventi ve  acti v i ty has been ma i nta i ned a nd how the res u l ts 
have been spread throughout the farm i n g  commun i ty .  

vii 

What is the  rel at i ons h i p between technol ogy and the i ns t i tuti onal 
s tructure of a n  economi c s ector? Wh i l e  technol ogy ,  on the one hand , 
may pl ay a par t  i n  the emerg ence of a n  i nst i tuti onal structu re ,  on 
the other , i t� devel opment can a lso be a betted and d i rected by the 
s ame structure , so cons tra i n i ng the pa ttern fol l owed . Wha t were 
the cons equences of the rel at i ons h i p  i n  New Zeal and?  I nven t i v e  
acti v i ty was centred o n  b i o l og i cal  concerns rel a ted to agri cul ture . 

The res u l tan t  i nnovati ons furn ished a bas is for i ncreased producti v i ty 
i n  that sec to r  as wel l as for growth i n  the economy as a who l e .  
Creat i ng i ns t i tuti ons act i ve i n  res earch as wel l as i n  the d issem i n a 
t i on o f  the f i nd i ngs of tha t res earch s timu l a ted i nnovat i on on the 

farm a nd ,  consequen tl y ,  these i ns ti tut i ons may be v i ewed as havi ng 
s erved a growth-promoti n g  functi on .  

What has been the rol e of government i n  the devel opment of 
agr i cu l ture?  Creati ng and supporti n g  the research i nst i tut i ons noted 
above is but one i ns tance of governmen t 's i nvol vemen t .  Wi th  greater 
rel i a nce upon governmen ta l i ntervent i on to counter the effects of 
economi c  cr ises ,  the government's part i c i pa ti on i n  decis i on -mak i ng , 
es pec i a l l y  i n  the a l l oc at i on of resources w i th i n  the economy , has 
become more i mportant  to the devel opment of the var ious econom i c  
s ectors .  T h us the rol e and s i gn i f i cance of  agri cul ture i n  t h e  nati onal  
e conomy was dependent on government  pol i cy .  This is ev i dent i n  the 
recourse to l eg is l at i on before the  turn of the c entury to promote 
t he sma l l farm as one of the bas i c  e l ements of New Zea l and agr i c u l ture . 
Furthermore , l i n kage  wi th other economi es through i nternat i onal  trade 
and dependence on fore i gn  markets h as become i ncreas i ng ly  rel ated to 
governmental  decis i ons. A wea ken i ng of the demand- i nduced growth 
effect of the  Bri t ish  agri cu l tural  p roduce market , for i ns tance , 
spawned a re-exam i na t i on of the tra d i ng  l i n ks .  To what extent is the 
rel at i ons h i p between national  econom i es i nfl uent i a l  i n  the  econom i c  



devel opment process and can i t  be an  expl anatory factor i n  the nature 

and extent of s uch  devel opment?  

V i  i i 

Has dependence u pon the Br i t ish market proved s i gn i f i ca n t  i n  . 
agr i cu l ture 's d evel opment?  W here once the nature of that market 

featured in  New Zea l and agr i c u l ture 's  conti nued producti v i ty 
improvement through  prov i d i ng a meas ure of stab i l i ty i n  the product i on . 
env i ronment ,  t he  market 's  capac i ty to a bsorb the i ncreas i ng output  
genera ted by the  effecti ve  us e of  technol ogy d i mi n is hed . Th is  c hange 
created a s i tu a ti on where the bas is of N ew Zea l and 's economy came 

under conti nu i ng rev i ew .  Has the change l ed to an adj us tment  of  
the  e conomy to  new  c i rcums ta nces ?  The  res ponse of  the New Zeal and 
economy is of  ,concern here as the produc ti v i ty i mprovement i n  
agri c u l ture has occas i oned economi c growth ; yet the atta i nment  of 
economi c devel o pment as s uggested i n  e conomi c theory rema i ns i n  
doubt . An apprec i a t i on of the technol og i cal  and i ns t i tu t i onal  factors 
important to growth and  devel opmen t can prov i de i ns i g ht of  va l ue i n  
anti ci pati ng , a nd s o  p l a nn i ng , the course  o f  further economi c 
res tructuri ng . 

I n  l i gh t  of  thes e  cons i derati ons the fol l owi ng ass erti ons are 
exami ned : 

1 )  Soi l - amend i n g  technol ogy has been the key el ement i n  boost i ng  
agr i cu l tura l product i v i ty becaus e  of  i ts importance to grass l and 
farming , and  s o  th is technol ogy has p l ayed a s i gn i f i cant  rol e i n  
agr i cu l tura l devel opment and i n  nat i ona l econom i c  growth . 

2 )  Farmi ng  sys tems bas ed on grass l and  have devel oped and 
focus ed i nv en t i ve  acti v i ty on thos e  key technol og i es s uch  as so i l 
amend i ng wh i ch support them .  

3 )  T he  i ntroducti on and adopti on of grass l and techno l ogy 
refl ected the  capi ta l - and l abour-s u pp ly  s i tua ti ons i n  the al tered 

i nst i tut i ona l  s tructure of agr i c u l ture a fter i nnovat ion  i n  transport 
technol ogy occurred . 

4 )  The c haracteris ti cs of  s oi l -amend i ng technol ogy s trongl y 
i nfl uenced i ts adopti on and wi des pread us e .  

5) I n  the course  of  i ts d i ffus i on from i ts po i n t  of or i g i n  an  
i nnova t i o n  may be mod i f i ed through  i ts a da ptat ion to  a new env i ron
menta l  setti ng . 

6 )  The  adopti o n  of  i nv en t i o ns crea ted mod i fi cat i ons i n  
product i on techn i ques but the i ns t i tu t i ona l  s tructure and the farm i ng 



sys tems i n  New Zea l and agr i cu l tu re were a bl e to ach i eve a h i g h  degree 

of stabi l i ty .  

7 )  Government  has pl ayed a n  important part  i n  the d i ffus i on of 
agr i cu l tural  technol ogy through  i ts rol e i n  s ponsori ng research 
a nd i nforma t i on d iss emi nat ion  and through  the s trong effect on 
resource  a l l ocat i on decis i ons occas i oned by i ts greater i nvol v ement 
i n  the economy . 

8) Change i n  the s tabi l i ty of the  trade  pa ttern has had a d i rect 
effect on  the promoti on of  producti v i ty improvement i n  agri cu l ture , 

on the s tabi l i ty of the i ns t i tut ional  s tructu re of the agri c u l tural  
s ector , and  on the rel at i ve importance of the vari ous sectors of 
the nati onal  �conomy . 

i X 
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I NTRODUC TORY NOT E : M ETHODS , DATA SOURCES ,  AND ORGAN I ZAT I ON 

The thrus t of the q ues t i ons put  forward i n  the preface i nd i ca tes 
the i mportance of the pas t i n  present patterns . I n  order to dea l 
wi th  quest ions emana ti ng from this his tor i ca l  perspec ti ve cons u l t i ng 

documenta t ion  a bout  the New Zeal and economy and the a gri cu l tura l sector 
was ess enti a l . Data on  bo th these wide top i c  areas were assembl ed 
l arge ly  from government  publ i cat ions and from analyses by a uthors i n  a 

n umber of d is c i p l i nes . I n  the fo l l owi ng sec ti ons the scope , conti nui ty ,  
and  rel i a bi l i ty of the var ious data seri es perti nent to the s tudy are 

d is cuss ed whenever d i ffi cu l t ies became apparent . The u ti l i ty a nd 
s ho rtcomi ngs of  the a va i l abl e data seri es are consi dered and  observa-

, 

t i o ns made about  the cons tra i nts imposed on the present i nq u i ry by the 
l i m i ta ti ons of s ta tis ti ca l  ser i es at certa i n  l evels of aggrega t ion  
a nd measuremen t .  

DATA AND DATA SOU RC ES O N  SO I L-AMENDI NG TECHNOLOGY 

New Zea l a nd 's so i l -amend i ng techno l ogy i nvol ves the a pp l i cati on 

of chemi cal  ferti l i zer , l i me , and trace el ements to boos t so i l 
produc ti v i ty .  This concern i s  refl ected i n  offi ci a l  s ta tis ti cs .  Data 
on  the use of  c hemi ca l  ferti l i zers on  grass l and have been p ub l i s hed 

a nnual ly  s i nce  1 926- 27 i n  the Agricultural Statistics1• On ly  for the 
f i rst three years of reporti ng was an a ttempt made to i nd i cate the 
areal ex ten t  of soi l amend i ng us i ng dung . I t  was rea l i zed tha t the 
practi ce of  year-round , outdoor gra z i ng l ed to the depos i ti on of dung  
i n  s i tu .  The farmer control l ed the quanti ty spread i n  a pas ture by 
adj us ti ng the frequency and i n tens i ty wi th whi ch his s tock  grazed , 
not by co l l ecti ng and spread i ng dung . The d i ffi c u l ty of obta i ni ng  
the  l a tter type of d a ta l ed to an  emphas is on  i norgani c treatmen t .  

The three so i l - amendi ng prac t i c es recorded annua l l y  were : the 
use of the chemi cal  fert i l i zer of a ny type on i ts own , the us e of l i me 
on i ts own , or a combi na tion  of the two . Al though some a t tempt to 
d i fferenti a te the type of soi l -amendi ng practice  was made , this was 
not done cons is tent ly  u n ti l 1 932 . The quanti ty of ferti l i zer and 
l ime emp l oyed was not recorded i n  the agri cu l tural  s tat is t i cs between 
1 930 and 1 948 , a ser i ous omiss i o n  as the rate of app l i cat i on  by type 
of trea tment  cannot be  ass essed dur i ng this peri od of change . As 
this ra te ca n be var i ed over a g i ven s urface area , measu res of soi l -



amend i ng practi ce  u s i ng acreage data only may no t be s tri ctly 
compa rable from year to year s hould some factor affect appli cati on 
rates . Although  the compari son value i s  l imi ted , the acreage fi gure2  

does measure the  extent to whi c h  the  dec i s i on was  made to employ th i s 
parti cular technology . Changes evi dent thus i ndi ca te ei ther a n  
adj u s tment i n  t he  u s e  of  t he  technology a s  a whole , or a mod i f i cat i on  
of the  way i t  wa s employed . I t  wa s on thi s bas i s  tha t an  analys i s of 
vari ance  of the u s e  of so i l amend i ng wa s u nderta ken . Changes i n  the 
data coll ect ion  a reas neces s i tated the reconci li ati on procedure noted 
i n  Table 8 . 3  to re�create common area s i n  order to effect some 
sta t i s t i cal a nalys i s .  The s ta ti s ti cal d i v i s i ons  used are s hown i n  
Map 7 . 1 3 • A fu rther problem ari ses from the change i n  1 97 1  of the 
peri od for wh�ch data a re recorded . Long- term s tud i es have become i n 

cre a s i ngly hand i capped by both of these c hanges unles s  the effects ca n 
be mea sured , so allowi ng some wei ghti ng  p rocedu re to be u sed i n  
analys i s .  

Fortunately ,  there a re other sources  on the q uanti ti es o f  so i l  
amendments ava i lable over ti me .  The appli cati on rate o n  a na ti onal 
scale can be determi ned by combi n i ng domes ti c product ion  a nd i mports , 
a s  exports and  re-exports have not been s uffi c i ently large to be note
worthy . Dome s ti c producti on of li mes tone and roc k p hosphate h a s  been 

recorded annually s i nce 1 91 7  i n  the New Zealand Official Yearbook4 a s  
part of quarry i ng acti v i ty .  The quanti t i es o f  impo rts p r i or to 1 9 21  
have  been i ss u ed i n  the Statistics of New Zealand5 a nd those  s i nce 

2 

1 921  recorded i n  the Trade and Shipping Statistics - Imports 6 • Data i n  
the  Externa� Trade Statistics - Imports supplement to the Monthly 
Abstract of Statistics7 for the July-December peri od of the yea rs s i nce  
1 962 have been u sed to  convert the fi g ures from June  to December years8 

to  ma ke the s er i es  as  cons i s tent a s  pos s i ble . Di fferences i n  t he 
deta i l  of the fi gures recorded does po se  some problem wi th the lower 
v olume ferti li zer i mports . The methods u sed to recti fy the problem are 
noted i n  the tables i nvolv ed .  McCa s k i ll ( 1 929 )  tabulated a full 
record of i mports and domesti c produc ti o� from 1 86 7  to 1 9 21 , so 
allowi ng the  ser i es to be  extended back to the per i od when so i l  
amend i ng wa s i n i ti a ted . However , correcti ons to th i s seri es  were 
made after a c hec k of the source of th i s data , Statistics of New Zealand3 
revealed erro rs made i n  transcri b i ng f i gures . S i nce the area on 
whi ch amendments were a ppli ed was not  recorded , a n  a nalys i s  of actual 
appli ca ti on ra tes i s  not  pos s i ble bu t a generali zed v i ew of  the 



emerg i ng na ti onal  p attern of u sage was attempted by u s i ng the app l i ca 

ti on ra te per  a rea of  i mproved l and . 
Rather than  a ttempt i ng to trace domesti c product i on of chemi cal  

ferti l i zers , as d a ta for the per iod pr ior  to 1 9 26 are not a va i l a bl e 

3 

from government or  company sources9 ,  the convers ion  factors a va i l abl e · 

i n  the Fertiliser Statistics10 were emp l oyed to convert quanti ti e s  of 
i mpo rted and domes ti ca l l y  prod uced chemi ca l  ferti l i zers to equ i va l ent 
q uant i t i es of p l a nt nutri ents . The res u l tant  seri es a l l ows the trends 
i n  c hemi ca l  fert i l i zer u se  to be traced i n  rel a ti on to the fi nd i ngs  of 
sci ent i fi c  research  on the operati on a nd nutri ent requ i rements of 
pasture ecosystems . The effect of sc i ence on the u sage pa ttern a ppears 
in the changes i n  trend noted . The l ac k  of prec i s i on concern i ng i mports 
for December yea rs pri or  to 1 9 1 4  precl uded the extens i on of the s er i es 
pri or to that d a te .  Orga n i c ferti l i zer produc ti on from dome s ti ca l l y  
produced ma teri a l s and the number o f  a s soc i a ted producti on  p l ants was 
traced through  u s i ng Statistics of New Zealand and Industrial Production 
Statistics11• These sources al so prov i ded i nformati on on the n umber of 
chemi cal ferti l i zer and l i me- producti on p l ants i n  operati on12 • 

The reduct i on i n  i mportance of orga n i c  ferti l i zers caused by the 

exten s i on of c hemi ca l fert i l i zer producti on capac i ty after Worl d Wa r I 
meant  tha t the i r contri b u ti o n  to gra s s l a nd technol ogy was i ncrea s i ng l y  
l i mi ted . A s  there wa s a l so  some di ffi cu l ty i n  obta i n i ng conver s i o n  

fac tors for t h e  n utri ent components to a ccord them wi th the data a va i l 
ab l e for chemi ca l  ferti l i zers , organ i c ferti l i zers have not  been 
i nc l uded i n  the synops i s  of  soi l amendmen ts u sed .  

The pub l i ca t i on of.Fertiliser Statistics1 3 , begu n i n  1 950 , i s  a 
va l uabl e source of  i nforma ti on concerni ng  trends i n  produc ti on a nd the 
prob l ems encountered yea r by yea r .  The use of ei ther June a nd December 
years i n  the s er i es  l i mi t s  the usefu l ness  of the pub l i s hed data because  
of  the compara b i l i ty prob l em crea ted . Howeve r ,  the ser i es do  prov i de a 

s ource of i nformat ion  on aeri a l  app l i cat ion  of fert i l i zers wh i ch  i s  
s upp l emented by annua l reports i n  civil Aviation Statistics14• The 
a er i a l  topdre s s i ng data i n  the Agricultural  Statistics permi t a 
compari son wi th other  a p p l i cati on method s i n  terms of the rate o f  
a pp l i cati on a nd the area treated . On ly  i n  1 963 i n  the l a tter source i s  
t he l arge rol e  of ground-spreadi ng veh i c l es recorded separate l y .  Thi s 

i s  a curi ous  overs i gh t ,  the  more s ub sta nti a l  documentati on  on  
a v i ati on perhap s refl ect i ng  greater governmental i nvol vement i n  tha t  
s erv i ce i ndu s try . 
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The use by the C i v i l  Av i at ion  Admi n i s trat i on of provinc i al 
di s tr i c ts for li cens i ng aeri al operati ons and so for record i ng data , 
ra ther than the land di stri cts or stati sti cal area s  u sed by the 
Department  of Agr i culture means  that the d i rect compari son of i nforma ti on 
i s  li mi ted . For example , a s  the Auckland Prov i nci al Di s tri ct  encompa sses  
the  enti re northern half of the North I sla nd , d i fferences in  aer i al 
techn i q ue s  employed between reg i ons wi th i n  tha t  di s tri ct  are not 
observable . S im ilarly ,  the smaller provi nci al d i stri c ts i n  the South  
I sland , Nelson , Marlborough , a nd Wes tla nd have been grouped i n  publi s hed 
sources , a nd deta i l  i s  los t .  The use of common data collect ion areas  
by the  Mi n i s try of Transport a nd the Mi n i s try of  Agri culture and  
Fi sher i es  where s ta t i s ti cal i nformation overlaps so  closely as  i n  the  
ca se  of a v i a t1on operati ons carri ed out for agri cultural purposes  
would fac i li tate the s tudy of these opera t i ons . Shari ng a common ti me 
period would also be advantageous  i n  thi s regard as Transport ha s 

swi tched from March  to Decembe� years wh i le Agr i c ulture and Fi s heri es  
has  swi tched from January to J une yea rs . The latter change ha s a t  leas t  

brought  the agri culture and ferti li zer product ion years i n to li ne , s o  
fac i li ta ti ng sta t i s t i cal analys i s .  

D I SEQU I L I BR IA  AND COMPLEMENTARI TY I N  TECHNOLOGY 

I n  the above d i scu s s i on of sources , so i l-amend i ng  technology i s  
v i ewed a s  opera ti ng  i n  i sola t i on . I t  i s  noted tha t the adj u s tment of 
soi l ferti li ty i s  u sed to boos t  plant p roducti on i n  order to i ncrease 
an imal producti on per u n i t a rea . The i ntroducti on of an imals a nd plants  

capable of more effi c i ent  u t i li za ti on of avai lable so il  nutri ents  s erved 
to boos t the benefi t deri ved from s uch technology . The development  of 
each techn i que often served to sti mula te some other technolog i cal 
i nnovat i on . 

Both ev i dent  resource depletion a nd customary u se ,  a s  noted by 
commentators on agr i cultural developmen t  ( Smallfi eld , 1 947a , 1 947b ; 
Ki ng , 1 947a ) , fac i li ta ted the use of so i l-amendi ng  technology . The 
fi rst  rea son came a bou t i n  response to falli ng product i v i ty whi ch 
i nduced a search for means  to overcome a decli n i ng i ncome s i tua t i on . 
Other opti ons  a t  tha t t ime i ncluded mov i ng onto u nexploi ted land to tap 

i ts natural ferti li ty ;  adj u s ti ng the type of producti on to the new 
ferti li ty level ,  a nd wi thdrawi ng from p roduct ion completely . Any and 

all of these op t i ons  were ava i lable to an i ndi v i dual producer . Tra c i ng 



the development  of each entai ls exami ni ng : the rate of adop ti on of 
so i l-amendi ng technology through the quanti ty of amendments i mported 
and the acreage trea ted from the sources noted earli er ;  the amount  of 
land brought  i nto producti on and allowed to go out  of produc ti on , and 
the n umber of holdi ngs . The use  of the number of holdi ngs i s  based 
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on the a s s umpti on that  • one  ma n ,  one farm • rema i ned an adequate descri p

ti on of the s t ructure i n  farmi ng . Although usually adequate for the 
purpose here , the conti nued assumpti on that  th i s  pattern has con ti nued 
creates certa i n  problems i n  the s tudy of adopti on . Al l the above 

data are ta ken from the seri es i n  the Ne� Zealand Official Yearbook 
and from the Agricultural Statistics� s upplemented by addi ti onal data 
for the ni neteen th century from the volumes of the Census of New 
Zea land 1 5 and'Statistics of Ne� Zealand. Averag i ng the da ta for fi ve 
year per i ods  i s  employed to smooth the trends over t ime by reduci ng 
the effect of annual vari a t i ons wi thi n a lengthy seri es . As data are 

not always ava i lable for the fu l l  fi ve years , the best  average poss i ble 
was calcula ted and the number of years employed recorded i n  the table . 
As data collecti on i mproved follow i ng World War I ,  the i nforma t i on for 
the 1 9 20 to 1 9 70  peri od i s  nearly always complete . Si ngle-year data 
are also used to outli ne trends over the s horter ti me peri ods i nvolved 
i n  some c hap ters . 

The a bove�menti oned losses of both producti ve land through 

revers i on a nd decrea sed n umber of hold i ngs  i n di cated a fa i lure to over
come the so i l  fertili ty p roblem� Th i s  di ffi culty i s  more read i ly 
observed once the amount  of land i n  product ion  had s tabi li zed , thereby 
remov i ng the opportun i ty ,  on a large scale , to move onto prev i ou sly 
u nexploi ted lan d .  The u s e  of tec hnology i s  seen as  i nduci ng i mprovement  

i n  the manner i n  wh i c h i ncrements i n  so il  fert ili ty are u t i li zed . 
Equally , i t  has  a n  enabli ng role i n  layi ng the base from whi ch  other 
a s pects of gras sland technology could develop . By noti ng the sequence 
of developments w h i c h  occurred i n  New Zealand , one can i ndi cate the 

opera ti on of th i s  d i s eq u i li bri um s i tuati on . Wha t becomes ev i dent i s  
the order i n  whi ch technolog i cal develop�ents occurred and  were presented 
for genera l u s e .  

Farmi ng stat i s t i c s  present data on some o f  the a s soc i a ted 
technology : the number of tractors on farms , the area i n  gras sland , 

and the amount  of g ra s sland cut for hay and s i lage . The number of  
tractors employed , however , may not reflect wi despread adopti on s i nce 

the number of farms u s i ng them i s  not i nd i ca ted . The pos s i b i li ty of 
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more tha n  one tractor bei ng u sed on a hol d i ng i s  so i gnored . Record i ng 
the n umber of farms or fa rmers reporti ng the use  of mach i nery and 

techn i ques  wou l d fac i l i ta te adopti on and d i ffu s i on s tud i es .  Accord i ngly , 
commentar ies  on devel opments by sci enti sts  empl oyed i n  grass l a nd research , 
parti cu l arl y ,  Levy ( 1 9 59 , 1 96l b ) ,  Lynch ( 1 9 67 , 1 9 72 ) , Sears ( 1 962a , 1 962b , 
1 963 ) , a nd Sma l l fi e l d  ( 1 9 70 )  a re used to ga i n  i ns ight  i nto devel opments . 

Arti c l e s  appeari ng i n  the Journal of Agriculture� the New Zealand 
Fertiliser Journal1 6 , New Zealand Agricultural Science and the New 
Zea land Geographer are other u sefu l sources as  are papers presented a t  
farmers • conferences hel d a t  Massey Agri cu l tural Co l l ege ( l a ter Un i ver
s i ty ) , L i ncol n Col l ege , and the Ruakura Experi mental S tati on , or  at 
meet i ngs of the New Zea l and Grass l and Assoc i ati on a nd the New Zeal and 

Geograph i ca l  Soc i ety . Fu l l h i s tori cal  treatments of  agri cul tural  
production such  a s  Evans ( 1 96 9 )  and Department of Agr i cul ture ( 1 950 )  
have been i nfrequent bu t the work of Bel shaw ( 1 9 36 , 1 947 ) , Cumberl and 
( 1 944 ) , Cumberl and  and Hargreaves ( 1 9 55 , 1 9 56 ) , Evans ( 1 9 56 ,  1 9 60 ) , 
Gou l d ( 1 965 , 1 9 76 ) , Hargreaves ( 1 960 , 1 96 3 ,  1 9 6 5 ,  1 966 ) , McCas k i l l  
( 1 9 29 ) , Ph i l pott ( 1 93 7 ) , Robertson ( 1 9 39 ) , Sma l l fi el d  ( 1 9 70 ) , A . B .  Ward 
( 1 9 73 ) , and A . H .  Ward ( 1 97 5 ) , conta i n  parti cul arly he l pful d i s cu s s i ons  
of  trends whi ch  emerged i n  the peri ods each deal t wi t h .  The  reports 
of Royal Commi s s i ons  i nves ti gati ng agri cu l tura l  probl ems are further 
sources of s uc h  i nforma ti on .  

SOURCES OF I NVENTION AND I NNOVATION 

The sources ci ted a bove provi de addi ti onal materi a l  on  the 

or igi ns  of l oca l  i nst i tu t i ons  concerned wi th i nventi on and i nnovati on . 
The fact tha t researchers such  a s  Levy and Sma l l fi e l d ,  were a l so  engaged 
i n  popul ari z i ng the app l i cati on of gra s s l and techno l ogy means  tha t  t here 
i s  often amp l e expres s i on of the methods  fol l owed , a nd of the fi ndi ngs 
a nd u seful ness  of the resea rch .  

The establ i s hmen t  of i ns ti tuti ons  for research marked an  i mpor tant  

phase  i n  the progres s  of  technol ogi cal  devel opment  i n  New Zea l and . 
Government s ponsorsh i p mea n t  that thei r evo l uti o n  i s  documen ted i n  the 
annual  reports of the a s so c i ated government departments . The Department 

of Agri cul ture • s  Annual Report17 proved parti cu l ar l y  useful . Reports 

of the Ai r Department 1 8 and of the Department of  Sc i enti fi c a nd 

I nd u s tr i a l  Research furn i s h  further deta i l .  The fund i ng of these 
i nsti tuti on s by government and the acti v i ti es i n  wh i c h  they engaged 

prov ide  an i nd i ca t i on of both the economi c l i nkages seen as i mportant 
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wi th i n  the cou ntry , a nd the  i nfl uence exerted by government i n  
regul ati ng the course of economi c adj u s tment wh i c h  ensued . Accord i ngl y ,  
governmental  sources 1 9  d o  prov ide references to much of the devel opment  

wh i c h occurred , especi a l l y  in  the earl y ,  l es s  fu l ly documented phase s . 

F i na l ly ,  arti c l es i n  the New Zealand Fertiliser Journal outl i ne events 
rel a ted to ferti l i zer production and u s age from the mid- 1 950s on , 

and  the agri c u l tura l  peri odi ca l s c i ted earl i er prov i de further i nforma ti on 
on the sources of i nvent i on and i nnova ti on . 

I NSTITUTI ONAL DEVELOPMENT 

Fol l owi ng the devel opment of the i ns ti tuti ona l env i ronment  i n  
w h i c h  change occurred i s  neces sary i n  a s sess i ng the pattern of  tha t 
c ha nge s i nce in s ti tut ions  do di rect the use  of resources i n  the economy 
( Dav i s and North , 1 9 71 ) .  I n  the cou rse  of col on i zati on the cu l tu ra l 
a nd i ns ti tuti onal  heri tage of the home country was adapted i n to a n  
i n s ti tuti onal  s tructure s u i ted to the requ i rements of the new settl ers . 
I n  devel op i ng i ts own economi c i ns ti tu ti on s , New Zea l and soc i ety ha s ,  
through governmental acti v i ty ,  determi ned the rel a ti ve i mpor tance of the 
sectors of the economy . The degree of  promoti on through the prov i s i o n  of 

producti on resources and protecti on from d i s turbances such  as external 
competi ti on , evi nce va r i o u s  atti tudes to the vari ous sectors . The works 

of Blyth ( 1 9 74 ) ,  Condl i ffe ( 1 9 1 5 ) , 1 9 59 , 1 96 3 ) , Goul d ( 1 9 72 ) , L l oyd 
Pri chard ( 1 970 ) ,  Schol efi e l d ( 1 9 09 ) , S i mk i n ( 1 9 51 ) ,  Su tch  ( 1 966 , 1 969 ) 
deal i ng wi th New Zea l a nd • s  economi c h i s tory are parti cu l a rl y  importa n t  
i n  thi s area . From the i r work can be  drawn a n  outl i ne of the nature of 
the producti on  env i ronment i n  wh i ch i nnovati on deci s i ons  concerni ng 
techno l ogy were made . Thei r d i scu s s i ons cover the earl i er i nst i tu ti ona l  

devel opments  and  are  supp l emented by the range of bac kground papers for 
the economi c conferences of the 1 960s . 

E CONOM I C  CHANGE 

Data s ummar1z1ng the progres s  i n  production  i n  the agri cul tura l 
s ector are a va i l abl e for the n i neteenth a 'nd early twenti eth  centu ri es 

from the Statistics of New Zealand, from the Census, and from the New 
Zealand Official  Yearbook. The annua l  summa ry of agr i cu l tural s tat i s ti cs 
furni s hes  further deta i l ed data after 1 9 2 1 2 0 • 

Qua n t i ty and va l ue  fi gures for catego r i es of agri c u l tura l products 
were col l ected from var i ous  ed i ti on s  of the New Zealand Official Yearbook 
and from the  Trade and Shipping Statistics . The EXternal Trade Statistics 



-Exports suppl ements to the Monthly Abstract of Statistics for the 
J u ly-December  per i od from 1 962  to 1 970  a nd the Export Statistics were 
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u sed to con t i nue the seri es of December years throughou t .  The i mportance 
of the var ious  farm enterpri ses a nd the proporti on of agr i c u l tural exports 
to tota l exports i s  ca l c u l ated from thi s data . Condl i ffe ( 1 9 1 5 )  and 
S i mk i n ( 1 9 5 1 } i n  part i c u l ar prov i de mos t useful ana lyses of the data for 
the peri od to 1 9 1 4 .  

From the rel ati onsh ip  between l a nd use  and the l i ves tock  wh i c h 
prov i ded the ma i n  exports i t  i s  seen tha t the carryi ng capac i ty of l and 
has been i ncrea sed wi th the extens i on of gra s s l a nd feed i ng pract i ces 
and the concurrent use of soi l amend i ng .  Al though the i ncreases i n  the 
producti on  of,l i vestoc k ca nnot be tota l l y  a s cri bed to soi l amendi ng 
(many other practi ces were al so enteri ng the agr icul tura l  sys tems ) 
rel i a nce i s  p l a ced o n  an  assoc i a ti o n  between sc i enti fi c observa ti on of 
the rol e of soi l ferti l i ty and ev i dence to that effect .  Thi s i s  d i s 
cussed i n  the cha pters dea l i ng wi th  grass l and researc h .  

The con tri but i on of i ncreased product i on to economi c deve�opment  
i s  asses s ed from the works of  economi sts and  economi c his tori ans deal i ng 
wi th thi s top i c . B l yth  ( 1 96 1 , 1 974 } ,  Gou l d ( 1 972} , Lane ( 1 976 } ,  Lane 
and Hamer ( 1 973 } , P h i l pott ( 1 963 ) , Rosenberg ( 1 968 ) , Sutch ( 1 966 , l 968a , 
l 968c } , a nd Westrate ( 1 9 59 } ,  have  been concerned wi th thi s ques ti on i n  

the pos t-Worl d War I I  peri od . The recess i on of the l a te 1 9 50s and  the 
emergence  of an  i nd u s tr ia l i za t i on pol i cy l ed to a n umber of s tudi es 
on past  and  expected c hanges i n  the economy . The observa ti ons  therei n ,  

when v i ewed i n  the l i ght of the w�rk of econom ic  hi s tori a ns a nd econo-. 
mi s ts concerned wi th genera l patterns of economi c deve l opment ,  became 
the ba s i s of one of the centra l consi dera t i ons  of thi s d i s sertat ion . 
Economi c growth i n  the form of i ncreased p roducti on wh i c h  soi l -amendi ng 
tec hnol ogy made pos s i bl e , was not found to be read i l y  trans l ated i n to 
sh i fts w i thi n the economy of p roducti on pa tterns or new resource 
dep l oymen ts whi c h wou l d  have marked economi c devel opment .  

ORGAN I ZAT I ON 

As the pr i n c i pa l  thes i s  i nvo l ves  i nnovation  i n  so i l -amend i ng 
technol ogy and the i mpac t of that  i nnovat ion  on the s tructure of the 
agri cu l ture secto r  and thence on  the economy as a whol e ,  the d i s serta ti on 
i s  organ i zed so tha t the next three c ha pters set out  a framework 

i nterpret i ng i nnovat ion and c hange , a nd subsequent c hap ters recount  the 



development  of  soi l-amendi ng technology i n  New Zealand wi th i n  that  
framework . The  structu ral adj u s tments followi ng the development of  a 
gras sland technology ba sed on so il  amendi ng serve to s how the effects 
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of  economi c s pec i ali za t i on  ari s i ng from a focus i ng of i nvent i ve  acti v i ty .  
A concludi ng c hapter outli nes the i mpli cati ons of thi s thes i s  to the 
s tudy of agr i cultural geography i n  New Zealand . 

The s pec i fi c  orga n i zati on i s  a s  follows . I n  Chapter 1 the place of 
so i l-amendi ng technology i n  New Zealand agri culture i s  i n troduced along 
wi th the concept of i ts place as a i n novat ion  i n  con tr i but i ng to growth 

i n  the economy .  The i nfluences condi ti oni ng the emergence and retenti on 
of soi l-amendi ng technology are also presented as a gui de to the ma i n  
con s i dera ti ons of the d i s serta tion . 

I n  C ha pter 2 the process  by whi ch an  i dea i s  tran sla ted i n to 
technology i s  traced . I t  i s  a rgued that wi th the development of new 

technology , fu rther dec i s i on -ma k i ng processes  are set i n  mot ion wh i c h 
can lead to i ts appli ca ti on to econom i c  producti on . Subsequent adj u s t
ments to the  pa ttern of  factor u t i li za ti on to recti fy the d i sequ il i br i um 
crea ted a re cons idered wi th a v i ew to i denti fyi ng the i mpact .of those 
adj u s tment s  on the economy a s  a whole . 

Chapter 3 i s  concerned wi th the occurrence of technologi cal 
change wi t h i n the agri cultu ral sector . Though thi s s ector i s  s imi lar 
to  others in  the economy , there are importa n t  d i fferences wh i c h rela te 
to the pa ttern of technologi cal change . The organi zati onal s tructure , 
the bi ologi cal focus  of  product i on , and the large part played by the 
natural env i ronment a re the pri nc i pal cons tra i nts wh i c h have cau sed 
technologi cal change i n  agri c ulture to lag beh i nd tha t in other s ecto rs . 
Nonetheles s , agri culture i s  s een to play an  i mportant  role i n  economi c 
growth a nd developmen t ,  and the  ba s i s  for thi s i s  exami ned . 

I n  Chapters 4 ,  5 ,  and 6 the New Zealand example i s  developed to 
trace the emergence of grassland technology . From Bri ti sh  and Aus trali an  
exper i ence  when put  to  use  i n  t he  new envi ronment came a vari e ty of  
practi ces  whi c h  formed the ba s i s  of a number of  v i able extens i ve farm 
enterpr i ses . Wi th the advent of  refr igera ted mari ne transport i n  the 
1 880s c ame change s i nce  mea t  and dai ry exports could be u nderta ken . 

The i ns ti tuti onal s tructure of agri culture altered wi th the crea ti on  of 
smaller farms . The concern wi th  i mprov i ng output  wa s transla ted i n  a 
s i tuat i on of labour  and capi tal s hortage i n to a farmi ng system 
dependent upon year-round , outdoor graz i ng to mi n imi ze labour and  

bu i ldi ng cost� . Soi l  amendi ng became an  emi nent concern as  i t  came to 



be seen a s  fundamenta l to the more i n tens i ve  use  of gra s s l a nd over the 
fol l owi ng decades . I nsti tu ti ons  geared to farmer educat i on a nd agri 
cul tura l research were establ i s hed by government as i t  so ught to fos ter 

more i ntens i ve agr i c u l tura l enterpr i s es and improve soc i a l  wel fare . 

1 0  

The o utcome wa s a body of research  focu sed on agr i c u l tu ra l  probl ems 
whi ch  brought  a rea s ses sment and i mprovement of the b i o l ogi cal  ma teri a l s 
be i ng u ti l i zed . The res ul ts provi ded an  i mportant produc ti v i ty boo st 
wh i c h  s u s ta i ned New Zeal and ' s  attempts to channel consequent economi c 
growth i n to more di ver s i fi ed economi c devel opment . The greater appl i ca

ti on of mec hani cal  power to farmi ng grea t ly  a i ded the d i s persal  and 
uti l i zat i on  of the grass l and technol ogy so crea ted . 

Chap ter 7 l i n k s  the framework  wi th the New Zea l a nd examp l e i n  
, 

demons tra t i ng how the devel opment of the agri cul tural sector , a s  
i nfl uenced by the u s e  of so i l -amendi ng technol ogy , ha s fol l owed the 
theoret i ca l pattern of adj u s tment to technol ogi cal change c u lmi nat i ng 
i n  economi c devel opment .  Economi c growth i n  the agri c u l tural sector 
i s  s tud i ed to s ee what rol e so i l -amendi ng technol ogy ha s p l ayed . A 
synthes i s of  the p a tterns , u s i ng a range of economi c and  agri cul tura l 
product i o n  da ta , p rov i des a n umber of i ns i ghts i n to the agri cul tura l 
sector  i n  New Zea l and and i ts p l ace wi thi n the nati onal  economy . The 

fu ndamen ta l  i mpor tance of i nst i tut i ons bo th devel oped wi thi n the sector 
and fu rn i s hed to a s s i st  i t  are noted . Government ' s  rol e i n  parti cu l ar 
i s  s een . 

The focus  of  thi s d i s sertati on on the parti cul a r  rol e of technol o

gi ca l c hange has pl ayed i n  the evo l u ti on of New Zea l and  farmi ng systems 
l eads , i n  Chapter 8 ,  to observa t ions  on the probl ems i n herent for the 
geographer i n  s t udyi ng a dynami c s i tuati on . The New Zeal and case  
presents parti cu l ar di ffi cu l t i es i n  tha t i t  conta i n s e l ements of c hange 
wi thi n a comparati vel y s tabl e product ion  envi ronmen t .  Observ i ng spa ti a l  
process  a nd o rga n i zation then becomes a cha l l enge . The u ti l i ty o f  a 

struc tu ral  approach to defi ne  the changes occurri ng i s  then s hown . The 
perspecti ve  pro v i ded i s  u sed to reappra i se previ ou s a rguments of 
geograp hers  on the nature and d i s tri but ion  of farmi ng systems i n  New 
Zeal and  and  to emphas i ze the i mportance of understa ndi ng c hange processes  
in  order to  pro v i de i nformati on of u se  in  the further devel opment of 
the New Zea l and  economy .  



FOOTNOTES 

1 .  Th i s  ti tl e  ha s vari ed a s  fo l l ows : 1 9 2 1 -22 - 1 948-49 Statistical 
report on the agricultural and pastoral production of the Dominion 
of New Zealand for the season [given] . 
1 949 -50 - 1 950-5 1  
Statistical report on the agricultural and pastoral production of 
New Zealand for the season [given ] .  
1 9 51 -52 - 1 95 2-53 
Report on the agricultural and pastoral statistics of New Zea land 
for the season [given] . 
1 9 53-54 - 1 966�67  
Report on the farm production statistics of New Zea land for the 
season [given] . 
1 9 67 -68 - 1 969-70  
Report on ,farm production s tatistics for the season [given] . 
1 9 70-71  
Agricultural Statistics 1 9 70-71 . 

I n  the text reference i s  u s ua l l y  made to Agricultural Statistics 
u n l ess  a part i c u l ar sea son i s  ment ioned , i n  wh i ch case Agricultural 
and pastoral statistics or Farm production statistics i s  used a s  
a ppropri a te . 

The fi rst year of the season date i s  u sed as  a January year i s  u sed ( footno te 8 ) . Thu s 1 92 1 - 2 2  i nc l udes e l even months of 1 9 21 and tha t 
year a l one i s  u s ua l ly  u sed i n  the tex t .  

2 .  Throughou t the text the Bri ti s h  measurements emp l oyed d uri ng the 
peri od of s tudy have been reta i ned . The metri c equ i va l ents a re 
gi ven bel ow :  
1 mi l e  = 8 0  chai ns = 1 , 609 metres 
1 acre ( ac . ) = . 4047 of a hecta re 
1 ton ( 2 , 240 pounds ) = 1 , 01 6 k i l ograms 
1 hu ndredwe i ght  ( cwt ) = 0 . 05 of a ton = 50 . 8  k i l ograms 

Decima l i za t i on of currency i n  J u l y  1 967  wa s based on 
£1 = $ 2 ,  l s .  = 1 0 � ,  6d . = 5� . 

3 .  The sources of these boundar i e s  are Mcli ntock ( 1 960 ) , Town and 
Country P l a nn i ng Branch ( 1 968 ) , and Loca l Government  Commi s s i on 
( 1 976 ) .  : Mcll ntock ( 1 9 60 ) wa s u sed as the base for a l l map s  and 
for the l ocal i ty i nforma ti on presented . 

· 

4 .  Th i s  ti tl e  has  changed a s  fo l l ows : 1 892-1 960 The New Zealand 
Official Year-book, 1 96 1 - New Zealand Official Yearbook. I t  
has  been abbrev i a ted to NZOYB. 

5 .  Thi s  ti t l e ha s vari ed a s  fol l ows : 

1 853-72  Statistics of New Zealand 

1 873- 1 906 Statistics of the Colony of New Zealand 

l l  
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1 907-20 Statistics of the Dominion of New Zealand 
Statistics of New Zealand ha s been u sed i n  the text and ta bl e s . 

6 .  T h i s t i tl e  ha s vari ed a s  fol l ows : 

1 9 2 1  Statistical report on the trade and shipping of the Dominion 
of New Zealand for the year [given] . 

1 9 22 -26 Statistical report on trade and shipping in the Dominion 
of New Zealand for the year [given] . 

1 9 27 - 32 Statistical report on trade and shipping in the Dominion 
of New Zealand3 [year given ] .  

1 9 33-44 Statistical report on trade and shipping of the Dominion 
of New Zealand3 [year given ] . 

1 945-48 Statistical report on trade and shipping of New Zealand 
1 9 50-51 for the year [s] [given ] .  

1 949 ,  1 9 52-6 1  Statistical report on the external trade of New 
Zealand for the year [s] fgiven] . 

1 962  Statistical report on the external trade of New Zealand 
for the six months January - June 1 962 . 

1 9 62- 70 External trade of New Zealand July - December [year 
given] . 

7 .  Abbrev i a ted to �s. 

8 .  The term J une year refers to annual  tab u l a t i on s  for the peri od  
s tarti ng 1 Ju ly  and end i ng 30  June . A December year i s  the 
u s ua l  ca l endar year endi ng 31  December .  Al so found i n  New 
Zea l a nd sta t i s ti cs are the March o r  fi scal  year endi ng 31 March ; 
the  Apri l yea r ,  endi ng 30 Apri l ,  u sed  i n  recordi ng sheep producti on ; 
a nd  the January year , endi ng 31 January ,  for other agri cu l tural  
s tat i sti cs  from 1 896 to 1 97 1 , except for 1 9 1 1 when a cen s u s  i n  
March was u sed . 

9 .  Commun i ca ti o n s  from the Econom ics  Di v i s i on ,  Mi n i stry of 
Agri cul ture and  F i s heri e s ; and Kempthorne , Prosser and Co . L td . , 
the  company i n  quest ion . 

1 0 .  P LANT NUTR I ENT CONTENT CONVERS ION FACTORS 

Ki nd of ferti l i zer : 

i ) n i trogenous 
ammon i um s u l phate 
ammon i um n i trate 
sod i um n i trate ( natura l ) 
sodi um n i trate ( chemi cal ) 
ca l c i um n i trate 
urea 
other ( unspec i fi ed ) 

P l a n� nu tri ent content percentage : 

N ( el emental n i trogen ) 
21 
34 
1 6  
1 7 . 5  
20 
46 
25 



i i ) p hosphati c 
s uperphosphate 
other concentrate 
ba s i c  s l ag 
guano 
raw rock  p hospha te 

i i i ) potas s i c  
potas s i um chl ori de 
pota s s i um su l phate 
oxi de pota sh  sa l ts 
o ther ( unspec i fi ed ) 

P 2o5 ( avai l abl e phosphori c ac i d ) 
35 
45 
21 . 5  
23 
38 

K20 (wa ter sol ubl e pota sh ) 
60 
40 
30 
50 

Sou rce : Fertiliser Statistics ( 1 97 5 ,  Tabl e 1 5 ) 

l l . Th i s ti tl e ha s var i ed a s  fol l ows : 

1 92 1  Statistical report on the industrial manufactures of the 
Dominion of New Zealand for the year 1 921-22. 

1 9 22  Statistical report on the industrial manufacture of the 
Dominion of New Zealand for the year 1 922- 23. 

1 9 23-30 Statistical report on the factory production of the 
Dominion of New Zealand for the year [given ].  

1 93 1 -40 Statistical report on the factory and building produc
tion of the Dominion New Zealand for the year [given ]. 

1 94 1 -51 Statistical report on the factory production of the 
Dominion of New Zealand for the year [given] .  

1 9 52-61 Report on the industrial production statistics of New 
Zealand for the year [given ]. 

1 962  Report on statistics of industrial production for the year 
1 962-63 . 

1 963  Report on statistics of industrial production for the 
production year 1 963- 64 .  

1 964-69 Statistics of industrial production for the production 
year [given ]. 

1 3  

1 2 .  The mappi ng of l i me p l ants wa s not u ndertaken a s  the number 
p roduc i ng agr icu l tura l l i me cou l d not be determi ned . Chemi ca l  
ferti l i zer  p l ant l ocat i ons were taken  from McCl i ntock  ( 1 960 ) and 
i ssues  of the New Zealand Fertiliser Journal. Ra i l way l ocat i ons 
a nd c l o s u re dates were deri ved from Gandar ( 1 973 ) , Lei tch ( 1 97 2 ) , 
McCl i n toc k ( 1 960 ) ,  and L l oyd Pri c hard ( 1 970 ) . 

1 3 . Th i s  ti tl e has  vari ed a s  fol l ows : 

1 950 Fertilisers; a statistical review from 1 940-41 - 1 950-51 . 

1 9 5 1 - 59 Fertilisers; a statistical review of the [given] , _; 
fertiliser year. 



1 960-63 Statistical  review of the fertiliser industry in Ne� 
Zealand. 

1 964-73  Statistical review of fertilisers in Ne� Zealand. 

1 97 4 ,  1 976-77 N. Z. Fertiliser Statistics .  

1 975  N. Z .  Fertiliser Statistics . 

Fertiliser Statistics has been used i n  the text .  

1 4 .  Thi s ti tle has c hanged as  follows : 

1 960 Civi l aviation statistics . 

1 962-73 New Zealand civil aviation statistics . 
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The year , endi ng 31 March has been used unt i l 1 972 when the December 
year came i n to regular u se .  The 1 97 1  s tat i st i cs are ava i labl e for 
both March and December years . Th i s  t i tle ha s been a bbrev i a ted 
to CAS. 

1 5 . Thi s ti tle ha s var i ed as follows : 

1 867-7 1  Census of Ne� Zealand. 

1 874-96 Census of the Colony of Ne� Zealand. 

For full ti tles see the b i bli ogra phy . Census of Ne� Zealand i s  also 
used for all s ubsequent census  publi cat ion s . 

1 6 . Abbrev i a ted to Fert .  J. i n  references . 

1 7 . Abbrev i a ted to ARDA i n  references . The year referred to i s  that 
end i ng 30 March , e . g .  1 908-09 i s  gi ven a s  1 909 . 

1 8 .  Abbrev i ated to ARAD. 

1 9 . I ncluded are the Ne� Zealand Gazette, {g i v en a s  Gazette i n  t he text ) 
Statutes of New Zealand, (gi ven a s  Statutes i n  the text ) , Appendix 
to the journal of the House of Representatives { a bbrev i ated to 
AJHR) and  Ne� Zealand parliamentary debates { a bbrevi a ted to PD) .  

20 . I n  li ne wi th the New Zealand Government Pr i nt i ng offi ce Style 
Book the followi ng symbols are u sed i n  all tables 

figure not  ava ilable 
amount too small to be expres sed 
n il  
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CHAPTER 1 

SOI LS , AGR I CULTURE , AND SOI L-AMENDI NG TECHNOLOGY I N  N EW ZEALAND : 
A PREL I M I NARY FRAMEWORK 

Soi l amend i n g 1 i s  the key to the pre-emi nent per capi ta 
producti v i ty2 of New Zea l and • s  agr i cu l ture 3 (Moran , 1 974 , 1 24 ) . The 
country • s  s o i l s ,  hav i ng evol ved i n  cond i ti on s  of geol og i ca l  i ns tabi l i ty ,  
are you thfu l and var i ed i n  nature ( Da l y ,  1 973 , 1 1 ) .  Moreove r ,  they 
often l ac k  natural  fert i l i ty and a re commonly  defi c i ent  i n  mi nera l s 
(Moran , 1 974 , 1 2 5 ) . Recogn i z i ng the part p l ayed by these edaph i c  
l im i tati o n s  to agri c u l tural product i v i ty has  been a fundamental  s tep  
i n  the crea t i on ,  i n tens i f i ca t i on , a nd  refi nement of  t he  nat ion • s  
grass l and ecosystems 4 for over a century .  

To a l arge extent i n i t i a l dec i s i ons  made i n  the forma t i ve yea rs 

of col on i za t i on s trong ly  i nfl uenced the s trateg i es pursued to e s tab l i s h 
gras s l and ecosystems . Wi th col on i zati on and frontier expan s i on came 
the d i ffu s i on of the European concept of farmi ng before the pecu l i a r
i t i es of t he New Zea l and env i ronment were apprec i ated . Austra l i an 

experi ence i n  exten s i ve gra z i n g  en terpri ses 5 based on European gra s ses  
and s tock provi ded a u sefu l pattern to fol l ow .  Accord i ngl y ,  s owi ng  
l and to  pa s ture became the  pract i ce . However , the deter i orat i on of  

the gra s s l ands  soon posed s i gn i fi cant probl ems for the ear ly  farme rs . 
As l ong a s  the area of occupi ed l and cou l d be extended , producti on 
cou l d  be ma i nta i ned by expan s i on a l one . In the l ate n i neteenth 
cen tury ,  a s  the l i mi ts of the front ier  were be i ng reached and enter
pri se c hanges  became poss i b l e ,  more attent ion  began to be  pa i d  to 
i ncreas i n g  the product i v i ty of the l and . 

Match i ng pl a n t  requ i rements and so i l ferti l i ty was seen a s  the  

key to the product i on process  ( Smal l fi el d ,  1 947a , 1 69 ) . I t  was  f i r s t  

hel d that the p l ants  empl oyed s hou l d  b e  a l tered to s u i t  exi s ti ng s o i l 
ferti l i ty l evel s .  On ly  l a ter was i t  sugges ted from the work a t  the 

Rothamsted and Coc kl e  Park exper imenta l f9rms in Bri ta i n  that i nc rea s i ng 

these l eve l s cou l d s u sta i n  the ecosys tems seen as mos t  produ c t i ve  from 
European experi enc e . Thi s technol ogy6 , accord i ngl y ,  was a pp l i ed to 
improve s o i l -nutr i ent  l evel s .  E ffort came to be devoted to u nrave l l i ng 

the essen t i a l  features of the b i o l og i ca l  sys tem i nvol ved to i ncrea s e  
the effec ti veness o f  soi l - amend i ng techn i ques . The opt i on of  seek i ng 
pl ants demand i ng l ower so i l - fert i l i ty l evel s wa s not  pursued a s  



v i gorous l y  and  s o  contri buted l es s  to ex i s ti ng producti on techn i ques  
( F i l mer , 1 9 55 , 1 2 ;  Corki l l ,  1 97 1 , 1 2 , 1 4 ) . Only w ith the  a ppearance 
of  l i mi tat i ons  i n  the preva i l i ng ecosys tems by the 1 960s was i nterest  
i n  t he above opt i on renewed ( Da ly , 1 9 73 , 2 5 ) . 
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The pr i nc i pal gra s s l and ecosys tem whi ch emerged was ba sed on 
perenn i a l ryegrass  and wh i te c l over, wh i ch 1 from North Cape to Stewart 

I s l and g i ve a u n i form appearance to  nearly 9 mi l l i on hectares of sown 
pastures 1  ( Da l y , 1 973 , 2 1 ) .  I ts c haracteri s ti c  fl ouri sh i ng grass  

growth s tems from the  l e gumes presen t ,  pri nci pa l ly cl overs , wh i c h  
s u pply the n i trates needed through  the i r symb i o t i c  rel a t i ons h i p wi th 
n i trogen-fi x i ng so i l  bacter i a .  Thus , i f  the nutri tional  req u i rements 
of the c l overs are met ,  man can expl o i t thi s sys tem and obv i a te the 

I 

need for n i trogenou s ferti l i zers . As c l overs prefer neutral  soi l s ,  
l i m i ng so i l s  w i th too h i g h an aci d i ty l evel i s  a fi rst step  i n  

successfu l ly  e s tabl i s h i ng th i s  ecosys tem . Furthermore , the ca l c i um 
i n  l ime favourably affec ts the forma t i on of the root nodu l es where the 
n i trogen-fi x i n g  bacteri a res i de , so contri buti ng to a greater supp ly  
of  n i trates ( Brady , 1 97 4 , 435 ) . Wh i l e  requ i ri ng the s ame nu tr i ents as  
other pa s ture pl ants , l e gumes have a parti cu l ar need for phosphate 
( Brady , 1 974 , 456 ) . The genera l defi c i ency of th i s  mi neral i n  New 
Zea l and soi l s  was the pr i nc i pa l  l i mi tat i on to be overcome by so i l 
amend i ng .  The recogni t i on of the rel a t i on of l i me to pho s p ha te u pta ke ,  
the rol e of trace e l ements  i n  pl a n t  nu tri ti on a nd the i mportance of the 
l egumi nous component to the pa sture sward were to fol l ow .  

The u ti l i zati on o f  l and for pa s ture had become a fea ture of New 

Zea l and agr i c u l ture by · 1 86 1  when 70 percent of the area of  i mproved 
farml and was s o  empl oyed (Statistics of New Zealand, 1 86 1 , Tabl e No . 
51 ) .  By the early years of the twent i eth century thi s fi g u re had 
r i sen even h i gher , and to 1 97 0 ,  rema i ned i n  the 88 to 90 percent 
range 7 • The  types of  pas ture l and  have vari ed i n  thei r c h a racter , 
d i str i but i on and product i vi ty .  T he c l ima te , soi l ,  and rel i ef cou l d 
not a l l be managed to ach i eve the u n i formi ty of pas ture type  des i red . 

For exampl e ,  of the 8 . 5  mi l l i on hectares of sown pas ture , s ome 4 . 5  
mi l l i on are fou nd on u np l oughabl e s l o pes ( Wh i te ,  1 97 3 , 26 1 ) .  The  
attracti venes s  of  the  s teep s l opes i s  an  ou tcome of  the  l i m i ted 
s u ppl i es of fl at  and u nd u l a t i ng l and of the a nt i c i pated prof i tabi l i ty 
of  graz i ng ; Forest , fern , and scrub  were cl eared from h i l l  country 
and steep mounta i n  s l opes . The d i ff icu l t rel i ef wa s a major  obstac l e 



to so i l  amend i ng ,  howeve r .  S i gns of dec l i n i ng l and producti v i ty 
appeared { Gou l d ,  1 976 , 1 9 ; G i b bs ,  1 974 , 1 74-1 7 5 ) ; yet a soru ti on  to 
the general prob l em of ens u ri ng adequate so i l ferti l i ty was not 
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fou nd q u i c kl y .  Many decades of conti n u i ng  exper imentati on were needed. 
before s i gn i fi cant  succes s was ach i eved but thi s success wa s s pectacu l a r .  
The d i st i ngu i s hed sci enti s t ,  S i r  E . B .  L evy ( 1 955 , 9 ) , has  c l a i med that 

the ' i n imi tab l e gras s l and c l i mate ' wa s ' l i nked wi th s o i l  ferti l i ty and 
w i th p l ants  and a n ima l s  that can expl o i t to the fu l l  the potenti a l i t i es 
of our  [New Zea l and ' s ] c l i ma te . ' 

A fi rst  s tep  i n  thi s l i nkage of c l i mate , so i l fert i l i ty ,  p l ants , 
and a n i ma l s wa s the repl ac ement  of i nd i genous grasses  wi th more 
producti ve  exot i c s . The u se  of these  more demand i ng gra sses  depl eted 
ferti l i ty and prompted a s earch for ways to ma i nta i n fert i l i ty to 
s u s ta i n  them ( Levy ,  1 970 , 48 ) . The techn i que of amendi ng the so i l  
through the add i t i on of n utr i ents and the contro l of aci d i ty wa s a 

cr i t i cal l y  i mportant devel opment . 
The effects  of thi s technol ogy are comp l ex , i nvol v i ng the  

bi ol og ica l  and bi ochem ica l  processes  through wh i ch s o i l and  p l a nts 
i nteract to c reate feed for a n i ma l s .  These i n teracti ons can be 
reg u l ated by the d i stri buti on of appropri ate chemical  and bi o l og i ca l  
materi al s i t  was  bei ng  d i scovered i n  Europe a t  the t ime of  New 
Zea l and ' s  col o n i zati on by Bri ta i n .  The techn i ques devel oped were 
i ncorporated i nto the technol ogy whi ch came to be u sed to overcome 
the newly encoun tered product ion  d i ffi cu l t i e s . The transmi s s i on of 
thi s i nformat i on to farmers , and the organ i zati on of i nst i tut i ons  to 
research i t  and  further deve l op  i t  for use  i n  the New Zea l and env i ron
ment were i mportant i n  the  creat i on of a ppropri ate farmi ng  pract i ces . 
T he concern wi th the tec hn i ca l  a s pects of so i l  amendi ng enta i l ed t he 
devel opment  of  s u i tabl e mec ha n i ca l  s preadi ng dev i ce s  and of management  
techni ques . The use  of  both  p l ayed a key part  in  the  emerg i ng 
farm i ng systems . The a p pl i cati on of these techn iques  refl ected a 
reappra i sa l  of the producti on potent i a l  of the l and  i tse l f .  

So i l  amend i ng wa s more than j u s t  a means  of l i n k i ng l i v estock 
product i on w i th c l imate potenti a l i t i es .  I n  s u s ta i n i ng the gra s s l a nd 
economy ,  s o i l -amend i ng technol ogy may have a l tered the course  of  New 
Zeal and ' s  economi c devel opment . Many factors  s erved to perpetuate 
the gra s s l and u nderpi nn i ng  of the economy ,  to the d i sadvantage of the  

non-agr i c u l tura l  s ectors . The  h i g h  fert i l i ty dema nds of the  ryegras s -



whi te-cl over pasture ,  the mos t produc ti ve  type ( Levy ,  1 97 0 ,  70 ) ,  
were met by an u n swervi ng  commi tment to i mprovi ng so i l  ferti l i ty ,  
rather than by exp l ori ng the a l ternati ve  strategy of crea t i ng grasses  
wi th  l ower fert i l i ty demands .  The fa i th in  so i l -amend i ng techno l ogy 
had i mportant rami ficati ons . I t  became a focal  poi nt  for i nvent i ve 
acti v i ty ,  encouraged a l ong -term s tabi l i ty i n  agr i c u l tura l pat terns , 

a nd fac i l i tated the conti nued domi nance of  the agri c u l tural s ector . 
The success  of these su pport i ve trends further confi rmed the fa i th 
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i n  s o i l -amend i ng technol ogy and , when abetted by a combi nat ion  of 
externa l  and  i nterna l factors , consti tu ted a cond i t i on i n g  i nf l u ence on 
the searc h  for a nd recepti v i ty towards improvements i n  so i l - amendi ng 
capabi l i ty .  

TH E FRAMEWORK 

Thi s d i s s ertat i on cons i ders the i ntroducti on , adopti on , 
adaptati on , and generat ion  of soi l -amend i ng technol ogy i n  New Zeal and . 

The conceptua l i za t i on of s o i l -amend i ng techni ques a s  i nnovat i o n s , 
embodyi ng the a pp l i cat ion of knowl edge to product ion , and of the  round s 
of adj u s tment fo l l ow ing  the i r  adopt ion  a s  technol ogi cal  c hanges , 
provi des a ba s i s  for trac i ng the i ncorporati on of so i l -amend i ng tech
nol ogy i nto New Zeal and agr i c u l ture . Empl oyi ng a framework embrac i ng 
the rel ated not i ons of econom ic  growth a nd economi c deve l opment 8  a l l ows 
the expl ora t i o n  of the ways i n  wh i c h chang i ng technol ogy enab l es and 

i nduces produ ct i v i ty i mprovements and i ntroduces enti rel y  new a pproaches 
to product i ve act i v i ty .  T h e  former bri ng about  growth i n  the form of 
sca l ar chang e s , whi l e  the l atter s t i mu l ate devel opment through  the 
process  of  restructuri ng economi c rel at i onshi p s . The causa l i ty of the 

re l at i on s h i p between techno l og i ca l  c hange , growth , a nd devel opment i s  
thus  a centra l concern of t h i s d i s sertati on . 

The  i nterconnecti on between tec hnol og ica l  c ha nge i n  agr i c u l ture 
a nd economi c devel opment can  be u sefu l l y  d i scus sed by reference to 

economi c product i on theory . Convent i onal Jy ,  the i dea of a produc t i on 
functi on 9 ,  where i nterdependent factors of producti on are u s ed i n  
comb i nati o n  or  a s  subst i tute or compl ementary factors , prov i de s  a 
conceptua l  d ev i ce for descr i bi ng  growth adj ustments that ensue  from 
technol og i ca l  change . The  app l i cat i on  of th i s  concept  a t  � i fferent 
l evel s of  a g g regati on can hel p to i d en t i fy cri t i ca l  a s pects wh i ch 

c haracteri ze much  technol og i ca l  change . 



Chang i ng technol ogy often i mproves the  producti v i ty of both 
tang i bl e  producti on factors ( l abou r ,  natura l  resources , too l s , a nd 
other cap i ta l good s )  and i ntang i b l e producti on factors ( accord i ng to 

Kendri ck  ( 1 973 , 1 1 ) ,  • the stock of producti ve  k nowl edge i ncorporated 
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i n  the l a bou r force a nd i n  non- human i ns truments of product i on ,  or 
d i s embod i ed a s  i n  the organ i zat i on of producti on • ) ,  so l ead i ng to a 
reassessment of the m i x  of factors empl oyed i n  achi evi ng a part i cu l ar 

produc t i o n  l evel . The  improvement i n  produc ti v i ty of one o r  more of  
these fac tors can a l s o  be  ut i l i zed to  achi eve h i gher producti on l evel s .  

Soi l -amend i ng technol ogy has been empl oyed to d i rec t l y  enhance 
the produc t i v i ty of the l and resource , thereby i ncreas i ng total 

agr i cu l tura l product i on . The app l i cati on of th i s  technol ogy has 
further i nd i rect effects  through  the need to i nvest more cap i tal  to 
ach i eve fu l l benefi t from the i mproved performance of the l a nd resourc e .  
As the a pp l i cat i on of  capi ta l often enta i l s further app l i ca t i on of 

l abour ,  so the app l i cat ion of new technol ogy can i nduce s ub stanti a l  
adj ustments  of the product ion functi on i n  add i t i on to expand i ng the 
producti on  front i er . W i th l a bour , through i ts l imi ted s upp ly , be i ng 
an expens i ve commod i ty i n  New Zea l and , product i on sys tems have been 
devel oped whi ch are cap i ta l - rather than l a bour - i ntens i ve .  Thi s i s  t he 
bas i s  for the  h i gh  per capi ta produc t i v i ty i n  agri cu l ture i n i ti a l l y  
menti oned . The s teady expan s i on o f  outp�t fol l owi ng the a pp l i ca t i o n  
of soi l -amend i ng tec hnol ogy ,  and t he adj u stmen ts i n  the produc t i on 
functi on  have ens ured the domi nance of the agr i cul tura l sector  i n  the 

nati onal economy . The  effect i ve  u ti l i zat i on of resou rces  i n  that 
sector h a s  probab ly  resu l ted i n  a d i s proporti o nate fl ow o f  fac tors of  
product i o n  to that  s ector . The durab i l i ty of  the ensu i ng na ti onal  
econom i c  s tructu re has  been enhanc ed by th i s c hannel l i n g  of resources  
i nto one s ector . 

The  pri nc i pa l  thes i s  of th i s  d i s serta ti on i s  that the i n novati on  
stream a s soc i a ted w i th advances i n  soi l -amend i ng technol ogy has  been 
respons i bl e  for the emergence and the cont i nuati on of a h i g h l y  

' 

product i v e  gras s l an d  ecosystem . The s tab i l i ty of the agr i c u l tura l 

systems based on g ra s s l and over a t  l ea s t  the past fi fty years  i s  
a l most paradox i ca l  i n  tha t a pri ori  a rgument  suggests many reasons  
why New Zeal and ag r i c u l ture m i g h t  have undergone pronounced s tructural  
change , parti cu l ar l y  in  l i ght  of the i ntroducti on of i ncrea s i ng l y  

compl ex  technol ogy a n d  o f  chang i ng ,  often advers e ,  external c i rcum-



20 

s tances . One i ssue  addressed i n  th i s d i s s ertat ion  i s  the s tabi l i ty of 
the s truc tura l  organ i z ati on of New Zea l and agri cu l ture . I s  thi s 
s tabi l i ty refl ected ma i n ly i n  the natu re of the agri cu l tura l sys tem 
i tsel f ,  e s peci a l ly  i n  t he use  of gra s s l and ; i n  the character of so i l 

amend i ng technol ogy ; or  i n  the po l i ti ca l  and economi c sys tem whi ch  
cons ti tu tes the wi der env i ronmen t  o f  agri_cu l tura l  acti v i ty? 

Exa ctl y how and why New Zea l and farmers came to u ti l i ze the 
sci enti fi c knowl edge of Europe embod ied i n  so i l  amend i ng i s  an  
i n tri g u i ng  ques ti on . C l earl y they were moti vated and ab l e to l earn 
abou t s c i ent if i c fi nd i ngs . They adopted and adapted new technol ogy 
i ncorpora t i ng the advances of s c i ence . Cu l tura l  val ues must  have 
encouraged experimenta ti on wi th new techni ques . The ex i s t i ng capi ta l i s t 

ethi c l ed fa rmers to u ndertake enterpri ses whi ch wou l d  be economi ca l l y  
v i abl e a nd then to i mprove the prof i ta bi l i ty o f  those enterpri ses  
( Watters , 1 965 , 1 90 ) . I dent i fyi ng opportun i ti es to i ncrea se  profi t

abi l i ty by i ncreas i ng producti on  resul ted i n  the  i ntroducti on of 
technol og i c a l  change i n to agri c u l ture and i n  new apprai sal s of  the 
produc ti on  pos s i bi l i t i es of the l a nd . 

What i s  more d i ffi cu l t to determi ne i s  j u s t  how so i l amend i ng 
became e s tab l i shed , how th i s  and  other new b ut  rel ated pract i ces were 
empl oyed , a nd how the farmi ng enterpri ses and agri cu l tura l  sys tems were 
abl e to i n corporate the benefi ts  of  these techni cal advances . I n  
attempti ng to unravel  the i mp l i cat i ons of soi l -amend i ng techno l ogy the 
context of i ts adopt i on  cannot be i gnored . 

The present s ta te of deve l opment i s  dependen t u pon  i ts h i s tori ca l  

contex t .  The cu l tura l  approach  to  the di s pers i on of  agri cu l tural 
i nnovati on as deve l oped by Sauer ( 1 9 70 )  i n  re l a ti on to p l ant  a nd 
anima l  domesti cati on  provi des a ba s i s for exam i n i ng the h i s tori cal  
context of the sys tems created i n  New Zea l and . The Br i ti s h  background 
of mos t  of the ea r ly  settl ers ( Tab l e 1 . 1 ) ,  together wi th Aus tra l i an 
product i on  experi ence , furn i shed  the bas i s from whi ch agr i cul tura l 

sys tems were deri ved i n  the new env i ronment . The i n i t i a l  woo l enter
pri se ba s ed on exten s i ve gra z i n g  certa i nl y  fol l owed the pattern 
operati ve  i n  New Sou th Wal e s  from 1 81 4  ( Cl ark , 1 949 , 1 57 ;  Jeans , 1 9 7 2 ,  
90-91 ) .  A s  on ly  a sma l l  proporti on o f  the mi grants had agr i c u l tu ra l 

experi ence , they im i ta ted and adapted a s ucces sful pattern whi ch 
became the norm unt i l  l a ter economi c and techno l og i ca l  c hanges  a l tered 
the produc ti on env i ronment ( Cl ar k ,  1 949 , 1 56- 1 57 ) . Bri t i s h-deri ved 
agri cu l tural  techn i ques  ga i ned g reater importance only i n  the l a ter 



TABLE 1 . 1  

BIRTHPLACES OF THE NEW ZEALAND EUROPEAN POPULATION 1 85 8  - 1 9 0 1  

Percentage of the Population Born in : -

Bri tish 
Year England Ireland Scotland Wales Is les Australia 

1858 39 . 9  7 . 7  13 . 4  0 . 4  61 . 4  2 . 4  
1861 36 . 5  8 . 9  15 . 7  0 . 5 61 . 6  2 . 6  
1864 34 11 . 8  18 0 . 6  64 . 4  5 . 5  
1867  30 . 0  12 . 8  15 . 9  0 . 6  59 . 3  5 . 2  
1871  26 . 2  11 . 6  14 . 4  0 . 5  52 ; 7  4 . 8  
18 74 24 . 9  10 . 1  12 . 8  0 . 5  48 . 3  4 . 5  
1878 25 . 7  10 . 6  11 . 6  0 . 4  48 . 3  3 . 9  
1881 24 . 3  10 . 1  10 . 8  0 . 4  45 . 6  3 . 5 
1886 21 . 7  8 . 9  9 . 5  0 . 3  4 0 . 4  3 
1891  18 . 7  7 . 6  8 . 3  0 . 4  35 . 0  2 . 6  
1896 16 . 6  6 . 6  7 . 2  0 . 3  30 . 7  3 . 1 
1901 14 . 5  5 . 6  6 . 2  0 . 2  26 . 5  3 . 5  

-

Note : Totals no t equalling 100 . 0  percent are due to round ing error . 

Sources : 1858 Statistics of New ZeaLand . ( 1858 , No . IX) . 

1861-18 7 1  Census of New Zealand ( 1871 , No . 12) .  

Other British 
Dominions� etc.  

2 . 1  
1 . 9  
1 . 8  
1 . 7  
1 . 6 
1 . 0  
0 . 9  
0 . 8  
0 . 7  
0 . 6  
0 . 5  
0 . 5 

Other 
Lands 

2 . 6  
6 . 0  
4 . 4  
4 . 5  
4 . 5  
5 . 2 
5 . 0  
4 . 5  
4 . 1  
3 . 3  
2 . 9  
2 . 6  

1874-1901 Census of New Zea land ( [for years shown] , Birthp laces of the Peop le ) . 

Tota l Percentage : 

Not New New 
Zealand Zealand 

Born Born 

68 . 5  31 . 5  
7 2 . 1  2 7 . 9  
7 6 . 1  24 
70 . 7  29 . 3  
63 . 6  36 . 5  
59 . 0  40 . 9  
58 . 1  42 . 0  
54 . 4  45 . 6  
48 . 2  51 . 9  
4 1 . 5  58 . 6  
3 7 . 2  62 . 8  
33 . 1  66 . 8  

N 
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n i neteenth  century when more i n ten s i ve use  o f  gras s l and became feas i b l e  
( Cl ark , 1 949 , 384 ) . By then Br i t i s h  agri cu l tura l sys tems were v i ewed 
as the mos t  adva nced i n  Europe , a nd the New Zeal and col oni s ts rema i ned 

strong l y  c u l tura l l y  rel a ted to Bri ta i n  even though al most  ha l f  of  the 
popu l a t i o n  wa s New Zea l and-born ( Tabl e 1 . 1 ) .  Imi ta ti on occurred ; yet , · 

Cl ark ( 1 949 , 1 57 )  ha s noted : 

When they [t he Engl i s h farmi ng methods ] were app l i ed ,  . . .  , 
they were a l ways mod i fi ed by the i n her i ted equi pment  of 
a n i ma l s  and p l a nts i ntroduced by the earl y reg i me 
[ex tens i ve g ra z i ng] ,  a s  we l l  a s  by the natural phys i ca l  
eq u i pmen t o f  the  area (often modi fi ed by th i s  reg i me over 
ha l f  a century ) , and by i ts peopl e s ' rapi dly estab l i shed 
hab i ts of t hought and act i on . 

Thu s , adap ta t i on of borrowed technol ogy ha s been an i mportant  process  
i n  the  devel opment  of New Zea l a nd ' s  farmi ng sys tems . 

COND I T I ON I NG I NFLUENCES 

I n  expl or i ng the emergence and retent i on of soi l - amend i ng 
technol ogy ,  i t  i s  hel pfu l to keep i n  mi nd  s evera l cond i ti oni ng 
i nfl uences  wh i c h , a l though vary i ng i n  magn i tude and effect through  

t ime ,  have p l aye d  a v i ta l  rol e i n  s hap i ng the eventua l  pa tterns of 
agri cu l tura l product ion . These cond i t i oni ng i nfl uences are : 

1 )  The h i s tori ca l  context i n  whi c h  technol og i ca l  change has  
taken p l ace . 

2 )  The pa t tern of i nformat ion  transmi s s i on  and i ts effect o n  
adop t i on . 

3 )  The perception of t he need to change ex i s ti ng agri cu l tura l 
systems . 

4 )  The percei ved ram i f i ca ti on s  of i nnovat ion . 
5 )  The ro l e  of compl emen tary technol ogy i n  i nnova ti on d i ffu s i on .  
6 )  Structura l change and  sectora l  i nterdependence a s  ou tcomes 

arid sources of techno l og i ca l  c hange . 
7 )  The ro l e  of government .  
8 )  The occurrence o f  econom i c  growtn and devel opmen t .  

An i ntroductory d i scu s s i on o f  each of these i nfl uences h i gh l i ghts  how 
they have cond i t i oned the u ti l i ty of so i l -amend i ng techno l ogy . 
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H i s tori cal  Con text 

The mod i f i cat ion and repl acemen t  of i nd i genous ecosystems wi th 
the i ntroduc t i on of European farmi ng  method s has been noted a s  a 
fundamental  s te p  i n  determi n i ng New Zea l and agri c u l tura l p ract i ce .  

P i oneer i ng i nvol ved a process  of exper imenta t i on wi th more fami l i ar  
technol ogy i n  a n  unfami l i ar  envi ronment  ( Mora n ,  1 974 , 1 23 ) . The 

s ett i ng proved conduc i ve to i nventi on a nd i nnovat ion 1 0 • I n  the 
formati ve stages  of the farmi ng sys tem , the orga n i zat i on  of product i on 

was approached anew i n  the a bsence o f  a n  establ i s hed , forma l 
i n st i tut i ona l  s t ructure . 

The devel opment of a n  i nd i genou s i nsti tut i ona l s tructure of 

i tse l f  pro v i d ed some d i recti on to the  further devel opment of the  
economy .  Later , as further changes in  technol ogy appeared , the same 
structure s erved to d i rect any changes that took pl ace . I t  ha s been 

argued tha t t he  New Zea l and  farmi ng  sys tems pr i or to 1 950 had been 
establ i s hed between 1 880 and  1 920  ( Ki ng ,  1 950 , 6 9 )  and that the  
patterns of  t he  l ate 1 960s were actua l l y  an  extens i on of those  of the  

1 930s ( Cumber l and , 1 968 ,  9 ) . These  observat ions  suggest  tha t  the 
farmi ng syst ems have enjoyed a l ong-term stabi l i ty i n  s p i te of the 
occu rrence of a number of s i gn i fi can t  changes i n  technol ogy and  i n  
markets . 

The techno l og i ca l  c hanges a nd s h i fts i n  markets poi nt to the 
wi der h i s tor i ca l  context affecti ng New Zea l and . The growi ng  compl ex i ty 
of  worl d techno l ogy seen i n  the growi ng  concern wi th bi o l og i ca l  a s  

opposed to  mechan i cal  processes  ( Parker , 1 972 , 66 ) h a s  had imp l i ca ti ons 
for New Zea l a nd agr i c u l t u re . The range of equ i pment and processes  
a va i l abl e has  great ly  broadened and ha s encouraged experimenta ti on i n  
new area s . New Zeal and • s  s trong , trad i tional  trad i ng ti e wi t h  the 
Un i ted Ki ngdom and i ts former col on i a l statu s may wel l have cond i t i oned 
the nature , d i recti on , context , and  transmi ss i on of - c hange i n  the 

economy genera l l y ,  and i n  the agri c u l tura l sector i n  parti cu l ar .  The 
change of t h i s  pattern ha s broadened p os s ) bl e  sources  of c hange . 

I nformati on Transmi s s i on a nd Adopti on  

The  p i oneeri ng agr i c u l tural i s t parti c i pa ted i n  the  i nnovati on
dec i s i on proce s s  descri bed in  Rogers  a nd Shoemaker ( 1 97 1 , 1 02 ) .  Eac h 
producer j ud ged h i s own success  and  that of other producers i n  
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gaug i ng wh i c h  methods had proven most successfu l . Such i nd i v i dua l 
i n i t i a ti ve wa s st imu l a ted i n  New Zeal and through  the l a ck  of devel opment 
of a s uppor t i ve  commu n i ty framework i n  the col ony ' s  earl y p l anned 

settl ements  ( Watters , 1 965 , 1 92 ) . Because of the i ndi v i dua l  na ture 
of dec i s i o n -mak i ng ,  i nformati o n  wa s transmi tted f i rs t  by fe l l ow 

producers a nd l ater wa s augmented by government a nd pri vate sector 
agents . Im i tati on occurred read i l y  ( Stephens , 1 965 , 52 ) .  Th i s pattern 
fol l ows Rogers ' i nnovat i on-dec i s i on model a s  i n terest was h i gh 
i n i t i a l l y  because of a n  awareness of d iffi cu l t i e s  i n  the p i oneeri ng 
s i tuati on ( Rogers and S hoemaker , 1 97 1 , 1 28 ) . New tec hn i q ue s were 
read i l y emp l oyed as  part of the experimentati on phase  of adopti on . 
Farmers were greatl y concerned wi th f i nd i ng a nd impl ementi ng  v i abl e 
farm enterpri ses , a nd then improv i ng the ir  performance u s i ng the 

technol ogy ava i l abl e .  

Perceoti on  of the Need to Chan�e 

The harsh  rea l i ty of fi nd i n g that exi s t i ng gra s s l ands  wou l d  not 
su pport the des i red l i vestock en terpr ises  and the a s soc i a ted s tock i ng 

dens i ti es he i ghtened the dri ve  to f i nd any mean s  to s ecure an adequa te 
return on  commi tted i nves tment  ( Hi l l ,  1 96 5 ,  44 ; Stephens , 1 965 , 59 ) . . 

The adherence to the cap i ta l i s t e th i c  had certa i n  i mp l i ca t i ons for 
the type of product i on un i ts wh i c h emerged , and  meant  that  farmers a s  
owner-operators were i nterested i n  opportun i t i e s  to devel op  a nd  i mprove 
producti o n  of sal eabl e commod i ti es . 

Whi l e  l ocal  knowl edge was of immedi a te and , perhap s , primary 
concern i n  probl em-so l v i ng ,  the knowl edge deve l oped outs i de New 
Zea l and was al so con s i dered . Opportun i ti es for the tran sfer of k now
l edge through  trad i ng l i nks i n  the Bri t i s h  and  Au s tral i a n  markets 
( L l oyd P r i c hard ,  1 970 , 6 7 )  fac i l i tated thi s transmi s s i on of  i deas . As 
Great Br i ta i n ,  the home of many mi grants to New Zea l and , was emerg i ng 

as  a centre of agri c u l tura l  research  i n  the n i neteenth  century ( Hadfi e l d ,  
1 952 , v ) , a stream o f  new knowl edge was fprthcomi ng . The  general 
l i teracy of the popu l at ion  (Tab l e 1 . 2 )  and the  absence of cu l tural  
d i fferences  prov i ded the opportun i ty for New Zeal and farmers to 
expl o i t q u i ck ly  the new i deas presented . 
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TABLE 1 .  2 

DEGREE OF LITERACY AND PERCENTAGE OF FARMERS IN THE NEW ZEALAND 

EUROPEAN POPULATION l 856-l90la 

Percentage :  

Year Unable to Read Able to Read Able to Readb Percentage of 
and Write Only and Write Farmers 

1856  24 . 8  13 . 6  61 . 6  
. .  

1858  25 . 2  11 . 3  63 . 5  7 . 4 
1861  2 2 . 3  9 . 0  . 68 . 7 7 . 5  
1864 2 0 . 1  7 . 2  7 2 . 7  7 . 0 
1 8 6 7  21 . 4  7 . 2  71 . 4  8 . 6  
1 8 7 1  2 3 . 3 7 . 5  69 . 2  8 . 0  
1 8 74 23 . 8  8 . 1  68 . 2  11 . 6  
1 8 7 8  23 . 7  6 . 8  69 . 5  11 . 6  
1881  ' 2 3 . 1  5 . 6  71 . 3  11 . 2  
1886  21 . 2  4 . 8 74  11 . 3  
1 8 9 1  18 . 8  4 7 7 . 3  10 . 9  
1 8 9 6  16 . 5  2 . 9  80 . 6  1 1 . 9  
1 9 01 15 . 3  2 82 . 8  11 . 6  

Notes : a The compar 1son of  the f 1gures on 1ll1teracy and on the per
centage of  farmers could indicate that farmers formed a 
sub s tantial por tion of  the i l l i t erate popula tion and so 
were unable to  u ti lize wri t ten information . However , 
Condliffe ( l933a , 1 7 1 )  has pointed to the interest  o f  
early farmers i n  e ducation and prov ides a n  indica tion of  
their literacy . He  suggests that later small farmers were 
more l imited in this regard but they were abl e  to ob tain 
verbal advic e  from Departmen t of  Agricul ture instructors 
after 189 2 .  

b To ta ls not equal t o  100 . 0  percent are  due to rounding error . 

Sources :  i )  Degree o f  Li teracy 
1856 Statistics of New Zealand ( 1853-56 , No . SA) . 
18 58-1901 Census of New Zealand ( 19 01 ,  Education of  the 

Peop le at Suc cess ive Censuses ) . 

i i )  Percen tage o f  Farmers c al culated from : 

1858 
1861 
1864 
1867-1871 

Statistics 
Statistics 
Statistics 
Statistics 
No . 1 4 ) . 

of New Zea land ( 1858 , No . 4) . 
of New Zealand ( 1861 , No . 1 � . 
of New Zealand ( 18 64 ,  No . l � . 
of New Zealand ( [for years shown] , 

1874-1901 Census of New Zea land ( [for years shown] , 
Occup ations of the Peop le) . 

Methods : From 1858 to 1886 the occupat ions listed as  ' primary ' 
represented those in agricultura l  and pastoral pursuits 
only . Calcula t ing the p ercentage of  the to tal popula t ion 
represented by those working in farming and pastoral 
occupation es tabl ished this fac t .  

From 1891  ·to 1901 , the calculation  was made by adding the 
number listed in the agri cul tural and pastoral sub-orders 
and then f inding the percentage of the to tal populat ion . In 
189 6 this involved adding males and fema les working in each 
occupation sub-order f irs t . 
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Percei v ed Rami fi cati ons of I nnovati on 

An i nnova t i o n  s tream , i nvo l v i ng the a p pl i cat ion of a number of 

i nvent i ons  from var i o u s  a reas of sc i ence yet a l l rel ated to the i nc rease  
of prod uct i v i ty from pastu re l and , fol l owed from the percepti on of 
needed i mprovements . Farmers were c l early  i nexperi enced i n  ma i ntai n i ng 

the Eu ropean-deri ved grasse s  and so i l  ferti l i ty ( Hadfi el d ,  1 952 , 3 ) . 

Bri ti s h  exper imentat i on a t  Rothams ted had shown tha t soi l ferti l i ty 
l evel s cou l d  be i nc reased through  the addi t i on of nutr i ents i n  the 
form o f  chemi cal  ferti l i zers . Accord i ngl y ,  the procedu re fi rst 
proposed ( C l i fton c i ted i n  Sma l l fi el d ,  1 947a , 1 69 ) , that of more 
extens i ve l y  u s i ng  i nd i genous gra sses becau se  the i r  ferti l i ty demands  

more c l ose ly  matched the  l evel  a va i l abl e i n  the  soi l , wa s not  wi de l y 
pursued . Soi l ferti l i ty was improved by so i l  amend i ng to boost  the 
y i e l d  of  the fodder c rops whi c h  suppl emented grass  product i on . 

The  effects of thi s i n novati on were major  i n  enta i l i ng further 
su bstant i al  changes i n  the ex i s t i ng . produc ti on sys tem ( Hol l ande r ,  
1 965 , 1 95 ) .  New l i vestock  breeds were devel oped , and the farmi ng 
sys tem a l tered to i nc l ude rotat i ona l use  of l and . The further 
maj or i n novat ion  of  topdres s i ng ,  tha t i s  the appl i cat i on  of  so i l  
amendments di rect l y to gra s s l and , reduced l a bour demand because  i t  

d imi n i s hed the need to frequently  renew pa sture by p l ou g h i n g  and 
reseed i n g .  The i nc reased herbage yi el d over a l onger peri od was a l so 

found to reduce the  need for s uppl ementary fodder crops , aga i n  reduc i ng 
l abou r  i nput , except i n  a reas where c l i ma te l i mi ted adequate yea r - round 
gra s s  g rowt h .  Th i s  pract i ce became the bas i s  for the devel opment  of a 
d i st i ncti ve gra s s l and  techno l ogy . 
i nnovators and generated further 
and o ther needs were i denti f i ed .  
and i nventor i s  a k ey feature i n  
21 ) .  

The farmers who emp l oyed i t  became 
i nvent i o n  a s  experi men ta t i on conti nued 
Thi s i nteract i on between i nnovator 

technol o g i ca l  c hange ( Rosenberg , 1 969 , 

S i g n i f i ca nt l y , i t  wa s found tha t the so i l amendments  app l i ed 
throughout the country var ied  i n  thei r effecti veness i n  i mprov i ng 
pasture  producti on . Res earc h  began to con s i der where and  why the 
vari o u s  mi neral d ef i c i enc i es were to be found . Phosphate defi c i ency 
was the  fi rs t  wi de spread probl em to be recogn i zed a nd so i l  ame nd i ng 
prac t i c e  focu sed i t .  Extens i ve experi mentati on by government  agenc i e s  

and by farmers l ed to the i denti f icat i on o f  s pec i fi c  reg i on a l  phospha te 

req u i rements . Adaptat ion  of  a n  i nst i tut i onal  framework through  wh i c h 
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to st imu l a te s uch  resea rc h  was a v i ta l  step i n  creati ng  the agri cu l tural 
systems wh i c h l a ter emerged . Conti nued work wi th i n  these  i n s ti tut i ons 
prov i ded many of the i nventi ons wh i c h generated l ater techno l ogi cal  

c hange i n  gra s s l and u t i l i zati on . 
U s i ng  l i me a s  a s o i l amendment  was s een  a s  a mi nor i nnovat i on , 

one not enta i l i ng  s ubstant ia l  c hange i n  the ex i s t i ng produc t i on sys tem , 

because i ts effect var i ed wi dely w i th soi l type and i ts rol e i n  
i mprov i ng herbage y i e l d was not a s  q u i ck ly  unders tood . Though the 

sc i enti fi c knowl edge concern i ng the importance of l egumes i n  add i ng 

n i trates to  s o i l s  had emerged by the  mi d-n i neteenth century ,  the 
app l i cat i on  of thi s k nowl edge too k l onger to devel op . S tra i ns of 
grasses wh i c h �ou l d  deri ve mos t  benefi t from th i s ecosystem had to be 
i denti fi ed  to make the c l overs ' contr i but i on more important . The 
i sol ati on of tru l y  perenn i a l s tra i ns of ryegra s s  wa s a major  i nven t i on 

by New Zea l and p l ant  s c i enti s ts ( Sma l l f i e l d ,  1 970 , 66 ) .  Permanent 
pastures of perenn i a l ryegra s s  benef i ti ng from abundant n i trates 
produced by c l overs grow i ng i n  nutri ent-ri ch  so i l s  at  the p roper 
l evel of ac i d i ty were the bas i s  for further l i vestock product ion 

i nnovati ons  whi ch  fos tered New Zea l a nd ' s  h i g h  l evel s of farm product
i v i ty .  The  pattern for th i s  farmi ng  system had been establ i shed i n  
the n i neteenth century but  a l l of t hese e l ements  of gra s s l and technol ogy 
on ly  converged and became nati ona l l y  s i gn i fi ca n t  i n  the 1 930s . 
Accord i ng l y ,  the s u bs ta nti a l  ri s e  i n  output a nd i n  i nten s i ty of l and 
u ti l i zat i on  from the use of t h i s  technol ogy can be s een from th i s  
peri od on . 

The g reater app l i c ati on of e l ectr ica l  and mechan i ca l  power to 
farmi ng i n  th i s per i od was a contemporary deve l opment  i mprov i ng l a bour  
producti v i ty i n  da i ry i ng and woo l  p roducti on . The move to  repl ace 
horses wi th  tractors gathered momentum , enab l i ng ava i l a b l e man power 

to be dep l oyed more e ffect ive ly  i n  so i l amend i ng and gra s s  conservat i on .  
The wi der  u s e  of the l atter technol ogy i n  hay and s i l ag e  mak i ng l ed 
to a nota b l e reduct i on 1 n  fodder crop and root crop acreage . The  
constra i nt of rel i ef on so i l amend i ng resu l ted in  farm-enterpri se

rel ated patterns of  adopt i on and  u sage . Dai ry and l amb-rear i ng farms 

l ocated on fl a t  to undu l a ti ng l and benefi te d  f i rst from s o i l amend i ng 
as  avai l a b l e equ i pment cou l d  be read i l y uti l i zed there . On l y  after 

Worl d War 1 1  d i d  ha u l age  contractors s pec i a l i z i ng i n  l i me cartage 
underta ke to adapt thei r trucks  to spread i n g  o ther so i l amendments more 
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eff i c i ently and more wi dely than cou l d mos t  farmers . Thi s change 
extended the area whi ch cou l d  be effecti ve ly  covered . St i l l , th i s set 
of i nnovati ons wa s mi nor i n  t hat they i mproved the eff i c i ency of so i l 

amend i ng i n  an  ex i s ti ng a g r i c u l tura l sys tem . 
I t  took the  adaptat i on of the a i rcraft to bri ng thi s s ame tech 

nol ogy to  the s heep reari ng  a nd  wool ente rpri ses  s i tuated on h i l l y and 
mou n ta i nous l a nd 1 1 • Manua l  broadcast i ng  was not suff ic i ent to 

reprod uce the effect of heavy topd res s i ng .  Agri cu l tura l  a v i at i on for 
pas ture topdre s s i ng was , then , a maj or i nnovati on devel oped i n  New 

Zea l and . As aeri a l  topdress i ng wa s accompa n i ed by aeri al sowi ng  of 
s eed of hi gher-y i el d i ng pas ture pl ants , t he l owl and types of gras s l a nd 
were extended �o the s l ope s and contri buted to greater wool and meat 

produc t i on from the mi d - l 950s as the tech n i que  wa s more wi del y adopted 
and the number of sheep rose . 

An al tered eva l uati on of the l a nd ' s  product ion potenti a l  i s  
e v i dent  from the c hange i n  patterns wh i c h emerged . Farm enterpr i ses 
prev i ous ly  fou nd on the l owl and areas s u c h  a s  l amb rear i ng were a bl e  
to penetrate eas i e r  h i l l  country so a l teri ng the extent of s toc k move
ment  from the  s tore- stock farms to the  l owl ands , to name but  one 
feature . 

The i ncrea s ed herbage  y i el d  i nduced a n umber of maj or i nnovat ion s  

i n  s heep farm management .  There was . an  i ncreas e  i n  fenc i ng for greater 
control of graz i ng ,  a pract i ce found s u bsequently to i ncrea se  p roduct i on 
on i ts own . S tock  management techn i ques  emerged wh i c h  enabl ed fu l l er 

u se  to be made of  a va i l a b l e herbage . A greater number of mi nor 
i nnova t i ons  appea red such as  the use of c l overs ( other than wh i te )  

bet ter su i ted to dr ier  and s hadi er h i l l s i des  to s u sta i n  gra s s  growth , 
and the i mprovement of secondary- growth control as  the fea s i b i l i ty of 
ma i nta i n i ng pasture was demonstrated . 

S i mi l ar pos s i b i l i t i es resu l t i ng from the abi l i ty to carry l a rger 
numbers of l i vestock exi s ted i n  the l owl and  farm enterpri ses  so 

i nd uc i ng i nnovat i ons  i n . s tock  and pasture management ,  and i n  p roduct i on 
fac i l i ti es .  For exampl e ,  a d a i ry farmer was abl e to run more cows 
u s i ng thi s gra s s l and  technol ogy but mi l k i ng more cows enta i l ed the u se  

of  more effi c i en t  m i l k i ng equ i pment to  keep  l abour i nput at  t he  prev i ou s  
l ev e l . As farm i ng systems u t i l i zed product i on  systems varyi ng both i n  

method and i n  i n tens i ty ,  the i mpact of  the c hange i n . technol ogy was 
not s pread through  them equa l l y .  Those  u ndergo i ng l i ttl e c hange found 



the degree of c hange needed to fu l l y expl o i t the major i nnovati ons 
greater than those i n  wh i ch change was ongo i ng a nd i nduced smal l er ,  
more frequent  adj u s tments . 

The adopti on of one i nnova t i on , a s  s een above , may enta i l  a 
number of s ubsequent adj u s tments . Be i ng a bl e to identi fy the extent 
of change nec es s i tated by a pa rt i cu l a r  i n novat i o n  often i nfl uences 

the producer • s  adopt i on  deci s i on ( Snodgras s  a nd Wa l l ace , 1 964 , 

29 

1 2 7 ) . The greater the c hange seen a s  requ i red , the l e ss  read i l y  adop t i on 
occurs . S i mi l arl y ,  t he percei ved d i ffi cu l ty of impl ementati on i n  
terms of cost  or effort and the amount  of read i l y  observab l e  benefi t  
are d i rec t l y  rel ated to  the rate of adopt i on . Hence , mi nor i nnovat i ons , 

i n  requ i ri ng l �s s  s ubstant i a l  change  to the e x i s t ing system , s hou l d be 
more frequent . 

A s eemi ngl y s impl e techn i que s uch  a s  the  appl i ca t i o n  of  c hem ica l  
ferti l i zer  and  l i me can  be seen  to  be  maj o r ,  once the changes  i nduced 

i n  the product i on sys tem have been eval uated . The study of these 
changes proved to be the  focus of much s c i ent i fi c research a nd furn i s hed 
add i t i onal  i nvent i on i n  the form of more prod uct i ve pl ants . Further , 

t h i s researc h  a l tered so i l -amend i ng pract i ces fol l owi ng  the  detec t i on 
of further mi nera l -el ement defi c i enc i es ,  an  exam i nati on of the i r  rol e 

i n  l i vestock producti on , and the s tudy of phosphate retenti on . Though  
these a s pects  of  s c i en t i fi c  research represent importan t  con tri but i on s  
to  producti v i ty ,  they are of mi nor i mportance because they rei nforce 
an  exi st i ng  p roduc t i on system. 

Compl ementary Technol ogy 

The e ffecti venes s of  one i nnovati on can be al tered by others 
wh i c h  promote i ts u ti l i zat i on . The v i ew of Rosenberg ( 1 96 9 ,  1 0 ) that  
advances i n  technol ogy create di s eq u i l i br i a  whi c h  i nduce further 
i nventi on and  i nnovat i on to correct i t , i s  mos t  useful i n  understand i ng 
t h i s  rel a ti on s h i p .  For exampl e ,  t he use  of c hemi cal  ferti l i zers wa s 
l imi ted u n t i l effec t i v e  mechan i ca l  means qf d i s tri bu t i on were created . 

Moreover , mac h i nery des i gned for th i s purpose was not app l i cabl e i n  
a l l farmi ng  regi ons  d u e  to the cons trai nts of rel i ef and i na dequate 

mechani cal  power . Thu s the ava i l abl e so i l - amend i ng technol ogy was not  
evenl y app l i ed to New Zea l and • s  a gr i cu l tural sys tems . T h i s created 
a s i tuati on where s tructural change was not necessari l y  occ u rr i ng i n  a 
u n i form manner  and the  rate of adopti on v ar i ed throughout the 



agri c u l tura l s ector . The  ava i l abl e pool of knowl edge a nd technol ogy 

becomes a n  i mportant cons i derati on i n  eval uati ng the potenti a l  
effec ti venes s  of  a parti c u l ar i nnovati on i n  creat i ng  c hange wi th i n  a 
producti on system ( Sol o ,  1 966 , 9 2 -9 3 ) .  The l i n k i ng of technol ogi e s  

c an  become a maj or i nnova t i on i n  i ts own ri gh t ,  a s  i n  t he  appl i ca t i on 
of a i rcraft to soi l amend i ng .  

Structura l Change and Sectora l I n terdependence 
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The i ntroducti on of major technol og ica l  c hange i s  expec ted to 

l ead to s tructural change i n  a producti on sys tem . The a l terati on of 
the product i on functi on l eads to a new mix of i n puts and a con sequent 

i ncrease  i n  produc ti on neces s i tates some ampl i fi cati on of the exi st i ng 
s tructure to deal  wi th i t .  So i l  amend i ng ,  as a major i nnovati on , 
i nvol ved agr i cu l ture i n  s u bstanti a l  producti on i ncreas es a nd a grea ter 
rel i a nce on produc ti on i nputs from the secondary sector . However , the 
broad s truc tural  pattern of the sector based on fami ly  farms has 
s urvi ved ( Sm i t ,  l 975b ,  1 04 ) . Such a s i tuati on ra i se s  the pos s i bi l i ty 
that the farmi ng  system a ccommoda ted an  ampl i fi cati on of producti on 
fol l owi ng  technol og i ca l  c hange , because  capac i ty at  the farm l evel 
had been u nd eruti l i zed ( Smi t ,  1 973 , 1 6 ) .  

The a l terati on of a n  economi c s t ructure through technol og i cal  
c hange can b e  fel t in  other s ectors of the economy where l i nkages 
have deve l o ped . One sector may rely u pon another to prov i de the 

necessary i nputs  to i mp l ement new technol ogy a s  i n  the case  of  farmers 
rely i ng u pon  chemi cal  manufacturers for ferti l i zers . Where the 
performance  i n  the supp l y i ng s ector i s  not fel t to be adequate , 
operators may s u cceed i n  enteri ng the sector . 

The l i n kages between the agri cu l tural and manufac tur i ng sec tors 
of the economy need not be d i rect but may be organi zed through  

terti ary s ec to r  fi rms whose  functi on i s  the co-ordi nati on of the fl ow of  
goods and s ervi ces between the other  s ectors . Where a n  i mba l ance i n  

the n umber of producers i n  each s ec tor i n�i b i ts  commun i cat i on , s uch  
fi rms offer an  important l i n k ,  often s erv i ng a s  agents  of  c hange , and 
become e s sent i a l  e l ements  in the i n s ti tuti onal s tructure of the 
economy ( Symons ,  1 972 , 70-72 ) . In New Zea l and , LeHeron and  Warr ( 1 976 , 1 ) 

have observed that the g rowth of export-ori ented agr i c u l ture was : 

s u pp o rted by a network or rel a ted serv i c i ng i nd u s tr i es ,  
i . e .  s tock and s ta t i on agenc i es ,  agri cu l tural  mach i nery 



s upp l i ers , mea t  freezi ng  and exporti ng compan i es , da i ry 
proces s i ng compan i es ,  wool l en mi l l s ,  road and rai l 
hau l age . 

3 1  

Such  agri bus i ness 1 2  f i rms have had a n  i mportant  rol e i n  a gr i c u l tural  
devel opment  i n  suppl y i ng orga n i zati onal a nd manager i a l  s k i l l s ,  
techn i ca l  experti se , and  cap i ta l  to farmers . These fi rms have u nder
taken i nnova ti ons beyond the means  of  i nd i v i dua l  farmers . For exampl e ,  
the New Zea l and and Aus tra l i a n Land Company , a propri etary fi rm ,  
p l ayed a great  part i n  the settl ement  and deve l opment  o f  the South  
I s l and  through  tra i n i ng farmers i n  a pprent i ces h i p on  i ts hol d i ngs a nd 
i n  creati n g  more s u i tabl e breeds of l i vestoc k ( Pa lme r ,  1 9 71 , 608 , 4 35 ) . 
F urthermore , i t  was i ns trumental i n  i n i t i a t i n g  frozen mea t  and butter 
s h i pments a nd �n open i ng markets for th i s  produce ( Ki ng ,  1 947b , 
566 -567 ; Pa l mer , 1 9 7 1 , 4 37 ) . Butter and cheese factory deve l o pmen t  

was strong ly  encouraged and fi nanced by s u c h  i n terests  ( Pa l me r ,  1 9 7 1 , 
524 -525 ) often at  t i mes  when competi ng , co-operati vel y  owned fi rms 
were una bl e to i nvest ( Ph i l pot t ,  1 937 , 1 02 ) . Subsequentl y ,  da i ry 
co -opera t i ves  became s uffi c i ent ly  s trong to d i s pl ace prop r i e tary fi rms 
a nd 1 The r i s ks taken by the earl i er propr i etari es and the i r  courage i n  
s upporti n g  the da i ry i ndustry i n  peri ods of a t  l east dou btfu l future 
potent i a l were s tead i l y  forgotten •  ( Ward , 1 97 5 ,  1 1 ) .  

I n  other farm enterpri ses  the propri etary fi rms have rema i ned  a nd 
s ti l l  exert i nfl uence on  agr i cu l ture t hrough the farm functi ons they 
have taken over ( LeHeron and Warr , 1 9 76 , 1 ) .  The pol i cy of reduc i ng 

farm s i ze accordi ng to  the • one man , one farm • concept decreased the  
farmers • capac i ty to  muster cap i tal  and l a bour so  i ncreas i ng thei r 
dependence on  external sources  for both � Thi s i nadequacy of cap i tal  
and l a bou r  rema i ned a c haracter i s t i c of New Zea l and farmi ng  i n to the  
1 960s and was cri t i c i zed as  be i ng a maj or i mped iment to producti v i ty 
i mprovement ( Sears , 1 96 3 ,  244-245 ) .  Research i nto farm en l argement  
i n  North l and  poi nted to the  cr i t i ca l  i mportance of  cap i tal  ava i l ab i l i ty 
i n  the dec i s i o n  to l eave or stay i n  farmi ng , and i n  the capabi l i ty of 
rema i n i ng farmers to i ncrease  producti on through expans i on and 

i ntens i fi cat i on ( Smi t ,  l 975a , 1 63 ) . Supp l yi ng  capi ta l  i s  a s trong  
l i nk  i n  t he  c l ose  rel at ionsh i p between agri bus i ness f i rms a nd farmers ,  

a nd one whereby these f i rms can i nf l uence agri cul tural p roduc t i on . 



Rol e  of Government 

Gov ernment ,  acti ng as arbi ter i n  such  rel ati ons h i ps between 
s ectors of the economy , pl ays a s i mi l ar rol e to terti ary fi rms i n  
i nfl uenc i ng  the dec i s i ons made wi th i n  each s ector ( Tarrant , 1 974 , 
45-46 ) . I t  a l so has  a d i rect ro l e  i n  the agr i cu l tu ral  s ector i n  

New Zea l a nd . These ro l es depend u pon the form of government adopted 
and the s trength of regu l a tory powers a s s i gned to i t . The economi c 
s tructure wh i c h devel ops typ i cal ly  refl ects governmental deci s i ons 
as much  a s , or mor� tha n ,  producers • dec i s i on s  ( Duncan , 1 97 3 ,  1 40 ) .  

3 2  

Thro u g h  d i rect i ng resource a l l ocati on government i s  a bl e to 
promote t he devel opmen t of one s ector i n  preference to a nother . Thi s 
rol e  i s  c l ea rl� seen i n  ventu res br i ng i ng l and  i n to agr i c u l tural 
p roducti on  ( Stover , 1 969 ; F i e l d i ng , l 965a ; F i el d i ng , 1 965b ) , i n  the s t i m
u l ati on o f  the growth of da i ryi ng  ( Phi l pott , 1 937 ) , a nd i n  the 
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p romoti on of producer boards respon s i b l e  for marketi ng  ( Evans , 1 969 ) . 
Further ,  i t  has crea ted and funded the i ns ti tut i ons for research i nto 
agr i c u l tur a l  produc t i o n  prob l ems . The fa i l ure to extend s i mi l ar  
i nvol vement to the manufacturi ng sector unt i l q u i te recentl y i s  one 
factor expl a i n i ng the conti nued domi nance of agr icu l ture i n  the New 
Zea l and  economy .  

The d ec i s i on tha t government  shou l d  be i nvol ved i n  formu l ati ng 
the  i ns ti t u t i ona l  changes  requ i red to buffer the impact  of external 
change on the economy added another d imens i on to the ro l e  of government . 

The i ns t i tut i ons  crea ted cou l d  a nd d i d  a l ter the product i on envi ronment  
of  agr i c u l ture . The  acti v i ty of  government needs to  be  a s ses sed 
carefu l l y  when any revi ew i s  made of producers ' dec i s i on s  a bou t 
techno l og i ca l  and s tructural cha nge . 

Econom i c  Growth and Devel opment 

The occurrence of economi c growth and devel opment  may i ntroduce  
a new pa t te rn of  resource ava i l a bi l i ty .  The change o f  the rel at i ve 
cos t of prod uct ion resources can act a s  a' further s t i mu l u s  to the 
entrepreneur ' s  norma l quest  for means  of redu c i ng costs and to h i s  

adopti on o f  technol ogy to tha t  end (Sa l ter , 1 960 , 43 , 44 ) .  Fel l ner 

( 1 961 , 308 ) s ugge s ts t ha t  where s u c h  i nnovati on  occurs i t  becomes 
' adj u s ted reasonably wel l to bas i c  resource pos i ti on s ' because  of the 
i nd i v i d u a l  f i rm ' s  market  s i tuat i on . Thu s , where l a bour has become 



scarce a s  i n  the course of econom ic  growth , a preference for l abour

savi ng , a s  opposed to cap i ta l -sav i ng , i nnovat i on appears even though  
both cou l d  be empl oyed effecti vel y .  

L i kew i se ,  demand changes fol l owi ng the i ncrea se  i n  s econdary
a nd terti ary-sector empl oyment can prompt c ha nge i n  the agri cu l tura l 
sector  a i med at e i ther i ncrea s i ng output for a l arger market or 
ma i nta i n i ng output i n  s p i te of a reduced l abour s u ppl y .  Both of 
these c hanges can i ntroduce a reassessment of exi st i ng technol ogy i n  
agri c u l ture - - the . f i rs t  step i n  the i nnovat i on proces s . 

The s tructure of New Zea l and ' s  agri cu l tural  s ector has been 
notab ly  s ta bl e bu t producti on has i ncreased greatly.  The s i tuat i on 
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i n  wh i ch producti on i ncreases but  does  not promote change in  beha v i o u ra l  
modes a s  expressed i n  soc i a l  s tructures , ca nnot str i ct ly  be cal l ed 
economi c devel opment  ( Dunn , 1 97 1 , 9 ) . Can the agri cu l tural  sector 
i n  New Zeal and be s een to have experi enced growth wi thout exper i enc i ng 
devel opment , even though techno l og i cal  change has occurred? Th i s  
po i nt ra i s es some probl ems s i nce technol ogi cal  change , a key component 
of the product i vi ty i ncreases whi c h  contri bute to economi c growth ,  

can be a neces sary cond i t i on of devel opmen t .  Shou l d  technol ogi ca l  
c hange occur  wi thout engender i ng economi c devel opment ,  then the 
rel at i onsh i p  may no l onger be va l i d .  The effects of techno l og i ca l  
change w i th i n  the economy wou l d  need to be reasses s ed .  

Such  a s i tu a t i on empha s i zes the importance of the accurate 
measuremen t  of the effect of technologi ca l c hange u pon producti v i ty .  
I t  has been con s i dered that thi s effect may have been overstated i n  
past  a s s essments of economi c growth ( Gou l d ,  1 97 2 ,  297 ) . E xami n i ng 
the so i l - amend i ng technol ogy i ntroduced i nto New Zea l a nd agri c u l ture 
aga i n s t  s uch  a background provi des  some i ns i ghts  i nto th i s  general 
prob l em .  



FOOTNOTES 

1 .  So i l amend i ng i s  u sed to descr i be the appl i cation of soi l 
amendme nts , that i s ,  • a ny s u b s tance such a s  .l i me , s u l fu r ,  gypsum ,  
and s awd u s t  u sed to a l ter the properti es  o f  a so i l , genera l ly  to 
make i t  more produc ti ve . • Ferti l i zers are i ncl uded i n  thi s term 
i n  th i s  text ,  though  the term i s  more genera l l y app l i ed to the 
o ther materi a l s noted ( Brady , 1 974 , 594-595 ) . 

· 

2 .  Producti vi ty i s  u sed i n  the sense of output  per u n i t o f  i np ut  
( Ol ms tead , 1 970 , 40 ) . 

3 .  Agr i cu l ture i s  the • purposefu l tend i ng of crops and l i vestock • 
(McCarty and L i ndberg , 1 966 , 204 ) . Cropp i ng and l i vestock  
product i on are frequently referred to a s  • agri cu l tural  and  
pas tora l • enterpri ses  in  New Zea l and sources . 

4 .  The ecosys�em i s  • a  functi on i ng , i n teracti ng sys tem composed of 
one or more l i v i ng organi sms and thei r effec t ive env i ronment , 
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both phys i ca l  a nd b i o l ogi ca l • ( F . R .  Fosberg , 1 The i s l and ecosys tem • , 
2 ,  c i ted i n  Stoddart , 1 965 , 243 ) . The agr icu l tura l sys tems can  
accord i ng ly  be  seen  a s  • d i s t i ncti ve types of man-modi f i ed ecosys tems • 
( Harri s ,  1 969 , 1 34- 1 3 5 ) . 

5 .  The enterpri ses  • cons i s t of crops , gra s ses ( some t i mes c l a s s i fi ed 
a s  a crop ) and l i ves tock products • (Morgan and Munton , 1 97 1 , 23 ) 
genera ted i n  a farm i ng sys tem . 

6 .  Tec hnol ogy ,  when defi ned a s  • the d i sc i p l i ne and body of knowl edge 
as to the appl i cat i on of s c i ence to produc ti on • ( Ph i l l i ps ,  1 97 1 , 
1 60 ) , i s  c l earl y the l i n k  between the two areas . Techn i ques are 
the practi ca l  crafts emp l oyed i n  producti on ( Ziman , 1 976 , 1 46 ) , 
a nd tech no l ogi c a l  c hange i s  some change i n  the techn i q ues of 
product i on ( Stras smann , 1 960 , 1 6 ) . 

7 .  The fu l l  seri es  of  f i gures i s  presented i n  Tabl e 7 . 4 .  

8 .  Economi c devel opmen t  i s  a d i vers i fi cati on of economi c ac ti v i ty 
away from primary acti v i ty ,  towards i nd u s tri a l  and serv i ce s  
sectors , ( Gou l d ,  1 97 2 ,  2 ) . I t  i s  u sua l l y  a s soc i ated wi th economi c 
growth , • an i nc rease  i n  aggregate produc t ,  e i ther total or 
per capi ta • ( Rob i nson , 1 972 , 54 )  but need not be so , a s  i s  shown 
l a ter .  

9 .  The producti on fu ncti on i s  a n  expres s i on s ummari z i ng the range of 
pos s i bl e  commodi ty outputs wh i c h g i ven col l ecti ons of fac tor 
i nputs  can genera te , g i ven the exi s ti ng s ta te of techno l ogy (G i l l , 
1 97 3 ,  4 ) . 

. 

1 0 .  I nventi on i s  the combi nati on o f  new and exi s ti ng i deas ( Norri s 
and Va i zey ,  1 97 3 , 2 2 ) ; wh i l e  i nnovati on  i s  the app l i cat i on  of 
i nventi on  to producti on ( Stras smann , 1 959 , 2 ) . 

1 1 . H i l l  country and h i g h  country i n  New Zeal and parl a nce . 

1 2 .  Agri bu s i ness  i s  d ef i ned a s  • the  sum total  of a l l opera t i ons i nvol ved 
i n  the manufacture and d i s tri buti on of farm supp l i es a nd i nputs ; 



p roduction  operat ion  on the farm ;  and the s torage , p roces s i ng 
a nd d i s tri bu ti on of farm commodi ti es and i tems made  from them ' 
( Dav i s  and Gol d berg , 1 957 , 2 ) . 
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CHAPTER 2 

TECHNOLOGY, TECHNOLOG I CAL CHANGE , AND ECONOM IC  DEVELOPMENT 

The as serti on tha t i nnovat ion  i n  so i l amend i ng has had a majo r  
impac t on the economi c s tructu re o f  New Zeal and through i ts effects 
on fa rm structure a nd the channel l i ng of research acti v i ty ,  l eads to a 
con s i derat ion  of the i nnova ti o n  process  i tsel f i n  thi s chapte r .  

Sketc h i ng the causa l connec ti ons between i nventi on , i nnovat ion , 
improvement , and technol ogi cal  change l eads to a descri pt ion of how these  
i n terrel a ted events can cons ti tute a v i tal  component of the proces s 
of economic  growth and devel opment .  It  then becomes pos s i b l e to u nder

stand i n  l a ter , chapters the process whereby so i l -amend i ng tech nol ogy 
emerged i n  New Zea l and a nd became imp l i cated i n  the pa ttern of  economi c 
devel opment .  

THE CONTEXT OF TECHNOLOGY 

Thi s v i ew of the l i nkage between technol ogi cal  c hange a nd 

economi c deve l opment owes much to the wri t i ng of  J . A .  Sc humpeter o n  the 
rol e of i nnova ti on  i n  economi c h i s tory . Schumpeter ( 1 934 , 68) stated : 

devel opment con s i s ts pri mari ly i n  emp l oyi ng exi s ti ng 
resources i n  a d i fferent  way , i n  doi ng new th i ngs  wi th 
them , i rrespecti ve of whether those resources i ncrease  
or  not . 

Such  i nnovation  pos s i b i l i ti es are a neces sary cond i ti on of economi c 
deve l o pment but are not suffi c i ent i n  themsel ves , i n  Schumpeter ' s  v i ew ,  
s i nce entrepreneurs mu s t  b e  present to i mp l ement  any s uch i nnova ti ons 
( Schumpete r ,  1 934 , 74-75 ) .  Nonethel es s ,  as  i s  s een l a ter i n  the New 
Zea l and  exampl e ,  technol ogy exacts changes i n  terms of  c l oser p l ann i ng 
of producti on over l onger peri ods , grea ter commi tment  of capi ta l , 
more s pec i al i zat i on of  product ion  and manpower , a nd a res truc tu ri ng  
of  organ i zati on ( Ga l bra i th ,  1 968 , 20 ) ,  a nd  so , c an  be  a t  the heart  of  
change i n  the economy .  

As techno l ogy i s  often  u s ed to defi ne  the producti v i ty o f  a n  

economy ,  then , c hanges i n  technol ogy are l i ke ly  to a l ter the producti ve  
bas e  o f  tha t economy ( Freeman , 1 974 , 20 ) .  As ' an i ncrease i n  aggregate 
produ c t , e i ther tota l o r  per capi ta ' ,  ( Robi nson , 1 97 2 ,  54 ) ,  d ef i nes  

econom i c  growth , the produc ti v i ty boost  imparted by technol og i cal  
change can  be  of  paramount  i mportance . Improvements i n  the  economi c 



opera t ion  of producti on can l ead to s oc i al and s truc tura l c hanges 

wh i c h  are symptomati c of economi c devel opment  ( Mundl ak et a l . � 1 974 , 
1 02 ) .  The rel a t i ons h i p  between them need not be d i rect though . The 
c hanges genera t i ng economi c  growth may not be s uffi c i ent  to generate 

the c hanges needed to attai n economi c deve l opmen t  ( Robi nson , 1 97 2 ,  
6 3 ) . 

Technol ogy ,  a l though  an i n i t i a tor  of chang e ,  i s  a l so a res ponse 
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to i t  ( Gal bra i th ,  1 968 ,  20 ) . Technol ogy i s  a refl ecti on of the general 
devel opment of knowl edge and i s  al so  a measure of  the capac i ty and 

wi l l i ngness of peopl e to i mpl ement such  devel opment i n  product ion . An 
i dea mu st  prove both prac ti cal and practi cabl e before i t  can l ead to 
technol og i ca l  � hange . I n  the tran s i t i on from i dea to appl i ca t i on a n  

a s se ssment i s  made of  both potenti a l  cos t  reduct ion and output i ncrease . 
The rel a ti ve contri bu t ion  of  an i nnova ti on may be cons i dered a s  ei ther 
major or mi nor , accord i ng  to the extent of tec hno l og i ca l  change wh i ch 
fo l l ows i ts a pp l i cat i on . A techno l og i ca l ly  s i mp l e i nnovat i on may 

have far-reach i ng i mpacts u pon the ex i s t i ng technol ogy and the s truc tu re 
of the  economy and so be major i n  i ts effec t .  Soi l amend i ng through  
topdress i ng pas tures is  seen to be  an  excel l ent  exampl e of  such  an 
i n novati on . 

THE S EQUEN CE OF  TECHNOLOG I CAL CHANGE 

Techno l og i cal  change does not occur i n  a s i ngl e s tep . I t  stems 

from a sequence of events whi ch are ou tl i ned bel ow .  

I nventi on 

I nventi on devel ops from an i ns i gh t  whereby a new pos s i bi l i ty 
occu rs  i n  combi n i ng o l d  and new knowl edge and from the embod i ment of 
th i s  poss i b i l i ty i n  some rud imentary form ( Norri s and Va i zey , 1 973 , 2 2 ) . 
I nventi on ' s  occurrence , as  seen i n  technol og i cal  change , i s  the ou tcome 
of e i ther the growth of the body of k nowl edge , the demand for a means  
to  reduce parti cu l ar eco�om i c  cos ts or  the overcomi ng of parti cu l a r  
s hortages of product ion-factor i nputs  ( Stras smann , 1 960 , 1 6 ) . 

I n  the former s i tuat i on , often descri bed a s  the s c i ence -push  
thes i s :  

The growth of the body of sc i ence  cond i ti ons the course of 
i nven t i on . . . . I t  does th i s  by ma k i ng i nventors s ee 
thi ngs d i fferently and by enabl i ng them to imagi ne more 



d i fferent so l u t i ons  than wou l d  otherwi s e  be the case . 
( Sc hmook l er , 1 966 , 200 ) 

Th i s  i ns p i rat i on may be acc idental or i rrati ona l , ma k i ng i nventi on  a 
l argely unpred i c tabl e occurrence ( Sc hmook l er ,  1 966 , 1 99 ) . 
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In contra s t ,  the demand -pu l l thes i s  accord s l i ttl e i mportance to 
i rrational  proces ses : 

' i nvent i on i s  l a rge ly an econom i c  acti v i ty wh i ch l i ke 
other econom i c  act i v i t i es i s  p ursued for gai n ,  . . .  • .  
( Schmoo kl er , 1 966 , 206 ) 

The economy s i gna l s  the a ppearance of  cost or producti on probl ems 
and thereby focuses  i nven ti ve acti v i ty through  offeri ng  a reward to the 
i nventor who oyercome s  them ( Wel l s ,  1 972 , 6 ) . Commun i ca t i n g the 

exi s tence of such  probl ems i s  as fundamental to attract i n g  i nventors 
to deal  wi th  them as  i t  i s  essen t i a l  in prov i d i n g  the pool of i nforma 
t i o n  from whi c h  i deas are drawn ( Z ima n ,  1 976 , 90 ) .  The e s tab l i s hment  
of  commun i ca ti on l i n k s  between i nventors and entrepreneurs i s  needed 
to a ccel era te the i nventi ve process  wi thi n a s oc i ety ( Pa rker , 1 97 2 ,  6 4 ) . 
The accumu l a t i on and conso l i dati on of practi ca l knowl edge by produ cers 
can occas i on a n  i n teres t  i n  the expl anati on of the processes  empl oyed . 

Th i s  eventua l i ty l ead s to a s c i en ti fi c approach  to techn i cal  probl ems 
and more commun i cat i on  wi th researchers ( Z iman , 1 976 , 1 46 ) . 

Pred s tates  tha t the importance of commun i cati on l i e s  i n  ' the  
technol og i ca l  di s equ i l i br i um i n  the  producti on  proces s '  wh i c h  ' s ti mu l ates  
new i nvent ion s  whi c h ,  in  turn , g i ve  r i se to  others ' { quoted in  Hud son , 
1 97 2 , 1 51 ) .  D i sequ i l i bri um , where some el ement  i n  product i on technol ogy 

retards  the a ppl i ca t i o n  of some i nnovati on , i s  seen to have ' conti nua l l y  
d i rected t h e  a pp l i cat i on  of  some competent personnel t o  the  sol u t i o n  
o f  p robl ems of  obv i ous practi cal  i mportance • ( Rosenberg , 1 969 , 1 1 ) .  
The sequence of  i nvent i ons becomes compu l s i ve as  i nventors s ee k  to 
restore a technol og i ca l  equ i l i br i um .  Demand-pu l l is a powerful  force 
i n  d i recti ng  a ttent ion  to parti cu l ar d i sequ i l i br i a  and s ett i ng off , 
through  demand for i mprovements i n  re l a ted productions , a s eq uence or  

' 

s tream of i nventi ons wh i c h  can cond i t i on the technol og i ca l  env i ronment 

of p roducti on  ( Wel l s ,  1 97 2 , 25 ) .  S tages of producti on preced i ng that  
i n  wh i ch  an i nnova ti on has  occurred may be affected by an  i ncrea sed 
demand for the i r  output .  Thi s demand i nduces cos t-reduc i ng , quanti ty
i ncrea s i ng i nnovat i on . I n  succeed i ng  s ta tes of  producti on , i n  a form 
of feedback ,  i nnova ti on  i s  i nduced by the reduc ti on of s u p p l y  costs  
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rel at i ve to the q ua l i ty of i nputs ( Stra ssmann , 1 960 , 1 6 ) . The 

consequent techno l og i ca l  change i n  e i ther s tage or i n  both s tages , can 
have an effec t on the i ndustry i n  wh i c h i nventi on fi. rs t occurred . The 

more i n terrel ated the i ndustry i n  wh i ch an  i nvention and s u bs equent  
i nnovati on occur  i s  w i th other i ndus tri es , the  greater the  effect 
of tha t i nvent i on on  the economy as  a whol e .  

Whereas the s c i ence-pu sh  thes i s  tends to make i nventi on too 
i nexpl i cabl e ,  the demand-pul l thes i s i s  too mechani s ti c i n  mi n i mi z i ng 
the ro l e  of i nd i v i du a l  effort and tha t of c hance (Mansfi el d ,  1 969 b ,  
1 65 ) . Actua l  i nvent i ons ' represent the i n ters ecti on o f  s ets of 
( sc i enti fi ca l l y )  pos s i b l e and ( economi cal l y )  des i red i nvent i ons ' 
( Gou l d ,  1 97 2 ,  �37 ) .  The l evel of knowl edge tends to act  i nverse l y  
on  the cos t o f  i nvent i ng . The engi neeri ng pract ice o f  the t i me ,  the 

knowl edge of  mater i a l s ,  mechan i sms , and natural  processes  a nd 
p ropert i es are the e l ements wh i c h  the i nventor assemb l e s  i n  h i s mi nd i n  

f i ndi ng a so l u t i o n . Enteri ng a n ew fi el d o f  knowl edge may demand an  
expans i on of that k nowl edge and  i ncrease  the co st  of the des i red 
resul t .  Wor k i ng wi th  e stabl i s hed knowl edge that is better u nders tood 
can  keep cos ts down ( Mansfi el d ,  1 969b , 1 6 5- 1 66 ) . 

The cost  of the  acti v i ty may be reduced i f  i nven tors are grouped 

i n to i ns ti tu ti ons s uch  as un i v ers i t i e s  and research and devel opment 
l aboratori es ( Z iman , 1 976 , 2 ) . In  s uch s etti ngs , the conj unct i on of  
' mi nd ,  probl em and w i l l  to so l ve ' ( Scherer , 1 970 , 352 ) and  the 
j uxtapos i t i on of wor kers from varyi ng fi e l ds  of researc h 1  s t imu l a te 
t he comb i nat i on  of knowl edge wh i ch i s  at  the heart of i nventi on . The 
e nhanced exper i ence a va i l abl e to the i ndi v i dua l  and the s c i enti fi c 
a pproach  are harness ed to create c i rcumstances more favourabl e for 
i nventi o n . The researc h  and devel opment organ i zati ons  s o  e s tab l i s hed 
have s tead i l y  accounted for a greater proporti on  of i nv en ti on  becau se  
t he  rate of  i nvent i o n  ha s tended to i ncrease  wi th a growi ng dependence 

u pon sc i ence rather than upon i nd i v i dua l  experi ence , s k i l l , a nd  
i ntu i t i on ( Go� l d ,  1 97 2 ,  

.
337 ; Hami l ton , 1 9 73 , 2 2 ) . 

Th i s new tech n i ca l  knowl edge i s  the ' bas i s  upon wh i c h  the set  of 
techn i ques  ava i l abl e i n  producti on  i s  a l tered and the  dyn ami sm of 
tec hnol ogy e s tab l i s hed ( Norr i s  a n d · Va i zey ,  1 973 , 22 ) . The  present s tate 
of  an economy i s  the product both of the pa s t ,  i n  be i n g  deri ved from 
i nheri ted cap i tal  s tock and past  i nvestment  and  techn i que  dec i s i ons , 
and  of the future , i n  refl ecti n g  expectat i on s  about new techn i ques , 
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var i at i ons  i n  factor pri ces and new demand cond i t ions  ( Sa l ter , 1 966 , 
266 -267 ) .  As soc i a l cond i t i ons a re s i mi l arly establ i s hed , the a l terat ion  
of e i ther can  ' i nduce  men to make i nventi ons whi ch somehow enabl e them 

to benefi t from or amel i orate untoward con sequences of the a l tered 
cond i ti ons • ( Sc hmook l er , 1 966 , 1 99 )  . 

I nnovati on  

What may fol l ow i nventi on i s  i nnova ti on : 

the fi rst  dec i s i on to a l ter the rout i ne  of producti on ,  when  
funds were s ta ked on an untri ed nove l ty ,  when new tec hn i cal  
knowl e dge wa s app l i ed on a commerc i a l  sca l e . ( S tra s smann , 
1 959 , 2 )  

The emphas i s  i n  i nnovat i on i s  on  commerc i a l exp l oi tat ion  a s  some 
_ orga n i zat i on  of markets , cap i ta l , l abour , a nd mater i a l s i s  requ i red 

in i mpl ement i ng an  i nnova ti on ( Stras smann , 1 9 59 , 7 ) . In  the i nnovati ve  
s tage , entrepreneurs i n  commerc i a l  f i rms underta ke the work  wi th the  
prof i t mot i vati on of a ttempti ng to  sat i sfy a demand they perce i ve 
( Wel l s ,  1 9 7 2 ,  8 ) . Though i n i t i a l l y  the obj ec ti ves may be s c i ent i fi c ,  

non-commerc i a l , and cal l for l i ttl e expend i ture , l a ter ,  the concern 
for produ c t i on costs and potenti al  s a l es  l eads  to the reducti on of the 
rol e sc i ent i f i c  peop l e have to p l ay as  l arge amounts of ri s k-capi tal 
are expended ( Gou l d ,  1 972 , 347 ) .  Th i s ri s k-cap i tal  expen d i ture i s  
used a s  a factor expl a i n i ng the l ocati on of en trepreneurs i n  markets 
demonstra t i n g  s trong demand for a product i nnov a ti on ( We l l s ,  1 972 , 6 ) . 

The commerc i a l ori entati on  of  j nnovati on  has l ed Sc herer ( 1 970 , 
350 ) to s uggest  i t  i s  the end pha s e  of the process of devel opment 
occurri ng through t i me . The fi rst  phase i s  i nv enti on ; the s econd , the 

devel opmen t of the i n vention ; the t h i rd ,  the tes ting  of i t ; and  the 
fourth , the  marke t i n g  of i t .  

As the  phenomen a  of i nven t i on and i nnovat i on can be d i s ti nc t ,  the 
appl i cati on  of an i nventi on can wel l  l ag beh i nd i ts d i s covery ( Hol l ander 
1 96 5 ,  26 ) .  At thi s s tage the h i gh d egree of uncerta i n ty present i n  the 
dec i s i on-ma k i ng proces s  may l ead to an  i nterrupt i on of d i rect deve l op
ment sequence . The l i kel i hood of such  i nterrupt ion i s  so  great  that an  

' i nnovati on chai n '  l i n k i ng bas i c  research wi th  i nnovati on a nd  economi c 
growth i s  v i ewed a s  ' i mprobabl e because  i t  presupposes that there 
i s  no dependence between the i n tens i ty or occurrence of tec hn i ca l  
devel opment  ( i nnovat i on acti v i ty )  a nd the econom i c  cond i t i ons  i n  an  
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i ndus try •  ( Haeffner , 1 973 , 1 9 ) . 

Soc i a l  cond i ti ons  can al so p l ay a rol e i n  di srupt i ng  an  a utomati c 

progres s i on . P ubl i c  concern over the resu l ts of work i n  a parti c u l ar  
fi e l d  cou l d  d i s courage some researchers d i rectly through  some 

demon s tra t i on of op i n i on and i nd i rect ly  ei ther through the s u s pen s i on 
of fu nds from publ i c  sources for that type of research or  through  
l eg i s l at i ve  proh i b i t i on . 

The dec i s i on to i nnovate rel i es heav i ly  on the product ion  
env i ronmen t . Before an  i nnovati on beg i ns to  l ook techn i ca l l y  and 

economi ca l l y  v i ab l e ,  further i nventi on varyi ng  i n  degree of d i ffi c u l ty 
of creati ona l  magni tude  may have to occur to s u pport the proposed 
i nnova t i on ( Scherer , 1 970 , 352 ) . T h i s  i s  a form of the feedback noted 

by Strassmann  ( 1 96 0 ,  1 6 ) .  The v a l ue of an awareness of devel opments 
i n  other f i e l ds  of endeavour throug h  i nforma t i on d i s s emi na t i on i ncreases  

because  the so l u t i on to probl ems i n  the devel opment of one i n nova t i on 
may be found i n  other i nvent i ons  and  i nnovat i ons ( Ziman , 1 9 76 , 209 ) . 

Devel opmen t 

Economi c v i a b i l i ty prompts the entrepreneuria l  i nvestment  dec i s i on 
wh i c h  permi ts devel opment ,  • the l engthy sequence of deta i l -or i ented  
techn i cal  funct i on s • ( Scherer , 1 9 70 , 350 ) , des i gned to  ready an  

i nvent ion  for commerc i a l  u ti l i za ti on . The  proven uti l i ty of the  
i nnovati on  general l y  reduces u ncerta i nty i n  the dec i s i on-ma k i ng proces s ,  
but there rema i n  the probl ems of wor k i ng out  the i nven ti on  i n  deta i l , 
perfecti n g  i t ,  and  a s s es s i ng the return expected from i ts s a l e .  

Subs tanti a l  costs may sti l l  be i nvo l ved a t  t h i s  stage • e s peci a l l y  i f  
techn i c a l  u ncerta i nti es  ari s e  ( Z i man , 1 976 , 208) . Product  i nnova t i on s  

may b e  l e s s  d i ffi cu l t to devel o p  than the process i nnovati ons n eeded to 
manufacture these  new produc ts ( Freeman , 1 9 74 , 1 05 ) . The  i n terpl ay 
between i nvent ion  and  new fi nd i ng s  i s  s t i l l  l i kely to occur a s  the 

technol ogy uti l i ze d  i s  constant ly  eval uated u nder prod u c ti on cond i ti ons 
( Strassmann , 1 9 59 , 1 0 ) . T h i s  i nterpl ay i, s i mportant to i nventi on a s  
• i nventi on may fol l ow some research f i nd i n gs but i t  ha s u sua l l y  ar i s en 

i n  the process  of devel opi ng some other process • ( Norr i s  and  Va i zey , 
1 973 , 2 3 ) . I nteract i on , therefore , can prove cri t i ca l  i n  redefi n i ng 
the env i ronmen t  i n  wh i ch an i nnovat i on occurs and thereby a l ter i ng  
the entrepreneur • s  deci s i on to  proceed wi th i ts devel opment .  
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Improvement 

When the i nnovat ion  i s  be i ng u t i l i zed i n  producti on at a 
s i g n i f i cant  scal e ,  p robl ems may appear that prompt further devel opment .  
Th i s  may b e  i n i t i a ted  a nd partl y u nderta k en by producti on  personnel . 
The improvement s tage i s  a man i fes tati on of l earn i ng through exper i ence 
i n  the repeti ti on  of some act i v i ty ( Gou l d ,  1 97 2 ,  359-360 ; Norr i s  and 
V a i z ey ,  1 973 , 1 64 ) .  One expects that much  mi nor technol og i ca l  c ha nge , 
i . e .  a devel opment  that i s  though • rel a t i ve ly  s impl e by men s k i l l ed 

i n  the perti nent  arts • ( Ho l l a nder , 1 965 , 1 9 5 ), ori g i nates i n  thi s manner . 
Exi s t i ng techn i q u es may be a l tered more or l ess  conti nuou s l y  under 
the tes t  of mi n i mi z i ng producti on  cos ts . The cumul at i ve  effect of 
the se  mi nor changes may be greater than tha t of major tec hnol og i ca l  
change  ( Hol l ander , 1 965 , 1 96 ) . Th i s  v i ew i s  su pported by Arrow 
( 1 96 2 ,  1 57 )  who s uggests that not on ly  new technol ogy but the more 
effec ti ve  appl i ca t i o n  of exi s ti ng technol ogy can be u sed to adj u s t  a 
producti on func ti on . Hol l ander ( 1 96 5 ,  205 ) , moreover , ha s s uggested 
that the mi nor changes  are dependent u pon major changes as the former 
wou l d become exhau s ted wi thout  the occurrence of the l a tter . 

Support for th i s  i dea  i s  found i n  Arrow • s observati on tha t c umu l a 
t i ve i nvestmen t  i s  a better mea surement o f  experi ence than outpu t .  The 
rate of output tends to become con s tant  after some i nnovati on ha s 
occurred , a n  i nd i cati on that the rate of l earn i ng i s  s ubj ect  to 

d i mi n i s h i ng returns .  As  cap i ta l i s  rare ly  repl aced by exac t ly  the s ame 
sort of capi tal , new technol o gy i s  embod i ed i n  the new capi ta l 

i ntroduced and s o , the producti on  envi ronment changes a nd a s t i mu l u s 
to l earn i ng occ u rs ( c i ted i n  Norri s and Va i zey ,  1 973 , 1 96 ) . 

A techn i ca l  progress funct ion  prov i de s  a conceptual  framework  
i n  wh i c h  the  rate of  growth i n  the  product i v i ty of  l a bour work i ng o n  

new equ i pment may be  rel a ted to  .a cons tant  rate of  i nvestme n t ,  ou tput 
per man i ncreases  bu t wi th d i mi n i s h i ng returns . Thi s concept ass umes 
an exogenou s , con s tant  fl ow of i deas so tha t i ncreas i ng the rate of  
i nvestment permi ts  the  expl orati on and a ppl i ca ti on of more i deas . · As 
a l l i deas  are not  equa l l y  produc t i v e ,  the funct ion i mp l i es that those 
wi th the greate s t  potent i a l  for producti v i ty · i ncrease tend to be 
exp l oi ted fi rs t .  Th i s  rel a te s  wel l to the i dea tha t the  s i mp l est  
i nvent ions , those mos t  obv i ou s l y  boos ti ng producti on , are  created fi rs t 

( Pa rker ,  1 9 7 2 ,  63 ) .  An i ncreas e  i n  the occurrence of i nven ti on s h i fts 
the curve u pward s , an i nd i ca t i on  that any g rowth of i nvestment l eads  to 
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a more rap i d rate of growth of l a bour producti v i ty from the u s e  of new 

cap i tal . 
Where s uch  l earni ng occurs i n  a technol og i ca l l y  dynam i c  economy , 

new tec hnol og i ca l  devel opmen ts may a l s o  be s ti mu l ated ( Arrow , 1 96 2 ,  

1 57 ;  H i rsch , 1 96 9 ,  37 ) .  The more t ime wh i ch el a pses between pl a n n i n g  
outpu t a nd  produc i ng the l as t  u n i t ,  o r  the greater t he  pl anned vo l ume 

of o u tpu t ,  the more opportu n i ti es one has to i ncorporate new technol ogi 
ca l  knowl edge .i n to the produc t i on process  ( H i rsch , 1 969 , 37 ) . E i ther 

i nnova t i on or i mprovement cou l d occur . Such l earn i ng  i s  ongo i ng and 

occurs  wi th a ny newly adopted pract ice . Hence : 

Unl e s s  major i nventi ons come th i c k  and fas t ,  wh i c h i s  
often  u n) i kely from the very natu re of the sc i ent i f i c  f i e l d  
i n  ques ti o n ,  i t  i s  probabl e that a s u bs tanti al  part of 
overal l producti v i ty ga i n  wi l l  come from the gradua l  i mprove
men ts go i ng  on  cont i nuou s l y  between the d i screte major 
i nnova t i ons . ( Gou l d ,  1 97 2 ,  358 ) 

Thi s source of  producti v i ty ga i n i s  i mportant s i nce : 

i n  a competi t i ve sys tem a s ubstan ti a l l y new process  wi l l  
be i n troduced when , but  on ly  when , i t  promi ses  a d i scernab l e 
reducti on i n  total cos ts bel ow thos e  of ex i s t i n g  ( i mproved ) 
p roces ses . ( Goul d ,  1 97 2 ,  358 ) 

Improvemen ts al teri n g  the  compos i ti on of the producti on  funct ion  

wou l d  be i ntroduced f i rs t  to ta ke advantage of a ny d i fference i n  
fac tor cos ts whi ch  i s  percei ved  a s  bei ng s i gn i fi cant ( Goul d ,  1 972 , 
363 ) . Parti cu l ar market needs and  produc t i on s i tuati ons  can l ead to 
the adapta t i on of technol ogy to meet them . The proces s  mi ght  i nvol ve 
only mi nor i mprovemen ts featur i ng l ow u ncerta i nty ( Freeman , 1 9 74 , 
1 96 - 1 97 ) .  L i kewi se , the operat i n g  envi ronment  of the ac ti v i ty sys tem 
has a s tron g  i nf l uence , for : 

the fact that  improvemen ts are often i n  some degree s peci fi c 
to a part i cu l ar pl ant  or to a pattern of factor and  resource 
a va i l ab i l i ty pecul i ar to a parti c u l ar  reg i on mea n s  that they · 
often cannot be tran smi tted , a s  bas i c  techn i ques  can ,  from 
one env i ronme nt to another . ( Gou l d ,  1 972 , 360 ) 

The s pec i fi c i ty of any i mprovement ha s to ' be carefu l l y  a s se s sed before 

i t  i s  made a va i l a bl e to other producers . The parti c u l ar  i mportance of 

thi s con s i derati on to agr i c u l tural product i on i s  taken  u p  i n  the 
fol l ow i ng chapte r .  



THE  IMPORTANC E  OF TECHNOLOG I CAL CHANGE 

The range  of technol og i cal  so l ut i ons  ha s expanded as s c i ent i f i c  

enqu i ry ha s moved from the s tudy o f  mechan i cs to more comp l ex s tudi es 
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of ma tter a nd natural forces . These so l u ti ons are then i ncorporated 

i n to ava i l abl e technol ogy once s uffi c i ent  enabl i n g  i nventi on  has 
occurred ( Parker ,  1 972 , 70 ) .  The broader the range of probl ems bei ng 
tac k l ed and so l ved , the more l i ke ly a vari ety of i nventi ons wi l l  enter 
the body of technol ogy at a g i ven time . Wi th adequa te commu n i ca t i on , 
effort i n  one fi e l d of acti v i ty can be mi n imi zed by u ti l i z i ng i nventi ons 

dev e l oped e l s ewhere both d i rectl y i n  producti on and i nd i rect ly  as a 
compl ement to other i nvent i ons . 

The s ta te of  technol ogy sets the bas i c  l evel s of cos t a nd 
producti v i ty a round whi ch the economy operates . I n  the absence of 
i nvent i on i n  an area of the economy , some l ag i n  devel opment  may 
occ u r . The effect of the l ag may be reduced by resource mob i l i ty to 
compensate for the fa i l ure of i nventi on , as th i s  i s  the bas i s  of the 

product i on functi on  concept . Nonethel es s ,  econom ic  resources are 
not perfect ly - mob i l e  and not perfectly s u bsti tutabl e .  As thi s 
app l i e s to the knowl edge of techn i ques , a success i on of prob l ems has 
to be  overcome i n  the deve l opment  of technol ogy to ach i eve the 
h i g he st  pos s i b l e  producti v i ty l evel s i n  the economy . 

Techno l o g i c a l  change res u l ts i n  a s h i ft i n  the producti on  funct i on 

( La v e , 1 966 , 5 ) .  Wi th changes i n  technol ogy the usefu l ness  of resources 
can  be rea sses sed and new comb i nat i ons empl oyed . The u sua l  effect of 
thi s s h i ft i s  a quanti tati ve  r i s e  i n  p roduc ti on because more output  
i s  a va i l abl e per  u n i t of  i np ut .  Al so  l i k e ly  are  changes whi ch may 
res u l t i n  h i g her qua l i ty o utp u t  per u n i t of i nput  ( Snodgras s  and  
Wa l l ac e ,  1 964 , 2 1 7 ) . 

The measurement of the former ha s been found to pose fewer 
pro b l ems than tha t of the l a tter ( Gou l d ,  1 97 2 ,  295 ) and so has  enjoyed 
more u se as a frame for . i n  as sess i ng the effects of techno l og i cal  
change on produc ti v i ty .  The  s h i ft cou l d concei vably  create both  more 
and  better ou tput ;  yet thi s poses a more compl ex  mea s uremen t  probl em . 

Hol l ander ' s  s tudy of cost-reduc i ng technol ogy i nd i c a ted that i n  many 
i n s tances , techno l ogi ca l  c ha nge desi gned to reduce per un i t  producti on 
cos ts  had the s econdary effect of permi tt i ng an i mprovement i n  qua l i ty 

wh i ch i n  turn gave r i se  to further reduct i ons i n  per u n i t cost  
( Ho l l ander , 1 965 , 200 ) . The  reduct i on of per un i t cost cou l d  be 
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dependen t u pon  fi rst a l teri ng the nature of the product i tsel f .  What

ever the  case , producti v i ty ,  the mea sure  of output per man -hour , has 
been enhanced . 

Ku znets ( 1 967 ; 81 ) had  i nd i cated one maj or probl em i n  a s ses s i ng 
the rol e  technol og i ca l  change has p l ayed i n  producti v i ty i mprovement .  
He u s ed the  term ,  • the l a rge rema i nder • ,  to descri be wha tever effects 
cou l d  not be d i rectly ascri bed to cap i ta l  and l a bour i npu ts i n  
s h i fti ng the p roducti on functi on . T h i s res i dual  category encompas ses  
tec hnol og i ca l  change , improved resource qua l i ty ,  and changed product i o n  
arrangements . 

Th i s approach has been cri ti c i zed on the bas i s  that the aggrega te 

i np uts  of cap i�a l  and l abour may not have been meas ured adequa tel y ;  

therefore , any i nfl uence they mi ght  have i s  a s s i gned to the • re s i dual  • ,  
u s ua l ly  ca l l ed techno l og i ca l  change . True changes i n  technol ogy , bes t  
i nd i ca ted by i nnovati ons , d o  not i nc l ude  other pos s i b l e contr i butors 

to the produ c t ion  functi on s h i ft- -movements away from or toward s the 
product ion  fronti er , economi es of sca l e ,  or unknown factors ( Gou l d ,  
1 97 2 ,  299 ) . The contri but i on of techno l og i ca l  change i s  overstated 
i n  such  a s i tuati on .  

Schu l tz ( 1 97 1 , 8 )  a rgues tha t i mprovements i n  the qua l i ty of the 
fac tors of producti on p l ay a ' rea l and l arge part i n  product i v i ty 
change • .  The  l e vel of educa ti on ach i eved by the l abour  force i s  
g i ven  a s  a n  exampl e of a q ua l i tat i ve  change whose effec t ,  wh i l e  not 
meas urabl e ,  d oes form a part of techno l og i ca l  change ( Goul d ,  1 972 , 
297 ) .  Attempts by scho l a rs such  as Bec ker ( 1 964 ) to q uanti tati vel y 
a s sess  the i mportance of educati on i n  i ncreas i ng producti v i ty have been  
c r i ti c i zed . Gou l d  ( 1 97 2 ,  309-3 1 0 )  notes : 

i t  perhaps seems quest i onab l e  whether any s i mp l e scheme 
of counti ng  i ncrements  of schoo l i ng and rel ati ng these 
to the growth of product by a crude formu l a  rea l l y  mee ts 
the compl exi ty of the case . 

· 

Such  c ri t i c i sm does not deny tha t changes i n  technol ogy have 

been i mporta n t .  The probl em l i es i n  the abi l i ty to gauge wha t  
i mprovements can be made  i n  capi tal a n d  l a bour so  that thei r techn i ca l  
attri butes can  be a l tered and  so  acted upon  i n  new ways a s  technol ogy 
c hanges . Schu l tz ( 1 9 7 1 , 1 1 ) and Norri s a nd Vai zey ( 1 973 , 1 34 )  

i nd i cate tha t  i nves tment i s  the mechan i sm through wh i c h these a l ter 
at i ons occu r . 
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THE  ROLE OF CAP ITAL 

Equa l l y  i mportant to such  an argument i s  the defi n i ti on of 
c a p i ta l . When capi ta l i s  defi ned as ' the s tock of produced or man -made 

means  of product i on cons i s ti ng of s uch  i tems as  bu i l d i ngs , factor i es ,  
mac h i nery ,  tool s ,  equ i pment ,  and i nventori es of goods i n  s toc k '  

( G i l l ,  1 97 3 , 1 4 ) , then i t  fol l ows tha t techno l ogy forms an i n tri ns i c  
part  of cap i tal . I t  i s  perhap s  l es s  obvi ous that the s k i l l s  u sed i n  
empl oyi ng cap i ta l can b e  part  of cap i ta l . Schu l tz ( 1 9 7 1 , 1 1 )  con s i ders 
tha t  new techn i ques thems e l ves  when devel oped and put to use  are a 
form of capi ta l . Whi l e  not  a l l a u thors wou l d  agree on the u ti l i ty of 
the ana l ogy between human s k i l l s  l abour  and a producti on good ( for 
examp l e ,  C hamberl a i n ,  1 967 ) ,  the c l ose  rel a t i on s h i p between producti on 

goods and producti on techn i q ues i s  demons trated . Hol l ander has s ugges ted 
tha t the d i rect contr i bu ti on of capi ta l to produc ti v i ty i ncrease has 
been understated in that s ome l evel  of the techno l ogy ava i l ab l e i s  
embod i ed i n  cap i tal and cannot read i l y  be treated as a factor on i ts 
own . Any measure of i n pu t cap i ta l  not  ta k i ng i n to account the changes 
over t ime of s uch features a s  the effec ti veness of  p l ant  and  equi pmen t 
i n  u se , and the improvements whi c h  have occurred i n  machi nery , 
o veremphas i zes  the res i du a l  val ue of technol og i ca l  devel opment and 

underest ima tes  the con tri but i on of the capi ta l i tse l f .  Ex i s ti ng s tocks  
of capi tal , those i n  wh i ch i nves tment has  a l ready been made , are 

l abe l l ed ' o l d ' on thi s bas i s . Short- run economi c progres s can be 
bas ed on the a pp l i cati on of ex i s ti ng techno l ogy ( Freeman , 1 974 , 20 ) .  
S u b s equent techn i ca l  progres s  wi l l  not be i nc l uded i n  th i s  cap i ta l wi th 
o u t  s ome change occurr i ng fi rst .  

I t  i s  wi th subsequen t i nves tmen t  that a new s tock o f  capi ta l i s  
acq u i red , thereby embody i ng newer technol ogy whi ch has more f l exi bi l i ty 

to meet new p roducti on techn i ques  ( Dunn , 1 97 1 , footnote 2 ,  1 4 ) . When 
technol o g i c a l  change requ i res  i nvestment i n  p l an t  and equi pment ,  the 
two acti v i t i e s  i nteract to i ncrease  produc t i v i ty .  Thi s i nc rease  i s  
n ot  s o  much  a resu l t of i ncreas i ng the qu�nti ty of capi ta l s tock a s  of 
repl aci ng  the  ol der , l es s  adaptab l e s tock : 

The rate  a t  whi ch new technol ogy may be u s ed ,  and/or n ew 
resources used , and/or n ew u s es made of o l d  resources wi l l  
depend  to some degree on the amounts of ex i s ti ng capi tal 
and i ts age . ( Thoma s , 1 964 , 204 ) 



Where new s tock  i s  not acqu i red , the competi t ive  pos i ti on of a n  
i ndus try or  f i rm tends  to deter i orate a s  capi ta l ages wi thout  renewa l 
( Thomas , 1 96 2 ,  6 9 ) . The part p l ayed  by i nvestment  i n  i mprov i n g  

product i v i ty i s  hi ghl i g hted by th i s obs ervati on . 

Al though  the pressure to produce  as eff i c i entl y a s  competi tors 
may have a ro l e  to pl ay i n  creati ng  obsol escence ( Si nger , 1 97 1 , 62 ) ,  

i t  rema i n s u neconomi c to scrap capi tal as l ong a s  opera ti ng costs 
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fal l s hort of p r i ce , no ma tter how technol ogi cal l y  obso l e te a techni que 
i s  (Goul d ,  1 97 2 , 346 , 350 ) . An add i t i onal factor retard i ng the use of 
new technol o gy may be any h i g h l evel s of i nvestmen t i n  terms of both 
the  produc t i on goods and the tra i n i ng of the l abour force requ i red to 
undertake a n e� acti v i ty ( Snodgra s s  a nd  Wa l l ace , 1 964 , 1 27 ) . Accord i ng l y ,  
t h e  compos i ti on of vari ous  factors cos ts has a s i gn i fi cant  rol e  to 
p l ay i n  p rompt i ng  the dec i s i on to i ncorporate new cap i ta l . For 

examp l e ,  g re a ter l abour ava i l ab i l i ty at decreased cos t may ena bl e ol der 
cap i ta l  to rema i n  econom ica l ly  compet i t i ve  wi th newer bu t more 
expen s i ve ca p i tal . 

I n  per i od s  of rap i d  technol ogi ca l  change i t  may be expec ted 
that new cap i ta l wi l l  be s u perseded by some superi or a l terna t i ve , and 
so  the deci s i on i s  made to del ay rep l ac ement of o l d  cap i ta l unt i l 
the degree of  c hange can be assessed aga i ns t  the cos t of enteri ng 
the  market for new capi ta l  ( Ho l l ander , 1 96 5 ,  1 32 ) . The frequency of 
changes  nece s s i tated by rapi d techno l og i cal  change may ma ke producti on 
i ns uffi c i en t l y  profi tabl e .  Thus , s ome attempt i s  made by a l l f i rms to 
extend the d u ra t i on of u s e  of cap i ta l  thereby preserv i ng exi s ti ng 
i nvestmen t  ( Freeman , 1 974 , 1 53 ) . A f i na l  factor i nh i b i ti ng cap i ta l  
c hange  i s  the manageri a l  percepti on of the rate o f  technol og i ca l  c hange . 
Entrepreneurs  have to be aware of pos s i bl e  opportun i ti es to improve 
thei r return by rep l ac i ng o l d cap i tal  w i th new and mu s t  feel reasonabl y 
s u re of thei r capac i ty to empl oy thi s n ew capi ta l . Learn i ng ,  once 
a ga i n , a ppear s  a s  a factor i n  techno l og ica l  chang e ,  thi s ti me a t  the 
end of the i nnovati on proces s .  

ADOPT I ON 

Once i nnovati on has occurred , knowl edge of i ts creati on  d i ffuses  
to potent i a l  u s ers who dec i de u pon i ts uti l i ty .  Putt i ng i t  to u s e  
s preads  the technol ogy more wi de ly  and  broadens the technol og i ca l  
e nv i ronme n t ,  thereby i ncreas i ng the  pos s i b i l i ty of i nven t i on be i ng 
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der i v ed from i t .  Th i s dec i s i on to empl oy an i nnovati on i s  a ' mental  
process  throug h  whi c h  an  i nd i v i dua l  passes from fi rs t  hear i ng about  an 

i nnova t i on  to f i na l  adopt i on ' ( Rogers , 1 96 2 ,  1 7 ) . A potent i a l  adopter 
becomes aware of the exi s tence of an i nnovati on  a nd may be prompted to . 
acq u i re more i nforma t i on a nd so enter the s econd or ' i n teres t '  s tage . 
The  res i s tance  of the adopter has to be overcome by s uffi c i en t ,  

effec ti ve i nformati on  ( Brown , 1 969 , 1 94 )  t o  pers uade h i m  to eva l uate 
the i nnova t i on throug h  s ome tr i a l  before he p u ts the i nnova ti on i n to 
producti ve serv i ce and  i m i tates the i nnovator . 

As products of an  expressed nee d ,  i nnova ti ons shou l d be read i l y  
accepted by those expres s i ng the need . Nordhau s  ( 1 969 , 1 8 ) a l so  po i nts 

out  tha t the i �d i v i s i b l e  nature of  an i nnova ti on  shou l d  fac i l i tate 

i ts s pread as any fi rm can acqu i re i t  at  a l mos t no marg i na l  cos t 
u n l e s s  i t  i s  protected i n  some way , by a paten t for exampl e .  

The rap i d  s pread of an i nnovat i on does not  a l ways occu r ,  however , 
as  barri ers can be i mposed . Kuznets ( 1 959 , 3 1 ) has s tated that any 
move  i n  the  i nnovat i on c ha i n  can be bl oc ked . Haeffner ' s  ( 1 9 73 , 22 ) 

three parameters represent i n g  the need for a n  i nnova ti on : funct i on , 
env i ronment ,  and economy , can be used  to i nd i cate the d i ffi c u l ti es 
wh i c h are encountered . The i n novati on may not perform as  expected . 

Regi ona l  d i fferenti a ti on may ari se  on thi s bas i s  as an i nnova ti on wh i c h 
func ti on s  s uccessfu l l y  i n  one set  of cond i ti on s  may fa i l  i n  a nother . 
Gri l i c hes ( 1 957 , 51 1 )  noted th i s  feature when he demonstrated and 
expl a i ned  the l ag between reg i ons  i n  the use of  hybr i d  corn . I t  has  

been recogn i zed that an  i nvent i on ' s  importance can  be a funct i on of 
how wel l i t  s u i ts the produc ti on  env i ronment where i t  wi l l  be u ti l i zed 
as wel l a s  of i ts own a ttri butes ( Sc hmook l er , 1 966 , 1 98 ) . L i kewi se , 

market  k nowl edge becomes a s  necessary to i nnovat ion a s  techn i ca l  know
l edge  ( Freeman , 1 974 , · 1 6 5 ) . Some combi na t i on of  soc i a l , soc i o-economi c ,  
and pol i t i ca l  factors  .may make poten ti a l  adapters res i s t  change  i n  any 
form . The  extent to wh i c h  an  i nnovati on i s  rad i cal , ca l l i ng  for maj or 
changes  i n  the soci a l , econom ic , and pol i ti ca l  framework of the 

commun i ty may p l ay a part  i n  the adopt ion deci s i on .  An i nnovat ion 

rad i ca l  i n  terms of the techno l ogy empl oyed , yet .fi tti ng i n to an 
ex i s ti ng pattern of  producti on may be more read i ly accepted than one  

whi c h i nvol ve s  a s ub s ta n t i a l  a l terati on of that pattern but empl oys 
more conventi onal techno l ogy . 



Such  a phenomenon deserves  carefu l con s i derati on when one i s  

a ttemp t i ng to determi ne whi ch i nnovati ons , i f  any ,  are more l i kel y to 
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be res i s ted . A s i nnovati on s may form a s tream , res i s tance to any one 
m ay l ea d  to an i n terrupti on wh i c h  causes a reduction i n  effi c i ency 

( Kuznets , 1 959 , 29 ) .  A probl em wh i ch  ari se s  here i s  the detect ion  of 
any s h i ft of the frame of reference be i ng a pp l i ed by the i nnovati on 

agent and potenti a l  adapters . At one poi nt  i n  t ime there i s  probab ly  a 
d i vers i ty of frames over a g i ven i ndustry or wi th i n  a g i ven  area 
( Kuznet s , 1 959 , 1 1 2 ) .  Un i form a do pti on , i n  tha t case , becomes un l i ke l y .  
Measur i n g  the causes of such vari a ti on as expres sed i n  s pa t i a l  terms 
can be i n  the rea l m  of geography a s  Hagers trand ( 1 952;  1 966 ;  1 967 ) 
demons trated . 

The  u se  of i nnova ti ons can  i nvol ve h i g h l evel s of  capi tal 
i nvestment i n  both phys i ca l  and human cap i ta l . New capi ta l has the 
advantage  of  be i ng more fl exi b l e than o l d cap i ta l  i n  tha t i t  i s  not 
i nvested a l ready and can be appl i ed more rea d i l y  to meet the needs of 
the ado p ti o n  of the i nnova ti on . The type of co s t  affec ted a l so has  

a ro l e  to p l ay ( Snodgra ss  and Wa l l ace , 1 964 , 2 39 )  as var i a b l e cos ts can  
be  redu ced by reduc i n g output  wh i l e  fi xed cos ts conti nue to occur 
regardl e s s  of  output l eve l s .  Accord i ng l y ,  an  i nnovati on requ i r i n g  
capi ta l ou t l ay wh i c h  res u l ts i n  hi g her fi xed costs may be adopted more 
s l owly than an i nnova t i on whose cos ts can be cut more rap i d l y  i n  a 
changi ng  market s i tu a t i on . 

The  rate at  whi c h  adopti on occurs i n fl uences the rate and amoun t  
of economi c  growth i n  a g i ven peri od  of ti me ( Thomas , 1 962 , 72 ) .  

Because  o f  the obs tac l es  to be overcome i n  meeti ng the new s i tuat i on , 
entrepreneurs  mu st  have the ta l ent  and s k i l l s  and the i ncenti ve to 
overcome them ,  a l ong wi th good commun i ca ti on . The potenti a l  us ers 
who j udge  the pos s i bl e  c hanges req u i red i n  the new s i tuat i on mu st be 
respon s i ve ;  otherwi s e  they d i smi s s  the i nnov a t i on out of hand ( Kuznets , 
1 959 , 32 ) .  

I n  summary , u n l ess  the res i s tance created by any of the three 
' 

factors n oted a bove i s  overcome , technol og i ca l  knowl edge i s  un l i ke l y  
to b e  tran s l a ted i nto economi c devel opment .  I f  the res i s tance i s  not  
evenl y  s pread throughout  a soc i a l  sys tem there can  be  some regi ona l i za t i on 
of the u s e  of  new produc ts and/or proces s es . I n  turn , one s et of 
producers becomes ab l e to enj oy whatever competi t i ve a dvantage the 
i nnova ti o n  has to offer .and are a bl e to prof i t by i t .  Where th i s  



advan tage i s  tra n s l ated i n to s tructural c hange i n  the economy , the 

i nnovators can d i rect i nven t i ve acti v i ty to thei r techno l og i ca l  
d i ffi c u l t i es and  extend the i r s i tuat ion o f  advan tage wi thi n the 
economy .  

THE ROLE OF TECHNOLOG ICAL CHANGE I N  ECONOM IC  DEVELOPMENT 
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The tran s l a t i on of tec hnol og i ca l  change i nto econom i c  devel opmen t 
rel i es u pon the capaci ty to create new modes of behav i our and soc i a l 
and c u l tural c hange  wi th i n  the economy as i t  exper i ences  growth . Th i s  
growth s hou l d be s usta i ned , that i s ,  both i rrevers i b l e  and l ong-l i ved 
(Gou l d , 1 9 72 , 1 ) . Wh i l e  the exact def i n i t i on of those terms i s  cons i dered 
to be d i ff i c u l t  ( Suppl e ,  1 972 , 1 9 ) , the c haracter i st i c changes are 
better defi n ed . I n  general there i s  an  i ncreas e  i n  the sca l e of 
soc i a l  s tructures present i n  the acti v i ty sys tem and an i ncrease  i n  the 

quan t i tat i ve  l evel s of the act i v i ty sys tems . An i ncrease i n  exi s ti ng 
quan t i t i e s  of resources of the same qua l i ty may be empl oyed i n  the 
same s tructures to expand the output of the same products . Growth , 

then , can  occu r  through the acqu i s i ti on of  unexpl o i ted , free resources 
such  as an  enl a rged l a bour force or newly acqu i red l and , or the 
open i ng of new mar kets , any of whi ch  may a l l ow the • a ggrega ti on of 
exi s t i ng behav i oural  modes • .  ( Dunn , 1 9 7 1 , 9 )  The i ncreas e i n  
produc ti v i ty can  occur through  a c hange i n  i nputs i n  type and/or i n  
qual i ty .  New p rod ucti on methods or a new i ndus tri a l  organ i zati on may 

be empl oyed . The res ul t i ng ou tput may a l s o  be c hanged i n  that there may 

be more of i t , and i t  may be of a new type  or of a h i gher qua l i ty 
( Schumpeter , 1 934 , 66 ) .  Technol ogi cal  change i s  impl i c i t i n  the 

creat i on  of these  new products and proces s es , so  refl ecti ng  

the appl i ca t i on of new knowl edge to the so l ut i on  of economi c 
probl ems . They �hanges  noted a bove i n  goods , producti on 
methods , markets , sources of raw ma teri a l s ,  and i ndus tri a l  
organ i za t i on] represent c hanges wi thi n a g i ven aggregate 
preference s tructure , not  c hanges  o f  tha t s tructure [defi ned 
as  the s oc i a l  and cu l tural  va l ue  sys tems] . ( Robi nson , 1 972 , 
57 ) 2 

I t  i s  noted , however , tha t • changes i n  the  vol ume of resource i nput  
may wel l have  had  i nd i rect effects o n  eff i c i ency and  hence o n  the 
growth i n  per cap i ta product  • ( Kuznets , 1 96 7 ,  82 ) .  Short run 

economi c growth mu st  res t ,  accord i n g l y ,  on economi c devel opment o ver the 
l on g  run ; however , there may not be a perfect correl a ti on wi th i n  a 



fi n i te ti me s pa n  ( Dunn , 1 9 7 1 , 8-9 , 1 0 ) .  
Another po s s i bi l i ty i s  the occurrence of techno l ogi ca l  change 

wh i c h a l ters the techni ca l  s tructure . Thi s can resul t i n :  

new ( soc i a l  and pol i ti ca l ) i ns ti tuti onal  s tructures 
s uch  that potenti a l  profi ts a re h i g h .  Thus technol ogi cal 
change  l e�ds to ten s i on wh i c h i s  worked out by entrepreneurs 
who i n i ti a te changes i n  the techn i ca l  and i nsti tuti onal  
s tructures  through i nvestment .  ( Robi nson , 1 972 , 62 ) 

The above-ment i oned ten s i on i s  defi ned as : 

pre sent percei ved potenti a l  prof i t ari s i ng e i ther from 
the present economi c and p reference s tructures or from 
� hang�s i �  �hose s tructures i n  ways that are percei ved 
to be fea s i b l e  and des i rabl e .  ( Robi nson , 1 97 2 ,

_
6� -?2 ) 

' 

Accord i n gl y ,  i t  not onl y  represents a percei ved gap between what i s  
des i red i n  t he preference s tructure and  what  cou l d  be produced by the 
be s t  economi c s tructure but  a l so  imp l i es e l ements  of uncerta i nty a s  
s ome ten s i o n  mu st  be  perce i ved to  be  operati ve . The i mportance of 

t he entrepre neur i n  perce i v i ng the gap  and of i nforma ti on  fl ow i n  
a i d i ng perc epti on are i nd i cated i n  thi s tens i on concept .  

51 

The tens i on concept re l a tes to the d i sequ i l i bri um concept of 
technol og i ca l  c hange . Where equ i l i bri um , or ba l ance , exi s ts i n  an 
economy or i n  technol ogy , change i s  not  genera ted because  tens i on i s  
m i n imi zed . The emergence of change i n  a s truc ture , as  i n  the case of 
so i l amend i ng i n  the technol og i ca l  s tructure of farmi ng i n  New Zea l and , 
d i s rupts  the  equi l i br i um to a degree determi ned by the i n tens i ty of 
the tens i on produced . Imbal ance i s  the outcome unti l s uffi c i ent , 
seemi ng l y  a ppropri ate adj u s tment take s pl ace . Thi s may come i n  the 

form of changes  i n  the s tructure or of changes i n  other s tructures to 
resol ve the percei ved ten s i on s . Economi c devel opment i s  one pos s i b l e  
outcome ( Rob i n son , 1 9 72 , 6 3 ) . As th i s ten s i on i nvo l ve s  both economi c 
and  preference structures , economi c d evel opmen t  i s  re l a ted to soc i al 
c ha nge : 

chan ge s  i n  acti v i ty l evel s and  thei r s upporti ng capi tal 
s tructures requ i re c hanges to be  made i n  the s tocks  of 
p hy s i cal  and human  cap i tal . ( Dunn , 1 97 1 , 2 2 )  

Such  cha ng es may be  necessary to  the  i ncorporat i on of both o l d and  new 
behav i ou ra l  modes i nto the economi c s tructu re ( Dunn , 1 97 1 , 24 ) . Such 
changes may a l ter the aggregate preference s truc ture so caus i ng 
ten s i on a nd  contri bu ti ng  to further g rowth . W i th new products and  
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proces ses  a l teri ng the demands made for producti on factors , the worth 
of these i nputs  i s  rea s se s sed and adj u s tments of cap i ta l  and l abour 
i nputs  accompany the struc tura l  c hanges  wh i ch occur duri ng economi c 

devel opment . The work i ng o ut  of past  ten s i on i n  the economi c s tructure 
contri bu tes  to ongoi ng change . Becau se l earn i ng may be a consequence 

of s uch chang e , i t  i s  not s u rpri s i ng that the econom i c  and soc i a l  
c hanges  may not occu r s imu l taneou s l y .  Commonl y , cha nges i n  the 

i ns ti tu ti onal  framework of the economy tend to l ag behi nd those i n  the 
economy i tse l f ( I s l am ,  1 9 74 , xvi ) .  Over time the i n teracti on between 
the economi c and preference s truc tures i s  reduced a s  major changes i n  
the economy are worked out .  

The l e s�en i ng of ten s i on  deri ved from s truc tural  change and the 
l i n k i ng of s tructures  l eaves  techno l o g i ca l  change as the pr i nc i pa l  
ten s i on source i n  devel oped countri e s . Thi s v i ew of the  l ead i ng part 
p l ayed by tec hno l og i ca l  change i n  devel oped econom ie s  i s  supported 

by other economi s ts ( Kuznets , 1 96 7 , 8 1 ; Ga l bra i th ,  1 968 , 7 1 ) .  Even i n  
the proces s  of devel opmen t ,  techno l og i ca l  change i s  v i ta l : 

the growth of factor producti v i ty i s  a s soc i a ted most  
s i g n i fi can tly wi th s c i enti fi c progress  a nd technol og i ca l  
change wh i ch have been both the cause and con sequence of 
structural  changes tha t have a l tered so drama t i ca l l y  the 
compos i ti on of outp u t  and the occupa ti onal d i s tri buti on of 
the l a bour force . ( Johnston  a nd Ki l by ,  1 974 , 4 2 )  

Wi t h  devel opment ,  the phys i ca l  a n d  human resources u sed i n  producti on 
are i mproved ; the i nst i tut i ons  and preferences , refl ect i ng the soci ety 
i n  whi ch  they are found , a re a l tered ; a nd the techno l ogy bei ng u ti l i zed 
i s  changed . 

I t  has  come to be recogn i zed that change i n  the economy i s  
dependent u pon  some unba l anc i ng of ex i s ti ng s tructures ( Streeten , 
1 963 , 67 1 ) .  Growth theor i e s  have vari ed i n  the degree of i mbal ance 
and the s tructure or s tructures to be u nbal anced . U nba l anced growth 
theory rel i e s  upon the i nducemen t  effect of substanti a l  i nvestment i n  
one secto r .  Li n kages i n  the economy then transm i t  growth by i nduc i ng 
i nvestment  ( Myi n t ,  1 960 , 1 26 ) . The i nvestment  tens i on i s  worked out 
by s tructura l c hange i f  mar ket forces  are suffi c i en tl y  powerfu l to 
effect th i s  tran smi s s i on and  co-ord i nat ion of the s tructural  c hange has  

been  adequately p l anned ( Streeten , 1 963 , 67 1 ) .  
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I n  bal anced growth theory , the emphas i s  i s  on the provi s i on of a 
number of i nves tment projects wh i c h ,  i n  bei ng carri ed out  s imu l taneous l y ,  
prov i d e  for the i n terdependence of fi rms and  of sectors ( Johnson 
and Kamerschen , 1 972 , 278 ) . As i nvestment i s  geared to s timu l a t i ng th� 

compl ementari ty of markets for fi na l  good s , the need for co-ord i na ti on 
and the s tructuri ng of an i nvestmen t package  i s  pri mary ( S treeten , 
1 96 3 ,  6 7 1 ) .  Bal a nced growth a s  an  a i m  not  a method of econom ic  
growth i s  advocated ( Nurkse ,  1 96 1 , 279 ) , though there i s  concern that 
in crea t i n g  an  equ i l i bri um s i tuat ion , the tens i on for further growth 
wou l d  be a bsent  ( H i rschman , 1 9 58 , 66 ) .  The thes i s  of Robi nson ( 1 97 2 , 
67 ) that techno l og i ca l  change i s  the ma i n  bas i s  for economi c change  
and  of Gou l d  ( J 97 2 ,  337 ) that the pace  of technol og i ca l  c hange i s  
accel erati ng , l ead  one to s u s pect that a tta i n i ng ba l anced growth i s  
di ff i cu l t  i ndeed . 

T h i s  argument on econom i c  devel opment and the part p l ayed by 
techno l og i ca l  change  i s  der i ved from the work of a number of theor i s ts 
and observers concerned wi th i dent i fyi ng  a pa ttern to be fol l owed i n  
promot i ng  devel o pment .  I n  th i s  d i s serta t i on , the argument i s  the a 
pri or i  bas i s  for assess i ng the i mpact o f  techno l og i ca l  c hange assoc i a ted 
wi th s o i l ame nd i ng i n  New Zea l and . The changes i n  the economy 

anti c i pa ted from that major technol og i ca l  c hange appear to di verge 
from the pattern s ugges ted . The agr i c u l tural bas i s  of the New Zea l and 

economy s ugges ts that the pattern of technol ogi ca l  change i n  agri c u l ture 
may be  a determi nant  of devel opment . 



FOOTNOTES 

1 .  Researc h i s  1 1the accumu l a t i on of knowl edge by sys temat i c 
observat i on , del i berate experimentati on and rati ona l theory. 1 1  
( Z i m a n , 1 9 7 6 , 3 ) 

2 .  The s tructu res referred to i n  the text are defi ned as fol l ows : 

( 1 ) techn i cal  s tructure : 

• a  techni cal  producti on functi on or a set  of such  functi ons  
rel a t i ng ou tpu ts to  i nputs and  so descr i bi ng the s tate of 
human knowl edge or techno l ogy effecti ve ly  appl i ed to the 
probl ems of producti on • .  

( 2 )  i n s ti tuti onal s tructure : 

• the ' soc i a l  and pol i t i ca l  i ns ti tut i ona l  sys tem i n  wh i c h the 
economy operates • .  

( 3 )  economi c s tructu re : 
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• th e  enti re factor-demand and  produc t-supp ly  s i de of the 
economy defi ned by the techn i cal and i nsti tuti ona l s tructures • .  

( 4 )  preference s tructure : 

• the  soci a l , c u l tura l  and pol i ti ca l  val ue sys tem of  a soc i ety 
i nc l ud i ng any external  cons tra i n ts or i n terdependenc i es 
that  affect the product-demand  and factor-suppl y functi ons • .  

( Rob i  nson , 1 972 , 58-59 ) . 
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CHAPTER 3 

AGR I CULTURE , TECHNOLOG I CAL CHANGE ,  AND ECONOMIC  DEVELOPMENT : 

I NTERRELATI ONSH I PS 

I n  the preced i ng chapter the pa rt techno l og i ca l  c ha nge may p l ay i n  
the process  of econom ic  devel opment was exami ned . Here the ro l e  of  such  
change i n  the  agr icu l tura l s ector i s  consi dered . Al though  that  sector 
shares  characteri s t i c s  wi t h  other sectors of the economy i s  d i ffers i n  
many respects . I t  i s  he l d tha t i n  many i n stances these  d i fferences may 
a l ter the pa tterns connected wi th technol og i ca l  c hange . The scal e of 

agr i cu l tura l opera ti ons and the b i o l og i ca l  focus  of agri cu l tural  enter
pri ses together determi ne both the rate and the type of technol ogy wh i ch 

ha s been i n troduced . The techni ca l  probl ems i n  a gri cu l ture ar i si ng from 
the grea t d i vers i ty of the product i on env i ronment  and the rel a ted 
speci fi c i ty of the i nnov a t i ons  made , a nd from the di ffi cu l ty i n  

formu l a t i ng the theori e s  of geneti cs  and l i fe proces ses , crea ted a l ag 
i n  devel opment  i n  tha t sector ( Parker , 1 972 , 7 5 ) . Si gn i fi cant  progress  
i n  unders tand i ng p l ant  n u tri t i on  and  crop ferti l i zati on , for examp l e ,  
on l y began  i n  the per i od between the m i d-n i neteen th a nd earl y twenti eth 
centur i e s  ( Ti sdal e and  Ne l son , 1 97 0 ,  1 4 ) . The trans i t i on of i nventi ve 
acti v i ty from areas l argel y  benefi ti ng  i ndustri a l  producti v i ty to the 
chemi ca l  and bi ochemi c a l  a reas  benefi ti ng agri c u l ture i s  a recent event .  
The path o f  agri cu l tural devel opment ha s been affected by thi s de l ay a s  

has  the p a th o f  econom i c  devel opme n t ,  gi ven the rol e  o f  the agri cu l tu ra l 
sector i n  s uch  devel opme n t .  

T H E  AGR I CULTURAL SECTOR : ORGAN I ZAT I ON AND L I M I TATI ONS 

So far we have proceeded wi thout · concern a bout the c ha racteri s ti c s  
of agri cu l ture a s  a n  i nd u s try . I t  ha s been a s s umed that agri cu l tu re 
operates a s  a n  i ndustry and  that a l l i ndu stri e s  behave a l i ke .  Certa i n l y  
a gri cu l ture s hares proces s i ng acti v i t i es , mecha n i zati on  a n d  the 
app l i ca t i o n  of sc i ent i fi c techni ques wi th secondary i ndu s try and can be 

regarded a s  bei ng c l o se ly  rel a ted to i ndustry . Thus , i ts d i versi f i ed 
acti v i ti es , may be agg l omerated i n to . one homogeneous agri c u l tura l 
i ndustry ( J ames , 1 .9 7 1 , 1 6 ,  1 7 ) . 

The organ i zati ona l un i t  of producti on , the farm , i s  thus  a f i rm 
wi thi n the i ndu s try , and  the farmer i s  the man ager of that • fa rm 
fi rm • (Metca l f ,  1 970 ) . I n  that capac i ty he acts  as a n  entrepreneur  
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in organ i z i ng produc ti on .  Si nce i t  i s  h i s ta s k  to i denti fy and ac t u pon 
opportun i t i e s  to make a profi t ,  a wi l l i ngne s s  to ta ke r i s k s  i n  order 

to obta i n an economi c return from the capi ta l and l a bour i nves ted i n  
the farm i s  a n  expected behav i oura l  pa ttern ( Habbakuk , 1 97 1 , 39 ) .  I n  
thi s rega rd he does not d i ffer from deci s i on -ma kers of f i rms i n  other 
sectors of the economy .  

H i s tori ca l i n teracti on wi th other sectors i n  the market has  
commi tted a gri cu l ture to growth i f  not to deve l opment ( a  d i st i ncti on 
made i n  Chapter 1 ,  footnote 8 ) . The qua l i ty of  the resources on the 

farm have had to be upgraded to ma i n ta i n  i ncreas i ngly i mportant demand 
press ures made u pon producers . Growi ng pop u l a tion  a nd i mproved 
transport technol ogy have made the worl d a source of v i rtua l l y  u n l i mi ted , 

' 

asea sona l demand  for an i nd i v i d u a l  farmer ' s  p roducti o n . The exi s tence 
of an export market often al l ows agri cu l tu ra l output to g reatly exceed 

domesti c demand ( Lewi s ,  1 956 , 280 ) . Export demand req u i res both h i g h  
and cons i s tent  l eve l s of producti on , a requ i rement that often res u l ts  

i n  qua l i ty i mprovements i n  the farm products so l d (Gou l d ,  1 9 72 , 9 7 ) . 
In novat i ve  acti v i ty to th i s  end ha s recei ved ready rewards so tha t 

producti on  emphas i s on those products bought  a broad has  devel oped . 
Over the l as t  centu ry sci ence and  technol ogy have been progres s i ve l y  
appl i ed t o  the agr i c u l tural prod ucti on proces s .  The farmers ' i ncreas i ng 
bu s i ne s s  or i entati o n  has  made them more res po n s i ve to the economi c 
pressures  a pp l i ed from the n ther economi c s ec tors ( James , 1 9 7 1 , 28- 29 ) .  
I n  shor t ,  agri cu l tu re , i n  mos t  devel oped nati ons  at l ea s t , ha s been 
l ed i n to the modern i ndus tri a l  pattern of emp l oy i ng s c i ence-based 
techni ques  as  the h i g h l y  urba n i zed , i nd u stri a l i zed soc i e ti e s  expanded 
( Rutherford et a l . , 1 966 , 31 ) .  

However , adj u s tment i s  not very rap i d  i n  the sector : 

I n  agr i cu l ture , immobi l i ty ,  i nadaptab i l i ty and i nfl exi b i l i ty 
a re more pronounced than i n  i ndus try . The i ndus tri al i s t 
can , wi thi n a rea sonably  short s pace of time , adj u s t  h i s  
ou tpu t  and h i s organ i zat i on  to external fl uctuat i o n s , and  
i s  hence more dynam ic  and more adaptabl e than the farmer 
He [ the farmer] i s  unabl e to take  i�medi ate advan tage of 
a l tered techn i ca l  processes , nor can he qu i ck ly  readj u s t  
h i s p roducti v e  pattern to c hanges i n  ta s tes , fas hi o n  or 
hab i ts . ( J ames , 1 97 1 , 1 6 )  



Immobi l i ty 

Once settl ed on  the farmer dec i des  what to produce there g i ven  
the  a nti c i pa ted cos t-pri ce rati os for the  vari ous  k i nds of products 

57 

he chooses to ra i s e .  I t  i s  l ess  l i k e ly  tha t h e  wi l l  move to l and s u i ted 
to the type of producti o n  he env i sages . The l a tter dec i s i on i s  more 

ak i n to that made by a manufacturer s eeki ng  the best  l ocati on  for 
h i s  parti cu l ar product  ( McCarty a nd L i ndberg , 1 966 , 207 ) . Th i s 
d i fference accounts for the compara ti vel y  grea ter immobi l i ty found i n  
agri cul ture . 

I nadaptabi l i ty and I nfl exi b i l i ty 

The i nadap tabi l i ty a nd i nfl exi b i l i ty s tem from • o l d  cap i tal • and 
the sma l l -fi rm s tructure . Farmi ng  i s  h ampered by an  accumu l a ti on of 

old capi ta l not on ly  i n  eq u i pment w i th s peci a l i zed func ti ons but  a l so 

i n  s k i l l s  and management techni ques  l ea rned over ti me . Bos erup  ( 1 965 , 
25 )  has observed tha t  e s ta bl i s hed sys tems of l and use can reta rd the 
adopti on of new technol ogy unl ess change i n  both coi nci des . Fa rmi ng  

tends to be s een a s  a way of l i fe even though  i t  has moved to  bei ng  
bas i cal ly  a b u s i nes s . Thi s recogn i ti on of farmi ng as a b u s i nes s i n  
New Zeal and has  l ed to a d ecl i ne of i nterest  i n  farmi ng a s  a n  
occupation and  a growi ng  l abour cos t  i n  order to compete wi th the 
a ttracti on of empl oymen t  i n  other s ec tors ( Frank l i n ,  1 967 , 9 ) . Adj ust

ments have occurred but  soc i a l  cond i t i ons are  a l i mi tati on to  change 
( Ru therford et  aZ . , 1 966 , 47 ) .  I n  add i ti on ,  a s trong rel i a nce 
rema i ns on exi s ti ng methods to meet the expected set of cond i ti ons 
characteri z i n g  the natural envi ronment  ( Mel l or ,  1 967 , 21 ) .  

The sma l l -fi rm s tructure of the i ndus try poses probl ems for 
technol og i ca l  i nnovati o n  j us t  a s  i t  can  i n  manufacturi ng ( Mansf i el d ,  
l 969a , 1 1 0 ) . Wh i l e  the entrepreneur i s  abl e to l i nk market a nd 
tech nol ogi cal devel opments qu i te effecti vel y ,  when faced w i th  
i nc reas i ngly compl ex markets and  tech nol og i cal  devel opments , he  may 
be l ess  abl e to cope on  hi s own . H i s experi ence gai ned through  
practi ce may prove of l i tt l e benefi t i n  eva l uati ng technol o gy tha t 

embodi es i nc reased s c i enti f ic  content  ( Freeman , 1 974 , 28 ) . Mi nor 
i mprovements may be genera ted · through  non - spec i a l i zed knowl edge 
gai ned , bu t major  i nnovati on  i s  un l i ke ly  to occur .  As a resu l t ,  the 
resources needed for the trans l at i on  of  an i nventi on to an i nnovati on 
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are frequent ly  l a ck i ng un l ess profess i onal experi ence i s  added to 
capi ta l and opportun i ty ( Freema n ,  1 974 , 1 94- 1 9 5 ) . One ou tcome i s  a 
s l owi ng of i nnovati on  d i ffu s i on a s  many i nd i v i dua l s mu s t  ma ke  dec i s i ons  

before the i ndu stry a s  a whol e benefi ts ( Morgan a nd Munton , 1 97 1 , 1 9 ) .  
Attract i ng cap i ta l can pose  a probl em as  the smal l fi rm offers 

a l arger r i s k  factor but  wi thout cap i ta l the o pportuni ty to i mprove 

producti v i ty i s  reduced . Accumu l a ti ng thi s capi tal i s  c i ted as  a 
resul t of economi c deve l opment but  i t  i s  a l so a cause ( Ka l dor , 1 970 , 
339 ) . Wi thou t i t , the agri cul tural  sector l ag s  behi nd i n  economi c 
devel opment .  

I n  th i s  producti on envi ronment whi ch i s  further comp l i cated by 
the seasona l i t� of the b i o l og i ca l  cyc l es empl oyed ( Duckham , 1 96 3 ,  
pa rt I l l ) ,  p roducti on i s  vari abl e a nd i t  i s  the a ttempt t o  cope wi th 
th i s  vari a b i l i ty wh i c h  has  crea ted varyi ng degrees of i nfl ex i bi l i ty .  
Once a successfu l  pattern has been found whi c h  sati sfi es the operator • s  

demands wi th a rea sonab l e degree of  certa i nty ( Morgan and Mun ton , 1 97 1 , 
30-31 , 36 ) he i s  u n l i ke l y  to wi s h  to change i t  wi thout  subs tanti a l  
external press u re , more than wou l d  be the case  wi th the  i ndu s tr i a l i s t 
( Mel l or ,  1 96 7 , 2 1 ) .  

I ncreas i ng I npu t Dependence 

The a ttempt to control th i s  vari abi l i ty i s  importa n t  i n  the 

demands of the agri c u l ture . The s c i enti fi c th i nk i ng a nd techno l o g i ca l  
p rogress fea tured i n  the nonagri cu l tura l  s ectors i s  sought  by the 
a gri cul tura l producers . Acqui ri ng i nforma ti on  a nd adopt i ng  producti on 
proces ses  a nd products u ti l i zed or deve l oped i n  the other s ectors 
are means of  enjoyi ng tha t  progress ( Gou l d ,  1 972 , 87 ) .  Tapp i ng 
resources from other s ectors can resu l t i n  supp ly  pres sure on  the 
producers who u s e  them for thei r own benefi t .  I ncreased s upp ly  comes 
as a consequence of  the assoc i a ted i n tens i fi cati on of  producti on from 

i nputs wi th h i g h marg i na l  producti v i ty .  I nd i v i dual operators who 

adopt cos t-reduc i ng ,  ou tput-i ncrea s i ng te�h n i ques  can have  a correc t 

response a s  they seek  to spread thei r fi xed cos ts over a greater 
vol ume of produc ti on  ( James , 1 97 1 , 3 1 ) .  Thi s i s  the proce s s  l abel l ed 
a s  the modern i zati on of the agr i c u l tura l s ec tor  (Mel l or ,  1 967 , 26 ) ;  yet 

i t  crea tes probl ems for the sector a s  a who l e  through  s ti mu l ati ng  
excess producti on { Woo lmi ngton , 1 97 1 , 22 ) .  



The s ectora l i n teracti on extends beyond the acqu i s i ti on of 

phys i ca l  resources . Ma nagement and producti on techni ques appropri a te 
to the new producti on func ti on are empl oyed . I nternal economi es  of  
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scal e and  a greater e ffi c i ency of resource us e fol l ow ( Rutherford et  a� . ,  

1 966 , 37 ) .  However , the opportun i ty to so moderni ze may be wi despread 

and the number of adopters s uff i c i entl y l arge to crea te a subs tanti a l  
and cont i nuous i nc rease  of p hys i ca l  outpu t .  When aggrega ted , th i s  
i ncrease  may tend to exceed demand so the farmers ' i ncome pos i ti on 
worsens rel ati ve to · the i ncomes i n  the non-agri cu l tura l s ectors 
( Southworth and Johns ton , 1 967 , 8 ) . 

The dependence on  the non-agri cu l tural s ectors can provoke cost  
probl ems for farmers . The expa ns i on of  the i ndu s tri a l  sector 

contri bu tes  to grea ter i nput  cos ts for a gri c u l tura l acti v i ti es  as the 
capi ta l goods have a more e l a s ti c suppl y ( Mel l or ,  1 96 7 ,  26 ) .  The 

h i gher i ndu str i a l  producti on cos ts may be passed a l ong to a sector  

wh i ch comes to re ly  on  them for i ts prosper i ty .  �1ore cap i ta l i s  
requ i red to acqu i re capi ta l goods i ncorporat i ng new technol ogy wh i ch 
wou l d  boos t producti v i ty .  The s ca l e of opera ti ons , the l oca ti on o f  
product i on,  and the choi ce and combi na ti ons o f  fa rm enterpri ses  a l l 

have to be reasses s ed i n  l i g ht  of the moderni zed env i ronment i n  whi c h  
the commerc i a l ly  ori enta ted farmers fi nd thems el ves ( Jame s , 1 97 1 , 
38-39 ) .  T he i r  reassessment may prompt i nnova ti ve  acti v i ty to cope 
wi th a range of economi c probl ems : l ow farm i ncomes , s tructura l  
i neffi c i ency ,  a cos t-pr i ce  squeeze , over-supp ly , and i neffi c i ent  
marketi ng ( James , 1 97 1 , 1 0 ) .  I t  certa i nl y  accounts for the devel o pments 
i n  organ i zati ona l methods , dec i s i on-mak i ng processes,  and mechan i c s  
o f  producti on : 

' Mechan i zed ,  h i g h -powered , comp l ex tool systems u s i ng 
extens i ve energy app l i ca ti o ns through  t i me ,  wi th i n tens i ve 
app l i cati ons i n  s peci a l i zed ta sks  bu t rel a ti vel y l ow 
vol umes of human energy ' becomes a way to descri be the 
methods i nvol ved i n  many agr icu l tura l enterpri ses . { Spencer 
a nd Stewart , 1 97 3 ;  543 ) 

' 

The farmer a l so  turns to i ns ti tuti ons  to overcome the i nnova ti ve  

d i ffi cu l ti es of h i s o perati on . Government ,  for examp l e ,  i s  u sua l l y  
abl e to e stabl i s h the organi za t i onal  i nfras tructure needed for 
research  a nd devel o pment  work . P i oneeri ng  work can be carri ed ou t for 
the i ndus try i n  p i l ot projects , so a l l owi ng farmers to im i ta te 
success fu l  technol ogy . I n  effec t ,  the farmers are i n  a better 



pos i ti on to imi ta te s i nce overhead expendi tu res are reduced by not 
engag i ng  i n  research a nd devel opment  work ( Freeman , 1 974 , 27 2 ) . I n  
not parti c i pati ng d i rectly  i n  the i nnovati on  process , however , the 
farmer may be unabl e to comprehend the sc i ence behi nd the technol ogy 
and so fa i l  i n  effec ti vely uti l i z i ng the technol ogy . An i ncrease  
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i n  the rate of tech no l ogi ca l change  accentuates the probl em i n  mak i ng 
a wi der range of techn i ques ava i l a bl e from wh i ch to choose i ncreas i ng 
uncerta i n ty about  the bes t combi nat ion  and i n  a l l owi ng  more i nnova ti ve  
competi tors to deve l op a n  advantage  u s i ng the new techn i q ues . 

I t  i s  cons i d ered tha t  the i mi ta ti ve f i rm succeeds better when 

the pace of techno l og i cal  change s tead i es .  The fi rm i s  then abl e 
to become more , effi c i ent  i n  u ti l i z i ng the technology i n  producti on 
usua l ly to achi eve sca l e economi es  ( Freeman ,  1 974 , 273 ) .  Th i s  s u i ts 
the goa l o f  the farmer attempti ng  to spread h i s  fi xed costs over a 
l arger producti on and  sa l es vol ume through  i n tens i fi cat i on . The 

technol o g i cal  changes requ i red resu l t i n  the accumul at i on  and u se 
of much g reater quant i ti es of new cap i ta l a nd the subs ti tuti on of 

capi tal for l a bour ( by mechan i za ti on ) and l a nd . Such changes enab l e 
the farme r to under ta ke a wi der vari e ty of l a nd-use pract i ces i n  
order to obta i n  grea ter output per un i t of i nput ( Ru therford e t  a l . , 

1 966 , 1 33 ) . 
The dependence o f  the farmer on other s ectors • i nnovati ve  

capabi l i ty means  that  the extent of  thei r i nv enti ve act i v i ty on h i s 

beha l f  i s  d i rectly i nfl uenced by the agri cu l tural  sector • s  i mportance 

to them a s  a marke t . I ts rel a t i on  to o ther s ectors i s  l imi ted i n  
tha t , a s  a pri mary sector , i ts ou tput  i s  se l dom i npu t for some 

preced i ng  s tage of produc t ion  ( Frankl i n ,  l 969b , 29 ) . Much  of i ts 
output i s  consumer- ori ented , h ence  i ts degree of i n terrel a tedness i s  

l imi ted a nd l es s  s u bj ect to i nduced techno l og i ca l  change than ba s i c  
capi tal - goods i ndus tri es ( Stra s smann , 1 960 , 2 1 ) .  

The i ntrodu c t i o n  of i nnov a ti on i n  agr i cu l ture i s  s l owed where 

i t  i s  not the focu s  of deve l o pment as greater rewards are offered 
for i nventi ve  acti v i ty � n  o ther s ectors . ' Th i s s i tuati on  i s  v i ewed a s  
normal : 

Whenever technol og i ca l  change  i s  the same or grea ter i n  
agr i cu l tu re . . . than i n  the producti on of bas i c  cap i tal 
goods , [ th i s  sector has ] e i ther benefi tted from more 
s c i enti f i c  advances , or [ i t  has ] i ncreased the pace of 
a pp l y i ng  a l ready ava i l ab l e s c i ence . ( Stras smann , 1 960 ,  2 1 -
2 2 ) 



I n terventi on  through government acti o n  can be used to offs e t  th i s  
i mbal ance to ach i eve the  above-menti oned co nd i ti ons s hou l d  the 
agri cu l tura l sector reta i n suffi c i ent  pol i ti c a l , if no t economi c ,  
i mportance . 

Rel i ance on  B i ol ogi ca l  Systems 

Whi l e  s har i ng  a g i ven set  of economi c ,  pol i ti cal , and  soc i a l 

sys tems wi th  the manufa c turer the farmer i s  much more di rect ly  
concerned wi th bi o l og i ca l  systems . H i s  dependence on  them may be 

reduced through  s c i enti f i c  and tech no l ogi cal a dvances bu t p hys i cal  
cond i ti ons and  b i o l og i ca l  constra i nts d i rectl y i nfl uence h i s total 

I 

output ( Mo rga n and Mun ton , 1 971 , 1 6 ) . Hence the farmer tends to 

work wi th i n  a framework of probabl e y i el ds and poss i bl e  pr i ces . The 
el emen t of u ncerta i nty so  i n troduced tends to l ead to producti on 
responses for an  expected range of condi ti ons . Th i s  goal i s  the 
contro l of  a s  many i np uts , an ima l , v egetabl e ,  a nd mechan i cal , a s  
poss i bl e  i n  a farm enterpri se  sys tem i n  a n  a ttempt to con trol outpu t .  

Though the farmer may not s ucceed i n  maxi mi z i ng h i s  i ncome , h e  tri es  
to keep i t  above s ome mi nimum l evel . Such a s tra tegy pro v i des for 

r i s k  mi n im i zati on . I ndeed , h i s approach may be one l es s  concerned 
wi th produc i ng  profi t than wi th  deri v i ng s a ti sfaction from the farm 
opera ti on ( Me tcal f , · 1 970 , 38 ) .  A mi x ture of al l three moti ves i s  
l i kely to be the cas e .  
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Though  some natural  forces are beyond the farmers ' d i rect 

control , h e  i s  ab l e to mani pu l a te the ou tcome of many l i fe processes  
such  as  breed i ng .  Agri cul ture ' s  i nvol vement  wi th these  very processes 
has s l owed i ts technol og i ca l  advance . As l i fe proces s es are 
fundamental  to  the producti on of crops  and l i vestock , a nd the 
operati on  of thes e  processes was i nvesti ga ted by sci ence l a ter than 
that of mach i nes , i t  i s  not s urpr i s i ng tha t  major technol og i ca l  change 

i n  agri c u l ture occurred more recentl y i n  agr i cu l ture than i n  manu
fac turi ng ( Parker , 1 9 7 2 ,  7 5 ) . Tec hn i que , ' i n  fact ,  s ome ti mes preceded 
observa ti on , del i berate experi men ta t i on , and s c i ence ,  and  so , d i d  not 
benefi t from the ' sy s temat ic  rati onal  theory ' that i s  the ma rk of the  
sci enti fi c researc h a pproach ( Zi ma n , 1 976 , 3 5 , 3 ) . 

The i nvol v ement of a l arge number of parameters i s  a major  
handi cap i n  i nvest i gat i ng l i fe proces ses . One parameter ' s  con tr i buti on 
to a process  may be  i s ol ated i n  an  exper iment , but a s s es s i n g tha t  



contr i b u ti on when further i nteracti ng parameters are i n troduced may 
be d i ffi cul t i ndeed . Unti l s ta ti s ti cal  me thods were devel oped 
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to as s i s t  i n  as sess i ng such  probl ems , experimenta l work  i n  de termi n i n g 
and expl a i n i ng exac tly  wha t had occu rred was retarded . Lack i ng 
adeq u a te theory ,  s c i enti s ts fou nd contro l l i ng the experimenta l  

s i tua ti on to ach i eve rel i a bl e resu l ts a s eri ous pro bl em .  Though  
advances were made and tech n i q ues a ppl i ed to  agri cul tu ra l producti on , 

fa i l u re was h i g h  and the practi ca l resu l ts were not a l ways empl oyed 
fu l l y .  The farmer coul d ach i eve  s i mi l ar resu l ts wi th h i s  pract i ca l  
exper i ence and so  d i d  not  come to rel y confi dently on s ugges t ions  made 
by s c i enti s ts u na bl e to do much better . 

For exampl e ,  the i dea of  improvi ng a n i ma l  performance throug h  
breedi ng  wa s a wel l - known techn i que by the l a te e i g hteenth century , yet 
the pred i c tabi l i ty of the outcome was not grea t unti l the 1 820s 
( Ziman , 1 9 76 , 3 2 ) . New bre eds  were devel o ped , but the unders ta nd i ng 
of how th i s  occurred was l i mi ted . I n  p l a n t  breedi ng the s ame 
hand i c a p  was met .  The need to repeat tri a l -and-error procedures  
frequen tly s l owed progress . The d i s c i pl i ne of s c i ence devel oped 
and , hand i n  hand wi th i ncrea s ed l i teracy ( Fussel l , 1 97 2 ,  1 82 )  research 
proceeded more sys temati ca l l y and more rap i d l y .  However , the degree 

of s uccess i n  producti v i ty advance rema i ned beh i nd tha t ach i eved e l se
where i n  the  economy . Agri cul ture was no l onger the  focu s  of a ttenti on  
of s c i ence i t  had  been i n  the  ei ghteenth century bu t a s ubs i d i ary 
acti v i ty .  The o pportu n i ty to empl oy capi tal was ' prod i g i ous l y '  
expanded not by i ncreased l and  supply bu t by ' mechani cal  i nventi o n s  
and t h e  growth o f  meta l l u rg i ca l  and engi neeri ng k nowl edge • ( Ga l bra i th ,  

1 968 , 54 ) . Sc i ence , i n  accord wi th the demand-pu l l  v i ew ,  was 
a ttracted to the fi el ds  of mechani cs  a nd materi al s ( Parke r ,  1 97 2 ,  
1 70 ) . I n ven ti ve  acti v i ty dea l i ng wi th l i fe processes , the core o f  
agr i c u l ture , was to come muc h  l a ter . Geneti cs only re-entered 
agri c u l tural tec h no l ogy i n  a practi cal way about  1 9 50 after a cen tury 
of deve l op i ng theory ( Zf man , 1 976 , 35 ) . Thus , one el emen t  i n  chang i ng 
techno l ogy was absent . Accord i ng ly , pos s i bl e  consequent changes  i n  

l a nd u se  were reta rded ( Boseru p ,  1 96 5 ,  23 ) .  

Spec i fi c i ty of Produc t ion  Env i ronment  

An  offs hoot of the mul t i vari a te probl em i s  that of the 
spec i f i c i ty of resu l ts from a ny practi ca l tri a l  of b i ol og i ca l  ma ter i a l . 
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The di vers i ty of env i ronment means tha t  producti vi ty i mprovements 
made on  one parti cu l a r  fi rm i n  l earni ng about the opera t i on of a 
parti cu l ar i nnovati on  can be u nmatched i n  another l oca t i o n .  Knowl edge 
and too l s created i n  one  farm env i ronment may not be  s u i tabl e el sewhere 
wi thou t s ubs tanti a l  modi fi cat i o n ,  thereby mak i ng the ex tent  of the i r  

appl i ca ti on more vari ed than i n  manufactur i ng and tran sporta t i on . The 
advantage of us i ng a parti cu l a r  i nnovat ion  can be l i mi ted i ndeed a nd 
no genera l i mprovement  i n  produc ti v i ty res u l t from i ts adopt ion . The 
i nd i v i dua l  prod ucer i s  thus obl i g ed to run h i s own exper iment on eac h 

i nnovat i on  to test  i ts worth on h i s fa rm- -a  s i tua ti on demandi ng 
opportu n i ty ,  t ime , l a bour, and cap i tal . The benefi t percei ved needs to 
be l arge to attract i nteres t .  Fu rther , the more i nnova t i ons offered 

I 

at any one t ime , the l ess  the c ha nce that  any subsequent  one m i g h t  

have to b e  tes ted o n c e  one i s  be i ng i nves t i ga ted . 
The  ease  wi th wh ich  such  experi mentati on can be conducted wou l d  

certa i n l y  i nfl uence t he read i nes s to adopt techno log i ca l  i nnovati ons . 

Thi s s pec i fi c i ty prob l em accou nts  for a s l owi ng of the o vera l l ra te of 
economi c devel opment  i n  thi s sector and i s  partl y res pon s i b l e for 
the ' reg i onal l y  u neven way i n  wh i ch Wes tern economi c growth affects 
a �ountry ' ( Ru therfbrd et al . , 1 966 , 1 37 ) , s i nce the d i s tri bu ti on  
of earth resources ca n vary a t  the  farm ,  reg ional , and  na ti onal sca l e .  
�uch geographi c study ha s been devoted to expl a i n i ng such  patterns . 

The importance of farmi ng  prac ti ce a nd farm enterpri se  based 
on thes e  resources  to the i nnovati on  d i ffus i on proces s  i s  be i ng 

uncovered ( for exampl e ,  Wal ton , 1 9 7 3 ,  1 0- 1 1 ; Chambers a nd Mi ngay , 1 970 , 
207 ; Jones , 1 968 ) . I denti fyi ng  the pattern of d i ffu s i on and the 
barri ers  i ndi ca ted by uneven d i s tr i buti ons  i s  a contr i b uti on geography 
can ma ke to agr i cu l ture through  l i nk i ng ' s pa ti a l and o ther a s pects of 
human behav i our ' ( Gou l d ,  1 969 , 6 9 ) . 

THE PATTERN OF TECHNOLOG I CAL DEVELOPMENT 

Learni ng  by do i ng i s  a conti nuous  source of experi mentat i o n  i n  
I 

agri cu l ture . Al though the resu l ts of  thi s work may no t be s u scepti bl e 
to a s c i enti fi c  formu l a ti on , p rogres s  made i s  transmi tted a nd methods 
are i mi ta ted . Farmers breed i ng  l i v e s tock  pass  on not o n l y  news of 
succe s se s  ( hence the importa nce  of  l i teracy as agri c u l tural pub l i cati on s  
transmi t i nforma t i on wi dely ) bu t a l so any advance embod i ed i n  the 

stock i tse l f .  Succe s s  i n  prof i tab ly  exp l o i ti ng a parti cu l ar  farm 



enterpri se  can a l so  be i mi tated and some expert i s e  acqu i red i n  each  
of  the enterpr i ses  a ttempted . 
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I nventi on  i n  bi ochemi cal  processes  occurred early i n  agr i c u l ture 

as  i nd icated by the devel o pment of the u s e  of chemi cal  fert i l i zers . 

From seventeenth  and e i gh teenth century s tudi es i n  pl ant s tructure 
and nutri ti on , early n i neteenth centu ry sci enti s ts ,  hav i ng confi rmed 
the nature of s o i l el emen ts , theori zed tha t p l ant  producti on  wou l d  
eventual ly  exhau s t  so i l  ferti l i ty ( Fu s sel l ,  1 97 2 ,  1 80 ) . Th i s  

ferti l i ty l evel cou l d  be enhanced by the i n troduct ion of thes e el ements 
back  i nto the so i l . Where farmers had come to u nders tand thi s 
pri nci pl e i n  connecti on wi th animal  ma nures , vegetabl e ma tter , a nd 
even urban ref�se  ( Kerr i dg e ,  1 967 , Chapter V )  s c i ence i nd i ca ted the 
pos s i b i l i ty of ach i evi ng the same end u s i ng o ther s ubs tances ( Chambers  
and Mi ngay ,  1 970 , 6 4 ) . Bone-dust  became the fi rs t of these • ar ti fi c i a l  • 
ferti l i zers to be u sed ex tens i vely i n  Br i ta i n  ( McCas ki l l , 1 929 , 36 ) .  

Demand for ferti l i ze r  was attendant u pon a major i n nova ti on , 
the redi scovery of  the a nc i ent  practi ce  of growi ng  fodder c rops  to 
enhance crop producti on ( Fu s s el l , 1 9 7 2 , 1 82 ) . Duri ng the seventeenth 
century i n  Eng l and i t  was noted tha t the use  of turn i ps benefi ted 

s u bsequent crops  as d i d  the use  of l egumes , parti cu l arly cl overs ( Jones , 
1 9 74 , 69-70 ) . Turn i ps  were i ntroduced i nto the crop rota ti on pa ttern 
as i n  the Norfo l k four-course  sys tem , a nd c l overs were es tabl i s hed 
i n  pastures . The requ i rements of these pl ants , neutral so i l and  
adequate ferti l i ty l evel s ,  s t imul a ted a n  awarenes s  of l i mi ng  and 
ferti l i z i ng pra c t i ces . The concern wi th fodder crops was a break  
wi th pas t pract i ce  ( Fu s se l l ,  1 97 2 ,  1 53 ) . 

A further  devel opment l ed to a greater a ppreci a ti on of the 
va l ue of a n i ma l  manures . Feedi ng the fodder crops to the g re a ter 
number of a n i ma l s wh i c h  cou l d  be carr i ed on farms l ed to an i ncrease 
i n  the supp ly  of manure a va i l abl e .  I n  turn , the depos i ti on o f  th i s  
manure l ed to better crop y i e l ds . Land producti vi ty cou l d be i mproved 

by empl oyi ng a na tura l cyc l e but l a bour  producti v i ty was a l so  grea tl y 
i ncreased ( Boseru p , 1 965 , 1 09 - 1 1 0 ) . Consequent mechani ca l i nventi on 
provi ded means to harvest  the i ncreas ed outpu t ( Fu ssel l ,  1 97 2 , 4 5 ) . 

These  d i s cover i es preceded the s c i enti fi c u nders tand i ng of what 
was occurri ng , neverthe l e s s  they were put to pract ica l  u se . The 

experimenta ti o n  of  Lawes i n  treat i ng  phosphate rock  to crea te a 

read i l y  sol u b l e phos pha te tha t cou l d  be absorbed by pl a nts to s timu l a te 
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growth wa s compl ete by 1 842  ( McCa s k i l l , 1 9 29 , 7 ) . Commerc i a l  product ion  
of the  mater i a l  began s hort ly  thereafter , i n i ti a ti ng a new ferti l i zer 
technol ogy i n  agr i cu l ture . I t  was s ubsequent to th i s  per i od tha t 
Lawes h i msel f u ndertook to i nvesti gate the acti on of phosphates 
through  fi e l d  testi ng ( Jones , 1 9 74 , 205 ) . I nventi on does not need to 
proceed on the ba s i s  of pr i or sc i enti f i c  knowl edge . Sci ence s erved a s  

a s t i mu l us ,  bu t where i t  l agged i n  i ts ca paci ty to d i scover knowl edge , 
experi ence proved a more u sefu l too l . As  argued i n  the prev i ou s  
cha p ter , i nvent i on can pu s h  s c i ence to  uncover a fu l l er expl anat i on of 
the rea sons why an i nvent ion  works .  

The concern wi th l i fe p rocesses  d i d  not overwhe l m  the pattern of 

techno l ogi cal  devel opment one wou l d  expec t from Parker • s  thes i s .  At 
an ear ly  s tag� mechan i cal  power was appl i ed to agri c u l tu ral p roduct ion  
to i ncrease producti v i ty .  The u se o f  reapers a nd tractor engi nes  
in  the m id-n i neteenth cen tury , the  devel opment of seed dr i l l s ,  h ay 
mowers , and mi l k i ng machi nes  a l l a ttes t  to the concern for i mprov i ng 

producti on methods by emp l oyi ng  the engi neeri ng experti se  a va i l ab l e 
at  the time . Farmers were a b l e to app ly  thei r pract i ca l exper ience 

to the i nventi on  of machi nery a s  l i ttl e sc i enti fi c research wa s 
req u i red . Once more comp l ex ma tters were i nvol ved , the farmers • 
i nfl uence was reduced . I nnova t ion i n  agr i cul ture became more the 
respons i b i l i ty of i ns ti tu ti on s  a nd other s ectors than that of the 
agri c u l tu ra l sector i tsel f ,  a nd ,  a ccordi ngly , came to refl ec t 
advances made i n  o ther sectors  more than the i ncrea s e  i n  the k nowl edge 
of the farmers . Thi s l ag s i tuat i on wa s prej udi c i a l to the adopt i on of 

i nnovati ons whose  appl i ca ti on was i l l - understood . The movement  of 
technol ogy to b i ochemica l  proces se s  ( Parker , 1 9 7 2 , 7 5 )  wi thout  
compensatory i mprovement i n  farmer educa t i on made the  deve l opment 

of such  a s i tu a t i o n  i nevi ta bl e .  
Cop i ng wi th b i o l og i ca l l y  ba sed probl ems pos ed parti c u l ar  probl ems 

for farmers . The scal e of expans i on whi c h  a ny i nd i v i dua l  can undertake 

i s  l i mi ted . Di mi n i s h i ng retu rns  ma ke i ncrea ses i n  the i n tens i ty of 
producti on u neconom i c  at some poi n t .  Except for a l i mi ted number of 
products whi c h  can be organ i zed i n  a factory type of producti on  
agri c u l tura l p roducers can o n l y  expand hori zontal ly  by pu tti ng a 
greater acreage i nto product i on ( James , 1 97 1 , 1 7 ) .  T he extent to 
whi c h  th i s  i s  pos s i bl e  depends on l and -tenure pract i ces . I n  t he case 
of a l a rge number of produ cers  tend i ng to oversupp ly  the marke t ,  each 



farmer seek i ng to better h i s  own pos i ti on th rough  the appl i ca ti on of 
producti v i ty-boos ti ng techni ques . Thei r barga i n i ng power , v i s -�-v i s  
the compara t i vely  few processors to whom they i ncreas i ng ly  se l l thei r 

produce ,  i s  reduced ( J ames , 1 971 , 3 2 ) . I t  a l so means tha t the 
economies of scal e become di ffi cu l t to ach i eve , so the pos s i bi l i ti es 
open to ma nufac turers a re not a l ways presen t  i n  a gri cu l ture . 

Econom i e s  of sca l e  a re mi s sed not onl y  through the opera ti on  of  
d imi n i s h i ng returns bu t a l so through  the s easonal i ty of producti on . 
The di vers i ty of opera t i ons whi ch mu s t  be carr i ed out at  d i s t i nct  

ti mes duri ng the  year l i mi ts the  opportuni t i e s  for s pec i a l i za ti on , 
and for mas s  produc ti on and  process i ng whi ch  fl ow from i t .  

Not on ly ·  the fi xed cos ts bu t a l so the vari a bl e  cos ts can be 
subject to a t ime-l ag  wh i c h  i s  he l d  to be more promi nent than i n  the 
secondary sector of the economy ( McCarty a nd L i ndberg , 1 966 , 206 ) . 
The seasonal i ty of produ c t i on can mean tha t the i mpl ementat i on of 
adj ustmen ts to the product ion functi on can ta ke  up to a year or more . 
Ra p i d  readj u s tment becomes di ffi cul t so much  so that on occas i ons 
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there may be a demand for products wh i c h  cannot be immedi a tely  
sati sfi ed . S h i fti ng producti on to  meet th i s  demand can l ead· to an  
oversupply a nd l ower pr i ce s  th an expected , or to  i nves tment i n  an  
enterpr i s e  fr0m whi ch  demand coul d j u s t  a s  read i l y  swi tch away . Th i s 

shortcoming  of  the farmer ' s  ab i l i ty to be dynami c  and adaptab l e has  
al ready been noted . The a ttempt to cover a n umber of  s uch  conti ngenc i es 
cou l d  l ead  to s ub-opti ma l  producti on  i n  the enterpri ses concerned . 
Th i s  i s  i neffi c i ency i n  economic  terms yet i t  may be the farmer ' s  bes t  
res ponse to the cond i t i ons  he percei ves a s  operati ve beyond h i s  farm 
( Metcal f ,  1 9 70 , 34 ) .  

THE ROLE OF AGR I CULTURE I N  ECONOM I C  DEVELOPMENT 

· Concern wi th the s ta te of the agri cu l tural sector i s  a consequence 
of the i mpor tance of a gr i c u l ture wi th i n  the economy .  As the sector 
wh i c h i n i ti a l l y  affords most  empl oyment  aAd consequent ly  generates  
mos t  i ncome , agri c ul ture must  undergo devel opment to s u s ta i n  devel opment 
i n  the other s ectors ( Mel l or ,  1 96 7 , 2 1 ) .  Agri cu l ture ' s  con tr i bu ti on 

ha s been s eparated i nto three parts : produc t ,  market , and factor , 
though these  three bra nches  are not  s tr i c tl y  sepa rabl e i n  real i ty 
( Ku znets , 1 965 , 238 ) . Technol og i c a l  change i n  agricu l ture i nsofa r  a s  i t  

resul ts i n  s ec tora l growth , can l ead  to econom i c  devel opment  through  



the l i nkages  noted by Hi rschman ( 1 958 ) . 

Product Contri bu ti on 

Growth i n  agr i cu l tura l producti on ta kes p l ace to s a ti s fy the 
demand of a popu l ati on  growi ng as the economy devel ops . The adopti on 
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i n  Europe of the tech ni q ue of so i l  ferti l i z i ng u s i ng l egumi nous fodder 
p l ants ha s been ascr i bed to such a n  i ncrea se  i n  popu l a t i on ( Boserup , 
1 965 ,  39 ) .  Al though i n ternati ona l trade can  s u pply part of  thi s 
demand , a n  i n tens i f i cati on of agri c u l tura l p roduction genera l l y  occurs 
as pri ces r i s e .  Capi tal accumu l a ti o n ,  a s ource of funds for i nvestment , 
fol l ows ( Mundl a k  et al. � 1 974 , 1 02 ) , and the need to i n tens i fy product i on 
tri ggers cons i derabl e i nnovati on i n  the agri c u l tural s ector ( Lewi s ,  
1 956 , 276 ; Ku znets , 1 965 , 28) . 

The res u l tan t  producti on i ncreases  l ead to surpl u s  food s uppl i es ,  
or surp l u s  l abour , or  both . These cond i t i ons  can turn the terms of 

trade aga i ns t  the agr i cu l tural  s ector  e spec i a l l y  when the ra te of 
i ncrea se  of i ts producti on exceed that of the popul a ti on .  Where 
trad i ng connecti ons have devel oped for agr i c u l tural produce , an 

overemphas i s  on exports can l ead to i ncrea s es i n  product i v i ty to the 

po i nt where the exports are avai l a bl e on terms more favourabl e to the 
i mporter , the more i nd u s tri a l i zed country . I ncome can fal l ,  d i s courag i ng 

i nves tment and i nnova ti on ( Lewi s ,  1 9 56 , 288 , 27 7 ) . On l y  deve l opmen t  
and growth i n  the other sectors to offs et  these surpl u ses can prevent  
s uch a s i tua ti on of s tagnati on . Not  s urpri s i ng l y ,  the i n terdependence 
of the econom i c  s ectors  i s  h i gh l y  important  i n  regul at i ng  the devel op
ment of a ny and  a l l of them (Mund l a k  et  al . ,  1 9 74 , 1 03 ;  Thorbecke , 
1 969 ,  4 ) . 

Market Con tr i but i on 

Such a cond i ti on h i gh l i ghts the agri c u l tural s ec tor • s  pl ace  a s  
a market .  Opportu n i t i es are created for other s ectors to grow by 
sel l i ng  the i r goods a nd serv i ces to agri c� l tura l  producers , a nd for 

the economy as  a who l e to parti c i pa te i n  i n ternati onal trade or o th er 
i nternati ona l  economi c fl ows ( Johns ton a nd Ki l by ,  1 974 , 44 ; Papi , 1 966 , 
77 ) .  The produc t contr i buti on of a gr i c u l ture becomes i ncreas i ng l y  
i mporta n t .  Typi cal l y ,  the agr i c u l tural sector i s  the fi rst  a bl e to 
earn suffi c i ent  amounts of fore i g n  exchange to promote overa l l 
economi c devel opment  ( I s l am ,  1 9 74 , x v ) . The forei gn exchange earned 



by the sa l e  of agr i cu l tural products i n  fore i g n  markets , or the 
sav i ng made by the subs ti tu ti on of l oca l  produce for imports , can  

determi ne the i mport capac i ty of a coun try , and , i n  turn , the  amount  
of  access i t  ha s to  other techno l og i es ( Thorbecke , 1 969 , 5 ) . 
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Nonethel e s s , the dev e l o pment of the other secto rs , wi th a 
consequent i ncrease i n  the i r  own trade , makes i t  pos s i b l e  for the  
agr i cu l tura l  sector  to  opera te more eff i c i entl y a s  a produc i ng u n i t .  
That s ector becomes more spec i a l i zed and commerci a l i zed , a nd u se s  i ts 
products more effecti ve ly  a s  a consumi ng un i t ( Kuznets , 1 9 65 ,  246 ) . 

The l a bour s horta ges  wh i ch tend to occu r i n  the agri c ul tura l sector a s  
devel opment occurs e l s ewhere make thi s i nev i tab l e ( Gou l d ,  1 9 72 , 84 ) .  
Throug h  thi s mechani sm , i ndustri a l  i nputs embodyi ng new techno l ogy are 

I 

abl e to enter the agri c u l tura l  s ector and contri bute to i ts devel opment . 
However , the advantages accrui ng to the agri cu l tura l sector 

decl i ne re l a t i ve to those i n  the other sectors becau se  of thei r 
atta i nment of economi es  of sca l e and thei r accumu l ati on of the s k i l l s  
embod i ed i n  l abour di sp l a ced from agri cu l ture . Henc e , the i mportance of 
agr i cu l ture to the total output  of a deve l op i ng coun try tends to 
decl i ne and i ts s hare of tota l exports to drop ( Kuznets , 1 965 , 248- 249 ) .  
Thi s i s  regarded a s  the typ i ca l  pa ttern of  economi c devel opmen t ,  a l though 
there are unfavou rabl e effects on necessary capi tal format ion  when 
other sectors overs hadow agri cu l ture : 

I f  agr i cu l ture s tagnates , the cap i ta l i s t sector cannot grow , 
and cap i ta l i s t prof i ts rema i n  a sma l l  part of the nati ona l 
i ncome , a nd s av i ng s  and i nvestments are correspondi ng l y  sma l l ,  
( Lewi s ,  1 956 , 277 ) . 
The devel opment of a n  adequate agri cul tura l i nfra structure mus t  

be a s soc i a ted wi th thi s market devel opment  to fac i l i ta te not on l y 
producti on but  a l so d i s tri bu ti on of goods . Through th i s  a s soc i a ti on 
the agri cu l tura l  producer comes to rel y  on  external agenc i es to promote 
devel opment wi th i n  h i s secto r  of the economy .  There i s  certa i n l y  

some l evel of i nfra s tructure whi ch i s  a necessary , i f  not casua l , 
condi ti on to the devel opment of that sector ( Wharton , 1 967 , 1 1 3 ) .  As  

devel opment occurs i n  the sector , the  i nfrastructure becomes 

i ncreas i ng ly  i mportant , e s pec i a l ly  that part concerned handl i ng a nd 
d i s tri buti ng produce ( I s l am ,  1 974 , x i x ) , and can be adapted to s erve 
the needs of o ther sectors . 
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Factor Con tr i buti on 

The f i na l  contri buti on s tems from the way i n  wh i c h cap i tal and 

l abour resources from the agr icu l tural s ector are eventua l l y  trans ferred 
to other s ectors as  producti on factors once the i n tens i ty of 
agri cu l tu ra l  product i on has i ncreased s uffi c i ently ( Boseru p ,  1 96 5 ,  1 1 8 ) � 
Capi ta l f l ows i nto a gri cu l ture i n  response  to i ts effort  to meet  

domesti c a nd  externa l  demand .  Th i s capi ta l i s  then trans ferred to 
the other s ectors by such  fl ows a s  i nves tment a nd taxa ti on .  The 

l evel of demand and the pa ttern of savi ng a nd i nvesti ng a re soc i a l  
aspects o f  economi c devel opment as  they i nf l uence the rate and l evel 
of techno l ogy adopted by the a gr i cu l tural s ec tor ( Mel l or ,  1 967 , 
26 ) .  Labour  m i g rates from the a gr i cu l tura l sector as  producti v i ty 
i ncrea s es rel ease peop l e for empl oyment i n  other sectors ( L i v i ngs tone , 
1 97 1 , 236 ) . The degree of sk i l l  possessed i s  qu i te i mporta n t ,  for 
the more s k i l l ed the l abour forc e ,  the more adaptabl e i t  i s  i n  the work 
in the other  s ectors . 

As i mp l i ed i n  the expl anati on of the market contr i buti on , 
produc ti v i ty i n  the agri cu l tural  s ector has to be i n  s tep  wi th the 
other s ec tors , r i s i ng to accommoda te s uch changes as the rel ease of  
capi tal and  l abour for the deve l opment of those  sectors ( Gou l d ,  1 97 2 , 
1 01 ) .  I ndeed , as  technol ogy advances and s pec i a l i zati on i ncreases , 
the comp l ex i ty of the economy grows , mak i n g  the i n terdependence of 
agri c u l ture and the other sectors more pronounced ( Southworth and 
Johnston , 1 96 7 , 1 ) . The adverse effect on the rate of technol og i ca l  

change res u l t i ng from a l imi ted i n terrel atedness wi th other s ectors 
of the economy i s  reduced ( Stra s smann , 1 96 0 ,  1 6 ) .  Agr i c u l ture becomes 
more respons i ve to change as a preced i ng s tage i n  cap i ta l  goods 
produc t i o n  b ut  the i ncreas ed o utput  wh i c h  fol l ows has been s hown to 

pose  a d i ff i cu l t probl em for farmers . 
the bas i s  for nati ona l weal th i n  bei ng 

as  an examp l e of j u s t  s uc h  a s i tuati on 

SUMMARY 

Noneth el ess , a gr i c u l ture can be 
effi c i en t .  New Zea l and i s  c i ted 
( Me i er and Ba l dwi n ,  1 966 , 400 ) . 

G i ven  the pos s i b i l i ty of rea l i z i ng the contri but i ons noted 

above , a g r i c u l ture a ppears as the s tart i ng po i n t  for the  process  of 
econom i c deve l opment .  The reas on i ng i n  Chapter 2 i nd i cates that 

impl ement i ng  techno l og i cal  change can bri ng a bou t econom i c  devel opment . 
Technol og i ca l  change i n  a gri c u l ture s hou l d do as much ,  yet i n  th i s  
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chapter , the parti cu l ar  character i s ti cs of a gri cu l ture are  s hown to 

have a retard i ng effect  on the devel opment s equence . E l emen ts of 

uncerta i n ty concern i ng price and y i el d  are pronou nced ( Metca l f ,  1 97 0 ,  
32 ) and t h e  sequence of i nventi on h a s  n o t  favoured thi s pa ttern . 
Agr i c u l tural  producti v i ty rose fi rs t  through s hari ng i n  the mechan i cal  
i nventi on wh ich  ma rked i ndustri a l i za ti on . The rapi d  ex tens i on of 
the area of cu l t i va ted l and in the n i neteenth  century reduced the 

need to boos t l and producti v i ty by mas teri ng  l i fe sci ences . The 
a ppl i ca t i on of known techn i ques and geneti c ma teri al s i n  n ewl y settl ed 

l ands pro v i ded the o u tput  requ i red wh i l e  i mproved transport me thods 
brought the produce to the growi ng  European market ( Gr i g g ,  1 9 74 ,  
Chapter 4 ) . Advances i n  agri cu l tural s c i ence , as evi nced i n  the 
emergence of Bri ti s h  h i gh farmi ng  and so i l ame nd i ng ,  d i d  occur i n  
res pons e to sc i enti f i c  cur i os i ty and the i ncreased dema nd for 
l i vestock  products . These advances d i d  not i n i t iate economi c 
devel opmen t ,  however . I ndeed , further i ncreases i n  agr i c u l tural 
product i v i ty were i n  l arge part d ependent u pon  further i nvent ion i n  
manufac tur i ng ( Parker , 1 972 , 76 ) .  I t  has been cons i dered that on the 
worl d s ca l e :  • on ly  from the 1 930s and i ndeed . . .  in the l a s t  th i rty 
years • have  farmers general ly  adopted the tec hn iques of • modern 

sc i enti f i c farmi ng • a part from the mechan i za t i on of harve s ti ng ( Gri gg , 
1 9 74 , 55 ) .  Technol og i cal  change i s  v i ewed as  s l ower i n  a gr i c u l ture 
than i n  manufactur i ng  and so , devel opment i s  s een to have l agged . 
Hence , economi es based on agri cu l tural producti on can be expected to 

be l es s  ful ly  devel oped . 
The comb i nati on of asserti ons i n  the preface and the framework 

presented i n  Cha pter 1 ha ve req u i red the presentation  o f · the background 
i nforma t i on , theory , a nd concepts concerni ng  i nnovati on , technol og i cal  
change , a nd econom i c growth conta i ned i n  Chapters 2 a nd  3 .  · Poi nt i ng 

out the parti cu l ar probl ems of a g r i c u l ture i n  rel ati on to i nnovat i on 
and techno l ogi cal  c hange , . whi l e  noti ng i ts i mportance to economi c 

growth and  devel opmen t ,  l eads to the presentati on of the  devel opment 
' 

of agr i cu l ture i n  New Zeal and i n  the three fo l l owi ng chapters . 
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CHAPTER 4 

THE CREATION OF GRASSLAND FARMING SYSTEMS 

I n  the 80-year peri od from the i n i ti a ti on of European col oni 
za ti on to the earl y 1 920s was l a i d  the ba s i s  of New Zea l a nd • s  economy ,  
a s  i t  was then tha t the nation • s  farm enterpr i ses were devel oped a nd 

the pr imary i mportance of gra s s l a nd was es tab l i shed . The  farmi ng 
systems d ev i sed by the p i oneers were to have a l a sti ng effect on 

s ubsequen t  sys tems worked ou t i n  the l i g ht  of soci a l , economi c ,  and 
technol og i ca l  changes . 

EARLY SETTLEME�T 1 8 40-1 860 

The p i oneer s ettl er faced the probl em met by any i n nova tor ; for , 

havi ng e s tabl i shed the need or opportuni ty to al ter the product ion  
envi ronme n t ,  he  was obl i ged to  eva l uate the  potenti a l  of  tha t  
envi ronment i n  terms o f  the resources a t  h i s  di sposa l . Where he 
succeeded , the pa t tern became fi xed i n  the l a ndscape a nd i n  the 
rel evan t  s tructure s of the economy . 

The  concepts and precepts brought by the ni neteenth century 
settl ers of New Zeal and or i g i na ted i n  Wes tern Europe a nd the Bri t i s h  

I s l es ,  though  the Aus tra l i an experi ence of some was a condi t i on i ng  
factor . Settl ement  was geared to  the producti on of  European col on i s ts 
who became farmers i n  the 1 840s a nd 1 850s ( Condl i ffe , 1 963 , 1 9 ) . 

I n i ti a l l y  they were faced wi th fi nd i ng cu l t i vat ion methods to ensure 
thei r s urvi val . The  mi s s i onary settl ements establ i s hed after 1 81 5  
cou l d  have prov i ded some i nforma ti on based o n  thei r agr i cu l tura l 
exper i ence but thi s source wa s evi dentl y not  tapped by the l a ter 
col on i s ts ( Hargreaves , 1 9 66 ,  39 ) .  Produc ti on  techni q ue s  had to be 
deve l oped for wha tever farm en terpri ses  were found to be worthwh i l e .  

Hargreaves  ( 1 963 , 49-50 ) presents  some of the methods empl oyed i n  
Taranak i . S u i tab l e i n sti tut i onal  s tructu res to fos ter  whatever type 
of devel opment  was env i saged were al so needed . Mode l s for such  
s tructu res to  gu i de s ettl ement were ava i l a b l e from prev i o us col on i a l  
experi ence bu t t h e  c ha l l enges to farm i ng offered by thi s new envi ron

ment were hardl y  known . Al though the temperate nature of  the c l imate 
l ed to a dup l i ca t i on of Engl i s h agr i cu l ture practi ces ,  these were soon 

found i nappropri a te ( Goul d ,  1 97 2 ,  88 ) .  Labour shortage  a l one 
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i mpeded the adopt ion  of Eng l i s h farmi ng sys tems ( Hargreaves , 1 966 , 1 06 ) . 
The unfami l i a r  p hys i ca l  envi ronment made experimentati on wi th  crops 
and adapta t i on of farmi ng methods and equ i pment necessary ( Rutherford , 
et al.  1 966 , 1 4 2 ,  1 63 ) .  Unti l the 1 850s i t  wa s held tha t l oca l 
agri cu l tura l experi ence was i ns uffi c i ent ( Hargreaves , 1 966 , 1 1 7 ) .  
Wi th the i r  s urv i val  a s sured , the settl ers u ndertook a more carefu l 

eva l uati on and  expl o i ta ti on of the natural and man- i nduced ecosys tems 
i n  the ear ly  1 850s ( Hargreaves , 1 966 , 1 21 ) .  

Farm Enterpr i ses  

It  i s  s ugges ted that two devel opments occurred on  thi s ba s i s .  
' 

The fi rst  wa s mi xed a gr i cu l ture , l argely of a subs i stence character 
on sma l l farms , to supp ly  fami ly  needs and those of the l oca l  market 
i n  the smal l u rban settl ements - -da i ryi ng i s  an  exampl e of s uch  an  
enterpr i se ( Ha rgreaves , 1 965 , 1 21 ) . The  proporti onate ly  l arge area of 
cropl and  i n  the 1 840s ( Tab l e 4 . 1 ) refl ects thi s concern wi th sub

s i s tence . The second wa s the  l arge ,  commerc i a l l y  ori ented , p a stora l 
hol di ngs for wool produc t ion ( Hearn and Hargreaves , 1 974 , 68 ) . Al though 
the need for the former type of enterpri se wa s ba sed on neces s i ty and 
wou l d  have been a rel a ti vely fami l i ar practi ce for those from Bri t i s h  
agr icu l tura l background s ,  the emergence o f  the l a tter type of  pastoral 
enterpri se amounted to copyi ng the s ucces s fu l  . pa ttern devel oped 
ear l i er i n  e a stern Aus tra l i a  ( Jeans , 1 972 , 90-91 , 97- 1 01 passim ) .  

As i n  New South Wal es , the pa storal  enterp ri se begun i n  New 
Zea l and rel i ed u pon Meri no sheep ( Cumberl and , 1 944 , 204 ) .  A 
connecti on wi th  the Au s tra l i a n  type of enterp ri s e  was obv i ou s . The 
or i g i na l  s tock  in both the North and South , I s l ands came from Sydney 
( H i l l ,  1 965 , 4 4 ;  S tephens , 1 965 ,  53 ) . Some o f  the pastora l i s ts 

themsel ves  came wi th the i n tent ion  of esta bl i s h i ng a farmi ng  system 
s i mi l ar to tha t i n  New South Wa l es ( Ki ng ,  1 947a , 243 ) . I n  the Can ter

bury settl ement  the s hepherds were engaged from that area  ( Stephens , 
1 9 65 , 53 ) .  C l ose contact  was ma i nta i ned between the breeders i n  

Austra l i a  a nd thei r N ew Zea l and  counterparts ( Mi l ler , 1 950 , 1 36 ) . 
The devel opment  of both farmi ng  systems i nvol ved the eva l ua ti on 

of the l and ' s  produc t i ve  potenti a l : on the crop-produc i ng  farms 
so i l s  were eva l uated a nd on the pa s tora l ho l d i ng s  the nat i ve  gra s s 
l ands . I n  both i ns ta nces  the eva l u a tion  took some t ime . The l i mi ted 
natura l ferti l i ty of the so i l s  and  t he need to amend them were 



Year 

1 84 3  
1 848  
1 85 1  
1 856 
1 86 1  
1 86 4  

1 870- 7 1  
1 873- 74 
1 880-81 
1 885-86 
1 890-9 1 
1 89 5-9 6 
1 9 00-0 1 
1 905-06 
1 9 10- 1 1  
1 9 1 5 - 16  
1 9. 20-2 1 

TABLE 4 . 1  

NUMBER OF HOLDINGS ; AREA OCCUP IED, AND PRINCIPAL LAND USES ( THOUSANDS OF ACRES ) 1 843- 1 9 20 

No. of Area Area Sou.m Grass Hay and Green Foc:11:r Crops Grain Crops 
Holdings Occupied ImproveJl and Clover Silage and Roots , c Threshead, e for Fodde'rf, g 

. . .. 2 . 8  0 . 6 .. . .  2 . 1  . . 

. . . . 1 4  5 . 4  . .  . .  8 . 6  . . 

. . . . 29 . 1  1 5 . 6  . . 2 . 1  9 . 2 .. 

. . . . 1 1 0 . 1  79 . 2  . . 1 . 8 2 1 . 1  . . 

.. . . 226 . 6  1 5 8 . 1  . . 5 . 7  49 . 6  . .  

. . . . 382 . 6  2 7 2 . 1  . .  8 . 3  82 . 5  . .  

1 0 , 2 1 1  2 2 , 633 . 7  1 , 1 40 . 3  7 76 . 1  34 . 3  1 4 . 5  222 . 5  . .  

1 5 , 883 24 , 426 . 7  1 , 65 1 . 7  1 , 1 8 1 . 4  43 . 6  24 . 1  264  22 . 2  
24 , 1 24 26 , 845 . 5  4 , 76 8 . 2  3 , 556 . 9  54 . 1  2 5 7 . 2  586 . 8  . 51 . 2  
3 1 , 763  2 8 , 169 . 8  6 , 668 . 9  5 , 465 . 2  40 . 3  338 . 2  5 3 8  83 . 5  
38 , 0 83 3 1 , 86 7 . 5  8 '  46 2 .  5 6 , 966 . 2  44 406 . 5  703 . 3  1 34 . 7  

. . . . 1 0 , 69 8 . 8  9 , 2 85 . 2  96 . 8  460 . 7  6 7 4 . 8  1 7 1 . 6  
62 , 786 34 , 9 1 1 . 6 1 2 , 6 36 1 1  , 0 8 1 . 9 68  5 38 7 2 1 . 3  20 1 . 7  
69 , 9 42 3 7 , 1 6 7 , 4  1 4 , 1 1 4 . 9  1 2 , 5 25 . 5  80 . 7  6 1 0 . 6  648 . 8  247 . 7  
73 , 876 40 , 238 . 1  1 6 , 1 5 4 . 2  1 4 , 2 1 4 . 7  6 2 . 6  6 75 . 7  7 1 9 . 9  3 1 9 . 2  
7 7 , 229 4 1 , 386 1 6 , 9 84 . 2  1 2 , 7 4 7 . 8  9 5 . 8  8 1 9  5 9 3 . 1  440 . 5  
84 . 0 76 43 , 5 46 . 8  1 8 , 1 5 9 . 8  1 5 , 9 1 2 . 8  1 6 1 . 8  745 . 6  44 1 . 6  4 3 1 . 4  

I 
I 

-- - ------- - --- --- - - -

....... ; 

,J . 



TABLE 4 . 1 ( Continued )  

Notes : a Recorded a s  area cropped to 1867  but includes sown gra ss
land , later  recorded a s  area cul t ivated though much 
grassland unploughed ( Table 4 . 6 ) 

b All ' o ther crops ' i . e .  not grain or pul ses to 1864 and so 
overstates acreage 

c All green and roo t crops included except potatoes from 
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1867  to 188 7 ; only turnips , rape , mangold s ,  beet , carro t s , 
and onions to 1 91 6 ; turnips , mangolds and green fodder only  
from 1 9 1 7  

d All gra in crops recorded t o  1867 ; wheat ,  oats , and barley 
only to 1887 ; pul ses  included from 1888 

e Gra in crops fed -o f f , cut for c ha f f , hay or  ensilage , or 
no � harvested no t included in total  after 1 8 6 9  

f Includes oats  f o r  green fodder only until 1 901 

g Calculated for al l grain and pulse crops from 1901 

Sources : 1843-48 Calculated from Statistics of New Zealand for the 
Crown Colony Period; 1 840-1 852 . ( 1 9 54 ) . 

1851 Statistics of New Zealand (1858)  . 

1856 Statistics of New Zealand (185 3 -5 6 ) . 

1861 -64 Statistics of New Zealand ( for years shown) . 

1871-74 Statistics of New Zealand (1874) ; Census of New 
Zealand ( 1 871 ) . 

1880-85 Statistics of New Zealand ( 1887 ) . 

1890-95 Statistics of New Zealand (1895) . 

1900-10 Statistics of New Zealand ( 1 910) . 

1915 Statistics of New Zealand (1915 ) . 

1920 Statistics of New Zealand (1920) . 
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recogni zed by the 1 870s  b ut  crops y i e l d s were h i gh  enough wi thout thi s 

extra expense , so soi l amend i ng was not wi despread ( Hargreaves , 1 966 , 

263 , 264 ) . The pl oug h i ng of tussock gra s s l and  to i nten s i fy i ts u se  
became common i n  the  1 870s ( Hargreaves , 1 9 66 , 254 -255 ) .  I n  the 

North I s l and , settl ers were confronted wi th the need to cu t ,  burn , 

and surface sow bu s h  and  fern l a nd .  The pract i ce was probabl y cop i ed 
from the Maori s ( North Ameri can  exper i ence cou l d  have contri buted too ) 
but even thoug h e stabl i s hed by the 1 850s ( Sma l l fi el d ,  1 946 , 543 ;  
Hargreaves , 1 966 , 1 24 ) , i t  di d no t enabl e rapi d occupa t i on of the 
l and to occ u r .  I n  the South I s l and , p l oug h i ng  the turf a n d  fern 
root proved a probl em ,  g i ven the l i vestock and equi pment  a va i l a bl e 
( Forres t ,  1 9 64,  25 ) .  

The p a s toral enterpri se wa s e s tabl i s hed i n  the non-fores ted area s 
where the ecosys tems neces si ta ted a much  l ower i nves tment of  l abour  
and  capi ta l for an i mmedi a te return ( Ki ng ,  1 94 7a , 243 )  when compared 
to the s tru gg l e to bri ng  bush and fern l a nd i n to producti on ( John s ton , 

1 961 ; Ha rgreaves , 1 963 , 5 3 ) .  Accord i ng ly , they were set  u p  more 
rap i d ly  tha n  the farms ba sed on arabl e croppi n g  ( Mi l l er ,  1 9 50 , 
1 36 ) . The greater extent of su i tabl e l and i n  the South I s l and l ed 
the extens i ve sheep farmers ( rbnhol ders ) there from ear ly  settl ements 
i n  the North . I s l and ( Ki ng ,  1 947a , 244 ) . Pa s tora l l i cences model l ed 
on Aus tral i a n  pract ice  ( Condl i ffe , 1 933a , 1 50 )  p rov i ded l ea sehol d 
tenure after 1 852 ( Evans , 1 969 , 24 ) and  i n  fou r  years a l mo s t  a l l the 
avai l abl e l a nd  i n  the Canterbury Pl a i n s ,  Otago , ' and Southl a nd was 

occup i ed by settl ers , many of them comi ng  d i rect ly  to the Sou th 
I s l and ( Ki ng ,  1 947a , 244 , 245 ) . 

Al t houg h s pecu l a ti on i n  l ea sehol d l and meant tha t no t a l l the 
area was occ u pi ed , ( Ha rgreaves , 1 966 , 403 ) the rapi di ty of l and  
occupat ion  rema i ns remarkabl e .  The  s peed of  o ccupat ion  often mean t  
that hol di ng s  were unders tocked desp i te a 3 5 0  percent i ncrease  i n  
s heep numbers  i n  the 1 8f?l -7 1  decade ( Tabl e 4 . 2 ) . Th i s  probl em __ 

was on ly  overcome by the l a te 1 860s when �os t  readi ly  u ti l i zab l e l and  
i n  the South I s l a nd was be i ng grazed by sheep  ( Hargreaves , 1 966 , 299 ; 
Ki ng , 1 947a , 254 ) .  

I nd i g enous ecosys tems were adapted to graz i ng by oversowi ng 
European gra s ses  i n  tus sock l ands and by p l ough i ng . Exot i c resources 

were s ubst i tuted for i nd i genous ones ( Pri ce , 1 96 3 ,  95 ) . From the 1 840s 
on there are references to the l ayi ng  down of Engl i s h gra s ses ,  



Year a 

_] 843 
1 848  
1 85 1  
1 85 6  
1 86 1  
1 864 

1 8 7 0-71 
1 8 73-74 
1880-81 
1885-86 
189 0-91 
1 8 9 5-96 
1 900-01 
1 9 05-06 
1 9 10-11 
1 9 15-16 
1 9 20-21 

TABLE 4 . 2  

NUMBER OF PRINCIPAL LIVESTOCK 184 3-19 20 

Sheepb 

10 , 38 2 
84 , 908 

233 , 043 
990 , 988 

2 , 761 , 383 
4 , 9 3 7 , 273  
9 , 700, 629 

1 1 , 704 , 8 53 
1 2 , 985 , 0 85 
1 5 , 1 7 4 , 263 
1 7 , 86 5 , 4 23 
19 , 138 , 49 3  
20 , 233 , 099  
20 , 108 , 4 71 
2 3 , 9 9 6 , 1 2 6  
24 , 788 , 150 
2 3 , 285 , 031 

. c I DaL-ry Cows 

.. 

. .  

. .  

. .  

. .  

. .  

1 35 , 1 68 
14 2 , 450 
2 2 6 , 819 
2 79 , 136d 206 , 906 
2 7 6 , 21 7  
37 2 , 416 
5 1 7 , 720 
633 , 733 
7 50 , 323 

1 , 004 , 666 

Other Cattle 

4 , 049 
2 2 , 584 
34 , 78 7  
91 , 9  2 8  

193 , 285  
249 , 760 
301 , 4 24 
352 , 46 7  
4 71 , 818 
5 74 , 22 2  
582 , 013  
7 7 1 , 684 
884 , 2 64 

1 , 29 3 , 216  
1 , 386 , 4 38 
1 , 667 , 1 68 
2 , 1 34 , 55 7  

e Horses 

448 
1 , 99 1  
2 ,  89 0 
9 ,  24 3 

28 , 2 7 5  
49 , 409 
81 , 028  
99 , 859 

161 , 736  
187 , 38 2  
211 , 04 0  
237 , 418 
266 , 24 5  
326 , 5 3 7  
404 , 284 
3 7 1 , 331 
337 , 259 

Notes :  a Enumeration in various months from 184 3-1 890 ; 
January 31  used from 1895 exc ept 19 1 0  when as  b .  

b Sheep recorded on April 30 . 
c Breeding cows until  189 1 ;  only da iry c ows in milk 

thereafter . 

d Number o f  breed ing cows 280 , 7 11 . 
e To tal  cattle  unt il 1871 . 
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Sour'ces : 1843-48 Calcula t ed from da ta in  Statistics of New Zealand 

1851  
1856  
1861-64 
187 1  
18 74  
188 0 ,  
1895-
1920  

for the Crown Colony Period; 1 840-52 . ( 1954 ) . 
Statistics of New Zealand (1858) . 
Statistics of New Zealand (1853-5 6 ) . 
Statistics of New Zealand ( 1864 ) . 
Census of New Zealand ( 1871 ) . 
Census of New Zealand (1874 ) . 
Census of New Zealand (1881 ) ; 
NZOYB ( 19 30 ,  Statistical Summary) . 

1885-90 Census of New Zealand ( 1891) . 



though  not i n  every reg i on ( Hi l l ,  1 962 , l OO ) . The l ow carryi ng 
capa ci ty of the tu s sock gra s s l a nds of the South I s l and  as compared 

to tha t of the more fami l i ar  pastures  i n  Bri ta i n ,  and the l ac k  of 
su i tabl e natural grasses i n  the North I s l a nd qui ckly l ed settl ers to 
con s i der the u s e  of such a procedure ( Cl ark , 1 949 , 353 ; Hargreaves ,  
1 963 , 56 ) .  The wetter c l i ma te wa s a deterrent to sheep farmi ng u s i n g 
meri nos whi ch read i l y u ti l i zed nati ve gra s s l and . The i mporta t ion  of 

Engl i s h breeds wh i c h fared l es s  wel l on nati ve grasses  prompted t he 
sowi ng  of Engl i s h pasture p l ants ( Hargrea ves , 1 966 , 1 56 ) . I t  i s  
est ima ted that the  carryi ng  capac i ty of the l and was tri p l ed by th i s 
s i mpl e procedure ( Goul d ,  1 976 , 1 9 ) .  Hay was al so cu t a s  the 
di ffi cu l ty i n  bverwi nteri ng s tock was gradual ly  real i zed ( C l ark , 
1 949 , 354 ) . Hay i ng wa s a popu l ar pract i ce because  of i ts s i mp l i c i ty 

and rel ati ve ly  l ow l a bour i np u t  ( Hargreaves , 1 96 6 ,  260 ) , but  records 
of the extent of  grass l and cut are not ava i l a bl e unt i l 1 869 . 

At an  earl y s tage Eu ropean precepts were opera t i ve i n  s p i te 
of the capa c i ty of the i nd i genou s ecosystems to s upport some forms 
of agr i cu l ture . I n  1 843 approx ima te ly  665  acres were i n  sown gra sses  
in  the ma i n  European settl ements of the Crown col ony but  by 1 85 1  thi s 

fi gure had r i sen  to 1 5 , 589 acres . The area of crop l and i n  the same 
peri od ro se  from 2 , 1 00 acres to 9 , 200 a cres ( Tabl e 4 . 1 ) .  The i mpor
tance of  gra s s l a n d  emerged ear ly  i n  New Zea l and ' s  farmi ng  sys tems 
as wi th i n  a decade i ts acreage exceeded that of a l l other crops 
comb i ned . T he l i vestock enterpri se  devel oped wi th s i m i l ar rap i d i ty .  
Between 1 843 a n d  1 851 the number o f  s h eep i ncrea sed from over 1 0 , 000 
to j u s t  over 233 , 000 , the number of cattl e from about 4 , 000 to 
nearl y 35 , 000 , a nd the number of horses from nearly 4 50 to a l mo s t  

2 , 900  ( Tabl e 4 . 2 ) . The great  i ncrea se  i n  sheep numbers demons trates 
the pr i me i mportance of that enterpr i s e  i n  thi s per i o d .  

Entrepreneur i a l  Devel opment  

A cri t i c� l  rol e  was bei ng pl ayed by' the entrepreneursh i p of 
the runhol ders . I t  wa s they who were l argely respons i bl e  for the  
commerci al  ori enta t i on of the col ony ' s  agr icu l tural p roduct i on . They 
di d not rema i n  w i th i n the framework of the agri cul tura l ly or i ented 

Wa kefi e l d  settl ements wi th thei r rel a t i vely  expensi ve  l and a nd sma l l 
fa rm s tructure ( H i l l , 1 962 , 93 ) .  U s i ng  thei r own i n i ti a ti ve  and  
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capi ta l from whatever source wou l d  l end i t , these  men rented l and , 
p u rchased s heep , and went i nto the production of wool for export .  
There wa s a ready market i n  Bri ta i n  and  the product was un l i kel y to 
per i s h  i n  tra ns i t--the probl em whi ch restr i cted the export of mea t 
and da i ry products for many years . Both adventure and a quest  for 

personal profi t have been c i ted a s  mot i vati ons of the s heep fa rmers 
( S tephens , 1 9 65 , 59 ) .  The Austra l i a n  s qua tters i n  parti cul a r :  

brought  to New Zea l and  not on l y mdney and s tock , but ,  
wha t was more val uabl e ,  experi ence i n  exten si ve s heep 
farm management . They had u n l im i ted fa i th i n  the 
squa tt i ng system and grea t con tempt for the freehol d  
and sma l l farm i deas i n  New Zea l and . ( Ki ng ,  l 947a , 
243 )  
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The i r a i m  was certa i n ly  not the re-creati on  of a pre- i ndustri a l , 

rural , Engl i sh soc i ety a s  was tha t ,  apparently ,  of the Wa kef i e l d 
s ettl ements ( Hea rn and Hargreaves , 1 9 74 , 68) . I nstead ,  earn i ng a 
s a ti sfactory l e vel of i ncome was the i r  concern . The a bsence of  
ma r kets for mi xed farmi ng product  d i rected them to woo l production 
( Bel s haw , l 9 36b , 4 ) . Deci s i ons concern i ng the use  of producti on 
factors were a s sessed accordi ng to cap i ta l i s t i c  moti va t ion . The 
p l a nts and  a n imal s wh i ch were essen t i a l  i nputs to the producti on of 

s a l eabl e ou tp u t  were revi ewed cri t i cal l y .  One wou l d  expect such  a n  
eva l uat ion  p rocedure from entrepreneurs enter i ng a new env i ronment 
wh i c h ,  a l though  s imi l ar to that known i n  Europe and Au stra l i a ,  
d i ffered i n  producti on po s s i b i l i ti e s . There was certa i n ly  some 

transfer of the i r  cu l tura l and economi c heri tage as there were attempts 
at f i rs t  to dup l i cate Bri ti s h  produc ti on patterns i n  s heep fa rmi ng 
j us t  a s  i n  a rab l e farmi ng . I ndeed , i t  i s  sta ted that i t  wa s the 

' benevo l ent  habi tat • whi ch prevented the ' ear ly  errors ' from l eadi ng 
to fa i l ure ( H i l l ,  1 965 , 39 ) .  The e conomi c concerns hei ghtened an 
awa renes s and i nteres t  i n  chang i ng technol ogy . Eval uat ion  occurred 
fol l owi ng the adopt ion of new techn i ques and eq u i pment . 

Watters ( 1 965 , 1 90 )  has s uggested t�at  the soci a l , pol i t i ca l , 
a nd cu l tu ra l  s i tuati on  of the peri od  favoured the ri s e  of these  

farmer capi tal i s ts . The  g reater bel i ef i n  the i mportance of i ndi v i dual  
e ndeavour ,  the i ncrea s i ng ly  favou rab l e  s tatus of  the entrepreneur 

( tradi ti ona l e l ements i n  Bri ti s h  soc i ety were eroded by the r i se of 
i ndustri a l i sm ) , and the a ppreci at i o n  of economi c con s i dera t i ons a t  
the  expense  o f  non-econom i c  consi derati ons a l l contri buted to the 



commerc i a l  ori enta ti on wh i ch devel oped i n  New Zea l and ' s  agri cu l tura l 

sector . 
More s i g n i fi cantl y ,  however , the settl ers a rri ved a t  a t i me 
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when the techno l og i ca l  perspecti ve of  the age  wa s wi den i ng .  Much fa i th 

·was  be i ng pl aced i n  the benefi ts the a ppl i ca ti on of sc i ence a nd 
technol ogy wou l d bri ng ( Perki n ,  1 97 1 , 1 2 - 1 3 ) .  I t  wa s noted i n  New 

Zea l and tha t  the earl y 1 840s settl ers  were eager to adopt l a bour-
sav i ng mecha n i cal  dev i ces  ( Hargreaves , 1 966 , 1 4 6- 147 ) . Certa i n l y ,  new 

appra i sal s were bei ng made of known resources and  new resou rces 
were bei ng d i s covered as the impact  of empi r i ca l  sci ence wa s more 
wi del y fe l t .  I n  the unfami l i ar env i ronment of New Zea l and  the col oni s t  
fel t i t  neces s�ry to b e  both sel f-rel i a nt a nd aware of the experi ence 

be i ng acqu i red by h i s fel l ows . Tho se  occu pyi ng the l and cou l d succeed 
through thei r own efforts , and tended to beg i n on much the same foot i ng .  
Sma l l f i el d  ( 1 946 , 539 ) thought tha t :  

The s ettl ers wan ted l and wi th a cl ea r  ti tl e and free 
dom to devel op thei r farms a l ong the l i nes  they 
though  bes t  . . 

I n  v i ew of thi s ,  the fa i l ure to devel op a s upport i ve soci ety i n  

the settl ements wou l d  on ly  have enhanced the va l ue of the effort 
of the i ndi v i dual  to ach i eve succe s s  ( Watters , 1 965 , 1 9 2 ) . 

The comparati v e l y  l ow entry threshol d ,  i n  monetary terms , made 
i t  pos s i bl e  for l a bourers earn i ng h i g h  wages through the scarci ty of 
l a bour ( L l oyd Pri chard , 1 970 , 62 ) to a sp i re to hol di ng l a nd . Sma l l 

fami ly  farms r9p i d l y  became typi ca l  of a l l New Zeal and s ettl ements 
( Hargreaves , 1 9 66 , 1 08 ) . Thi s devel opment a l ong wi th the presence 
of l arge pa s tora l hol d i ng s  meant that the Wakefi e l d  s ettl ements never 
emerged i n  t he pure form envi saged ( Hargreaves , 1 966 � 1 20 ) . Engl i s h 

farmi ng wou l d  not be the  pattern of New Zea l and farmi ng . The  dev e l o p 
ment i n  the col ony i ts e l f o f  faci l i t i es a s soc i a ted wi th t h e  ' compl ex 
apparatus of h i gh  cap i tql i sm '  a l ready fami l i a r  i n  Bri ta i n ,  i n  addi 
t i on to the creat ion  of  an  i ns ti tut i onal  framework model l ed o n  tha t 
of the home l and , were i mportant fac tors i n  the creation  of a n  

envi ronment favourabl e to the e sta b l i s hment . of farmi ng entrepreneurs  
( Watters , 1 965 , 1 90 ) . Money was made ava i l a bl e for i nvestmen t  i n  the 

devel opment of l and and  s tock ( L l oyd Pr i c hard , 1 970 , 85 ) .  The 
entrepreneuri a l  i nteres ts were a l s o  represented ful l y  i n  the 
repres entat i ve  parl i amentary government  i ns ti tu ted i n  1 85 2  u s i ng a 



property-based franch i se  ( L l oyd Pri cha rd , 1 97 0 ,  65-66 ) .  By 1 856 
execut i ve respon s i b i l i ty to the l eg i s l a ture had been confi rmed 

( Webb , 1 940 , 7 ) , thereby g i v i ng the runhol ders a powerful mea ns  of 
determ i n i ng the i n sti tut i ona l  structure of the col ony . 
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The exi s tence of an effi ci ent pub l i c  admi ni strati on serv i ce 

rel a t i vel y free of corrupt i on and of a l a nd-tenure system wh i ch served 
to st imu l ate i nvestment  were two other s i g ni fi cant soc i a l  i nventi ons 

( Lewi s ,  1 956 , 1 7 7 ) . They both came to New Zea l and , the fi rs t through  
the  imi ta t i on of the  Bri t i s h  competi ti ve  en trance , meri t-ba sed model 
( Webb , 1 940 ,  74 ) ,  and the s econd throug h  the creati on  of l ong - term 
l easeho l d  and freeho l d tenure systems wh i ch  guaranteed the occupant  
of  the l and a 'v i rtual l y  free re i n  to  devel op hi s property a s  he 
saw fi t i n  the t ime perspecti ve he he l d .  

I n  thi s per iod of s ettl ement i ns ti tuti onal stabi l i ty was 

ach i eved by dupl i cati ng the i n sti tu ti ons  of the home country . 

Del i berate i nnovat ion  wa s not  underta ken but the early settl ers 
were abl e to i nf l uence the  devel opment  of i ns ti tuti onal structures , 

and created a n  acceptab l e pol i ti ca l  a nd economi c framework to s u pport 
thei r acti v i ty ( Webb , 1 940 , 405 ) . A mea sure of i ns t i tut i ona l  i mbal a nce  

arose ,  however , becau se  t hose  underta k i ng new enterpri ses a t  a l a ter 
s tage  found i t  neces sary to cope not .on l y  wi th envi ronmenta l obstac l es  
to the i r  i nnovat i on and  i nherent economi c di ffi cu l t i es bu t a l so wi th 

an i nsti tut i ona l  s tructure not des i gned to a ccommoda te the i r  parti c u l ar  
needs . 

I nformat ion and  I nforma t i on Sources 

The pas tora l i s ts d i d  not produce enti rel y  for domesti c markets . 
T he sma l l popu l a ti on ,  s t i l l under 1 00 , 000 i n  1 861 ( Statistics of New 

Zealand� 1 86l , No . l ) ,  was a st imul u s  to seeki ng external ma rkets . Trade 
became estab l i s hed q u i c k l y  and rema i ned centred on oversea s markets  
pr i nci pa l l y  i n  the Aus tra l i a n col oni e s  and i n  Bri ta i n  for both  exports 
and  imports ( Ll oyd Pri c ha rd , 1 9 70 , 56 ) .  Of great i mportance was the 
devel opment of  c hannel s of commun i ca ti on whi ch enabl ed producers to 
l ea rn of trends i n  both those markets and of  changes i n  product ion 
tec hni ques  whi ch cou l d affect them . I n  th i s fashi on i nformat ion  

transfer broadened thei r sphere of k nowl edge .  The popu l ar i za ti on of 

sc i enti f i c  d i s covery , a major devel opment i n  Bri ta i n . ( Z i man , 1 976 , 



1 1 4 ,  1 1 6 ) , wa s carri ed to New Zeal and . Found i ng un i vers i t i e s  a nd 

s c i enti f ic  soc i et i es para l l el ed the Bri ti sh  and Austra l i a n  model s .  
As Engl i s h a gr i cu l tura l tec hni ques were be i ng re -eval uated i n  the 

l i g ht  of new d i scoveri es , and new techni ques were bei ng deve l oped , 
the New Zeal and farmers  l earned about such  changes . Engl a nd , i ndeed , 

wa s seen a s  a centre for a dva nced agri cul ture by the end of the 
e i gh teen th centu ry i n  i ts concern wi th fodder and root crops  and  
crop rotat ion  ( Fu s sel l ,  1 9 7 2 , 1 82 ) . 

8 1  

Of part i cu l ar  impor tance were the d i scoveri es concern i ng the 
operati on of the pa sture ecosystem bei ng devel oped . The ear l y  
col oni s ts d i d  n o t  have much i nforma ti on  ava i l a bl e ,  a s  the exper imenta l 

work  on the ro1 e pl ayed by soi l nutr i ents i n  p l ant  growth was onl y 
deve l oped i n  the  1 830s by men such  a s  the Germa n sci enti s t ,  L i ebi g .  
H i s  book on agr i cu l tura l  chemi s try wa s fi rst  publ i shed i n  1 840  
( McCask i l l ,  1 9 29 , 7 ) , so t he  di ssemi na t i on of  i nformati on on  the 

va l u e  of so i l  n utri ents was sti l l  i n  a n  ea rl y phase .  I n  fact  he  
onl y sugges ted the i dea of treat i ng  bones wi th s u l phur ic  a c i d  i n  
tha t year before the Bri t i s h  Assoc i a t i on for Advancement of  Sci ence 

i n  that year ( Sa uchel l i , 1 965 , 2 ) .  
Ex peri mentat ion  o n  the benef i ts of deve l op i ng phosphat i c 

ferti l i zer wa s s ti l l  i n  an  earl y s tage . Al though  the use  of  bone
du st  had grown to prov i de phospha te to the soi l , Lawes i n  Engl and , 
l i ke L i ebi g i n  Germany , had only j us t  begun  experimenti ng wi th  the 
u s e  of su l phur i c  ac i d  to  render the phosphates i n  bone more so l ub l e 
and  so more read i l y  ava i l abl e for u pta ke by p l ants ( Mi l l er ,  1 947 , 
29 ) .  The process  of crea t i ng sol u b l e pho spha te from roc k  p hosphate , 
Lawes ' major contr i bu t i o n ,  was on ly  patented i n  Bri tai n  i n  1 84 2  
and commerc i a l  produc t i on of th i s  s u perphosphate begun i n  1 843 
( McCask i l l ,  1 929 , 7 ) .  The di rect a pp l i ca t i on of ground roc k  phosp ha te 

was al so be i ng advocated as  i ncrea s i ng quanti t ies  were found  i n  
Europe . L i eb i g i n  1 85 7  confi rmed the  work  of Lawes i n  s howi ng  that a n  
ac i d  treatment  of the m i neral wou l d work  p s  effecti vel y a s  i t  d i d 
on bone ( Waggama n and Ea sterwood , 1 927 , 1 8 ) . Th i s  proces s wa s adopted 

rap i dly and d i s p l aced the use of bones once further sources of rock  
phospha te were d i scovered . Th i s  i nnovat ion  was very new when s ettl e 
ment began i n  New Zea l and . Experi mentat ion  to determi ne  the exac t  

benefi ts o n  p ermanent gras s l and o f  d i fferi ng manuri ng s ub stances , 
i ncl ud i ng s u perphosphate , wa s not u nderta ken unti l 1 852  when Lawes 



began work a t  Rothams ted ( Mi l l er ,  1 94 7 ,  2 9 ) . Hence , i nforma ti on  
concern i ng the u t i l i ty of  th i s  ferti l i zer  wou l d  have been q u i te 
l i mi ted for tho s e  l eav i ng Bri ta i n .  The modern pa ttern o f  res ea rch  
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and  devel opment  occurri ng pr i or to  i nnovati on was not evi dent i n  th i s 
i n stance . The commerc i a l  app l i cati on  of  the d i scovery preceded a more 
exten s i ve knowl edge of the benefi ts of  the product i nvol ved . I ndu s 

tri a l  sci ence h a d  not yet fu l l y emerged a s  sc i ence ' moved l ock , s tock  
a nd barrel , i nto the un i v ers i ti es ' ( Z i ma n ,  1 9 76 , 66 , 5 7 ) . Un t i l  
u ni vers i t i es became i nvo l ved i n  agri cu l tura l researc h ,  farmers  had  

few sou rces of new sc i ent i fi c i nforma ti on .  Nonethel ess , in  New Zea l and , 
fert i l i z i ng crops  u s i ng g ua no wa s a ttempted to a l i mi ted extent 
by 1 856 ( Hargreaves , 1 9 66 , 2 66 ) . The i nformat i on ava i l abl e wa s 
l eadi ng to exper imentat i on  i n  the l ocal  envi ronment . 

AGR ICULTURAL DEVELOPMENT TO 1 882 

The sa l e of woo l  to forei gn markets and the sal e of s tock  to 
new farmers had promoted agri cul tural growth from the earl y 1 850s 
to the earl y 1 860s , mak i ng New Zea l and  seem the best su i ted of the 

Aus tra l as i a n co l oni es for pastoral p roducti on  ( L l oyd Pri chard , 1 9 70 , 
85 -86 ) . I t  became the ma i nstay of the  co l ony ' s economy whi l e  mi xed 

farmi ng expanded s l owl y ( Hargreaves , 1 966 , 1 96 ) . Sheep n umbers 
i ncreased a l mo s t  twel ve  times between 1 851 and 1 861 a nd then more than 
quadrupl ed between 1 861  and  1 874 . The  i ncrea se  i n  cattl e numbers 
s l owed to two -a nd-a - ha l f t imes i n  the l a tter per i od from doubl e that  
rate i n  the 1 85 1 -61  per i od . The  rate of i ncrea se i n  the  n umber of 
horses showed an  even  grea ter reducti on  from a ten . t imes to a three

and-a-hal f t i mes  i ncrease  (Tabl e 4 . 2 ) .  The l a tter trends  refl ected a 
growi ng s ta b i l i ty of p roducti on a s  more l and  was occupi ed and run to 
s heep . The l i mi ted l oca l  market became overs u pp l i ed wi th mea t .  The 
producti on  of  t i nned mea t  from the mea t-preserv i ng pl ants  b u i l t  i n  
the 1 870s ( i nc l udes a l l those p l a n ts s hown i n  Tabl e 4 . 3  pri or  to the 
i ntroducti on  of freez i ng p l ants i n  the  1 880s ) proved unsuccessful  
i n i t i a l l y  ( Ha rgreaves , 1 9 66 , 322 -323 ) .  The number of p l ants  decl i ned 

i n  the earl y 1 870s bu t ro se aga i n . to 1 88 1  ( Tab l e 4 . 3 ) . Nonethe l e s s , 
di spos i ng of  s urpl u s  s toc k rema i ned a probl em . Pl a nts to boi l down 
carcasses  for ta l l ow emerged i n  the 1 870s but  trade i n  tha t product 
wa s not l ucra t i v e  ( Ha rgreaves , 1 966 , 323 ) . The ri s i ng number of s heep 



TABLE 4 . 3  

SOURCES OF SOIL AMENDMENTS (NUMBER OF PLANTS ) 1 8 6 7 - 1 920  

Province or Type of Establishment : 
Provincial Mea t-process ing Plan� 

a 
District Year 

r-.... 0 C't") <X) ....... l/') 0 l/') 0 l/') ....... 1.0 
1.0 ,...._ r-.... r-.... <X) <X) "' "' 0 0 ....... ....... 
00 00 00 00 <X) <X) 00 <X) "' "' "' "' 
....; ....... ....-i ....-i ....... ....... ....-i ....... ....... .--< ....... .--< 

Auckland - - 1 1 4 8 7 5 7 8 _8 11 
Hawke ' s  Bay - 2 1 4 5 6 6 4 2 3 4 4 
Taranaki - - - 2 J 2 3 2 2 4 3 2 
Well in gton - 7 1 9 9 7 8 5 5 5 4 7 
Marlbo rough - 4 - 5 9 4 3 1 1 1 1 1 
Nelson - - - - - - - - - - 1 1 
Wes tl and - - 1 - - - - - 1 - 1 -
Can terbury ' 5 2 6 7 5 6 4 4 6 7 5 
Otago - 3 5 4 3 1 2  1 0  9 13 9 6 9 
Southl and - 1 7 4 
- - - - --- --- -New Zealand - 2 2  1 0 32 4 0  44 43 30 34 3 7 4 1  45 

Boil ing-down and Manure Plants  
b 

Auckland 1 1 1 3 6 1 1 8 8 1 0  6 _a 
Hawke ' s  Bay - - - - - - - 3 3 2 2 3 
Taranaki - - - - 1 2 - 3 3 __3_ it � 
Well ington - 1 - - 2 - 1 5 5 5 6 6 
Marlborough - - - - - - - - - - - -

Nelson - - - - 1 1 - 1 - - _3_ 1 
Wes tl and - - - - - 1 - 1 - 1 -

-
Canterbury - 1 1 4 3 3 2 1 2 2_ Hl 
Otago - - 2 _5_ 
Southland 1 4 3 - 3 6 6 8 

7 - - --New-zeaiand 1 2 3 8 17 7 9 28 _ll _l6_ _33 3li 
c 

Lime Plants  
Auckland - - 4 1 2  7 8 7 10  6 5 4 5 
Hawke ' s  Bay - - - 5 1 2 - - - 1 1 1 
Taranaki - - - 1 - - - - - - - -

Wel l ington - - - 1 2 2 2 1 1 - 2 � 
Marlborough - - - 3 2 1 1 - - - - -

Nelson 1 - - 3 1 2 4 1 2 3 1 _2_ 
Wes tland - - 1 1 1 - - 1 1 - -

Canterbury 1 3 4 4 1 1 1 1 - - - -

Otago 1 3 
7 4 5 8 6 5 9 8 7 

Southland 1 - - - -
------ - --- --New Zealand 3 3 1 4 34 23 2 4  2 1 1 4  15 20  1 7 16 

Chemical Plants 
d 

Auckland - - - 1 1 2 2/1 3/1 2L1 211 4 /1 6 j1 
Hawke ' s  Bay - - - - - - - - - - - 1 
Taranaki - - - 1 - - - - - - - 1 
Wel lington I-- 3 3 4 - - - - - - 1 - -

Mar lborough - - - - - - - - - - - -

Nelson - - - - - - - - - - - -

Wes tland - - - - - - - - 1 - -
-

Canterbury - - - - 2j_1 2 - 1 1 2 5 
Otago - -

2/1 3 /1 4 /1 S /1 1 0/1 4 / 1  7 /1 - 1 1 Southland - -
--New Zealand - - - 3 2 6/2 8 /2 7/2 8� 1 7/2 1 3/2 24;2 
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7 
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TABLE 4 . 3 ( Continued ) 

Notes : Below are the headings used in the s ta tis tical sourc es : 

a 1870-81 comprises boiling-down and mea t-pres erving works . 

1885-90 comprises boiling-down , meat-freezing and preserving 
works . 

1895-1920 compri ses mea t-freezing and preserving works only . 

b 1867- 7 3  bone-manure manufac tories only . 

1878-81  bone-cutting mills  only . 

1885-90 bone-mills only . 

1895-1911  compr ises bone-mil l s  and boiling-down works . 

1916-20 as  head ed . 

c 1867 lime kilns . 

1870-85 l ime works . 

1890-1916  lime- and cement works . 

1920 lime crushing or burning and cement-making . 

d Chemical works used throughou t and presented in regular 
face typ e .  Known chemical f er t ilizer plants  (McCa ski l l  ( 1929 ) 
is used as the source) are shown in i talics . Wel l ington 
and Cant erbury were centres of chemical produc tion but did 
not b ecome the s ites of fert il izer produc tion as d id Duned in 
and Auckland . 

Sources: 1867 , , 1920 Statistics of New Zealand ( for year s shown) . 

1878-81 , 1895 Census of New Zealand ( for years shown) . 

1870-73 , 
1 886-90 , 
1 900-05 

Census of New Zealand ( for  year following the 
years shown) . 
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noted earl i er depressed s tock pri ces from the mi d- 1 860s --a boon to 
North I s l and  runhol ders who readi ly  acqui re l arge fl ocks for u s  i n  
control l i ng s econdary fern a nd s cru b growth on newly c l eared l and 
( Ki ng ,  1 947a , 253 ) . The a bsence unti l 1 881 of boi l i ng-down p l ants i n  
the North I s l and  prov i nc i a l  d i s tri cts except for Auckl and ( Tab l e 4 . 3 )  
i ndi cates the  s hortage of s tock and the outl et prov i ded by meat

preservi ng  p l ants there . Cropp i ng was i ntroduced to provi de a n  i ncome 
s u pp l ement to the returns from wool  and ta l l ow wh i ch fel l i n  the 

l a ter 1 860s  a nd dropped more severel y a decade l a ter ( Ll oyd Pri c hard , 
1 9 7 0 ,  1 1 1 - 1 1 2 , 1 6 1 ) . 

I t  i s  certai n that the i n terp l ay between envi ronment a nd 
technol ogy b rought change to both . The extens i ve form of pa stora l i sm ,  
though rema i n i ng l arge ly  adapti ve  i n  terms of the pasture u ti l i zed , 
en tered a more i nten s i v e , man i pu l a ti ve  pha se wi th  the i n troducti on of 

Eu ropean gra s ses  and cl overs to rep l ace  some nati ve gras ses and  tussoc k ,  
between 1 861  and  1 87 1  ( Hargreaves , 1 966 , 299 ) . Al though thi s form of 
pastora l i sm d i d  undergo some cha nge , the devel opment of  an  i n tens i ve 
pastu re ecosystem wou l d not  have occurred wi thout  an  externa l  s t i mu l u s 
to chang e .  A s  l ong as  woo l , ta l l ow ,  and  hi des were the on ly  v i abl e 
pa s tora l exports - -dai ry exports rema i ned general l y  i n s i gni fi cant i n  
va l ue a nd vo l ume ( Hargreaves , 1 96 5 ,  1 27 ) - -the need to i n ten s i fy 

producti on wa s not d i scerni b l e ( Mi l l er ,  1 950 , 1 41 ) .  The comparati vel y 
l ow return per u ni t of vo l ume outpu t d i d  not encourage a n  i ntensi f ica
ti on of  produ cti on to  i ncrease  s u pp l y .  Thi s trans i ti on arose  after 
s ubstant i a l  i ncreases  i n  demand .  

The go l d  rush  of the  1 860s con s t i tuted a n  u nexpected , new , l oca l 

market wh i ch l ed to an  expans i on arabl e farming  ( Bel s haw,  1 936b , 6 )  
ev i dent i n  the  s harp acreage i ncrease  i n  the gra i n  crops  between 1 856 

a nd 1 864 ( Ta bl e  4 . 1 ) .  The l arge-sca l e cerea l product ion  enterpri se  
emerged and  became export-ori ented . I t  grew rap i d l y ,  parti c u l ar ly  a s :  

after 1 878  when t he boom cond i ti ons of the 70s ended . . .  
extens i ve cerea l p roducti on became more profi tab l e  t han  
extens i ve sheep farmi ng on the tussock  grass l ands of the 
p l a i n s . The i nvent i on of dri l l s  and reapers and bi nders 
came a t  a mos t  opportu ne t ime , enabl i ng a rapi d change
over from wool  to c ereal product i on to be made on  
s u i ta b l e country , notably i n  Canterbury . ( Ki ng ,  1 947a , 253 ) 

Imports and l oca l l y  produced mach i nery met the demand created 



( Hargreaves ,  1 966 , 382 -383 ) .  The New Zea l and farmers ' u se  of l a bour
sav i ng machi nery ,  s i mi l ar to tha t i n  Austral i a  and in  North Amer i ca 
where l abou r was a l so i n  s hort supp ly  ( Hargreaves , 1 966 , 462 ) dates 

from thi s per i od when t here wa s a s i gni fi ca nt i ncrease i n  the area 
under cu l t i v a t i on ( Tabl e 4 . 1 ) notab ly  i n  the l owl and tu ssock  area s 
of the Sou th I s l and ( Hargreaves , 1 96 0 ,  7 ) . Cropp i ng gra i n  became a 

stage i n  the convers i o n  of l a nd to pasture s i nce severa l years of 
cu l t i vat ion were requ i red to a i d  the formati on of a good gra s s  sward 

and prevent the regenera t i on of na t i ve vegetat ion  (Goul d ,  1 9 7 6 ,  4 -5 ) . 
The area of  sown gra s s  a l so expanded fa i r ly  q u i ck ly  throug h thi s 
period ( Tab l e 4 . 1 )  because  of the u s e  of better grass seed mi xtures  
conta i n i ng mo�e c l over ( Ki ng ,  1 947a , 253 ) . T he  capi ta l i s t eth i c  
wa s wel l rewarded i n  s uch c i rcumstances : 

worthwh i l e  profi ts cou l d  be made by ta k i ng a few succes s i ve 
crops of  wheat or  oa ts from l a nd r i ch i n  n i trogen from the 
drop p i ngs  of the s tock wh i ch had been pastured on unp l oughed 
tu s sock  for severa l decades , a nd on whi ch for a few years 
excel l ent yi el d s  cou l d  therefore be obta i ned . ( Gou l d ,  
1 9 76 , 5 )  

Both l a rge - s ca l e a nd sma l l - scal e farmers benefi ted but the sca l e 
economies  of  the l arge hol d i ngs prompted production i ncreases there 
( Cumberl and  a nd Hargreaves ,  1 955 , 1 05 ) . The need for so i l  fert i l i ty 

improvement  wou l d  not have been i mmedi ate ly  obv i ous , nonethe l e s s, i t  
was recogn i zed : 

' our  future progress i n  agr i cu l ture depends on the 
fac i l i ti es offered for obta i n i ng manure [ferti l i zer ]  wi th 
wh i c h  to res tore to our so i l s  the e l ements of p l ant  foods 
whi c h  are now bei ng removed from them by croppi ng ,  . . .  i t  
[th e  supp ly  of ferti l i zers ] wi l l  tend to hol d i n  c heck 
the  exhausti on to wh i c h  our  soi l s  are  l i a bl e i f  we 
con t i nue to fo l l ow i n  the s teps of other new cou n tri e s  
such  a s  Amer i ca and  Austra l i a . ' (New Zealand Country 
Journal� 1 882 c i ted i n  Sco t t ,  1 947 , 365 ) . 

Recogn i ti on d i d  not l ead  to i mmed i ate remedy . The tussock  l and s ' 

ferti l i ty ,  for exampl e ,  wa s a pprec i ab ly  reduced (Cumberl and and 
Hargreaves , 1 955 , 1 06 ) . 

Ferti l i zer Usage 

For the New Zeal and farmer , i nforma ti on about s o i l amend i ng 
wa s ava i l ab l e  through  peru sal  of  j ourna l s s uch  as tha t of the Royal  
Agri cul tura l  Soc i e ty ,  persona l contact wi th recent mi grants  from 
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Bri tai n ,  o r  v i s i ts to the home country .  Awarenes s  of advances i n  
a gr icu l tu re s uch  a s  so i l amend i ng and  the borrowi ng of them has  been 

noted ( Broo k i ng , 1 97 2 , 30 ) . For exampl e ,  L i eb i g • s  wor k  on  so i l s  and  

so i l  tes t i ng  was  publ i s hed in  New Zea l and a t  th i s t ime bu t i n terest  
i n  pursu i n g  the work  and  i n  so i l amendi ng had not  advanced much by 
the 1 870s desp i te i ts earl i er u se  ( Hargreaves , 1 966 , 264 , 2 67 ) . On 
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a mi s s i onary farm i n  1 825 the probl em of soi l exhaust i on  had  been no ted 
and the app l i ca t i on of ferti l i zer u ndertaken ( Hargreaves , 1 96 6 ,  
1 3 ) .  I n  t h e  1 830s t h e  u se  o f  crops for green manuri ng , t h e  s preadi ng 
of dung , and  the s pread i ng of l i me obta i ned by burn i ng  sea s hel l s  were 
methods recorded to i mprove gra i n  producti on  i n  some mi s s i on farms 

( Hargrea v es , 1 966 , 4 7 ) .  Some awareness of the growi ng so i l - amendi ng 
technol ogy b e i ng devel oped i n  Bri ta i n  wa s ev i dent but i ts a dopti on 
wa s s l ower  wi th a s l ow expans i on - of mi xed farmi ng . Wherea s guano and  

rock phos pha te had  been  marketed i n  Br i ta i n  a s  early a s  the  1 820s 

( Roya l , 1 967 , 24 ) the - f i rs t  recorded s h i pmen t  to New Zea l and wa s 
l anded i n  1 867 ( Tab l e 4 . 4 ) . Hargreaves ( 1 966 , 266 )  has  noted that 
th i s materi a l  wa s a va i l abl e for sa l e earl i er .  The practi ce  s impl y 
preda ted the documentati on of the i mports . Al though th i s fi rst  

recorded s h i pmen t of 459  ton s wa s c l as sed as  • guano • i t  i s  con s i d ered 
l i ke ly  that  the materi a l  wa s rock p hosphate ( McCask i l l , 1 9 29 , 1 3 ) .  
At that t i me • guano • was used a generi c term for ferti l i z i ng mater i a l 
j u st  as  • manure • conti nued to be i n  New Zea l and  unti l approx ima te l y 

the mi dd l e of thi s c entury .  Occas i ona l l y ,  rea l guano , the n i trate
r i c h  mar i ne bi rd dropp i ngs , were i mported bu t the cos t  wa s h i g h  a nd 
the supp l y  unrel i a b l e ( McCa s k i l l , 1 9 29 , 1 1 ) .  

T he  u se  of ferti l i z i ng materi a l deve l oped l i ttl e through  the  

1 860s and  1 870s ( Tab l e  4 . 4 )  desp i te the  absence of  oppos i t ion  to  t he 
use  of c hemi ca l  ferti l i zers by a conservat i v e  tradi t i o n  favouri ng 
an ima l  manure . Farmyard manure was not a va i l ab l e  i n  a s i tuati on where 
an ima l s were not penned .  Notwi thstand i ng the  construct i on of a sma l l 

bone-cr u s h i ng mi l l  a t  Warkworth ( North Auck l and ) i n  the 1 860s ( Royal , 
' 

1 967 , 2 7 ) ,  l ocal  s u pp ly rema i ned l i mi ted . T he h i gh cos t  of imported 

bones was  a further deterrent to the extens i on of so i l amend i ng 
( Mi l l e r ,  1 947 , 2 1 ) .  
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TABLE 4 . 4 

TONNAGE OF S OIL AMENDMENT IMPORTS 1867-1 920  

-

Year Bone -dust Guano and Rock Unenwneratecfl Total Phosphate 

1867  . .  4 5 9  . .  4 5 9  
1870  . .  57  . .  5 7  
18 75  . .  1 , 07 4  . .  1 , 04 7  
1880 3 , 187  34 6 151 3 , 684 
1885 3 , 702 3 , 4 4 1  1 , 087 8 , 2 30 
1890  3 ,  7 13  6 , 308 3 , 208 3 , 229  
1895  7 ,  722  5 , 341  3 , 577  16 , 64 0  
1900  6 , 7 9 9  9 , 935 12 , 103 28 , 81 7  
1905  13 , 580  5 , 61 9  2 6 , 954 46 , 153  
1910  11 , 315 1 0 , 94 1  5 2 , 980 75 , 236  
1915  9 , 3 72  3 9 , 1 5 9  7 8 ,875  127 , 4 06 
192 0 5 , 5 2 7  5 5 , 805 6 7 , 0ll  128 , 34 3  

Note : a Includes all other fert ilizer s .  Table 4 , 7  indicate s  
that superpho sphate was the pr inc ipal type recorded in 
this ca tegory . 

Sources :  1867  Statistics of New Zea land (186 7 ) . 

1870  Statistics of New Zealand ( 1 9 71 ) . 

1875 -1 910 Statistics of New Zealand (for year s shown ) . 

191 5 -2 0  Calcula ted from Statistics of New Zealand 
( for years shown ) . 



Ferti l i z er Producti on  

An early phas e  of ferti l i zer  product ion  had i ts or1 g 1 n s i n  the 

need to dea l wi th the by- products of wool exports , the s heep . Ol d 
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s heep were s l a ughtered and  thei r carcasses  boi l ed down for the  tal l ow 
s i nce the l ocal market  for meat was oversuppl i ed a nd the market for 

rep l acement s heep wa s reduced a s  l and had become more ful ly  s toc ked 
( Hargreaves , 1 966 , 322 ) . An orga n i c  ferti l i zer wa s someti mes . ma de from 
the rema i n s ( M i l l er ,  1 950 ,  1 4 1 ) .  A number of these p l ants  had deve l oped 

i n  the 1 870s ( Tabl e 4 . 3 )  i n  or near the major  ports cl ose s t  to the l arge 
area s of occu pi ed l and . These p l a nts were no t often f i nanci a l l y  
succes s fu l , however ,  a nd so the i r ou tput wa s l imi ted even a s  the mea t 

i ndus try expaQded i n  the 1 880s ( Tabl e 4 . 5 ) . Concurrentl y ,  there was 
some attempt to crea te a mea t-preserv i ng i ndu s try bu t i t  d i d not s ucceed 
as an operati on { Mi l l er ,  1 950 , 1 4 1 ) . I ts o utput of ferti l i zer was not 

recorded separate l y  ( Tab l e 4 . 5 ) . Occa s i ona l l y ,  bone-mi l l s  were 
establ i s hed to process  the rema i ns of the ca rca s ses from the mea t
preserv i ng pl ants  for organ i c ferti l i zer and bone-du s t .  The  number of 

such mi l l s  rose  from two i n  1 870 to ei ght by 1 878 . There were l oca ted 
ma i n l y  i n  Auckl and  and Otago P rovi nces ( Census of New Zealand� 1 87 1 , 
No . 31 ; 1 878 , 347 ) . Canterbury seemed undersuppl i ed wi th  such  

fac i l i ti es wi th o n l y  one p l a n t  at  Ti maru , g i ven the  concentrat ion  of  
meat-preserv i ng p l a n ts ( Tab l e 4 . 3 ) .  The  l ac k  of concern for ferti l i zers  

in  the gra i n  crop p i ng of the a rea a s  noted a bove by Gou l d ,  wou l d s eem to 
be borne out by t h i s s i tu a ti on . Sti l l , i t  was at  thi s p l ant  in  1 878  
that  methods of  s teami ng and  crushi ng carca s se� to manufacture bone
dust were impl emented succe s s fu l ly to make a more u s a bl e product  
( McCa s k i l l ,  1 9 29 , 85 ) .  Th i s materi a l  was u sed a s  a ferti l i zer o n  annua l  
crops a s  had been  the  practi ce i n  Bri ta i n  and  the  T imaru  p l a n t  prompted 
the e s tab l i s hmen t  of s i mi l ar p l a nts ( Hudson and Scr i vener , 1 937 , 373 ) .  

The u s e  of bone-du s t  was recorded i n  Taranak i  i n  the 1 870s : 

' o l d settl e r s  fi nd that farms carved out  of fores t do not  
y i el d a s  they did  i n  the  pas t  a nd i n  obedi ence to stern 
neces s i ty i nc l ude boned u s t  i n  the programme of  operati ons ' 
(New Zealand Country JoUrnal3 1 877  c i ted i n  McCa s ki l l , 1 9 29 , 
1 27 - 1 28 ) . 

. 

Local  producti on  of  chemi ca l  ferti l i zers d i d  not beg i n  unti l the  
fol l owi ng  decade . These p l a nts  fol l owed the s ame l oca t i onal  pat tern 

i n  be i ng assoc i a ted mos t  often wi th meat-freez i ng p l a n ts ( Ca l l aghan  



Boiling-'-
Year Doum 

Plants 
1885 
1890 
1895 1 , 0 1 8  
1900 2 , 309 
1905 9 1 4  
1 9 1 0  990 

TABLE 4 . 5  

TONNAGE OF ORGANIC FERTILI ZER PRODUCTION 1885- 1 920 

Bone-Dust Other Fertilizer 
Meat- Bone-Mil ls Boiling- Meat-

Processing and ManlAlbe Doum Processing 
Plants Plants Plants Plants 

2 , 5 75  1 , 033 . .  

2 , 703 1 , 647  . .  

3 , 230 2 , 253 670 1 , 536 
4 , 205 2 , 0 1 7  462  5 , 259 
4 , 9 56 6 , 67 6  1 63  6 , 247 

-

Bone Mi lls 
and Manur;J c Plants "' 

1�0 

5 , 366 1 6, 7 23 4 , 84 5  
1 9 15- 1 6a 4 , 29 1  1 , 830 5 2 , 374  22 , 202 
1 920-2 1a 2 2 , 938 35 , 284 

- -- ----- , __ --

Notes : a Year ending 3 1  March . 
b Included with boiling-down p lants af ter 19 1 0 .  
c No fur ther organic f er tlizers noted af ter 188 5 ;  recorded as  manure only' from chemica l  

plants . 

Sources : 1885  Statistics of New Zealand , 1886 , Part IV,  293 , 283 . 
1890 Statistics of New Zealand , 189 1 ,  Par t  IV , 333 , 3 3 1 . 
1 895 Statistics of New Zealand , 1 896 , Part V ,  4 20 ,  4 1 5 .  
1900 Statistics of New Zealand , 1 90 1 ,  Part  IV , 407 , 40 1 .  
1 905  Statistics of New Zealand , 1 9 05 , Part  IV , 465 ; Statistics of New Zealand , 19 06 , Part  IV , 4 7 3 .  
1 9 1 0  Statistics of New Zealand , 1 9 1 1 ,  Par t  VI , 565 , 547 . 
1 9 1 5  Statistics of New Zealand , 1 9 1 6 ,  v .  I l l , 9 1 .  
1 9 20 Statistics of New Zealand , 1 920 , v .  Il l ,  93 . 

� 
0 
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and Peren , 1 936 , 246 ) .  

GRASSLAND  FARM ING 1 882- 1 9 20 

Though  the 1 870s  were a cri ti ca l  per i od i n  New Zea l and • s  
agri cu l tura l devel opment because  of the experi mentati on  of  both l arge 
and sma l l l andhol ders to fi nd new ,  v i abl e farm enterpr i ses  or new 
markets ( Hargreaves , 1 966 , 469 , 4 7 1 ) ,  i t  wa s i n  the 1 880s that deve l op
ments i n  progress  were compl emented by a number of changes whi ch a l tered 

the exi s ti ng agri cu l tura l product i on pa ttern . The many new settl ers  
a ttracted in  the  1 870s had been converti ng add i ti onal areas  of l a nd 
to product ion , so i ncreas i ng the tota l outpu t .  Th i s  trend , however , 

he l d  the prospect of oversupp l yi ng the exi s ti ng markets despi te the i r 

growth and  keep i ng down a l ready depressed pr i ces . Wool , the export 
fl uctuat i ng mos t  i n  pri ce , wa s not the  ba s i s  on whi ch  to  bu i l d  the  
col ony • s  economy ( S i mki n ,  1 951 , 39 ) .  

Transport  Innova ti on 

Th i s adverse s i tuat i on was averted wi th the i n troducti on of  
an i nnov a ti on , refri gerated mari ne transport . I t  i n i ti a ted a maj or 
change i n  the compos i ti on of exports . The abi l i ty to se l l sheep meat 

i n  the Br i ti s h  market was demons tra ted i n  1 880 by s h i pments from 
Au stra l i a - - the c u l mi nati on of i nventi on began i n  the 1 850s ( Robertson , 
1 939 , 1 1 - 1 2 ) . Th i s experi ment was imi tated by the s h i pment from New 
Zeal and  to London i n  1 881 of frozen s heep carca s ses and butter ( Ki ng ,  
1 947b ,  567 , 569 ) . A l arge fi rm ,  the New Zea l and and Au stra l i a  Land 
Company , wa s i nti ma tely a s soci a ted i n  th i s  experiment  to fi nd a way 

to more profi tab l y  d i spose of i ts sheep ( Ki ng ,  1 947b ,  567 ) . I ts 

managers i n  New Zeal and were endeavouri ng  to open new producti on  
opportu n i ti es u s i ng thei r knowl edge of  the Bri t i s h  mar ket . Mea t  
dema nd was growi ng  because o f  r i s i ng rea l  i ncome based o n  genera l l y  
h i gher wages  a nd popu l at ion i ncrease ( Jones , 1 974 , 1 99 - 200 ) . Dome s ti c 
product ion cou l d  not meet the demand i mpos ed by a doubl i ng of meat 
consumpti on so  not onl y  were forei gn s uppl i e s  sought  but a l so a pri ce 

i ncrease  occurred wh i ch enabl ed  the gre a ter transport cost a nd r i s k  
factors to be defrayed ( Jones , 1 974 , 1 98- 1-99 , 200 ) . The success of 
the New Zeal and frozen-meat s h i pments rev i ved the Au s tra l i an i ndu stry 
wh i c h  had l a psed  fol l owi ng 1 ts fi rs t a t tempts ( Schol ef i e l d ,  1 909 , 1 27 ) . 
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For the New Zea l and s heep farmer the return per a nimal  dramati c
a l ly  i nc reased a s  mea t ,  a more expens i ve prod uct than wool , was 

marketed through the channel s be i ng opened . Even though  i t  had been a 

l arge l a nd company whi ch  had been respons i b l e for the i n troducti on of 
refr i g era ti on  because  of i ts f i nanc i a l abi l i ty to assume the ri s ks of 
experime n t i ng  wi th the new mac h i nery i nvol ved , and capaci ty to organ i ze 
the trade , the h i gher return made i t  fea s i b l e for many smal l farmers to 
make more i n tens i v e  u se  of smal l a reas of l a nd to earn a l i v i ng ( Scott , 
1 947 , 367 ) .  They responded by i ncreas i ng s heep numbers to the turn of 
the cent u ry ( Tabl e 4 . 2 ) .  The entry thresho l d to farmi ng  had been 
l owered bu t entry neces s i tated the i mpl ementat ion  of effi c i ent  organ i 

zati on to keep producti on cos ts l ow a s  the l a rger producers had 
' 

a l ready d i s covered ( Condl i ffe , 1 933a , 1 6 1 - 1 62 ) . 

Cl oser Sett l ement 

The  1 880s wi tnessed an i n ten s i fi ca ti on  of l and u ti l i zat ion 
( Gou l d ,  1 96 5 ,  1 33 ) . Through  po l i ti cal acti on , pressure wa s exerted on  
the l arge  runho l ders to  make way for c l oser  s ettl ement of  the l and .  
The pol i cy of open i ng opportu n i ti es for l a nd hol d i ng had begun  i n  1 87 7  
wi th a L and  Act desi gned to s tem the acqu i s� t i on pri v i l eges of  l arger 
l a ndhol ders  ( Evans , 1 969 , 28 ) . Th i s mea sure accompani ed the efforts 
of the Vogel  mi ni s try to back up l and s ettl ement and i mmi grati on pol i cy 
through  s uch  i mporta n t  s teps  a s  deve l opi ng the country • s  i nfras tructure 
by the con s tructi on of rai l way l i nes a nd roads  ( L l oyd Pr i chard , 1 970 , 
1 32 ) . The ra i l ways constructed before 1 882  were a n  outcome of 
th i s  po l i cy ( Map 4 . 1 ) .  Al so  i mportant was the centra l i zati on of l and 
l aws through  the a bo l i t ion  of the prov i nc i a l  governments i n  1 876 

( Ki ng ,  l 947a , 255 ) . These  meas u res had some effect as the number of 
ho l d i ng s  i ncreased by over 1 0 , 000  between 1 874  a nd 1 880 but s l owed 
wi th the  onset of economi c depre s s i on ( Ta bl e 4 . 1 ) .  However , Gou l d 
( 1 965 , 1 34 )  hol d s  that the res u l ts  of thi s pol i cy were not much i n  
evi dence u nti l the 1 890s . Certa i n ly the total numeri ca l  i ncreas e  i s  
g reater w i th j u s t  over 1 7 , 500 new hol d i ng s be i ng  formed between 1 890 

and 1 895 . 

Wh i ·1 e  a ttempts to create smal l er farms by l eg i s l a tion  conti nued 
throug h  u nti l 1 894 ( Ll oyd Pri c ha rd , 1 970 , 1 33 ) ,  the co i nc i dence of a 
peri od o f  depressed  pr ices  for the primary products a l s o p l ayed a rol e  
i n  forc i ng the s a l e of parts o f  the l arger e s ta tes to a s p i ri ng farmers . 
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RAI LWAYS AND CH EMICAL 

F E RT I L I ZE R  P LA N TS , 
1 8 82 - 1 920 
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SOUTH LAND 

SO lOO mi 0 km 
. . . .... . .  

TARANA K I  
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N O R TH I S LAND 

L E G EN D  
rai lway bu i lt by 1 882 

>-----< railway bu i l t  af ter 1 882 

rai lway c l osed b y  1 920 

• 

• 

c hemical ferti l i zer plant 
bui l t  by 1 882 

chemical ferti l i zer plant 
bui l t  after 1 882 

chemical fe rt i l ize r  plant 
closed by 1920 
p rovincial  d i strict  
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On occas i on ,  revenue from l and sa l e s  enabl ed some i ntens i fi cation to 

be u ndertaken on the l a rge  propert i e s  as  wel l ( Go u l d ,  1 9 70 , 2 6 ) . L a ter , 
p ri ce i n crea ses  for pri mary products i n  the l a te 1 890s hel ped to 
consol i date  the di spers i on n f  farm ownershi p ( Gou l d ,  1 965 , 1 33 ) , and  
encouraged the  s pread of the more i n tens i ve l i vestock enterpri ses-

fa t -l amb rear i ng and  da i ryi ng ( M i l l er ,  1 9 50 ,  1 42 ) . Wi th  th i s trend 
came a reduct i on of average farm s i ze as i s  s hown l a ter . 

The deve l opment of  dai ryi ng too wa s dependent on the advent 
of refr i gerati on . The amounts of butter and c heese exported wi thi n 
two to three years after 1 882 equa l l ed the total  vol ume exported i n  the 
preced i ng 1 853- 1881 peri od ( Hargreaves , 1 965 , 1 28 ) . As th i s  enterpri se  
requ i red l es s  l and  than other forms of  product ion  i t  faci l i ta ted the 

I 

governmen t ' s  p l ans  for c l oser s ettl ement ( Sma l l fi el d ,  l 947a , 1 67 ) . The 
sma l l farmers who had ma i ntai ned themsel ves a t  a subs i s tence l evel were 
fi nal l y  a b l e to enter a profi tabl e e nterpri se . Da i ry cow numbers 
rose  mos t  rapi dly from 1 890 to 1 905 and conti nued to i ncrea se  to 1 9 20 
whi l e  s heep numbers fl uctuated ( Tab l e 4 . 2 ) . Though requ i ri ng l es s  
capi ta l than sheep farmi ng , dai ryi ng d i d  requ i re more l abou r .  The 

da i ry men were further h i ndered i n  a ttempti ng to overcome the poor 
q ua l i ty of  both thei r producti on fac i l i ti es and  thei r s tock  by a l ac k  
of even the  sma l l er amounts o f  capi ta l requ i red ( Sma l l fi el d ,  l 947a , 
1 67 ) . The  qua l i ty of da i ry product trans port l agged behi nd tha t of 
the l ucra t i v e  meat trade and s l owed the i ndustry ' s growth u nti l the  
earl y 1 89 0s ( Robertson , 1 939 , 1 1 3 ) .  Co-operat i on in  manufacturi ng 

prov i ded the pool i ng of  resources wh i ch  faci l i tated the great 
expans i on of dai ryi ng  from the 1 880s to the 1 920s a s  the export trade 
grew ( Ward , 1 97 5 ,  1 1 ) a nd mecha n i zati on i mproved producti v i ty 
( Condl i ffe , 1 933a , 1 63 ) . Wi th these devel opments da i ryi ng became the  
econom i c  bas i s  of  the sma l l hol d i ng s  ( Hargreaves , 1 96 6 ,  4 73 ) . 

Extens i on of Gras s l and  

Whatever the comb i nat i on of  causes , the  resu l t was  a whol e sa l e 
a s sau l t on  the ex i s t i ng ecosys tems i n  the convers i on on  freehol d 
properti e s , to crop a nd/or pastu re product i on ( Duncan , 1 962 , 1 7 3 - 1 7 5 ) . 

I t  was i n  the 1 880- 1 9 1 0  per iod  tha t the a rea  o f  i mproved l and quadrup l ed 
( Tab l e 4 . 2 ) . Some further tu s sock l a nds were p l oughed and  sown to 

gra s s  i n  the South I s l and but the mai n  expa ns i on occurred i n  the North 
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I s l a nd where forests  were fel l ed a nd burned , a nd gra s s  and root crop 
seed down i n  the a s h  among the rema i ni ng tree trunks a nd s tumps 
( Cumberl and and Hargreaves , 1 956 , 7 1 , 60 ) . A col ossa l amount of human 

effort was devoted to the creat i on of farml and , and the effort expended 
i ncrea sed after the l a te 1 860s once the Maori  upri s i ng s  had  been 
quel l ed and access had been i mproved ( John s ton , 1 961 ; Petersen , 1 9 65 , 
69-70 ) . Often enoug h  the effort  to c l ear  l and  wa s other than a 
conseq uence of economi c cons i dera ti on s . Goul d ( 1 976 , 1 1 )  descr i bes the 
i rrat iona l i ty of ma ny settl ers • a cti ons : 

there i s  muc h  evi dence of  a l i terary and  bi ograph i ca l 
character tha t p i oneers were often h aphazard i n  the i r 
ca l c u l ati on o f , or perhaps  i ndi fferent  to , the 
p rofi tab i l i ty of the work  of brea k i n g  i n  and improv i ng 
l and . ' 

Once the l and had been wres ted from i ts nati ve vegeta t i on , there 

rema i ned the probl em of how to deve l op i t  to prevent i ts revers i on 
to a l es s  product i v e  s tate . However , improvement rema i ned l es s  
i mportan t  than the extens ion o f  gra s s l and acreage unt i l 1 9 1 4  ( Sma l l 
f i e l d ,  1 947a , 1 69 ) . Experi ence gai ned i n  earl i er peri ods prov i ded some 

an swers ; i nnova t i o n  prov i ded o thers . The rap i d  i ncrea se  i s  ev i dent 
i n  the doubl i ng of sown grass l a nd acreage i n  the 1 89 0- 1 9 1 0  decade ( Tabl e 
4 . 1 ) .  

T he extensi o n  of sown g ra s s l and proceeded rapi d l y  a s  the l a nd 
was not a l ways pl oughed before sowi ng . T he ra ti o of p l oug hed to 
unpl oug hed sown gra s s l and wa s s e l dom l es s  than 1 .  The  acqu i s i ti on of 
l and  i nvol ved i ts rap i d  convers i on to gra s s  so i n  the per i ods  of  
expan s i on the  rati o decl i ned . From the  1 890s  the extent of oversowi ng 
wi thou t  p l oughi ng i ncreased mar kedly ( Ta b l e 4 . 6 ) . The revers i o n  

probl em rema i ned s e r i ou s  though  the data a re l i mi ted . Al so noteworthy 
i s  the fact that the acreage of nati ve  gra s s l and  rema i ned s ub stanti a l , 
exceedi ng the area s own unti l the l a ter war years ( Tab l e 4 . 6 ) . 

Sel ect i on of Pasture  Pl ants 

I n  the 1 850s s eed m ixtures  had been formu l ated whi ch  proved 
s uffi c i ently successful  to encourage the i r conti nued u s e  i n  the 1 880s . 

Gra s s e s  of  Engl i s h ori g i n  were sown a l ong w i th cl overs and  root crops 
such a s  turni ps , the concept of  a l l -gra s s  p roducti on  bei ng v i ewed a s  

dangerou s ( Hargreaves , 1 965 , 1 24 ) . Ryegra s s  found favour earl y wi th 
mos t  farmers a nd Dutch whi te c l over wa s i ntroduced by 1 87 1  ( Mi l l er ,  



TABLE 4 . 6  

TYPES OF GRASSLAND (THOUSANDS OF ACRE S )  1 876-1920 , AND RATI O 
OF PLOUGHED TO UNPLOUGHED SOWN GRAS SLAND 1 876- 1 9 1 0  

Tussock and Fern� Scrub� a 
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Soum Grass land: Year ' Native and Second Ploughed Unploughed Ratio 
Grasses Growth 

1 876- 7 7  .. . . 998 . 6  1 , 2 1 4 . 1 
1 880-8 1  . .  . .  1 , 568 . 6 1 , 9 88 . 4  
1 885-86 . .  . .  2 ,  793 . 3  2 , 6 7 1 . 9  
1 890-9 1 . .  . .  3 , 250 . 5  3 , 7 15 . 7  
1 895-96 . .  . .  4 , 254 . 9  5 , 0 30 . 2  
1900-0 1 . . . .  4 , 425 . 7  6 , 656 . 2  
1905-06 . .  . .  4 ,  779 . 7  7 , 745 . 7 
19 10- 1 1  . . . . 5 , 000 . 2  9 , 2 1 4 . 5  
19 15- 1 6  1 6 , 704 . 1  . .  14 , 623 . 6  
19 16- 1 7  16 , 1 5 4  . .  14 , 9 7 1 . 7  
19 1 7- 1 8  16 , 02 9 . 2  3 , 1 3 1 . 4  15 , 4 48 . 1 
19 1 8- 1 9  1 5 , 62 5 . 5  3 , 39 3 . 9  15 , 80 1 . 6  
19 1 9-20 1 4 , 89 2 . 1  3 ,  722 . 4  16 , 125 . 3  
1 920-2 1 1 4 , 99 3 . 4  3 ,  7 7 1 15 , 9 1 2 . 8 

Notes : a No t in cluding area cut for seed , hay ,  or ensi lage . 
b Ratio cal culated from s ources given below . 

Sources :  1 876-80 
1 885 
1 890  
1 895  
1 900- 10  
19 15-20 

Statistics of New Zealand ( 1 88 1) . 
Statistics of New Zealand ( 1 887) . 
Statistics of New Zealand ( 1 895) . 
Statistics of New Zealand ( 1900) . 
Statistics of New Zealand ( 19 10) . 
Statistics of New Zealand ( for years shown) . 

1 .  2 3  
1 .  2 7  
0 . 9 6  
1 .  14 
1 .  18 
1 . 5 0 
1 .  6 2  
1 .  84 

-

b 



1 947 , 25 ) .  Th i s  pa ttern fol l owed earl i er Bri ti s h  devel opments of 
m i xed cropp i ng when the v a l ue  of feed i ng root crop s to stock had 
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been estab l i s hed and the i r  rol e i n  brea k i ng up  so i l had been real i z ed 

( Chambers a nd Mi ngay , 1 9 7 0 ,  55 ) . The i mportance of l egumes i n  pa s ture 

for ferti l i ty i mprovement  had been noted i n  Engl and and the who l e  
concept of l ey ( permanent pa sture )  hus bandry had been i n troduced 
t here by the l a te s i xteenth  and ear ly  s eventeenth centuri e s  ( �ones , 
1 9 74 , 69-70 ) . The reason for i ts con tr i buti on wa s not d i scovered u n ti l 
the l ate n i neteenth cen tury , however . I t  has been sugges ted that thi s 
im i tati on of Eng l i s h experi ence wa s u n fortunate because : 

many of the Domi ni on ' s  subsequent  di ff i c u l ti es 
wi th s u�face-sown country mi ght  have been l essened 
i f  a l mo s t  tota l re l i a nce had not been p l a ced on 
perenn i a l ryegra s s  and wh i te c l over i n  the early 
sowi ng s .  ( Sma l l f i el d ,  1 946 , 544 ) 

The degree of succes s  wh i ch cou l d  be ach i eved i n  New Zea l and 
was an unknown and th i s  l ed to exper i menta t i on wi th the types  of 
s pec i es .  A wi de var i ety was empl oyed - - i t wa s noted in the Sou th 
I s l and al one that 92  s pec i es  of exot i c gra s ses  were fou nd ( C l ark , 1 949 , 
349 ) .  Though some of these  s pec i es were i n troduced acc i denta l l y  through  
the use  of undres sed or poorly dres sed seed mi xtures , many were 
tri ed del i berately to see wh i ch types  wou l d  be mos t  producti ve . By 
the l a te 1 870s  l i tt l e seed was i mported as l oca l  producti on wa s 
found to be adequate ( Hargreaves , 1 966 , 259 -260 ) .  The advantage of 
us i ng ryegra s s  a nd cocksfoot became apparent i n  the 1 850s and the benefi t 

of havi ng wh i te c l over was al so noted ( Cl ark , 1 949 , 354 -355 ) .  

Arabl e-Gra s s  Rotat ion  

Rotat i ona l  u sage of pas ture wi th cerea l s and fodder crops wa s 
accepted by the 1 870s  a s  i ts super ior  producti v i ty had been observed 
( Cl ark , 1 949 , 355 ) . The  rap i d  growth i n  green -fodder-and-root-crop 

and gra i n -crop acreages · i n  the 1 870s  s hows th i s trend ( Tab l e 4 . 1 ) .  
However , i t  had ta ken s ome ti me to deve l o p  becau se a s tabl e market  
for i ts produ ce was absen t .  Farmers g rew wha t was sa l eab l e a s  l ong 

as yi el ds  rema i ned adequa te and , even i f  those  fel l ,  cou l d  u se fres h  
l and ( Hargreaves , 1 966 , 269 ) . Fol l owi ng Bri ti s h  practi ce d i d  not 
ma ke sense u nti l markets were opened . Th i s  farmi ng practi ce persi s ted 

i n to the  ear l y  1 900s as  the norm on p l oughed l and ( Smal l f i el d ,  1 947a , 
1 69 ) . The fact that gra i n  crops  produced h i g her yi el ds  when spel l ed 
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wi th g ra s s  had a l ready conv i nced ca s h  crop producers to sow crop l a nd 

to g ra s s  and rai se  some s tock a s . a subs i d i ary enterpri se . Frequently  
c rops  were u sed a s  sources of  fodder , and i ncreas i ng l y  so a t  the  end 

of the per i od ( Tab l e 4 . 1 ) .  The ferti l i z i ng of crops must have 
contri buted to the subsequen t improvement of pastures · ( M i l l er ,  1 94 7 , 2 1 ) .  

The growi ng market for mea t s i g n i fi cant ly  furthered the trend a s  i t  
was not unti l the devel opment  of the fro zen-meat trade tha t ro tat i on 
of cereal s ,  fodder crops , and pa stures became real ly  p rofi ta bl e ( Scot t ,  
1 947 , 365 ) . 

The rotat i ona l  u se  of l a nd wa s a fami l i ar practi ce i n  Bri ta i n .  
The u se  of arabl e - grass  rota ti ons such a s  the Norfol k four-course , 
wh i c h  rel i ed on a c l ose- kn i t  cycl e of fodder , gra i n , and  pasture for the 

I 

producti on of beef ,  mutton , wool , whea t ,  and barl ey ,  was wel l establ i shed 
( Kerr i dge , 1 967 , 3 2 ) .  The e l ement i nt roduced by the m i d- 1 860s was 

\ 
the recogn i ti on of the rel a ti onshi p of manure to i ncreased produ c t i on . 
Grea ter l i vestoc k producti on  cou l d  be ach i eved through i ncrea s i ng 

the output of root crops i n  parti cu l ar from arabl e farms . The greater 
q uanti t i e s  of dung created s erved to enri ch  the soi l , so rai s i ng the 
producti v i ty of the farm for both l i vestock and gra i n .  

I n  some area s , Chesh i re for i ns tance , there was a move to 
permanent pasture empl oyi ng  drai nage a nd bone-dust ferti l i zer to rai se  
thei r producti v i ty ( Jones , 1 9 74 , 1 9 7 ,  203 ) . The  val ue  of the  ferti l i zers 

devel oped by Lawes for the root-crop component was ga i n i ng recog n i ti on 
i n  thi s system of ' h i gh farmi ng ' .  Of grea t importance to the s p read 
of the i r use  was the compl et i on of a ra i l  network wh i ch permi tted 

the q u i ck a nd i nexpens i ve tran sport nece ssary ( Jones , 1 968 , 2 0 ,  2 2 ) .  
The extens i on of  the ra i l  network i n  New Zeal and pr ior  to Wor l d War I 
( Ma p  4 . 1 )  offered the same prospect .  The major obs tac l e  to the system 
was the c l i ma t i c a l ly  rel a ted probl em of a n  i nsuffi c i ency of h i g h -
qua l i ty pastu re t o  meet t h e  needs o f  l i ve stock a l l year round . A s  
a resu l t , there was onl y  a l imi ted move i n  the better gra s s- growi ng  
area s  to  empl oy permanent p a s ture a nd fi n i s h s tock for market u s i ng 
supp l ements such  a s  oi l cake ( Jones , 1 9 74 ; 201 ) .  

Thi s deve l op i ng pool of knowl edge was acces s i b l e to settl er s  
comi ng to New Zea l and , s o  muc h  so tha t the rotat ional  u se  of  l and  was 

empl oyed even by the many s ettl ers l es s  experi enced i n  agr i cu l tura l  
producti on ( C l a r k , 1 949 , 3 58 ) . Thi s tec hn i que was u sed by settl ers  
in  the 1 850s i n  ea stern Canada ( Mahaney and Ermuth , 1 974 , 1 1 9 ) , a nd 
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g i ven the s imi l ari ty of or i g i n  of the peop l e i nvol ved , i t  can be 

a s s umed that comparabl e techn i ques were empl oyed i n  New Zea l and . The 
knowl edge tha t l egumi nou s crops benefi ted the produc t ion of cerea l s 

wou l d  have s pread i n  such  a fas h i o n .  The means  of the transmi s s i on 
of such  concepts  were s imi l ar ,  i n  tha t farmers i n  New Zea l and ,  l i ke 

those i n  Canada , formed agr i cul tural soc i eti es to di scuss  a nd compare 
the effecti venes s  of d i ffer i ng techn i ques  emp l oyed ( Mahaney and Ermu th ,  
1 97 4 ,  1 1 8- 1 1 9 ;  Sma l l f i e l d ,  1 970 , 4 6 ) . I n  New Zeal a nd such organ i zat i on s  

pres sed for the e s tabl i s hment of a government department to dea l  
wi th agri cu l tu re i n  the 1 880s ( Brook i ng , 1 97 2 ,  28 ) .  I n  1 877  the 
Can terbury Agr i cu l tura l Soci ety had publ i s hed the New Zealand Country 
Journal , the ti rst  pu re ly  agr icu l tura l peri odi cal  to appear a nd p resent  
i n formati on of rel evance to  New Zea l a nd farmi ng ( Hargreaves , 1 966 , 
464 ) .  

I n  New Zea l and the v a l ue of the root crop for fa tten i ng s tock , 
came to be recogni zed and the cul ti vati on of rape and soft turn i p s 
undertaken for th i s purpos e  i n  the 1 870s  ( Hargreaves , 1 966 , 388 ) . 
Th i s  i ncrease  accou nted for much of the rap i d  r i se  i n  suppl ementary 
fodder crops ( green a nd root crops ) seen between 1 87 1  and 1 881  ( Tab  1 e 
4 .  1 ) .  The su i ta bi l i ty of  the South  I s l and for the product ion  of  

these  crops contri buted to  i ts earl i er agri cu l tural devel opment  ( Mi l l er ,  
1 950 , 1 4 1 ) .  T h i s use  of fodder crops l ed to more sc i enti fi c farmi ng  
i nc l udi ng the  u se  of fert i l i zers and crop -rota ti on methods ( Cond l i ffe , 

1 963 , 236 ) . The i ncreas e  i n  l i vestock  producti on , parti cu l ar l y  i n  
l amb fa tteni n g ,  fol l owi ng  the i n troduc ti on of refri gerati on boos ted 

the  acreage of suppl ementa ry fodder crops ( Tabl e 4 . 1 ) .  Oddl y ,  

hay producti on  wa s rep l aced by root crops ( Tabl e 4 . 1 )  despi te the 
i ncreased ava i l a bi l i ty o f  mach i nery for hayi ng ( Hargreaves , 1 966 , 262 ) . 
O n ly  du ri ng Wor l d War I d i d  hay i ng i ncrease markedl y .  

M echani zati on  

The  proces s was fac i l i ta ted throug�  the  advent of more powerfu l 
a nd effi c i en t  mach i nery .  Of importance for croppi ng  was the  arri va l  

of  the seed dri l l  to  rep l ace the o l der broadca s t  sower , and  to  these  
dri l l s  cou l d  be added ' manure ' boxes enabl i ng seed to be sown a l ong wi th  
c hemi ca l  ferti l i zer  ( Evans , 1 956 , 5 ) . Mach i nes devel oped i n  Bri ta i n ,  
Canada , the Un i ted Sta te s  a nd Au stra l i a  were i mported and l oca l  
p roducti on wa s wel l under  way i n  the  1 880s ( Evans , 1 9�6 , 3 ) . Over 200 
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such mach i nes  were produced annual ly  i n  the col ony by 1 89 1  ( Census of 
New Zealand, 1 891 , Append i x  B ,  xxi ) .  I t  was s eed dri l l s  whi ch  were 
fi rst u s ed for ferti l i zer  spread i ng i n  the Wa i ka to (Mi l l er ,  1 947 , 29 ) .  

Th i s  i s  a s trong i nd i c a t i on of the pattern of ferti l i zer u sage wh i c h 
devel oped a t  th i s  s tage , and i t  i s  a pattern whi ch wa s ma i nta i ned i n to 
the m id - 1 900s ( McCas k i l l , 1 9 29 , 5 ) . Even though  the topdres s i ng of 
pastures had begun  by tha t poi n t ,  the importance of i t  i n  terms of the 

rel a ti ve q u a n ti ty of soi l amendments u sed d i d  not al ter u nti l the 1 920s  
( Hol ford , 1 936 , 1 69 ) . 

Soi l Amendi ng 

So i l  amend i ng had devel oped i n  conj unct ion  and wi th the exten s i on 
of cropp i ng  and wi th l ocal  and external producti on of so i l  amendments . 

I n  the yea rs  to 1 9 20 the meat-freez i ng pl ants  s uppl anted the boi l i ng

down pl a nts  as sources  of supply of organ i c ferti l i zer ( Tab l e 4 . 5 ) . 
Bone-mi l l s  were more wi dely e s tab l i s hed i n  conj u ncti on wi th these 
p l ants to p roduce the bone-du s t  u s ed wi de ly  on  annual  crops ( McCa s k i l l , 
1 929 , 8 5 ) . Domesti c producti on on ly  began to be outpaced by imports 
by the mi d - l 890s ( Tab l e s  4 . 4  a nd 4 . 5 )  as  the acreage of fodder and 
gr� i n  cro p s  began to reach i ts max imum ( Tab l e 4 . 1 ) .  I n  1 880 bone-

dust was be i ng i mported from Au s tra l i a  and the Uni ted Sta tes  a nd u n ti l 
the m i d - 1 890s , often ri val l ed the quanti ty of g uano and rock p hosphate 
imported ( Tab l e 4 . 4 ) . However , i ts h i g h  cost ,  i ncreas i ng sca rci ty , a nd 
the ri s k  of  anthrax  i nfecti on contri bu ted to i ts decl i ne ( M i l l er ,  1 94 7 , 
31 ) .  The i mporta ti on  of bone-du s t  tapered off i n  the ear ly  1 920s when 
i t  wa s rea l i zed tha t other forms of phospha te ferti l i zer were more 
effi cac i ou s  ( McCa s k i l l ,  1 929 ,  38 ) .  An adu l teration probl em pers i s ted 
so the Manure Adu l terati on Act ,  1 89 2  wa s passed to prov i de vendor 
guarantees of contents and a tes ti ng  fac i l i ty to resol ve d i s pu tes 

( Brook i ng , 1 97 2 ,  53 ; Statutes , 1 89 2 ,  276- 278 ) .  Government  determi ned 
to a s s i s t  so i l  amend i ng by prov i d i ng some guarantee of  product qua l i ty .  

The Wa i kato was the fi rst  area i n  wh i ch so i l amend i ng by top

dress i ng ( the  d i s tri b u ti on of soi l amendments wi thout  c u l t i va t i on )  of 

pa stures occurred ( Ho l ford , 1 936 , 1 68 ) . The s timul u s  for thi s a cti v i ty 
was the C ambri dge Farmers • Cl u b . At one of i ts meeti ngs  i n  1 880 a 

member presented a n  address  on the cul ti vat i on of gra s ses  i n  whi c h  he 
menti oned the Rothamsted superphospha te tr i a l s  of Lawes ( Mi l l er ,  1 947 , 
27 ) .  Th i s knowl edge a l one i s  not thought  to have promp ted the u s e  of 



topdres s i ng on pa stu re s : 

the  h i s tori ca l  record revea l s that thei r �he Wa i ka to 
farmers ' ] remarkabl e jo i nt  effort whi c h  overcame the 
d i ffi cu l ti es of Wa i ka to farmi ng was forced on them by 
c i rcumstance . . . .  The Cambr i dge sett l ers devel oped 
topdres s i ng part ly  becau se  they had heard of the 
Ro thamsted experi ments , b u t  ma i n ly  because  they had to . 
( M i l l er ,  1 947 , 1 9 ) 

1 01 

So i l , c l i mate ,  and market factors combi ned to make i ntens i ve gra s s l a nd 

farmi ng the ba s i s  of the farm enterpri se  a nd topdres s i ng u s i ng 
phosphat i c ferti l i zer wa s needed on soi l s  whi ch  wou l d  not natura l l y  
carry m i l k - produc i ng pa stures . 

The  techn i que  of pasture topdres s i ng  rema i ned l oca l , l arge l y  
because i t  wa s : 

regarded wi th deri s i on by those who had no need to do 
i t  a nd wi th s h ame by those who d i d .  ( Mi l l er ,  1 947 , 
2 7 )  

Tes ti ng methods were i nadequate and hi ndered the d i ffu s i on of the 
techn i q u e ;  yet , i ts u se  became a s soc i a ted wi th the spread of dai ryi ng , 
parti cu l a rly i n  th i s a rea of the Auckl and d i s tr i c t  ( Mi l l er ,  1 947 , 29 ) .  

The l ow returns for an ima l  products whi ch rema i ned unt i l the earl y 1 890s 
reta rded i nvestment wi th the resu l t that ' the  top-dres s i ng  wave , 
therefore , moved very gently over the l andscape i n  the earl y  years ' ,  a 
v i ew s upported i n  Sma l l fi e l d  ( 1 9 7 0 ,  46 ) ,  a nd even by 1 909 wa s but 
bei ng ' pra cti ced on a moderately wi de sca l e i n  the Auc kl and Provi nce ' 
( Hol ford , 1 93 6 ,  1 68 ) . Pri ce r i ses  from the l a te 1 890s  a re c l a i med to 
have p romoted fac i l i ti es a nd the purchase of  ferti l i zers ( Sma l l fi e l d ,  
1 947b ,  2 7 1 ) but the l ack of s ta t i st ica l  i nforma t i on concerni ng ferti l i zer 
use e l i mi nates  a c l o ser exami na ti on of the s pread of the techn i qu e  unt i l 
the l ate 1 920s . 

The  concern for the ma i ntenance of so i l  ferti l i ty was be i ng 
commun i ca ted nonethe l es s .  Farmers  had d i rect experi ence wi th l and  
revers i on , a probl em of s ubstanti a l  proport i on , as  i t  was found tha t 
the h i gh-ferti l i ty-demand i ng sward of Eng l i sh cl overs a nd grasses  
cou l d  not be  ma i nta i ned on i nferi or so i l s  ( Gou l d ,  1 97 6 ,  8-9 ) . By 

1 900 the carryi ng capaci ty per a cre .and butterfat product i on were not 
h i gh  on  exi s ti ng g ra s s l and ( Sma l l fi el d ,  1 947b ,  270 ) . P roduc t i on 
depended on the cu l t i vati on of  root crops to prov i de s upp l ementa ry 

feed ( Da i ry I ndustry Commi s s i on ,  1 934 , 1 3 ) . Stock numbers on 



unpl oughab l e l a nd :  

before the days of ferti l i zers to i nduce cl over growth ,  
. . . were rare l y  l arge enough to prov i de the amount  of 
n i trogen enri chment  req u i red for con ti nued hea l th growth 
of the e s ta b l i s hed sward . (Gou l d ,  1 976 , 2 1 ) 

The resu l t  was : 

The  nat iona l  average i n crea se i n  the n umber of s tock  
u n i ts per acre was brought  abou t on ly  because  the  rate 
of format ion  of sown pas tures wa s suffi ci ently rap i d to 
offset  and more than offset  the deteri orat ion wh i c h  
occurred o n  each s epara te type of gra s s l a nd ,  both exoti c 
and  nat i ve . ( Goul d ,  1 976 , 1 9 ) 

1 02 

At thi s s tage , res earch i nto correct i ng the probl em centred on fi nd i ng 
, 

su i tab l e  gra s se s  wi th l ower ferti l i ty req u i rements to create permanent 
pa s tu re s  on poorer l and ( Sma l l f i e l d ,  1 947a , 1 69 ) . The move to 
improv i ng soi l ferti l i ty on s uch  gra s s l and  had not yet occurred . 

SCI ENT I F I C  I NVEST I GAT ION OF  AGR I CULTURE 

Sci enti f i c adv i ce was deve l opi ng i n  New Zeal and i tsel f as , by 
the 1 870s , the need for a sci enti fi c approach to agr i c u l tu re and the  
i napp l i ca bi l i ty of the i nforma ti on ava i l ab l e  from abroad had become 
evi den t ( Hargreaves , 1 966 , 463 ) . I ts devel opment and d i ssemi nat ion  
wa s due  to  the e s tab l i s hment  of a number of  i nst i tut i on s  and  programs 
to a s s i s t  farmers . 

Teach i ng I n s t i tut i on s  

T h e  empha s i s o n  educati on wh i c h  wa s devel opi ng i n  Bri ta i n 
( Perk i n ,  1 97 2 , 290-302 passim ) was brought  to the col ony . A tert i a ry 
l evel of educati o n  was i ntroduced and i n  1 87 2 ,  a s  part · of the Canterbury 

Uni vers i ty Co l l eg e , a School of Agri cu l ture was establ i s hed wi th 
1 00 , 000 a cres of l and  set a s i de by the Provi nc i a l  Cou nc i l  for i ts 

endowmen t  ( Wa l l a c e , 1 891 , 1 62 ) . However , the bu i l di ng s  at  L i ncol n 
were not compl eted u nti l 1 880 , when 1 6  s tudents were admi tted . The 
number of  s tudents  n ever rose  a bove 4 1  a nd by 1 888 had  retu rned to 
the . 1 880 l evel ( �Ja l l ace , 1 89 1 , 1 62 ) . A Roya l Coll1l1i s s i on was i nst i tuted 
i n  1 888 to make i nq u i r i es i nto condi t ions  a nd make recommendat ions  for 
thei r i mprovement .  The a im  of ra i s i ng the s tandard of techn i c a l  
educat i on  o f  farmers • sons  h a d  not been met because of  t h e  h i g h  
fees charged . T h e  s econd a i m  o f  conducti ng experiments was � not  



carri ed  o ut  to a ny great extent for l ack  o f  money ' ( Wal l ace , 1 89 1 , 
1 63 ) . These a i ms were met subsequentl y and  the opportun i ty for 

pract i ca l  educa t i on expanded when the Department of Agr i cu l ture 
undertook to g i ve i n s tructi on to young farmers on three of i ts 
exper i mental  farms i n  the North I s l and (ARDA3 1 9 1 23 9 2 ) . 

l 03 

A fortuna te devel opment at Canterbury Agri cul tural  Col l ege 
( u sua l ly referred to a s  L i nco l n  Col l ege after i ts l oca t i o n )  wa s the 
appoi n tment i n  1 880 of W . E .  I vey a s  i ts D i rector . An i nterest  of  h i s  
was the i nvesti g a t i on o f  ferti l i zers . I n  fact , he i s  thought  to have 
i n troduced superphosphate to New Zea l and by importi ng  1 5  tons  of 
Lawes ' brand i n  1 881 for experi mental work  ( Evans , 1 969 , 200 ;  

McCa s k i l l ,  1 929 , 4 1 , 1 04 ) . T here wa s l oca l recogni t ion of the need 
for fert i l i zers to prevent so i l nutri ent  exhaustion  and , at the 
Canterbu ry Agri cu l tural Co l l ege , I vey ' s  s uccessors promoted the u s e  
o f  ferti l i zers , s u perphospha te i n  parti cu l ar , o n  wheat crop s ( Scott , 
1 947 , 365 ) . 

Da i ry I n s truct i o n  Serv i ce 

I n  addi ti on  those at  the Col l ege , i ns tructors had been 
appo i nted s i nce 1 883 to a s s i s t  i n  the agr i cu l tural s ector . I n i ti a l ly  
they on ly  prov i ded i nformat i on on  dai ry-factory des i gn a nd · operat i on_ 

( P h i l po t t ,  1 9 37 , 48 ) .  The Agri cul tural Branch of the C rown Lands 
Depar tment was organ i zed i n  1 886 spec i f i ca l l y to ass i s t da i ryi ng  a nd 
as  we l l a s  fru i t produc ti on ( Broo k i ng , 1 972 , 29 ) .  Then the i n s truc
ti on serv i ce was  expanded to become both practi cal a nd permanent i n  
1 889 . Da i ry a s soc i a ti ons , d a i ry-factory managers ' conferences and  the 
esta b l i shment of  a j ournal on  dai ryi ng i ndustry probl ems were the 
outcome of  the i ns tructors ' efforts ( P h i l pott , 1 937 , 7 3 ) . Schoo l s 
of o ne month ' s  d urati on were a l so i nst i tuted i n  1 895  i n  both i s l ands  
but a permanent s chool wa s not founded ( Ph i. l pott , 1 937 , 9 3 ,  1 05 ) . 
Farmers were presented wi th i deas deri ved l ocal ly  and wi th those 
adop ted from a broad at a very early s tage  i n  the devel opment of N ew 
Zea l and da i ryi ng  ( Duncan , 1 933 , 5 ) . Before 1 881 , s uch  government 
enco u ra gement was ' rel uctant ly  ta ken ' ( Hargreaves , 1 96 6 , 464 ) . The 

prospec ti ve econom i c  s i gn i fi cance of i n ten s i ve l i vestock  product i on 
broug h t  a new a tt i tude . 
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Experi mental Fa rms 

The concept of exper imenta l  work was impressed upon the Government 

when i n  1 892  a separate Department  of Agri cu l ture was formed and based 

on the concept devel oped i n  Bri ta i n  and North Ameri ca ( Brook i ng , 1 97 2 , -
29 ) .  L i ttl e forma l experi mentati on had been undertak�n previ o�s ly  for 

the agr i cu l tural  a nd pasto ra l  soc i et i e s  d i d not  have the fund i ng  
needed ( Hargreaves , 1 96 6 ,  463 ) . Experimental work was encouraged 
at  the Moumahak i  Experimen ta l Sta t i on set up i n  1 894 near Waverl ey 
i n  the North I s l and .  Wi th encouragement  from agr i cu l tura l and  pastora l 
soc i eti es ,  fi e l d tri a l s were organ i zed u s i ng vari ous ferti l i zers i n  
var i ous  comb i nat i ons on v a r i ou s  crops to l earn whi ch proved mos t  
su cces sful ( McCa s k i l l ,  1 929 , 1 06 ;  Evans , 1 969 , 201 ) .  Th i s work  wa s 

devel oped pr i nc i pal ly  after 1 900 wi th the f i e l d- tr i a l  program bei ng 
expanded to cover 600 p l ots  i n  1 908 ( McCask i l l ,  1 929 , 1 08 ) . Add i t i ona l  
experi menta l farms were acqu i red in  the North I s l and to broaden the 
areas of i nvesti g a ti on by i nc l ud i ng d i fferent so i l  types and d i fferent  
farm enterpri s es ( Evans , 1 969 , 201 ) .  I t  wa s a t  the farm a t  Rua kura 
i n  1 904 that topdres s i ng tri a l s  u s i ng ba s i c  s l ag were i n i ti a ted 
( Ho l ford , 1 936 , 1 68 ) . 

Thi s tri a l  was promp ted by the Wa i ka to Farmers • C l u b  u nder _ the 

ausp 1 ces of the Auc k l a nd Agri cul tura l and Pastora l Soci ety .  Here was 
an i nd i cat ion  of  the i nteres t of area farmers i n  the techni que  and  
i n  the experi mentat ion  undertaken . Wa i kato farmers came to trea t 
topdress i ng a s  seri ous l y  a s  Southl and farmers treated l i mi ng , and  they 
obta i ned an  econom i c  advantage over thei r competi tors  i n  Tarana k i , 
Manawatu ,  and South l a nd ( Mi l l er ,  1 947 , 3 1 ) .  The res u l ts of the 
experimentat i on ,  i s sued i n  a Department of  Agri cu l ture repor t  i n  
1 908 , i n i ti a ted i nterest e l s ewhere and prompted a change from Wai ka to 

mi xture ( equa l  parts of bone-dus t ,  s u perphosphate, a nd guano ) to ba s i c  
s l ag a s  the preferred topdress i ng  materi a l  ( M i l l er ,  1 947 , 3 1 , 2 7 ) .  

Other pas ture topdres s i ng tri al s were carr i ed out  a t  the Waerenga and  
Moumaha ki  farms , wi th the  tri a l at  the l a �ter desi gned a l ong the l i ne s  
u ndertaken a t  Cockl e Park  i n  Bri ta i n  (ARDA . l '908� 330 , 367 , 349 ) .  The 

t ran smi s s i on of i nforma t i on on research  methods and fi ndi ngs  from 
I 

Bri ta i n  was ev i dent  i n  t h i s  work . The i mportance of bas i c  s l a g  a s  
a ferti l i zer was su pported by the Waerenga tr i a l , b ut  the resu l ts a t  
Mouma ha k i  were v i ewed a s  d i sappo i nti ng  (ARDA , l 9083 33 1 , 368 ) . 

D i fferences  i n  so i l resources were thus  becomi ng recogn i zed . 
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Research on  Gra s s l ands  

Al though  the  g rowi ng gras s l a nd bas i s  of the  coun try ' s  agri cu l ture 

was c l ea r ,  i t  was on ly  i n  the f i r s t  two decades  of the century tha t a 

systemat i c s tudy of the country 1 s  pastures and pasture p l ants was 
begun by s c i enti s ts ( Sma l l fi e l d , l 947a , 1 6 7 ) . The forma ti on of the 

Departmen t of Agri c u l ture prov i ded the i ns ti tu ti onal framework wi th i n  
wh i c h  a number of sc i enti sts concerned wi th a g ri cul ture cou l d  work a nd 
cou l d  commu n i cate the i r  thoughts both to other sci enti s ts and  to the 
publ i c .  

B . C .  Aston , Chemi s t  to the Department  of Agri cu l ture , from 1 899 
encouraged the searc h for sources  of phospha te and a ppea l ed for the 
i nst i tu t i on  of  a f i e l d tri a l  p rogram ( Sma l l fi e l d ,  1 947b , 2 75 ) . Thi s 

program was begun  wi th  groups of fa rmers  on the west coa s t  of the North 
I s l and i n  1 908 (ARDA� 1 908 , 320 ) . The F i e l d s  D i v i s i on was organ i zed by 
E . C . Cl i fton to i nc l ude experi menta l  work  on l a rge exper imenta l  farms 
before 1 9 1 6  ( Sma l l fi e l d ,  1 970 , 2 ) . The experi menta l - farm work  wa s 
l oosely i n tegrated i nto the research and i ns tructional serv i c es wh i c h 
were the ma i n  work of  the Departmen t .  Thi s i n tegrati on brought  about 
the gradua l  e stabl i s hment of an  i n s tructi on  s erv i ce ba sed on  the tra n s 
mi s s i on of accura te i nformat ion--a  bas i c  el emen t i n  i mprovement i n  

farmi ng ( Sma l l f i e l d ,  l 947b , 275 ) . From 1 905 on , through  th i s network ,  
Cl i fton a dvocated the  u se of topdress i ng  a s  a means of i mprov i ng annual  
pasture p roducti on a nd g i v i ng pas tures a l onger l i fe ( Smal l fi e l d ,  1 947a , 
1 69 ) . I n  a ddi ti o n ,  A . H .  Cockayne was engaged a s  an a ss i s tant  bi o l ogi s t  
i n  the B i o l ogy Sect i on and through  h i s  concern for the devel opment of 
pasture p l ants by p l ant  breedi ng , hel �ed to l ay· the founda t i on for 

work i n  s eed tes ti ng and gra s s l ands research ( Evans , 1 960 , 4 ,  5 ) . 

The pub l i cati on  i n  1 9 1 0  of the Journal of the Department of 
Agricul ture [ from 1 9 1 3  Journal of Agriculture] was an i mportant  s tep  i n  
d i s semi nat i ng the v i ews of these  men a nd a ttracti ng a ttent i on  to 
work  bei ng  done ( Evans , 1 960 ,  4 ) . I nforma t i on  prev i ou s l y  pub l i shed 
only once a year i n  the Annual Report becpme ava i l ab l e  on  a month l y  
ba s i s  and a t  a l ower cost .  The v a l ue o f  i nformation  d i s semi nat ion  was 
seen by the  authori t i e s  i n  the Department of  Agri cu l ture and  they 
undertook a n  acti ve  campa i gn to ga i n  subscr i bers . By 1 9 1 2 ,  7 , 000 

farmers were rece i v i ng the Journal of Agriculture and i t  wa s bei ng 
d i s tr i bu ted to l i bra ri es , teachers ' engaged i n  agri c u l tura l i ns tructi on • , 
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and  exchanged • for the pub l i cati ons fore i gn Departments of Agri cu l ture 

a nd for the reports of wor kers i n  the fi e l d of agri cu l tural s c i ence • 
(ARDA� 1 9 1 2� 1 35 ) . Furthermore , the work prepared was the bas i s for 

the wri ti ng of textbooks dea l i ng wi th New Zea l and condi t ions  s pec i f i c .  
These books  repl aced those  fore i gn texts whose i dea s were no t a l ways 
app l i cabl e ( Sma l l fi e l d ,  1 947b , 275 ) . 

The u t i l i ty of the experimenta l  work  was q uesti oned i n  that no 

overa l l  a s ses sment of the res u l ts obta i ned was made unti l tha t by 
Hi l gendorf i n  1 9 26 ( Evan s , 1 969 , 202 ) . The l ac k  of experi ence by 

fa rmers i n  a pp l y i ng the s u s ta i n i ng tri a l s s c i ent i fi c methods for more 
than  one year and  the  i nadequacy of . s tat i s ti ca l  techn i ques  to  deal 
wi th mu l t i v ar i·a te prob l ems reduced the certa i nty wi th wh i ch concl u s i ons  
cou l d be a pp l i ed ( Evan s ,  1 9 69 , 201 , 202 ) . The va l ue of u s i ng so i l 
amendments wa s not ful ly  recogn i zed by Worl d · War I ( McCa sk i l l , 1 929 , 
1 09 ) . St i l l , the  use  of ferti l i zers d i d i ncrea se  ( Tabl e 4 . 4 ) . Whereas 
i n  1 890 over 1 3 , 200 tons  were imported , i n  1 9 1 0  the total had 

ri s en to a l most  75 , 300 ton s  ( Tab l e  4 . 4 ) of l arge ly  phosphat i c ma ter i a l , 

wi th su perpho spha te bei ng the domi nant k i nd i n  quanti ty ( Tabl e 4 . 7 ) . 

The genera l l y  r i s i ng trend conti nued i nto the war years  ( Tab l e 4 .4 ) . 
The i n crea se  i n  u se  corresponded wi th an  i ncrease i n  the  number 

of f i el d-tri a l  p l ots . I n  1 9 1 2  some 400 farmers  l a i d  by 5 , 205 p l ots  
(ARDA� 1 9 1 2� 8 7 ) and i n  1 9 1 5  the  number of pl ots reached 1 0 , 000 
( Evan s , 1 969 , 2 02 ) . McCa s k i l l  ( 1 929 , 1 0 ) observed : 

The i ntere s t  of  farmers  i n  the u s e  of ferti l i zers 
had certa i n ly  been arou sed but  there seems to have been 
no a ttempt  to arri v e  at genera l conc l u s i on s .  

Root crops , a nd green fodder crops were treated i n  th i s way unt i l 
the  Worl d War I p eri od a s  they were needed for s u ppl ementary feed i ng 
i n  the meat and  da i ryi ng enterpri ses . Research i n to obta i n i n g  h i g h  
y i el ds from them was important to offset  the greater cos t of  produc t i o n  
( Smal l fi el d ,  l 947a , 1 75 ) . The i nves ti gati on o f  topdres s i ng by these 
tr i a l s ,  • probab l y  d i d  muc h  to popu l ar i ze �op-dres s i ng th�se [ i n  the 

North I s l and ] . . . . I n  a ny case  top -dres s i ng rap id ly  became a n  

e stab l i s hed pract i ce  i n  a l l da i ryi ng d i s tr i c ts • ( McCas ki l l ,  1 9 29 , 1 1 8 ) , 

b u t  pr inc i pal l y  the Wa� k a to and Tarana k i . 
The r i s e  o f  the da i ry i ndus try resu l ti ng from the i n troducti on  

of  su i tab l e mari ne transport and  the ava i l ab i l i ty of a seri e s  of  
techn i ques  to  boost  product ion  l evel s and qua l i ty contro l , a l so  



Year Basic ending Bone-dust Slag 31 Mlrch 

1907-08 9 , 637  1 , 980 
1 908-09 9 , 143 4 , 3 2 1  
1909- 1 0  1 2 ,  1 7 7  5 , 0 1 3  
1 9 10- 1 1  1 1 , 058 8 , 670 
19 1 1- 1 2  1 0 , 799  1 6 , 227  
1 9 1 2- 1 3 9 , 28 1  20 , 1 33 
19 1 3- 14  6 , 578  30, 350 
19 14- 1 5  7 , 966 29 , 38 5  
1 9 1 5- 1 6  1 0 , 059 1 0 , 339 
1 9 1 6- 1 7  1 0 , 386 6 , 660 
1 9 1 7- 1 8 6 , 363 10 
1 9 1 8- 1 9  3 , 4 68 -

19 19-20 6, 2 7 2  2 , 7 59 
19 20-2 1 4 , 440 1 0 , 823  

--

Notes : a Rock phospha te . 

TABLE 4 . 7  

TONNAGE OF PHOSPHATE IMPORTS 1907- 1 9 20 

Super- Ephosb a Other phosphate Rock 

1 5 , 248 8 , 637  - 1 , 474 
2 1 , 9 10 1 2 , 030 - 2 , 1 7 7  
2 5 , 2 28 6 , 088 - 3 , 764 
2 7 ' 44 2 1 5 , 963 - 8 7 1  
3 2 , 567  2 2 , 050 - 1 , 1 05 
32 , 964 2 5 , 033 - 1 , 4 5 3 
4 1 , 582 22 , 093  100 1 , 105 
54 , 190 2 3 , 983 - 1 , 527  
58 , 0 1 3  39 , 36 6  2 , 026 3 , 04 5  
3 1 , 9 62 24 , 993  8 , 6 1 4 7 5 1  
37 , 1 5 7  3 7 , 037 1 1 , 2 25 676 
2 1 , 4 00 3 1 , 35 1  - 200 
1 5 , 84 2  38 , 8 6 1  1 5 , 000 825 
40 , 7 3 1  70 , 208 10 , 8 10 1 , 033 

b Rock phosphate impor ted from Egypt . 

Source:  McCaskill ( 1 9 29 , 55 ) . 

Tot.a l Total 
AU Soil Phosphates Amendments 

36 , 9 76 4 0 , 8 59 
49 , 58 1  56 , 3 5 5  
5 2 , 270  60 , 9 6 7  
64 , 004 7 2 , 099 
8 2 , 768 94 , 296 
88 , 764 1 00 , 60 1  

1 0 1 , 808 1 14 , 2 14 
1 1 7 , 05 1  1 30 , 599 
1 2 2 , 848 1 34 , 002 
8 3 , 366 9 5 , 1 70 
9 2 , 468  9 2 '  236 
5 6 , 4 1 9 5 7 , 350 
79 ' 759 8 0 , 833 

1 38 , 045 1 42 , 357 

Phosphate 
Percentage 

90 . 5  
87 . 9  
85 . 7  
90 . 1  
87 . 7  
8 7 . 2  
89 . 1  
89 . 6  
9 1 . 7  
8 7 . 6  
99 . 2  
9 8 . 4  
9 7 . 0  
9 7 . 7  

I 
I 

I 

0 
---.J 
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prompted a greater u se  of soi l amendments - -the use  of pasture topdress i ng 

i n  part i c u l a r .  I t  wa s estima ted i n  1 9 1 2  tha t topdress i ng accounted 

for 40 percent of the  use of i mported ferti l i zer  ( McCa s k i l l ,  1 929 , 
1 30 ) . The  trend to empl oy ferti l i zers wa s certa i n ly  growi ng not 

only i n  the North I s l a nd but a l so i n  the South I s l and ,  even though  

the  empha s i s  i n  the research had  been i n  s o l v t ng the  pasture probl ems 
encountered i n  the former i s l and . 

The management of gra s s l a nd bega n to be exami ned as  topdres s i ng 
was practi ced . I n i t i a l l y ,  hay f i e l ds were trea ted bu t soon , fi e l d s  

used pr i nci pal l y  for graz i ng were a l so i nc l uded i n  the topdres s i ng 
program . The res u l ts  of the treatmen t encouraged the adop ti on of 
other  management  practi ces s uch  as  the harrowi ng of an ima l  dropp i ngs  

to g i ve a more even  d i str i buti on over the  f ie l ds , the uti l i za ti on  of 
hea v i er stock i ng to achi eve s horter pasture growth so encourag i ng  

greater cl over pers i s tence and  the subdi v i s i on of the farm i n to 
sma l l er fi el d s - - the bas i s  for rotat iona l  graz i ng whi c h  wou l d  promote 

a g rea ter uti l i zati on of the pasture growth crea ted by topdres s i n g  
( M i l l er ,  1 947 , 3 1 ) .  

By 1 904 the  demand for bone-du st  i n  the Auckl and d i s tr i c t  was 
greater than the s u pply and l ed to the s uppl ementary use of a n i ma l  

s u perphosphate ( McCask i l l ,  1 929 , 1 30 ) . Another mi neral p hos pha t i c  
ferti l i zer , ba s i c  s l ag ,  a der i vati ve of  the Bes semer method of  s teel 

ma nufacture , had been i ntroduced i nto New Zea l a nd i n  1 891 , o n ly  s i x  
years after the early i nvesti gati ons  o f  i ts useful ness  a s  a fert i l i zer 

by Wri ghtson and Munro · i n  Engl and ( McCa s k i l l ,  1 9 29 , 39 ) .  I ts u s e  
i n crea sed rap i d l y  to 1 9 1 5  ( Tabl e 4 . 7 ) .  

Another experimenta l s tation , Cock l e  Park , had been e s ta bl i s hed 
i n  1 896  on  the l i nes  of Rothamsted to eval uate the u ti l i ty of bas i c  
s l a g  ( Mi l l er ,  1 947 , 29 ) . Experi men tat i on aga i n  fol l owed the commerc i a l  
d i s tri buti on  of  the ferti l i zer .  However , there were i nnovat i o n s  i n  
the  techn i ques  empl oyed . L i vewei ght  g a i n  wa s u sed for the mea sure of 
g ra s s l and producti on so that the qua l i ty of the herbage produced , not 
j u s t  i ts qua n t i ty cou l d be  as sessed . Many of these advances can  be 

a scri bed to the growi ng a�prec iati on  of  the i n teracti on between 
l i vestock  a nd gra s s l and . 

The u s e  of an ima l s l ed to the c l oser eval uati on of the rol e of 
heavy s tock i n g  i n  promoti ng grass  growth . Th i s p henomenon was a l ready 
known , bei n g  the bas i s  of Bri ti s h  1 h i gh farmi ng • , but  the effec t was 
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now mea s ured . S i mi l arly ,  the need for c l ose graz i ng to prevent  the 
wea ken i ng of c l over growth was found through  observati on of the l egume s  

i n  t h e  experi mental pl ots ( Mi l l er ,  1 94 7 ,  30 ) . 

The rol e of the p l ants  i n  gra s sl and product ion  came under cl oser 
scru t i ny .  I n  1 886 Hel l r i ege l  and Wi l farth i n  Germany had d i scovered 
the ro l e  of c l overs i n  f i x i ng atmospheri c n i trogen . I n  the Cockl e 

Park  experi ments i t  was confi rmed that c l over had an i mportant  part 
i n  p romoti ng l i ve stock wei g h t ,  when dec i ded i ncrea ses occurred where 

wh i te c l over was i ntroduced i n to the sward ( Mi l l er ,  1 947 , 29 ) . 

Furthermore , the exper imenters engaged i n  thi s work contri buted thei r 
observa ti ons on the importance of the 
sward . Pers i � tent  wh i te c l overs were 

from o l d ,  establ i s hed pas tures onl y .  

p l ant  s tra i ns present i n  the 
acqu i red by ut i l i z i ng seed 
The se l ecti on of l eafy ,  

pers i s ten t gra s s es wa s emphas i zed , and i t  i s  noteworthy that New 
Zea l and  s tra i ns  of  ryegra s s- and cocksfoot were empl oyed (Mi l l er ,  1 947 , 
30 ) . The gra s s l and poten t i a l  of the co l ony was bei ng recogni z ed by 
s c i ent i fi c res earch i n  Bri ta i n .  Commun i ca ti ng such i nformati on  was a 
k ey ro l e  of Br i t i s h  sci ence i n  the gras s l a nd technol ogy of New Zea l and . 

SOURCES OF SO I L  AMENDMENTS 

The advance of sc i enti f i c  agri cu l ture a nd the g rowi ng recogn i ti on 
of the need to deve l op soi l ferti l i ty brought  the growth of a so i l 
amendment producti on i ndustry .  

Ferti l i zer Product i on 

The mea t-pack i ng p l a n t s , us i ng b l ood-deri ved m i xtures , a t  f i r s t  
s u ppl i ed the l oca l  market wi th a l mo s t  a l l o f  the i ts n i trogenous  
ferti l i zers . B l ood manure and  bl ood- and-bone wou l d  account for mos t  
of  the product i on  l abel l ed a s  ' other ' i n  Tabl e 4 . 5 . I t  wa s not  unt i l 
1 889 , however , that  p l ants  were p l a nned i n  wh i c h u se  was made of  
process by- products ( McCas ki l l ,  1 9 29 , 86 ) .  

I n  1 880 the  government was made aware of the need for phos pha te 
ferti l i zer to be  manufactu red i n  the col ony i tsel f .  The Co l on i a l  
I ndustri es Comm i s s i on created i n  Augu s t ,  1 880 recei ved a s ubmi s s i on 
from E .  Pre s s er of the Kempthorne ,  Pre s s er a nd Co . ' s  New Zea l a nd 
Drug Co . Ltd . ( hereafter referred to a s  Kempthorne , Presser  and  Co . ) 
o f  Dunedi n s t a t i ng  the need for l ocal production  of s u l phur i c ac i d :  



For agri c u l tura l  manure a l one i ts s u l phur ic  ac i d ' s  
manufacture wou l d  be of i mmense va l ue to the future 
agri cu l tura l i ntere s ts of the col ony ,  a s  i t  becomes 
a neces s i ty to keep up the ferti l i ty and producti venes s 
of  the so i l . ( Co l on i a l  I ndustri es  Commi s s i on , 1 880 , 
8 2 )  

Thi s v i ew was supported by a s ubmi s s i on from a l oca l producer of 
s u l p hu r  expl o i t i n g  the Whi te I s l and depos i ts ( Co l oni a l  I ndus tri e s  
Comm i s s i on ,  1 880 , 1 27 ) . 

1 1 0  

The Commi s s i oners were suffi c i entl y i mpressed to recommend tha t 

a bonu s  be offered to the f i r s t  l oca l manufacturer of s u l phur i c ac i d 

a s  i t  ' enters so  l argely i n to vari ou s manufactures a nd arti fi ca l  
man u res ' ( Co l o n i a l  I ndustri es  Commi s s i on , 1 880 , 1 2 ) .  I n  February 1 881 , 
thi s bonus of £ 500 per annum for three s ucces s i ve years wa s offered to 

the l ocal  manufa c turer who , u s i ng machi ne ry based i n  New Zea l a nd pro
duced ' not  l es s  than 50 tons  of su l p hur i c ac i d  of good marketa bl e 
q u a l i ty '  ( Gazette, 1 881

.
, 2 27 ) and thi s bonu s  wa s col l ec ted by 

Kempthorne , Prosser  and Co . i n  1 882 ) . Production  had begun a t  the 
Bu rns i de chem i ca l  p l ant near Dunedi n ,  a nd as  an  adj unct to the ac i d  

manufacture came the l oca l  p roducti on of s uperphospha te i n  1 881  (Fert. 
J. 3 l 9 55c , 8 ) . The i n i t i a l  p roducti on  was not soph i st i cated as ' the 
mac h i nery u sed cons i s ted of wheel barrows and s hovel s wi th hoes u sed 

as mi xers ' ( ?5 Years of Life3 1 9 54 ) . By 1 885 , a t  thi s p l ant  and a t  

another company ' s  set  u p  i n  1 882 a t  Bel fas t  ( Scott , 1 947 , 365 ) , 4 24 
tons of superphosphate were p roduced . ( Statistics of New Zealand3 
1 886 , Part I V ,  283 , footnote ) .  There were four other chemi ca l p l ants  
i n  the col ony at that t ime ( Tabl e 4 . 3 ) , but no note was made of thei r 
e n teri ng thi s trade . They may , however , have accounted for some of 

the 1 , 850 tons of ' arti fi c i a l  manure a nd bonedus t '  p roduced by chemi cal  
p l ants  i n  1 88 5  (Statistics of New Zealand3 1 886 , Part I V ,  283 , 
footnote ) .  

Bone-mi l l  opera tors  apparently u ndertook  to produce some super

phospha te , pres umab ly  u s i ng bones , a s  had been the p attern earl i er 
i n  Br i ta i n ;  for ,  i n  1 89 0 ,  bone-mi l l s  produced 43 tons  o f  th i s produc t .  
The chemi ca l  p l a n ts produced 599 tons i n  that same year a nd i t  was the 
l as t  recorded o utput  from the bone-mi l l s .  I n  fac t ,  the c hemi ca l 
p l ants p roduced 1 , 003 tons of  bone man u re a s  compared w i th the bone
m i l l s '  outp u t  of 644 tons  of bone-du s t .  ( Statistics of New Zealand3 
1 892 , Part I V ,  323 , foo tnote ) .  The c hemi ca l  p l a nts conti nued to 
expand the i r producti o n  to 8 , 000 tons by 1 895 (Statistics of New 
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ZeaLand3 1 896 , Part  V ,  4 1 5 ,  footnote ) .  A l though  th i s  q uanti ty wa s 
more tha n doubl ed to 1 8 , 209 ton s  for the l a st  recorded year of pro
duct i on ,  1 905 , there was a marked s l ump to 5 , 632 tons i n  1 900 . 

(Statistics of New ZeaLand3 1 90 2 ,  Part I V , 41 5 ,  footnotes ; 1 906 , Part  
I V ,  4 7 3 , footnote ) .  

Local produc ti on cou l d  not keep pace wi th l oca l demand even 

though  the number of chemi c a l  p l ants i ncreased . Superphosphate wa s 
i mp orted from Er.gl and from a t  l east  1 880 ( McCask i l l ,  1 9 29 , 4 1 ) .  I n  

the ca se  of Kempthorne , P ro ss er and Co . ,  a second pl ant  to manufacture 
superphospha te was bui l t  i n  Westfi e l d ,  near Auckl and , in 1 887 to 
mee t reg i onal  demand generated there ( 75 Years of Life3 1 9 54 ) . Thi s 

move certa i n ly  i nd i ca ted a wi l l i ngness to l oca te pl ants where i t  was 
fel t demand was g rowi ng mos t  rap i dl y .  The l ocati on of  a p l ant  at 
Wes tfi el d i nd i ca ted the r i se  of so i l - amend i ng practi ce , i nc l ud i ng  

p a s ture topdres s i ng in  the  . Wa i kato ,  a s  we l l  a s  the  i mportance of ra i l 
ways to transport thi s bu l ky materi a l  to cons umers . I n  a l l ca ses  
p l a nts were cons tructed near  major port  c i ti es on  ra i l  l i ne s  ( Map  4 . 1 ) .  

Local  Producti on  of Phospha tes 

Local  p roduct ion  l i mi tati ons s temmed , i n  pa rt , from the 

re s tr i c ted l oca l  supp ly  of p hosphates , apart from that obta i nab l e from 
the  s l aughter of an ima l s .  S ome guano wa s mi ned i n  the l a te 1 880s from 
depos i ts found near Akaroa  i n  the South  I s l and but the quan t i ty was 
l i mi ted ( McCa s k i l l ,  1 9 29 , 6 5 ) .  Attempts  to l ocate expl o i tab l e 
q u anti ti es  of rock  phospha te were reported i n  the s ame peri od . The 
Col on i a l  Ana l ys t  l ocated a sma l l depo s i t i n  Nel son i n  1 885 ; yet i t  

wa s not unti l 1 896 that the Government  u ndertook to offer a bonus  of 
£200 for the d i scovery of  a s u i tab l y  ri ch , acces s i b l e depos i t  ab l e to 
meet ordi nary demands for fi ve  years ( Gazette3 1 896 , 1 251 ) .  Desp i te 
muc h  expl orat i o n  by i nteres ted parti es , i t  was not unti l 1 90 2  that the  
bonus was awarded to  R .  Ewi ng for hi s d i scovery of the depo s i ts a t  
C l arendon , not too di s ta n t  from the M i l burn l i me s ource ( Ma p  4 . 1 ) .  

Product i on  began there that year and the phospha te wa s be i ng 
ra i l ed to Kempthorne , Pros ser and Co . p l ant  at  Burns i de .  Some was  
u ti l i zed for s u perphosp ha te and the  rest  ground for sa l e . · Some 

1 2 1 , 000 tons were produced by 1 920  ( Tab l e 4 . 8 ) , b u t  onl y  s i x  years  
l a ter mi n i ng  ceased a s  i mports made i t  u neconomi c to conti nue  pro
ducti on and t he  C l arendon p l ant  was c l o sed ( McCa s k i l l ,  1 929 , 67 , 68-69 ) .  



TABLE 4 . 8  

TONNAGE OF  LOCAL ROCK PHOSPHATE AND 
AGRI CULTURAL tiMESTONE OUTPUT 1903-1920 

Year Rock A ar:i cu lturG.;J 
Phosphate a L1.-mes tone 

1903 4 , 400 . .  

1904 2 , 6 70 . .  

1905 5 , 000 . .  

1906 6 , 000 . .  

1 90 7  5 , lOO . .  

1908 5 , 000 . .  

1909 10 ,000 . .  

19 10 9 ,000 . .  

19 1 1  10 , 000 . .  

19 12 10 , 000 . .  

19 1 3  1 1 , 000 . .  

19 1 4  9 , 700 . .  

19 15  7 , 000 . .  

19 16 7 , 600 . .  

19 1 7  5 , 050 69 ' 86 1  
19 1 8  5 , 000 86 ' 80 7 
19 19 4 , 000 102 , 0 10 
1920 5 , 3 4 1  1 42 , 252 

Sources : a 1 903- 16 McCaskill  ( 1929 , 9 2) 
1 9 1 7-20 NZOYB ( 19 19 ). , NZOYB ( 19 2 1-22 ) , 

NZOYB ( 1924 )  under en try 
' Bui lding and Ornamental  S tone ' .  

Although d ata in pub lished sources are 
absen t ,  the to tal p roduction to March 
19 16 is given as 102 , 4 72 tons (NZOYB , 
19 1 7 ,  5 25 ) . This  figure matches 
McCaskill ' s  above to tal of  102 , 4 70 tons 
very close ly . 

b Data not avai lab le prior to 1 9 1 7 .  The 
19 1 7-20 entries from NZOYB no ted above . 

l l  2 
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A s econd depos i t  wa s l ocated a t  Mi l burn a t  a bou t the same t ime 
bu t i t  proved much l es s  producti ve . I ts output  was a bout 6 , 000 tons 
of roc k  over the 1 902- 1 9 26 per iod ( McCa s k i l l ,  1 9 29 , 69 , 9 2 ) . 

Further offers of bonu ses  for the d i scovery of depos i ts even i n  
New Zea l and and i n  i ts Pac i fi c terri tori e s  produced no resul ts  by 
1 9 1 7 a nd so , domest i c  production  of rock  phospha te rema i ned sma l l .  I t  

wa s i mportant on l y  earl y th i s century when imports were reduced . Pro
duc ti on never amounted to more than l l  , 000 tons i n  any one yea r ,  a t  a 
t i me when 1 00 , 000 tons of rock phospha te were imported an�ua l l y  q u i te 

ofte n .  Imported p hosphates were the ba s i s of the New Zea l and ferti l i zer 
i nd u s try . The percentage of phosphates  imported ( Tabl e 4 . 7 )  i nd i ca tes  
tha t thi s defi c i ency was regarded a s  t he  pri ma ry probl em to  be  overcome 
i n  so i l amend i ng . 

I mported Phosphates 

Evi dence of the l i n k wi th Bri ti s h  soi l -amendi ng  technol ogy a nd of 
i ts importance i s  found i n  the i n troduct ion  i n to New Zeal and of bas i c  
s l a g .  The u se  of thi s so i l  amendment  s temmed from the Bri ti sh  research 
noted earl i er .  Wi th i n  a decade of the  founda ti on of Cockl e Park  
experi ments , bas i c  s l ag became so wi de l y  regarded i n  New Zea l and tha t :  

Expans i on - i n  ferti l i z er usage i n  the decade pr ior  to 
1 9 1 4  wa s based l argely on i mported bas i c  s l ag . ( Evans , 
1 969 ,  20 1 ) 

The  greater s u perphosphate imports ma ke th i s poi nt arguabl e ,  but  ba s i c  

s l ag was the mater i a l  u s ed i n  the 1 904 topd ress i ng tri a l s  a t  Rua kura , 
fol l owi ng wh i c h ,  i ts u s e  was recommended i n  the Wa i kato .  From there 
the  techn i q ue  s prea d .  The notabl e i ncrease i n  i mports from 5 , 01 3 
tons  to 30 , 350  tons between 1 909- 1 0  and 1 9 1 3- 1 4  substanti a te thi s 
g rowi ng usage  ( Tab l e  4 . 7 ) .  

The u se of bas i c  s l ag presented two probl ems when Wor l d  War I 

began . As the open -hearth s tee lma k i ng process  had l argely rep l aced 
the Bes semer proces s  and d i d  not crea te as s u i tabl e a s l ag ,  the q u a l i ty 
of  the materi a l  decl i ned  ( Mi l l er , 1 947 , 3 1 ) .  Suppl i es from European 

sources , France and Germany , were e i ther di s rupted by warfare or hel d 
back  by a hos t i l e  nati o n .  What s h i p pi ng  cou l d be schedu l ed was 
d i verted from carryi ng s u c h  a cargo . Accordi ng ly , ava i l ab i l i ty 
dropped s harp ly  after 1 9 1 6  on to the po i nt tha t none was i mported i n  
1 9 1 8- 1 9  ( Tab l e 4 . 7 ) .  
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Other types  of imported phosphates , Ephos , the u ntrea ted rock 
pho s phate back l oaded from Egyp t on troop s h i p s ,  and superphosphate were 

s u b s ti tuted unti l res tr i c ted supp ly  a l so affected them after 1 9 1 7 - 1 8  
( Tab l e 4 . 7 ) . I t  i s  thought  that the i nab i l i ty to use ba s i c  s l a g 
promoted the u se  of s uperphosphate ( Sma l l fi e l d ,  1 970 ,  47 ) though  the 
da ta i n  Tab l e  4 . 7  s how i ts earl i er popu l ari ty .  I t  came to be 

rea l i zed through  thi s experi ence tha t superphosphate was genera l l y  
' the  most  effecti ve  type o f  phosphati c top -dres s i ng manure ' ( Ho l ford , 
1 936 , 1 69 ) .  I t  wi l l  be shown that a l thoug h  the i mportati on of ba s i c  
s l a g  d i d  recover ,  l ocal  producti on of s uperphosphate became i ncrea s i ng ly  
impo rtant i n  the  l a ter 1 920s . The i nnovati on-dec i s i o n  proces s  for 
the farmer conti nued desp i te some s upp ly-enforced di fference i n  

' 

the types of ferti l i zer  a va i l abl e .  The u s e  of bas i c  s l ag pers i s ted 
eve n  though i ts pri ce rose a bove tha t of s uperphospha te , a ferti l i zer 
fou nd at l ea s t  as effecti ve  ( Hol ford , 1 9 36 , 1 7 1 ) .  

The supp l y  of imported superphosphates  grew from thei r i n tro
duct i on i n  1 880 to the end of the per i od . The source of s upp ly  d i d  
change wi th Bri ta i n  becomi ng l es s  i mportant  a s  the i ndustry · devel oped 

i n  nearer product i on countri es . Au s tral i a  began superphospha te 
export i n  1 883 and became the ma i n  source of New Zea l and ' s  i mports . 
By 1 9 1 8  the q uant i ty i mported from tha t source exceeded 34 , 000 tons . 
Japan , wh i ch had entered the New Zea l a nd market i n  1 903 , became the 
second mos t  i mportant supp l i er dur i ng Worl d War I wi th the res tr i ct i on 
of  Bri ti sh  s upp l i es ( McCask i l l ,  1 9 29 , 42 ) .  

Rock phospha te had been imported s i nce 1 868 from a vari e ty of 
sources . The q uanti ti es  i mported , though  not great unti l the l a te 
1 870s , were i nd i cat i ve  of  a ri s i ng a va i l a b i l i ty .  The growth of Bri t i s h  

a nd Austra l i an i n tere s t  i n  rock phosphate fol l owi ng i ts u s e  i n  s uper
phosphate product i on i n  the l ate 1 850s l ed to a n  exp l orati on of many 
po tenti al  sources i n  the I nd i an and Paci fi c Oceans ( out l i ned i n  
McCaski l l ,  1 929 , 28-33 ) .  New Zea l and benefi ted from thi s i n  
s u pp l ementi ng  l i mi ted l oca l sources . The worki ng of the Ocean  I s l and 
deposi ts by 1 900 , and of those on Nau ru after 1 907 crea ted a s teady 
s upp ly  of roc k  ( E l l  i s ,  1 935 , �06 , J 39 l . 

L i me Product i on 

Of great  importance to soi l  amendi ng i n  New Zea l and wa s the 
l oca l avai l ab i l i ty of  agr i cu l tura l l i me . Use  of l i me i s  recorded a s  a 
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l ong - s tandi ng pract i ce ( Hargreaves , 1 966 , 267-268 ) but i t  was on l y  i n  
1 880 that  the M i l burn L ime a nd Cement Co . ,  a l arge-sca l e produc e r ,  
wa s e s tabl i s hed i n  South l and ( Ki ng ,  1 9 58 , 1 1 5 ) and began  to prov i de 
burnt  l i me to l oca l farmers for use  on the heavy South l and so i l s .  I t  
i s  s uggested tha t l oca l Scotti s h  farmers may have been somewhat 
fami l i a r  wi th the practi ce as i t  had been carr i ed out i n  a rea s s uch  

�s Pe rths hi re ( Evans , 1 969 , 5 )  but  i t  i s  not  thought  that they i n i ti a ted 
the pra cti ce • s  w� despread u se . 

Extens i ve l imi ng was tri ed i n  1 890  for agri cul tura l  purposes  a s  

a means o f  overcomi ng decl i ni ng producti on a decade a fter the s e ttl i ng 
of d a i ry farmers on the Edenda l e Es ta te of the New Zea l and and  
Aus tra l i a n  Land Company . M i l k  supply had to  be  ma i nta i ned to  ma ke i ts 
cheese factory a profi tab l e  venture ( Saxby ,  1 950a , 1 39 ;  Ki ng , 1 947b , 
567 ) .  Hav i n g  undertaken the l i mi ng tri a l s ,  the company encouraged 
farmers to adopt  the prac t i ce by s upp l y i ng  l i me free or to the va l ue 
of a farmers • rent ( Ki ng ,  1 94 7 b ,  567 ) . There was a restri cti on i n  
the avai l ab i l i ty to farmers  through the h i gh cos t  of sh i pment  by ra i l ,  
hence , area s of u ti l i za t i on were l oca ted near the sources of  producti on 
( Evans , 1 969 , 5 ) . The extens i on of the ra i l  network ( Map  4 . 1 ) a s s umes 
further i mportance  i n  expl a i n i ng the d i ffu s i on of th i s  so i l - amend i ng 

practi ce . The concentrati on of l i me p l a n ts i n  Auckl and a nd Otago 
( Tab l e 4 . 3 )  wou l d  sugges t  these were the source area s .  However , the se  
p l a n ts d i d  not  neces sari l y  produce agri cu l tural l i me . The i r  i ncl u s i on 
i n  Tabl e 4 . 3  on ly  serves to demons trate pos s i bl e  sources of s u pp ly . 

Tha t government recogni zed the need to broaden the u se  of l i me 
when i n  1 894 i t  u ndertook to subs i d i ze the ra i l  fre i ght  c harges  of l i me 

a n d  • an imal  manures [organ i c ferti l i zers] • ( noted i n  PD� 1 894 , 587- 588 ) . 

However , i n  the South I s l and  the M i l burn  L i me and Cement Company ,  
becau se of i ts v i rtual  monopo l y ,  p roceeded to i ncrease i ts p r i ce by the 
amount of the s u bs i dy ( menti oned i n  PD3 1 895 , 388 a nd PD3 1 898a , 1 7 ) . 
Farmers were not yet rece i v i ng fu l l  benefi t from t he subs i dy .  I t  was 

o n l y  i n  1 898 that . the dec i s i on wa s made to ful l y  subs i d i ze ra i l  c ha rges  
o n  l oads of more than 6 ton s  for a d i s ta nce to  l OO mi l es  ( Sma l l fi e l d ,  
1 9 50 , 82 ) .  However , a s i mi l ar reduct i on for ferti l i zers was rejected 
(PD� 1 898b , 568 ) desp i te the d i scovery of the benefi c i a l  a s s oc i a ti on 
of  applyi ng  s uperphosphate together wi th l i me . Nonethel e s s , th i s 

a ssoc i a ti on encouraged the use  of  l i mi ng  a s  the u se  of topdres s i ng 
s pread i n  the 1 900s ( Tod d ,  1 950 , 323 ) . Soi l s  used for farmi ng  crops 
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( Ta bl e  4 . 3 )  i nd i ca tes that po tenti a l  p roducti on  was fai r ly  w i despread 
but there i s  a l ack ! of i nformat ion on the quanti ty of agri c u l tura l l i me 
unt i l 1 9 1 7 .  Compared to p hosphate producti on , l i me q uarryi ng  was 

muc h . more i mportant  and conti nued to expand i ts output  to 1 920  when 
over 1 42 , 200 ton s  were produced . Th i s  q uanti ty exceeded ferti l i zer 
imp orts by 50 percent . 

The ra i l way subs i dy was ma i nt a i ned through to 1 947 and , therefore ,  

provi ded a s tab l e el ement  i n  the producti on  envi ronment . Wi th  the 
Department of Agr i cu l ture ' s  i ncrea sed i nteres t  i n  the u se  of l ime i n  

I 

the Worl d War I peri od i t  i s  not s urpri s i ng to see that an  i mportant  
acreage wa s a l ready bei ng  treated by the  l a te 1 9 20s when s ta t i s t i c s  

became ava i l ab l e .  

SUMMARY 

I n  the peri od from col oni za ti on to the early 1 9 20s agr i cu l tura l 
producti on i n  a new envi ronment was establ i s hed . From subs i s tence 
farms and s heep runs grew an  an ima l -products i ndustry of maj or 
i mportance to the country . The envi ronment was expl ored a nd expl o i ted 
i n  order to ma k� profi ts for i nd i v i dua l s .  The range of European 
( pr i mari ly  Bri ti s h ) ,  Aus tral i an ,  a nd North Ameri can  farmi ng  experi ence 

was open to the settl ers of the 1 860s . The i n i t i a l , succe s sfu l  
i m� tation of enterpri ses  ba sed on  th i s  experi ence constra i ned agri c u l 
tura l  deve l opment  a nd a l l owed an equi l i bri um to be reached . I t  wa s 
s hort- l i ved . Refri gera ted mari ne transport i n troduced ten s i on .  I t  

became poss i b l e  to escape from a l ong  peri od of depressed woo l  pri ces 
by enteri ng i nto more s pec i a l i zed farmi ng enterpri ses  ( Su tc h , 1 9 66 , 
C hapters 4-6 ;  S u tch , l 968d ) . The focus  on gra s s l and farm i ng d i verted 
a ttenti on away from other economi c sectors ( Su tch , l 968a , 1 82 ) . 

Arabl e cropp i ng had been a n  a l terna t i ve to woo l  producti on  b u t  i t  too 
was d i sp l aced i n  the per i od of cha ng e .  Woo l  a nd gra i n  produc t ion  had  
generated a concern for so i l -ferti l i ty decl i ne ,  but  me thods to combat 
i t  were not emp l oyed . 

The p os s i bi l i ty of  s h i ppi ng meat and da i ry products s ub stant i a l l y  
mod i fi ed pa s toral  p rodu c tion . I t  l ed .to the domi nance o f  t h e  sma l l 
fami ly-farm s tructure and  to ra tes of  s tock i ng at an  i ntens i ty wh i c h  
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wou l d i mprove so i l ferti l i ty once suff i c i ently h i g h -yi el di ng pas tures 
cou l d be esta bl i s hed . Attent i on was d i rected on the product ion  
capa b i l i ty of grass l ands a s  opposed to  the  more tradi t i onal concern 

wi th crop yi el d s . Thi s trans i ti on took p l ace through the concern wi th 
improv i ng suppl ementary fodder crops . These crops were essen t i a l  to 
the early product ion system i n  enabl i ng farmers  to overwi nter l arge 
numbers  of a n i ma l s and fatten stock for market . The new enterpri se  
crea ted orga n i c  manure on a greater s ca l e a nd  th i s  co i nc i ded wi th a 
more s c i enti fi c a pproach to the probl ems of i mprov i ng agri cu l tu ra l 
produ ct ion . The i ns ti tuti onal  framewor k  wi thi n whi c h  these same 
deve l opments had occurred i n  Br i ta i n  wa s dupl i ca ted i n  New Zea l and by 
the l a te 1 890s a nd permi tted them to be  u nderta ken i n  a new setti ng . 

I 

Adopti on of  the use  of chemi cal ferti l i zers proceeded to the 

poi n t  where several l oca l compani es  were encoura ged to enter produc t i on 
on a l a rge sca l e by 1 92 1 , whereas , i n  the  1 880s ,  only two had s tarted 
sma l l -sca l e  producti on . New approache s , s uch  as pas ture topdres s i ng ,  
were u nderta ken i n  an important way from the early 1 900s to t he pos t

Wor l d Wa r I peri od when the l ack  of  phosphati c ferti l i zers crea ted 
cons i derabl e concern (McCa s k i l l , 1 929 , 1 32 ) . E v i dentl y ,  farmers had 
become aware of  the l os s  of produc ti on whi c h  fo l l owed from not a ppl yi ng 
so i l  amendments ( McCas k i l l ,  1 92 9 ,  1 27 ) . Thi s awareness  wa s not conf i ned 
to crop product i on .  I t  extended a s  wel l a s  to pasture producti on . The 
l i m i ts of pa s to ra l  farmi ng  on  ea s i l y  devel opabl e l and  had been reached 
by 1 9 1 4  ( Sma l l f i el d ,  1 947b ,  278 ) , so  more effort cou l d  be expended i n  

ma i nta i n i ng the recently created grass l and .  The carryi ng capaci ty of 
p a sture l and was not i mproved unti l n ear ly  the end of  the peri od , 
however . On ly  then d i d  t he more wi de spread use  of topdress i ng improve 
the qual i ty of pa s tures a nd l engthen thei r growi ng per i od ( Sma l l fi el d , 
1 947b , 270 ) . 

The awareness  of pastoral  p roduct i o n  probl ems a l so extended to 
s c i enti s ts embark i ng u pon a more ri gorous i nvesti ga t i on of means to 

i mprove New Zea l and ' s  a gr i cu l tural p roducti v i ty .  The experimenta t i o n  
o f  the years  t o  1 9 1 6 ,  when the Department of Agri cul ture ' s  f i el d tri a l s 
were ended , s erved more a s  a method of  popu l ari z i ng so i l  amendi ng than 

of uncoveri ng the rea sons why var i ou s  practi ces di d or d i d not a i d  pro
ducti on . T he  compl ex i ty of the bi o l o g i ca l  p rob l ems was s t i l l  h i nderi ng  
technol og i ca l  a dvance through  t he  retardati on  of sc i ence�based 
i nvention . I t  i s  th i s  i ss u e  wh i c h  i s  p ursued i n  the next chapter . . 
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CHAPTER 5 

THE I NTENS I F I CAT I ON OF THE GRASSLAND FARM ING SYSTEMS 

By the early 1 920s the essenti a l  el ements of gra s s l a nd produc ti on 
had been esta b l i shed . A r i s i ng vo l ume of meat and da i ry- produce 
exports was the  bas i s  of the gra s s l a nd farmi ng system whi ch  enabl ed 
l abour and capi ta l i nputs  to be he l d  at rel ati vely l ow l eve l s 
( Cumberl and , 1 948 � 48 ) . The emergence of s tab i l i ty i n  the farm 

e n terpri ses i s  ev i dent i n  the export- produce types i n  wh i ch there wa s 
l i ttl e change once da i ry i ng  wa s e stab l i s hed . The ten s i on engendered 

by the l ong depres s i on a nd the transportat ion  i nnovat ions  of  the l a te 
n i neteenth century were bei ng worked out  q u i ck ly  i n  the econom i c  
a nd i n sti tu ti ona l  changes i n  the agr i cu l tura l sector . I n  the newl y 

expanded da i ry i ndu s try , for examp l e ,  propri etary control of proces s i ng 
had l arge l y  g i ven way to control  by co-opera ti vely owned factori es  
( Ph i l pott,  1 937 , 397 ) . Furthermore , the  ra te of i ncrea se  i n  the 
number of farm hol d i ng s  a nd i n  the area of improved l and had s l owed 
a s  the area occupi ed reached i ts l i mi ts ( Tabl e 5 . 1 ) : 

By 1 9 20 the bu l k  of  the l and wh i ch cou l d be devel oped 
by a farmer wi th h i s own resources and l abou r had been 
occup i ed and s i nce tha t date [up to 1 9 50 ] there ha s 
been l i ttl e vari a t i on i n  the area occup i ed .  ( Ki ng , 
1 950 , 70 ) 
Pri ce s l umps i nd uced farmers to i ncrease product i on and  reduce 

cos ts ( Da i ry I ndus try Commi s s i on , 1 934 ,  1 3 ) . The techno l og i ca l  
c hanges i n i t i a ted by s c i enti f i c  adva nces were ongoi ng however . 

Experi menta ti on wi th p l a n t  s pec i es had occurred to devel op ryegras s  
a nd c l over swa rds bu t pa s ture management s ti l l  requ i red p l ough i ng  
and  the u se of supp l ementary fodder c rops to  prov i de s uffi c i ent wi nter 
feed . The u s e  of so i l amend i ng i n  a pp l yi ng ferti l i zer  and l i me had 
devel oped bu t the pra c ti ce of topdres s i ng gra s s l a nd wa s not yet 
wi despread o ther than i n  North I s l and da i ry d i stri cts . The  a pp l i ca ti on 
of chemi s try and the devel opment of  b i o l og i cal  research to i mprove 
agr i cu l tura l p roducti o n  was yet to come . I t  i s  the crea t i o n  of 

gras s l and technol ogy to reso l ve the  tens i on conti nu i ng i n  the techn i ca l  

s tructure wh i ch i s  tra ced i n  thi s c hapter . The a pp l i ca ti on of thi s 
technol ogy p roduced ten s i on throug h  the effects of the growth of out-



TABLE 5 . 1 

NUMBER OF HOLDINGS ; AREA OCCUPIED AND PRINCIPAL LAND USES (THOUSANDS OF ACRES)  1915 -1949 

Green Fodder b No . of Area Area Sown Grass Hay and a Crops 
· · ·  Year Holdings Occupied Improved and Clover Si lage and Roots Threshed 

1915-16 7 7  ' 229  41 , 386 16 , 984 . 2  12 , 747 . 8  95 . 8  819 593 . 1  
191 9-20 81 , 592 4 3 , 4 73 . 1  18 , 004 . 8  16 , 315 . 3  117 . 1  718 . 6  371 . 8  
1 920-21 84 , 07 6  43 , 546 . 8  18 , 159 . 8  15 , 912 . 8  161 . 8  745 . 6  451 . 3  
1 925-:-26  85 , 734 43 , 606 . 8  18 , 583  16 , 840 . 7  224 . 7  738 . 1  309 . 6  
1930-31 83 , 816 4 3 , 239 . 6  19 , 006 . 9  1 7 , 254 . 5  442 . 6  686 . 4  390 . 6  
1935-36 84 , 54 7  43 , 282 . 1  1 9 , 6 71 . 6  1 7 , 4 96 . 1  5 76 . 9  665 . 5  381 . 9  
1 940-4 1  86 , 373  43 , 888 . 3  19 , 906 . 6  1 7 , 7 37 . 6  5 75 . 1  637 . 6  397 . 5  
1945-56 86 , 239  43 , 080 19 � 967 , 2  1 7 , 955 483 . 5  633 . 3  324 
1 94 9-50 90 � 290 4 3 , 158 , 3  20 , 2 28 , 4  18 , 1 92 . 3  630 . 5  692 . 4  299 . 7  

--'--- --- - __ [ 
Notes : a Includes lucerne . 

b Excludes potatoe s ,  onions and other green fodder and roo t  crops . 

Sources :  1915-19  Statistics of New Zea land ( for years shown ) . 

1920 Agricultura l Statis tics ( 19 2 1 ) . 
1925-49  Agricultural Statistics ( for years shown ) .  

I 
Grain Crops 
for Fodder 

440 . 5  
341 . 2  
4 31 . 4  
267 . 2  
295 . 6  
306 . 3  I 252 . 9  
14 2 . 4 
130 . 7  

'..0 
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p u t  resu l t i ng from the g reatly i ncrea sed i n tens i ty of l and 
u ti l i zat ion . Changes occas i oned by the pol i c i e s  fol l owed duri ng  

Worl d War I were the i mmed i a te env i ronment  of  th i s  new techno l ogy ,  so  
i t  i s  these c hanges wh i c h  are  noted fi rs t .  

POSTWAR CHANGES  I N  MARKETI NG 

Wi th the end of Wor l d War I came the end of the guaranteed 
market i n  Bri ta i n  for New Zeal and ' s  agri cul tura l produce but  the 

i mportance of  that marke t pers i s ted ( Duckham , 1 932,  1 05 ) . The 
competi ti ve  s i tuati on wa s restored and the rap i d  re l ease  i n  1 9 1 9  
a nd 1 9 20 of produce reta i ned under the Commandeer to capture h i g h  

pr i ces provoked a bri ef b u t  sharp depres s i on i n  1 92 1 -22  when the 
p ri ces decreased for a l l agri cul tu ra l commod i ti es ( F i g .  5 . 1 ) .  Da i ry 

produce enjoyed a br i ef boom as i ts export va l ue exceeded tha t of a l l 
o thers i n  1 92 1  a nd was s econd onl y  to wool  i n  1 922 ( Buchanan , 1 93 5 ,  
6 ) . The outcome was a :  

grea t expans i on of the da i ryi ng i ndustry , and of butter  
product i on i n  part i cu l a r ,  . . .  d ue  ma i n ly  to the r i s e  of  
the Auc k l and da i ry i ng d i stri cts  . . . .  Th i s devel opment 
was a l mo s t  i nevi tab l e ,  bu t i ts occurrence at thi s 
parti cu l ar ti me ,  a nd the speed at  wh i c h  i t  wa s carri ed 
through ,  are d i rect resul ts of the abnorma l ly favourabl e 
pri ce pos i ti on for da i ry products , a nd espec i a l ly  butte r ,  
i n  the l as t  few years of the peri od ( 1 9 1 4-22 ) . ( Buchanan , 
1 935 , 6 )  

Earn i ng s  from woo l  a nd s heepmeat  product ion were l es s  favourab l e 

a s  they dropped duri ng the war years  a nd then fl uctuated ma rked ly  
( L l oyd Pri chard , 1 97 0 ,  248 , 293 ) . Overs toc k i ng of  sheep h ad  occurred 
duri ng the wa r a s  a res u l t of reduced s l aug hteri ng occa s i oned by a 
l ack  of s h i pp i ng and  of s torage space ( Robertson , 1 939 , 5 2 ) . Reduc i ng 

the surpl u s  s tock  evi dent  i n  the r i s i ng number between 1 9 1 6- 1 9 1 9  
l ed to a marked fal l i n  numbers beyond 1 9 20 ( Tabl e 5 . 2 )  to a l ow of  
22 . 22 mi l l i on i n  1 92 1 - 2 2  (Agricu l tural Statistics, 1 970 , Tabl e 1 ) . 
The ri s i ng pr i ce of mea t to 1 92 1  a nd the des i re to sel l woo l  before 
the rel ease of  ' commandeereq stocks ' prov i ded an i ncent ive  for the 

i ncreased s l aughter i ng ( Buchanan , 1 93 5 ,  6 ) . Addi ti ona l l y ,  product i on  

i s  thought  to  have  suffered throug h  the  s hortage of manpower to 
thorough ly  work  the cu l t i v ated area or extend the occup i ed a nd i m proved 
area ( Buchana n , 1 935 , 5 - 6 ) though  t he area of nati ve gra s s l and  de
creased by one mi l l i on a c res  ( Tab l e 5 . 3 ) . Revers i on of l and to l e s s  
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TABLE 5 . 2 

� NUMBER OF PRINCIPAL L IVESTOCK 19 15-1949  

Year Sheep Dairy Cowsa Other Cattle Horses 

1 9 15 - 16 24 , 7 88 , 150 7 50 , 323  1 , 667 , 168 3 7 1 , 3 3 1  
1 9 19-20 23 , 9 1 4 , 506 78 2 ,  7 57 2 , 3 1 9 , 1 88 346 , 40 7  
1 9 20-2 1  23 , 285 , 031 89 0 , 2 20 2 , 249 , 003 3 3 7 , 259 
1 925-26 24 , 904 , 9 9 3  1 , 181 , 4 4 1  2 ,  2 71 , 04 5  3 1 4 , 86 7  
1 9 30-31  29 , 79 2 , 516 1 , 499 , 5 32 2 , 580 , 99 3  295 , 74 3  
1 9 35-36 30 , 113 , 704 1 , 823 , 358 2 , 4 30 ,  7 2 0  2 76 , 1 70 
1 9 40-4 1 31 , 751 , 660 1 ,  7 79 , 603 2 , 79 6 , 2 70 266 , 066 
1 945-46 3 3 , 974 , 6 1 2b 1 , 66 1 , 944  3 , 004 , 838 2 1 6 , 335 
1 9 49-50 3 3 , 856 , 558 1 , 85 0 , 089 3 , 104 , 8 1 7  1 94 , 87 7  

Notes: a Dairy cows i n  m ilk only . 

b 1945 figure no t avai lab l e ,  1944 figur e used . 

Sources : 1915-19 NZOYB ( 1930 ,  S tatis tical Summary) . 

1 9 20-49 Agricul tural Statistics ( 19 70 , Table 1 ) . 

1 2 2 
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TABLE 5 .  3 

AREA OF UNIMPROVED GRAS SLA�� AND REVERTED LAND (THOUSANDS OF ACRES) 

1 9 1 5- 1 949  

Tussock and Fern� Scrub� 
Year and 

Native Grasses Second Growth 
r--------

1 9 15- 1 6  1 6 ,  70Lf , 1 2 , 7 33 . 3  a 
1 9 1 9-20 14 , 89 2 . 1  3 ,  7 2 2 . 4  
1 920- 2 1  14 , 99 3 . 4 3 ,  7 7 1  
1 9 25-26 14 , 298 . 6 .  Ll , 1 65 . 6  
1930- 3 1  1 4 , 1 2 4  4 , 1 49 . 7  
1 935-36  14 , 24 2 . 4  L} , 205 . 8  
1 940-4 1 1 3 , 86 1 . 5 4 , 29 0 . 7  
1 945-46 1 3 , 968 . 3  4 '  60 1 . 2  
1 949-50 1 2 , 92 9 . 1 5 , 22 1  

Note : a 1 9 16 f igures a s  1 9 15 data not available . 

Sources : 1 9 15 Statistics of New Zealand ( 19 1 5 ) ; 
Statistics of New Zealand ( 1 9 1 6 ) . 

1 9 1 9-20 Statistics of New Zealand ( for  
years  shown) . 

1 925-49 Agricultural, Statistics (for  years 
shown ) . 



producti ve pl a n t  commun i ti es ,  fern , scrub, and second growth , became 

ma rked ( Tabl e 5 . 3 ) . 
Though the depre s s i o n  i n  pri ces wa s of short durati on , there 

was much u ncerta i n ty abou t the l evel of pri ces from yea r to year 

1 24 

( F i g .  5 .  1 ) .  I n  1 9 26 a noth er ma rked s l ump occurred for al l p roducts 

excep t cheese ( F i g .  5 . 1 ; B uchanan , 1 93 5 ,  Gra phs 4-7 ) . These  vari at i ons  

sti mu l ated the  demand by farmers for governmen t acti on to s tab i l i ze 
i ncome as  had occurred under  the Commandeer . The wartime poo l s 

and commandeers were a s soc i a ted wi th h i gher pr i ces and genera l 

pros peri ty .  Accord i ng l y ,  farmers l oo ked to the control methods of 
marketi ng produce to res tore those cond i ti ons  ( Condl i ffe , 1 933b , 1 9 7 ) . 
Both meat an9 da i ry products  were to be handl ed by marketi ng agenc i e s  
s et  u p  i n  1 9 22  a nd 1 923 respecti ve ly  ( Evans , 1 9 69 , 1 09 ,  1 81 ) .  A new 
i ns t i tuti ona l a rrangement  wa s establ i s hed a s  the producer of a 
commodi ty sough t  i ts contro l  by su pervi s i ng i ts ma rket i ng , thereby 
protecti ng h i s own i nteres t  ( Sutch , 1 968b , 38 ) .  Co -operati v e  
arrangements found pri nc i pa l l y i n  the da i ry i ndustry appear to have 
had a more wi despread i nfl uence i n  i nduci ng other farmers to cons i der 
some contro l i n  producti on  or marketi ng i n  order to achi eve better 
returns . The a ttempt to corner the Bri ti sh  market by the da i ryi ng  
agency proved u n s ucces sfu l  in  1 926 ( Buchanan , 1 935 , 70�  bu t the  
pr i nc i p l e of control l i ng marketi ng wa s becomi ng  es tab l i s hed . The 
government ro l e  i n  s upport i ng such agenc i es wh i l e  l egi s l a ti ng q ua l i ty 

c o n trol mea s u res  for producer- s uperv i sed grad i ng i nd icated the concern 
for the promoti on of export sa l es of produce from the agri cu l tural  
s ec tor . 

Government  a l so  p romoted producti on through the devel opment of  
the  nati ona l i nfra s tructure i ncl udi ng : 

the State s upp ly  of el ectri c i ty ,  . . .  regu l a ti on of i n ternal  
transport to economi se on cap i ta l i nvestment and to protect 
the i ns trument  wh i c h  had made farm deve l opment pos s i b l e - 
the ra i l way sys tem . ( Sutch , 1 968b , 39 )  

E l ectri f i ca t i on a l l owed l abour- sav i ng mi l k i ng and sheari ng mach i nery 
to be i n troduced .  The effi ci ency and h i g h  l evel  of mecha n i zati on of 
l i ves tock producti on  were regarded a s  pa rti c u l arl y notewor thy ( Duckham , 

1 93 2 ,  1 06 ) . Better  roads  fac i l i tated the extens i on of motor tran sport 
to convey farm i np u ts a nd outpu t ,  a nd the ra i l ways were extended 
( Map  5 . 1 )  a l l owi ng  traff i c  i n  so i l amendments i n  parti cu l ar to reach 
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more farms . By 1 920 i n  the North I s l and , on ly  Northl and , the Bay of 

P l enty ,  northern Hawke • s  Bay and the Ea s t  Coa s t  remai ned unconnec ted 
by rai l wi th the ma i n  l i ne from Auck l and to Wel l i ngton . Tha t l i ne • s  
compl et i on before Wor l d War I permi tted domes ti ca l ly  produced 

ferti l i zers to be ava i l a bl e to l owl and fa rmers .  In the Sou th I s l and , 
the ma i n  extens i ons  brought  rai l traffi c to Central Otago a nd much 
of Sou thl and and  parts of Westl and . However , Wes tl and , Mar l borough , 
and  Nel son rema i ned u nconnected to the ma i n  ra i l  network a nd so 
depri ved of ra i l borne so i l amendments . Coas ta l  shi ppi ng i n  both  
i s l ands wou l d  have carr i ed the bul k of wha tever soi l amendments were 
sought g i ven the d i ffi c u l ty and co s t  of road transport .  By 1 949 
the connecti on s  had been compl eted , the l a s t  be i ng the ra i l way to 

G i s borne . ' I ndeed , some c l osures had begun , parti cu l a rly of short 
branch l i nes  i n  the Sou th I s l and . 

I N CREAS I NG F E RT I L I ZER P RODUCT ION 1 

The move  by the farmers to · control marketi ng was not thei r 
on ly  effort  to p l ay a ro l e  i n  contro l l i ng the i r  retu rns . Some 

a l so undertook to control producti on cos ts i n  establ i s h i ng i n  1 9 1 5  
a farmer-control l ed ,  t hough not co-opera ti ve ly  owned ferti l i zer fi rm , 
the New Zeal and Far�rs • Ferti l i zer  Co . Ltd . The sent iment  that  the 
monopoly  pos i t ion  of Kempthorne ,  Pres ser a nd Co . permi tted them to 
c harge too much  i n  compar i son wi th the i r  producti on cos ts a pparen tl y 
p rompted th i s  act ion . I n  1 921 a factory a t  Te Papapa , near Auck l and , 
wa s comp l e te d  and i n  1 926  a second factory began  operat i on i n  New 

P l ymou th , the fi rst  l ocal  supp ly source i n  the Taranak i  da i ryi ng area . 
The ferti l i zer  market i n  the i mmed i ate pos twar peri od was 

a ttracti ve  enough to bri ng a major  fi rm of s tock and s ta t i on a gents , 
Wri ght ,  S tephenson a n d  Co . Ltd . ( referred to a s  Wr i ght , S tephen son ) 
i nto the i nd u stry . Thei r ferti l i zer  mi x i ng p l ant was opened i n  1 92 1  
a nd a s u perphosphate u n i t was a dded i n  1 924 . Aga i n ,  producti on wa s 
l ocated near Auck l and , a t  Ota hu hu , where imported materi a l s cou l d  be 
l anded rea d i l y  and the  Wa i ka to market was read i l y acce ss i bl e  by rai l  
( Map 5 . 1 ) .  

The l a rges t  producer was not i nacti ve  i n  thi s peri od . 
Kempthorne , Presser a nd Co . expanded i ts producti on i n  constructi ng 

factori e s  at Hornby ,  near Chri s tchurch , i n  1 9 22 and at Aramoho , near 
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Wanganu i ,  i n  1 9 26 . Thu s , i t  ma i nta i ned a monopo ly  pos i t i on i n  the 
South I s l and and  rema i ned the domi nant s u pp l i er in the North I s l a nd .  

The pri ce s truc tu re was not  parti cu l ar ly  upset by the other compe ti ng 
fi rms . Ferti l i zer  pri ces remai ned s tab l e wi th l ocal ly  produced 
superphosphate se l l i ng a t  £5 l l s .  per ton . 

Farmers  s t i l l  thou g h t  thi s amount  excess i ve and a group 
opera ti ng through  the New Zea l and Co-opera ti ve Da i ry Co . Ltd . of 
Hami l ton tri ed to obta i n l ower pri ces for i ts members .  Negoti at i ons  
wi th the three North I s l and  producers to obta i n  the rebates a nd 

di s counts a l l owed to merchan ts d i d  not prove s uccessfu l , whereupon 
the company di rectors threatened to bu i l d  the i r  own factory and se l l 

ferti l i zers to members a t  cost  pri ce .  The potenti a l  l o ss  of c l i entel e 
l ed Wri g h t ,  S te p henson to j o i n  wi th the New Zea l and Co-opera t i v e  
Da i ry Co . L td .  i n  earl y 1 927  to form the Cha l l enge P hosphate Co . 
L td . and conve rt the fi rm • s  exi s ti ng  mi x i ng p l ant  to s u perphospha te 

producti on ( N i xon , 1 97 0 ,  2 ) . Other da i ry compa n i es were i nv i ted to 
p l ace orders and so  obta i n  the same rebates  and d i scounts offered to 
merchants wi t h  the added bonus  that these cou l d  be pa ssed on d i rect ly  
to  purcha sers . Di s tri but i on cos ts were set a t  f i gures bel ow those 
of  merchants a nd the pr i c e  was reduced over a l l the North I s l and . 

These a ggres s i ve tact ics  l ed the ri va l  compan i es to announce 
even l ower pr i ces in  Apr i l  of that year . Even though one of the 
f i rms was a farmers • organi za ti on i t  acted i n  conj unc t i on wi th 
Kempthorne , P ro sser and Co . and recei ved much cri t i c i sm a s  a resu l t .  

The ferti l i ze r  • wa r •  wa s o n  and conti nued i n to earl y  1 928 . The 

pri ce l evel s e t  by competi tors wa s so l ow at  £4 2s . 6d .  a ton of 
1 44/46 super • 2 tha t the Cha l l enge Phosphate Co . was obl i ged to try 

to ra i se i t  by 1 5  s h i l l i ng s  to avo i d  ma ki ng a l os s . The a ttempt 
fai l ed a s  the  other compan i es hel d f i rm .  

The • wa r •  a ppeared t o  have a c h i eved much  from the farmers • a nd 
the manufacturers • poi n t  of v i ew .  Farmers made the mos t  of the l ow 
pri ces a s  the  a u tumn-topdress i ng season  coi nci ded wi th the s tart  of 
the war .  T h e  ava i l abi l i ty of superphosphate a t  l ow cos t s t i mu l a ted 
i ts u s e .  I t  w a s  subst i tuted for more expens i ve ba s i c  s l ag a n d  i ts 
producti on i nc rea sed . Th i s subst i tu t i on of  a cheaper fert i l i zer  and  
i ts wider u s e  hel ped to e s tabl i s h the benefi t of the topdre s s i ng 
techni que . The  i ncrea sed demand mea n t  • permanent ly  i ncreased orders  
for the manufacturer wi th consequent economies  due  to  l arger o utp u t s • 
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(McCask i l l , 1 9 29 , 80 ) . The s i tuat ion a l so  seemed to have s parked 

i nterest  i n  the  Sou th I s l and a s  the Domi n i on Ferti l i ser  Co . Ltd . wa s 

e stab l i shed i n  1 9 29 to bui l d  a factory a t  Ravensbourne , Dunedi n ,  i n  
order to cha l l enge the Kempthorne , Pros ser and Co . monopoly  there , 
and a l so s upp ly  the east coa s t  of the North I s l and . The p l ace of 
coa s ta l  s h i pp i ng ' s  ro l e  i s  i nd icated by thi s dec i s i on .  Two of the 
l argest  stock and s tat ion  agents i n  the Sou th I s l and were appo i n ted 
sel l i ng  agen ts to ensu re w idespread sa l es  there . 

By 1 930  there were four  fi rms i nvol ved i n  the l oca l produc t i on 
of chemi cal  ferti l i zers compa red to one i n  1 9 20 (Ta bl e 5 . 4 ) . The  u se  

of  soi l amend i n g  was be i ng recogn i zed a s  shown by the i ncreas i ng u se 
of i mported phospha tes ( Tab l e 5 . 5 ) . Al though i t  wa s cons i dered tha t  
sel f- s uffi c i ency i n  su perphospha te produc t ion had been ach i eved i n  
1 9 22  ( McCas k i l l , 1 9 29 , 7 1 ) ,  demand i ncrea ses prov i ded the ba s i s  for 
fu rther exten s i on of producti on capac i ty .  

FERT I L I ZER FACTORY LOCAT I ON AND SOURCES OF SUPPLY 

The s i t i ng of the ferti l i zer fa ctori es (Map 5 . 1 ) refl ected the 

demand pattern of the t ime . The ri se of gra s s l and producti on i n  
Tarana ki and the Manawa tu reg i ons  resul ted i n  the bu i l d i ng of a 

factory a t  a ra i l centre near the ma i n  port i n  each of the se areas , 
wh i l e  the need s of fat -l amb produc t ion i n  Canterbury were met by 
the factory bu i l t  a t  Hornby near C hri s tchurch . 

Such port l ocati on s ,  were favoured because of the break o f  

bu l k  o f  the i mported raw ma teri a l s ,  s u l phur  and rock phospha te, a nd the 
need for urban -based l abour bu t poi nts for the d i s tr i but ion  of the 

bu l ky ferti l i zers  were a l so chosen by rai l .  The importance of the 
ra i l  s i ti ng i ncreased when i n  August  1 9 26 carr i age rates for ferti l i 
zers were redu ced by 40 percent to encourage thei r further u se  

(Gazette� 1 9 26 , 2554 ) . T he l oca ti .on .pattern of ferti l i zer  p l ants  was 
s uccessfu l i n  that i t  rema i ned stati c through the peri od u nder 
cons i dera ti on ( Tab l e  5 . 4 ) . The ex i s ti ng pl ants rema i ned i n  product ion  
w i th no new add i ti ons made u nti l 1 933 when the Ravensbourne factory 
was fi na l l y  opened . The ou tput  of the other pl ants noted ( Tab l e 5 . 4 )  
was e i ther very sma l l  or not rel a ted to su perphosphate product i on 
(�s� 1 929 , i x ) . Thei r producti on wa s a l so of short durat i on  a s  one 
c l osed i n  Duned i n i n  1 929 a nd tha t i n  Auc kl a nd i n  1 932  (Industria L 

FToduction Statistics� 1 9 29 , 1 932 ) . 



TABLE 5 . 4  

S OURCES OF S OIL AMENDMENTS (NUMBER OF PLANTS ) 1 9 20-1 949 

Provincial 
rype of Estab lishment:  

Dis trict Mea t-process ing Plantsa 

Year 

0 1.1") 0 1.1") 0 1.1") "' 
N N M M ..;t ..;t ..;t 
"' "' "' "' "' "' "' 
....... ...... ...... ...... ...... ...... ....... 

Auckland 1 1  1 2  10  9 1 0  7 8 
Hawke ' s  Bay 5 4 4 3 3 3 3 
Taranaki 4 2 2 3 3 3 3 
We llington 10 7 6 7 7 7 7 
Mar lborough 1 1 1 1 1 1 2 
Ne lson 1 1 1 1 1 1 1 
Wes t land - - - - - - -

' Canterbury 7 7 7 7 7 10  9 
Otago 7 5 5 4 4 7 10  
South land 5 4 4 3 3 6 8 -- - - - - ------
New Zealand 5 1  4 3  40 38 39 45 5 1  

Boi ling-down and Manure Plan ts 
b 

Auck land 1 4  8 1 1  1 2  1 5  1 4  1 3  
Hawke ' s  Bay 4 3 2 2 2 2 1 
Taranaki 5 4 3 - - 2 2 
We lling ton 8 5 5 6 6 8 6 
Marlb orough 2 2 2 2 2 2 2 
Ne lson 2 1 1 - - - -

West  land 1 1 - - - - -

Can te rbury 8 5 6 5 6 6 6 
Otago 1 1  2 3 3 3 3 3 
South land 7 - - - 1 1 -
---

New Ze aland 6 2  3 1  33  30 35 38 33 

Lime P lan ts 
c 

Auckland 9 7 1 0  2 8  24 34 4 4  
Hawke ' s  Bay 1 1 2 4 4 3 4 
Taranaki - - 1 - - - -

We llington 1 2 4 3 2 6 6 
Mar lb orough 4 1 1 2 4 3 4 
Ne lson 4 3 6 6 1 2  1 8  1 6  
Hest  land  1 2 2 2 2 2 2 
Cante rbury - 2 5 3 8 9 1 3  
Otago 4 4 5 5 7 8 6 
South land 2 4 4 4 5 8 9 
----------

New Zealand 2 3  26 40  5 7  68 9 1  1 04 

Chemi cal Ferti li zer  P lants d 

Auckland 1 3 4 '3 4 4 4 
Hawke ' s  Bay - - - - - - - -

Taranaki - 1 1 1 1 1 1 
Welling ton - 1 1 1 1 1 1 
Mar lb orough - - - - - - -

Ne lson - - - - - - -

Wes t land - - - - - - -

Canterbury - 1 1 1 1 1 1 
Otago 1 1 1 2 2 2 2 
S outh land - - - - - - -
-- ---------

New Zealand 2 7 8 8 9 9 9 
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TABLE 5 . 4  (Continued ) 

l�otes : Below are the headings used in the s tatis tica l sourc es : 

a Meat-f reezing and preserving works . 

b 1925-45 boiling-down and manure-making works . 

1949 comprises boiling-down, glue and manure making 
es tablishments . 

c Lime crushing or burning and c ement making works . 

d 19 20- 25  f rom Mc Caskill (1929 ) . 

1930-35 chemical f ertil izers , refining . 

1940 superphospha te and chemical fertili zers works . 
' 

1945-49 chemical fer tilizer s .  

1 30 

Sources : 19 20 Statistics of New Zealand ( 19 20) ; Mc Caskill ( 19 29 ) . 

19 25-49 McCaskill ( 1 9 29 ) ; Industrial Produc tion Statistics 
(for years shown) . 



Year Bone-dusta 

1 9 1 5  1 1 , 20 2  
1 9 1 9  6 , 007 
1 9 20 7 , 232  
1 9 25 2 ,  9 5 1  
1 930 1 , 020 
1 935  30  
1 9 40 1 7 1  
1 9 4 5  -

1 949 . -

--· - - - - --

TABLE 5 . 5 

TONNAGE OF PHOSPHATE IMPORTS 1 9 1 5- 1 949 

Basic SZag 
Super-

Rock b 
Guano phospha te 

1 1 , 056 5 4 , 250 39 , 5 1 9  
2 , 350 1 7 , 604 42 , 7 1 0 7 , 9 06 

1 1 , 1 6 7  34 , 4 1 0 6 4 , 9 5 5  9 , 660 
4 6 , 534 500 1 14 , 2 18 10 , 79 1 
6 1 , 79 5  25 1 4 9 , 332  10 , 50 1  
1 6 , 3 69 - 209 , 94 6  2 7 , 25 1  
8 , 5 10 - 3 7 1 , 9 38 24 , 2 10  

- - 24 1 , 345  46  
42 , 10 1  2 4 40 , 1 33 8 , 330 

-· 

Notes : a Inc ludes bone-char , char-dus t ,  and blood-and-bone . 

Other 

5 1 6  
100  

-

-

2 , 070 
1 0 , 005 

1 0  

l_ =_ 
b Comprises rock phosphate from Pacific Island and Nor th Afr ican sources . 

Sources : 1 9 15-20 Statistics of New Zea land ( for year s shown ) . 

19 25-49 Trade and Shipping Statistics ( for years shown) . 

Tota l. 

1 1 6 , 54 3  
76 , 6  7 7  

1 2 7 , 4 24 
1 74 , 994 
224 , 74 3  
26 3 , 60 1  
404 , 839 
24 1 , 39 1  
49 0 , 566 

- -

w 
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The empha s i s  on l ocat i ons near ports s hows the fa i l u�e of l ocal  
phospha te roc k  producti on ( Tab l e 5 . 6 )  to sati sfy demand duri ng the 

peri od , a nd the  ab i l i ty of the manufa cturers to obtai n l es s  expensi ve 
p hospha te roc k  e l sewhere . The l a tter s i tuati on wa s much  i mproved a s  a 
resu l t  of Germany ' s  defeat i n  Worl d Wa r I .  I n  1 9 1 9  the i s l a nd of Nauru , 
a maj or source of suppl y ,  was pl aced under Br i ti s h  mandate a nd i n  1 9 20 
Austra l i a ,  Bri ta i n ,  and New Zea l and became joi nt  partners i n  the 

Bri ti s h  Pho s p hate Commi s s i o n ,  so s har i ng  the phos pha te roc k  outpu t .  
Al though the Nauru depos i ts had been opera ted s i nce 1 906 by the Paci fi c 
I s l ands Company ( l ater the Pac i fi c  P hosphate Company )  wi thout i n ter
ference from German authori ti es , the source of su ppl y was secured and 
ta ken ou t of pr i vate hands . After s ome i n i t i a l  tri a l s Bri ta i n  di d not 

exerc i se i ts opti on to ta ke roc k from thi s source . Thu s , Au stra l i a  
and  New Zea l and  were abl e to supp ly  the i r  own i ndustri es  wi th  the 
enti re outpu t of thi s h i g h -qua l i ty materi a l . 

The ou tpu t from Ocean I s l and , where depos i ts were expl o i ted a 
year before i ts annexa ti on by Bri ta i n  i n  1 901 , was a l so p l a ced under 
contro l of the Commi s s i o n . Accordi ngl y ,  much of the h i g hest  qual i ty 
phospha te rock i n  the Pac i f i c  was made ava i l abl e to New Zea l and a t  a 
l ow ,  s tandard i zed pri ce . The marke t i n g  agency a s pect of the Com
mi s s i on ' s  operati on ensured a s teady f l ow of ma ter i a l  a s  i t  made 

purchases from other sou rces , such  as Makatea I s l and , Fl ori da , and  

Morocco whenever Nauru o r  Ocean I s l and producti on fel l be l ow the  l evel  
of demand ( McCask i l l , 1 9 29 , 35-36 ) .  Furthermore , the Commi s s i on acted 
as a buyi ng and sh i ppi ng a gent for s u l phur and n i trate of soda used i n  
su perphospha te product ion  ( Ta i t ,  1 957 , 1 93 ) . T h i s dependence upon one 
ma i n  source of supply wa s to have severe consequences at a l ater stage , 
bu t i n  the 1 920s and 1 930s  i t  prov i ded the ba s i s  for the dev e l op i ng 
chemica l  ferti l i zer p l ants ' ou tpu t ( Sma l l f i e l d ,  1 947c , 577 ) .  

F ERTI L I ZERS EMPLOYED 

Des p i te superphosphate ' s  i ncrea s i ng importance many farmers re
tu rned to the  use of ba s i c  s l ag ,  a v i rtua l ly  unobta i nabl e produc t 

between 1 9 1 8  a nd 1 9 20 (Statistics of New Zealand� [for years i nd i cated] 
Tab l e  5 . 5 ) . Bas i c  s l ag imports i ncreased to exceed those of · s uper
phosphate �fter 1 922 ( McCa s ki l l ,  1 9 29 , 21 ) s i nce  i ncrea sed l ocal  pro 

ducti on red uced the need for the l a tter . Farmers i n  the Wa i ka to a nd 

i n  Taranak i  remai ned convi nced from tri a l s conducted i n  the prewar 



TABLE 5 . 6  

TONNAGE OF LOCAL ROCK PHOSPHATE AND 
AGRI CULTURAL LIMESTONE OUTPUT 1 9 1 7-1949 

Year Rock Agr:icu ltu:I'gl a Phosphate LL-mes tone 

1 9 1 7  5 , 050 69 ' 86 1  
1920  5 , 34 1  1 42 , 252 
192 1 6 , 0 1 2  1 2 3 '  796 
1922  3 , 12 8  88 , 087 
1 9 2 3  2 , 3 83 103 , 566 
1924  1 , 5 75  1 3 8 , 734 
1 9 25 - 1 34 , 6 89 
1926  - 122 , 1 81  
1 9 30 - 204 , 8 1 1  
1 9 33 - 1 9 1 ' 888 
1 9 35 - 2 88 , 559 
1940 - 5 9 3 , 995 
1 9 4 1 - 72 8 , 474 
1942  9 ' 24 1  6 1 3 , 168  
1 9 4 3  19  ' 9  3 1  752 , 60 3  
1 9 44 7 , 956  9 0 3 ' 808 
1 9 45 l l  , 0 4  7 8 12 , 635 
1946  200 . .  

194 7 - 1 , 020 , 8 10 
1 9 4 8  - 1 , 09 1 , 299 
1 9 49 - 1 '  100 ' 126 

Sources : a Under the en try ' Building and 
Ornamen tal Stones ' :  

19 1 7  NZOYB ( 19 1 9 ) . 
1920 NZOYB ( 19 2 1-22 ) . 
192 1-22  NZOYB ( 19 2 4 ) . 
1 923-24  NZOYB ( 19 2 6 ) . 
1942 NZOYB ( 19 4 5 ) . 
1943-44 NZOYB ( 1 9 46 ) . 
1 945-46 NZOYB ( 194 7-49 ) . 

The total  produce d be tween 1943-4 7 
using the above data does not agree 
with the total of 40 , 887 tons given in 
NZOYB ( 19 5 1-52) . The difference of 
7 , 488 t ons is ndt explained .  

b NZOYB ( for  years shown) under the above 
entry . 

1 33 
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peri od tha t thi s ferti l i zer  was more effecti ve  tha n superphos phate . 

Th i s be l i ef pers i s ted desp i te a s sura nces to the contrary made by 
government sc i enti sts  on  the bas i s  of experimental  work  done a t  Marton 
( Hol ford , 1 936 , 1 3 2 ) . Ex periment resu l ts d i d  not expl a i n why some 
di fferences cou l d  be observed ; for the i sol a t i on of the ro l e  of trace 
e l ements i n  p l a nt growth processes  had not yet occurred . I n  add i t i on , 
the combi na t i o n  of l i mi ng and dress i ng wi th s uperphospha te was on ly  
be i ng devel oped as  a techn i que ( Kempthorne , Prosser and  Co . , 1 925 , 8 ) . 

The free l i me con tent i n  ba s i c  s l ag  wa s anoth er advantage of  tha t 
product whenever i t  was u s ed on l i me-respon s i v e  soi l s  ( Burna rd , 1 931 , 
44-45 ) .  

The r i s ) ng demand for bas i c  s l ag only decl i ned gradua l l y a s  
s upp l i es became more l i mi ted throug h  i ncrea sed demand i n  Europe and 
the rep l acement  of the Bessemer process  by the open- hearth me thod of 
s teel produc ti on ( M i l l er ,  1 947 , 31 ) .  The l atter  change produced a 

product of l ower qua l i ty ,  and , wi th a n  i ncreased unders tand i ng of the 
o p e r a ti on of p hosphati c ferti l i zers a nd wi der u se of superphospha te , 

farmers tu rned to the dome s t i ca l ly  produced ferti l i zer ( Bu rnard , 
1 93 1 ' 44 , 50 ) .  

Other sources of phosphati c fert i l i zer were mi nor ( Ta bl e 5 . 5 ) . 
Bone-du s t  i mports wh i ch rose duri ng the war ,  presumab ly  to offset 
the l os s  of other types ,  decl i ned from over 6 , 000 tons i n  1 91 9  to j u s t  
over 1 , 000 ton s  i n  1 930 . S im i l arl y ,  the use  of guano began to 
decl i ne thoug h  not a s  rap i d l y .  Bot h  the l oca l advantages of fer ti l i zer  
producti on a nd the  real i za ti on of the  greater eff ic i ency of  u s i ng 
c hemi cal  ferti l i zers were ev i dent i n  thi s trend . L i k ewi se , the u se 
of ground rock phospha te fel l a s  farmers real i zed the s l ownes s  of  i ts 

ferti l i z i ng effect due to i ts i nsol u b i l i ty i n  wa ter ( Burna rd , 1 93 1 , 
50 ) .  The i nc reas i ng roc k  p hospha te i mports ( Tab l e 5 . 5 ) for u se i n  
s uperphosphat� producti on demonstra te the i nd u s try • s r i s i ng output .  

Al so c l ear was the concentrat i on o f  New Zea l and fert i l i zer demand 
upon p hosphat i c materi a l . Where p r i o r  to the war the import tonnage 
p hospha tes  compri sed rema i ned between 85 a nd 80 percen,t ,  i n  the peri od 
from 1 91 8  to 1 929 i t  d i d not fa l l bel ow 92 percent ( McCa s k i l l , 1 9 29 , 
5 5 ) . The domi nance of p hosphate i mports i s  h i g hl i g hted by compari ng 
the tonnage of nutri ents s u pp l i ed from imported and domes ti c ferti l i zers  
( Tabl e 5 . 7 ) . El s ewhere i n  the worl d ,  recogni ti on of the need for 
n i trogenous a nd pota s s i c  so i l - amend i ng materi a l s had s t i mu l a ted thei r 



TABLE 5 . 7  

FERTLI ZERS BY TONNAGE OF NUTRIENTS 1 920- 1949  

Year 

1 9 20 
1 9 2 5  
1 9 30 
1 9 3 5  
1 9 40 
1 9 4 5  
1 9 4 9  

· tr  a 
N1- ogen 

466  
436  

1 , 1 25 
1 , 390  

702  
4 7 3  

1 ' 07 8  

Phosphorusb 
Domestic Imported 

2 , 284 24 , 58 7  
- 70 ' 1 38 
- 80 , 4 24  
- 104 , 834 
- l l 3 , 02 6  

4 , 1 98  1 30 ' 1 70 
- 1 78 , 2 20 

No te s :  a Measured on elemental conten t . 

b Phosphor i c  acid (P 20 5 ) content . 

Potassium 

7 1 6  
5 , 467 
2 , 263 
4 '  7 1 6  
1 , 0 1 5  
2 , 304 
4 , 156  

c Water soluble  potash (K20 )  content . 

Sources : Calculated  from :  
1920 Statistics of New Zea land 

c a 
Su lphur 

4 , 6 2 2  
24 , 80 2  
1 7 , 1 3 1  
32 , 244  
58 , 0 1 9  
4 3 , 633  
64 , 832 

1 925-49 Trade and Shipping Statistics ( fo r  years shown ) . 
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product ion ; i n  New Zea l and, where so i l s  were pr i nci pa l l y  defi ci ent i n  

phosphoru s , t hese el ements pl ayed a s econdary rol e  i n  the type of 
product ion  bei ng adop ted by farmers .  Pota s s i c- ferti l i zer i mports 
genera l ly  rema i ned u nder 5 , 000 ton s a nd were u sed as  supp l ements to 
the phosphate mi x tures p repared for soi l s  s howi ng thi s parti cu l ar 
defi c i ency . The quant i ty empl oyed i n  any yea r vari ed s trong ly  

accord i ng to  economi c cond i ti ons ( Sma l l f i e l d ,  1 947c , 579 ) un ti l the i r 
need wa s more fi rmly recogni zed i n  the per i od fol l owi ng Worl d War I I .  

The l eve l  of · ni trogenou s-ferti l i zer imports rema i ned even l ower 
( Tabl e 5 . 7 ) . The u s e  o f  s u l pha te of ammoni a ,  for exampl e ,  was found 
unprofi tab l e  despi te i ts decrea s i ng cost ( Smal l fi e l d ,  1 947c , 579 ) . The 

profi tabl e anp neces sary l evel of u s e  was un known , so i n troduci ng 
u ncerta i nty i n to i ts u s e .  The n i trogenous ferti l i zers appeared u sefu l 
on ly  to promote out-of-sea son pasture growth but  posed probl ems i n  
s uppres s i ng l egumes ( Bu rnard ,  1 93 1 , 60 ) . The i r  use was to rema i n  
l i mi ted unt i l  further work on pas tu re pl ants and pasture management  
was  compl e ted . The n i trogen-fi xi ng act ion  of so i l bacteri a 

a s soci a ted wi th  c l overs wa s a l ready known and i ts effects were ev i dent 
i n  New Zea l and i n  thi s l ow demand for ni trogenous fe rt i l i zers . 

AGR I CULTURAL L IME 

The s o i l chemi s try a s pects of so i l amend i ng were u nder i nvest i 
ga t i on i n  the resea rch i n s ti tut i on s  a l ready e s tab l i s hed . Determi ni ng 
so i l aci d i ty l evel s and i denti fy i n g  l evel s u nfavourab l e for c l over 
growth had  prompted the u se of agri c u l tura l l i me to l ower soi l ac i d i ty .  
Th i s  respons e  was u nders tood and wa s bei ng p u t  i nto practi ce more 

exten s i ve l y  a s  the proport ion of far�ed l and · i n  sown gra s ses  conti nued 
to i ncrea se . The free- l i me content of ba s i c  s l ag  reduced the need for 
l i m� bu t l i m i ng  tended to i mprove the performance of the s uperphospha te 
ferti l i zers app l i ed and so , the two practi ces  became more wi de ly  
accepted ( Burnard , 1 93 1 , 5 1 ) .  Th i s  combi ned use  became muc h more 
common i n  t he earl y 1 930s  a nd the u s e  of l ime on l y dropped sharp l y  
after 1 932  ( Tab l e 5 . 8 ) . 

Prev i ou s  regi onal  v a r i a ti ons  i n  soi l amend i ng on gra s s l and 
became s omewhat  more u n i form though l i m i ng  wa s ' g reat ly  neg l ected i n  
many d i s tri c ts i n  New Zea l and ' ( Burnard , 1 93 1 , 51 ) .  Wherea s i n  the 
South I s l and  l i mi ng occurred before the appl i ca ti on of ferti l i zers , 
fol l owi ng  the practi ce devel oped i n  Sou th l and , i n  the North I s l and 



Year 
Ending 

31 January 

1 926-2 7 
192  7-2 8  
1 9 2 8-29  
1 929-30 
19 30-3  i 
1 9 3 1-32 
19  32-3 3  
1 9  33- 34 
19 34- 35 
1 9 35- 36 
1 9 36- 3 7  
1 9 3 7- 38 
1 9 38-39 
19 39-40 
1940-4 1 
1 9 4 1-42 
1942-43  
1 94  3-4 4  
1 9 4 4- 45 
19 45-46 
1946-4  7 
1 9 4  7-4 8 
1948- 49 
1 9 49-50 

TABLE 5 . 8  

SOWN GRASSLAND TOPDRESSED , BY TREATMENT TYPE 
( THOUSANDS OF ACRES) 1926-1949  

Treatment:  

Ferti lizer Lime Ferti lizer Tota l 
On ly On ly and Lime 

1 , 409 . 8  10  7 4 . 5  1 , 5 2 1 . 3  
1 , 8 31 . 2  1 1 8 .  1 3 . 2  1 , 952 . 5  
2 , 53 1 . 5  22 3 . 4  3 2 , 75 7 . 9  
2 , 854 . 6  359 . 7 . .  2 , 650 . 7  
2 , 4 32 . 4  43 8 . 9  . .  2 , -8 7 1 . 3  
2 , 06 7 . 7 386 . 6  . .  2 , 454 . 3  
1 , 74 1 . 0  103  5.9 4 . 1 2 , 4 38 . 1 
1 , 46 9 . 5  1 1 6 . 2  6 6 3 . 4 2 , 2 49 . 2  
1 , 70 3 . 3 146 834 . 8  2 , 6 84 . 1 
1 ,  793 . 7 150 . 9  9 32 . 6  2 , 882 . 2  
2 , 1 2 2 . 4  1 76 . 8  1 , 02 7 . 1 3 , 326 . 3  
2 , 5 16 . 2  1 89 1 , 16 8 . 8 3 , 8 74 
2 , 5 84 . 6  2 1 8 . 4 1 , 2 13 . 9  4 , 0 1 6 . 9  
2 , 764 . 3  204 . 5  1 , 2 1 8 . 5  4 , 1 87 . 3  
2 , 9 2 3 . 4  25 1 1 ,  4 75 4 , 6 49 . 3  
2 , 324 . 1 380 . 1 1 , 508 . 1 4 , 2 1 2 . 4  
1 , 5 74 . 8  5 70 . 8  1 , 32 4 . 4  3 ,  4 70 . 1 
1 , 4 7 1 . 1  729 . 7  1 , 169 . 2  3 ,  3 70 
1 , 602 . 9  726 . 5  1 , 3 1 7 . 0  3 , 6 46 . 4  
1 , 75 7 . 8 606 . 7 1 , 2 88 .  7 3 , 6 5 3 . 2  
2 , 2 37 . 3  566 . 0  1 , 456 . 7  4 , 260 
2 , 6 5 4 . 4  5 48 . 5  1 , 4 8 1 . 3  4 , 6 84 . 2 
2 , 9 8 1 . 9  5 84 . 4  1 , 496 . 1 5 , 062 . 4  
3 ,  754 . 3  5 89 . 6  1 , 394 . 5  5 , 7 38 . 4  

Sources :  1 9 26-46 Smallfield ( 1950 , Table 1 4 ) . 

1 9 4 7-49 Agricultural Statis tics ( for years shown) . 
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the reverse  had been true , fol l owi ng the pa ttern es tabl i s hed i n  the 
Wa i kato ( Sma l l f i e l d , 1 947c , 579 ) .  

Da ta on l i me u s age i s  ava i l ab l e only from 1 9 26 onward s but 
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the trend to coveri ng  a greater acreage of topdressed gra s s l a nd i s  
evident ( Tab l e 5 . 8 ) . Between the 1 9 26-27 season  and the 1 930-31  
season the  a creage covered quadrup l ed . The proportion  of gra s s l and  
treated doubl ed , r i s i ng from 7 . 0  to 1 5 . 3  percen t ,  even  wh i l e  the  

amount o f  l a nd sown to gra s s  wa s i ncrea s i n g .  These  earl y data do not  
stri ct ly  separa te the area treated wi th l i me on ly  from that  a l so 
treated wi th chem ica l  ferti l i zers . Part of the i ncrease , then , cou l d 

be a res u l t of greater u se  of the  l a tter ma teri a l . However , the 
s imi l ari ty of the total  acreage of grass l a nd trea ted between the 1 93 1 -

, 

32  and 1 932-33 seasons (when a more deta i l ed brea kdown of type of so i l -
amend i ng practi ce became ava i l a b l e )  wou l d  i ndi cate the con t i nuati on  
of  a s im i l ar usage pa ttern . The i mprovemen t  i n  the  performa nce of 
phospha ti c ferti l i zers  and the recogni ti on of l i me ' s  rol e i n  provi d i ng 
mi neral s need for s tock  hea l th comb i ned to promote i ts use . Producti on  

of l i mes tone  di d not  i ncrea se  as  rap i d ly  however ( Tabl e 5 . 6 ) . From 

1 9 26 to 1 930  l i mestone  outpu t rose 82 , 000 tons whi l e  the a creage on  
wh i ch l i me a l one wa s u sed i n  1 926- 27 and 1 9 30-31 ro se by 332 , 000 acre s . 
The appl i ca ti on rate per acre fel l from 1 . 1 4  to 0 . 47 tons . Onl y i n  the 
l ate 1 930s  did  l i me s tone  outpu t r i s e  a lmost  s tead i l y .  

SOI L -AMEND I NG P RACT I CE 

Comparati ve ly , t he grass l and acreage trea ted wi th l i me rema i ned 
wel l bel ow tha t trea ted wi th chemi cal  ferti l i zer ( Tabl e 5 . 8 ) . By 
1 930 , 2 . 65 mi l l i on acres  of gra s s l and were ferti l i zed . The use  of 
superphos p hate exceeded the comb i ned use of basi c s l a g  and a l l o ther 
types duri ng  th.e 1 9 26 - 27 to 1 929-30  per iod ( Tabl e 5 . 9 ) .  U nfortunatel y ,  
the trend cannot be fol l owed a s  a s impl i fi ed col l ect i n g  p rocedure 
was i nvoked  at  the beg i nn i ng of the depres s i o n  whi ch l ed to on ly  the  

agreage treated wi th a ny chemi ca l  ferti l i zer  bei ng recorded . 
Ferti l i zer u s e  on gra s s l and  i n  the l a te 1 9 20s s howed a ra pi d 

i ncrea s e . Between 1 9 27 - 28 a nd 1 9 28- 29 al mo s t  700 , 000 more acres were 
fert i l i zed ( Tabl e 5 . 8 ) . The r i s i ng trend conti nued i n to 1 929 - 30 wi th  
a fu rther i ncrease i n  treated g ra s sl and of  over 320 , 000 acres . Th i s 

represented 1 5 . 7  percent of the  nation ' s  a rea  of improved gras s l a nd .  
I t  has not  been pos s i bl e  to fi nd  earl i er da ta a t  the l and d i s tri c t  or  
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TABLE 5 . 9  

COMPARISON OF  SOIL AMENDMENT USE BY I SLAND IN 1926-2 7 ,  19 29-30 , AND 1949-50 : THOUSANDS OF ACRES 
COVERED , THOUSANDS OF HUNDREDWEIGHTS USED , AND APPLICATION RATE 

Type of 
Soi l  Amendment 

Superphosphate 
acreage - covered 
quantity ( cwt ) 
rate ( cwt / ac . ) 

Basic S lag 
acreage covered 
quantity ( cwt ) 
rate ( cwt/ ac . ) 

Other Fer t ilizer 
acreage covered 
quantity ( cwt ) 
rate ( cwt /ac . ) 

Lime 
acreage covered 
quantity ( cwt ) 
rate ( cwt/ ac . ) 

- ---

NI 

826 
2 , 0 39 
2 . 4 7  

2 5 2  
7 30 

2 . 9  
--

152  
452  

2 . 9 7  
--

53 
267  

5 . 04 
--

-- --- --

1926-27 

% SI 

84 159 
87 3 1 5  

1 . 98  

96  10  
9 6  28  

2 . 8  
--

94 10 
94 31  

3.T 
--

49 54 
34 5 2 1  

9 . 65 

--- --

Year 

1 929-30 

% NI % SI 

1 6  1 , 454 82 308 
13  3!5 38 87 539 

2 . 43 1 .  75 

4 599 92 52 
4 1 !506 93 1 1 3  

2 . 5 1 2 . 1 7 

6 365 83 76 " 
6 878  87 1 3 1  

2 . 40 1 . 72 
-- --

5 1  2 1 4  60 145  
66  805 43  1 , 0 75 

3 . 76 7 . 4 1  
--

--

Note : NI denotes North Island , SI deno tes South Island . 

% 

18  
13  

8 
7 

1 7  
1 3  

40 
57 

Source : Calculated from Agricuttura t Statistics ( for years shown) . 

I 
' 1 949-50 i 

NI % SI % ! 
2 , 1 7 9  86 353 1 4  
5 !65 7 9 1  5 70  9 
2 . 6  1 .  62 

306 9 6  14  4 
969  97  30 3 

3 . 1 7 2 . 14 

267  9 2  2 2  8 
842  95  46  5 

3 . 15 2 . 09 
-- --

1 84 3 1  408 69 
2 !482  24  7!876 76  
1 3 . 49 1 9 . 30 

w 
1.0 
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provi nci a l  l evel  i n  order to see how ferti l i zer use  s pread . Evans 
( 1 969 , 203 ) a sserts  that  by 1 9 26 topdress i ng had become ' Domi n i on wi de ' , 

bu t not a l l areas benefi ted . The pract i ce of  topdres s i ng was s t i l l  
l i mi ted to areas  hav i ng access  to materi a l s and abl e to be trea ted 

u s i ng horse-drawn machi nery . S heep farmi ng , even i n  s uch  areas , l a gged 
beh i nd i n  so i l  amend i ng ( Nosworthy c i ted i n  Kempthorne , Prosser and Co . , 
1 9 26 , 5 -6 ) .  Al thou g h  topdres s i ng was deve l op i ng :  

i t  had been est ima ted tha t ,  despi te the  succes sfu l  
p ropaganda o f  the Department of  Agri  cu l ture and of  
s tock  and s ta t i on agents , not  more than  5 percent  of the 
sown pa s tures  of the Domi n i on are a nnual ly  topdres sed . 
At thi s rate i t  wou l d  take 20 years to get round a l l 
the sown pa s tures --a  rate whi ch  a t  c urrent dres s i ng s  
wou l d  hard l y  counterba l a nce natural depl eti on , and 
wou l d  l eave i nherent so i l  defi c i enci es  practi cal l y  
u ntouched . ( Stapl edon , 1 9 28 , 85 ) 

Farmers were s ti l l  experi ment i ng wi th ferti l i zer usage , often not 
empl oy i ng the mos t s u i tab l e type ( s een i n  Tabl e 5 . 9  i n  the chang i n g  
percentage o f  so i l -amendment type u sed )  and , wi th the pol i cy o f  us i ng 
' one cwt . per acre , per yea r ,  perhaps ' were not appl y i ng adequa te 
amounts ( Kempthorne , Pros ser and Co . , 1 9 26 , 9 ) . Topdres s i ng ' wa s  
practi sed  on l y  where l ack o f  phospha tes  was proved to b e  a seri ous  
l imi ti ng factor i n  producti on • ( Hudson and  Scri vene r ,  1 936 , 404 ) .  A 
ful l a s s essment o f  needs and a compl ete ferti l i z i ng program i nvol v i ng 
l i me and  potas h  had  not been made by the mi d- 1 930s . I t  wa s fel t that 
the s u ccess  of p ho s pha te a pp l i cati on a l one wa s l imi ti ng ' the . further 

immed i ate devel opment of [ th i s]  concept of  compl ete manuri ng • ( Hud son 
and Scr i vener , 1 936 , 404 ) . 

The u se  of var i ous soi l amendments on  gras s l and  i n  the North and 
Sou th I s l ands  s howed the marked di fferences i n  the amount  and typ e  of 

ferti l i zers empl oyed and the rate of app l i cation of s uperphosphate  and 
l i me ( Tab l e 5 . 9 ) . Farmi ng sys tem d i fferences , notab l y more sown g ra s s 
l and a n d  da i ryi ng  i n  the North I s l and ( Kempthorne , P ro s s er and  Co . ,  
1 925 , 36 ) ,  and s o i l di fferences  account for the var i a t i on noted but  a 
conti nu i ng s teady pa ttern of  ferti l i zer appl i cation  ra tes d i d appear .  

The heav i er u s e  of  l i me refl ected t he  g rea ter need seen to  adj u s t  
soi l a c i d i ty i n  the South I s l and , bu t the acreage covered rose more 

rap i d l y  i n  the North I s l and to 1 930--a trend wh i ch con ti nued to 1 9 50 . 
There was some concern expre s s ed a t  that t ime that  farmers ' grea ter use  
of  l i me was  an  a ttempt to reduce the  u se  of  more expen s i ve  ferti l i zers 
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( Connel l ,  1 93 1 , 307 ) . Wi th l a ter s hortages duri ng and after the war 
s uch  was certa i n l y  the ca se  a s  the heavy l i mi ng rate s hows ( Tab l e  5 . 9 ) . 

RESEARCH ON GRASS LAND 

The ri se  of topdres s i ng i nd i cated that sown pasture was a central 
feature of New Zea l and ' s  farmi ng  sys tems . Of the tota l a rea of occup i ed 
l and bei ng farmed , sown pas ture rose  from 36 . 5  percent  i n  1 920-21 to 
39 . 9  percent i n  1 930-31 . The area i n  sown grasses ro se  from 1 5 . 9  

mi l l i on  acres to 1 7 � 3  m i l l i on acres a s  scrub l a nd i n  the North I s l and 
and tu s sock i n  the  South I s l and  were converted to pas ture ( Smal l fi e l d ,  
1 947c , 57 7 ) . However , sown pasture wa s far more preva l en t  i n  the North 
I s l and  as a pe�centage of gra s s l and . Wi th the grea ter producti on 

occu rri ng i n  the  former i s l and  i t  wa s s een that sown pas ture wa s ' of 
mos t  economi c i mportance for the Domi n i on as  a whol e '  ( Duckham , 1 932 , 
1 07 ) . The i mportance of th i s  fea ture i s  seen i n  the d i rect ion  New 
Zea l and  agr i cul tural  resea rch took . Crop producti on c l ea rl y  tra i l ed 
far behi nd i n  a rea l extent a s  nei ther the gra i n and p u l s e  crop acreage 
nor that of a l l green and root crops ( l argely i ntended for l i vestock  

fodder anyway ) reached 2 percent of  the area farmed ( Tab l e 5 . 1  ) .  Crop
p i ng wa s seen  as  a nti the t i ca l  to topdre ss i ng practi ce ( Kempthorne , 

Pros ser and Co . , 1 9 25 ,  47 ) .  Consequentl y ,  i t  i s  pos s i b l e  to accept the 
sta tement  ' The l i neaments of  the l a nd use pattern and  fa rmi ng sys tems 
were e s tabl i s hed ' ( Moran , 1 974 ,  1 24 ) .  

The promo ti on of gra s s l a nd farmi ng deve l oped s trong ly  i n  the 
peri od to 1 9 30 through the efforts of  peopl e a l ready i n  the i ns ti tu ti on s  
e sta bl i shed pr i or to Worl d War I ,  and  through the efforts of those 
i nvol ved i n  new i ns ti tu ti ons  founded i n  the 1 920s . The i n tens i ty of 

thi s effort l ed to the comment  tha t :  ' Re search work  i n  New Zea l and 

i s  concerned a l mo s t  excl u s i ve ly  wi th the l and and · l and  products ' 
( Bel s haw , 1 936a , 25 ) .  The  i mporta nce of  sown gras s l and  i n  that 
research concern d i rected a ttent i on to grass l and probl ems , notab ly  i n  
fert i l i zer  i nv e s ti gati ons ( Hudson a nd Scri vener , 1 9 36 , 384 ) .  

Advances i n  E xperimenta t ion  

The devel opmenta l work on  the u s e  of so i l  amendments was gu i ded 
by those a s se s s i ng i ts p hys i cal  p roperti e s . The work  of I v ey of 
Canterbury Agr i cu l tural Col l ege and As ton  of the Departmen t  of 
Agri c u l ture fol l owed from thei r background i n  soi l chemi s try . Advances 
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i n  the p hys i cal  s c i ences enab l ed the propert ies  of var iou s  ferti l i zers 
to be a na l yzed and  the use of the experimenta l  method i n  fi e l d tri a l s 

enabl ed researchers to make some asses sment  of the u ti l i ty of the se  
mater i a l s on part i cu l ar soi l s .  It  was  on l y  in  1 9 1 7  tha t i t  wa s 
deci ded to approach  the probl em of a s ses s i ng ferti l i zer- tri a l  res u l ts 
more r i gorou s l y  by opera ti ng  a l i mi ted number of exper imental  areas  
on sel ected soi l types to  demons trate proper techn i ques . By 1 923 , 
seven s u c h  a reas were be i ng empl oyed i n  addi tion to three model farms 

i n  the No rth I s l a nd (ARDA , 1 9 24 , 5 ,  22 ) .  Thi s represented a great 
reducti on  i n  the sca l e of experi mentat ion , but i t  wa s regarded a s  
' a  per i od o f  recovery from the prev i ou s  orgy a s  we l l  a s  a t ime of 
prepara t i on f,or the i n troducti on of mOdern methods ' ( McCa s k i l l ,  1 9 29 , 
1 1 0 ) . S taff numbers rema i ned l i mi ted as  i n  1 920 there were on ly  1 0  

or 1 1  peop l e i n  t he F i e l d s  Di v i s i on ( Sma l l fi e l d ,  1 9 70 , 9 ) ,  impos i ng a 
restri c ti on on the  amount of work underta ken and the amount of 
i nforma ti on d i s s emi nation . On ly i n  the 1 930s d i d  the number beg i n  to 
grow , and s l ow ly  a t  tha t ,  unt i l 1 950 ( Tab l e 5 . 1 0 ) . 

Ana lys i s  o f  experi ments , however , cou l d  be performed more 
ri gorous l y  u s i ng the new stat i s t i ca l  techn i q ues ava i l a bl e .  New tri al s 
were p l a nned on th i s ba s i s  and prev i ou s  tr i a l s were rea s ses sed . The 
fi rst  s uch  work  was done i n  1 9 2 1  at L i ncol n Col l ege  ( McCa s k i l l , 1 9 29 , 
1 1 4 ) . The Depa r tment of Agr i cu l ture d i d not emu l a te thi s approach  
unti l 1 924 when ferti l i zer tri a l s on  wheat  and pa s ture u ndertaken by a 
pri v a te body , the  Canterbury Soi l s  Improvement  Commi ttee , were 
' extended and  ta ken over ' ( McCa s k i l l ,  1 929 , 1 1 4 ) . On l y  i n  1 929 
at  the Marton Experi mental Stat i on were tri al s sta rted u s i ng i nten s i ve 
research methods  whi ch perm i tted a n  a na l ys i s  of the effects of 
ferti l i zers on g ra s s l and . I t  was from these ongoi ng  tri a l s tha t 
pract i c a l  ferti l i z i ng pract i ces were d evel oped ( Hu dson , 1 954 , 1 3- 1 4 ) . 

The  too l s of analys i s  were requ i red before a better u nderstand i ng 
of the tri a l  res u l ts cou l d  be obta i ned . I t  was neces sary for these 
methods to be taught  to exi s t i ng personnel  and for graduates  a l ready 
tra i ned i n  thei r use  to be engaged by the Departmen t  to conti nue  the 

work on a wi der ba s i s .  An offi c i a l  sys tem was dec i ded u pon i n  Marc h ,  
1 924 , and  i n  January 1 925 Dr . H i l gendorf publ i s hed a n  arti cl e i n  the 

Journal of Agriculture outl i n i ng the methodol ogy i nvo l ved ( H i l gendorf , 
1 925 ) . T h i s dea l t wi th the fi rst s i tu a t i on , and , a s  a n  exampl e of 
the second s i tu a ti on , A . W .  Hudson , a L i ncol n Co l l ege  graduate wi th a 



TABLE 5 . 10 

NUMBER OF FIELDS DIVISI ON PERSONNEL 

Ye aY' Instructors Other Professional 
ReseCU'c hers 

_ 1 9 25 15 9 
1930 30 11 
_1 9 35 33  28 
.1940 62 10 
1946 53 20 
J 950  110 56 

Source : Data suppl ied by P . W .  Sma ll field in Hudson 
(19 54 , 1 7 ) . 
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s tat i s t i ca l  background , wa s appo i nted i n  1 9 24 to superv i se al l 
exper imental  work done by the Department i n  Canterbury . I n  1 92 7 ,  he 

became F i e l d  Crop Experimenta l i s t for New Zea l and ,  respons i b l e  for 
superv i s i ng al l fi e l d experimental  work i n  the country ( McCask i l l , 
1 929 , 1 1 4- 1 1 5 ) . Greater sc i enti fi c tra i n i ng was be i ng d i rected i nto 

the i nvest i gat ion  of agri cu l tural product ion . 

Pl ant S tra i ns 

Much  of the 1 mpetus for thi s devel opment  was prov i ded by men 
appoi n ted pri or to Wor l d War I ,  bu t they had not been s ucces sfu l i n  
impl eme n t i ng the i r  i deas about further researc h .  A . H .  Cockayne , who 

had p i oneered ' s tud i e s  of montane gra s s l and , was appo i n ted as  an 
a s s i s ta n t  b io l og i s t i n  the Department of Agri cul ture i n  1 909 . I n  
1 9 1 0  he was a l ready i nd i cat i ng the d i recti on i n  wh i ch h e  thou ght the 
department • s  research shou l d  be poi nted i n  wri ti ng i n  the fi rst 
vol ume of the Journal of the Department of Agriculture ( after 1 9 1 2 ,  
Journal of Agriculture ) : 

I n  New Zeal and our gra s s  crop far o uts hadows al l others . . . .  
rough ly  abou t 95  per cent of our cu l ti vated l and i s  devoted 
to  the product i on of feed for our herd s and fl ock s ,  and 5 
p er cent to a l l other crops . When these fi gures  are con
s i dered , es pec i a l ly  i n  conj uncti on wi th the v i ta l  i mporta nce 
of our export  trade i n  a n i ma l  produce- -wool , mea t a nd 
d a i ry produ ce - - i t  i s  apparent how e s senti a l  to the na ti onal 
wel fare of the country i s  the improvement of our gra s s  l ands 
a nd thei r s u b s i d i ary crops .  ( Cockayne , 1 9 1 0 ,  234 ) 
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He  wanted to see  a pl an t-breed i ng s ta ti on estab l i s hed to i mprove 
gra s ses  and s ubs i d i ary crops , an area l es s  wel l devel oped i n  other 
agr i cu l tu ra l cou ntri e s . The gra s s  crop needed to be i mproved to 
obta i n  better y i e l d s , more drough t-res i s ta n t  vari et ies  and more 
nutri t i ve  qual i t i es .  However , pr ior to 1 923  when the Fi e l ds  Di v i s i on 
of the Department was re-estab l i s hed a nd he , as  the D i recto r ,  wa s 

abl e to  co-ord i nate a nd d i rect i ts . work  ( Sma l l fi el d ,  1 970 , 9 ) , 
l i tt l e came of the effort to p romote pl a n t  breed i ng  of forage crops 
a nd gra sses . More work was put  i nto seed testi ng after 1 9 1 2  bu t 
mos t  effort was i nvo l ved wi th cerea l s and was done outs i de the 
Department of Agri cu l ture ( Sma l l fi e l d ,  1 97 0 ,  64 ) .  

There was a rea l i zati on of the i mportance of the p l ants  and  
a n ima l s on  wh i c h  p roducti on wa s based . The work of Gi l c hri s t  i n  
Bri tai n had created an  awareness  of the i mportance of pl ant s tra i n  i n  
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i mprovi ng  p roducti on ( Stapl edon , 1 9 28 , 97 ) .  Nonethel ess , the pa s tures 

bei n g so  wi de ly  es tabl i s hed were ba sed on seed wh i c h :  

proba b l y  var i ed more i n  qua l i ty ,  and therefore i n  va l ue 
that [ tha n ]  any other commod i ty the fa rmer had to buy . 
At the  same time they [seeds ] were , wei g h t  for wei g h t ,  the 
mos t  expens i ve of a ny of h i s  recurri ng purchases , and for 
tha t reason great care had to be exerci sed i n  buyi ng .  
( Evans , 1 960 , 5 )  

Farmers trus ted the i r  own j udgment rather than the vo l untary puri ty 
and germi n a t i on tes ts ava i l ab l e  from the department l a boratory set u p  
for th i s  purpose i n  1 91 0  ( Sma l l fi e l d ,  1 97 0 ,  69 ) .  Al though  s ome 
progress wa s made under the d i recti on of E . C .  C l i fton i n  the early 
1 900s , only after 1 920 wa s a more determi ned seed-tes ti ng program 

I 

i nst i tuted based on Cockayne • s  . observa ti ons of the s i tua ti on i n  the 
Un i ted State s . New Zea l and wa s env i saged as  an i mportant  cen tre for 

s eed product i on for the Bri ti s h  Emp i re on the bas i s  of th i s work 
( Stapl edon , 1 9 28 , 1 06 ) . 

Research I n s ti tu ti ons 

Seed tes t i ng was rel a ted to the establ i s hment of the P l ant  
Research Sta ti on at  Pal merston North i n  1 928 , the cu l mi nat i on of 
Cockayne • s  many years of effort . The s tati on compri sed s i x  sect i pn s : 
agronomy , crop experiments , agrostol ogy 3 , mycol ogy , entymol ogy and 

seed tes ti ng  wi th the res u l t tha t the ful l Fi el d s  Di v i s i on a nd the 
B i o l ogi ca l  L a boratory s taff were work i ng together (ARDA� 1 929 , 3 6 ) . 

T h i s arrangemen t  remedi ed the absence of an i ns t i tuti on fu l ly  equi pped 
to conduct the p l ant-breedi nq_ work a nd embody the advances found i n  
s tra i n se l ecti o n  ( S tapl edon , 1 928 , 90 ) . 

Th i s  a dopti on of a suggest i on of R . G .  Stap l edon , founder and 
D i rector of  the Wel sh  P l a nt Breed i ng Sta ti on ( Levy ,  1 970 , xxx i ) 
fol l owed the  pa ttern of i mi ta ti ng i ns t i tuti ons e stabl i s hed el s ewhere . 
The Canterbury Agr i cu l tural  Co l l ege and  the Department of Agr i cul ture 
were n i neteen th century exampl e s  of th i s  pattern wh i ch wa s fol l owed 
i n  the crea t i on of the Department of Sc i enti f i c  and I ndustri a l  Researc h  
( herei nafter referred to a s  the DS I R )  i n  1 926 . I n  the l atter ca s e ,  
t h e  Secretary of the Department o f  Sc i enti fi c a nd I ndustri a l  Research 
i n  the U n i ted Ki ngdom was i nv i ted to report on the organ i zati o n  and 
appl i cat i on  of s c i enti fi c research i n  New Zea l and ( R i ddet , 1 9 5 4 ,  4 ) .  

An i nst i tut i on  s imi l ar to that i n  Bri ta i n  wa s e s tabl i s hed and l a ter 
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took over much  of the researc h work  be i ng done under the au spi ces of 

the Depa r tment  of Agri c u l ture . 

The  empha s i s on a pp l yi ng research work  to agri c u l ture acknowl edged 
New Zea l a nd ' s  economi c dependence on  that sector  and was further borne 
out by the e s tabl i shment of a separate Da i ry Research I n sti tute 

( abbrev i a ted to DRI ) i n  1 927 to dea l  wi th more s pec i fi c  probl ems of 
produc t i o n  i mprovement ( Ri ddet ,  1 954 , 4 ) . I n  l i ne wi th thi s a i m  i t  

affi l i a ted the Hami l ton a nd Hawera Laborator i e s of the New Zea l and 

Co-operat i ve Da i ry Co . and Federa t i on of Taranak i  Co-operat i ve Da i ry 
Factori e s  ( Ca l l aghan a nd Peren , 1 9 36 , 252 ) . A l i nk wi th i ndustri a l  
product i o n  probl ems was forged . S i gni fi cant ly ,  the DRI  a nd the P l ant  

Research Station were s i ted i n  c l ose  proximi ty to  the  newl y founded 
North I s l and  agri cu l tural co l l ege , Ma ssey . Fac i l i ti es were s hared and 
s taff engaged in  teach i n g ,  thereby permi tti ng research fi ndi ngs to 

be di ffu s ed to other researchers , academi c s ,  a nd students  who cou l d 
parti c i p ate i n  the work  bei ng undertaken and l earn the methods 
empl oyed ( P h i l pott ,  1 937 , 278 ) . 

A . H .  Cockayne ,  a s  D i rector of the Pl a n t  Research Stat ion ,  
s trong l y  favoured the ma i ntenance o f  c l ose connecti ons  between researc h 
and i ns truct i on , and a n  a ppl i ed a pproach to researc h  ( Levy , 1 970 , 

xxxi x ) . The  i ndustry bei ng served cou l d  then better u nders tand the 

resu l ts o b ta i ned and g i ve some d i recti on to research bei ng pursued . 
The concern for the re search program l ed h i m  to agree to the transfer 
of the P l a n t  Research Stat ion  to  the DS I R  a s  i t  • wou l d g i ve added 
scope a n d  better opportun i t i es for the fi nanc i ng of a susta i ned 
research programme than he [ Cockayne] cou l d foresee i n  h i s  own 
Departme n t • ( Levy , 1 97 0 ,  xxx i x ) . 

Agros to l ogy and Seed Certi f i cat ion  

A l though the organ i zat i ona l  a rrangement  was l arge l y  i mi tati ve  i n  
ori g i n ,  i t  p roved effecti ve i n  d i recti ng research · work  to New Zea l and ' s  
parti cu l a r  needs . The key rol e o f  gra s s l and  i n  producti on wa s 
recogn i zed  i n  the agro s to l ogy work  underta ken i n  1 928 by E . B .  Levy . 
Thi s wor k  wa s begun i n  conj uncti o n  wi th W .  Dav i es of  the Wel s h P l a n t  
Stat i o n  w h o  had been s econded for two years by Stapl edon ( Levy , 1 970 , 

x i x ) a s  part  of the research  co-operat ion  program of the I mper i a l  
Agri c u l tura l Resea rch Bureaux scheme ( Ca l l aghan  and Peren , 1 936 , 293 ) . 

Fol l owi n g  Stapl edon • s  concern wi th the qua l i ty of herbage p l ants , 
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fundamenta l research i n to the ecotypes ( s tra i n s )  a va i l ab l e wa s u nder
taken . Precedi ng  work done by Cockayne and Levy i n  i denti fyi ng the 
mos t va l uabl e p a s ture p l a n ts enabl ed some sel ecti on to be made . More 
concentra ted effort cou l d  then be app l i ed to those spec i e s  whi c h  
a ppeared mos t  producti ve .  The work  of the Agrosto l ogy Secti on 
b eg i nni ng  i n  1 9 29 i ndi ca ted that ' there were s tri k i ng and important  
d i fferences i n  the  common ly  used pas ture pl ants , parti cu l a rl y  i n  
ryegras s ,  whi te c l over , cocksfoot and  t i mothy ' ( Evans , 1 960 , 1 5 ) .  
Research i n to s tra i n  through  1 931 wa s concentrated on ryegra s ses , 
cockfoot ,  wh i te c l over , red cl over , s ubterranean c l ove� and browntop ,  
a nd resu l ts were pub l i s hed regu l ar ly  i n  the Journal of Agriculture to 
d i s s emi nate t�e i nformati on gathered . Seed certi fi cati on centred on 

bu t two of these pl ants , ryegras s  and  wh i te c l over , as  they were 
con s i dered the two mos t  i mportant permanent pasture s peci es . C l over ' s  
rol e i n  the e s ta bl i s hment of producti ve  pasture by furni s h i ng n i trogen 
to the grasses  had been u ncovered i n  the 1 920s ; hence , i ts s tudy was 
of parti cu l a r  i mportance i n  devel op i ng better pa s ture ( Sma l l f i e l d , 
1 947a , 1 69 ) . F i nd i ng a true perenni a l  ryegra s s  was the maj or 
accompl i s hment of  the scheme as i t  provi ded the ba s i s  for produc t i ve , 
h i g h-qual i ty ,  permanent pas ture ( Sma l l f i e l d ,  1 947c , 581 ) .  

The cont roversy surroundi ng i ts u se  had been carri ed to New 

Zea l a nd  from Br i tai n i n  the 1 880s and  conti nued unti l certi f i ed 
perenn i a l  ryegra s s  was proven worthwh i l e  i n  the 1 930s . Sma l l fi e l d  

( 1 970 , 64 ) notes the rel i ance pl aced by New Zeal and on Bri t i s h  
experi ence : 

At that t i me [l a te n i neteenth and  early twenti eth centu ri e s ] 
New Zea l and  l ooked to Great Bri ta i n  for i nforma t ion on 
farmi ng devel opments and the ryegra s s  controve rsy there 
was fol l owed wi th i n terest here . 

Whi l e  Smal l fi e l d  ( 1 97 0 ,  64 ) a l so noted that ,  

i t  does s eem s trange that . . . so  much wa s sa i d , s o  many 
opi n i on s  p ut  forward and so l i ttl e i nvesti gati on  wor k  was 
carri ed o u t  on the n ature and va l ue of ryegra s s  strai n s ,  

i t  s eems l es s  s u rpri s i ng when v i ewed i n  l i g ht o f  Parker ' s  thes i s  tha t 
s uch  b i o l og i ca l l y  ori ented wor k  wou l d  not  be carri ed out  pr i or to the 

deve l o pmen t  of appropri a te measurement  techn i ques and a greater experi 
ence i n  p l ant  breedi ng . I t  i s  i ndi cated that adopt ion  of new s trai n s  

dev e l oped a nd  cert i fi ed was not  i mmed i a te a s  there was some i n i ti a l 
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prejudi ce and  i ndi fference ( Evan s , 1 960 , 1 8 ) , but Levy campa i gned 
ac ti ve ly  to i n troduce i t  u s i ng fi el d demonstrat i ons over muc h  of the 
country ( Smal l fi e l d ,  1 97 0 ,  6 6 ) , and so combi ned the func t i on of 
researcher and i nforma ti on agent as Cockayne had envi saged . The out
come was more rapi d adopt i on of thi s parti c u l a r  stra i n  of perenn i a l  
ryegras s  ( Ca l l aghan and Peren , 1 936 , 296 ) . 

The capabi l i ty of rapi d ly  d i s semi nati ng the bes t s tra i n s wa s 
devel oped through a l i n kage between orga n i zat i on s  concerned wi th 

b i o l og i ca l  ma teri a l . J . W .  Hadfi el d ,  an agronomi st  who had worked on 

seed cert i fi cati on for potatoes and  whea t ,  wa s ab l e to set  u p  a 
scheme to app ly  the resu l ts found ( Hudson , 1 9 54 , 1 3 ) . I n  the 1 9 29-30  

season the DeP,artment  deci ded to i na ugurate a Seed Certi fi ca tion  
Sc heme whereby it  wou l d be pos s i b l e  to  produce g uaranteed seed of a 
parti c u l a r  pa sture p l ant  found benefi c i a l . The a i m  of the scheme : 

was to produce l i nes  of pure seed of known s tra i n ,  whose 
pur i ty ,  qual i ty a nd germ i na ti on capaci ty wou l d be guaranteed , 
the u se of wh i c h wou l d  br i ng a bout a steady improvement  
i n  o u r  pa stures wi th consequent  i ncrea sed carryi ng . 
( Ev an s , 1 960 , 1 6 )  

A di stri b u ti on organi z a t i on wa s e s tabl i s hed to promote both wi der 
use  and g reater producti on of the certi fi ed s tra i ns . Ex i s t i ng s eed 

trade c hanne l s were u sed wi th s toc k and s ta t i on fi rms pu rcha s i ng s tock  
seed from the Department  of Agri c u l ture for commerc i a l  p roduction  
( I rvi ng , 1 96 1 , 1 55 ) . The  product ion  potenti a l  of  Can terbury , where 
s eed dres s i ng had occurred as  ea r ly  as  1 870 ( Census of New Zealand� 

1 871 , Tab l e 3 1 ) was expl oi ted i n  a more effecti ve ,  sc i enti f i c  

manner .  

The i n i ti a l  agro s tol og i ca l  research a pproach refl ected Coc kayne • s  

work a s  a b i ol ogi s t  concerned wi th  ecosys tems , for • he po i n ted out  the 
sci enti fi c i ntere s t  and far-reach i ng pract ica l  importance of  research 
based on e co l og i ca l  concepts • ( Levy , 1 97 0 ,  xxxv i ) ,  a nd tran smi tted 

th i s  v i ew to men such  as Levy . Stapl edon s hared thi s approach of 
conducti ng  research on  pa s tu res i n  the f i e l ds a nd worked wi th Levy i n  

Wa l es i n  devel opi ng  th i s  approach ( Thoma s , 1 966 , 1 7 ) .  Necessary 
botan i ca l  a nd chemi ca l  s tud i es were then carr i ed ou t i n  a s soc� a ted 

research i ns ti tu ti on s  to reso l ve probl ems i ndi cated by work  i n  
agrostol o gy . As thi s l i nkage  wa s created i n  the organ i za t i on of the 
research i ns ti tuti ons , the progres s  env i saged by such a n  a rrangement 
was rea l i zed . Those  i nteres ted i n  the probl ems of gra s s l ands grou ped 



1 49 

together i n  1 931  to form the New Zea l and  Gra s s l ands Assoc i a t ion  wi th 
the a i m  of  promoti ng the use of the research d i scoveri es  bei ng made 

( Sma l l fi e l d ,  1 97 0 ,  1 08 ) . 

I nformati on d i s semi nat ion to farmers refl ected thes e advances i n  
knowl edge a s  noted i n  the changes i n  the ed i t i ons of F . W .  H i l gendorf • s  
Pasture Plants and Pastures of New Zea land. Where the second ed i ti on 

s imply noted the probl ems of i mpermanence i n  pa sture pl a nts ( H i l g endorf , 
1 9 23 , 9 )  a nd i ndi cated the wi de vari ety u ti l i zed , i n  the fourth 
ed i ti on the former cond i ti on wa s rel a ted to p l ant nu tri ent  requ i rements 
and soi l -ferti l i ty l evel s ,  and the vari ety of pasture p l ants  noted 
substant i a l ly  reduced ( H i l gendorf , 1 936 , 9 ) . 

The i mportance of perenn i a l  ryegra s s  a nd of gra s s  s tra i n 
appeared i n  the fourth edi tion ( H i l gendorf , 1 936 , 1 2 ) a nd l ed to a 
revi s i on of the worth of temporary pa s ture , a 
managemen t changes wh i c h were to occur on New 
Hi l gendorf , 1 923 , 7 2 ;  Hi l gendorf , 1 936 , 76 ) .  

refl ection of the pas ture 
Zeal and farms ( cf .  
By the fi fth edi ti on , 

menti on of the val ue of seed certi fi cat i on wa s i ncl uded and  the 
emi nence of ryegra s s  u nderl i ned ( H i l gendorf , 1 9 39 , 7-9 ) . 

Si mi l ar ly  the i mportance of c l overs was noted i n  the second 
ed i tion  ( H i l gendorf , 1 9 23 , 51 -52 ) but fu rther study to extend th i s 
cu l ture i s  f i r st  recommended i n  the fourth edi ti on and the d i fference 

i n  reds a nd wh i te cl over s tra i n s  recogni zed { H i l gendorf , 1 93 6 , 60-63 ) . 

The work  carri ed out by Levy ,  Dav i e s, a nd Hadfi el d wa s bei ng  no ted and  
transmi tted to  the  farmers . 

Ai d i ng i n  thi s tran smi s s i on process  were the i nstructors of the 
F i el ds Di v i s i on .  Thei r n umbers ros e ,  . a l bei t s l owl y ,  through  the 
peri od pri or  to Worl d War I I  ( Tab l e 5 . 1 0 )  but they were acti ve i n  
arrangi ng ferti l i zer a nd pasture p l a n t  s tra i n tri al s for i n s truct i on 
purposes i n  d i s tri cts throughout the country ( Hudson , 1 954 ,  1 3 ) .  They 

were abl e not on ly  to present i nnova ti ons to farmers bu t a l so to 
report thei r observati o n s  back to researchers , i nd icat ing  where fa i l u re 
and  succe s s  occurred and i ncreas i ng the re l evance of the experi ments 
i n  progress .  Thi s rol e i n  research wa s con s i dered s i gn i fi cant  not 
o n l y  for the contri buti ons made but  a l so i n  trans l ati ng research
s ta ti on f i nd i ng s  i nto p ract i�e on a wi de range of farms { Woodcock , 
1 96 1  ' 5 )  . 
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RESEARCH DI RECT I ONS 

Two l i nes  of  research emerged : one ba sed on chemi cal a na l ys i s 
whi c h  was concerned wi th detect i ng mi nera l def i c i enci e s  i n  so i l  and 
eva l uat i ng the performance of  soi l amendments , and a s econd , based on . 

ecol og i cal  concerns ,  i n  whi ch  the i nterrel at ionsh i ps  of  so i l  fert i l i ty ,  
pasture , and gra z i ng s tock were expl ored . 

Chem i cal 

The work  of  B . C .  Aston i n  provi di n g  a remedy for ' bu s h  s i ckness • ,  
a def i c i ency d i s ea se of a n i ma l s wh i ch had l i mi ted producti on i n  much 
of the central North I s l and from the 1 880s , exempl i fi es the fi rs t  
l i ne of researc h . Aston fou nd i n  the 1 9 20s tha t prov i di ng s tock  
wi th l i moni te cou l d overcome �he  probl em he  d i agnosed a s  i ron defi c i ency 
( Stap l edon , 1 928 , 82 -83 ) .  Attenti on became centred on the mi neral  
const i tuents of pa s ture as a consequence , thus  l eadi ng to further 
di scover i es u s i ng the research  resou rces a va i l abl e .  The va l ue of l i me 
and  p ho spha te ferti l i zers i n  s tock heal th  a ppeared thro ugh thi s work , 
a nd s erved to promote topdres s i ng ( Burna rd , 1 9 3 1 , 51 ) .  

Fo l l owi ng  As ton ' s  work , other resea rchers i n  New Zea l a nd a nd 
el sewhere found tha t l i moni te was not a l ways successful  i n  remedyi ng 
' bu s h  s i c kness • .  By 1 935 the ro l e  of the trace e l ement coba l t had 
been u ncovered and topdres s i ng  us i ng coba l t sul p hate had been i n tro
duced wi th s ucce s s  ( Smal l fi e l d ,  1 947c , 585 ) .  Farmi ng  then became 
v i ab l e i n  the pum i ce l ands i n  the Rotorua -Ta u po area ( Hudson , 1 9 54 , 1 5 ) .  

Th i s s uccess l ed to the further i nvesti ga ti on  noted i n  the fol l owi ng 
chapter . 

Concern wi th m i neral defi ci enci es  a l so l ed ,  i n  1 92 5 ,  to the fi rst  

soi l surveys i n  Nel son i n  1 9 25 , conducted by T .  R igg  of  the Cawthron 
I ns ti tu te (Pert .  J . � l 956a , 4 ) .  The experi ence gai ned i n  the Nel son 
surveys u s i ng reconna i s sance methods l ea rned i n  Bri ta i n  res ul ted i n  

R i gg ' s  be i ng a s ked i n  1 930 to head a team to defi ne the vol cani c a s h  
so i l s  i nvol ved i n  ' bu s h  s i ckness • (Pert .  J. � l 960a , 4 ) .  I n i t i a l l y  
thi s work  was carr i ed out  a s  part of the Geol ogi cal  Survey ,  but the  
need to  l i nk up  the so i l - s urvey fi ndi ngs  wi th chemi cal  ana l ys i s l ed i n  
1 9 33 to the e stab l i s hment of a So i l  Survey Secti on i n  conj uncti on 
wi th a chem i ca l  l a boratory wi th the DS I R  ( Pert .  J. ; l 9 60a , 3 ) . Th i s 
l i nk emphas i zed the i mportance of  the rel a t i ng of so i l  s urveys to the 
ferti l i zer-respons e  surveys began by A . W .  H udson i n  1 93 1  u s i ng the 



work of  fann adv i sory offi cers ( Woodcock , 1 9 61 , 7 ) . The bas i s  for 
pl ann i ng  soi l amend i ng wa s broadened . 

Map s  of the soi l s  s urveyed began to appear i n  the m id- l 930s 
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and a l l owed ' ad v i s ory offi cers to i nvesti gate so i l  ferti l i ty probl ems 
on i nd i v i dual  so i l  types , and a wi de survey of ferti l i s er and l i me 

respo n sers was soon carr ied  ou t •  ( Sma l l f i el d , 1 9 70 , 56 ) . The bu l l e ti n s  
i ncorpora ti ng ava i l a bl e knowl edge on  so i l s  i s sued by t he  So i l  Survey 
Secti o n  i n  col l a borati on wi th the Department  of Agri cul ture became 
' the mos t  important  factor i n  the devel opment  of accurate adv i ce for 
the i mprovement of so i l  ferti l i ty and con sequent ra i s i ng of the 

produc ti v i ty of pa stures and annual crops ' ( Sma l l fi e l d ,  1 9 70 , 56 ) . By 
1 941 a provi s i 9nal map of  North I s l and so i l s  was i ssued , a l though a 
compl e te survey was not publ i s hed unt i l 1 9 53  (Fert .  J . � 1 960a , 4 ) . 

Eco l og i ea l 

The second l i ne of research emerged from rel ati ng mi neral 
defi c i ency probl ems to an i mal  hea l th and p l ant  producti on . As 

researchers became aware of the rel at ions h i p between so i l  ferti l i ty ,  
pas ture growth , and graz i ng s tock , they added thi s approach to the 
area s o f  fundamental research i n to gra s s l ands  producti on . I t  i s  

ev i dent  that th i s  re l a ti ons h i p had been expl o i ted i n  n i neteenth century ,  
Bri ti s h  ' h i gh farmi ng • .  Wh i l e  i t  wa s recogni zed as impor tant by 
Cockayne and Levy , l i ttl e research work i n to the exact re l at i on sh i ps 
i nvol ved  had been performed . The P l ant  Research Stati on ' s e sta bl i s hmen t 
i n  the l a te 1 930s permi tted such  work to be u ndertaken l a ter u nder the 
d i recti on  of P . D .  Sears ( Mel v i l l e ,  1 954 , 20 ) . I n  thi s a rea , p i oneer i ng 
researc h techn i ques wa s as  i mportant an a s pect as the res u l ts actual ly  

fou nd .  Once i t  was po s s i bl e  for accurate da ta to be obta i ned i t  
was pos s i bl e  to s tudy the i nteracti on of  a n i ma l , pasture , and soi l and 
assess  i n  producti on  s i tuati ons the uti l i ty of the outcome of pl ant  
breedi ng  a nd so i l  amendi ng experi ments . The work of fa nn advi sory 
offi cers armed wi th such  i nformat i on became more va l uab l e to the  
fa rmer . 

So i l  amendi ng became but  one  a spect o f  the producti o n  probl ems 
s tudi ed .  Pa sture compo s i t i on and  the ro l e  of  vari ous p l a nts i n  
an imal  n u tri ti on became i mporta nt  as  i t  wa s rea l i zed that grasses  

and  l eg umes had di fferent nutri t i v e  val ue . L egumes had a h i g her 

mi neral content than gra s se s , and so s uppl emented the val u e  of gra s s -
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l and . I ts a pp l i cation  s erved to sti mul ate cl over growth wh i c h l ed to 

i ncreased gra s s  growth part i cu l ar ly  where ped i gree perenn i a l  ryegras s  
s tra i ns were sown . More gra s s  enabl ed more l i vestock  to be grazed 

and the g rea ter quanti ty of dung a nd ur i ne depos i ted improved grass  
growth both  i n  q uanti ty and  i n  feed i ng val ue  ( Sma l l fi e l d ,  1 947c , 581 ) .  
The Engl i s h experi ence cou l d be repea ted i n  New Zea l and  once gras sl and  
ferti l i ty ha d been improved and stock  numbers were i ncrea sed to  the 
po i nt where t he i r  manure output a l one  wou l d  s t imul a te gras s l and 
producti on . Graz i ng  ma nagement was recogni zed a s  the method of 
ma i nta i n i ng a ba l ance between pa s ture and an ima l  producti on ( Da i ry 
I ndus try Commi s s i on , 1 934 , 1 5 ) .  

LAND DEVELOPMENT 

Attempts  to foster c l oser s ettl ement at the turn ,of the century 

had fi rst  i nvo l ved government i n  l and  devel opment .  La ter , so l di ers 
returni ng from Worl d War I were encouraged to e stab l i s h new farms . 
The l a ck  of s u ccess i n  these ventures where the l a nd was found  
una b l e to  s u pport such farms , prompted the  Land Laws Amendment Act 
of 1 9 29 wh i c h e s tabl i s hed the pri nc i p l e  of the s ta te devel opment of 
l a nd pri or to i ts settl ement ( Smal l fi e l d ,  1 970 , 26 ) . I t  wa s thi s 
i n vo l vement wh i ch prov i ded government  research workers wi th a l arge
sca l e l aborato ry i n  whi ch to tes t  thei r fi ndi ngs . 

I n  the ear ly  1 9 20s the methods empl oyed to devel op scrub l a nd 
had been found  i nadequate as the pas tures  establ i s hed  were i n s uf

fi c i ent ly  producti ve to pay for the co st of thei r d eve l opment 
( Sma l l fi e l d ,  l 947 c ,  583 ) . Revers i on of l and from pa sture ( Ta bl e  5 . 3 )  

became a maj or probl em fo l l owi ng �Jorl d War I a s  soi l ferti l i ty i n  
recentl y devel oped bu sh  l and decl i ned under i nadequa te pasture 
management ,  a n d  remedi a l  work cou l d not be  undertaken for l ack  of 
l abour and  s u i tabl e techn i ques ( Sma l l f i el d , l 947c , 587 ; Sma l l f i el d ,  
1 947b , 2 78 ) . 

S ta p l edon ( 1 928 , 78 , 86 ) observed that government wou l d  have to 
be i nvo l ved i n  l and  devel opment a s  i t  a l one had the l arge- sca l e 
organ i zat i onal  capaci ty to d i s tri bu te the fenci n g  ma ter i a l s a nd the 
fert i l i zers  hel d to be the bas i s  for g rass l and improvement . 

I n i ti a l l y ,  thi s approach  was not ta ken i n  l and deve l opment .  The 
Deter i orated Lands  Act of 1 925 prov i ded some remedy i n  fund i ng 

i nd i v i dua l  farmer • s  projects bu t 1 The admi ni strat i on of the Ac t was 
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not very 1 i beral • ( Sma l l fi e l d ,  1 97 0 ,  36 ) so progre s s  was s l ow .  Some 
effect cou l d be seen as the area of fern , scrub , and  second growth fel l 
between 1 9 25  a nd 1 930 but  onl y by 1 6 , 000 acres i n  a tota l of 4 . 1  

mi l l i on acres ( Tabl e 5 . 3 ) . Ma ny improvements made were l ost  dur i ng 
the depres s i on  when farmers cou l d  not ma i nta i n  the i nputs  needed 
( Sma l l fi e l d ,  1 947c , 587 ) . Between 1 93 1  a nd 1 936 5 6 , 000 more acres 
reverted , but thi s marked a s l owi ng of the rate of  rever s i on 
experi enced i n  the earl y 1 930s . 

Surface sowi ng s after secondary burns of scrub , fenc i ng , and  
topdres s i ng were the me thods empl oyed , but  soi l amend i ng wa s wa s ted 
u n ti l the qua l i ty of pas ture cou l d  be a s sured through  the use  of 
cert i fi ed gra ? S  and c l over s eed . The work  done on h i l l  country of 
topdres s i ng by hand was not compl emented by oversowi ng  wi th whi te or 
subterranean c l over . I t  wa s on ly  the advent of perenn i a l  ryegras s  
seed i n  1 930  wh i c h prov i ded the bas i s  for the government proj ects i n  
the cen tral North I s l and under  the Land Devel opment Board t o  beg i n  
( Sma l l f i el d ,  1 947c , 583 ) . By 1 9 33 some 7 0 , 000 acres of new farm 
l a nd had been devel oped , but  the depres s i on condi t ions  l ed to a 

rel uc tance to s ettl e on them ( Hudson , 1 954 , 1 6 ) . The  depres s i on made 
th i s  work more i mportant a s  u rban unempl oyment rose l ead i ng  the 
government i n  1 933 to begi n l arge-sca l e operati ons u nder the Sma l l 

Farms Board to s ettl e fami l i e s  on farms where they cou l d  prov i de food 
for themsel ves  (ARDA3 1 933 , 5 ) . 

New methods of crea ti ng  h i gh- product ion pa s tu res  were devel oped 

on these proj ects where the government wa s supporti ng the fi nanc i a l  
burden . The approach wh i c h  emerged was not one o f  gradua l  ferti l i ty 
devel opment but  of  adequate cu l ti vati on , the sowi ng of certi fi ed s eed , 
and the appl i ca t i o n  of heavy dres s i ngs o f  superphosphate to s t i mu l ate 
s trong whi te- c l over  growth ( Sma l l f i e l d ,  1 97 0 ,  29 ) .  Then , u s i ng 
managed heavy gra z i ng ,  growth cou l d  be control l ed and the pas ture 
heav i l y  manured . The pa s ture-an ima l  rel a ti ons bei ng expl ored were 
found to have i mportant prac ti ca l app l i ca ti on i n  th i s  work , a s  were 
the d i s coveri es  concerni ng m i neral defi c i enci es i n  New Zea l and soi l s .  

Al though u ndertaken somewhat hes i tantly  and i nterrupted by the 
war , the projects became fi rm l y  establ i s hed i n  the l a te 1 940s as the 
techn i q u es deve l o ped were adapted for · u s e  i n  other c l a s ses of marg i nal 
l and ( Hud son , 1 9 54 , 1 6 ) . Improvemen t  cou l d be made as evi denced by the 
Departmen t  of Agri cu l ture • s  i nv e s ti gati ons  i n  Whangamomona County 
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Of greater i mportance was the fact that i nd i v i d ua l  farmers were 
l earni ng  abou t the techni ques to empl oy , a dm i ttedly on a smal l er 
sca l e ( Hud son , 1 937 ) . I n  1 9 28 Cockayne had noted that farmers were 

extend i ng topdres s i ng i n to hi l l  country bu t the probl em of app lyi ng 

ferti l i zer  by hand was a major handi cap (ARDA� 1 9 28 , 3 5 ) . Further , 
wi thout  the oversowi ng of c l over , the topdress i ng of the hi l l s  wa s 
of doub tfu l val ue  ( Sma l l fi e l d ,  1 97 0 ,  1 27 ) .  To a i d  h i l l -country 

fa rmers i n  break i ng i n  l and and ma i nta i n i ng i t , Levy ( 1 93 9 ,  1 3 )  
rei tera ted Stapl edon ' s  sugges ti on tha t :  

s ome pool i ng o f  the nati ona l resou rces o f  the country 
a p pl i ed by way of subs i dy i s  neces s a ry to hel p the 
i nd i v i dua l  settl ers through those d i ffi cu l t and cos tly  
brea k i ng- i n  s tages of  devel opment .  

Nonethel es s ,  pri vate effort d id  deve l op .  Tracks  were cons truc ted 
over s teep hi l l s  to reduce the effort of getti ng ferti l i zers to 
poi nts for d i s tri bu ti on ( Saxby , 1 9 50b , 1 1 0 ) . Otherwi se  i nacces s i bl e 
areas were bei ng dre s sed by hand -spread i ng a s  a re su l t, though not i n  
a regu l ar or  i ntens i ve way ( Hudson and Scri vener , 1 936 , 3 7 1 ) .  
Equi pme n t  was dev i sed for s prea d i ng the ma teri a l , canvas ca rri ers 

del i veri ng  ferti l i zer through a ho se and , a fter the war ,  mechan i ca l 
bl owers ( Sma l l f i el d ,  1 970 , 1 27 ;  Hamblyn , 1 949 , 452 ) . There i s  no 
record of the extent to wh i ch these were u sed a nd the area of l a nd 
treated . G i ven the amount of l a bou r  requ i red to emp l oy these 
techni q u e s  and the s hortage of a va i l a bl e l a bo u r  at  that ti me ,  the 
coverage cou l d  not have been extens i ve .  The l owl and areas , where 
d i s tri b u t i o n  wa s compa rati vel y  easy , rema i ned  favou red . Accord i ngl y :  

Top d ress i ng o f  h i l l -country ,  except for a l mos t i ns i g ni fi cant  
area s ,  wa s genera l ly  cons i dered phys i ca l l y  and  economi ca l ly 
i mp os s i b l e .  ( Evans , 1 969 , 205 )  

Contractors  who had  embarked on the  practi ce ( Hol ford , 1 936 , 1 74 )  had 
not had much impac t .  

Accord i ng ly ,  i n  1 947 i t  wa s consi dered that the exten s i on of 
topdres s i ng i nto s urface- sown h i l l  country s ti l l  awa i ted ful l 

exp l o i ta t i o n .  Carryi ng capaci ty had been i nc reased u s i ng  l ower 

ferti l i ty-demandi ng danthon i a gras ses  and d rought-res i s tant  s ubterra
nean c l over  bu t the fu l l producti on potenti a l  had  yet to be rea l i zed 

( Smal l fi e l d ,  1 947c , 579 ) .  The vo l ume of pasto ra l  produc ti on  (wool 
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and  s heepmea t )  d i d not reach the l eve l  a tta i ned by dai ry p roduce u nti l 
Worl d War 1 1  ( Tabl e 5 . 1 1 ) .  The d i s tri buti on of so i l  amendments , 

the enabl i ng e l ement i n  the creat ion  of the ryegrass-c l over sward , 
had to be ! i mproved:. 

ECONOM I C  DEPRESS I ON 1 930 - 1 935 : I TS EFFECTS ON AGRI CULTURE 

I n  s p i te of the vary ing  economi c cond i ti ons in the 1 9 20s , i t  
ha d sti l l  been po s s i bl e  to keep farm i ncomes fa i rly  con s ta n t  by 
i ncrea sed producti on a nd ri s i ng effi c i ency ( Duckham , 1 9 32 ,  1 06 ) . The 

depres s i on of  the 1 9 30s  was another ma tter for i t  reduced revenue and 
research . New Zea l and • s  export earni ngs were rap i d ly  depres sed by the 

econom i c  downturn i n  Br i ta i n .  Woo l wa s the fi rst commodi ty h i t  and i t  

wa s soon noted tha t s heep farmers were u s i ng l ess  ferti l i zer  (ARDA� 
1 93 1 , 5 ) .  Da i ry produce a nd , to a l es ser extent , mea t exports al so  
fe l l i n  val ue  to  new l ow l evel s ( F i gure 5 . 1 ) .  Al l pri ces con ti nued to 
fa l l i n to 1 932  when they were under hal f the 1 9 28-29 l evel  ( Tabl e 5 . 1 2 ) . 
Gross farm i ncome was 5 5  percent of that i n  1 928-29 ( Tab l e 5 . 1 3 ) . An 
i ndex of the pr i ce of farm i nputs ( Tab l e 5 . 1 2 )  shows tha t the  tota l 
l evel i n  1 93 1 -32 , wh i l e  i t  fel l from 54 . 7  i n  1 9 28-29 stood a t  50 . 2  
( 1 949-50 base  l evel = 1 00 ) . Farmers were caught  i n  a major  pri ce 
squeeze seen i n  the reduced terms of exchange ( Tabl e 5 . 1 2 ) . 

Producti on  l evel s d i d  not fa l l. , howeve r .  The gra s s l ands  
technol ogy ava i l abl e ,  better s tock ,  and  improved farm management , i t  

wa s fel t ,  al l owed producti on l evel s to i ncrea se  despi te fa l l i ng 

ferti l i zer u se (ARDA� 1 93 3 ,  7 ) .  The rap i d ly  i ncrea sed production 
wa s regarded a s  an  outcome of : 

The pre s sure of fa l l i ng pri ces s i nce the war ,  more 
espec i a l l y  after 1 92 5 ,  st imu l a te d  i mproved farmi ng 
techn i q ue , more parti cul arly i n  the form of topdress i ng ,  
rota t i onal  graz i ng , i mprovemen t  of herds and i ncrea sed 
use of  machi nery .  ( Bel shaw , 1 9 36a ,  2 1 ) 

Topdres sed a rea fel l by 509 , 000 acres from i ts peak  1 9 29 l evel  to 

i ts l owest l eve l  i n  1 93 4  but  that fi gu re was on ly  an 1 8 . 4  percent re
duct ion i n  acreage . The  q uanti ty of  ferti l i zer fel l on ly  s l i ghtl y  more , 
1 9 . 1  percent ,  i n  the same per i od ( Tab l e 5 . 1 4 ) . The outp u t  of  dai ry 
produce rose  wh i l e  tha t  of  pas toral produce rema i ned a t  the s ame l eve l  
as  da i ry pri c e s  fel l l es s  than those  of sheep-farm products ( Tabl e 
5 . 1 1 ;  Fi g .  5 . 1 ) .  The e ffect of thi s d i fferenti a l  was chaDge i n  the 
l owl and farmi ng  sys tems . Da i ry farmers found i t  profi tab l e  



TABLE 5 . 1 1 

INDEX NUMBERS OF VOLUME OF FARM PRODUCTION 1 9 2 1 - 1 94 9  
( 1 949-50= 1 00)  

Agricu l tura la b Dairy All  Farm Year Pastoral 
Produce Produce Produce Produce 

1 9 2 1-22  7 1 . 5  50 . 2  4 2 . 3  50 . 3  
1 9 22-23 60 . 7  50 . 9  48 . 0  5 1 . 3  
1 923-24 54 . 8  53 . 0  48 . 6  52 . 5  
1 924-25 59 . 4  54 . 5  5 1 . 3  54 . 1  
1 9 25-26 60 . 6  52 . 2  49 . 8  5 2 . 5  

19 26-2 7 64 . 0  53 . 0  55 . 0  55 . 5  
1 9 2 7-28 7 1 . 7  62 . 3  56 . 2  6 1 . 4  
1 928-29 7 1 . 3  64 . 2  6 1 . 5  63 . 7  
1 929-30 70 . 0  67 . 5  66 . 7  66 . 9  
1 930-3 1 75 . 3  64 . 2  68 . 4  6 7 . 7  

193 1-32 70 . 0  64 . 2  70 . 9  6 7 . 7  
1 932-33 90 . 7  70 . 0  82 . 1  7 7 . 4  
1933-34 79 . 3  74 . 0  87 . 2  79 . 8  
1 934-35 69 . 3  73 . 2  84 . 6  7 7 . 4  
1935-36 82 . 0  75 . 6  88 . 9  8 1 . 5  

1 936-37 74 . 0  78 . 9  9 3 . 2  83 . 9  
1 937-38 70 . 7  82 . 1  89 . 7  83 . 9  
19 38-39 66 . 7  8-1 . 3  85 . 5  8 1 . 3  
1 9 39-40 79 . 3  79 . 7  9 1 . 5  84 . 6  
1 940-4 1 84 . 0  90 . 2  98 . 3  93 . 5  

194 1-42 85 . 3  89 . 4  9 3 . 2  90 . 2  
1 942-4 3 9 2 . 7  85 . 4  87 . 2  8 7  . o  
1 943-44 9 8 . 7 86 . 2  82 . 1  86 . 2  
1 944-45 106 . 7  9 1 . 9  89 . 7  93 . 5  
1 945-46 9 4 . 7 9 1 . 1  78 . 6  87 . 0  

1946-47 1 0 1 . 3  89 . 4  87 . 2  90 . 2  
1 94  7-48 96 . 0  9 3 . 5  88 . 9  9 2 . 7  
1948-49 104 . 0  9 1 . 9  96 . 6  95 . 9  
1949-50 100 . 0  100 . 0  1 00 . 0  100 . 0  

Notes: a Deno tes cropping .  

b Deno tes wool and meat . 

Source:  Philpot t  and S t ewart ( 1 9 5 8a ,  Table 1 1 ) . 
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TABLE 5 . 1 2 

PRICES RECEIVED AND PRICES PAID 192 1 - 1 94 9  
(1949-50=100) 

Price Index Price Index TeY'!Tis 
Year of FaY'!TI of FaY'!TI of 

Outputs Inputs Exchangea 

19 21-22 51 . 9  6 5 . 3  79 . 5  
19 2!2-23 54 . 8  56 . 9  9 6 . 3  
19 23-24 53 . 5  53 . 9  99 . 3  
1924-25 6 2 . 8  54 . 4  115 . 4  
19 25-26 54 . 9  54 . 6  100 . 5  

19 26-27  51 . 7  5 2 . 9  9 7 . 9  
1927-28 53 . 7  53 . 9  99 . 6  
19 28-29 58 . 9  54 . 7  10 7 . 7  
19 29-30 4 9 . 9  54 . 8  9 1 . 1 
1930-31 35 . 2  54 . 3  64 . 8  

19 31-32 30 . 6  50 . 2  61 . 0  
19 32-33 26 . 9  4 5 . 5  59 . 1  
19 33-34 34 . 0  4 4 . 9  75 . 7  
1934-35 3 2 . 9  44 . 7  73 . 6  
19 35-36 39 . 5  4 5 . 6  86 . 6  

1 9 36-3 7 48 . 5  50 . 9  9 5 . 3  
1937-38 4 6 . 2  5 7 . 0  81 . 1  
19 38-39 4 7 . 1  58 . 7  80 . 2  
1939-40 4 8 . 5  6 0 . 4  80 . 3  
1940-41 49 . 5  60 . 4 82 . 0  

-

1941-4 2 50 . 8  6 3 . 5  80 . 0  
19 42-4 3 53 . 2  69 . 0  7 7 . 1  
19 43-44 5 5 . 0  7 2 . 8  7 5 . 5  
1944-45 59 . 9  7 3 . 2  81 . 8  
1 945-4 6 60 . 3  7 7 . 8  7 7 . 5  

1946-47 6 7 . 4  82 . 9  81 . 3  
19 47-48 80 . 6  89 . 2  9 0 . 4  
1948-49 84 . 2  9 8 . 5 85 . 5  
1949 -50 100 . 0  100 . 0  100 . 0  

Note : a Price index of farm outputs divided by price 
index of farm inputs . 

Source : Hussey and Philpott  ( 19 69 , Table Ill) . 
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TABLE 5 . 1 3 

GROSS  FARM INCOME IN MILLIONS OF DOLLARS 192 1 - 1 949 

Year Agricultural a Pastoral Dairy AU Farm 
Produce Produce Produce Produce 

1 9 2 1-22  . .  . .  . .  95 . 4  
1 92 2-2 3 . .  . . . .  102 . 8  
1 92 3-24  . .  . .  . .  103 . 0  
1 924-25  . .  . .  . .  124 . 4  
1 9 2 5-26  . .  . .  . .  105 . 6  

1 9 2 6-2 7 . .  . .  . . 105 . 2  
1 9 2 7-2 8 . .  . .  . .  120 . 8  
1 9 2 8-29  1 4 . 6  7 1 . 6  5 1 . 0  1 37 . 2  
1 9 2 9-30 1 4 . 8  58 . 8  48 . 8  1 22 . 2  
1 9 30-3 1 1 3 . 4  37 . 8  35 . 8  87 . 0  

1 9 3 1-32  1 3 . 0  28 . 0  34 . 8  75 . 8  
1 932-33  1 3 . 8  29 . 2  33 . 0  76 . 0  
1 933-34 14 . 0  49 . 6  35 . 6  99 . 2  
1 93 4-35 1 2 . 0  44 . 6  36 . 6  9 3 . 2  
1 9 35-36  1 4 . 8  55 . 4  4 7 . 8  1 18 . 0  

1 9 36-3 7 14 . 4  79 . 0  55 . 8  149 . 2  
1 9 37-3 8 1 4 . 6  68 . 0  59 . 6  142 . 2  
1 93 8-39 1 6 . 6  6 1 . 8  62 . 0  140 . 2  
1 9 3 9 -40  1 9 . 2  62 . 8  68 . 0  1 50 . 0  
1 940-4 1 20 . 6  75 . 4  73 . 6  1 69 . 6  

1 9 4 1 -4 2  22 . 8  74 . 2  70 . 6  1 6 7 . 6  
1 9 42-43 26 . 6  74 . 6  6 8 . 4  1 6 9 . 6  
1 94 3-44 28 . 8  77 . 6  6 7 ·. 2 1 7 3 . 4  
1 9 44 -4 5  32 . 8  9 1 . 8  80 . 6  205 . 2  
1 9 45-4 6 3 1 . 8  87 . 0  7 3 . 4  1 92 . 2  

1 9 4 6-4 7 3 1 . 8  10 1 . 6  89 . 2  222 . 6  
1 9 4 7-4 8 34 . 8  1 34 . 6  103 . 8  2 7 3 . 0  
1 9 4 8-4 9 39 . 2  1 39 . 6  1 1 6 . 4  294 . 0  
1 9 4 9 -50 4 1 . 6  200 . 8  1 2 7 . 8  3 70 . 2  

Notes :  a Deno tes cropping . 

b Deno tes woo l and meat . 

Source: Philpott and S t ewart ( 1 958a ,  Tab le 8) . 
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TABLE 5 . 14 

ESTIMATED FERTILIZER USAGE IN TONS 1 9 26- 1945 a 

Year Straight Other Blood-and-
Ending super- phosphates bone� blood� 

31  January phosphate bone� etc. 
' 

1 9 26-2 7 1 8 7 , 7 6 1  7 1 , 81 4  b 19 , 768 b 1 9 2 7-28 295 , 9 19  66 , 487 2 1 , 33 1 b 1 9 2 8-29 2 7 5 , 488 1 5 1 , 249 24 , 746 
1 929-30 299 , 327  1 83 , 555 24 , 03 1  
1 9 30-3 1 2 34 , 220 1 25 , 266 25 , 340 
1 9 3 1 -32  2 3 1 , 0 78 9 7 , 02 1  2 2 , 556 
1 932-33 30 7 , 224 59 , 480 26 , 1 1 5  
1 933-34 280 , 4 1 8 64 , 266 24 , 00 1  
1 9 34-35 3 13 , 924 25 , 305 23 , 02 1  
1 9 35-36 33 1 , 029 54 , 895 25 , 234 
1 9 36-37 3 70 , 1 78 9 2 , 337  25 , 338 
1 93 7-38 447 , 40 7  1 2 0 , 862 2 1 , 6 76 
1 938-39 4 6 1 , 5 72  1 0 7 , 29 1  2 3 , 535 
1 939-40 5 1 1 , 5 70 1 1 1 , 896 2 6 , 684 
1 9 40-4 1 598 , 529 5 8 , 534 29 , 846  
1 9 4 1 -42  4 1 8 , 562 4 7 , 563 32 , 2 2 1  
1 942-43 294 , 935 2 7 , 3 74 34 , 828  
1 943-44 2 50 , 894 1 28  29 , 5 1 2  
1 944-45 364 , 926 29 , 503 29 , 44 7  
1 9 45-46  444 , 785 26 , 603 2 5 , 000 

Notes : a Serpentine and lime no t included . 

Potashes� 
arrmon1-wn 
sulphate� 

and sodiwn 
nitrate 
1 2 , 648 
8 , 009 

1 3 , 70 1  
1 8 , 99 2  
1 7 , 8 1 4  
9 , 1 5 7  

1 0 , 5 1 3  
7 , 490 

1 1 ,  1 78 
1 5 , 242 
1 5 , 02 7  
2 1 , 3 7 1  
2 1 , 990 
2 2 , 46 1  
1 1 , 748  
4 , 085 
5 , 194 
4 , 882 
6 , 339 

1 0 , 68 1  

1 59 

Total 

29 1 , 9 9 1  
39 1 , 746 
465 , 184 
525 , 905 
402 , 640 
359 , 8 1 2  
403 , 332 
3 7 6 , 1 75 
3 73 , 4 28 
426 , 400 
502 , 880 
6 1 1 , 3 16  
6 1 4 , 388 
6 7 2 , 6 1 1  
698 , 65 7  
502 , 4 3 1  
362 , 33 1  
285 , 4 1 6  
430 , 2 15 
507 , 069 

b Because of alterations in the basis o f  the Census and 
S t atistics Department ' s  returns , these figures are not 
strictly comparable  with those  in subsequent years . 

Source : Mouat and Rodda ( 1950 , Table 63) . 
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to empl oy more l abour a s  the ra ti o of da i ry pri ces to wage rates ro se  

a nd prod u c ti on  grew rapi d ly  ( Ph i l pott ,  1 963 , 24 ) .  As da i ryi ng became 
compara ti ve ly  more attracti ve to fa rmers , the number of da i ry cows 
i n  mi l k  reached a new peak i n  1 935  a fter i ncrea s i ng by a bou t 1 00 , 000 
head per year from 1 9 29 (Agricultural Statistics� 1 970 , Tabl e 1 ) .  

The number of sheep rose to 30 . 84 mi l l i on i n  1 930 , then dec l i ned by 
a l most 3J mi l l i on through 1 933  to the l evel  c l oser to that of 1 9 28 
(Agricul tural Statistics� 1 9 70 , Tabl e 1 )  as l amb pri ces  exceeded 
those of wool pri ces a nd encouraged farmers to sl aughter a hi gher 
proporti on  of l ambs ( Ph i l pott , 1 963 , 2 5 ) . The  number of cattl e 
excl ud i ng da i ry cows i n  mi l k  a l s o  decl i ned a s  demand fel l ( Tabl e 5 . 2 ) . 

Nonethe l e s s , the react ion  to the s l ump was s ti l l  one of attemp ti ng  to 
ma i nta i n  ou tpu t :  

I n  order to meet  debts the maj ori ty o f  farmers resorted 
to i ncreased producti on , work i ng l onger hours and  
s to c ki ng to capac i ty ,  a nd i n  some cases  beyond capac i ty .  
( Mouat  and Rodda , 1 950 , 279 ) 

I ndeed , between 1 9 28 a nd 1 932  the vol ume of a l l farm product ion  rose 1 0  
percent though i ts va l ue fel l 37 percent ( Tab l e s  5 . 1 1  and  5 . 1 3 ) . I t  
was regard ed a s  noteworthy tha t a t  no ti me d u ri ng the depres s i o n  
wa s there a proposa l  to restri ct producti on : 

I t  wa s fel t tha t  such a s tep  wou l d  o n l y  benefi t 
overseas competi ti on , espec i a l l y  Austra l i a n ,  far 
more than the r i se  i n  domest i c pri ces wou l d  be abl e to 
compensate .  ( Bru nner , 1 938 , 53 )  

The fi gures  i n  Tabl e 5 . 1 1  bear wi tness  to  the  produc ti on effects of 
thi s bel i ef .  Da i ry outpu t was i ncrea sed s tead i ly from 1 92 9  to 1 934 
and other l i ves tock producti on  reg i s tered an i ncrea s e ,  a l though a 
l ower one from 64 . 2  to 74 . 0 ,  the i ndex ri s i ng from 6 1 . 5  to 87 . 2  
( 1 949-50 base  l evel  = 1 00 ) . The Bri ti s h  market  rema i ned open , 
absorbi ng mos t  of the country • s  meat and  da i ry produce . The percentage 
of New Zea l and • s  exports to Bri ta i n  rose  a s  other markets , ma i n l y  
those for wool were c l osed ( Rosenberg , 1 968 , 1 1 - 1 2 ) .  

Governmen ta l  I n terven ti on  

Government pl ayed a ro l e  i n  a ttempti ng to  ma i nta i n  producti on  a t  
thi s ti me . I n  October 1 93 1  a s u bs i dy o f  l l s .  per ton was granted o n  
the produ c t i on of s uperphosphate to ensure a conti nued supp ly  a nd 
keep the u se  of ferti l i zers a t  a n  adequate l evel  (ARDA� 1 932 , 5 ) . The 
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drop i n  u s age of 1 66 , 000 tons  ( 32 percent of the 1 929-30 tota l ) from 
1 9 29-30 to 1 93 1 - 32 was hal ted . Thi s s ubs i dy was conti nued throug h  to 
the end of June  1 936  (MWS3 1 937 , xv ) when the Labour Governmen t 

establ i sh ed fi xed p ri ces for s u perphospha te of £3 1 6s .  'e x  works ' i n  the 

North I s l and  and £4 2s . i n  the South I s l a nd .  I t  can be s een that 
these l eve l s were wel l be l ow the preva i l i ng pri ces duri ng the 

' ferti l i zer war ' of 1 9 26-27 . I mported ferti l i zers were not s ubs i d i zed 
as l oca l  manufactur i ng was to be encouraged ( Burnard , 1 93 1 , 40 )  and 
they fel l qu i c k l y .  Between 1 929 and 1 935 o n l y  325 ton s  o f  superphos
phate was i mported . Bas i c  s l ag i mports dropped from 94 , 500 ton s to 

1 6 , 400 tons , g ua no i mports fl u ctua ted between 1 0 , 500 and 28 , 000 tons , 
and other pho�phates fel l from 59 , 800 to 1 1 , 000 tons  i n  thi s per i od 

( f i g ure s from Trade and Shipping Statistics , [ for the years i nd i cated ] ) .  
Unfortunate l y ,  1 93 1  and 1 936 span  the peri od  of depres s i on and 

recovery , so Tabl e 5 . 5  i s  unhel pfu l i n  thi s i n stance . I t  i s  note

worthy that rock phosphate i mports hel d s teady to 1 931  and  rose after 
1 933 , a n  i nd i cat i on of the conti nued dome s t i c  producti on  of c hemi cal  
ferti l i zer . U sage rema i ned above 373 , 000 ton s  unti l the  end of the 
subs i dy program .  Though thi s wa s a l ower l eve l  of u sage than i n  1 928 
i t  s ti l l  s urpas sed the l evel achi eved a decade before , a nd subsequentl y ,  
usage i nc reased to 1 94 1  ( Tabl e 5 . 1 4 ) a n d  there wa s a noti ceabl e r i se  

i n  i mports of rock  p hosphate to  meet th i s  d ema nd .  The  use  of orga n i c  
ferti l i zers , by:-products of the meat r: a nd  bo i l i ng-down i nd u s tr i es 
rema i ned  s tabl e duri ng the depre s s i on ( Tabl e 5 . 1 � ) thoug h  ou tput  fel l 
7 , 000 ton s  ( Tabl e 5 . 1 5 ) . Des pi te i ncreased output after 1 933 , u s age 

d i d  not expand and , i n  any case , the quant i ty usual l y  represented 
l es s  than 1 0  percent of the ferti l i zer u s ed . Annua l crop product i on , 
the ma i n  u s e  of these ferti l i zers , though  i t  s howed some i ncreas e  

( Tabl e 5 . 1 ) parti cu l ar ly  i n  the Sou th I s l a nd  a s  wool  pr i ces fel l 
( Evans , 1 969 , 1 6 ), d i d not ma i nta i n  i tse l f .  Wi th the r i s e  of pastora l 
commod i ty pri ces after 1 935 ( F i g .  5 . 1 ) ,  crop a creages ,  e s pec i a l l y  
those  of the major  cerea l s ,  fel l .  Oats were l es s  wi de ly  grown a s  
motor mechan i zati on entered farmi n g  and gra d ua l ly d i sp l aced draught  
a n ima l s ,  a nd wheat producti on  fl u c tuated through  the vary i ng ma rket 
cond i ti o n s  and the attempts to reach a sat i sfa ctory pr i ce l eve l . 

The cri s i s  prompted s i gn i fi cant  economi c i ntervent ion  by 
governmen t- -the one i ns ti tu ti on wi th s uffi c i e n t  resources to s tage  off 

col l ap se - - for many farmers were a b l e to s tay on the l a nd  on ly  through  



TABLE 5 . 15 

TONNAGE OF ORGANIC FERTILIZER PRODUCTIO� 1 9 15 - 1 949 

Blood-and- b Year Bone-dust bone and Other Total Mixtures 
Blood 

19 1 5-16 6 , 1 2 1  74 , 57 6  80 , 69 7  . .  

19 1 9-20 9 , 644 26 , 568 36 , 2 1 2  . .  

1 9 20-2 1 2 2 , 938  35 , 284 58 , 22 2  . .  

19 25-26 6 , 455 2 7 , 863 34 , 3 18  . .  

19 30-31 5 , 452  14 , 169 16 , 68 7  36 , 308 . .  

1935-36 4 , 639 1 4 , 1 44 2 1 , 443  40 , 226  . .  

1940-4 1  6 , 850 18 , 358 8 , 545  33 , 753  . .  

1 945-46 5 , 5 44 22 , 2 1 9  2 , 4 7 4  38 , 542  8 , 304 
1949-50 4 , 309 22 , 7 29 1 , 104 38 , 450 10 , 308 

1 62 

c 

Notes :  a Comb ined output o f  meat-processing plants and boil ing
down and manure plants (Table 5 . 4 ) . 

b Blood-and-bone fertilizer from boiling-down and manure 
plants  was evidently classed as ' other ' prior to 1 949  
(cf . 194 5-46  ' other ' total i n  Industrial Production 
Statistics ( 1 945)  with that in 1949-50 shown above) . 

c Mixtures recorded from mea t-processing plants only . 

Sources:  1 9 15-20 Statistics of New Zealand ( for years shown) . 

1 925-49 Industrial Production Statistics ( for years 
shown) . 
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a mortgage moratori um  ( L l oyd Pri c hard , 1 970 , 383 ) . A vari ety of other 

mea sures were a l so i ntroduced to a l l evi a te farm debt and reduce cash  
expend i tu res  ( Sutch ,  1 968b , 42-43 ) . Thi s marked a change of ro l e  for 

government i n  the economy i n  mov i ng away from observat i o n  to i nter
venti on ( Sutch,  1 968c , 62 ) .  

Government a ttenti on wa s d i rected no t to product ion  d i ff i c u l t i e s  
al one . The recommendati ons  of the Roya l Commi ss ion of 1 934 whi ch 
i nvesti g a ted the fi nanci a l  cond i t i on of da i ry farmers l ed to the 

reconst i tut i on of the New Zea l a nd · Da i ry- Produce Control Board as  the 
New Zea l and Da i ry Board u nder the Agri cu l ture ( Emergency Powers ) Ac t 
( Ward , 1 975 , 89-90 ) . Product ion  output and  a l l aspects of marketi ng 
for export were to come under Board ' s  control wi th m i n i mum sa l es pri ces 

I 

bei ng e s tab l i s hed ( Evans , 1 9 69 , 1 63-1 64 ) . I n  add i ti on ,  the d i s tri but i on 
of butter and cheese i n  the l oca l  market wa s to be added ( Ward , 1 9 75 , 

95 ) .  P l a ns to i mp l ement the scheme were d rawn up i n  1 9 35 bu t were not 
put i n to effect for wi th the change of government i n  1 936 came new 
l egi s l at i on , the P r i mary Produc ts Marketi n g  Act . 

Th i s act wa s model l ed on  the control boards e stabl i shed i n  the 
m id- 1 920s . The Labour Party had promi sed to i ntroduce s tate con trol 
to achi eve a guaran teed pr ice  for farm produce ( Condl i ffe , 1 9 5 9 ,  26 ) .  
Under t h i s sc heme , marketi ng came under the j uri sdi cti on  of a 
Mi ni s ter  of Marketi n g  and the board ' s  rema i n i ng functi ons , rel a ted to 
improvi ng  farms ' producti ve capac i ty ,  were a l so subj ect to h i s approval . 
Control wa s moved from producers to the government ( Whi te ,  1 963 , 67 ) .  
Th i s  was an  attempt to stab i l i ze farm i ncomes i n  a s suri ng a pri c e  

ba sed on  average market  pri ce s  over a g i ven  peri od , the pri ce of 
producti on  and a fa i r  return on i nvestment .  Surpl u ses  earned were 

hel d i n  a s pec i a l  fund  to meet  defi c i ts so reduci ng i ncome fl uctuati ons 
and ensu r i ng a rea sonabl e s ta ndard of l i v i ng ( L l oyd Pri chard , 1 97 0 ,  
391 ) .  T h i s power was extended to i nterna l marketi ng of da i ry prod u c ts 
a year l a ter .  Farmers  knowl edge of  the pr i ces by the begi nn i ng of  
the season  wou l d  fac i l i tate product i o n  p l a nn i ng dec i s i on s  for the  year 
a head . However , the i r a i m  was not  so much  the stab i  1 i za ti  on  of 
i ncome a s  a guarantee agai ns t fa l l i ng pri ces whi l e  enjoy i ng ga i n s  from 
ri s i n g  pr i ces ( Cond l i ffe , 1 95 9 ,  7 7 ) .  These pol i c i es were ma i nta i ned 

through  the per i od to 1 949 , and  prov i ded the framework i n  whi  eh  pro
ducti on  dec i s i ons  were ta ken . Wh i l e  produ cers remai ned cap i ta l i s t i n  
ori enta t i on ,  a col l ecti v i s t  so l u t i o n  to the di fficu l ti es  they had 
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encountered wa s i mposed , wi th thei r acqui escence , i n  a s i tua t i on of 

d i s tres s . Th i s  sol u t i on d i d  not meet wi th wi despread approva l . Da i ry 

farmers organ i zed a Da i ry I ndus try Counci l to make recommendati ons  on  

s uch ma tters  a s  the  pr i ces be i n g  set  bu t they had  no  d i rect mean s  of 
i nfl uenc i ng the dec i s i on made ( Evans , 1 9 69 , 1 88 ) . 

Meat producers d i d not face a s i mi l ar res tructuri ng  of  thei r 
i ndustry but d i d  operate under quota restri ct i ons after J u l y  1 9 34 
( Evans , 1 969 , 1 24 ) . The Meat  Produ cers • Board  had opera ted s uccessfu l ly  
unti l 1 930 when the d epress ion  posed parti cu l ar probl ems for i t .  The 
Bri ti sh ma rket became oversuppl i ed ,  a s i tuat i on whi ch  res u l ted i n  a 
short- term quota be i n g i ntroduced a t  the Imperi al Econom i c  Conference 
i n  1 93 2 .  The, p l ann i n g  needed to regu l a te s h i pp i ng on s uch  a ba s i s  

proved d i ffi cu l t ,  and  so , l onger- term quotas were set u p  u n ti l the 
end of 1 938 ( Evans , 1 9 69 , 1 24 ) . Even i n  thi s s i tuati on of uncerta i nty :  

The mos t  wai made  of the pos s i bl e  effect  of the restr i cti ons  
bri ng i ng hi gher pri ces and , a s  pri ces d i d  ri se i n  the  l a tter 
ha l f of the 1 930s , the out l ook wa s not  unfavourabl e unt i l 
j u s t  before the Second Worl d War broke ou t ,  when the pro
bl em of d i s pos i ng of i ncreas i ng quanti t i es  of mea t and  
da i ry produce threatened to  become acute . ( Sma l l fi e l d ,  
1 970 , 1 07 ) . 

A guaranteed pri ce s truc ture , howeve r ,  wa s rej ected b{ the meat 
producers ( Condl i ffe , 1 9 59 , 76 ) . 

I t  i s  noteworthy that  wool  product i on d i d not fa l l  i nto th i s 
pattern even though  wool exports had  been mos t  ser ious ly  a ffected by 
the depre s s i o n .  I ts market rema i ned  free p r i o r  to Worl d War I I  wi th  
producers se l l i ng a t  pub l i c  aucti on  through  brokers . The guara n teed 
pri ce concept was a l so  rejected by these producers . Reserve pri ces  
cou l d be set , otherw i se  the pri ce offered i n  New Zea l and  or i n  the  
markets of the  Un i ted Ki ngdom had to be  accepted ( Evans , 1 969 , 90- 1 ) .  
Whereas ,  i n  thi s sys tem ,  pri ces genera l l y  ros e  to 1 929 wi th smal l 

fl uctua ti ons , from 1 930  to 1 933  pri ces fel l s harply ( F i g .  5 . 1 ) .  I t  
wa s not unt i l 1 93 7  that predepres s i on export-pri ce l evel s were reached 
aga i n  but a decl i ne fo l l owed to 1 939 . S t i l l , pri ces were buoyant  and 
product ion  rose i n  response bu t not as rap i d l y  as i n  da i ry i ng ;  for 
the • h i l l y and mounta i nou s  l and • made s uch  a response d i ffi cu l t 
( Sma l l fi el d ,  1 97 0 ,  1 07 ) . The i nfras tructure i mprovements moved more 
s l owly i n to the woo l - produci ng area s ,  more rugged area s where access  
was mos t  d i ffi cul t .  
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The  response of farmers i n  a reas s pec i al i z i ng i n  certa i n  types  
of producti on coul d be  expec ted to  vary accord i ng to  the rate of 
recovery enjoyed by tha t l i ne of  producti on . As on ly  da i ry p roducts 

were i nc l uded i n  the guaranteed p r i ce scheme , vari a ti on i n  pri ces  
rece i ved i nfl uenced the producti on deci s i ons  of farmers .  Sheep 
farmers hav i ng s u i ta b l e l and  added da i ryi ng  to thei r fa rm enterpri se . 

The fact  that da i ry p roduce pri ces had fa l l en l ess  than those for wool 
and meat ( Fi g . 5 . 1 ) made the grea ter i ncome from da i ryi ng attracti ve . 
An addi t i onal a ttract ion  wa s the l ow capi ta l  outl ay i ncurred i n  the 
change-over ( Da i ry I ndus try Commi s s i on ,  1 934 , 1 5 ) .  The entry of 
fa rmers i nto da i ryi ng tended to create a market gl u t  but the fl ow 
was revers i bl �  ( Cond l i ffe , 1 9 59 , 78 ) .  

Th i s  trend wa s not enti re l y  d i sadvantageous i n  terms of 
d i s semi nat i ng gra s s l a n d  product i on  techn i ques . Where da i ryi ng had 
overta ke n  s heep produ c ti on i n  many area s i n  the early 1 9 20s , the 
devel opment  of a l arger l amb ma rket  i n  Br i ta i n  i n  the l a ter  1 930s and 
the 1 940s encou raged grea ter producti on empl oyi ng the i mproved gra s s 
l a nd -farm i ng techni q ue s  ma de ava i l abl e ( Mo ua t  a nd Rodda , 1 9 50 , 284 ) . 
As fa t-l amb producers had underta ken some da i ry i ng to earn some i ncome 

they had been exposed to the gra s s l a nd-management i deas devel oped 
for that enterpri se a nd the co -opera ti ve factory sys tem wh i ch formed 
the orga n i zati onal  u n i t where i n these i deas were s pread ( Condl i ffe , 
1 963 , 242 ) .  Thi s process  wa s fu rthered by the advocacy of l amb 
produc ti o n  on dai ry farms to d i vers i fy i ncome sources ( Da i ry I ndus try 
Commi s s i o n ,  1 934 , 50 ) . A grea ter pool of i nformat ion a nd experi ence 
was so formed . 

R ECOVERY AND WORLD WAR 1 935 - 1 94 5  

Pr i ces for agri cu l tura l  p roduce had begun to r i s e  from 1 934 
but even by 1 940 were s ti l l  bel ow the 1 9 29 l evel  ( F i g .  5 . 1 ) .  Sti l l , 

the terms of exchange had i mproved ( Tabl e 5 . 1 2 ) --the cri s i s wa s end i ng .  

Agri cu l tura l Product i on  

The  i mpend i ng war i n  Europe prov i ded t he  s i tuati on i n  whi c h  
producti o n  met an  a s s u red market y e t  i n  1 93 7  a n d  1 938 the fal l o f  wool 
pri ces l ed the government to i ntroduce exchange-control 

regu l at i ons  and i mport-contro l a n d  s el ec ti on  mea sures to prevent the 
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terms of trade from mov i ng too sharp l y  aga i n st  the country ( Ro s s , 1 9 54 , 
255 ) . Agreements  wi th the U n i ted Ki ngdom to sel l a l l exportab l e 
surp l u ses for the durati on of the war a nd one season  after were 
we l come , parti c u l ar ly  to woo l  growers . The growers had :  

An a s s ured market 
guaranteed i ncome 
s torage probl ems . 
1 954 , 257 ) . 

at  l i beral pri ces  [wh i ch gave growers ] a 
i nd ependent of marketi ng , s hi ppi ng and 
Woo l  produc ti on  mounted . . . .  ( Ros s , 

Woo l auct ions  were s u spended a s  the Ma rket i ng Department took over 
the a dm i n i s tra ti on  of such s pec i fi ed commod i ti es ( Cond l i ffe , 1 9 59 , 
85 ) .  

The i nterg overnmenta l  co-operat ion  conti nued after the war 
wi th the e stabl i s hment of a Jo i nt Wool Marketi ng Organ i za ti on , 
comp ri s i ng the U n i ted Ki ngdom , Aus tral i a ,  New Zeal and , and South 
Afri ca , to d i spose of the wool  surpl uses  ( Evans , 1 969 , 94 ) .  The 
ope rati ons were so s ucces sfu l tha t the s ame pri ce depres s i on wh i c h 

fo l l owed Worl d War I ( F i g .  5 . 1 ) di d not occu r .  Both the vol ume of 

produ ce and i ncome rose to 1 949 ( Tabl es 5 . 1 1  and 5 . 1 3 ) . 
The same s i tua ti on occurred wi th frozen meat after 1 944 . Pro

ducti on  had i ncrea sed duri ng the war but  s h i ppi ng probl ems res tr i cted 
the amount  s l aug htered and exported ( Cond l i ffe , 1 9 59 , 86 ) . I t  wa s 
thoug h t  that product i on curta i l ment wou l d  be neces sa ry to preven t  t he 
accumu l a ti on of meat , the dumpi ng  of wh i c h  had created the depre s s i on 
of mea t  pri ces fol l owi ng Worl d War I .  Cann i ng and dehydrati ng mea t  
served to  offset t h e  probl em a s  d i d  prov i s i oni ng Ameri can forces from 
1 942 on ( Ros s ,  1 954 , 261 ) .  

I n  1 944 s h i p p i ng ava i l a b i l i ty i mproved and Bri tai n undertook to 
ta ke a l l  s urp l u s  mea t  produced . I ncenti ve  was g i ven to boos ti n g  
producti on . A l on g - term contract  was negot i a ted under whi ch  the 
exportab l e  s urpl u s  was to be so l d to Bri tai n from 1 945 to 1 948 a t  
i ncreased  pr ices . Th i s was extended by a Bu l k  Purchase  Contract for a 

further s even years  to 1 955  ( Evan s , 1 969 , 1 30- 1 31 ) .  
For da i ry produce a s im i l ar procedure was fol l owed under the Bu l k  

Purchas e  Contract to end i n  1 955 too . The negoti ati ons  were carr i ed 
out by the Da i ry Products Market i ng Commi s s i o n ,  an agency set up  i n  
1 947 to ach i eve the co-operati on  between the governmen t  and  the da i ry 
i ndustry mi s s i n g  i n  the earl i er marketi ng procedure ( Evan s ,  1 969 , 
1 90- 1 9 1 ) .  The Marketi ng Commi s s i on was empowered · to p urcha se a l l 
butter and  cheese and  reg u l a te i ts sa l e  i n ternal ly  a s  wel l .  I n  1 948 
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i t  wa s g i ven the abi l i ty to control the export of dai ry produce other 
than bu tter a nd cheese , as mi l k  powder and casei n were becomi ng  

i ncrea s i ng ly  i mportant ( Evans , 1 969 , 1 9 1 ) .  Where rece i pts for exports 

rema i ned s teady for the f i r s t  three seasons duri ng the war ,  they rose  
s ubstanti al l y ,  reach i ng new h i g h  l evel s by 1 949 ( Condl i ffe , 1 9 59 , 86 ) .  

Ferti l i zer and  L ime Producti on  

The  use  of soi l amendments , wh i c h  in  1 939 • had  become the  norm 
for i n tens i ve - g ras sl and farms • ( Ros s , 1 954 , 246 ) ,  was ser i o u s l y  
d i s rupted by 1 94 1  a s  re l ated by E l l i s  ( 1 948 , 60-61 ) .  I n  December 1 94 0 ,  
German ra i ders  s a n k  fi ve phosphate tran sports a n d  l ater shel l ed Nauru 
to hol d up  su pp l i es to Au s tra l i a  a nd New Zea l and . Del ays res u l ted a s  
l oadi ng i ns ta l l a ti ons  were repa i red a nd sh i ps were organ i zed i n  
convoys for protecti on . S h i pp i ng proved to be a prob l em a s  i nd i ca ted 
by the probl ems of mea t export ,  bu t enough wa s orga n i zed to enabl e 
phosphates  to be i mported from Maka tea , the Red Sea area , a nd  F l ori da 

to augment  supp l i es .  Thu s , i n  1 941 , the area topdressed was a t  i ts 

h i g hest  l evel  s i nce 1 9 27 ( Ta bl e  5 . 8 ) . However,  as  i n  Wor l d War I ,  
because  of s u pp l y  and s h i pp i ng res tri cti ons , ba s i c  s l a g became 
unavai l abl e ( Tab l e 5 . 5 ) . 

Japanese e ntry i nto the war was more seri ous a s  Na uru a nd Ocean 
I s l and  were fi r s t  bombed i n  December 1 94 1  and then occupi ed i n  Augu s t  

1 942 . The l oa d i ng  i ns ta l l a ti ons  were demol i shed before the occupat ion , 
end i ng th i s  pri nc i pa l  source of phospha te for New Zea l a nd u nt i l 1 946 . 

The 1 942  rock phosphate i mport was 1 09 , 500 compa red to 255 , 700  tons 
i n  1 941  (Trade and Shipping Statistics, 1 942 ) . The area topdres sed 
fel l by 437 , 000 acres i n  1 94 2 ,  a further 740 , 000 acres i n  1 94 3  a nd 
another 1 00 , 000  a cres i n  1 944 ( Tabl e 5 . 8 ) . These fi g ures d i s gu i se  the 
fact  that the u s e  of ferti l i zers decreased sharply  as l i me was be i ng 
emp l oyed i n  i ts s tead ( Saxby ,  1 947 , 59 ) .  Thi s v i ew i s  u phel d by the 

grea ter use  of l i me on , i ts own i n  thi s period ( Tabl e '5 . 8 ) . 

The use  of  organ i c  ferti l i zers rose  as  meat product i on  i nc reased 
to meet  war demands  i ncrea s i ng by-product  avai l ab i l i ty and a s  farmers 
tri ed a ny ma teri a l  avai l a bl e bu t the extra 7 , 000 to 1 0 , 000 ton s  cou l d 
not meet the demand ( Tabl e 5 .  1 5 ) .  So great wa s the need that the l ong

cl osed  phosphate works at  C l a rendon were brought back i n to producti on 
bu t i ts output d i d not reach  20 , 000 ton s  at  i ts peak ( Ta bl e 5 . 6 ) . 
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Ferti l i zer  rati oni ng wa s i ntroduced i n  1 94 1  to conserve phospha te 
and  s u l phur supp l i es .  Ava i l abl e ferti l i zers were a l l ocated for 
cropp i ng and a ny res i dua l  amounts after those needs had been s a t i sfi ed , 

were ava i l a bl e for topdres s i ng ( Ros s , 1 9 54 , 287 ) . The brea k i ng - i n  of 
new l a nd was to end and manuri ng to be de l ayed and res tri cted to the 
mos t  producti ve  pa s tures ( Barc l ay ,  1 94 1 , 385 ; El l i ott ,  1 941 , 1 9 ) as wa s 

the pol i cy for government  projects ( Saxby ,  1 947 , 54 ) . Ra ti on i ng wa s 

e s ta bl i shed on the ba s i s  of previ ou s  u se  l evel s i n  1 939-40 and 1 940-41 , 
so t hose farmers a l ready fami l i ar wi th the use  of topdress i ng were 
a s s i s ted but , they obtai ned on ly  28 percent of the average q uanti ty 
u sed i n  those yea rs unti l 1 946-47 when the fi gure was ra i s ed to 6 7  
percent  ( Saxby ,  1 947 , 56 ) . 

The l os s  of Nauru a nd Ocean I s l and l ed to the a ttempt to ex tend 
superphospha te s u pp l i es by mi x i ng i n  ground serpenti ne rock , a ma teri a l  
ava i l a bl e l ocal ly  i n  the North I s l and , a t  a ra te of  one  part  i n  fou r .  
Tri a l s i n  1 938-39 had l a i d  the bas i s  for the u se o f  thi s materi a l  
(ARDA� 1 939 , 23 ) . Researchers reported tha t the ma teri al  wa s a s  
effecti ve  a s  s tra i g ht  su perp hosphate a nd l i me-reverted superphosphate ,  

conta i ne d  magnes i u m  and copper a s  trace e l ements , and i n  add i t i on  
had s u per ior hand l i ng a nd  s torage character i s ti cs ( E l l i ott and  Lynch ,  
1 941 , 1 79 ,  1 8 1 ) . I n  the North I s l and , s tra i ght  superphosphate sa l es 
were s to pped by government  order and ' serpenti ne super • substi tuted , 
whereas ,  i n  the South  I s l a nd , the l a ck of a suffi c i en t  source of 
s erpenti ne rock res u l ted i n  the use of l i me-reverted s u perphosphate 
( Cockayne , 1 94 2 ,  1 93 ) . 

From the frequ ent appearance of arti c l es  i n  the Journal of 
Agriculture between 1 942 and 1 944 deal i ng wi th thi s top i c  i t  i s  e v i dent 
tha t  farmers contes ted thi s meas ure i n  s p i te of researchers • 
rea s s u rances  that the new product  was a s  effecti ve a ferti l i zer a s  
superphos phate . Unfami l i ari ty wi th the new ma teri a l , i nadequate 
qua l i ty control of i ts manufa c tu re ,  a nd i ts compu l sory u se were c i ted 

a s  rea sons  for the res i s tance wh i c h  devel oped ( Wi l d ,  1 944 , 4 ) . The 
l ac k  of  a l ternati ve  ma teri a l l ed farmers to use  i t , wh i l e  relyi ng  upon 
past  deve l opment of t he phosphate l evel i n  so i l s  to see  them through  
i n  t he  face of  decl i n i ng supp l i es .  

The l a tter phenomenon was u nexpected a s  i t  was thought that 
product i on  l evel s ,  parti cu l ar l y  i n  dai ry i ng. wou l d  fa l l  wi th fert i l i zer  
rati on i ng bu t they d i d  not ( Ro s s ,  1 954 , 266 ) 

. . The phosphate retenti on  
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effect  i n  soi l s  wa s uncovered, a s  tri a l s at Marton i nd i cated tha t 

deter i orati on  occurred four to fi ve  yea rs after the compl ete cessati on 
of topdres s i ng .  The part i a l  wi thdrawa l occa s i oned by rati oni ng 
served to ma i nta i n  produc ti on  duri ng the shortage per i od . As the 
area topdres sed d i d not decl i ne a s  sharp l y  as  the s u pp ly  of fert i l i zers , 
farmers u sed l ower ra tes of app l i ca ti on to achi eve th i s  effect ,  the 
rate i n  1 941 , 0 . 1 5  tons per a cre , fa l l i ng to 0 . 1 2  a nd  0 . 1 0  tons  per 
acre i n  1 942 a nd 1 943 respecti vely before reachi ng the l ow of 0 . 08 

i n  1 944 ( ca l cu l a ted  from Tab l e s  5 . 8  and  5 . 14 ) .  

Subs i d i es by government  to ferti l i zer manufacturers ma i ntai ned 
fert i l i zer cos ts  from 1 942 to 1 947 a t  £4 a ton , a pr i ce j u st  over 
the prewar pri c e  ( N i xon , 1 970 , 2 ) . The amounts i nvol ved grew a s  
producti on  cos ts  i ncreased bu t were recovered from farmers by 
debi ti ng the mea t-pool and d a i ry-pool accounts created under the b u l k
purchase agreements ( Ros s , 1 9 54 ,  288 ) . 

Thi s sprea d i ng of the co s ts to mos t farmers may he l p  to expl a i n  
the i ncreased i n terest i n  so i l  amend i ng  devel oped dur i ng the rati on i ng 
peri od . As everyone was charged equal l y ,  those who had not used 
topdres s i ng prev i ou s ly were encouraged to do so . The annua l  u se  of 
ferti l i zer deve l oped as  farmers  ' took the opportun i ty to obta i n  i t  
[ ferti l i zer ] .  I t  wa s a ca se  of no one wan ti ng to be l eft out ' ( Ross , 

1 9 54 , 286-287 ) .  
The wartime ferti l i zer s hortage i nduced much g rea ter acti v i ty i n  

the l i me i ndu s try a s  farmers sought  to trea t the i r  p roducti ve  l and  

in  some way . Where there were 68 l i me works  i n  1 940 , there were 9 1  
in  1 94 5  ( Tabl e 5 . 4 ) .  Ou tput had  ri sen from 594 , 000 tons  to  81 3 , 000 

ton s  ( Tabl e 5 . 6 ) . The government rema i ned  i nterested i n  subs i d i zi ng  
the tra n s port of wha t  wa s seen  a s  an i mportant  commodi ty i n  ma i nta i n i ng 
produc ti on . The s c i enti f i c  work  e stab l i s hi ng l i me ' s  i mportance i n  
promoti ng  c l over growth had not  gone u n heeded . 

I n  1 947 the major cos t  i n  l i me u ti l i za ti on , i ts transport from 
i ts m i ne  s i te to the farm , wa s further s u bs i di zed to encourage u se on 
farms more remote from rai l tran s port ( NZOYB� 1 9 51 -52 , 386 ) . Road i ng 
i mprovement  and  exten s i on  made s u bs i d i z i ng road tran sport worthwhi l e , 
so that the ra i l  network ( Map  5 . 1 ) was compl emented wi th  the sub s i dy 
on road transport from ra i l  depots . Both  ra i l -only a nd  road-on ly  costs 

were a l so  subs i d i zed (NZOYB� 1 9 54 , 453 ) . The s ubs i dy for road  tran sport 
was needed to overcome the s hortage of ra i l way rol l i ng -s toc k ,  for i t  
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wa s noted : ' Al ready road tran sport has had to be u sed to handl e much  
of the  l i me u sed by farmers • ( Ros s , 1 9 54 , 322 ) . 

The probl em i n  d i s tri but i ng l i me by ra i l  al so occurred wi th 

ferti l i zers . A s u bs i dy to cover the d i fference between  road a nd ra i l  
tran sport cos ts where ferti l i zer had to be del i vered by road o r  s ea 

through  the ra i l way ' s  i ncapaci ty to hand l e  ferti l i zer at the req u i red 

t ime was i ns ti tu ted i n  the 1 946-47 season  a nd only ended i n  June  
1 9 54 (NZOYB� 1 9 5 1 - 52 ,  386 ; NZOYB� 1 956 , 499 ) . The seasona l demand  
for ferti l i zer overtaxed exi st i ng rol l i ng-stock capaci � parti cu l arl y ,  

i n  Auck l and and Taranak i  ( NZOYB� 1 9 54 ,  4 53 ) .  As wi th l i me ,  the bu i l d i n g 
of b u l k s tores by farmers and contractors and an i ncrea se i n  ra i l way 

ro l l i ng-stock ,overcame the sea sonal demand  and ended the need for 
thi s parti cu l ar s u bs i di za ti on  program i n  the 1 9 50s . Thoug h thi s 
s ubs i dy was pa i d  to the Rai l ways Department and not to farmers , i t  wa s 
a neces sary meas u re to ca ter for the ferti l i zer dema nd i n  the se two 
produc i ng d i s tri c ts . 

Al though ferti l i zer demand was s trong , s uppl i es of phosphate 
rock rema i ned re s tr i c ted fol l owi ng the war . The Ja panese d i d  not 
surrender Nauru and Ocean I s l a nd  unti l S ep tember 1 945 a nd the 
i ns ta l l a ti ons there had been des troyed .  I t  wa s not unt i l Apri l 1 946 

that phosphate s h i pments resumed , a nd the rate of s h i pment rema i ned  
bel ow prewar l evel s ( El l i s ,  1 950 , 2 1 4 ) .  More effi c i en t  equ i pment  was 
i n s ta l l ed wh i c h  permi tted fu l l  capac i ty to be. achi eved l a te i n  1 949 
but New Zea l and d emand requi red other remed i a l measures  to be 
i ns ti tuted . 

Rati oni ng wa s conti nued u nti l September 1 947 ( N i xon , 1 97 0 ,  2 ) ,  
bu t. l oca l  product i on  was not ab l e to reach  prewar output  unti l 1 950  
( Tai t ,  1 957 , 1 96 ) . L i ttl e ma i ntenance work  had  been done  i n  the 
ferti l i zer p l ants  duri ng  the war a s  ma teri a l s  had been i n  s hort s u pp l y .  

As th i s  s i tuat i o n  pers i s ted after the war and coi nci ded wi th l abour  
s hortages the maj o r  overhau l s needed proceeded sl owl y .  The 1 948-49 
outpu t capac i ty at 6 50 , 000 ton s  was 50 , 000 tons bel ow 1 940-41 capac i ty 
( Ros s , 1 954 , 322 ) . 

The governmen t  not on ly  conti nued d i rect farm s ub s i d i es to 
ma i nta i n  ferti l i zer  use , but i n  add i ti on ,  ba s i c  sl ag i mports were 
subs i d i zed between 1 946 a nd 1 948 whi l e  l oca l superphosphate and  Hes kett 
bas i c  s l ag  ( a  hea t-trea ted phosphate ) were s ubs i d i zed  to 1 949 (NZOYB� 
1 950 ,  309- 1 0 ) . Des p i te th i s  s u bs i d i za ti on , ferti l i zer pri ces i ncreased 



to more than twi ce the prewar l evel a s  the cost of producti on ro se . 
I n  1 94 7  i t  wa s dec i ded to a l l ow the pri ce of superphosphate to reach 
£ 1 0  3 s . a ton--a  l evel cons i dered reasonabl e i n  v i ew of ri s i ng farm 
produ c e  pri ces ( N i xon , 1 9 7 0 ,  2 ) . Farmers on  marg i na l  l a nd and those  
remote from ferti l i zer p l a nts were d i sadva ntaged by the removal  of  
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the  ra i l  sub s i dy o n  ferti l i zer carri age  and  the  doubl i n g  of transpo rt 
cos t u n ti l the i n troducti on of the road transport scheme permi tted 
them to resume topdres s i ng . The  strong dema nd ,  exceed i ng pl ant  

capac i ty ,  pers i s ted despi te the pri ce r i s e . Demand cou l d only have 
been i ncreased by two succes s i ve pri ce reductions i n  1 948 and 1 949 to 
reach £ 7  1 0s .  6d . a ton ( Ros s , 1 954 , 322 ) . The importance of a s s uri ng  

del i very of what had become a rel a ti ve ly  s carce producti on i npu t can 
I 

be a pprec i ated . 

Fodder Conservati on  

The use of so i l - amend i ng technol ogy was not  the  onl y l esson i n  
product i on improvemen t  l earned under wart ime condi ti on s .  Concern for 
improv i ng gra s s l a nd producti on wi thout ferti l i zer had res u l ted i n  more 
attenti on  bei ng pai d to ful l u t i l i zat ion  of  herbage a nd the rol e of 
suppl ementary fodder crops . Burnard ( 1 9 3 1 , 7 6 ) noted i n  1 93 1  tha t :  

The whol e trend of New Zeal and farm i ng duri ng the 
l a s t  decade ha s been toward more i n tens i ve and more 
effi c i ent management of g ra s s . 

The practi ce of not g raz i ng some f i e l d s  i n  the  autumn so that the 
fl u s h  of grass growth cou l d be reta i ned for consumpti on i n  wi nter when 
growth was reduced was one concept  whi ch devel oped by W .  Ri ddet be tween 
1 939 and  1 949 i n  an  a t tempt to rel a te ani ma l  need s to pas ture produc
ti on pa tterns ( Lees , 1 949 , 1 77 ) . 

Such  a pract i ce  requ i red a new a pproach  to management a s  i t  
cou l d  on ly  be carri ed where farms were more s ubd i v i ded i nto sma l l er 
f i el ds  a nd rotati ona l g ra z i ng methods were empl oyed ( Smal l fi e l d ,  l 947c , 
583 ) . The ana lys i s  of  producti on · need s cou l d  be appl i ed to crea te a 
rap i d  i nc rease i n  l i v e s tock numbers . These techni ques  had been 
recogni z ed graz i ng through the reducti on of p addock s i ze by carefu l l y  
p l a nned fenc i ng .  However , thei r u s e  wa s s ti l l  bei ng tested under the 
demands of the wart ime s i tuati on .  

The concern wi th  a voi d i ng the was te o f  herbage became evi den t .  
Stap l edon ( 1 9 28 , 81 ) observed : ' the mowi ng mach i ne i s  perhaps the 
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most  i mportant  of a l l p a sture i mpl ements ' .  Where i ntens i ve gra s s l and  
farmi ng had  devel oped the  con servat ion  of fodder a s  hay and  s i l a ge 

i ncrea sed , a s ,  wi th ferti l i zer  dres s i ng s , pa sture-growth contro l 
neces s i ta ted the u se of some conserva ti on  method ( Sma l l fi e l d ,  1 947a , 
1 7 5 ) . I n  the Department of Agr i cul ture ' s  Annua l Report ( 1 9 31 , 1 9 ) ,  i t  
wa s noted : 

mo s t  di stri c ts i n  New Zea l and have made s uffi c i en t  ens i l age  
to  recogn i ze i ts val u e ,  and  the  mak i ng  of s i l a ge s hou l d  
now rap i d l y  become a defi n i te farm prac ti ce . . .  where 
ma teri al  i s  ava i l a bl e .  

The tra d i ti onal  u s e  of annua l crops for s uppl ementary fodder decl i ned 
( Tabl e 5 . 1 ) ,  parti cu l ar ly  i n  the North I s l and  ( Sma l l fi e l d , 1 947c , 583 ) . 

Br i ti s h  pract1 ce was l es s  and l e ss important  as a model to fo l l ow i n  
both i s l a nds ( Cl ark , 1 949 , 386 ) .  The work  on stra i n had improved 

gras s l a nd  product i v i ty and  the u se of ferti l i zers had boos ted product ion  
and , thereby ,  carry i ng  capaci ty . The technol ogy of  gatheri ng  pl a nt  
materi a l  a nd  conserv i ng i t  h ad  been deve l oped and was bei ng p ut  
i n to pra c t i ce to s u s ta i n  the l i vestoc k n umbers whi ch  cou l d  be  carri ed . 

The F i e l d s  Di v i s i on of the Department of Agri cul ture fos tered the u s e  
of ens i l a ge by prov i d i ng adv i c e  and a ss i s ta nce to farmers a n d  by 
promoti ng  competi ti on s  where i ns tructi on on  techni ques  was offered 
( Burnard , 1 93 1 , 26 ) .  Thi s upward trend decl i ned after 1 933 (Agri
cultural Statistics� 1 934 ) , as feedi ng s i l age i nvo l ved more 
l abour than hay . There was some s tabi l i zati on unti l 1 9 42 when 

a l a bou r- shortage s i tuati on and the i ntroduct ion of hay bal ers 
occa s i o ned  further decl i ne ( Tab l e 5 . 1 6 ) . Lucerne ,  on  the  other hand 
enjoyed a gradua l l y  i ncrea s i n g  popu l ar i ty ( Tabl e 5 . 1 6 ) . 

Whereas  wi th the use of horses the ta s k  i nvol ved cons i derab l e 
l abour and  ti me ,  desp i te l a bour- savi ng equ i pment ava i l ab l e (ARDA� 1 932 , 
1 9 ) , w i th the i ntroduc ti on of tractors, much more such  work  cou l d be 
carri e d  o ut  ( Evans , 1 969 , 62 ) .  However , i t  i s  reported that ' I n 

the l a te 1 920s and  1 930s , very few da i ry farmers owned tractors ' 
( Sma l l fi el d ,  1 9 70 , 52 ) .  The e n s i l age made of crops of  ma i ze ,  mi l l e t ,  
sorghum ,  oats and vetches or l ucerne was l i mi ted i n  th i s  peri od a s  

wel l ;  yet ,  by 1 934 the  practi c e  was al mo s t  un i versa l amongst  Wa i kato 
da i ry farmers ( Sma l l f i e l d ,  1 97 0 ,  51 ) .  The u se  of annua l  crops for 
suppl ementary fodder wa s l es s  important  a s  a consequence , so the 
acreage sown rema i ned  l i tt l e  affected by the i ncrease  i n  l i ve s tock  



TABLE 5 . 1 6 

AREA CUT FOR GRASS AND CLOVER CONSERVATION 
( THOUSANDS OF ACRES)  1 9 15- 1949 

Year Grasses and Clovers Cut for: 
Ending Lucerne 

31 January Hay Si lage 
I 

19 1 5- 16 95 . 8  . .  

1 9 1 9-20 166 . 8  . .  

19 20-2 1 1 6 1 . 8  . .  

1 9 25-26 2 24 . 8 . .  

1 9 30-3 1  295 . 3  1 14 . 3  33 . 5  
19 35-36 45 3 . 4  82 . 7  40 . 8  
1 940- 4 1  46 2 . 8  70 . 6  4 1 . 7  
1 9 45-46 4 9 8 . 1 56 . 5  46 . 4  
19 49-50 494 . 9  83 . 5  5 2  

l 7 3 

Sources : 19 15-20 Statis tics of New Zealand ( for years shown) . 
1925-49 Agricultural Statis tics ( for  years shown) . 
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( Tabl e 5 . 1 ) .  
Whi l e  the l a bour scarc i ty dur i n g  the war and the l ack  of top 

dres s i ng s l owed t h i s  devel opment a t  the core of the ' g ras s l a nds  
revol u t i on • ,  i t  was not l ong after the cessati on of  hos ti l i t i es tha t 
the new pattern wa s cont i nued . The grea ter ava i l abi l i ty of tracto rs 

was the key e l emen t  i n troduced i n  the 1 940s ( Ki ng ,  1 95 0 ,  70 ) .  
Though  mowers , a n d  bal ers were ava i l a bl e for use wi th horses ,  they 
sti l l  requ i red muc h  l abour a nd  t ime ( Evans , 1 969 , 62 ) .  I n  the 1 930s 
tractors began  to repl ace horses  i n  the arabl e farmi ng  d i s tri cts b ut  
only s pread to  t he  North I s l and  da i ry farms i n  the 1 940s  ( Sma l l fi e l d ,  
1 970 , 1 20 ) .  When equ i pment s peci al ly  des i gned for u se wi th tractors  
al so became aya i l a b l e ,  the i r  use  grew more rapi dly ( Ki ng ,  1 9 50 , 70 ) .  
The prov i s i on under Lend-Lea se  of 7 , 000 tractors from the U n i ted S ta tes  
between 1 943 a nd 1 945 ( Ros s , 1 9 54 , 290 )  s purred devel opment i n  ma k i ng 
the equ i pment  a va i l ab l e  when supp ly  from o ther sources wa s l i mi ted . 
Al thoug h  the u pward trend i n  tractor numbers was becom i ng more pro 
nounced , i t  wa s not  unti l the 1 9 50s tha t the grea tes t  expan s i o n  
occurred ( F i gure 5 . 2 ) .  

The emphas i s  on  such  powered machi nery and impl ements a s  tractors 
and mi l k i ng ma ch i n e s  wa s a con sequence of pol i cy :  

The New Zea l and author i t i es had deci ded i n  v i ew o f  s hortage s  
o f  manpower that farmers wou l d  have to mechan� ze to a 
grea ter degree . · ( Ro s s , 1 954 , 29 1 ) 

The horse wa s bei n g  phased ou t ( Tabl e 5 . 2 ) , and more power wa s 
i n troduced i nto farmi ng .  Trac k  cutti ng i n  hi l l  coun try deve l oped to 
faci l i ta te the  s preadi ng of ferti l i zer  and  l i me .  Agr i cu l tural 
contractors owni n g  s pec i a l i zed heavy mach i nery ' repl aced and  added 
to the n umber of contractors who u sed horses • notab ly  i n  the 
di s tri buti on  of s o i l amendments  and so reduced farm l abour requ i rements 
and some u ncerta i nty ( Saxby ,  1 947 , 6 1 ) .  A serv i ce i nd u s try whi ch had 
begun to devel op pr i or to the war was now abl e to expand . 

SUMMARY 

Coc kayne ' s  i nd i cat i on i n  1 9 1 0  of the domi nant  rol e gra s s l and  
wou l d p l ay i n  New Zea l and ' s  agr i c u l tural producti on  had  been rea l i zed 
by 1 949 . The i n ten s i ve exp l o i ta ti on  of grass l and had been made poss i bl e  
by a conj unct ion  of  practi ca l  exper i ence and  sci enti f i c  researc h .  The 

appl i ca t i on of t h i s  research became ' the  s i ne gua non • of fu rther 
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progress  ( Condl i ffe , 1 963 , 238 ) . Chemi ca l  i nvesti gati on had po i nted 

out mi nera l defi c i enc i e s  i n  the so i l  and had i denti fi ed the rol e of 
c l overs i n  furn i s h i n g  n i trogen for gra s s  growth . Earl y tri al s of the 

so i l- amendi ng  techn i ques  devel oped both i n  Bri ta i n  and l ocal l y ,  had 
s hown how to overcome p hos phate defi c i ency and exces s soi l  ac i d i ty .  

I t  wa s i n  th i s  peri od that  the appl i ca t i on o f  these techn i que s  by 
da i ry farmers a nd fat- l amb producers bega n the cycle  of producti v i ty 
i mprovemen t  ev i dent i n  the rapi d i ncrea se i n  l i vestock numbers whi l e  
the area of i mproved l and  stabi l i zed . By the  m i d- l 930s the i n creased 
use  of chemi ca l  fert i l i zer  wa s regarded as  ' one of the mos t outstandi ng 
changes s i n ce the war '  ( Bel s haw , l 936a , 27 ) and the i ncrea se  i n  

producti v i ty �as thoug h t  . to be due  to that very c hange parti c u l ar ly  
i n  da i ryi ng ( Bel s haw , l 936a , 28 ) . 

The dema nds of  h i g her producti on  techn i ques  l ed to a rea ssessment  
of  the p l ants  a nd  an i m a l s  empl oyed . By u s i ng a var iety of  pas ture 
p l ants i n  tri a l s researc hers had i denti fi ed t he speci es and s trai n s  
o f  gras ses a n d  cl overs wh i c h  wou l d  g i ve cons i s tentl y hi gh  product ion . 

Those s tra i ns were then propaga ted and  d i s semi nated throug h  ex i s ti ng 
s eed- trade c hannel s to farmers . 

The connecti on between the b i o l og i ca l  a nd chemi ca l s c i ences wa s 
f i rmly es ta bl i s hed i n  agri cul tural research a s  the sol u t i on of the 
coba l t- defi c i ency probl em demons trated . The needs of the proposed , 

h i gh ly  product i ve pa s ture ecosys tem had to be  met by knowl edge about 
how to amend soi l s  n a tu ra l l y  defi c i e nt  i n  es sent ia l  el ements . So i l 
amendi ng technol ogy was devel oped a l ong wi th  the i nvesti gati on of 
the so i l s themse l ves . 

An i nst i tut i ona l  framework had  devel oped to prov i de the w ide  
vari ety of agri cu l tura l  research dema nded . Pr i or to Wor l d War I ,  the 

Departmen t of  Agr i cu l tu re ,  and  the Canterbury Agri cul tura l Col l ege 
were the on ly  bod i es u nderta k i ng research  other than farm orga n i zat ions  

and  the i ndi v i dua l farmer .  By 1 949  there were al so a s econd 
agr i cu l tural  col l eg e , Massey ,  the p r i v a te ly..:funded Cawthron I n s ti tu te , 
the Da i ry Research I ns ti tute and  the  Depa rtment of Sc i en ti fi c and  
I ndustri a l  Researc h , a l l of  whi ch gave a broader range of  knowl edge 
and contri buted a l arger body of  personnel . New Zeal and  farmi ng  was 
on a s c i ent i fi c  foot i n g ,  attempt i ng  to emp l oy the mos t  benefi c i a l  

cost-reduc i ng or p roducti on- i m prov i ng techn i q ues bei ng deve l oped i n  
i ts res ea rc h  centre s . Work i n  o ther countr i e s  was fo l l owed cl ose ly  



a nd l i n k s  wi th the Br i ti s h i n st i tuti ons from wh i c h  the New Zea l and  

framework  had been deri ved , were important  i n  the  ear ly  phases  of 
gra s s l and  technol ogy ' s  devel opment . However , tes ti ng wa s done i n  
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New Zea l a nd condi t i ons  to ass ure the appl i ca bi l i ty of the resu l ts . The 

grass l a nd  focus was so rei nforced . 
New Zeal a nd ' s  economi c ba s i s  i n  agr i c u l tura l product ion  enabl ed 

th i s  l i ne of i nq u i ry to be fo l l owed wi th s u pport from both the 
commu n i ty and the government . The sys tems of agri cul tural product i on 
devi s ed to sati s fy the Bri ti s h  market were further s peci al i zed and  
i n ten s i fi ed u s i ng the advantages  bei ng d i scovered i n  grass l and  fa rmi ng .  
Thi s ma rket rema i ned  open i n to the 1 930s , so  s ta bi l i z i ng econom i c  
and preferenc� s truc tures . Though pri ce fl uctua t ions  had prompted 
adj u s tments to the marketi ng of some produce , the market demands  a nd  
l i nkage were reta i ned . As t he  producti on  i ncrea ses s u s tai ned i n  t he 
appl i cati on of new technol ogy were absorbed i n  the mar ket and  a s  
resea rch resu l ts often had i mmedi a te app l i cati on , the d i s coveri e s  
attracted the i n terest  of  both the farmers a nd  the producers of  the 
ma teri a l s to be u sed . The product ion of so i l amendments , pri nc i pa l ly  
l i me a nd  superphosphate , i nc rea sed rap i d l y  and the i mporta t i o n  of 
ma teri a l s fol l owed s u i t .  Agri cul ture was becomi ng i ncreas i n g l y  l i n ked 
wi th the secondary sector as the use  of manufactured i npu ts i ncreased . 

T he fou nd i ng  and fund i ng  of research  i nst i tu t i ons  was bu t one  
a s pect  of government ' s  s u pport to the  agr icu l tural sector . As the 
sector of the economy devel op i ng mos t  rap i d l y ,  agr i c u l ture was a focu s 
of government i nvol vement . Farmi ng was encouraged by l a nd s ettl ement 
schemes . The  use  of new technol ogy was fostered by subs i dy programs 

and the i mp l ementat i on of l a nd  deve l opment sc hemes . Where pri v ate 

res ources were found i nadeq u a te to cope wi th a cri s i s ,  such  as l and  
deteri orati on , economi c depre s s i on or wart ime cond i ti ons government  
i ntervened , thereby ga i n i ng a n  i ncrea s i ng ly  i mportan t  rol e i n  d i recti ng  
resources i n  the economy .  

The rel a t i ve  s tab i l i ty prov i ded by the col l ecti v i s t mea s u re s  to 
counter economi c and po l i ti ca l  cri ses  a dvanced the adopti on  o f  gra s s 
l and  technol ogy . Subs i di za t i on of man ufacture and transport reduced 
the cost of so i l amendments  . . Pol i cy evol ved to a s sure adequ a te i np u ts 
for gras s l a nd technol ogy . P roducer returns from the sal e of goods  were 
stab i l i zed for d a i ryi n g  i n i ti a l ly ,  a nd l a ter , for mea t .  Governmen t 
undertook to s ta bi l i ze markets  for producers by s i gn i ng bu l k- pu rc ha s e  
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agreements wh i ch l i nked producti on  to the Bri t i s h  market .  The bas i s  
for conti nued  producti on  expa n s i on was l a i d  through these measures . 
Reverses  t h rough econom i c  depres s i on and war d i d  not serve to stem the 
advances be i ng made . I n sti tuti ons to absorb the impact were a 
cri ti cal l y  i mportant  deve l opment .  I t  appears that the i na bi l i ty to 

empl oy the techni ques merel y served to hei ghten i ntere s t .  An upsurge 
i n  u se  fo l l owed i n  each i ns tanc e ,  once the  supply of ma teri a l s 
returned to pre-cri s i s l eve l s .  

Lags  i n  the app l i cat i on of g ra s s l and tec hnol ogy devel o ped where 
enabl i ng i nventi on had not occurred to offset pa rti cu l ar  probl ems . 

Whereas sown pa stures were l arge l y  bei ng trea ted , the exten s i on of the 
techni ques  i n to the more d i ff i cu l t rel i ef of the hi l l  co untry had not 

I 

been wi des prea d .  Mecha n i zati on was found to overcome t h e  adverse 
effect of l a bour s hortage i n  the da i ry i ng and fat- l amb enterpri ses  but  
i t  had  not  yet been app l i ed to  so i l  amend i ng i n  the sheep farmi ng 
regi ons . Tens i on i n  the techn i ca l  s tructure conti nued but  the pa ttern 
of tha t s tructure was c l ear . Gra s s l and fa rmi ng  based on permanen t 
pas ture had  emerged a s  the pri nc i pa l agr i cu l tura l  system , one  wi th a 
capaci ty for i n tens i f i ca t i on whi c h  s u sta i ned econom ic  growth i n  the 
nati onal  e conomy .  I n  that i t  s erved to s u pport the farm enterpri ses  o n  
whi ch the sma l l - farm i n s ti tuti ona l structure promoted earl i er by 
government wa s based , so i l amend i ng prov i ded a key to s u s ta i n  exi s ti ng 
preferenc e  and i ns ti tu t i onal  s tructures . The success of the economy 
erected i n  these ci rcums tances  offset the ca l l for economi c d i vers i f i 
ca t ion  mad e  when cond i ti ons deteri orated i n  the 1 930s . Wartime a nd  

postwar demand further del ayed t he  proces s  of change . 



FOOTNOTES 

1 .  The accoun t of the growth of ferti l i zer produ cti on i s  based on  
McCask i l l ( 1 9 29 , 73-81 ) .  

2 .  A s uperphosphate conta i n i ng  the equ i val ent of 44 to 46 percent  
of tri cal c i c  phosphate i n  a wa ter sol ubl e form . 

1 7 9 

3 .  ' The sc i ence of gras s l a nd con s tructi on , managemen t ,  and  ut i l i sati on ' 
( Levy , 1 9 7 0 ,  359 ) . 
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CHAPTER 6 

TH E R EF I NEMENT AND EXTENS I ON OF THE GRASSLAND FARMI NG SYSTEMS 

The peri od from 1 949 was one marked by the refi nement of l ow� and 
pl a i n so i l -amend i ng technol ogy and i ts extens i on i n to more rugged s heep 
farmi ng country . The sheep-farmi ng enterpr i se had not previ ou s l y  

benefi ted grea tl y from the d i s coveri e s  made . Now , wi th the use  of 
a i rcraft , mecha n i za t i on wa s app l i ed to amend the so i l s  of the s teeply 
sl op i ng country . The success of  both changes i ncrea sed l i ves toc k o utput .  

CONCERN FOR SO I L  CONSERVATI ON 

Concern for the condi ti on  of s uch  cou ntry was based on  the 
i nabi l i ty of th� pa s ture ecosys tems to ma i nta i n  themsel ves there . The 

h i g h -ferti l i ty-demand i ng sward s d i ed out  as the nutri ents from fi r i ng 
tus soc k  or cutover forest  were u ti l i zed , l eached out  or  carri ed away 
by eros i on .  L e s s  producti ve grasses  appeared where they were not edged 
out by seconda ry growth of s c ru b  and fern or  ea ten away by i n troduced 
a n imal  pests  s uch  as rabb i ts .  

Concern a bou t the rate o f  revers i on  of cl eared l a nd had been 

expres sed  by the ti me of Worl d Wa r I ,  and  the research es tab l i s hments 
subsequentl y set up  began to i nvest i gate the prob l em i n  l i g h t  of the 

di scoveri es be i n g  made abou t the rel at i on s h i p  of grass a nd c l over 
speci e s  and so i l  ferti l i ty l eve l s ( Levy , 1 955 , 98 , 1 00-1 0 1 ) . The 

need for amend i ng  soi l s  to i mprove ferti l i ty to the poi n t  where s uccess 
fu l  c l over growth wou l d  furn i s h  s uffi c i en t  nutri ents to  s us ta i n  a n  
adequate gra s s  cover wa s recogn i zed . I n  the 1 9 20s and  1 930s some 
farmers  i n  h i l l country had begun the ard uous tas k  of pac k i ng i n  so i l  
amendments and  seed for manua l sowi ng . 

U nfortunatel y the area treated by th i s  method has  not  been 
recorded bu t i s  un l i kely to have been extens i ve due both to the 
l abor i o usness  o f  the tas k  w i t h  l i m i ted a va i l abl e manpower a nd to the 
l i mi te d  cap i ta l  ava i l abl e for l an d  devel opment ( Sma l l fi el d ,  1 9 70 , 39 ) . 

I t  wa s es tima ted i n  1 940 that  s k i l l ed sowers topdre s s i ng a t  a ra te of 
2 cwt per acre cou l d  cover 1 5  acres  each . per day at a n  average cos t 
of 1 4s .  per acre (£ 7 per ton ) . The a verage rate per man fe l l  to 8 
acres  per d ay when the men tra nsporti ng mater i al s were i nc l uded i n  
the ca l cu l a ti o n . Cos ts cou l d be l ower depend i ng upon the type o f  l a bour  
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used-- h i r i ng a contractor wa s s een  as  l es s  expense than empl oyi ng  day 
l abourers , and  upon the farm • s proximi ty to a ra i l way s ta t i on (Sheep
farmers ' Conference Proceedings, 1 940 ,  1 1 - 1 2 )  . 

The  practi ce of  topdress i ng h i l l s  vari ed from farmer to farmer . 

Where one reported s pread i ng l OO to 200 ton s  a nnual l y ,  a no ther ma naged 

only 20 to 30 tons ( Sheepfarmers ' Conference Proceedings, 1 940 ,  1 1 ;  
B .  Moore , 1 969 , 1 1 5 ) . A cons i s tent  effort to topdress h i l l  coun try 
wa s absen t ,  and the deteri ora ti on of such l a nd was noted . Duri ng the 

war years , as l a bour became more d i ffi cul t to obtai n ,  the magni tude of 
the probl em grew . I n  the i mmed i ate postwar years the a rea  i n  fern , 
scrub , a nd second growth conti nued to ri s e ,  reachi ng over f i ve  mi l l i on 
acres by 1 949�50 ( Tab l e 6 . 1 ) .  The  i nadequacy of the methods emp l oyed , 
the l ow ra te of i n i t i a l  app l i ca ti on and the absence of c l over over
sowi ng l i m i ted the p a s ture response wh i c h  cou l d  be obta i ned . 

Where the s l opes had i nadequate vegeta ti ve cover there was a 
greater r i s k  of accel era ted so i l  eros i on .  The probl em wa s seen i n  
the l a te 1 860s , yet by the 1 930 s ,  there were only warn i ng s  abou t i t  
• but  these were few and  far between . Those who gave t hem were 
usua l ly  i g nored a s  cra nk s • ( McCa s k i l l , 1 97 3 ,  6 ) .  H i gh-country 
farmi ng methods were seen as  pa rt i cu l ar ly  i neffecti ve  i n  preventi ng  
deteri ora t i on ( Cumber l and , 1 944 , 205 ) . The  des i re to  expl oi t l a n d  
outwe i g hed  any urge t o  a s sess  t h e  damage be i ng done , unt i l concern 
wi th fl oodi ng emerged . The rel a t i onsh i p between the damage caused by 
fl oods a n d  the denudat i on of watersheds was recogni zed , but  fi nd i ng an  
eng i neeri ng  sol u ti on on the l ower reaches of  the r i vers rema i ned more 
i mporta n t  than imp l ement i ng soi l conservati on  and wa tershed management 
measure s  i n  the i r  headwaters ( McCask i l l ,  1 97 3 , 1 3 ) . Severe fl ood i ng  

in  the  1 9 30s in  parts of the North  I s l and  served to  focus  a ttent i on  
on the  seri ousness of  the  prob l em .  The exampl e of the Un i ted S ta te s , 

where so i l  conserva t i o n  began to be ta ken ser ious ly  fol l owi ng the 
creat ion  of the • ou s tbowl • i n  the  1 930s , s erved to mot i v a te peop l e to 
exami ne  cond i ti ons i n  New Zea l and  to see wha t  measures , beyond 

eng i neeri n g ,  were a pp l i cab l e ( McCask i l l ,  1 973 , 1 7 ) .  
There had been l i ttl e cri t i ca l  eva l ua ti on of the extent of so i l 

eros i on but  by November 1 938 s uffi c i ent i n terest had emerged to l ea d  to 
the es tab l i s hment of  a DS I R  Commi ttee of I nq u i ry .  At the t ime of  i ts 
report i n  June 1 939  other sources were g i v i ng the prob l em publ i c i ty .  

That month  the New Zealand Farmer Weekly (60 ( 1 5 ) , 3 )  ran an 
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TABLE 6 . 1  

AREA OF UN IMPROVED GRAS SLAND AND REVERTED LAND (THOUSANDS OF ACRE S )  
1945- 1969 

Year Tussock and Fern, Scrub_, 
Ending Native Grasses and 

31  January Second Growth 

1 94 5-46 1 3 , 968 . 3  4 , 60 1 . 2  
1 949-50 1 2 , 930 . 7  5 , 24 6 . 0  
1 950-5 1 1 3 , 1 1 2 . 7  5 , 24 5 . 5  
1 952-53 13 , 299 . 0  5 ,  4 69 
1 95 5-56a 13 , 39 1 . 8  5 , 360 . 4  
1 959-60 13 , 035 . 5  5 , 6 7 1 . 7 
1 9 60-6 1 . .  . .  

1 962-62 . .  . .  

1 9 65-66 . .  

b 1 969-70 12 , 37 3 . 8  3, 6 1 7 . 6  

Notes :  a 1 9 5 4  f igure a s  1 955  data no t available . 

b Includes area in flax and rushes . 

Sources : Agricultural Statistice (for years shown ) . 
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arti c l e  cal l i ng for the i ntroducti on of so i l  conservat ion  mea sure s , and 

i n  J u l y  the Journal of Agriculture conta i ned arti c l e s  ( Connel l ,  1 939 ; 
Lamon t ,  1 939 ) i nd i ca ti ng the bas i s  of the eros i on probl em and the va l ue  
of  gra s s  cover and  graz i ng management  i n  l i mi ti ng i t . 

Pol i ti ca l  a ct ion  to i mp l ement so i l  conserva ti on measures p roceeded 
s l owly .  Prev i o u s  a ttempts to l eg i sl ate fl ood control measures  i n  1 929 
and 1 936 had fa i l ed and the onset  of Worl d War I I  d i rected attenti on  
el sewhere .  On l y  i n  June 1 940  wa s the preparati on of another meas u re 

concerned wi th r i ver control begun but the measure d i d  not concern 
i tsel f wi th the so i l conservat ion  aspect of the probl em . I ndeed the 

v i ew of the Mi n i s ter of Agri cu l ture at  the  t ime was tha t ' I n genera l 
i n  New Zeal and , eros i on per s e  i s  not a bas i c  probl em cal l i ng d i rectly 
for act i on ' and h i s Depar tmen t  was more concerned wi th ' regra s s i ng 

work i n  North I s l an d  h i l l  country and i n  the  South wi th i nvesti g a t i onal 
work i n  gra s s l a nd i mprovemen t '  ( McCa s k i l l , 1 973 , 22 ) .  Thi s v i ew 
pers i s ted  as  seen i n  the report of the Royal  Commi s s i on on the Sheep
Farm i ng I ndustry del i vered i n  1 949 . I t  wa s emphati cal l y  sta ted : 

' the root cau ses of ero s i on are t he l a ck  of ferti l i ty 
and  rabbi t- i nfes ta t i on . . . .  I n  fac t ,  the eros i on i s  not due  
genera l l y  to  an i rremed i abl e charac ter i s ti c of the  l a nd wh i ch 
requ i res  abandonment  of  farmi n g .  Nor does i t  re su l t from 
bad farm i ng prac ti ces wh i ch nece s s i tate s pel l i ng of the 
l and contro l  of the farmer . New Zeal and i s  a s  a whol e 
l i ttl e threatened by ero s i on other than r i ver eros i on . '  
( Sheep-Farm i ng I ndustry Commi s s i on ,  1 949 , 4 2 )  

Pest control , promot i ng fert i l i zer u se , a nd d i scoveri ng ' su i tab l e 
h i g h ly  nutri t i v e ,  l ow-ra i nfal l -res i s tant pasture p l ants ' wou l d  s e t  
the i ndus try o n  i ts way t o  a tta i n i ng new production  l evel s ( S heep

Farm i ng I ndustry Commi s s i on , 1 949 , 43 ) .  

Forma ti on of the Soi l Conservat ion  and Ri vers Control Counc i l 

Nonethe l e s s , there was pers i s tent pressure by men such  a s  L . W . 
McCa s ki l l  to i ntegrate fl ood contro l and  soi l conservat ion measures . 
McCa s k i l l ' s  experi ence ga i ned i n  v i s i ti ng the Uni ted States proved 
i nv a l uabl e .  I n  September 1 94 1  a Bi l l  wa s pas sed crea t i ng c a tchment  

di s tri c ts ,  each  u nder a catchment board , a nd the  l a tter co-ord i n a ted 
and s u pervi sed by the central Soi l Conservati on  and R i vers Con tro l 
Cou nci l ( abbrev i ated to SCRCC ) .  Thi s Counci l f i r st  met i n  September 
1 94 2  b ut  found  i tsel f wi thou t adequate s taff and fund i ng .  Reports 



s how tha t :  

After setti ng  u p  the Counci l i n  1 94 2 ,  the Government o f  the 
day l eft i t  l a rgely to i t s own dev i ces , wi thout much hel p ,  
sympa thy , or  encouragement to carry out  the very v i ta l  
task  entrus ted  to i t . (Report of Conference of New Zealand 
Catchment Boards Association� 1 949 q uoted i n  McCa sk i l l , 
1 9 73 , 29 ) 
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The Counci l wa s fi rst  engaged on ly  i n  e s tabl i s hi ng the ca tchment  boards 

and i n  ta k i ng some s tock of  the probl ems wi th whi ch i t  wou l d have to 
dea l . 

I t  was fortunate that i n  1 944 the cau se of soi l conserva t i on was 
a s s i s ted  by the pub l i cat i on of K . B .  Cumber l and ' s  Soil Erosion in New 
Zealand. Th i �  s urvey as ses sed  reg i onal vari a t i ons  i n  the extent  and  
na ture of  the wi despread so i l  eros i on i n  the  country and urged a 

va r i ety of mea s u res  dea l i ng wi th so i l conserva ti on . Atti tudes to l and 
were cri ti c i zed :  

There i s  . . .  an erroneou s  i d ea amongst  ma ny agr i cul tural i s ts 
and others i n  thi s country that New Zea l and has atta i ned 
i ts food produc ti on l i m i t and tha t max i mum agri cul tura l 
and pa s toral ou tput necessari l y  and  i nev i tably i nvo l ve s  
l os ses of  so i l  a nd  ferti l i ty .  ( Cumberl and , 1 94 7 ,  1 28 )  

Suc h  was not the case i n  h i s v i ew a n d  i t  was a v i ew p ubl i c i zed by the 
SCRCC . 

Thi s publ i c i ty rema i ned the Counc i l ' s ma i n  accompl i s hment  unti l 
the i mmedi a te postwar peri od when men and  resources became a va i 1 a bl e .  
I n  the meanti me ,  the e sta b l i s hment  of  the catchment boards , w i th the i r  
component o f  l ocal  el ected members , served to i nvol ve  a number of peop l e 
i n  eval uati ng remedi a l  mea s u res . The Manawatu Ca tchment Board i ncl u ded 
members of the sc i enti fi c communi ty centred around the DS I R ' s  Gra s s l a nds  
Research Stat i on . A val u ab l e connect i ng l i nk between peopl e wi th a 
range of exper i ence i n  dea l i ng wi th the l and wa s bei ng forged i n  s u ch 
a fas h i on .  

TH E USE OF AI RCRAFT 

I t  wa s thi s abi l i ty to  s ee k  o u t s i de sources of experti s e  wh i ch 
prompted the SCRCC to con s i der u s i ng a i rcraft i n  i ts work . A s  earl y 

a s  1 926 a North I s l and h i l l �country farmer , John Lamber t ,  had  wri tten 
to h i s  Member of  Parl i ament : 

We have m i l l i on s  o f  a cres o f  h i l l  l and requ 1 r1 ng topdre s s i ng  
whi ch  can  never by done by han d ,  but  i t  mi ght  be worthwh i l e  
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tryi n g  from the a i r .  ( quoted i n  McCa s ki l l ,  1 9 7 3 , 1 57 ) 
Th i s  statemen t  i nd i cates one  farmer • s  as ses sment not onl y of the va l ue 

of so i l -amend i ng techni ques  bei ng devel oped but  al so a rea l i zat ion  of  
the d i ff i c u l ty i nvol ved i n  applyi n g  them outs i de the l owl a nd- pl a i n  
areas . However , the concept of u s i ng ai rcraft was cons i dered by 
the Mi n i s ter  of  Defence to be impracti cabl e (Al exander and  Tu l l ett , 
1 967 , 30 ) . 

Early Tri a l s 

An awareness of the capabi l i ty of a i rcraft wa s not ev i dent i n  

thi s dec i s i on s i nce the u se of a i rcraft had not deve l oped wi del y i n  
New Zea l a nd . 'Wherea s a i rcraft were empl oyed i n  the Uni ted S tates and  
Europe for c ropdusti ng and  s prayi n g  i n  the 1 920s , no i ncenti ve to 

fol l ow thi s l ead appeared i n  New Zea l and . The topdress i ng ma teri a l s 
used on the  i ntens i ve gra s s l ands  were far bu l k i er than c hemi ca l 
s prays a nd  d u sts appl i ed to c rops , and  the rates of appl i ca t i on much 
greater . I n  fact , the adequa te ra tes of appl i cation  were s ti l l  u nder  
eval ua t ion  a t  thi s t ime . I ndeed , the operat ion  even i n  the Uni ted 

Sta tes rema i ned l i mi ted pri or to Worl d War I I  as there were on l y  a 
few hundred a i rcraft i n  agri c u l tu ra l work ( We i ck ,  1 9 59 ,  A-2 ) . There 

was d i vers i fi cat ion  of the types o f  work u ndertaken , however . Seedi n g  
a n d  ferti l i z i ng had been added t o  app lyi ng pest i c i des s i n ce the ea r ly  
1 930s (Ake s so n  a nd  Yates , 1 964 ,  1 37 ) . Through  experi menta ti on , 
d i stri but i on  dev i ces  had  a l so  been devel oped .( Baker , 1 970 , 5 ) . 

News of such  conservati on  work was carr i ed to New Zea l and bu t was 

not acted u pon  immedi a tel y (McCa s k i l l ,  1 973 , 1 5 7 ) . Sowi ng seed from 
a i rcraft was an i dea wh i ch occurred to A . M .  Pr i chard , C h i ef Pi l ot of 
the Publ i c  Works  Aerodrome Serv i ces , but h i s p roposal s were di sm i s s ed 
unti l 1 93 9  when he was permi tted to oversaw a l i mi ted amount  of l u p i n 

seed on s a nd-dune cou ntry a l ong N i nety-Mi l e  Bea ch (Fert .  J . � 1 9 56d , 1 0 ) . 
Thi s tri a l  was on ly  on a sma l l s ca l e and wa s on ly  a fi rs t a ttempt to 

empl oy tec h n i q ues  devel oped abroad . Encouragement was not forthcomi ng . 
Onl y i n  May 1 943  was Pri chard a b l e  to conduc t  further tri a l s ,  once 

aga i n  at N i nety-Mi l e  Beach (Fert . J. � 1 9 56d , 1 0 ) . Resu l ts were 
encourag i ng despi te the prim i ti ve  d i stri buti on  equ i pment  a vai l a bl e 

and a more s u s ta i ned effort u s i ng  a ton of s eed was carri ed o ut  l a te r  
that yea r ( Al exander a n d  Tul l ett , 1 967 , 31 - 32 ) . 
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Mau1 1ga n u i  
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land dist rict 
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Postwar Tr i al s 

Thi s work wa s not expanded a s  war demands  overwhel med a l l 
others . I t  was not u nt i l 1 946 that further tri a l s were begun .  The 
ma teri a l  u sed was not s eed but crysta l l i ne copper su l phate , a trace 
el ement needed to comba t copper defi c i ency . Sc i enti sts  from the 
Departmen t  of Agri cu l tu re ' s  An i ma l  Research Stat ion a t  Wa l l acev i l l e  
wanted to s tudy the effects of th i s  trea tment a nd were abl e to empl oy 

three Pub l i c  Works  Depar tment  a i rmen ( A . M .  Pr i chard , A . C . J .  Anderson , 
and  J .  Fr i zze l l )  to s pread some 3 , 300 pou nds of  crysta l s  over 1 , 1 00 
acres i n  the  Thames di s tri ct  ( Cunn i ngham and  Anderson , 1 946 ) . 
Techn i ques  had been i mproved a s  s pec i a l l y  des i gned hoppers whi ch 
i ncl uded a mea�s to reg u l a te the rate of app l i ca tion  were empl oyed .  
There wa s no a ttempt to i mi tate technol ogy devel oped i n  the Uni ted States  

s i nce the  1 930s by i mporti ng the equ i pment . The hopper was bu i l t  
by Fri zzel l (Al exander and  Tu l l et t ,  1 967 , 3 2 ) . 

I n  August  1 94 7  l i q u i d  coba l t s u l phate was  spread on a s tati on  
near Tauma runui  i n  tri a l s  organ i zed by the Publ i c  Works  Department  
( Andrews and  Pri chard , 1 947 ) ,  pro ba bly  at  the  i nst i ga t i o n  o f  Pri c hard . 

Ground control of the s preadi ng was organ i zed and Departmen t  of 
Agri cu l ture offi cers were a s s i g ned  to measure the resu l ts .  The work  
was most  s uccessful  and  promi sed a rapi d remedy to the ' bu s h  s i c kn e s s • 

probl em o n  the central  North I sl and . However , Pri chard d i d not see  
that  the  work  shou l d b e  carr i ed o ut  thi s way : 

Cl ear ly  . . .  aeri a l  topdres s i ng of coba l t sul pha te a l one 
wou l d  have no a pp l i ca t i on where i t  i s  fea s i b l e to topdres s  
wi th  coba l t i sed s uperphosphate by agri c u l tural machi nery or  
by ha nd . The  pos s i b i l i ty of  topdre s s i ng wi th coba l ti sed 
or ordi nary superphosphate by a i r pose s  a di fferent set 
of probl ems to wh i c h  the present wor k  offers no  d i recti on 
or d i rect sol u ti o n .  ( Andrews and Pr i c ha rd , 1 947 , 505 )  

He di d make  one a ttempt  i n  1 943 to �pread ferti l i zer  aeri a l ly  a t  
Rongota i Aerodrome near Wel l i ng ton . A l ow-vol ume ma teri a l , granu l ar 

ammon i um su l phate�  was u sed but  was found no t to spread wel l . · McCask i l l  
( 1 973 , 1 57 )  notes : 

I t  was a p i ty tha t thi s tri a l , the fi r s t  attempt i n  New 
Zeal and to d rop ferti l i s er  from the a i r ,  shou l d have been 
carri e d  out wi th  such  u n s u i tabl e mater i a l . 

The work  i n  the Un i ted States o n  fert i l i zer  u s age went u nnoti ced i t  
wou l d  appea r .  
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Though  Pri chard may have been d i s cou ra ged at  the prospect of 
aeri al  topdres s i ng ,  o thers were not .  Awareness of the work po s s i b i l i ty 
of a i rcraft wa s ev i dentl y  crea ted through thei r warti me use . I t  wou l d  

have been cl ea r  that payl oads cou l d  be carri ed anywhere and tha t 
real i za ti o n  made pos s i b l e  projects not conce i ved of a decade earl i er .  
I n  1 945  El l i ott , Saxby ,  Lynch , a n d  Boot o f  the Department  o f  Agri cul ture 
sugges ted the fea s i b i l i ty of aeri a l l y  top dress i ng th i s  cou ntry after a 
su rvey i n  the Poverty Bay area ( Fert .  J. , 1 9 56d , 1 0 ) . I t  wa s further 
reported : 

I n  recent years there has  been much d i scu s s ion  on  
the q uest ion  of  aeri a l  topdres s i ng of ferti l i sers . 
The ma tter h a s  ca ught the pub l i c  fa ncy . ( Saxby , 1 947 , 
6 2 ) ( 

The pro s pect  of performi ng  such  wor k  wa s rega rded a s  l es s  l i kely 
than trace el ement s preadi ng ,  a n  acti v i ty a l ready demon s tra ted by 
1 947 , and  aeri a l  oversowi ng , a techn i que  u nder cons i dera ti on . I n  
mi d- 1 94 7 , the Poverty Bay Catchment . Board approached t he Roya l New 
Zea l and  Ai r Force ( abbrev i a ted  to RNZA F )  concerni ng the po s s i b i l i ty of 

a i rl i fti ng wi l l ow po l es to an  a l mos t i nacces s i b l e h i l l - country s ta ti on 
so that they cou l d be pl a nted a s  part of a catchment protecti on s cheme 
( McCas k i l l , 1 97 3 ,  1 58 ) . The s ub s equent  drop i n  June . p roved very 
s uccessfu l , a l mos t a s  expected , g i ven tha t the Board had  a l ready 
s ubmi tted a conference remi t p ro pos i ng :  

Tha t  experi men ta l  sowi ng s  of s eeds from the a i r  shou l d 
be underta ken  upon typ i ca l  h i gh h i l l -country where 
a cces s i s  not easy ( Th i s work s hou l d be carri ed  out by 
the  Gra s s l a n d s  Di v i s i on of  the DS I R  i n  conjunc t i on wi th 
the Publ i c  Works Department ) . And tha t the So i l  Conserva 
t i on and R i v ers Contro l Counc i l be a s ked to sponsor  the 
whol e q ues t i on of these experi m�nts and  to ·i nc l ude  not 
on ly  s eeds b ut  ferti l i s ers  i n  the experi mental sowi ngs 
from the a i r .  (Report of Conference of 'New . Zealand 
Catcrunent Boards, 1 947 q uoted i n  McCask i l l ,  1 9 7 3 ,  1 58 )  

The SCRcc • s  Con servator , D . A .  Campbel l ,  wa s persuaded b y  the t ime of 
the conference i n  J u l y  1 947  to  accept  s u ch a measure and  proceeded 
to s u pport i t  enth u s i a sti ca l l y .  The RNZAF was i nteres ted and  a greed 
to co�opera te ,  a nd the Counc i l  i tse l f ,  i n  s p i te of l im i ted funds , 

agreed to the proposal . 
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SCRCC Part i c ipa t i o n  

T o  convert t h e  proposa l  i n to acti on , an  Advi sory Commi ttee o n  

Agri cu l tura l Avi a t i on was formed i n  November 1 947 . I t  became a co

ordi na t i ng  body of con s i derab l e i mportance i n  that i t  came to conta i n · 
representa t i ves  of a l l orga n i zati ons  to be i nvol ved i n  thi s as pect of 
soi l amend i ng .  These  representa ti ves came from the SCRCC i tse l f ,  
the Mi n i s try of Work s , the Department of Agri cul ture , the C i v i l 

Avi ati on  Branch of the Ai r Department , the DS I R ,  and Federated 
Farmers . Later meeti ngs i ncl uded representa ti ves of the  RNZAF and  
ferti l i zer  manufacturers ( Campbel l ,  l 956b , 4 ) .  Seed i n g  tr i a l s were 
to be carr i ed out by the Aerodrome Servi ces  of the Pub l i c  Works  
Department  a s ' th i s  was  Pri c hard • s  centre of opera ti on , wh i l e  fert i l i zer 
exper i ments  became the respon s i b i l i ty of the RNZAF . 

T he s eed tri a l s took pl ace  a t  Rongo ta i Aerodrome to a s ses s  the 
di fferent  ba l l i st i c charac teri s t i c s  of seeds sown from the a i r  
( Campbel l ,  1 948 ) . Then Pri chard proceeded w i th tri a l s i n  September 

1 948 on a farm near Gi sborne , on a sheep sta ti on above Lake Avi emore , 

a nd on the  Soi l Counc i l re serve , Tara Hi l l �  near Omarama ( McCa s k i l l ,  
1 973 , 1 59 ) . Thoug h  the re s u l ts were succes sful , not much enthu s i a sm 
devel oped ( McCa s k i l l , 1 973 , 1 58 ) . 

The  ferti l i zer  tri a l s proved more succes sful from th i s  po i nt of 
v i ew .  The  RNZAF wa s busy adapt i ng a Grumann Avenger torpedo-bomber 

and i ts reserve fue l  tank for topdress i  ng purposes a s  no s u i tab l e 
a i rcraft  for thi s work had been devel oped a nywhere . Contro l s were 
created to vary a p p l i ca t i on rates and these were tes te d  a t  the Oha kea 

base  i n  September  1 948 ( Campbe l l ,  1 956b , 5- 6 ) . The s uperphosphate 
fi rst  u s e d  proved to be too f i ne ly  ground  a nd dri fted too much ,  so 
• h i l l s i de s u per • , a more granu l ar type u s ed for di s tr i but ion  on  s l opes , 
wa s empl oyed , and  proved more sati sfactory ( Greena l l  et  a l . , 1 9 52 , 55 ) .  
The overa l l res u l ts were encourag i ng enoug h  to prompt a l i m i ted  
experi ment in  October 1 948 on  2 7  acres of typi cal h i l l  country .  On 
the property se l ected near Rag l a n  the Department of  Agri c u l ture 

moni tored perfo rmance u s i ng s taff from the nearby new ly  establ i s hed 
Soi l Ferti l i ty Research Sta t i on a t  Ru kuh i a  ( a l so the s i te of a n  
aerodrome ) .  Al though the fert i l i zer d i d not fl ow proper ly  a n d  thi s 
fai l ure l ed to the  coveri �g of the area  i n  several runs  rather than 

one , thereby u ps etti ng the measurement tec�n i _que ( Campbe l l ,  1 948 , 7 1 ) ,  
experi ence was g a i ned i n  hopper des i gn requ i rements  and i n  ground-



control proced u re s . The resu l t wa s :  

these h i l l  tri al s confi rmed  the fact that there were 
no tech n i ca l  probl ems i n  s a ti sfactori ly  d i stri buti ng 
ferti l i zer  i n  bu l k  from a i rcra ft on h i l l  country .  These  
tri a l s c reated a tremendo us  i n terest i n  the fu ture 
prospects  . . .  ( Campbe l l ,  l 9 56b , 6 )  
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The ori g i nal  adv i sory gro u p  crea ted i n  Advi sory and Co-ordi na ti ng 
Commi ttee on  the  Di s tri b u t i o n  of Fert i l i ser and Seeds hav i ng  sub

commi ttees to i nvesti gate the  a v i a ti on ,  agri cu l tura l , transport , 

ferti l i ze r ,  a nd seed s i des  of  the project ( Al exander and  Tu l l e tt ,  1 967 , 
36 ) . Fol l owi ng  a further tri a l  near Sanson i n  March 1 949  us i ng ferti 
l i zer and  seed  i n  a mod i f i ed hopper , a l a rger scal e tri a l  wa s sought 

to eval u a te th'e remedi es  p roposed  ( Civil Aviation J • ., 1 9 53 , 6 ) . The 
demons trati on  took pl ace i n  May 1 949  at Ma sterton , the home of a 

Wa i rarapa farmer , L . T . Dan i el l, who had  i nd i cated the d i ffi cu l ti es i n  
topdres s i ng by hand i n  s ta ti ng : • I  used  s i x  pack horses and  I am not 
go i ng to topd re s s  aga i n  u n l ess  I can use a n  aeropl ane . • (Sheepfarmers ' 
Conference Proceedings., 1 94 0 ,  26 ) .  Whe.reas  hi s fel l ows l aughed a t  hi s 
proposa l  a t  that  conference a t  Mas s ey i n  1 940 , at  l ea s t  o ne academi c ,  
A . W .  Morto n ,  i nd i ca ted some  support : 

I t  wou l d  a ppear tha t thi s job i s  one where the f lyi ng 
mach i ne can come to the a i d  of agri cul ture , as i t  ha s done 
i n  other parts of  the wor l d ,  notab ly  U . S . A .  and Rus s i a .  
Topdre s s i ng by • p l ane  wou l d env i sage a ca reful ly o rga n i sed  
opera t i on  under wh i c h groups  of  farmers i n  a spec i fi ed 
l ocal i ty wou l d  agree to have the i r propert ies trea ted a t  
a n  arranged rate , a n d  woul d ,  o f  course mean the a ssemb l i ng 
of  the ferti l i s er a t  some su i tab l e l a nd i ng ground . Th i s  
arrangemen t  shou l d a p peal to fa rmers . No troubl e a bout  
engag i ng hands for t he  job , no pack-horses , no curs i n g wet 
days , a n d  no worry a bout del i veri es of su per .  No thi ng to  do 
but to pay the Aeri a l  Di s tri b u tors  Unl i mi ted , a nd wa tch 
the gra s s  grow . I n  a l l seri o u s nes s , the d i s tri b utors o f  
ferti l i ser  from the a i r mu s t  b e  carefu l l y  cons i dered . The 
great part of our North I s l an d  h i l l country mus t  be  top
dres s e d  to  prevent further deteri ora ti on , and  the  ta s k  o f  
doi ng th i s  by hand i s  one to da unt  a Hercu l e s .  ( Morto n ,  
1 940 ' 28 ) . 

I t  wa s Dan i el l who s purred the Cou nc i l i n to the demonstra t i o n  a s  
farmers were not becom i n g  i nteres ted  rapi d ly  enough i n  the proj ect 
( McCa s k i l l ,  1 9 73 , 1 59 ) .  T h i s tri a l  was to cover 1 , 008 a cres on 
e l even d i fferent propert i e s , so  enab l i ng the effect on  a wi de  range 
of  so i l s ,  terra i n  and  pas tures  and  fa rms to be stud i ed .  The  three 

RNZAF a i rcra ft used dro p pe d  1 25 ton s  of ferti l i zer and 1 2  ton s  of  l i me 
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i n  57 f ly i ng hours despi te bad weather (Al exander and Tu l l ett ,  1 967 , 
37-8 ) . 

The resul ts were most sati sfactory the Department of Agri cu l ture 
reported . Al though the  rate of app l i cati on  wa s qu i te vari a bl e ,  a 

feature a scri bed to p i l ot i nexperi ence , i t  wa s concl uded that i t  
woul d not have been pos s i b l e to ac h i eve better resu l ts by a ny other 
method ( Lynch , 1 9 50 , 3 1 1 ) . Cos ts  proved acceptab l e  at £ 1 5  per fl yi ng 
hour or £ 7  l Os .  per a cre for tra n s porti ng and d i str ibut i ng 2 cwt of 
ma ter i a l for an average di s tance of  1 5  mi l es from the aerodrome . 
Tri a l s conti nued unt i l mi d - l 950s but  the success  of the operation  was  
apparent by then . I ndeed , wi th i n  a few months  of the Wa i rarapa tri a l  

some 200 fa rmers had app l i ed to have 25 , 000 acres trea ted aeri a l l y  
( McCa s k i l l ,  1 97 3 , 1 59 ) .  By 1 9 55- 56 wel l over three mi l l i o n  acres were 
bei ng so  topd res sed ( Tabl e 6 . 2 ) . Demand had been created a nd i n  a 
report to the government :  

S trong recommendati ons  were made for the 
RNZAF to e s ta b l i s h a s peci a l  aeri a l  topdressi ng fl i g ht  
a n d  serv i ce . . . . ( Camp bel l ,  l 956b , 7 )  

The SCRCC s aw topdres s i ng u s i ng heavy a i rcraft as  a mean s  to annua l l y  
treat a n  a rea o f  o n e  m i l l i o n  a cres o f  deter i orated h i l l  country a nd 
thereby effect soi l conservat ion  ( Campbel l ,  1 9 51 , 1 2 ) .  T h i s recom� 
mendat i on was not approved . 

Pri vate Sector Parti c ipa ti on 

Wherea s tho se  i nvol ved  i n  the governmenta l  s phere envi saged 

agri cu l tu ral a v i a ti on as  a n  acti v i ty to be ca rri ed out  by a governmenta l  
serv i c e ,  men a l ready i nvol ved  i n  avi a tion  s aw an  opportun i ty n o t  to 
be mi s sed . Ai rwork  New Zea l a n d  Ltd . had been founded i n  1 936 to 
serv i ce a i rcraft a nd from th i s base , i ts owners , C .  Bra z i er ,  A . H .  

Braz i e r ,  a nd J .  Fr i zzel l ,  undertook to mod i fy a de Hav i l l and T i ger 
Moth ( D . H . 82 ) a i rcraft by i n s ta l l i ng a hopper of the i r  own des i g n .  
Th i s mod i fi cat ion  wa s :  

ach i eved after some months  of pa i n s ta k i ng experiments and 
hard work  and wa s f i na l l y  approved by the Department of 
C i v i l Av i a ti on pri or  to performi ng the fi rst  commerc i a l  
contract .  ( Ai rwork , 1 97 0 , l )  

Th i s wor k  wa s be i ng carri ed o u t  prior  to the demons trat i on bei ng 

prepa red  by t he SCRCC . The hop per des i gn wa s submi tted - i n  September 



TABLE 6 . 2  

AERIAL TOPDRESS ING DATAa 1 949-1969 

Year Ending Thousands of Acres Thousands of Tons Spread: 
31 March Topdressed Fertilizer Lime 

1949-50 48 . 7  . .  .. 
' 

19 50-5 1 428 . 7  .. . . 

1 9 5 1 -52  802 . 2  . . .. 

1952-53 1 , 376 . 1  . .  . . 

1953-54 1 , 929 . 5  . .  .. 

1954-55 2 , 783 . 8  . . .. 
1955-56 3 , 853 . 2  . .  . . 
f956-5 7 3 , 945 . 6  393 . 9  34 . 3  
1957-58 4 , 159 . 5  4 2 5 . 5  40 . 3  
1958-59 3 , 515 . 1  368 . 9  34 . 2  
1959-60 3 , 960 . 9  432 . 8  41 . 7  
19 60-6 1 5 , 241 . 5 5 5 9 . 7  33 . 0  
19 6 1 -62 5 , 607 . 9 .  5 9 7  24 . 1  
1962-63 5 , 169 . 2  5 91 . 1  2 1 . 0  
1963-64 6 , 589 705 . 3  4 1 . 5  
1964-65 8 , 146 . 3  864 . 5  58 . 8  
1965-66 9 , 437 . 4  9 7 0 . 9  6 7 . 4  
1966-6 7 8 , 541 . 7 8 7 8 . 5  5 8 . 6  
1967-68  7 , 030 . 3  698 . 8  5 5 . 5  
1968-69 7 '  311 . 8  7 1 7 . 3  7 6 . 3  
1969-70 8 , 821 . 3 812 . 2  8 7 . 3  

Note : a Figures  reported by aerial opera tors . 

b Difference in total due to rounding error . 

Sources : 1949-50 �D (1951 , 35 ) . 
1951 ARAD (1953 , 2 4 ) . 
1952-5 4  CAS (1960 , 2 0 ) . 
1955-6 0 CAS (1963 , 2 6 ) . 
1961-64  CAS (1966 , 2 2 ) . 
1965-69 CAS (1970 , 2 9 ) . 

Totazb 

5 . 0 
45  
88 . 9  

144 . 8  
203 . 1  
2 7 9 . 0  
404 . 9  
428 . 2  
465 . 7  
403 . 2  
4 74 . 5  
592 . 8  
821 . 1  
612 . 2  
746 . 8  
923 . 3  

1 , 038 . 3  
937 . 1  
754 . 3  
7 93 . 6  
899 . 5  

1 9 2  



1 948 , p r i or to the  O hakea tes t s , i nd i cati ng the devel opment of a n  

i ndependent a pproach  to the topdres s i ng q uest ion . The f lyi ng 
experi ence of the se men before a nd duri ng  the Second Wo rl d War mus t 

have s erved to conv i nce them of the ut i l i ty of the techn i que . 

1 9 3 

Fri zzel l • s  exper i ence on work i n g  on  a hopper desi gn for the work  i n  
the Thames area i n  Ju ly  1 946 wa s transm i tted to the pr i v ate sector  
where i t  wa s further devel oped and embod i ed i n  the T i ger Mo th • s  hopper 
des i g n . 

The  fi rm u ndertook i ts own cal i bra t i on tri a l s i n  February a nd 

March 1 949 at  Harewood Aerodrome , Chri s tchurch . At fi rst , s eed and  
l i me s preadi ng were tes ted . The fi rm was persuaded to  u se  s u perphos
pha te as  i t  was a better economi c  propos i t i on bei ng a more expen s i ve 
yet l es s  bul ky materi al  ( Al exa nder and  Tu l l ett , 1 967 , 40 ) . The 
earl i es t  practi ca l  tri a l  had been performed by another p i l ot, F . J .  Lucas, 
on h i s brother • s  farm i n  1 948 . A demonstrat i on wa s g i ven before 

farmers i n  February 1 949 a t  P u kerau i n  Otago . A few farmers were 
i nteres ted  but pa rtners i n  h i s f i rm wou l d  not underta ke the venture 

( Luca s , 1 968 , 7 6 -7 7 ) . Schumpeter • s  v i ew of the fundamenta l i mportance 
of entrepreneurs h i p  to i nnova ti on  i s  borne ou t .  

Su pport for the i dea o f  aeri a l  topdress i ng was soon forthcomi ng 
from another source . The head of  the Agr icu l tura l  Eng i neeri ng  
Department of  L i nco l n Col l eg e ,  A . W . R i ddal s ,  demon strated h i s bel i ef 
i n  the techn i q u e  fo l l owi ng the  s u perv i s i on of the Harewood tri a l s by 

arrang i ng a meeti ng between the manager of a l arge ,  h i l l y ,  farm 
property on the  Banks Pen i n su l a  and  the opera tors of Ai rwork 

( McCa s k i l l ,  1 9 73 , 1 61 ) .  T h i s connecti on of i nterests  l ed to the fi rst  
u se  of  aeri a l  topdres s i ng commerci a l l y  on  27  May 1 949 . 

The res u l ts  were sat i s factory e nough for the enterpri se  to be 
ta ken ser i ous l y .  I n  an hour • s  .f ly i ng , i n  300 l b  l oads , one ton of 

su perphosphate  m i xed wi th certi f i ed c l over and gra s s  seed wa s s pread-
a j ob e st ima ted to have req u i red 1 4  hours work  by  a gang of men 
( McCa s k i l l ,  1 973 , 1 6 1 ) .  T he  cost of s preadi ng the 3 ton s  of  materi a l  

a t  £ 5  5 s . p e r  ton wa s con s i dered • l es s  tha n hal f the cost  o f  doi ng 
a s i mi l ar j o b  by hand sowi n g  1 0  years  prev i ou sl y • ( Campbe l l , 1 9 56b , 

7 ) . The fi g ure seems exaggerated i n  v i ew of the £7  per ton fi gure 
c i ted prev i o u s l y  but the cos t  of aeri a l  appl i cat ion  was at l ea s t  
comparabl e to  that o f  manua l  a pp l i ca t i on a n d  req u i red much  l es s  l abour 
even i n  i ts early pha se  when fou r  men were thought  necessary (Woods , 
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1 950 ,  4 38 ) . As a s hortage of  s ea sonal l abour  was ev i dent duri ng a n d  

after t h e  war ,  a mean s  o f  topd res s i ng requ i ri ng l es s  manpower was 
wel come ( Ross , 1 954 , 330 ) . The pr i nci pa l  d i ffi cu l ti es , the ava i l a bi l i ty 
of equ i pment and the co s t  of the operati on ,  had  been resol ved ( Saxby , 
1 947 ' 6 3 ) .  

I t  took but  few jobs  for a g r i cu l tura l a v i at i on operators to 
fi nd more  effi c i ent  operati ng  techni ques . The job of manua l ly  l oa d i ng  
the hopper  from fert i l i zer bag s  l ed C .  Bra z i er  to prompt ly  deve l op 
a mecha n i ca l  l oader (A i rwork , 1 97 0 , 2 ) . Al t hough thi s dev ice  proved 
both i nexpens i v e  and serv i ceab l e ,  i t. wa s i m proved by the use of 
hydrau l i c  rams and a better c ha s s i s  (A l exa nder and Tul l ett ,  1 967 , 4 1 ) .  

By 1 950 ,a maj or i nnovat i on  was achi eved i n  devel op i ng a bu l k  
l oad i ng system . C ha rges  for bags  were reduced as  wa s the amount of  
l a bour needed to l oa d  the a i rcraft ( Robertson ,  1 962 , 4 ) . At  thi s 
ear ly  s tage i n  the i ndus try • s  g rowth thi s i nnova t ion  proved i mportan t  
a s  i t :  

enabl ed the ferti l i zer  to be transported , stored a nd 
l oa ded i nto the a i rcraft i n  bul k ,  wh i c h  wa s of cou rse a 
great advantage  to fert i l i zer compan i es ,  carri ers , farmers 
and aer ia l  operators . I t  [the equ i pmen t ]  enab l ed the 
operati on  to be carri ed out  wi thout  the  a s s i stance of the 
farmer who prev i ou sl y  had to be on hand  to empty the bag s  
of ferti l i zer  i nto t he  l oader and  frequently farm operati on s  
were hel d u p  ( and tempers frayed )  wa i ti ng for s u i tabl e 
fly i ng weather or whi l e  topdre s s i n g  wa s i n  progres s .  
( A i rwork , 1 97 0 ,  3 )  

The above descri pt i on g i ve s  an accurate i nd i cati on  of the s i ze 
of the earl y operati ons  when i t  i s  cons i dered tha t  i t  wa s appl i ed 
to the p i oneeri ng  fi rm hav i ng  three a i rcraft i n  serv i ce . The entry 
thres ho l d  was l ow a s  the T i g er Moths were made  ava i l ab l e from government 
surpl u s  at .£250 each so tha t : 

An operator cou l d  . . .  s ta rt up  i n  b u s i nes s wi th one or two 
machi nes and  a cheap l oader on  a truck  a nd earn b i g  money 
by di stri b ut i ng 1 0  to 30  ton s  of ferti l i zer per day at  a 
c harge of .£ 3  to .£ 5  per ton . ( Campbel l ,  1 956a , 7 ) .  

Th i s  pattern was a n  i mmed i ate  resu l t of  the efforts of E . A .  G i bson , 
the D i rector of C i v i l  Avi at i o n , a s  he env i s aged the u se of sma l l ,  

pri v a tely  owned a i rcraft operat i ng from a i rs tri p s  o n  farm properti es ,  
a s  opposed to the  SCRCC v i ew t hat l arge a i rcraft i n  a governmen t
owned concern wou l d provi de the  serv i c e  ( Fert .  J. , 1 9 56d , 1 1 ) .  
Accord i ngly ,  he hel ped to ma ke  surpl u s  New Zeal and-bu i l t T i ger Moth  
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a i rcraft a va i l ab l e and a l l owed flyi ng  regu l at i ons to be adj u s ted to 

ma ke th i s  type  of fly i ng  feas i b l e .  Wi th A . M .  Pri chard , he toured the 

North I sl a nd  to conv i nce aero c l u b s  to devel op topdress i ng un i ts 
( Al exander a n d  Tu l l ett , 1 967 , 42 ) and farmers to empl oy the techn i que . 
( Rendel , 1 97 5 , 72 ) .  At  l east  twe l v e  opera tors  ( Tabl e 6 . 3 )  began i n  
1 949-50 a s  a resu l t of thi s tour ( Civil Aviation J. , 1 953 , 8 ) . 

Format ion  of the Agr i cu l tural Av i a ti on I ndus try 

By the end of 1 949 there were fi ve fi rms wi th twel ve a i rcraft 

i n  opera t i on from fi ve  centres : Chri stchurch and Centra l Otago i n  

t he South I s l and , a nd Man urewa , Hami l ton , and G i sborne i n  the North 
I s l a nd ( Rende1 , 1 975 , 71 ) .  Al though  there was no d i rect government 
i nvol vemen t  i n  these operat ions , i t  i s  thought that the SCRCC ' s  
devel opmental work  a n d  promoti ona l  acti vi t i e s  were pa rt i c u l arl y 
important i n  s t imu l a t i ng the adopt i on of a gr i cu l tural a v i a t i on ( J ames , 
1 966 ,  1 2 ) . The a ttract i veness of be i ng abl e to conti nue  to fly brought  
in  p i l ots tra i ned dur i ng the war , and  so spread the number of  fi rms 

i n  operati o n  througho u t  the country .  Thei r approach to the bus i ness  
wa s i nnova t i ve  a s  they sought  to i mprove operat i ng cond i ti ons , l oader 
des i g n be i ng  one exampl e of thi s act i v i ty .  The probl ems were ba s i ca l l y  
mechan i c a l  i n  nature a nd s o  cou l d be  sol ved by i nd i v i dua l s wi th some 
background i n  a i rcraft ma i ntena nce . These operators were wi l l i ng to 
gamb l e  the i r capi ta l a nd the i r  l i ve s  to devel op thi s i nd u stry ( James , 
1 9 66 , 1 2 ) --a degree of  ri s k -ta k i ng un l i ke ly to have been permi tted i n  
a government-run serv i ce .  The s ervi ces of these fl edg l i ng fi rms 

were e i ther h i red o u t  d i rectl y  o r  contracted for by stock and  s tat i on 
agents who hand l ed ferti l i zer sa l e s . Early i n  the deve l opment of 
Ai rwork ' s  acti v i ty ,  J . C .  Paterso n  of  Pyne , Gou l d ,  Gu i ness  Ltd . 
promoted the  u s e  of the aer i a l  a pp l i cati on, so creat i ng  a l i n kage 

pattern wh i ch was fol l owed el s ewhere ( McCa s k i l l ,  1 973 , 1 6 1 ) .  

The growth i n  the number of aeri a l  operators was rap i d ,  reach i ng  
a h igh  of 7 3  i n  1 957  ( Tabl e 6 . 3 ) . R i s i ng woo l  pri ces ( F i g .  6 . 1 ) 
accounted  for the a v a i l a bi l i ty of  ri s k  cap i ta l i n  the i n i ti a l  adopti on  
phase , a nd a farm-l abour s hortage  for the  need to empl oy some other 
means of  app lyi ng ferti l i ze r ,  l i me , and seed , but the u nd erlyi ng c a u se 

for the adopti on  of aeri a l  topdre s s i ng mu s t  have been a recogni ti on 
of the u ti l i ty of empl oyi ng  g ra s s l ands  technol ogy on  h i l l  country .  I t  



TABLE 6 . 3  

NUMBER OF LICENSED OPERATORS AND AIRCRAFT IN AGRICULTURAL AVIATION 

1948-1969  

Type of Aircraft : 
Year Ending Licensed Fixed Wing : . He licopters 31 March Operators Light Heavy 

1 948-49 5 12 - -

1 9 49-50 1 2  . .  - -

1 9 50-5 1 22 ' . .  - -

1 9 5 1-52 33  . .  - -

r1 9 52-53 39 163a - -

1 953-54 4 6  204 . .  . .  

1 954-55 5 6  237 . .  . .  

1 955-56 5 9  250 . .  . .  

1 9 56-5 7 68 262 . .  . .  

1 9 5 7-58 7 3  2 7 9  . .  . .  

1 958-59 69  269 . .  . .  

1 959 -60 64 248 . .  . .  

1 960-6 1 5 9  262 . .  . .  

1 96 1-62 5 9  24 7 . .  . .  

1 9 62-63 58 255 5 9 
1 9 63-64 60  238 5 8 
1 9 64-65 60 251 7 10 
1 865-66 62 284 9 11 
1 966-67 70 288

b 
10 23  

1 96 7-68 65 359 1 1  34 
1 968-69 71 332 1 1  31 
1 9 69-70 7 1  328 10 29 

Note : a 1 9 5 2 -.66 · Aircraft available at end of  year . · 

b 1 9 6 7 -6 9  Aerial work aircraft on the register (1 965  
figur e , 293 ; 1 9 6 6  figure, 316 ) . 

Sources : Operators-

1948  Rendel (1975 , 1 7 1 ) . 

1 9 4 9  Civil  Aviation J . (1953 , 8 ) . 

1 9 5 0  ARAD (1951 , 35 ) . 

1951-5 2  ARAD (1953 , 2 4 ) . 

1 9 5 3 -70  CAS (1970) 

Fixed Wing Aircraft- Helicopters-

1 94 8  Rende1 (1975 , 1 71) . 196 2 -65  CAS ( 1 9 6 7 ) . 

1 952-5 9  CAS (1960) . 1966-6 9  CAS ( 1 9 70) . 

1960-61  CAS (1963) . 

1 9 6 2 -65  CAS (1967 ) . 

1 966-69  CAS (1970) . 

1 96 
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was reported tha t :  

Enthu s i a s ti c  farmers made a i r s tr i ps a t  the i r  own expense  
and prov i ded a s s i s tance for l oad i ng the  a i rcraft and 
often boarded and fed the operators . 

Thi s wave of enthu s i a sti c  endeavour swept the country 
on the c rest  of a b i g ri se i n  the pr i ce of wool , mea t a nd 
da i ry produce . . . . ( Campbel l ,  1 9 56a , 8 )  

1 98 

From such s i te s , • under good cond i ti ons  a p l ane [Ti ger Moth ] cou l d  
cover 250 acres  a day a t  a cos t  of 5 0  cents [5s. a t  that  ti me] a n  a cre • 
( McCask i l l , 1 9 7 3 ,  1 6 1 ) . Not  al l farmers supported thei r enthus i a sm 

wi th an expend i ture i n  a i rs tri ps  a s  they thought  the i nd u s try was not 
goi ng to prove v i ab l e ( Robertson , 1 962 , 3 ) . 

Farmer� d i d  come to real i ze tha t  l i m i tati ons to soi l- amend i ng 
techni ques i n  h i l l  country posed by l a bour shortages and d i ffi cu l t 
access cou l d b e  overcome wherever there was both adequa te road i ng to 
permi t the transport of ma teri a l s wi th i n  a few mi l es of the property 

and  an area of  suffi c i ent ly  even ground to serve a s  a l and i ng s tr i p .  
Agri cul tura l a v i at ion  wa s abl e to fo l l ow the penetrat ion  of h i gher 
s tandard roads  bei ng cons truc ted a s  a resu l t of the growth of motor 
vehi c le  trans port . I n  the pa s t ,  the u sers of soi l amendments rel i ed 

on ra i l  tra n s port ;  now truck  transport became a su bsti tute , carryi ng 
l oads to a reas  once remote from the rai l transport network  wh i c h had 

ach i eved i ts greatest  mi l eage i n  1 9 53  (NZOYB� 1 960 , 393 ) . For areas  
d i sadvantaged  i n  the use  of  soi l amendments by the  absence of rai l 
fac i l i ti es i t  became pos s i b l e  to adopt  them as  rap i dly a s  aer i a l  
operators cou l d  be  found to  do  t he  work . 

The Government had i n tervened i n  1 9 52 creati ng a control of the 

i ndustry through  the Ai r Serv i ces L i cens i ng Author i ty Ac t wh i ch d i rected 
operators i nto bu i l d i ng s ound bus i nes s es ( James , 1 966 , 1 2 ) . Types  
of operati ons  and areas of operati ons  were defi ned for each f i rm to 
ensure s pread i ng of  the a va i l abi l i ty of the servi ce and prevent 
cu t-rate competi ti on  to s top new entrants i n to the i nd u s try ( Rende l , 
1 97 5 ,  7 2 ) . The  i ndus try i tsel f had organ i zed the Aeri al  Wor k  
Operators • As soc i at i on i n  1 949 to promote the s erv i ce a n d  better . 
operati ng cond i t i ons . From 1 951 , a s  the Av i ati on I ndus try Assoc i a t i on ,  
i t  worked wi th  the Department of C i v i l Av i ati on to stab i l i ze the 
i ndustry ( Rendel , 1 97 5 ,  7 6 ) i n  the peri od of most  rapi d expa n s i on of 
the i ndus try . The area topdressed aeri a l l y  i ncreased annua l l y  by 
a bou t 50 percent or more from 1 951 to 1 955 (Tab l e  6 . 2 ) . 



Governmen t  regu l at i on  i n  the ear ly  postwar per i od was found to 
be restri c ti ng .  The use  of  he l i cop ters  was proh i b i ted on the ba s i s 
that they were too expens i ve i n  requ i ri ng  dol l ar paymen ts (Al exa nder 
and Tu l l e tt , 1 967 , 7 3 ) . Regu l ati ons control l i ng c i v i l av i at i on  had 
not been d rafted to encompas s  the type of  fly i ng performed by the 

a v i a ti on fi rms and the mod i fi cations made to the i r  a i rcraft . The 
i ndus try a s soc i a t i on wa s a b l e to represent the opera tors as  a body 
and so reduce the  t ime spent  by i nd i v i dua l  fi rms i n  dea l i ng wi th the 
governmenta l  body . · 

1 9 9 

Thi s work wa s i mportan t  as  seen i n  the acreage of gra s s l and 
treated from the a i r  wi th ferti l i zer a nd l i me ( Tabl e 6 . 2 ) . By 1 9 56 
th i s  fi gure r�presented about  20 percent  of a l l  sown gras s l and  a nd 43  
percent of a l l g ra s s l ahd topdres sed . The rate of i ncrea se on ly  
sl owed i n  1 957 when farm-product export pri ces as  a whol e ,  a nd woo l 
pri ces i n  parti cu l ar ,  dropped ( Fi g .  6 .  1 ) .  

By thi s t i me too , the agr i c u l tura l - av i a tion  i ndustry had  begun 
to stabi l i ze wi th the change of l es s  than twenty i n  the number o f  
a i rcraft emp l oyed between 1 9 55-56 a nd 1 965-66 total ( Tabl e 6 . 3 ) .  
Fa rmers were i n terested more i n  the effi c i ency of the fi rm emp l oyed . 
Whereas i n  the early days of the i nd u s try many were wi l l i ng to i nvest  
i n  a fi rm to o b ta i n  the serv i ce and  so  wou l d  overl ook  some s hortcomi ngs , 
a decade l ater , the compet i t i on wa s s u c h  that profi c i ent a nd 
competi ti vel y pr i ced serv i ce had to be avai l ab l e  to reta i n farmers • 
cu s tom ( James , 1 966 , 1 7 ) .  Between 1 955  and 1 959 the amount  o f  ma teri al  
d i s tr i buted per fl i g ht near l y  doub l ed whi l e  the acreage trea ted rose 
nearl y 58 percent  ( Tabl e 6 . 4 ) .  Improved  a i rcraft cou l d  f ly  l onger 
and  fa ster wi th  more ma teri a l . The a c ti v i ti es of the i ndu s try became 
i ncrea s i ng ly  d i vers i f i ed i n  movi ng away from the d i s tri but i on o f  
ferti l i zers , l i me, and seed . Larger compan i e s  found they had a n  
advantage i n  hav i ng the capi tal to deve l op o r  i ncorpora te i nnovat ion s  
s uch as  turbodr i ven engi nes  for the more spec i a l i zed a i rcraft , a nd 
s uper i or l oader  types ( James , 1 966 , 1 7 ) ,  but  the greater i nve s tment 
enta i l ed meant  that hi gher s tandard s  for operati ng condi ti ons  had to be 

i mposed to pro tect the more expen s i ve equ i pment .  Spec i fi ca t i o n s  for 
a i �str i ps became more demand i ng and ra i sed the i ns ta l l a t i on  a nd 
ma i ntenance cos ts to the farmer . Fewer bu t better a i rstri p s  came 
to be uti l i zed as a consequence , a cond i ti on wh i c h  i mproved operati ng  
effi c i ency . By 1 954 the aeri al d i s tr i b uti on costs  per ton of 
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TABLE 6 . 4 

AGRICULTURAL AVIATION EFFICIENCY 1952-1969a 

Year Amount Distributed . Area . Treated Duration of 
Ending Per Flight Per Flight Each Flight 

31 March · ( cwt) (acres) (minutes) 

1952-5 3  4 . 5 2 . 1  3 . 8 
1953-54 4 . 9 2 . 3 3 . 9  
1 954-55 5 . 2 2 . 6 3 . 9  
1955 -5 6  7 . 0 3 . 3  4 . 1 
1956-5 7  9 . 0 4 . 2 4 . 1 
1 9 5 7-58  1 0 . 0  4 . 5  4 . 2 
1 958-59 1 0 . 3  4 . 5 4 . 2 
1959-60  1 0 . 8  4 . 5  4 . 1 
1960-61  1 0 . 9  4 . 8 4 . 1 
1961-6 2  1 1 . 5  5 . 2  4 . 2 
1962-63  12 . 2  5 . 2 4 . 2 
1963-64 1 2 . 3  5 . 4 4 . 1 
1 964 -65 1 2 . 5 5 . 6 4 . 2 
1965-66  1 3 . 2  5 . 8 4 . 2 
1966-6 7  13 . 8  6 . 1 4 . 2 
196 7 -68 14 . 5 6 . 5 4 . 1 
1968-6 9  1 3 . 7  6 . 1 3 . 7  
1969-70 14 . 7  8 . 3  4 . 5 

Note : a Figure s not available before 1952..:.5 3 .  

Sources : 1952-60 CAS (1960 , 2 0) . 
1961-65  CAS (1965 . 2 2 ) . 
1966-60 CAS (1970 , 2 7 ) . 
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ferti l i zer s pread at a 2 cwt per a cre rate had fal l en to a l evel be

tween £1 1 0s .  and £1 1 4s .  i n  the sou thern North I s l and . Thi s fi gure 
i ncl uded ferti l i zer cos t ,  ra i l  and cartage charges , l a bou r ,  s pread i ng 

cos t , and i nterest on the capi ta l i nveste·d i n  the a irs tr i p  (A.RDA_, 1 9 54 , 
3 2 ) . I t  i s  l i ttl e wonder tha t farmers were prepared to try the 
techn i que a t  a ti me when the i r  i ncomes were hi gh and  fl ocks  were be i ng 
en l arged ( F i el d i ng ,  1 963 , 1 60 ) . 

COMPLEMENTARY TECHN IQUES  

The  ro l e of  pas tu re ma nagement  i n  u ti l i z i ng the benefi ts to  be  

deri ved from the u se of topdress i ng and oversowi ng had  been noted . 
A vari ety o f  o ther compl ementary farmi ng techni q ues  devel oped . 

Fenci ng 

More effecti ve u s e  of hi l l -coun try pas tu re i n  part i cu l a r  
requi red greater control o f  stock a nd that  cou l d  on ly  b e  achi eved 
by better fenc i ng .  Thi s concept wa s h i g hl i ghted by Suckl i ng ' s  work  
a t  the  Te  Awa Hi l l  Pa s ture Research Area beg i nni ng i n  1 9 50 . I t  

wa s found t ha t  carryi ng  capaci ty cou l d pos s i b ly  be doubl ed through  
proper s ubd i v i s i on a l on e  ( Suckl i ng ,  1 965 , 9 ) . 

Fenc i ng materi a l s ,  both wi re and  posts , had been i n  short s u pp ly  

duri ng the war  and rema i ned so fol l owi ng i t  ( Saxby , 1 947 , 65-66 ) . 
Pri ces for wi re had doubl ed the prewar l evel by 1 946 a nd l oca l ly 

produced po sts not only rose i n  pri ce  but a l so became more d i ffi cul t to 
obta i n .  The  resu l t appeared a t  the ti me topdress i ng h i l l  country 
became pra ct i cal : 

Wi th  fenci ng cos t i ng an  average of £400 a mi l e ,  many 
farmers have not been d i s posed to do a ny more fenci ng than  
absol u te ly  neces sary for mai n tenance purposes . Thi s i s  a 
s er i ou s  ma tter , for the carryi n g  capac i ty of many farms 
wou l d be ra i sed wi th cl oser con trol of gra zi ng , and thi s can 
come onl y  from more and smal l er paddock s . ( Ros s ,  1 954 , 293 ) 

I n  hi l l  country the cos t was reported as  hi gher than  that c i ted a bove , 
l ead i ng to a recommendati on i n  1 949  that new fenci ng qua l i fy a s  a 
capi tal expendi ture for s pec i a l  deprec i ati on for tax purposes  ( Sheep

Farmi ng I nd u s try Commi s s i on ,  1 949 , 1 1 7 ,  1 27 ) . I n  1 952  the S CRCC 
a u thori zed the  catchment  board s to p ay a pound -for-pound s ubs i dy 

on fenci ng ma teri a l s  i n  a n  a ttempt to promote grazi ng management 



202 

( Campbel l ,  1 955b , 4 -5 ) .  
I t  wa s recogn i zed tha t the topdres s i ng and oversowi ng wa s 

l arge ly  be i ng wa s ted wi thout  better contro l of s tock to uti l i ze the 

grea ter gra s s  g rowth encouraged .  I t  wa s est ima ted that wi th a n  aer i a l  
di s tri buti on of  7 50 , 000 tons  o f  phospha te i n  fi ve years a t  5 cwt 
per acre , three  mi l l i o n acres were topdres sed , hence : 

The subd i v i s i on fenci ng requ i red  to convert norma l 
u ntopdres s ed h i l l -country paddocks  to the s i ze requ i red 
for adeq u a te con trol of graz i ng i s  a pprox ima te ly  1 cha i n  
per acre for £1 0 per acre , ma k i n g  a pos s i b l e  tota l 
fenc i ng i nves tment of £30 mi l l i on neces sary . ( Campbel l ,  
1 955b , 4 )  

The fenc i ng m9 te r i a l  necessary for the env i saged 37 , 000 mi l es of 
fences wou l d  have  req u i red three years ' worth of i mported fenc i ng 
wi re i n  addi ti on  to pos ts a nd battens whos e  supp ly  was i ncrea s i n g l y  
l imi ted ( Campbel l ,  l 955b , 4 ) .  

Exper i ments  i n  the a i r  dropp i ng of fenci ng ma ter i a l s were con
ducted by a number by operators and farmers unti l , 1 95 2 ,  the Di rec tor 
of C i v i l Av i a ti on organi zed an i nvesti ga ti on by h i s departmen t .  The 

i nvesti gati on a i med at establ i s hi ng tri a l s to see i f  a i rcraft cou l d 
succes s fu l l y  del i ver  fenc i ng  ma teri a l s  to remo te l ocati ons . The 
Ci v i l Av i ati on  Admi n i s trati o n ,  the SCRCC , the Department  of Agr i cu l ture 
and the de Havi l l a nd Ai rcraft Co . pool ed the i r  sk i l l s  to dev i se ways 

i n  wh i c h  th i s  pra c ti ce coul d be made effec t i v e .  The exper imenta l  
program set o ut  wa s u ndertaken by the SCRCC between 1 954 a n d  Apr i l 

1 955 when a l arge publ i c  demons tra t i on wa s hel d to s how the resu l ts 
of the work ( Al exander and  Tu l l ett,  1 967 , 1 29-1 30 ) . Not on ly  were 

a i rcraft shown to be abl e to effecti ve l y  drop l oads  of wi re a nd posts , 
but  a l s o  a new, l i g htwe i gh� ga l van i zed- s teel  posts and ba ttens  deve l oped 
jo i nt l y by two manufacturers were demonstrated . The wei g ht  per m i l e  
of fen c i ng cou l d be  reduced from 1 2  ton s  to 5 wi th thi s system , 
thereby a i d i ng both  aeri a l  opera ti ons  and  those pack i ng the materi a l s 

i n  by horse ( Campbe l l ,  1 955b , 9 ) .  Suffi c i ent  i nteres t  was generated 
to start a new phase  of aeri a l  work . The data provi ded made i ts 
importance hard to a s sess  a s the extent of  fenc i ng compl eted i s  n o t  
evi den t .  The data ( Tab l e 6 . 5 )  onl y show that demand vari ed a n d  tha t 

the we �ght  of mater i a l s wa� wel l bel ow that carr i ed for tas k s  s uch  a s  
poi son i ng . 
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TABLE 6 . 5  

AERIAL WORK PERFORMED 19 50-1969 

Year Ending Top- Seed Poisoning Fencing Spraying 
31 March dressing sowing (cwt) M::lterials (gal )  (acres) (acres) (cwt) 

19 50-51 4 28 , 737  1 6 , 269 7 , 1 34 . .  . .  

19 52-53 1 , 3 7 6 , 118 1 5 , 9 11 26 , 261 . .  28 , 4 2 5  
19 55-56 3 , 8 53 , 169 50 , 832 9 2 , 3 38 6 , 10 5a 374 , 81 1  
19 60-61 5 , 4 2 1 , 540 7 6 , 230 8 2 , 396 14 , 250 1 , 569 , 30 6  
19 6 2- 63 5 , 1 69 , 210 9 0 , 595  115 , 44 1  8 , 639 2 , 21 6 , 1 1 2  
19 6 5-66 9 , 200 , 331 3 3 , 748 114 , 140  9 , 280 2 , 795 , 8 1 5  
19 69- 70 8 , 04 0 , 409 24 8 , 141 70 , 280 1 7 , 4 00 4 , 81 3 , 5 63  

Note : a 1956-5 7  f igure ( f ir s t  year recorded separately) . 

Sources : 1950-51 ARAD ( 1 9 5 1 ,  35) . 
1952-55 CAS ( 19 6 0 ,  20-21 ) . 
1960-62 CAS ( 1965 , 22-23 ) . 
19 6 5  CAS (1969 , 30-32) . 
1969 CAS ( 1 9 7 0 ,  29-30 ) . 
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Oversowi ng 

The ear ly  work  of Pri c hard i n  aeri a l  seed sowi ng  for a government 
department  was a l so  taken u p  by a pri vate fl yer F . J .  Lucas  i n  ear ly  
Augu s t  1 948 , when he  sowed gra s s  seed on h i s brother ' s  farm i n  the 
Cl utha Val l ey ( Lucas , 1 968 , 7 3 ) . La ter that year he obta i ned three 
further contracts for aeri a l  sowi ng over other properti es  and dropped 
5 , 300 l b  of s eed at a cos t of £ 3 0 .  I n  January 1 949 , h e  di d a much  
l arger j o b  coveri ng  5 , 000 a cres i n  Methven sowi ng cock sfoot a nd  wh i te 
cl over s eed a t  a rate of 1 0  l b  per  acre . I t  was a ma s s i ve job  
cons i dered ' i mpracti cabl e '  by t he  Mi n i s ter of  Lands , yet  i t  wa s 
comp l e ted i n  l es s  than 43 hours of fly i ng over ei g ht  days ( McCa s k i l l ,  
1 973 , 1 60 ) . 

Experi ments wi th oversowi n g  had 
al one was sown ( Campbel l ,  1 948 , 76 ) .  
bu t was not wi del y empl oyed ( L i ndsay , 

revea l ed probl ems when s eed 

Pel l eti zi ng seed was suggested 
1 9 61 , 6 ) . The  practi ce of 

sowi ng  s eed wi th s u perphosphate devel oped a nd proved an adequate means 
of i ntroduc i ng h i gher qua l i ty gra s ses  and the necessary l egumes i nto 

the  pa s ture sward . Thi s s tep  wa s needed a s  i t  wa s rea l i zed through  
gras s l a nds research work tha t :  

The dependence  on cl overs i n  pa stures  for effect i ve  
responses to p hosphates makes  oversowi ng . . .  mandatory 
where c l overs are not  presen t ,  a nd frequen t ly  entai l s  the 
u se of l i me or  molybdenum to ensure thei r heal thy growth .  
( Campbel l ,  1 95 5a ,  1 6 ) 

The acreage covered by aeri a l ly  sown s ee d  was qu i te var i abl e ( Tabl e 6 . 5 ) . 
There was an i ncrea s i ng trend but  year l y  fl uctuati ons i n  demand were 
evi den t .  The area  covered wa s far l es s  than tha t treated wi th so i l 
amendments . 

Pes t Control 

Luca s  was a l so  i nvol ved i n  the i n i ti a l  droppi ng  of  rabb i t  po i son 

from the a i r  i n  1 948 . Aga i n ,  th i s a cti v i ty was f i rs t  s ponsored by a 
sta ti on  owner , t h i s one i n terested i n  con trol l i ng the rabb i t  popu l a ti on . 

Beca u s e  of the s uccess  on the severa l  thousand acres covered , the 
s tati on  owner p l anned  to repeat the effort  the fol l owi ng  yea r .  Very 
qu i ck l y ,  Rabb i t  Control Boards engaged p i l ots to perform thi s work 
s i nce i t  wa s l es s  expens i ve than manual  a p pl i cati ons  and cou l d  be 
done much  more rap i d ly  ( Lu ca s , 1 968 , 65 ) .  The newly formed agr i cu l tural 
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a v i a t i on fi rms found another source of empl oyment wh i ch wou l d  s u s ta i n  

them unti l topdres s i ng a nd  oversowi ng acti v i ti es became more wi del y 
empl oyed . Ton nages  rose  q u i ckly through  the 1 950s and  onl y began to 
wane as the d e s i red effect was ach i eved i n  the 1 960s ( Tabl e 6 . 5 ) . 

The tas k of rabbi t destructi on i n  i tsel f wa s mos t  i mportant . A 

Rabb i t Destru c t i on Counc i l had been formed i n  1 947 to i nv i gora te a 
na ti onal campa i gn as dur i ng the war the l ack of rabb i t shooters and  
the  profi tab i l i ty of sel l i ng sk i n s  had al l owed the pes t to  pro l i ferate . 
Nearly 1 8  m i l l i on s k i ns had been exported i n  1 945 . G i ven an e s t i ma te 
tha t s i x  rabb i ts cons umed a s  much  gra s s  a s  one breed i ng ewe , the 
quant i ty of s k i ns exported represented a nati onal p roducti on  l os s  of 
n earl y 3 mi l l j on ewes ( Ros s ,  1 9 54 , 292 ) . The control of rabbi ts whi c h 
emerged from th i s campa i gn ,  abetted by aeri a l  di str i buti on of  
i ncreas i ng l y  effecti ve poi son s ,  p l ayed a part  i n  i ncreas i ng s heep 
numbers . As rabbi t control became more effecti ve the amount  of wor k  
decl i ned ( J ame s ,  1 966 , 1 4 ) , bu t the extens i on of the techn i q ue  to 
deer and pos s um control ma i nta i ned the acti v i ty .  

Sprayi ng a n d  Dus t i ng 

Further aer i a l  opera t i ons , trace el ement s pread i n g ,  crop 
d u s t i ng and s prayi ng were i ntroduced by G i sborne Aeri a l  Topdre s s i ng 
and  by Ai rwork  by 1 9 50 ( B i s hop , 1 952 , 1 1 8 ) . These  acti v i ti es were 
more cl osel y re l a ted to fore i gn devel opments i n  a i rcraft u ti l i zat i on  
bu t found  l i m i ted appl i ca t i on i n  New Zeal and  unti l the l a ter 1 950s . 
Weed and pest  control d i d not i mprove producti v i ty as  noti ceably a s  

topdres si ng  a nd oversowi ng , and represented a l evel  of managemen t  
many farmers  h a d  not yet a tta i ned . The a i rcraft u sed were not  
particu l ar ly  s u i ted to  th i s  work .  Onl y  wi th the i ntroducti on  of 
hel i copters i n  1 955 d i d the amount  of materi a l  s pread began to 

i ncrease  rap i d l y  ( Scott , 1 959 , 1 4 . 1 ) .  The rap i d  i ncrea se  i n  vol ume 
s prayed s hows thi s trend ( Tabl e 6 . 5 ) . Hel i copters were more s u i ted 
to these tas ks and to s upp ly  and fence mater ia l  d ropp i ng and they came 
to domi nate these a spects of agri c u l tural a v i at ion  (Al exander , 1 97 2 , 

7 6 ) . The number of these a i rcraft rema i ned l i mi ted unt i l the mi d - 1 960s 
when i t  rap i d l y  doub l ed from 1 1  to 23 ( Tabl e 6 . 3 ) . The l i mi ted 
ava i l abi l i ty cou l d have restri cted access to thi s serv i c e  over the 
country . 
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DEV ELOPMENT OF THE AGR I CULTURAL AV I ATION I NDUSTRY 

From a smal l underta k i ng ,  the a gri cul tural a v i a t i on i ndus try 

devel oped rap i d ly  and concerned i tse l f wi th improv i ng i ts eff i c i ency 
and  profi tabi l i ty .  The s ucces s achi eved was notabl e as  the a verage amount  

s pread per fl i ght  wa s i ncrea sed by a l most a further 50 percent between 

1 959 and 1 9 69 ( Tabl e 6 . 4 ) . F i rms were acti ve i n  fi ndi ng means  to 
s pread a g rea ter tonnage of ma teri a l  wi thou t i ncrea s i ng the number 
of personne l  requ i red , thereby ,  keep i ng costs l ow for the farmer 

( Robertson ,  1 9 62 , 4 ) . 

Ai rcraft Improvement  

Attempt� to i mport  a i rcraft more su i tab l e than t he  obsol ete 
Ti ger Moth - - i ts payl oad was on ly  600 l b--were not s ucces sfu l  unti l 
1 9 52 when P i per , Ces sn a , and newer de Havi l l and model s hav i ng more 
power and a l a rger carry i ng capac i ty were i n troduced . Br i ti s h -des i gned 

a i rcraft were al so purchased but  d i d not prove popu l ar  (Al exander , 
1 9 7 2 ,  64 ) . The Canad i a n -bu i l t  d e  Havi l l and D . H . C . 2  Beaver a i rcraft 

had a l i m i ted appeal . Accord i ng l y ,  Ameri ca n  a i rcraft became the 
predomi nan t  types . These  new a i rcraft were costly i tems a nd  d i d  not  

come to ou tnumber the  T i ger Moths u n ti l 1 9 57 ( CAS� 1 960 ,  1 9 ) . 
Load capa c i t i es ( Tab ] e 6 . 4 ) i ncreased wi th the power of the 

engi nes u ti l i zed and the range of equ i pment a va i l abl e for u se on 
a i rcraft devel oped to g i ve them a wi der range of acti v i ty .  

New Zea l and fi rms benefi ted a s  Amer ican  fi rms des i gned  a i rcraft 
s peci f ica l l y  for agri c u l tura l work . The a gents for P i per a nd Ces sna  
a i rcraft were abl e to  i m port the  new model s i n  1 960 and  1 9 66  

respecti v e l y  ( Rendel , 1 97 5 ,  1 39 - 1 40 ) . Devel opmental work  performed 
e l sewhere was embodi ed i n  the new des i gns , and  the l arge ou tpu t of the 
compa n i e s  i nvol ved ensured l ower cos t  a i rcraft wi th rea d i l y  ava i l ab l e 
s pares . 

From be i ng an i so l a ted centre of i nnova ti on s i n  th i s f i e l d ,  the  
New Zea l and  agri cu l tural  av i a ti on i ndustry was ab l e  to  s how the wor l d 
what i t  cou l d  offer i n  hol d i ng the fi rst  i nterna ti ona l a gr i cu l tura l 
avi a ti on s how a t  Pa l merston  North i n  1 956 . I t  marked a po i n t  a t  whi c h 

the excha nge of i nforma ti on was fac i l i tated fol l owed by sympo s i a  i n  
1 959 and 1 964 . Techn i ques  devel oped el sewhere cou l d  be  a s sessed  
through contact wi th thei r deve l opers and through  some tes ti ng i n  N ew 

Zeal and . L i kewi se , N ew Zea l a nd techni ques  were tra nsmi tted a broa d . 
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Awarenes s of devel opments wa s s t i mu l a ted by the forma ti on of the 

I nterna t i onal Agr i cu l tural Avi a t i on Centre at Wageni ngen i n  the 
Netherl ands , whi c h  s ponsored sympos i a  i n  1 95 9 ,  1 962 , 1 966 , 1 969 , and 
1 9 75 . However , New Zeal and was not a l ways represented at these 

meeti ngs  a nd only occa s i ona l l y  have New Zea l anders presented papers on 
the agr i cu l tura l av i at i on i ndu s try (International Agricultural 
Aviation Congress Report for 1 959 , 1 962 , and  1 966 ; Proceedings� 1 9 7 1 , 
and 1 975 ) .  

An i mportan t  devel opment i n  thi s l i n kage w ith Ameri can  av i a ti on 

was the bu i l d i ng of an a i rcraft , the F l e tcher FU 24 , des i gned 
speci fi ca l ly for u se in New Zeal and cond i ti ons . The concept of 
creati ng s uch, a c raft was mooted i n  1 9 52 by a New Zea l ander v i s i t i ng  
the  U . S . A .  The i dea was fo l l owed up by the Ameri can fi rm , Fl etcher 
Av i a ti on Corpora t i on , wi th nego t i a t i ons  i nvo l v i ng a pri va te New Zea l and 
fi rm a nd the C i v i l Av i at ion  Admi n i s trat ion  who set out  the a i rcraft ' s  
s peci fi cati on s . The New Zea l and  Mea t Producers' Board acted a s  the 

fi nanci a l  guarantors of the proj ect (Al exander and Tu l l ett , 1 967 , 
58-59 ) . P i l ots  and  ma i ntenance men were questioned abou t the i r  i dea s 
on the necessary fea tures of a topdress i ng  a i rcraft and the resu l ts ,  
a l though  very var i ed ,  di-d as s i s t  i n  the des i gn work  conducted i n  the 

U . S . A .  

I n  u s i ng Ameri can a i rworthi ness s tandards for the Fl etcher , the 
New Zea l and i n teres ts were ab l e to speed up devel opmen t  as  the Ameri can 
Federal Av i ati on Admi n i s tra t i on offi cers s u pervi s i ng the des i gn a nd 
construct ion  of the a i rcraft made techni ca l knowl edge avai l a bl e ' on 
a sca l e  that the New Zeal and a i rworth i ness  author i t i e s cou l d never 

have done ' ( Rende l , 1 975 , 7 5 ) . The l i n k wi th Bri ti s h  c i v i l  a i rcraft 

s tandards was i g nore d ,  however , and so , New Zeal and  fi rms came to favour 
the u s e  of Amer i can  a i rcraft .  Even those  produced i n  Au stra l i a ,  were 

not to threa ten n umeri cal l y  the Ameri can types . By September 1 9 54 

a sat i sfactory p rototype had been bu i l t  a nd sent to : New Zea l and 
where i t  earned i ts Certi fi c a te of Type Approved s i x  months l a ter 
(Al exander and  Tu l l ett , 1 967 , 6 2 ) . The a i rcraft were a s sembl ed i n  New 
Zea l and  a t  Hami l ton by James Av i ati on , a n  agricu l tural av i ati on fi rm 
emerg i ng a s  one of the l arge s t ,  i n  the country . From assemb l i ng t he 

a i rcraft , James moved to ful l p roducti on  after 1 966  when the Fl e tc her 
proj ect  wa s purchased  outri g ht  ( Rendel , 1 9 75 , 75 ) .  By then , the 
Fl etcher a i rcra f t ,  w i th i ts 1 600 l b  payl oad had become the mos t  
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wi de ly  u sed for agri cul tura l purposes a head of ei ther the P i per or  

Cessna  model s i n  numbers and  f lyi ng hours  (Al exander and  Tul l ett ,  
1 967 , 63 ) . However , i ts adopti on d i d ta ke  time a s  i n  1 956 the  T i ger 

Moth was s ti l l  the domi nant a i rcraft (Fert .  J. � 1 956d , 1 2 ) .  

The i mportance of the s trong fund i n g  and the ava i l abi l i ty of  
a i rworth i ness  a dv i ce i s  i nd i ca ted i n  the  l engthi ness  of deve lopment 
of the one topdres s i ng a i rcraft des i g ned in  New Zea l and . An  I ta l i an 
des i gner work i ng  i n  Au stra l i a  was i nv i ted to des i gn  a spec i a l i zed  
a i rcraft by two av i ati on fi rms . The  venture was begun  wi th capi tal  of  
on ly  £ 1 , 000 and  thi s proved too l i m i ted as  cons tructi on cos ts 
exceeded £ 1 4 , 000 ( Al exander and Tu l l ett ,  1 967 , 5 7 ) . Fi nanci a l  control 
pa s sed from company to company as funds were exhau s ted but the 

a i rcraft , the Bennett Ai rtru c k , was fl own i n  1 960 . I ts rad i ca l  des i g n  
d i d not meet wi th immed i a te C i vi l  Avi a ti on Adm in i s trati on approva l 
so mod i fi cat i o n s  had to be made , to the a nnoyance of the des i gner 
who returned to Au stral i a . 

On ly  one  further model  of thi s p l ane  wa s bu i l t  before 

producti on of the new mode l , the Transav i a  PL 1 2  Ai rtru k ,  began i n  
Au s tral i a .  Thi s model , wh i l e  s ucces sfu l  i n  New Zeal and , wa s not as 
wi del y  used a s  on ly  seven teen such a i rcraft were regi s tered i n  1 970 

( Rendel , 1 97 5 ,  74 ; CAS� 1 9 7 2 ,  55 ) .  The New Zeal and-ba sed effort wa s 
not a s  successfu .l  a s  the Amer i ca n:-ba sed F l etcher underta ki ng . The l a ck 
of a n  i ndus tri a l  base and u nder-cap i tal i zati on l i mi ted  d i vers i fi cati on . 

Loader Improvement 

The concern for effi c i ency i n  opera ti ons a l so  prompted the 

devel opment of more rapi d l oad i ng equ i pment  to reduce the t ime s pent by 
the a i rcraft o n  the ground . The deve l opmenta l work  begun by the 
Bra z i ers was carr i ed on by a number of o ther compa n i e s  so that by the 
t ime more effi c i ent a i rcraft were ava i l ab l e ,  more effi c i en t  u se coul d 
be made of them .  For examp l e ,  the Ces s na 1 80 ,  f i rst  u sed i n  1 952 , 
was a b l e to carry three ti mes the l oa d  of  the Ti ger Moth at  1 200 l b  
of ferti l i zer and  coul d  be c harged i n  a s  l i ttl e a s  fi ve s econds , the 
tota l turnaround  time bei ng a s  l ow as for ty seconds (Al exander a nd  
Tul l e tt , 1 967 , 56 ) .  The l oa ders came to  be  comb i ned wi th tan kers so 
that wi th one veh i c l e  operated  by one man i t  was poss i b l e to l oa d  
so i l  amendme n ts , seed ,  and refuel the a i rcraft . Labour cos ts cou l d 
be m i n imi zed  i n  th i s  fa s h i o n  a s  on ly  two s k i l l ed men were requ i red on 
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the  job , a p i l ot and a l oader opera tor . 

Heavy Ai rcraft 

The i n i t i a l pa ttern of topdres s i ng envi saged i n  the l a te 1 940s -

the use  of a heavy a i rcraft carryi n g  a payl oad of several ton s , over 
d i s tances of up to fi fty m i l es from major aerodromes , d i d  not 
eventuate u nti l the l i mi ta t i ons of the use of sma l l a i rcraft were 
rea l i zed . Some areas cou l d  not be servi ced from sma l l s tri ps  as  
road acces s  l i m i ted the  ha u l i ng of ferti l i zer or  no  su i tabl e s i tes 
for a i rs tri p s  were l oca ted cl ose enough to the area to be trea ted . 
However , few areas i n  the North I s l a nd were too d i s tant  from a n  adequate 

a i rfi el d to be untrea tab l e by heavy a i rcraft ( Campbel l ,  1 9 5 1 , 6 ) . 
Such cond i ti ons  i n  New Zea l and  i nfl uenced experi mental  work done 

i n  Bri ta i n  i n  1 950 u s i ng the Bri s tol  Frei ghter 1 70 .  Resu l ts ,  a l though 
s ucces sfu l i n  terms of the appl i ca ti on of ma teri a l s ,  i nd i ca ted that an  
a i rf i el d had  to be  l ocated wi thi n forty mi l es of  the job s i te to make 
the opera t i o n  practi ca l  ( civil Aviation J. � 1 953 ,  9 ) .  RNZAF tr i a l s 

wi th two , smal l er ,  M i l es Aerovan a i rcraft i n  Ju ly  1 9 50 proved them 
u n su i ted for the job  but  they were empl oyed by two South I s l and  
agr i cu l tura l av i a ti on fi rms (Al exander and  Tu l l ett ,  1 967 , 39-40 ) .  After 
th i s ,  there was reduced RNZAF part i c i pat i on i n  work  concerned wi th 
agri cu l tural av i ati on .  The i n tent ion  of devel op i ng a topdre s s i n g  
serv i ce wa s dropped , a n d  wi th the l im i ted capi ta l o f  pri vate operators , 
heavy ai rcraft of several tons were not empl oyed . 

L .  T .  Dan i el l conti nued  to campa i gn for the u se  of such  a i rcraft 
i n  h i s pos i t i on on the Marg i nal  Lands  Board ( Murray , 1 967 , 1 7 )  and 
tes ti ng wa s a l so carri ed ou t i n  New Zea l and i n  March 1 954 u s i ng the 
Br i s tol  Frei g hter a i rcraft , but i t  d i d  not resu l t i n  i ts bei ng u sed 
i n  agri cu l tural  av i at ion . I t  wa s not  unti l 1 955 tha t  James Av i at ion , 
wor k i n g  wi th the SCRCC a nd the Av i at i o n  I ndus try Assoc i a ti on , tes ted 
the s u i ta bi l i ty of a Doug l a s  D . C .  3 h i red from the governmen t  

( Campbel l ,  1 956a , 5 ) for the l arge-sca l e j o b .  A new type o f  l oader 
wa s bu i l t  a l l owi ng fi ve ton s  of fer t i l i zer to be p u t  aboard i n  e i ght  
s econds , and  · so enabl i ng .  the l arge craft to ta ke off wi thi n three m i n utes  
of l andi ng · { Al exander and  Tu l l ett , 1 967 , .64 ) .  , The  tes t i n g  peri od of 

e i ghteen mon ths  proved that the  pl ane  cou l d  manage the  job  of 
topdres s i ng a reas  of h i l l  country prev i ou s l y  untouched ( Campbe l l ,  1 9 56b , 
1 1 ) .  
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As a heavy a i rcraft ,  the D . C .  3 had a ri val . F i e l dai r L i mi ted , 
operat i ng i n  the East  Coa s t  reg i on of the North I s l a nd , wa s i n teres ted 
i n  u s i ng heavy a i rcraft at an early  s ta ge . The company wa s among the 
fi rst  to use  the de Havi l l and  Beaver as i t  coul d carry one ton of 
ma teri a l  per fl i gh t .  I n  1 9 54 , they u ndertoo k to obta i n  a n  amendmen t  

to the i r  opera ti ng l i cence wh i ch wou l d  permi t the use  of  a Lockheed 
Lodes tar  (Pert. J. 3 1 956f , 2 1 ) .  The publ i c  heari ngs were prol onged , 
but the resul t was  favoura bl e ,  wi th the resu l t tha t Lodesta rs obta i ned 
from Au s tra l i a  were i n  opera ti on i n  New Zea l and fl yi ng  out of Gi s borne 
a nd Nap i er i n  Apri l 1 955 , whi l e  the SCRCC was sti l l  tes ti ng the D . C .  
3 ' s  performance and  cons i deri ng the s u bmi s s i on to the A i r  L i cen si ng 
Authori ty of a proposal to form a company to operate a Bri s tol  

' 

Frei g hter i n  the Wa i rarapa a s  ' premature a t  the ti me ' ( Campbel l ,  
1 956b ,  1 1 ) .  

The move to u s i ng heavy a i rcraft d i d not change the ba s i c  
pattern of operati o ns . By 1 960 on ly f i ve heavy a i rcraft were i n  
serv i c e ,  hav i ng been pool ed by three fi rms : James Av i ati on , F i el da i r 

and Rura l Av i at i on  to form a company , Ai r l and ( N . Z .  L td . ) (Al exander 
and Tul l ett ,  1 967 , 97 ) .  Thi s consol i dati o n ,  i t  wa s hoped , wou l d  
permi t thei r u se  i n  the mos t econom i ca l ly  practi cal fas h i on . I t  
was not a n  easy ma tter to p u t  these opera ti ons on a profi tabl e foot i ng , 
the n umber of hea vy a i rcraft rema i ned l im i ted at ten i n  1 965 ( Tab l e 
6 . 3 ) when the company became l i cen sed to operate i n  the Sou th I s l a nd 
a s  we l l  a s  i n  the sou thern North I s l a nd .  The Ai rl and groupi ng d i d not 
l as t ,  as James Av i a t i on chose to run i ts own heavy a i rcraft opera t i on s . 
Thi s change had no grea t effect on heavy a i rcraft numbers . I n  1 969 
there were el even such  a i rcraft i n  u se , a l l but  two , D . C . 3s  ( Tab l e 
6 . 3 ) . L i ght  a i rcraft rema i ned the ma i ns tay of the aeri a l  topdre s s i ng 

i ndus try whi l e  hea vy a i rcraft prov i ded the serv i ce i n  cond i ti ons i l l -. I 
s u i ted for the former .  Co-ord i nati ng operat i ons on  i nd i v i dual  farms 
to a l l ow the u se  of heavy a i rcraft over extens i ve area s cou l d be 
advantageous i n  reduc i ng app l i ca ti on co s t� but s uch  a pattern has  not 
yet appeared . 

THE GROUND-SPREAD I NG I NDUSTRY 

The more s pectacu l ar agr i cul tura l av i at i on i ndustry has over
s hadowed the truck-based i ndus try whi c h ,  i n  a s imi l ar fas h i on has  
extended mechan i z a t i on a nd contract serv i ces to farm enterpri s es on  



s l op i ng l and . Whereas i n  1 949 the p ros pect of spreadi ng l i me from 
a i rcraft was seen as unprofi tabl e ,  the use of trucks  for the s ame 
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p u rpose i n  that  yea r i n i t i a ted the grou nd-spreadi ng fi rms (Fert .  J. � 1 9 57 , .  
7 ) . Stoc kp i l es of l i me were es ta bl i s hed over the year near ru ra l rai l 
way s tati ons to overcome the probl em posed by the s hortage of  rol l i ng 

s toc k wh i c h occurred at pea k s pread i ng peri ods ( Warburton , 1 96 2 , 6 ) . Wi th  
the  extens i o n  of the  l i me subs i dy through the L ime Transport Ass i s tance 

Scheme i n  1 947  to cover road hau l age  ( NZOYB� 1 9 51 - 52 ,  386 ) : 

I t  soon became obv i ou s  tha t the cheapest way of gett i ng 
thi s l i me sown to a farmer • s  paddock wa s throug h  l orri es  
tha t combi ned cartage wi th sowi n g .  (Fert.  J. � 1 9 57 , 8 ) 

The spread i ng ,  charge was but  a smal l i ncrea se above the norma l  cartage 
cos t  of bu l k l i me and cou l d  be offse t  by the l abour saved by the farmer .  
The bul k l i me d i d  not need to b e  bagged , a n  importa nt factor when bags  
were in  short  s uppl y ,  and there wa s no need for the farmer to have h i s 
own topdres s i ng equi pment  once the l og i cal  progre s s i on to hav i ng 
ferti l i zer  s pread i n  thi s same way occurred . Thi s i s  the trend 
ev i dent from the m id- 1 960s ( Tab l e  6 . 6 ) . 

Ferti l i zer  spread i ng wa s more demandi ng as  the quanti ty spread 
per un i t area had to be more c l osel y control l ed than i n  the case of 
l i me .  Wi thi n a yea r ground-spread i ng fi rms were crea ti ng dev i ces to 
control the rates of di s tr i but i on . The growth of the i ndu s try • s  
acti v i ty was s trongl y a s soc i a ted  wi th the devel opment  of i ncreas i ngl y 
effi c i ent  ha u l i ng and s pread i ng u n i ts . By 1 9 57 t he trucks  u sed cou l d  
carry four ton s  of l i me or  three tons of superphos phate a nd p u l l a 
tra i l er bear i ng  twi ce the truc k • s  l oa d .  I n  ten mi nutes  that l oad  
cou l d be  d i s charged a t  a ra te of  1 ton per acre on a s u i tab l e f ie l d 

(Fert .  J. � 1 95 7 , 1 0 ) . The trai l er d evel oped by D .  Domett of  
Fe i l d i ng cou l d  a l so l oad the  truck whi ch haul ed i t ,  thereby maki ng the 
u n i t tha t  much  more effi c i ent . 

The s erv i ce deve l oped was a compl ement to a gri cu l tural av i a ti on 
i n  that i t  treated country on whi  e h  farmers were more 1 i ke 1 y to have 
empl oyed the i r  own equ i pment .  The hau l age serv i ce was empl oyed by 

aer i a l  f i rms  thereby sav i ng  t hemse l ve s  i n  the i r  forma t i ve s tages  a no ther 
capi ta l  out l ay on trucks  and bu l k ferti l i zer and . l i me s tores . These bu l k 

s tores were an  importa n t  devel opment for the serv i ce i ndus tr i es i n  
that they p ermi tted fi rms to ensure conti nuous s erv i ce not  i nterrupted 
by the var i abl e capaci ty of the ra i l way to s uppl y the needed quant i ty 



TABLE 6 . 6 

SOIL AMENDMENT DISTRIBUTION METHODS 1961-1969 

Year Ending Tonnage of Fertilizer Spread : Tonnage of Lime Spread : 

3 1  January By By I By By By I By 
Aircraft Contractorl Farmer Aircraft a Farmer Contractor I 

196 1 -62  547 , 339 650 � 666 59 , 754 7 3 7 �859 
1962-63 541 , 568 655 , 792  53 , 519 667 , 339 I 1 963-64 639 , 200 7 4 1 , 889 . 81 , 028 853 , 883 
19.64-65 801 , 7 93 449 , 2 69 418 , 031 134 , 537 825 , 283 116 , 11 5  ! 
1 965-66 871 , 693 515 ' 092 407 , 6 70 131 , 16 7  7 75 , 746  141 , 903 
1966-6 7 903 , 660 556 , 623 398 , 519 118 , 5 99 7 26 , 644 153 , 5 1 9  
196 7-68 731 , 660 550 , 113 3 7 7 , 316 108 , 989 574 , 74 1  153 , 82 1  
19 68-69 718 , 554 584 , 6 93 376 , 941 1 01 , 2 34 617 , 22 1  1 4 8  ' 71 2  
1969-70 816 , 533 641 , 9 74 375 , 912 119 , 7 31 7 78 , 734 1 7 5 , 5 99  

- -· �--� 
------------- -

Note s :  a Head ing in source ' By Agr icultural Contrac tor ' .  

b Heading in source ' By Farmer ' s  Own Equipment ' . 
These are Collec t ively referred to as  ' By Ord inary Means ' as opposed to 
' By Aeroplane ' . 

Sources :  Agricultural Statistics (1962-1969 ) . 
N 

N 
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of ma ter i a l s at the ti me requ i red . The l abour sav i ng i n  l o ad i ng 
and u n l oad i ng the mater i a l  faci l i tated i mprovement i n  opera ti ons  
effi c i ency for bo th ground s preaders and  a er i a l  opera tors ( Warburton , 
1 962 , 6 ) . 

Bu l k  stores became i mportant  over much of the North I s l and . I n  
the c a s e  of the Domett fi rm ,  s pread i ng of bu l k  ferti l i zer wa s u nder
ta ken i n  1 950 but  had to be d i s conti nued because  of the uncerta i nty 
of s u p p l y .  I t  was n o t  unt i l 1 9 52 wi th t h e  cons truct ion  o f  a store at  
a ra i l way s i d i ng that  the  serv i ce was renewed and , from that  po i n t ,  
devel oped .  I n  the Wai ka to the i n trodu cti on  of bul k topdre s s i ng a nd  
bu l k  s torage occurred together i n  1 9 53 and  both were rapi dly extended 

wi th the resu l t tha t approxi ma te ly  40 percent of the bu l k ferti l i ze r  
empl oyed i n  the a rea  was handl e d  by bu l k  topdres s i ng j u st four  years  
l a ter  ( Pert .  J. _, 1 957 , 1 0 ) .  I n  newly devel oped area s i n  the  centra l  
North I s l an d ,  heavy demand for the bul k s ervi ce  wa s thought to be  

rel ated to the n umber of returned serv i cemen for whom l and had  been 
prepa red s i nce : 

I n  a grea t many ca ses  these [ the returned servi cemen ' s ] 
a re one-ma n farms , where i t  i s  d i ffi cu l t  for the fa rmer 
to keep up wi th current  work , so he  wel comes the oppor
tuni ty of hav i ng thi s i mportant part  of hi s farm 
operat ions  done q u i c kl y ,  accura te l y  and at  l ow cost .  
(Pert. J. _, 1 9 57 , 1 0 )  

The a dvantage o f  emp l oyi ng  a contractor was  no t wa s ted on other farmers 
however , and the serv i ce expa nded ( Tab l e 6 . 6 ) , part i cu l arl y  i n  

dai ryi ng area s where carryi ng  capac i ty was bei ng i ncrea sed by heavy 
topd re s s i ng ( C l i fford , 1 966 , 28 ) . 

The ro l e  p l ayed by gro u n d  spreadi ng  cannot be readi l y  eva l u a ted 
pri o r  to 1 964-65  when the f i g u res on so i l amendi ng performed by 
contractors were fi rst  s epara ted from those  of farmers . Prev i ou s l y ,  
the compari son was wi th  agr i cu l tural a v i a ti on a l one . I n  terms of 

tonnage of ferti l i zer  and l i m e  spread , i t  i s  ev i dent  that the ground
spreadi ng fi rms have become i mportant  i ndeed ( Tabl e - 6 . 6 ) . The aer i a l  

d i s tri buti on  of l i me has  never devel oped on  the same sca l e  a s  that  o f  
ground  di s tri bu t i on becau se  o f  the h i g h  tonnage req u i red per u n i t 

area ( Ki ng ,  1 9 58 , 1 24 ) . There was some i ncrea se  i n  the percentage  of 
wor k  done aeri a l l y  to 1 967 - 68 as  l i me wa s u sed i n  a m i xture wi th s u per
pho s p hate but thi s  fel l to j u s t  over 1 1  percent of the total by 1 969 -70  
( ca l cu l ated from Tabl e 6 . 6 ) . Be i ng abl e to  apply a h eav i er vol ume 



of soi l amendments per un i t area on  l ow-rel i ef area s was ground
sprea di ng ' s  g reat advantage . 

I n  terms of fert i l i zer sprea d , the gro und-spread i n g  techn i q ue 
advanced o n  aeri a l  d i s tri bu ti on from 1 965 on (Tabl e 6 . 6 ) . Farmers 
d i d l es s  of thei r own s preadi ng as work went to contractors . The 
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trend o f  decreas i ng a eri a l  work after 1 966-67 may refl ect the greater 
emphas i s pu t on  ma i nta i n i ng product ion  on the fl atter ,  more i n tens i ve l y  

farmed areas wh i c h  c a n  b e  treated by truck . At the ti me o f  pri ce 
recovery beg i nn i ng i n  1 9 69-70 ( F i g .  6 . 1 ) , the percentage of aeri a l  
work began  to recover .  The tonnage  spread by trucks wa s g rea ter than 

the decrea se  i n  that spread aeri a l l y  and by fa rmers - -an  i nd i ca ti on of 
the use  i n  a t , l ea s t  ma i nta i n i ng the producti v i ty of the a reas  of 
l ower rel i ef .  

Gro u n d- spreadi ng  has come to compete wi th agri cu l tu ra l a v i at i on . 
The i mprovements i n  i ts vehi cl es  and  spreaders have made them abl e to 
deal wi th  s l opes formerl y  reserved for aeri al  di stri but ion  ( Ki ng , 
1 958 , 1 24 ) . The bl ower-type s preader devel oped i n  the l a te 1 940s 
came to be  u sed i n  th i s fa sh i on  ( Cri tchfi el d ,  1 969 , 62 ) . Tri a l s hel d 
i n  the same peri od a s  the a i rcra ft tri a l s p roved the method fu ncti ona l 

al though t here was l i ttl e control �f the area covered and app l i cat i on 
rate ( Lynch ,  1 9 51 , 56 ) . Nonethel e s s , i t  was reported that th i 5  
equi pment wa s emp l oyed after 1 949 ( Lync h ,  1 9 5 1 , . 49 ) and wa s l i n ked 
wi th the a i rcraft as  an i nnovati on of i mportance to h i l l -country 
improvemen t  ( Saxby ,  1 9 57 , 1 3 ) , t hrough  i ts u se on four-wheel -dri ve  
veh ic l e s  ( Levy ,  1 96 l b ,  1 24 ) . However , there i s  l i ttl e documenta t i o n  of  
such deve l opments i n  the sources consu l ted , whereas the a v i a t i on 
aspects hav e  had a good deal of pub l i c i ty .  

THE AGR I CU LTURAL L IM E  I NDUSTRY 

The promot i on of l i me u se  fol l owi ng Wor l d War I I  was notabl y 
successful  a s  farmers  had become i ncreas i ngl y awa�e of the  
importance  of  l i me duri ng the war ( Saxby ,  1 94 7 ,  60 ) when i t  was 

substi tuted for u na va i l abl e ferti l ·i zer . The a l terat ion  o f  the subs i dy 
program i n  1 947  had the des i red  effect a s  the number of l i me p l ants 
i ncrea sed  through  1 9 51  (Tabl e 6 . 7 ) as di d the amoun t  of  l i me produced 

(Tabl e 6 . 8 ) . The i mpo rtance of  rai l transport can a l so be  ga uged 
( Tab l e  6 . 8 ) but the probl em of i nsuffi c i en t  rol l i ng s to c k  cu rbed 
expans i on (ARDA� 1 9 52 , 58 ) . The decrea s i ng u se of rai l carri age  s hows 
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SOURCES OF S OIL AMENDHENTS (NUMBER OF PLANTS ) 1 9 45- 1 9 69 

Provincial Type of Establishment :  
Dis trict a Meat-processing P lants b 

Year 
If) 0 If) 0 If) 0\ 
� If) If) -o -o -o 
0\ 0\ 0\ 0\ 0\ 0\ 
..--< ..--< ....... ..--< ....... ....... 

North Auckland 5 5 4 
Auckland  7 8 7 1 3 3 
Gisb orne 1 1 1 
Hawke 1 s Bay 3 3 3 3 3 3 
Taranaki 3 3 3 3 3 2 
We llington 7 7 6 6 6 8 
Marlb orough 1 1 1 1 1 1 
Nelson 1 1 1 1 1 2 
Wes tland  - - - - 1 1 
Can te rb ury 10 9 i -';- 7 7 8 
Otago 7 9 4 4 5 5 
South land 6 7 4 5 5 5 

New Zealand 45 48 36 37 41 43 
B oi ling-down and Manure Plants 

c 

North Auckland 10 8 8 
Auckland 1 4  1 5  1 8  5 3 3 
Gisb orne 1 1 1 
Hawke 1 s Bay 2 2 1 1 - -

Taranaki 2 2 2 3 4 3 
We llington 8 6 8 7 6 3 
Mar lb orough 2 2 2 2 - -

Ne ls on - - 1 1 1 2 
Wes t land - - - - - -

Can terb ury 6 6 4 2 2 2 
Otag o  3 3 4 4 5 4 
S outh land 1 - 2 2 2 2 
-New-zeaiand _ _ _ _ _  38 36 42 38 3 2  2 8  

Lime P lants 
d 

North Auckland 15  2 7  24 
Auckland 34 4 2  29  4 3 8 
Gisb orne - - -

Hawke 1 s Bay 3 4 4 6 7 7 
Taranaki - - - - - -

Wellington 6 6 5 3 4 3 
Marlb orough 3 4 4 2 5 2 
Ne lson 1 8  1 3  6 3 6 5 
Wes t land 2 2 2 2 2 2 
Can terbury rg 1- 1 5  1 7  1 7  2 0  1 9  
Otago 8 6 5 5 4 3 
S outh land 8 8 1 2  1 0  1 1  1 1  
-Newzeaiand 9 1  1 00 84 6 7  89 84 

Chemical Fertilizer Plan ts 
North Auckland 3 5 4 
Auckland 4 3 3 2 2 2 
Gisborne - - -

Hawke 1 s Bay - - 1 1 1 1 
Taran aki 1 1 1 1 1 1 
We l lington 1 1 1 1 1 1 
Marlb orough - - - - - -

Ne lson - - - - - -

Wes tland - - - - - -

Can te rbury 1 1 1 1 3 3 
Otago 2 2 2 2 2 2 
S outh land - - - 1 1 1 
-Ne-.w-ze-a:ra:n:Ci __ _ 9 8 9 1 2  1 6  1 5  



TABLE 6 . 7  (Cont inued ) 

Notes : a By statis t ical area for 1 9 60-69  (Map 7 . 1 ) . 

Below are the headings under which the numb er o f  plants are 
found in the statistical sources : 

b meat -freezing and preserving . 

c 1945-50 boiling-down , glue and manure making . 

19 55-69 vege tab le and animal oil s  and fa ts . 

d 1945-50 l ime crushing or  burning and cement-making . 

19�5-69 l ime . 

Sources : Industrial Production Statistics ( for years shown) . 
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TABLE 6 . 8  

TONNAGE OF AGRI CULTURAL LIME OUTPUTa 

AND CARRIED BY RAIL 1945-1969  

-

Year Quarry Output Carried by Rai l 

1945  812 , 6 35 . .  

1949  1 , 100 , 1 26  . .  

1 950 1 , 259 , 75 9 653 , 7 3 3  
1 9 5 2  1 ,  36 6 , 6 5 1 557 , 596 
1 9 5 5  1 , 444 , 810  5 75 , 35 3  
1959  1 , 0 1 1 , 8 79  252 , 35 1  
1 960 885 , 9 49 264 , 506 
1 962  844 ' 35 4 196 , 647b 
1 965  1 , 12 9 , 7 1 1  192 , 000b 
1 969  1 , 0 1 0 , 1 94 105 ,000 

2 1 7 

Notes : a Domestic  rock phosphate production ended in 
1945 . 

b To neares t thousand . 

Sources :  NZOYB ( for  years shown) . 
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the i mpact  road transport  and  the devel opment of  grou nd-spread i ng 
equ i pment had i n  the per iod . Areas more remote from l ime p l ants 

enjoyed a ' su bsta nt i a l  i ncrease  i n  the use of l i me ' (NZOYB3 1 954 , 4 53 ) , 
through  the subs i dy arrangement .  To reduce the cost prob l em ,  new 
l i me pl ants  were opened i n  l ocal i ti e s prev i o u s l y  dependent on l ong 
ra i l  ha u l s .  These new l ocati ons  were probab ly  i n  Auck l and  and  Can ter
bury as  these were the  on ly  di s tr i cts i n  wh i ch the number o f  p l ants  
i ncreased to  1 949-50 and  1 9 50-5 1  respecti ve l y  ( Tabl e 6 . 7 ) . Rel oca t i on s  

may have occurred where one pl a nt  c l osed whi l e  another o pened i n  the 
s ame d i s tri c t ,  but da ta to s ubsta n t i a te thi s pattern have not been 
l oca ted . 

What wa� cl ear ly  the pattern to 1 9 60-6 1  was the reduc ti on i n  
the number of p l ants ( Tabl e 6 . 7 ) . Thi s decrea se  d i d not reduce o utput  
unti l the l a ter 1 950s but  thereafter ,  tota l producti on decl i ned through 
the m i d - l 960s ( Tabl e 6 . 8 ) . The d i scovery that the use  of  sma l l 
q uanti ti e s  of mo lybden um coul d reduce l i me a p p l icati ons a nd  the 
i ntroduc t i on  of mo lybden i zed su perp hospha te by 1 9 53 (ARDA3 1 9 5 3 ,  24 ) 
c l ear ly  depressed producti on . Thoug h unfavourabl e wea ther wa s recorded 

as a rea son  for the reducti on  i n  l i me use i n  the 1 9 55  a nd 1 9 56 
seasons ( NZOYB3 1 9 58 ,  52 ) ,  the trend  conti nued therea fter , a n  
i ndi cat i on  that an  a l terna ti ve  treatment method had been found . By 

thi s t ime  the i nd u s try had devel oped to the poi nt where producti v i ty 
had i mproved through the u se  of modern equi pment and  modern i zed 
producti on  methods to g i ve farmers ' more l i me , better q ual i ty ,  a t  
rel ati ve ly  l ower pri ces ' (ARDA3 1 9 5 5 ,  23 ) .  

Economi c probl ems after 1 9 57 ended the l i me subs i dy a t  the end  
of  November 1 9 59 .  The Dai ry Board had  been u nabl e to meet  i ts 
contri buti on  after 1 958 a nd the .Mea t Produce rs ' Board announced i n  
November 1 9 59 al ong wi th the former body that i t  wou l d no l onger 

contri bute to the scheme ( Long , 1 963 , 1 2 ) .  The Government , accord i ng l y ,  
ended i ts contri buti o n  (NZOYB3 1 960 ,  501 ) .  The effect o n  ra i l  carri age  
of  l ime wa s mos t  evi dent . T he  amount  carri ed  rose  i n  1 9 59 -60 perha p s  
i n  ant i c i pation  o f  t h e  subs i dy c ut ,  a n d  then fel l sharp l y  ( Tabl e 6 . 8 ) . 
L i me pro ducti on fel l to l es s  than one mi l l i on tons  for the fi rst  t i me 
s i nce the war a s  a n umber of  p l ants  cl osed  ( Tabl e 6 . 7 ) . 

A scheme i ntroduced to s ubs i di ze l i me use on newly deve l o pe d  
l an d ,  n o t  previ ou s ly  l i med ( NZOYB, 1 960 ,  50 1 ) ,  d i d  no t i n duce much 
greater use  unt i l the m i d - l 960s , when l eve l s of over one  mi l l i on ton s 
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were aga i n  a c h i eved by a greater n umber of p l an ts ( Tabl es  6 . 8 a nd 6 . 7 ) . 
About  hal f the  payments made under the program were for government 
l a nd devel opment schemes ( Long , 1 9 63 , 1 2 ) .  The reces s i on of  the l a te 

1 960s reduced consumpti on , so producti on l evel s dropped , a l though 
the number of  p l ants d i d  not  decrease  a s  greatly as had occurred a 

decade earl i er ( Tabl es 6 . 7  and 6 . 8 ) . L ime producti on wa s s tab i l i z i ng 

a s  farmers worked out s o i l need s and  u sed l i me more j ud i c i o u s l y  i n  
conj unction  w i th  ferti l i zers . Soi l amendi ng wi th l i me a l one decreased 

whi l e  i ts u s e  wi th ferti l i zer rema i ned stabl e ( Tab l e 6 . 9 ) . By 1 9 58 i t  

wa s reported that the l i me trea tmen t  on much fl at country had a l ready 
crea ted s u i tab l e so i l  a ci d i ty l eve l s (ARDA� 1 958 , 28 ) .  I n  contra s t , 
h i l l  country had not been w ide ly  trea ted wi th l i me . The devel opment  
of mo lybden i z'ed s uperpho s phate in  the m id- 1 950s meant  tha t l es s  l i me 
wa s needed o n  respons i ve so i l s .  The reducti on i n  bu l k permi tted 

agri cul tura l a v i ati on to p l ay a more promi nent ro l e  i n  l i me s pread i ng 
thereafter (ARDA� 1 960 , 4 1 ; Tabl e 6 . 6 ) . 

THE FERT I L I ZER  I NDUSTRY 

Fo l l owi n g  the war the dome s ti c  ferti l iz e r  i n dus try faced a 
n umber o f  cha l l enges wh i ch i mperi l l ed its a l re a dy establ i s hed i mp o r t 
ance to gro s s  farm outp ut ( Ph i l pott  and Stewa rt , 1958b , 27- 28 ) . 

Producti on Di ffi cu l ti es  

The  s upp ly  prob l em i n  the ferti l i zer i ndustry had not been 
overcome by the time the new forms of d i s tr i b uti on had been devel oped . 
The p l a n t  produci ng  Hes kett  s l a g  a t  Huntl y c l osed i n  1 949 after the 

removal of the wartime p roducti on subs i dy ( Ta i t ,  1 957 , 1 9 5 ) . Produc
ti on of organ i c ferti l i zers rema i ned i nadequate even  after a 50  percen t 
pr i ce ri se  fo l l owi ng the l i ft i ng of  the pri ce contro l s (ARDA� 1 9 51 , 

20 ) .  The quanti ty produced tended to vary l i ttl e ( Tabl e 6 . 1 0 ) desp i te 
s trong d emand and so , i ts rol e i n  topdress i ng can be a s sumed to have 
been sma 1 1  ( ARDA� 1 955 , 23 ) . . 

For a period from J u l y  1 949 to June 1 9 51 the pri ce of i mported 
p hospha te was subs i di zed • to redres s  the wi de  d i fference i n  pri ce 
between these ferti l i zers  a nd l oca l l y  produced s uperphospha te • (NZOYB� 

1 951 - 52 ,  386 ) . As l oca l  ferti l i zer  producti on recovered fo l l owi ng  the 
res torati o n  of  ful l p ho s p ha te outp u t  from Nauru and  Ocean I s l and 
( Tabl e 6 . 1 1 ) ,  the need for ferti l i zer  i mports was reduted as seen i n  
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TABLE 6 . 9 

SOWN GRASSLAND TOPDRESSED BY TREATMENT TYPE ( THOUSANDS OF ACRE S )  1 9 4 5 - 1 9 69 

Year Ferti lizer Total Area 
Ending Ferti lizer Lime and Lime Topdressed 

31 JanUa.ry 

1945-46 1 , 75 7 . 8  606 . 7  1 , 2 88 . 7  3 , 65 3 . 2  
1 94 8-49 2 , 9 8 1 . 9  584 . 4  1 , 4 96 . 1  5 , 062 . 4  
1 94 9 -50 3 , 754 . 3  5 89 . 6  1 , 394 . 5  5 , 73 8 . 4  
1 9 50-5 1 4 , 1 5 5 . 9  649 . 5  1 , 5 2 1 . 3  6 , 32 6 . 7  
1 9 5 1-52  4 , 3 6 1 . 2  6 64 . 5  1 , 436 . 4  6 , 4 6 2 . 2  

1 9 5 2-53 4 , 9 4 1 .  7 6 2 6 . 4  1 , 597 . 8  7 , 1 6 5 . 9  
1 9 5 3-54 5 , 3 7 7 . 4 . 5 3 1 . 4  1 , 546 . 3  7 , 4 55 . 1  
1 95 4 -5 5  6 , 0 1 6 . 7  5 50 . 4  1 , 6 73 . 4  8 , 240 . 6  
1 9 5 5 -56  . .  . .  . .  8 , 9 3 2 . 5  
1 9 5 6-5 7 7 , 1 9 1 . 2  5 2 1  1 , 457 . 8  9 , 1 70 

1 957-58  7 , 3 1 0  5 1 4 . 3  1 , 433 . 3  9 , 25 7 . 7  
1 958-59 7 , 1 74 . 2  450 . 6  1 , 1 77 . 1  8 , 80 2  
1 9 5 9 -60 7 , 1 40 . 2  4 2 1 . 9  1 , 335 . 2  8 , 89 7 . 3  
1 960-6 1 8 , 208 . 6  3 5 6 . 3  1 , 249 . 2  9 , 8 1 4 . 1  
1 9 6 1 -6 2  8 , 530 . 1  3 3 2 . 4  1 , 132 . 3  9 , 9 9 4 . 8  

1 962-63  8 , 6 37 . 5 3 1 8 . 8  985 . 8  9 , 9 42 . 1  
1 96 3-64 9 , 7 50 . 6  382 . 9  1 , 257 . 7  1 1 , 39 1 . 2  
1 9 64-65 10 , 846 . 3  39 2 . 9  1 , 606 . 7  1 2 , 845 . 9  
1 9 6 5 -66 1 1 , 29 5 . 4  365 . 7  1 , 439 . 0  1 3 , 100 . 0  
1 9 66-67 1 1 , 863 . 1  34 7 . 6  1 , 405 . 2  1 3 , 6 15 . 9  

1 9 67 -68  10 , 73 6 . 9  325 . 4  1 , 1 67 . 3  1 2 , 2 29  . .. 6 
1 9 6 8-69 1 1 , 1 39 . 4 3 39 . 8  1 , 1 79 . 5  1 2 , 65 8 . 7  
1 969 -70 1 1 , 99 4 . 1  408 . 7  1 , 563 . 9  1 3 , 966 . 7  

Note : S ums o f  t reatment type no t equalling total topdressed 
a re due to  rqunding error . 

Sources :  Agricultural Statistics {for years shown) . 



TABLE 6 . 10 

TONNAGE OF ORGANIC FERTILIZER PRODUCTIONa 
1945-1969  

' Blood-and-
Year Bone-dust bone and Other Total Mixtures 

Blood 

1 945-46 5 , 5 24 2 2 , 2 1 9  2 , 4 74 38 , 542  8 , 304  
1 949-50 4 , 309 22 ' 729 1 , 104 38 , 450 1 0 , 308  
1 950-5 1 4 , 06 3  2 3 , 629 1 , 39 2  29 ,084  8 , 74 5  
1 9 52-53 7 , 624  2 2 , 543 855  3 1 , 02 2  5 , 2 7 6  
1 9 55-56 4 , 150  30 , 028 809 34 , 987  6 '  1 7 2 
1 959-60 5 , 4 75 3 2 , 9 1 0 1 , 2 10 39 , 59 5  3 , 090  
1 960-6 1 4 , 3 1 3  3 6 , 686 1 , 459  42 , 458  2 , 75 0  
1 962-63 4 , 485 39 , 682 2 , 8 1 0b 46  ' 9 7 7  2 , 66 3  
1 965-66 4 , 5 50 2 6 , 200 6 , 3 50 37 , 100 250  
1 969-70 3 , 300 2 6 , 600 8 , 400c 38 , 300 900 

2 2 1  

Notes: a From meat-p ro cessing plants  and boiling-down plants to 
1 9 6 5 ; thereafter , output from soap-making plants  and 
chemical plants  no t elsewhere listed also included . 

b Includes boneflour . 

c Includes boneflour and l ivermeal . 

Sources :  Industrial Production Statistics ( for years shown ) . 



TABLE 6 . 1 1  

TONNAGE OF PHOSPHATE IMPORTS 1 94 5- 1969 

- I a Basic Slag Super- b 
Other c Total Year Bone-dust phosphate Rock Guano 

1 945  . .  

1 949  -

1 9 50 -

1 9 52 1 7  
1 9 5 5  -

1 9 59 -

1 9 60 -

1 9 6 2  
1 9 6 5  6

f 

1 9 69 2 

-

42 , 10 1  
65 , 3 1 9  
47 , 102  
66 , 532  
25 , 369 
29 , 385 
2 1 , 5 2 2  
1 5 , 9 1 5  
2 , 0 79 

-

2 
1 

4 7 7  
7 , 5 1 7  

70 
-

6 
29e 

1 6 1
e 

- - -

24 1 , 34 5  4 6  d 24 1 ,  39 1 --
440 , 1 3 3  8 , 3 30 - 49 0 , 566 I 
580 , 6 1 7  267  2 646 , 206 
6 75 � 4 28 1 3 , 236  267  736 , 52 7  
578 , 474  - 120  6 52 , 643  
469 , 3 7 3  - 305 49  5 ,  04 7 
608 , 1 9 5  - 2 ,  572  640 , 1 5 2  
59 3 , 630 - 4 , 9 4 2  620 , 100 
860 , 9 5 1  . .  2 , 9 6 8  879 , 869 

1
' , 03 7 , 39 0 . .  9 , 9 9 5  1 , 049 , 6 2 7  

Notes :  a Compris es all organic manures inc luding bone-char . 
b Comprises rock phospha te from Pac ific Island and Nor th African sources . 
c Other manufactured phospha tic fer tili zers only . Other crude phosphates included wi th guano . 
d Includes bone-dus t .  
e To tal impor t  for June year . The assumption has b een made tha t this represents the full year 

import as supplementary data for the July-Decemb er period to rec tify figure are no t availab le . 
f Other na tural ,animal or vege ta� le f er tilizer , including guano , landed in June year . 

Sources : 1 945-60 
1 962  
1 9 65-69 

Trade and Shipping Statistics ( for years shown) . 
Trade and Shipping Statistics ( 1 962a ; 196 2b ) . 
Calculated from da ta in Import Statistics ( for July years containing the years shown 
and Trade and Shipping Statistics ( for July-December per iod o f  years shown) . 

N 
N 
N 
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the  decrease  of ba s i c  s l ag i mports ( Tabl e 6 . 1 1 ) .  The  i ncrea s i ng cos t 

of  imports a l so made s uperphospha te use  more a ttracti ve ( ARDA� 1 9 52 , 58 ) 
and i ts use  fi nal l y  s u perseded tha t of ba s i c  sl a g  ( Tab l e 6 . 1 1 ) . 
Demand rose  s harpl y as  wool  pri ces i ncreased to 1 9 51 ( Fi g .  6 . 1 ) a nd 
accentuated the s hortages  of raw ma teri al s .  Rock phos pha te i mports 

were return i ng to prewar l evel s i n  1 9 50 ( Tabl e 6 . 1 1 )  a nd ,  i n  1 948 , 
i n  conj uncti on  wi th Au s tra l i a ,  the New Zeal and Government had  purchased 
the ri ghts to the mi n i ng of  Chri s tmas I s l a nd phosphate to a s s u re s upp ly  
after the a nt i c i pated dep l eti on of  the Nauru and Ocean I s l a n d  depo s i ts 
(Fert. J. , 1 9 56c , 1 1 ) .  

More cri t i cal  to the ferti l i zer i ndustry i n  the earl y 1 9 50s 

was the worl dw i de s u l phur  shortage wh i ch  l i mi ted New Zea l a nd ' s  pos twar 
superphospha te producti o n .  Wherea s i t  wa s estima ted tha t  the country 
wou l d  have requ i red 90 , 000 tons of s u l phur to meet i ts need for s uper

pho sphate producti on  of 800 , 000 ton s , only 65 ,275  tons , rou g h l y  the 
l evel used i n  1 949 ( Tab l e 6 . 1 2 ) ,  were al l ocated for 1 9 51  by the Su l phur  
Commi ttee of the I n terna ti ona l  Ma ter i a l s Conference (ARDA, 1 9 52 , 57 - 58 ) . 
I ns tead of ra ti on i ng supp l i es aga i n ,  the ' bul k i ng-up ' method a s  used 
wi th serpenti ne superphosphate was empl oyed . Stra i g ht s u perphosphate 
supp l i e s  were d i sconti nued i n  1 9 51 - 52 ( Tabl e 6 . 1 3 )  and the cho i ce of  
ferti l i zers conta i n i ng s u perphosphate restr i cted to : ' l i me-reverted 
s uper ' ,  75 percent s uperphosphate and 25 percent crus hed l i me s ton e ;  
' serpenti ne s uper ' ,  7 5  percent s uperphospha te and 2 5  percent crus hed 
s erpenti ne rock ;  a nd ' su per compound ' , 75 percent s uperphospha te ,  1 5  
percen t ground  raw Nauru rock phospha te 1 and 1 0  percent l i me or  

s erpenti ne (ARDA, 1 9 51 , 20 ) .  

Farmers • fami l i ar i ty wi th the s erpenti ne superpho spha te dur i ng 
the per i od of wartime res tr i ct i ons  l ed to a preference for i t , b u t  
transport d i ff i c u l ti es  l i mi ted the quanti ty o f  rock carr i ed from the 
quarri es  near Te Ku i ti to North I s l and  factori es and  so res tr i c ted 
producti on .  A l though  i t  wa s expected that the procedure wou l d  l ea d  to 
a producti on of 700 , 000 tons  of mi xtu res  ( ARDA� 1 95 2 ,  58 ) , the tota l 
reached j u st  over 785 , 000 tons that s ea son ( Tabl e 6 . 1 3 ) . The 

exhaust i on o f  th i s serpent i ne  source by 1 9 56 and the l ac k  of  a n  e qua l l y  
wel l - s i ted sou rce encouraged the u s e  of other phosphate ferti l i zers  
(ARDA� 1 956 , 2 3 ) . 

The shortage d i d  not  l ast  beyond mi d- 1 952 ,  however , ( Tab l e 6 . 1 2 ) , 
a s  r i s i ng pri ces and  new technol ogy boos ted s u l phur producti on  ( Fert . 



Year 

1 945 
1 949 
1 9 50 
1 952 
1 955 
1 959 
1 9 60 
1 962 
1965  
1 969 

TABLE 6 . 1 2 

FERTILIZERS BY TONNAGE OF NUTRIENTS 1 9 45 - 1969  

Phosphorus b 
Nitrogen a Potassium c 

Domestic Imported 

1 , 106 4 , 1 98 8 1 . 630 3 , 429  
1 , 078  - 1 78 , 220 4 , 1 56  
1 , 333 - 2 3 4 , 74 1  7 , 2 1 8 
1 , 75 6  - 2 7 0 , 1 20 1 4 , 100 
5 , 5 19 - 236 , 809 2 3 , 442  
3 , 209 - 1 8 3 , 9 7 8  44 , 94 7  
4 , 3 7 1  - 2 3 8 , 594  5 5 , 82 6  
3 , 670  - 2 2 5 , 545 59 , 32 9  
5 , 509 - 33 1 , 9 29 98 , 080 

I 6 , 8 1 0  - 3 9 9 , 9 14  94 , 206 

2 24 

Sulphur a 

5 1 , 8 73 
64 , 832  
62 , 46 3  
79 , 2 35 

1 2 7 . 9 2 3  
8 8 , 1 4 6  

133 , 02 2  
104 . 84 8  
1 84 , 36 8  
1 9 3 , 9 9 4  

Notes: a Measured o n  elemental content . 

b Pho sphoric acid (P20 5 )  conten t .  

c Water soluble potash (K20) content . 

Source : Calculated from : 

1 945-60 Trade and Shipping Statistics ( for years shown) . 

1 9 6 2  Trade and Shipping Statistics ( 1 962a ; 1 9 6 2b ) . 

1 9 6 5-69 Import Statistics ( 1 964 ; 196 8 ,  and for years shown) ; 
Trade and Shipping Statistics ( for years shown) . 

Method: Af ter 1 9 6 1  imports  were record ed for June rather than 
December years . The calendar year figures in the t able  
were calculated as follows : 

1 96 2  January-June and July-December figures were added . 

1 965-69  t = year shown ; t - 1  

July-June ( t )  
- July-Decemb er ( t - 1 )  

January-June ( t )  
+ July-December ( t )  

preceding year 

January-December ( t )  = calendar year ( t )  

Using t h e  calculation method above the data for 
each calendar year could be obt ained . As the 
Trade and Shipping Statistics provided a less 
detailed analysis  than the Import Statistics , the 
imports  not recorded in the former source were  
assumed to  have o ccurred in  the calendar year . 
S ince these imports were small quantit ies , the 
assump t ion would not have greatly influenced the 
final results ob t ained . 



Year 
Eruiing 
30 June 

1949-50 
1950-5 1 
195 1 -5 2  
1 9 5 2-53 
1 9 53-54 
1 954-55 
1955-56 
1956-5 7  
195 7-58 
1 958-59 
1959-60 
19 60-6 1 
1 96 1 -6 2  
1962-63 
1 963-64 
1964-65 
1965-66 
1 966-6 7 
1 9 6 7-68 
1968-69 
1969-70 

TABLE 6 . 1 3 

TONNAGE OF PHOSPHATIC FERTILIZERS MANUFACTURED 1949-1969 

Superphosphate : Other Total -

Secondary Primary Primary Straight Aerial Serpentine Fertilizers Ferti Zizers Mixtures 

439 , 0 9 1  - 1 28 , 262  19 , 763  587 ' 1 1 6 108 , 4 70 
255 , 583 - 1 18 , 784 270 , 1 39 644 , 506 88 , 538 

6 - 1 7 7 , 29 1  5 10 , 945 688 , 24 2  9 6 , 85 2  
1 39 , 6 7 7  - 184 , 802 2 7 7 , 1 30 60 1 , 609 1 72 , 8 78 
3 7 7 , 336 - 1 7 7 , 258  38 , 70 2  593 , 29 6  2 1 6 , 20 7  
522 , 9 77  - 203 , 9 10  3 8 , 060 764 , 2 4 1  25 2 , 140 
553 , 9 7 7  1 5 , 230 1 78 , 898 50 , 207  798 , 3 1 2 287 , 1 7 7  
447 , 743 20 , 3 1 6 1 9 1 , 859 3 1 , 6 1 1  69 1 , 529 296 , 03 7  
394 , 29 7  15 , 664 203 , 008 2 7 , 783 640 , 752  326 , 5 63 
3 1 8 , 265 9 7 , 2 7 3  1 52 , 088 29 , 662 5 9 7 , 288 35 1 , 962 
2 6 7 , 878 1 5 7 , 455 169 , 1 49  30 , 708 625 , 1 90 485 , 394 
280 ' 722  202 , 508 1 55 , 962  2 3 , 702 662 , 894 607 , 28 7  
260 , 369 209 , 600 1 42 , 868 26 , 5 87  639 , 423  562 , 4 7 1  
305 , 3 79 262 , 194 1 6 7 , 399 26 , 160 7 6 1 , 1 32 6 16 , 642 
354 , 023 344 , 3 26 153 , 4 73 30 , 3 7 1  882 , 1 93 7 1 9 , 443 
403 , 2 25 428 , 892  146 , 239 29 , 950 1 , 008 , 306 8 1 2 , 1 78 
438 , 1 74 434 , 79 7  159 , 33 1  32 ' 1 1 6 1 , 06Lf , 4 1 8  883 , 485 
46 1 , 242 306 , 0 10 1 2 7 , 9 1 2 30 , 864 926 , 028 3 1 1 , 2 22 
5 4 1 , 840 187 , 624 1 10 , 1 2 1  26 , 9 58 866 , 543 752 , 740 
768 , 463 56 , 334 1 1 4 ' 828 30 , 5 87  9 70 , 2 1 2  876 , 0 1 5  
8 1 7 , 385 44 , 232 83 , 2 27  3 1 , 943  9 7 6 , 787  909 , 086 

Source :  Fertiliser Statistics ( 1 969 , Table 1 ) . 

Total 

695 , 5 86 
7 33 , 044 
785 , 094 
7 74 , 48 7  
809 , 503 

1 , 0 1 6 , 38 1  
1 , 085 , 489 

9 8 7 , 566 
96 7 , 3 1 5  
949 , 2 50 

1 , 1 10 , 584 
1 , 2 70 , 1 8 1  
1 , 20 1 , 894 
1 , 3 7 7 , 7 74 
1 , 60 1 , 636 
1 , 820 , 484 
1 , 94 7 , 903 
1 , 7 3 7 , 250 
1 , 6 19 , 283 
1 , 846 , 22 7  
1 , 885 , 87 3  

N 
N 
(.)1 
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J. � l 9 54a , 2 2 ) , b ut  the producti on  of s tra i ght  { pure )  su perphosphate 
di d not  exceed the  1 949 -50 producti on l evel unti l 1 9 54-55 ( Tab l e 6 . 1 3 ) . 
I n  that seaso n ,  l oca l producti on  of superphosphate a nd  su perpho sphate 
m ixture s  exceeded one mi l l i on tons  for the fi rs t t i me . The s ubs i dy 
on i mported fert i l i zer whi c h  had been renewed i n  1 9 53 -54 to cope 

wi th the s u l p h u r  s hortage wa s accord i ng ly  di sconti n ued the fol l owi ng 
year  ( NZOYB� 1 9 5 5 ,  468 , 498) . Therea fter tonnages rema i ned l ow ( Tabl e 
6 . 1 1 ) .  Su l phur s uppl i es became a s s ured , so permi tti ng  the expan s i on of 
producti on  a l ong  e stabl i s hed l i nes  wi th a phosphate n utri ent  

predomi nance ( Tab l e 6 . 1 2 ) . The  cri s i s  had  prompted the  government to 
s eek adv i ce on how to overcome the prob l em . Sul phur  smel t i ng u s i ng 
concentrated �u s tra l i an pyri tes and  the constructi on  of  new p l ants  to 

produ ce phosphate ferti l i zers  not requ i r i ng su l phur were recommended , 
but the  l ack  of pyr i tes s upp l y ,  i na dequate el ectri c i ty supp l y ,  and  a 
capi ta l  s hortage opera ted aga i ns t  the rea l i za ti on of these pro posa l s 
(ARDA� 1 952 , 58 )  . 

The restri c t i on on s upp ly  had  an  effect on the servi ce i n dus try 
dependent upon i t . Campbel l ( 1 956a , 8 )  observed tha t :  

The i mmedi a te and profi tab l e  res pon se  to ' s uper ' on 
the  better h i l l  country ag gravated the shortages  
preva l ent due  to  l ow manufacturi ng  capaci ty of  
ex i s t i ng  works , and  th i s had a s teadyi ng i nfl uence 
on  the growth of the a gri cul tura l a v i ati on i ndustry . 

When v i ewed i n  l i ght  of the number o f  opera tors  i n  bu s i ness  and  
the equ i pment ava i l abl e to  them ( Tab l e 6 . 3 ) , i t  i s  l i kely tha t some 
steady i ng of growth d i d  occur wh i ch permi tted s tab l e forms of opera t ion  

to devel op . Opera t i onal  effi c i ency prob l ems cou l d have  been  overcome 
by ma k i ng a va i l a b l e the fu nds  needed for the purchase  of more modern 
a i rcra ft wi th greater payl oa·d s . From .Apr i l  1 9 54 to February 1 9 56 
the Meat and  Woo l  P roducers ' Boards , recogn i z i ng the i mportance of  
agri cu l tural  av i a t i on , made  j u s t  such  an a ttempt i n  o fferi ng  l oa n s  

at  3 percent i n terest  o n  u p  t o  60  percen t of  the . purchase  pri ce  o f  
new a i rcraft . A s u m  o f  £25 , 000 was made a va i l abl e for the p urchas e  of 
62 a i rcraft  ( Murray , 1 96 7 ,  1 6 ) . The venture resul ted i n  newer a i rcraft 
such a s  the Fl etcher FU 24 be i ng purchased . The Ti ger Moths  were 
l argel y repl aced by 1 960 when they no l onger  outnumbe red  a ny o ther  
s i ngl e type of  a i rcraft ( CAS� 1 963 , 24 ) .  



Capac i ty I nc rease 

The ferti l i zer p roducti on  capac i ty of the cou ntry • s  factori es 
wa s a l so expandi ng . The 1 948-49 of capaci ty 650 , 000 tons  ( Ross , 
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1 9 54 , 322 ) had  been i ncreased to 800 ,000 ton s  three years l a ter (ARDA�· 

1 951 , 2 0 ) . Expans i on cont i nued  to 1 957 . Fo r exampl e ,  Kempthorne , 

Pros ser and  Co . extended the producti on capac i ty of thei r South I s l and  
p l ants to  1 67 , 000 tons  from 1 32 , 000 ton s between 1 9 53 -54 and  1 9 56 -57  

(Pert .  J . �  l 9 56b , 1 8 - 1 9 )  and  that  of  the Aramoho pl ant  near Wanga nu i 
to 1 3 0 , 000 ton s  (Pert .  J . � l 9 56e , 20 ) . The capaci ty of the Domi n i on  
Ferti l i ser Company • s  p l a n t  a t  Duned i n  wa s i ncrea sed from 9 7 , 000 
to 1 25 ,000 tons i n  two yea rs (Pert .  J. � l 9 56b , 1 9 ) .  I n  J u ne 1 9 54 

the Ea s t  Coa s t  Farmers • Ferti l i ser Company Ltd . p l ant  near Napi er opened 
to serve that a rea of the North I s l and . I n  i ts fi rst  year of  
operat ion  about  1 08 , 000 tons  of  materi a l  were pro duced and by  1 9 56 
producti on  capaci ty wa s doub l ed (Pert .  J. � l 96 l b ,  1 4 ) . Compl ete 
fi g ures a re not  ava i l ab l e ,  but  the trend was c l ea r .  

The Mea t Producers • Board wa s c l osel y l i nked wi th the estab l i s h
ment  of the l a tter pl a n t  i n  l end i ng £1 ,000 , 000 to overcome the 
fi nanc i a l  d i ffi cu l ti es encountered by the organ i zers of  thi s proj ect . 

The gro u p  respons i b l e  had  i ncorporated the company i n  1 949 b u t  were 
hampered by shortages of materi a l s and  fi nance unti l the Board arranged 
t h i s l oan  ( Pert .  J. � l 96 l b ,  1 4 ) . The output of thi s facto ry hel ped to 

boos t New Zeal and • s  ferti l i zer producti on over the 1 , 000 , 000 ton mark 
i n  1 9 55 . 

Two s i mi l ar co-ope ra t i ve venture s  were o rgan i zed i n  o ther regi on s  
of the cou ntry .  The Sou th l and  Co -operati ve Phosphate Compa ny Ltd . 
began o perat i on i n  September 1 9 58 a t  Awarua i n  a p l ant  wi th  a producti on  
capaci ty of  1 00 , 000 ton s  of s u perphos p hate (Pert . J. � l 96l a , 1 8 ) . At  

Mt . Mau nga n u i  i n  the  North  I s l a nd , the  Bay of P l enty Co -opera ti ve 
Ferti l i s er  Company Ltd . began  producti on i n  J u ly  of  tha t  same year 
wi th a p l a n t  of s im i l ar product ion capaci ty ( Pert .  J. � l 9 64a , 4 ) . 

The Meat a nd Wool  Producers • Boa rds a ga i n  prov i ded fund i ng for the 
project . 

Two p r i v a tely  owned fi rms , Cha l l enge Phos phate and New Zea l a nd  
Farmers • Ferti l i zer Co . ,  j o i ned to  b u i l d  a factory at  Morri n sv i l l e  
i n  the Wa i ka to to serve the  growi ng demand there . Al though  i t  wa s 
a nt i c i pa ted i n  1 9 55 that the 1 00 , 000 ton-capac i ty p l ant  wou l d  be 
compl eted i n  earl y 1 9 57 ( Pert .  J. � 1 9 55d ,  1 8 ) ,  i t  wa s not i nto produc-
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t i on unt i l 1 9 58 opera ti ng a s  the K iwi Ferti l i ser Compa ny Ltd . ( Pert. J. � 
1 959b , 25 ) .  Thi s p l a n t  wa s noteworthy for i ts rel i a nce on  road tra n s 

port i n  no t bei ng s i tua ted cl ose  to  a port . The use  of motor  vehi c l es 
i ndi ca ted the des i re to be i ndependent of probl ems a s soc i ated wi th ra i l  
transport . 

I nnovati on  

These  p l ants  emp l oyed a var i ety of modern producti on  techni ques  

devel oped abroad to  keep manufactu ri ng cos ts down wh i l e  pr i ces  were 
control l ed .  They a l so  cons ti tu ted a source of i nformati on  on  i nnova t ion  
for other concerns . The  group i ng o f  the research  efforts o f  the 

compani es proy i ded them wi th the opportun i ty to jo i ntly a s se s s  the 
effi c i ency of the i r  production techn i ques . Ol der factori e s  were 
moderni zed wi th the u s e  of newer methods of s u l phuri c a c i d  producti on 
and the i ns ta l l a ti on of  machi nery for conti nuous superphosphate 

producti on  (Pert .  J. � 1 954b ) .  The need to expand producti on  prov i ded 
the i ncenti ve  to expl o re new producti on methods s u i ted to the ex i s ti ng  
p l ants . That th i s  expans ion wa s successfu l  can  be j udged from the 
1 , 770 , 000 ton producti on-capaci ty fi gure g i ven for 1 964 and the p l ans  
for further expans i on (Pert . J. � l 964a , 4 ) . I n  the next fi ve  years  
on ly  two a dd i t i ona l  p l ants  were opene d ,  one at  Opua i n  1 9 6 5  to  s erve 
the rap i d  l and  devel opmen t  i n  North l a nd and a second at Tima ru to 
serve South  Canterbury as the one p l a nt  nea r Chri stchurch cou l d  not 
s u pply a l l the northern South I s l an d  ( Map  6 . 1 ) .  Al though capac i ty 

fi gures have not been p u bl i s hed , the con ti nued expans i on o f  o utp u t  i s  
ev i dent i n  the r i se  of the product i o n  vol ume i ndex from 1 537  i n  
1 963-64 to 1 9 1 8  i n  1 969-70  ( 1 956 -57 ba se = 1 , 000) ( Industria l Production 

Statistics, [ for year i nd i cated] ) .  The conti nued ri se  i n  fert i l i zer  
topdres s i ng seen i n  Tab l e 6 . 9  was be i ng met by domesti c output  a s  de
creased manufactured-ferti l i zer i mports i nd i cate ( Tabl e 6 . 1 1 ) .  

Th i s i ndustry wa s wel l a bl e to meet  the demand for ferti l i zer  
a s  i nd i cated by the general l y  i ncrea s i ng i mports of  rock  phos p ha te and · 

s u l phur ( Ta b l e s  6 . 1 1  a nd  6 . 1 2 )  and  the  r i s i ng trend i n  fert i l i zer outp u t  
( Tabl e 6 . 1 3 ) . T h e  c l ose  l i a i son  between the parti es  i n teres ted i n  
ferti l i zer u s age  prov i ded the bas i s  for a dj us ti ng producti on  types  
to  meet new demands  and l ed to  the  a cq u i s i t i on of spec i a l  equ i pment  
( Saxby , 1 95 7 , 1 3 ) .  The  Avi ati on I nd u s try Assoc i a t i o n ,  for exampl e ,  

convi nced compa n i es to order gra nu l a t i on equi pmen t .  I n  1 9 5 5 ,  the 
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Ravens bourne p l an t  near Duned i n bega n to produce a more granu l ar  
ferti l i zer by scree n i ng out  fi ne ma teri a l s and i ncorporati ng one  part 

of ground  serpent i ne rock i n  n i ne pa rts of superphosphate .  The 
improved fl ow cha racteri s ti c s  faci l i tated aeri al d i s tri buti on  (Fert . J. � 

l 955b , 1 7 ;  Thorn , 1 974 , 5 ) . Prev i ou s l y  s erpenti ne s u perphosphate had 
been used for thi s reason but  the i mproved form was favoured . Output  

i ncrea sed  marked l y  from 1 9 57-58 ( Tabl e 6 . 1 2 ) , a nd  thi s • aeri a l  s uper • 
wa s produced at  mos t  other p l a nts (Fert .  J. � l 9 59a ,  24 ) through the 
1 960s so stab i l i z i ng the demand  for • serpenti ne s uper • .  

Al though g ranu l ated s uperphos phate was deve l oped j u s t  pri or 
to Worl d War 1 1 ,  not  unti l i t  was  i ntrodu ced at no extra co s t  i n  1 964 
(Fert . J. � 1 9,68 , 1 7 ; N ixon , 1 97 0 ,  2 )  d i d t he producti on of • aeri a l  
s uper • s how a ny i nd i cati on o f  decl i n i ng .  Shortl y thereafter i ts 
producti on  dropped rap i dly  wi th  the decl i ne of export pr i ces i n  1 9 66-67 
( F i g .  6 . 1 ) .  Even after thi s reces s i on , the producti on of • aeri a l  s uper • 
d i d  not recover . The use of serpenti ne s u perphosphate a l so decl i ned i n  
thi s same per i o d  to l evel s s i mi l ar to those a t  i ts i n troduct i on a l most  
2 5  years earl i er ( Tab l e  6 . 1 3 ) .  

Externa l I nfl uences 

Needs  were be i ng reasses sed  by i nterested groups  ou ts i de the 
manufactur i ng i nd u s try i tsel f .  Those s tori ng and s pread i ng ma teri al 
cou l d i nd i cate the properti es  they found  desi rabl e ,  the farmers cou l d 
choose the ma teri a l  wh i ch prov i ded  the bes t response i n  pas ture growth ,  
and researchers i n  the Department o f  Agri cu l ture and the DS I R  cou l d  
i ndi cate the types  o f  mater i a l s n eeded from a sci enti fi c v i ewpo i n t .  
The key dec i s i on-ma k i ng power rema i ned wi th  the users - - the  farmers .  

Government prov i ded i nducements  to prompt greater ferti l i zer 
and l ime u s e  but i t  d i d not d i rect ly  i ntervene i n  a pp l y i ng  so i l  
amendments except o n  i ts own l and  devel opment projects . Pr i ce control 
on ferti l i zers  was mai nta i ned u nt i l  J une  1 968 , so mi n im i z i ng vari a t i o n s  

i n  • ex-works  pri ce • o f  superphosphate . The only major  i ncrease , $2 . 85 
per ton ,  occurred i n  1 967 fol l owi ng moneta ry deva l uati on  ( Warbu rton , 
1 974 , 3 ) . Subsequen t  i ncreases  were more re l ated to i ncrea ses  i n  
raw-mater i a l  pr i ces , parti cul arl y  after termi nati on o f  the non -profi t 
Bri ti s h  Phosphate Commi ssi on • s  opera tion s  i n  Nauru i n  1 968 when wor l d 
market pr i ces had to be pai d .  
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From 1 962  tax dedu cti ons  of u p  to £400 per year for s peci fi ed 
l and  i mprovements cou l d be c l a i med i n  four years s ubsequent to the 

wor k ,  and a s i mi l ar speci a l  tax concess i on wa s offered to h i l l -country 

farmers for topdress i ng expend i tures  approved by the  Ma rg i na l  Lands 
Board ( Long , 1 963 , 25 ; Fert .  J . �  1 96 3a ,  24 ) .  The £ 400 l i mi t was l i fted 
from 1 963  a n d  a l l l and  devel opment costs cou l d be c harged a ga i n st  

i ncome to  e nco u rage farm devel opment (Fert. J. , l 963b , 1 4 ) .  
Apa rt from the carri age  subs i dy of the earl y 1 9 50s there were no 

s ubs i d i es for domesti cal l y  produced ferti l i zer and  even tha t measure 
d i d not benef i t farmers d i rectly .  I t  was not unt i l Augu s t  1 96 5  that 
fert i l i zer transport was a ga i n  s ubs i d i zed a s  a conseq uence o f  the 
recommendati o rys of the Agr i cu l tura l Devel opment Cou nc i l ( Fert .  J. , 
1 965b , 4 ) .  The subs i dy rate covered two-thi rds of  the co s t  of 
ferti l i zer t ransport when  i n  exces s of £ 1  l Os . ,  ( $ 3 . 00 )  per ton ( NZOYB� 

1 966 , 404 ) , s o  favouri ng farmers l ocated more than 29 mi l es from a 
ferti l i zer  works  ( Moore , 1 9 69 , 1 0 ) .  Th i s  program remai ned i n ! 
force , and then i n  l 96fl wa s rai sed to cover three-quarters o f  the 
tran s port co s t  when over $2 per ton ( NZOYB, 1 967 , 4 1 0 ;  1 9 69 , 4 1 4 ) ,  

reduc i ng  the s u b s i di zed d i s tance to 1 8  mi l es from a ferti l i zer p l a n t  
( Moore , 1 969 , 1 0 ) .  A further al tera t ion was made i n  Aug u s t  1 969 to 
put  the s u bs i dy on a mi l eage rate a s  had been the ca se  wi th l i me 
twenty years earl i er ( NZOYB� 1 970 , 4 1 3 ) . I n  s p i te of the s ub s i dy ,  
u se l evel s cou l d  not be s u s ta i ned through the 1 966-68 recess i on ( Tabl e 
6 . 9 )  a s  ma nufacture decl i ne d  ( Tab l e 6 . 1 3 ) al ong  wi th  the cos t of  the 
s ub s i dy--$2 , 529 , 000 i n  1 966-67  compared to $ 2 , 280 , 000 i n  1 9 67-68  a t  
about t h e  s ame  cos t o f  $ 1 . 42 per ton del i vered eac h year ( NZOYB� 

1 97 1  ' 4 1 5 ) . 
Th i s s i tuat ion  proved d i ffi cu l t for those i nvo l ved i n  ferti l i zer  

\ 

producti on  a n d  d i stri but i o n .  As l i me and  ferti l i ze r  were seen a s  
o n l y  enhanc i n g  producti on  a nd  not a s  f i xed co sts , farmers , when faced 

wi th  a decl i ne i n  revenue ,  cou l d  choose to reduce or aban don  so i l  
amendi ng ( Tebb , 1 9 59 , 66 ) .  As  the  pattern of a u tumn appl i ca t i o n  had 
devel oped and  a s  the fi nanc i a l  year a l so termi nated i n  thi s peri od , 

i t  was poss i bl e  to asses s i ncome before maki ng the dec i s i on to empl oy 
ferti l i zer a n d  l i me ( from conversat ion  wi th a farmer, L .  W .  Gandar ) . 
Pro ducti on  reducti on res u l t i ng  from t h i s  deci s i on wou l d be  carri ed 
over i nto the fol l owi ng yea r ,  when some change cou l d o ccu r to offset 

the nega t i ve  consequences of a l l owi ng so i l  producti v i ty to decl i ne .  
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I n  some so i l s ,  decl i ne wou l d  not occur markedl y for a t  l ea st two 

years i f  a s teady program of ferti l i za ti on had been ma i nta i ned  pre 
v i ous l y ( Ro bertso n ,  1 9 74 ,  1 2 ) . Farmers were ev i dentl y wi l l i ng to 
g ambl e on t h i s  bei ng the  case , the reduced extent of so i l ame nd i ng i n  
1 967 -68 demons trates ( Ta b l e 6 . 9 ) . 

The f i rs t  maj or po stwar pri ce d rop occurred i n  1 957 a n d  conti nued 
to 1 9 59 ( F i g .  6 . 1 ) .  Woo l  producti on  wa s mos t  s trongl y affected a nd  
a s  these p roducers were those mos t  concerned wi th aeri a l  a ppl i ca t i o n  

o n  h i l l cou ntry ,  i t  i s  n o t  surpri s i ng tha t a s harp downturn i n  
app l i ca ti o n  took pl ace then ( Tabl e 6 . 2 ) .  The i mmedi atenes s  of the 
effects i nd i cated the h i gh demand el a sti c i ty of ferti l i zer  a nd l i me 

app l i ca ti o n . , The  expa n s i on of producti on capa ci ty conti nued .i n the 

manufactur i ng i ndustry i tsel f as  p l ant  con s tructi on wa s a l ready 
underwaY, b u t  ful l u t i l i z a t i on of that ca pac i ty d i d not occur as  s een 

by the decreased outpu t .  I t  wa s not unti l 1 9 59 -60 that output aga i n  

.reached the s ame average a s  i n  1 9 55-56 ( Tabl e 6 . 1 3 ) . 
The agr icu l tura l a v i ati on compani es found  themsel ves  p arti cu l ar ly  

hard h i t  by  t he  reduct i o n  i n  dema nd . Many suddenly found t hemsel ves  

overcap i ta l i zed after p urcha s i ng new a i rcraft to  rep l ace the Ti ger 
Moth s .  The l oa n  program of the t1eat  and Wool Producers • Boards ceased 
when i t  was real i zed that underu ti l i za ti on coul d occur .  It  was 
evi dent that aer i a l  top d res s i ng wa s not yet a n  i ntegra l  part of  farm 
opera t i o n s .  Lack i ng a l ternate u ses for thei r a i rcraft some compan i es 
l eft the f i e l d ,  sel l i ng equ i pment  a nd thei r l i cences to fi rms better 

ab l e to cope a s  bus i ne s s  u nderta k i ngs . The n umber of  opera tors had  
i ncrea sed  to  1 9 57-58 , b ut  the fol l owi ng year four operators q u i t ,  

l eadi ng i n  1 9 58-59 to the  fi rst reduct i on i n  the n umber o f  a i rcraft 
( Tabl e 6 . ? ) . By 1 9 60-6 1  a further ten operators had qu i t .  I t  i s  
noteworthy that the types  of ai rcraft wi thdrawn were ma i nl y  the T i ger 

Moths and  Au sters , the o l der types (A lA,  1 96 3 ,  61 ) .  
The  a dopti on  of  newer a i rcraft  havi ng a greater work capaci ty was 

encoura ged  by th i s rece s s i o n  ( Rendel , 1 97 5 ,  72 ) and  the bu s i nes se s  

. wh i ch fo l l owed thi s cou rse  were i n  a better competi ti ve po s i ti on a s  

the s i tu a t i on i mproved . There were  fewer ,  more s tabl e fi rms l eft to 
dea l wi t h  r i s i ng demand  ( Robertson , 1 9 62 , 4 ) . Effi c i ency of opera t i on 

was ev i dentl y i mpro v i ng  · a s  a consequence ( Tabl e 6 . 4 ) .  By 1 96 1  the 
l evel of work had exceeded that i n  1 9 58 wi th  fewer a i rcra ft empl oyed 

( Tab l es  6 . 2 and 6 . 3 ) . A greater a creage wa s be i ng treated  ( Tabl e 6 . 2 ) � 
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a n  i ndi cati on  that devel o pment of  l a nd was once aga i n  u nderway to  ma ke 
up the product i o n  l os s  i ncurred pri nc i pa l ly  i n  dai ryi ng  ( Tabl e 6 . 1 4 ) . 

W i th i n  fi ve  yea rs  the amount  of i mproved l and i n  farms exceeded the 
acreage of u n i mproved l and whi l e  the tota l  occupi ed  decl i ned ( Ta bl e 
6 . 1 5 ) . By 1 966  thi s became a s teady feature of the pa ttern of l and 
u s e .  I ndeed , by 1 965-66 the acrea ge o f  sown gras s l and  a l so exceeded 
the un i mproved  area ( Tabl e 6 . 1 5 ) . The outcome i n  l i vestock product ion  
i s  evi dent i n  t he  i ncrea s i ng number of an ima l s except for ho rses  
( Tabl e 6 . 1 6 )  a nd  the  r i s i ng farm output i ndex ( Tabl e 6 . 1 4 ) . 

LAND DEVELOPMENT 

Government wa s i nvo l ved i n  the l a nd devel opment wh i c h had taken 
pl ace . I ts a ct i v i ty was d i rected pr imari l y  by the Depa rtment of  
Lands  and  Survey as  the  a gency of the  Land  Settl ement Boa rd , and  
s econdari l y  by the  Department of Maori Affa i rs ;  The�e  departments were 
l a rgely res pon s i b l e  for the i ncrea se  i n  i mproved l and , a nd open i ng of 
road acces s  i n  more remote d i s tri cts ( Stover,  1 9 69 ) . From 1 941  to 

1 9 70 some 3 , 1 1 2 , 000 acres had been acqu i red for government l and . 

devel opment s chemes wi th the majori ty of the work hav i ng been 
comp l eted fo l l owi ng the Second Worl d War to prov i de farms for 
returned s erv i cemen . O n l y  after 1 961 wa s ci v i l i a n  settl ement  
encouraged s i nce ex-serv i c emen ' s  needs had l argel y been met . I n  1 9 70 
there were 1 , 2 24 ,473 a cres u nder devel opment wi th a further 40 , 858 

a cres to be a dded the fol l owi ng year (NZOYB� 1 9 71 , 385 ) . The Depa rtment  
of  Maori  Affa i rs admi n i s tered the devel opment of  2 1 0 , 000 acres  wi th 

further l an d  b e i ng devel oped for i t  by Lands and  .Survey-- 1 2 , 37 8  acres 
ha d been so devel oped by 1 9 70 ( NZOYB� 1 97 1 , 385 ) . Al l of th i s Maori 
Affai rs l an d  wa s l ocated i n  the North I s l a nd .  I n  that i s l a nd , Lands 

a nd Survey proj ects were concentra ted in  the Vol can i c P l a teau a nd  
Northl and  a rea s where prev i ou s  efforts at  devel opment  by i nd i v i dua l s  

had fai l ed .  I n  the South I s l a nd ,  devel opment b l ocks  were s i tuated 
ma i nl y  i n  South l and and Wes tl and  ( Symons , 1 96 1 ; S tover , 1 969 , 328-329 ) .  

Throug h  thei r l i nk wi th research organ i za ti ons , and  the i r 
a bi l i ty to cal l on resources , governmenta l agenci es  succeeded i n  
app lyi ng n ewl y devel oped techn i ques  to improve l an d .  Howeve r ,  no 

research u n i t wa s formed to dea l wi th spec i fi c l and  devel opment probl ems . 
The early work on topdres s i ng to remedy copper defi c i ency on  Haurak i 
pea t  soi l s  wa s fol l owed by l arge-sca l e topdres s i n g  o f  the l a nd deve l op-



Year 

1949-50 
19 50-5 1 
195 1 -5 2  
1952-53 
19 53-54 
195A-55 
1955-56 
1956-5 7 
19 5 7 -5 8  
1958-59 
1959 -60 
1960-6 1 
19 6 1 -6 2  
1 962-6 3  
1963-64 
1964-65  
1965-66 
19 66-6 7 
196 7-68 
1968-69 1 
1969-70  

TABLE 6 . 14 

INDEX NUMBERS OF VOLUME OF FARM PRODUCTION 1949- 1969 
( 1949-50= 100) 

Grain and Wool  Lamb and Beef Dairy F-z-eZd Crops Mutton 

100 100 100 100 100 
10 7 1 0 1  103  10 7  102 
9 6  1 0 7  102  1 1 2 102 
9 1  109 1 0 1  129 1 1 1  

102 1 1 2 1 1 1  1 1 4 106 
9 4  1 2 1  1 1 2 140 104 
84 1 2 3  1 1 8 1 35 10 7  

105  133  1 1 6 1 36  107  
1 0 1 134  1 3 1  1 59  1 1 6 
104 146 144  159  1 1 5 
1 2 6  1 5 2  1 4 7  1 6 3  1 1 2 
1 3 9  1 5 8  154  155  1 1 7  
1 2 6  159  162  1 7 7  1 1 5 
1 5 1  1 70 1 64 18 7 1 18 
1 67 1 67 1 70 1 76 1 2 2  
1 5 7  169 1 7 1  186 129  
1 70 1 9 1  1 7 7  188 1 3 7  
1 79 1 9 1  1 9 1  2 1 2  1 3 7  
2 1 6 194  199  2 1 2  1 35 
2 1 2  195  200 200 1 3 7  

. .  . .  . .  .. .. 

Note : a Provisional figures . 

Source : Hadfield ( 1 9 7 1 , Tab le XIII) . 
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AU FaY'ITI 
Produce 

100 . 0  
102 . 4  
102 . 4  
1 0 7 . 2  
1 0 7 . 2  
109 . 6  
1 1 2 . 1  
1 1 3 . 7  
1 2 1 . 8  
1 2 6 . 6  
1 2 8 . 2  
1 3 3 . 9  
1 36 . 3  
143 . 5  
148 . 4  
1 5 2 . 4  
1 6 1 . 3  
1 66 . 9  
1 7 1 . 8  
1 75 . 8 

. .  



Year 

1945-46 
1 949-50 
1950-51 
1 952-53 
1 955-56 
195 9-60 
1960-61 
1962-63 
1965-66 
1969-70 

TABLE 6 . 15 

NUMBER OF HOLDINGS ; AREA OCCUPIED AND PRINCIPAL LAND USES (THOUSANDS OF ACRE S )  1945-1 969 

No . of Area Area Sown Grass Hay and a Green Fodder b Grain Crops 
Holdings Occupied Improved and Clover Silage and Roots Threshed 

86 , 239  4 3 , 080 19 , 96 7 . 2  1 7 , 955 483 . 5  6 33 . 3  I 324 
9 0 , 192  43 , 253 . 9  20 , 228 . 4  18 , 1 92 . 3  630 . 4  692 . 4  2 9 7 . 4  
9 0 , 293  43 , 156 . 1  20 , 251 . 2  18 , 224 7 29 . 3  695 . 3  280 . 9  
90 , 5 29  4 3 , 3 21 . 6  1 9 , 961 . 6  1 7 , 819 . 1  8 7 7 . 1  703 . 9d 2 94 
84 , 7 05 42 , 4 90 . 6  c 17 , 7 74c 1 , 001 . 4  189 . 4e 1 9 , 961 . 4  8 7 7 . 5  
76 , 928 44 , 018 . 9  20 , 702 . 5  18 , 549 . 8  1 , 009 . 3  734 . 1  295 . 9  
73 , 166 4 3 , 666 . 7  21 , 152 . 9  19 , 017 . 1  994 . 3  7 36 . 5  330 . 7  
7 2 , 293  4 3 , 660 . 4  21 , 7 28 . 7  1 9 , 5 20 . 5  1 , 121 . 8  678 383 . 2  
69 , 896 4 3 , 308 . 9  22 , 211 . 5  19 , 802 . 2  1 , 2 7 9 . 7  702 . 6 3 71 . 2  
65 , 331 43 , 075 . 6  23 , 161 . 8  20 , 415 . 4  1 , 4 05 . 5  598 . 8  5 38 . 9  

- -------- - - ---- --L__ - ----- -- - --

Notes:  a Includes lucerne . 

b Excludes potatoes , onions and other green fodder and roo t crops . 

c 1954 f igure as  1955 data not available . 

d Includes grain crops for fodder . 

Grain Crops 
for Fodder 

142 . 4  
1 30 . 7  
1 18 
9 7 . 7  

. .  

6 7 . 1  
75 . 5  
66 . 3  
73 . 5  

114 . 4  
- - ---

e Maize threshed no t available . To tal of 4 , 3 20 acres added is the average of 1 954 -55 and 1956-5 7  year s .  

Sources :  Agricultural Statistics ( for years shown ) .  

N 
w 
..p,. 
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TABLE 6 . 16 

NUMBER OF PRINCIPAL LIVESTOCK 194 5-1969 

Year Sheep Dairy Cows b Other Cattle Horses 

1945-46 33 , 9 7 4 , 61 2a 1 , 661 , 944 3 , 004 , 838 21 6 , 33 5 
1 949-50 33 , 8 56 , 5 58 1 , 850 , 089 3 , 104 , 81 7  194 , 8 7 7  
1 950-5 1 34 , 786 , 386 1 , 89 8 , 19 7  3 , 161 , 82 7  183 , 9 7 2  
1 9 5 2-53  3 6 , 19 2 , 935 1 , 9 62 , 4 9 2  3 , 483 , 4 71 1 58 , 06 5  
1 955-56  4 0 , 2 55 , 4 88 a a 139 , 114 1 , 9 94 , 761  3 , 952 , 016 
1 959-60 4 7 , 1 3 3 , 557  1 ,  886 , 6  72 4 , 105 , 26 6  104 , 9 9 5 
1 9 60 -6 1 48 , 46 2 , 310 1 , 9 2 8 , 788 4 , 517 , 001  . .  

1 962-6 3 50 , 19 0 , 284 1 , 9 9 7 , 253 4 , 69 3 ,  7 11  . .  

1 965-66  5 7 , 34 3 , 257  2 , 08 7 , 869 5 , 129 , 851 86 , 78 3a 
1 969-70 60 , 27 6 , 111  2 , 3 2 0 , 6 36 6 , 456 , 69 6  7 5 , 56 1  

Notes : a Figure for preceding year used as data no t available . 

b Dairy cows in milk only . 

Source :  Agricultural Statistics (19 70 ,- Table 1 ) . 
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ment of the contracted  fi rms . Whereas pri vate farmers tended to c ut  
back servi ces  i n  peri ods  of  reduced i ncome , government expend i ture 

tended to r i s e ,  so g i v i ng thos e  fi rms i nvol ved a rel i a bl e i ncome . By 
1 964 -65 1 6 0 , 000 ton s  of ferti l i zer  and  l i me had been a pp l i ed ,  hal f 
to l ands  b e i ng devel oped , and ha l f  to l a nd i n  producti on  (Pert. J. � 

1 966 , 6 -7 ) . The Di rector-Genera l of  Lands  sta ted wi th some certa i nty :  

I th i nk  i t  can  be fa i rl y  c l a i med tha t the use of  the 
contract sys tem ha s grea t ly  hel ped the devel opment  of 
the country ' s  a gri cu l tural  and topdres s i ng i ndus tri es , 
and  these i n  turn have s t i mu l a ted pri va te fa rm 
deve l opment .  ( quoted i n  Pert .  J. � 1 9 66 , 8 )  

I n  some areas  t he pr inc i pl e of renewi ng  contracts wi th  one fi rm 
became estab l i shed , p ro v i ded the  fi rm ' s  costs  d i d  not r i s e  ( James , 
1 966 ,  1 4 ) . Th i s pol i cy prov i ded  s tab i l i ty of  i ncome for the fi rm 

i nvol ved so  g i v i ng that  fi rm a n  i ncenti ve to d evel op cos t-reduc i ng  
techni q ues  to  permi t tha t contract to  be con ti nued . The techn i que  of 
offeri ng  s uch  work for tender had  not prov i ded the same s tabl e 
producti o n  env i ronme n t . Operators  di d not u sua l l y  cont i nue  s uch  work 

for l ong because the profi tab i l i ty of tendered jobs was kept  l ow by 
the strong ly  competi t i ve  s i tuati on . The outcome was not the devel op
ment of effi c i ent  opera tions  but of ways to ' cut corners ' ( J ames , 1 9 66 , 
1 4 ) . The contract  renewal pol i cy resul ted i n  the crea t ion  of  effecti ve  
cost-sav i ng tech n i q ues  whi ch  cou l d be  a ppl i ed el s ewhere , a l bei t a t  a 
reduced s ca l e of operati ons , and  the use  o n  pr ivate ly hel d l an d  of  
the equ i pment acq u i red  by the  contracti ng fi rms i nvol ved . 

E . B .  Levy argued for the  es tab l i s hment  of  governme n t- a nd/or 

i ndustry-supported l and  devel opment on  pri vately he l d  l a nd  as  a means 
to further  agri c u l tura l output .  He  fel t that subs i d i z i ng ferti l i zer 
use  wa s a means  to boo s t  i ncome i n  more d i ffi cu l t country and so keep 
peopl e i n  farmi n g  ( Levy ,  1 96l a ,  5 - 6 ) . Government l and  devel o pmen t  
was s een a s  ' pa i nfu l l y  s l ow '  a nd a p t  to prove temporary ' i f over

rel i a nce on  the u l t i ma te i nd i v i dua l s ettl er i s  g i ven once s ubd i v i s i on 
i s  effec ted ' ( Levy , 1 9 6 1 a , 6 ) . The bas i s for the tax conces s i on s  
and l a ter ferti l i ze r  s ubsi di e s  wa s l a i d .  

Add i t i onal  benef i t came from the l ocati on o f  ferti l i zer  p l a n ts 
i n  l and  d i s tri cts  b e i n g  devel oped acti ve ly  by Lands  a nd  S urvey . 
Northl a nd ' s  devel opme n t  wa s retarded unt i l the con s truct i on  of  a p l a n t  

there becau se  o f  h i g h  fre i g h t  a n d  appl i ca t i on  cos ts · ( Du d l ey ,  1 968 , 
47-48 ) . The s i tu a t i on  i n  Sou th l and  was p robably s i mi l ar .  Suffi c i en t  
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dema nd had fi r s t  to be generated before the i nvestment i n  a p l a nt  
b ecame worthwh i l e  for t he  three Auckl and  fi rms supplyi ng  ferti l i zer  to 

the  di s tri cts . The proj ect was p l anned i n  1 9 59 but was not compl eted 
u n ti l 1 964 .  The co-opera t i vely owned pl a nt  i n  South l and  was devel oped 
more rap i d l y .  

Government  i nvol vemen t  i n  l and devel opment i ncl uded fi nanci ng  
pr i vate schemes for wh i c h funds were not ava i l abl e through  norma l  
l end i ng i ns t i tut i o n s  ( NZOYB� 1 97 1 , 386 ) . Under the Margi nal  Lands  
Act of 1 950 , a Marg i nal  Lands  Board was  establ i s hed wi th commi ttees 

i n  each l and  d i s tri ct  to approve such fu ndi n g  where i t  wou l d s erve to 
ma ke marg i na l  l and  producti ve  ( F i el d i ng ( 1 9 65a ) shows the effec ts i n  
North l and ) . The program wa s much l es s  i mportant than i ts own l a nd  

I 

devel opment  program , for i n  the twenty years to 1 9 70  an  e st ima ted 
1 92 , 000 acres  were g ra s sed under i ts p rov i s i ons  wi th on ly  1 , 528 
l oans  bei ng a pproved ( NZOYB� 1 97 1 , 386 ) . Though the vari ous  methods 
of l and devel opment were not equal ly  i mportant ,  the combi ned resu l t  
wa s an i mpre s s i ve  i ncrea s e  i n  i mproved l a nd , about 2 � 1 m i l l i on acres of  

a n  overa l l a d d i t ion  of 3 . 2  m i l l i on acres  ( ca l cu l ated from fi g ures 
p resented  a n d  Tab l e  6 . 1 5 ) ,  based on  government i nvo l vement .  

EXPANS I ON O F  AGR I C ULTU RAL RESEARCH 

The research i nst i tut i ons con ti n ued  the devel opment of gra s s l and  
technol ogy beg u n  pr i or to  Worl d War I I  and  addi ti onal  i ns ti tu ti ons  

were crea ted to  dea l  wi th spec i f i c  a s pects of th i s  gras s l and  techno l ogy . 

H i l l -Country Resea rch  

Two farm s  were e s ta bl i s hed to  a s sess  the probl ems of  i n troduc i ng 

the devel oped technol ogy i nto North I s l and  hi l l -country farmi ng . The 
Te Awa Hi l l  Pa s ture Research a rea wa s s tarted i n  1 945  by the Gra s s l ands  
D i v i s i on of the  DS I R  wi th the su pport of  the  Manawatu Catchmen t  Board . 
E . B .  Levy was  ab l e to promote thi s p roj ect i n  hi s pos i ti o n  a s  D i rector  
of  the Gra s s l a n d s  D i v i s i on and  Cha i rman of - the Res earch a nd  

Afforesta t i o n  Commi ttee of the Man awatu Catchment Board ( McCa s k i l l , 
1 97 3 ,  89 ) .  The  a i m  of the Te Awa project wa s to i ncreas e  farmi ng  
system pro du c t i on by i ncrea s i n g  s tock  carryi ng capaci ty thro u g h  the 
u se of fen c i n g  for better graz i ng ma nagement ( Suck l i ng ,  1 96 5 , 7 ) . 

I n  addi t i on ,  the  pra c t i ca l i ty a nd profi tab i l i ty of recommended soi l 
conserva t i on meas u res  cou l d be a s s e s sed . 
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The second of these  farms , the Rua kura H i l l  Resea rch Stat i o n ,  
was e s tab l i shed i n  1 950 by the An imal Research D i v i s i o n  of the Depa rt

ment of Agri cu l ture wi th  the a im of i mprov i ng a n ima l  p roduc ti on  u s i ng 
orthodox l and devel opment methods on deter iorated h i l l  country (Fert .  
J . � 1 959c , 3 ) . 

Al though  the approaches were di fferent the goa l wa s commo n - 
producti vi ty i mprovement  i n  s heep fa rmi ng . Improvements i n  s tock  and  
pa stu re and  i mproved managemen t  of bo th resu l ted from the  research 
underta ken and  both a s pects were · proven - effecti ve on the . h i l l - country 

farms of the North  I s l and  (Fert .  J. � l 9 59c·, 6 ;  Fert . J. � 1 969 , 6 ) .  

Efforts to es tab l i s h s i m i l ar research i n  the South  I s l a n d  a s  
propos ed i n  the S heep - Farmi ng I ndus try Commi s s i on Report ( 1 949 ,  1 24 )  

I 

d i d not produce concrete res u l ts unti l 1 96 1  wi th the fou nd i ng of  the 
Tus sock  Grass l a nd  and Mounta i n Lands I nst i tute at L i ncol n Col l ege  
( McCa s ki l l , 1 97 3 ,  1 33 ) . The Department of Agri cul ture di d no t 

di rectly  enter i nto South I s l and hi l l -country resea rch unti l 1 9 65  when 
the Tara H i l l s  Reserve was acqu i red from the SCRCC . Proj ects to i mprove  

gra s s l and i n  s uch  country had  been i n i t i a ted i n  the 1 9 20s but  had  not 

uncovered concl us i ve mean s  o f  deal i ng wi th such l a nd  ( McCa s k i l l , 1 97 3 , 
1 29 ) . Oversowi ng and topdre s s i ng tussock  l a nd aeri a l l y  were b ecomi ng  
regarded a s  ' fea s i bl e  methods for p a s ture improvemen t •  i n  1 9 53  when 

the appl i ca t i on of these techni ques i n  the North I s l a nd wa s no ted 
as i ncrea s i ng rap i dl y  (ARDA� 1 9 53 , 24 , 1 5 ) . Subseq uent ' h i g h - country • 
devel opment was cont i ngent upon the a ppl i ca ti on of s uch gra s s l and  
technol ogy ( Cr i tchfi el d ,  1 969 , 60 ) . 

I t  appears  tha t  the North I s l and  h i l l  country was awarded a 
h i gher pri ori ty .  Research  was centred on  i ts deve l o pment u n t i l mean s  
h a d  been found  t o  overcome deter iora t i o n  of that l and . Government 
research i ns ti tut ions  were devel oped l a ter i n  the Sou th I s l a nd  than 

i n  the North . Research wor k  was l eft to L i nco l n Col l ege a nd  the 
Cawthron Ins t i tute as the Department  of Agr i c ul ture on ly  opened the 
I nvermay Research Sta t i o n  near Duned i n i n  July 1 949 (ARDA� 1 9 50 , 2 5 ) . 

Soi l Conserva ti on  

Those concerned pr ima ri ly wi th so i l conserv a t i on a l so entered 
t he area of grassl a nds  tech nol ogy i n  research i ng methods· to revi ta l i ze 
vegetati on  on  erodi ng  l a nd .  Wi th i n three years of i ts cre� t i on i n  1 94 1  

the SCRCC had begun to acq u i re reserves of eroded l a nd o n  wh i c h  to 



exper i ment  wi th con serva t i on techni ques and  demons tra te the i r 
effect i venes s .  Twenty-fou r so i l conservat i on reserves had been 
e s ta b l i s hed by 1 9 70 ( McCa s ki l l ,  1 973 , 74 ) ,  though not a l l rema i ned 
i n  opera t i on a t  tha t  date . 
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At an ea rly s tage both the DS I R  and the Department  of Agri cu l ture 

had b ecome i nvo l ve d  i n  the conserva t ion tec hni ques be i n g  devel oped . 
I t  wa s noted above that a ca tchment board and  the DS I R ' s  Gras s l ands  
Di v i s i on had co-operated i n  crea ti ng the Te  Awa Hi l l  Pa sture Resea rch 
Area . The work a t  Te Awa demons trated the pract ical i ty and profi ta bi -
1 i ty of  soi l conserva tion mea sures and : 

The fact tha t the resu l ts were ava i l abl e so ea rl y was 
pa rti c u l ar ly  val uab l e i n  that they cou l d be put  i nto 
practi ce a s  soon a s  i t  was rea l i sed  t ha t  aerop l anes  
cou l d do a maj or part of  the work . ( McCa s k i l l ,  1 973 , 90 ) 

The i n terrel ated na ture of so i l conservat i on and  gra s s l and  i mprovement 
was recogn i zed i n  the i ntegration  of the SCRCC soi l con serva ti on s taff 
i nto the Depa rtment  of Agri c u l ture ' s  Exten s i on Di v i s i on i n  1 9 55 

(ARDA� 1 9 56 , 21 ) .  The a dmi n i s tra ti on of the so i l conserva ti on reserves 
fol l owed as part of the i ntegra tion proces s .  The SCRCC found  i ts 

programs on many reserves to be too extens i ve for the s taff and fi nance 
a va i l ab l e .  Prob l ems wh i ch requ i red rap i d practi cal an swers were 
not  tac kl ed .  However ,  the a dmi ni s trati on  of the reserves by the 
Depar tment of Agri cu l ture from 1 9 55 to 1 96 6  tended to resu l t i n  
programs l i ttl e rel ated to so i l  conserva t i on  ( McCa s ki l l ,  1 97 3 ,  99 ) .  

The d i fference i n  obj ecti ves  l ed to the admi n i s tra ti on  of a l l but  two 
of  the  reserves be i ng returned to the Mi n i s try of Work s .  The Tar a 
H i l l s  Reserve had a l ready been turned over to the Department of  
Agri c u l ture and  the Wa i ra ke i  Reserve wa s obta i ned a s  a research  a rea 

on n ew ly devel oped p umi ce l and ( McCa sk i l l , 1 973 ,  93 ) .  

Ferti l i zer and  Soi l s  Research 

Ferti l i zer  manufacturers entered the  research f i e l d i n  1 9 50 i n  
col l a borati ng o n  a n  equa l  co s t  ba s i s wi th  the DSI R i n  e stabl i s h i ng 

and  runn i ng a research s tat i on at Otara , th i s i n  add i ti on  to thei r 
i nd i v i d ual  efforts . The New Zea l and  Ferti l i s er Manufa cturers • Researc h 
As soc i a tion  conducted work  on  ferti l i zer  appl i ca t i o n  and  began l ong 
term p hosphate tri a l s as  pa rt of  i ts agr i cu l tural l y  o ri ented re search . 
The s tat i on a l so  s erved a s  a n  i nformat i o n  col l ect ion  centre on 

• 
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devel opments i n  thi s fi el d outs i de New Zea l and ,  and concerned i tsel f 
wi th product and proces s  i nnovati on  as  wel l a s  ferti l i zer a na l ys i s  

methods to compl y wi th  l eg i s l ated standards  (Pert .  J. 3 1 960b , 4 ,  6 ) . 
Trace el ement mi xture s , i nsecti ci de and herb i c i de mi xtu res , a s  wel l 
as  methods  of ma i n ta i n i ng h i gh-qua l i ty p hospha t i c  ferti l i zer u s i ng 
Chri stma s I s l and roc k  were a l l devel oped a t  thi s centre . A research 
contract  for the i mprovement of a eri a l  spread i ng equ i pment wa s g i ven 

to the Eng i neer i ng School of the Un ivers i ty of Auckl a nd a s  the i ndu s try 
i ncrea sed i ts research  expendi ture from 1 967 to 1 969 ( Rogers , 1 9 6 7 ,  
1 0 - 1 1 ) . 

An  i mportant i nforma t i o n  l i nkage was e stabl i s hed i n  thi s way . 
The fert i l i ze� compan i es were a b l e to pool the i r  i nforma t i on on 
produc t i o n  i nnovat i on  and work i n  conj uncti o n  wi th the DS I R .  Annual  
conferences to bri ng  those i nvol ved i n  ferti l i zer work were begun  i n  
1 9 57 ( Pert .  J. 3 l 965a , 1 5 ) .  I n  a scheme begun i n  the l a te 1 9 50s  
techni ca l  staff from the  ferti l i zer compan i e s  were a ttac hed to  the 
s ta ti o n  to study devel opments and ga i n  experi ence i n  conducti ng 

exper i ments (Pert .  J . 3 1 960 b, 4 ) . The need to acqu i re i nforma ti on 
from and di s sem i na te i nforma t i on to the d i fferent orga n i zati ons  i nvol ved 

i n  the ferti l i zer producti on a spect of gra s s l and technol ogy was 
ev i dent  ( Rogers , 1 9 6 7 ,  1 1 ) .  From 1 954 , farmers were exposed to 
devel opments through  the free d i stri buti o n  of the i ndus try • s  publ i ca 
t i on The New Zealand Fertiliser Journal .  

I t  had become apparent th rough the work  on so i l ma pp i ng and  
ferti l i zer res ponse  test i ng tha t more needed to be  known a bout New 
Zeal a nd • s soi l s  to make soi l amendi ng more effecti ve .  Work  was 
u ndertak en on so i l defi c i enc i es by men s u c h  as  T . W . Wa l ker a t  L i ncol n 
Col l ege . The Depar tment of Agr i cu l ture had  establ i s hed the Rukuh i a 
Soi l Research Sta t i on i n  the Wa i kato i n  1 945 . The work of the 

Agri cu l tura l  Chem i stry Secti o n  of the Extens ion  Di v i s i on was set  o n  a 
new footi ng i n  h av i ng  both a c hemi s try l a boratory and  a n  exper i menta l 
area (Pert .  J. 3 1 958 , 2 ) . 

From 1 948 , u nder P . B .  Lynch • s  d i rect i on , the s ta ti o n  expanded 
i ts i nvesti gat i onal  wor k  u s i ng tri a l s to observe a nd mea s u re 

ferti l i zer res ponses  i n  addi t i on to so i l  and pl ant  a na l ys es . The a i m  
was to furni s h  t h e  offi cers o f  the Extens i on Di v i s i on wi th i nforma ti on 
of benefi t to fa rmers . The Adv i sory So i l  Test i ng Servi ce cou l d 
i nterpret the resu l ts of the research a nd the fi ndi ngs  o f  the 
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i nvesti ga tors of the DS I R ' s  So i l  Burea u to  fa rmers (Fert .  J. � 1 9 58 , 3 ) .  

Research wa s a l so u ndertaken to devel op fi el d tes ts to detect var i o u s  
e l ement defi ci enci es . To s upp l ement thi s North I s l and work , a r 
s i mi l ar s tat i on , t he South I s l and  ( l ater Ta i eri ) So i l  Research Sta t i on , 
wa s establ i s hed to o perate i n  conj uncti on  wi t h  the I nvermay Resea rch 
Sta tion  i n  the Sou th  I s l an d .  

Other agri cul ture-rel ated i ndus tri es  a l so devel oped research  
organi za ti ons , chemi cal compan i es i nves ti gated the acti on  of  weedi c i des , 
i nsecti c i des , and fung i ci des , agents used i n  grass l and technol ogy 
for pasture management and a n i mal  heal th i f  not for soi l amendi ng . 
The Pri mary Producer  Boards ( Mea t ,  Wool , a nd Da i ry ) , ' ev i dent ly  fe l t  
the need for research  for thei r own i nforma ti on and gu i dance i n  
econom i c s  and trends  i n  farm product ion , and  i n  the i ntri cate 

mar keti ng of our pr imary products ' ( Levy ,  1 96 l b ,  1 32 )  and  devel oped 
research  organ i zati o n s  ( McMeekan , 1 963 , 32 ) a s  wel l as  furni s h i ng  
extens i on serv i ces to members ( Cl i fford , 1 96 7 ) . Fa rmers themse l ve s  
organ i zed farm improvement cl ubs , i n  an  effort to l earn  to appl y new 

techni ques  ( Rose , 1 9 68 , 1 1 8 )  and  the Federated Fa rmers ' organ i za ti on  

undertook some resea rch  of i ts own ( Levy , 1 96l b ,  1 32 ) . 

Government I nvol vemen t  

T h e  absence of research fu ndi ng d i rectl y from the farmers  wa s 
refl ected i n  the h i gh proporti on  provi ded by government ( John s , 1 96 8 ,  

1 1 2 ) . Government conti nued through  the per i od to provi de abou t 80 

percent of the fund i ng  and  pl ayed a predomi nant ro 1 e ·i n  determi n i n g  
nati onal  research ( Brown , 1 97 5 , 48) . The l i mi tati on s i mposed by t h i s 
s i tua ti on al so i nvo l ved di ffi cu l t i es .  The  i nfl exi b i l i ty of the  P ubl i c  

Serv i ce sal ary and grad i ng  arrangements  hampered the recru i tment  
and retenti on of capabl e researchers . The i nfl ex i b i l i ty of  fi nanc i ng 
and  s upp ly  arrang ement s l owed the prov i s i on of equ i pment where needs  
cou l d  not be pred i c ted far enough i n  advance to avoi d del ays ( McMeekan , 
1 963 , 4 1 ) .  The need to i mprove  empl oyment condi t i on s  for s c i en t i s ts 
conti nued to be noted ( Hami l ton , 1 96 5 ,  1 0 ;  Johns , 1 969 , 9 ) .  

The rel uctance of farmers to fi nance  research wa s cr i ti c i z e d  a s  

i t  wa s con s i dered to l ead  government to l i m i t  resource a l l oca ti o n s  to 
resea rc h  s i nce farmers , the di rect benefi c i ari es , were seen to b e  
unwi l l i ng to contri bute . I n  t h i s envi ronment  research personnel  fel t 
obl i ged : 



to woo the farmi ng communi ty by d i rect i ng work pr imar i ly  
to prob l ems of  t he  present type of  farmi ng  technol ogy , 
and  o ften the very i mmed i a te probl ems , even though  
there are a l terna ti ve l i ne s  o f  approach  potent i a l l y  
far more reward i ng ,  but wh i c h  wou l d  l ead  to types of 
fa rmi ng a ppreci a bl y  di fferent from those used now . 
( Mi tchel l ,  1 9 67 , 48 )  
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Al though McMeekan ( 1 965 , 6-7 ) prai sed . the app l i cabi l i ty of  agri cu l tu ral  
research  becau se of i ts proj ect-ori ented approach a nd i ts ground i ng 
i n  economi c appl i cat i on  Mi tchel l ( 1 967 , 48 ) fel t  that the 
devel opment of new tec hnol ogy was l es s  l i ke ly  when the concern wa s 
s imply • the  a pp l i cat ion  of good sc i ence • .  Research came to be u sed 
• to cl ean  up the prob l ems of an ex i sti ng technol ogy • no t to devel op 

new tec hnol ogy i n  a mu tua l l y  s t i mu l ati ng s i tuati on i ncorpora t i ng 
producers , processor� and sel l ers ( Mi tchel l ,  1 967 , 48-49 ) .  Concern 
was expres sed that compl acency and sel f-sati sfaction were deve l opi ng  
( Smi th ,  1 968 ,  40 ) . McMeekan ( 1 96 3 ,  36 ) had  earl i er recogn i zed tha t 
there had to be some fundamental research  to devel op new theori es  and  
exi s ti ng  theor i es i n  order to  prov i de the  bas i s  for effect i ve app l i ed 
work . He  noted tha t New Zea l and s ci enti s t s  had no t been respons i b l e  
for deve l o p i ng many of  the pri nc i p l es underl y i ng the major  ach i evements 
i n  improv i ng agri cu l tural product i v i ty but had  ta ken i dea s and 
devel oped them and the i r app l i ca t i on . Thi s rol e wa s seen as  the 
ma i n  contr i but ion  of  research to the country • s  econom i c  growth ( Jo h n s , 
1 96 9 ,  8 ) , and the practi cal i ty of research obj ecti ves conti nued to be  
empha s i zed ( Smi th , 1 968 , 40 ; Baumgart ,  1 969 , 1 52 ) . There i s  some 
danger i n  thi s s i tu a t i o n :  

A h i gh ly  deve l oped technol ogy ha s i ts own form of  bas i c  
con servati sm . Too much sc i ence di rected too c l o sel y to 
the  narrow end of ma i nta i n i ng a parti cu l ar i ndus try may 
even be a bar to techni cal  p rogres s .  (Zi man , - 1 9 76 , 1 79 )  

However , i t  wa s noted that the emergence of new products  and  
i ncrea sed marketi ng  probl ems were bound to make research di recti o n s  
l es s  c l ea r  and throw up  more probl ems for s tudy .  The devel opment  o f  
the prev i ou s  twenty years • resea rch program w a s  seen a s  • rel at i v e l y  

easy • wi th • a  rea sona bl e chance o f  payi ng  off • beca u s e  of t h e  l i m i ted 

number of s i gni fi cant  farm products and  farm i ng systems i nvo l ved 
( McMeekan , 1 963 , 37 ) .  Probl ems were more ev i dent b�caus e  of 
accumul a ted experi ence whi ch  a l s o  furn i s hed much factua l  i nforma t i on . 
The s ecu ri ty of markets a l so enabl ed expens i ve ,  l ong-term res earch 
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proj ects to be u ndertaken  wi th some securi ty concern i ng the va l ue  of 
the fi na l  p ay-off . As thi s market securi ty decreased , more ba s i c  

research was thought  to be needed to cope wi th whatever probl ems 
emerged . The questi on  became one of  d i recti on : 

I t  s hou l d  . . .  be pos s i b l e  to expand re search a nd 
deve l opment i n  new and des i ra bl e  area s wi thou t 
sacr i fi c i ng ex i s ti ng importa n t  re searc h ,  i f  the 
maj or resea rch o bj ecti ves a re suffi c i ent ly  cl ear ,  
and the  genera l  s ca l e  of  the  sci enti fi c effort i s  i n  
bal ance wi th the country • s  needs and i ts resources . 
( Brown , 1 97 5 ,  48 ) 

The DS I R  wa s reported a s  broaden i ng i ts researc h  and then focu s i ng on  
areas fou nd to be cr i ti ca l , emp l oy i ng more bas i c  resea rch ( Baumga rt , 
1 969 , 1 52 ) . 

Concern for i mprov i ng product ion  was ev i dent i n  the movement to 

acqui re i nforma tion  a nd devel op organ i za ti ons  to produce i t  bu t the 
resu l ti ng  fragmentat i on of researc h was v i ewed as a was te of qu i te 
l i mi ted fi na nc i a l , p hys i cal , and  human resources ( McMeekan , 1 963 , 3 3 ) .  
Unpl anned dupl i ca t i o n  of fac i l i ti es happened when research act i v i t i es 

overl apped , and organ i zati onal  obs tacl es were erected whi ch  i n h i b i ted 
fu l l  col l a borat ion  on research projects ( McMeeka n ,  1 9 63 , 39 ) .  The 
need for a na ti onal  body respon s i b l e for al l ocati ng resou rce pri ori t i e s 
and d i recti ng ava i l a bl e funds wa s expressed ( McMeeka n ,  1 96 3 ,  33 ) bu t 
was thought  an  unneces sary add i ti on to the exi sti ng Counc i l  of 
Sc i enti f i c  and I nd u s tr i a l  Researc h ( Levy , 1 96 l b ,  1 30 ) . I t  was 

con tended that a l though  thi s counci l had wi der respons i b i l i t i es ,  i t  
wa s l i m i ted by i ts DS I R  affi l i a ti on . I t  had  onl y l i mi ted i nvol veme n t  
wi th other departments s u c h  a s  Agr i cu l tu re ,  l i mi ted i nfl uence o n  
uni vers i t i es and research a s soc i a tions , and  non-ex i s tent contro l of  
pri vate organ i zati o n s  (McMeekan ,  1 963 , 40 ) . . The proposa l s  recei ved 
to  create a centra l body to adv i s e government  on e stabl i s h i ng pri or i ti e s , 
on co-ord i nat i ng research programs a nd act i ng as  an  execut ive  body 

for a l l departmenta l research were no� endorsed ( Mori a rty ,  1963 , 
44 -45 ) .  The exi s ti ng  functi ons  of  the Counci l of Sci enti fi c a nd 
I ndu s tr i a l  Researc h were to be ta ken over extended i n  the newl y formed 
Nat i onal  Research Adv i sory Cou nc i l ( a bbrev i ated to NRAC ) but i ts rol e  
woul d not be execut i ve  or admi n i s trati v e .  Adv i s i ng government  o n  
pol i cy formu l at i on  for the co-ordi nati on of sc i enti fi c research a n d  
serv i ces  at a nat i onal  l evel and  a n  eva l u a t i on o f  the i r  effecti veness  
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wa s i ts br i ef ( Brown , 1 97 5 ,  46 ) .  The ques ti on of the u n i fi cat ion  of 
sci enti fi c research wa s to be l eft to the new S ta te Serv i ces  Commi s s i on 

but no act i on wa s ta ken on  i t  ( Brown , 1 975 , 45 ) .  

Agri cu l tura l resea rch  rema i ned d i v i ded between organ i zati ons . 
Levy ( 1 96 l b ,  1 3 1 )  had a l ready expres sed hi s regret that the Departmen t  

o f  Agri c u l ture had not been a l l owed t o  become • a  h i g h l y  effi c i ent 
agri cu l tura l researc h and  adv i sory organi zati on  packi ng  i n to i t  a l l 
the sc i ences  tha t rel a te to agri cu l tural product ion • and McMeekan 

( 1 963 , 3 1 ) had descri bed the organ i za tion of research a s  • c haoti c •  and  
• overly fragmen ted • wi th the  separat i on of agri cul tura l research  between 
the government  departments as hav i ng • no sc i enti f ic  or pract i ca l  
j u st i fi cat i on , a nd expl a i ned on ly  by h i s tori ca l or  pol i ti ca l  grou nds 
wi thi n wh i ch exped i ency ha s been a domi nant force • .  I t  was consi dered 

tha t the l ac k  of a l i n k  of the DS I R  Soi l Bu reau and Grass l ands D i v i s i on s  
a nd  the Department of  Agri cul ture , a nd the l ac k  of  a s soc i a t i on of 
ei ther wi th  the un i vers i ty sys tem was • a  grave mi s ta ke for t he deve l op 
ment of  s o i l sci ence • ( Wa l ker , 1 9 73 , 1 42 ) . 

None the l ess , co -operati on d i d  devel op between the vari ous  
organ i za ti ons  as  programs were p l anned to  u se  the d i fferent a pproaches  
of the  researchers from di fferent organ i zat i on s  (Smi th , 1 968) .  The 
proj ec t b as i s  proved a s u i ta bl e framework for i ncorporati ng a number 

of di sc i p l i ne s  i n to the research to sol ve parti cul ar  probl ems ( McMeekan , 
1 96 5 ,  6 ) . Another observer noted the i ncrea sed co-ordi nat ion  of 
research programs between un i vers i t i es a nd government  departments 

from the 1 960s to the early 1 9 70s as the academi c research potent i a l  
was devel oped throug h  post-graduate fel l owshi ps , government departmen t  

s ponsorsh i p  o f  resea rch  group s  a n d  fel l ows h i p s , a n d  the gra n t i ng of  
research contracts ( Burn s , 1 97 3 ,  88 ) fo1 l owi ng the pattern recommended 
i n  the ear ly  1 960s ( Hami l ton , 1 965 , 1 2- 1 3 ) . I t  wa s a l so fe l t  that 
research was st imul a ted by competi t i on between the organi za ti on s  whi c h  
h ad  emerged ( Levy , 1 970 , 342 } . The research effort d i d  not s uffer 
i n  ei ther case u n l e s s  resources were consumed i n  too g rea t a d upl i ca t i on 
of effo r t ,  a l es s  l i ke l y  pos s i b i l i ty once the NRAC began  to moni tor 
devel opments . The cou nc i l wa s abl e to • su b stanti a l ly  expand researc h • 
( Smi th , 1 968 , 40 )  even though  government d i d not a l ways c hoose to 
fol l ow N RAC proposa l s ( John s , 1 968 , 1 1 2 ) . 
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Research Appl i ca ti ons  and Di recti ons 

The research endeavours underta ken pr ior to Worl d War I I  conti nued 

to devel op prac ti ca l  appl i ca ti ons a nd to expand i n to re l a ted fi el ds 
a s  the work i ng s  of the pa sture ecosystem became better u nderstood . 
The wi despread accep ta nce of the use  of  phosphati c ferti l i zers and 

l i me between the l a te 1 940s and 1 960 ( Woodcoc k ,  1 961 , 4 )  brought  to 
l i ght  other so i l mi neral defi ci enci es  whi ch had gone undetected . 

Mo lybdenum def i c i ency was fi rst  i denti fied i n  New Zeal and  so i l s  i n  
1 945 , and wa s found to be an  i mportant  l i mi tat ion  on cl over product ion  
over a wi de area ( Duri ng , 1 955 ,  1 51 ) . Simi l arly ,  the need fo r or  the 
exces.s of o ther trace el ements i nvol ved i n  pa s ture yi el d and/or ani ma l  
heal th appea r�d .  The scope of  ferti l i zer research was noted a s  

becomi ng bo th  wi der a nd  more compl ex i n  the early 1 950s (ARDA� 1 953 , 1 4 ) . 
Magnes i um ,  z i n c ,  copper , sel eni um , manganes e ,  ca l c i um ,  boron , and 
vanad i um were al l u nder i nvesti gat i on  by the m i d - 1 950s ( Adams , 1 9 54 ; 
Dur i ng ,  1 9 55 ) . 

Wh i l e  some of these probl ems had been noted i n  the l a te 1 920s and  

duri ng the 1 9 30s i t  wa s not unti l th i s peri od that  suffi c i ently refi ned 
techni ques  were ava i l abl e to i den ti fy the el ements concerned . Not 
on l y  chemi c a l  ana l ys i s bu t a l so s tat i sti cal ana lys i s  were more_ powerfu l 

( Wal ker , 1 96 1 , 85 - 86 ) . Remedi al  treatments were readi l y  a va i l abl e 
a s  ferti l i zer  works  acqu i red the equ i pment to mi x the mi n ute quanti t i es  
of a part i cu l ar trace el ement needed i nto the  ferti l i zer  app l i ed .  As  

the i r  knowl edge of the response to soi l amend i ng i ncrea sed , farmers 
cou l d  eva l u a te the resu l ts of the trea tments made and i ndi cate i f  
some i mba l ance was occu rri ng . The range of treatments a va i l abl e 
expanded a ccord i ng l y .  The earl i er statement :  

beca u s e  of  the  s uccess  whi ch  has a ttended the  wi de spread u se 
of l i me and p hosphate ,  wh i ch are u ndoubtedly  the th i ngs  
mos t  commonly  needed i n  th i s  country ,  there i s  p erhaps  
a tendency to  regard these mi nera l s a s  the  onl y ones  that  
con ce rn u s .  Th i s tendency i s  dangerous  if  on ly  for the 
rea son  tha t i t  i s  wel l known tha t as one defi c i ency i s  
corrected , t hu s  i ncrea s i ng produc ti on a nd the remova l of 
nutr i ents , another el ement becomes the l imi ti ng factor 
( Adams , 1 954 ,  37) 

was reco g n i zed a s  v a l i d .  
Techn i ques were re -ev a l u a ted i n  l i g h t  of the i r  effecti vene s s  a s  

determi ned by the knowl edge be i ng acqu i red . The effect i venes s of 
s erpenti ne  superphos phate was q uesti oned as research fi nd i ngs d i d  not 
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s u b s tant i a te prev ious  resu l ts ( Karl ov s ky ,  1 964 , 1 6 ) . The mol ybdenum 

def i c i ency i n  North Auc k l and  soi l s  l ed to the repl acement of  bas i c  

s l ag and heavy l i me dres s i ng s  by mo lybden i zed s uperphosphate a nd 

l i g ht  l i me dre s s i ng s  ( Du ri ng , 1 955 ,  1 5 1 ) .  I t  a ppeared that the 
success  of s uperphosphate  was rel ated a s  much  to i ts s u l p hu r  con tent 
as  to i ts phospha te con tent (Adams , 1 954 , 37 ) .  The observat i on of 
s u l phur • s  u ti l i ty was fi rst  made i n  New Zea l and i n  1 928 , but  ana l yti ca l  
techni ques  were not adequate to d i scern the s u l p hur-defi c i ency probl em 

( Dur i ng , 1 95 5 ,  1 55 ) . E ar ly  ferti l i zer  tri al s may often have dea l t 
wi th more than one type of  defi ci ency wi th the re su l t tha t the 
fi nd i ngs were not accura te ( Wa l ker , 1 961 , 87-88 ) . By 1 9 60 the l oca t i on 

of  su l phu r - def,i c i ent so i l s  was regarded by the Department of  Agr i c u l ture 
a s  mos t  i m portant work  (ARDA� 1 961 , 32 ) .  Thi s fi nd i ng concern i ng 
s u l phur made  the use  of s u perphosphate importan t  on s u l p hur-defi c i ent  
s o i l s  cover i ng a wi de  a rea . Conti nued use of ba s i c  s l ag ,  wh i ch 

conta i ned no  s u l phur , was  seen as  an unwi se  pra c ti ce a s  any ga i n  i n  
addi ng pho s p hate to promote c l over growth was wa sted i n  the absence 
of s u l phur  ( Duri ng ,  1 97 0 ,  1 22 ) .  

The i ncreased i ntens i ty of farming l ed to the appeara nce of 
defi c i enc i es  not evi dent  i n  the earl y stages  of l and deve l opment 
(ARDA� 1 95 3 ,  1 4 ) . Pota s s i um l evel s were depl eted by the hi gher  
produci ng pa sture s pec i e s  consumed by greater n umbers of  l i ve stoc k ,  
parti cu l ar l y  i n  the area s of i n tens i ve da i ry farmi ng . By 1 9 57 i t  
wa s con s i dered tha t the  defi c i ency was wi des pread and l ed to greater 

u se of pota s s i c  ferti l i zers (ARDA� 1 95 7 ,  2 5 ) . Du ri ng e st ima ted i n  
1 9 59 that the pota s s i um def i c i ency was evi dent on some two mi l l i on 
acres and the acreage  was i ncrea s i ng  ( Karl ovs ky ,  1 966 , 1 22 ) . By 1 966  
more than three mi l l i on acres were bei ng trea ted wi th pota s s i c  
ferti l i zer s . Thei r g reater use  i n  the 1 960s i s  ev i dent i n  the much 

greater potash importa ti on ( Ta bl e 6 . 1 1 ) .  Of concern was effi c i ent  
use  a s  costs  were h i g her than for p hosphati c ferti l i zers  desp i te 
genera l l y  decrea sed costs after 1 9 61 when Canadi an  pota s h  depo s i ts 
were broug h t  i nto product ion  ( Roberts , 1 967 , 9 2 ) . 

The pos s i b i l i ty of u s i ng expens i ve n i trogenous ferti l i zers wa s 
· cons i dered aga i n  for s pec i a l  purpose pa stu re producti on (ARDA� 1 953 ; 
1 955 ) and  i t  was noted tha t  the u se of such  ferti l i zers  wa s i ncrea s i ng  
i n  the  earl y 1 950s b ut  rose  uns teadi ly  ( Tab l e 6 . 1 2 ) .  The l a ter 1 960s  
aga i n  a ppear a s  a p eri od when non-phosphat i c ferti l i zer  u sage great l y  
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i ncrea sed , a trend supported by a rapi d decrease  i n  n i trogenou s  
fert i l i zer cos ts  whi l e  phosphate cos ts rose . I t  was poi nted out  tha t :  

The ferti l i s er pri ce re l a ti ons h i p o n  wh i ch New Zea l and  
esta bl i s hed  i ts present  pasture technol ogy i s  be i ng turned 
ups i de d own . The ryegras s -cl over techno l ogy i s  based on 
rel a ti ve ly  extravagant  u se of phosphate to manure c l over 
and henc e  s ubsti tu te for ' expens i ve bag n i tro9en , tha t 
pa i d  ha n dsomel y .  ( M i tchel l �  1 969 , - 1 0 )  

Rel i ance o n  the  ryegras s -c l over technol ogy was regarded a s  a l i m i tat ion  
i n  mov i ng to  more i nten s i ve types of  produc ti on rel y i ng on  n i trogen 
app l i cat ion  ( Mi tchel l ,  1 969 , 1 2- 1 3 ) . Grass l ands research a l so  

i nd i cated the need for more i nvesti gati on i nto the  rel at i ve effi c i ency 
of ' c l over ' aDd  ' bag ' n i trogen ( created by l egumes and  ma n-appl i ed 

res pecti vel y )  a s  the former type presented probl ems of a l es s  tha n  
i dea l sea sona l g rowth pa ttern a n d  �n i ma l  di stri buti on pa ttern ( Corki l l ,  
1 9 69a , 1 4 ) . The cal cu l a ti on of n i trogen i nput  from i mport fi g ures to 

i l l u s tra te the  r i s i ng trend i s  somewhat mi sl ead i ng , however , a s  some 
of the n i tra te of soda wa s u sed i n  s u l phuri c ac i d  produc t i o n . Of 
the rema i nder most wa s u sed on crops rather than on gra s s l a nd  ( Ri ddel l ,  
1 9 68 , 1 4 ) . The ' c l over ' n i trogen s upp ly  wa s seen a s  a n  adequa te source . 
Thi s v i ew cou l d  expl a i n  why domes ti c producti on was not begun . Al l 
n i trogenous a nd pota s s i c  ferti l i zers were i mported and  mi xture s  made 

wi th l oca l l y  produced phosphates . 
The research i nto ferti l i zer u se  wa s i mportan t  for phosphati c 

types as  wel l ,  for new ferti l i zers came onto the market ( Roberts , 1 967 , 
9 1 -92 ) .  I t  had  been noted under wart ime ferti l i zer ra ti�n i ng that 
producti on  had not decreased proporti onately .  Accordi ngl y ,  the v i ew 
was advanced  by 1 9 54 that  ferti l i zer  quanti ti e s  coul d be reduced by 
more d i scri m i nati ng u s e  based on a n  a s sessmen t  of need through  
adequate s o i l test i ng (Pert.  J. � 1 955a , 7 )  . . T he  p hospha te reten ti on  
of soi l s  c ame under i nves t i gat ion  by I . L .  El l i ott  and  J .  Kar l ov s ky and  
led  to  a g reater understand i ng of the  i nterre l a ti on  between the  ra te of 
phosphate top dres s i ng ,  pa s ture producti on , and so i l p hospha te l evel s 
(Pert .  J. � 1 964 b ,  1 2 ) .  The effect of hal ti ng  ferti l i zer app l i ca t i on 

cou l d  be eva l uated o n  the bas i s  of the resu l ts obta i ned from thi s work , 
thereby g i v i ng the farmer the bas i s  on wh i ch to ma ke a deci s i on on  
the l eve l  of i nput  use  i n  g i ven economi c cond i ti ons . The r.a te of  

p hospha te a p p l i ca t i on cou l d  be  vari ed  by the · l evel  of  ·producti o"n 
requ i red from soi l s  w i th varyi ng ferti l i ty l evel s .  Th i s  procedure 
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enabl ed the farmer to u se  ferti l i zer to maximi ze the resul ti ng  
produc ti on i nc rease  by se l ecti ng the  areas  of grea te s t  re sponse  
( Karl ov s ky ,  1 9 6 1 , 1 49 ) .  The  dec i s i o n  made was s hown to  be more 
cr i ti cal  wi th more i ntens i ve producti on as  grea ter graz i ng press ure 
wa s appl i ed to a vai l a bl e feed at hi g her stock i ng ra tes  so ca u s i ng 
producti on to decl i ne more rapi d ly . The Worl d War I I  experi ence 

where i n  product i on d i d  not decl i ne ma rkedly wa s not val i d  i n  the po st
war s i tuat ions  because  of the i ncrea se  i n  l i vestock numbers (Fert . J. � 
1 967 , 7 )  a l though  i t  wa s hel d tha t even h i g her numbers were pos s i bl e 

g i ven the i ncrea se i n  ferti l i zer u s e  ( Karl ovs ky ,  1 966 , 1 1 5 ) .  The 
r i s e  i n  fert i l i zer a ppl i cat i on ( Tab l e 6 . 6 ) and i n  l i vestock  n umbers 

( Tabl e 6 . 1 6 )  can  then be regarded as di rectly associ a ted phenomena . _  
Other n u tri ents were al so i nvesti ga ted on thi s ba s i s s o  that 

recommendat i o n s  for the u s e  of s u l phur  and potas s i um were devel oped 
. 

to enabl e farmers to econom i ca l l y  a s sess  the i r  use of fert i l i zers 
over a wi der range of ma ter i a l s ( Robertson , 1 9 74 ,  1 3- 1 4 ) .  The  chang i ng 
technol ogy o f  ferti l i zer product ion  and fi ndi ngs concern i ng  pa stu re 

nutri ent needs comb i ned to prov i de :  

a cha l l e nge for agri cul tura l  s c i enti s ts to rea ssess  
New Zea l and ' s  ferti l i ser needs i n  l i g ht of  the  rapi d l y  
chang i ng economi cs o f  ferti l i ser appl i cati on . ( Roberts , 
1 967 , 9 2 ) 

So i l  Surveys 

The accumu l at ion  of such empi ri cal  knowl edge tended to o uts tri p 
the knowl edge a bout the so i l s  on wh i ch the resu l ts were to be app l i ed 
( Wa l ker , 1 96 1 , 86 ) . The rel ati on between i dent i fyi ng a nd ma pp i ng 

so i l  types , and u s i ng  the i nforma t i on i n  agri cu l tural resea rch wa s 
evi dent i n  the  1 930s , s hortly after the DS I R  had begun so i l s urveys 
( Lync h ,  1 97 2 , 8 ) . A . W . Hudson , as Crop Exp�ri menta l i s t to the Depart
ment of Agr i cu l ture , began a fert i l i z er response survey i n  1 93 1  
so  tak i ng advantage of  the  newly ava i l abl e i nformat i on ( Woodcock ,  1 96 1 , 
7 ) .  P . B .  Lynch ( 1 97 2 ,  8 )  note d :  

The compl eti on o f  a di s tri c t  soi l survey was t h e  s i g na l  
for a s eri es  o f  exper iments t o  �efi ne ferti l i zer  needs  
a nd general agri c u l tural va l ue of the soi l s  descri bed 
and mapped . So i l s urvey pu b l i cati ons often carr i ed a 
descri pt i on of the agri cu l tural  potenti a l  of  the so i l s  
and u s ua l ly defi ned the i r ferti l i zer requi rements a nd 
other  features of agri cul tural  s i g n i fi cance . Th i s 
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F i e l d  tri a l s were i ncrea s ed i n  number by the Exten s i on Di vi s i o n  
fi rs t to l ocate so i l s  hav i ng part i cul ar  defi c i enc ie s  and then to tes t 
proposed remedi es . The i nadequacy of prev i ou s  work i n  v i ew of the 

new d i s coveri es  made became apparent . The chemi cal s req u i red and  the  
quanti t i es  empl oyed to  make  mos t  economi ca l u se  of them were i nvest i 
gated through the p e r i o d .  The so i l -testi n g  serv i ce wa s expanded a nd 
became i nvo l ved i n  devel op i ng mo re effi ci ent  tes ti ng procedures (ARDA� 
1 954 ' 1 6 ) . 

By 1 956 a l l of  New Zea l and had been covered at a reconna i s sance 
survey a t  a fo,ur m i l es to the i nc h  sca l e g i v i ng so i l  types  down to 
areas of 200 acres ( Gi bbs , 1 9 56 , 1 28 ) . T h i s work ' enab l ed bes t  l a nd  
use  to  be pred i cted wi th grea t accuracy and sc i enti fi c d i scoveri es  to 

be app l i ed wi th grea t rap i d i ty '  ( Fi el des , 1 969 , 1 72 ) . There was some 
vari a t i on  i n  the reg i ona l coverage , however . Resul ts Df the wor k  i n  
the North I s l and were publ i s hed i n  1 9 54 bu t general s urvey of  the South 

I s l a nd d i d  no t appear  unti l 1 968 , even though  the more i n ten s i vel y 
farmed a reas had been covered much earl i e r  a nd the ear ly  resu l ts 
publ i s hed i n  a tl a s form ( So i l  Bureau 1 954 , 1 9 62 , 1 9 68a ) . The resu l ts 
of bas i c  - soi l research by the So i l  Burea u over the 38 year per i od to 

1 968 were publ i s hed i n  the three parts of  Soils of New Zealand ( Soi l 
Bureau , 1 968b ) . The  s i gn i fi cance of soi l properti es a s sessed i n  that  
work  wa s furthered by the publ i cati on of  a gu i del i ne for farmers on  
soi l types and  so i l  amend i ng ,  Fertilisers and Soils in New Zealand 
Farming ( Duri ng , 1 967 ) . 

The attenti on  pa i d  to practi ca l  probl ems meant tha t so l ut i o n s  
coul d by ' ra p i d l y  extended throughout t h e  country i n  terms of so i l  
group s  a nd soi l u n i ts '  w i th the resu l t that i t  was suggested : 

D i ssem i na t i o n  of the fi ndi ngs of s o i l rese��ch a nd 
rel ated agr i c u l tura l research has  . . .  been bas i ca l l y  
respon s i b l e  for the drama ti c i ncrea se  i n  producti v i ty 
i n  the peri od s i nce research  was expa nded s i nce the  
depres s i on . ( Fi el des , 1 969 , 1 72 ) 

Work i n  the fi el d moved from comprehens i ve soi l mapp i ng  to descri pti on 
and cl a s s i fi ca t i on , a nd then to studi e s  of  soi l changes u nder 

management ( Fi el des , 1 969 , 1 72 ) . 
For the l a t te r  work  more deta i l ed s urvey work wa s . u ndertaken  a t  

a one m i l e  to two mi l es to the  i nch scal e g i v i ng soi l · types  of  a t  l ea s t  



fi fty acres i n  extent , wi th some i n tens i ve farmi ng areas bei ng 
surveyed to g i ve soi l types  of a t  l ea s t  fi ve a cres ( G i bbs , 1 9 56 , 

1 28 ,  1 29 ) . 
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To comp l ement thi s work a nd prov i de the ba s i s  for na t i onal  so i l  
amendi ng wor k ,  the mapp i ng of trace e l ement defi c i enc i es , the fi rst  
proj ect of i ts k i nd i n  t he worl d ,  wa s begun (FePt. J. , 1 960a ,  5 ) . 
Mapped resu l ts appeared a s  early as  1 9 62 and were the ba s i s of  the Soil  
Bureau Atlas ( So i l Bureau , 1 962 ) . Map s  of other i mportant  e l emen ts 
and  rev i sed ed i ti ons  of those previ ous ly  stud i ed were added unti l 1 96 7 .  

I n  con j unction  wi th the ma pp i ng ,  so i l -formi ng factors and  
processes  were s tud i ed to ga i n  a better  unders tandi ng of the  occurrence 
of nutri ent defi ci enci es . Al though th i s  work devel oped s l owly , 
exp l anat ions  w h i ch enabl ed defi c i enc i e �  to be pred i cted and  remedi ed 
d i d emerge ( Wa l ker , 1 96 1 , 87 ) . Th i s  • wi deni ng and exten s i o n  of the 
work  of the So i l Bureau • wa s seen as necessary • for i ts profound 
i nfl uence on  p l ant , a n ima l  and h uma n hea l th •  ( Woodyea r-Smi th , 1 963 , 
1 9 )  and ena b l ed the research effort to s h i ft to determi ni ng the 
quanti ty of maj or p l ant  n u tri ents needed to ma i nta i n  des i red l evel s 
of  p l an t  and  a n i ma l  producti on ( Duri ng , 1 9 72 ,  i ) .  However , such  a 
s h i ft mean t  more extens i ve  and more compl ex fi el d tri a l s  ( Sa unders , 
1 969 , 20 ) .  The  growi ng  need for tra i ned so i l  s c i enti s ts i n  the ea rl y 
1 960s l ed u n i versi t i e s  to devel op more s peci al i zed . so i l  sc i ence 
programs and  to enter i nto new research programs ( Hea l y ,  1 9 7 3 , 
1 6 1 - 1 62 ) . 

Future work was a i med at  sol v i ng :  

the pro b l ems of s ucces s i ve l i mi ta ti ons to producti on 
for eac h  so i l  cl a s s  i n  the mos t  econom i c  manner wi th a v i ew 
to i nc reas i ng u l t i mate potenti al  and reduc i ng costs of 
product i on as  s peedi l y  as  pos s i bl e .  ( F i el de s , 1 969 , 1 72 )  

Such  a goal necessari l y  i nvol ved more effort i n  devel opi ng rap i d  so i l

ana lys i s tec h n i q ues  and a more deta i l ed knowl edge of  chemi cal  and  
b i o l og i cal  p rocesses  occurri ng i n  the  so i l ( Sa unders , 1 969 , 22 ) .  
Nonethel es s ,  so i l  research was s een to be rel a ted to agr i cul tura l  

p roducti on even  though  not . a l l the wor k  was d i rected by the Departmen t  
o f  Agri cu l ture . That th i s work was not begu n  until  t he l a ter  part of. 
t he peri od when so i l  amendi ng was wi desprea d ,  woul d i ndi ca te tha t some 

i neffi ci ent u ti l i zat i on  was bound to have occurred as a con seq uence 
of  l imi ted k nowl edge . 



2 5 1  

Research Restructuri ng 

The  s tudy of mi nera l defi c i enci es , a s  i n  the ca se of mol ybdenum , 

to g i ve b ut  one exampl e ,  provi ded resu l ts rel a ted to both an ima l  hea l th 
and pasture producti on . Such occurrences l ed ,  by 1 964 , to a 
res tructuri ng of the Department  of Agri cul ture ' s  resea rc h  organ i zat i on 
i n  l i ne wi th the changes advoca ted i n  the formu l ati on  of the NRAC . 
Thi s wa s i n  accord wi th a propos a l  for concentrati ng re search acti v i ty 
i n  di screte fi el ds ( Levy , l 96l b ,  1 30 )  whi l e  a l l owi ng c l o ser co-ord i na t ion  
of  research i n terna l ly  and  wi th other organ i za ti ons ( John s , 1 966 , 9 ) .  

An Agri c u l tura l  Research Di v i s i on was formed to i ncorpora te work  be i ng 
done by the An ima l  Research Di v i s i on ,  the Fa rm Advi sory Di v i s i on ,  a nd 
the Hort i cu l tura l D i v i s i on .  The a i m  was a reduction  i n  the overl ap  
of  effor t  a s :  

The  new organ i sati on recogn i ses the u n i ty of agri c u l tural 
research as  a compl ex of so i l -pl ant-an i ma l  prob l ems , each 
of  wh ich  need s  to be con s i dered in re l a ti on to the o thers , 
a nd  i t  i s  bel i eved tha t i t  w i l l  be ea s i er to ach i eve  the 
neces sary co-ord i nat ion between the act i v i t i e s  of the 
var i ous s ta t i ons  and uni ts when these  a re a l l part of a 
s i ng l e research  d i v i s i on .  (ARDA_, 1 964 , 1 4 ) . · 

Thi s group i ng concept wa s extended to the Rua kura and I nvermay Stat ion s  
whi c h  became Agri cu l tura l Research  Stati on s  compri s i ng a n ima l - breed i ng 
s ta ti o n s , h i l l -cou ntry s tations , a nd soi l - research s tat i on s  (ARDA_, 

1 964 , 1 4 ;  ARDA_, 1 967 , 49 ) .  

T h e  i ncrea s i ng ly  s pec i a l i zed na ture of  the so i l - test i ng work l ed 
to the format ion of a F i e l d  Research Secti on  whose offi cers took 

over a l l genera l  re search du ti e s  ta k i ng pl a ce on farmers ' properti e s  

from t h e  farm adv i sory offi cers ( Lynch , 1 967 , 1 2 ) . The farm advi sory 
offi cers cou l d  then concentra te o n  farm management u s i ng research 
resu l ts s i nce the i r pr ime functi on  was the promoti on of  producti on 
effi c i ency ( Scott , 1 96 7 ,  1 1 4 ) . 

T here was concern that the serv i ce wa s ' ou tnumb ered and  out
manoeuv ered ' by other departments , i ndependent bodi es , s tock  and 
s ta ti on f i rms , drug and chemi cal  compani es ,  ferti l i zer compan i es , 

and  farmers ' groups ( McMeekan , 1 963 , 38) . Farmers were rece i v i ng 
confl i c ti ng adv i ce from

.
peop l e wi th grea tl y  varyi ng  profes s i onal 

qual i fi cat i ons , a s i tuation  i n  whi c h farmers ' confi dence i n  the 
practi ces  bei ng recommended to them was u ndermi ned . Nonethel ess , 
the s ta ff of the F i el d  Research Secti on proceeded to conduct some 
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1 , 500 fi el d tri a l s annua l l y ,  often i n  concert w i th other  rel a ted 
orga n i zati ons s u c h  as the So i l  Bureau ( Lynch , 1 967 , 1 4 )  to meet 
farmers • needs . The Farm Adv i sory Di v i s i on • s  need to s tudy ferti l i zer 
requ i rements of managed so i l s  furthered the l i n kage as the comp l ex i ty 
of the fi e l d exper iments resu l ted i n  fewer bei ng po s s i b l e  so tha t a 

determi nati on o f  representa ti ve  soi l type s  wa s begun  i n  1 963  wi th 
the a s s i s tance  of the Soi l Bureau ( Lynch , 1 9 72 , 8-9 ) . Resu l ts were 

conveyed to farmers by the adv i sory personnel , so l i nk i ng them to the 
re search orga n i za ti ons . Levy ( l 9 6l b ,  1 28 )  vi ewed thi s l i n kage a s  
cri ti cal  g i ven h i s observa ti on : 

I t  i s  ev i dent  today tha t i n  many ways sc i ence has  forged 
a head o� p ract ice and knowl edge a head of app l i cati on . . .  
I t  i s  s ti l l  ba si ca l l y  fundamental that  research goes hand 
i n  ha nd wi th  practi ce , a nd the more h i g h ly  eac h  i s  evo l ved 
the nearer we get to our max imum-producti on goal . 

Thi s mes sage wa s rei tera ted throughou t the fo l l owi ng  years ( Hami l ton , 
1 9 65 , 1 0- 1 1 ;  Thomson , 1 9 72 , 5 ) . 

Gra s s l and  Research  

Wi th  the i n creas i ng ly  ecol og i ca l  approach ta ken i n  s tudy i ng 
pas ture , the so i l s  aspect wa s recogni zed a s  but one factor i n  p l ant  
nutri ti on . The b i o l og i ca l  components of the sys tem were r i g ht ly  s een 
as i n teracti ng e l ements . Thi s v i ewpo i nt  had  been a major  contr i buti on 
of Levy • s  i n  foc u s i ng atten t i on on the · so i l -pl a nt-a n i ma l  re l a ti onsh i p 
( Thomas ,  1 966 , 1 7 ) . Resea rchers i n  the DSI R  Gras s l a nds  D i v i s i on 
recogn i zed tha t i mproved pas ture p l ants , pasture managemen t ,  i mproved 
s toc k ,  and s to c k  management were al l i mportant a s pects i n  devel opi ng 
producti v i ty ( Co r ki l l , 1 9 71 , 1 1 ) .  

Not a l l these  aspects were tac kl ed s i mul taneou s l y ,  howev e r .  
The need to estab l i s h cl overs to supply  n i trogen 
prompted the earl y concern wi th  so i l  amendments . 
l ed to the  breed i ng of improved p l ants s u i ted to 

for gra s s  growth had 

Th i s need had a l so 
the New Zea l and  

envi ronment , i mproved cl overs hav i ng hi gher  yi el ds and  better 

n i trogen-fi x i ng. a b i  1 i ty ,  and i mproved gra s ses  havi ng h i g h  and s u s ta i ned 
l evel s of product i on  ( Corki l l , l 966a , 6 7 ) . The h i gher l evel s of 
an ima l  p roducti on  made pos s i b l e  by the use of these  i mproved vari et ie s  
brought  a bout t he  extensi on of  so i l -amend i ng techni ques  to b u i l d  u p  the • 

soi l cond i ti on s  mos t  su i ted the p l ants • needs . I t ' cou l d be j u s ti fi ab ly  



s ta ted that the : 

a s  

h i s to ry of  g ra s s l and  research i n  New Zea l and i s  
l argel y a s tory of s el ecti ng more product i ve s tra i ns  
of  ryegra s s  a nd ·whi te cl over and  determi ni ng the bes t 
method s  of e s ta bl i s h i ng a nd ma i nta i n i ng pastures 
domi na ted by these two s peci es . 

I n  ear l y  deve l opmen t ,  concen trat ion  on a few major  
l i nes  i s  obv i ou s l y  wi se .  Probably no  other  pol i cy wou l d  
have produced the same rapi d progress  a s  that whi c h  
resu l ted from concentra tion  o n  ryegra s s ,  wh i te cl over 
and s uperphos phate . ( F i l mer , 1 955 , 1 1 )  
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There wa s cri t i c i sm tha t th i s  focu� wa s too narrow i n  ma i nta i n i ng 
I 

the need to i mprove so i l s  to l evel s s u i ted to ryegras s  and c l over 

rather tha n breedi ng s peci es more s u i ted to the cond i t ions  exi st i ng 
( Fi lmer,  1 955 , 1 2 ) .  T h i s l i ne wa s not fol l owed strongl y ,  for even 
by 1 9 70 the concentra ti on on breedi ng  ryegra s s  and wh i te . c l over vari eti es  
s ti l l  meri ted comment ( Corki l l ,  1 9 7 1 , 1 2 , 1 4 ) . It  was  s t i l l  s ugges ted 
that  other gras ses a nd c l overs cou l d prov i de the  requ i s i te l eve l s of 
s us tai ned , h i g h -qua l i ty product ion but ma i nl y  i n  the l es s  favoura bl e ,  
h i l l -country envi ronments ( Cork i l l ,  1 9 7 1 , 1 4 ) . Stra i n  i mprovement 
wa s extended to · coc ksfoot ,  timothy , a nd red c l overs , but  resu l ti ng 
i mprovements  d i d not a l ter the exi s t i ng s i tuati on ( Corki l l , l 966b ,  29 , 
3 1 ) .  

Except for subterranean c l over , a s peci es  more s u i ted to dri er  

condi t i on s ,  n ew p l a n t  s peci es were not readi l y  accepted by farmers ,  so 
the concern for stra i n  i mprovemen t i n  known grasses and c l overs was a 
l og i cal  procedure ( Saxby ,  1 957 , 1 1 - 1 2 ) . The s tra i n  i mproveme n t  
ac h i eved made  whi te c l over • the l egume bas i s  o f  practi ca l l y  a l l s eeds 

mi x tures • ( Cork i l l ,  1 966a , 67 ) on both cu l t i va ted l and and  h i l l  country ,  
wi th Gra s s l a nd s  Hu i a  whi te cl over bei ng the mos t  wi del y u s ed vari ety ,  
g i ven i ts reputat ion  a s  the • g rea te s t  contri b utor to pa s ture  

i mprovement • ( Cork i l l ,  l 966c , 2 0 ) . Addi ng  to  thi s va l u e  wa s the fi ndi ng 
that whi te I c l  over • s presence i n  the pa s ture sward was an  i mpor tant  

factor i n  the  product i o n  of  an ima l  protei n from pasture ( Thoma s , 1 966 , 
1 8 ) . The c l overs were s een not j u s t  a s  an  agent for g ra s s  g rowth b ut . 
a l so a maj o r  contri b uto r  to feed q u a l i ty .  

Advances  i n  b i oc hemi stry were provi d i ng methods o f  a s s es s i ng the 
n u tri ti ve  v a l u e  of p l ants  and the a bi l i ty of an ima l s to u ti l i ze these 
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nutri ents . Breed i ng  of both p l a nts and a n i ma l s  cou l d l ead to more 
eff i c i ent uti l i zat i on  of soi l mi neral s ,  a nd  a l l ow the reduc t ion  of 
appl i ca t i on rates of some so i l  amendments ( Corki l l , 1 969a , 1 4 - 1 5 ) . 
Advances i n  bi ol ogy rel a ted to t he need for molybdenum i n  n i trogen

fi xati on i ndi ca ted the  i mportance of the  symbi oti c rel a t i on s hi p between 
host c l over p l ants  a nd R h i zobi um bacteri a .  I t  was found  tha t c l o ver 
seed f i rs t  i nocu l a ted wi th  a bac teri a cul ture woul d tend to ensure 
better produc ti on i n  area s where there had prev i ou s l y  been l i ttl e 
cl over a nd so a l ow l evel  of these so i l  bacter i a . Work then devel o ped 
on fi ndi ng  the bacter i a  most  s u i ted to the c l overs ava i l abl e ( Cork i l l , 
1 9 71 , 1 5 ) . 

Management of  s tock a nd of  pa s tures to ach i eve the bes t  u se  o f  
both b ecame a central  concern a s  i t  was real i zed that the adj u s tment of 
ani ma l  requ i rements and pasture growth was capabl e of • a t l ea s t  
doubl i ng the average producti on o f  . . .  fat- l amb and dai ry fa rms • ( F i l mer , 
1 955 ,  1 4 ) . Feed ava i l ab i l i ty cou l d  be improved by such  managemen t  
practi ces a s  u ti l i z i ng autumn- saved o r  wi nter- saved pastures  to ensure 
abunda n t ,  hi gh-qua l i ty feed a t  peri ods when an ima l  needs were h i g h  
( Wal l a ce , 1 961 , 76 ; Cl i fford , 1 966 , 29 ) .  The  techni que  o f  sea sona l l y  
savi ng pasture became more wi del y adopted i n  the mi d- 1 9 5 0s a s  a bonus  
feature of rotat iona l  graz i ng whereby farms woul d be s ubd i v i ded and  
s tock moved from pas ture to  p a sture rather than bei ng free to wander 
about the enti re property for the sea son ( set-stock i ng )  (. C l i ffo rd , 
1 966 ,  29 ; Campbel l ,  1 97 1 , 1 46 ) . Adj ustments were made to the sav i ng  
techni que  when i t  wa s rea l i zed that too muc h  feed was wa s ted by 
rotti ng . Wi thhol di n g  the graz i ng of some f i e l ds l a ter . i n  the sea son  
( wi nter-saved pasture ) was promoted ( Cl i ffo rd� 1 966 , 29 ) .  T he  
eval ua ti on of the  s u peri ori ty of  set-stoc k i ng  over rota t i onal  g ra z i ng  
wa s not p roperly i nvest i gated u n ti l the  mi d- 1 960s when the rota t i ona l  
i dea was found markedly  more producti ve ( Campbe 1 1 , 1 9 7 1  , 1 4  7 - 1 48 ) . 

What was demons tra ted . was the need to effi ci en tl y  use  the 
pas tu re-growth ga i ns ach i eved by soi 1 amend i ng .  · It was not unti l 1 950 
that a cl ear s ta temen t  of the l a rgely d i rect rel ati ons h i p between the  
effi c i ency of per  acre product ion  on the  eff i c i ency o f  ·feed u ti l i za ti on 
was made . I t  was not  u nt i l  the m iddl e of tha t decade that  experi mental 
data were obta i ned wh i ch s howed that on da i ry �nd fat- l amb farms 
product ion  per a cre cou l d  s ti l l  i ncrea se  at h i g her ·, s toc k i ng ra tes 
even i f  per a n ima l  p roducti on fe l.l ( Campbel l ,  1 9 71 , 1 45 � 1 46 ) . T h i s 
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fi ndi ng was essent i a l  i n  the deve l opment  of more i ntens i ve gra s s l and  
producti on  a s  i t  encouraged hi gher stock i ng  ra tes , a requ i s i te fea tu re 
i n  bu i l d i n g so i l ferti l i ty and effecti ve ly  u s i ng the ferti l i zers and  
l i me s prea d .  The techni ques empl oyed cou l d a l so be  seen a s  appl i cab l e . 
to h i l l  country ( Wa l l a ce , 1 961 , 78 ) . Th i s  cl oser i ntegra ti on of an i ma l s 
i nto gra s s l and  research was rega rded a s  no ta b l y  important by the end 

of the 1 960s ( Cork i l l , 1 969b , 7 ) . 
Wi th  the i nc reased mechan i za ti on of farm opera t i ons  feed 

conservat i on  u s i ng hay and s i l a ge  became more important , thoug h  i t  took 
some t ime  for improved methods to be empl oyed . I t  wa s no ted i n  1 955 
tha t :  

I n  New Zea l a n d  w e  bad ly  need to improve our methods of 
ma k i ng hay and  s i l age .  Our  present  methods are  not  on l y  
was tefu l  but  resu l t  i n  very i ndi fferent products . 
( F i l mer , 1 9 55 , 1 4 )  

The trend to i ncrea s ed usage con t i nued i nto the 1 960s and  the 1 9 70s 
( Tabl e 6 . 1 3 ) .  Al though  methods had improved most  of the conserved feed 

was harves ted a s  hay , the l east  eff i c i ent conservat ion  method i n  terms 

of feed qua l i ty and  mater i a l  l os s  preventi on but  that requ i r i ng the 
l ea s t  cap i ta l  and  the  l east  l abour ( Brougham , 1 971 , 7 ) .  The eval uati on 
of ani ma l  feed req u i rements and the use of ferti l z i ers to s t i mu l a te 
off-season p l ant  growth began to encourage more feed con s umpti on � 
s i tu ,  thereby reduc i ng the need for hay and  s i l age ( C l i fford , 1 96 6 ,  
30) j us t  a s  the produ c ti on o f  hay and s i l age  had earl i er redu ced the 
need for s u pp l ementary fodder ( Sm i th ,  1 966 , 84 ) .  

The a ppl i cat i on  of thi s a l i gn i ng of feed req u i rements _ a nd pasture 
product ion  i n  h i l l  country sugges ted a reversa l  of t he growth p l a nn i ng 
procedures whi ch had been suggested . The amount  of s tock  coul d be 
deci ded on fi rst  and devel opmen t  s ubsequent l y  programmed to meet the i r  
requ i rements . Money i nvested i n  c l eari ng , gra s s i ng �  a n d  fenc i ng 
became producti ve  i mmedi a tely ( Ho l den , 1 96 6 ,  68 ) . The i n i ti a l  devel op
ment  of grass  producti on fol l owed by the  purcha se of s to c k  was ted the  

i nputs app l i ed a s  n oted i n  the 1 950s ( Campbe l l ,  1 955a , 8 ) . Product i on 
wou l d  be i ncreas ed over a l onger term whi l e  pasture u t i l i zat i on was 
improved over a short  term . 
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ECONOM I C  CHANGES 

Al though  the  research advances i n  grass l and technol ogy and the i r  
app l i cat i on by farmers were res pons i bl e  for i ncreased product ion s een 

i n  the greater n umber of stock carri ed ( Ta b l e  6 . 1 6 ) , a nd the doubl i ng 
of woo l , s heep meat and beef product ion  s i nce 1 949 -50 ( Ta bl e 6 . 1 4 )  the 
trade i n  an imal  p roducts became i ncrea s i ng ly  uncerta i n .  The entry 
condi t i o n s  i nto New Zea l and • s  pri nci pa l mar ket  i n  the Uni ted Ki ngdom 
bega n to a l ter fol l owi ng the renegot i at i on of the bul k -purchase  
agreements whi c h  had ensured a market and  provi ded for  i ncreased s al es 

( Ros s ,  1 954 , 3 1 7 ) .  The certa i nty of sa l e s  under those  agreements had 
enabl ed farmers to pl an producti on improvement wi th s ome confi dence as 

seen i n  the fa i l u re of the wool  pri ce decrea ses fo l l ow i ng the end of 
the Korean act i on  ( F i g .  6 . 1 ) to hal t the r i se i n  the u s e  of agri cu l tura l 
a v i a ti on ( Tabl e 6 . 2 ) . Gross  farm i ncome s ti l l  rema i ned wel l above 
i mmedi a te postwar l evel s ( Tab l e 6 . 1 7 ) . Funds earned i n  the boom per i od 
were spent on l and improvement and the app l i cati on of .the new tec hnol ogy 
bei ng devel oped . Export pri ces rose  more rapi dly than i mport pri ces 
nearl y conti n uou s l y  unti l 1 957 , g i v i ng the country a new prosperi ty 
and h i g her l i v i ng s tandards ( Su tch , 1 9 66 , 41 0 )  a s  farmers enjoyed 
favourabl e terms of exchange ( Tabl e 6 . 1 8 ) . Agri cul ture was the sector 
respons i b l e  for the improvement  so i t  was not s een that a ny change i n  
the ex i s t i ng econom ic  s tructure was requ i red . I n  a free-trade 
s i tua t i on New Zea l and • s  prospects for ma i nta i n i ng th i s prosperi ty 

seemed a s s ured wi th  the further app l i cati o n  of techno l ogy to i ts 
gra s s l a nds . Th i s  v i ew di d :  

not mean that  manufacturi ng d i d not expand i ts o utput 
dur i ng these  years , b ut  [th� country • s  thi n k i n g ,  
i nc l ud i ng that o f  mos t  econom i s t s , was d i rected to the 
neces sary ,  but  narrow , j ob of  gett i ng  two bl ades  of 
gra s s  to g row where one grew before ,  rather than  to 
getti ng  the  mos t  out of a l l New Zea l and • s  human and natura l  
resources . ( Sutch , 1 966 , 41 2 )  

Al tenat i ve  mar k ets  parti cul a rl y  i n  the Un i ted States for some farm 
products  were open i ng u p  but d i d not d i sp l ace the tradi ti onal  Bri t i sh  
market ( Long , 1 963 , 31 ) .  The demand for cap i ta l goods cou l d not be  
met by the  sma l l ,  l ocal i ndus try wi th the resu l t that  export earn i ngs 

were u s ed to buy these abroad a s  i n  the case  of the F l etcher a i rcraft 
( Sutch , 1 96 6 , 42 1 ) .  The pre s sure on l oca l resources was fel t i n  l abour 
s hortages a nd i ncreased wages  ( Sutch , 1 96 6 ,  422 ) wh i ch encouraged 



Year 

1 94 9-50 
1 950-5 1 
1 95 1 -52 
1 952-53 
1953-54 
1 954-55 
1 955-56 
1 9 56-5 7 
1 95  7-58 
195 8-59 
I959-60 
1960-6 1 
1 9 6 1 -62 
196 2-63 
1 96 3-64 
1964-65 
1 965-66 
1 9 66-67 
1 9 6 7 -68 
1 968-69 
1969-70 

TABLE 6 . 1 7 

GRO S S  FARM INCOME IN MILLIONS OF DOLLARS 1949 - 1969  

Grain and WooZ Lamb and Beef Dairy Fie Zil Crops Mutton 

2 3 . 2  9 3 . 8  6 8 . 6 1 8 . 0  1 25 . 8  
2 5 . 0  2 2 7 . 2  1 3 1 . 4  24 . 2  1 36 . 4  
2 2 . 7  108 . 7  7 7 . 5  2 7 . 0  152 . 2  
2 3 . 8  1 28 . 1  93 . 5  44 . 6  1 7 9 . 9  
3 2 . 4  142 . 3  1 04 . 9 36 . 2  1 78 . 6  
3 1 . 9  1 5 1 . 7  1 1 2 . 1  44 . 7  1 69 . 1  
3 2 . 2  143 . 0  1 1 1 . 5  36 . 8  1 7 6 . 9  
2 9 . 7  1 83 . 0  1 24 . 1 4 1 . 7  1 7 9 . 2  
2 9 . 7  1 3 7 . 8  1 1 7 . 8  63 . 0  187 . 5  
3 1 . 8  130 . 4  106 . 0  6 7 . 4  1 72 . 9 
3 9 . 2  1 6 9 . 5  9 9 . 3  6 7 . 9  187 . 4  
4 2 . 3  1 5 8 . 3  109 . 1  55 . 0  184 . 5  
4 2 . 2  1 5 3 . 9  9 2 . 6  5 9 . 7  1 75 . 9  
4 3 . 3  180 . ;>  1 0 7 . 8  68 . 8  180 . 5  
5 0 . 0  230 . 1  1 3 1 . 3  74 . 4  198 . 3  
4 8 . 7  1 72 . 9 1 66 . 9  87 . 1  229 . 4  
5 1 . 1  1 9 3 . 2  1 6 6 . 9  9 5 . 7  25 1 . 8 
5 8 . 6  1 6 2 . 7  140 . 4  103 . 9  2 6 1 . 4  
6 6 . 9  1 3 1 . 6  155 . 8  1 2 1 . 6  242 . 5  
7 4 . 1 1 5 5 . 8  1 68 . 5  1 4 1 . 8  23 7 . 5  
6 0 . 0  1 39 . 4  188 . 3  1 76 . 7  2 1 7 . 3  

Sources : 1 949 -67 Had field ( 19 7 1 ,  Table XII) . 

1 9 6 8-69 NZOYB ( 1 9 7 3 ,  389 ) . 
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AU Farm 
Produce 

366 . 2  
5 82 . 6  
436 . 5  
522 . 2  
544 . 6  
5 62 . 1  
554 . 4  
6 1 4 . 0  
592 . 7  
564 . 2  
623 . 5  
6 1 3 . 9  
595 . 0  
654 . 0  
7 63 . 6  
792 . 1  
850 . 5  
824 . 6  
8 1 7 . 9  
885 . 6  
893 . 8  



TABLE 6 . 1 8 

PRICES RECEIVED AND PRICES PAID 1 949-1969  
( 1 949-50= 1 00) 

Price Index Price Index Terms 
Year of FaY'ITI of FaY'ITI of 

Outputs Inputs Exchange 

1949-50 100 . 0  100 . 0  100 . 0  
1 950-5 1 1 5 5 . 4  108 . 4  1 43 . 4  
195 1 -5 2  1 1 6 . 4  1 2 7 . 0  9 1 . 7  
1 952-5 3  1 3 3 . 0  132 . 4  100 . 5  
1 95 3-54 1 38 . 7  133 . 9  103 . 6  
1 954-55 1 40 . 1  140 . 2  99 . 9  
1 9 5 5-56  1 35 . 1  143 . 7  9 4 . 0  
1 9 56-5 7  1 4 7 . 5  145 . 1  1 0 1 . 7  
195 7-58 1 32 . 9  152 . 0  87 . 4  
1 958-59 1 2 1 . 7  152 . 9  7 9 . 6  
1 9 5 9-60  1 32 . 8  154 . 8  85 . 8  
1 960-6 1  1 2 5 . 2  159 . 0  78 . 7  
1 96 1 -6 2  1 1 9 . 2  1 6 1 . 5  7 3 . 8  
1 9 6 2-63  1 24 . 5  1 63 . 3  7 6 . 2  
1 963-64 1 40 . 5  164 . 2  85 . 6  
1 9 64-65  1 4 1 . 9  166 . 2  85 . 4  
196 5-66  144 . 0  1 7 2 . 8  83 . 3  
1 96 6-6 7 1 34 . 9  1 78 . 7  75 . 5  
1 96  7 -68  1 30 . 0 182 . 6  7 1 . 2  
1 9 6 8-69 1 3 7 . 4  190 . 6  72 . 1  
1 969-70  . . . .  . .  

a 

Note : a Price index o f  farm outputs divided by price 
index of  farm inputs . 

Source : Hadfield ( 1 9 7 1 ,  Table I l l ) . 
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farmers to empl oy new technol ogy a s  a substi tute for l a bour  ( B l yth , 
1 96 1 , 9 ) -- a  trend a f ter  the war deemed an  i nd i cati on of fa rmi ng • s  
i ncreased effi c i ency ( Ross , 1 9 54 , 330 ) . 
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The peri od of pro speri ty s howed s i gns  of deter i orati ng  i n  1 9 56 
as export pri ce l evel s began to fal l, fi r st  i n  dai ryi ng  a nd l a ter i n  

s heep products ( Fi e l d i n g ,  1 963 , 1 60 ) . The effect o n  i ncome was the 
reverse as  wool and s heep mea t  i ncome fel l more rap i d l y  ( Ta bl e 6 . 1 7 ) .  
Thi s accounts for the rapi d decrea se  i n  demand for agri cu l tura l 
avi a tion  o perati ons after 1 9 57 ( Tab l e 6 . 2 } .  The domest i c subs i dy of 

agri cu l tural producti on in Bri ta i n  and the d ump i ng of  fore i gn s ubs i d i zed 
bu tter s urp l u ses  i n  tha t market i nd i ca ted the end of New Zea l and • s  
hope for a return to someth i ng approach i ng a free- market s i tuat i on  
( Lewthwa i te ,  

'
1 9 7 1 , 7 7 , 83 ) .  An  a s s u red ma rket to 1 967  for  mea t  had  

been nego t i a ted a s  early as  1 9 52  bu t da i ry p roduce wa s not cons i dered 
unti l 1 9 5 7  ( Long , 1 963 , 38-39 ) .  The dra i n  on  the Da i ry I ndustry 
Stabi l i za ti o n  Accoun t ,  whi ch wa s i nvol ved i n  the termi nati o n  of the 
l i me tra n sport subs i dy ,  exha u s ted i ts funds by 1 9 58 a nd prompted a new 
entry agreement i n  1 959 . Al though  entry i nto the market was reta i ned , 
the vol ume of dai ry p roduce was affected . A q uota on butter was 
agreed to i n  1 962  becau se  there wa s no o ther guarantee a va i l ab l e 
( Lewthwa i te ,  1 97 1 , 84 } .  

T h i s cri s i s i nd i cated the country • s  vu l nerabi l i ty to l ower p r i c e s  

because  o f  t ha t secto r • s  predomi nance i n  t h e  economy . T h e  creat i on o f  
new i nd u s tr i es  s upply i ng i nputs  t o  agri cu l ture spread the adverse  
effects more wi dely as  they wer� not geared to export mar ke ts a s  we l l . 
For examp l e ,  when farmers reduced the i r  dema nd for so i l amendi ng  a s  
thei r i ncome decreased  ( Ph i l pott and Stewart , 1 958b , 37 } , the agri 
cul tura l a v i at i on i ndus try was forced to decrea se i ts opera ti ons  
( Tabl e 6 . 2 ) . 

The return i n  1 9 57 of a Labo u r  Government si g na l l ed the i n i t i a ti on 
of a program to deve l op a broader i ndustri a l  ba se i n  the economy , to 
counter i ts vul nerab i l i ty to economi c c hanges i n  export  mar kets . 
Process i n g  l oca l raw materi a l s was  to be i ncrea sed a l ong  wi th the 
l ocal proc e s s i ng of i mported raw materi a l s  to reduce fi n i s hed-product 

imports ( Su tch , 1 966 , 42 7 ) . Al though opposed by a var i e ty of 
i nteres ts , i ncl ud i ng farmers , the concepts devel oped i n  1 9 60 by the 
I ndustri a l  Devel opme n t  Conference ( D I C , 1 960 , 78- 1 48 ) had some effect . 
The pri ces  for a gri cu l tu ral products  were fl uctuati ng , competi ti o n  from 
syntheti c s  wa s affect i n g  the bu tter and wool markets , a gr i c u l tura l 
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protection i sm was i ncrea s i ng i n  New Zeal and ' s  North Ameri can a nd 

European ma rkets , and the pos s i bi l i ty of Bri ta i n ' s  j oi n i ng the E uropean 
Econom i c  Commun i ty ( l eadi ng  to  the  prospect of l os i ng entry to  the  

pri nc i pal market ) a l l added to  the  uncertai nty faced by farmers ( Sutch , 
1 96 6 ,  429 ) .  They were exhorted to d i vers i ty l a nd u s e  and  contri bute 

to the i ndustr i a l i zati on  needed to process  more of the wi der ra nge of 

agri cu l tura l p roduce . The degree of i ncome fl uctua t i on wou l d be reduced 
i n  s ervi ng more markets wi th a greater range of produce ( Westrate , 
1 959 , 261 ) .  Nonethel e s s , the  devel opmen t  of ' more i n tens i ve farmi ng 
on the present pa ttern • was urged to promote economi c devel opment  
( S u tch , 1 968e , 1 1 8 ) , bu t fal l i ng i ncome and deteri orati ng terms of 
exchange ( Tabl �s  6 . 1 7  and 6 . 1 8 ) made thi s ta s k  more di ffi cu l t .  
Regardl ess  of thi s probl em , farmers d i d manage to i n crease output  by the 

m i d - 1 960s ( Tab l e 6 . 1 4 )  by a l most  s tead i ly i ncrea s i ng thei r gro s s  output 
per un i t of aggregate i nput  from 97 . 3  to 1 25 . 1  · ( 1 949 -50 base = 1 00 . 0 ) 
between 1 9 57-58 and  1 9 60-61  ( Hu s sey and Ph i l pott , 1 969 , Tabl e V ) . 
Thereafter , a decl i ne began  wh i ch conti nued to 1 966-67  when o utpu t 
overtook i nput  co s t  a nd created a s hort- l i ved i mprovement  ( El l i son , 
1 9 7 7 , Tabl e 1 ) .  

Some economi s ts were concerned that overemphas i s  on the devel op
men t  of manufactur i ng cou l d  prove too cos tly because  New Zea l and ' s  l ac k  
of  raw materi a l s wou l d p l a ce the burden of earni ng t he  fore i gn  exchange 
needed to acq u i re them on the agri cul tura l sector ( Long , 1 963 , 79 ) 
and -consume i nv e s tment capi ta l requ i red i n  the agri c u l tural  sector  to 
ach i eve i ncrea sed producti v i ty ( B lyth , 1 96 1 , 9 ) . The  bufferi ng  of the 
economy by the i ndustri a l i za t i on wa s ques ti oned because  of  these 
features : 

whereas we once had a v u l nerabi l i ty probl em i n  the form of  
fl uctuati ng  i ncomes res u l ti ng from fl uctuati ng pri ces 
(wh i ch to s ome extent i s  amenabl e to control ) N ew Zea l a nd 
now has another and graver vu l nerabi l i ty probl em i n  the 
form of the  ma i ntenance  of a s teady but i ncrea s i ng s upp l y  
o f  i mported raw materi a l s to avo i d i ndus tr i a l  u nemp l oyment . 
I n  these terms the i mportance of agr i cu l ture a s  the ma i n  
a nd a l mo s t  so l e earner of overseas funds ha s ,  i f  a nyth i ng ,  
i ncreased rather than dec l i ned . ( P h i l pott ,  1 96 3 ,  2 6 )  

Wi th a c hange  of government i n  1 960 came a re-eva l u a t i on of  the 
i ndustri a l i za t i o n  pol i cy .  The  push  to promote manufacturi ng s l owed a s  
a cons equence , a l o ng wi th the resource devel opment · requi red ( Su tc h ,  
1 966 , 430-431 ) . · Pol i cy s h i fted to a promoti on of fi s h i ng , tour i sm , 



and agri c u l ture . Devel opment conferences o n  the model of that for 
i ndustry were hel d d eal i ng wi th agri cul ture and export i ng .  At thi s 
j uncture : 

The  Agri cu l tural  Devel opment  Conference focus sed 
attenti on o n  our  dependence on expa nded agricu l tural  
product ion  to ma i nta i n ,  l et al one i ncrease , our  
s tanda rd o f  l i v i ng ( Jo hns , 1 966 ,  9 )  
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and set targets  to be reached through  the appl i cati on of technol ogy 
( Hami l ton , 1 965 , 9 ) . The Export Devel opment Conference hel ped i n  the 

i nsti tuti ona l reform needed to i mprove marketi ng and prov i de fi nanc i a l  
and admi n i s tra t i v e  a i ds i n  exporti ng ( S utc h ,  1 9 66 , 43 1 ) .  Some evi dence 
of a marketi ng pol i cy was s ti l l  . con s i dered neces sary i n  1 968 to 

I 

compensate  for the  max imum p roducti on pol i cy i n  effect . The l ac k  of 

co-ordi nat i on i nh i b i ted farm devel opment through the l ac k  of confi dence 

i n  commodi ty pri ces  ( J ensen,  1 968 , 4 ) .  The product i on di vers i fi ca t ion  
aspect was  l eft i n  abeyance as  i t  was fel t that : 

At tha t t i me , wi th the techn i cal k nowl edge ava i l a bl e ,  i t  
coul d not be seen tha t there was a ny poi nt  i n  ma k i ng 
maj or a l tera t i on s  i n  the New Zeal and  sc heme of farm 
hu sbandry .  I t  was e stabl i s hed that the return per acre 
from pastoral  farmi ng wa s sound and attracti ve  though  i t  
wa s a greed that a certa i n mea sure of  arabl e farmi ng and 
horti cul ture mus t  a l ways fi nd a pl ace  i n  our fa rmi ng  
economy . ( Bevi n ,  1 9 68 , 4 3 )  

These c hanges  began  t o  be i ns t i tuted i n  t h e  early 1 960s b u t  were not 
ful ly i n  opera t i o n  by 1 968 ( Long , 1 963 , 2 7 -28 ;  Ro senberg , 1 968 , 
1 65- 1 7 1 ) .  T he  v i ew was expressed : 

we are beset  wi th  numerous marketi ng  probl ems for our  
tradi t i on a l  exports of mea t ,  butte r ,  cheese a n d  woo l . 
Some of these  probl ems a re new but some have been wi th 
use for years  . . . .  The outl ook for our  agri cu l tura l  
products  i s  st i l l  good a l though on  many markets we have 
probl ems of  acces s and dumpi n g ,  e speci al ly i n  the fi el d 
of da i ry products . Our dependence on  tradi t i o na l  
mar kets i s  be i ng reduced and  new mar kets are be i ng 
devel oped . ( Bl omfi el d ,  1 968 , 44 , 4 7 )  

I t  was ma i nta i ned tha t these c hanges were not deal i ng wi th  the bas i c 
need to readj u s t  the country • s  economi c s tructure a nd fa i l ed to 
recogn i ze the  key rol e the expans i on of manufactur i ng  had had i n  

i ncrea s i ng the cou n try • s  s tandard of l i v i n g ( Sutch , 1 968a , 1 83 ,  1 73 ) . 
The economy • s  v u l nerabi l i ty conti nued a s  agr i cul tural product ion  and 
marketi ng had not s i gni fi cantly d i vers i fi ed · to a l ter fl u ctuati ng  
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price characteri s t i c s  i n  the face of r1 s 1 ng protect ion i sm i n  i ndus tr i a l  

countri e s  ( Sutch� l 968a , 1 63-1 64 ) . The Agri cu l tural Devel opment 

Conference and  the recovery of farm earni ngs by the m i d - l 960s ( Tab l e 
6 . 1 7 )  and a n  i mprovement  i n  the terms of exchange ( Tabl e 6 . 1 8 )  served 
to create a n  optim i s t i c  producti on env i ronment ( Ward , 1 973 , 25 ) whi c h  

del ayed further acti on . The pri c e  drop i n  wool i n  1 966-67 ( F i g .  6 . 1 )  
i ndi cated tha t Sutch ' s  v i ew had va l i d i ty as  i t  repea ted features s een  
a decade earl i er wi th the agri cu l tural servi ce i ndu s tri e s  enteri ng a 

reces s i on once aga i n  ( Tabl e 6 . 2 ) . 

The u ncerta i nty of the export market when compared to the growi ng  
l ocal ma rket ' l ed farmers to  p l ace grea ter emphasi s on i mport 
substi tu ti on  crops and products • ,  a trend wh i ch sl owed the rate of 

' 

i ncrease  i n  outpu t for export whi l e  the output  for l ocal consumpti on  
rose rap i d ly ( Ward , 1 97 3 , 1 9 ) . I ncreased producti v i ty tended to be  

absorbed by ri s i n g external costs over wh i ch farmers had l i ttl e 
control ( Ward , 1 973 , 26 ) .  The unre s t  wh i c h deve loped was thought  to 
have marked l y  i ncreas ed governmen t  i nvol vement i n  the agri cu l tural 
sector through  subs i d i es and ad hoc sc hemes  ( Ward ,  1 973 , 1 5 , 26-27 ) .  

Des p i te the probl ems of dependence on the agri cu l tura l  sector , 
economi c p l anni ng rema i ned based upon i t . The Nati onal Deve l opmen t  
Conference  o f  1 968 was i n i ti a ted by the ' s ucces s  of p l a nn i ng for 
i ncreased pastora l p roducti on ' res i,J l .ti ng from the two Agr i cu l tura l 
Devel opment  Conferences hel d i n  1 963 and 1 9 66 a nd the ongo i ng work of  
the Agri cu l tura l Deve l opment Counci l ( Lang , 1 969 , 8 ) . F arm product i on  
was i ncreased ( Tab l e 6 . 1 4 )  a l ong wi th so i l amendi ng ( Ta b l e 6 . 9 ) .  Other 
sectors sought to a c h i e ve the s ame performance , but Lang ( 1 969 , 1 0 ) 
noted :  

the whol e concept of  the  Nati onal Deve l opment Conference 
i s  des i gned to ensure that agr i cul ture wil l get the 
resources neces sary to atta i n  the targets . 

based on  the be l i ef that  a l l t he i ncreased vol ume of a n i ma l  p roducts 
wou l d  be so l d .  The manufacturi ng  s ector wa s to serve to a bsorb the 

i ncrea s i ng l a bour wh i ch agri cu l ture cou l d  not empl oy ,  and become 
capabl e o f  exporti ng  a s  wel l  ( La ng , 1 969 , 1 1 ) .  Food proce s s i ng l ed 
manufa ctu ri ng devel opment i n  exporti ng through  i ts u ti l i za ti on of  
domesti c produce , a des i rabl e trend for farmi ng  ( Condl i ffe , 1 969b , 85 ) . 
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SUMMARY 

The postwar period s aw the i ntens i fi cat i on of the country • s  
agr i cu l tural producti on ba sed u pon gra s s l and  farmi ng . The area i n  
g ra s s l and i nc rea sed a l most · s tead i ly  throughout the peri od ( Tab l e 6 . 1 5 ) · . 
Crop l a nd d i d  s how some i ncrease  after the mi d- l 9 50s a nd aga i n  after the 

mi d - 1 960s ( Tab l e 6 . 1 5 )  as  government pol i cy and uncerta i n  markets 
encouraged dome s t i c  gra i n  producti on ( Tabl e 6 . 1 4 ) , but  yi el d  i ncrea ses 

tended to offset  the need to boost  a creage ( C l ari dge , 1 9 72 , 5 ) . The 
cutti ng of g ra s s for hay and s i l age  i n  a s i mi l ar fa s h i on offset  the 
need to i ncrease green fodder , root ,  a nd o ther c rops to ma i nta i n  the 
g rowi ng numbers  of l i ve s toc k .  From l 9 55 . the acreage i n  green fodder 
and  root crop� began to decl i ne ,  a l be i t unstead i ly ( Tab l e 6 . 1 5 ) .  

Thou g h  records  i nd i ca te the r i s e  i n  hay a nd s i l a ge acreage ( Tabl e 
6 . 1 5 ) ,  the contr i bu ti on of  saved pa s tu re i s  not s imi l ar l y noted . No 

doubt thi s techn i que a i ded the ma i n tenance of more l i vestock throug h 
i ts empha s i s on extend i ng pasture producti on  further i n to the wi n ter 
s ea son . Suc h a techn i que  rel i ed u pon the knowl edge of pas ture -growth 
patterns and s tock  management by rotat i ona l -gra z i ng methods empl oyi ng 
s ub stant i a l l y  more fenc i ng .  Al though  su i tabl e for more i nten s i ve forms 
of produc ti o n , these concepts cou l d  be emp l oyed on l es s  producti ve 
country , pro v i ded the e s senti a l  so i l  amendi ng had occurred . Thi s wa s 
the ro l e  pl ayed by the mechani zat ion  of  di s tr i buti on i n  the form of 
a i rcraft a nd g round- spread i ng vehi c l e s . 

I t  wa s known tha t the n i trogen needed for .grass  producti on cou l d 
be obta i ned throug h  the e s tabl i s hment of s u i tab l e l egumes i n  the sward . 
The soi l cond i t i ons they favoured were known and  were be i ng e s tab l i shed 
wi de ly  thro u g h  topdres s i ng i n  l owl and  areas pri or to 1 9 50 . The i ncrea sed 
l i vestock  p roducti on ( Tab l e 6 . 1 4 )  po i nted out further probl ems i n  the 
s o i l el eme n t  cycl es  i nvo l ved i n  pasture product i o n . The recogni t i on of 
s u l p hu r ,  mag nes i um ,  and mo l ybdenum defi c i enci e s  poi nted ou t weaknes ses 

i n  prev i ou s  a s s umpti ons  i n  soi l - amend i ng techn i ques  a nd the i r eva l uati on .  
The rol e  of  s uperphosphate i n  overcom i ng s u l p h ur  defi c i ency was 
u n covered a nd served to promote i ts u se  i n  areas  where other phospha t i c 

ferti l i zers had been preferred . The reducti on of p hospha t i c ferti l i ze r  
i mports ( Ta bl e 6 . 1 1 )  a n d  the empha s i s o n  s uperphosphate producti on  
became permanent fea tures of the  expa nded ferti l i ze r  i ndustry . 
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The greater p roducti on l eve l s bei ng ach i eved crea ted a pota s s i um 
def i c i ency i n  many a rea s .  The need for pota s s i c  ferti l i zers i nc reased 
the i r  i mport l eve l s rapi d ly  i n  the 1 960s when thi s defi c i ency pro bl em 

was recogn i zed . The l ac k  of such  an  i n pu t had been recogni zed earl i er 
( Orchi s ton , 1 9 57 )  bu t had not been acted upon i n  a ma jor  way . 

The chem ica l  a nd bi ol og i ca l  rel a t i o n s hi ps  i nvol ved i n  gras s l ands  
producti o n  were becomi ng more wi del y recogn i zed not  on ly  by resea rchers 
bu t a l so by the farmers . The period  marked the fru i ti on of work  done 
ea rl i er .  Anal yti ca l  techni ques  had improve d ,  educati ona l i ns t i tu ti ons  
had  devel oped to tra i n both researchers a nd farmers , and  resea rch 
organ i za t ions  had  been deve l oped to i nvest i gate producti on probl ems more 

fu l ly .  As on� commentator ,  P . W .  Sma l l fi e l d  ( 1 970 ,  1 29 )  observed : 

Probabl y the g reatest  con tri buti on to farming  i n  the 
1 950s wa s the devel opment  of l arge a nd effi c i ent  research 
s ta t i ons  dea l i ng wi th pra c t i ca l l y  a l l probl ems of pri mary 
p roducti on ; the  Departmen ts of Agri cu l ture and Sc i enti fi c 
a nd  I ndus tri a l  Research , Ma s sey and L i ncol n agri cu l tural 
col l eges and the da i ry ,  meat and woo l  research i ns t i tutes  
a l l made i mportant contri buti ons . 

The  co-ord i na t i on of i n s t i tuti onal efforts wa s a cri ti cal  feature 
of the peri od i n  p romoti ng a nd deve l opi ng  so i l -amendi ng technol ogy .  
Seek i ng  means  to so l ve  soi l ero s i on probl ems l ed the SCRCC to empl oy 
techn i ques  u ti l i z ed earl i er by both the Departments of  Publ i c  Wor k s  
a n d  Agri cul ture . M e n  i nvol ved i n  experi men tat ion tran sferred knowl edge 
so acqu i red not o n l y  to vari ous  publ i c  organ i zat ions  bu t a l so to the 
pri vate sector , an i mportant devel opment i n  the creati on of the a g ri 
cul tura l - av i ati o n  i ndu stry .  Government i nvol vement prov i ded the 

substa n t i al  resources needed to establ i s h  the acti v i ty ,  and the pub l i c i ty 
to promo te i ts a dop t i on . 

The benefi t a ccrued to entrepreneurs  who soon made agri cu l tural  
a v i at i on  avai l a bl e  to farmers t hroughout New Zea l and . The ava i l ab i l i ty 
of the s ervi ce was enhanced by a depl oymen t  of numerou s  sma l l , i f  
obsol ete and somewhat i neffi c i e n t ,  a i rcraft fl own by wa rti me-tra i ned 
p i l ot s . Government  opera t ions  d i d  not eventuate a s  p ri vate f i rms  

demons trated the i r  c apab i l i ty to  prov i de the serv i ce . Governme n t  
o n l y  regu l ated the  i ndus try ' s  devel opment through l i cen s i ng to ensure 
the growth of s ta bl e fi rms and  the ma i ntenance of the serv i ce over the 
country .  

A s imi l ar concern was extended to the ferti l i zer  a nd l i me 
i ndu stri e s . Through  pri ce control and transport subs i d i es ,  the u s e  of 



265  

those materi al s was promoted a s  a mean s  to  boost  agri cul tura l produc
ti on . I n  the case  of the l i me i ndustry , once a genera l s u bs i dy was 
wi thdrawn , consumpti on and production fe l l  ( Tabl e 6 . 8 ) a s  a l ternat i ve 
means  of treatment had emerge d .  Recogn i ti on o f  the rol e of  ferti l i ze� 

prompted the o p po s i te respon se--the d i rect s ubs i di za t i on from 1 965 
to offset ri s i ng costs . I ts u se  wa s ma i nta i ned and i ncreased accord i ng l y  

( Tabl e 6 . 9 ) . Pu bl i c  sector i nvol vement i n · the research wh i c h e s tab l i s hed 
the techno l ogy and nati ona l concern wi th ma i nta i n i ng producti on expl a i n  
th i s  form of governmenta l  i n terventi on . 

Farmers sought to ma i nta i n  some i nfl uence on thei r producti on 
envi ronment  throug h  the operation  of such  bod ies  as the Pri mary 

Producers ' BoQrds . The Da i ry and Mea t Boards were i nvol ved i n  the l i me 
transport subs i dy program , a nd the Mea t a nd Wool Boa rds  acti ve ly  
encouraged the  a cqu i s i t i on of  better equ i pment by agri cu l tural  a v i a t i on 
fi rms , and the e stabl i s hment of ferti l i zer p l ants . Farmers ' co-opera

ti ves  were a l s o  i nvo l ved i n  the expans i on of  ferti l i zer product i on  i n  
both i s l and s ,  and  the farmi ng  i ndus try a s  a whol e a ppeared : 

qui te prepared to carry on where the State i s  not , 
g i v i ng the requ i s i te fi nanci a l  s u pport and  tra i ned 
staff req u i red for an effi ci ent research and 
advi sory serv i ce not  enti rely u nder the State ' s  
admi ni s tra t i ve control . ( Levy , 1 97 0 ,  349 ) 

I n  s ee k i ng to i mprove i ts producti v i ty the agr i cul tural sector 
came to rely more hea v i l y  o n  other s ectors to provi de produc ti on 
i nputs , i nnov a t i ons , and  a su i tabl e producti on env i ronment . I n  so  
doi ng , the s ector  s t i mu l a ted an  expa n s i on of  agri c u l ture-rel a ted 
i ndustry and an i ncrea sed econom i c  rel i ance upon the s ecto r ' s  trade : 

The farmi ng econom i c  scene i s  fa st  changi ng , and  there 
are now bu i l t  up  l a rge  and expens i ve supply .s erv i ces to 
the l and  to a i d producti on , to buy , proces s , s tore , se l l 
and d i s tri bu te farm products . And so  many more secondary 
i ndustri e s  and  wor kers now depend on overseas exchange 
for raw p roducts and  for imports tha t  govern our s ta ndard 
of 'l i v i ng ,  tha t i t  i s  becomi ng more · and  more i mpera ti ve  
that no bottl e-neck  i n  product i on of our  nat i onal  i ncome 
l i es ' i n  the so i l i tsel f .  Somehow or other a l l l and must  
be  brought  to a h i gh s ta te of producti on-- l owl and a nd h i l l 
and t h i s can be done by s k i l l fu l  man i pul a ti on of gra z i ng 
an ima l s and a bu i l d- u p  of soi l fert i l i ty .  ( Levy , 1 959 , 9 )  

I nventi ve act i v i ty conti nu ed to be i mportant ,  g i ven the i ns t i tuti onal  
s tructure present , bu t s u bsequent i nnova ti ons had l es s  i nfl u ence i n  
chang i ng the  exi s t i ng techni ca l s tructu re . A h i g h ly  product i ve  
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agr i cu l tural sys tem cou l d be s us ta i ned by i nnovations  whi ch l argely 
served to i mprove the producti v i ty of producti on processes . Research 

concern centred ma i n ly on fi ndi ng techn i ques to bes t use  ex i s t i ng 
resources . Th i s  was the ca se  wi th the work on phosphate reten ti on  
and  wi th the s u bs ti tuti on of more producti ve ani ma l s and p l a n ts for 
those i n  u se  through  dai ry herd tes ti ng  and  arti fi c i a l i n sem i nat i on and 
through  breedi ng  new stra i ns of  grasses  and c l overs . 

Desp i te s u c h  techn i ca l  progress , i ncrea s i ng uncerta i nty deve l opi ng  
in  trad i t i onal markets l ed to  a rev i ew of  the s tructure of the nat iona l  
economy .  I ndus try was promoted but  a t  a cost  to farmi ng through reduced 
i nvestment and h i g her co sts  for protec ted l ocal ly produced i nputs  
( Lane , 1 9 73 , 9 2 ) .  To 1 970  t h i s rema i ned the d i recti on of  economi c 
devel opment .  For agri cu l ture , and hence , for New Zea l and a s  a whol e ,  
changes i n  the 1 960s i n i t i a ted a ' sea rch for stabi l i ty '  ( Sma l l fi e l d ,  
1 9 70 , 1 3 2 )  wh i c h conti nued i nto the fol l owi ng decade :  

The future of farmi ng w i l l  not be resol ved unti l the 
i ssue  of the form and  extent of i ndustr i a l  protecti on i s  
resol ved . Thi s wa s not reso l ved i n  the l a st decade and 
there can be no guarantee that i t  w i l l  be re so l ved i n  the 
nex t .  ( Ward ,  1 9 73 , 38 ) 
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CHAPTER 7 

SO I L  AMEND I NG ,  AGR I CULTURAL GROWTH , AND STRUCTURAL STABI L I TY 

I n  thi s c ha p ter i s  revi ewed the l ong- term rol e of soi l -amend i ng 
technol ogy i n  the growth of agr i cul ture i n  New Zeal and . I t  i s  a pparent 
from the  preced i ng three cha p ters that the appl i cati on of tha t tec h 
nol ogy h a s  been a n  i mportant factor i n  the h i s tori cal devel opment  of 
gras s l and  farmi ng sys tems . Not onl y the d i rect product ion  benefi t 

crea ted wi th the add i ti on of so i l  nutri ents and the control of so i l 
ac i d i ty bu t a l so the i nd i rec t benefi ts acqu i red from the d i rec ti o n  of 
sci enti f i c  research effort to agr icu l tural probl ems were an  ou tcome of 

, 

the concern wi th so i l amendi ng . Thi s concern s temmed from farm 
enterp ri se changes b rought  a bo u t  by transport technol ogy i n novati on . 
So i l  amend i ng compl emen ted these  changes i n  meeti ng the i r  i ncrea s ed 
soi l ferti l i ty demand , and i nduted fu rther change i n  the techno l ogy 
empl oyed . I n  effect ,  agri cu l ture • s  commerc i a l  ori enta t i on i n  
serv i ng l ocal and forei gn urban markets wa s secured by these  deve l op
ments . 

The structure of farmi ng accompanyi ng the farm-enterpri s e  c hanges  
was fi xed i nto the product ion  envi ronment .  As so i l - amendi ng  tec hnol ogy 
su i ted the charac teri s t i c s  of that s tructure , i ts u se  was underta k en 
and extended . The resul t was the crea t i o n  and l ong -run  ma i ntena nce  of  
a gra s s l and farmi ng  sys tem geared to produce for a market wh i ch offered 
general l y  stabl e d emand over a l ong peri od . Thu s ,  New Zea l a nd • s  
trad i ng rel ati ons h i p s  have been an i mportan t  factor determi n i n g  the 
s truc ture of the economy .  The surety of the col on i a l peri od prov i ded 
a bas i s  for growth but ,  wi th the l ooseni ng of that bond , the u nba l anced 
economi c s truc ture wa s a pparent . 

Press ure for s tructura l  c hange has been produced whenever 
agri cu l ture • s  contr i bu t ion  to the economy ha s been reduced , yet change 
i n  the s tructure ha s been deterred by the pos s i b i l i ti es  of improv i ng 
the performance of  the exi s t i n g  structure , often through  i nnov a t i on a nd 
improvement connected wi th s o i l amendi ng . The economi c v i a bi l i ty of 
agri cu l ture has rema i ned . U nt i l the l a s t  decade of the peri od s t ud i ed 
succes s i ve efforts to effect c hange d i d  not produce i mporta n t  i nd u s tri a l  
devel opment not a l so l i nked to agri cul tural  output .  



The governmen t  i n  New Zea l and has parti ci pated i ncrea s i ng ly  i n  
the p rocesses noted a bove . From encourag i ng popul ati on growth , 

i nfra s tructure extens i o n , and i ndustry e s ta bl i s hment , government  
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ha s moved to deeper i nvol veme n t  i n  st imu l a ti ng econom i ca l l y  des i red 
enterpri ses . Cl oser  l and settl ement marked a phase wherei n government ' s  

contri bu t ion became more wi despread , extend i ng to produce qua l i ty 
control and found i ng research e stabl i s hments to fu rn i s h  i nforma t i on a nd 
technol ogy to the i ntens i ve l i vestock en terpri ses . Econom i c  reverses 
tended to deepen th i s i nvol vement to the po i nt where governmental 

deci s i ons were part of the producti on envi ronment of the agri cu l tu ral 
sector . 

I nsofar p s  government has  supported agri cul ture ' s  economi c pr imacy 
i t  ha s contri buted to the s ta b i l i ty of pa ttern whi ch ha s characteri zed 
the economy .  The pursu i t  o f  economi c v i a bi l i ty through spec i a l i zed 
l i ve s tock product i on  for a l mo s t  a century has a l l owed such stabi l i ty 

to devel op , yet i t  has been techno log i cal c hange whi ch has s u s ta i ned 
tha t s tab i l i ty .  The fi xi ty of farmi ng s tructure and the s u pport of  
governmental pol i cy have seemi ngly d i rected technol ogy to s u i t the 
s tructure rather than a l l ow i t  to create c hange i n  the struc ture . 

SO I L-AMENDI NG TECHNOLOGY 

I t  has been observed i n  the course of the previ ous  chapters that 
the adopti on of soi l amend i ng technol ogy has  been assoc i a ted" wi th the 
agri c u l tural sector ' s  devel opment . The appl i cat i on of soi l - amend i ng 
technol ogy throug h  the topdres s i ng of pastures wi th an i ncrea s i ng l y  

broad range of chem i cal  ferti l i zers ha s been a major technol ogi ca l 
change i n  New Zea l and agri cu l tu re . The empha s i s on grassl and farmi ng  
has devel oped through  the capaci ty of soi l amend i ng to  prov i de the  
nutri ents and so i l cond i ti ons  requ i red to s usta i n  h i gh l evel s of  farm 
product ion . 

Wi th the l ow l evel  of demand on gra s s l and made by the ranch i ng 
methods of exten s i ve s heep gra z i ng ( Gr i gg , 1 974 , 253 ) , the need for 
th i s  technol ogy was l es s  appa rent . Low ra tes of s tocki ng on the l a nd 
occupi ed ( Tabl e 7 . 1 ) ,  the pos s i b i l i ty of i mprov i ng gra ssl and output  
fou rfo l d  by sowi ng  Eu ropean g ra s ses  and  c l overs ( Cockayne , 1 9 1 8 ,  1 27 ) , 

and the pos s i b i l i ty of occupyi ng  unused l and meant tha t the u ti l i ty of 
empl oyi ng a techno l ogy dev i sed for more i ntens i ve farm i ng sys tems i n  
Europe was l ow .  The mi xed , s emi - s ubs i s tence farms wou l d  have had a 



TABLE 7 . 1  
RATIO OF LIVESTOCK TO LAND (LIVESTOCK UNITS PER ACRE) 1851 -55 - 1966-70 

Sheep Cattle Horses 5-Year Total Period Dairy Cows 
AO IL SG AO IL SG 

1851-55 . .  1 . 69 2 . 85 . . . .  .. 

1856-60 . . 2 . 02 2 . 86 .. . .  .. 
18 61-65 .. 2 . 11 2 . 98 .. .. . . 
1866-70  . .  1 .  56  2 . 59 .. . 1 1 . 18 
1871-75 . 08 1 .  21  1 . 71 . 01 . 09 . 13 
18 76-80 . . . 63 . 85 . .  . os . 0 7 
1881-85 . 08 . 39 . 51 . 01 . 04 . os 
1886-90 . 09 . 3 5 . 43 . 01 . 04 . o s  
1891-95 . 1  . 33 . 39 . 01 . 03 . 03 
189 6-1900 . 1  . 28 . 3 2 . 01 . 03 . 03 
1901-05 . 09 . 24 . 28 . 01 . 03 . 04 
1906-10 . 1  . 25 . 28 . 02 . 04 . 04 
19 11-15  . 10 . 25 . 28 . 02 . 04 . 04 
1916-20 . 1  . 24 . 27 . . 02 . 04 . os 
19 21-25 . 09 . 21 . 24 . 03 . 0 6  . 06 
19 26-30 . 1  . 24 . 27 . 04 . Q7 . 07 
19 31-35 . 11 . 25 . 28 . os . 09 . 1  
19 26-4 0 . 1 2 . 26 . 3 . os . 09 . 10 
1941-45 . 13 . 28 . 31 . os . 09 . 1  
194 6-50 . 13 . 2 7  . 30 . os . 08 . 1  
1951-55 . 14 . 30 . 34 . 06 . 1  . 11 
1956-60 . 17 . 3 7 . 4 1  . 06 . 1  . 11 
1961-65 . 19 . 39 . 44 . 06 . 09 . 10 
1966-70 . 23 . 4 3  . 49 . 06 . 1  . 11 

Other Dairy 
AO IL SG 

. 01 
. . 

. 02 

. 02 

. 0 2  

. 02 

. 03 

. 03 

. 03 

. os 

. os 

. os 

. 06 

. 06 

. 06 
. 02 . os . os 
. 02 . os . 0 6  
. 02 . os . 06 
. 03 . 05 . 06 
. 03 . 06 . 0 7  

. .  

. .  

.. 
. 23 
. 22 
. 11 
. 08 
. 08 
. 06 
. 0 7  
. 08 
. 09 
. 08 
. 11 
. 12 
. 12 
. 13 
. 14 
. 14 

AO 
Beef 
IL 

0 . 4  
. 32 
. 15 
. 11 
. 1 · 
. os 
. o s  . .  

. 09 . 

. 1  

. 1  

. 13 

. 14 

. 1 3 

. 14 

. 15 

. 16 
. os . 1  
. 06 . 1 2 
. 0 7 . 14 
. 08 . 16 
. 10 . 2  

SG AO IL SG AO 
. .  1 . 02 1 . 71 . . 

. . 1 . 09 1 . 55 .. 

. .  . 73 1 . 03 .. 

.. . 35 0 . 58 . .  

. 02 . 3 1  . 45 --
. . . 1 7  . 22 .. 

. 03 . 12 . 16 . 01 

. 03 . 1 2 . 14 . 01 

. 03 . 09 . 11 . 01 

. 04 . 10 . 12 . 01 

. 04 . 11 . 13 . 01 

. os . 1 2 . 14 . 01 

. o s  . 12 . 14 . 0 1  

. 06 . 16 . 18 . 01 

. 08 . 18 . 21 . 01 

. 08 . 1 8 . 20 . 01 

. 1  . 22 . 24 . 01 

. 10 . 2 3 . 25 . 01 

. 11 . 2 3 . 26 . 01 
. 11 . 11 . 24 . 26 --
. 14 . 1 3 . 27 . 30 --
. 16 . 14 . 29 . 33 --
. 18 . 15 . 31 . 34 --
. 22 . 19 . 35 . 40 --

Notes : AO = per acre of area occupied , IL = per acre of improved land , and SG = per acre of sown grassland . 

Source : Cal culated from data in Tables 7 . 4  and 7 . 5  

IL 
. 10 
. 1 2  
. 06 
. 07 
. 0 6  
. 04 
. 03 
. 02 
. 02 
. 02 
. 02 
. 02 
. 02 
. 02 
. 02 
. 02 
. 01 
. 01 
. 01 
. 01 
. 01 
. 0 1  
--
- -

SG 
. 17 
.. 1 7  
. 09 
. 12 
. 09 
. os 
. 04 
. 03 
. 03 
. 02 
. 02 
. 03 
. 03 
. 02 
. 02 
. 02 
. 02 
. 02 
. 01 
. 01 
. 01 
. 01 
--
- -

N 0'1 1.0 
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greater i ntere s t  i n  thi s technol ogy as  the ferti l i ty demands were 
greater and so i l  defi c i enc i es made more apparent . The l i mi ted use  of 

so i l amendi ng on the mi s s i on farms ( Hargreaves , 1 966 , 47 ) ra i se s  th i s 
pos s i b i l i ty a s  i t  i nd i cates that arab l e farmi ng and soi l amendi ng were 
c l osely l i nked at the t ime . As l ong as gra s s  was not v i ewed as a crop , 
p a s ture benefi ted from so i l  amend i ng onl y  where i t  was sown i n  rotat ion  

wi th crops a nd those crops d id  not ful l y  extract the nutri ents  provi ded . 
Through the n i neteenth century the i ntens i ty of grass l and u s e  decl i ned 
a s  seen i n  the fa l l i ng rat i o  of s tock  to sown grass l and ( Tab l e 7 . 1 ) and 
the  decreased percentage of gras s l and c ut  for hay and s i l a ge ( Tab l e 
7 . 2 ) .  The extens i on of s own gra s s l a nd acreage was a more i mportant 
process a t  th i,s s tage tha n i n tens i fyi ng  i ts u se .  

Nonethel e s s , soi l amend i ng wa s be i ng more widely practi c ed by the 
1 880s as s hown by the ri s i ng l evel s of i mports recorded ( Tab l e 7 . 3 ) , 
and  becomi ng more wi despread as  the g reater q uanti ti es were not appl i ed 

a t  a grea ter ra te per acre of improved l and ( Tabl e 7 . 2 ) . Th i s  

observat ion ho l ds true unt i l the 1 89 1 - 9 5  per iod when the upsurge  i n  
i mports ( Tabl e 7 . 3 )  began to catch u p  wi th the rate of sown gra s s l and 
fo rmati on ( Tab l e 7 . 4 ) .  G ra i n cropp i ng ,  whi ch boomed pri or to the 1 890s 
( Tab l e 7 . 4 ) , prov i ded an  entry poi n t for so i l - amendi ng technol ogy and 
l i n ked New Zea l and a nd Bri ti s h  pract i ce i n  a l so showi ng the common 
concern wi th so i l p ho sphorus def i c i ency . 

The d i scovery of methods of produci ng chemi ca l ferti l i zers  a nd of 

s u i tabl e produc t i on ma ter i a l s fac i l i ta ted the d i ffu s i on of so i l - amend i ng 
technol ogy . The work of Lawes and Thoma s on superphosphate and  bas i c  
s l ag respecti v e l y  formed an  i nforma ti on poo l wh i c h  wa s tapped by New 
Zea l and farmers .  The i r  i nterest grew i n  the 1 890s a s  the sudden ri s e  
i n  soi l amendmen t  i mports s hows ( Tab l e 7 . 3 ) . The i ntroducti o n  of 
refr i gera t i on a nd the open i ng of the Br i t i s h  mar ket for mutton , l amb , 
a nd  da i ry produce was accompan i ed by a n  exten s i on of more i n tens i ve  
farm i ng .  The occupa t i on and  improvemen t  of l and conti nued ( Tab l e 7 . 4 )  
a nd  l i vestock n umbers  rose ( Tabl e 7 . 5 ) thereby tapp i ng the ex i s ti ng  
ferti l i ty of newly c l eared and  newly p l oughed l a nd . The depl et i on  of 
the ferti l i ty from that source wa s a s t i mu l u s  to experiment w i th so i l 
amendi ng .  Farmers cou l d  readi ly  observe the pos i ti ve o r  nega t i ve 
effects of so i l amend i ng and so , the characteri s ti c s  of the i nnovat i on 
were to abet i ts adop t i o n . The a l mo s t  i nfi ni tely  d i v i s i bl e nature of 
the practi ce a l l owed farmers to i nvest  as much  time , l abou r ,  a nd 



TABLE 7 . 2  
GRASSLAND TECHNOLOGY DATA 185 1-55 - 1 966-70 

5-Year Area Improved Land in : 
Period Occupied Sown Green a Improved Grass Fodder 

185 1-55 .. 59 . 41 3 .  92 
1856-6lf . .  70 . 6  4 
186 1-652 .. 70 . 6  1 . 9  
1866-70  . .  60 . 2 3 1 .  7 3  
1 8 7 1 - 7 5  . .  70 . 6  2 . 7  
187 6-80 . .  74 . 3  5 . 1 
188 1-85 .. 7 7 . 2  6 . 8 
1886-90 25 . 9 1 8 1 . 6  6 
189 1-95 29 . 7 1 85 5 . 8  
1 896- 1 900 34 . i1 86 . 5  6 . 3  
1 90 1-05 37 . 1  88 . 4  5 . 7  
1 906- 1 0  39 . 2  88 . 2  6 . 7  
1 9 1 1- 1 5  40 .  1 1 88 6 
1 9 1 6-20 40 . 7 89 . 6 · 4 . 1 
1 9 2 1-25  42 . 2  89 . 6  4 
1 9 26-30 43 . 5  90 . 7  3 . 7  
1 93 1-35 44 . 6  9 0 . 1 3 . 6 
1936-40 45 . 6  89 . 3  3 . 2 
1 9 4 1 -45  46 . 2  89 . 3  3 . 2 
1 946-50 46 . 8  89 . 9  3 . 2 
1 9 5 1-55  46 . 3  89 . 5  3 . 7  
1 956-60 4 1 . 4  89 . 6 11 3 . 7 4 
1 9 6 1-65 49 . 5  89 . 8  3 . 3 
1966-70 53 . 3  88 . 4  2 . 8  

Notes : a Includes roo t crops used for fodder . 
b Includes silage . 
c An application rate of 1 cwt /acre 

= 0 . 05 

Percentage of: AppZication Ratec : 
Sown Grass : (tons/acre improved) 

Grain Cut tor Topdressed Limestone ChemicaZ 
FertiUzer Crops Hay 

28 . i  .. . .  . .  . .  20 . 1  . .  . .  . .  . .  

2 1 . 4  -
. .  . .  . .  . .  20 . 1 3 5 . 52 

. .  . .  . 00 1  1 7 . 2  3 . 5  . .  . . . 00 1  1 3 . 2  2 .  1 . .  . .  --

1 1 . 7  1 . 4 .. .. . 00 1  9 . 8  0 . 9  . .  .. . 00 1  7 . 3  0 . 7  . .  . .  . 002 
6 . 4  0 . 8  . .  -... 1 . 002 5 . 2  0 . 6  .. . .  . 003 
4 . 6  0 . 6  . .  . .  . 004 
4 . 4  0 . 4  Proportion in : . .  . 006 4 . 8  0 . 7  Hay SiZage Lucerne . .  . 006 4 . 005 4 . 4  1 . 1  . 006 . 007  3 . 2  1 . 8  9 1 . 1  4 9 4  1 J ·. 7 3 . 009 . 0 1 5  3 . 7  2 . 9  7 2 . 2  20 . 7  7 . 1 1 4 . 7  . 0 1 2  . 01 4  3 . 0  3 . 1 7 9 . 6  1 3 . 4  7 . 1  20 . 8  . 022 . 024 
3 . 0  3 . 1 8 1 . 3  1 0 . 9 7 . 8  2 1 . 8  . 038 . 0 1 1  2 . 3  3 . 3  82 . 8  9 . 4  7 . 8  25 . 9  . 053  . 023 1 . 8  4 . 4  69 . 9  1 9 . 4  1 0 . 7  2 7 . 7  . 068 . 032 1 .  64 5 . 6 4 68 . 1 4 1 8 . 34 1 3 . 6 4  4 9 . 7  . 054 . 033 2 5 . 6  70 . 6  1 5 . 2  1 4 . 2  55 . 7  . 045 . 04 2  2 . 5  6 . 7 74 . 6  1 1 . 5  1 3 . 9  64 . 8  . 044 . 054  

--

Sources :  Hay , silage , and lucerne percentages and topdressing data 
calcula ted from AgricuZturaZ Statistics ( for years shown) . 

Other figures calcula ted from data in Tables 7 . 3  and 7 . 4 .  

N � ..... 



TABLE 7 . 3  

TONNAGE OF SOIL AMENDMENTS USED 1866-70 - 1966-70 

- Imports: Domestic Production: ' 
5-Year 
Period Nitrogen Phosphorus a ,Potassium c Sulphur_ Phosphorus Limestone Total 

1866-70 .. 4 1 8 4 4 14 -- .. . .  . . 
1 8 7 1- 75  . . . .  . .  9 16 185 - . . 
1 8 76-80 . .  . .  . .  1 , 39 4  2 1 8 - . .  

1 88 1-85 . . . .  .. 6 , 49 7  294 - . . 
1886-90 . . . . . . 7 , 4 16 2 3 1  - .. 

1 89 1-95 . . . .  . . 16 , 803 16 1 - . .  1 1896-1 900 . .  .. . .  26 , 346 1 3 7  - 1 , 000 
190 1 -05  ..  . .  . .  3 7 , 763  459  4 , 02 3 3 . .  

1 906-10 .. 2 •• 2 b . .  2 6 5 , 925 1 , 20 7  7 , 020 . .  

1 9 1 1- 15  1 , 887 36 , 23 1b 1 , 43 7  104 , 438 1 , 52 2  9 , 540 . .  

1 9 1 6-20 624  30 , 470  152 93 , 600 2 , 958 5 . 398  100 , 2 32 
1 9 2 1 -25 325 3 7 , 9 24 2 , 590 128 , 070 1 1 , 4  76  3 , 2 7 5 4 1 1 7 , 7 7 4  
1926-30 1 , 1 76 90 , 5 35 4 , 63 1  282 , 9 70 29 , 586 - 1 75 , 154 
193 1-35 1 , 2 73 82 , 908 2 , 827  259 , 80 1  34 , 644 - 223 , 056 
193 6-40 1 , 4 2 1  136 , 3 74 6 , 634 4 70 , 290 52 , 283 - 438 , 9 20 
1 9 4 1 -45  90 1  74 , 35 1  1 , 5 3 7  2 10 , 0 1 5  44 , 5 68 12 , 3 76 3 762 , 1 38 
1 946-50 895 1 65 , 536 4 , 044 455 , 863 60 , 8 78 5 , 624 2 1 , 060 , 398 
1 95 1-55 2 ,  728 2 19 , 920 16 , 842 648 , 35 3  100 , 26 2  - 1 , 370 , 828 
1956-60 3 , 603  2 16 , 098 36 , 5 1 5  660 , 598  9 2 , 848  - 1 , 09 1 , 2 1 9 
1 9 6 1 -65 4 , 6 78  28 1 , 189 75 , 2 1 6  9 30 , 04 7  156 , 322  - 980 , 63 2  
196 6-70 6 , 84 1  394 , 5 19 87 , 65 7  1 , 235 , 53 7  1 9 1 , 9 7 2  - 998 , 23 7  

-- -- - - ----- ---

Notes:  a Organic fert ilizers not included . 

b Guano and raw rock phosphate were comb ined from 19 14 to 1 9 1 8 . The total is  treated as raw rock 
phosphate . 

c Impor ts are shown as the equivalent tonnage of the nutrient shown , but the total given is a 

summation of  the ab solute figures recorded . 
N 
""-J 
N 
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TABLE 7 . 3  ( Continued) 

Sources : Calcula ted f rom : 

i )  Impor ts - nutrient type 

1 9 1 4-6 1  Statistics of New Zealand ; Jrade and Shipping 
Statistics . 

1 962-70 Jrade and Shipping Statistics ( 1 9 6 2a ;  1 9 6 2b ) ; 
Import Statistics. 

Impor ts - total 

1867- 1 9 20 Statistics of New Zealand. 
1 92 1-70  Jrade and Shipping Statistics ; Import 

Statistics .  

i i )  Domes tic Produc tion - phosphorus 

, Table  5 .  6 .  

Domes tic Produc tion - l imestone 

1 900 Orchis ton ( 1 95 7 ,  8 ) . 

1 9 1 7-70 Tables 5 . 6 and 6 . 8 .  



TABLE 7 . 4  

NUMBER OF HOLDINGS (THOUSANDS ) ; AREA OCCUPIED ,  AND PRINCIPAL LAND USES (THOUSANDS OF ACRES)  1851-55 - 1966-70 

Number Area . 
Average Improved Average Sown Grass Hay Green Fodder 

Grain 5-Year 
of Area Ocaupied Area Improved and and and Root 

Period Ho ldings Occupied per Ho lding Land 
per Holding Clover Si lage Crops Crops 

1851-55 
. .  . .  .. 

48 . 5 2 . .  
28 . 8 1 .. ' 1 . 9 2 13 . 7 2 

1856-60 2 . .  . .  . .  
125 . 5  

. .  
88 . 6  

.. 
5 25 . 2  

1861-65 2 . .  . .  . .  
304 . 6  

. . 
215 . 1  

. . 
5 . 9  65 . 2  

1866-70 1 2 . 7 2 . .  . . 
899 . 5  70 . 8  541 . 3  3 29 . 7 2 15 . 2 3 180 . 6 3 

187 1-75 14 . 5  23 , 5 30 . 2 2 1 , 62 2 . 8  1 , 4 7 5 . 8  102 1 , 042 . 1  36 . 7  40 . 4  254 . 2  
187 6-80 20 . 1  . . . . 3 , 4 66 . 2 1 7 2 . 1  2 , 5 74 . 1 54 1 7 7 . 3  4 58 . 5  
1881-85 2 7 . 2  26 , 84 5 . 5 1 987  5 ,  64 6 . 4  207 . 3  4 , 362 . 2  62 . 8  385 . 8  6 60 . 5  
1886-90 34 . 8  2 8 , 169 . 8 1 810 . 6  7 , 29 6 . 9  210 5 , 9 52 . 1  52 . 5  440 . 1  711 . 7  
1891-95 4 2 . 8  31 , 867 . 5 1 744 . 4  9 , 452 . 1  220 . 8  8 , 032 . 2  54 546 . 2  691 . 2  
1896-1900 61 . 14 34 , 025 . 4 4 556 . 7  11 , 6 30 . 5  190 . 3  10 , 058 . 3 . 83 . 6  730 . 5  74 5 . 7  
19 01-05 65 . 3  35 , 858 . 9  549 1 3 , 290 203 . 5  11 , 7 53 . 9  71 . 3  7 55 . 6  6 9 2 . 1  
1906-10 4 7 2 . 7  3 7 , 586 . 1  517  14 , 737 . 2  202 . 7  12 , 99 8 . 3  79 . 5  9 86 . 2  6 71 . 9  
19 11-15 73 . 9 1 40 , 238 . 1  544 . 7  16 , 154 . 2  218 . 7 14 , 214 . 7  62 . 6  9 66 . 3  719 . 9  
19 16-20 79 . 8  4 2 , 807 536 . 5  1 7 , 4 10 . 6  218 . 2  15 , 601 . 5  112 . 5  706 . 9  8 31 . 7  
19 21-25 85 . 3  4 3 , 586 . 6  510 . 8  1 8 , 384 . 4  215 . 5  16 , 464 . 1  188 . 7 7 32 . 7  802 . 2  
1926-30 8 5 . 6  4 3 , 508 . 2  508 . 5  18 , 9 29 . 8  221 . 2  1 7 , 16 3 . 8  311 . 4  705 . 9  608 . 1  
1931-35 84 4 2 , 8 7 7 . 8  510 . 7 19 , 115 . 9  227 . 7  1 7 , 2 24 . 6  499 . 9  680 . 9  712 . 3  
19 36-40 85 . 6  43 , 094 . 4  503 . 5  19 , 6 6 6 . 4  229 . 8  1 7 , 556  550 . 5  637 . 6  592 . 4  
1941-45 86 . 2  4 2 , 9 65 . 7 49 8 . 7 19 , 8 56 . 9  230 . 5  1 7 , 74 2 . 1  5 58 . 8 629 . 4  604 . 6  
1946-50 87 . 4  4 2 , 9 69 . 5  49 1 . 6  20 , 106 . 1  230 . 0  . 18 , 080 . 6  59 0 . 7  6 53 . 3 467 . 3  
19 51-55 91 . 0  4 3 , 263 . 4  4 7 5 . 3  20 , 020 . 4  219 . 9  1 7 , 9 24 . 9  7 96 . 5  736 . 1 352 . 5  
1956-60 82 . 5  4 2 , 874 . 8  519 . 6  20 , 217 . 0  '+ 245 18 , 120 . 14 1 , 021 . 6 4 753 . 04 323 . 8 4 
19 61-65 72 . 1  4 3 , 644 . 4  605 . 5  21 , 59 2 . 0 29 8 19 , 386 . 2  1 , 09 5 . 8  716 . 7  424 . 0  
1966-70 67 . 3  42 , 9 64 . 2  638 . 1  22 , 89 6 . 2  340 . 1  20 , 2 32 . 4  1 , 355 635 . 9  563 . 9  

---- -- -- - - -----------_ ___.__ -- ----· --

Sources : 1853- 1 920 Statistics of New Zea land ; 1 9 2 1-70  Agricultural Statis tics . 

N "-.J 
+=-



TABLE 7 . 5  

LIVESTOCK PRODUCTION IN THOUSANDS OF LIVESTOCK UNITS 1 85 1-55 - 1 966-70 

5-Year 
CattZ.e 

Period 
Sheep 

Other 
Horses 

Dairy Cows Dairy 
Beef Total 

185 1-552 82 . 0  . .  . . 49 5 
185 6-603 253 . 8  . .  . . 1 3 7  1 5  
186 1 -65  64 1 . 5 . . . . 222  19  
1866-70 1 1 , 403 . 0  123 . 8  2 1 4  337 . 8  66  
1 8 7 1 -75 1 , 783 . 9  1 68 . 8  331  449 . 8  90 
1 876-80 2 , 1 7 8 . 2  232 . 5 1 392 624 . 5  1381 

1881-85  2 , 2 1 4 . 4  283 . 8 1 4 72 755 . 8  162 1 

1 886-90 2 , 5 63 . 7  348 . 8 1 574  9 2 2 . 8  1 8 7 1 

189 1-95  3 , 158 . 7  3 2 1 . 3 1 622  943 . 3  2 1 1 1 

1896-1900 3 , 240 . 2  397 . 5  846 1 , 243 . 5  252  
1 90 1-05 3 , 2 3 1 . 4  537 . 5  1 , 052 1 , 589 . 5  289  
1 906-10 3 , 709 . 7  668 . 8  1 , 27 8  1 , 946 . 8  4 346 4 

1 9 1 1 - 1 5  4 , 054 . 7  792 . 5  1 , 386 2 , 1 7 8 . 5 1 404 1 

1 9 1 6-20 4 , 2 1 1 . 5  985 . 0  1 ,  9 9 2  2 , 9 7 7 . 0 367  
1 92 1-25 3 , 89 7 . 0  1 , 343 . 8  2 , 3 14 3 , 65 7 . 8  324 
1 9 26-30 4 , 586 . 0  1 , 5 7 1 . 3  2 , 183 3 , 754 . 3  304 
1 9 3 1 -35 4 , 798 . 9  2 , 1 12 .  5 2 , 498  4 , 6 10 . 5  280 
1 936-40 5 , 2 25 . 4 - 2 , 2 1 8 . 8  2 , 6 7 4  4 , 892 . 8  2 7 6  
1 9 4 1 -45 5 , 496 . 0  2 , 1 50 . 0  2 , 8 1 9  4 , 969 . 0  242  
1946-50 5 , 494 . 5  2 , 1 5 7 . 5  948  2 , 065 5 , 1 70 . 5  204 
1 9 5 1 -55  6 , 1 1 6 . 4  2 , 440 . 0  1 , 0 38 2 , 4 7 1 5 , 949 . 0  164  
1 9 56-60 7 , 422 . 5  2 , 432 . 5  1 , 028 2 , 94 1  6 ,  40 1 . 5  4 124  
1 9 6 1 -65  8 , 4 22 . 7  2 , 483 . 8  1 , 1 49  3 , 5 1 0  7 , 142 . 8  87  
1 9 66-70 9 , 935 . 4  2 , 768 . 8  1 ,  403 4 , 50 1  8 , 6 7 2 . 8  7 6  

Total 

136 
405 . 8  
882 . 5  

1 , 8Q6 . 8  
2 , 3 73 . 7  
2 , 940 . 7  
3 , 1 32 . 2  
3 , 6 73 . 5  I 4 , 3 1 3 . 0  ! 
4 , 735 . 7  I 
5 , 109 . 9 I 
6 , 002 . 5  I 6 , 63 7 . 2  
7 , 555 . 5  I 
7 , 87 8 . 4  
8 , 644 . 3  I 9 , 680 . 2  

10 , 394 . 2  I 1 0 , 7 4 7 . 0  
1 0 , 869 . 0  ! 
1 2 , 2 29 . 4  
1 3 , 948 . 0  
1 5 , 65 2 . 5  
18 , 684 . 2  I 

Note : The lives tock units were calculated using the following conversion factor which is 
based on relative feed requirements given in Curry ( 1963) : 
1 l ives tock unit = 1 horse = 1 cattle beas t = 6 sheep = 0 . 75 of a dairy cow in milk . 

Source : Calculated from : 185 1-80 Table 4 . 2 ;  1 8 8 1 - 1 9 20 NZOYB ( 1 9 30 ,  S tatistical Summary); 
1 9 2 1-70 Agricu ltura l Statistics ( 19 70 ,  Tab le 1 ) . 

N -.....J U'1 
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capi tal a s  they fel t  a b l e to i n  tryi ng thi s new procedure .  Resul ts 
woul d  have been h i ndered had too l i ttl e ma teri a l  been app l i ed over too 
l arge an area because  of the l es seni ng of observabl e effects - -grea ter 
crop or gra s s  product ion- -but after 1 892  there was a government-organi zed 
group of adv i sers i n  the Departmen t  of Agr i c u l ture to a s s i s t  i n  th i s  
a s pect of the adopt ion process . The wi despread u se of the f i e l d  tri a l s 

hel d pr ior  to the 1 9 20s demons trates the effect  these few men were ab l e 
to have and the i n tere s t  l evel of farmers s t i l l  i n  a p i oneer i ng pha se  
i n  tryi ng new prac ti ces . The s imp l i c i ty of  t he  practi ce encouraged i ts 
adopt ion before a sci enti fi c unders tand i ng of i ts processes  emerged . 
Of greater concern was fi ndi ng the mos t  effecti ve  ma ter i a l s for the 
so i l s encountered wi th i n  a g i ven reg i on or on a parti cu l ar  farm . For 

exampl e ,  Wa i ka to mi xture , wh i ch i nc l uded superp hosphate , d i d  not prove 
as effect i ve  i n  the condi ti ons  of  Tarana k i  a s  bas i c  s l a g ;  hence the 
adopt ion of domes t i ca l ly  produced ferti l i zer  was sl owed because  of thi s 
s peci fi c i ty probl em . However , the overa l l u se  of so i l  amend i ng  was 
s ti l l  extended and he l ped to overcome the d i ffi cu l ty of i ntens i fyi ng  

produc t ion  on  smal l farms wi th l i mi ted manpowe r .  
I n  the arabl e - gra s s  rotat ion  system adop ted , pa stures  had t o  b e  

p l oughed a nd resown to ma i nta i n h i g her yi el d i ng grasse s . I n  adj u s ti ng 
methods to meet the n u tr i ti onal needs the breed i ng ewes a nd dai ry 
cows , farmers  put  a g reater empha s i s  on green fodder and root crop s 
to meet s ea sonal needs  when gra s s  was i n  s hort supply .  Thi s adj u s tment 
enabl ed the c l ima t i c  l i m i tations  of  a g i ven area to be parti a l l y  offset 
( Curry , 1 963 , 1 01 ) .  Thi s empha s i s grew i n  i mportance a s  the ava i l a b i 
l i ty of areas of un i mproved l a nd s u i tabl e for forage decreased . From 

the 1 876 - 1 880 per i od to that of 1 9 1 1 - 1 9 1 5  between 5 a nd 7 percent of 
improved l and wa s devoted to s uch  crops ( Tab l e 7 . 2 ) . The Engl i s h 
feed i ng practi ces noted earl i er were i ntroduced once the need for 
them became evi dent ( C l ark , 1 949 , 384 ) . The sowi ng of turn i p s  on  

newly bur.ned forest to  brea k u p  the so i l  wh i l e  prov i d i ng fodder promoted 
the u se  of fodder crop s , but the l a ter need for cul ti vat ion  was a 
l imi tat i on because  of  the manpower demanded . For the s ame reason , hay

.i ng and s i l age  mak i ng  were not read i l y  accepted as an a l ternati ve 
source of s u ppl ementary fodder .  Where p l oug h i ng was hampered by 

d i ffi cu l t  terra i n ,  revers ion to scrub  and fern, and so i l ero s i on began . 
A need wa s perce i ved to crea te a l ong -term ,  producti ve g ra s s l and  to 
reduce l a bour i nput and  overcome the l and deteriora ti on probl em . The 
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conti nued c u l tura l and i ntel l ectual  l i nk wi th Br i ta i n  furni shed the 
acces s to advanced agronomi c practi ce whi ch po i nted to a sol u ti on u s i ng 
so i l amend i ng .  The experimenta ti o n  i n  the Wa i ka to proved tha t app lyi ng  

th i s  techn i que  to  gra s s l a nd boos ted producti on yet di d not i nvol ve  
cu l ti vat i on . The addi t i on of soi l n utri ents i ncrea sed the yi el d and 

the l ongev i ty of good pas ture sward s j u st  a s  i t  had proven effecti ve  
i n  i ncreas i ng the yi el d of s u ppl ementary fodder crops . 

The r i s i ng l evel  of ferti l i zer imports ( Tab l e 7 . 3 ) a nd the 
i ncreas ed q uanti ty app l i ed per acre of i mproved l and from the 1 886-1 890 
period to 1 9 1 6- 1 920 ( Tab l e 7 . 2 ) , po i nt to a n  i nc reasi ng adopt ion of so i l 
amend i ng pract ice ,  i n terrupted onl y  becau se l i mi ted sh i pp i ng reduced 
s uppl i es a nd p9stwar econom i c  cond i t i ons  reduced i ncomes , both as  the 
area of i mproved l and i ncreased ( Tabl e 7 . 4 ) . Wi th a res umpti on of 
ferti l i zer  s h i pments , the expans i on of domest i c  ferti l i zer produc t i on , 
a nd h i gher farm i ncome l evel s ,  the rate of app l i cation rose agai n to a 
new peak of  . 007 tons per acre of i mproved l and i n  the 1 92 1 -25 per i od . 
Thi s wa s s ti l l  a l ow l eve l  i n  terms of effecti ve ly  amendi ng so i l , 
however . What mus t  be noted i s  the adj u stment of soi l amend i ng from 

crop s to gra s sl and , though the absence of data on crop l a nd ferti l i zed 
i s  a d i st i nc t  l i mi ta t i on . The co l l ecti on on ly  of data on grass l and 
topdressed refl ects the pri nci pal  practi ce but  a n  i n di ca t i on of the 
vol ume of so i l  amendments  app l i ed for crop producti on woul d be usefu l 
for compar i son ' s  sake . The mi xture of gra i n  cropp i ng and pastora l 
e nterpri s e s  ( Curry ,  1 96 3 ,  1 06- 1 07 ) s uggests  tha t nu tri ents not ta ken u p  
by one enterpr i se  are l eft for the o ther , but vari ati ons i n  so i l -amendi ng 
practi ce are  l eft unc l ea r .  

The u s e  of ferti l i zer t o  i ncrease product i on was l arge ly  a 
fea ture of dai ryi ng . The subd i v i s i on of farms to ma ke • a  more effect i ve  
u ti l i za t i o n  of prol i fi c  gra s s  growth on ful l y  i mproved farms • began  
a l ong wi th  the exten s i on of the  topdres s i ng techni que • to i mprove 
pastures on parti a l l y-devel oped l a nd ' ( Be l s haw ,  l 936a , 28 ) . The 
techn i ques  of pa sture management i n  bal anc i ng s tock req u i rements 
agai n s t  p a s ture growth a l so began--crea ti ng  the bas i s  for the i r  wi der 
u se throug h  im i ta ti on . By the mi d - 1 930s i t  wa s recogni zed that  thi s 
concern wi th so i l  and p a s ture was payi ng off :  

i n  the process  of i mprov i ng l and to  effect a · h i gher 
carry i ng capac i ty ,  condi ti o n s  are created whi ch a u to
mat i ca l ly tend to  i ncrea se  producti on from al l the 
a n i ma l s carri ed . . . .  There i s  . . .  , s u ffi c i ent evi dence 



to prove tha t on l and not fu l ly  devel oped , an i mproved 
carryi ng  capac i ty i s  the fi rst  e s sent i a l  i n  ra i s i ng 
product i on  per a cre , improved average yi el d per herd be
comi ng to  some extent automa ti c .  ( Fawcett , 1 936 , 462 ) 
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Thereafter , the ra t io  of da i ry cows to  sown gra s s l and showed l i ttl e 
further change ( Ta bl e 7 . 1 ) ,  a n  i ndi cati on tha t the i ncrea se  i n  the 
number of dai ry cows ( Tabl e 7 . 5 )  approached that of the acreage i n  sown 

gra s s l and ( Tab l e 7 . 4 ) . The a bi l i ty to a l ter enterpr i ses i n  l i g ht  of 
vary i ng ma r ket  pr i ces by i ncorporati ng l amb reari ng a nd da i ryi ng on the 
same l owl and farms a l l owed the da i ry-based gras s l and techno l ogy to be 
extended to farm enterpri ses  centred on s heep . I t  wa s i n  the 1 930s 
tha t the rati o of  s heep to sown gra s s l and began to i ncrea se  ( Tab l e 7 .  1 ) .  
Thu s ,  meat a nd , da i ry producers were the fi rst to benefi t from the 
better pastu re brought about  by soi l amend i ng .  

The a pp l i c a t i on of l i me , al so recommended pra c t i ce i n  so i l 
amendi ng , rose  wi th ferti l i zer appl i ca t i on . Ear ly  records of i ts u se 
are not avai l a bl e apart from an  est imate that  i n  1 900 some 1 , 000 tons 

were quarri ed for agri cu l tural use ( Orch i s ton , 1 9 57 , 8 ) , but by the 
1 9 2 1 -25  per i od the average annual  quant i ty quarri ed exceeded 1 1 7 , 000 
ton s  and the ra te of a ppl i ca t i on approx ima ted tha t of chemi cal  
fert i l i zers ( Ta b l e 7 . 2 ) . From the 1 946-50 peri od average ou tput was 

about  1 mi l l i on tons and the a verage app l i ca ti on rate abou t 1 cwt per 
acre . Output a nd the rate of appl i ca ti on had both i ncreased , trends 
whi c h  conti nued i nto the 1 9 51 -55 per i ods . These  trends  po i nt to the 
spread and app l i c ati on of the concept that so i l  ac i d i ty,  a cri ti cal  

factor in  cl over  growt h ,  mu s t  be  control l ed to  ma i nta i n  the  n i trogen 
i np u t  needed for the hi gh-yi el di ng , permanent pa s ture sought i n  

gra s s l and farm i ng i n  New Zea l and . Add i ng  soi l n utri ents  a l one  wa s 
i ns uffi c i ent  to ach i eve the desi red effect a t  the same cost .  N i trogen

ous ferti l i zer  cou l d be app l i ed ,  and  i ndeed , some experimentat i on wa s 
underta ken i n  the  1 920s , but  encourag i ng c l over growth prov i ded a 
s i mi l ar resu l t  u s i ng more readi l y ava i l ab l e resources . The l i mi ted 

i mportati on of n i trogenous ferti l i zers ( Tab l e 7 . 3 )  d emons tra tes the 
success  of the  o ther techn i que . 

I dent i fyi ng  the p hosphoru s  defi c i ency had l ed to  a predomi nant 
u se of phospha t i c ·ferti l i zers . Pri or to 1 9 5 1  the total  wei g h t  of  
nutri ents other  than p ho sphorus  rema i ned u nder 1 0 , 000 tons  wh i l e  
phos phorus i mports exceeded 1 50 , 000 tons  ( Tabl e 7 . 3 ) . Dome s t i c  
producti on o f  both rock phosphate a nd bone-based fert i l i zers  was 
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i nadequate as  the grea ter l evel of  p hosphate i mports i ndi cates . The 
ri s i ng demand accompanyi ng the gradual s pread of grassl a nd topdre s s i ng 
( Tabl e 7 . 2 }  i ncrea sed  the importa tion of the raw materi a l s for s u per
phospha te producti on , rock phosphate and s u l phur .  Fl uctua t ion s  i n  t he 
ava i l ab i l i ty of these two ma teri al s were refl ected i n  soi l -amend i ng 
practi c e .  L imes tone appl i cat ion  and product i on rose s harply from 1 940 
to  1 95 0  a s  phospha te imports fel l ( Tabl e 7 . 2  and 7 . 3 ) . S uperphospha te 
was made avai l a bl e pri nci pa l l y i n  mi xtu res  wi th mater i al s such  a s  

serpent i ne rock  or l i me to extend the supp ly  ava i l abl e a nd  a l l ow a s  
many farmers a s  pos s i b l e  to u nderta ke some soi l amend i ng .  The wart ime 
res tri cti ons nonethe l ess  checked the r i se of  topdres s i ng practi ce 
( Ta bl e 7 . 2 } . �ubsequent su l phur  s hortages threa tened to keep s u per
phospha te product i o n  down but were not l ong- l a sti ng ( Tabl e 7 . 3 ) . 
Accordi ng ly ,  pho s p horus  i mports revi ved and appl i cati on rates i ncrea sed 
to prewar l evel s ( Ta b l es 7 . 3  and  7 . 2 ) . 

As  the demand for chemical  ferti l i zers  grew wi th topdre s s i ng  so  
di d the  l evel of i m ports and  the  faci l i ti es for domesti c phospha te 

producti o n .  The dec l i ne of s u perphosphate i mports and the r i se of  
rock p hosphate i mports noted earl i er ( Tab l e 5 . 6 } shows t ha t  domes ti c 

producti on was cop i ng wi th demand i n  the 1 920s . Observ i ng the l oca t i on 
of chemi cal fert i l i zer p l ants s erves to i dent i fy those  area s where 

soi l - amendi ng pract i ce crea ted suffi ci ent demand to a ttract product i on 
fac i l i ti es .  The p r i ce competi t i on whi ch fo l l owed encouraged ado p t i on of 
topdres s i ng pract i ce over a wi der area . By Worl d War I I  the more 
i n ten s i ve gras s l and-farmi ng d i s tri cts of the North I s l a nd ,  South 
Auckl and , Tarana k i ,  and  Wel l i ngton each conta i ned at l ea s t  one chem i cal  
fert i l i zer p l ant . The core area  of pas ture topdress i ng ,  the Wa i ka to ,  
was s erved by three p l ants . The enti re Sou th I s l and was served by only  
three pl a nts , one  l ocated i n  Canterbury a nd two in  Otago , but  they 
had ready l i n kages  to Southl and  and Canterbury .  Postwar extens i on 
of more i n ten s i ve l i ve stock farmi ng can be traced i n  a s i mi l ar fa s h i on 
though  compet i t i on between pri vatel y owned and co-operati vel y owned 
fi rms emerges a s  a source  of  e xpl anati on of the l ocati ona l  pattern . 

What i s  s i gn i f i cant  i s  that each of those major  p l ants  has  been 
produci ng  su perphosphate .  Domesti c supp ly  has not been the onl y source 

of p hosphate fert i l i zer  a s  s uperphosphate has  been but  one of the pho s 
pha te ferti l i zers  empl oyed . B as i c  s l ag  i mports ro se rapi d ly  to p rewar 
l evel s by 1 924 once the European centres of producti on recovered from 
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warti me d i srupt i on . Only fol l owi ng Worl d War I I  d id  the  importati on 
of thi s ferti l i zer  fi nal ly decl i ne .  Prev i ous ly , the quanti ty rose  
sharpl y after eac h  s u pply i nterrupti on . Farmers may have acqui red 

knowl edge of the advantages of empl oyi ng s u perphospha te when ba s i c  s l ag 
wa s unava i l abl e but  they were not prepared to abandon i ts use  comp l ete l y .  

There wa s neverthel e s s  a decrea se  i n  i ts importance rel at i ve to super
phospha te as the domesti c suppl i ers improved the i r  producti on l evel s 
and decreased pri ces of the l a tter .ferti l i zer . Start i ng i n  the 1 930s , 

s u perpho spha te became the predomi nant ferti l i zer empl oyed i n  New 
Zea l and . I t  has  a l so been the pri nc i pal type produced a s  �he technol ogy 
assoc i a ted wi th i ts use has prov i ded the ba s i s  of New Zea l and • s  
gra s s l and  farmi ng systems . 

Onl y wi th l onger term i ntens i ve production  d i d  pota s s i um 
def ic i ency become apparen t and  l ead  to the marked i n crease i n  
pota s s i c  ferti l i zer importa t ion after 1 9 50 ( Tabl e 7 . 3 ) . Thi s wa s a new 
el emen t i n  gra s s l and farmi ng b ut  one read i l y  accommoda ted a s  i t  fi tted 

i nto the  ex i s ti ng pa ttern . The ava i l a bi l i ty of l ow-cos t  supp l i es meant 
that ex i s t i ng ferti l i zer p l ants  were not converted to potass i c  
ferti l i z er producti on nor were new p l ants begun . There was a refi nement 
of techn i que  a pparent bu t not a change i n  the overa l l pattern of soi l 
amendi ng and i ts pl ace i n  gra s s l and farmi ng . 

The pattern wa s rei nforced by the s uccess of aeri a l  topdres s i ng 

beg i nn i ng i n  1 949 . Applyi ng so i l amendments  from the a i r  wa s a n  
exten s i on of gra s s l and technol ogy al ready devel oped . Oversowi ng s eed 
of gra s s e s  and l egumes whi ch  wou l d  thri ve  i n  the amended so i l ferti l i ty 
and ac i d i ty cond i t i ons compl eted the proces s of  prov i di ng areas 
prev i ou s l y  constrai ned by rel i ef wi th acces s  to the producti v i ty 
benefi ts  of h i gh- produc i ng pasture . By the l ate 1 950s , j u s t  u nder a 
decade a fter aer i a l  topdres s i ng • s  i ncepti on , the exten t  of sown grass
l and topdress i ng had  a lmost  doubl ed from the 1 94�-50 l evel ( Tab l e 7 . 2 ) .  
There were part i cul ar management probl ems to be faced becau se of the 
nature of the terra i n  but they d i ffered l a rgely i n  degree from those 
faced ear l i er by l owl and farmers . Subdi v i d i ng l and to control gra zi ng 
and i ncrea s i ng s tock i ng rates i n  order to ful ly use  pasture growth and 
provi d i n g  wa ter were probl ems s hared . D i fferent s trateg i es emerged but  
they s ha red a grass l and technol ogy dev i s ed to be potenti al ly  un i form 
throug hout  the country ( Dal y ,  1 9 73 , 2 1 ) .  Provi d i n g ready a cce s s  to 

th i s technol ogy to extens i ve and s emi -extens i ve farmi ng systems was the 
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contr i bu t i on of a gr i c u l tural avi at ion . The benefi t produced i s  s een 

i n  the rap i d  r i s e  i n  the rat i o  of s heep to sown gra s s l a nd after 1 950 
( Ta bl e 7 . 1 ) .  The  beef cattl e rati o a l so i ncreased wh i l e  tha t of da i ry 
cows rema i ned s tab l e .  From thi s po i nt of  v i ew agri cu l tura l a v i a t i on 
can be seen a s  a major i nnova ti on though  i n  terms of the deve l opment 

of soi l amend i ng technol ogy i t  was a mi nor i nnovati on , s i mp l y  a new 
di s tri buti on methods . 

The effec t of  th i s  d i stri bu ti on techni que i s  s een i n  the doubl i ng 
of the percenta g e  of sown gra s s l and i n  the 1 951 - 1 961 decade . The 

prev i ous doub l i ng had occurred over 30  years from 1 9 2 1  to 1 95 1  
' 

( Tabl e 7 . 2 ) . A s  a er i a l  operations  accounted for 4 1  to 55 percent of 
a l l sown gra s s) and  topdres sed between 1 9 57  and 1 9 70 ( Tabl e 6 . 6 )  
they must have contri buted to thi s i ncrease . The proport i on o f  the 
tonnage of fert i l i zer appl i ed aeri a l ly  from 1 961 -65 to 1 966-70  d i d 
decrea se  s l i g htl y from 46 . 4  to 45 . 8  percent ( ca l cul a ted from Ta bl e 
6 . 6 ) a s  contrac tors  u s i ng trucks i ncreased the i r  s hare of the market , 
but the p l ace of  agr icu l tura l av i a tion  rema i ned importa n t .  An i ncrease 
i n  the share of l i me spread , from 9 . 3 to 1 2 . 0  percent i n  the s ame peri od , 
poi nts  to the more effecti ve  ro l e  of more powerfu l a i rcraft i n  
spreadi ng soi l amendments and to greater demand for th i s ma teri a l  on 
newly i mproved gra s s l and s . Improved appl i cati ons of mechani ca l  power to 
soi l amend i ng broadened i ts s cope us i ng  e stabl i shed techni ques . 

DEMAND FOR TECHNOLOGY 

The use  of so i l amend i ng was a mani festati on of the h i gh i n terest  
of  the i nd i v i dua l  New Zea l and farmer i n  empl oyi ng tec hnol ogy to  i ncrea se  
producti on . Fa rmers  were on the path to  a greater app l i cat i o n  of  
avai l ab l e sc i ence-based tec hno l ogy , a p ath  requ i ri ng both research a nd 
educati ona l e sta b l i s hments . Farmers eva l u a ted a nd adopted both  

ma c h i nery and techni ques . Learni ng was a n  i ntegral part of farm i ng  i n  
the per i od of p i o neeri ng  soi l amendi ng . The ex i s tence of ' o l d '  ca pi ta l 
i n  the form of e s tabl i s hed farmi ng prac t i ce s  wa s not a major  source of 
i nerti a g i ven the c hange of farm enterpri se s  and the e ntry of many 

nov i ces i nto farm i ng fo l l ow i n g  the i ntroducti on of refri gerated 
s h i pp i n g . Repay i ng  the comparati vely h i g h -cos t  of l and  wa s a further 
i ncent i ve  to i mp rove  producti o n  u s i ng mac h i nery and c hemi ca l  i npu ts 
from the secondary sector . As  natural growth and i mmi gra t i on d i d  not 

overcome the sma l l absol u te s i ze of New Zeal a nd ' s  popu l ati on , l abour  
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rema i ned s carce i nto the 1 9 30s ( Buchana n ,  1 93 5 ,  1 )  and became 
i ncreas i ng l y  so as empl oyment i n  other sectors of the economy expanded 
( Lane , 1 9 7 6 ,  1 0 ) . The observati on  of Buchanan  ( 1 935 , 3 )  that the New 
Zea l and  farmer : 

i n  s tri v i ng to keep h i s co s ts of product ion down to 
the l i mi t s e t  by worl d pri ce has a cons tant i ncent i ve 
to reduce to a m i n imum the number of h i s empl oyees by 
prov i d i ng them wi th the max i mum pos s i b l e of mechan i ca l  
equ i pment 

has rema i ned va l i d  and confi rms the as sert ion  tha t i nnova t i on i s  

di rected to area s of  producti on factor s hortag e .  S imi l arl y ,  wi th the 
fu l l occ u pa ti on of the l a nd mos t  readi l y  ut i l i zabl e for farmi ng , the 
empha s i s i n  farm i ng moved to i mprovi ng the qua l i ty of that resource 
to i ncrea se  product i v i ty .  The need for i nnovati on  i n  producti on was 
strong l y  fel t .  

The i mportan t  product i on i nnova ti ons were sti l l  l argely mecha n i cal  

and wi th i n the range of the farmers '  experi ence , a nd farmers responded 
mos t  rap i d l y  to these  ( Ca l l ag han  and Peren , 1 93 6 ,  295 ) . Th i s  pattern 
ha s pers i s ted i nto the 1 9 70s as Tayl or ( 1 9 7 7 , 3 36 )  suggests  from the 

' obvi o u s  demand for i nvent ion a nd techn i ca l  progress  i n  farm mechan i 
sati on ' i denti fi ed  from above average rates of i nventi venes s where 
farm enterpr i se s  req u i r i ng a greater i nve s tment i n  mac h i nery were 

l ocated . Al thou g h  the bases of gras s l and production were chemica l  and 
bi ochemi ca l , the i mportant  i n nova ti ons  i n  the  i n troduc t i on of thi s 
techno l ogy were mechani cal d i s tri butors a nd tractors to i ncrease  
the control of a p p l i cat i on rates  and the  s peed of appl i cat i on . I n  an 
age when eng i neeri ng was h i gh l y  esteemed , t h i s trend was not surpri s i ng . 
The bi ochemi ca l  a s pects had not yet been fu l ly expl ored but seemed 
s i mpl e enough  and , accordi ng ly ,  so i l amend i ng was depl oyed before i ts 
ful l i mp l i cati o n s  were under s tood . 

The  sci enti f i c  advances bei ng made p l a ced i ncrea s i ng i mportance 
on the farmer s ' b e i ng ab l e to u nderstand the pri nc i p l es be i ng app l i ed 
as  i nnovat ions  became i ncreas i ng ly  bi ol og i cal ly and b i ochemi ca l ly  based . 

Farmer educati on  d i d not ev i dently keep pace i n  terms of  forma l  
tra i n i ng .  There wa s concern that  the emergence of a ' communi ty 
domi na ted by sma l l  farmers ' l ed to ' the  dep l ora b l e  i nd i fference to 
h i g her edu ca t i on wh i ch has become a settl ed  governmenta l  and publ i c  
atti tude ' - -attri buted to the ' i ndi fference to educa t i onal  va l ue s  whi c h  
i s  s o  o ften c ha racteri s ti c  o f  sma l l farmers wi th l i mi ted hori zons ' 
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( Co ndl i ffe , 1 933a , 1 7 1 ) . 

The cont i nuation of thi s s i tuati on i s  i ndi cated by the h i g h  

proport i on o f  farmers wi th pr imary s chool educa ti on only i n  the l i mi ted 
i nformati on a va i l abl e ( Tab l e s  7 . 6 a nd 7 . 7 )  for 1 9 66 and 1 97 1  when data 
on educati on by occupat ion  were fi rs t  ga thered a nd publ i s hed i n  a censu s . 
Th i s  percen tag e  i ncrea ses wi th age , a p robabl e i nd i ca t i on of a l a ter 

i ncrease i n  the emphas i s  on school i ng .  The new entrants i n to farmi ng 
i n  1 9 7 1  had recei ved more school i ng t ha n  those i n  1 9 66 . Overal l ,  the 
percentage  of  farmers wi th primary educati on only had fa l l en by hal f .  
Su rpri s i ng l y ,  the percentage wi th un i vers i ty q ua l i fi ca ti ons was l ower ,  
there bei ng a dec l i ne i n  the number i n  thi s ca tegory .  

The prov i s i on of advi sory serv i ce s  by government a n d  pri vate fi rms 
ha s been a means of supp l ementi ng farmer educati on . I t  i s  ev i dent i n  
compari ng the s c hool i ng of farmers and farm managers wi th tha t of  farm 

advi sers tha t the l evel of educat ion  of the l a tter i s  notabl y h i g her . 
The trend to formi ng farm management  cl ubs i nd i ca tes tha t  farmers , 

be i ng aware of the i r  defi c i enci es ,  have hi red experts to ena b l e them 
to i nnovate wi th reduced ri s k  i n  the face of more frequent and  more 
compl ex i nven ti ons . Government ha s provi ded a s s i stance wi th i ts 
Agri cul tural I n s tructi on Serv i ce and farm adv i sory offi cers who have 
a ttempted to l i n k  the researcher and the  farmer ma k i ng the one  aware 
of  the ach i evements and probl ems of the other . Nonethel es s ,  research 
to prov i de technol ogy i s  performed pr i nc i pa l l y  o ff the farm wi th the 
farmer act i ng  as an imi tator applyi ng techno l ogy devel oped by i ndu s tr i a l  
concerns and government i ns t i tut ions  ( Tayl or , 1 9 77 , 339 ) . 

P ROV I S I ON OF  T ECHNOLOGY 

Devel op i ng  agr i cu l tural technol ogy by researc h  was an a i m  of 
New Zea l and s c i ence . Soi l sci ence p l ayed an i ntegral rol e  i n  promoti on  
of soi l ame nd i ng i n  uncover i ng the  d efi ci enci es· pre sent i n  vari ou s so i l s  
s o  i ndi cati n g  the mos t  appropri a te amendment to use . A un i formi ty of 
a pproach to farm i ng emerged even i f  vari ati ons to m·eet l oca l  condi ti ons  

occurred . A s  s c i enti f i c  di scoveri es  were made a nd/or appl i ed i n  New 

Zea l and , a s  i n  the uncover i ng of s u l p hur  defi c i enci es and of  p hospha te 
retenti on , more prec i se  u se  of chem i cal fert i l i zers cou l d  be  made . 
Accord i ng l y ,  the farmer cou l d  reduce cos ts i n  bei ng ab l e to more c l osely 
fi x q uant i t i es needed for g i ven req u i rements s o  reduci ng wa s te throug h 
e i ther exces s  or  i nadequa te app l i ca t i on of ma teri a l s .  Sc i ent i fi c 
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TABLE 7 . 6  

LEVEL OF EDUCATION IN THE AGRICULTURAL SECTOR BY OCCUPATION - 1 966  

Farmers and Farm Managers 
Age Level of Education : 

Primary a Secondary University Total % 
' 

under 20-24 2 7 9  4 , 356  193  4 , 828  6 . 3  
25-44 9 , 060 25 , 0 1 7  1 ,  4 7 7  35 , 554 4 6 . 7  
45-64 1 6 , 923  1 3 , 98 1  635 3 1 , 539 4 1 . 4  

6 5  and over 2 , 786  1 , 398  72  4 , 7 56 5 . 6  

Total 2 9 , 048 44 , 752  4 , 7 54 76 , 1 7 7  

% 38 . 1  58 . 7  6 . 2  1 00 . 0 

Farm Workers 

under 20-24 2 , 1 90 20 , 739  444 23 , 37 3  46 . 8  
25-44 6 , 1 9 4  1 0 , 490  504 1 7 , 1 88 34 . 4  
45-64 5 , 608 2 , 648  1 2 7  8 , 383 1 6 . 8  

6 5  and over 786  250 1 1  1 , 04 7  2 . 1 

Total 1 4 , 7 88 34 , 1 2 7  1 , 086 4 9 , 99 1  

% 2 9 . 6  68 . 3  2 . 2 1 00 . 1 

Biologists, Veterinarians, Agronomis ts, and Related Scientis ts 

under 20-24 2 1 0 6  1 2 6  234 1 6 . 6  
25-44 1 2  1 2 2  687 82 1 58 . 4  
45-64 1 5  7 4  236 325 2 3 . 1 

6 5  and over 2 7 1 8  2 7  1 . 9  

Total 3 1  309  1 , 06 7  1 , 407  

% 2 . 2  2 2  7 5 . 8  1 00 . 0  

Notes : Percen tage to tals no t equal to 1 0 0: 0 are due to rounding error . 

Includes ' o ther ' types o f  education . 

Source :  Calcula ted from Census of New Zealand ( 1 966 , vol . 4 ) . 
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TABLE 7 . 7 

LEVEL OF EDUCATION IN THE AGRICULTURAL SECTOR BY OCCUPATION - 1 9 71 

Farmers and Farm Managers 

Age Level of Education: 

Primary Secondary Universi ty Total % 

under 20-24 53 3 , 604 255 3 , 9 1 2  5 . 5  
2 5-40 2 , 8 1 7  2 8 , 996  1 , 867 33 , 680 4 7 . 3  
45-64  9 , 45 1 1 9 , 2 1 9  864 29 , 534 4 1 . 5  

65  and over 1 , 649  2 , 298  80 4 , 02 7  5 . 7  

Total , 1 3 '  970 54 ' 1 1 7  3 , 066 7 1 , 1 53 

% 1 9 . 6  7 6 . 1 4 . 3  l O O .  0_ 

Farm Workers 

under 2 0-24  500 1 9 , 7 38 660 20 , 898 4 2 . 1 
2 5-40 2 , 40 1  1 5 , 43 1  495 1 8 , 327 36 . 9  
4 5-64  3 , 89 7  5 , 3 1 9  140 9 , 356 1 8 . 8  

65 and over 552 543  10  1 , 1 05 2 . 2  

Total 7 , 350 4 1 , 03 1  1 , 305 4 9 , 686 

% 1 4 . 8  82 . 6  2 . 6  1 00 . 0  

Life Scientists and Re lated Technicians 

under 2 0-24  1 1 , 4 77  366 1 , 844 4 2 . 8  
2 5-44 1 2  628  1 , 07 1  1 ' 7 1 1  39 . 7  
4 5-64 60 285 376 7 2 1  1 6 . 7 

65 and over 7 7 18  32  0 . 7 

Total 80 2 , 39 7  1 , 83 1  4 , 308 

% 1 . 8 55 . 6  42 . 5  9 9 . 9  

Workers in Agricultural Services 

under 2 0-24 128  3 , 286  86 3 , 500 35 . 7  
2 5-44 63 1  3 , 97 5  108 4 , 7 1 4  48 . 1  
4 5-64 638 843 26 1 , 507 1 5 . 4  

65 and over . 40 4 3  3 86  0 . 9  

Total 1 , 43 7  8 , 1 4 7  223 9 , 807 

% 1 4 . 6  83 . 1 2 . 3  1 00 . 0 

Note : Percentage to tals no t equal to 1 00 . 0  are due to rounding erro r . 

Source : C alculated f rom data in  Census of New Zealand ( 1 9 7 1 , vol .  6 ) . 
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u nderstand i ng  was abl e to l ead pract i ca l  a pp l i cat ion a nd prov i de new 

i nformati on . 
So i l  amend i ng was but  one contri bu t ion  of the agr i cu l tural  

technol ogy devel opment s u p ported by research i n  New Zea l and . W i thi n 
th i rty years of the Department of Agri c u l ture ' s  creati on there had 

been ' a  comparati vel y l arge devel opment . i n  both agr icu l tura l teach i ng 
and researc h ' ,  wi th ' The  research act i v i t i es devoted to o ther than 
farm i ng probl ems . . .  few ' { Wi l l i ams , 1 936 , 4 0 ) . Though  at fi rst , 
agr i cul tura l technol ogy and al l research were deri ved from forei gn 
sources , the focu s i ng power of the sector l ed to the s i tua t i on where : 

Over the  years New Zeal and has  devel oped s trong and 
i mpres s i ye research teams i n  agr i cu l tural  research 
wh i c h  have done a n  outstand i ng j ob of wor k  of a l most  
i ne s t i ma b l e va l ue to the na ti onal  economy . 1 ( D i c k ,  1 960 , 
1 ) 

Government i denti f i ed the need for research , crea ted the s truc ture 
to s u pport i t , and engaged the personnel to perform i t .  Farmers  were 
to rece i ve a s s i s tance wi th  product ion  a nd marketi ng probl ems  from thi s 
source . Condl i ffe ( 1 933a , 1 7 1 )  observed tha t the  sma l l farmers  were 
i nterested i n  s c i enti fi c and  i ndus tri a l  research becau se  of the ' ma teri a l  
economi c bas i s '  beh i nd i t  wherea s ' The awa keni ng  l i fe o f  t h e  u n i ver
s i t i es [ had ] yet to  wi n publ i c  recogn i t i on ' .  T he  appl i cab i l i ty of the 

teachi ng a nd research programs at  the  agri cu l tural  col l eges mu st  have 
improved th i s  v i ew .  The concern wi th appl i ca t i on wa s tran smi tted to 
researchers a s  bas i c resea rch wa s neg l ected , s o  l ead i ng to an absence 
of the deve l opment of new technol ogy ( M i tche l l ,  1 967 ) . 

Farmers , i n  thei r sma l l fi rm s i tuati o n ,  experi enced di ffi cu l ty 
i n  i ndi v i dua l l y  fundi ng research and  devel opmen t .  They rel i ed on 
government  wh i c h prov i ded the money for more than · three-quarters of 
the sc i enti f i c  research i n  New Zea l and  and d i rected mos t  of that  total 

to agr i c u l tural  probl ems  ( McBr i de ,  1 967 , 1 1 1 8 )  a s  wa s the pattern i n  
Austral i a  ( Z i ma n ,  1 976 , 269 ) . Advantage was to be ta ken of the  groupi ng 
of researchers  to deal wi th producers ' probl ems thoug h  th i s pr i nc i pl e 

wa s not ful l y  kept wi th  the conti nued separa t i o n  of the Department  of  
Agri cu l ture and  DS I R  i ns t i tut ions beg i nni ng  i n  the l a te 1 9 20s . I n  the 
three years  from 1 964-65 to 1 966-67 , the Department of Agr i cu l ture 
al one recei ved 24 . 7  percent of government ' s  net expendi ture on sc i ence 
( McBr i de , 1 967 , 1 1 22 ) .  To thi s amount  mu s t  be  added the expend i ture 
through  the  DS I R  a nd t he Cawthron I n s ti tu te for work on crop s , pas tu res , 



and so i l s ,  and  the 50 percent contri buti on to runn i ng costs  of 
agri cul tura l i nd u stry research organ i za ti on s 1 ( McBr ide , 1 967 , 1 1 2 1 ) .  

Agri cu l tura l production and  process i ng  have come , a ccordi ngl y , 
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to account  for an  a verage of 4 1 . 1  percent o f  t he tota l e s tima ted 
expend i tu re on research  by i ndus try group for 1 964-65 - 1 9 66-67 wherea s 
secondary i ndustry had on ly  rea ched 1 5 . 4 percent i n  the same peri od  
(McBri d e ,  1 967 , 1 1 23 ) .  That percentage wa s doubl e the amou nt s pent i n  
1 960 when i t  wa s observed at the I ndustria l  Devel opment  Conference : 

I f  N ew Zea l and  i s  to l ook  to manufactu r i ng as one  of 
the  major mea ns  of ma i nta i n i ng fu l l empl oyment i n  the 
future , i t  we wi sh to see our manufactured products 
compet i t i v e  i n  worl d ma rkets , and i f  we wi sh  to d i vers i fy· 
o ur  economy by the devel opment of l ocal  ma nufacturi ng 
i nd u s try ' to ea se  our bal ance of payment troubl es i n  the 
fu ture , then one of the th i ngs  I bel i eve  we wi l l  have to 
ensure  i s  tha t the same s ca l e  of research  i nves tment i s  
made for manufacturi ng a s  for agr i cu l tu re . At present the 
amount  of money spent by the State on  research of more or 
l es s  d i rect va l ue  to manufacturi ng i ndu s tr ies  i s  a bout  
£1 00 , 000 [ $2 00 , 000 ] a yea r ,  abou t 7 percent of that  s pent 
i n  agr i cu l tural  re search .  ( D i c k , 1 9 60 , 1 )  

Shou l d  the v i ew preva i l that the amount of research i nvestment for a n  
i ndu s try i s  cond i ti oned by that i ndustry ' s  economi c contr i buti on , a nd  

by i ts own a bi l i ty to  underta ke research and  i mpl ement  fi ndi ngs ( McBri de , 
1 967 , 1 1 25 ) , t he l ead establ i s hed by agri cu l ture i n  produ cti on capac i ty 
and research i nfras tructure i s  l i kely to be  s ustai ned . T hrough  the 
l a ter 1 96 0s the Na ti onal Research Adv i sory Counci l recommended that an  
i ncrea sed  research  effort be  ma de i n  the  pr i mary i ndu s tr i es wi th 
expans i on be i ng conti nued ( McBri de , 1 967 , 1 1 25 ) . · The ex i sti ng s i tuat i on 
wa s to be  ma i nta i ned even thou g h  i t  cou l d  be contended that not ' every 
s i g ni fi cant  act i v i ty of soc i e ty •  wa s ab l e to benefi t from adequate 
researc h faci l i ti e s --an  i nd i cat i on of fa i l u re on the part of sci ent i fi c  
pol i cy ma kers ( Z i ma n ,  1 976 , 340 ) . I ndeed , i t  wa s fel t tha t even 
wi th i n  the  agr i c u l tural  i ndustri e s  more attention  wa s pa i d  to pr imary 
product i o n  than to proces s i ng ,  despi te the bel i ef that: 

Research of thi s type , i f  s uccessful , coul d be of  
tremendou s  v a l ue  both to  t he agr icu l tural  and  the  
ma nufactur i ng  i nterests of  New Zea l a nd .  I t  coul d 
g i ve u s  a more di vers i fi ed economy and  hel p u s  to 
become more sel f-suffi c i en t . ( Di c k ,  1 960 , 2 )  

P r i v a te f i rms , pri nci pal l y  fore i gn o ne s , were a l so  i nvol ved i n  

devel op i ng the  producti on equ i pment  empl oyed . Local p r i va te fi rms had 
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begun farm imp l ement manufacture i n  the mi d-n i neteenth century ,  

surv i ved s trong competi ti on from forei gn i mports , and , i nto the 1 950s , 
s upp l i ed abou t 70 percent of the demand ( Bryan ,  1 956 , 1 69 ) . Major  
New Zea l and i nvent ions  i n  thi s fi e l d i n  the  pa s t  were few however 
( Cal l ag han  and Peren , 1 93 6 ) . I nvention ha s occurred ; for i ns tance , the 

mach i nery u sed i n  agri cul tura l  a v i ati on wa s created l ocal l y ,  but m i nor 
mechani cal  improvement has been more characteri st i c as  i t  ha s been 

wi thi n the  capaci ty of those work i ng wi th the equ i pment  and l ocal 
eng i neer i ng fi rms . Desp i te thi s progress , i mported technol ogy has 

rema i ned i mportant ( La ne , 1 976 , 38 ) .  Thi s pa ttern accords wi th the 
pol i cy o f  the Nati onal  Research Advi sory Cou nc i l of rel yi ng  on outs i de 
sources of sc i �nt i fi c i nvent ion  and techni ca l  progress  ( McBri de ,  1 967 , 

1 1 24 ) . New Zeal and ha s benefi ted _ from adop t i ng proven equ i pment and  
adapt i n g  i t--a l es s  expen s i ve procedure . 

Improvement i n  that proces s  can then generate further- produc t i v i ty 
i ncrease  and sugges t fu rther i nven tion  pos s i bi l i ti es .  Soi l amendi ng 
technol ogy deri ved from Bri ti s h  practi ce was enhanced i n  thi s _way .  
The mar ket t i e  wi t h  Bri ta i n ,  • the natural a l l i ance of the manufac turer 
and the producer of raw ma teri a l  • ( Schol efi e l d ,  1 909 ,  3 1 5 ) , wa s 
refl ected i n  th i s dependence on fore i gn mec han i ca l  i nventi on whi l e  
bi ol og i ca l ly  and bi ochemi ca l ly or i ented i nventi on became a pri nci pal  
area of research effort wi th i n  New Zeal and . I t  wa s on l y  i n  1 9 63 that  
the  New Zea l and Agr i cu l tural Eng i neeri ng I ns t i tute was es tabl i s hed 

wi th fund i ng from the Mi ni s try of Agr i cul ture and Fi s heri es  • to carry 
out tes ti ng  and research , to promote devel o pments i n  the f i e l d of 
agri cu l tural  eng i neer i n g ,  and to commun ica te the res ul ts  to the 
communi ty •  ( MAF , 1 9 74 , 1 98 ) . Th i s groupi ng  wi thi n one organi zati o n  
of those  i nteres ted i n  mach i nery i mprovemen t and other eng i neeri n g  
probl ems , such  a s  drai nage and soi l erosi o n , i mi ta ted the pattern set  

earl i er i n  groupi ng  sc i ent i sts concerned wi t h  gra ssl and  p roducti on  i n  
the DS I R .  

FARM ENTERPR I S E  CHANGE  

The  devel opment  of soi l -amendi ng technol ogy was l i n ked wi th  the  
emergence of  farmi n g  systems where i n  the  q ua l i ty of  the s o i l resource 
was of i mportance . The early farm enterpr i se s  were ba sed on extens i ve  

systems i n  whi ch  so i l  ferti l i ty was  not hea v i ly expl o i ted . Early 
change i n  farm enterpri ses was more a refl ect i on of both the fa i l u re 
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of New Zea l and • s  sma l l and d i s persed urban market to s t i mu l ate i ntens i ve 

farmi ng and  the d i ffi cu l ty of c l eari ng a nd p l ough i ng the  l and than of 
probl ems encountered wi th the so i l . The env i ronmenta l ly  adapt i ve woo l 

enterpri s e  based o n  graz i ng a nd i n troduci ng  new grasses  and  cl overs · 

devel oped a s  a more econom ica l l y  favoured farmi ng sys tem than m ixed , 
arabl e and  dai ry farm i ng . The fa l l i ng rat i o  of cattl e to s heep  ( Tab l e 
7 . 5 ) demonstrates the ri se i n  s heep produc t i o n .  Th i s  s i tua t i on 

pers i s ted unti l a dec l i ne in wool pri ces i n  the 1 860s and  aga i n  i n  t he 
1 870s i nduced a change  of farm enterpri se to l arge-sca l e  gra i n  
producti on . Al tho u g h  gra i n production  had i ncreased to meet Au stra l i a n  
and then l ocal demand duri ng the i r respect i ve  gol d ru s he s , i t  wa s on ly  
after 1 87 2  wi t� the i ntroduct i on of mechani za ti on ( S i m k i n ,  1 9 5 1 , 1 56 )  

tha t produ cti on boomed . Th i s  change was not  l ong-l i ved  a s  other 
produc i ng nati ons proved to have a comparati ve advantage i n  croppi ng  
and  a better l ocat i on rel at i ve  to  European markets . The  change wa s 
important i n  terms of  soi l amend i ng .  S i nce croppi ng expl o i ted soi l 
ferti l i ty i t  began to i ndi cate the defi c i ency probl ems prese n t .  I t  

was i n  th i s peri od that  so i l  amendment imports were fi rs t  recorded 
and s tarted to i nc rea se (Tabl e 7 . 3 )  but the appl i cat ion  to gra s s l a nd  
had yet to  a ppea r .  I mprov i ng grass l and by sowi ng gra s ses  had become 
a pattern of l and  devel opment but  the percentage of i mproved l a nd wa s 
sti l l  about  20  perce n t  of the area occupi ed  i n  the 1 881 -85 peri od ( Tabl e 
7 . 2 ) . N at i ve  gra s s l a nd wa s s ti l l  an  i mporta nt product i o n  resource for 
wool producers . 

The concern of the New Zeal and and Aus tra l i an ·Land Company wi th 
the profi tabi l i ty of  i ts l and s a l e s  acti v i ty l ed i t  to bri ng a bou t 
the change  i n  farm enterpr i ses . Promoti ng c l oser settl ement to i mprove 
l and sa l es brought  i ts New Zea l and agents to cons i der meat s a l e s  and  
da i ryi ng . The succes s of a refri gera ted s h i pment of  mutton i n  1 882 
and the ens u i ng org an i za t i on of a process i ng i ndustry based  on  freez i ng 

mea t i n i t i a ted the crea ti on of a new i ndustri al s tructure whi c h  emerged 
strongly after 1 89 5  a s  pri ces ro se  ( Condl i ffe , 1 963 , 2 28 )  . . Recogn i z i ng 

the expand i ng demand  for l i vestock  products from growi ng  Bri ti s h  

i ndustri a l  and urban markets and  organ i z i ng producti on , proces s i ng ,  and 
tran sport to meet that demand were maj or agr i cul tura l a c h i evements i n  
the 1 880s and  1 890s . The market  l i n k forged wi th Bri ta i n  through  wool 
exports was expanded . The proporti on of export va l ue desti ned for 
Bri ta i n  wa s s ustai ned  at over 70 percent of the tota l - -a fi gure ma i n -
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ta i ned . or exceeded unti l the  early 1 950s ( Tabl e 7 . 8 ) . 

The outcome of the refri gera t i on i nnovati on deeply marked the pq+
tern of agri c u l tural devel opment i n  New Zea l and beyond the change i n  
export -product m i x  shown by the entry of  s heep mea t and a n i ma l  by-pro 
ducts ( Ta bl e 7 . 9 ) .  Thi s market tended not to vary i n  the s ame way a t  
the same t ime a s  that for woo l  and so a l l owed s heep producers t o  reta i n  
fl ock  s i zes where i t  was po s s i b l e  to s u s ta i n  i ncome by sel l i ng mea t 
wh i l e  retai n i ng wool , or sel l i ng wool whi l e  susta i n i ng the s heep . The 

efforts i n  the l a ter n i neteenth century to breed s heep wi th dual  
purpose  meat a nd  woo l product ion s hows the  importance of both  ma rkets 
for producers ( S i m ki n ,  1 9 51 , 1 69 - 1 70 ) . The importance of smal l 
hol d i ngs , char�cteri zed by ' one man ' owners h i p ,  appears i n  the more 

ra p i d  i ncrea s e  i n  the number of graz i ers than i n  the number of empl oyees 
( Ta bl e 7 . 1 0 ) . Owners wor ki ng  on the i r own account became i nc reas i ngl y  
frequent ( Tab l e 7 . 1 1 ) .  The number o f  farm owners i n  non-da i ry ,  l i ve
s tock  farmi ng grew from 1. 800 in  1 891 to  21  , 233 i n  1 9 1 6 - -an  impres s i ve 

r i se  i nd i cati ng  the extent of the s h i ft to meat producti on  from 
exten s i ve s heep gra z i ng for wool produc t i on . A h i gher return per 
un i t of outpu t meant tha t smal l l a nd ho l d i ngs  wou l d  be economi ca l l y 

v i ab l e .  The need to more cl osely control s �ock i ncrea sed the l abour 
i ntensi ty req u i red and made smal l farms s u i tabl e uni ts of producti on . 
Greater numbers  of s tock i n  smal l er a reas  a l so meant tha t the i ntens i ty 
of  l and u s e  wou l d  be i ncrea sed , a trend fi rst a ppeari ng wi th da i ry 
cows ( Ta bl e 7 . 1 ) ,  but  th i s  was not a concern a t  fi rst .  The pressure 

· to create sma l l  hol di ngs i ncrea sed a s  succes sfu l  product i on occurred . 
The val u e  of mu tton and l amb exports came to ri val the va l ue of  wool 
exports wi th i n  th i rty years  of the i n troducti on of refri gerated mari ne 

tran sport , though  the i ncome so deri ved was greater only i n  peri ods of 
severely depressed wool pri ces ( Ta bl e 7 . 9 ) . 

T h i s s ame i nnovat ion al so ena b l ed da i ryi ng· to emerge on a l arge 
sca l e .  T he s ucces sful  sa l e of the da i ry produce i ncl u ded i n  the fi rst  
refri gera ted s h i pment to  Bri ta i n  s howed that  that market wa s wi th i n  the 

reach of New Zea l and producers . I ndeed , i t  ha s been cl a i med that both 
the mea t and  d a i ry enterpr i ses were promoted by owners of  mea t-freezi ng 

p l ants and s h i pp i ng l i nes anx i ou s  to boos t thei r i ncome by i ncrea s i ng 
turnover ( Su tc h ,  1 966 , 1 40 ) . Though  da i ry products had been exported 
i n  the l a te 1 850s  and duri ng the 1 860s , they had ' had l i ttl e economi c 
i mportance overal l .  ( Tabl e 7 . 9 ) . Gai n i ng a cces s to the far l arger 
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TABLE 7 . 8  

DESTINATION OF EXPORTS BY PERCENTAGE OF TOTAL VALUE 1 84 1-45  - 1 9 66-70 

, British_ 
Year United Kingdom Dominions, Other 

Co lonies, etc .  

184 1 -45 , 2 9 . 5  59 . 2  1 1 . 3  
1846-50 3 7 . 5  44 . 6  1 7 . 9  
1 85 1 -5 5  1 8 . 4 79 . 2  2 . 4  
1856-60 5 0 . 7 47 . 6  1 . 7  
1 8 6 1 - 6 5  35 . 8  63 . 4  0 . 8  
1866- 7 0  4 5 . 7 53 1 . 3  
187 1 - 7 5  6 5 . 3 30 . 3  4 . 4  
187 6-80 7 8 . 1 1 8 . 1 3 . 7  
1 88 1 -8 5  7 2 . 9  1 7 . 9  9 . 2  
1886-90 7 2 . 0  1 9 . 3  8 . 7  
1 8 9 1 - 9 5  7 9 . 8  1 2 . 8  7 . 4  

1896- 1 900 7 9 . 3  1 5 . 3  5 . 3  
1 90 1-05  7 5 . 1  1 9 . 4  5 . 4  
1 906- 1 0  8 1 . 6  1 3 . 5 4 . 9  
1 9 1 1 - 1 5  7 9 . 6  1 3 . 3 7 . 2  
1 9 1 6-20  7 7 . 3  9 .  1 1 3 . 6  
1 9 2 1 - 2 5  8 2 . 4  7 . 5  10 . 1  
1 926-30  7 6 . 0  1 1 . 2  1 2 . 8  
1 93 1 -3 5  85 . 5  5 . 7 8 . 9  
1 9 3 6-40 8 1 . 8  6 . 5 1 1 . 6  
1 94 1-45  7 2 . 4  1 2 . 6  1 5 . 1 
1 946-50  7 2 . 0  7 . 6  20 . 4  
1 9 5 1 -5 5  64 . 5  6 . 9  28 . 6  
1956-60  57 . 7  8 . 2  34 . 0  
1 9 6 1 - 6� 4 9 . 3  9 . 4  4 1 . 2  
1 966-70  4 1 . 3  1 4 . 2 44 . 5  

Note : a For June years from 1 9 6 3 . 

Sources :  Calculated from: 
1 84 1-9 5 Lloyd Prichard ( 1 970 ) . 
1 8 9 6- 1 97 0  NZOYB ( 19 06- 1 9 72 ) . 



5-Year Woo l  Period 

1 85 1-55 3 23 0 2 -
1 85 6-60 60 o 4  
1 86 1-65 30 
1 866-70 33 o 5  
1 8 7 1-75  48 o 7  
1 8 76-80 55 o 8  
1 8 8 1-85 46 o 7  
1 886-90 44 o 7  
1 8 9 1 -9 5  45 . 7  
1896-1900  4 1 . 3  
190 1-05 29 o 4  
1 906-10  35 . 8  
1 9 1 1 - 1 5  34 . 2  
1 9 1 6-20 33 o 1  
1 9 2 1 -25 25 o 3  
1 92 6-30 25 o 9  
1 9 3 1 -35 1 8 o 6  
1 936-40 23 . 3  
1 94 1-45 1 8 o 3  
1 9 46-50 3 1 . 6  
1 9 5 1-55 38 o 8  
1 956-60 33 . 6  
1 9 6 1 -65 33 o 2  
1 9 66-70 2 1 . 2  

TABLE 7 o 9  

AGRICULTURAL PRODUCE PERCENTAGE OF TOTAL VALUE OF EXPORTSa 185 1 -55 - 1 9 66-70 

Vea l Lamb 
Non-dairy Other Dairy Livestock Vegetable 

and and O.the.r Butter Cheese and Fruit 
Beef Mutton Tota l Dairy Tota l Products Products · 

I 
- - 23 o 2  2 o 1  O o 7  - 2 o 8 26 o 0  1 4 o 3  
- 0 0  60 o 4  O o 9  O o 7  - 1 . 6  62 o 0  6 o 0  
- O o 3  30 o 3  0 . 1  - O o 1  30 o 4  ' . - -

- O o 8  34 o 3  O o 1 O o  1 - O o 2  34 o 5  2 o 6  
0 0  1 . 3  50 o 0  O o 1 0 o 1  - O o 2  50 o 2  5 o 2  
. .  1 . 9  5 7 o 7  O o 2  0 o 1  -- O o 3  58 o 0  8 . 6  
2 . 6  2 o 6  5 1 . 9  O o 8  O o 3  -- 1 . 1  53 1 3 o 8  
8 o 8  2 o 5  56 o 0  1 . 3  O o 9  -- 2 o 2 58 o 2  10 o 4  

1 2 . 8  2 60 o 5  2 o 3  1 . 2  -- 3 o 5  64 o 0  7 o 0 
1 5 . 9  6 o 9  64 o 1  4 o 4  1 . 6 -- 6 o 0  70 . 1  6 o 4  
1 9 o 0  7 o 9  56 o 3  8 o 6  1 . 4 -- 10 o 0  66 o 3  6 o 2  
1 7 o 7 9 o 2 62 o 7  8 o 1  4 o 3  -- 1 2 o 4  75 o 1  2 o 2  
2 1 . 1  8 o 7  64 o 0  8 o 9 8 o 2  -- 1 7 . 1  8 1 . 1  2 . 4 
20 . 4  14 . 7  68 o 2  7 o 3  1 3 . 2  O o 5  2 1 . 0 89 o 2  O o 9  

2 . 2  1 7 o 9  1 0 o 8  56 o 2  2 1 . 9  13 o 5  1 . 6  37 o 0  93 o 2  1 . 3  
1 . 5 1 7 o 1  1 � o 6  5 7 o 1  2 2 o 5  1 2 o 7  1 36 o 2  93 o 3  2 
2 20 o 9  1 1 . 1  5 2 o 6  27 o 6  1 1 . 3  1 . 0 39 o 9  9 2 o 5  2 o 6  
3 o 1  18 o 3  1 2 o 3  5 7 o 0  26 o 5  9 o 7  O o 8  37 . 0  94 o 0  1 . 8 
1 . 8 1 6 o 9  1 5 o 5  52 o 5  22 o 3  1 2 o 5  1 35 o 8  88 . 3  3 
2 o 6  1 5 o 0  1 2 o 5  6 1 . 7  2 1 . 7  8 o 2  2 3 1 . 9  9 3 . 6  2 o 6 
2 o 8  1 3  0 1 1 2 o 1 6 6 o 8  1 9 o 9  6 o 6  2 o 5  29 o 0  95 o 8  2 o 0 
7 o 2  1 5 o 8  10 o 6  67 o 2  1 6 o 9  6 o 7  3 2 6 . 6  9 3 o 8  1 , 9  
8 o 2  1 5 o 7  1 1 . 6 72 o 4  15 5 o 8  3 . 7  24 o 5  9 3 . 2  1 . 9 

1 1 . 7  1 7 o 0  9 o 0 64 o 4  l2 o 0  4 o 9  5 o 5  22 o 4  86 o 8  2 o 2  

Total 

40 o 3  
68 o 0  
30 o 4  
37 o 1  
54 o 4  
65 o 0  
66 o 8  
68 o 6  
7 1 . 0  
76 o 5  
72 . 5  
7 7  o 3  
8 3 o 5  
90 . 1  
9 4 o 5  
9 5 o 3  
95 o 1  
95 o 9  
9 1 . 3  
96 . 2  
9 7 o 8  
9 5 o 7  
95 . 1  
89 o 0  

Note : a Specie excluded . Sources: 1853-84 Condliffe ( 1 9 15 , Tables G and J) o 
1 885- 1 9 70 NZOYB ( 1 934 ; 1 9 7 2 ) , Export Statistics ( 1 962-70) , Trade and Shipping 

Statistics ( 1 962a ; 1 962b - 19 70) o 

N 
� 
w 



TABLE 7 . 10 

EMPLOYMENT BY FARM ENTERPRISE 1874-1926 

Farmer or 
Year Relative 

Assisting 

1874 1 7 , 281a 

1881 2 7 , 7 3 7a 
1886 33 , 688a 
1891 4 0 , 112 
1896 4 7 , 6 7 7  
1 901 4 1 , 24 5  
1906 4 1 , 988 
1911 28 , 748 
1916  { 1 7 , 584  

1921  
1926  

- Farm Manager_, 
Overseer , 
Bailiff 

104 
225  
265  
349  

- 373  
501  
616  
571  
330  

25 , 1 7 6  

1 Z , 505 
13 , 693  

Grazier_, 
Fam Servant ,  Pastoralist , 
Agricultural Stock-breeder , 

Labourer and Re lative 
Assisting 

7 , 426  1 , 18 9  
12 , 544 995 
13 , 996  936 
13 , 74 9  1 , 800 
2 0 , 236 1 ,  9 18 
19 , 7 4 9  3 , 891  
21 , 615 5 , 748 
18 , 4 02 14 , 124 
9 ,  9 72  21 , 2 33 

___, 

-

Note : a Includes market gardener s (l891 total - 9 25) . 

Sources :  1874-1911 Census of New Zealand ( for years shown) . 

1916-26 Agricultural Statistics ( 1 9 2 4 ;  1 9 25) . 

Stock-rider , ·  
Station Drove shearer , 
Manager , Shearer , 
Overseer , Shepherd , 

Bookkeeper Pastoral 
Labourer 

308 3 , 431  
371  4 , 063 
38 7 4 , 5 7 7  
512  6 , 429  
4 7 7  6 , 74 2  
516  7 , 662 
536 8 , 74 2  
782  12 , 84 2  

1 , 605 14 , 585 

53 , 180 
54 ' 813 
50 , 388 

Dairy-farmer , Dairy 
and Re lative Assistant_, 
Assisting Milker 

. .  . .  

. .  . .  

. .  . .  

452  313 
430 4 25 

8 , 008 1 , 073  
9 , 958  1 , 447  

21 , 486  4 , 862 
38 , 250 5 , 594  

___, 

48 , 781 

60 , 942 
73 , 3 70  

N 
1.0 
.p. 



TABLE 7 . 1 1  

FARM LABOUR BY TYPE OF OCCUPATION 187 1- 1 9 7 1  

I a 
Year OWn 

Employer Re lative 
Wage Earner 

Other Account (employed) 

187 1 . .  . .  . .  . .  . .  

1 8 74  . .  . .  . .  . .  . .  

188 1 2 0 , 259 8 , 4 73  19 , 160 
1886  . .  . .  . .  . .  

189 1 1 1 , 4 24 1 1 , 359 1 9 , 6 1 2  26 , 2 1 2  
1896  18 , 08 7  1 5 , 05 1  1 7 , 5 1 6  29 , 89 1  
1 90 1  2 1 , 532 1 7 , 09 2  1 7 , 5 1 0 32 , 367  
1 906 22 , 58 1  20 , 9 7 6  1 7 , 027 34 , 988 
19 1 1  29 , 24 1  19 , 9 84 1 9 , 032 4 0 , 034 
19 1 6  34 , 1 7 6  2 1 , 8 7 0  1 7 , 222 4 0 , 8 7 1  
1 9 2 1  4 1 ,  28 7 25 , 083  1 0 , 007 5 3 , 206 
1 926  38 , 258 2 2 , 88 1  9 , 37 9  48 , 003b 1 9 36 36 , 883 3 1 , 98 6  1 0 , 4 22 6 7 , 2 18  
1 945  35 , 80 1  2 7 , 9 82 4 , 786 4 9 , 160  
1 9 5 1 4 2 , 950  30 , 25 2  2 , 06 2  5 2 , 5 72  
1 9 56  4 2 , 29 7  3 1 , 507  1 , 324 4 9 , 804 
1 9 6 1  34 , 220  29 , 26 7  984 56 , 505 
1 9 6 6  35 , 704 32 , 8 6 7  44 2 5 5 , 562 
1 9 7 1  35 , 74 3  29 , 2 18  357  52 , 09 5  

Notes : a Unemployed workers n o t  included . 

b Includes part- time employees . 

Sources: Census of New Zealand (for  years shown) . 

. .  

. .  

. .  

. .  

. .  

. . 

2 , 308 
152  
431  
400 
. .  

287 
1 2  
4 1  
87  
2 
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Total 

20 , 587  
34 , 39 0  
54 , 44 7  
6 5 , 1 7 8  
68 , 60 7  
80 , 585  
88 , 14 1  
9 5 , 84 2  
80 , 9 9 1  

1 16 , 44 7  
1 29 , 7 35 
1 1 8 , 9 5 2  
1 46 , 9 10 
1 1 7 , 7 2 9  
1 28 , 1 2 3  
1 24 , 944  
1 2 1 , 0 1 5  
1 2 4 , 6 6 2  
1 1 7 , 4 1 5 



markets  of Europe was a ba s i c  factor i n  the expans i on of th i s e nter
pri s e .  The forma ti on of sma l l hol di ng s  s u i ted to da i ryi ng a s  they 

296 

were to s heep mea t product ion , the e stabl i s hment of da i ry facto r i e s , and 
an i ncrease  i n  pr i ces for dai ry products beg i nni ng  in 1 895 ( Condl i ffe , 
1 9 1 5 ,  899 ) attrac ted many producers i nto da i ryi ng ( Ta bl e 7 . 1 0 ) . As  
over 7 , 600 farmers s tarted da i ryi ng wh i l e  the  number in  other enter
pri ses  i ncrea sed too , there was further pres s ure for l and, a nd r i s i ng 
cos t .  

Thi s fl ow was - s trong ly  promoted by government  a s  i t  s u i ted the 
' o ne ma n ,  one farm ' pol i cy enacted at  the t ime . By 1 9 1 6 ,  the n umber 

of da i ry farmers exceeded 38 ,000 and by 1 931  exceeded the comb i ned 
number of farm�rs i n  other l i vestock and arabl e farmi ng ( Tabl e 7 . 1 0 ) . 
By the 1 92 1 -25  per iod the return from bu tter and cheese exports exceeded 
that of wool  or meat  ta ken s epara tely ,  a s i tua t i on whi ch cont i nued 
unti l the ea rl y 1 950s ( Tab l e 7 . 9 ) . Da i ryi ng ' s  pros peri ty provi ded 

farmers wi th  cap i tal to i nvest in producti on improvement through  the 
acqu i s i t i on of new technol ogy . 

Da i ryi ng  d i ffered i n  i t s l abour requi rements . Desp i te the greater 
l a bour requ i rement ,  fewer peopl e were empl oyed by these farmers than 
by graz i ers , even though  the number of da i ry farmers ro se  more rapi d l y  
between 1 896 a nd 1 92 1  ( Tab l e 7 . 1 0 ) . Th i s expans i on coi nc i ded wi th that 
i n  dai ry export  earn i ng s . Thi s trend to s h i ft to da i ryi ng conti nued 

i nto the l a ter 1 920s . The  i ncrease i n  persons occupi ed i n  da i ryi ng  
exceeded the drop in  the n umber empl oyed i n  arab l e farmi ng  a nd  non

da i ry,  l i ve s tock  farmi ng  ( Tabl e 7 . 1 1 ) .  Da i ryi ng wa s a ttract i ng new 
entrants to the agri cu l tural  sector . A change i n  the tabu l a t i on of 
census data from 1 936  on  i nterrupts th i s  seri es , but i t  has  been noted 
tha t  changes i n  pri ces for meat  and da i ry products i nfl uenced the 
en terpri ses  u nderta ken i n  the succeed i ng decade . Farmers cou l d enter 
both dai ryi ng  and l amb reari ng and so rema i n i n  the more i nten s ive forms 
of pas toral enterpr i se  a s  the pri ces .for woo l dropped s harpl y i n  the  
early 1 930s . Da i ry producti on rema i ned i mportant  economi ca l l y a s , from 
the  1 920s to the mi d- l 9 60s , butter and  cheese export earn i ng s  exceeded 
those from meat ( Tabl e 7 . 9 ) .  

I t  wa s refri gera ti on wh i c h  brought i nten s i ve l i ves to c k  producti on  

to  the fore i n  New Zea l and  agr i cu l ture .  Al though  woo l was not  d i s pl a ced 
a s  a major  export produc t ,  thi s change wa s s i gn i fi cant i n  a l l owi ng  
ex i sti ng farm enterpr i se s  to  devel op fu l l y  and  so i nfl uence the 
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structu re of farmi ng  and the u se of the l and . The export mi x was 
al tered by the i nc rea sed outfl ow of mea t a nd da i ry products , yet a 
cons i s ten t pa ttern soon emerged once adj u s tment occurred . Subsequentl y ,  
there were fl uctua t i ons i n  the rel at i ve i mportance o f  these l i vestock  

products but not  i n  t he overal l d i recti on ta ken by New Zea l and farmi ng . 
The i ncreased i mportance of beef producti on after the l a ter 1 9 50s 
( Tabl e 7 . 9 )  was a change , but one i nd i ca t i ve of the con ti nued empha s i s  
on l i v es toc k produ c t i on . 

The empha s i s was no t j u s t  l i ves tock bu t more i n ten s i ve l i vestoc k 

produc t i o n . Soi l amendi ng d i d not i nduce the change i n  farm enterpri se  
but i t  d i d enabl e a n  i ncreas i ng number of  i ncrea s i ngl y sma l l  farms 
( Tab l e 7 . 4 )  to , s u p port greater numbers of s tock per u n i t area . From 

the 1 9 20s , a s  the a ppl i cati on rate of ferti l i zer and l i me i ncrea sed 
( Tabl e 7 . 2 ) ,  the s tock i ng ra te on improved l and began to ri s e  mos t  

s harply ( Tabl e 7 .  1 ) .  Soi l amendi ng i n  comb i na ti on wi th effecti vel y 
manag i ng the s to c k  a nd pa s ture s u s ta i ned by i ncreased pasture yi el d ,  
su pported the growth of the more i ntens i ve l i vestock enterpr i se s .  Gra s s  

conserva ti on methods  proved abl e to s u pp l ant  suppl ementary fodder 

crop cu l t i va ti on .  The l a tter rema i ned at a s ta b l e  percentage of the 
area i mproved as  former i ncrea s ed a s  a percentage of sown gra s s l and  
( Tabl e 7 . 2 ) . When  i n  1 941 -45 per iod ferti l i zers became scarce ( Tab l e 

7 . 3 ) , and the a p p l i cati on rate fel l , i n  the s ucceedi ng per i od ,  sto c k i ng 
rates a l so decl i ned  ( Tabl e 7 . 1 ) ,  bu t recovered wi th a return to prewar 
fert i l i zer i mpor t  l evel s .  

S i nce that  per iod , the u se  of soi l amendi ng ha s i ncreased  a s  has 
l i vestock  pr.odu c t i o n . Gra s s l and topdres sed became more frequent than 

that not topdre s sed  by the 1 960s . The quanti ty of fert i l i z er app l i ed 

has i ncreased  wh i l e  l i me a ppl i cati on has been reduced ( Tab l e 7 . 2 ) . I n  
thi s per i od o f  more i n tens i fi ed so i l  amend i ng , s tock rat ios  to l and 
area have conti nued  to i ncrea s e  except for that of da i ry cattl e ( Tabl e 
7 . 1 ) .  The need to i ncreas e  the dai ry herd has  been offset by a n i ma l  
product i v i ty i mprovement through  herd tes ti ng and arti fi c i a l  b reedi ng  
and a change to breeds wi th  greater ou tput per ani ma l  ( MAF ,  1 9 74 , 9 1 , 

92 , 8 1 ) .  The g rea ter demand p l aced on  so i l ferti l i ty has  been met wi th 
soi l amendi ng a nd the technol og i cal changes a s so c i a ted wi th the h i g h ly  
producti ve p a s tu re i t  encourages . 
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COMMERC I AL ORI ENTAT I O N  OF AGRI CULTURE 

I n  furn i s h i ng  the product i ve grass l and  requi red by the more 

i ntens i ve l i vesto c k  enterpri ses , so i l  amend i ng ha s s u s ta i ned the 
commerci a l  ori en ta t i on of New Zea l a nd agri cu l ture whi l e  b roadeni ng i ts · 
bas i s .  The  succes sfu l  export i n  vol ume of wool had establ i s hed the 
economi c v i a bi l i ty of agr icu l tu re i n  New Zea l and whi l e  d i rect ing  i t  
towards l i vestoc k p roduct ion . The emphas i s  on  sown gra s s l and 

format ion  rather than  crop l a nd ( Tabl e 7 . 4 )  poi nts to th i s earl y concern 
wi th l i v e s tock  need s . The mi xed , semi -subs i s tence farms prov i ded 
some earl y exports  of da i ry products but the i r importance d im i n i shed 

rel at i vel y as  the  vo l ume of woo l  o utput i ncrea sed and accounted for 
a grea ter proporti o n  of total export val ue (Tabl e 7 . 9 ) . Wha t i s  
i l l us tra ted i s  the commerc i a l  ori entat ion of  both wool producers , mi xed 
farmers , a nd the s t i mul us  pro v i ded by the cap i ta l i s t i ns ti tuti ons 
wh i c h  bac ked them . The d i fference i n  i mportance of the two farmi ng  
systems i s  a refl ecti on of the  more l i mi ted market opportun i ty o f  t he 
l a tter . The  sma l l u rba n mar ke ts of New Zea l and cou l d  not absorb l arge 
output  i ncrea ses  a nd access to other markets wa s l i mi ted by tran s port 
technol ogy .  That wool was free of  both these condi t i ons  a s s ured i ts 
early product i on p reference . I n  imi ta ti ng  the ea stern New South  Wa l es 
wool enterpr i s e ,  N ew Zeal and s ettl ers a l so  ga i ned a s hare the Bri ti s h  
market a l ready opened . Concern for ach i evi ng the con s i s tent and  h i g h  
l evel s o f  producti on sought by the  i mporter ( Goul d ,  1 9 7 2 ,  97 ) res ul ted 
i n  both the occupa ti on and i mprovement  of l and i nto the 1 880s ( Tab l e 
7 . 4 ) . Producti on cou l d  be i mproved by areal expans i o n  and  i ncrea s ed 
stock i ng a l one . A s  l ong a s  wool pri ces were h i g h  eno u g h  s heep ranch i ng 
proved reward i ng .  Woo l rema i ned the ma i n  export product  through  to the 

end of the n i neteenth century : I t  accounted for over 40 percent of  
tota l export val u e  u nti l that  period  (Ta bl e 7 . 9 ) . I ndeed , s el dom has  
wool not  been the  s i ngl e mos t  i mportant source of export earni ngs , and 
those occa s i on s  mark  peri ods of economi c cri s i s  ( 1 93 1 -35 and 1 966-70 )  
and a peri od of  p o l i t i ca l  cri s i s ( 1 941 -45 ) when warti me �ondi t i ons  
reduced exports . The i n i ti a l  pas toral enterpri se  i n troduced·  i nto New 

Zea l and rema i ned i mportant  through  l ater peri ods  of l and  i m�rovement  a nd 
greater s ubdi v i s i on of hol d i ng s . 

The  commerc i a l  benefi t of the gra i n enterpri se  to sma l l l and

hol ders was l imi ted by the need f�r manpower to harvest . the crops and 
the comparat i ve  advantage ga i ned by l arge l andhol ders through  s ca l e  
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economi es der i ved from mechan i zati on . Once aga i n  the a i m  of producti on 

was commeri ca l , t hough the l oca l demand component became more i mportant 
than in . the ca s e  of wool . 

Of more far-reach i ng i mportance wa s the openi ng of the Bri ti s h  

market to mea t  and  da i ry produce by the adopti on o f  refri gerati on . The 
boom in gra i n  producti on wa s ended by competi ti on  from nati ons  i n  a 
better l ocati o n  rel a t i ve to the major urban markets  of Europe . Wool  
�vu l d have cont i nued to s u pport the country a s  i t  has  pri or to the  
i ntroduct ion  of refri gerat i on ,  however , the agri cu l tura l devel opmen t  
conti ngent upon that i nnovation i ncrea s ed the s ector ' s  contri but i on to 
the economy ( Tab l e 7 . 9 ) . The export of l i vestock  produc ts provi ded a 
ba s i s for econ9m i c  growth ,  especi a l l y  s i nce l oca l  consumpt i on sel dom 
exceeded 40 p ercent of product ion ( S i m k i n ,  1 9 51 , 3 3 ) . Concern for 
i mprov i ng the  quanti ty and qual i ty of agri cu l tura l produce was l argel y 

moti vated by fore i gn market demand . Technol ogy i mprov i ng e i ther a spect 
of producti on  was tes ted . Soi l amend i ng ,  a s  a parti cu l ar ly  i mportant 
technol ogy i n  thi s regard , came to be wi del y adopted by farmers 
i nteres ted i n  improv i ng thei r returns . The overa l l  effect was that 

duri ng the per i od from 1 87 1 -75 to 1 966-70 agri cu l ture ' s  contr i but i on 
to tota l export va l ue  rema i ned above 50 percent ( Tabl e 7 . 9 ) .  Th i s 
comment wou l d  a l so be appropr i a te bac k  to the 1 856-60 per i od were i t  

not for the gol d ru sh  of  the 1 860s when the va l ue of gol d exported 
reduced the proporti onate contri but i on of agri cu l tural exports , a nd the 

i ncrease  i n  domest i c demand reduced thei r vol ume ( S i mk i n ,  1 95 1 , 25 , 
Chart 2 ) . Th i s per i o d  wa s bri ef , l as ti ng l i tt l e  over a decade . 
Subsequent l y ,  agri cu l tura l exports conti nued to r i se i n  i mportance , 
barri ng three i nterrupt i ons , unti l 1 956 . Even though  there wa s a dec l i ne 
i n  the i mportance of  these exports ,  the fi gure  has vari ed on ly  s l i ght ly 
a bout the  90  percent l eve l  s i nce Worl d War I ( Ta bl e  7 . 9 ) . T he 
agri cul tura l emphas i s i n  the economy deve l o ped by the ear ly  col oni s ts 
pers i s ted i nto the 1 970s . What changed was the type of produce . The  
a bsol u te advantage found in  l i vestock product i on  was purs ued v i goro u s l y  
the proporti on of l i v es tock produc t expo�t va l ue i nd i cates ( Tabl e 7 . 9 ) . 

Agd cul ture was the ma i nstay of the economy and  i t  was a s peci a l i zat i on 
though to have  i ncreased i nto the 1 960s - -a s i tuati on v i ewed a s  a noma l ous  
i n  an  i nd u s tr i a l i zed wor l d  ( Su tch , 1 969 , 326 , 330) . 
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STRUCTURAL C HANGE 

The farm enterpri se  changes prov i ded an  economi c ba s i s  for l and 
subdi v i s i on schemes based on the sma l l ,  freehol d  or l ong -term l easeho l d ,  
fam i l y  farms . The l arge , l ea sehol d farm structure wh i c h  formed the 

bas i s  of woo l and gra i n  producti on was cha l l enged . A growi ng popul a t i on 
i nc rea sed demand for l a nd because . of  t he succes s of commerc i a l  
agr i cu l ture a nd the absence o f  a l terna t ive  empl oyment opportun i ti e s  

i n  the other , l i tt l e-devel oped s ectors  of the economy .  T he  probl em for 
the  sma l l l a ndhol der l ay i n  the l ow return per u n i t  area of wool a nd 
gra i n  product i on .  Acqu i ri ng suffi c i ent  acreage  to enjoy s cal e 
economi es  wa s both d i ffi cu l t  and cost ly  where c l eared l and was a l ready 
a va i l a bl e ,  and , a l onger term propo s i t i on where bush  l a nd fi rs t had to 
be c l eared . Th i s  economi c  envi ronment  d i ffi cu l ty wa s countered by 
the refri g erat i on fo l l owi ng whi c h ,  there occu rred an expans i on of 
more i n ten s i ve farmi ng ba sed on sma l l er farms . From the 1 89 1 -96 
per i od to the 1 920s j u s t  u nder 50 , 000 new farms were establ i s hed to 

ach i eve the l evel ma i nta i ned rel at i vely steap i l y  unti l the mi d-1 950s 
when the max i mum number wa s a tta i ned ( Tabl e 7 . 4 ) . 

The compari son of the i ncrea se  i n  the n umber of hol d i ngs between 
1 891  and 1 926  wi th that i n  the number of owners ( Tabl e 7 . 1 2 ) ma kes 
the extent of  ' one man ,  one farm ' ownersh i p c l ea r .  Of the 47 , 660 
new hol di ng s , about 80 percent were created by t hei r owners . Mu l t i pl e  
hol di ngs  were rel ati ve ly  u ncommon . The s tructure of th� agr i cul tural 
s ector became one of a l arge number of fi rms competi ng i n  produc i ng 
a l i mi ted var i ety of l i vestock out pu ts . The l arger , more extens i ve  
farms concentrated on woo l  product i on a l most  ent i re ly  for export ; 
whi l e  t he sma l l er farms moved . i nto da i ryi ng and  fat- l amb reari ng 
enterpri s e s  they found most  l ucra t i v e  and more s tabl e i n  terms of pri ce 
fl uctua t i o n s  ( S imk i n ,  1 95 1 , 39 ) ,  as · they a l so had a h i g her domesti c 
demand over time ( Si mk i n ,  1 95 1 , 3 3 ;  NZOYB , 1 97 0 , 402 ) . L i v estock 
producti o n  expanded wi th the r i s i ng �umber of smal l hol d i ngs and the 
occupati o n  of  more l and . The rat i o  of s heep to occup i ed l and suggests  
some i ncrea s e-- 1 0 percent of  the 1 881 -86 rati o by 1 9 1 5- 1 6 ( Tabl e 7 . 5 ) . 
Thi s cou l d mean that there was l i tt l e change i n  the s heep farmi ng 
sys tem b u t  the exten s i ve wool  en terpri se  mas k s  the da ta for the more 

i n ten s i ve  l amb-rea r i ng enterpri s e .  More nota b l e  was the s teady advance 

i n  the ra t i o of cattl e to occup i ed l and , and  t he p romi nent rol e of dai ry 
�ows i n  t ha t trend a s  the i r  n umbers rose  s harp ly  ( Tab l e 7 . 5 ) .  The 
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TABLE 7 . 1 2 

EVIDENCE OF INCREASED ' ONE MAN - ONE FARM ' OWNERSHIP 1 89 1 - 1 9 2 1  

Number of 
Number of OWners : 

Year 
Ho ldings OWn Account Employers 

1 9 2 1  85 , 743 38 , 258 2 2 , 88 1  
1 8 9 1  38 ,083 1 1 ,424 1 1 2 359 

total 
+ 47 , 660 I +262834 +1 1 2522 , 

gain 
- 382 356 +38: 356 

mul tipl e  + 
holdings 

9 , 304 

Source : Calcula ted f rom Census of New Zealand ( fo r  years shown) . 
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i mportance of  dai ryi ng  i s  u nderl i ned once more , but the d i sequi l i br i um 
s i tuati on c reated by refri gera ti on  a nd the consequent openi ng  of a new 
market wa s experi enced by both s heep and da i ry farmers . 

I n  that s i tuati on ,  more producti ve fa rmi ng  sys tems on smal l er 
l andhol d i ngs  were rewarded because  i ncrea sed o u tput cou l d  be read i l y  
a bsorbed by forei gn mar kets . However , the sma l l l andhol ders  were 
cons tra i ned by the ava i l abl e l a bour supp l y .  A s  a resu l t they usua l l y  
u ti l i zed t he i r own fami l y • s  l abou r .  Wherea s i n  1 891  the numbers of 

farmers wo rk i ng on the i r  own acco u n t  and farmers  engagi ng l a bour were 
nearly equa l , by 1 9 26 on ly 37 . 4  p ercent of farmers were a l so  empl oyers ,  
despi te the  fact  tha t  the number of rel ati ves worki ng on  farms had 
decl i ned ( Ta bl e  7 . 1 1 ) .  The i ncrea se  i n  the n umber of peopl e on the 

I 

l and con t i nued unti l the manpower demands of Worl d War I I  l ed to a 
s harp reduc ti on i n  the number of rel ati ves wo rki ng on  farms and the 
pool of farm workers ( Tabl e 7 . 1 1 ) .  The number of owners a l so decrea sed , 
though not a s  s trongl y .  The absence of a cens u s  i n  both 1 931 and 1 941  
l i mi ts the amount of data  ava i l abl e for a more deta i l ed v i ew of the 
adj u s tments duri ng the major depre s s i on of the 1 930s . Labou r-i ntens i ve 
means  of i ncrea s i ng producti on were unl i ke l y  to prov i de a u sefu l 
sol u ti on .  The gra s s l and farmi ng system based on so i l - amend i ng 

techno l ogy prov i ded a comparat i ve ly  l ow-l abour- i npu t sol ut i on to the 
probl em . The conti nued ri se of  s own gras s l a nd a nd the decl i ne of 
cu l t i va ted  acreage ( Tab l e 7 . 4 )  s how the importance of thi s farmi ng  
sys tem to the sma l l farmers . 

I t  h a s  been seen that capi ta l was rel a t i vely l es s  scarce than 
l abour .  The i ntroduc ti on of l abour -savi ng farm mach i nery occurred i n  
p art because  of th i s produc t ion  factor b i a s . The a ppl i cat i on of 

mechani c a l  power was extended from horse-drawn impl ements i n  arabl e 
farmi ng to the repl acement of the  horse by tractors . Th i s  i ncrea se  
i n  power enabl ed gra s s  conservat i on methods to  be  pursued more 
v i gorou s l y  as seen i n  the r i s e  i n  sown gra s s l a nd cut  for hay and 
s i l age  a fter 1 950 ( Ta b l e 7 . 2 ) . So improv i ng l abour producti v i ty became 
i ncrea s i ng l y  i mporta n t  as the l and suppl y was  restr i cted by conti n u i n g  
s ettl eme n t .  The general  trend was  a r i s e  i n  l and cos ts whi ch  seems 
l i ke ly  to have d i rected cap i tal to the i mprovement of the · producti v i ty 
of avai l abl e producti on  resources ra ther than to the acqu i s i ti on of  
further acreage ( Buchanan , 1 935 , 6 ) .  



Wi t h  the s tabi l i ty of the l and resource a nd the decl i ne of the 
agri cu l tural  l abour force , farmers were requ i red to i nvest greater 
amoun ts of capi ta l as a subst i tu te to i ncrea s e  produc ti v i ty ( Tabl e 
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7 .  1 3 ) . From the data s howi ng the rel at ion between gross  output a nd 
aggrega te i np uts ( Tabl e 7 . 1 3 ) , i t  can be seen that from the l a te 1 9 50s 
the i nves tment pa i d  off . The genera l trend wa s product i v i ty growth 
as exi s ti n g  farm enterpri ses reached new produc ti on l evel s .  One 
expects that  the scal e economi es  whi ch cou l d  be achi eved turned 
attenti on away from the d i vers i fi ca t i on of farm enterpri ses  and the 

economi c s t ructure of the country as a whol e .  Ach i ev i ng sca l e  economi e s  
prov i ded the  bas i s for counteri ng u nfavourabl e economi c  cond i tions  i n  
the l a ter 1 9 50s and 1 960s . The c reati on of l arger farms , e v i dent i n  
the decrea se i n the number of hol d i ngs  whi l e  a creage per hol d i ng 
i ncreased ( Tabl e 7 . 4 ) , s uggests the farmers ' a ppreci a ti on of a new set  
of econom i c  i mperat ives  opera t i ve i n  the  producti on envi ronment and  
thei r rea c ti on some expand i ng i mproved l a nd acreage wh i l e  others l eft 

the sector ( c f .  number of farmers i n  1 966 and  1 97 1  i n  Tabl es 7 . 6  a nd 
7 . 7 ) . A change of farm enterpri se s  was not ev i dent i n  the export 
product mi x ,  but more i n tens i ve u se  of so i l  amend i ng was , as the 
percentage of gras s l and topdres sed a nd ferti l i zer appl i cat i on  rates 
reached new peaks ( Tabl e 7 . 2 ) . So i l - amendi ng  technol ogy i n  susta i n i ng 

a gra s s l and  farmi ng sys tem mi n im i z i n g l a bou r i np u t ,  s u i ted the sma l l 
farm s tructu re crea ted i n  the l a te n i neteenth century and has  served 
to promote agri cul tural product i v i ty wi thi n  that structure . 

TRADE ' S  ROLE 

The empha s i s on product ion  improvement i n  New Zea l and agri cu l ture 

and i n  the research s erv i ng i t  can be understood in v i ew of the 
ma rket ' s  i nfl uence i n  the product ion  env i ronment . The va l ue of 
agri cul tu ral  ·�roduce l sent  to Bri ta i n  cons i s tently exceeded 70  percent of 
the total from the 1 87 6 -80 per i od to 1 946-50 ( Tab le  7 . 8 ) . Onl y i n  the 

early per i od of settl ement  were the Au s tra l i a n col on i es more impor ta n t , 
and  often , the produce sent  there wa s re-exported to Bri ta i n  ( Ll oyd 

Pri chard , 1 970 , 80-81 ) . The potent i a l market  may have been the worl d ,  
but  commerci a l  and pol i ti ca l  t i e s  wi th Bri ta i n  l ed exports there . As 
Br i ta i n ' s  needs cou l d  not  be met ful ly  by New Zea l and ' s  produce , that 
market was suffi c i ent  for New Zea l and  producers, and acted wel l i n to 
the twent i eth century a s  the v i rtual ly  unl i mi ted market needed to boost  



TABLE 7 . 1 3 
OUTPUT PER UNIT OF AGGREGATE INPUT 1 9 2 1- 1 9 6 9  
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Year 
Index of Index of Output per Unit of 

Grass Output Aggregate Inputs Aggregate Input 

1 9 2 1- 2 2  50 . 3  6 6 . 6 . 
19 2 2- 23  5 1 . 3  6 7 . 1 
1 9 23-24 5 2 . 5  68 . 4  
1 9 24- 2 5  54 . 1  69 . 0  
1925-26 52 . 5  68 . 7  
19 26-27  - 55 . 5  70 . 8  
19 2 7-28 6 1 . 4  7 2 . 7  
1 9 28-29 63 . 7  73 . 9  
1 9 29 -30 66 . 9  7 5 . 7 
1 930-3 1  6 7 . 7  7 6 . 9  
1 93 1-32  6 7 . 7  7 7 . 5  
1 9 3 2-33 77 . 4  78 . 6  
1 9 33-34 79 . 8  78 . 9  
1 934-35 7 7 . 4  79 . 7  
1 935-36 8 1 . 5  80 . 1 
1936-37 83 . 9  80 . 5  
19 37-38 83 . 9  8 1 . 5 
19 38-39 80 . 6  8 1 . 2  
1 939-40 83 . 9  83 . 3  
1940-4 1 9 2 . 7 8 3 . 4 
194 1-42 89 . 5  8 1 . 2  
1942-43 86 . 3  82 . 7  
1 943-44 85 . 6  8 5 . 7 
1944-45 92 . 7  90 . 5  
1945-46 86 . 3  88 . 1  
1946-4 7 89 . 5  84 . 2  
1 94 7-48 9 1 . 9  89 . 5  
1948-49 95 . 1  89 . 0  
1 949-50 100 . 0  100 . 0 
1 9 50-5 1  102 . 4  1 2 1 . 2  
19 5 1 - 5 2  1 02 . 4  98 . 3  
1 9 5 2-53  1 07 . 2  1 14 . 0  
19 53-54 10 7 . 2  1 1 2 . 4  
1954-55 1 09 . 6  1 14 . 0  ' 

19 5 5-56  1 1 2 . 1  1 1 3 .  1 
1956-57  1 1 3 . 7 1 1 6 . 9  
1957-58  1 2 1 . 8  108 . 0  
1 958-59 1 26 . 6  108 . 3  
1 959-60 1 28 . 2  1 1 2 . 7  
1 9 60-6 1 1 33 . 9 106 . 9  
1 9 6 1-62  1 36 . 3  1 09 . 7 
1962-63  1 4 3 . 5  1 1 6 . 1  
1 963-64 1 48 . 4  1 26 . 9  
1 964-65 1 52 . 4  130 . 8  
19 65-66 1 6 1 . 3  1 35 . 7  
1966-67 1 66 . 9  1 29 . 9 
1 9 6 7-68 1 7 1 . 8  1 33 . 8  
1 968- 69 1 7 5 . 8  1 4 1 . 2  
1969-70 1 7 1 . 8  1 36 . 7  

Sources : 19 2 1-59 Hussey and Philpo tt ( 1 969 , Tab le V ) . 

19 60-69 El lison ( 19 7 7 ,  Table 1 ) . 

7 5 . 5  
76 . 4  
76 . 8  
78 . 4  
7 6 . 4  
78 . 4  
84 . 5  
86 . 2  
88 . 4  
88 . 0  
8 7 . 4  
9 8 . 5 

1 0 1 . 1  
9 7 . 1  

1 0 1 . 7  
104 . 2  
1 0 2 . 9  
9 9 . 3  

1 00 . 7  
1 1 1 . 2  
1 10 . 2  
1 04 . 4  
99 . 9  

102 . 4  
9 8 . 0 

106 . 3  
102 . 7  
106 . 9  
100 . 0  
84 . 5  

104 . 2  
9 4 . 0  
9 5 . 4  
9 6 . 1  
9 9 . 1  
9 7 . 3  

1 1 2 . 8  
1 1 6 . 9  
1 1 3 . 8  
1 25 . 3  
1 24 . 2 
1 23 . 6  
1 1 6 . 9  
1 16 . 5  
1 18 . 9  
1 28 . 5  
1 28 . 4  
1 24 . 5 
1 25 . 7  
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export product i on . As a l a rge and l ong- term market , Bri ta i n a bsorbed 
l a rge quanti t i e s  of l i vestock produce . I n  such a s i tua ti on producers 
had the opportun i ty to p l an enterpri se s  on a l onger term bas i s  than 

wou l d  have been the case had market a nd market demand a l tered frequentl y .  
The chance to enjoy product i v i ty i ncrea ses  through improvement to 
produc ti on techn i q ues appeared beca u s e  of conti nued parti c i pat i on i n  a 
market hav i ng comparat i ve ly  s tabl e demand over a l ong peri od . Learn i ng 
by doi ng become s a major expl ana to ry factor i n  s uch improvemen t  by New 
Zeal and farmers . The market , by absorbi ng the add i t i ona l outpu t ,  
prov i ded moti v a t i on for producti on- i ncreas i ng i nnova ti on ·. The  
effecti venes s of  thi s a pproach wa s demons tra ted by the refi nement  of 
so i l - amend i ng �echnol ogy .  From a concern wi th p hosphate app l i cat ion 
and  so i l -ac i d i ty control , so i l amend i ng moved to dea l wi th trace  
el ement defi c i enc i es a s  the  pa s ture sward components • capac i ty to profi t 
from the mod i fi ed soi l cond i ti ons wa s improved . The capaci ty of the 

fi na l market to absorb output wou l d  have a s s i sted the dec i s i o n  to 
u ndertake s uch  i mprovements reduci ng per un i t producti on costs . 

The benef i ts from production res earch were wi despread and  

economi ca l ly i mporta n t ,  so  encoura g i ng attent ion to be d i rected to 
them . Government ' s  su pport of such  research i s  not s urpri s i ng i n  s uch 
a context .  Wi t h i n  the h uman -resource constra i nt of i ts l i m i ted 
popul ati on and  the fi nanc i a l  constra i n t of i ts budget , New Zea l and 
agri cul tura l  research wa s advantaged by th i s  un i form market s i tua t i o n .  

The  progress made i n  devel op i ng a gra s s l a nd technol ogy wh i c h offered 
the pos s i b i l i ty of creat i ng a u n i formly producti ve grass l a nd farmi ng 
system wi th refi nements made to s u i t  l ocal edaph i c  a nd c l i ma t i c  
cond i ti ons was a n  outcome o f  thi s s i tua t i on . I t  i s  l es s  l i ke ly  that 
p roduci ng for a vari e ty of markets demandi ng produce from a vari ety 
o f  farm enterpr i ses  based on  d i fferi ng  product ion  requ i remen ts wou l d 
have had a s  favourabl e a n  effect . 

The s trong market ti e s  wi th Br i ta i n  l ed to i ns tabi l i ty i n  the 
N ew Zeal and economy as the Bri t i s h  economy wea kened fo l l owi ng  Worl d 
War I I .  The ensu i ng l oosen i ng of t i e s  wi th Bri tai n refl ec ted the 

i na b i l i ty of the i ncrease  i n  demand there to ma tch the growth of New 
Z ea l and ' s  agr i c u l tura l  production  ( Rosenberg , 1 968 , 33 ) . The gradual ness  
of  thi s proc e s s  refl ected the  i nerti a crea ted by prewar marketi ng 
s tructures , des p i te warn i ng s  i n  the 1 930s  that market di vers i fi cat i on  

was  necessary ( Dai ry I ndus try Commi s s i on ,  1 934 , 38 ) ,  and  t he  l ong-
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term pos twar agreements for the sa l e of produce to Bri ta i n .  Only after 
Worl d War I I  d i d  the s h i ft to enter  the markets  of the Un i ted States , 
Western E urope and Japan  deve l op ( seen as  the r i s i ng percentage of 
export va l ue to other des t i nati ons in Tabl e 7 . 8 ) , i ndeed , the change has  

been noted a s  begi nn i ng  on ly  s i nce 1 958 ( Long , 1 9 63 , i i ) .  Al though  
by the 1 960s the  des t i nat ion  of exports by va l ue was i ncrea s i ng ly  

d i vers i fi ed ,  th i s  change mas ks the  fact tha t for l amb , bu tter , and  
cheese , the  Bri ti s h  ma rket s ti l l  accounted for some 90  percent of  the  
total ( Rosenberg , 1 968 , 1 4 )  but wa s decl i n i ng ( Lewthwa i te ,  1 971 , 9 8 ) . 
Hence , Br i t i s h  moves  to enter the European Common Market i n  the earl y 
1 960s i n tens i fi ed the need for New Zeal and to i denti fy both  new exports 
and new markets a s  i t  was rea l i zed tha t the agr icu l tural p rotecti on 
pol i cy preval ent i n  t he Wes tern European cou n tri es  wou l d be extended 
to Bri ta i n  so l oc k i ng  out the exports wh i c h  had prev i ou s l y  rece i ved 
preference  ( Cond l i ffe , 1 9 69b ,  3 1 ) .  Thi s theme had been ta ken up i n  
the 1 93 0s but had not  served to s timu l a te change ( Da i ry I ndu stry 

Commi s s i on , 1 934 , 1 1 ) .  
The benefi ts of  market s tab i l i ty i n  permi tti ng scal e economi e s  

to  be  a ch i eved i n  l i vestock produ ction  were reduced through  the need 
to meet the d i ffer i ng  demands for a greater vari ety of markets . The 
confl i ct of product  u n i formi ty and mar ket u n i formi ty appeared . The 
choi ces were product d i vers i fi cat i on to cater to wider demands i n  a 
s i ng l e  mar ket , d i vers i fi cat i on to cater to the demands of di verse markets 
or con t i n ued un i form producti on  wi th a s tress  on marketi ng  to enter 
d i verse ma rkets . The advantages of l ong-run  produc ti on of a few l i nes  
of produce  in  terms of improvemen t  a ppl i ca ti on were reduced i n  the fi rs t 
two choi ces . Maj or  i nnovat ion  wou l d  aga i n  become more i mportant . 
I t  i s  not  con s i dered that such  change i s  ea s i l y achi eved because  of 

the i nfl ex i bi l i ty of capi tal a l ready i nves ted . 
The  l as t  opti on has  been most  acti ve ly  pursued accord i ng ly . I n  

the face of the potent i a l l os s  of  the ma i n  market , the s trategy adopted 

ha s centred on mar ke t  d i vers i fi cati on and on adju sti ng marketi ng 
s tructures  as seen i n  the changes effected i n  the 1 960s i n  wool , d a i ry 
product ,  and meat export organ i zat ions  ( Evans , 1 969 ; MAF , 1 9 74 ) . 
Con s i der i ng • pos s i bl e  grea t c ha nges i n  farmi ng • di d not eventuate 
( Su tc h , 1 969 , 330 ) . The s ucces s ach i eved wi th exi st i ng  producti on  
methods a nd the  l ong-term devel opment of i ns t i tuti ons s u pporti ng that  
succes s have  retarded change . When agr i cu l tural pri ce l evel s have  

fl uctua ted and  decl i ned , farmers  have  responded by empl oyi ng  technol ogy 
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to i ncrea s e  ou tpu t . They were urged by government to farm thei r way 

out - of pr i ce reduct ion  cri ses i n  the l a ter 1 950s and 1 960s u s i ng the 

ferti l i zer  technol ogy ava i l abl e i n  parti cul ar . That techno l ogy 
u nderpi nned ex i s ti ng  farmi ng sys tems . Thus , the export of ex i s t i ng 
types of farm produce  rema i ned the ba s i s of economi c pl ann i ng  despi te 
i ncrea s i ng pres sures i n  worl d ma rkets . The a ttempt by New Zeal and to 
a s sure con ti nued access  to the Bri t i s h  market wh i l e  expl or i ng  new 
markets • demands s u c h  a s  that i n  the u . s �A .  for beef and beg i n  
producti on  to su i t  them ( Tabl e 7 . 9 ) , i s  i nd i ca t i ve of th i s a pproac h .  

Devel opi ng  the economy to reduce the rel i a nce o n  agr i cu l tura l pro
duction was even l e s s  forthcomi ng . The immob i l i ty probl em ra i sed by 
James ( 1 9 7 1 , 6 )  i s  empha s i zed by Ro senberg ( 1 968 , 1 75 ) : 

the n ature of  a n  i ndustr i a l  economy i s  i ts abi l i ty to 
adapt  i tsel f rapi dly to c hang i ng demand . I t  i s  the 
na ture  of pr imary export i ng  economi es tha t they cannot 
so e a s i l y adapt  themsel ves . Thus i f  demand for pr imary 
produce  fa l l s ,  the standard of  l i v i ng of the pri mary 
export i ng  country i s  severely  threatened . Al l a p r i mary 
produc i ng country can u s ua l ly do to meet  fal l i ng  demand i s  
to reduce pr i ces , and  i n  some ca ses outpu t .  An i ndu stri a l  
cou nt ry can  re-organi ze i ts product ion qu i ckly to  produce 
el e c tron i cs i ns tead of text i l es ,  tankers i nstea d of toys . 

INDUSTR I AL I ZAT I ON AND ECONOM I C  DEV ELOPMENT 

S ucc e s s i ve efforts to broaden the economi c bas e a nd prov i de a new 
source of economi c v i ab i l i ty have not overcome the agr i c u l tura l pr imacy 

establ i s hed  and  the unbal anced growth whi ch had  occurred . 

As a pr imary producer for Bri ta i n ,  the ma i n  l abour 
req u i rements were for peop l e  to wor k  i n  agri cul ture 
and a s soci a ted i ndustri es , p l u s  a terti a ry sector 
to organ i ze t h e  product ion  and exchange of i ts 
ou tput  for the  i mported manufactured goods . ( Ca nt 
a nd  Johnston , 1 97 3 , 1 5 - 1 6 )  

The l arge empl oyment  i n  the terti ary sector  refl ected the i mportance 
of thi s organ i z i ng function i n  a n  erstwhi l e  co l on ia l  economy . I t  i s  a 
sector wh i ch cont i n u ed to be i mportant ( Ta bl e 7 .  1 4 )  s t i l l  empl oyi ng 
53 percent  of the l a bour  force i n  . 1 9 7 1 . The s econdary sector deve l oped 
to meet two needs : the proces s i ng of pri ma ry produce for export a nd 
the product i on  of b a s i c  requ i rements for l ocal  consumpti on u s i ng l oca l 

resource s  ( Frankl i n ,  1 969 b ,30 ) . As  woo l  d i d  not requ i re muc h  proces s i ng ,  
the f i r s t  type of manufacturi ng  d i d  no t become s i gni ·f i c�n t a t  fi rs t .  
Refri gera t i on  brou g h t  a change for i t  was i n  the 1 880s and  1 890s  that  
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TABLE 7 . 1 4 

PERCENTAGE DISTRIBUTION OF THE LABOUR FORCE BY S ECTOR 

Economic Year 
Sector 1 8?4 1 901 1 906 1 91 6  1 92 6  1 936  1945  1 951 1 956 1 961 1 966 1 9?1 

Primary 
a 44 3 2  3 1 . 0  30 . 4  

Secondary 
b 20 29 2 5 . 9  22 . 8  

Ter tiary 36 39 4 3 . 0  46 . 7  

24 . 0  27 . 2  21 . 3  19 . 5  1 7  
2 2 . 6  24 . 4  28 . 1  32 . 5 33 . 6  

c c d 53 . 4  48 . 4  50 . 6  48 . 0  4 9 . 3  

1 5 . 2  
3 5 . 8  
4 9 . 0  

1 4  1 2 . 0 
38 3 6 . 7  
48 53 . 3  

Notes : a Comprises agriculture ,  forestry ,  hunting , fishing , mining , and 
quarrying . 

b Includes manufac turing and construct ion . 

c Unemployed included . 

d Armed forces included . 

Sources : 1874 , 1 9 0 1 , 1 966 Cant and Johnston ( 1973 , Tabl e  1 ) . 
1 9 56 Calculated from Census of New_ Zealand ( 1 9 56) . 
r emaind er Lane ( 1 9 7 6 ,  Table 1 . 5 ) . 
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meat-proce s s i n g  p l ants and d a i ry factor i es  were founded ( Condl i ffe , 
1 963 , 247 ) . Da i ry i ng ha s been l abel l ed the ' domi nant feature of 
economi c devel opment between 1 898 and 1 935 ' through  i ts broad effects 
on  d i fferent  sectors ( Cond l i ffe , 1 �63 , 2 39 ) . The need to crea te 
proces s i ng fac i l i ti es l ed da i ry farmers  themsel ves  to form co-operati ves 

to bu i l d  and control the da i ry factori es  ( Duncan , 1 933 , 5 ) . As the 
da i ry factory was a much sma l l er u n i t  than a meat p l ant ,  farmers cou l d  

con tri bute the  more l i mi ted capi ta l req u i red ( S i mki n ,  1 95 1 , 1 7 1 ) . 

The factory :  

u sua l l y  became the economi c foc us of the d i s tri ct ,  
prov i d i ng opportuni t i es  for i n terchangi ng v i ews , for 
s pread i ng techn i ca l  i nforma t i o n , for enforc i ng decent 
s tandards ,  and for co-opera ti ve  p urcha ses of farm 
supp l i es : ( Si mki n ,  1 9 51 , 1 7 1 ) 

I t  wa s from th i s  co-opera ti ve  i ndus tri a l s tructure that da i ry farmers 

were abl e to es tabl i s h ma rketi ng schemes i n  the 1 9 20s and u nderta ke to 
b u i l d  ferti l i zer  pl ants to meet thei r needs . 

Depres s i on of agri c u l tura l commodi ty pri ces i n  the l a te 1 870s 
and 1 880s had he l ped to promote the v i s i on of creati ng a sel f- s uffi c i ent  
communi ty through i nd u s tr i a l i za t i on ( Condl i ffe , l 933a , 1 69 ) . The 
government took up th i s  po l i cy when i n  1 880 i t  offered bonuses  as  

i ncenti ves for the es tabl i s hment of a n umber of manufacturi ng i ndustri es  
to meet l oca l  demand . The  s u l phur i c a c i d  p l ant  whi ch became semi nal 
i n  domesti c c hemi cal -fert i l i zer production  was establ i s hed through th i s  

sc heme . Further government  encouragement came wi th the impl ementa t i on 
of a tar i ff i n  1 888 ( L i nge ,  1 9 58 , 4 3 ) but the effects of refri gerati on ' s  
i ntroduct i o n  were reduc i ng  th i s  concern for : 

i f  refr i gera ti on had not p l aced New Zea l and ' s  meat and 
da i ry produce on t he worl d market  a nd transformed the 
who l e  of the i nternal  and external economy , New Zeal and 
wou l d  have been forced to become an  i ndustr i al country 
at  a much earl i er s tage . ( S u tc h ,  1 966 , 85 ) . 

The  r i s e  of more i ntens i ve l i vesto c k  farmi ng a nd smal l -farm settl emen t  
from the mi d - l 890s to t h e  m i d - l 920s  and  an  i ncrease  i n  re l ati ve rea l 
wages i n  New Zeal and ha l ted thi s growth of manufacturi ng empl oyment 

( Tabl e 7 . 1 4 ) , part i cu l ar ly  i n  types  not rel a ted to agri cu l ture ( Bl yth , 
1 974 , 8 ) . 

The trade s pec i a l i zati on i n  the  peri od from the m i d -ni neteenth 
century to Worl d War I dur i ng whi c h  u nproces sed materi al s were sent to 
metropol i ta n  countri es  i n  return for manufactures and s erv i ces  ( Dai ry 
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I ndus try Commi s s i on , 1 934 , 1 1 )  s erved to promote economi c growth ' on l y  
i n  a l i m i ted sen se • a nd ' mi ght  wel l b e  j udged i n imica l  rather than 
favourabl e to devel opment . . .  • i n  that i t  offered ' l i ttl e encouragement 
to the devel opment  of  i nd i genous  manufactu ri ng ' ( Goul d ,  1 9 7 2 ,  244 ) . 
Here l ay the source of New Zea l and ' s  ' i ndu stri a l  i nerti a ' ( Hewl and , 
1 946 , 208 ) . Wi th trade seen a s  detrimenta l to economi c deve l opmen t ,  
then : 

a reducti on i n  thei r trade parti c i pa ti on rat ios  mi ght  
have  hel ped promote the ' growth ' [mean i ng structura l  
c hang� of , s ay ,  New Zea l a nd and Argent i na j u st  before and 
after Worl d War I . . . .  exchange rates geared to the 
comparati ve producti vi ty of  the exporti ng i ndus tri es , cheap 
fre i ght  ' backhau l s ' ,  an  ori entati on of credi t ,  transport 
faci l i t i e s a nd techno l ogy towards the sectors favoured 
by compara t i ve advantage cou l d  and d i d stamp 

s ome econom i e s  wi th a parti cu l ar s tructure whi ch  some 
wou l d  cal l ' u nderdevel oped ' . . .  ; the tendency for th i s 
s tructure to change a s  soon as  some adventi t ious  even t , 
s uch  a s  wor l d wars , offered a temporary ' protec t i on ' 
from trade i s  c l ea r .  ( Gou l d ,  1 9 72 , 287-288 )  

The outcome pri or  to Worl d War I I  wa s a manufacturi ng sector whi ch , 
apart from the ma i n  agri cu l tura l proces si ng pl ants , empha s i zed 
sma l l -s ca l e ,  uns peci a l i zed , l i gh t  i ndu stry and rel i ed l a rge ly  on 

imported raw mater i a l s or part ly  proces sed goods beca u s e  of the absence 
of heavy i ndus try ( Sutc h ,  1 966 , 382 ; Hewl and , 1 946 , 2 1 8 ) .  

T h i s l i mi ted s tructure wa s a l l the Labour Government had a c h i eved 
wi th i ts i ndu s tri a l i zati on pol i cy impl emented i n  1 93 6 .  The s evere 
effects of the depres s i on of the 1 930s s howed once a ga i n New Zea l and ' s  
vu l nerabi l i ty to externa l change i n  demand for i ts agr i cu l tura l 
produce .  Throu g h  i mport l i cens i ng ,  exchange  control , and protec t i v e  
tari ffs the a i ms of the I ndu s tr i a l  Effi c i ency Act o f  1 936 were t o  be 

achi eved ( Ki ng ,  1 9 65 , 1 5 ) . Manufacturi ng was to become a s econd 
component  of the economy .  I n  bei ng  i ndependent of f l uctuat ion s  i n  
wor l d  agri cu l tura l pri ces i t  wou l d  be ab l e to support the economy 
whenever these pr i ces were depressed . Wartime requ i rements brou g h t  
greater i ndus tri a l  expans i on ( Leathem ,  1 947 , 1 69-1 70 ) b u t  t he progres s 
made was not s u s ta i ned a s  cap i ta l  wa s d i verted to pub l i c  i nvestmen t  
i n  i nfra structure ( pri nci pal l y  roads ) ,  t o  p ri vate i nvestment i n  farms , 
and was a bsorbed i n  the recovery of pri v a te consumpti o n  ( Su tc h ,  1 969 , 
336-337 ) .  An i nfl ux  of fore i gn  i nves tment starti ng i n  the mi d- 1 950s 
hel ped to overcome th i s defi c i ency ( Deane , 1 970 , 24 ) ,  but there was 
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on ly ' compa ra t i ve ly  mi nor i ndustr i a l devel opment  of the war and post

war years ' a s  government pol i cy cha nged after Labour ' s  defea t  ( Su tc h ,  
1 9 66 ,  4 1 8 ) . Manufa cturi ng d i d  cont i nue to grow i n  terms of empl oymen t .  
and val ue  of  producti on  ( Condl i ffe , 1 959 , 1 48 ) , but the v i ew was hel d 

tha t the economi c s tructure di d not need to be c hanged ( Sears , 1 962a , 

65 ) ,  a nd the. country ' co u l d  l i ve  wel l by encourag i ng gra s s  to grow ' 
thereby rema i n i ng ' co l on i a l ' i n  i ts or ientat ion  and i ncrea s i ng l y  

dependent on  t h e  cond i ti on o f  other economi es  ( Sutch , 1 966 , 4 1 2 ,  41 5 ) . 
There was concern tha t despi te manufacturi ng ' s  better producti v i ty 
performa nce than farm i ng  i n  the decade to 1 960 , growth of the l atter 
s ector wou l d  be adverse ly  affected by the . pas s i ng on of i ncreased 
cos ts and  the reducti o n  of avai l a bl e cap i ta l  a s socia ted wi th 
i ndus tri a l i za t1on ( B l yth , 1 961 , 1 1 - 1 2 ) . 

An economi c cri s i s  i n  1 9 57-58 rea sserted the v u l nerab i l i ty of New 
Zeal and ' s  economy to external  events ( Sutc h ,  1 966 , 4 2 0 ,  4 26 ) . The 
s econdary s tructure had changed bu t l i ttl e by 1 956 as factory 
producti on rema i ned d i rectly concerned wi th processi ng agr i cu l tural 
produce wi th a further sect ion  concerned wi th s u pplyi ng producti on 
i nputs , mos t  i mporta ntly, ferti l i zer and mac h i nery ( Da l mer , 1 956 , 
49 ) .  Sma l l - scal e producti on , wi th i ts h i gh product ion cos ts and 

i neffi c i ent  organ i za ti on ,  pers i s ted ( Ki ng ,  1 965 , 1 8 ) . The contr i bu ti on 
to gros s n at i ona l  product of manufacturi ng ' s  va l ue added was con s i dered 
to have rema i ned at  rough ly the l evel i t  had been i n  the  m i d- 1 930s 
( Sutch , 1 968c , 5 3 ) . 

The i ndustr i a l i zati on s trategy was renewed wi th the e stab l i s hmen t  
o f  s u c h  heavy i ndustri es  a s  s tee l ma k i ng i n  t h e  1 960s fol l owi ng  the 
adopt i on i n  the 1 950s  of a pol i cy of import s u bs ti tuti on u s i ng ' l o ca l  
for i mpor ted ma teri a l s ,  components and cap i ta l goods ' ( Ros e ,  1 9 69 , 

60-61 ) .  The  el ecti o n  of a Labour Government brought th i s  renewed 
determi nat i on  to pursue  thi s pol i cy of esta bl i s h i ng cap i ta l goods 
produc ti o n  and more l oca l  proces s i ng of both exports a nd i mports ( Su tch , 
1 969 , 338 ) . These proposa l s  recei ved a s eri o u s  setbac k  wi th . La bou r ' s  

el ectora l defea t i n  1 9 60 and  that  party ' s  s ubsequent absence from 
offi ce i n  the  fol l owi ng  decade . The l ong -term pl a nn i ng  i n i t i a ted wi t h  
the I nd u s tr i a l  Deve l opment  Conference o f  1 960 wa s d i rected to other 
economi c a ct i v i t i e s  a nd to i nst i tuti ona l reform . Apparently the des i re 
to change  the country ' s  economy wa s l es sened wi th the conti nued and  
i ncrea sed  worl d demand for agr i cu l tura l produce ( Sears , 1 962a , 65 )  so 
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tha t the next conference dea l i ng wi th export devel opment , though  i t  
repeated many of the a i ms of the previ ous  I ndu str i a l Devel opment 
Conference , concerned i tse l f ma i n l y  wi th i nst i tut i ona l  reforms for 

exporti ng ( Sutch , 1 966 , 43 1 , 430 ) . The agri cu l tural  sector was to 
conti nue  as  the base  of the economy wi th manufacturi ng growi ng  i n  
importance i n  v a l ue of producti on terms but not yet di spl ac i ng 
agri c u l ture ( Co nd l i ffe , l 9 69b ,  1 27 ) . The fol l owi ng pl anni ng  conference , 
i ndeed , focused on agri cu l ture . 

The proce s s  of i ndus tr i a l i zat i on  has  begun  des pi te th i s s poradi c 
approach to i ts promoti on . Condl i ffe ( l 969b , 1 26 )  noted that  • The 
sta t i s ti cs of  manufacturi ng  producti on i n  New Zea l and  s how i mpres s i ve  

growth • , part i � u l ar ly s i nce  the  i n troducti on of export i ncenti ves 
fol l owi ng the Export Deve l opment Conference i n  1 9 63 a nd the 1 967  

deva l uati on . Marketi ng efforts ass i s ted the  a bove measures i n  broaden i ng 
the i ndus tr i a l  ba se  to crea te new products and focus  i ndustri a l  deve l op

ment on export rather than  j u st  domes t i c  producti on- - the key to ma k i n g  
s u c h  devel opmen t  s uccessfu l ( Condl i ffe , l 969b ,  1 3 1 ) .  Another a na l ys t  

h a s  observed t h a t  i n  non-agr i cul ture rel a ted manufacturi ng , • the  trend 
rate of growth of  output over the enti re per i od ( 1 928 -29 - 1 969-70 )  has  
been steady and u nchanged • ( B l yth , 1 9 74 , footnote 1 3 ) . I n  terms of  
emp l oyment s uch  • secondary manufactur i ng  has  growth for the  l a s t  
s i xty years � i nce  1 9 1 1 ]  wi thout major  c hanges i n  trend , a nd a pparentl y 
un i nfl uenced by changes i n  forei gn  trade • ( Bl yth , 1 9 74 ,  1 3 ) . S imi l arl y ,  
changes i n  government were l es s  important a n  i nfl uence than  popu l a t i o n  
growth , wherea s decl i n i ng rel ati ve wages  a nd l a bour costs were more 

important ( B l yt h , 1 9 74 , 1 8 -1 9 ) .  Howeve r ,  tari ffs and i mport l i cens i ng 
di d prov i de mean s  to i nfl u ence the type of i ndus tri a l  devel opment by 
promo t i ng i mport  subst i tut i on ( I c h i kawa , 1 9 71 , 5 ,  23 ) .  

No grea t certa i nty a bout  the degree of i ndustr i a l i za ti on  ach i eved 
i s  ev i dent . I n  the  decade  from 1 963-64 to 1 9 73-74 manufactur i ng • s  
s ha re of the gross  nat i ona l output rose  from 1 6 . 5  percent to 1 7 . 4 
and  p roporti on of empl oyment rose from 1 9 . 6  to 2 1 . 2  percent , on ly a 
l i ttl e i mprovement  ( B lyth , 1 977 , 27 ) .  Economi c devel opment i n  the 

sense of broadeni ng of a c ti v i ty had begun  but was not compl ete . Progres s  
wa s s l ow wi th the commi tment  to gradual  change • wi th i n  the ex i s ti ng 
econom ic  and s oc i a l  i nfras tructure • ( McKay , 1 9 7 5 , 1 32 ) . Empl oyment 
data ( Tabl e 7 . 1 4 )  i nd i ca ted that New Zeal and had • a s h i g h  a l evel  of 
economi c devel opment as mos t  advanced nati ons • ,  but the prov i so was 
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added ' we can recogn i se that numbers empl oyed do not necessari l y  

i nd i ca te the rel a t i ve va l ue o f  output of  each sector • ( Lane , 1 9 76 ,  1 2 ) . 

Agri cu l ture ' s  ro l e  i s  domi nant not onl y wi th i n  the pri mary sector but 
al so extends i nto the s econdary secto r  i n  the proces s i ng i ndu stri es and  
i n to the  tert i a ry sector i n  fi nance and  transport acti v i ti es ( Lane , 

1 9 7 6 ,  1 4 -1 5 ) . Thus , i n  the agri cu l ture-rel ated i ndustri e s , not 
s urpri s i ng l y ,  fa rm output and export market cond i t i ons expl a i ned changes  
i n  devel opment s o  that ' i n th i s sense  i ndus tri a l i sat ion  ha s been 
con s equent u po n  forei gn  trade ' ( Blyth , 1 974 , 1 3 ) . I t  wa s a n ti c i pated 

i n  the 1 9 60s tha t agri c u l tural  sector earni ngs wou l d be threatened by 
p r i c e  cei l i ng s  and a l i mi ta ti on on vol ume through  greater pro tecti on i sm 
i n  tradi t i ona l markets . A need to create other exports i n  order to 
cont i nue the i mportat ion of  i npu ts req u i red by the economy a s  a whol e 

wa s c l ear . The  response of urg i ng grea ter agr i cu l tura l product ion  

through an  Agri cu l tural Devel opment Conference i n  1 963 a nd 1 964 
wi thou t a l a rge  measure of i n tegrati on  of p l ans  wi th other econom ic  

s ectors and  open  publ i c  d i scuss i on ( Ros enberg , 1 968 , 206 ) i s  i ndi cati ve  
of t he  i nert i a exi st i ng w i th i n t he  country ' s  econom i c  s tructure . The 

i ncrea se  i n  manufactur i ng output a nd empl oyment i s  cons i der�d to have 
been the f i r s t  r i se in  the manufacturi ng ' s  economi c contri bu t i on s i nce 
the end of  Worl d War I I ,  yet cou l d be ' i ns i gni fi cant • ( Bl yth , 1 977 , 27 ) . 
Robi nson ' s  con s i dera t i on that econom i c  growth may not be s uffi c i ent to 
s ti mu l a te the change needed for deve l opment i s  thereby demon s trated . 
Concern wi th the consequence of the wea k i ndustr i a l s tructure res u l ti ng 
from a pol i cy of i mport s ubst i tut i o n  to st imu l a te i ndustri a l i zati on 
( I ch i kawa , 1 97 1 , 23-24 ) refl ects the  v i ew tha t :  

New Zea l a nd wi l l  a l ways rema i n dependent u pon her 
agr i cu l tural  exports  s i nce the country ' s  resources i n  
manufacturi ng raw ma teri a l s a re extremely l i mi ted . 
( Ki ng , 1 9 65 , 1 9 ) 

Th i s v i ew of  the handi cap  posed by a pauc i ty of raw ma ter i a l s i s  

questi oned ( Cond l i ffe , 1 969a , 1 1 ) , b u t  the fu ndamenta l rol e of  the 
agri cu l tura l s ector i s  not : 

Manufacture you mus t ,  i f  New Zea l and i s  to escape from 
i ts preca ri ou s  dependence on the tradi ti onal markets  for 
pastora l  products ( and provi de empl oyment for a grow i n g  
popu l a t i on unabl e t o  enter the primary sector ) . . . . Bu t 
the g ra s s l ands  wi l l  rema i n  the  foundat ion of New Zea l and ' s  
economy . ( Cond l i ffe , 1 969a , 1 0 , 1 1 ) 
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The techno l ogy s u pporti ng gra s s l ands thereby rema i ned a centra l 
concern too . Th i s  cont i nued dependence , regarded as  i n ev i tabl e i n  the 
1 960s ( F i el d i n g , 1 963 , 1 68 ;  Cumberl and , 1 968 , 1 0 ) , cons ti tuted the 
' i nerti a . . .  the pri nc i pa l  feature of the country ' s  econom i c  l i fe ' wh i c h 
was countered by ' i mprov i sa t i on • compri s i ng moves to i nd u s tri a l i za t i on 
a nd changes i n  market i ng s tructures i n  order to • avoi d i nerti a 
becomi ng s ta g na t i on • ( Frank l i n  and McQueen , 1 9 69 , 506 ) . T h i s 
i mprovi sat ion , however , i ncorpo rated • a  mi n imum of i nnovati ons ' wh i c h  

consti tuted ' nothi ng radi ca l • ( Frank l i n  and McQueen , 1 969 , 6 ) ,  so 
l ea v i ng the s tructure of the economy l i ttl e a l tered and future c ha nges 

i n  doubt ( Ward , 1 973 , 38 ) .  Ba l anci ng sectora l growth to a vo i d  the 
s tagnati on  envi saged by Lewi s ( 1 9 56 , 277 ) suggests  an unba l a nced 
i nvestment i n  the s econdary sector cou l d  hel p to resol ve  the probl em but 
the di ffi cu l ty i n  i mpl ementi ng tha t procedure to ach i eve the de s i red 
outcome mus t  daunt  government , the on ly  i nsti tuti on l i kel y to u nderta ke 

such  a measure . 

ROLE OF GOVERNMENT 

At a n umber of poi nts i n  the prev ious  d i scuss i on government has  
a ppeared as  a factor expl a i ni ng some part i cu l ar  fea ture i n  agri cu l tura l  
s ector devel opment . Accordi ngly ,  i t  meri ts trea tment a s  a n  a gent 
bri ng i ng change  through  both d i rect and i nd i rect i nvol vement .  Th i s 
i s  notab ly  the case  i n  New Zea l and  s i nce government , l eg i s l at i ng the 
c l oser settl ement po l i cy ,  stamped out the pattern for s ubsequent  
devel opment  i n  the a gri cu l tura l sector . The a ttenti on  pa i d  to 
i ntens i ve  l i vestock  enterpri ses , the ba s i s of the sma l l farms • l i ve l i 
hood , s howed governmen t ' s  concern beyond ma k i ng l and a va i l abl e for 
s ettl ement . Concern wi th a s s uri ng dai ryi ng ' s  s ucces s , for exampl e ,  
was s hown by the h i ri ng of men i n  the  publ i. c  s erv ice  to g i ve i n s tructi on 
i n  dai ryi ng  to proces sors  a nd then to producers . Da i ryi ng  i nvol ved a 
compl ex technol ogy to control  the b i ochemi ca l  p roces se s . i n  bu tter and  
cheese producti o n .  Mai n ta i n i ng q ua l i ty i n  da i ry product exports and  
improv i ng producti on techni ques were fundamental  rea sons  for governmenta l 
i nvol vement i n  the a gr i cul tura l sector beg i nn i ng i n  the 1 890s  ( Rowe , 
1 973 , 1 6- 1 7 ) . Meat i ns pecti on a l s o  appeared to protect that  enterpri se ' s  
pl ace i n  the  Bri ti s h  market .  I n  so  bol s teri ng these  farm i ng sys tems , 
governmen t  took part i n  estab l i s h i ng the producti on env i ronment wi th i n 
wh i c h  l a ter gras s l a nd  technol ogy emerged . Creati ng a government  
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department  to g i ve  p racti cal product ion as s i s tance to farmers , promo te 
agri cu l tural  resea r c h , and fos ter rural  co-operati ve orga n i za ti on was an  

importa n t  addi t i on a l  s tep ta ken before the  turn  of the  centu ry 
( Condl i ffe , 1 963 , 2 1 0 ) . The Department of Agri cul ture offi c ers , who 
concerned themsel v e s  wi th prepar i ng • practi cal , s i mpl e ,  deta i l ed forms 
of organ i sati qn • ,  g a ve  a l a s ti ng b i a s  to New Zeal and rura l devel opment 
( Condl i ffe , 1 9 63 , 2 42 ) . 

I t  ha s been noted earl i er that the agr i cul tural research under
ta ken was producti on-ori ented . S i nce government did  not  ev i dent ly  

v i ew i ts el f then as  a marketi ng agency , apart  from guarantee i ng  produce 
qual i ty ,  i t  wa s on l y  l a ter that concern wi th  marketi ng research 
appeared . 
1 9 59 , 58 ) . 

Wart ime marketi ng control wa s seen  as  excepti ona l ( Wes trate , 
I 

The ma r ket  bei ng s erved and the a pproach to product ion  

appear a ga i n  as  exp l anatory factors . Fos teri ng i n crea sed u n i for m 
output for an  a pparently i nsat i ab l e market wa s a s uffi c i ent  acti v i ty 
for government  to engage i n .  The success of  the soi l amendi ng and  
grassl a nd  techno l o gy devel oped i n  thi s con text mu st have rei nforced thi s 
feel i ng .  I t  wa s m ea t  ·producers and  then da i ry producers  themsel ves , 

not government ,  who  took steps  i n  the ear ly  1 9 20s to form organ i za t i ons 
to control market i ng  ( Evans , 1 969 , 1 62 ) . I ndeed,  government decl i ned 
to i ntroduce compu l sory marketi ng of dai ry produce ( Wes trate , 1 9 59 , 

59-60 ) . The producers  remembered the adva n tages of h i g h  pr i ces  a tta i ned 
duri ng the  contro l l ed marketi ng  of Worl d War I ,  parti c u l ar ly  as pri ces 
fel l sharp ly  wi th the  restorat i on of l a i s sez-fa i re cond i ti on s  ( Westrate , 
1 959 , 58- 59 } . Onl y wi th the onset of economi c depres s i on i n  the 1 930s 

and i n  fo l l owi ng r ecommenda ti ons of the Roya l Commi s s i on on the Da i ry 
I ndustry i n  1 934 d i d  government  come to p l ay a part i n  the New Zea l and 
Da i ry-Produce Contro l  Board ( reconsti tu t i o n  as  the New Zea l a nd Da i ry 
Board ) . Th i s part  wa s augmented by the La bour Party • s  e l ecti on i n  1 936  
s i nce tha t party • s  i ntervent i on i s t  pol i cy l ed to the creat ion  of a 
Marketi ng  Departmen t  whi c h  a s sumed contro l of that operat ion  ( Evans , 
1 969 , 1 90 - 1 9 1 } .  S i mi l ar ly ,  the pri vate tra di ng i n  meat wa s s u s pended 
by bul k-purcha se  a greements wi th the Uni ted Ki ngdom Government duri ng  

Worl d War I I  a nd the  postwar recovery per i o d  ( Condl i ffe , 1 9 59 , 86 ) . Wool 
wa s dea l t wi th by j o i nt di sposa l  i n  co-operation wi th  o ther Commonwea l th 
nati ons  ( Evans , 1 969 , 96-97 ) .  The end of these arrangements  brought  
pri ce s ta b i l i za t i o n  measures  of vary i ng  types ( Condl i ffe , 1 959 , 1 4 1 ) 
to reta i n  the mea s ure of i ncome securi ty farmers had enj oyed throug h  the 
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smoothi ng  out  of s ha rp pr i ce drops  ( Westrate , 1 959 , 1 56 ) . The a i m  wa s 
evi dentl y the prov i s i on of a comparati vel y s tab l e producti on envi ronment 

i n  wh i c h  farm produc t i on and i nvestment pl a nni ng  cou l d  proceed l es $  
h i ndered by sudden c ha nges i n  i ncome . Pri vate enterpri se  wa s buffered 
by s tate i ntervent i on i f  not by s ta te soci a l i sm ,  wi th a di s ti nct trend · 

' towards the regul a t i on rather than the na ti ona l i sat ion  of capi ta l i s t 
enterpri s e ' ( Condl i ffe , 1 959 , 2 1 1 ) .  Contro l l i ng a nd d i rect i ng the 
producti o n  of pri vate enterpri s e  i n  agri cul ture was a suffi c i entl y 
effecti v e  way to dea l wi th the economic  probl ems encountered . 

Government ' s  percepti on of the probl ems and  the cond i ti on of the  
produc ti on  envi ronment  became i n creas i ngly i mportant i n  such  c i rcum

stances . Farm producti on dec i s i on s  had to be made i n  l i gh t  of tho s e  
di rect i ves  offered . Subs i d i es wi th  regard t o  soi l amend i ng ,  s uch  a s  tha t 
for l i me fre i g ht by ra i l ,  are an  i l l u strati on , for the J ong-term 
durati on of that s ub s i dy encouraged l i me u se , parti cul ar l y  by farmers  
l ocated cl ose to ra i l ways . Unt i l  the exten s i o n  of th i s  po l i cy to  road 
hau l age i n  1 947 , those farmers l ocated away from rai l ways were 
di sadvan ta ged by grea ter haul age  costs . The ma i ntenance of  l ime o u tput  
and app l i cation by the  subs i dy program appears i n  the  downturn i n  l i me 
producti on and a ppl i ca t i on wi th the wi thdrawal of the s ub s i dy sc heme 
i n  1 962 . The tonnage carri ed by rai l di d not fal l a l o ne .  The u se  of 
molybden i zed fert i l i zers cou l d  have prov i ded a means  to counter th i s 
change b ut  so i l s  had  to be respon s i ve to i t .  The effect was a change  i n  
farmer expectati ons and  so i l -amendi ng pract i ce becau se  of a governmen ta l 
deci s i o n . 

I n  a l i ke vei n ,  restr i cti ons  on dol l ar currency tran sacti o n s  
after Worl d War I I  mea nt that the  agri cul tura l  av i a t i on  i ndustry was  

bu i l t  up  u s i ng comparat i vely i neffi c i ent bu t more readi l y  ava i l ab l e 
T i ger Moth ai rcraft . These res tr i cti ons d i d  l ead to the e stabl i s hment 
i n  New Zea l and of a p l ant  for the manufacture of the F l e tcher FU 24  
agri c u l tural a i rcraft , b ut  th i s  consequence wa s un l i ke ly  to  have  been 
foreseen i n  the adherence to a regul ati on wh i ch barred the i mportat i on 
of Ameri can  a i rcraft a l ready devel oped for agri cul tura l av i at i on . 

The agri cu l tural a v i a t i on  i ndustry ' s  devel opmen t  poi nts to the  
powerfu l  rol e  of government i n  the agri cu l tura l secto r .  Tri a l s o f  

topdre s s i ng and oversowi ng were ori g i nal l y  s u pported by governmen t  
departments o r  government-sponsored organ i za t i ons . After the ear l y 

tri a l s topdress i ng was envi saged as  an acti v i ty of the RNZAF . Onl y 
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the succes s of pri vate  operators • operati ons and thei r rap i d  prol i fer
a ti on headed off that pl an . The pri va te operators were , however , 

brought under regu l a ti o n  by government . The Ai r Serv i ce s  L i cens i ng 
Au thori ty Act was app l i ed to ensure both the s tab i l i ty of the fi rms 
bei ng formed and the wi despread ava i l abi l i ty of the serv i ce  i n  l i cen s i ng 
operati ons  i n  parti c u l a r  d i stri cts . These control s i n di ca te the 
i mportance government had in d i s s emi nati ng so i l -amend i ng technol ogy , 
g i ven the i mportance of aeri a l  topdres s i ng observed i n  Chapter 6 .  

The deci s i ons  made by government on the country • s  economi c 
s tructure have  the i r  effect too . Promoti ng i ndustri a l i za t i on to offset 
agri cu l ture • s  pri macy ha s u pset  s tab i l i ty i n  the  attempt to create 
bal ance i n  a n  unbal a nced economy . One wou l d  anti c i pate some upset i n  

I 

farmers • p roducti on p l anni ng a s  a consequence . The s hort -durat ion  pu s h  
to rap i d  i nd u s tri a l i zat i on staved off con s i derab l e change  but  the l egacy 

of import l i c ens i ng ,  currency con trol , and h i g her co s t  domes ti c manu
factures rema i n s i n  agr i cu l ture • s  producti on env i ronme n t .  The urge to 
i mprove p rod ucti v i ty through the adopti on of technol ogy i mpl i c i t i n  
the ferti l i zer s u bs i d i zat ion of the l a ter 1 960s  poi nts to the  
man i pul at i ve rol e of government wi t h i n  the  economy and  i ts effect on 
agri cu l ture and the u s e  of soi l - amendi ng technol ogy i n  New Zea l and . 

CONCLUDI NG  R EMARKS 

Technol og i ca l  change ,  more s peci fi cal l y ,  that i nvo l v i ng so i l 
amendi ng , h a s  been of  fundamental  i mportance to New Zea l and  agri cu l tu re . 

The above remark  i s  scarcely s urpr i s i ng g i ven New Zea l a nd • s  contact  wi th 
the areas where techno l ogy was evo l v i ng and the  commerc i a l  ori enta t i on 
of agri c u l tu re whereby the advantages of impro v i ng produc t i v i ty were 
perce i v ed .  P i oneer i ng a new env i ronment  s t i mu l ated th i s  adopti on 
and adaptat i on of  borrowed tec hnol ogy . Empl oyi ng technol ogy deve l oped 
l oca l ly  as wel l as tha t devel oped abroad proved both a cos t-sav i ng  

and a n  o u tpu t-i ncrea s i ng method of  expandi ng  commerc i a l produc t i on . I n  

tha t mechan i ca l i nvent i on was prom i nent and  was more fami l i a r  to 

farmers , i ts adopt i on  became wi despread . Accord i ngl y ,  the  benefi ts 
deri ved from the greater appl i ca ti on of power to farmi ng  became wi de
spread . Farm enterpri ses where i n mach i nery pl ays an  i mporta n t  rol e  have 
conti nued to spawn mechani cal  i nventi on . 

Suc h enterpr i se s  are not nota b l e  i n  New Zeal and farmi ng  for 
refri gera t i on i nduced s ubstanti a l  c hange i n  whi ch mechan i cal  i nventi on 
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was freq u en tly l es s  s i gn i fi cant  than bi ol og i cal  and bi ochem i ca l  
i nvent i o n . Though the subst i tut i on of rel at i v ely l ess  scarce capi ta l 

for l a bour through  mechani zatipn ha s been a n  i mportant process i n  t he 
l abour -shortage s i tua ti on i n  New Zea l and , i t  has been compl emented by 
the creat i on of a farmi ng sys tem m i n imi z i ng l a bour i nput  a nd cap i tal 

cos t .  The extens i on  of gra s s l and  expl o i ta ti on from sheep ranch i ng to 
the l amb-reari ng and da i ryi ng enterpri ses made v i a bl e  by refri gera ted 
sh i pp i ng p rovi ded the ba s i s for s uch a sys tem . A reappra i sal  of l a nd 

use and of the l a nd ' s  producti on potent ia l  took pl ace . Br i ti s h  
farmi ng exp eri ence re-emerged a s  a source of  i nformati on but  i ts 
appl i ca t i o n  was hampered by the l a bour req u i rements of the  arab l e
rotat ion  p attern i nvo l ved and was restr i c ted by the l i mi ted avai l ab i l i ty 
of area s l ow ,  unbro ken rel i ef .  I dent i fyi ng a n d  improv i ng means  to 

i ntens i fy gra s s l and  producti on to carry grea ter numbers o f  l i ves tock  
became the  a im  of  sc i enti f i c  research i n  New Zeal and i n  the  s ucceed i ng 
century . 

I n  t ha t  succes s wa s ach i eved by pl ant  and  an ima l  breedi ng ,  by 
improv i ng pas ture and s tock ma nagement techn i ques , a nd by i n vest i gat i ng 

the impro v ement  of soi l reso urces , sci ence enabl ed the g rass l and  empha s i s 
to overcome the l abour and l and  obs tacl es  i nherent i n  Bri t i s h  farmi ng  
practi ce . Fi ndi ng s  of New Zea l and  agri cu l tural sc i enti s ts were tran s 
mi tted bac k  to B ri tai n to effect improvement there . T he  di s equ i l i br i um 
created by refri gerati on ' s  i n troduct ion  was worked out  l argely by 
techno l og i ca l  c hange  wi thi n New Zea l and . The  s ucces s  of  the effort 
and the s oci a l  i mportance of a s s uri ng the v i abi l i ty of the sma l l farms 
engaged i n  more i ntens i ve l i ve stock farmi ng s erved to d i rect sc i ence 
to app l i ed research wh i c h  wou l d benefi t those farms . The resul tant 
techno l o gy s u i ted the producti on  env i ronment  of the ex i s ti ng  sma l l -
farm s tructure . Technol og i ca l  d i sequi l i bri a occas i oned change i n  
product i o n  technol ogy rather than  i n  the framework of p roducti on . 

Soi l  amendi ng ' s  rol e  wa s to s u sta i n  h i g her yi el d i ng p a s tu re 
p l ants  i n  the  g ra s s l and farmi ng system so  tha t  more s tock  cou l d  be  
carri ed and so  p rov i de the pos s i bi l i ty of  i mprov i ng farm i ncome . The 

extens i o n ,  i nten s i fi cati on , a n d  refi nement of soi l  amend i ng wa s a 
proce s s  accompan i ed  by ri s i ng output . The h i gh ly  d i v i s i b l e nature 
of the app l i ca t i on  of that tech nol ogy and of i ts demand  for l abour and 
capi tal  fac i l i ta ted i ts appl i ca ti on by sma l l l andho l ders . They coul d 

adj u s t  i ts u se to su i t  the i r  l abour and capi tal supp ly .  The readi ly 
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observabl e res u l t of experi mentat ion  was al so a n  i mportant  factor 

whi c h  encouraged adopt ion . Adapti ng so i l amend i ng from u se  on crop l a nd 
to u s e  on gra s s l and  wi thout cu l t i vat ion  was the breakthrough farmers 
ach i eved . Thereby ,  they extended the i mpact so i l  amendi ng had on New 
Zea l and  farmi ng . 

Soi l amend i ng was not the only i nnovati on to occur . I n  fact ,  i t  

i nduced a s tream of rel ated technol ogi ca l i nnovat i on through i ts 
capaci ty to i mprove soi l ferti l i ty and  ac i d i ty ,  and  so � gra s s l and 
yi e l d .  As the ba s i s for other product i on i nnova t i ons i t  can be v i ewed 
a s  the key e l ement i n  boosti ng agri cu l tural product i v i ty .  The 
conti nued d i ffu s i on of pasture topdres s i ng a nd the heav i er ferti l i zer 
appl i ca ti on  a t  the end of the per iod  s tudi ed po i n t  to th i s  ongoi ng 

I 

i mportance , though , research i nto the pasture ecosystem has po i nted out  
tha t pa s ture and  stock management tec hn i ques too have  a promi nent rol e 

to pl ay i n  the  effect ive  u t i l i zat ion  of the benef i ts of soi l amend i ng .  
See i ng soi l amend i ng as a key el ement i n  grass l and  farming  i s  a more 

carefu l s ta tement of i ts importance . 
Al s o  i mp l i ca ted i n  the gras s l and  farmi ng sys tem ' s  dev e l opmen t i s  

government .  Governmental i nfl uence has  been profound s i nce i ts acti ve  
encouragement of the formati on of  a sma l l -farm s tructure i n  the 
agr i cu l tural  s ector . Th i s s ettl ement pol i cy was backed u p  by a 
commi tment to s u pport sma l l farmers wi th appl i ed research , educati on 

fac i l i t i e s , and produce qua l i ty contro l . From there , i n  the face of 
c ha l l enges to the  v i a bi l i ty of the l i vestock product exports whi ch 
were of fundamental  i mportance to the economy ,  governmental i nterven t i on 
ha s extended to marketi ng to prov i de yet greater support . A s s uri ng a 
s tabl e produc ti on envi ronment ha s l ed government  to create s ubs i dy 
programs to extend the adopti on of p roducti on i ncreas i ng technol ogy . 
Change i n  t h i s  area ha s created uncerta i nty i n  the  producti on envi ron
ment but ha s not al tered the  bas i c  pattern establ i s hed . 

Of greater i mportance has been government ' s  rev i ew of . the economi c 
s tructure fo l l owi ng the exposure of the  economy ' s  v u l nerab i l i ty to 
c ha nges i n  demand . Augment i ng na ti ona l  econom i c  v i a bi l i ty by broaden i ng 
the  economi c base  through  i ndu s tri a l i zati on has  emerged as  a pol i cy 
from t ime to t i me yet agri cu l tura l pri macy has conti nued . I n  the 1 960s  

the deci s i on to di vert resources to  non-agr i cu l tural i ndus tri a l  deve l op
ment  was i mp l emented but the economi c deve l opment ant i c i pated had yet to 
emerge by 1 9 70 . 
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What has  been ach i eved through  grass l a nd fa rmi ng has been economi c  

growth encouraged by the l ong- term l i nkage to a market comparati ve ly  
s tabl e i n  p roduct type demand and i n  capaci ty to  absorb producti on 

i ncrea ses  u n t i l the 1 960s . New Zea l and farmi ng has been abl e to 
expl o i t product i v i ty i ncrea se  by i mprovemen ts to producti on techno l ogy · 
becau se  of th i s  l ong-run  uni formi ty of  demand . Market s tabi l i ty 
encouraged s tab i l i ty wi th i n the production env i ronment so creati ng  a n  
e l ement o f  i nert ia  wi th i n  the agri cu l tural s ector and , from i ts cont i nued 
pr i macy ,  i n  the s tructure of the economy .  Attempts to a ch i eve  greater 

ba l ance wi t h i n tha t s tructure i n  seek ing conti nued nati onal  economi c 
v i a bi l i ty have  been parri ed by renewed demand for agri cu l tura l 
products  o r  by product i v i ty advances wh i c h  have restored tha t sector • s  
v i ab i l i ty .  Aggregate s tab i l i ty i n  a gri cu l ture and  i n  the economy ha s  
been ach i eved through chang i ng technol ogy wh i ch ,  rather than a l ter i ng 
the s tructure i n  wh i c h  i t  has been a ppl i ed ,  has  been created to s u pport 
that s tructure . 
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FOOTNOTE 

l .  These  o rgan i za ti ons  g i ven wi th  the i r  data of establ i s hme nt,  are : 
the Da i ry Research I nsti tute ( 1 9 28 ) ,  the New Zeal a nd Ferti l i ser 
Manufactu rers ' Resea rch Assoc i a ti on ( 1 947 ) , the Mea t I ndustry 
Research I nst i tute ( 1 9 55 )  and the Wool Research I ns t i tute ( 1 961 ) 
{ McBri de , 1 967 , 1 1 2 1 ) . The earl i er appea ra nce of  a Da i ry Re searc h 
I nst i tu te i s  i ndi cat ive a ga i n  of  the technol og i ca l  l eadersh i p of 
that farm enterpri s e .  The date o f  the e s tabl i shment  o f  the 
Ferti l i ser Manufacturers ' Research As soc i a ti on s ugges ts the l a ter 
deve l opment  of New Zeal and-ba sed product ion  techno l ogy and the 
emergence of grea ter concern wi th the refi nement of so i l -amend i ng 
techno l ogy . · 



CHAPTER 8 

STAB I L I TY AND CHANGE :  A GEOGRAPH I C  PROBL EM 
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The  preced i ng chapter presented a s ummary of the ro l e  of soi l 
amend i ng i n  the devel opment  of gra s s l and farmi ng sys tems i n  New Zea l a nd .  

The economi c  and i nst i tu ti ona l consequences of  the adopti on of that 
technol ogy appeared i n  the s timu l a ti on of unba l a nced econom i c  growth ,  

the focu s i ng of researc h  acti v i ty o n  the s u pport  of agri cu l ture ,  and 
the encou ragement and retenti on of a sma l l -fami ly-farm s tructure . The 
s tabi l i ty of the aggrega te s tructu re of producti on wa s s hown to res t 
on conti n u i ng techno l og i ca l  change--an  apparent seemi ng paradox . I n  
thi s c ha p ter an i nterpreta ti on of the probl ems created by the above 
paradox i s  presented , some di rec ti ons wh i ch may be fol l owed i n  studyi ng 
those  probl ems are ou tl i ned , the i mportance of  such s tudy i s  noted , a nd 
the contr i buti ons of geographers i n  th i s  a rea  are i denti fi ed . 
Conc l ud i ng  rema rks on  the s tudy of l ong- run s tructu ra l  change i n  New 
Zea l a nd agri cul ture are offered as a bas i s for the deve l o pment of 
further s tudy .  

PROBLEMS RAI SED 

For the geographer , the pa radox poses parti cu l ar  probl ems i n  
the rel a t i onshi p between s pati a l  proces s 1  a nd i ts man i fes tat ion  i n  
spati a l  d i stri buti on . There cou l d be a s i tua ti on of s ta b i l i ty where 

there was no change i n  e i ther spati a l  p rocess  or spati a l  di s tri buti on . 
The o p pos i ng condi ti on wou l d  be cons tan t change i n  both , the s i tua t i on 
of l ea s t  stabi l i ty s howi ng the c i rcu l ar ly  cau sal rel ati on of spati a l  
process  a nd the spa t i a l  s tructure o f  a d i s tr i buti on . The degree o f  
change  i n  ei ther s hou l d have some effect o n  the other . 

The a ppeara nce of a s i tua ti on where spati a l  d i s tr i buti on 
a pparently stabi l i zed whi l e  spat ia l  proces s  conti nued to c hange p rompted 
the rev i ew of the aggrega te s tructure of New Zea l and agri cu l ture a nd 
of the contri bu ti on of so i l  amendi ng thereto . The u nderstand i ng g a i ned 

i n  the p rocess cou l d then be a ppl i ed i n  some spati a l  ana lys i s of the 
s truc tures acti ve  i n  New Zea l and ' s  agri c u l tural deve l o pment .  
Recogn i z i ng tha t the el ements creati ng a s pat i a l  d i stri bu ti on cou l d 
become a determi nant  of l a ter spati a l  p roces s permi ts a broader 
i nterpreta ti on both of t he aggrega te p a ttern found and of the s pa ti a l 
var i a ti ons wh i c h  may exi s t  wi thi n i t . I t  then becomes poss i bl e to 
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ra i se ques ti ons  on the pa s t  i nterpreta ti on of  spatial  d i s tri buti ons and 
sugges t area s where study wou l d  be of benefi t to the knowl edge of New 
Zea l and ' s  agr i cu l tural geography and i ts reg i onal  vari a t i on s , as wel l 
a s  to the devel opment  of  s trateg i es to cope wi th ongoi ng change of the 
who l e and of i ts parts . Both the s tudy of areas and of spa ti a l  
s tructure ( referred to  a s  spati a l  o rgan i zati on ) have a p l ace  i n  the 
attempt to u nders tand the man - l a nd rel a ti ons hi p ,  as Taaffe ( 1 974 , 1 6 ) 
has observed . 

Phys i cal  Env i ronment 

Rob i n so n ' s  four s tructures ( C ha p ter 2 ,  footnote 2 )  a re a frame
work wi th i n whi ch to a s sess  the modi fi cati ons and  al tera ti ons of 
agri cul ture ' s  p roducti on  env i ronmen t  i n  New Zeal and . I t  mu s t  be 
remembered , however ,  tha t the phys i ca l  envi ronment i s  a key fea ture 
therei n .  Tha t i s  one of the agri cu l tura l  s ec tor ' s  outs tand i ng 
characteri s t i c s  a nd one renderi ng  i t  l es s  d i rectly ma nageabl e by man .  
The soi l - amend i ng tec hnol ogy bei ng  s tudi ed i s  bu t an examp l e of man ' s  
a ttempt to control vari a ti on i n  the qua l i ty of a phys i ca l -envi ronmen t  
producti o n  resource . Control of c l i ma te h a s  been l es s  s uccessful  to 

date and i t  i s  thi s fact which ha s prevented man from a c h i evi ng 
effi ci en t ,  factory- l i ke producti on  i n  agri c u l ture ( Georgescu-Roegen , 

1 969 ,  524 ) . Cl i ma te becomes a g i ven  e l ement  of the envi ronment i n  the 
l ocati on dec i s i on a l though i ts rel a t i ve i mportance i s  reduced where 
methods to overcome other cons tra i nts  through  b iol ogi cal  materi al  
sel ecti on  a nd management are s ucces sfu l . When  has thi s been  the  ca se  
in  New Zea l and  agri cu l ture? Approach i ng  thi s ques ti on by the  s tudy of 
cl i mati c var i a ti on can  l ead to  an  a ppreci a t i on of farm-enterpri se 
and farm-ma nagement vari at ion i nsofar  as cl i ma tic constra i nts 
i nfl uence the  producti on of those  enterpri se s . Curry ( 1 956 , 1 962 , 
1 963 ) , Maunder ( l 966a , l 966b , 1 96 8 )  and  F i el d i ng ( l 965b , 9 1 ) i nd i cate 

the importance of c l i ma te i n  a ccoun ti ng for · v ari ed patterns i n  New 
Zeal and g ra s s l a nd fa rmi ng and under l i ne man ' s  ab i l i ty to dev i se a range 
of agri cu l tura l sys tems attuned to g i ven e l ements i n  the p hys i ca l  
env i ronment .  Such  a ttempts a re nonethe l e s s  o f  l i mi ted s u ccess  i n  tha t :  
' every k i nd of  agr i c u l tural product i on i nev i tably i mposes  some i dl eness 
on both c ap i ta l  a nd l abour over the product i on  peri od a nd compl ete 
i d l enes s on  every fund [produc t i on] factor d uri ng the res t of the year ' 
( Georgesc u - Roegen , 1 969 , 525 ) .  Max i mi z i ng  p roducti on i s  but  a way to 
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reduce th i s  i d l eness  a s  far a s  poss i bl e . 

The v i ew of c l i ma te and , i ndeed , of the p hys i cal  envi ronment a s  a 
fi xed e l emen t  i s  g i ven by Ch i s ho l m  ( 1 962 , 1 8 ) : 

On the  human t ime sca l e ,  . . .  changes i n  t he physi cal 
envi ronment are u s ua l ly too s l ow to be noted by any 
one g enerat ion . For mos t pract ica l  purposes , i t  can be 
ta ken that natural  cond i ti ons are unchang i ng :  thi s 
e l i m i na tes the probl em of var i a ti on i n  one set of 
factors , a nd so much  s i mpl i fi es the whol e probl em of 
l oca t i o n  ana l ys i s .  

Such  a v i ew s u i ts the l oca t ion pa ttern anal ys i s  performed i n  ta ki ng  
• a  s i tuat i on  a t  a moment  in  t ime ,  when i t  may be assumed tha t  techn i ques  
are unchan g i ng • ( Ch i s hol m ,  1 96 2 ,  1 9 ) .  The po s s i b i l i ty of l ong-term 

, 

c l imati c c h a nge cannot be so read i l y  di scounted i n  agr i cu l tu re s i nce 
p l ant  and a n i ma l  react i ons  can be h i gh ly  sens i ti ve to cl i mate .  Does 
the a ssessment made of c l i ma t i c  effects on production  at  one t ime app ly  
to  some other peri od ?  Long-term s tudi es of c l i mati c vari a t i on in  New 
Zeal and are needed to a s s ure tha t ta k i n g  ex i s ti ng  c l i mati c condi t i on s  

a s  g i ven i n  expl a i n i ng c l i ma te-rel a ted agri cu l tural  pa tterns i s  
factua l l y  correc t .  Maunder ( 1 97 2 )  s hows the type of s tudy requ i red . 

Change Through Time 

The so i l resource , i n  bei ng modi fi abl e by man ,  i s  i l l u s trat i ve of 
the way i n  whi ch  technol ogy i s  empl oyed to smooth var i a t i on occurri ng  

i n  natura l resource d i s tri bu ti on and  change man ' s  appra i sa l of  that 
resource ' s  u ti l i ty .  Not i ng how i ts use has been a pproached a l so 
s hows the i mportance of change through ti me i n  expl a i n i ng s pati a l  

proces ses  a n d  s pa ti a l  s tructures  (Abl er et a l . , 1 9 7 1 ,  6 1 ) .  The pro
perti es  of  v i rg i n  s oi l , in  the context of the techn i ca l s tructure a t  
the t ime o f  settl ement , act o n  i n i t i a l  producti on a nd l oca ti on 
dec i s i on s . I n  the a b sence of i nformation  about  soi l properti es , a re 
they i gnored i n  fact  and  only recogni zed a s  i�portant after experimentati 2n? l 
Fol l owi ng  fi rst expl o i tat ion  of the so i l , i t  i s  man ' s  percepti on of the 
soi l • s  u ti l i ty and  h i s effecti veness  i n  amend i ng i t  whi c h  i nfl uences 

subsequent  s pati a l  s tructu re . In  the present  techn i ca l  s tructure , so i l 
can be read i ly  mod i f i ed ,  un l i ke c l imate . I t  i s  concei vab l e that man · 

cou l d  ach i e ve ful l contro l of soi l properti e s . Rea l i z i ng thi s pos s i 

b i l i ty h a s  been the o u tcome of farmers • exper i menta ti on a nd sc i enti fi c 
i nves t i g a ti on whi c h  produced a conceptual brea kthrough  i n  the work  on 
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soi l c hemi s try i n  the 1 830s a nd 1 840s . Counteri ng soi l -mi nera l 

defi c i enc i e s  through  the addi t i on of chemi cal s l i fted a producti on 
cons tra i nt wi th a s i mply app l i ed techno l ogy . Add i ng so i l  amendments 
to some l evel  ca l cu l a ted from so i l a na l ys i s prov i ded a remedy . Not only 
cou l d farm producti on be  s u s ta i ned by repl aci ng nutri ents l o s t  but  al so 
the add i ti on  of  more nutri ents cou l d l i ft produc ti on u n ti l some o ther 
defi c i ency made i tsel f fe l t .  Thi s defi c i ency i n  tu rn cou l d  be remed i ed 

. 

to s u s ta i n and  i mprove the new product i on l evel . The l i mi ts to the 

approa c h  were s c i enti f ic  a bi l i ty to i dent i fy sources of cons tra i nt ,  
t he  technol og i ca l  capabi l i ty to  produce a nd d i s tr i b u te amendments , the 
economi c des i ra b i l i ty of payi ng the addi ti ona l  cos ts and produci ng 
the add i ti ona l ou tpu t ,  a nd the  fa rmers ' a bi l i ty to ma nage the use  of 

' 

the preced i ng sources of i nformat ion  i n  dec i d i ng how to uti l i ze the 
l a nd . 

I n  dea l i ng wi th the s pa ti a l d i s tri but ion of fa rmi ng sys tems a nd 
the i r  c haracteri sti cs ,  the geographer  i s  observ i ng the s tati c ev i dence 
of deci s i ons  made i n  the dynami c process  of i nformat ion  transmi s s i on _a nd 

i nnovati on . The effec ts of so i l - amend i ng technol ogy ' s  appl i ca t i on have 
been hel pful  i n  thi s regard i n  bei ng app l i ed to reduce spati a l  vari at i on  
i n  so i l producti vi ty .  Were every so i l defi c i ency · to be  remed i ed ,  the 
so i l resource  woul d ,  conven i entl y ,  be ful l y  contro l l ed a s  a factor i n  

l ocati on ana l ys i s .  The openi ng u p  o f  thi s prospect by so i l  s c i ence 
means  tha t vari ation  i n  so i l amend i ng can be seen as a management  

var i abl e rat her than a con s tra i nt i n  the  techn i ca l  s tructure , though  
further research may i denti fy h i therto unknown so i l  defi c i enc i es a nd 
pave the way for reappra i sa l s of exi s ti ng ameRd i ng techn i ques  a nd l and 
u se s . The t i me perspect i ve  emp l oyed i s  s i gn i f i cant  i n  determi n i ng 
whether the p henomena observed are act i ng  a s  s pa t i a l  proces se s  or are 
s een a s  spat i a l  d i s tri bu ti ons . 

THE STRUCTURAL APPROACH 

The p hysi ca l envi ronmen t  fac to r  i s  control l ed i n  an u n u s ua l  way 
d u ri ng p i o neeri ng . The preference ,  i ns ti tut i ona l , econbmi c ,  and 

techni ca l  s tructures were set  at the  t ime of European settl ement of 
New Zea l a n d .  There was ,  at  mos t ,  on ly  l i m i ted k nowl edge o f  the 
envi ronmen t  i n  wh i ch s e ttl ement  

resul t i n g  patterns was reduced . 
the l es s  var i ation  wou l d appear 

occurred , and  so , i ts effect on 
The  more un i form the other s tructures 

i n  the appra i sa l  df the u n known 
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capa bi l i ty of the l and resource a nd the uses  to whi ch i t  wa s pu t .  The 
u n i formi ty of  a pproach wou l d d i mi n i s h  wi th i ncrea sed experi ence of 
v ari ati on i n  the p hys i ca l  envi ronment  u n l ess  su i ta bl e and effecti ve  
techn i q ues  were �vai l a bl e .  Knowl edge of the settl ers i n  l i g h t  of the 

four  struc tures becomes parti cu l arl y i mportant for i t  wa s peop l e ' s 
moti vations , expectati ons , and a bi l i ty whi c h  began to set  the course of 
agr i cu l tura l devel opment i n  New Zea l and . The technol ogy a nd techn i ques 
a va i l a bl e to them hel p to expl a i n the i r approa c h  to envi ronmen ta l  
con s tra i nts . Vary i n g  a pproaches wou l d  be a consequence of d i fferent 
settl er ori g i n s .  D i fferences between s ettl emen t  area s wi th settl ers 
of  s im i l ar or i g i ns i n  s i mi l ar env i ronments cou l d  poi nt to e i ther the 
i nfl uence of i nforma ti o n  from i nd i geno u s  sources , mi s s i onari e s  or 

I 

Maori s ,  or a c ts of i ns i g h t .  Consu l t i ng d i ari e s  and l e tters wou l d 
provi de the c l ues  to the occurrence and  i n i t i a l  i mportance of thi s 
proces s . H i l l ( 1 9 65 ) i s  a n  examp l e of  the u ti l i ty of thi s a pproach . 

The two agri cu l tura l sys tems e s tabl i s h ed represented a confl i c t 
i n  the i nst i tut i ona l s tructure . The succes s  of  the l a rge runhol ders 
i n  sel l i ng woo l  for export eroded the i nfl uence on agri cu l tu re of the 
Wakefi el d s e tt l ement  p l an . Imi ta ti on of the s ucces sful opera ti on s  
set  the pattern for t he  operati on of  t he  s tructures i n  t he  p roduc t i on 
env i ronment  and  d i rected subsequent  resource a ppra i sal . Extens i ve 
s heep gra z i n g  wa s mos t  readi ly  e s ta bl i s hed i n  areas of  open g ras s l and  
where l a bou r  a nd cap i tal i nves tmen t  were mi n im i zed . Gra s s l a nd furni s hed 
fodder wh i ch an i nves tmen t  in s toc k i ng cou l d  turn q u i c k ly  i n to an  
export commod i ty .  Vegeta ti on was a more i mportant  constra i n t  than  
s l ope i n  th i s i ns tance . Soi l  wa s a factor i n  the l ocat i o n  deci s i on 

on ly  i n sofar a s  i t , i n  combi na t i on w i th c l i ma te ,  su pported parti cu l ar  

forms of  vege ta ti on e i ther i n  na tura l  or  i n  man -mod i fi ed condi ti ons .  
An imal  breeds were s e l ected a ccord i ng to t he economi c des i rabi l i ty of 
thei r produ c e  and thei r a bi l i ty to cope wi th  the p hys i ca l  envi ronment .  
I ndeed , enterpri ses  were sh i fted to area s better s u i ted to the breeds 
c hosen . Ra i s i ng Meri nos for thei r f i ne wool , much sough t  a fter i n  the 
Bri ti s h  market , devel oped pri nc i p a l l y  i n  the drier South I s l a nd h i g h  
country where an ima l  hea l th was a l esser  probl em than i t  had  been 
i n  some a reas  fi rst  exp l oi ted i n  the North I s l and and the South 
I s l and ( H i l l , 1 965 , 4 1 ; Cl ark , 1 949 , 1 87 ) . I n  the extens i ve enterpri s e  
s uffi c i ent  manpower to deal wi th  s u c h  a n i ma l - care probl ems a s  foo trot 
was d i ffi c u l t to obta i n . 
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I n  contra st , the s l ope cons tra i nt wou l d have been more i mpo rtan t  
i n  arabl e farmi ng  i n  i mpos i ng grea ter demands for power to work the 
l a nd and i n  fos teri ng  l and deter i o ra ti on through ero s i on . Moi s ture 
requi rements , too , were somewha t d i fferent a s  the more i n tens i ve 
care of s tock  wou l d  reduce the effect of probl ems such  a s  footro t .  
Stock cou l d  be s e l ected wh i ch were better adapted to the envi ronmental  
condi t ions . The percei ved resembl a nce of c l i mate to that of Bri ta i n  
l ed to the i mportati on of breeds better s u i ted to moi s t  cond i ti ons . 

Bri ta i n  rema i ned the pri nci pa l  source area of  s uch l i ve s tock breed s 
brought to New Zea l a nd .  

The techn i ca l  s tructure i nfl uenced l oca ti on dec i s i ons  i n  two 
pri nc i pa l  ways . Fi rst ly ,  the farmi ng equi pment  ava i l abl e a t  the ti me 
was i l l - adap ted for u se  i n  the unbroken l and  of New Zea l and . Pl oughs  

devi sed for the l ong-cul ti vated fi e l ds of Bri ta i n  were ne i ther 
effi c i ent  nor effec ti ve  i n  the newl y c l eared bush and fern l and and 
tu ssock ( Hargreaves , 1 966 , 1 48 ,  382 ; Can t ,  1 968 , 1 64 ) . The demand for 
sturd i er Ameri can i mp l ements refl ected thi s probl em ( Ha rg reaves , 1 966 , 
382 ) .  Arab l e farmi ng  wi th the l i m i ted ava i l ab i l i ty of mac h i nery a t  
the t ime neces s i ta ted seasonal l abour wh i c h wa s l a rge ly  u navai l abl e 

where peop l e cou l d  read i ly acqu i re the i r own hol di ngs  a nd work for 
themsel ves . The preference s tructure worked aga i n s t  the forma ti on of 
a rural l abouri ng c l a s s . 

Second l y ,  tran sport techno l ogy l i n k i n g  New Zea l a nd to the l arger 
worl d mar kets cou l d  not yet deal  wi th peri s hab l e produce a nd preserva
ti on techn i ques  had  not  become s uffi c i ently rel iabl e to offset  thi s  
di sadvanta g e .  Non-per i shabl e produce s u c h  a s  wool became the ba s i s of  
commerc i a l agri cu l tura l  producti on  a nd New Zea l and • s  success  i n  the 

producti o n  of thi s commodi ty l ed to wool  becomi ng the co l ony • s 
pri nc i pa l  expo rt product .  I n  bei n g  s u i ted to the l i mi ted l abour- and 
cap i ta l - supp ly  s i tua t i on in  the economi c s tructure a nd to the 
capi ta l i s t owners h i p pattern of the i ns ti tu ti onal s truc tu r e ,  the 
wool  enterpri se  cou l d  have dev e l oped s tab i l i ty .  I n  terms of l a nd 
use the gra s s l ands wou l d  have been gradua l l y  modi fi ed by the i ntro
ducti on of exot i c gra s ses a nd l eg umes to s upp l ant a nd supp l ement the 
l es s  producti ve  na t i ve gra sses . Th i s  wou l d  have been a l arge ly  

envi ronmenta l l y  adapt i ve u nderta k i ng  where the extent  of  sown gras s l a nd 
was the pr i nc i pa l  i ndex of l and i mprovement .  I n  th i s framework , wi th  

the l i mi ted demands p l aced on so i l by l ow s tock ing rates , defi ci ency 
probl ems wou l d  have been l es s  ev i dent and so  the adopt i o n  of soi l 
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amendi ng pos tponed . The avai l ab i l i ty of l and a l so meant that sh i fti ng 
to  another area was an a l ternati ve  s hou l d s i gn s  of d i mi n i s h i ng 
producti on  appea r .  

Demand c hange from the Austra l i an and New Zeal and go l d  rus hes 
a l ong wi th c hanges i n  the techn i ca l  s tructure i ntroduced d i s turbance . 
The demand for the produce  of arab l e fa rmi ng grew . Butter and c heese 

were exported to Aus tral i a , but  l oca l demand reduced the need to do  so . 
Gra i n  exports occurred , and  the re l at i vely i mperi shabl e natu re of the 
produce made t h i s  a v i a bl e enterpri se . The economi es to be achi eved 

by l arge-sca l e  produc ti on  and the u s e  of l abour-sav i ng mach i nery mea nt 
that smal l l andhol ders were not as  favoured by th i s  change . I t  wa s 

the runho l de�s on areas of  l ow rel i ef wi th s u i tabl e c l i mate cond i t ions  
who entered g ra i n  product i on . The i mportati on of mach i nery from North 
Ameri ca , an  a rea wi th a s i mi l ar product ion  envi ronment , po i nts to the 

importance of the opera ti o n  of economi c  structures i n  the transmi s s i o n  
o f  i nforma ti on and technol ogy . 

Land u se , the proportion of crop l a nd i n  gra i n ,  i denti fi es the 
regi ons favoured by th i s  new producti on envi ronment . L i n k i ng the farm 

s i ze i n  areas devel opi ng gra i n  produc ti on wou l d poi nt to the extent  to 
wh i ch thi s new enterpri se  wrought  c hange i n  farmi ng ' s  i n st i tuti onal  
s tructure . Were smal l farms made more vi abl e becau se  of  the pos s i b i l i ty 
of  enteri ng g ra i n  product i on , or  was a grea ter ma rket for l i vestock 
producti on a more i mportant cons i derati on i n  expl a i n i ng the i r  v i abi l i ty? 

The c ha nge of l and use broug h t  by arabl e  cropp i ng mean t  that an 
apprec i a ti on of soi l p roperti es i ncrea sed . The demands p l aced on  soi l 

were i ncrea sed and wou l d have s erved to revea l defi c i enc i es , so 
prompti ng i nterest  i n  the so i l -amend i ng knowl edge devel oped i n  Europe 
a nd Bri ta i n .  Al though  so i l amend i ng wa s u ndertaken earl i er than 1 867 , 
i ts importance began to i ncrease after tha t date . Trac i ng  the 
q uanti ti e s  of amendments i mported a nd thei r poi nt of l and i ng , and then 
i denti fyi ng  the transportati on rou tes  ava i l a bl e cou l d be u s ed i n  order 
to create an  approxima ti on of the d i s tr i b�ti on  of so i l -amendi ng 

practi ce u s i ng chemi ca l  ferti l i zers . A measure of the  a s soci ati on of 
so i l amend i ng wi th gra i n  cropp i ng wou l d po i nt to the i mportance of t ha t  

arabl e enterpri se  i n  the devel opment o f  more i ntens i ve agr i cu l ture . 
Shou l d the  areas of greatest assoc i at i on a l so be the reg i ons  devel op i ng 
mos t rap i d ly �ft�r the i n troducti on  of i n ten s i ve  l i vestock  product i o n ,  
then the rol e o f  soi l amend i ng wou l d a s sume greater importance ; o ther-
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wi s e ,  trac i ng  the rol e  of other prac t i ces wou l d be more worthwhi l e  i n  
expl a i n i ng the pattern of  change of farm enterpr i ses . 

The re l a ti onshi p of  p l oughed to unpl oughed sown gra s s l and a s s umes 

i mporta n ce as an  i ndex of the extent of  mi xed cropp ing  and l i vestock 
producti on . Regi ona l patterns of farm i ng systems wou l d become apparent 
as Hargreaves  ( 1 966 )  ha s s hown . D i d Br i ti s h  farmi ng pract i ce then 

become a more important  i nforma ti on  s ource?  I t  was i nfl uent i al  i n  the 
peri od of i n i t i a l  settl ement when m i xed , s em i - s u bs i s tence farmi ng wa s 
i mportan t .  Ex tens i ve gra z i ng deri ved  more i nformation  from Austra l i an 
experi ence tha n from Bri t i sh  experi ence g i ven  the s imi l ari ty of gra z i ng 
enterpri se  and  the contact sys tem devel oped . Cha nges i n  Bri ti sh  
techni ca l s tructure dur i ng the n i neteenth century became rel evant  to 

' 

New Zea l a n d  a nd formed a basi s of farmi ng sys tem devel opment from the 
1 880s u nt i l l ocal adapta t i on became an  effec ti ve i nfl uence o n  new 
adapters . 

The d i gres s i on to the i ntrod u c ti on of  more i ntens i ve l i ves toc k 

product i on  i s  an i mportan t  remi nder that the popu l at ion i nc rease 
fol l owi ng  the gol d  ru s h  and an  acti ve  immi gra ti on pol i cy bro ught change  
to  the preference s tructure i n  that  demand for l and i ncrea s ed .  I n  
order to i mi tate the s uccessfu l , l arge runhol ders and fi nd empl oyment 
opportun i ty where few others were devel oped i n  the s ectora l ly  unba l anced 
s tructure of the col on i a l  economy , pres sure wa s di rected to the 
i ns ti tut i ona l s tructure to create smal l ho l d i ng s .  The pol i t i cal  
reperc us s i ons  were to conti nue over  the fo l l owi ng two decades . The 
l a rge l an dhol ders were wel l en sconced i n  the i n sti tuti ona l  s tructure 

i n  who s e  creat ion they had earl i er parti c i pated and they were re l ucta n t  
to mod i fy thei r producti on envi ronment by reduci ng thei r acces s  t o  the 
cu l t i va b l e l and soug ht  by new entrants to agr i cul ture . 

Unt i l the key c hange i n  the techn i cal  s tructure , refri gerati on 
of mar i n e  transport ,  occurred the v i a bi l i ty of the sma l l farms wa s 
doubtfu l  ( Duncan , 1 9 62 ,  1 70 ) . T he  i nves tment  i n  boi l i ng -down and  
meat-preservi ng pl a n ts s howed the  i ntere s t  i n  recuperati ng  some of  the  
i nvestment i n  s toc k once wool pr i ces dropped . Does the s pati a l  pa ttern 
of tho s e  p l ants poi nt  to the i nten s i ty of concern wi th  l i vestock  
d i s posa l , and so , perhaps , become a measure of greater concentra t i on  of 
sma l l farms ? A pos i t i ve a s soc i a t i on wou l d  i denti fy the p l ants  as the 
nucl eu s of  sma l l -farm forma t i on i n  prov i d i ng an out l et for produce . The 
c hange over t ime i n  sma l l -farm l ocat ion  wou l d  be a meas u re of the 
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importance  of these agri cu l ture-rel a ted i ndu s tri es to agri cu l tura l 
devel opment .  I n  that  some of these  establ i s hments al so p roduced 
orga n i c  ferti l i zers d i d  they a l so exert some i nfl uence of  the s pa t i a l  

di stri bu t i on  of  so i l amend i ng and  farmi ng sys tems dependent u pon the 
add i ti on of  nutri ent s ?  A compari son of the pa tterns of i mported i n  

domes ti ca l l y  produced soi l amendments wou l d . become pos s i b l e and a l l ow 
the geog rapher to gauge  the extent of d i ffu s i on and concentra t ion of  
soi l amend i ng .  

Wa s i t  a l argel y phys i ca l  env i ronment rel ated pract i ce?  I f  so , 
the env i ronmental percepti ons opera ti ng i n  t he farmi ng sys tem cou l d be 
deduced from an exami nati on of the way so i l  amend i ng was empl oyed . 
These percept1ons cou l d  become a n  expl anatory factor i n  s tudyi ng the 
s pati a l  pattern s wh i c h  devel oped . Di fferi ng  so i l -amendi ng practi ce 
i n  s imi l ar phys i ca l  envi ronments wou l d  po i n t to the pres ence of 
cu l tura l l y  rel ated percept ion  d i fferences i n  reg iona l , i ns ti tuti ona l , 
economi c ,  techn i c a l , and preference s truc tu res . Later c hanges i n  
these s tructures cou l d  then have a reg i ona l l y  uneven effect through  
the  varyi ng  res i s ta nce to change  of exi s ti ng  s tructures i n  the  producti on 
env i ronment . 

Refri gera t i on rei ntroduced a p i oneeri ng perspecti ve i n  that the 
ex i s ti n g  s tructures were a l l s u bj ect to mod i fi cation . The p hys i ca l  
envi ronment had to be reas sessed  i n  v i ew o f  the new enterpri ses  made 
des i rab l e .  Farmi ng systems had  to be adj u sted to ca ter for the 
nu tri t i onal needs  of  breedi ng  ewes and da i ry cows and so began  an 
i nforma ti on search  and exper i menta t i on . Ex i s ti ng env i ronmenta l k now
l edge a nd t ha t  deri ved from Bri t i s h  farmi ng  experi ence and  sc i ence 
were exami ned . S tock  management a nd pasture management  i ncreased i n  
i mportance and d i rected attent i on to the  apprai sal and  exp l o i ta ti on of 
the p hys ica l  env i ronment . The breeds of l i vestock were reappra i s ed 
i n  l i g ht  of the producti on pos s i bi l i ti es so thei r env i ronmenta l 
requ i rements had  to be a s se s sed ( Buchana n , 1 935 , 49 , 56-57 ) .  I n  vi ew 
of the prev i ou s  comments on p i oneeri ng , d i d  a prol i ferat ion of enter
pri ses  over a wi de  range of env i ronmenta l condi t ions  occur unt i l 

experi ence demonstrated the a dvantage o f  certa i n  enterpri ses  a nd l ead  
to  i ncreased  s pec i a l i zati on ? Suc h  a s i tuati bn wo� l d i mp ly  a n  a bsence 
of i nf l uence from other establ i s hed structures . Th i s i s  an un l i kely 
ci rcumstance a s  l onger product i on experi ence was a va i l ab l e as wa s not 
the  case for the fi rst s ettl ers . Were i ts a ppl i cab i l i ty perce i ved as  
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i nfl uence  i n  gu i d i ng the new production l oca ti on deci s i ons . The 
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apparent s i mi l ari ty of enterpri s e  wou l d  probably l imi t thi s pos s i b i l i ty ' s  
exp l anato ry power . Veri fi ca t i on woul d have to come from op i n i ons 
expres sed  at the t i me .  Regi ona l percepti ons  based on past experi ence 
woul d be conta i ned i n  farm enterpri se  l ocati on deci s i ons . Thi s fi nd i ng 
wou l d underl i ne the i mportance of  past  s pa t i a l  s tructure i n  the spat i a l  
di stri b u ti on found a t  any parti c u l ar moment . 

I nteracti ng wi th these l ocat i on dec i s i ons , and l a ter gu i di ng them ,  
were the deci s i ons ta ken o n  proces s i ng-p l ant  l ocati ons . D i d the need 
to process  mea t and mi l k  before export create an al tered s pa ti a l  
d i s tri bu ti on 9nly approx i mated in  the earl i er establ i s hed meat
preserv i ng pl ants?  Mapp i ng the two pa ttern s  i s  i ndi ca ted . ·Land 
transport was sti l l an  obs ta cl e g i ven the cond i t i on of roads , the 
veh i c l e s  a vai l a bl e ,  the exten t of  the ra i l network , and the a bsence of 
refri gerated ra i l  transport . · Was refri gera t i on in coa s ta l  s h i ppi ng  to 
del i ver produce to maj or expor t i ng ports another important  i nnova t i on  and 
one worthy of study i n  expl a i n i ng the reg i ona l  pattern of farm enter

pri se  adoption ?  The cri ti cal q uest ion  ra i s ed i s  the i mportance of 
factory - l oca ti on dec i s i ons i n  d i recti ng l a ter farm-enterp r i s e  deve l op
ment .  Wa s reg i ona l  spec i a l i za t i on more a n  ou tcome of p hys i ca l  
envi ronmental con stra i nts o r  of  economi c s tructure? A l a rgely  

overl appi ng di stri b u ti on of meat-freez ing  p l ants and da i ry factori e s  · 

wou l d  l ea d  to the conc l u s i on that  envi ronmenta l  constrai nts p l ayed a 
greater part .  Where th i s  overl ap  was not evi dent , then tens i on between 
envi ronmental and economic  factors cou l d  occur as economi c s tructure 
promoted one enterpri se  wh i l e  the  p hys i ca l  envi ronment wa s found 
com�p!a t i vely unfavourab l e .  Di d ,  for exampl e ,  the early dev e l opment  
of da i ry factor i e s  i n  South l and  retard the  change away from da i ry i ng 
to l amb  reari ng ? 

An addi ti ona l  factor i n  sma l l -fi rm l ocati on was _ government 
parti c i pa tion i n  l and subdi v i s i on . Succe s s i ve acts were a i med a t  

prov i d i ng l and for settl ement by sma l l fa rmers . Di d ear ly  s ucces s  i n  
acqu i r i ng l and and s u bd i v i d i ng i t  encourage further s ubd i v i s i on i n  
tha t a rea or was the  l oca t ion  of  a proc e s s i ng pl ant  of greater 
i mportance ? Duncan ( 1 9 62 ) s tud i ed the former aspect between 1 886 
and 1 906 but wa s not concerned wi th the l a tter .  Eva l u a t i ng the 
effect i venes s of the l and  pol i cy ha s been the subject of h i s tor i ca l 
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study to wh i c h  the  geographer cou l d  contr i bute . The approac h of Gou l d  
( 1 97 6 )  i n  attempti ng to determ i ne the degree of i mprovement of carryi ng 
capaci ty wi th the repl acement of na ti ve  gra ss l and and forest  by p l oughed 

and unp l oughed sown grass l and i s  of va l u e .  By contro l l i ng vegeta t i on 
vari a t i o n  through  the sel ec t i o n  of counti es  or el ec tora l  d i s tri cts 
showi ng  a predomi nance of the v egetati on  type bei ng i nvest i gated , 

Gou l d wa s abl e to a nalyze the p roduc ti v i ty effect of repl ac i ng na tura l  
ecosys tems i n  a range of  p hys i ca l  envi ronments . 

I n  s timul a t i n g  a smal l - fa rm s tructure i n  agri cu l ture , government 
i ntroduced  an i n s ti tu ti onal s tructure wi th parti cul ar  constra i nts , 
espec i a l l y  tha t  of  l a bou r ,  i n  i ts economi c structure . The capi ta l 
subst i tut i on for l a bour whi c h  favou red the i ntroducti on of l a bour

savi ng  p roducti o n  machi nery proved espec i a l ly i mportant  for the sma l l 
farmers . The types  of product i on underta ken cou l d  have been l a bour 

i nten s i ve  bu t i n  the absence o f  s uffi c i ent  rura l ma npower , such  wa s 
not the case . The gras s l and bas i s of farmi ng wa s s ucces sfu l l y  adapted 
to mee t  the needs of da i ryi ng  and l amb rear i ng  whi l e  keep i ng l abour 
i nput  l ow .  

The devel opment may be  fol l owed i n  observ i ng t he  rel at i ons h i p 
between u n i mproved l and and s own gras s l and  as  l and s u bdi v i s i on brought  
the  more i n tens i ve use  of l and  s hown by Goul d ( 1 976 ) . The degree to 
whi ch Bri ti s h  farmi ng prac ti ce  became i nfl uenti al  i s  a pparent  i n  the 
rel a ti ons hi p between supp l ementary fodder crops and the area i n  s own 
gra s s l and . The u se  of turni p s , mango l ds , and green fodder was 

extended unti l the research i nto gra s s l a nd brought  o ut  a true perenni a l  
ryegra s s  wh i ch reduced the need for pa s tu re renewal by pl ough i ng and 

resowi ng . A second i ndex , the  rati o of p l oughed to u npl oughed sown 
gra s s l and , prov i des  a c hec k o n  the s pread of th i s  farmi ng  sys tem 
c hange and any areal  vari a t i o n  whi c h  occurred wi thi n the l i mi ts of the 
l eve l  of aggregat i on of the d a ta recorded . Re l ati ng  these observati ons 
to i nd i ce s  of s o i l amend i ng wou l d  then s how the degree to wh i ch the 

ara bl e-gras s  rota ti on s pread the pract i ce  pri or to the pa s ture top
dres s i ng i nnovat i on . Factors l i mi ti ng or abetti ng the extens i on of 

arab l e farmi ng coul d  then be  i nc l uded i n  the expl a na tion  of  soi l 
amendi ng ' s  di s tri buti on . 

I t  s hou l d be remembered here that farmi ng pra cti ces were 

dev i sed i n  a framework of  the breeds of pl ants and a n i ma l s a va i l abl e 
and thei r demands on the p hys i ca l  env i ronment . A knowl edge of these 
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characte r i s ti c s  a nd the i r  i nfl uence on  the techni ca l s tructure i s  
essenti a l  to correct i n terpretat ion s  of past  s pat ia l  di s tri bu ti on s . 
As s umi ng  that present breeds i nfl uence farmi ng deci s i ons i n  the same 

way as  the i r  predece ssors  cou l d l ead  to mi s i nterpretat ion  of  the 
rel a ti ve  effects of preference and techni ca l  s tructures . What appea rs 
as a cu l tural  preference for a particu l ar an i ma l  b�eed or pl ant  s pec i es 
mi ght  wel l be a wi se choi ce g i ven the techn i ca l  struc ture of the ti me .  
The changes i n  thi s techn i ca l  s tructure re s u l ti ng from pl ant  and  
pasture research can be seen a s  s i gni f icant  contributions  to New 
Zea l and agr i cul tu re of  New Zea l and  sci ence . 

Governmenta l  po l i cy had further profound effects i n  tha t i t  
d i rected research and educa ti on to promote the smal l -fi rm enterpri ses . 
Were there spati a l  ram i fi ca ti on s  of  th i s  a cti v i ty? Were area s not 
concentra ti ng on  l amb reari ng a nd da i ryi ng i ncreas i ng ly  di sadvantaged 
as  the research fi nd i ngs  and  thei r tra nsm i s s i on provi ded means of 

producti v i ty i mprovement  for those farm en terpri ses? Envi ronmental 

cons tra i nts  on the a p p l i cat i on of the technol ogy dev i sed to impl ement 
the resea rch d i scoveri e s  wou l d  prove i ncrea s i ngly important expl a na tory 

factors i n  the s pa t i a l  d i s tri but i on of fa rm i ng systems . Knowi ng t he 
s i tes of  research proj ects and  the env i ronments favoured by study 
become e s s enti a l  fac tors  i n  the a bove expl ana ti on . A study of th e 
di s tri b u t i on of f i e l d tri a l s ,  experimenta l farms , i ns truc tion  centre s , 
and the d i ffu s i on of  techn i ques  wou l d  prov i de a bac kground to 

s u bsequent  s tu dy of sma l l -farm devel opment . Tayl or ( 1 97 7 , 336 ) has  
observed the  importance in  the  ear ly  1 970s of  government-sponsored 
research  e stabl i s hments i n  not only produc i ng i nvent ion s  but a l so  
i n  s t i mu l a ti ng pri v a te i nven t i on i n  c i rcumj acent areas . Can  thi s 
proces s a l so be traced back  through t ime by the mappi ng s ugges ted a bove 
and a s i mi l ar s tudy of patents?  The i m porta nce of Depar tment  of  
Agr i c u l ture and DS I R  research e s tabl i shments parti cu l arl y a s  reg i ona l  

i nfl uences  wou l d  become more read i l y apparen t .  
The  more i nten s i ve use  o f  l and i n  l amb reari ng  and dai ryi ng  

sugge s t s  tha t the  i mportance of  soi l defi c i enc i es and so i l amendi ng  to 

overcome them became i ncrea s i ng l y  importan t  a s  greater producti on  
tapped resources more fu l l y .  Wa s the effecti veness of  soi l ana l ys i s 
and of  the amend i ng practi ce recommended a nd carri ed out  i nvol ved i n  

the farm l oca ti on  pa ttern? For exampl e ,  the i nab i l i ty the di scover the 
cau se of  • bu sh  s i c knes s • i n  l i ve stock reta rded the deve l o pment of those 
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areas of t h e  centra l North I s l and where soi l s  were defi ci ent i n  coba l t .  
Farmi ng pa tterns can be seen to be s trongl y  rel a ted to the ex i s ti ng 
techni cal  s tructure .  

Thi s v i ew l eads to  an  observat i on tha t the  ab i l i ty of farmers to 

empl oy so i l amendi ng i s  an outcome of the conj unction of the techni ca l  
s truc ture a n d  the p hys i cal  env i ronment .  Area s of l ow rel i ef were not 
a con s tra i n t on the d i s tri bu ti on methods u sed for so i l  amend i ng .  The 
greater the rel i ef and  the more bro ken i t  wa s ,  the more soi l amend i ng  

was res tri c ted . Thi s d i rect rel a ti ons h i p  mean t  tha t farm i n g  sys tems 
benefi ti n g  from i ts u se were restri c ted to parti cul ar reli ef types  unt i l 
techno l ogy to overcome the s l ope con s tra i nt wa s devi sed . Thi s i s  the 
root of the cqntri but i on of agri c u l tura l a i rcra ft to New Zea l a nd 

farmi ng . The i mpl i ca t i o n  of the above cons i dera ti on i s  that the more 
i nten s i v e  l i ves tock en terpr i ses  l oca ted on l and of l ow rel i ef were 
abl e to forge a head i n  the u se  of p roduc ti v i ty-boos t i ng so i l - amend i ng 
technol ogy and  devel op a rel i ef-re l ated s pa ti a l pa ttern as  soi l -re l a ted 
factors were overcome . As da i ryi ng  favoured l ow rel i ef areas  and cou l d  
outbi d s heep  enterpr i ses  through  the h i gher return for the i r produce , 

i t  wa s da i ry i ng wh i c h  benefi ted fi r s t  from so i l amend i ng .  
Res ea rch i n to so i l  amend i ng prov i ded a source of producti v i ty 

i mprovement for that enterpri se . Buchanan ( 1 935 , 35 ) i dent i fi ed the 
l ow rel i ef factor i n  exp l a i n i ng the  di s tri bu ti on of da i ryi ng but d i d  
not note a t  tha t t ime the effect o f  th i s  feature o n  soi l amend i ng 
whereby i t  became l i n ked s trong l y  wi th da i ryi ng  i n  i ts ear ly  d i ffus i o n .  
Does the fact tha t l ow rel i ef and coas ta l  l ocation are a l so  s tron g l y  

a s soc i a ted  mean that the farmi ng  enterpri ses  favouri ng l ow rel i ef 
were a l s o  to  benefi t from greater a cces s i b i l i ty by ra i l , s h i p ,  and  
road for the s h i pment of the i r per i s hab l e produce and  the  i mporta ti o n  
of i npu ts ? The bu l ky nature of so i l amendments  meant that acce s s i b i l i ty 

was a ba s i c  factor to thei r u s e .  Government recogn i zed th i s fac t  i n  
s ubsi di z i n g  l i me carri age by ra i l  i n  order to faci l i ta te i ts use .  
Determ i n i n g  the area s wh i c h  benefi ted mos t from th i s  pol i cy wou l d 
demons tra te the effecti veness  o f  s uc h  broad ly  appl i ed pol i cy .  

McCa s k i l l  ( 1 966 , 284 ) has po i n ted out that i n  one l owl and  area , north 
Westl a n d , there were other fac tors  wh i c h offset the l owl and  advan tage : 
h i g h  tran s port cos ts , unfavourabl e cl i ma te , rapi d revers i on ,  and  medi ocre 
farmi ng s tandards . A thorough  exami nat i on of structura l  i n teract i on  
i s  thereby i ndi ca ted . 
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Buchanan ( 1 935 , 37 - 38 )  i l l u s trated the importance of var i o u s  l and  
tran sport methods i n  expl a i n i ng thei r contri buti on to s heep farmi ng and  
dai ryi ng l ocat i on s . I ndeed , he hel d tha t butter and cheese  produc t ion  
areas were di fferenti ated by the  ea s e  of road tran sport . Cheese ma k i ng 
requ i red da i l y  who l e  m i l k  transport by farmers and was constra i ned by 

the need for good roads .  B utter ' s  pr i nc i pal i ngredi ent , cream , wa s 
a l es s  bu l ky product a nd cou l d  be co l l ected l es s  frequently .  The 
dema nds made on road transport were l es s  exacti ng and so su i ted areas 
where road con s tructi on was l es s  advanced . Thu s , Buchanan ( 1 935 , 38 ) 
a ttr i buted the  reg i ona l p attern of da i ryi ng , butter producti on i n  
Auc k l and a nd c h eese product i on i n  Taranaki , to the d i ff i cu l ti e s  i n  
road cons truc ti on i n  the former . He noted that wi th improvement  i n  
roads , the ' i n teracti on of mu tua l  c au se  and effect was gradua l ly  
bei ng broken ' ( Buchanan , 1 93 5 ,  38 ) .  Measuri ng the extent to  whi ch 

bu tter produc ti on conti nued  to predomi nate a s  road s were improved 
wou l d  s how the extent of the i nert i a  effect crea ted by the exi s ti ng 
economi c s tructure . 

The adj u s tment due  to the i ntroducti on of mi l k  tanker cou l d  
fo l l ow s i m i l a r l i nes . Was the u se  of  mi l k  tankers a n  outcome l argel y 
of i mproved roads or of the presence of cheese factori e s ?  I f  road i ng 
i mprovement  wa s an outcome of tan ker u se then i t  cou l d  be a s soci a ted 
wi th soi l amend i ng i n  t ha t  i mproved a cces s  for soi l amendments wou l d 
be l i ke ly  to reduce i ts cos t a nd i ncrease  i ts use . Where ground
s pread i ng v eh i cl es have  demonstra ted thei r i mportance such  a s tudy 
wou l d  i nd i c a te to what degree i m proved roads explB i n the use  of  these 
vehi cl es as  opposed to agr i cu l tural  a i rcra ft or  fa rmers ' own eq u i pmen t .  

I nd i ca ted i n  the a bove cons i derati on i s  the i mportance o f  farm 
enterpri se type i n  the d i ffu s i on o f  technol ogy . Da i ry i ng  can be seen 

to be a more i ntens i ve  farmi ng sys tem than s hee� farm ing  i n  terms of 
i ts l a nd u s e .  For exampl e ,  the rat i o of s heep  to sown gras s l and  
decl i ned from 1 891 -95 to 1 901 -05 and  showed l i ttl e change to  1 92 1 , 
but  the ra t i o of da i ry cows ros e  ( Tab l e 7 . 8 ) . Thi s evi dence suggests  
that uni mproved l and rema i ned i mportant in  s heep farmi ng ( th e  more 

i ntens i ve fat-l amb enterpri se  cou l d  not be i denti fi ed separa tely ) , 
whereas da i ryi ng a pparen tly took greater advantage of  sown gras s l and . 

A compari son of da i ry cow n umbers for each prov i nc i a l  d i s tri c t  a t  
fi ve-year ly  i nterva l s from 1 895-96  to 1 9 20-21  i nd i cated an i n crea s i ng  
concentrat i o n  of da i ryi ng  where s own gra s s l and  forma t i on was mos t  
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promi nent  ( Tabl e 8 .  1 ) .  I n  1 895-96 , four prov i nc i a l d i s tri cts each  
conta i ned  a bou t 20 percent of the nat i on ' s  da i ry cows and  they each  
conta i ned  more than  1 5  percen t of  the tota l sown gras s l a nd . By 1 905 , 
North I s l a n d  domi nance wa s a ppear i ng a s  Otago ' s  s hare fel l to 1 6  percent 

whi l e  a l l the North I s l and d i s tr i cts except Hawke ' s  Bay hel d about  the 
same s hare . The l a tter d i stri ct ' s  u n su i tab i l i ty. for da i ryi ng had been 

i denti f i e d  but i t  d i d s hare i n  the  North I s l and sown gra s s l a nd empha si s 
evi nced i n  the tota l sown gra s s l a nd proporti on ' s  exceedi ng tha t of 
total i m proved l and--a  trend ma i n ta i ned to 1 921  ( Tabl e 8 . 1 ) .  Auck l and ' s  

share i ncreased a fter 1 906 a t  the  expense  of Tarana k i  a nd Wel l i ngton  

a l though i ts sown gra ss l and percentage dec l i ned somewhat . The  s i ze of  
the Auc k l a nd �rov i nci al  d i s tri c t  ma s k s  an even grea ter concentra t i on . 
Wi th the l a ter subd i v i s ion  of that  di s tr i c t  i n to the North Auc kl a nd , 
South Auc k l and , and  G i sborne Land  D i s tr i cts  the i mporta nce of the 
l a tter a ppears . 

The product i on effects of  moi stu re ba l ance and rel i ef observed  
by Curry ( 1 963 ) a nd Buchanan ( 1 935 ) i n  i nfl uenc i ng farmi ng system 
l ocati on were pl ay i ng thei r part  i n  crea t i ng di fferen t s pati al  patterns 
for the l i vestoc k enterpri ses . I nten s i ve l i vestock producti on d i s pl aced 

ex tens i ve s heep ranchi ng , the l a tter sys tem occupi ed l a rge ly  un improved 
gra s s l and  unsu i ted for the former accord i ng to the precepts of the 
t ime .  The l owl and  area s of l ow rel i ef ( Buchanan , 1 935 , 30-31 ) wi t h  
a c l i ma t i c reg i me a l l owi ng ' the  ma k i ng of hay and s i l age o n  a con s i der
abl e sca l e '  ( Curry ,  1 963 ,  1 06 )  became da i ryi ng area s . The more ri g i d  

and un i form ly  s pread feed requ i rements experi enced through the yea r i n  
th i s farm i ng sys tem , and the greater returns i t  enj oyed , resu l ted 
i n  i ts d i sp l ac i n g  s heep product i on ( Cu rry , 1 963 , 1 06 ) . The fa rm 
enterpr i s es were not even ly  s p a ti a l l y  di s tri buted nor d i d  they rel y  
to the s ame extent on i n tens i ve u s e  o f  gra ss l and . 

The d i ffus i on of pas ture topdres s i ng s hows that the fl ex i bi l i ty 

of farmi ng systems  to i ncorpora te new enterpri ses , a factor whi ch  may be 
l argel y env i ronmenta l ly rel a ted , encourages  the d i ffu s i on of technol ogy 
when new enterpr i ses  are a dopted i n  the face of wea kened or compa rati vel y 
wea k returns from a present enterpr i se . As  s heep farmers were 
d i sadvantaged re l a t i ve to da i ry producers ,  those on envi ronmenta l ly  
s u i tab l e hol d i n g s  entered da i ryi ng . The  d i fferences i n  pas ture
managemen t  techn i ques  and the u ti l i ty of soi l -amend i ng tec hnol ogy 
i ncorpora ted i n  the techn i ca l  s tructure of da i ryi ng  were transmi tted 
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TABLE 8 . 1  

COMPARISON OF PROVINCIAL DISTRICT PERCENTAGE OF IMPROVED LAND , 

SOWN GRASSLAND , AND DAIRY COWS 1 895- 1 920  

Pr!ovincia l 
Improved Land Change 

District Year 1895-
1 895- 96 1 900-01 1 905-06 1910- 1 1  1915- 1 6  1 920-21 1 920 

Auckland 14 . 1  15 . 9  18 . 4  21 . 7  18 . 6  20 . 9  +6 . 8  
Hawke ' s Bay 11 . 8  13 . 8  1 2 . 5  11 . 3  17 . 2  1 7 . 2  +5 . 4  
Taranaki 4 . 8  5 . 8  6 . 6  6 . 5 7 . 6  7 . 6  +2 . 8  
Welling ton 20 . 2  20 . 4  19 . 9  19 . 6  20 . 1  19 . 3  -0 . 9  

Marlborough 2 . 3  2 . 7  2 . 8  3 . 6  2 .  7 2 . 1  -0 . 2  
Nelson , 2 . 5  4 . 2  3 . 7  3 . 8  2 . 1  2 -0 . 5  
Wes tland 0 . 5  0 . 4  0 . 4 0 . 5  0 . 8  0 . 8  +0 . 3  
Canterbury 22 . 4  19 . 0  18 . 7  16 . 9  15 . 8  1 5 . 2  - 7 . 2  
Otago 21 . 4  1 7 . 7  1 7  . o  16 . 0  15 . 1 1 5 . 0  -6 . 4  

Sown Grass land 

Auckland 15 . 1  1 7 . 0  19 . 6  23 . 5  19 . 6  2 2 . 1  +7 . 0  
Hawke ' s Bay 1 3 . 1 15 . 4  1 3 . 7 12 . 4  19 . 0  18 . 7  +5 . 6  
Taranaki 5 . 4  6 . 4  7 . 2  7 . 1  8 . 1  7 . 8  +2 . 4  
Welling ton 22 . 4  2 2 . 4  2 1 . 6  21 . 5  22  20 . 8  -1 . 6  

Marlborough 2 . 4  2 . 8  2 . 8  3 . 7  2 . 6  2 . 1 -0 . 3  
Nel son 2 . 6  4 . 4 3 . 8  3 . 9  2 . 2  2 -0 . 6  
Westland 0 . 5  0 . 4  0 . 5  0 . 6  0 . 9  0 . 8  +0 . 3  
Canterbury 19 . 7  16 . 1  1 6 . 0  13 . 8  12 . 6  12 . 3  -7 . 4  
Otago 18 . 8  15  14 . 8  13 . 5  13 13 . 3  -5 . 5  

Dairy Cows 

Auckland 21 . 6  20 . 2  2 2 . 4  28 . 5  31 . 7  3 8 . 1 +16 . 5  
Hawke 1 s Bay 3 . 7 3 . 7  4 . 4 5 5 . 7 5 . 4  + 1 .  7 
Taranaki 20 . 4  22 . 3  2 2 . 6  21 . 2  20 . 4  1 7 . 4  - 3 . 0  
Wellington 1 6 . 4 20 . 1 . 2 1 . 4  18 . 1  18 1 5 . 2 - l .  2 

Mar lborough 1 . 4  1 . 1  1 . 0  1 . 2  1 . 3  1 . 3  - 0 . 1  
Nelson 3 . 6 3 . 0  2 . 4  2 . 4 2 . 4  2 . 3  - 1 . 3 
Westland 1 . 0  1 . 2  0 . 8  1 . 0  1 . 1  1 . 1  - 0 . 1  
Canterbury 1 2  9 . 8 9 . 1 8 . 2  7 . 8  7 . 9  - 4 . 1  
Otago 1 9 . 9  18 . 6  1 5 . 9 14 . 5  11 . 5  11 . 3 - 8 . 6 

Source : Calculated from Statistics of Ne� Zealand ( for year s shown ) . 
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as these new da i ry farmers entered a l earni ng  phase . La ter c hanges  i n  
economi c  cond i ti ons l ed to a return to an  empha s i s on s heep producti on 
bu t the adva n tages  of soi l amend i ng and more i n tens i ve use of gra s s l a n d  

wou l d  have rema i ned . Ca s e  s tud i es demonstra ti ng thi s proce s s  wou l d 
g i ve  su pport to the importance of the concept of enterpri se-rel a ted 
i nformat i on transmi s s i on from source a rea s of i nnovati on and technol ogy 

by i m i ta t i on . They wou l d a l so s how the fl u i d i ty of enterpri se
determi ned bounda ri es in  outl i n i ng farmi ng -sys tem boundari e s . 

The c l a s s i ficati on of s tore-stock  farmers i n  ea s i er h i l l  country 
wou l d requ i re adjustment a s  they found  themsel ves abl e to emp l oy 
more i nten s i ve  g ra s sl and farmi ng pract i ces through  thei r grea ter a bi l i ty 
to empl oy so i 1 amend i ng a nd so fa tten some s tock  prev i ou s l y  sent to 
l owl and farms . The d i s t i nct ion  between farmi ng sys tems i s  thu s b l urred 
i n  area s s u c h  a s  the Manawa tu and the s pati a l  s tructure mod i fi ed .  I n  
the process , the s tore - s tock  farmers • a ppra i sa l  of h i s l and  resource 

i s  changed through the potent i a l  un l o c ked by more i n tens i ve gra s s l a nd 
technol ogy c onti ngent u pon  soi l amendi ng and the techni ques  acqu i red i n  
the new s to c k -fa tten i ng en terpri s e .  D i sequ i l i bri um i s  crea ted whi ch  
may effect further change i n  spa ti a l  p rocesses  a nd so the  s pa ti a l  
d i s tri bu t ion  o f  farmi ng sys tems . 

The d i s pl acement of one farm enterpri se  by another v i ewed a s  
more worthwh i l e  by some cr i teri a determi ned by the farmer can vary i n  
i ts rate . The  ev i dence from pl otti ng  adopti on curves ( Rogers and 
Shoemaker , 1 97 1 )  s uggests tha t a norma l d i s tri buti on duri ng  c hange i s  
the pa ttern for farmers a s  we l l .  Some i nnova te more read i l y  than 
others . The early adapters act  a s  sources of i nforma t i on for l a ter 
i mi tators who form the maj ori ty .  Thu s ,  a ma nagement vari ab l e i s  
bu i l t  i nto d i ffusi on . The curve of tractor numbers ( F i g .  5 . 2 )  sugges ts 
s uch a pattern though the a ss umpti on mus t  be made that each tractor 

i s  u sed on one farm . The s i ng l e -owner pa ttern supports th i s i dea 
by evi dence of the number of farms u s i ng . s uch  terms of equ i pment  wou l d  
be wel come i n  order to gauge  the extent of concentrati on present . 
Where envi ronmental vari a ti on i s  control l ed ,  the s pread of technol ogy 
can detect s uch  reg i ona l di fferences a s  occur and poi n t  to reasons  

expl a i ni ng l ead i ng or  l ag g i ng tendenc i es i n  i nnovat ion . S tu d i es over 
t ime of reg i onal  or na t i onal  technol ogi ca l  change , thus a s s i s t  i n  
defi n i ng those  farmers and , perhap s , farmi ng sys tems mos t  s u scepti b l e 

to change . Reg i ona l concentrat i on of  such  farmi ng sys tems s ugge s ts 
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that reg i ona l  pol i c i es d i rected towards them wou l d  enjoy grea ter success  

than those where management was characteri zed by a g rea ter tendency to 
l ag .  I n troduc i ng more sen s i ti ve farm ing  sys tems wou l d  then become a 

means to compensa te for reg i ona l  i nequal i ty based l argel y on pa st  
devel opment  proces ses . 

Phys i ca l  envi ronmenta l cons tra i nts upon the des i red farm ing 
sys tems cou l d  then  be tack l ed by research wi th a wel l -defi ned prob l em . 
Such research ha s tended to be the pa ttern i n  New Zea l an d .  I n  so i l 
sci ence , rel a ti ng soi l amend i ng to soi l s  ha s had a l arge ly  pedol og i ca l  

focus a s  a consequence ( for exampl e ,  Duri ng , 1 9 7 2) . A geograph i c  
a pprec i a t i on o f  s o i l -amendi ng practi ce has  been absen t .  Tra c i ng the 

areas  and so i l s  s tud i ed wou l d g i ve an excel l ent i dea , through  t ime 
of the progress  made i n  soi l s c i ence i n  New Zea l and a nd of the concerns 
of the government departments i nvol ved . Mappi ng soi l s  and thei r 

defi c i enc i es  ha s been accompl i s hed bu t the mapp i ng of soi l -amend i ng 
practi ce has  not . Such mapp i ng wou l d prov i de i nforma t i on on the 
effi c i ency of ferti l i zer use i n  outl i n i ng reg iona l - and en terpri se
rel a ted  trends and  s ugges t the  degree to wh ich  soi l amendi ng was 

ei ther underuti l i zed or overuti l i zed . From there , i denti fyi ng rea sons 

for those pa tterns woul d furn i s h  the bas i s  for modi fy i ng pol i c i es to 
encourage more effi ci ent  so i l  amendi ng . 

Ha s so i l amend i ng appeared to be evenly or unevenly di s tr i b u ted ? 
Th i s  d i s tri bu ti on  can be s hown u s i ng topdres s i ng da ta avai l a bl e for 
l and d i s tri cts  a fter 1 930-31  ( Tabl e 8 . 2 ) . The l and d i s tri c ts have 

been s tandard i zed  as  far a s  pos s i b l e  to  i ncl ude the s ame areas . Land
d i s tri ct  boundary changes o utl i ned i n  Map 7 . 1 have been compensa ted for 
whenever pos s i b l e by con tro l l i ng the topdress i ng fi g ures for the 
re l evant counti e s  as s hown . i n  Tabl e 8 . 3 .  The absence of county l evel 

data on topdre s s i ng pri or to 1 935-36  mean that s hi fts seen i n  the 
North I s l and l and  d i stri cts except North Auckl and res u l ted i n  part from 
the transfer o f  counti es . 

A compar i son  over t ime of  the percentage of the nati onal tota l 
of sown gra s s l and  aga i n s t  the percentage  of the nat i onal  total of  
gra s s l and topdres sed ( Ta bl e 8 . 2 )  i nd i ca tes that top dres s i ng was not  
even ly  d i s tr i bu ted over New Zea l and . The  i mportance of South Auckl and 
as a source a rea of gra s s l and topdres s i ng i s  c l ear from i ts h i g h  
proporti on , nea r ly  37 percent ,  o f  a l l topdress i ng 1 930-31 . North 
Auck l and a nd Tara na ki  were the on l y  other l and d i s tr i cts where the 
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TABLE 8 . 2  

COMPARI SON OF LAND DISTRI CT PERCENTAGE OF TOTAL S OWN GRASSLAND TOPDRESSED 

AND TOTAL SOWN GRASSLAND 1 9 30-1969 

Percentage of New Zealand Sown Grass land Topdressed: 
Land District 

1930-31 1940-41 1950-51 1960-61 1 969- 70 

North Auckland 1 6 . 1  1 5 . 6  1 4 . 3  1 3 . 4  1 1 . 8  
S outh Auckland 36 . 6  30 . 7  28 . 9  2 7 . 7  24 . 1  
Gisborne 1 . 6 1 . 8  1 . 9 2 . 3  3 . 9  
Hawke ' s  Bay 4 . 6 8 . 9  9 . 9 1 0 . 9  1 1  
Taranaki 1 2 . 6 9 . 4  8 . 1  6 . 0 4 . 6 
We llington 1 2 . 1  1 5 . 1  1 3 . 4  13 . 7  1 3  
Marlborough 0 . 8  0 . 6  1 . 0 1 . 4 1 . 8 
Nelson ' 1 . 2 1 . 1  1 . 0 1 . 3  1 . 5 
Wes t  land 0 . 4  0 . 4  0 . 4  0 . 5 0 . 6 
Can terbury 4 . 7  4 . 6  8 . 1  9 . 6 1 1 . 2 
Otago 3 3 . 4  4 . 1  5 . 1  7 . 5 
S outh land 6 . 4  8 . 3  8 . 8  8 9 

Percentage of New Zealand Sown Grass land 

North Auckland 9 . 7  1 0 . 0  1 0 . 1  1 0 . 5  1 0 . 6  
S outh Auckland 1 3 . 0 1 3 . 8  1 4 . 8  18 . 2  19 . 1  
Gisborne 1 1 . 3  8 . 9  8 . 5 7 . 8 6 . 9  
Hawke ' s  Bay 8 . 2  1 0 . 7  1 0 . 3  10 . 5  10 . 1  
Taranaki 6 . 9 5 . 4 5 . 1  4 . 2  4 . 1  
We llington 20 . 4  20 . 6  20 1 7 . 9  1 6 . 6  
Marlb orough 2 . 0 2 . 1  1 . 8 1 . 8 2 . 1  
Nelson 1 . 8  1 . 7 1 . 5 1 . 5 1 . 5 
Wes t land 0 . 9 0 . 8  0 . 8  0 . 8  0 . 8  
Can terbury 1 1 . 8 1 1 . 4  1 2 . 6  1 2  1 1 . 4  
Otago 7 . 2  7 . 5 7 . 5  7 . 6  9 . 1  
S outh land 6 . 7  7 . 0  6 . 8  7 . 2 7 . 7  

Difference of Above Percentages 
North Auckland + 6 . fl  + 5 . 6  + 4 . 2  + 2 . 9  + 1 . 2 
S outh Auckland +23 . 6  + 16 . 9  +14 . 1  + 9 . 5 + 5 . 0 
Gisborne - 9 . 7  - 7 . 1  - 6 . 6  - 5 . 5 - 3 . 0 
Hawke ' s  B ay - 3 . 6  - 1 . 8 - 0 . 4  + 0 . 4  + 0 . 9 
Taranaki + 5 . 7  + 4 . 0  - 3 . 0  + 1 . 8 + 0 . 5  
Wellington - 8 . 3  - 5 . 5 - 6 . 6  - 4 . 2  - 3 . 6 
Marlborough - 1 . 2 - 1 . 5 - 0 . 8 - 0 . 4  - 0 . 3  
Nelson - 0 . 6  - 0 . 6 - 0 . 5  - 0 . 2  -

Wes tland - 0 . 5 - 0 . 4  ' - 0 . 4  - 0 . 3  - 0 . 2  
Can terbury - 7 . 1  - 6 . 8 - 4 . 5 - 2 . 4 - 0 . 2 
Otago - 4 . 2  - 4 . 1  - 3 . 4  - 2 . 5 - 1 . 6 
S outh land - 0 . 3  + 0 . 7  + 2 . 0 + 0 . 8  + 1 . 3 

SoUrce: Calculated from Agricultural Statis tics ( for  years shown) . 



Land District 

Nor th Auckland 

South Auckland 

Gisborne 

Hawke ' s Bay 

Taranaki 

Well ing ton 

Nelson 

Marlborough 

Wes tland 

Cant erbury 

Otago 

Southland 
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TABLE 8 . 3  

METHOD OF STANDARDIZING LAND DISTRICTS a 

Period of Adjustment 

1 926-2? 
-1 934-35 

+Ohura+ b 
Katieke 

-Wa iroa 

+Wairoa 

-Ohura
Pat ea 

1 935-36 
-1 956-5? 

+Ohura+ 
Katieke 

-Ohura 

-Kat ieke+ -Kat ieke 
Patea 

1 95?-58 
-1 959-60 

. 1 960- 61 
-1969-?0 

=Northland S . A . +  
Central Auckland 
S . A .  

=South Auckland -
Bay of Plenty S . A .  
- Opo tiki 

=Eas t Coast  S . A . 
+Opo tiki 

-Patea 

+Chatham Is lands 
+Patea 

-Chatham I slands 

Notes : a Land dis tricts are considered to equal s tatistical areas 
( S . A. ) unless  o ther chang� is noted 

b Areas changed are all counties 
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topdres sed percen tage exceeded the sown g ra s s l and percen tage i n  1 930 . 

i;t�-� - -1 i.'te� tocl<_ �a-ttern i n  e(!ch 9f th�se l a n d  di stri cts (Tab l e 8 . 4 ) .  
s h ows t h a t  a l l except South l and conta i ned a h i g her percentage of  

da i ry cow l i v e s tock  uni ts than s heep �l i ves tock un i ts . Thi s a l so  
app l i e s to Wes tl and , but  the  addi ti on of the cri teri on tha t da i ry 
cattl e mu s t  repre sent more than 60 percent  of total ca ttl e removes i t , 
whi l e  i n troduc i ng  Southl and and  Marl borou g h .  An associ a t i on between 
dai ry i ng a nd topdres s i ng becomes  a pos s i b i l i ty from th i s evi dence al one . 
The confi rma ti o n  provi ded by observers at  the t ime becomes i mporta nt 
i n  the argument tha t dai ryi ng and pasture topdres si ng were c l osel y  
a s soc i a ted . The cons i derati on tha t Sou th l and ' s  earl i er deve l opment  

had  been more , s trongly based on dai ryi ng  . p r ior to the  1 930s offers 
add i ti ona l  proof of soi l amendi ng ' s  greater rel evance to dai ryi ng  and 
i ts l i n k wi th tha t farm enterpri s e .  

I n  the su cces s i ve peri ods the d i ffu s i on of pasture topdre s s i ng 
appears . The d i fference between sown gra ss l and and a rea topdre s s ed 
percentage decrea ses  ( Tabl e 8 . 2 ) . The predomi nance of the source area s 
rema i ns but the degree of di fference decreased for each l and d i s tri ct ,  
a l most  wi thout except i on at  each ti me i n terva l , as a n  i ncreas i ng 

proporti on of g ra s sl and was topdres sed ( Ta bl e 8 . 5 ) . The topdres s i ng 
of g ra s s l and had not devel oped equa l ly  i n  al l l and d i s tri cts by 1 9 70 . 

Al t hough  more than ha l f  of the sown gras s l and i n  a l l bu t one l a nd  
d i s tr i c t  wa s topdres sed , thi s f igure ros e  to 75  percent or more i n  
on l y  four l and d i s tri cts . 

What i s  part i cu l ar ly  noteworthy i s  the rate of  i ncrea se i n  the 
above percentage and the peri od i n  wh i c h  change occurred . I n  Sou th 

Auc kl a nd , the gra s s l and -topdress i ng source area , the proporti on of 
sown gra s s l a nd topdressed i ncreased by a pprox i matel y 1 0  percent each 
decade . The ra te was more vari abl e e l s ewhere , espec i a l ly between 
1 950-5 1  and 1 960-61 . I n  Gi s borne , Marl borough , Nel son , Wes tl and , 

Canterbury ,  and  Otago th i s percentage was a l most ,  or more than , 
doubl ed . The i mportance of so i l amen d i n g  was bei ng a pprec i a ted rapi dl y 
and  i ts u se d i s semi nated . The rol e of  agri cu l tura l av i at i on s hou l d  be 

apparent here , i f  that i nnova t ion was i ndeed major . 
The percentage of sown gra s s l and  topdressed i n

. 
Ca nterbury and 

Mar l borough  had been s imi l ar ly  dou b l e d  between 1 940-41 . and 1 950 -51  
when  a i rcraft use  was ava i l a bl e and  a n  e xpl anatory factor onl y i n  the 
l a s t  two years of the decade . Concern for ,  and methods of ,  topdress i ng 
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TABLE 8 . 4  
PERCENTAGE DISTRIBUTION OF LAND DIS�RLCT LIVESTOCK UNITS 1 930- 1 969 

· Percentage of Livestack Units 
Land District Year 

1930-31 1 940-41 1 950-51 1960-61 1 969- ?0 

D 50 58  60  46  38  
North Aucklan d  ND 23  1 9  1 8  24 3 3  

s 2 7  22 2 2  2 9  29 
D 55 53 49 39 36 

S ou th Auckland ND 20 1 8  1 8  2 4  2 6  
s 24  29 33 38 3 8  
D 7 9 9 7 5 

Gisborne ND 31  35 38 43 45 
s 6 1  5 6  5 3  50  50  

I D 10  7 7 4 4 
H awke ' s  Bay ND 20 25 25  31  3 3  

s 70 6 7  6 8  65 6 3  
D 55 6 1  58 60 6 1  

Taranaki ND 1 5  1 2  1 2  l l  1 4  
s 30 2 7  30 29 2 5  
D 1 8  1 7  1 6  1 2  1 2  

Wellington ND 22 2 3  23 26 29  
s 60  6 0  60 62 5 9  

D 2 7  3 1  3 2  26 2 2  
Marlb orough ND 1 7  1 5  1 7  1 8  2 7  

s 5 6  5 4  5 1  56 5 1  
D 1 0  8 9 6 6 

Nels on ND 9 8 1 3  1 5  2 4  
s 82 84 78 79 70 
D 32 32 34 2 6  2 3  

Wes tland ND 39 4 1  45 40 4 5  
s 2 8  2 7  2 1  34 32 
D 9 9 8 5 3 

Canterbury ND 6 6 8 9 1 4  
s 84 85 84 86 8 3  
D 9 8 6 3 2 

Otago ND 7 6 8 8 1 5  
s 84 86 86 88 83  
D 1 6  1 3  1 0  4 2 

S outh land ND 10  8 1 0  8 1 3  
s 7 3  79 80 88 85 

r 

D 24  2 5  2 5  20  1 8  
New Zealan d  ND 1 8  1 8  1 8  2 1  2 5  

s 5 8  5 7  56 59 5 7  

Note : D = dairy cows in milk , ND = other cattle , S = sheep . 

Source : Calcula ted from Agricultural Statistics ( for year$ shown ) .  
usin·g conversion factors given in Table 7 .  5 . 



TABLE 8 . 5 

PERCENTAGE OF SOWN GRASSLAND TOPDRESSED 

BY LAND DISTRICT 1 930-1 969 

land Dis trict Year 

1930-31 1940-41 1950-51  1960-61 

North Auckland 2 7 . 6  40 . 7  49 . 1  6 6  
S outh Auckland 46 . 8  5 8 . 2  67 . 9  7 8 . 3  
Gisbo rne 2 . 3  5 . 3 7 . 9  1 5 . 4  
Hawke ' s  Bay 9 . 3 2 1 . 8  33 . 2  53 . 6  
Taranaki 30 . 1  46 . 1  55 . 4  73 . 6  
We llington 9 . 9 1 9 . 2  2 3 . 4  39 . 5  
Marlb orough 6 . 3 7 . 7  19 . 8  39 . 7  
Nelson 10 . 9  1 6 . 6  22 . 8  46 
Wes t land 6 . 9 l 3  . 2  1 8 . 9  36 . 1  
Can te rbury 6 . 6  lO . 5 22 . 4  4 1 . 4  
Otago 6 . 9 l l . 7 1 8 . 6  34 . 7  
S outhland 1 5 . 9  3 1 . 1  43 . 8  5 7 . 2  
New Zealand 1 6 . 6  26 . 2  34 . 7  5 1 . 6  

Net Change 

19 30-50 1 950- ?0 

North Auckland +2 1 . 5 +2 7 . 4 
S outh Auckland +2 1 . 1  +1 8 . 5  
Gisborne + 5 . 6  +30 . 6  
Hawke ' s  Bay +23 . 9  +41 . 0  
Taranaki +25 . 3  +2 1 . 6  
We llington +13 . 5  +30 . 2  
Marlborough +13 . 5  +38 . 7  
Nelson +1 1 . 9 +44 . 3  
Wes t lan d  +1 2 . 0 +35 . 4  
Can te rbury +1 5 . 8 +44 . 5  
Otago +1 1 .  7 +38 . 2  
S outhland +27 . 9  +35 . 7 
New Zealand +1 8 . 1  ' +33 . 7  

344  

1969-?0 

7 6 . 5  
86 . 4  
3 8 . 5  
74 . 2  
7 7  
5 3 . 6  
5 8 . 5  
6 7 . 1  
54 . 3  
6 6 . 9  
5 6 . 8  
7 9 . 5  
6 8 . 4  

Source : Calculated f rom Agricultural Statistics ( for  years shown) . 
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were ev i dent pri or to agr i cu l tura l a v i at ion • s  a rri va l . I nforma t i on on 
the extent of  aeri a l - topdres s i ng coverage pri or to 1 960-61 i s  not 

a va i l a b l e  from offi c i a l  sources , bu t the pattern set out by that year 
i s  one of North I s l and predomi nance ( Tab l e 8 . 6 ) . Th i s accords  wi th 
the s pa ti a l  pa ttern found by Broc k i e  ( 1 958 ,  1 4 ) . I n  the fol l owi ng 

decade , thi s pattern wa s bu t l i ttl e changed (Tabl e 8 . 6 ) . An addi ti onal  
5 percent of the na ti ona l tota l of sown gras s l and aeri a l l y  topdressed 
wa s l ocated i n  the South I s l and , bu t the greater usage  i n  the North 
I s l a nd  pers i s ted as  Moran { 1 9 74 , Fi g .  28c ) noted . 

Wi thi n tha t di stri bu t i on ,  l and d i s tri cts vari ed i n  the i mportance 
of aeri a l  topdres s i ng (Tab l e  8 . 7 ) . The heavy rel i a nce i n  G i s borne 
pa rt i cu l arl y ,  the most and a l s o i n  Hawke • s  Bay , i s  except iona l . 

I 

Another group where aer i a l work accounts  for a bout 55 to 60 percent  
of  the  tota l topdressed a creage i ncl udes the South Auckl and , Wel l i ngton , 
Mar l boroug h ,  and  Otago Land D i s tri cts . The rema i nder sti l l  cover a 
wi de  range , from 8 to 40 percen t ,  bu t aeri a l  topdres s i ng i s  c l ea rl y  
l es s  i mporta n t  there . Some s tabi l i za ti on of use  i s  evi dent i n  the 
s l owed rate of  i ncrease or s l i g ht decrea se observed i n  North Auck l and , 
South  Auckl and , Hawke • s  Bay , Canterbury3 and Otago . I n  the other l a nd 

d i s tri cts the ra te of i ncrea se  between 1 960-61 and 1 969-70 vari ed 
between 5 and 1 0  percent of the 1 960-61  fi gure i n  Gi sborne , Wel l i ngton , 

and  Southl and ; a nd exceeded tha t rate e l sewhere , Marl borough  s howi ng 
a rap i d  i ncrea s e .  

The ev i dence above s uggests  tha t the need for further d i saggrega 
t i on .  The l a nd d i s tri cts . are  nei ther homogeneous i n  l a ndform ( Wa l l ace , 
1 95 5 )  nor , consequentl y ,  i n  the farm enterpr i se s  l ocated therei n ,  a s  
t h e  d i s tri bu t i on of l i vestock  proporti ons  i n  the l and di s tri cts had 

i nd i cated ( Ta b l e  8 . 4 ) . The ava i l abi l i ty of data by counti e s  prov i des  
some sol u ti on but  Warr ( 1 9 7 0 )  s howed the probl ems of vari ab i l i ty i n  
both factors even at that  l eve l . Cas e  s tud i es or the sel ecti ve  
a pproac h  used by Goul d { 1 9 7 6 )  cou l d both hel p i n  f i ndi ng more exactly  
t h e  extent to  wh i c h  aeri a l  topdres s i ng  i s  a farm-enterpri se  or l andform
re l a ted acti v i ty .  The  presence  of , other vari abl es cou l d  be d i s cerned 

were the above two factors not found to account for s i gn i fi cant l evel s 
o f  vari a t i on . 

The i m portance of s u c h  fi nd i ng s  l i es i n  the demonstrat i on that 
governmental po l i cy appl i ca t i ons  can have d i sti nctly di fferent 
resu l ts on d i fferent farmi ng  sys tems . Mea s ures chang i ng aeri a l  
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TABLE 8 . 6  

LAND DISTRI CT PERCENTAGE OF TOTAL SOWN GRASSLAND AERIALLY TOPDRESSED 

Year 
Land District 1 960-61 1965-66 1969- 70 1965 - 70 

North Auckland 1 0 . 7  1 0 . 7  9 . 4 - 1 . 3 
South Auckland 31 . 1  2 7 . 6  2 5 . 8  - 5 . 3  
Gisb orne 4 6 6 . 9 + 2 . 9  
Hawke ' s  Bay 1 6 . 8  1 5 . 7  1 6 . 6  - 0 . 2  
Taranaki 3 . 9  3 . 4  3 . 3  - 0 . 6  
Wellingt on 1 5 . 9  1 5 . 6  1 5 . 7  - 0 . 2  
Marlb orough 1 . 3 1 . 7 2 . 1 + 0 . 8  
Ne lson 0 . 9 1 1 . 1 + 0 . 2  
Wes tland 0 . 1  -- 0 . 1  -

Canterpury 5 . 4 5 . 8  6 + 0 . 6  
Otago 5 . 7  8 8 . 3  + 2 . 6  
S outh land 4 . 1  4 . 4  4 . 8  + 0 . 7  

Source : Calcula ted from Agricul tural Statistics (for  years shown) . 

TABLE 8 .  7 

PERCENTAGE OF S OWN GRASSLAND TOPDRESSED DONE AERIALLY 

Year 
Land Dis trict 1 960-61  1965-66 1969- 70 

North Auckland 39 . 2  48 . 1  40 . 4  
S outh Auckland 5 5  60 . 7  5 4 . 5  
Gisborne 85 . 4  9 1 . 1  9 0 . 6  
Hawke ' s  Bay 7 5 . 6  78 . 1  7 7  
Taranaki 3 1 . 4  37 . 2  36 . 4  
Wellington 5 7 . 1  63 . 6  6 1 . 6  
Marlborough 4 7 . 8  56 . 6  60  
Nelson 33 . 4  38 � 7  3 8 . 3 
Westland 6 . 3 ' 9 . 1  7 . 6  
Cante rb ury 26 . 2  29 . 2  2 7 . 1  
Otago 5 5  62 . 1  5 6 . 4  
S outh land 2 5 . 6  30 . 0  2 7 . 6  
New Zealand 39 54 . 7  5 0 . 6  

Source : Calculated from Agricultural Statistics ( for years shown) . 
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topdres s i ng i ntens i ty cou l d have an  effect on certa i n farm enterpri ses , 
and , to the extent that s uch  enterpri s es were unevenl y s pa ti a l l y  
di s tri bu ted o n  certai n reg i ons . Frami ng such measures o n  the ba s i s of 

nati onal  l evel i nformati on cou l d  prove to be i neffecti ve . An ana lys i s 
of vari ance2  of  the sown gra s s l and  acreage topdressed us i ng one o f  
three so i l  amendi ng methods :  chemi cal  ferti l i zer appl i ed a l one ,  l i me 

app l i ed al one , or the two a pp l i ed i n  comb i nati on , over the period from 
1 935-36 to 1 969 - 1 970  i n  each  l and d i stri c t  s howed that the d i fferences 

i n  the methods used di d vary s i gn i fi ca ntly over time but  not between 
l a nd d i s tr i cts ( Tabl e 8 . 8 ) . The di fferent  soi l -amend i ng trea tments 
were not u sed equa l l y .  The u se  of ferti l i zer on i ts own became a more 

common method , Th i s  change was no t restri cted to parti cu l ar  l and 
d i s tri cts , however .  The evol v i ng so i l -amend i ng technol ogy was used 
w ide ly  and vari a ti on i n  trea tment type a l so occurred i n  many a rea s ,  
perhaps a refl ect i on of the wi de vari a ti on of soi l types wi th i n l and 
di s tri cts . Non e  of the i n teracti on s. between topdre s s i ng method ,  
l oca ti on , and  yea r was fou n d  to be s i gn i f i cant ,  an  i nd i cation  of 
i ndependence between these  three vari a bl e� .  

Vari a t i ons  i n  topdre s s i ng  method were not s i g ni fi cantl y 
d i fferent from chance over s pace and  over t ime .  The i nteracti on of the 
spat i a l  and  temporal vari ab l e s  di d not s how a s tati st i cal ly s i gn i fi cant 
trend . The pa ttern of change i n  topdres s i ng method among the d i fferent 
l a nd  d i s tri cts i n  any parti c u l ar  year d i d not d i ffer from any other 
yea r .  A mea s u re of random c hange was ev i dent .  As a gu i de l i ne for 
soi l -amend i ng pol i cy s uch  fi ndi ngs i g nore pos s i bl e  d i fferences between 
farmi ng sys tem s . The a s s umpt ion  tha t l a nd d i s tri cts  represent a n  
adequate l evel  for d i scri m i na ti ng between farmi ng systems wou l d  prove 
dangerous on t h i s  ba s i s .  

The coi nc i dence of the  rapi d i ncrease i n  stock i ng rate , wh i ch 
occurred e spec i a l ly  between 1 950-51  and  1 969-70 ( Tab l e  8 . 9 )  a nd the 
great  i nc rease  i n  soi l amendi ng i s  ev i dent . The l and  d i s tri cts wi th  
the h i ghest  rate of pastu re topdress i ng ,  South Auckl and  a nd Southl and , 

( Tab l e 8 . 5 )  a l so  had th� h i ghest i ncreases i n  s tocki ng  rate . The rap i d  
i ncrea ses  between 1 950 a n d  1 969 i n  gra s s l and  topdre s s i ng were ma tched 

by grea ter i ncrea ses i n  s tock i ng ra te s . Cant  and Johnston  ( 1 973 , F i g .  
1 )  observed the  l a tter a s pect  but  not the former factor i nvol ved .  
The extens i on o f  topdres s i ng capac i ty brought by agri cu l tural a v i a t i on 
i s  surely i nvo l ved i n  thi s p rocess bu t the refi nement  and  further 
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TABLE 8 . 8  

ANALYSIS OF VARIANCE RESULTS 

Source of Sums of Degrees of 
F p2 

Variation 
a Freedom Squares 

Soi l-Amending 893 . 045 . 44 6  2 10 . 00 > F� 2 6 ( . 9 5 )  = 3 . 00 Trea tment 

Land District  18 , 2 73 . 353 1 1  0 . 04 < F l l  ( .  9 5 )  = 1 .  79 
7 2 6  

Yea r  4 , 6 01 , 59 2 . 6 74  33  3 . 14 > F� ; 6 ( . 9 5 )  = 1 . 4 1  

Trea tmen t/Land 48 , 222 . 794 22 0 . 05 < F; � 6 ( . 9 5 )  = 1 . 54 Dis tric t 

Trea tment/Year 463 , 149 . 7 7 7  66 0 . 16 < F 6 6  ( . 9 5 )  = 1 .  31 7 2 6  
Land Dis tric t /  10 , 89 4 , 8 19 . 883  363 0 . 68 < F 3 6 3 ( . 9 5 )  1 . 00 = 

Year 7 2 6  
b Trea tmen t/Land 3 2 , 229 , 529 . 134 7 2 6  

Dis tric t/Year 

To tal  49 , 148 , 633 , 060 . 380 1 , 223 
' 

Notes: a al l times 103  

b used  as error factor 
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TABLE 8 . 9  

LAND DISTRICT STOCKING RATE PER AREA OF SOWN GRASSLANDa 

Land District Year Ending 31 January 

1 930-31 1 94 0-41 1 95 0-51  1960-61 1 969- ?0  
I 

North Auckland 2 . 7  2 . 9  3 . 2  3 . 9  4 . 9 
South Auckland 3 . 0  3 . 7  4 . 1  4 . 9 6 . 1 
Gisborne 2 . 6  2 . 7 2 . 7  3 . 1  3 . 9  
Hawke ' s  Bay 3 3 . 3  3 . 6  4 . 6  5 . 4  
Taranaki 2 . 7  3 . 2  3 . 6  4 . 6  5 . 8  
Well ington 2 . 9  3 . 1  3 . 2  4 . 1 4 . 9 
Marlborough 2 . 4  2 . 3  2 . 5  3 . 0  3 . 4  
Nel son 4 . 6 4 . 7  4 . 6  5 . 8  6 . 4 
Wes tland 2 . 1 2 . 3  2 . 4  3 . 2  4 . 1  
Canterbury 3 . 1  3 3 4 . 2  5 
Otago 3 . 9  3 . 4  3 . 4 4 . 6  4 . 8  
Southland 3 . 1  3 . 1 3 . 6  4 . 9  6 
New Zealand 3 3 . 2  3 . 4  4 . 3  5 . 3  

Change 

1 930- 50 1 950-69 

Nor th Auckland + 0 � 5  + 1 . 7  
South Auckland + 1 . 1  + 2 . 0  
Gisborne + 0 . 1 + 1 . 2  
Hawke ' s  Bay + 0 . 6  + 1 . 8  
Taranaki + 0 . 9  + 2 . 2  
Wellington + 0 . 3  + 1 . 7  
Marlborough + 0 . 1  + 0 . 9  
Nelson - + 1 . 8 
Wes t  l and + 0 . 3 + 1 . 7  
Canterbury - 0 . 1 + 1 . 2  
Otago - 0 . 5 + 1 . 4  

I 

Southland + 0 . 5  + 2 . 4  
New Zea land + 0 . 4  I + 1 . 8  

Note : a Measured in lives tock units per acre . 

Source : Calculated from data in Tables 8 . 2 and 8 . 4 .  
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i ntens i fi ca t i o n  of so i l  amendi ng i s  ev i dent i n  the i ncrea ses  s toc k i ng 

recorded i n  Tara na k i  and South Auck l and even though the i ncrea se  i n  
topdressed acreage was l ower there . Several concurrent trends were 
o perati ve , hence d i scri m i nati ng between the factors hav i ng an effect 

i s  cri t i cal  i n  deci di ng on government pol i cy matters seen as i ntegra l  
i n  the product i ve  envi ro nment . The • a rbi trary s l i ce of rea l i ty •  ta ken 
may not correspond to an  a ctua l  bounda ry defi ni ng the proces s  under 
cons i dera ti on ( Georgescu -Roegen , 1 969 , 505 -506 ) . I n  hel p i ng to defi ne 

that  boundary , geography contri butes  to understand i ng  proces s , and  
rel a tes i t  to  di s tri buti ons i n  s pace . 

G EOGRAPHERS • V I EWS OF GRASSLAND TECHNOLOGY I N  N EW ZEALAND AGR I CULTURE 3 
I 

The que s ti on ra i sed  the extent to wh i c h  geogra phers , i n  studyi ng 
a gri cul ture i n  New Zea l and , have  observed the processes  opera t i n g  i n  
a gr i cul tura l devel opment .  Have omi s s i ons occurred whi ch  make  the out
l i ne s  g i ven i n  the  precedi ng  pages of use  in  i denti fyi ng further 
a rea s of stu dy?  Thi s di s serta t i on • s  empha s i s on establ i s h i ng a ba s i s  
for di scus s i ng agri c u l tural  geography i n  terms of the technol ogy 
empl oyed means  that i ts contri bu ti on depends upon geographers • 

wi l l i ngnes s to re-exami ne  i denti fi ed spati a l  pattern and organ i za ti on 
u s i ng a techno l ogi cal  cri teri on . Fu rthermore , the a ppearance of 
conti nui ty of  pa ttern h a s  i ndi ca ted the need to ass ure that a dequ a te 
s tud i es of l ong -run  deve l opment are carri ed out  and so · p rov i de a s ound 
b as i s  for comprehend i ng cu rrent spa ti a l d i stri buti ons . The effect of  
t he s tructures i n  the  produ cti on envi ronmen t can be �a uged a n d  the 
opera ti on and s i gni fi cance of change u nders tood . 

Farmi ng Sys tems 

Thi s  i s  not to s ay that the tec hnol og i ca l  fac tor has been 
i g no red i n  the operat ion  of  gras s l and  farmi ng i n  New Zea l and . The 
n a ture of the farm i n g  system has el i c i ted comment on the way man 
control l ed a n d  devel oped i t  us i ng mec hani ca l and b i o l og i ca l  means . The 

rep l acement of crops by pasture has been regarded for some t i me by 
g eographers � a s  one of the mos t  noteworthy characteri st i cs . The  
p reval ence o f  th i s pattern has  meant  i ts acceptance a s  p art  of  the  

p roducti on envi ronment i n  l a ter , more detai l ed ana l yses of  var i a t i ons 
i n  the use  of  gra s s l and . 5  Al so i nc l uded has  been reference to the 
concentra ti on on  l i ves tock product ion  of j us t  a few types . 6 The 
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aggregate pa ttern crea ted over t ime i s  obv iou s . Wha t i s  not a l ways 
so obv i ous i s  the process  by wh i ch tha t  pa ttern emerged . Commenti ng  
on  the  s tructural changes  i mpl i c a ted  i s  a necessary expl anatory fea tu re . 
The rol e of so i l -amend i ng technol ogy woul d then have been i sol ated 

earl i er and i ts study purs ued beyond t he observa tion  that i t  was present  
i n  the  gras s l and  farmi ng system . See i ng the themes geographers have 

i so l ated i n  New Zeal and • s  agri c u l tu ral devel opment prov i des  some 
i n s i g ht i n to that devel opment and  the struc tures seen as operati ve .  

Learn i ng and  I n novat ion 

Learn i ng has been one proces s fo l l owed . P i oneeri ng a new 
p hy s i cal  env i ronment i s  a s i tuati on where thi s process  i s  parti cu l ar ly  
powerfu l . C l ark  ( 1 945 ; 1 949 ) poi nted to the  b l endi ng of Bri ti s h  and 
Aus tral i a n experi ence i n  the earl y agr icu l tura l sys tems i n  New Zea l and . 
The part of preference and  economi c s t ructures i n  the creati on of 
commerci a l  farmi ng i s  demons tra ted for both extens i ve woo l produ cti on 7 
a nd the m i xed , semi - s ubs i s tence farmi ng . 8  These stud i es have poi nted 
to the l i n k  to urban ma rkets but the i mportance of tha t rel a t i onsh i p 
a s  a change agent i n  New Zeal and  a gri cu l ture ( Tayl or , 1 9 7 7 )  i s  l es s  
a pparent . The concern of  the stud i es l ay wi th  the i denti fi cat i on o f  
two i nst i tut i onal s tructures  i n  p i o neer farmi ng shari ng common 
characteri s t i cs of pri vate contro l a nd commerc i a l  ori enta ti o n .  

Learn i ng i n  a new prod uc ti on env i ronment , a s i tua ti on frequent ly  
created by c hange i n  technol ogy , has  been fol l owed too . Wri ters 
observed tha t  exper imenta t i on emerged ear ly  i n  both farmi ng sys tems i n  
the quest  for v i abl e commerci a l  ou tput .  The farm enterpri ses whi c h  
predomi nated fol l owi ng s u bs tanti a l  change i n  the producti on e nvi ronmen t  
wrought by refri gera ti on  a nd had been tr i ed p r i or to that change 
( C l ark , 1 94 5 ,  229 ) . The c hang i ng  c u l tural envi ronment of Bri tai n may 
wel l have contri bu ted to the fac i l i ty wi th wh i c h  riew pract i ce s  were 
adopted ( Wa tters , 1 965 , 1 90 )  but Bri t i s h  a gr i cu l tural practi ce  was 
q u i ck ly  tempered by New Zeal and experi ence as p hys i ca l  a nd product ion  
env i ronment d i fferences were recogn i zed . Th i s percepti on brought  abou t 

a s ubs tant i a l  reappra i s a l  of  the l and resource a nd the tec hn i ques  
s u i ted to p roducti on  i n  New Zea l and . 

Geographers have been awa re of thi s human factor i n  the formu l a 
ti on of agr i c u l tura l sys tems . C umber l and ( 1 96 1 ) s i gnal l ed the extent  
to  whi c h  human control was  respon s i b l e for the so i l  ferti li ty cyc l e - -
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the ba s i s of gra s s l a nd farm i n g .  However , the recogni ti on of gra s s  as  

a crop by farmers , a pri nc i pa l  brea kthrough  in  the evol u ti on of New 
Zeal and  farmi ng , has been noted but once when Cumberl and ( 1 948 , 46 ) 
o bserved that • expert and or i g i na l  s k i l l s  i n  pa sture management • had 

been devel oped . The i mportance of management practi ces  has been noted 
i n  geogra p h i c  l i terature 9 bu t on ly  i n  the s tudi es of Harr� ( 1 969 ) ,  Keys 
( 1 969 ) , and Watson and Cant ( 1 97 3 )  have the i mp l i ca t i ons  of management 
a s  a parameter i n  the choi ce of farmi ng sys tems been fu l l y recogn i zed .  
Eval u a ti ng  na ti ona l · patterns of l and use  wi th thi s factor ha s yet 

to occu r .  Mappi ng  farm prod u c ti v i ty pa tterns ( Wol pert , 1 964 , i s  a n  
exampl e )  rema i ns a s  a chal l e nge to agri c u l tura l  geographers . The 
resu l ts  wou l d  , be of grea t va l ue  i n  estab l i s h i ng area s where product i on 
cou l d be i mproved for the l ea s t  cos t s hou l d  market dema nd requ i re i t . 

Ma i nta i n i ng outp u t  l evel s whi l e  d i vers i fy i ng l a nd use  i s  the a l ternati ve 
wh i c h  wou l d  benef i t from the resu l ts of s uc h  an appra i sa l  of the cu rrent 
v i ews of farmers on the resource potenti a l  of thei r hol d i ngs . A s tudy 
of resource appra i sa l  and changes  wh i ch have occurred i n  the econom i c  
envi ronment  becomes a des i rabl e contri bu t ion  to a n  u nders ta nd i ng o f  
agri cu l ture • s  spat i a l  di stri b u t i on a nd the pos s i bi l i ty o f  mod i fyi ng  i t .  

The  a bi l i ty to more read i l y  trace certa i n  i nnov a t i ons  i n  t he 
producti on  env i ronment has  l ed i n terest  there . I n  genera l terms , 
Watters ( 1 96 5 ,  1 89 )  has poi n ted to the • ra pi d i ty and thoroughness  w h i ch 
the proces ses of change have worked i n  New Zeal a nd • .  Here was a n  
i nd i ca t i on  o f  the conjuncti on  of  a fa i th i n  sci ence a nd tec hnol ogy 

b roug h t  by European  immi gra n ts and the econom ic  moti v a ti ons of  the 
capi ta l i s t sys tem ( Watters , 1 96 5 , 1 90 ) . I nnovation i n  transport 
rather than i nnovat ion  on  the farm has been the pri nc i pal  focus  i n  tha t 

i t  bro u g h t  the i ntens i ve l i v e s tock  enterpri ses to the fore . The 

s i gn i f i cance of  refri gera ted mar i ne tran sport i nnovat i on  has been 
commen ted on frequently . 1 0 M i l k  col l ecti on  by tanker trucks  has  been 

accorded a s i mi l ar ,  though l es ser , i mportance i n  i ts effects on 
da i ryi ng . 1 1  Locati o n  i n  rel a ti on to mar kets and the var i a ti on i n  
i nfras tructure deve l opment have attracted geographers to thi s a s pect  
of technol ogy i n  p arti cu l a r .  Certa i n ly  i t  i s  re l evant  to the producti on 
envi ronment of fa rmi ng a s  s tructura l  and enterpri se  have ·been i nduced 

by the adj u s tmen t  c hanges of re l at i ve l ocat i on through  tec hnol og i ca l  
change i n  tran spo r t .  
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Th i s rel evance  ha s been observed by agri cul tura l geographers i n  
the c hanges o f  farm enterpri ses , 1 2 the s tructure of farmi ng 1 3 and  the 
rel a ted proces s i ng i ndustr i es . 1 4  The i nterre lat ion through  spati al  
structure has been so  traced . A b i a s  towards da iryi ng  i s  ev i dent  i n  
that change i n  the  proces s i ng o f  s heep products has not  been a s  mar ked . 
Thi s s i tuati on , noted by Buchanan ( 1 935 , 37 ) over forty years ago , 
pers i s ts .  The comp l ex techno l og i ca l  envi ronment of da i ryi ng has  a ppeared 
as  a key fac tor i n  e ncourag i ng technol og i ca l change i n  New Zea l and 
agri c u l ture . Nonethel es s ,  o ther changes have not been accorded a 
s imi l a r  i mportance despi te the i r important  effects on produc ti on . 
Ferti l i zer u s e  a nd i ts method of  appl i ca t i on i s  but one  exampl e .  
I so l at i ng oth�r techno l og i ca l  componen ts a nd eval uati ng thei r effect 
on the d i s tr i but i on  of farmi ng  sys tems rema i ns as  an  open area for 
geogra p h i c  i nves t i g a ti on .  

The Importance o f  Labour- sav i ng Tec hnol ogy 

The s tructu ral man i festa ti ons of c hanges i n  tran sport tec hnol ogy 
have been ri g h t l y  a s soc i a ted wi th the parti cul ar type of technol og i cal  
change preva l ent  i n  New Zea l and  agri cu l ture . I n  encourag i ng the o u tput  
of h i g h-va l ue ,  l ow-wei ght  l i v e s toc k products , the new transport methods 

enabl ed the sma l l er ,  fam i ly-owned farms to become ful l y  v i abl e .  The 
extens i ve gra z i ng  and  exten s i ve cerea l operati ons ceded to that ,  
ori g i na l ly l es s  i mportant , s tructure ( Lewthwai te ,  1 964 ,61 ) .  

More i nten s i ve l and u ti l i zati on i n  the smal l -fa rm s tructure was 
constra i ned by a l i m i ted l abour suppl y . Fami ly  l abou r  was pressed to 
cope wi th the needs of i n ten s i ve l i ves toc k  producti on when hand-feed i ng 
and cropp i ng were neces sary ( Ha rgreaves , 1 965 , 1 24 ) .  I n  da i ryi ng the 

need was parti cu l ar ly  acute and  i nnovat ion  there was mos t  p ronounced 
( Lewthwa i te ,  1 964 ) .  The sma l l popu l at i o n  meant l a bour  cos ts tended to 
be h i g h  and the move to the l and fol l owi ng  the i ntroduct ion  of 
refr i gerated s h i p p i ng  and the encouragement  of cl oser settl ement  
accentua ted th i s d i ffi cu l ty .  A l thoug h  cap i ta l  too was dear , i ts 

rel at i ve  cos t  was l es s  than tha t of l a bour  ( Buchanan ,  1 935 , 3 ) , so  
l a bour-savi ng  tec hnol ogy entered farm i n g  rapi d ly . Th i s concern wa s 
fi rst evi den t  i n  s hepherd i ng ,  whi ch c ha nged because of  l abou r  s hortages  
( Gr i gg , 1 974 , 254 ) .  The  cap i tal  s ubsti tu t i on for l a bour has  been 

a cont i n u i ng trend  as a l tern a ti ve  emp l oymen t i n  other economi c sectors 
devel oped . 1 5  The h i gh per c api ta product i v i ty of New Zea l a nd • s  
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commented . 1 6 

A Pa ttern of Tec hnol ogi cal  Change 
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The pattern created by thi s subst i tu ti on has been l es s  wel l 
fol l owed , a s  o n l y  i n  Gri gg  ( 1 974 , 284 ) i s  the path of tec hnol og i ca l  

advance outl i ned by Parker ( 1 97 2 )  re l a ted to  changes i n  agr i c u l ture . 
The ca se  of New Zea l and i s  s hown i n  thi s d i s sertati on to represent  a 
var i at i on , i n  tha t a s pec i a l i za ti on i n  b i o l og i ca l  and  bi oc hemi ca l  
pro ces ses rel a ted to agri cu l tura l product ion emerged early ,  wa s purs ued 

s c i enti f ica l l y  as part of the rap i d  agri cu l tura l deve l opment ,  and wa s 
enha nced by the emergence of  i n tens i ve l i vestock producti on . The fu l l  
u s e  of the advances made was somewha t c hecked wi thout  ma tchi ng p rogre s s  

i n  mechan i ca l  i nventi on and i n  the a ppl i ca ti on o f  power to farmi ng . The 
di fferent phases  have been descri bed i n  the c i ted geograph i ca l  s tud i es 

bu t they have not been traced a s  a pattern demonstrat i ng the fu l l 
ex tent of the rec i p roca l effects between farmi ng sys tems a n d  techno l ogy . 
The po s s i b i l i ty of overcap i ta l i zat ion  by thi.s proces s  has on l y  rarel y 
been menti oned ( Sears , 1 962a , 70 )  j us t  as  the probl ems of u nderca p i ta l 

i za ti on ( Broc k i e ,  1 958 , 1 7 ;  Cumberl and , 1 968 , 1 2 ) and  the squeeze  
i nd uced by the  i ncreased a pp l i ca t i on of  technol ogy to  boos t  product ion  
i n  the  face of fal l i ng pr i ce s  ( Cumberl and , 1 968 , 8 ;  Nason , 1 9 7 5 ,  25 ) 
have  on ly  occa s i ona l ly  entered a s  area s of concern to geographers  

i dent i fyi ng sources of change in  agri cu l tural systems . F i e l d i ng ( 1 9 6 3 )  
for exampl e ,  v i ewed the change from da i ry i ng to sheep a s  a means o f  
keepi ng  l a bour  i nput  down . Watson a nd Cant ( 1 973 )  p rov i de a s tu dy of  
management-re l a ted con s i dera ti ons  among s t  Wa i kato da i ry farmers and  
the i r  rel a t i o n  to  c hange but  further emp i ri ca l  exami nat ion  i s  requ i red 
to furn i s h  a broader v i ew of the responses farmers are ma k i ng  to 
chang i ng economi c cond i ti ons  and the ensu i ng adj u s tment  i n  a gr i cu l tural 
sys tems . 

Mechan i ca l i nventi on other than i n  transporta t i on has  been 
wi del y a pprec i a ted  as the mea ns of boo s t i ng producti v i ty over the 

range of farm enterpri ses  i n  New Zea l a nd 1 7 though  the term mechan i za ti on  
ha s tended to  mas k  the  i ncreased appl i ca ti on of power through  the 
rep l acement of draught  a n i ma l s .  A geogra ph i c exami nati on of  the  

adopti on of tra c tors i s  l ac k i ng for exampl e despi te · thei r i mportance to 
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the  expans i on o f  feed con serv a ti on by s av i ng l abour i nput .  Onl y 

Johns ton { 1 96 5 ,  1 59 )  and Lewthwa i te ( 1 964 , 80 ) have menti oned the i r 

importance , a nd the effect of crawl er tractors i n  parti cu l ar i n  over
comi ng the res tri cti on of s l opes on cu l ti vati on i s  noted i n  the former 

s tu dy a l one . Broc k i e  ( l 956 a ,  1 9 56b , . 1 9 58 ) and Murray ( 1 9 67 ) record the 
extended use of mechan i ca l  power i n  agr i cu l tura l av i a t i on though  the 
equ a l l y importan t  part p l ayed by ground-spreadi ng veh i cl es  ha s yet to 

be s tu d i ed . The i r  rel at i ve  i mportance i n  prov i d i ng the bas i s on 
wh i c h  current a gr i cu l tural  systems operate cannot be ful ly eval ua ted , 
so ma k i ng pol i cy deci s i ons concern i ng e i ther or both l es s  re l i a bl e .  

The grea t i mpact of b i o l og i ca l  i nvention has r�ce i ved even l es s  

recogn i ti o n .  An ima l  breedi ng has earned frequent men ti on ; 1 8  bu t p l a n t  
I 

breed i ng ha s rema i ned more i n  the backgro und despi te New Zea l a nd ' s  
a c h i evements i n  th i s sc i en t i fi c fi el d .  Cumberl and ( 1 948 , 50 ) wa s one 
of the fi rs t  geographers to po i nt  to the importance of  thi s dev e l opment  
i n  agr i cul ture b ut  l a ter reference to i t  i s  scanty ( for exampl e ,  
Johns  ton , 1 965 ; Rutherford , e t  al . , 1 966 ; Moran , 1 9 74 ) .  Thou gh  remi nded 

of th i s  by gra s s l a nd sc i enti s ts ( Sears , l 962a ,  l 962b ; Levy , 1 9 55 , 1 9 7 0 )  
on l y  Sears ( 1 94 5 )  h a s  a ttempted to trace the u s e  of i mproved g ra s s  and  
c l over s tra i ns and  the var iou s  refi nements of the  perenni al  ryegra s s  

and  whi te cl over pasture . Sears ' ( 1 944 ) study of cocksfoot grass  h a s  
rema i ned uni que  i n  New Zea l and  geog�aphi c  l i terature . Fol l owi ng the 
di ffu s i on of certi fi ed p l a n t  s tra i ns has not been a ttempted a s  
Gri l i c hes  ( 1 9 57 ) d i d i n  the case  of hybr i d corn i n  t he Un i ted Sta tes . 
Uncoveri ng the s pa ti a l  d i s tr i buti on wou l d  revea l muc h  a bout  the 
di s tri but i on  mechan i sms of i nnovati ons  i n  the a gri cu l tura l sector and 
the  rel at i ve  i mportance of governmental agenci es and  terti ary sector 
fi rms such as s toc k and  s tat i on agents . The s pati a l  pa ttern o f  farm 

managemen t  pract i ces i n  re l a ti on to c l i ma te a nd s tock i ng are not  
known , a l thoug h  i t  i s  recogn i zed that ba l anci ng s tock  req u i rements 
and pasture growth i s  the ba s i s  of · farm producti vi ty . 1 9  The varyi ng 
a pproaches to the  probl em have been u sed as a reg i onal  d i fferenti a t i o n  
fa ctor , 2 0  yet a fu l l  geogra p h i c  survey of  gras s l and farm ing  methods 
rema i ns to be done . G i ven the range of  pos s i b l e  ma nagement a pproaches  

a va i l abl e ,  fi nd i ng  regi onal  patterns cou l d  wel l be  d i ff icu l t .  Da ly  
( 1 973 ) and  Sea rs  ( l 962a ) more a s  gras s l a nd sc i enti s ts than  a s  geogra 
p hers  have commented · on the uni formi ty of  the gra s s l and f.armi ng sys tem . 

The  thru s t  of th i s  gra s s l and  technol ogy i s  the reduction  of  l i mi ti ng  
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phy s i cal  factors : i ns uffi c i ently endowed so i l s by the addi ti on  of 
nutri ents and ac i d i ty regu l a t i on ,  rel i ef by bu l l dozi ng  and aer i a l  

app l i ca ti on , i ncorrect vegeta ti on by sowi ng producti ve  gra s se s  a nd 
cl o vers , and c l i ma te by the compensatory u se  of pl ants , s toc k i ng ,  a nd 
i rr i ga tion  ( Ri c kard and Fi tzgera l d ,  1 97 1 ) .  

Have these trends countered or fo l l owed the concept of O . E . Baker 

{ 1 9 2 1 , 23 ) of i ncrea s i ng ly  recogn i z i ng and  re spondi ng to s ubt l e vari a 
ti ons  i n  the phys i ca l  envi ronment to ga i n  economi c advantages ?  Frank l i n  
( 1 9 6 7 , 9 ) , Moran ( 1 974 , 1 4 7 ) , and Nason ( 1 975 , 25 ) , have s uggested 

tha t thi s i s  the ca se  bu t i t  has yet to be ful l y  tes ted . I dent i fyi ng 

re source defi ci enc i es has defi ni tely  been a trend i n  New Zea l and  
agr i cu l tura l s c i ence but  the extent to wh i ch  the i nev i tabl e geograph i c  

' 

va r i a ti ons  are exp l oi ted i s  not cl ea r .  Cumberl and ( 1 948 , 46 ) hel d 
tha t farm i ng wa s not fi ne ly  a dj u s ted to the natura l  env i ronmen t .  Moran 
( 1 974 , 1 24 )  s ta te s  that a dj u s tment has occurred over t ime a s  a nti ci pated 

from the conti nued speci a l i za ti on in a l i mi ted number of farm enter
pr i ses and the pos s i b i l i ty of maki ng i mprovements through  producti on 

ex peri ence wh i ch Johnston ( 1 965 , 1 60 )  observed . The effect of changes  
i n  resource appra i sa l  on t he d i s tri buti on of farmi ng sys tems i s ,  
accordi ngl y ,  not  wel l deve l oped . A mea sure of the p resent s ta te of 
env i ronmenta l  a dj u s tment  a nd the factors i nvol ved wou l d provi de 

i m portant i n s i g hts i nto the occurrence of change in current a g r i cu l tura l 
sys tems a nd me thods of  d i rect i n g  i t , and  the spat ia l  d i mens i on s  of such  
change .  

The  central pos i t i on of  soi l amend i ng wi th i n  the techno l og i ca l  
e nv i ronment o f  New Zea l and  farmi ng  h a s  sel dom been noted i n  t h e  
geograph i c  l i terature . The mappi ng of aeri a l  topdres s i ng a c t i v i ty i n  

1 9 56 by Brock i e ( 1 958 )  ha s not been repeated , a l though  Moran ( 1 974 , 
F i g .  28c ) presented the percentage of area topdressed  aeri a l l y  a s  
p e rcentage of the total  a rea topdres sed  for 1 969 -70 . The fi r s t  map of 

ferti l i zer a ppl i ca t i on ra tes on l y  appeared i n  1 974 ( Mora n ,  1 9 74 , F i g .  
280 )  and was l a ter presen ted i n  Anderson ( 1 977 , 79 ) .  Techno l o g i ca l  
c hanges have been exami ned  t hough  u s ua l l y  wi thout rel ati ng them to the 

o perati on of the pa stu re ecosys tem a nd i ts dependence u pon amendi ng  
s o i l to s ti mu l a te c l over a nd gra s s  growth . Buchana n ( 1 935 , 3 9 , 3 2 )  
recorded that topdre s s i ng accentuated t h e  domi nance o f  gra s s l a nd a nd 
rel a ted i ts devel opment to the r i s e  of  da i ryi ng .  C umberl a n d  ( 1 948 , 50 , 
5 3 -54 )  repea ted these  observati ons .  The probl em of rel i ef a s  a l i m i ta -
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ti on  to the ex ten s i on of the practi ce has  a l so been made ( Cumber l and , 
1 948 , 56 ; Hami l ton , 1 947 , 1 62 ) . The farm-enterpri se  speci a l i za t ion  

ba s ed on re l i ef whi ch Buchanan  ( 1 935 , 32 )  presented was enhanced by 
thi s d i scus s i o n . The need for h i gh a ctua l  or ea s i ly i nduced so i l 
ferti l i ty for da i ryi ng ( Bu chanan , 1 9 35 , 3 2 )  wa s overcome by the 
app l i cati on of amendments u s i ng equi pment su i ted to the l ow rel i ef 
s i tua t i on al so  favoured by da i ryi ng . 

The exten s i on of the area topdre s sed depended u pon overcomi ng 

rel i ef and i t  wa s the a i rcraft whi ch p roved to be tha t means as Broc k i e  

( 1 958 )  demons trated i n  re l a t i ng the extent o f  topdress i ng and l a ndform . 
As aeri al app l i ca ti on wa s a l so a l a bour-sav i ng practi ce ,  a i rcraft u se  
wa s extended �o  ea s i er cou ntry too ( Brock i e ,  1 956b , 1 08 ;  1 9 58 , 1 3 ) ,  

though advances  i n  ground-spread i ng eq u i pment reduced the advantage 
g a i ned ( Lewthwa i te ,  1 964 , 81 ) .  Da i ryi ng di d not rel i nqu i s h  i ts 

predomi nant i nvol vement wi th soi l amend i ng but  proceeded to make more 
i n ten s i ve u se  of i t . 2 1 

The effects  i n  i ncrea sed ou tp u t ,  whi l e  not so l el y  a consequence 
of so i l  amend i ng a s  Brock i e  noted ( 1 958 , 1 8 ) , were i nduced through  the  
a s soci ated i nnova ti ons i nvol ved i n  better manag i ng the  h i g her y i el d i ng 

pa s tures soi l amend i ng made pos s i b l e . 2 2  Agri cu ltura l a v i at i on  i tse l f 
wa s d i vers i fi ed from i ts i n i ti a l  topdres s i ng ro l e 2 3  to meet these  
other managemen t  demands . 

Spati a l  vari at ion  i n  aeri a l  acti v i ty and soi l amend i ng have  not  

been stud i ed by geographers  apart from Murray and Brock i e .  Agri c u l tura l  
geographers have regarded them a s  p a r t  of the producti on env i ronment 

but  not a deci d i ng  factor  i n  expl a i n i n g the d i s tri bution  of v ari ous  
agri cul tura l sys tems desp i te thei r i nfl uence i n  chang i ng pa s tu re 

producti on resources ( fo r  exampl e ,  Cumberl and and Fox , 1 962 ; Symons , 
1 9 7 2 ;  Gri gg , 1 974 ; Moran , 1 974 ) . Th i s  may argue for the un i formi ty of  
the  avai l a bi l i ty of  these  techn i ques  but cou l d al so s i mpl y represent 
a n  a bsence of  i nvesti gati on . 

The Importance of I ns ti tut i ona l Structure 

The absence of a l i n k  between the use of so i l -amend i ng technol ogy 
a nd the s tructure of farmi ng  i s  s i gn i fi cant . The features o f  the smal l 
fami ly-farm s tructure and  t he di ffi cu l t i es created by i t  have been 
o utl i ned : the a bsence of e conom ies  of  scal e , 2 � the d i ffi cu l t i e s  

i mposed by a l i m i ted l abou r  supp ly , 2 5  the tendency to become i nfl exi b l e 
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i n  managemen t  habi t , 2 6  a nd l i mi ted a ttracti veness  to capi ta l i nvestmen t . 2 7  
The benefi ts  of thi s s tructure have a l so been observed : the v i ab i l i ty 

of the struc ture not neces s i ta ti ng rad i ca l  soc i a l  or economi c change 
to devel op ; 2 8  technol og i cal  i nnovati on ; 2 9 i nst i tuti ona l i nnovat ion  i n  
the form o f  co-operat i ves , factory producti on and  marketi ng agenc i es , 3 0  
a nd i ncrea sed i ntens i ty of operat i ons . 3 1  Concern wi th management of  
pa s ture a n d  s tock devel oped to an  extent not  apparent i n  the  exten s i ve 
graz i ng and  grai n-cropp i ng enterpr i ses . The i n tens i f i ca t i on of 
producti on brought abo u t  by thi s s tructure a l so promoted the recogn i t i on 
of the need to remedy producti on- l im i ti ng soi l defi c i en c i e s . Pre s s ure 
on the so i l  resource i n i ti a ted the search for remed i e s ,  whi c h  Bri t i sh

ba sed so i l - am�nd i ng practi ces furn i s hed . The  growth of the l i ves tock  
ma rket there brought the conj uncti on  of the  economi cal ly  des i red and  
s c i enti f i ca l ly  poss i b l e  c i rcums tances whi c h s ti mu l a ted tec hnol og i ca l 
devel opme n t  a nd change i n  l i vestock  farmi ng i n  New Zea l and . The 
re sul tant gra ss l and technol ogy re i nforced the emerg i ng fa rmi ng 
s tructure and  enabl ed i t  to s urv i ve through peri ods of further economi c 
and  techno l og i ca l  change . Smi t ( 1 9 73 ; 1 975a ; 1 9 75b ) i s  the sol e 

geograph i c source found  referr i ng to the s tresses experi enced i n  recent 
t i mes by thi s s truc ture a l though  Johnston ( 1 962 , 221 ) i nd i ca ted the 
need for more l and s hown i n  the fragmentati on of  hol d i ngs  i n  Canterbury .  

Both s tu d i es i nvol ved l i m i ted areas  and so a na ti onal s urvey i s  requ i red 
to expl ore the vari a t i o n  present and  the expl anatory functi on of farm 
enterpri s e  type .  Shi fts  i n  enterpr i se type to preserve the s truc ture 
coul d then be  p l anned or  countermea sures ta ken shoul d the po l i cy 
dec i s i o n  to permi t a change of  s tructure be made . 

The Research  Factor 

Res ea rch  i n  New Zea l and pro v i ded the means  of expand i ng knowl edge 
of  the o pera ti on of the gras s l a n d  ecosystem a nd harnes s i ng i t  to the 

needs of sma l l farmers  u nabl e to undertake thei r own experi menta ti on .  
The essen ti a l  contri but i on o f  res ea rch i s  l i ttl e refl ected i n  geogra ph i c  

wri ti ng ,  Tayl or ( 1 9 77 ) bei ng a n  exampl e of what can b e  ach i eved . Of 
the l i ter a tu re noted , only four  a r ti c l es have refer�ed to the i mporta nce 

of research i ns ti tu ti ons . 3 2 The i r part i n  deve l op i ng and  transmi tti ng 
i nventi o n s  c l early  meri ts greate r  recogn i ti on s i nce i t  hel p s  to def i n e  
the way resources have come to be  u sed i n  far�i ng . As  i nnovati venes s 

i s  an  exp l anatory factor i n  opti mum farm devel opment ( F i e l d i ng , 1 965a , 
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1 1 9 ;  Watson a nd Cant ,  1 973 ) , then the extent to whi ch  i t  has  been 

enco u raged by research and devel opment organ i zati ons i s  i mporta nt  i n  
outl i n i ng the adopti on of new technol ogy . I n novati on d i ffu s i on from 

these centres has  rema i ned unexami ned though  Tayl or ( 1 97 7 )  ha s po i nted 
to i ts l i ke ly  occu rrence . Keys ( 1 969 ) and Harr� ( 1 969 ) both po i nt 
to the need to de termi ne the network  whereby new technol ogy i s  s pread 

a s  a fea ture i n  u nders tand i n g  change i n  agr i cu l tura l systems . The 
part p l ayed by pub l i c  and  pri v a te a genci es thus rema i ns l argel y 
specu l a t i ve i n  geograph i c l i te rature . Tayl or ( 1 97 7 )  has  recen tly 

prov i ded some i ns i g ht  i n to s pat i a l  patterns  of i nventi on  i n  New Zea l a nd .  
Reference to the rol e of s tock  and stat i on  fi rms i s  notab ly  a bsent  
desp i te the i r  , c l o se  con tact wi th farmers a nd capaci ty to s ponsor 
i nnovat i on through  management  advi ce and cap i ta l supp l y .  

Governmenta l  I nfl uence 

The resea rc h estab l i s hment  erected wa s the outcome of smal l 

farm soc i a l  pol i cy i mpl emented by government .  Support i ng that po l i cy 
rema i ned a functi on of s tate acti v i ty expres sed i n  l a nd  deve l opme n t ,  
returned-servi cemen settl eme n t ,  agri cu l tural educat ion , a n d  a dv i sory 
serv i ces ( Cumber l and , 1 968 , 8 ) . Di rectl y and  i ndi rect ly  the parti c i 

pat ion  of governmen t  has  affected the character of agri cu l ture ( F i e l d i ng ,  
1 965b , 87 -88 ; Tayl o r ,  1 9 7 7 ,  339 ) .  As i ts rol e i n  economi c management 
expanded , the extent of i ts i mpact grew ( Cumberl and , 1 944 , 21 7 ;  

Cumberl and , 1 968 , 9 ,  1 3 ) . From qual i ty contro l , re search and  

i n s truc ti on , and  marketi ng , government  act i v i ty has come to  i nc l u de 
the d i recti ng of  economi c devel opment wi th i mpl ementi ng  a pol i cy of  

i nd u s tri a l i za ti on  from the l ate 1 930s . The perva s i venes s  of th i s 
i nf l uence sugges ts  that the s tudy of agr i cu l tural sys tems mu s t  i nc l ude  
reference to  government pol i cy as recommended by F i e l d i ng ( 1 9 65a , 1 1 9 ) .  
C hanges  i n  i t  wou l d  be part of the farmers ' producti on  env i ronmen t  
prov i di ng both i ncenti ves  a nd obstacl e s  i n  channel l i ng resources  
through  the  eco nomi c sectors  ( Sears , 1 963 ) . 

The commerc i a l  or i entat i on of New Zeal and farmi ng ma kes concern 

wi th  economi c po l i cy a nd trade cri ti ca l . Market secu ri ty ha s been a n  
obj ecti ve of  trade  pol i cy bu t ma i nta i n i ng acces s to t he  trad i t i on a l  

Bri t i s h  market ( Ru therford , e t  al . � 1 966 , 1 30 )  has become more 
di ffi cu l t at i ts s tab i l i ty and capaci ty to absorb more l i ve s to c k  

products waned ( Cumberl and , 1 968,  1 0 ) . I ndeed , matket satura t i o n  
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appeared i n  the 1 960s ( F i el di ng ,  1 96 3 ,  1 60 ) , so mak i ng acce s s  for a 
l i mi ted ra nge of produce i ncrea si ngl y d i ffi cu l t ( Symons , 1 9 7 2 ,  76 ) . The 

gradua l l y  proceed i ng a t tempt to d i vers i fy markets met wi th some s ucces s 
( F rank l i n ,  1 967 , 1 0 )  bu t the Bri ti s h  l i nkage rema i ned preva l ent . The 
a pproach o f  B ri ta i n  to the Common Market traced by Lewthwa i te ( 1 97 1 ) 

s hows how th i s  u ncerta i n ty conti nued to bu i l d .  It  a ppears a s  a cri t i ca l  
factor i n  the governme n ta l  p u s h  to i ndus tri a l i za tion  of  the l a te 1 950s 
( Frank l i n ,  1 967 , 1 0 ) yet farmers ' reactions  to thi s u ncerta i nty i n  
chang i ng enterpri ses  o r  output have not been traced by geographers 

exami n i ng producti on adj u s tments . For exampl e ,  Moran ( 1 9 74 ) notes 
s uch changes but not u nderlyi ng reasons for them . The success  of 
governme n t  negoti a ti on for ma rket access mu s t  a l so be seen a s  another 

factor i n  producti on d ec i s i ons refl ected i n  t he spat i a l  d i s tri bu t i on 
of agr icu l tural  acti v i t i e s . 

Agri cul tural  Sector Pri macy 

The concern wi th trade i s  a measure of a gr i cu l ture ' s  conti nued 
commerci a l  o r i entat i on  a nd of i ts p rimacy i n  the New Zea l and economy . 
The i mpor tance of agr i c u l ture i n  the earl y phases of econom i c  devel op

ment has been accepted but  i ts con t i nued i mportance i n  a country 
v i ewed a s  devel oped i s  s een a s  noteworthy ( Ru therford et al . � 1 966 , 
1 6 ) . Resol v i ng the p rob l em of resource a l l ocat ion between the exi s ti ng 

agri cu l tu ra l sector and  the emerg i ng i ndus tri a l  sector has  earned 
comment from agri cu l tural  geographers . The l im i ted moves to 
i ndustri·a l i za ti on i n  the l ate 1 930s  were v i ewed as i mpi ng i ng on the 
ava i l a bi l i ty of l abou r a nd cap i ta l  i n  agri cu l ture ( Cumberl and , 1 948 , 
53 ) .  Th i s  s i ng l e observat ion  was ampl i fi ed wi th  the emergence of  a 

broader i nd u s tri a l i za ti on pol i cy by 1 960 . Wri ters wi th an  agri cu l tural  
ori enta ti on  tended to v i ew the process unfavourabl y a l though  i t  h a s  

been recogn i zed tha t i t  i s  urban i nterest  wh i c h  h a s  penetrated 
agri cu l tu re in the dri ve  to improve producti on  and effi c i e ncy i n  the 
primary sector ( Tayl o r , 1 97 7 , 339 ) . I ndeed , there i s  a . v i ew tha� u rban
ba sed i nd u s try mus t  b e  d i rected to  contri bu te i nputs to a gri cu l tu re 
( Georgescu - Roegen , 1 969 , 525-526 ) . The i ndu s tr i a l  devel opment o f  ·the 
earl y 1 9 60s d i verted i nvestment away from agr i cul ture a nd h i ndered 
progres s  i n  that sector  ( Ki ng ,  1 965 , 1 9 ) . W i th the expa ns ion  of 

i ndus try i n  ci ti es , soc i a l and u rban i nvestment a l so i ncrea sed ( Sears , 
1 962a , 65 )  a s  d i d the i nvestment  i n  serv i ces ( Wa tters , 1 96 5 ,  1 99 ) ,  to 



the apparent  detr iment of  a gr i c u l ture . I t  wa s not a n ti c i pated that 

i ndus tri e s  ere c ted  for i mport subst i tuti on wou l d  be ab l e to devel op 
the same export  potenti a l  agr i cul tural produce had ( Fi e l d i ng ,  1 9 63 , 
1 68 ) .  The h i g her cos t  of  domes ti ca l l y  produced manufactu res was 
cri ti ci zed a s  a contri bu ti ng factor to the cost-pri ce s queeze 

experi enced by farmers  ( F i el d i ng ,  1 963 , 1 68 ) . Manufacturi ng , i n  
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be i ng depende n t  upon agr i c u l tura l  export earn i ng s  to fi nance i ts 

producti on i np uts ( Johnston , 1 9 65 , 1 60 - 1 61 ) ,  represented a s er i ous 
mi sa l l oca t ion  of nati onal  resources by the l a ter 1 960s ( Frank l i n ,  1 967 , 
1 0 ; Cumberl and , 1 968 , 8 ,  1 3 ) because  agri cu l ture became i ncrea s i ng ly  
s ubject to the forces of i ndustri a l i za t i on and  urbani za ti on ( Wa tters , 
1 96 5 ,  1 9 3 ) . 1he use  of s c i ence a nd technol ogy to ma i nta i n agri cu l tural 

producti v i ty kept  that sector competi t i ve economi cal ly ,  whi l e  l i nk i ng 
i t  wi th the ma nufactu re of  the chemi ca l s  and mach i nery wh i c h were of 

i ncreas i ng i m portance i n  producti on . 
I denti fyi ng these  l i n kages a nd the s tructures whi ch can best  

expl o i t them a re a con tr i bu t i on agri c u l tura l  and  economi c geogra phers 
can ma ke as they i nvesti g a te the s pa t i a l  structure of the agr i cu l tura l 
sector and the  deci s i on-ma k i ng processes  and i ns ti tuti onal s tructure 

i nvol ved there i n .  LeHeron a nd Wa rr ( 1 9 7 6 )  have poi n ted to the importance 
of expl ori ng these connecti ons i n  rel a ti on to horti cul tural p roducti on 

i n  New Zeal and , a nd the extens i on of  the approach to other enterpr i ses  
wou l d furn i s h  i mporta nt  e conomi c p l ann i ng i n s i g hts a t  a t i me when new 
di recti ons are  bei ng  soug h t .  

The need t o  ma i nta i n  agri cu l ture ' s  producti v i ty arose  from the 
paradox i ca l  p rob l em that the i nvestment i n  domesti c manufac turi ng 
he i g htened the need for i mports of p l a n t ,  equi pment , raw mate r i a l s ,  and  
fue l  ( Heenan a nd Trl i n ,  1 974 , 1 1 3 ) .  A s  i ts o utput wa s not read i l y  
exported to earn  the returns requ i red  to s u s ta i n  these i mports , 
agri cul tura l exports were of i ncrea si n g  i mportance , so l eav i ng  New 
Zea l and a s  a h i g h  per capi ta i ncome country dependent on agr i c u l ture 
( Ki ng ,  1 965 , 1 8 ; Fra n k l i n ,  1 967 ,  9 ) ,  one i ncreas i ng l y ,  not decrea s i ng l y ,  

rel i ant u pon  externa l markets a n d  so  more s ubjec t · to i ns tabi l i ty i n  
the i r  demands and  pr i ces ( Heena n and Trl i n , 1 9 74 , 1 1 3 ) .  The a ttempt 
to generate u nba l anced g rowth has  proven l es s  s ucces sful as t h e  l i nkage 
effects noted by Myi nt ( 1 9 60 )  have not been effecti ve ly  expl o i ted 

( Fran kl i n ,  1 967 , 8 )  becau se of the rel a t i ve i sol at ion  of agr i c u l ture 
from the deve l opment process .  The v i ew of Sears  ( 1 962a ) ,  Ki n g  ( 1 965 ) , 



Johnston ( 1 9 65 ) a nd Cumberl and ( 1 968)  tha t New Zeal a nd ' s  future 

depended u pon promoti ng a gri cu l ture , a nd i ts a l l i ed proces s i ng and 
serv i c i ng i nd u str i e s  i s  borne o u t .  

D i p l omati c efforts to reta i n  and open acces s t o  markets for 
tradi t i onal agr i c u l tural exports can be s een as a neces sary thru s t  

wh i c h  mu s t  b e  bo l s tered by turn i ng t o  a l ternati ve fa rm enterpri ses  

3 6 2  

such  a s  horti cu l t ure ( Cumberl and , 1 968 , 1 3 ; Mora n ,  1 974 , 1 4 7 ) , whi ch 
al so prov i de h i g h-va l u e ,  l ow-vol ume produce . I n  v i ew of  the rel i a nce 

of current farmi ng  pract i ce on i mported p ho sphates whi c h  are ri s i ng 
i n  pri ce a s  Pac i fi c  Ocean sources are dep l eted , fi nd i ng  a l terna ti ve  

enterpri ses  becomes even more i mporta n t .  Acqu i ri ng the  necessary 
producti on a nd p roces s i ng expert i se a l ong wi th the i nd u stri a l  s tructu re 
to expl o i t  favou rabl e markets s hou l d  become the ba s i s for economi c 
resource -a l l oca t i on deci s i on s . �evel op i ng markets for the equ i pment  
devel oped to  keep agri cu l tura l  producti on cos ts l ow wou l d  prov i de an  
outl et  for the manufacturi ng potent ia l  Greated . Research  i nto proces s i ng 
cou l d s im i l ar ly  prov i de techn i ques whi c h  a re .j u s t a s  s a l eabl e i n  
earn i ng roya l ty paymen ts . The benefi ts of agri cul t u ra l  spec i a l i za ti on 
coul d  be transmi tted to l i n ked i ndustri e s  to reduce competi ti on for 
resources a nd emp l oy l abour no l onger requ i red i n  agr i c u l ture 

( Fran kl i n ,  1 967 , 2 ) .  Manufacturi ng need not be di vorced from 
agri cu l ture g i ve n  t he i ncrea sed need for secondary sector  i np u ts i n  the 
l a tter s ector to repl ace l abour and the poss i b i l i ty of establ i s h i ng  

' i ndus tri e s  u s i n g  l ocal agri c u l tural i np u ts to supp l y  worl d mar ket s . 
Rev i ewi ng economi,c pol i c i es i nh i b i ti ng i nvestment i n  e i ther devel opment  
becomes a pr i ori ty .  Contro l l i ng tran sport  cost ,  a maj or component  

i n  export costs , mu st be  cl osel y exami ned , a l ong wi th  marketi ng 
arrangemen ts by whi ch sources of i nvestmen t  cap i ta l a nd experti se  
may be tapped . 

Adj u s tmen t  must  be made i n  the ex i s ti ng ,  spec i a l i zed  program 

devoted to product i on research ;  yet such a dj u stment i s  dependent u pon 
hav i ng s uffi c i ent  forward p l ann i ng to a l l ot scarce research resources , 
notab ly  of personnel , to new fi e l ds  of  endeavour .  I f  the move to more 
horti c u l tural  p roducti on cont i nues as s u ggested ( Cumberl and , 1 968 ; Moran , 
1 974 ) ,  n ew expert i se  has to be devel oped rapi dly u s i ng the exi s t i ng 
base  to mee t  the  new cha l l enges offered . Knowl edge o f  the effect i veness 

of the sys tems of i nnovati on d i ffu s i on wou l d  i ndi ca te means  to 
· di s sem i na te i nforma ti on , techn i ques , and equi pment . The te'chnol ogy 
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needed mu s t  be advanced to offset the conti nui ng s hortage of agri c u l tural 
manpower part i cu l arl y the seasonal type ( L l oyd , 1 974 , 83 ) a s soci a ted 
wi th horti c u l tu ra l  producti on . The cost of acqu i ri ng the necessary 

mach i nery mus t  be offset  by cons i derabl e export potent i a l  to ma ke the 
s h i ft wor thwhi l e .  Devel op i ng proces s i ng potenti a l  appea rs a s  a 

so l ut ion  wh i ch i ncorporates agri cu l tura l producti on advantages  wi t h  
t h e  need to empl oy urba n l abour and devel op i ndi genous manufacturi ng 
to meet worl d demand ( C umberl and , 1 968 , 1 4 ) .  I denti fyi ng  a n d  
s t i mul a ti ng  demand i s  the cruc i a l  rol e o f  marketi ng . A research a spect 
l a rgely negl ected duri ng the period  of Bri ti s h  market predom i nance , i t  
mus t  now a s s ume more i mportance rel a ti ve to produc t ion  res ea rch . The 
transmi s s i on of market-demand i nforma ti on to producers i s  a p roces s  

I 

i n  wh i ch geographers can ma ke a contri buti on . Outl i n i ng contact 
sys tems and the i r  rel a t i onshi p to the spa ti a l  d i s tri buti on of  farmi ng 

systems i s  a necessary component of pl anni ng change and understand i ng 
the ra te a t  wh i ch change can be effected . 

The s tudy of techno l og i cal  c hange can p i npo i n t  the set  of  
ci rcumstances  where i n  progres s was  made . By u nders tand i ng the  
characteri s t i cs of the  techn ica l  and  i ns ti tut i onal s tructures , i t  

becomes pos s i bl e  to i denti fy opportun i ti es to i n troduce technol og i ca l 
a dvances through the mos t appropri a te farm enterpri ses . A powerfu l tool 
for effecti ng  economi c devel opment becomes pos s i b l e  i n  s t i mu l a ti ng  
growth i n  the  agri cu l tura l  sector . Bu i l d i ng l i n kages  wi th p roces s i ng 
i ndus tr i e s  and  producti on-equ i pment  manufactu rers i mparts th i s 

dynami sm to o ther s ectors and e sta bl i shes the po ss i b i l i ty of i n i t i a t i ng 
econom ic  devel opment . N ew Zea l and has  experi enced agri cu l tural  g rowth 
through the  proces s i ng l i nkage wi th  meat  and da i ry exports but  has  
yet  to  bra n c h  to a grea ter extent i nto enterpri ses requ i ri n g  a more 
s ubstanti a l  manufactur i ng  i nput . Turni ng to types of manufactur i ng 
u nre l a ted to  domesti c raw materi a l s a nd o utput  before that s tep i s  

ta ken can be seen a s  a m i sal l ocati on  of resou rces . Exami n i n g  other 
countr i e s • experi ence g i ves New Zea l and dec i s i on-makers the opportun i ty 

to eva l uate the pos s i bl e  outcome of i nves tment dec i s i ons  and governmental  
resource-a l l ocati on  pol i cy j u s t  as New Zeal and • s  experi ence i s  of va l ue  
e l sewhere . Though  i ts economy has  been con s i dered col on i a l  i n  be i ng 

dependent u pon a s i ng l e  market for pri mary p roduce , New Zea l and  i s  an 
i ndependent s ta te whi ch enjoys a h i g h  per capi ta i ncome a n d  · i s  v i ewed 
a s  devel oped on the worl d sca l e ( Rutherford et al . 3 1 966 , 1 1 ) .  
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Accord i ngl y ,  i ts economi c devel opment provi des some i nforma t i on to 
l e ss -devel oped  former col oni es . Though  the h i s tori ca l ci rcumstances 

may not be repea ted , i denti fyi ng components of the deve l opment proces s  
does prov i de i ns i g h t  i nto the pl anni ng req u i red to i mprove the i ncome 
pos i t ion  of s i mi l a r l y  dependent economi es whi ch  s hare New Zea l and ' s  

scal e l i m i ta ti on d i ffi cu l ti es . I n sofar a s  geogra phers rel a te spati a l  
analys i s  to s tructures wi th i n  the economy and to the technol ogi cal 
env i ronment  t hey can contr ibute to such nati onal  economi c p l anni ng . 

CONCLUDI NG R EMARKS 

Thi s concl ud i ng chapter has concentrated on a rev i ew of  change 
effects s een  i� New Zea l and ' s  agri c u l tura l  devel opmen t and the probl ems 
and pos s i b i l i ti es offered by change to the geography of man- l a nd 
rel at ions h i ps i n  the context of areal s tud i es and spati a l  organ i za ti on . 

The opera t i on  of the s tructures i n  the producti on envi ronment  have an  
i mporta n t  i nf l uence on  the  cons tra i nts offered i n  the  p hys i cal  
envi ronmen t  where agr i cu l ture i s  concerned . Man ' s  appra i s a l  of the 
envi ronmen ta l resources  i s  condi ti oned by the i n teract ion  of preference 
economi c ,  i ns t i tuti ona l , and techn i ca l  s tructures . Learn i ng ,  through  
t he appl i ca t i on of those structural i nfl uences in  product i on , can  
produce new appra i sa l s and generate demands for  adj u s tment i n  the 

producti on  envi ronmen t  s tructures . A v i ew over time of the s equence of 
spati a l  p atterns pre sent  mu s t  i ncorpora te the no ti on that there are 

changes g o i n g  on i n  the structures produc i ng the patterns observed . 
As Chamberl a i n  ( 1 968 , 6 )  noted , the present  i s  i ndeed � comb i na ti on  of 
past exper i ence and future expecta t i on s . The change can be deri ved 

both from wi thi n the  area concerned � as  l earni ng  occurs wi th i n that 
res tr i c te d  env i ronment , a s  wel l a s  from wi thout .  The model  of farmi ng 
devi sed by O l mstead ( 1 970 )  serves as a u seful  gu i de to the po s s i b i l i ti es 
present i n  determi n i ng the sources of c ha nge and the rol e of the 
producti o n  envi ronmen t  s tructures . 

I t  h a s  been ob served i n  th i s d i s serta t i on that sci ence and 
technol ogy have been i mportant  i n  contri bu ti ng to the techn i cal  
structure and so enabl i ng producers to enj oy the l i fti ng  of parti cu l ar 
constra i nts  by the a pp l i ca ti on of  new techn i q ues a nd equ i pmen t .  

I dent i fyi ng  the con s tra i nts removed , those  s ti l l  opera ti ve , and  thei r 
rel ati ve  i mportance i s  a means  to p redi c t  future trends i n  a nd pos s i b l e  
spat i a l  o u t comes for the types o f  producti on  most i nfl u enced . The 
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i ntroducti on of refri gerati on  brou g ht change to  these  �truc tures . 
The reappra i s al o f  the product i on env i ronment brought  i n ten s i ve l i ve
s tock product ion  ba sed u pon gra ss l and to the fore . W i thi n tha t 
env i ronment da i ry i ng di sp l aced s heep produc tion , and l amb and  mu tton 
producti on d i sp l a ced extens i ve wool and gra i n  product i on . Here wa s a 

s pa ti a l  component to economi c s tructure change . I t  wa s accompan i ed by 
spati a l  change i n  both i ns ti tut i ona l and  p reference . s tructure and  the 

techni cal  s tructure whi c h was d i rected to s upport i t .  Ev i dent l y ,  a 
mea sure of an  i nnov� ti on ' s  i mportance i s  the number of  structures  
di s turbed by the  change accompanyi ng i t .  The extent of change wi th i n 
those s tructures rema i ns a s u bj ecti ve measure but  the occurrence 

i tse l f of change i s  evi dence of some impact whi ch can be empl oyed as a 
mea sure of i nnov a t i on i mportanc e .  

The pa ttern of  change i n  New Zea l and  agri cul tu re a ppeared a s  one 
of fo l l owi ng a p i oneeri ng pattern . The wi de d i s persa l  of a number of 

farm enterpri ses  fo l l owed change . Wi th l earni ng came a grea ter 
concentrat ion  as producti on  env i ronment  advantages were i denti fi e d  and 
acted u pon i n  accord wi th the concept of O . E .  Baker ( 1 9 21 ) .  I n  

agri c u l ture ' s  ca s e  thi s env i ronment a l so i ncl u ded the con s tra i nts of 
the p hys i ca l  env i ronment . Subsequent i nnovat ions  produced a s i mi l ar 
effect i nsofar a s  they reduced cons tra i nt s  and crea ted an  a l tered 
producti on envi ronment harbouri ng unknown advantages and d i sadvantages . 
However , a gra du a l ly  decrea s i ng i nnova ti o n  i mpact appeared a s  structures 
other than the techni cal s tructure s tabi l i zed wi th export market 
s tab i l i ty .  The  techni ca l  s tructu re was s een to  hav e  focused on  
i mprov i ng the  performance of  the  product i on  systems wi th i n the other  
ex i s t i ng structures . Pa s ture topdres s i ng  and  other ·forms of so i l 
amendi ng  produced change wi th i n  the framework of those s tructures and 
created change s p a t i a l ly  a s  var i ous con s trai nts wi th thei r own s pat i a l  

di s tri bu ti ons were l i fted ; yet , on  aggregate , the outcome was general  
s tab i l i ty .  Wi th the aeri a l  topdress i n g  i nnovat ion fewer farmi ng 
systems were i nvol ved and the outcome was a transfer of a s pe cts bf 
more i n tens i ve l i ve stock farm i ng sys tems tb l ess  extens i ve sys tems- -a  
bl urri ng of  d i fference ra ther than a majo r  change to  ei ther system . 

I n  such a s i tuati on technol ogy i s  transferred between farmi ng 
sys tems , through  s uccessfu l  adopti on and adapti on . Th i s opens u p · the 
prospect of further change to both the reci p i ent  and donor systems a s  
s im i l ar i t i es deve l oped a l l ow reci proca l transfer to  become pos s i bl e .  
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The tra n s fer of pasture topdre s s i ng i n  the 1 9 30s to s heep farmi ng 
through  the economi c s tructure wh ich  s ugges ted  the adopti on of 

da i ryi ng to offset decrea sed returns from woo l  and mea t i s  a n  
i l l u s tra t i on of  s uch  a proces s .  The d i fference between da i ry cow and 
breedi ng  ewe demands  l ed to concern wi th g ra s s l a nd farm i ng techn i que s , 
i ncl ud i ng pa s ture topdres s i ng ,  i n  wh i ch l amb- reari ng farmi ng sys tems 

had prev i ou s l y  s hown l es s  i n teres t .  Subsequent economi c s tructure 
changes l ed to i ncrea sed speci a l i za t i on wh i ch aga i n  s epa rated the two 

enterpr i se s  bu t the  techn i ca l  s tructures had  been mod i fi ed through  
contact a nd i m i tat i on . 

Effecti ng s uch  tran sfer cou l d  be a pol i cy dec i s i on by government . 

Understa nd i ng , the contact sys tems present and  the s truc tures opera ti ve 

i n  the farmi ng sys tem become i mportant con s i derations i n  wh ich  geogra
p h i c  knowl edge of s pa ti a l  organ i zati on mu s t  p l ay a s i gn i fi cant  ro l e .  
Area s tud i es can prov i de detai l ed accounts of  the opera t i on of 
s tructures wi th i n  a s pec i f i c  producti on env i ronment wp i l e  s tud i es of 

spati a l- organi zati o n  outl i ne the processes whereby the opera ti on of 
the s tructures i s  transmi tted to producers a nd trans l a ted i n to l oca t i on 
deci s i on s . I n  so i denti fyi ng spati a l  pa tterns , the rea l  s i g ni fi cance  
of  the  boundar i es , often i mp l i c i tly  defi ned i n  proposed governmenta l 
measures , becomes apparent  and the pos s i bl e resul ts of  those mea s u res  
pred i cted . Where government i nvol vement i n  the  economy. i s  a s  i mportant 
a s  i n  New Zea l and  there mus t  s ure ly  be an i nterest i n  en suri ng tha t 
pl anni ng measures  do ta ke account  of the s pa t i a ]  rea l i ti es wh i c h a re 
the geographer • s  central concern . 



367 

FOOTNOTES 

1 .  Spat i a l  process compri ses  ' mechani sms whi ch produce the spa ti a l  
s tructures of  d i s tr i buti ons ' .  Spa t i a l  s tructure i s  the  ' i nternal 
re l a ti ve l oca t ion ' ,  that i s ,  ' the l ocati o n  of each e l ement i n  a 
s pa t i a l  d i stri buti on to each of  the others , and the l ocati on of 
eac h  el ement rel at i ve to a l l the others ta ken together ' .  (Abl e r ,  
e t  a l . , 1 9 7 1 , 60 ) . 

-

2 .  The c a l cu l at ion was performed u s i ng the I BM System/360 sc i enti fi c 
s ubrou t i ne packa g e ,  vers i on I l l ,  ana lys i s of vari ance program 
( I BM ,  1 9 70 , 422-42 5 ) . The a s s umpti on made was tha t the u se of 
fert i l i zer wa s a dec i s i on made i ndependently  of past  u se .  Thi s i s  
pos s i b l e  s i nce farmers are not requ i red to carry s tocks  of soi l 
amendments from year to year , a nd so are not bound to empl oy them. 
Au tocorrel ati on i s  so removed a s  a cons i deration . The error factor 
i s  d er i ved by u s i ng the i nteract ion of the soi l -amend i ng method , 
year , a nd l a nd d i s tri ct vari ab l es and a s s umi ng tha t they acted 
i ndependently ( a s u ppos i ti on borne out by the a bsence of s i gn i fi cant 
i n te rac ti on between any two of them ) . 

3 .  The l i tera tu re revi ewed here compri ses  not only that u sed i n  the 
d i s s ertat ion  i tse l f but a l s o  arti c l es i n  geograph i ca l  pu bl i cat i on s  
a nd  boo ks on  New Zea l and ' s  agr i cul tural geography , t hat  were not 
of d i rect rel evance . Di s serta ti ons have been ci ted on ly  where 
they dea l  wi th a top i c  not men ti oned el s ewhere . Where a substan t i a l  
number o f  references are c i ted o n  a parti cul ar poi nt  they are 
i nc l uded i n  the foo tnotes to a vo id  c l u tter i ng the text ;  otherwi se  
the references a ccompany the poi nt made . 

4 .  Duc kham , 1 93 2 ,  1 07 - 1 09 ;  Bucha nan , 1 935 , 4 1 ; Hami l to n ,  1 947 , 1 49 ;  
Cumberl and , 1 948 , 46 ; Curry , 1 962 ,  1 74 ;  Sears , 1 962a , 6 7 ;  Fi e l d i n g ,  
1 96 3 , 1 63 ;  Lewthwa i te ,  1 964 , 68-69 ; F i e l d i ng ,  1 965b , 8 9 ;  Johnston , 
1 96 5 , 1 56 ;  Ru therford , et al . , 1 966 ,  1 37 ;  Cumber1 a nd , 1 968 , 8 ;  
Symons , 1 97 2 ,  1 23 ;  Lau t ,  1 973 , 395 ; Gri gg , 1 974 , 1 89 ,  201 ; Moran , 
1 97 4 , 1 25 ;  Anderson , 1 97 7 , 78 . 

5 .  Cumber l and , 1 944 ; Cumber1 and  a nd Fox , 1 96 2 ;  McArthur a nd Sanderson , 
1 968 ; Cri tchfi e l d ,  1 969 ; Nason , 1 97 5 .  

6 .  The references i n  Footnote 2 mention th i s pa ttern . 

7 .  Cond l i ffe , 1 933a ; Cumberl and  a nd Hargreaves , 1 95 5 ;  H i l l , 1 962 ; 
Wa t ters , 1 965 . 

8 .  Hargreaves , 1 96 0 ,  1 963 , 1 965 ; John s ton , 1 961 ; Lewthwa i te ,  1 964 , 61 . 

9 .  Buchanan , 1 935 , 54 ; Hami l ton , 1 947 , 1 49 ;  Cumber1 and a nd Fox , 1 96 2 ;  
McCa s k i l l , 1 966 , 284 ; McArthur and Sanderson , 1 968 , 4 9 ;  Harr� . 1 969 ; 
Key s , 1 969 ;  Dobson , 1 97 2 ,  3-4 ; Watson a nd Can t ,  1 97 3 ;  Lewthwa i te ,  
1 964 , 68- 70 ;  Mora n , 1 974 , 1 46 .  

1 0 . Buc hanan , 1 935 , 3 7 ;  Cumberl a nd , 1 948 , 50 ; Lewthwa i te ,  1 964 , 6 3 ;  
Hargreaves , 1 96 5 , 1 27 ;  Johnston , 1 965 , 1 56 ;  Rutherfo rd e t  al. , 1 966 , 
1 39 ,  1 42 ;  Cumberl and , 1 968 , 8 ;  Symons ," 1 97 2 ,  7 2 - 7 3 ; Hearn a nd 
Har g reaves , 1 9 74 , 80 ;  Mora n , 1 97 2 ,  1 24 .  
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1 1 . McArt h u r  and Sanderson , 1 968 , 49 ; Bew1 ey ,  1 970 , 4 1 ; Row1 ands , 1 9 7 1 , 
1 63 ;  Dobson , 1 97 2 , 3 ;  Lau t ,  1 97 3 ,  353 ; Gri g g ,  1 974 , 1 9 5 ;  Naso n ,  
1 97 5 , 6 5 .  

1 2 . Buchana n ,  1 93 5 ,  37 ; Cumber 1 a nd ,  1 948 , 50 , 53 ; Hargreaves , 1 965 , 
1 28 ;  Ru therford et aL . � 1 9 66 , 1 39 ,  1 4 2 ;  McArthur and Sanderson , 
1 968 , 49 ; Row1 ands , 1 97 1 , 1 60- 1 61 ; Symons , 1 972 , 1 24 ;  Gri gg , 1 9 74 , 
1 99 .  

1 3 . Buchanan , 1 9 35 , 5 ;  Cumber1 and , 1 948 , 50 ; Johnston , 1 962 ; Rutherford , 
et a L . � 1 966 ,  1 39 ;  Row1 ands , 1 97 1 , 1 6 2 ;  Symons , 1 972 , 1 28 ;  Smi t ,  
1 97 3 ; Smi t ,  l 97 5a , 1 975b . 

1 4 .  Buchanan , 1 935 , 62-63 ; Bewl ey , 1 970 ;  Rowl ands , 1 9 71 , 1 58 ;  Lau t ,  
1 9 73 , 353 . 

1 5 .  Sear s , l 9q2a ,70 ; Cumber1 and , 1 9 68 , 8 ,  1 3 ;  Symons , 1 97 2 , 85 ; Gri gg , 
1 9 74 , 284 . 

1 6 .  Cumberl and and Fox , 1 962 , 4 7 ;  Johnston , 1 965 , 1 59 ;  Symons , 1 9 7 2 , 
85 ; L a u t ,  1 973 , 359 ; Gri gg , 1 9 74 , 1 89 ;  Mora n ,  1 9 74 ,  1 24 - 1 25 . 

1 7 .  Cumber1 and ,  1 948 , 50 ; Lewthwa i te ,  1 964 , 80-83; Johns to n ,  1 965 , 
1 59- 1 60 ;  Cumber1 and , 1 968 , 8 ;  McArthur and  Sanderson , 1 968 , 49 ; 
Lau t , 1 97 3 ,  359 , 405 ; Gri g g ,  1 974 ,  200-201 . 

1 8 . Bu cha na n ,  1 935 , 57 ; Cumber1 and , 1 948 , 50 ; Lewthwa i te ,  1 964 , 7 2 ; 
John s to n ,  1 965 , 1 60 ;  Rutherford et aL . �  1 966 , 1 66 ;  Cumberl and , 1 968 , 
8 ;  Bewl ey , 1 960, 39-40 ; Dobson , 1 972 , 5 ;  Gri gg , 1 9 74 , 200-201 . 

1 9 .  Buchanan , 1 935 , 54 ; Hami l ton , 1 947 , 1 4 5 ,  1 50-1 51 ; Curry , 1 9 56 ,  52-53 ; 
Sea r s , 1 962a , 67 ; Curry ,  1 9 62 , 1 83 - 1 84 ;  Rutherford et aL . � 1 9 66 , 
1 57 ,  1 60 ;  Lewthwa i te ,  1 9 64 , 69-70 . 

20 . McArthur  and Sanderson , 1 968 , 49 ; Laut ,  1 97 3 ,  394 ; Gri gg ,  1 9 74 , 201 ; 
Moran ,  1 974 , 1 25 - 1 27 ; Anderson , 1 97 7 ,  78 , Buchanan , 1 935 ; Cumberl and , 
1 948 ; C umberl and a nd Fox , 1 962 ; Curry ,  1 96 3 ;  Na son , 1 97 5 .  

21 . Dob son , 1 9 72 , 4 - 5 ; Symons ,  1 9 7 2 ,  1 23 ;  Watson a n d  Cant , 1 9 7 3 ,  1 67 ;  
La u t ,  1 973 , 395 ; Nason , 1 975 , 21 , 68 . 

22 . J o hn sto n ,  1 965 , 1 58- 1 59 ;  Murray , 1 967 ; Cumberl a nd ,  1 968 ,  8 ;  La u t ,  
1 97 3 , 395 ; Anderson , 1 97 7 , 78 . 

23 .  F i e l d i ng ,  1 963 , 1 65 - 1 66 ; Broc ki e ,  1 9 56a , l l 0 ;  Brock i e ,  l 9 56b ; Murray , 
1 96 7 . 

24 . Sea rs , 1 962a , 7 0 ;  McArthu r and Sanderson , 1 968 ,  5 5 ;  La u t ,  1 9 73 , 
358 . 

25 . Hami l ton , 1 947 , 1 49 ;  Brock i e ,  1 958 , 20 ; Laut ,  1 9 73 , 3 54 -355 , 358 . 

26 . F i e l d i ng ,  1 965b , 9 1 ; Cumberl and , - 1 968 , 1 3 ; Symons , 1 972 , 90 ; 
Na son , 1 975 , 2 7 .  



27 . Sears , 1 96 2a , 70 ; Cumberl and , 1 968 , 1 2 ; McArthur and Sanderson , 
1 968 , 55 . 

28 . F i el d i ng ,  l 965b , 88 ; Watters , 1 965 , 204 ; Frank1 i n , 1 9 69b , 53 . 
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