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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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Fi nal ly , the l a bour  o f  my wi fe ,  An gel a ,  must b e  recogn i zed . 
Her conti nued s u pport and effort i n  prepari ng  the many drafts of the 
text have enabl ed me to fi nis h this d issertat ion . I t  cou l d  no t have 
been done wi thout her .  
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