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ABSTRACT 

This thesis provides a defini t i on of relative nutrient effici ency 

( RNE) by which speci es and strains of pasture plants can be different iated 

in a quantifiab le manner according to  the shape of the ir  response surface 

to applied nutri ents . Attent i on is drawn to  the fact that RNE is  under 

genetic  control and to the p robabili ty  that no single casual mechanism 

controls RNE because of the interdependence of plant physi ological  p rocesses. 

Experiments are reported i nvesti gating the RNE of strains of 

Yorkshi re fog ( Holcus lanatus 1.), perennial  rye grass ( Lolium perenne L . ) , 

Lotus pendunculatus Cav . ( Syn �· uli ginosis Schkuhr . ,  L. maj or Sm. ) and 

whi te clover ( Tri folium repens 1.). Ini tial  experiments examined a number 

of strains of each speci es for their  RNE in response to N for the grasses 

and P for the le��es . Subsequent experiments compared strains of both 

grass species in  response to  N and le gume speci es in  response to  P together 

'.-li th the effects of climate . Heasurements were made of dry mat ter yi elds , 

shoot:root rati os, N absorp t i on and utilizati on ,  and in addi t ion for 

le�wnes the ir  N fi xing activi ty and P absorpt ion and ut ilizat i on .  

A final experiment examined c li matic paramaters affecting RNE of  tvlO 

strains of whi te clover in response to P and thei r relative abili t i es to 

remoboli z e  and re-uti li ze N and P in  younger compared to older t issue . 

Results of a l l  experiments showed differences in RNE among strains of 

each speci es .  They also showed that RNE is dependent upon climate , wi th hi gh 

RNE generally being exp ressed under conditi ons most  fa'!ourable for maximum 

growth .  

A bred strain of Yorkshi re fog  - Massey Basyn, 1·1as found t o  provide  

hi gh yi elds relative t o  others at low levels of N .  This was attributed to  

i ts greater ability t o  absorb and utilize N .  Among p erennial ryegrasses 

Jvlangere strain possessed lm.r RNE under a 1 5/1 0°C day/night temperature and 

200 vlm
2 

li ght intensity due to  i ts inabi li ty to absorb N through restricted 

root development . Comparison of the most efficient strains of Yorkshire 

fog  and p ere1mial ryegrass showed that they  did not differ in RNE and i t  

i s  concluded that the 'low fert i li ty' c lassificat ion of Yorkshi re fog  

is unwarranted . 

The ini t ial experiment wi t h  Lotus identifi ed strains differing i n  RNE 
but this finding was not confi rmed i n  the subsequent experi ment . A strai n  of 

whi te c lover  from the Netherlands (Tamar) v1as found i n  two experiments to  have 

hi gh RK2 through providing high yields at medium to hi gh levels of P .  In the 

final experiment where Tamar was compared vli th  Huia whi te clover ,  i ts greater RNE 



i i i  

was due t o  a greater abi l ity t o  absorb and uti l i ze N and P,  to  remobol i ze 

N and P from o lder to younger t i s sue and to mobol i ze so luble sugars  from 

shoot s to root s .  

Compari son o f  the most effic ient strains o f  white  c lover and Lotus 

showed that  the former re sponded better  to high level s of P .  

I t  i s  conc luded from thi s series  o f  experiment s that genet i c  variabi l ity 

exi st s among the speci e s  studied and t ha t  the ir di ffering RNE could be 

explo i ted to bring about economie s in t he use of fert i l i zer s .  
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SECTION 1 

INTRODUCTION AND OBJECTIVES 

1 



New Ze a l and ha s a temper ate c l imate we l l  suited to gra s s l and 

farming .  The mo st important s ingle fa ctor l imiting the atta inment of 

l e ve l s  of pa sture product ion s e t  by c l imate i s  the ava i l a b i l ity of s o i l  

n itrogen . Because o f  the high cost o f  arti f i c ia l  n i trogen in re lation 

to the r etur n s  r e a l i sed for anima l s  product s ,  New Ze a l anci ha s e vo l ve d  

a gra s s l and f arming system dependent upon the f i xati on o f  nitr ogen b y  

the symb i o s i s  betwe en c l over p l ants and Rh i z o b i a  bacte r i a  and its  

uti l i zation by a s soci ate d gr a s s e s  with a highe r yi e l d  potenti a l .  T he 

phi l o sophy behind thi s sy stem ha s been de scr i be d  by Sea r s  in  a se r i e s  

o f  a rti c l e s  (S e ar s ,  1 9 5 3 ) and b y  Wa lker (1 9 5 4 ,  1 9 5 6 )  and Jackman 

(1 9 7 1 a, 1 9 7 1 b ) .  It nee d s  no r e - iterati on he re . 

The att a inment and ma intenance o f  high gra s s /c l o ve r  pa stur e 

pr oducti on i s  dependent upon f our ma in f actor s : -

2 

1 .  The u s e  of suita b l e  spe c i e s and str a i n s  o f  gr a s se s  and c l over s .  

2. The cor rection o f  mine r a l  nutr i ent d e f i c i enc i e s .  

3 .  Suita b l e  gra z ing management . 

4 .  Contro l o f  in sect d i se ase s and pe sts . 

I n  mos t  pa rts o f  New Zea land white c l over ( Tr i fo l i um repens L . ) 

c v  Gra s s lan d s  Huia ha s been f ound to be the mo st succe s s ful  c l ove r 

spec ie s and cultivar . Und er f avour a b l e  cond i t i on s o f  Pa lmer ston North , 

for e xampl e , Sear s et a l  (1 965 ) recorded l e ve l s  of 6 7 0kg/ ha /year of 

n i tr oge n (N) f i xed by whi t e  c l o ver grown a l one or with gra s s  >vhe re  

he r bage vla s c ut and removed. I f  c l ipp ing s were returne d the rate of 

f i xation w-a s reduc ed to 3 5 0kg / ha /y e a r  but with an incr e a s e  in the rate 

of ac c�mu l at i on of so i l  n i troge n .  White c love r has b e en f o und to be a 

producti ve and per s i stent l egume under c l o s e  and cont i nuou s  gr az ing . 

P e r enni a l  ryegr a s s  (Lo l i um perenne L . ) cv Gras s l and s Ruanui i s  the 

standard gra s s  spec i e s  and cul t i var1 grown in N'=w Zea land . It is not 

on l y  high y i e l ding b ut ha s the attr i bute s o f  perenni a l i ty ,  ab i lity to 

pe r s i st und e r  r e l at i ve ly he avy tre ading and continuous gr az ing ,  and i s  

capa b le o f  re spondi ng we l l  t o  h igh l e ve l s  o f  a va i l abl e soi l n itrogen . 

It i s  c omparab l e  with white c l ove r under suitabl e  grazing management 

and adequate topdr e s s ing . 

1 .  In  thi s s tudy a nurr.be r o f  c ult i va r s  and nat·ur a l  ecotype s are 

e xamined and to aid pre sentation they wi ll be co llective l y  referred 

to a s  1 stra i n s  1• 



; 
3 

Given the most suitable spec ie s and strains of gras se s and c lovers , 

the remaining means avai lable to  farmers to increase pas ture production 

are topdres sing and graz ing management . The control o f  pe s t s  and di sease s 

i s  important in the maintenance of  pasture production rather than i t s  

increase , and wi l l  not be dealt  with  here. 

Graz ing management is dependent upon the individual ski l l  of  the 

farmer in ut i l i sing exi s t ing knowledge to be st opt imize  the requirements 

of pasture s on the one hand and stock feed requirements on the other.  

Apart from sub-divi sion and expenditure on extra stock , managerial  

requirement s for capital input s are low. Management is  the means whereby 

a farmer can real i se the pot ent i a l  for high product ion set by c l imate ,  

s pec ie s and strains o f  gras se s and c lovers and by the l eve l o f  so i l  

fer t i l ity - whether natural or brought about by topdre s s ing . 

Topdres s ing i s  recognised as  t he most powerful too l in the hands of 

the farmer for increasing pa sture production. In general terms E l l iot 

( 1 968)  has drawn attent ion to the s trong re lat ionship between the level  of 

l ive stock production in New Zea land and the level  of  topdress ing with 

superpho sphate  - pho sphorus ( P )  being New Zealand ' s  mos t  def ic ient 

maj or plant nutrient apart from N. In more spec ific  t erms thi s is wel l  

i l lustrated in experiment s with superphosphate by Kar lovsky ( 1 966 ) 

under the mowing and c l ippings return technique and in terms of pa s ture 

and animal product ion by Scott  ( 19 68 ) .  Where potas sium (K) is an 

addit iona l l imiting factor increas e s  in butterfat product ion fol lowing 

i t s  app l icat i on have been demons trated by Smith ( 1964) . Where sulphur 

( S ) , ( the remaining maj or nutr ient deficiency of signif icance ) i s  

l imit ing , increase s in pa sture yie ld s  following i t s  app l ication have been 

reported by Ludecke ( 1 965 ) .  

Increas e s  in pasture product ion fol lowing topdre s s ing are l argely 

through the st imulat ion of  c lover growth and N fixation and the release 

of N to  as soc iated gras se s .  The demands for the maj or nutrients 

required in New Zealand agriculture are high because ,  in  a compet i t ive 

s ituation ,  grasses  are more e f f icient 'in extracting avai lable P 

( Jackman and Mouat , 1 97 2 ) , pota s s ium (During , 1�72 )  and sulphur (Walker ,  

1956 ) than are c lovers .  Thus t he key  t o  the success  of  New Zealand ' s  

gra s s /clover economy and the chief means ava i lable to increase i t s  

production i s  t o  f i t  the s o i l  t o  t he requirement s o f  c lover plant s by 

topdre s s ing . 

Iri a crit ical review of  the gras s /clover pas ture and symbiotic N 
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f i xation Jackman ( 1 97 1a ,  1 9 7 1b )  reached the conclusion t hat '· · biological 

re search aimed at improving the potential of grass c love r  pasture 

sho�ld start with work on mineral  nutrit ion of clover s ' .  He forme d  

this conc lusion (us ing P requirement s a s  an i l lustrat ion )  on the ba si s 

t hat gra s s e s  are more efficient in ab sorbing available P than are 

c lover s .  Thi s weakens the abi l ity of c love r s  to compet e  for l ight energy 

in the mixed sward . Reduced l ight intercept ion by c love r s  reduce s 

t he ir production of pr�to synthate s ;  thereby compounding the problem a s  

they cannot then make adequate root growth and compet e  with gra s se s for 

available nutrients and moi stur e .  

Thi s  conclusion o f  Jackman's i s  in effect a sugge s t ion that t he 

nutrient requirement of pasture  p lant s (and c lovers in part icular ) 

should"be fitted more closely to the pre sent leve l s  of soil  fert i l ity 

rather than adj usting soil fert i l i ty .to the requirement s of pre sent ly 

avai lable plant mater ial . In economic terms this makes s ense . Sown 

pastures in New Zea land are generally regarded as be ing permanent 

when adequately topdre ssed and managed , and what l it t le experimental 

e vidence is avai lable ( Scott , 1 97 1 )  support s  thi s opinion . Topdre ss ing 

i s  a recurring annual expenditure if high leve l s  of production are to 

be mainta ined ( Saunders et al , 1 963 ;  Scott & Cul len , 1 96 5 ;  Kar lovsky , 

1 966 ) .  Seed co st s of more e f f icient strains of  gra s se s  and c lover s 

( should t hey be avai lable ) would  be unl ike ly to be more  than current ly 

avai lable strains . Thus any greater degree of  eff iciency in mineral 

nutrit ion that could be obtained would re sult  in a sub stant ia l  saving 

in money spent on fer t i l iser in New Zealand if current leve l s  of pasture 

production are to be maintained . Alternat ive ly much greater agricultural 

production could be obtained t hrough the u se of more  e f f icient strains 

if current leve l s  of fert i l i ser app l ications are cont inued .  

Further . justif ication for r e search into improved  mineral nutrit ion 

o f  pa sture p l ant s l i e s  in the current prospect s of rap id ly r i s ing 

fert i l i se r  price s .  New Zealand's re source s  o f  high grade  phosphat e  

rock i n  Nauru and Chri stmas I s lands are rapidly dwindl ing . Already 

p lans are in train to ut i l i se re sources  of B grade rock on Chri stmas 

I s land - a material requiring benef iciation by heat treatment before it  

is  suitabl e  for manufacture into superphospha t e .  Thi s wi l l  re sult in 

higher cost s of production .  S o  too wi l l  the increas ing need to purchase 

phosphate  rock on the higher priced world  market . F ina l ly ,  the 

increas ing pr ice of o i l  is l ike ly , in the for seeab le  fut ure , to continue 

t o  r i se and bring about increa se d  transportation co st s o f  rock phosphate 
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to New Zealand . 

It  i s  b ecoming increa singly apparent that phosphate  applied to 

New Zea land soi l s  is ei ther direct ly or indirect ly contribut ing to the 

eutrophicat ion of  waterways (Syers , 1974) . Any reduction t hat can be 

brought about in phosphate topdre ssing through the use of p lant s which 

are more e f f icient in extract ing and uti l i zing so il  and app l ied P would 

be of  considerable·value in al leviat ing thi s problem. 

I t  wa s on the basi s of the economic and environmental  needs and 

Jackrnan ' s  j us t i f icat ion in a technica l sense that the objective s  of thi s 

study were se lected . They were a s  fo l lows : -

!. To identify grasses  and legume s  efficient in taking up 

ava i lable so i l  nutrient s (N and P )  and in ut i l i zing them 

• for the product ion of dry matter . 

2 .  TG examine possible mechani sms control l ing nutrient 

effic iency to provide a d irect basi s for plant breeding . 

From the foregoing discussion it can be seen that a study of the 

nutrient e f f iciency of legume species  was an obvious choice . ,  In 

addit ion it  was decided to study some grass  specie s for t he fo l lowing 

reasons : - ( a )  As wi l l  be di scussed in a later section t here are 

pre sently no strains of legume s species  recogni sed for t he ir  superior 

nutrient efficiency . Should thi s study fai l to meet i t s  ob ject ives  

with legume spec ie s the po ssibi l ity of  progress with gra s s  spec ie s 

appears greater in view of the f inding s of workers at Aberystwyth ( see 

Experiment 2 ) .  Identif ication of mechani sms control ling e fficiency in 

grasse s could we l l  be useful in subsequent studie s of legume specie s .  

( b )  The ident if ication o f  specie s and strains of grasse s with a 

greater abi l i ty to  absorb avai lable soil  nitrogen would not only result  

in a d irect increase in  production but  also  result in  an indirect 

increase through the more complete removal of ava i lable ni trogen and 

a re sultant stimulat ion of nitrogen fixing act ivity by legume s  (Wa lker , 

1 954) . 

Whit e  clover and perennial ryegrass were selected for study because 

they form the bas i s  of New Zealand ' s  pastoral production .  Greater 

birdsfoot trefo i l , Lotus pendunculatus Cav. ( Syn . �· uligino sis  Schkuhr . ,  

L .  major Sm. ) was selected because ( a )  it shows persistency under 

condit ions of low fert i l ity (Levy , 1 925 )  and ha s the abi l i ty to  compete 

for low leve l s  o f  avai lable nutrient s (Mouat , 1 957 ) .  During the course 

of thi s programme of research Brock ( 1 973 ) has produced evidence to  show 
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thi s i s  in fact true . Under low pho sphorus input s he found Lotus 

pendunculatus (Grass lands 4705 , te traploid ) to yield 30% more  dry matter 

than whi te c lover (Gras s lands Hui a ) .  Under high P input whi te clover 

yielded 30% more than L. pendunculatus . A compari son of  Lotus wi th  

white c lover , a spec ies  recognized t o  have a high fert i l ity requirement , 

could provide useful information once it i s  e stabl i shed that strains 

exhibit ing high nutrient efficiency are be ing compared . ( b )  Lotus 

ha s been shown to po sse ss  a high y i e ld potent ial  ( Suckl ing , 1960) , 

part icularly under wet condit ions and on shady face s (Levy ,  loc . c i t . ) .  

However even under dry autumn conditions, Brock ( loc . ci t . )  ha s obtained 

better growth of Lotus than of whi te clover . 

Yorkshire  fog (Holcus lanatus L . ) was se lected a s  a second grass  

for  study because ( a )  it  i s  recogni sed as  a spec ies per s i s t ing under low 

fert i l ity condi tions ( see Exper iment 1 ) ,  and as in the case of legume s 

stated above , a compari son of a so-cal led ' low fert i l i ty '  to lerat ing 

spec i e s  with a ' high fert i l ity ' demanding spec ies  such a s  perennia l 

ryegras s  would be of va lue provided it i s  known that strains exhibiting 

high nutrient effic iency were be ing compared for each spec i e s .  ( b )  I t  

has a lready been demonstrated that Yorkshire fog has a good growth 

potential  compared to perennial ryegra s s , r e sul t s  of which have recent ly 

been reported by Jacque s ( 1 974) and by Watkin and Robinson ( 1 974) . 

Superphosphate  i s  the main ferti li ser app l ied to New Zealand 

pa sture s .  For this reason e ffic iency in ab sorpt ion and ut i l i zation of 

P was se lected for study with both gras se s and c lover s .  Because o f  the 

dependence of  grasses  on avai lable soil  N the experiment s with gra s ses  

inc luded N as  a treatment . 

Init ial  ' screening ' exper iments:were conducted in the glasshouse 

wit h  a number of stra ins of each spe c ie s  to provide a ba s i s  for se lection 

of strains for study in later experiment s .  Thi s was to enable the 

conduct of more preci se exper iment s through a reduct ion in number of  

strains examined and to ensure tha t  the most efficient of  each strain 

was to be compared in the inter spec if ic comparisons .  

Legume and grass spec ie s have di fferent c l imatic  requirement s for 

opt imum growth (Langer , 1 97 2 ) .  Thus  the product ion of photo ­

synthe sate i s  dependent upon climate and a s  it  varies  so  too doe s the 

abi l ity of  p l ant s to absorb and trans locate nutrients and ut i l i ze them 

for the production of dry matter . For thi s reason the interaction of  

spec ie s and s trains in their nutr ient efficiency according to c l imate 



7 

was studi ed under controlled envi ronmental conditions . Thi s was done 

after comp leti on of screening experiments c onducted in the glas shouse . 

As the p rogramme of research developed i t  was found de s i rab le i n  

the interests of experi mental preci sion to re strict the final exp eri ment 

to a study of two strains . Wni te clover was selected because of the 

difference s  i n  nutri ent efficiency found in one experiment and because 

of its i mp ortance to New Zealand agri culture . It was the aim of thi s 

experi ment to investi gate possible mechani sms control ling effi c i ency. 

The possibi lities  were wide and the ' source- sink '  concept was selected 

f or examination . Justi f i cati on for thi s choice  wi l l  be given in  the 

introducti on to E xperi ment 7· 

Re lati ve nutri ent efficiency (RNE) 
Unti l now i t  has been conveni ent to refer to 'nutri ent effic i ency' 

\vi thout any c larif icati on of i ts meaning .  The term as  used up to the 

p resent time can be mi s leading. It sugge sts that an absolute value 

exi sts \vhich  i s  app licab le to all cultural condi ti ons under \·lhich a 

p lant i s  grown. Thi s i s  unlikely to be true . Let us consi der f or examp le 

the nutri ent effici ency of a p lant grown in soi l compared to one grown 

i n  soluti on culture . The absorpti on of nutri ents by the plant grown in 

soi l will be  very dependent upon i ts root p roli ferati on through the soi l  

r.1atri x ·....-hereas that of a p lant grown in soluti on culture \vil l not .  As 

a further examp le consi der two species grmm e i ther as a monoculture 

of as a b iculture . Under the former si tuati on there wi ll  only b e  

intrasp ecific  competi ti on for nutri ents or for li ght. Under the latter 

t here wi ll be both intraspecific  and intersp ecific competi ti on, and one 

speci es  i s  likely to ab sorb less nutri ents and p roduce less dry matter 

than i t  would in the ab sence of competi ti on f rom an as soci ated spec i es. 

Thus to consi der nutri ent efficiency as an absolute and universally 

app licable concept i s  wrong. For thi s reason it  is  considered approp ri ate 

to use the term ' re lative nutri ent effici ency'  in thi s study. I t  has the 

merit of referring to one species  or strain relati ve to another -

\o.'hether they  be grown under si mi lar cultural condi ti ons as monoculture s 

or as multiculture s .  

Basically RNE can be measured by three p aramaters - nutri ents 

absorbed, nutri ents uti l i zed and the p roduct of these two - dry matter yie lds. 

Idealisti cally plants wi th perfect effic i ency would conform to the types of 

re sponse to applied nut ri ents shown in Fig .  1 (a ) . Increasing the level of 

app lied nutri ent vrou:::.-::. gi ve a li near increase in  dry matter yield  and nutrient 



[a] Efficient yield , absorption , util ization 

concentration 

Applied nutrient __.. 

[b] Efficient absorption , inefficient util ization 

yield 

Applied nutrient __.. 

[cJ Inefficient absorption , efficient utilization 

Applied nutrient � 

Fig .  1 .  Typ i f i ed effic iency in  absorpt i on and ut i l i zat i on o f  appl ied 

nutrient and effect on yie l d .  
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absorbed .  For near perfect uti l i zat ion of  ab sorbed nutrient i t  would 

have a low concentrat ion ( i . e .  it would produce a large amount of dry 

matter per unit nutrient absorbed ) and thi s would not change as the 

leve l of app l ied nutrient was increased . In other words ,  i t  would be 

e qua l ly e f fic ient over the ent ire range of ab sorpt ion .  

Ineffic iency i n  qry matter yie ld  and nutrient absorption i s  

bought about by a downward shi ft i n  the re sponse curve o r  by a decrease 

in i t s  s lope . Inef f ic iency in ut i l i zat ion i s  brought about by an 

overal l upward shi ft  in the concentrat ion curve or by an increase in 

i t s  s lope . 

Absorpt ion of a nutrient i s  a function of yie ld and nutrient 

concentrat ion (and hence ut i l i zat ion ) .  Because of thi s ,  ident i f icat ion 

of the c�use of e f f ic iency in yield i s  diff icult to apport ion among 

absorption �nd ut i l i zat ion .  

The only means by which the re l at ive contributions of  absorpt ion 

9 

and ut i l i zation to yie ld can be gauged i s  by subject ive compari son of 

their re sponse curve s .  For example ,  an e f f ic ient absorber but inefficient 

user of a nutrient i s  typi f ied in Fig . l ( b ) . Here there i s  increased 

ab sorpt ion and increased concentrat ion (decreased ut i l i zat ion )  with the 

re sult that dry mat ter yie lds do not a lter . An ineff ic ient ab sorber but 

e f f ic ient user of a nutrient (Fig .  1 (c ) )  would have decreas ing absorption 

and decreas ing concentration ( increas ing ut i l i zat ion ) , and could very 

we l l  produce the same dry matter yie ld s  as the effic ient absorber and 

ineffic ient use r .  

Previous ly it  was po inted out that re search into plant nutrit ion 

should be aimed at fitting the plant to the soi l .  Thi s imp l i e s  that  a 

specie s or strain i s  required which provide s high dry matter yie lds  

relative to  another at  low leve l s  of  avai lable nutrient. It was a l so 

pointed out tha t  pre sent fert i l iser  practice  i s  an attempt to f i t  the 

s o i l  t o  the p lant . Thi s  implie s  that pre sentrimproved ' speci e s  or strains 

require high leve l s  of ava i lable nutrient s to provide high yields . Thus 

there are the two extreme types of nutrient effic iency and an infinite 

variat ion between the se two .  

To enable  differentiat ion o f  the RNE o f  a large number o f  specie s 

or strains a def init ion of type s of  e f f ic iency i s  required . Such a 

def init ion must  be quantifiable to enable  d i s t inctions  to be made . The 

fol lowing are the type s or RNE.into which s pec ies  or strains wi l l  be 

c las s i f ied and the definit ions of each type s .  They apply e qua l ly t o  
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yield , absorpt ion and ut i l i zat ion .  

C l as s i f ication o f  RNE 

Type 1 .  Increas ing at the maximum leve l of nutrient app l ie d  

Type 2 .  

Type 3 .  

Type 4.  

(X ) , where X < 95% o f  the asymptote value . max max 

Not increas ing at X but the be st of the strains max 
at some po int in the range . 

Not increas ing at  X , not the be st at any point max 
in the range but not ddminated by other s .  

Not increas ing a t  X , not the best at any point max 
in the range and dominated by others .  

1 1  

X max i s  neces sar i ly an arbitary leve l  of app l ied nutri ent but 

i s  equa l ly app l icable to a l l  strains compared within an exper iment 

where re la tive nutrient efficiency i s  be ing measured . 

Examples  of the above are given in Fig .  2 .  Type 1 i l lustrat e s  

a strain re sponding t o  high leve l s  o f  a nutrient . It shows Type 2 as  

one re sponding at low leve l s  of  appl ied nutr ient . Ideal ly a p lant 

combining both Types 1 and 2 RNE is required . Where  no such p lant 

exi st s then the ident if icaat ion of  strains pos se s s ing these type s of 

RNE would open up the po ssibi l ity of breeding the de s irable type . It 

is one of the object ive s  of this study to so identi fy spec ies  and 

strains of some gras se s and clovers . 

RNE Type 3 i s  one which i s  simi lar to  Type 2 and which shoul d  not 

be regarded as ho lding no promi se for p l ant breeding purpose s .  It may 

be better at some point than a Type 1 strain but s l ight ly infer ior 

to a Type 2 at that  point . A stra in c la s s i f ied as Type 4 i s  one that is 

either of the Type 1 or Type 2 RNE but which , because of low over a l l  

yields  o r  because o f  t he shape o f  it s re sponse sur face , has l it t le to 

offer for plant breeding purpose s .  
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SECTION 2 

LITERATURE REVIEW 
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( i ) Nutrient efficiency . 

There i s  adequate  evidence provided in l i terature  revi ewed by 

Vose  ( 1 963 ) ,  Gerloff  ( 1 963 ) and Epstein ( 1 963 , 197 2)  to show tha t  RNE 

i s  under genetic control .  Further , it has been shown by Bernard and 

Howe l l  ( 1 964) , on cros s ing a P tolerant and a P sensitive variety o f  

soybean (Glycine max . ) , that a pair o f  gene s a t  a single loci governed 

the re sponse . There are obvious opportuni t i e s  to make use of mut ant s 

exhibiting greater nutr1ent efficiency in p lant breeding , but the 

problem which confront s the plant breeder i s  the identi f icat ion of  

mechani sms that  control efficiency . Plant phys iological studies  have 

not, according to Epstein ( 1 97 2 ,  loc . c it . ) provided much informat ion on 

the genet ic  ba s i s  of mineral nutrition and he attribute s this to . 
phy siologi s t s  working with pure l ine s of a re lat ive ly few spec ie s .  Thi s 

has precluded the opportunity of working with a large gene poo l in 

which vari at ion in mineral nutrit ion can expre s s  it se lf and the control 

mechanisms be studied . 

Whi le there are instances of  the contro l of minera l nutrit ion 

being exerted by s ingle loci , thi s doe s not necessar i ly mean that  i t  

control s  one mechani sm i n  the physiological and biochemical proce s se s  

that constitute plant l i fe . Mineral nutrition i s  a complex proce s s  

dependent upon root morphology , root absorption and the t rans locat ion 

and re-di stribut ion of  ab sorbed ion s .  It i s  a l so dependent upon 

photosynthe s is and t he product ion of metabol ites  to provide energy for 

the absorpti on and tran s location of ions and the elaborat ion of new and 

enlarged t i s sue . In the ca se of legume s the complexity i s  greater where 

the symbiotic a s sociation of host p lant and rhi zobia are interdependent 

and the identi f icat ion of  RNE i s  di fficult . Thi s was shown c learly in 

the work of  Jone s ( 1 974)  in mea suring the P re sponse o f  the genus 

Stylo santhe s .  

The above phy sio logical processes  are themselve s  dependent upon 

complex b iochemical reactions within the p l ant . All are interdependent , 

wit h  a change in one setting off a chain reaction subsequent ly affecting 

other proce sses  and morphological characteristic s .  For thi s reason 

it seems improbable tha t  one single mechan i sm wi l l  be found to control 

nutr ient e f f iciency . Neverthe l e s s  i t  i s  pos si ble that one or several  

mechani sms may be  i dent i f ied which correlat e  wel l  with nutr ient 

efficiency , are mea sureabl e ,  and would act a s  a tool in the se lect i on 

and breeding of  more eff icier.t specie s.and strains .  
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( i i )  Factors controll ing nutrient uptake . 

A s tudy of  nutr ient efficiency requires  a detailed knowledge of  

plant nutrit ion in order that proce sses  can be ident i f i ed that war rant 

further inve s t igat ion in the searc h  for mechani sms that corre late wel l  

with demonstrated nutrient efficiency . For this reason the fo l low ing 

sect ions  consider some of the more  import ant processe s that contro l 

plant nutri t ion , wi th  spec ial reference to  the nutrit ion of N and P .  

(a) Nutrient ava i l abi l ity.  

Aquatic  p lant s are surrounded  by the i r  nutrient medium which i s  

continuously replaced by di ffusion. With h igher plant s a more e laborate 

proce ss is involved  be fore nutrient s can be ab sorbed into the plant . 

Plant s . in s o i l  depend f ir st ly upon the concentrat ion of nutrient s in 

the soil solut ion and the rate at which t hey can be rep laced from the 

non-labile  poo l .  As roo t s  absorb nutrient s  in the ir immediate vicinity 

the se nutrient s nee d  to be replaced .  Barber ( 1 962 )  put forward t he 

theory , recent ly quanti f ied by Wier sum (1 973 ) ,  that nutrient ion s  are 

replaced in the root vic inity by mas s  f low and diffusion .  Which o f  

t he se two has the greater effect i s  dependent upon ( i )  the concentration 

of  nutrient s in the so i l  solut ion which moves toward s  the root f o l l owing 

t he uptake of  water by the plant (mas s  f low ) , and ( i i ) the rate o f  

uptake - which creates a concentration grad ient along which nutrients  

can diffuse towards the root .  Factors gove rning the supp ly of  nutr ient s 

from soi l to  plant root wi l l  not be examined further here . The 

important point to note i s  that plants can modify their  nutrient 

environment in the immediate vic inity of  a r oot surface . A p lant with 

a greater abi l i ty to  absorb nutri ent s may not be able t o  manifest  t hi s 

greater abi l ity i f  the soil  cannot.repleni sh sufficient of the absorbed 

nutrient . Thus nutrient efficiency i s  l ike ly to vary depending upon 

the chemical nature  of the soi l  in which i t  grows; ( Barrow 1975a ) .  

(b) Root morphology . 

Troughton (1 963 ) ,  in  a review of the underground organs of  herbage 

gras se s ,  pointed to variation between spec ie s  in the distribution o f  

root s  down the soi l  pro f i le - i n  terms of  root weight , number , length 

and vertica l and hor i zontal di stribution .  Further he drew attenti on to 

inter-strain difference s .  T�erefore p lants with root di stribution 

coinciding .wi th the mineral  d i stribution wil l  have an advantage over 



I· 
I 

1 5  

tho se with other di s tr ibutions ( Troughton and Whitt ington , 1 968 ) .  

Neverthele s s  i t  ha s long been known that p l ant s can modi fy their  root ing 

habit .  Wi lkinson ( 1 961 ) demonstrated the pro l i ferat ion of root s o f  

s oybean i n  a zone of so i l  fert i l i sed with  N and P as  did Drew and Ashley 

(19 7 1 )  in a study of  ni trate uptake by bar l ey .  In a study o f  the 

ab sorpt ion of pho spha.te and calcium from di fferent depths of s o i l  by 

swards of perennial  ryegrass  Newbould , Taylor and Hawse ( 1 971 ) showed 

after the ini t ial few months of a sward ' s  l i fe the proportion of  both 

e l ements absorbed from d i fferent depths for a whole grazing sea son 

varied l i tt le with age of the sward up to 3� years .  They further 

demonstrated that  change s in the relative contribut ion of di fferent 

depths of soil to uptake occurred within a sea son and wa s cons iderably 
0 

modif ied by soi l -water content and the app l i cat ion of fert i l i ser . 

The di stribut ion of root s within the so i l  prof i le  i s  not the sole  

determinant of  uptake . The abi l ity of di f fe rent portions of t he root  

i t se l f  to  take up nutrients var ie s .  Rovira and Bowen ( 1 968 )  in  a study 

o f  P uptake by seminal roots of wheat showed that uptake at root apice s 

was high and decl ined markedly in the regi on immediately behind the 

apice s .  However , total uptake was dominated  by the contribution from 

l ateral s .  Work of  C larkson and Sanderson ( 1 970 )  ha s provided evidence 

that active absorption of phosphate and potas s ium ( but not calcium ) can 

occur in older root t i s sue and i s  not con fined exclus ive ly to younger 

root tis sue as  formerly bel ieved . 

Root -.;.re ight ha s been found to  be a poor index of the functiona l 

s i ze of root s (May , 1 960 ; Alcock , 1 964; May et al , 1 965 ;  Bouwer , 1 966 ) .  

Cowan ( 1 96 5 )  showed tha t  the uptake of water from soi l corre lated we l l  

with root length. According t o  Va se ( 1 963 ) ,  Troughton ( 1 959 )  found in 

perennial ryegras s  that  the uptake of  radioact ive P by branched roo t s  

can b e  30% greater than the uptake by unbranched root s .  Later C larkson 

and Sanderson ( loc . c i t . )  produced evidence t o  show that the re lat i ve 

contribution of  root member s ( such a s  latera l s  and axe s ) to P uptake 

var ie s  much more c lose ly with volume than wit h  surface area or length.  

From the foregoing it  is  apparent that a number of  root  morpho­

logical factors affect nutrient uptake , and a clearer understanding of  

the se factors i s  re quired be fore they can be related to nutrient 

e ffic iency.  To some extent the prob lem has been overcome by measuring 

the efficiency of the root system as a who le . Such a method was 

originally u sed  by Wi l l iams ( 1 948 )  in _ which t he unit  absorption rate was 
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ca lcu la t e d  a s  the in s t an t aneous rat e o f  upt ake I ,  o f  a mine r a l  nut rient 

M,  pe r uni t  we ight  of r oo t . I t  took t he f o l l owing form : 

1 dM I =- • 

M R d t  

where R i s  t he d r y  we i ght  o f  root . 

U sing t hi s  me thod , but replac ing dry we i g h t  with fre s h  weig ht of 

r oo t , Longe ragan and Asher ( 1 9 6 7 )  studie d t he P absorpt ion of eight 

annua l pa s ture spec i e s  gr ow� in s o lution cultur e . By t h i s  me thod t hey 

we re a b l e to dif f erent i t a t e  be tween specie s t ha t  exhib i t e d  greater  

nut r i ent e f ficiency in  t erms o f  growth re spon se . They a l s o found that  

t he i r  abi l i ty t o  ab sorb P a t  re l .tive ly high c oncen tra tions (> 1uM )  wa s 

not c l o s e ly r e l a t e d  t o  t he i r  abi l i t y  t o  a b s o r b  P at low conc ent r ation 

(0 . 0 4 - 1 uM ) . T hi s  is proba b l y  a r e fle c t i on of the ope rat i on of t he 

dua l mechani sm o f  uptake , a s  wil l  be di scu s s e d  l a t er . I n  a re vie w of 

nut r ient f low , Brews t e r  and Tinker ( 1 9 7 2 )  ca l c u l a t e d  unit absorpt i on 

rate from a rang e o f  exper imental  data  repo r t e d  in  the l i t eratur e wher e 

a number o f  spec i e s  wer e  examine d .  They f ound c l ose  simila rity , b e ing 
13  13  -1 3 - 1  - 1  

a bout 1 0  x 1 0
-

, 1 x 1 0
-

and 1 0  x 1 0  g a t oms cm s e c  for  N ,  

P and K re spective l y .  From t hi s  i t  appe ar s t ha t  variat i on i n  the 

abs orpt i ve capacity o f  r o o t s i s  more a r e f le c t i on o f  size o f  t he s y s t em 

r a t h e r  than t he absorpt i ve capac i ty per uni t  o f  root  tis sue . 

(c) Ni trogen and pho spha te ions a b s orbed by p l ant roo t s ,  

Nit r ogen . Ava i l a b l e  nit r ogen occur s in t he soi l a s  n i t rou s oxide (N20) 
nit r i c  oxide (N 0), n i t rogen dioxide (N02 ) ,  arrrrnonia (NH

3
) ,  arrunonium 

(NH4), nit rate  (N0
3

-
) and n i t rite  (N0

2
-

) (B l ack , 1 9 68 ) . The fir s t  t hr e e  

g a s e ous forms are pre sent i n  ba rPly de t e c t a b l e  amount s ,  whi l e  t h e  l a t t e r  

three  f orms a r e  pre sent in i onic form. Nit ri t e  and nitra t e  ion s o c cur 

as f r e e ly d i f fu s a b l e  i ons i n  the so i l  s o lu t i on and can move through t he 

s o i l t o  roo t s  by ma s s  f l ow (Mi l t horpe and Moo rby , 1 969 ) whi l e  ammon ium 

ion s are pr e s ent in exchange a b l e  and non-exc hange able  f o rms . Both 

n i tr a t e  and arrunonium i on s  are t aken up by p la n t s .  Lych l ama (1 963 ) 

working 1;-1ith perenn i a l  ryegra s s  grown in s o l u tion cul ture , showe d t ha t  

nitr a te ab sorption inc r e a s e d  with inc r e a sing t empe rature ( 5
° 

t o  3 5
°

C)  

and t o  be opt imum a t  pH 6.2 . Ammonium a b sorption Has  gre at e s t  a t  2 2
°

C 

and was not i n f l ue nc e d  g re a t ly by pH l e ve l s  in the 4 . 0-7 , 5  r ange. 

Lyck l ama f ound t ha t  t he ab sorpt i on of ammo n i um  is little a ffec ted by 

the presence of nit r a t e  whe rea s the upt ake of nit rate  i s  inhib i t e d  b y  



t he uptake of ammonium - a phenomenon he ascribed to the inhibit ing 

ef fect of ammonium upt ake on nitrate reduct ion .  
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Whi le both  nitrate and ammonium ions are taken up by p lant s  t he 

former i s  the main ion entering plants grown in soi l  (Epstein,  1 97 2 ) .  

Thi s i s  due to the pre sence of large quant i t i e s  of nitrate ion s  in the 

so i l  as  Lycklama ( 1 963 ) and Haunold � al  ( 1 968)  have shown. When 

ade quate ammonium and ni trate ions are pre sent in solut ion culture t he 

uptake of ammonium ions was two ··to three t ime s greater than the uptake 

of ni trate ions .  

On entry into the plant , nitrate i s  reduced to ammonium ions and 

incorporated into organic compounds , as reviewed by Beevers  and Hageman 

( 1 969 ) .  In the plant , nitrogen i s  an e s sent ial  const ituent of prote in , 

amino acid s ,  nuc leot id s  and eo-enzyme s .  Stocking and Ongun ( 1 96 2 )  

have reported as  much a s  70% o f  the total leaf  N to be located i n  the 

chlorop las t s .  

Phosphorus . Most of the phosphate absorbed by plant s from the soi l 

exi st s in the soil  solution a s  inorganic orthophosphates  ( B lack , loc . ci t . ) .  

It can only move short di stance s (Mi lthorpe and Moorby , loc . c it . )  s o  

that sustained root growt h  into zone s o f  higher concentration i s  nec e s sary 

for i t s  absorption a s  zone s become deple ted .  The ionic form in which i s  i s  

absorbed i s  a s  yet unresolved a lthough the we ight o f  re search evidence 

favours the H2P04 ion rather than both the H2P04 and HP04 ions . Thi s 

mat ter wi l l  be di scussed further in the next sect ion . 

(d) Entry of nutrient ions into p lant ce l l s .  

Nutrient ions  cannot move free ly by d i f fusion from soi l  solution 

into plant cel l s ,  otherwise the higher concentrat ion in plant ce l l s  

than in the so i l  solution could not be maintained.  Entry i s  contro l led  

by two impermeable membrane s - the plasmalemma lying immediately inside 

the cel l wal l  and containing the cytoplasm, and the tonoplast  which 

forms an internal l ining around the vacuole . The current theory 

explaining the movement of ions into plant ce l l s  depends f ir s t ly on the 

movement by diffusion of ion s  into the extrace l lular plant t i s sue and 

then  into the ce l l  wa l l  f ibri l s . Thi s  was shown to be the case  by 

Conway and Downey ( 1 950)  and was called the ' outer space ' of  the t i s sue . 

Epstein ( 1955 ) developed the general equation that -

Outer space = diffusable· ions 
externa l concentrati on 



1 8  

where di ffusable ions are expres sed  a s  micromoles  per g fresh weight o f  

tis sue and externa l concentration a s  micromo l e s  per ml . 

Cat ion exchange has been demonstrated by many workers ,  fo l lowing 

the ini t ial  work of Epstein and Legget ( 1 954) , to be a property of the 

carboxyl groups on the outer wal l  of  root ce l l s .  Cat ions in t he soi l  

solut ion exchange with  the se e lectronegative s ite s .  The region in which 

this exchange occurs was described by Briggs , Hope and Palmer ( 1 958 )  

as the 'Donnan free spa�e 1 • Epstein ( 1 972 ) provide s good reason to  

be l ieve that  thi s space i s  out side the plasma lemma . 

The root t i s sue into which ion s are free to diffuse are t he extra­

plasmalemma components of the epidermi s ,  cortex and endodermi s ,  with 

the Casparian band preventing movement into the stele (Van Fleet , 1 961 ) .  

Kramer ( 1 969 ) has shown in perennial  plant s absorption o f  water  in 

older , partia l ly suberi zed root s :  a finding in agreement with more 

recent work of C larkson and Sander son (loc . c it . ) . 

In ear l ier years  i t  was thought that cat ion exchange provided the 

se lectivi ty of  cat ions ab sorbed by plant root s .  However Epstein ( 1 97 2) 

argue s convincingly that  thi s i s  not so , except ing when the concentration 

of a cat ion in the s o i l  solut ion i s  exceedingly low and contact exchange_ 

occurs between the e l ectronegat ive s i te s  of  the carboxyl groups of the 

cel l  wal l and the e l ectronegat ive site s  of c lay and organic col loids  in 

the soil  (Jenny and Ove rstree t ,  1939a and b ) .  Hi s argument i s  f i r stly 

that the ionic compos i t ion of plants is  not compatable wit h  the exchange 

propertie s of carboxy l  group s .  Secondly he argue s that i f  a l l  mono­

valent i ons are to  be exchanged e qua l ly then the cat ion exchange theory 

cannot a l low for the se lect ivity that exi st s between ions such a s  

potas s ium and sodium. 

The foregoing s er ve s  to demonstrate that ions come into c ontact 

with the outer  impermeable ce l l  membrane - the plasmalemma , by both 

diffus ion and cat ion exchange invo l ving the ce l l  wa l l .  

Gauch ( 1 9 7 2 ) , Epstein ( 1 97 2 ) ,  Ander son ( 19 72 )  and Higinbotham ( 1 973 ) 

have each reviewed  and provided the i r  interpretation of the current 

state of knowledge of the absorpt ion proces s  whereby ion s  are transported 

acros s  t he impermeabl e  membrane s of the plasmalemma and tonop la s t . Three 

possible hypothe ses  have been put forward ( a )  the ce l l  membrane theory , 

(b )  the carrier  theory and ( c )  the b inding theory .  The reviewers  

mentioned above provi de argument and counter-argument for the exi stence 

of each mechanism. There i s  a s  yet no unequi vocal answer to  t he problem.  
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In simple t erms these theories  are ( i )  according to the membrane theory 

ion movement can be both active and passive .  When pas s ive the ir 

movement i s  governed by the laws of di ffusion. When act i ve ( implying 

the expenditure of energy through re spiration) movement i s  against an 

e lectrochemical  gradient . Under the latter condition the t ransfer 

sites  for ions are thought to be par t  of the membrane it se l f .  Because 

the se sites  of ion exchange within the membrane are not carriers  of the 

absorbed ion there need not nece ssar i ly be undirectional transport .  

Higinbotham ( loc . c it . )  gives reason t o  favour thi s theory . ( i i )  The 

carrier theory , f irst  put forward by Van der Honert ( 1 936 ) ,  po stulates  

that i ons are tran sported by combining wi th organic substances  at one 

surface of the membrane and being carried , by rotat ion of  the ion 

complex or through spat ial re-arrangement , across  the membrane for 

re lease at the other side . The se carrier s have not yet been identi fied 

(Epste in ,  1 97 2 ) .  Thi s theory , which current ly appears to ga in most 

support , is ba sed on the theoret ical  kinet ics  of absorption app l ied to 

rate of  absorpt ion measurement s . ( i i i )  The binding theory explains 

the accumulat ion ,  retent ion and ion select ivity by e lectrostat ic 

attract ion (Ling and Hope , 1 969 . , H ia t t ,  1 968 ) .  

Whatever the true mechani sm o r  mechanisms of absorpt ion i t  i s  

already we l l  founded ( fol lowing the init i al Work of Epstein ,  Ra ins and 

El zam ( 1 963 )wi th barley) that ab sorpt ion i s  under the control  of two 

mechanisms . The latter for example showed that the absorpt ion of 

potass ium at low concentrat ions in the so lution (up to 0 . 20uM) fol lows 

the Michae l i s -Menton kine t ics  in which 

S V 
V = o max 

S + K o m 

V be ing the rate of  ion uptake , S0 the ionic concentrati on in the 

solut ion ,  V the maximum uptake occurring and K the Michae l i s-Menton max "ln 
constant - a value found to be very s-imi lar for K uptake in p lant s so  

far studied (Epste in,  1 97 2 ) . Where V =  �V then K = S 0 •  Epstein max m 
found in hi s s tudy of K uptake by bar l ey root s that  the Km = 0 . 021mM 

and V = 1 1 . 9  micromole s per g fresh weight per hour . When the max 
concentrat ion of the solution was rai sed from 0 . 50 to 50mM potass ium 

the observe d  rate of  potas s ium absorption markedly exceeded the 

theoret ical maximum. Epstein ( 1 9 7 2 )  ha s documented evidence from a 

number of workers  confirming thi s dual mechani sm where absorpt ion under 

low concentrat i ons i s  de scribed  as Mechani sm 1 and absorption under 
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high concentration s  as Mechani sm 2. Pertinent to thi s the s i s  i s  the 

f inding that  phosphate (Legget , Ga l loway and Gauch, 1 965 ;  Andrews , 

1 966 ; and Edwards , 1 968 )  and ammonia have been observed to fol low thi s 

dual mechani sm of uptake . It  has yet to  be demonstrated with  N03
- . 

There i s  current ly conj ecture as  to t he spec ie s of pho sphate ion 

involved in absorpt ion , and whether the dual mechami sm ar i s e s  through 

absorpt ion of the H2Po4
-1  ion at different s ites  in the membrane or 

- 1  -2  whether it involve s  H2�o4 and HP04 ion s  at the one site  (Hagen and 

Hokins ,  1 9 5 5 ;  Bie leski , 1 973 ; Fager ia ,  1 9 74) . 

From the work of Fageria ( loc . c it . )  wit h  rice (Oryza sat iva L . ) 

i t  i s  apparent that  the mechani sm operat ing under the low concentration 

i s  the most  important one in pho sphate ab sorpt ion by plants grown in 

soil . However , Fageria  quote s the concentrat ion of phosphate in the 

vicinity o£ a monocalc ium phospha te pe l l e t  and conc lude s that root s  

within a d i stance of  3 -4cm from the pe llet  wi l l  be absorbing pho sphate 

via the high concentrat ion and low aff ini ty mechani sm. Fager i a ,  

( loc . c it . ) and Barber and Frankenburg ( 1 9 7 1 ) and Barber ( 1 974 )  provide 

another dimension to the problem of understanding the mode of ion 

absorpt ion when they suggest ,  with sound argument , that the mechani sm 

for absorption under low pho sphate concentrations  may be at tributable 

to the involvement of micro-organi sms on the root surface s .  The role 

of  micro-organi sms wi l l  be  dealt  with  in Section 2 ( e ) .  

Inter specific  dif ference s in Km va lues for P uptake by legume s has 

been demonstrated by Andrews ( 1 966 ) .  At low substrate concentrations 
6 (1 x 1 0- M KH2Po4) he found absorption rat e s  in the order - bar l ey 

(Hordeum vulgare L . ) > Phaseolus lathyroide s  L .  > De smodium unc inatum 

(Jacq. )  D . C .  > lucerne (Medicago sat iva L . ) .  At high concentrati ons 
-4 

(2  x 1 0  M KH2Po4) they were e qua l .  The P absorpt ion rate  of 

S tylosanthe s · humi l i s  H . B .K.  ( a  p lant natura l ly invading low P so i l s  

o f  subtropical Austral ia )  was greater than  that o f  the other species  

at  a l l  concentrat ion s .  Andrews , in  expla ining the difference s 

considered that they could be partial ly expla ined in terms of  the 

kinetics  of absorption,  i . e .  the rate of transfer of  phosphate  ions 

acros s  the ce l l  membrane , the carrier concentration and the apparent 

dissociat ion constant . However he doe s point out t hat other physio­

logical factors  s uch as  root morphology could account for the differences -

�t least in part . 
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( e )  Micro-organi sms and ion absorpt ion .  

Mycorrhi zal root fungi , both ectrophic and endotrophic , can exert 

a profound ef fect on p lant growth and uptake of  N and P.  Thi s wa s 

demonstrated f ir stly by Finn ( 1 942 ) who showed a 47% increa se in dry 

weight of coniferous tree  seedl ings and a 7 5% increase in their N 

c ontent . There are severa l theorie s to account for the improved N 

supply to mychorri zal p l ant s on low N so il  ( B lack , 1 968 ) .  One i s  that 

t he surface area of roots plus fungus of mycorrhizal roots  is much 

greater than the ab sorbing surface of non-mycorrhi zal root s .  "Har ley 

( 1 959 ) for example , showed that the total root volume of ectotophic 

mycorrhizal rootlets  was increased by 30% because of the sheath of  

fungus surrounding the root let . A second theory is  that mycorrhi zal  

fungi can ut i l i ze soi l N unavai lable to higher plant s .  A third theory 

i s  that elemental N i s  f ixed by the association of mycorrhizal fungi and 

the root s of higher p lant s .  

Bieleski ( loc . c i t . )  ha s reviewed  l i terature on the effec t s  and 

pos s i ble mechani sms of infect ion of roots  by mycorrhi za on plant growth 

in re lation to P nutrit ion. He quote s examp le s of ectotrophic mycorrhiza 

increas ing growth  two or three t ime s ,  reducing P defic iency symptoms and 

increas ing P uptake . He also quote s  endotrophic mycorrhi za as increas ing 

growth by three to s ix t ime s ,  abo l i shing P defic iency symptoms and 

increas ing the P content of the host  plant . According to Biele ski 

mycorrhiza exert some inf luence on plant uptake of a number of nutrients 

but their effect is  large ly on P uptake . He explains the po ss ible 

mechanism by which they have the ir effect a s  ( a )  having an accumulat ion 

mechanism with a higher affinity for P than in norma l root s ,  ( b )  being 

able to obtain p from insoluble sal t s  in the soi l  and ( c )  pre sent ing 

a larger surface area for P absorpt ion as de scr ibed above for N .  

In recent studie s  o n  the effec t s  o f  mycorrhiza on the P requirement 

of a number of  genera Bay l i s  ( 1 970a , 1 9 70b , 1 9 72)  noted di fferenc e s  in 

t he minimum leve l  of P required for plant growth .  The thre sho ld of P 

avai labi lity required for growth was direct ly re lated to the extent of  

the root-so i l  interface - those with  numerous root hai rs ,  such as  

perennial ryegras s ,  did  not require added P whereas those of woody species  

s uch a s  Copro sma robusta with  no root hai r s  did .  Thi s  concurs with t he 

f indings of Sanders  and Tinker ( 1 97 1 ) who provide evi dence to show that 

increased P uptake by onion seedl ings inoculated with  endotrophic 

mycorrhiza was not through rendering · avai lab le non-i sotopical ly 



exchangeab le P but through the ramifyi ng hyphae  ab sorbing P beyond the 

immediate  zone o P  dep le t i on in the soi l and transporting i t  to the roots  

as  root hairs  do . 

Mosse ( 1 9 7 3a ) reported findings simi lar t•) Bayli s  when she showed 

that mycorrhi zal roots  of oni ons take up more P than non-;nycorrhi zal 

roots  of oni ons and may reach supra-optima l  concentra t i ons vli th 

sma ller amounts  of added p ,  In a lat er experiment vli th Melinus 

minuti floru�, Paspalum notatu� and Centrose0a pubescens Mosse ( 1 973b ) 
came to  the conc lusion that non-mycorrhi zal roots  of  some speci e s  do not 

uti li ze P present at extremely low concentrati ons ln t�e soi l solut i on 

but that mycorrhi zal roots  v!i th fungal hyphae do . 

A sai ( 1 944 )  showed that several  le gumes grew poorly and fai led to  

nodulate in  autoclaved soi l unle s s  they v1ere mycorrhi zaL Recently 

Crush ( 1 974) has demonstrated in  a P-defici ent soi l that the tropical  

le gumes Centrosema pube scens and S tylo sar.thes guyanensi s vrere more 

dependent for grm·1th and nodulat i on on vesicv.lar-arbuscular mycorrhi za 

than the temperate  sp ec i es Trifolium repens and Lotus p er.dunculatus . 

Thi s he related to the less developed root hai r systems of the trop ical 

legumes and the resultant i mp rovement in  P supply and enhanced nodule 

forma t i on of i nfected p lant s .  Lotus ,  111i th a 1,vell developed root hai r  

system wa s ab l e  to ab sorb suff ic ient P t o  nodulate and grovr under 

P-defici ent condi tions i n  the ab sence of mycorrhi za . \vhi te  c lover '.va s  

intermediate bet-;;een the trop i ca l  legumes and Lotus in i t s response to  

mycorrhi za . 

Other work of Crush ( 1 97 3 ) with  gra sses wi th we ll deve lop ed root 

hai r  systems showed that they were less  dep endent up on mycorrhi za for 

P ab sorp t i on .  When rye gras s  was grown \vi th mycorrhi zal whi te  c lover 

Crush ( 1 974 ,  loc . ci t . ) demonstrated that  whi te  c lover could compete 

more successfully for P than could non-mycorrhi zal 1,1hi t e  clover . These 

findings open up a number of p romi sing avenues of research into the Rl-i'E 
of pasture sp ecies  and strains i n  which apparent effici ency in  P 

ab sorp t i on and resultant growth needs to be di stingui shed betvreen that 

inherent in  the p lant and that due to associ ated mycorrhi za .  

Barber and Frar�enburg ( loc . ci t . ) also found tha t  the effect s  o f  

mycorrhi z a  were particularly p ronounced a t  10111 concentrat i ons i n  

solut i on culture when they studi ed rubi diwn and P up take b y  barley roo t s .  

Thi s lead them t•) questi on the 1 dual mechani sm' o f  uptake - a p ropo sal 

that  wa s rej ected by Ep stein ( 1 9 7 2 )  on the grounds that the population 

2 2  
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of  mycorrhi za surrounding a root would be too sma l l  to make a 

s ignif icant contribut ion to ab sorpt ion and thereby inva l idate the 

' dual mechani sm ' . Barber ( 1 9 74) di sproved this object ion to hi s  

proposal  when he showed micro-organisms to be pre sent in  sufficient 

number s .  As the situat ion currently stand s it appear s that there i s  

good evidence from which to be l ieve tha t  Mechani sm 1 in the ' dual 

mechani sm '  of uptake of ions  under condit ions  of low externa l concen­

trat ions may be due in large part to the e ffect s of mycorrhi za . 

It i s  not the author ' s  intent ion to deal with this  subject in 

greater dept h. It is cons idered suff icient to acknowledge that 

mycorrhiza can exert a marked effect on N and P uptake , part icularly at 

low leve l s  of nutrient avai labil ity in the soi l ,  and in plant s with few 

root hair s .  Further it i s  to be recogni sed that whi l e  intergenetic  

and interspec ific difference s in  N and P nutrit ion can be  attributed 

to the pre sence of mycorrhi za , the effects have not ye t been we l l  

evaluated with strains o f  gras ses  and legume s .  

(f ) Effect s  o f  plant environment .  

Speci e s  and strains o f  pas ture p lant s are adapted t o  the environment 

in whi ch they occur natural ly  or to which they have been bred .  Examples  

are numerous and recently pub l i shed result s of compar i sons of  perennia l 

ryegras s  genotypes in New Zealand (Rumba l l  and Armstrong , 1 974)  i l lustrate 

the point . They showed ( under the New Zealand environment ) that New 

Zealand bred strains invariably proved super ior to overseas stra ins -

whi ch had been bred as superior to New Zea land strains in their  own 

environment . 

Of the factors making up a p lant environment edaphic condit ions 

have a considerable bearing on RNE . Thi s ha s been d i scussed in 

Sect ion 2 ( ii )  ( a ) . The remaining factors are c l imatological - l ight , 

temperature , co2 and moi sture . To review the se factors in depth i s  a 

stu�y in i t se l f .  However they a l l  have a direct bearing on RNE as  

they i ndividual ly and collective ly determine the rate of photosynthe s i s , 

trans locat ion and the storage of  a s s imi late s and the ir ut i l i zat ion for 

growth in the respiratory proce ss . Thi s provide s the energy nece ssary 

for act ive ab sorpt ion ,  trans locat ion and met abol i sm of inorganic ion s .  

They a l so br ing about change s i n  morphological  characteri st ic s  such  a s  

shoot : root ratio � rate o f  t il ler init iat ion ,  f lower ing and s o  on. 

The se changes in turn affect t he competitive abi l i ty of  individual 



speci es and strains and thereby their  RNE .  
The effec t s  of li ght on p lant growth have been revi ewed by B lack 

( 1 957 ) , Cooper and Tainton ( 1 ? 68 ) and Went and Sheps ( 1 969 ) � A study 

demonstrating  the varying d�mands for l i ght can be found in reports  of  

Blackman and 1-Ji lson ( 1 9 5 1 a  and b ) \vho , using t he grO\vth analys i s 

techni que , estab li shed that net assimi lat i on ( NAR) increased a s  

the amount o f  l i ght i ncreased . Leaf area rati o  ( LAR) on the other 

hand increased as  shading was increased - a response of the p lant to 

i ncrease  i t s  li ght intercept ion Hhen li ght ab sorp t i on per uni t  area 

decreased . In a later exp eri ment ( Blackman and Black , 1 9 59 ) i t  v/as 

shown that the theoret ical concept - that  relative growth rate i s  the 

p roduct of NAR and LAR , he ld when app l i ed to results of thei r experiment . 

They shoved t hat NAR vas related to the logari thm of li ght intensi ty  

for  red c lover (T .  pra tense 1 . ) but for  whi te  clover ,  a lsike c lover 

( T .  hybridwn 1.) and I talian ryegra ss  (1. multi florum Lam. ) ( among 

others ) the relati onshi p ,  though curvi linear , was not lo gari t hmi c .  They 

concluded t hat  for all  species  examined assimi lation 1.vas limi t ed b y  

li ght up to  ful l day l i ght ( 2 0  440 - 2 3  670 lux) in t ! , ei  r experiment . 

Taking li ght intensi t i e s to greater levels  Coop er and Tainton ( loc . ci t . ) 
report ed no further increase in NAR of L .  multiflorum beyond 3 2  300 lux . 

intensi t y, a lthough the tropi cal  speci es  Paspalv� di latatvm i ncreased 
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in  NAR up to 64  000 lux v!i thout si gn of l i ght saturation .  They sugge sted,  

from their  vork a s  wel l  as  that  of others , that  temperate  spec i e s  reach 

l i ght saturati on a t  aroQ�d 27  - 30 000 lux - a level well  below t he maximum 

li ght intensi ty  of 1 00 000 lux occurring under full sunli ght . 

More recent work vri th genotypes of  p erenni al ryegrass (vli l son and 

Cooper ,  1 9 69a) has shovm that genetic variati on exi sts among them i n  

effici ency o f  li ght  ut:i li zat i on ( apparent photosynthesi s ) under condi t i ons 

of varying  li ght and C02 concentrati ons . At a given co
2 

concentrat i on 

apparent p hotosynthesi s increased wi th i ncreasing li ght intensi t y  from 

1 0  7 60 to  32  280 lux as  the CO,) concentrati on v1as increased from 1 lov' to 
'-

300 p . p . m . to ' hi gh '  concentrat i ons . The authors exp lained the  effect s  of 

li ght intensi ty (Wi lson and Cooper ,  1 9 69b ) on subsequent photosynthesi s 

in  terms of  increased stomatal  si ze and a negative association wi t h  

s i ze of  mesophyll ce l l s .  In a subsequent exp eriment vli lson and Cooper ( 1 9 69c ) 
p erformed a half-diallel cross  among perennia l  rye grass  genot yp e s .  

I n  thi s experiment t hey '.vere ab le to  c learly demonstrate  addi tive  
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genet ic variat ion for l ight saturat ion and l ight -limited photosynthe sis . 

The faste st  rate of photosynthe s i s  occured in thin , narrow leaves  with 

sma l l  me sophy l l  cel ls  and much chlorophyll  per unit volume .  

The e f fect s  of different constant temperatures on the growth o f  a 

number of pas ture grasse s and c lover s under a 1 2  hour l ight intensity 

of  29 050 lux (Mitche l l ,  1 9 56 )  showed opt imum temperature s of 29 . 4°C 

for pa spalum, 25°C for white c l over and L.  pendunculatus and 1 9 -25°C 

for perennial  ryegra ss , L .  perenne X L . mul t i f lorum, browntop (Agro st i s  

tenui s S ibth . ) ,  Yorkshire fog and subterranean clover ( Tr i folium sub­

terraneum L. ) .  The rate of growth of individual t i l lers  was affected 

by lower ing the day and night temperature s independent ly (Mitche l l , 

1 960 ) with the former change bringing about a greater  re lat ive reduction . 

In a study of the inf luence of temperature on f i ve forage legume s 

Smith ( 1 970 )  showed �hat the rate of growth  of sweet c lover (Me l i lotus 

alba L . ) and lucerne was highe st between 27 / 2 1  and 21 / 1 5°C day/night 

temperature s .  For a l s ike (Tr i fo l ium hybridum L. ) it was highe st at 
0 0 21 / 1 5  C and for red c lover at 1 5 / 1 0  C .  L .  corniculatus was not markedly 

affected by temperature within this range , having a low rate of growth 

throughout except at 32 /27°C where its  rate of growth was s l i ght ly 

greater . 

Temperature exert s  an e ffect on leaf anatomy and morphology of 

gras s e s  (Mitchel l ,  1 9 53 ;  Mitche l l  and Soper , 1 958;  Forde , 1 966 ;  Luxmore 

and Mi l l ington , 1970)  and on me sophyl l  s i ze (Wi l son and Cooper , 1 969d ) . 

Both Mitchel l  ( 1 953 ) and Wi l son and Cooper ( 1 969d) working wi th Lo l ium 

spp .  have shown the speed and pattern of morphological deve lopment and 

rate of  l ight saturated photosynthe s i s  adj us t s  rapidly to contemporary 

t emperature and l ight condition s .  

Not only have dif ference s been demonstrated in interspecif ic 

requirement s for temperature to enable  opt imum growth , but it  has a l so 

been shown to exist between genotype s of perennial ryegras s - (Wi l son and 

Cooper , 1 969d ) and white  clover (Hogl und and Brock, 1 9 74 ) .  

The vari at ion between spec i e s  and stra ins o f  pas ture  plant s in 

re sponse to so i l  moisture  regime is common knowledge and needs no review 

here . The c la s s ificat ion of a large number of spec i e s  according to  

the ir moi sture requirements ( Levy ,  1925 )  i s  considered sufficient to  

i l lustrate the point . 

C l imate a l so affec t s  the nodulation and N f ixing act i vity of  

legume s .  Temperature requirements for root hair infection ' and 



n o dula t ion in sub t e rranean c l over di f fe r  b e t we en genotype s ( Gi b s on ,  

1 9 6 7 ) a l though i n  gene r a l  t erms i t  i s  impr ove d  wi t h  inc r e a s ing 
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0 0 0 
t emperatur e s up t o  30 C but r e t arded above 3 3  C and be low 7 C .  O t her 

0 
l egume spec ie s we r e  shown t o  require temperatures  grea t e r  t han 1 8  C f or 

0 
s a t i sfac tory nodu l a t i on and they can t o l e r a t e  t emperatur e s  up t o  3 5 - 40 C .  

N i trogena se a c t i v i ty o f  we l l  e st ab l i s hed l egumes var i e s  over a 
0 

w i de range o f  t empe r a t ure s from 1 0 - 3 5  C ( D ar t  and Day ,  1 9 7 1 ) .  Wi t h in 

t he opt imum range o f  2 0 - 3 5
°

C e s tab l i s he d  by t he se worke r s  there \ve r e  

d i f ferenc e s  i n  opt imum t emper a t ure r e qu i rement s be tween t he b r o a d  bean 

(Vi c i a f aba L . ) ,  t a re s ( V .  sat i va L . ) ,  r e d  c l over , subter rane an c l over , 

barre l me d i c  (Me d i c ago t r unc u l a t a  L . ) ,  soybean . Luce rne and t he c o w  

p e a  (V igna si nensi s L . )  gave max imum n i t r o g ena se act ivi ty a t  3 5
°

C .  Dart  

and Day ( l oc . c i t . ) a l s o  found that temp e r a t e  spe c i e s  ( V i c i a , Med i c ago 

and Tr i fo l i i ) reduced cons i derab le amount s o f  a c e t y lene ( an index o f  

n i t rogena se  ac t i v i ty ) a t  2 - 5
°

C .  

L i ght exer t s  a va r i a b l e  e f fec t on nodula t i on ,  a s  s hown by Grobe l aa r , 

C l ark and Hough ( 1 9 7 1 ) .  They found t h a t  t he e xposure o f  r oo t s  t o  wh i te 

l i ght p r i m:- t o  inoc u l a t i on ha d a s t imu l a t o ry e f f e c t  where a s  expo sure 

imme d i a t e l y  a f t e r  inoc u l a t ion s uppr e s s e d  nodu l a t i on .  

I n  the c a s e o f  nodu la t e d  p l ant s  a n  i n c r e a s e  in pho t o - p e r i o d  from 8 

t o  1 2  hour s i s  c l a ime d by Gi b son ( 1 9 7 3 )  t o  inc r e a se the r a t e  o f  N 

f i xa t i o n .  Pate ( 1 9 6 2 )  demon s t rated  incre a s ing a c t i vi ty wi t h  inc r e a s e d  

l i ght i nt en s i ty and G i b son ( 1 9 7 3 ) found i n  a trans fer exper iment t ha t  

p l ant s tran s f e r r e d  from 8 600 t o  3 2  3 00 l ux ::<. t  t he corrune nc ement o f  the  

l i ght period  inc r e a s e d  in n i t r ogena se a c t i vi ty by 50% wi thin f i ve hour s .  

Thi s he t ook to i nd i c a t e t ha t  N f i xing a c t i v i t y  a t  low l i gh t i n t en s i t ie s  

i s  l im i t e d  by the supp ly o f  pho t o syn t he s a t e s .  

S o i l  mo i s ture and N f i xing ac t i vi t y  o f  legume s are strong l y  

corre l a te d  ( S prent , 1 9 7 2 ) , wi t h  ac t i vi t y  gre a t e s t  a t  f ie l d  capac i ty .  

Engin and S prent ( 1 9 7 2 )  compa red t he N f i x ing act i vi t y  o f  wh i t e c l over 

and soybean under mo i s tur e  stre s s  and f o und t he former VJa s more t o l e rant 

of mo i s tur e  s t r e s s  t ha n  t he l a t t e r . Thi s they a s c r ibed to t he g r e a t e r  

a b i l i t y  o f  whi t e  c l ove r t o  re sume N f i x i ng ac t i vi ty o n  rewe t t ing t h e  so i l .  

Thi s s e c t i on de a l ing Hi t h  the e f f e c t s o f  p l ant en vi ronme nt on 

p l ant proce s s e s  ha s po inted to inter and int r a s pec i f i c  d i f f er e n c e s .  

\Vh i l e  t he l i t e rature i s  s ingu l a r ly d e vo i d  o f  report s on t he RNE o f  

d i f fe r ent spec i e s and s t r a i n s  a s  a f f e c t e d  by environment there c an be 

l i t t l e  doubt t ha t  is  mus t  be marke dly a f f e c t ed . Thi s is  l ike l y  to 
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ari se large ly through the effect environment exerts  on the supply of 

photosynthe sate s nece ssary to provi de the energy for absorpt ion ,  

trans locat ion and metabol i sm of inorganic  ion s .  A study o f  RNE with  

the objective of  identifying efficiency and o f  understanding i t s  

under lying cause mus t  take into account the po ssibil ity o f  inter and 

intraspec ific . var iat ion in re sponse to the environment in which the 

plant s are grown . 

( i i i )  Translocat ion of me tabolites  and the source - s ink concept of 

distribut ion .  

It would be  inappropriate for the author to  attempt to review thi s 

very wide topic extensively .  Extreme ly comprehensive reviews of  the 
. 

literature have been provided by Mason and Phi l l i s  (1 937 ) ,  Wi l l iams 

( 1 955 ) , E sau ( 1969 ) ,  Wardlaw (1 968 ) , B iddulph (1969 ) , Zimmerman (1 969 ) ,  

Beever s (1 969 ) ,  Craft  and Cri sp ( 1971 ) ,  Eps te in (197 2 ) , and Bie le ski 

(1973 ) .  Therefore thi s pre sent revie� only g ive s a conc i se account of 

phloem transport and the operat ion of  t he source-s ink mechani sm as a 

background for di scus sion of the hypothe s i s put forward later  and 

tested in thi s experimental programme - that the abi l ity of p lant s to 

retranslocate nutrients ha s a large bearing on their re lative e ffic iency 

of ut i l i zat ion of nutrient s .  

The work o f  Mason and Maskel l  (1931 ) indicated that N and P and 

other minera l s  ascend in the xylem and any exces s  not current ly used in 

the leave s is re-exported down the plant in t he phloem. The ratios  of  

N ,  P ,  and carbohydrate s moving down in  the phloem were in  exc e s s  of  

that required in  the roots  and it  was sugge s t ed that the exce s s  was 

l iberated into the xylem sap to re-ascend the stem. Later B iddulph 

and Markel (1 944)  were  to show this to be so when they demonstrated 

phloem to xylem migrat ion of P. P and N are both extreme ly mob i l e  

element s i n  the phloem, a s  shown by Biddulph (1941 ) for P and by 

Gregory (1953 ) for P and N.  

There are several theorie s s t i l l  incompletely resolved to  explain 

the mechani sm of  transport in the phloem vi z .  mas s  f low, protoplasmic 

streaming , met abolic  movement , acti vated diffusion ,  and surface 

migrat ion . Craft and Cri sp ( 1971 ) d i scus s the evidence that can be 

as sembled to  support each of these theories  and in their view the mas s  

f low mechan� sm original ly proposed by Munch ( 1 930)  i s  the most  rational 

explanation .  They contend tha t  it can now, with recent advance s  in 
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electron microscopy , be reconc i led with phloem anatomy , with various 

a spec t s  of phloem exudat e s  and with the var iety of  distribution patterns 

observed with labe led tracer s .  

Movement of as s imi late s within phloem bundl e s  can be bi-direct iona l , 

a s  demonstrated by Biddulph and Cory ( 1960) with  the Red Kidney bean 

(Pha seolus vulgari s L. ) .  Later they gave evidence (Biddulph and C ory , 

1 9 6 5 )  to  sugge st that it  occurred in separate phloem bundles  a lthough 

the work of Tr ip and German ( 1 968)  with the squash plant (Curcubita 

me lopepo Bai ley ) provi de s observat ions to sugge st that bi -directional 

f low occurs wi thin the same se ive tube of the phloem. Craft and Cr i sp 

( 19 7 1 ) are doubtful that thi s i s  so and attribute the results  of Trip 

and German to the extended t ime over which they measured movement and 

the po s sibil ity of a complete  change in direction of f low within the 

pet io le dur ing the three hour measurement per iod rather than s imul taneous 

b i -d irect iona l f low. Craft and Cr i sp claim that bi -direct iona l f low 

within the same sieve tube doe s  not al low for the ve locity of f low 

observed in many experiment s or a l low for the mas s  flow mechani sm of  

so lute transport . 

The source-s ink concept was or iginal ly proposed by Mason and 

Maskel l  ( 1 928)  in re lat ion to  the movement of carbohydrate s .  A very 

c lear diagrammat ic repre sentation of movement of 1 4c in 1 5  day old 

squash plant s ha s been prepared by Webb and Gorham ( 1 964) . In thi s 

concept a source i s  cons ide red to be an exporting organ and a s ink a 

rece iving organ . They conc luded that ' the trans location of a s s imi lated 

carbon in the squash plant i s  a dist inctly channe led multidirect ional 

movement as sociated with the phloem. Thi s movement appear s to be 

determined by the demands o f  growth and i s  readi ly switched for leaf t o  

l eaf  a s  each matures and ceases  t o  require carbon ass imi lates synthe s i sed  

e l sewhere ' .  
1 4  A lucid  account o f  the movement o f  C labe l led as s imi lated i n  

soybean was pre sented by Thrower ( 1 962 ) .  She i dent i f ied the expanding 

l ea f  as the major apical s ink and showed that i t  import s  it from the 

expanded leave s  below.  The importat ion fe l l  to a lmo st zero when the 

leaf  was ha lf expanded and then it  commenced to  export a s s imi late s to 

younger leave s .  Some of  the export went down t he stem to the root 

unt i l  t he leaf was ful ly e xpanded when some s l ight import may occur . 

She a l so  found that export  o f  a s s imi lates  from an expanded leaf to  the 

apex and root was proport i onal to i t s  di stance from the se s ink s . The 
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concent r a t i on o f  a s s im i l a t e s  in t he s tem der i ved f rom t he s o ur c e  l e a f  

decr e a s ed wi t h  d i s t ance from t he sourc e  l e a f , and t he max imum 

concentrat i on occured a t  the node . D e f o l i a t i on between S J ur c e  l e a f  

and t he r o o t  caused  mor e  a s s imi l a t e s  t o  move t o  the r o o c  and l e s s  t o  

t he ape x .  

Whi le  t he p a t hway o f  entry o f  P and N c ompound s into t he p h l oem 

f rom t he roo t s  is via t he xy lem ,  and is f r om c h lorop l a s t s  via me s ophy l l  

c e l l s  t o  t he phl oem f or ca rbohydrate s ,  onc e in s ide t he ph loem t he y  f o l l o w  

a s imi lar pa t t e r n  o f  movement ( Hopkin son , 1 9 6 4 ) . Wi l l iams a n d  h i s 

c o l le ague s ( Wi l l iams , 1948 ) provi ded one o f  the f i r s t  a t t emp t s  a t  

par t i t i on ing P among p l ant organs . B i ddu l ph e t  a l  ( 1 9 5 8 )  s t ud i e d  t h i s  

i n  t he Re d Ki dney bean and t he i r  r e s u l t s  wi l l  b e  detai led as  a n  e xamp l e  

o f  the d i s t r ibu t i on f r om t he source t o  s i nk .  They p la c e d  t h e  b e an 

d l  . 1 . . . 3 2P f . d f h s e e  ing s  i n  a nut r 1ent  so ut 1on conta 1 n 1 ng or a per 1o  o one our 

and t r aced t he movemen t  of the radioac t i ve t r acer by radi oau togra phy 

for t he ensuing 96 hour s .  They f ound t ha t  a l a rge amo unt o f  t he 

labe l l e d  P wh ich ent e r e d  t he p lant rema i ne d  s uf f i c i ent ly mob i l e  t o  

s upp ly cont inuou s ly g rowing young l e a ve s and s t em apexe s (where t he 

h i ghe s t  concent r a t i on accwnu l a t e s )  for  t h e  9 6  hour s over Hhi c h  

me as urement s  we re made . The ma t ure p r imary l eaves  sho�ved t he i r peak 

concentrat i on a f t e r  s i x  hours a l t hough t h i s  P wa s subse quen t l y wi t hdrawn ,  

i . e .  t hey changed from be ing a s ink t o  a source o f  P a s  i t  move d into  

t he s t em ap i c e s  to  mee t  t he i r  gr owt h  r e q u i r ement s .  Al l p l ant s s hmve d  

a marke d re t en t ion o f  3 2 P  within t he r o o t  sy s t em.  Koont z and B i ddulph 

( 1 9 5 7 )  have demon s tra t e d  t ha t  there i s  a l s o  movement into the r o o t s  and 

B i ddu l ph and G o ry ( 1 9 5 7 ) have shown t h a t  muc h  o f  t hi s i s  l i ab l e  t o  

re - � s c ens i on i n  t he xy l em.  

In  an e xpe r iment  wi t h  Lad ino c l o ver ( Tr i fo l ium repe n s  L . ) 

Wi lkinson and Gro s s  ( 19 6 5 a )  grew see d l ing s i n  s o l u t i on c u l ture wi t h  

vary ing amoun t s o f  P and w i t hdrew t hem a t  1 4  day interva l s  u p  t o  42 

days . They found that p l ant s grown wi t h  ade qua t e  P accumu l a t e d  

s u f f i c ient t o  ma in t a in r a p i d  growth f o r  s e ve r a l  week s .  As t he 

accumula t e d  P wa s dep l e t e d  sho o t  growt h t-J"a s f i r s t  to  s u f f e r  and good 

root  growt h  cont inue d for  s ome t ime . Thi s s e r ve s  to  i l l u s t r a t e  t he 

opera t i on o f  t he scur ce - s ink mec han i sm ,  w i t h  re - d i s tr i b u t ion provid ing 

in i t i a l  s ho o t  growth but wi t h  t he gre a t e s t  demand t or l imi t ed ? b e ing 

e xert e d  by t he r oo t s . A s imi lar f ind ing was a l s o  demons t r a t e d  wi t h  

graminac eous  p l a n t s  by Wi l l iams ( 19 /+8 ) .  In t he same e xper ime n t  
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r eferred to earli e r ,  Wi lki nson and Gro s s  ( 1 9 6 5 b ) measured the 

c oncentra t i on of a numbe r  of minera l  e lemen t s  in di ffe rent s t ruc tures of 

Ladi no c love r .  They found that i nc re a s i n g  t h e  P concentra t i on o f  the 

nutri ent s o lut i on i ncrea sed the P content of leafle t s  a t  all l ev�l s  of 

maturi t y  but t ha t  the h i ghest concent ra t i on of P occurred in i mmature 

l eaf let s .  They quot e d  an examp le whe re 30% of t he total leaf l e t  up take 

of P vra s conta i ned i n  1 9% of t he total leaf wei ght at t he hi ghe s t  lev e l  

of P .  Matur� leaf l e t s  o n  the other hand made u p  34% o f  leaf l e t  w e i ght but 

c ontained only 24% of the leaf l e t  up take . The ac tua l content of P 

accord i n g  t o  s t a ge of ma turi ty \vere : - i mma ture = 49% , recent = 3 2 % ,  

o lder = 2 6% .  Wi t hdrawa l of P d i d  not a l t e r  the relative d i s t r i bu ti on 

o f  P among leaf let s  of varyi ng maturi t y ,  a l though there wa s a marked 

d ec li ne in P conc ent ra t i on in a l l  leaf l e t  matur i t y  c la s se s .  Thi s gives 

further evi dence that P i s  read i ly trans located from o lder mature t i s sue 

to i mmature t i s sue . Ye t further evi denc e of t hi s pa t t e rn of movement 

\vas found in cucumber by Hopkinson ( 1 9 64 ) and Sansing ( 1 9 63 ) . 

The d i s t ri but i on of dry mat t er and P among di fferent p lant o r gans 

wa s also reported b y  '.Vi lki nson and Gross ( 1 9 65b ) . The fol loHi n g  data are 

e x t racted f rom the i r  ?Ub li shed \vork and t h e  p e rcent P di s t r i bu t i on 

c a lcula t ed from the da ta . 

P lant part P ( p e rcent ) Dry mat t e r  p di s t r i bu t i on 

( p e rc ent (p e rcent 

di s t r i buti on) calculat e d) 

L eaf l e t s  . 34 30 . 4  38 . 7  

P e t i o l e s  • 1 6 2 5 . 9  1 5 . 5  

S t o lons . 22 2 0 . 8  1 7 . 2  

Roots · 3 3 1 8 . 5  2 2 . 9  

FlO\ver s  • 6 2  0 . 8  1 . 9 

Pedunc le · 34 1 • 0 1 . 3 

C rowns • 2 5  2 .  7 . 2 . 5  

The above data serv e  t o i l lustra t e  t he e xt reme ly hi gh conc en t ra t i on 

of P i n  the f lowe r  and the relati v e l y  low concentra t i on i n  s t ruc tural 

organs ,  vrhere l e s s  meri s tema ti c  t i s sue i s  p re sent . Ca lculat i on of the 

p e rcentage P di s t ri t ut i on in t he p lant as a vrho l e  shows that t he 

flower rep resent s a sma l l  demand i n  ab so lute amount s of p lant P w i t h  

leav e s  retaining t he bulk o f  i t .  
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In a paper on the effects o f  P supply on the rate o f  intake of  P 

and N in oat s (Avena sat iva L . ) and Pha lar i s  tubero sa L .  Wi l l iarns ( 1 948 ) 

di scussed the re sults  of several previously reported exper iment s in 

terms of P metabol i sm. He conc luded that the maj or determinant s of  

the rate of P intake by plants are  (a )  the demand set up  by  growth and 

normal funct ioning of various plant parts and ( b )  the concentration of 

the nutrient in the medium. He cons idered (a) above to be the more 

important of the two .  The core of h i s  argument was the fact that P 

de ficient plants derive 30% of their  inf lore scence P from other  plant _ 

part s wh�reas tho se plant s wi th an exce ssive supply der ived no le s s  than 

93% of the inflore scence P from the se  source s .  Thi s sugge s t s  that P 

supp l ied by redis tribut ion from other plant parts  (from leave s ,  roots 

and f inal ly s tems )  is  more readi ly avai lab le , or po ss ibly involve s  the 

expenditure of  l e s s  energy in its  acqui s it ion than doe s i t s  provis ion 

by root uptake . 

The movement of N fol lows a s imi lar pattern to that of  P a lready 

described . Petrie ( 1 940)  mea sured the movement of N and P in the leaves 

of wheat (Tri t icum ae st ivan L . ) and Sudan gra s s  ( Sorghum sudane se 

Piper Stapf ) .  He showed that whi le the amount s exported from leave s  

di ffered between spec ie s (which they a scri bed t o  the difference to 

demand of  the inf lore scence ) ,  net export of  N and P was s imi lar . Wat son 

and Petrie ( 1940 ) , working with tobacco plants rernoved the inflore scence 

in order to examine the re -di str ibut ion of N. They sugge sted  that  the 

ri se of  compet ing s inks repre sented  by organs higher in the acropetal  

serie s wa s an important factor l eading to net  export of N by leaf groups . 

The f inal stage in the re -distribut ion occurred when there was a net 

export to the sterns and roots , i . e .  they were the ult imate s inks i f  

nitrogen was not taken up by the inf lore scence o r  leave s .  

In a compari son o f  re sults from two separate exper iment s  conducted 

by Tivers , 1 942 and Tivers and Wi l l i arns , 1 948 ( one wi th Liral Crown 

f lax (Linum specie s )  and one with l in seed ( Linus usitati s s imurn L .  

var iety Punjab ) ,  the latter author s c ame to the conclusion t hat ' the 

distribut ion within the plant of carbohydrates  and other rnet abo l i te s  i s  

large ly determined by the changing demand set  up by compet i t ive 

meri s ternat ic t i ssue . The bas ic  pattern of this dynamic balance i s  an 

inherent characteri stic  of  the spec ie s or variety under cons i derat ion ,  

but t he balance can be  modified by  many factors of the envi ronment ' .  

The source- s ink mechani sm has been shown to operate in symb iot ic 

N f ixation.  Lawn and Brun (1974)  wer e  able to show a decl ine in N 
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fixat ion of , and between, two varieties  of  soybean during podf i l l ing . 

Thi s  they showed ( by manipulat ing the source- sink demands t hrough 

shading and defo l iat ion ) to be due to an inadequate supp ly o f  

a� s imi l&te s to  the nodule . In another experiment in which reciprocal 

graft s were made of  e ight soybean genotype s Lawn, Fi sher and Brun 

( 1 971 ) showed shoot genotype differ ence s in tota l nodule act ivity 

which related to the genotype ' s  abi l i ty to fix co2 • 
From the foregoing two points are clear.  First ly , p lant organs 

can be placed in a ' pecking order ' in which  their requirements  for N ,  

P and carbohydrate s are met .  Secondly , the di str ibut ion and 

re-di s tr ibut i on of the se metabo l i te s  are dependent upon the demands of 

the s inks and the abil ity of di ff erent sources to meet the se demands .  

The que st i�ns then ar i se - what create s a s ink? What i s  t he mechanism 

that switche s a s ink to a source ? Obvious reasons are :  ( a )  changes  in 

plant structures  a s  occur s when a p lant is defol iated ,  ( b )  change s in 

environmental  condit ions such as t emperature or shading , ( c )  nutr ient 

supp ly , ( d )  ontogeny ,  and so on. Examples  of the se abound in the 

reviews referred to  at the out set  of  thi s sect ion. It coul d  be argued 

that the shi f t  i s  under hormonal control  in certain t i s s ue and 

the metabol ic react ions they init i ate  are themselve s  brought about by 

change s in source- sink act ivi ty . What i s  cause and what i s  effect ? 

The se que stions s eem to have no c lear answer at pre sent . One can only 

come to the r ather inconsequenti al conc lus ion that plant nutrition i s  

complex - a complexity brought about by the interdependence o f  a l l  

metabolic processe s .  

Attempts have been made to quanti fy the source - s ink concept 

(de Wit et a l ,  1 9 70 ;  Wat son , 1 97 1 ; Wi l son , 1 97 2 ) .  The latter  proposed 

that it  be def ined in terms of  l o s s e s  and ga ins of  a sub st ance in a 

part icular p lant part . It has a l re ady been pointed out that a plant 

part can act at t he same t ime both a s  a source and a s ink . Wi l son 

al lowed for this  by propos ing that a source be defined as  pos i t ive and 

a s ink a s  negat ive . 

Wi l son f ir s t ly def ined the change in weight M for a par t icular 

p lant part a s :  



33 

where Eg and E 1 are the gains and lo sse s by influx and efflux to the 

environment , Tg and T1 are the import and export by trans location and 

Cg and c1 the synthe si3  and ut i l i sat ion by chemica l  conversion. Next 

he divided the source- s ink status between transport of the substances  

and i t s  involvement in metabol ism. Thus the fol lowing equations were 

deve loped: 

Transport . 

Metabol i sm.  

Source-sink s tatus = (E1 - Eg ) 

Source -s ink status = (Cg - c1 ) 

+ T ) g 

The change in weight of the substance i s  given by the net loss  

or gain by metabol i sm less  the net  loss or  gain by transport into or  

out o f  the plant : 

( C  - C ) - [ (E  - E ) + ( T1 - T )] i 1 1 g g 

By the above def init ion i f  a plant part i s  synthe si zing , 

(metabol ica l ly +ve ) and the amount removed by transport ( -ve ) are 

equa l , then the plant is in a state of equi l i brium and i t s  source -s ink 

s tatus is  zero . 

The foregoing indicate s whether a plant part i s  a source or a s ink and 

the va lue obta ined would indicate the degree to whi ch it is one or the 

other . Wi l son ( 1 967 ) a l so  examined ways of quanti fying the ' strength ' of 

sources and s inks .  He propo sed the following : 

S ource strength = source s i ze x source act ivity 

and S ink strength = s ink s i ze x sink act ivity .  

In  t hi s  def inition ' strength '  i s  the absolute rate  of change of  weight 

in a p lant part , 1 s i ze 1 i s  the we ight of the subs tance , and ' act ivi ty ' 

i s  t he rate of  change in we ight per unit of we ight ( s i ze ) . He gave 

exampl e s  o f  thi s us ing net ass imi lat ion rate a s  the ' strengt h ' , leaf area 

as the ' si ze '  and rate of a s s imi lat ion per uni t  leaf area as the ' act ivi ty ' .  

There has been insuf f ic ient t ime since the po stulat i on of the se 

concept s to te st t heir val idity . Pre sent day interest  in systems 

s t imulat ion make thi s type of  approach a l ike ly candi date for intensive 

re search . It perhaps offers an approach whi ch wi l l  provide a better 

understanding of plant metabol ism and the factors governing i t .  Thi s may 

serve t o  orientate the direct ion of physiological and biochemical  research 

more accurately towards the mechani sms contro l l ing nutrient eff iciency . 



( i v ) Conc lus i ons . 

Thi s rev i ew ha s t raced t he mai n  fact ors i nvo lved i n  p lant 

nutri t i on from i on up take by the root s  to the i r movement to s i t e s  of 

me tab o li sm i n  growin g  t i s sue . A t  a l l  points a long thi s cha i n  of 

event s one could argue t hat each fac tor taken separa tely i s  the one 

cont ro l l i n g  nut ri ent up take and as a consequence the eff i c i ency of 
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up take and ut i li za t i on .  A t reat i se on b i ochemi c a l  mechani sms c on t ro l li n g · 

p lant s metabo li sm could do l i kewi se . The p rob lem, a s  a lready s t a t ed , 

ari s e s  t hrough t he i nte rdep endence of physi o lo gi ca l  and bi ochemi c a l  

event s .  One arrives at a ci rcular ar gurnent i n  whi ch the apparent i n i t i a l  

cause o f  nut ri ent eff i c i ency i s  i t s e lf modi f i ed b y  t he effec t s  i t  s e t s  

i n  t ra i n .  Curren t l y  there d o e s  n o t  app ear t o  b e  any way out of thi s 

di lemma . From t he p rac t i ca l  vi e1vpo i nt , whi ch i s  t h e  j u s t i f i ca t i on 

for s eeki n g  a ba sic unders tand i n g  of p lant p hys i o lo gi c a l  p roce s se s ,  

a t temp t s  can b e  made t o  i dent i fy mechani sms whi ch a r e  i ndi cative o f  RNE . 
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SECTION 3 

EXPERIMENTAL MATERIALS AND METHODS 



( i )  Introduction 

Many experimental detai l s  wer e  s imi lar in a l l  tria l s  and for this 

rea son a ful l di scussion of material s and methods wi l l  be given in thi s 

sect ion .  An abbreviated section dea l ing with experimental  methods i s  

given i n  the reports  o f  individua l exper iment s .  

( i i )  Growth medium and pott ing procedure 

36 

In a l l  experiment s plants were  grown in a 2 : 1  so i l - sand mix. There 

was the alternat ive choice of growing p lant s in solut i on culture ,  but thi s 

was r e j ected on the grounds that ( a )  there would be no test  of the 

dependence of  plant s on their root morphological characteri st ics  for ion 

uptake when bathed in nutrient solution . Asher and Loneragan ( 1 96 7 )  have 

demonstrated di f ference s in the type of root deve lopment o f  plant s grown 

in nutrient so lut ion compared to so i l ,  ( b )  moi sture stre s s  ( one o f  the 

treatment s examined in Experiment 7 )  could not be imposed .  

The so i l  s e lected was a Tokomaru s i lt loam,  a trans i t iona l ye l low­

grey ye l low-brown earth (Anon , 1 9 54) .  It was removed from a site  which had 

been sown to pasture circa 1930 and has not , according to avai lable 

informat ion , been topdre ssed.  The top 2 . 5cm of soil and t urf  was removed 

and the exper imental so i l  was taken from the 2 . 5  to 1 0cm depth of the A1 1  
hori zon. The soi l  for Exper iment s 5 and 6 unavoidably conta ined the top 

2 . 5cm of  so i l  and turf , although the ma j ority of  the turf was removed by 

s i eving . For Experiment 7 ,  acc e s s  was obtained to an undi sturbed sit e .  

Mechanical  analysi s o f  the so i l  ( Po l lock , per s . comrn. ) gave the 

fo l lowing structural composit ion - coarse sand 1%,  f ine sand, 5 5%, s i lt 23% 

and c l ay 21 i'oo 
Chemical analys i s  ( for methods  see Section 3 ( vi i )  ( c ) )  resul t s  were  

as fol lows : -

ppm 

Percent extractable 

pH c N C /N · p 
Al l Exps exc luding 5 and 6 5 . 6  3 . 6  0 . 25 1 4. 4  1 1 . 4 

Exper iment s 5 and 6 5 . 3  4 . 0  0 . 30 1 3 . 3  22 . 5 

For al l experiment s the soi l  was air-dried and pa s se d  through a 

1 . 3cm se ive . To 1 600g of so i l  800g of  plasterer ' s  s and was added to  

provide improved aerat ion.  The so i l  was placed in  1 . 9L s quare plastic . 2 pot s of  1 82crn surface area . The soi l  was consol idated during pott ing 
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b y  drop p i n g  a 4 · 5  k g  we i ght ont o a p la t e  c ove ring t he surface .  I t  wa s 

d ropped once f rom a hei ght of 30 cm when the p o t  wa s ha lf full of soi l 

and a ga i n  when full . 

( i i i ) Ba s a l  nut ri ent s  

T he se we re app l ied t o  the soi l ( c ontained i n  p la s t i c  ba gs ) i n  soluti on 

and t hen mi xed in a sma l l  mi xer s i mi lar in de s i gn to a c onc re t e  mixer . 

Duri n g  the c our se of seve ra l e xp e r i ment s p o t a s sium sulp ha te was added 

and t hi s  i s  detai led i n  relevant s ec t i ons . 

The basa l nut rient s added were : -

K
2

s o
4 

a t  0 - 5 3 1  g per p o t ; e quiva lent t o  1 90 k g  K/ha and 3 9  k g  S/ha . 

Na
2

Moo
4

. 2 H
2

o at 3 9 1  mg p e r  p o t ; e quiva lent t o  1 7 5 g/ha of sodium mo lybda t e . 

( iv ) Seed ge rmina t i on and i nocula t i on 

To enhance even and rap i d  germi na t i on seeds were i mb i bed i n  wa t e r  

and s t ored in a refri gera t or a t  8
°

C f o r  fi ve days before germi na t i n g  
0 

on f i l t e r  paper in p e t ri di she s a t  2 2  c .  

In t he case of le gume s ,  i nocula t i ons we re ma de p ri or t o  i mbibi t i on 

Thi s was d one by scrap i n g  t he rhi z ob i a l  cul ture f rom t he surface of t he 

a gar s lop e s ,  adding di s t i l led wa t e r  and t hen p ouring ont o t he seed 

i n  p e t ri d i she s .  

Inoculum wa s sup p l i ed b y  D r  R . M. Greenwood
1

• For whi t e  c l over 

Rhi z ob i um t r i f o l i i  Ha s t i n g ' s
2 

s t ra i n  No . 2 1 5 3  wa s used , and for 

1 .  p endunculatus Greenwood ' s  s t ra i n  No . CC8 1 5 4  wa s used . In E xp er i ment 

4 a 1 .  p endunculatus x 1 .  corniculatus hybri d wa s inc lud e d .  The i noculum 

used f or t h i s  hybrid wa s a mixture of s t rain No . CC8 1 5 4  and N . Z .  P2 2 3 8 · 

The selec t i on of s t rains of Rhi z ob i a  wa s made on t he adv i ce of Dr Gre enwoo d .  

Ove r  a two day p e ri od pri o r  t o  p lant in g ,  t he soi l i n  t he p o t s  was 

wet t ed t o  about f i e ld capac i t y  ( f . c . ) . Germi nat ed se�d l i n g s ,  s e le c t ed 

for uni f o rmi t y  of si z e ,  were p ri cked out . Ni ne seed l i n gs were p lant e d  

i n  e a c h  p o t  and any consi dered t o  be unlikely t o  survive were rep lace d  

wi thin t he f i r s t  t hree days . 

(v) Moi s ture regi me 

F i e ld capac i t y  determi na t i on s  were made on s i x  p o t s  p repared b y  

t he standard p roc edure described i n  sec t i on ( i i ) . T h e s e  p o t s  were p laced 

in a t ra y  of wa ter for 2 4  h duri n g  whi ch t i me they were twi c e  dai ly 

1 .  G ra s s land s Divi s i on ,  D . S . I . R . , P a lmerston North .  

2 .  P lant Di seases Divi s i on ,  D . S . I . R . , Auckland . 
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watered from the top. They were removed and al lowed t o  drain for 48h 

whi l st covered on top with a fi l� of plast ic  t o  prevent surface 

evaporat ion. The moi st so i l  was we ighed then air  dried at 105°C then 

re-we ighed,  and the f ie ld capac ity ( f . c . ) ca lculated . The f . c .  varied 

l i t t l e  between experimenta l batche s of soi l - sand , and was in the range of 

30 t o  3 2%. 

In a l l  experiment s ( exc luding Exper iment 7 )  pot s were watered to 

80% of  their f . c .  Thi s leve l wa s cons idered to provide opt imum condit ions 

for p lant growth yet avoid leaching lo s se s .  Pot s were watered every two 

days init ia l ly and when ( by dai ly check weighing ) they were found to 

fal l be low 60% f . c .  dai ly wa tering was adopted .  At a later stage twice 

dai ly watering was nece s sary . In Experiment 7 one treatment was watered 

to 80% f . c .  and the above procedure wa s fol lowed.  Another treatment was 

de signed to grow the plant s under a moi sture stre s s .  A leve l  of 30% f . c .  

was cho sen as the upper l imit o f  moi sture avai labi lity .  Pot s were 

wate red to thi s leve l and permitted to cyc le down to 20% of their  f . c .  

before re-watering t o  30% f . c . Thi s cyc le took two t o  three day s  init i a l ly ,  

then one day unt i l  f ina l ly twice dai ly watering became nece s sary - depending 

upon plant production .  

( vi )  Environment s 

(a ) Gla s shouse condit ions 

Experiment s 1 to  4 were  grown in an automated glas shouse in whi ch there 

was a degree of control over temperature s .  Heat ing maintained temperature s  

above 1 5°C and coo l ing ,  whi ch fol lowed a stepwi se procedure of opened 

louvr e s ,  fan extract ion of a ir then evaporative cooling , he ld temperature s 

be low 25°C .  During the conduct of  Experiment s 3 and 4 ambient temperature s  

were in  the vicinity of 3 SOC  on four days and gla s shouse temperature s could 

not be he ld  be low about 30°C .  

Condit ions used in Experiment s 5 ,  6 and 7 wi l l  be deta i led in the 

sect ions of the text de scribing each of the se e xperiment s .  

( b )  Control led environmental condit ions 

The c l imate rooms of P l ant Physio logy D ivi sion ,  DSIR ,  Palmer ston North  

were used  for Experiment s 5 ,  6 and 7 .  In  t he se rooms the l ighting sy stem 

consi sted of 4 x 1 000 wat t  Sylvania metal  arc high pressure di scharge 

lamp s , together with 4 x 1 000 watt Phi l ip s  tungst�n iodide incandescent 

l amp s .  Where necessary wire  or nylon mesh screens were used to adjust l i ght 
intens i ti e s  to the required value s .  Light evene s s  of both l amp type s were 

adjusted to  within ±1 2wm2• 

The photoperiods were changed with abrupt l ight/dark or dark / light 
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changeove r s .  

Temperature s were control led within �0 . 3°C ,  relat ive humidity 

within �1% and co2 concentrat ions were maintained at ambient leve l s  of  
- 1  3 20-340ppm. Airflow down through the plant s was 0 . 3 -0 . 5m/sec a s  

measured a t  the top of  the canopy . 

( vi i )  Analyt ical 

( a )  N itrogen fixing act ivity 

Measurement technique � Acetylene reduction a s say was adopted as 

a we l l  e stab l i shed and re l iabl e  method of e st imat ing nitrogena se 

act ivity . The technique has been comprehensively reviewed by Hardy et al  

( 1 973 ) .  Technique s commonly employed range from measurement of the 

act ivity of  exci sed nodule s ,  the act ivity of root systems , the act ivity 

of ent ire plant s removed from their  growth medium and fina l ly the 

act 5.vi ty o f  plants- in-soi l .  The p lant-in-so i l  technique reported by 

S inclair ( 1 973 ) was adopted for this study , and the same type of 

incuba tion ve sse l was used . The method was shown by S inc lair , and indeed 

by other recent report s (Dart and Day , 1970)  to provide a high corre lation 

o f  ethylene production with N fixed when a s se s sed by chemical  analys i s  

for N pre sent in plant t i s sue and soi l .  

In S inc lair 1 s study ( loc . c it . )  there was variat ion in the incubat ion '\ 
t ime found neces sary . It was dependent upon the c lay content ( or 

compaction )  of the soil  and upon the moi sture regime . At saturation 

leve l s  of moi sture acetylene reduct ion did not proceed .  Thi s  wa s probably 

due to reduced or zero movement of acetylene into , and ethylene out o f  

the s o i l  matrix.  A s  the soi l s  in the experiments reported here were we l l  

compacted and a s  watering was to 80% of the f . c .  i t  was dec ided to  

incubate the p lant s-in-so i l  f or 24 hours .  Pr ior to the commencement of  

Experiment 7 two studie s were made of ethylene product ion over  a per iod 

o f  24 hours .  Briefly ,  the studies  involved the s�mpl ing of gas e s  in the 

pot s at two hourly interval s over the 24 h per iod . One study was 

conducted in dark and the other with  1 2h ·. l ight and 1 2h . dark . Re sult s 

o f  both s tudie s  were s imi lar . They showed a near l inear product ion of 

ethylene over the ent ire per i od .  From the se studies  i t  was conc luded 

tha t  the 24h period o f  incubat ion adopted in Experiments 3 ,  4 and 6 

would have given a re l iable e st imate of N fixing act ivi ty , but tha t  a 

shorter  period could have been adopted. In Experiment 7 a 4h incubat ion 

was employed . 
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The incubat ion procedure was to p lace the so i l  conta ining the 

p lant into a 51 opaque plastic ves se l  and covering wi th a snap-on l i d .  

A s i lcone rubber bung was f itted i n  each pot for inject ion and removal 

of gase s .  250ml o f  air was removed and replaced with 2 50ml o f  acetylene . 

At the complet ion of  the incubat ion per iod about .8ml of  the gase s was 

removed for as say . The temperatures and barometric pre ssures at the 

t ime of inj ect ion were recorded .  

Ga. s l i quid chromatography . Measurement , ·of ethy lene production were 

made with a Shimadzu Model GC-4BD chromatograph fitted with a Mode l FID4 

flame i oni zation detector and a 30cm x 3mm diameter stainles s  steel  

column packed with 80- 100 mesh Poropak T .  The t emperature_ 
of the 

inject ion port was 1 1 0°C ,  column 90°C and detector 105°C .  N was used 

as the carrier gas at a f l ow rate of 30ml /minute .  The gas sample s i ze 

injected was O . Sml . The same volume of  acetylene was added to  each 

incubation ve s se l ,  and was used as an internal s t andard in the analysi s .  

The calculat ion of mole s of  ethylene produced was by the following 

formul a : -
:J. 

X �  KF b 
· moles C H = 2 4  l + � K  b 

where X = volume of c2H4 used in the incubat ion ,  a = c2H4 peak he ight , 

b = c2H2 peak height in sample , and 

ml C 2H4 in s tandard K = ------��-------------------------------------------

Peak hei ght (C
2H4 ) 

( C2H2 ) 

and F =  P atmos . x 273 x 1 000 
22 . 4  x ( 273 + TOC )  

(b) Harvesting. 

P lant s were harve sted by removal· of  p lant tops to so i l  leve l  and 

t hen oven drying at 80°C in a forced-air drying oven in the case o f  
0 . 

Experiments 1 to  4 ,  and at  40 C under 3mm Hg vacuum for Experiments 5 ,  

6 and 7 .  
0 Pots containing so i l  and root s were stored in a cool room at 5 C 

for periods of about three weeks .  Roo t s  were  removed by washing with a 

high pressure sol id-cone water spray after over-night soaking . During 

washing the material was held on a 5mm me sh s ieve .  Remaining debr i s  was 

removed by hand washing . Extremely c lean root samples were obtained by 

! .•· 
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t hi s  procedure - a factor cons idered more important than the minor los s 

of root material observed. 

(c ) Carbon, Nit rogen, Pho sphorus and sugar ana lyse s .  

Ana lys e s  o f  so i l  organic carbon content was by the ca lorimetr ic of  

Blackmore et al ( 1 9 7 2 ) . Tota l N in both so i l  and plant material  was 

determined by the Kj edahl method in which dige stion was with H2S04 , 

K2S04 and CuS04 with se lenium as cata lyst , fol lowed by an automated 

dist i l l ation procedure for NH4 determinat ion based on the method of Keay 

and Manage ( 1 969 ) .  

Avai lab le soil P wa s determined by the Truog method in which soi l P 

was extracted with . 002N H2S04 containing 3g (NH4) 2S 04 per 1 .  P in  the 

fi ltrate wa s determined by the automated method of Murphy and Ri ley ( 1 962 ) , 

using ant imony to  catalyse the format ion of molybdenum blue co lour with 

ascorbic ac id reducing agent . 

Total  P in plant t i ssue was determined on the same dige st  used for 

N determinat ions ,  us ing an automated molybdo-vanadate  method deve loped by 

Grigg (per� . comm. ) and using the reagent s of  Barton ( 1 948 ) .  

Sugar ana lyses was ba sed on the extract ion o f  sugar s from dried p lant 

material  wi th 62 . 6% methanol ,  with so luble sugars being determined on 

aliquot s  of the extract by the phenol - sulphuric ac id method of Duboi s  

e t  a l  ( 1 956 ) .  

( vi i i )  Sta t i st ica l 

( a )  It i s  difficult to make va lid compari sons of the yield  of  plant s 

according to leve l  of app l ied nutrient when they differ marked ly in  yie ld .  

To  fac i l itate meaningful compar i sons the scale differences  in some 

experiment s were reduced by making a logari thmic  ( ln ) t ransformati on of 

yie ld ,  nutr ient absorpt ion and ethylene product ion. Thi s treatment also  

has the  advantage of  stabal i sing the variance .  The square root of the 

independent variable ( leve l of  nutrient app l ied)  was taken for a l l  

variable s i n  order t o  provide re sponse curves approximating l inearity .  

For other variables such a s  P and N concentrat ions ,  which did not d i ffer 

markedly between strains , no such transformations were made . Which of 

the se methods of treat ing the data was used before the analysi s  of  

variance wi l l  be  indicated in the relevant section of  the t ext . 
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GENE RAL INTRODUCTION 

Reasons for the s e lect i on of York shi re f o g ,  p e renn i a l  rye gra s s ,  

whi te c lover and Lotus f o r  s t udy have b een bri e � l y  t ouched on and wi l l  

b e  e labora ted further i n  t he i nt roduc t i on t o  each of the four e xp er i ment s .  

S o  t oo wa s the choice of s t rains whe re i n�orma t i on wa s ava i lab le .  Where 

no i nf o rma t i on wa s a'!a i lable t he s e l ec t i ons \vere made on t he ba s i s of 

s oi l f e rt i li t y and c l i ma t e  of the re gi on of ori gin wi t h  t he aim of 

i nc lud i n g  a range of mat e ri a l  of dive r s e  ori gi n .  

A t  the commenc ement of thi s s tudy fevr s t rains wi thin t he above speci e s  

had b een demonstrated t o  exhi b i t d i f f e r i n g  nut ri ent eff i c i enc y .  For thi s 

rea son the exp eri ment s reported i n  thi s sec t i on were desi gned a s  sc re eni ng 

experi ment s from whi c h  t o  se lect ma t e ri a l  for further study l n  more 

p reci se e xp e ri ment s .  Detai l s  o f  sub se quent i nve s t i ga t i ons b y  o t he r  

'tlorkers Yri l l  be given l a t e r .  

T h e  number o .:  s t ra i n s  i nc luded i n  each exp e r i ment rep re sent a 

comp romi se be tween exami ning a •.vi de and d i v e r s e  range of mat eri a l  on 

t he one hand and cont a i ni n g  t he munbe r  to a lev e l  t hat vrould ensure 

rea sonable p reci s i on on the othe r .  The lat t er con s i derat i on vra s 

consi dered t o  b e  i mportant a s  t he d i ff erenc e s  between s t rai ns were likely 

t o  be srna l l . 

In e xp er i ment s  examining gra ss spec i e s ,  b o t h  N and P were app l i ed 

a s  t he i ndependent variables . Thi s r e s t ri c t ed the number of l ev e l s  of 

each nutri ent whi ch could be app l i e d  t o  three - i f  the s i ze of t h e  exp eriment s 

\>rere t o  be held vi thin mana geab le bound s .  R e su l t s  wi 1 1  show t hat no 

out s t andin g  di f£'ere�1ce s  in RNE were a p p a rent and i n  retrospect i t  i s  nmv 

c lear that many more le·.r e l s  of nut r i en t s  ne eded to be inc luded t o  enab le 

c lear di ffe renti a t i on of i n t e r s t rai n d i fferenc e s  i n  RNE . A t t e mp t s  Here 

made to f i t  quadra t i c  and i nverse p o l :momi a l  ( Nelde r ,  1 9 66 )  curve s t o  

t he data but i n  each case s t rains vere p re sent \vhich gave spuri ous 

resul t s . Some for exarr.p le gave z e ro yi e l d s  at mi nus 500 k g/ha N and 

obvi ous ly i ndi c at ed t hat the mode l was i nadequa t e . For thi s rea son 

curve f i t t i n g  va s abandoned and strains ,,·ere fina l ly comp a red b y  

ana lysi s o f  vari anc e and on t h e  basi s of r e l a t ive st rai n  p e rformanc e .  

\Vi t h  t he l e gume exp e rimen t s  i t  \va s p o s s i b le t o  inc lude f i v e  leve l s  

o f  app l i ed P and curve f i t ting wa s p o s s i b le a s  an a i d  t o  t h e  i dent i f i ca t i on 

of Rl\'E and i t s  T ype . Thi s \vas p erformed by use o£' 1 e x'? e r i ence curve 1 

regr e s s i on (J ove t t ,  }- -..: r s . comm. ) i n  vh2. c h  the ' exp eri ence curve ' va s t he 
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mean strain yields  to which individual strain re spons e s  were f itted  by 

the least s quare method . While  no claim i s  made that the re sult s  

present a perfect repre sentat ion o f  stra in re sponse s ,  i t  appeared to 

be the most appropriate method of handling the data .  



EXPERIMENT 1 

RELATIVE NUTRIENT EFFICIENCY OF STRAINS OF YORKSHIRE 

FOG IN RESPONSE TO APPLIED NITROGEN AND PHOSPHORUS 

45 
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INTRODUCTION 

Yorkshire fog has been de scribed by Saxby ( 1 956)  a s  ' one of the 

most  mal igned of New Zea land ' s  common gra s se s in spite of it s be ing 

regarded a s  unde sirable , a very large amount of New Zea land ' s  butterfat 

producing pa stures  conta in a cons iderable  amount of it ' .  There i s  

documented evidence to support thi s observat ion in the work of McMeekan 

and Wa l she ( 1 963 ) in the Waikato , where three dairy cows /ha were grazed 

on a swar_d in whi ch Yorkshire fog wa s a ma jor constituent . They observed 

that Yorkshire fog wa s the main contributor to yield in autumn and winter . 

Because of  i t s  pre sence in untopdres sed pa sture ( Sa xby , loc . cit . ;  

Harlan , 1 9 6 5 ;  O ' Connor , 1961 ; During et al , 1 962 ;  Jacque s ,  1 9 6 2 ;  Whittet , 

1964; Smith ,  1 9 7 2 ;  White et al , 1 9 7 2  and Vartha , 1 973 )  Yorkshire fog i s  

genera l ly regarded a s  a low fert i l ity specie s .  An attempt was made by 

Mi le s  and Mi les  ( 1 970) to ut i l i s� i t s  to lerance of low fert i l ity . They 

found i t  promi s ing when sown into heather ( Cal lunetum) s i t e s  in N . E .  

Scotland . In e xperiment s into the reseeding of natural pa sture Yorkshire 

fog has proved to be one of the mos t  succe s sful i_ntroduct ions in Wal e s  

and Scot land . (Davie s ,  1 940 ; Hughes and Nicho l son , 1 96 1a , 1 9 6 1 b ;  

Hunt , 1 964 ) , and in  Austral ia (Anon,  1 97 1 ) .  In  New Zea land i t  was 

included in ear ly over sowing on natural pa sture (Burnett , 1 9 27 ) and 

the pre sence of Yorkshire fog today i s  a ref lect ion of i t s  abi l ity to 

survive and produce under adver se cl imat ic and edaphic conditions . 

Recent e xperimentation in New Zea land provide s conf l i ct ing evidence 

on the relative merit s  of oversowing Yorkshire fog on low fert i l ity hi l l  

country . Dunbar ( 1 971 ) found on exposed high alt itude sub - soi l s  that 

topdre s s ing was nece s sary for the survival  of  1 0  herbaceous spec ie s  

includ ing a bred cultivar (Ma s sey Basyn )  of  Yorkshire fog . In the 

presence of  fert i l iser he found Xorkshire fog superior to  all  other 

specie s  ( inc lud ing ' low ' and ' high '  fert i l ity gra sse s )  in the ir abi lity 

to make rapid growth. In another study (Dunbar , 1970)  Yorkshire fog 

showed le s s  vigour than cocksfoot (Dactyli s  glomerat a )  i n  the first  

season but more ground cover in t he t hird season .  

On moderate ly topdre s sed mid-altitude s i te s  in  Canterbury Vartha 

( 1 97 3 )  recorde d comparable e stabl i shment of  Mas sey Basyn Yorkshire fog 

and Ruanui ryegrass . White et al ( 1 9 7 2 )  on the other hand reported 

poor e stab l i shment of the former compared to  other ' high ferti l ity '  
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grasses sown on low fer t i l ity hi l l  country . 

From the foregoing r eview i t  i s  apparent that Yorkshire  fog has an 

abi l i ty to survive compet i tive ly wi th indigenous and introduced gra s s  

species  under both low and high ferti l ity condi t ions .  Other factors 

apart , this provide s  evidence of a considerable degree of e f f ic iency in 

the uptake and ut i l i sat ion of nutrient s which could bear further 

invest igat ion . 

Reference ha s been .nade to leve l s  of fert i l ity but not to the 

relat i ve requirement s for specific  nutrient s .  Little  research ha s been 

reported  on thi s aspect . Vartha ( 1 960) showed a lower need for S by 

browntop than by Yorkshire  fog , whi le O ' Connor ( 1 961 ) found Yorkshire 

fog to be more responsive to app l ied N than sweet  verna l (Anthoxanthum 

odoratum· L . ) and browntop . In a glass -house study of Massey Ba syn 

Yorkshire feg grown in sub-so i l  taken from an expo sed mountain sit e ,  

Dunbar ( 1 9 72 )  recorded poor growth in the absence o f  appl ied N and P 

but a very large N X P interaction.  

Because of  the pauci ty of informat ion on the re lat ive nutrient 

requirement s of  Yorkshire fog and in view of the promise of  high yields  

and improved palatabi l ity fo l lowing se lection ( Jacques ,  loc . c it . ) ,  a 

study was made of i t s  requirement s for N and P when grown a s  a monoculture . 

EXPERIMENTAL 

The fo l l owing treatment s were examined in a two repl icate 

8 x 3 x 3 factor ial  design ,  giving a total of 1 44 experimental  pot s ; ­

S 1  Ma ssey Basyn (N . Z .  Bred)  

52  Dipton (N . Z .  natura l ecotype ) 

53 Abbot sford W . Z .  natural ecotype ) 

54 Rotorua (N . Z .  natural  ecotype ) 

55  Glen .Inne s (N . S .W .  Tablelands natura l ecotype ) 

56 Almeida de Sayago ( Spani sh natural ecotype ) 

57 Stratford (N . Z .  natural ecotype ) 

58 Tara Hi l l s  (N . Z . natural ecotype ) 

Massey Basyn was the only known bred strain of Yorkshire fog . 

P was app lied in solution as  sodium dihydrogen phosphate at 1 0 ,  60 and 

1 80kg per ha calculated on a superficial  ba s i s .  N was app l ied a s  

annnonium nitrate in so lut ion at O ,  50 and 1 00kg per pa  (calculated on 

a superficial bas i s ) and re-appl ied at hal f  the initial  rates  on days 

22 ,  3 6 ,  47 and 59 . The experiment was sown on 26 September ,  1 9 7 2 . 



Detai l s  of soi l  used , basal nutrients app l ied  and cultural  

condit ion have been given in  Sect ion 3 .  

RESULTS AND DISCUSSION 
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Tot al shoot yields  are shown in Appendix I ,  shoot absorpt ion of 

N and P in Appendice s II and Ill and shoot ut i l i zat ion of N and P in 

Appendice s IV and V .  T o  aid interpretat ion o f  dat a ,  re sult s are 

presented on a re lat ive bas i s  in Table  I .  They are based on mean va lues 

as no interact ions were recorded between strains  and level s of N or P .  

An except ion was N absorption according to leve l of app lied N where , 

because ?f a significant po sitive interaction,  re lat ive results are 

pre sented in the pre sence of high leve l s  of P .  

Re sults  fai led to show any out standing difference s between strains 

and because of thi s it wa s decided to restr ict  the se lect ion o f  strains 

for further examinat ion to two ;  one ex�ibit ing high RNE and another  

exhibit ing low RNE . Furthe r ,  a s  no large difference s were apparent in  

RNE according to P app l i ed i t  was cons idered de sirable , in view of the 

importance of N for gras s  production ,  to r e strict  the subsequent study 

to  an examinat ion of the RNE of strains in re sponse to app l ied N.  

In view of the above dec is ions Mas sey Basyn was se lected for 

further study on the grounds that it gave high shoot yields  and was 

among the highe st yielding strains on a re lat i ve basis in the absence 

of appl ied N. Accept ing the l imitat ions of the data in providing only 

three point s on the re sponse surface , there was reason to be l ieve that 

Mas sey Basyn pos se ssed the propert ies  of RNE Type 1 in that i t s  y ie lds  

at  50kg /ha N re lat ive to l OOkg /ha N were low c ompared to  other stra ins ; 

it had not approached i t s  y ield asymptote a s  c l ose ly as  other stra ins . 

Tara Hil i s was se lected as a strain for further study because o f  

it s low relat ive yie lds  i n  the absence of  app l i ed N ;  i t  was a strain 

differ ing most markedly from Massey Basyn . In addit ion ,  the Tara Hil l s  

strain gave high yields  a t  50kg /ha N re lat i ve to lOOkg /ha N - indicat ing 

it was more c lo se ly approaching it s yield asymptote than was Mas sey Basyn . 

Thi s suggests  it  pos se ssed the propertie s  of  a Type 2 RNE curve . but , 

because of i t s  lower abso lute yie lds  compare d  to  Massey Basyn , would  be 

classed as  Type 3 RNE . As no stra ins exhib i t ed  Type 2 RNE (none wer e  

clearly supe�ior to Mas sey Basyn at any point i n  the response range ) , 

Tara Hi l l s  appeared to be the most appropriate  strain to compare with  

Mas sey Basyn . 
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Tab le 1 .  Re la t i ve yi e ld s ,  ab sorp t i on and uti li za t i on of N and P b y  

York shi re f o g  i n  response t o  app l i e d  N and P .  

( 1 00 k g  N/ha = 1 00 ,  1 8 0 k g  P/ha = 1 00 ) 

App l i ed N ( k g/ha ) App li ed P ( k g/ha) 

R e la t i ve yi e l d s  

( D .  H ./pot ) 

Ha s s e y  Basyn 

D i p  t on 

Abbot sford 

Rotorua 

G len Innes 

A lme i da de Saya go 

S t ra tford 

Tara Hi l ls 

R e l a t i ve ab sorpt ion 

( N  or P/p o t ) 

Ma s s e y  Basyn 

D i p  t on 

Abbo t sford 

Rotorua 

G len Inne s 

A lmei da de Saya go 

S t ra tford 

Tara Hi lls 

R e la t ive ut i li zation . . . • • •  

( D . H ./uni t  N or P ab sorbed) 

Has s e y  Basyn 

Dip t on 

Abb o t sf ord 

Rot ortla 

G len Inne s 

Alme i da de Saya go 

S t ra t ford 

Tal'a Hi l ls 

0 

47 

41 

4 6  

4 5  

4 2  

48 

4 6  

40 

2 5  

2 2  

2 5  

24 

2 5  

3 1  

2 5  

2 3  

1 8 1 

1 8 2 

1 8 7 

1 8 6  

1 68 

1 62 

1 8 8 

1 7 6 

of N 

6f N 

of N 

50 

7 5  

7 9  

8 8  

9 1  

8 5  

9 6  

9 2  

8 8  

5 9  

62 

65 

7 2  

74 

7 5 

7 2  

7 2  

1 2 7 

1 2 7 

1 40 

1 28 

1 1 6  

1 2 9 

1 3 0 

1 2 2 

1 0  

70 

74 

67 

63 

61 

5 9  

62 

7 6  

3 3  

3 1  

2 7  

24 

3 1  

3 0  

3 0  

3 4  

2 0 9  

248 

247 

2 5 1  

2 0 2  

2 0 7  

2 1 7 

2 2 0  

o f  P 

of P 

of P 

60 

8 7  

94 

98 

8 8  

8 9  

9 9  

90 

8 3  

5 8  

6 0  

6 3  

5 2  

6 6  

6 3  

5 6  

5 3  

1 42 

1 5 9 

1 5 9 

1 6 6 

1 3 5 

1 5 9 

1 70 

1 62 
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RELATIVE NUTRIENT EFFICIENCY OF STRAINS OF PERENNIAL 

RYEGRASS IN RESPONSE TO APPLIED NITROGEN AND PHOSPHORUS 
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INTRODUCTION 

Perennial ryegras s  is a specie s indigenou s to the humid-temperate 

regions of north-western Europe and is  one of the most wide ly sown 

gra sse s in temperate regions of the world.  I t  is a species  tha t  qui ckly 

adapt s  to i t s  geographic or ecological environment as shown in the e arly 

year s  of plant breeding (Jenkin , 1 930 ;  Levy , 1933 ; Beard and Hal lowe l l ,  

1952 ) .  

In view of  the importance o f  perennia l  ryegrass to wor ld agriculture 

it is surpri sing tha t  l i t t le has been done to ident ify and select s train s  

efficient i n  their nutr ient requirements .  A programme of  research 

into the genetic  control  of  N and P uptake of  populat ions and strains of  

perenniat ryegrass has been undertaken at t he Wel sh P lant Breeding 

Stat ion ,  Abarystwyth .  There t he ini t ia l  work of Holmes  ( 1 967 ) ,  who 

grew 5 . 24 and Mel le perennial  ryegrasses under two leve l s  of  N ,  showed 

(by parent -progeny regre ss ion ) that the her i t abi l ity was greater t han 

0 . 3  in dry weight of shoot and of root ; percentage N in the shoot and 

total  N yield in shoot and in the whole p lant . He also found lower N 

concentrat ions in 5 . 23 and S . 101 than in New Zea land (Ruanui ) and Irish 

perennia l  ryegra sse s .  

Goodman and Shurety ( 197 1 ) reported a re sponse to se lect ion within 

5 . 23 perennia l  ryegrass  for dry mat ter product ion at  l imit ing P level s  

( 1 2  ppm) . The heri tab i l ity was 0 . 68 .  At high levels  o f  P ( 1 86 ppm ) 
the se differences were  not present . They found that the populat i on 

showing efficiency at  low leve l s  of P a lso contained low concentrat ions  

of P in the herbage . Further , the effect o f  se lect ion was passed on 

from the parent to seedl ing .  Later Goodman and Hughe s ( 1 9 72 )  reported 

a study of parent s and F1 progeny of a dia l l e l  cross between contra st ing 

perennia l  ryegrass  cult ivars . Th� recorded a high heritabil ity of 0 . 63 

for N and 0 . 56 for P for yie ld  at  low and optimal leve l s  o f  the se 

nutr ient s .  They did not f ind tolerance to high leve l s  of N or P t o  

be  heritable . Differences were recorded in the response to  high leve l s  

o f  N and P between Lior , S . 22 and Aberystwyth and strain B b  1 27 7  perennial  

ryegrasse s .  The same authors also  found heritabi lities  of  0 . 79 and 0 . 3 6  

for both N and P concentrations in the herbage . The se glasshouse re sul t s  

were subsequent ly confirmed (Goodman . and Hughe s ,  1 973 ) in  the f ie ld . 

A study of di fferences in · re sponse to P of populations of  perennial  

ryegrass by Crossley and Bradshaw ( 1 968 ) showed considerable differences 
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in  r e sponse o f  p opul a t i ons from cont r a s t ing so i l  t ype s .  Thi s t hey 

cons ider e d , sugg e s t s  s p ec i f i c  phy s i o l og i c a l adaptat i on t o  P l e ve l .  

Cu l t i va t e d  var i e t i e s  d i d  not per f orm a s  we l l  as  s pe c i f i ca l ly adapt ed 

popu l a t i o n s  unde r  e x t r eme nut r i ent cond i t i on s .  They a l so showe d  a 

change in  nut r i e n t  r e s pons e wi thin populat i on s  in t he cour s e  o f  seed  

mul t ip l i c a t i on .  

The f o r ego ing i l l u s t rat e s  t he e x i s t en c e  o f  varying nut r i t i ona l 

e f f i c i ency in  pe r enni a l  ryegra s s  and a re l a t i ve ly h i gh her i t ab i l i ty 

but wi t h  phy s i o l og i c a l  adapt�t ion o c c ur r ing over a short per i o d  o f  

t ime . U p  t o  the  pre s ent t ime n o  c ul t i va r s  have b e e n  br e d  spe c i f i c a l ly 

for e f f i c i ency i n  re s ponse  t o  minera l nut r i ent s .  The pro s pe c t s  o f  

breed ing for nut r ient  e f f i c i ency app e a r  pr omi s ing in  view o f  t h e  

f orego ing re sea r c h .  Fur ther , the prac t i ce o f  p l ant bre ede r s  i n  

conf i n ing t he i r  se le c t i on wo rk and n a t i onal t e st ing to high f e r t i l i t y  

so i l s  or t o  one s on wh ich ad e quat e ba s a l  � r e s s ing s o f  de f ic i ent  

nut r i ent s are app l i e d  wi l l  ha ve meant t he s e lect ion of c ul t i va r s  t hat 

need not ne c e s s ar i ly be e f f i c ient at sub-opt ima l l e ve l s  of nut r ie nt s . 

The se l e c t i on o f  s t ra ins in t he exper iment to be r e po r t e d  he re  

wa s b a s e d  f i r s t l y on t he ava i l a b i l i t y  of  s e e d  and se cond ly on t he d e s i r e  

to inc lude s t ra i n s  f r om d i ve r s e  geographic a n d  environment a l  s i t ua c i on s .  

Seed from t �.;o s t r a i n s  ( Ro snovsky and Nor lea ) repor t ed by Goodman , ? , J .  ( p ers . 

comm . ) t o  po s s e s s  a degree o f  e f f i c i ency i n  re spon se  to N ,  P and K 

lva s not ava i l ab l e .  

EXPZRIHENTAL 

The fo l l owing s t r a i n s  wer e  exami n e d  i n  a two repl ica t e  7 X 3 X 3 

fac t or i a l  e xper imen t : -

S l  R . v . P .  Hay p a s t ure : 

S 2  w . w .  V i ru s :  

S 3  Manha t t an :  

S 4  Medea : 

s s  Aberys twyt h s . 23 :  

Ri j k s s ta t i on voor p l anten ve r e d e l ing , 

Mer e l beke ( Lembe rge ) ,  Be l g i um . 

Plant Bre e d i ng Ins t i t ute , Land skrona , 

Swede n . 

Carey S t rcme , C a l i fornia . 

Grm.,re r s  seed , Ade l a i de , Aus tr a l ia .  

Nat i ona l Seed  Deve l o pment Organ i z a t i on ,  

Cambr i dge , U . K . 
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S7 Mangere1 : 
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Breeders  stock , Gra s s lands Divi si on ,  

Pa lmer ston North,  N . Z .  

Gras s lands Divi sion G47 1 1 , Palmerston 

North ,  N . Z .  

Seed wa s  supp lied by Gra s s l ands Divi sion ,  D . S . I . R. Palmer ston North.  

The experiment was sown on 26- 5 -72 .  Phosphorus was app l ied as  sodium 

dihydrogen pho sphate at 0, 60 and 1 80kg /ha calculated on a superficial  

ba s i s .  On 21 -6-72  the ' No P '  treatment s were exhibit ing P defic iency 

symptoms and p lant mortal ity appeare d  imminent . To the se  pot s was added 

1 0kg /ha P to al leviate the problem. 

Nitrogen was app lied as ammonium nitrate at 50 and 100kg/ha at sowing 

and re-app l ied at ha lf the init ial  rate on days 26 , 3 5 ,  41 and 48 . 

Harvest ing took p lace on days 46 and 60.  

Detai l s  of so i l  used , ba sal nutrient s and cultural condit ions have · 

been given in Sect ion 3 .  

RESULTS AND DISCUSSION 

Tota l shoot yields are shown in Appendix VI ,  absorpt ion of N and P in 

Appendice s VII  and VIII and ut i l i zat ion of N and P in Appendices  IX and X .  

Relat ive strain performance in  the se paramater s  are shown in Table  II where 

data was der ived from mean va lue s unless  signif icant pos i t ive interactions 

occurred. In thi s event the effect of  N wa s taken from value s in the 

pre sence of  the highe st level  of P .  

Result s  s how high yie lds  from S . 23 ,  Ruanui and Mangere . The latter 

two strains gave low re lat ive yields in the absence of N and did not reach 

their yield  asymptote s at 50kg/ha N as did other strains ( exc luding S . 23 ) .  

Thus t he se two strains appeared to posse s s  Type 1 RNE in t hat they c ont inued 

to respond t� high leve l s  of app l ied N .  Absorption of N by the se strains 

at the lower leve l s  of  app lied N did not di ffer from the ab sorption by the 

others and doe s not account for their  low RNE . Uti l i zat ion gave variable 

re sul t s  for the se two stra ins , wi th t he value for Ruanui being difficult 

to exp la in in view of the low absorpt ion. However value s for relat i ve 

ut i l i zat ion taken from the mean of al l leve l s  of P show Ruanui providing 

s imi lar high ut i l i zation to Mangere at low leve l s  of app l ied  N .  It was because 

1 .  Subsequent ly released a s  1 Gras s l ands Nui ' perennial ryegras s  ( Boyd , 
1973 ; Wal ton, 1 973 ) .  
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Table I I :  Re l at ive yiel ds ,  ab sorpt ion and ut i l i zat ion o f  N and p by 

perennial ryegra s s  i n  response t o  app l ied N and P 

( 100kg /ha N =  100,  1 80kg /ha P = 1 00 ) . 

App l ied N (kg /ha ) App l ied P (kg /ha ) 

Relat ive yie ld s  0 50 0 60 

( D . M . /pot ) 
of N of P 

R . v . P .  40 103 29 7 6  

W .W.Virus 46 100 34 79 

Manhattan 3 8  102 29 73 

Medea 46 106 27 86 

s . 23 42 · 72  26  85 

Ruanui 3 4  83 29 7 6  

Mange re 37 86 26 67 

Re lat ive absorEt i on of N of P 

(N or P /pot ) 

R . v . P .  26 9 5  20 64 

W.W .Viru s 25  94 22 58 

Manhat t an 23 90 20 6 1  

Me de a 27 97 1 9  6 5  

S . 23 2 2  67 1 9  68 

Ruanui 1 9  6 9  21 61 

Mange re 19 77 1 9  64 

Re lat ive ut il i zat ion of N of P 

(DM/uni t N or P absorbe d )  

R.v. P .  1 54 107 1 50 1 20 

W .W.Virus 1 84 108 1 51 1 3 7  

Manhat tan 167 1 1 3  1 49 1 25 

Med ea 1 67 109 149 133  

s . 23 194 1 09 1 40 1 23 

Ruanui 1 77 1 20 1 57 1 3 3  

Mange re 1 90 1 1 1  - 1 42 1 07 
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of  these  attribute s  descr ibed above together with the fact that  Ruanui 

and Mangere ( recent ly released as  Nui ) are of cons iderable signif icance 

to  New Zea land agr iculture , that these s trains wer e  se lected for further 

study . 

R. v . P .  was a stra in showing re lat ively high yields at low leve l s  

o f  appl ied N• I t  reached i t s  yield  asymptote a t  50kg/ha - a t  which leve l  

i t  a l so gave yields comparable to Ruanui and Mangere . Thus R .v .P .  

appeared to  be  a stra in po sse s s ing the propert ie s  o f  Type 2 RNE ,  

accountable by relatively high absorption in spi te  of re lat ive ly low 

ut i l ization of N .  It  was therefore se lected for further study . 

The inclus ion of an additional strain showing high RNE at low 

l eve l s  of  appl ied N in the subse quent experiment was a l so cons idered 

desirab l e .  The choice was between W.W.Virus and Medea . The former was 

se lected because of it s high re lat ive ut i l i zat ion of N - which further 

inve st i gation could wel l  show was a part icular attribute of W .W .Virus 

whi ch may account for i t s  high RNE . 

Basically the re lative yie ld re sponse of W .W .Virus was of  Type 2 ,  

but because it  wa s  not c learly super ior t o  Ruanui or Mangere ( both Type 1 

RNE )  at  any point over the range of N appl icat ion rates it i s  c la s s if ied  

a s  possess ing Type 3 RNE . 

Rel at ive stra in re sponse s in yield , P absorpt ion and ut i l i zat ion in  

response to app l ied  P showed l i t t le variat ion .  For thi s  reason ,  and  for  

the reason of  the greater importance of  N nutr i t i on for gras s  product ion , 

it was decided to conf ine t he sub sequent experiment to a study of the N 

nutrit ion of stra ins of perennial ryegrass . 



EXPERIMENT 3 

THE RELATIVE EFFICIENCY OF STRAINS OF 

LOTUS IN RESPONSE TO APPLIED P 
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INTRODUCTION 

There are few compari sons reported in t he l i terature between s t rain 

of Lotus pendunculatus ( 1 Lotus 1 ) .  In New Zea land a breeding programme 

of Barc lay ( 1 9 5 7 )  and Barc lay and Lambert ( 1966 )  resulted in the 

production of  an induced tetrap lo i d ,  Gras s l and s 4702.  It wa s bred from 

Gra s s lands 4701 , a dip loid select ion from a wide range of New Zea l and 

material , for improved winter growth. Subse quent ly an autotetrap loid , 

Gras s lands 4705  was re leased to farmers  under the name Gra s s land s Maku , 

(Boyd , 1973 ) .  Thi s new strain i s  reported ( Barclay and Lamber t ,  l oc . c it�  

to po sse s s  the attr ibut e s  of  improved seedl ing vigour and higher y i e lds 

except under hard gra zing . 

Over sea s repor t s  on the re lat ive performance of strain s  of Lotus 

are few. In We l sh hi l l  country Davie s ( 1 9 6 9 )  conducted an exper iment 

comparing a number of strains , inc luding one from New Zea land , but fai led 

to obta in useful r e su l t s  owing to poor seedl ing establ i shment and survival . 

Other repor t s  in the l iterature provide c l a ims a s  to  the super ior i ty of 

one strain over another , but the se report s  do  not provide dat a t o  

s ub s t antiate c laims made . 

There have not been any exper iment s reported examining the RNE of 

Lotus stra in s .  Accordingly the experiment reported here had the a im of 

providing informat ion to enable se lect ion of material for further study . 

The number of  strains avai lable for compari son within New Zea l and 

co l l ections were few. For thi s reason one hybrid (L.penduncul at u s  X 

L .  corniculatus L . ) was inc luded , and wi l l  be re ferred to as  L . hybr id.  

EXPERIMENTAL 

The exper iment wa s conducted in a t emperature control led g l a s shouse ,  

and compared e ight s trains of Lotus at f ive leve l s  of P app l icat i on in a 

four repl icate randomized block layout . Stra ins compared were a s  f o l lows : 

1 .  Lotus hybrid ex Gra s s lands D ivi s ion. 

2 .  Marshfie l d  ex S o i l  Conservat ion Service , Corva l l i s . 

3 .  Lotus t e t raploid ex Gra s s l ands Divi s ion ( Gras s lands 4702 ) .  

4. Dunedin natural ecotype . 

5 .  Lo s Lagos ex southern Chi le . 

6 .  Chil ean stra in o f  unknown o�igin (referred t o  as ' Chile ' ) .  

7 .  Wairoa natura l e cotype . 

8 .  T imaru natur a l  e cotyp e .  
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Pho sphorus was app l ied a s  sodium dihydrogen pho sphate at 1 5 ,  3 0 ,  

60 , 1 00 ,  and 200kg /ha P (ca l culat ed on a super f i c i a l  ba s i s )  and mixe d 

wi th the so i l .  Nine seeds were sown per pot on 1 6 - 1 0-72  fol lowing 

inoculat ion .  Two harve s t s were made - the first  on 1 1 -1 2-72  ( day 5 6 )  

·and t he second on 5 - 1 - 7 3  ( day 82 ) .  Fur ther experimental detai l s  have 

been given in Section 3 .  

Nitrogen fixing act i vi ty was measured on day s 55 and 81 and root 

we ight s were me a sur ed on day 82 . As they do not add any informat ion to 

a l ter se lect ions ba sed on data re port ed , these result s wi l l  not be report ed .  

RESULTS AND DI SCUSSION 

Shoot yie l d ,  absorpt ion and ut i l i zat i on o f  P re sults  are pre sented · 

in Appendix XI . Fitted curve s for yields are shown in Fig . 3 where , t o  

a id examination ,  re sul t s  are shown in two graphs wi t h  the curve for one 

( L . hybr id )  be ing shown on both to fac i l itate compari son . Re l at ive yie l d s  

of  stra ins , comparing fitted  yields  a t  6 0  and 1 00kg /ha P against yi e l ds  

at 200kg /ha P are shown in Tab le  I I I .  Fitted curve s  for absorpt ion and 

ut i l i zat ion of P are pre sented in Fig . 4. 

Yie ld re sults ( Tab le III ,  Fig.  3 ) do not show any strain reaching i t s  

y i e ld a symptote at 200kg /ha P and thi s i s  t o  sbme extent a re f lection o f  

t he effects of fitt ing curve s  t o  the strain mean yie lds.  However in 

spite of thi s l imitation it i s  apparent that two strains - L . hybr id and 

T imaru , were not approaching their yie ld asymptote as c lo s e ly a s  the 

r ema inder .  Thi s indicat e s  that they po ssessed  t he propert i e s  of a Type 

1 curve more than the other strains . 

The strains other than L . hybrid and Timaru had the propert ie s o f  a 

Type 2 curve in that at l ow l eve l s  of a pp l ied P they were super ior t o  

t he s e  two .  O f  thi s Type , L . tetraploid gave t he highe st yie ld s  at a l l  

l e ve l s  of P and i s  c la s s i f ied as a Type 2 RNE whereas Mar shf ie l d ,  Lo s 

Lago s , Wairoa and Dunedin stra ins di ffered l i t t l e  in their re sponse 

sur face , were at  no po int superior to L. tetrapl o id , and are accordingly  

c la s s i f ied as  Type 3 .  

Examinat ion o f  ab sorpti on and ut i l i zati on r e sult s  shows that 

L . hybrid and Timaru both gave low re l at ive yie lds  at low leve l s  of P due 

to poor ut i l i zat ion of a bsorbed P .  The superior yie lds of L. tetraploid 

were a function of  it s abi l i ty to ut i l i ze ab sorbed P at  a high leve l ,  

part icularly at t he low leve l  of P input . Rema ining stra in s  gave s imi l ar 

pattern s  of ab sorption and ut i l i zat i on of P which i s  in conformi ty wi th 
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Tab le Ill .  Re lat ive yie lds  of stra ins of Lotus 

( 200kg/ha P = 100) 

Stra in Leve l o f  P (kg /ha ) 

60 100 

L . hybrid 81 . 4  9 2 . 2  

Marshf ield  83 . 5  94. 3 

L .  tet rap loid 83 . 6  93 . 1  

Duneflin 86 . 5  94. 3 

Lo s Lagos 85 . 0  93 . 7  

Chile 8 5 . 3  93 . 8  

Wairoa 83 . 8  93 . 2  

Timaru 81 . 4  9 2 . 2 

60 
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t he ir relat ive yield  r e sul t s .  

As only two strains differed marke d ly in their relat ive y i e l d s  and 

in ut i l i zat ion o f  P it  was decided to inc l ude only these in t he 

subse quent experiment . They were the Type  1 strain L . hybrid  and the 

Type 2 strain L .  tetraploid . 



EXPERIMENT 4 

THE RELATIVE EFFICIENCY OF STRAINS OF 

WHITE CLOVER IN RESPONSE TO APPLIED P 
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I NTRODUCT I ON 

There i s  li t t le doub t  f rom t he work of Sears and Evans ( 1 9 5 3 )  t ha t  

b r eeding whi t e  c love r  f o r  i �? roved growth r e sul t s  i n  inc reased ni t r o gen 

f i xa t i on .  T o  fur t h e r  i nc rease t he sup p ly o f  ni t r o gen t o  a s soc i a t e d  

gra s s e s ,  t h e  a i ms i n  whi t e  c lover breed i n g  have been mai n l y  t o  i nc re a s e  

c o o l  season ac t i v i t y  ( Barc lay, 1 9 69) . L i t t le a t tent i on ha s b e e n  gi v en 

t o  select i n g  s t ra i n s  f o r  hi gh fu�E to i mp rove t he i r  abi l i t y  t o  comp e t e  f o r  

nut ri ent s  in t h e  gra s s/c lover svard . S e lec t i on and bre eding ha s 

p robab ly mi li t a t ed a ga i n s t  thi s i n  t hat p lant b reeding and regi ona l 

t e s t i n g  exp e ri ment s have been conf i ned t o  hi gh f e r t i li t y  soi ls o r  t o  low 

f e rt i li ty soi ls t o  vhich adequate basal nut r i en t s  have been app l i ed ( Barc lay, 

1 9 69 ; Lambert � a l ,  1 9 69 ; Heeda et a l ,  1 9 69 ; Cul len , N . A . , p e r s . c o rrJn . re 

ba sa l  t reatment s) . 

The exp e ri ment reo o r ted he re '.vas d e s i gned t o  i dent i f y  s t ra i n s  o f  \vhi t e  

c l over exhi b i t i n g  varyi ng de grees o f  nut ri ent e f f i c i ency .  Thi s s t ep Ha s 

made nece s sary b y  the ab s enc e of pub li shed data i dent i f yi n g  e ff i c i ent 

s t Tains , apart f rom t he recent \·!O rk of Brock and Ho glund ( 1 974 ) \vhich • . .;a s  

pub l i shed af t e r  t hi s exp e r i ment •.vas comp le t e d . They f ov.nd t hat P i  tau 

·,,h i  t e  c lover made r e la t i v e l y  more grmvth than Hui a unde r  lm.,r lev e l s  of 

p ,  Phosp horus wa s se lected as t he nut r i ent f o r  Hhi ch e f f i c i enc y wa s 

sought because sup e rp ho s p hate i s  the f e rt i l i ser app lied i n  large s t  

quant i t i e s  t o  New Z e a land soi l s .  

The selec t i on o f  s t rains o f  Hhi te c love r  t o  b e  exami ned wa s ba s ed 

upon t he need t o  i nc lude material of diverse geo graphic ori gi� and upon 

t he need to i nc lude s t ra i n s  ( sv.c h as the Teka p o  s t rain) vhi ch are kno1-m 

t o  survive U:."lder low f e rt i l i t y  cond i t i on s  t o se t he r  wi t h  s t ra i n s  u s e d  i n  

h i gh p roduc i n g  pa s t ure s . 

E XPERIMENTAL 

The f o l loving s t ra i n s  of vhi te c love r  ( sup p l i ed by Gra s s land s 

D i v i si on ,  Palme rs t on Nor t h) Here compa red i n  a 1 0  x 5 fac t or i a l  a rranged 

i n  t hree rando�i z ed b lock s :  

1 .  N . Z .  Cert i f i ed Gra s s land s Hui a . 

2 .  11 " " P i  tau 

J .  Ecotyp e  from La�c Tekap o f rom a s i t e  not p revi ous l y  t op d re s se d , 

and referred t o  hereafter as ' Teka p o ' .  

4 .  Bi tuanai \vhi te c love r  ex L i t huani an Insti tute of A gricul tur e , 

u . s . s . R . 



5 .  S . 100 white  clover ex Nat ional Seed Deve lopment Organizat i on 

Ltd ,  Cambri dge . 

6 .  S . 1 84 white c lover ex Nat ional Seed  Deve lopment Organi zat i on 

Ltd , Cambridge . 

7 .  Tamar ( culture type ) white c lover ex Zwaan and D e  Wi l ja s ,  

Scheemda , Ho lland .  

8 .  Spani sh white  c lover - a Spa in X Spain cros s  made by 

Gra s s lands Divi sion.  

9 .  Kent i sh wi ld white  clover ex John Harvey Ltd , rover , 

referred to hereafter a s  K.W.W.  

1 0 .  Louisiana S-1  white  clover ex U . S . D .A .  P lant Introduction 

Sect ion ,  Belt svi l l e .  

6 5  

P was appl ied a s  sodium dihydrogen pho sphate at 1 5 ,  30 , 6 0 ,  100 

and 200kg/ha P ( calculated on a superf icia l ba s i s )  and mixed with the 

soi l .  Nine seeds were sown per pot fo l lowing inoculat ion on 1 6- 10- 72  

and were grown in  a temperature contro l led g la s shouse and p lant s were 

harvested on days 59 and 87 . Further  exper imental detai l s  have been 

given in Sect ion 3 .  

Nitrogen f ixing act ivity was measured on days 48 and 84 and root 

dry matter yields  were measured on day 87 . As the se re sul t s  add l itt le 

further informat ion as  a ba si s for s elect ion of strains they wi l l  not 

be pre sented . 

RESULTS AND DISCUSSION 

Shoot yie lds , ab sorpt ion and ut i l i zation of P are shown in Appendice s 

XII ,  XIII , and XIV re spective ly .  F i tted curves for yields are shown in 

three l ine drawings in Fig.  5 where ,  to aid  compari son s ,  Hui a  i s  

repre sented in  each.  Relat ive yie lds ,  in  whi ch yields at 60 and 100kg/ha 

P are compared relat ive to yie lds  at 200kg/ha P using fi tted value s ,  are 

pre sented in Table IV. 

Fitted yie lds ( Fig . 5 )  fai led to  show any marked diff�rences  in shape 

of the response  sur face s  of stra in s .  However there were some differences 

in degree of curvature . Most not iceable in this re spect was the lack of 

re sponse to increas ing leve l s  of P by Tekapo . Thi s  f inding i s  in 

agreement wi th tho se of Snaydon and B radshaw ( 1962) , who found that 

populat ions from soi l s  low in P did  not re spond to P as  much as  populat ions  

coming from soi l s  h igh in  P .  



Tabl,� IV. Re lat ive yields  of strains of  white  c lover 

( 200kg/ha P = 100)  

Strain Leve l  of  P (kg/ha ) 

60 1 00 

' .  Huia 74. 0 86. 5  

Pitau 76 . 8  87 . 8  

Tekcrpo 76 . 6  87 . 8  

Bituanai 7 2 . 9  86 . 5  

S . lOO 7 5 . 5 88. 0  

S . 1 84 68 . 6  83 . 6  

Tamar 70 . 4  84. 5 

Spani sh 70 . 9  84. 8 
K. w . w .  69 . 3  84. 0 

Loui siana 74. 3 86 . 5  

66  
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Avai lable information on strains used in thi s experiment indicate s t M t  

the Tekapo stra in was from a soil  low in avai l ab le P and one whi ch had not 

been topdres sed . The reason for it s low ove ra l l  yields lay in i t s  low 

leve l  of P absorpt ion whi l e  it s poor re la t ive yield performance at low 

leve l s  of appl ied P was due to i t s  re lat ive inab i l ity to ut i l i ze ab sorbed 

P (Fig . 6 . and Appendix XIV) . The remaining strains ,  including K .W .W .  ( see 

Snaydon and Bradshaw ' s  c la s s ificat ion ) , had been bred and cult ivated under 

high P conditions . 

Re sul t s  did not provide stati stical ly sound evidence to  c onfi rm the 

superior i ty of P i tau compared to Huia a t  low leve l s  of P a s  found by 

Brock and ·Hoglund , loc . cit . a lthough the actua l  yields and f i t ted curve s 

sugges t s  their finding may have been reproduced .  The data provide s 

evidence that the superior ity of Pitau was due to it s greate r  abi l ity to 

ut i l i ze absorbed P ( Fig .  6 and Appendix XIV ) . 

Some d i st inction needed to be made between strains i f  promis ing 

material  was to be selected for further study . Accordingly it was 

decided to cla s s i fy stra ins into Type 1 RNE i f  their  yie ld s at 1 00kg/ha P 

were le s s  than 85  percent of the ir y i e ld s  at 200kg/ha P .  On t hi s bas i s  

(Table IV ) Tamar , Spani sh S . 1 84 and K.W .W. would be clas s i f ied  a s  pos s e s s ing 

Type 1 RNE.  From among the se Tamar was se lected for further study a s  it 

gave highest  yields at 200kg/ha P and among the lowe st yields at 1 5kg/ha 

P ( Fig . 5 ) .  Tamar a l so differed from other strains (wi th t he exception of 

Loui siana ) in that it gave high ut i l i zat ion a s  the leve l of  P wa s increased.  

It s ab sorption of  P differed l ittle  from that of other strain s . 

From among the remaining strains Huia was se lected for furthe r  study . 

It was typical o f  stra ins with  a tendency towards Type 2 RNE ,  ( Table  IV) .  

Fitted curves ( Fig .  5 )  showed Huia gave high yields  re lat ive t o  Tamar at 

1 5kg/ha P and lower yie lds  at 200kg/ha P a l though actua l yie ld s  (Appendix 

VII )  indicated that the differences may have resided more at , t he higher 

leve l s of  P .  Absorption and ut i l i zat ion of P by Huia ( Fi g .  6 and 

Appendice s XIII and XIV ) was genera l ly  s imi lar to t hat of other strains .  

One further reason for  the selection of Huia was i t s importance to New 

Zealand agriculture . 

Louisiana was selected a s  a third strain for further study . I t  gave 

yie lds s imi lar to Huia but differed substantia l ly in i t s  ut i l i zat i on of 

absorbed P (Fig .  6 and Appendix XIV ) . Thus i t  he ld  promise of pos s e s s ing 

genetic  variabi l ity in P ut i l i z�tion which could bear furthe r  examinat ion. 



40 .. 

30 .. 1 

r------1 
20 .. .... 

0 
c. 

'-..... 
C) 1 0  E 

'----' 

c I 
0 ·-.... 

40 c. -:.... 
0 
(/) .c 
1\1 30 .. 

Q. 

20 .. 1 

10 ... 

� . . . 
I 

� 
I .. 

• 

• 
._ . . . 11 . ... · .. ··..  • .. . . . . . . . • . . . . . . . . . . 11 

... 

Tekapo 

Bituanai • 

� 
- - .. . . . . . . . ; - - - - - - - - - -

& 

Ill . . 
' . 

& 

·-
•·. ·. .. .. 

& 

•. 
· .. ··. . ... 

I 

• Huia 

• Pi tau 

·· . . • ·· . . . . . .. . . . . . :: . .•. . . . . . . . . . . . · · • · · · · 

� 

& & 

15 30 60 
& 

100 

• 

!· 
.. 

. . · · • · · • · · • 

.. 

200 

... 

.. 

.. 

I 
... 

.. 

.. 

..I 

• . . . • ··. 

Ill . . •• 

. 

... 400 

.. . ... . � · · · · · · 1 1 1 ... 350 · · � · · · · · · · · · · · · · · · · · · · · · · · ·  
.. . . 0 I ... I . .. . . . . . .• • • • • • •  •__!..�m 

/: Tamar 
• Spanish · 

& & 

� . . 
· ... 

I 

• 

• 

.. .. 
.. . . ... . ... . . . . . .. . . . . . . · . . . . . . . �� �· 

.Ail' 

I 

5 . 100 

5 . 184 

. . : : ,  • • • . . . . . . . . .  , , ,:::  

-. 300 

� 250 

j. 200 

.-. 400 

350 

• 300 

J. 250 

I f I " I .• 200 

15 30 60 100 200 

P ( kg/ha ) 
Fi g .  6 F i t t e d  curves for P absorp t i on ( ____ · ) and ut i l i zat i on ( • . . • •  ) by s t rains of 

whi t e  c lover accordin g  to leve l of P ( cont . over ) . 

"'C 
c .... 

N 
� .... 
cs· :l 

r------1 cc 

p 3: . 
.......... 
cc 
"'C 

'---' 

'-I 0 



..--------- ' I 

...... 
0 

� 40 --
C) 
E 

;_j 30 .. ' 

� 
0 

· -
...... 
c. 20 -
0 
en · 

.c 
t\S 10 .. 

c.. 

• Louis iana 
-.. • K W W  • •

• 
• • • . . . . . . . ... . . . . . . . . . ... . . . · · · · · · · · · · · · · · · · · · · · · · ·  

•• . . . 
� • .. • • • . . ... . . • • . . 

· · · · · · · · ·  • • • · · · · • · • · · · · • • 

400 

350 

300 

250 

200 
15 30 60 100 200 

""C 
t: 
,.... 
- ·  -
- ·  
N 
0 
,.... 
- ·  

0 
:::l 

,---., 
c.c 
0 . 
s 
• 

---
tC 
'"'C 

l-J 

F i g .  6 ( c ont . ) Fi t t ed curve s for P absorp t i on ( ) and ut i li za t i on 

( · · · · · )  by s t rains of whi t e  c lover according to lev e l  of P .  

-...J 
,.... 



SECTION 5 

INTER &� INTRASPECIFI C COMPARISONS OF 

EFFICIENT AND INEFFIC IENT GRASSES AND 

LEGUMES UNDER THREE CLIMATIC REGIMES .  
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General Introduction 

It has already been pointed out that a s tudy of RNE must  take into 

account environmental factors because of the marked inf luence they exert on 

the product ion and uti l i sat ion of as s imi lat e s  and the consequentia l  e ffects 

on the uptake of inorganic i�ns . 

It was the object ive of experiment s described in thi s sec t ion to study 

RNE of strains of the two grasses  (Yorkshire fog and perennia l ryegras s )  in 

one exper iment and the two legume spec ie s (white c lover and Lot u s )  in another . 

The experiment s wer e  de signed to provide a more precise measurement of  inter strain 

and inter specific differences  in RNE . Thi s latter comparison was de s irable 

to  d i st ingui sh between the contribution s  of  RNE and environment to the 

relat ive superiority between the two gra s se s  and between the two legume s .  

Thi s que stion of relative superiority has been d i scuss ed in the introductory 

section. 

The c l imat ic paramaters ma inly affect ing p lant growth are temperature , 

l ight and moi s ture . To examine these  sat i sfactora l ly would nec e s s i tate the 

u se of four contro l led  environment rooms ; two l ight compari sons x t wo  

temperature compari sons and within-environment compari sons of moi sture . As 

only three control led environment rooms were avai lable it  was decided to 

s imulate three di stinct c l imat ic environment s .  Thi s  approach had the 

di sadvantage of not enabl ing the ident i f i cati on of the effect s of  different 

environmental  parameter s on RNE . It d id  have some pract ical advantage in 

enabl ing the s imulat ion of c l imatic  condi t ions in regions of New Zea land . 

Should thi s approach lead to the detect i on of  inter or intraspeci f i c  difference s 

then the logical next s tep would be to examine the separate e ffect s of  l ight , 

temperature and moisture  in subsequent e xperiments .  

To s imulate a c l imate  in tota l ity i s  not po ss ible  owing t o  the l arge 

variations tha t  occur in dai ly ,  seasona l and annual condition s .  The best  

approximation that can be  made is  to s imulate mean seasonal condi t ions .  Thi s 

was t he approach t aken in the experiments reported in thi s  secti on .  Data on 

mean monthly temperature s was extracted for the period 1 960/70 from New Zea land 

meteorological record s .  In the absence of  sufficient data on l ight intens i t ie s  

and durati ons the select ion o f  l ight intens i t i e s  had t o  be based on records of 

the number of  hours o f  sunshine and· the practical  application of thi s into the 

broad categorie s of ' low ' and ' high ' l ight intensitie s .  
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INTRODUCTION 

Just i f icat ion for the selection o f  s trains of Yorkshire fog for study 

in this exper iment were given in the di scussion of Experiment 1 and for perennial 

ryegras s in the discuss ion of Experiment 2 .  Briefly, Massey Basyn Yorkshire fog 

was se lected because i t s  yield response to N demonstrated Type 1 RNE and Tara 

. Hi l l s  was se lected because it exhibited Type 3 RNE - there being no stra in 

identi fied a s  Type 2. Of the perennial  ryegras se s  Ruanui and Mangere were 

se lected because they showed characteri stic s of Type 1 RNE and R. v . P .  and 

W.W.Virus because they were of Type 2 RNE . 

The first  objective of thi s exper iment was to  provi de confirmatory 

evi dence of re sul t s  obta ined in the previous two exper iment s through re stricting 

t he nutrients studied to  nitrogen and through increased repl icat i on .  The 

second and main obj ective was to measure the ef fect s of climat e  on RNE of the 

above specie s / strain s .  There have been no reports of studie s into thi s 

subject . As  ha s been d i 3cussed in the review of  l i terature , c l imate exert s 

a large e f fect on photosynthes i s  and the re sultant energy status of  p lant s ,  

and spec ies  and stra ins vary in their re sponse to c l imate.  It t herefore seemed 

reasonable to expect c l imate to affect the RNE of spec ies / stra in s  as the ir 

energy supp lie s for the absorption and ut i l i zat ion of nutrient s varied .  Thi s 

experiment was de s igned to te st  thi s hypothesi s .  

EXPERIMENTAL 

The six  spec ie s / stra ins named above and detai led earl ier wer e  compared 

in the pre sence of  f ive leve l s  of app l ied N in four randomized b locks , each 

within three di stinct c l imat ic environment s .  

Nitrogen was appl i ed a s  ammonium nitrate at the e quivalent o f  0 ,  5 ,  

1 0 ,  3 0  and 60kg/ha N ( ca lculated on a superf icial  bas i s )  and mixed  wi th the 

soi l .  Re-appl ication of these rate s were made on days 21 , 31 and 36 .  

Reasons for  the s imulat ion of d i st inctly d i fferent c l ima t e s  were given 

in t he general introduction.  The s e  c l imat es  were as follows : -
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C l imate  Tara Hil l s  Palmerston Taieri  

North  

( summer ) ( spr ing ) (winter ) 

Temperature (OC )  �j 22 . 5  1 5  1 2  

Night 7 . 5  1 0  3 

Light (Wm2 ) 1 50 1 80 90  

Day l ength (hours )  1 4  1 2  7 

Day/night changeover (hour s )  1 . 5  1 2 

Vapour pressure deficit (mb ) 1 0  5 2 

So i l  moi s ture (% f ield capac ity ) 50  cyc l ing 80 80 

to  30  

co2 ambient 

Further detai l s  of experiment al proceedure s have been given in Section 3 .  

I n  addition a ba sal  dre s sing o f  1 . 647 g/pot sodium dihydrogen phosphate was 

app l ied  and mixed with the soi l .  Germinated seedl ings were sown on 3 -4-72  and 

grown in a temperature control led gla sshouse ( 1 5- 25°C)  before transferring to 

the c l imate rooms on day 21 . Plant s were harve sted on day 5 2 .  Root s were 

removed by washing and their  dry weight determined .  

Stat i st i cal analyse s were performed on trans formed data to  improve the 

homogeneity of the varianc e .  A natura l log ( ln ) transformat ion was made on 

shoot yields  and P absorption data ,  but no transformat ion was cons idered 

neces sary on N ut i l i zat ion data .  Al l data was analysed as orthogona l polynomial s  

in which the square root of the leve l  o f  N app l icat ion was used . In the 

ana ly se s ,  variance was apportioned among treatment s and the ir l inear , quadrat ic  

and re sidual component s ,  a s  shown in  Appendix XV .  

T o  aid interpretation where s igni f icant strain X l inear o r  quadratic 

effec t s  were recorded,  resul t s  wi l l  be presented as l ine drawings o f  the 

re-transformed data .  Thi s exp lains  the apparent i rregularity of  some of  the 

re sponse  surfaces  shown. 

RESULTS AND DISCUSSION 

Re sul t s  of  shoot yie lds , shoot : root ratios  and N absorption and ut i l i zat ion 

accordin� t o  leve l s  of  N are pre sented in Table s V ,  VI , VII and VIII  re spect ive l y .  



Table V.  Effect of N on shoot dry matter yie lds of  perennia l  

ryegras s  and Yorkshire fog . 

Leve l of N 

Tar a Hi l l s  0 5 1 0  

Ruanui p . r .  1 . 545 1 . 674 1 .  821 

Mangere p . r .  1 . 554 1 .  7 7 1  1 .  740 

R .v . P .  p . r .  1 . 548 1 . 705 1 .  849 

W .W. Virus p . r .  1 .  495 1 . 604 1 .  662 

Massey Ba syn Y . f .  1 . 873  1 . 904 2 . 034 

Tar a Hi 11 s Y. f .  1 . 685 1 .  841 1 . 960 

L . S . D .  5% 0 . 064,  1% 0 . 086 , C .V . io 5 . 52 

On g/pot ) 

(kg/ha ) 
30 

1 . 93 2 

1 . 938  

2 . 026 

1 . 878  

2 . 1 99  

2 . 07 4  

6 0  

2 . 1 6 1  

2 . 069 

2 . 004 

1 . 97 9  

2 . 3 39  

2 . 13 2  

Sig .  int : Strain X N n . s . , Stra in X l in.  n .  s . , Strain X quad.  

Pa lmer ston North 

Ruanui p . r .  1 . 1 84 

Mangere p . r .  -1 . 105  

R . v. P .  p . r .  1 . 29 1  

w . w. Virus p . r . 1 . 207 

Mas sey Ba syn Y . f .  1 . 473  

Tara Hi l l s  Y . f .  -1 . 1 08 

L . S .D .  5% 0 . 43 ,  1% 0 . 57 ,  

1 . 3 78 

-0 . 461  

1 . 345 

1 . 3 26 

1 . 605 

- 1 . 67 4  

C .V . %  

1 .  41 9 1 . 696 1 . 7 33  

-0 . 942 0 . 389 1 . 859 

1 . 671  1 .  7 51  1 . 82 4  

1 . 395 1 . 637 1 .  7 20 

1 . 700 1 . 81 1  2 . 003 

-2 . 286 0 . 906 1 . 438  

7 2 . 94 

n .  s .  

7 7  

S ig .  int : Strain X N p<0. 001 , Stra in X l in .  p<0 . 001 , Strain X quad . p< 0 . 05 .  

Taieri 

Ruanui p . r .  -0 . 07 7  - 1 . 241 -0 . 865 -0. 942 - 1 . 93 0  

Mangere  p . r .  - 1 . 859 - 1 . 686 - 1 . 385 -0 . 91 6  - 1 . 039  

R . v. P .  p . r .  - 1 . 054 - 1 . 520 -0 . 7 1 9  -0. 887 -0 . 742 

w.w.  Virus p . r .  - 1 . 29 5  -0 . 921  -0 . 789 -0 . 847 -0 . 91 3  

Mas sey Basyn Y . f .  - 1 . 258 - 1 . 331  - 1 . 1 43 - 1 . 3 58 - 1 . 3 1 5  

Tara Hi l l s  Y . f .  - 1 . 393  - 1 . 548 - 1 . 26 2  -0 . 883 - 2 . 2 7 2  

L . S .D .  5% 0 . 45 ,  1% 0 . 60 ,  C .V .%  6i . 1 2 

Sig .  int : Stra in X N n . s . , Strain X l in .  p< O . OS ,  Strain X quad .  n . s .  
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Table VI . The effect of N on the shoot : root rat io of strains of Yorkshire 

fog and perennia l  ryegras s .  

Level of N (kg/ha ) 

Tara Hi l l s  0 5 1 0  30 60 

Ruanui . 783 . 869 • 812 1 . 1 1 4  1 .  2 1 5  

Mange re . 6 51 . 967 • 810 . 939  1 . 201 

R . v . P .  . 648 . 808 . 9 55 1 . 056 1 . 350  

W .W.  Virus • 619  . soo . 83 7  . 982 1 . 023 

Mas sey Ba syn· . 85 7  • 81 4 1 . 001 1 . 1 5 5  1 . 459 

Tar a Hi l l s  . 846 . 869 . 936 1 . 225  1 . 1 05 

Strain X N interact ion n . s .  L . S . D .  5% . 264,  1% . 3 51  
c .v . %  1 9 . 3 7 

Palmerston North 

Ruanui . 707 . 765  . 834 1 . 097 1 . 1 53 
Mange re 1 . 454 . 9 51 3 . 051 2 . 7 20 . • 935  
R . v .P . . 701  . 694 . 937  1 . 102 1 . 1 58 
W .W .  Virus . 628 . 677  • 761 1 . 1 3 5  1 . 274  
Ma s sey Basyn . 99 1  . 765  1 . 053 1 . 1 1 2  1 . 3 10 
Tara Hi l l s  3 . 241 2 . 887 . 67 3  2 . 284 1 . 264  

Stra in X N interact ion p< 0 . 001  L . S .D .  5% 1 . 094 ,  1% 1 . 455  

C .V . %  6 1 . 02 

Taieri 

Ruanui 1 . 2 29 1 . 93 1  2 . 739 2 . 440 2 . 790  
Mange re  2 . 66 7  1 . 391  1 . 434 2 . 1 8�. 1 . 470  
R . v. P .  1 . 51 5  1 . 647 1 . 236 1 . 360 1 . 53 1  
W .W .  Virus 2 . 1 1 4  1 . 1 84 1 . 069 1 . 1 9 7  1 . 07 5  
Mas sey Basyn 1 . 55 2  1 . 9 56 1 . 63 1  1 . 240 1 . 930 
Tara Hi l l s  . 792 1 . 61 7  1 . 2 59 1 . 1 03 1 . 7 81  

Strain X N interact ion n . s .  L . S .D .  5% . 47 1 ,  1'7.. . 63 2  

C .  V .%  56 . 36 . 
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Table VII . Effect of N on N ab sorpt ion in shoot s of  perennial ryegras s and 

Yorkshire fog . 

( 1  g N/pot ) n 

Level of N (kg /ha ) 

0 5 1 0  30 60 

Tara Hi l l s  

Ruanui p . r .  - 2 . 503 - 2 . 325  - 2 . 403 -1 . 594  - 1 . 337  

Mangere p . r .  . -2 . 622  - 2 . 333  - 2 . 3 73 - 1 . 848 - 1 . 450 

R . v . P .  p . r .  - 2 . 651  - 2 . 447 - 2 . 239  -1 . 73 7  - 1 . 590 

W.W.  Viru s  p . r .  - 2 . 703 -2 . 51 8  .. 2 .  2 7 1  -1 . 849 -1 . 464 

Mas sey Ba syn Y . f .  - 2 . 5 1 1  - 2 . 3 76 - 2 . 2 29 -1 . 789 - 1 . 3 73  

Tar a Hi l l s  Y. f .  - 2 . 523 - 2 . 3 76  - 2 . 092 -1 . 605 -1 . 5 1 7  

L . S . D .  5% . 089 , 1 %  . 1 1 9 ,  C .  V . %  66 . 1 6  

Sig . int . ; Strain X N n. s . ,  S train X lin. n .  s . , Strain X quad.  n .  s .  

Palmer ston North 

Ruanui p . r .  - 2 . 487 - 2 . 369 -2 . 13 5  - 1 . 79 1  -1 . 3 1 8  

Mangere p . r . -4. 1 1 9  -3 . 3 87 -3 . 83 8  -2 . 82 7  -1 . 3 82  

R .v . P .  p . r .  -2 . 536 - 2 . 3 1 8  -1 . 91 4  - 1 . 699 - 1 . 436 

W .W .  Virus p . r .  - 2 . 522 - 2 . 307  -2 . 13 7  - 1 . 645 -1 . 416  

Mas sey Ba syn Y . f .  - 2 . 3 60 - 2 . 257 -2 . 03 4  -1 . 805 -1 . 578  

Tara Hi l l s  Y . £ .  -4. 043 -4 . 584 -5 . 205 -2 . 66 2  - 1 . 578  

L . S . D .  5% • 42 , 1% . 56 ,  C .  V .%  62 . 1 0  

S ig . int . ; Strain X N p(0 . 01 ,  S tra in X l in .  p( 0 . 001 , Strain X quad . p(0 . 05 

Taieri 

Ruanui p . r . -3 . 055  -4. 226 -3 . 828  - 2 . 864 - 5 . 104  

Mangere p . r .  -4. 965  -4 . 7 1 9  -4. 3 7 1  -3 . 895 -3 . 980 

R . v. P .  p . r . -4. 1 9 9  -4 . 6 14  -3 . 903 -3 . 89 5  . - 3 . 980 

W � W .  Virus p . r .  -4. 401 -4. 021 · -3 . 97 5  -3 . 890 - 3 . 93 2  

Mas sey Basyn Y . f .  -4. 202 .;.4. 501 -4 . 074 -4. 3 1 8  -4. 1 84 

Tara Hi l l s  Y . f .  -4 . 3 30 -4. 441 -4 . 2 1 7  -3 . 77 8  -4. 394  

L . S .D .  5% . 45 1% . 60 ,  C .  V . %  3 8 . 00 

S ig .  int . ; Strain X N n . s . , Strain X l in .  p(0. 001 , Strain X quad .  n . s .  
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Table VII I .  E ffect of  N on N ut i l i zation in :shoot s o f  perennial  ryegra s s  and 

Yorkshire fog . 

( g  D .M. /g N absorbed) 

Tara Hi l l s  

Ruanui p . r .  

Mangere p . r .  

R .v. P .  p . r .  

W . W .  Viru s  p . r .  

Mas sey Basyn Y. f .  

Tar a Hi 11 s Y .  f .  

L . s .o .  5% 8 . 1 4 ,  

Level o f  N (kg/h�)  

0 5 1 0  30  

57 . 28 54. 54 68 . 30 

65 . 1 0  60 . 58  61 . 1 2 

66 . 61 63 . 56 59 . 62 

66 . 55 61 . 68 51 . 05 

80. 1 5  7 2 . 24  7 1 . 02 

6 7 . 22 67 . 8 2  57 . 51 

1% 9 . 7 1 ,  C .V .%  3 . 63 

3 3 . 98 

44. 0 7  

43 . 07 

41 . 55 

53 . 94 

39 . 60 

60 

33 . 04 

33 . 7 5 

36 . 37 

44. 83 

40 . 93 

38 . 43 

Sig . int ; Strain X N n. s . , Stra in X lin.  n. s . , Strain X quad .  n . s .  

Palmer ston North 

Ruanui p . r .  

Mangere p . r .  

R .v .P .  p . r .  

W . W .  Virus p . r .  

Mas sey Basyn Y . f .  

Tara Hi l l s  Y . f .  

L . S .D .  5% 3 . 99 ,  

39 . 29 

20. 36  

45 . 92 

41 . 63 

42. 20 

1 8 . 82  

1%  4. 7 5 ,  

42 . 39 

1 8 . 6 5  

38 . 9 7  

3 7 . 82 

47 . 56 

1 8 . 85 

34. 70 

1 8 . 10 

36 . 05 

34. 29 

41 . 84 

1 8 . 50 

C .V . %  9 . 1 7  

3 2 . 68  

24. 9 2  

31 . 50 

26 . 6 2  

3 7 . 1 8 

3 5 . 44 

21 . 13 

2 5 . 5 5  

26 . 04 

23 . 01 

3 5 . 90 

20. 40 

S ig . int ; S train X N p(0 . 01 ,  Strain X l in .  p(0 . 001 , Stra in X quad . p(0 . 05 

Taier i  

Ruanui p . r .  

Mangere p . r .  

R .v .P .  p . r .  

W�W. Virus p . r .  

Massey Basyn Y . f .  

Tara Hi l l s  Y . f .  

L . S .D .  5% 3 . 03 , 

1 9 . 64 

22 . 33  

23 . 21 

22 . 33 

1 8 . 99 

18.85  

1% 3 . 6 2 ,  

1 9 . 7 8  1 9 . 3 5  

20 . 7 5  1 9 . 80 

2 2 . 06 24. 1 4  

2 2 . 1 9  24. 1 9  

2 3 . 80 1 8 . 7 4. 

1 8 . 04 1 9 . 20 

C .V . %  9 . 64 

1 8 . 5 7  

1 9 . 66 

21 . 75 

20 . 96 

26 . 04 

18 . 0 8  

23 . 90 

1 8 . 9 3  

2 1 . 2 6  

20. 47 

1 7 . 61 

8 . 34 

S ig . int . ;  Strain X N n . s . , Strain X l in .  n . s . , Stra in X quad.  n . s .  
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Growth of  specie s / strains were in the order : Tara Hi l l s)Pa lmer ston North) 

Taieri . Under the Taieri c l imate very l ittle growth was pre sent and p lant 

growth within pot s  was observed to be extreme ly variab le , with some plant s 

bare ly surviving .  

( i )  Tara Hi l l s  c l imate .  Re su l t s  fai led to show any species/ strain X N 

int eraction on shoot yields  or shoot : root rat io .  In view of  the high level  of  

experiment al  prec i s ion in  the measurement of shoot yie lds , as indicated by the 

low coeffic ient of variat ion ,  it i s  conc luded that under high temperature s and 

high l ight intens it i e s ,  where photosynthetic act ivi ty and growth was greatest  

( irre spect ive of the high moi sture  stres s ) ,  the RNE of  the spec ie s / strains did 

not di f fer . 

Re sult s  of  N ab sorption measurements ,  a l though extreme ly variable , lend 

support to yield re sults  in that no interaction between species /strains were 

recorded .  Ut i l i zat ion of  N provided signif icant spec ies / strain X N interact ion 

due large ly to the high ut i l i zat i on o f  N by Mas sey Ba syn .  As there were no 

difference s between specie s / strain in the shape of  the ut i l izat ion re sponse 

surface s  ( no l inear or quadrat ic effect s )  thi s indicates  that Mas sey Basyn 

behaved in the same manner as others over the entire range of N app l icat ion. 

It is worth not ing that Mas sey Ba syn provided high yie lds  due to a high leve l  

of  N ut i l i zat ion rather than to  differences  i n  N ab sorpt ion. 

( i i )  Pa lmer s ton North c l imate . There was a highly s igni ficant spec ie s / stra i n  

X N interaction on shoot yie ld s ,  and the presence of  l inear and quadrat ic 

interac t ions indicat e s  that they differed cons i s tent ly  in the ir re sponse 

(RNE ) t o  increasing leve l s  of  N .  Fitted curve s ( see experimental ) are showr1 

in Fig . 7 and re lat ive yields  at 30kg/ha N ( taking 60kg/ha N as  Xmax> are 

presented in Table  IX. Results  show Mangere and Tara Hi l l s  to be Type 1 RNE 

and the remainder Type 2 .  They are in l ine with gla s shouse re sult s where 

Mangere wa s  found to be Type 1 and Tara Hi l l s  of Type 1 curve but c las sif ied 

a s  Type 3 because of its  low overal l yie lds .  The di screpancy in comparat ive 

specie s / stra in performance in thi s c l imate compared to the Tara Hi l l s  c l imat e  

(where no di f ference s were found)  are expl icable only in  terms o f  differences  

in  c l imat e .  Temperature s in  the Pa lmerston North c l imate were be low opt imum 

for Yorkshire fog and perennial  ryegra s s  (Mitche l l , 1 956 ) and light intensit i e s  

were high. The rapid increa se i n  yields  a s  the leve l o f  N was increased showa 

that Mangere and Tara Hi l l s  stra ins were re s tricted in growth at low leve l s  o f  

N by their  inabi l ity t o  absorb N (Table VII and Fig . 8 )  due to poor root � 
deve lopment ( Table VI ) at low level s of N and t o  poor ut i lizat ion of ab sorbed N 

( Table VIII  and Fig. 8 ) .  Which factor s among the se were  contro l l ing factors 
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Relat ive yie lds  of perennial ryegrass  and Yorkshire fog . 

C l imate : 

Ruanui p . r . 

Mangere p . r .  

R . v . P .  p . r .  

w . w .  Virus P • r:• 
Ma ssey Ba syn Y. f .  

Tara Hi l l s  Y . f .  

30 
(60 kg/haN x 1 00 )  

Pa lmerston North 
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and which were dependent f actor s  cannot be di st inguished from re sult s  of thi s 

experiment . 

The shape of the re sponse surfaces of  the remaining spec ie s / strains did 

not differ materia l ly ,  i . e .  they a l l  exhibited Type 2 RNE . They d i f fered in 

actual yields , with Mas sey Basyn providing highest  yields  - as was a l so the ca se 

under the Tara Hi l l s  c l ima t e ,  and again attributable to high ut i l i zat ion of N 

by Mas sey Basyn. 

( i i i )  Taieri c l ima t e .  Shoot yields showed a s ignificant spec ie s / strain effect 

(Table V and ·Fig .  9 ) .  Re sul t s  show Ruanui and Tara Hi l l s  giving unusual yield 

re sult s in that  they dec l ined as the leve l o f  N was increased . Such an e ffect 

cannot be cla s s i f ied according to Type s of  RNE def ined in the introductory 

section of this  the s i s . Their behaviour can be exp la ined in terms of dimini shing 

N absorption ( Fig . 1 0 )  whi ch closely fol lowed the pattern of the y ie ld  curve s .  

Ut i l i zat ion o f  N by the se stra ins ( part icularly Ruanui ) actua l ly increased at 

high l eve l s  of N (Fig .  1 0 )  - a finding in contras t  to the gene ral downward 

trend noted for other specie s / strains . Thi s effect can only be a scribed to 

c l imate  where , in view of  the finding s of B lackman and Templeman ( 1 938 )  with 

Fe s tuca rubra and Agro st i s  tenui s and Murata ( 1 961 ) wi th rice , cond it ions for 

growth were probably l imited more by l ight than by temperature . Murata ( 1 969 ) 

po stulated that  a high supp ly of N results  in prote in synthe s i s  which  i s  carried 

out at the expense of  carbohydrate re serve s and can re sult in actua l decreases  

in  dry matter production a s  the N supply i s  increased .  He  further stated that  

such p lant s would face the danger of ammonium toxicity a s  they would have 

insuff icient carbohydrate to promote the conversion of amides to amino acids . 

If the sugge stions  of  Murata are true , then the low N absorption of  Ruanui and 

Tara H i l l s  was probably due to low energy status of  the p lant s under high leve l s  

of app l ied N - i t  having been pointed out previous ly that absorpt ion i s  an 

energy demandi ng proce s s . Thi s i s  supported by the increasing shoot : root 

ratio which increased as the leve l  of ·N was increased .  

Mas sey Basyn yields  did not a l ter a s  the  level of N was increased and 

probab ly approached the l imit s of i t s  carbohydrate re serve s ,  a s  postulated in 

the ca ses  of  Ruanui and Tara Hi l l s .  Aga in thi s i s  supported by t he shoot : root 

ratio increase which approached significance at the 5% leve l .  

The remaining specie s /s trains (Mangere , R . v . P .  and W.W. Viru s )  did not 

differ in RNE but did neverthe les s  re spond to increas ing N. Thus they were 

better adapted to low l ight intensitie s  and because of thi s  were able to 

cont inue to a b sorb N ( Fig .  1 0 )  and to make active growth.  All three  were of 
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Fi g .  9 Fi tted curves for shoot dry matter yields of perennial 

ryegrass and Yorkshire fog ,under the Taieri c limate,  

transformed from 1 yi elds and fii applied.  
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Type 1 RNE ( Table IX) and were capable o f  withstanding environmenta l  stres s  

and in  that sense exhibited greater RNE than Ruanui , Tara Hi l l s  and Mas sey 

Basyn. 
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Apart from the identification of  strains of Yorkshire fog and perennial 

ryegras s  whi ch d i ffer in RNE , one important f inding has ar i sen - tha t  the RNE 

of speci e s / strains in their re sponse  t o  N di f fer according to c l imat e .  Under 

condit ions  where adequate l ight and temperature prevai led the ir  RNE did not 

differ . Where limitat ions were placed on l ight and /or temperature dif ference s 

were apparent . The se di f ferences were a s sociated with differenc e s  in shoot : 

root rat io and thi s in turn brought about d i fferences  in N absorption. 

Ut i l i zation of N a l so differed. 

In a study of N re sponse s  by stra ins  of rice , Osada and Murata ( 1 96 2 ,  1965 )  

and Osada ( 1 964,  1 966 )  showed that high N-re sponse stra ins showed greater 

f•hoto synthetic  act ivity and lower re spiratory act ivity than l ow N-response 

strain s .  Takahashi , lwata and Baba ( 1 9 5 9 )  showed that high N re sponse stra ins 

accumulated more carbohydrate  than low N-re sponse strains . The se findings 

appl ied to  the pre sent experiment explain r e sults  under the Palmerston North 

c l imate where the l ow N-re sponse strain s ,  Mangere and Tara Hi l l s , had a 

greater shoot : root ratio than the remainding strains at lower leve l s  of  app lied 

N,  indicat ing that the product s of photosynthe si s  were insuff ic ient to meet  

the needs of  the roo t s .  Thi s re sulted in l e s s  root development and a sma l ler 

absorbing system .  Hence ab sorpt ion of  N and yie lds  suffered.  The remaining 

strains on the other hand had a greater abi l ity to photosynthe s i se under the se 

condit ions  - re sult ing in a low shoot : root rat io � In other word s  their  supply 

of C a s s imi lates  in the root s was greater and the energy avai lable for N 

absorpt ion and the development of a l arger absorbing sy stem was greater ,  

re sult ing in higher yield  increas e s .  

Under the Taieri  c l imate  i t  i s  con si dered that much the same situat ion 

pr�vai led a s  under the Pa lmer ston North c l imate except that an extra dimension 

to the s ituation may have been added in the cas e s  of Ruanui and Tara Hi l l s  

where i t  i s  sugge sted that protein synthe s i s was carried out a t  the expense  

of  carbohydrate reserve s  and may have re sulted in ammonium t oxicity.  
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CONCLUSIONS 

Thi s  experiment ha s shown t hat specie s / strains  of Yorkshire fog and 

perennial  ryegrass  differ in their RNE according to  clima t e .  Where condit ions 

were f avourable for most act ive growth difference s in RNE were not recorded .  

Where condit ions were sub-op t ima l ,  part icular ly temperature , one stra in of  

Yorkshire fog ( Tara Hi l l s ) and one stra in of  perennial ryegra s s  (Manger e )  

exhib i t ed Type 1 RNE whereas the remainder exhibited Type 2 RNE . However 

those  of Type 1 RNE were at no point be tter than those of Type 2 RNE and for 

thi s reason would have l i t t le to offer in the breeding of more efficient 

specie s / strain s .  

Under condit ions o f  low temperature and l ight intensi t i e s  Tara Hi l l s  

Yorkshire fog and Ruanui perennia l ryegra s s  provided dec l ining yields  and 

hence negat ive RNE . This ef fect i s  attr ibuted to a low leve l  of carbohydrate 

re serve s  resulting from low l ight intensit ie s .  Ma s sey Basyn fai led to re spond 

to N under the se condit ions .  Mangere , R . v . P .  and W.W.  Virus perennial  

ryegras s  exhibited greater RN E  than t he two strains of  Yorkshire fog  included 

in t hi s experiment . 
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INTRODUCTION 

Exper iment s 3 and 4 examined the RNE of strains of Lotus and white c love r  

i n  a heated glasshouse i n  which environmenta l condit ions could not be c lear ly 

def ined .  Re sul t s  o f  Experiment 5 showed that difference s exi s t  in RNE between 

gra s s  specie s and strains according to c l imate .  For thi s reason the main 

object ive of thi s experiment was to study the effec t s  of c l imat e  on RNE of 

se l ected strains of white  c lover and Lotus .  

S ince completion of thi s re search programme Brock ( 1 973 ) ha s publ ished 

r e sults  of an experiment comparing strains  of white  clover and Lotus . He 

obtaine d a spec ies  X leve l  of P X year interact ion which he cons idered to be 

due to variation s  in environmental condit ions  - probably so i l  mo i sture . The 

stra ins Brock compared were not the same as those se lected for study in thi s 

experiment . Howeve r they show, as  wa s the case in the gra s s  experiment , that 

c l imat e exert s  an effect on RNE . 

Reasons for the se lection of strains were  di scussed in report s  of Experiment s 

3 and 4.  Br iefly ,  Huia white clover was se lected because it  gave Type 2 RNE 

re sponse curve and because i t  was cons idered to be a useful strains to inc lude 

because of its importance to New Zealand agriculture . Tamar white  c lover was 

included because i t  exhibited Type 1 RNE and because of the strong po s sibi l ity 

that  thi s may have been due to its greater abi l ity to  ut i l i ze absorb ed P more 

efficient ly - a finding worthy of further study . Loui siana white  c lover was 

inc luded a s  another s train of  Type 2 RNE and as  one which gave exc eptiona l ly 

high ut i l i zat ion of absorbed P - a characteri stic which could be of  value in 

p lant breeding. 

Of t he Lotus strains L .  t etraploid was examined as it  po s se ss ed the 

propertie s  of Type 2 RNE and was higher yie lding than other strains of i t s  

Type and had a greater abi l ity to uti l i ze absorbed P at low leve l s  o f  app l ied P .  

L .  hybri d  was s elected because it  tended more towards Type 1 RNE and at low 

leve l s  of  app l ied P was less  efficient in uti l i zing absorbed P .  

EXPERIMENTAL 

The above named strains were compared under five leve l s  of app l ied  P in a 

four rep l icate randomized block layout under three di stinct c l imat e s .  

P was app lied a s  sodium dihydrogen pho sphate at  1 5 ,  3 0 ,  60 , 1 00 and 200 

kg/ha P ( calculated on a superficial ba s i s )  and mixed wi th the soi l .  Detai l s  of 
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ba sal  dre s s ings have been given i n  Sect i on 3 and i n  addition a re -appl icat ion 

of potass ium sulphate was made on day 38 .  

Nine germinated seedl ings were  planted per pot  on 1 1 -6-73 and grown in a 

heated gla sshouse ( 1 5-25°C )  for 38 days before being transferred to c l imate  

rooms .  Acetylene reduction as says  were  made on day 7 1 , and harve s t ing took 

p lace on day 74 .  Root s were removed by washing and their  dry weight s 

determined. Herbage sample s were analysed for N and P content s .  

The three c l imat e s  s imulated were a s  fol lows : -

C l imat e :  

T ( oC )  emperature 

Light (Wm2 ) 

Day length (hour s )  

Day 

Night 

Day/night changeover (hr ) 

Vapour pre ssure def ic it (mb )  

co2 ambient 

Soi l  moi sture 

Day 

Night 

(% f ie ld capacity ) 

Tara H i l l s  

( summe r )  

22 . 5  

7 . 5  

200 

1 4  

1 . 5  

1 0  

3 

50 cycl ing to  

30  

Palmer ston Taieri  
North 

( spring ) (winter)  

1 5  1 2  

1 0  3 

200 100 

1 2  7 

1 2 

5 2 

20 1 

80 80 

In the analy s i s  of var iance , degree s of freedom were apport ioned among 

treatment s and the i r  l inear, quadrat ic and residual component s a s  shown in 

Appendix XVI . Other deta i l s  of the stat i st ical  treatment of re sult s  were the 

same as  those de scribed for Experiment 5 .  

RESULTS 

( i }  Dry matter yie l d s .  

Result s  o f  shoot dry matter  y{elds  are pre sented in Table X · They show 

yie ld s  for a l l  spec ie s / strains in the order Tara H i l l s)Pa lmerston North)Taier i . 

Under the Tara H i l l s  c l imate there were significant s train X l inear and 



Table X. 

Tar a Hi l l s  

Huia 

Tamar 

Loui s i ana 

Effect of P on shoot yie lds of dry matter of white c lover and 

Lotus 

(1  g/pot ) n 

1 5  

1 . 5 56 

1 . 444 

1 . 413  

30 

1 . 561 

1 . 686 

1 .  45 7 

Level 

60 

1 . 67 7  

1 .  709 

1 . 7 2 1  

of P (kg/ha ) 

1 00 200 

1 . 583 1 . 983 

1 . 950 1 . 978  

1 . 783 2 . 062 

L .  te traploid 1 . 519  1 . 556 1 . 801  1 . 882 2 . 085 

L .  hybrid 1 . 5 88 1 . 598 1 .  763  1 . 864 2 . 005 

L . S . D .  5'i'o 0 . 1 52 ,  1 %  0 . 201 , C .V . %  6 . 23 

9 3  

S ig . int . Stra in X p p(0 . 05 ,  Strain X l in .  p( 0 . 05 ,  Strain X quad .  p(0 . 05 

Palmer s ton North 

Huia 1 . 1 05 1 . 27 9  1 , 504 1 . 604 1 . 803 

Tamar 1 .  2 26 1 . 400 1 . 546 1 .  7 2 2  1 . 874  

Loui s iana 1 . 084 1 . 1 6 7  1 . 485 1 .  7 28 1 . 883 

L .  t etraploid 0 . 823 1 . 1 09 . 1 . 273  1 . 3 25  1 .  7 27 

L .  hybrid 0 . 864 1 . 289 1 .  266 1 .  41 9 1 . 664 

L . s . o .  5% 0 . 1 9 1 ,  1 %  0 . 254,  C .  V . %  9 . 67 

S ig . int . Strain X P n . s . , -Strain X l in .  n . s .  Strain X quad .  n . s .  

Taieri 

Huia 0 . 1 94 0 . 255  0 . 603 0 . 591  1 . 164 

Tamar 0 . 422 0 . 528 o .  7 46 0 . 957  1 . 302  

Loui s iana -0 . 001 0 . 1 26 0 . 395  0 . 825 1 . 1 89 

L .  t etraploid 0 . 063 0 . 207 0 . 361  0 . 61 2  0 . 936 

L.  hybri d  -0 . 1 56 -0 . 1 01 0 . 395  0 . 479 0 . 856 

L . S . D .  5% 0 . 22 5 ,  1%  0 . 299 ,  C .V . %  30 . 85 

S ig . int . Stra in X P n . s . , Strain X l in .  n . s . , Stra in X qua d .  n . s .  
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quadrat ic  interactions on shoot yie ld s ,  a s  shown for f itted va lue s  in  Fig . 1 1 .  

Re lat ive yields  at 1 00kg/ha P ,  taking 200kg/ha P a s  X , are given in Tab le max 
XI . On the ba si s  of the se re sul t s  Tamar i s  c la s s i fied as Type 2 RNE a s  

i t  reached 95% of i t s  yie ld  a symptote at 1 00kg/ha P and was super ior t o  a l l  

other s a t  some point i n  it s re sponse surface . In other words , at a l l  but the 

lowes t  and highe st l eve l s  of  app l ied P it wa s the most ef fic ient spec i e s /  

strain .  The remaining specie s / strains did not approach their yield  asymptotes  

at  100kg /ha P and are therefore c la s s i f ied a s  po s se s s ing Type 1 RNE . Of 

particular intere st is  the negat ive curve of Huia white c lover . I t  was thi s 

re sult whi ch wa s largely re spons ible for the s igni ficant interaction .  Of  a l l  

spec ie s / s tra ins examined it  was the furthe st removed from i t s  yield asymptote 

at 1 00kg /ha P .  Further just ificat ion that the difference s in yie ld  were 

large ly between Huia and Tamar is given by shoot and root yie lds ; f i tted 

va lue s  for which are shown in Fig.  1 2 .  

Under both the Palmer ston North and Taieri c l imates  no s igni ficant 

interact ions were recorded in yie ld s  between spec ie s / strains ,  a lthough by 

L . S . D .  cr i teria the lower yie lds of Lotus stra ins at the 1 00 and 200kg/ha 

level of P were at t ime s s ignificant under the Palmerston North and Taier i 

c l ima t e s .  

( i i )  Shoot : root rat io 

Shoot : root rat ios  are shown in Table XII . Re sul t s  show no interact i on 

under the Tara Hi l l s  and Palmerston North  c l imate s so that  it  can be conc luded 

t hat s train s behaved in a s imi lar manner .  Under the Taieri c l imate  there wa s 

a significant interact ion which aro se due to an increase in shoot : root rat io  

of  Louisiana as the leve l  of  P was increased . The other strains d id  not a l ter 

in their shoot : root ratio as  P was increased. 

( i i i )  P absorpt ion and uti l i zation 

P absorption data i s  pre sented in Table XIIT and ut i l i zation data in Table  

XIV .  Re sul t s  show that there were s ignif icant spec i e s /strain X l inear and 

quadratic interact ion s  on both absorpt ion and ut i l izat ion under a l l  c l imates .  

Fitted value s for these are shown in Fig s .  1 3- 1 5 .  

Under the Tara Hi l l s  c l imate the interact ion aro se large ly because o f  t he 

negative P absorption curve for Huia compared to  the posit ive curve for the 

remaining strains .  Absorption of P by Huia did  not increase unti l  the 60kg/ha 

leve l  of P whereas other spec ie s / s t�ains re sponded at lower leve l s  of  P .  At 

1 00kg/ha P Huia had a lower absorption of P than other strains whereas a t  

200kg/ha P i t  had a greater ab sorpt ion .  
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Table  XI . Re lat ive yields  of  stra ins of whit e  c lover and Lotu s .  

( 1 00kg/ha P compared t o  200kg/ha P = 100 )  

Hui a  80 . 3  

Tamar 9 8 . 0 

Loui siana 8 2 . 8 

L. t etrap loid 83 . 3  

L .  hybrid  89 . 6  

96 
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Table XII .  Shoot : root rat ios  of stra ins of white clover and Lotus . 

Level  of P (kg /ha ) 

· 1 5 30 60 1 00 200 

Tar a Hi l l s  

Huia 1 . 93 1 .  47 2 . 70 1 . 59 1 . 96 

Tamar 1 . 82 1 . 9 7 1 . 84 1 . 99 1 . 99 

Louis iana 2 . 06 2 . 38 2 . 35 2 . 37 3 . 00 

L .  tetrap loid  2 . 65  2 . 56 3 . 06 3 . 3 2  3 . 9 8 

L .  hybri d  2 . 95 2 . 48 2 . 54 2 .  7 1  3 . 1 7 

Strain X p. interaction : n .  s .  

L . S .D .  5% 0 . 49 ,  1 %  0 . 65 ,  c .v . %  20 . 43 

Palmerston North 

Hui a 1 .  24 1 . 1 7 1 . 36  1 .  2 5  1 .  59 

Tama'r 1 . 45 1 . 47 1 . 61 1 .  70  1 .  75  

Loui siana 1 . 51 1 . 54 1 .  83 2 . 1 0 2 . 26 

L .  tetraploid 1 . 95 1 . 83 2 . 14 1 . 67 2 . 21 

L.  hybri d  1 . 3 7  1 . 38  1 . 54 1 . 34 1 . 48 

S tra in X P interaction : n .  s .  

L . S . D .  5% 0 . 40 ,  1 i. 0 . 53 ,  C . V . %  1 7 . 42 

Taieri 

Huia 1 .  43 1 . 24 1 . 50 1 .  53 1 . 41 

Tamar 1 . 72 1 . 42 1 . 46 1 . 49 1 . 69 

Loui s i ana 1 .  29 1 . 52 1 . 88 1 . 70 1 . 92 

L.  tetrap loid  1 . 79 2 . 84 2 . 03 1 . 98 2 . 03 

L .  hybri d  1 . 49 1 . 14 2 . 03 1 . 89 1 .  7 9  

Strain X p interaction : p(0 . 05 

L . S . D .  5% 0 . 39 ,  l'X. 0 . 5 2 ,  c .v . %  23 . 3 5  
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Table XII I .  Ef fect of P on P absorpt ion in shoot s of  white c lover and Lotus . 

(mg P /pot ) 

Leve l of P (kg/ha ) 

1 5  30 60 1 00 200 

Tar a Hi l l s  

Huia 8 . 0 8. 9 10 . 1  9 . 9  1 7 . 5  

Tamar 6 . 4  8 . 9  9 . 6  1 3 . 0  1 4. 3 

Louis iana 6 . 1  6 . 7  9 . 4  1 0 . 6  1 5 . 7 

L.  t etrap loid 7 . 0  7 . 8  9 . 8  1 6 . 7 1 5 . 1 

L .  hybrid 7 . 2  8 . 0 1 0 . 2 1 1 . 4  1 5 . 3  

L . s . o .  5% 1 .  6 '  1 %  2 . 0 , C .V .%  1 1 . 1 1 

S ig . int . Stra in X P p( 0 . 01 ,  Strain X l in .  n . s . , Strain X quad .  p(0 . 001 

Palmer ston North 

Huia 7 . 5  8 . 7 1 2 . 9  1 5 . 3  24. 3 

Tamar 7 . 4  8 . 6  1 0 . 7 1 6 . 4  26 . 7  

Loui siana 7 . 9  8 . 3  1 1 . 5  1 6 . 6 25 . 3  

L .  tetrap loid 6 . 1  8 . 2 1 0 . 4  1 1 . 3  1 9 . 5 

L .  hybri d  6 . 7 9 . 3  1 0 . 7 1 2 . 3  1 7 . 3  

L . S . D .  5% 2 . 3 ,  1 %  2 . 9 ,  c .v . %  1 2 . 89 

S ig . int . Strain P p(0 . 001 , Strain X l in .  p(0 . 001 , Strain X quad . n � s .  

Taieri 

Huia 4 . 6 5 . 4  7 . 8  8 . 4 1 1 . 1  

Tamar 5 . 3  6. 1 7 . 7  9 ... 5 14 . 6 

Louis iana 3 . 5  4 . 4 5 . 9  8 . 4 1 2 . 6  

L .  tetrap loid 3 . 6  4. 3 5 . 1  6 . 3  9 . 9  

L .  hybr id  3 . 3  3 . 7  6 . 4  7 . 0  1 0 . 0  

L . S . D .  5% 1 .  7 '  1% 2 . 2 ,  C .  V . %  1 8 . 1 1  

S ig . int . Strain X P n . s . , S train X lin.  p(0 . 05 ,  Strain X qua d .  n . s .  

. t 
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Table  XIV . Effect of P on ut i l i zat ion of  P by stra ins of white  c lover and 

Lotus .  

( g  D .M . /g P absorbed ) 

Tara Hi l l s  

Huia 

Tamar 

Loui s iana 

L. tetrap loid 

L.  hybri d  

L . S .D . 5% 33 , 1%  44, 

Sig . int . Stra in X P 

Palmerston North 

Huia 

Tamar 

Loui s i ana 

L .  tetraploid 

L.  hybrid  

L . S . D .  5% 3 8 ,  1% 50,  

1 5  30  

598 534 

657 606 

666 636 

657 606 

680 6 1 7  

C .V .%  5 . 89 

n . s . , Stra in X 

400 413 

460 465 

374  381 

369 369 

3 50 389 

C .  V .%  7 . 35 

Level of  P (kg /ha ) 

60 1 00 200 

526 507 41 3 

5 7 1  540 507 

598 564 500 

613  564 534 

57 1  564 483 

l in p(0 . 01 , Strain X quad .  n . s .  

348 325  250 

434 344 245 

381 338 259 

342 333 289 

331 3 36 305 

Sig .  int . Stra in X P p(0 . 001 , S train X l in .  p(0 . 00 1 , Strain X quad p(0 . 05 .  

Taieri 

Huia 259  239 232  2 1 2  240 

Tamar 288 2 7 7 . 273 273 251 

Loui s i ana 2 80 2 58 248 1 68 259 

L .  t etrap lo id 298 289 2 1 8  289 2 58 

L. hybri d  258  256 234 234 235 

L . S .D . 5% 24 ,  1%  32 ,  C .  V . %  6 . 8i 

S ic .  int . Stra in X P n . s . , Strain X l in n . s . , Strain X quad p(O . OS .  
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Differences  in P uti li zat i on were largely between Huia and the 

remaining species/strains , wi t h  Huia showing lower overall uti li zation 

and a greater decline in uti l i zat i on as  the leve l of P was increased. 

There was a trend towards a le sser uti li zation of P by Lotus than by 

whi t e  c lover as  the level of P was increased.  

Under the Palmerston North c limate the interacti on showed low ab sorp tio� 

of P by  Lotus strains \vhich  increased li t t le compared to \vhi t e  c lover 

strains as  the level of P \vas increased . Uti li zati on of P by Lotus 

strains was less than that of whi te c lover (wi th  t he excep t i on of 

Loui siana) at low levels of app lied P and decreased as the level of 

P was increased . 

Between t he two Lotus strains , L .  tetrap loid gave greater absorp tion 

than L .  hybrid at 200 kg/ha P ,  but their  uti li za tion of P did not differ. 

1-Ti t hin strains of vrhi te  c lover no differences in P ab sorpt ion were 

recorded .  Uti li zat ion differed at the two lowest levels of P where 

Loui siana shmved a lesser abi l i ty  to absorb P than did Huia or Tamar . 

Under the Tai eri climate Lotus strains gave lower ab sorp t i on of P 

than did whi te clover strains . The main cause of the interaction v.ra s 

the hi gh absorp tion of P by Tamar \vhi te  c lo'Jer compared t0 o ther species/ 

strains at hi gh levels of app lied P .  Uti li zation of P gave a si gnificant 

interaction due to low uti li zation by Huia at intermediate leve ls of 

P .  There were no differences  i n  u t i li zat i on between species . 

( i v )  Nitrogen fixing activi ty.  

Re sults  of acetylene reduct i on assay as  a measure of ni trogen fi xing  

activi t y  are presented in Table  xv .  They show a hi ghly si gnificant 

species/strain x linear and quadratic  interact i on under the Tara Hills  

c limate . A line drawing of  fi t ted values i s  presented in Fi g.  1 6 . 

Differences  in ethylene p roducti on v.rere recorded be\vteen spec i e s ,  

where mean production was greater for whi te c lover than for Lotus . The 

levels of ethylene producti on also increased at a greater rate  for 

'.vhi te  c lover as the level of P was inc reased. 

Wi t hin  whi te c lover spec i es e thylene p roduction differed li t tle  

between Huia and Tamar . Loui siana gave lower production than these tvro 

at low levels of P ,  but simi lar production at hi gh levels of P .  
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Table  xv . Effect of P on ethyl ene product ion of whi te c lover and Lotus . 

( ln micromo le s c2H4/pot ) 

Leve l of P (kg /ha ) 

1 5  30 60 1 00 200 

Tar a Hi 11 s 
Hui a 5 . 410  5 . 622 5. 869 5 .  7 1 2  6 . 564 

Tamar 5 . 1 7 5 5 . 678 5 . 9 50 6 . 1 52 6 . 3 14  

Louisiana 4 . 584 4. 484 5 . 263 5 . 573 6 . 3 50 

L .  tetrap loid 4 . 637 5 . 180 5 . 027 5 . 164  5 . 402 

L .  hybri d  3 . 683 3 . 882 4 . 41 3  4 . 580 5 . 366 

L . S . D .  Si. 0 . 574,  1% 0 . 763 , c .v .%  7 . 7 1 

Sig . int . Strain X P n . s . , Stra in X l inear p(0 . 001 , Stra in X qua d .  p(O .  001 . 

Pa lmerston North 

Huia 5 . 205 5 . 636 6 . 283 6 . 439 6. 7 40 

Tamar 5 . 1 85  5 . 882 6 . 262 6 . 868 6 . 1 80 

Louisiana 4. 403 5 . 083 5 . 846 6 . 623  6 . 7 63 

L .  t etrap lo id  4. 1 55 4 . 521 5 . 095  5 . 355  6 . 2 7 9  

L .  hybri d  3 . 665 4. 846 5 . 162  5 . 191  5 .  841 

L . S . D .  5% 0 . 539 , 1% 0 . 7 1 6 ,  C .V .% 6 . 83 

S ig .  int . Stra in X P n . s . , Strain X l in .  n . s . , Strain X quad .  n . s .  

Taieri  

Huia 2 . 882 3 . 458 3.  831 4 . 103 5 . 104 

Tamar 3 . 5 1 1  3 . 962 4 .• 354  4 . 6 56 5 . 286 

Louisiana 3 . 1 1 5  3 . 027  3 . 343 4 . 438 5 . 134  

L • .  tetrap loid  2 . 948 3 . 076 4 . 006 3 . 836 4 . 9 74  

L .  hybri d  2 . 61 3  2 . 746 2 .  7 1 1  3 . 01 8  4. 061 

L . S . D .  5% 0 . 5 29 , 1% 0 . 703 , C .V . %  9 . 96 

S ig .  int . Strain X P n . s . , Strain X l in .  n . s . , Strain X quad .  n . s .  
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( v) N absorpt ion and ut i l i zat ion . 

Re sults o f  N absorption and ut i l i zat ion measurements are given in Table s 

XVI and XVII respect ively .  They show highly signi ficant interactions between 

specie s / s trains and leve l  of P under the Tara Hi l l s  and Palmerston North 

c l ima te s .  The se are shown as  l ine drawings of f i t ted va lue s  in Figs . 1 7  and 1 8 .  

Under the Tara Hi l l s  c l imate the interact ion occurred due t o  the strongly 

posi t ive curvature of the P absorpt ion curve of Tamar compared to Huia .  

Absorpt ion of N by Lotus strains showed l i t t l e  increase wit h  increas ing P 

whereas absorpt ion of N by white c lover s increased markedly .  

N ut i l i zat ion under the Tara Hi l l s  c l imate increased more by Lotus 

stra ins  than by whi te c lover strains , but did not differ wit hin spec ie s 

according to level o f  P .  

Under the Palmer ston North c l imate mean N absorpt ion was lower for Lotus  

strains than for  white c lover strains . Within spec ies  t here were no  differences .  

Ut i l i zat ion o f  N fo l lowed a pat tern s imi lar to that recorded under the Tara 

Hi l l s  c l imate . 

Absorption of N under the Taieri  c l imat e  did not differ between spec ie s /  

strains according to leve l of P .  Ut i l i zation did not di ffer in  any orderly 

manner - there was no l inear or quadratic re lat ionship .  

D ISCUSSION 

Before di scus sing re sult s of thi s experiment mention needs to be made of  

the pre sence of  root knot nematode s (Me loidogyne hapla ) in a l l  stra ins  examined.  

No measurement was made of the ir re lat ive degree of infe stat ion .  It i s  po s s ible  

that  stra ins may have been d ifferenti a l ly infested and in vie w  of the f indings 

of  Widdowson et al ( 1 973 )  ( that nematodes markedly increas e  the P requirement s  

of  white c lover ) i t  i s  pos sible that  t he ir presence may have a ffected re lat ive 

strain performance . Accordingly these re sults  need to be con s idered bearing 

thi s pos s ib i l ity in mind . 

In cons idering re sult s of thi s experiment the work of  Brock ( 1 9 7 3 )  and 

Scott  et al ( 1 9 74) i s  part icularly relevant , as they a l so examined spec ie s X 

P interact ions . In the experiment under r eport a signif icant interaction was 

recorded under the Tara Hi l l s  c l imat e  in which Huia  exhibited Type 1 RNE 

and Tamar Type 2 RNE.  However the d i fference s under thi s c l imat e  did not reveal  

d i fferences  between Lotus and whit e . c l over strain a lthough it  i s  to be noted 

that under the Pa lmerston North and Tai eri c l imates  white  c l over gave yields 

which were  higher than those from Lotus at high l evel s of P .  Thi s i s  in 
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Table XVI . Effect of P on N absorpt ion in shoot s of whi te c l over and Lotus . 

(mg N/pot ) 

Tara Hi l l s  

Hui a  

Tamar 

Loui siana 

L . te trap loid  

L . hybrid 

L . S . D .  5% 20 , 1% 2 5 ,  

1 5  

1 1 9  

105  

1 1 1  

1 07 

1 1 1  

C . V .%  1 0 . 88 

Level of  P (kg/ha ) 

30 

1 27 

1 26 

1 04 

106  

101  

60 

1 27 

1 50 

1 22 

1 21 

1 1 5  

1 00 

1 27 

1 7 5  

1 3 7  

1 3 1  

1 21 

200 

1 9 4  

1 7 4  

1 85 

1 48 

1 3 5  

S ig .  int . Stra in X P p(0 . 001 , Stra in X l in .  p(0 . 001 , Stra in X quad . p(0 . 001 

Palmerston North 

Hui a  93 1 03 1 35 147 1 9 1  

Tamar 99 1 1 0  1 27 1 6 7  207 

Loui siana 1 10  1 01 1 23 1 60 207 

L . t etrap loid 7 5  87 98 93 1 39  

L . hybrid 73 85 88 9 5  1 1 7  

L . S . D .  5% 26 , 1% 3 2 , C .  V .%  1 5 . 14  

S ig .  int . Stra in X P p(0 . 0 5 ,  S train X l in .  p(0 . 00 1 ,  Stra in X quad . n . s .  

Taieri  

Huia 6 1  6 8  86 83 90 

Tamar 7 6  82 89 99 107 

Loui siana 55  62  77 87 94 

L. t"etrap loid 50 56 62 7 1  87 

L . hybrid  43 47 7 5  7 9  9 3  

L . S . D .  5% 1 7 ,  1% 2 2 ,  C . V . %  1 6 . 27 

S ig .  int . Stra in X P n . s . , Strain X l in .  n . s . , Strain X quad . n . s .  
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Table  XVII .  Effect of P on ut i l i zat ion of  N by strains o f  white  c l over and 

Lotus ( g  D .M. /g N absorbed ) 

Level  of P (kg /ha ) 

1 5  30 60 1 00 200 

Tar a Hil l s  

Huia 40 . 1  37 . 6  41 . 9  3 9 . 1  37 . 5  

Tamar 40. 4  42 . 7  3 7 . 5  40 . 1  41 . 6  

Loui s iana 40 . 4  41 . 0  46 . 5  43 . 7  43 . 9  

L . t etraploid 42 . 9  44. 4 49 . 8  50 . 4  54. 5 

L . hybrid 44. 0  48 . 8  51 . 0  53 . 1  54. 8 

L . S . D .  5% 5 . 7 ,  1 %  7 . 6 ,  C .V .%  9 . 76 

S ig . int . Strain X P n . s .  Stra in X l in .  p<0 . 05 ,  Strain X quad . n. s .  

Palmer ston North 

Huia 32 . 1  34 . 9 33 . 1  33 . 9  3 2 . 1  

Tamar 34. 5 36 . 5  3 6 . 7 33 . 9  3 1 . 8  

Loui siana 2 7 . 3  3 2 . 0  3 7 . 2  35 . 1  36 . 5  

L . t etraploid 29 . 2  36 . 5  3 6 . 9 40 . 8  42 . 2  

L . hybri d  3 2 . 2 42 . 7  40 . 1  43 . 4  45 . 2  

L . S .D .  5% 5 . 8 ,  1%  7 . 7 ,  c .v .%  8 . 93  

S ig .  int . Strain X P p<0 . 01 , Strain X l in .  p<0 . 00 1 ,  Strain X quad .  n . s .  

Taieri 

Huia 1 9 . 7  1 8 . 7 2 1 . 2  2 1 . 7  29 . 5  

Tamar 1 9 . 9  20 . 6  22 . 6  2 6 . 2 34 . 2 

Loui siana 1 7 . 9  1 8. 3  1 9 . 2  26 . 2  34. 5 

L . te tr aploid 21 . 1  2 2 . 2 23 . 4  2 5 . 6 29 . 5  

L . hybrid  1 9 . 7  1 9 . 6  20 . 1  20 . 7  2 5 . 2 

L . S . D .  5% 2 . 3 ,  1 %  3 . 0 , c .v .%  6 . oo 

Sig . int . Strain X P p<0 . 001 , Stra in X l in .  n . s . , Strain X quad . n . s .  
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conformi ty wi th t he findings of Brock . Scott et al on the other hand 

stated that ' whi t e  clover was more responsive to  ni l and moderate  levels  

( produc t i on X 2 ) , and whi te c lover ,  a ls ike and Lotus more responsive 

between moderate and hi gh levels ( produt i on X 1 . 6 - 1 . 9 ) ' . The description 

does not enable c lear assessment of what the authors act1'd lly  found . 

The greater R�lli of whi te clover at  hi gh levels of P under t he 

Palmerston North c limate and Tai eri c li mate  i s  exp lai�ed by P absorp t i on 

in that absorp t i on ,  l ike yie lds ,  was greater for whi te c lover . Under the 

Palmerston North c limate  the low re lat ive yie lds of Lotus can be attributed 

to lower P ut i li zation .  These findings are not comp letely in a greement 

wi th those of Brock as he found that Lotus had a lm-rer P ab sorp t i on 

than \vhi te  clover at  low but not hi gh levels  of P .  He a lso found , using 

N : P  rat ios  as a cri terion, that P uti li zat i on was greater for Lotus t han 

for whi te c lover . However thi s i s  not considered to be a good c ri teri on 

for assessing uti li zati on where dry mat ter  product i on i s the end result 

being studied .  

Ni trogen fixat i on and N absorp t i on under the three c l imates  a gree 

reasonably well  in that  they were both lower for Lotus compared to whi te 

clover , and thi s became particularly apparent at hi gh levels of app l ied P .  

A simi lar finding f or N absorpt ion was reported b y  Brock . Ut i li zat ica of 

N tended to  operate in  the opposi te di rec t i on to  absorp tion in  that Lotus 

showed a greater increase  as the level  of P was increased . Hm·rever thi s 

effect \>las not suffi c i ently great to ne gate  the effects  of greater  N 

f ixation and absorpt i on by whi te clover .  

Thi s study has shown that Lotus has a lmver Rl\E than whi te c lover a t  

hi gh levels of P ,  indicating t hat Lotus tends tmvards Type 2 PJ� '..rhereas 

whi te c lover te�ds towards Type  1 RNE . Further, thi s difference �,ora s  

associated wi th  differences  in P absorp t i on which in turn affected N 

f i xation and absorp ti on .  

The di scussion wi l now b e  di rected to  the differences in yi e ld 

responses between Huia and Tamar whi te c lovers under the Tara Hi l ls c li mate . 

Differences  occurred at  intermediate level s  of P '.vhere Tamar shmved greater 

Rt\JE . Thi s was not a ssociated wi th differences  in shoot : root rat i os ,  which  

suggests  that the s i ze of  the root absorbing systems and relative  

di stribut i on of ca.rbohydrates between shoot and root \vere simi lar for  both.  

Yie ld differences  were attributable t o  differences in P absorpt i on and 

ui t l i zat i on .  A t  intermediate levels of P Tamar absorbed more P - a finding 

compatab le wi th  yie ld data .  Uti li zat ion of P dec 1 ined more for Huia as  the 

level  of P was increased . Thus Tamar was more efficient as an absorber and 
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user o f  P .  Both the se dif ference s were  ref iected in N fixing act i vi ty and N 

absorption .  Ut i l i zat ion of N a l so  contributed to the yie ld di fferences  as  

i t  dec l ined more for Huia than for Tamar a s  the leve l of P was inc reased .  

Thus i t  can be  conc luded that Tamar exhibi ted Type 2 RNE becaus e of it s 

greater abi l ity to ab sorb and ut i l i ze P at intermediate level s of  P and 

that this s et in train the effect s on N fixation and absorpt ion and ut i l i zat ion. 

Thi s  f inding for yields  i s  in contras t  to re sul t s of Exper iment 4 where Hui a 

was c l a s s i f ied as Type 2 RNE and Tamar as Type 1 .  Prec is ion in t he pre sent 

experiment was high , and much greater than in Experiment 4, and because of 

thi s result s  of the pre sent exper iment are accepted as  repre sent ing the true 

behaviou� of the strains . 

Loui s iana gave yield  re sponse s intermediat e between those of  Huia and 

Tamar . Because it  gave po s it ive curvature but was not superior to  Tamar it 

i s  clas s i f ied as belonging to Type 3 RNE . The re lat ively high ut i l i zat ion of 

P noted in Exper iment 4 was c lear ly apparent in this experiment where prec i s ion 

was cons iderab ly greater . I t s  absorption of  P did not differ from that of  

Tamar or Huia and in vi ew of thi s it  i s  of interest  to note the low level  of  

N fixing activi ty of  Louis iana at  low leve l s  of P .  Thi s wa s not however 

borne out in N absorpt ion data and because of thi s i s  cons idered to be of  

l i tt le s igni ficance . 

No yie ld differences  were obta ined between the two stra ins of  Lotus , or 

in absorption or ut i l i zation of P. N fixat ion at low leve l s  of P was l e s s  

for L . hybrid  than for L .  tetraplo id under the Pa lmer ston North and Taieri 

c l imate s  and there was a sugge st ion in t he data that thi s was due to low 

absorption and ut i l i zat i on of N under the Taieri  c l imate .  The se e ffec t s  were 

not suffic ient ly great so as to be reflected in yields of shoot s .  

C lear ly c l imat e  a ffected the RNE o f  spec ie s / stra ins in thi s exper iment . 

It  i s  intere st ing to  note that the differences  were found under t he Tara Hi l l s  

which d i ffered from the Palmer ston North  c l imate  in temperature . Thi s i s  in 

contrast to re sul t s  from the gra s s  exper iment where RNE· di ffered between 

species / strains under the Pa lmer ston North  c l imate .  Thi s i s  att r i buted to 

t emperature difference s where condit ions  for growth  of white c lover and 

Lotus were near opt imum under the Tara Hi l l s  c l imate and were  near opt imum 

for gras se s  under the Pa lmerston North c l imate (Mitche l l ,  1 956 ) .  Thus i t  

appear s that  di fference s  i n  RNE of  both gras ses  and legumes inc l uded i n  thi s 

study were a s sociated with conditio.ns permitting maximum photosynthet ic  

activi ty . The explanat ion for the di fferences  between the two whi te c lovers  

(Huia and Tamar ) i s  ba sically a s sociated with t he greater abi l ity of  Tamar 
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t o  ab sorb and ut i l i ze P and that high temperature s permitted Tamar to 

better ut i l ize thi s P for N f ixat ion in view of the finding s of Dart and 
0 Day ( 1 971 ) that nitrogenase activity increase s within the range o f  10-35 C .  

CONCLUSIONS 

Thi s  pot experiment compared three strains  of white clover and two 

s tra ins of  L .  pendunculatus under three c l imat ic environment s  in the presence 

of f ive leve l s  of app l ied P .  

Re sults  need t o  b e  interpreted with some re servat ions owing to  the 

pre sence of root knot nematode s which may have dif ferent ia l ly affected specie s /  

s tra in performance . Re sults  showed the fol lowing : -

! .  The RNE of spec ie s / s trains was dependent upon c l imate ,  where under the 

Tara Hi ll s  c l imate  Huia showed Type 1 RNE and Tamar Type 2 RNE . 

2 .  The greater RNE of  Tamar at  intermediat e leve l s  o f  appl ied P was a ssociated 

wit h  greater absorpt ion and ut i l i zat ion of P and as a re sult in greater N 

f ixat ion and absorpt ion and ut i l i zat ion o f  N .  

3 .  There was some evidence to sugge st tha t  Lotus  strains were le s s  re sponsive 

to  high leve l s  of P under the Palmer ston North and Taier i c l ima t e s  and that 

thi s wa s a s sociated with a le s ser abi l i ty t o  ab sorb P and f ix and absorb N .  
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INTRODUCTION 

The objectives  of thi s prograrrnne of re search were  to identify strains o f  

pasture p l ants differ ing i n  RNE , to examine the effects  of c l ima te on RNE and 

to identi fy mechani sms caus ing high RNE whether i t  be of Type 1 or Type 2. As 

the programme deve loped re search was concentrated on legume specie s .  

In Experiment 6 two whit e  clover strains ( Tamar and Huia )  were found to 

differ in RNE in a cl imate characteri sed by high temperatures  and _ l ight 

intens i t ie s  and high so i l  moi s ture stre ss . · Yie ld pat terns of Tamar were of  

Type 2 RNE whi le yield  patterns of Huia were of Type 1 RNE . Whi le yields  from 

Huia were increasing at X and those of Tamar were  gre ater than 95 percent max 
of their  asymptote va lue at X at no point in the re sponse was Huia higher max 
yie lding than Tamar . There wa s good evidence to sugge st that Tamar had higher 

RNE through i t s  greater abi l i ty to absorb and ut i l i ze N and P more e f f ic ient ly . 

It was a l so shown in Experiment 6 that the leve l  of  N fixation and P ab sorption 

into p l ant ti ssue was dependent upon the P nutrition of the plant . For 

these reasons it is considered that  the bas i s  for the higher RNE of Tamar must 

re side in i t s  more eff ic ient P nutrit ion .  

An examination of  the P nutr ition of Tamar and Huia in  Experiment 6 

showed one out standing re lat i onship . Thi s  was the high re lative yields  and low 

relat ive concentration of P in Tamar . Thi s sugge sts  that  Tamar e ither ( 1 ) 

re -ut i l i zed  P to a greater ext ent by re -mobi li zat ion from older to younger 

t i ssue ,  or ( 2 ) required le s s  P for photosynthe s i s  and the product ion of new 

t i s sue . 

The mobi lity of  P within the p l ant from source to  s ink has al ready been 

reviewe d .  In l ine wit h  thi s concept it i s  hypothesi sed that Tamar was meet ing 

i t s  requirement s for P through a greater abi li ty to cont inuously re-ut i l i ze 

absorbed P through re-mobi l i zat ion from older t i s sue . Thi s then was one 

mechani sm se lected for study in  thi s exper iment • 

. . It wa s noted in Experiment 6 that Tamar showed a greater tendency t han 

Hui a  to absorb P regardless  of  it s lower P concentrat ion.  As suming that thi s 

re $ult can be conf irmed ,  it rai ses  the que st ions - ( 1 ) was i t s  absorption greater 

because of  greater root weight s ,  length or number of  apices ?  Al l of the se 

parama ters affect the surface area of root ava i lable  for P absorpt ion , as  

d i scus sed in  the review of l iterature .  Within t he l imit s of experimental 

prec is ion in Experiment 6 there  was no indicat ion that root weight was invo lved ,  

suggest ing ( 2 )  absorpt ion of  P per  unit  e f fective absorbing surface was greater 

: .... ·· 
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f or Tama r than for Hu ia . B o t h  t he E e po s s i b i l i t i e s  we re cons i dered  wor t hy o f  

e xamina t i on i n  thi s e xp e r iment . 

The rea son for t he h i gh RNE o f  Tamar in t erms o f  envir onment a l  cond i t i o n s  

und er· t h e  one c l imate in E xpe r iment 6 wa s no t ident i f i e d .  I t  wa s c l ear t ha t  

h i gh t emp erat ure and / or h i gh mo i s t ure stre s s  wa s i nvo l ved . One f u r t he r  

o b j e c t i ve o f  t h i s  e xper iment wa s therefore t o  d i s t ing u i sh be t ween t he e f f ec t s  

o f  t he s e  t wo envir onment a l  var i able s on t he RNE o f  the t\·10 s t ra i n s . 

In t he d i sc u s s i on o f  E xper iment 6 at tent i on wa s d rawn t o  the p o s s i b i l i t y  

t hat r o o t  knot nemat ode inf e s t a t ion may ha ve inf l uenc e d  s t r a i n  perf o rmanc e .  

To a vo i d  the prob lem i n  t h i s e xp er iment the so i l  was s t er i l i z e d  �ith methyl 

b romi de . 

EXPERIMENTAL 

A .  D e t a i l s  

1 .  S t r a i n s :  Hu ia  ( Gra s s  lands  No . C 2 5 48) 

Tamar ( 1 1  1 1  C 241 9 )  

2 .  Envi ronment a l  

Treatment s Day (
O

C )  N i ght (
O

C )  �.Jm 
2 

H i g h  t emp . h igh l i g ht ( HTHL ) 2 2 . 5  7 . 5  1 80 

: r  1 1  lmv 1 1  ( H TLL ) 2 2 . 5  7 . 5  9 6  

Low 1 1  h i gh 1 1  ( LTHL ) 1 5 . 0  7 . 5  1 7 0 
1 1  1 1  l m.; 1 1  ( LTLL ) 1 5 . 0  7 . 5  9 8  

Vapour pre s sure de f i c i t :  - 8  mb ( d ay ) , - 3  mb ( n i ght ) 

Day l engt h :  

co 2 :  amb i ent  

14  hou r s  

3 .  P ho sphoru s .  S o d i um d i hydrogen pho spha t e  at 1 5 ,  3 0 ,  6 0 ,  1 20 a n d  240kg /ha , 

1vhere 1 5kg /ha = 0 . 1 3 7 g / p o t . The p ho sphat e \va s mixed throughout t he s o i l .  

B a s a l  nu t r i ent s .  Pot a s s ic un sulpha t e  at 1 90kg / ha ( 0 . 5 3 1 6 /pot ) and s o d i um 

�o l ybda t e  ( 0 . 3 9 1mg /po t )  m i xed t hroughout the s o i l .  

4 .  Re spirat i o n :  1 Pre -dark 1 - harve s t e d  a f t e r  norma l 1 0  hour dark . 

' Po s t  dark ' - ha rve s t e d  a f t e r  48 hour s dark . 

5 .  Mo i s t ure s t r e s s : ' Lo w '  = 80 percent f i e l d  capac i ty .  

' Hi g h ' = 5 0  pe rcent f i e ld capac i ty , cyc l i ng t o  3 0  perc ent 

and app l i e d  on ly t o  the HTHL t r e a tment and provid ing an 

add i t iona l 30 p o t s .  
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6 .  Repl icat ion:  Between environment s = 1 

Wi thin " = 3 

7 .  Cul tural : The soi l  was ster i l i zed with methyl bromide to remove nematode s .  

Nine seedl ings were sown per pot on 6-4-74 with additional pot s sown t o  enable 

selection for uniformi ty . Seedl ings were grown in a glas shouse and placed 

under contro l led envi ronmental condit ions  on days 29 to 3 2  in the order HTHL , 

HTLL , LTHL , LTLL , wi th post-dark treatment s going in 24 hours after pre-dark 

t reatment s .  

B .  Harve st ing 

Pre-dark treatments harve sted on day 7 5  

Post -dark " " 1 1  " 77 

Harve st ing took place in the order in which treatment s were p laced under 

control led  conditions . 

Stolons from a l l  rep licate s were dissected into three ' positional 1 

sample s ( proximal , middle and d i stal ) as indicated in Fig .  1 9  and one 

replicate wa s subdivided further into ' structura l ' component s within each 

position :  node s ,  internode s and laminae and petiole s .  Terminal sto len 

branche s were sampled with  1 5- 20 being samp led per pot . 

C .  Measurement s .  

1 .  ' Pos itional ' ,  ' structura l ' ,  herbage residue and root dry weight s .  

2 .  N and P content s of above . 

3 .  N itrogen fixing act ivity by acetylene reduction assay .  

4 .  S oluble sugar content of herbage and roots  for each pot .  

5 .  Root length , number o f  apice s according t o  the method o f  Evans ( 1 970 ) .  

RESULTS 

A ;  Factor s affect ing the enti re p lant . 

1 .  Yie ld  of dry matter . Shoot and root yields  of strains at the di f ferent 

leve l s  of P are shown in Table � Whi le the interaction were not signif icant 

there were differences in the leve l s  of P at which strains differed under the 

various environment s .  Under a l l  except HTLL , Tamar gave higher shoot yields  

than Hui a  at 240kg/ha P .  Under HTLL Tamar gave higher yields  at 30 and 60kg/ha 

P .  Root yield s  were greater for Huia only under HTHL - at 1 5 ,  3 0  and 1 20kg /ha . 

High moi sture stress fai led to  differentia l ly affect s tra in yields  and 
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Tab l e  XVIII . Effect of  environment and the leve l  of P on shoot and root yie lds 

of white  c l over (g /pot ) 

Environment S train Leve l  o f  p (kg /ha ) 

1 5  30 60 1 20 240 

Shoot s  

HTHL Huia 5 . 475  1 0 . 7 7 7  1 7 . 61 6  20. 459 20 . 47 1 

Tamar 6 . 9 14  1 0 . 505  1 6 . 801 2 1 . 270 22 . 1 81 

HTLL Huia 5 . 654 8 . 888 1 5 . 844 1 8 . 393 20 . 1 85  

Tamar 5 . 660 1 1 . 245 1 7 . 51 5  1 9 . 507 2 1 . 22 1  

LTHL Huia 3 . 806 6 . 084 1 1 . 933  14 . 320 1 5 . 3 5 5  
Tarnar 3 . 289 6 . 305 1 3 . 283 14 . 7 1 5  1 8 ". 1 47 

LTLL Huia 2 .  341 5 . 495  9 . 732  1 2 . 540 1 3 . 049 
Tarnar 3 . 337 5 . 529 1 1 . 099 1 3 . 257 1 5 . 3 7 7  

L . S . D .  5% 1 . 644, 1%  2 . 164 ,  S ig .  interact ion p( 0. 19  

Roots  

HTHL Hui a  3 . 933  5 . 333 5 . 1 33 5 . 700 4. 900 
Tarnar 3 . 083 3 . 650 5 . 1 1 6  4. 766 5 . 41 6  

HTLL Huia 2 . 133  3 . 133  4. 1 50 3 . 666 3 . 633 
Tarnar 2 . 100 3 . 1 1 6  4. 583 3 . 666 4 . 433 

LTHL Huia 1 .  733 2 . 483 4. 033 4 . 233 4 . 006 

Tamar 1 . 1 50 2 . 2 16  3 . 550 3 . 583 4 . 200 

LTLL Huia 1 . 1 66 1 . 900 2 . 866 3 . 233 3 .  234 

Tamar 1 . 21 6  1 . 6 1 6  2 . 2 50 3 . 000 2. 9 83 

L . S . D .  5% 0. 81 6 .  1%  1 . 074 ,  S i  g .  interact i on p<0 . 66 1  

Mean strain Xields 

S hoot s  Huia 4 . 3 1 9  7 .  811 "  1 3 . 78 1  1 6 . 428 1 7 . 26 5  

Tamar 4 . 800 8 . 396 1 4. 674  1 7 . 287 1 9 . 23 1  

L . S . D .  5% . 822 , 1% 1 . 082 , S ig .  interact ion p<0 . 09 ,  C .  V .%  1 1 . 45 

Root s Huia 2 . 242 3 . 2 12  4 . 045 4. 208 3 . 95 8  

Tamar 1 . 887 2 . 650 3 . 87 5  3 . 7 54 4 . 258  

L . S .D .  5% 0 . 408, 1% 0 . 53 7 , Sig.  interact ion p<0 . 1 1 , C .V . %  25 . 60 
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because of thi s ab sorption and ut i l i�ation data  wi l l  not be pre sented .  

The shoot : root ratio  of stra ins (Table XIX ( a ) )  differed , wit h  Tamar 

having a greater ratio at a l l  leve l s  of P than Huia .  Shoot yields  per unit 

root length (Table XIX ( b ) ) were greater for Tamar at 30  and 240kg /ha P and 

shoot yie lds per root apex ( Table XIX ( c ) )  were greater for Tamar at 

30kg /ha P and approaching signi ficance at 240kg /ha P .  Root lengths ( Table 

XIX ( d ) )  did not cons i s tently dif fer between s tra ins at the various  leve l s  of 

P. 

2 .  Nitrogen fixing act ivi ty.  The only treatment effect on nitrogen f ixing 

act ivi ty was between strains , environments  and dark treatement s .  In thi s 

interaction ( Table XX ) Huia showed lower act ivi ty than Tamar in a l l  but 

the HTLL environment fo l lowing a normal harve st  ( pre-dark ) .  After a period 

of 48 hour s dark the only signi ficant interstra in difference occurred under 

HTLL , where Tamar had higher nitrogen fixing act ivity .  

3 .  N ab sorpt ion . Stra ins interacted with leve l  of  P ( Table XXI ) ,  where 

Huia had a grea ter shoot content of N at 1 20kg/ha P and lower root content of  

N than Tamar at 240kg /ha P .  

4 .  N ut i l i zation.  Total  dry matter produced per plant per unit  N ab sorbed 

gave a highly signif icant interact ion between s trains and leve l s  of P · 

(Table XXII ) . At the three higher level s  of P ,  Tamar exhibited greater 

efficiency of ut i l i zat ion of absorbed N than Huia .  Thi s interaction was  not 

affected by envi ronment or dark treatment s .  

5 .  P absorpt ion .  There was a highly significant interact ion between strains 

and leve l s  of P and dark treatment on root uptake which a l so approached 

significance for shoot and tota l uptake . Result s  (Table XXITI) show a ma rkedly 

greater absorption of P by shoots  of . Hui a  at 240kg /ha P as a re sult of 48 hour s 

d�rk . The same treatment s lowered uptake in root s of Huia but increased  it in 

root s  of Tamar . Total  uptake di ffered only at 1 20kg/ha P,  where Tamar had a 

l ower uptake in the pre-dark treatment but similar uptake to Huia in the post­

dark treatment . 

P uptake per uni t  root length, per root apex and per unit  weight were 

calculated. Only the former showed any di f ference between strains (Table XXIV ) .  

Thi s occurred in a strain X P X dark interact i on in which d i f ference s o f  

greatest relevance were the greater uptake s of  P per unit root length  b y  Tamar 
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Table XIX . Effect of leve l  of  P on shoot : root ratio ,  shoot yield/unit root 

l ength and per root apex and on root length. 

Leve l  o f  P (kg /ha ) 

1 5  30 60 1 20 240 

(a ) Shoot : root . 

Huia  2 . 22 2 . 6 3  3 . 49 4. 1 2  4 . 45 

Tamar 2 . 81 3 .  29 4. 1 5  4 .  7 7  4 . 97  

L . S . D .  5% . 056 , 1 %  . 073 , Sig . interact ion p< 0 . 99 ,  C .  V . %  26 . 84 

( b )  Shoot yi e l d /uni t  root lengt h (g/m X 1 00 /Eot ) 

Huia . 352 . 360 . 654 . 7 93 . 702 

Tamar • 377 . 543 . 693 • 7 41 . 885 

L . S . D .  5io . 1 41 , 1% . 1 82 , S ig .  interaction p(0 . 05 ,  C .V .%  40 . 56 

( c )  Shoot yi e ld /root aEex (g/aEex X 10 )  

Huia 

Tamar 

L . S .D .  5% . 052 ,  1%  . 068 , S ig .  

( d )  Root length (m X 1 0 /Eot ) 

Huia 

Tamar 

. 1 39 . 1 23 

. 1 29 . 1 7 9  

interaction p( 0 . 01 ,  

1 51 

1 47 

2 54 

1 7 0  

240 

260 

. 1 87 

. 237  

C .  V .%  

. 238 

. 2 1 8  

46 . 48 

244 

262 

L . S . D .  5% 5 5 ,  1% 73 , S ig .  interaction p(0 . 91 , C .V .%  44. 74 

285 

266 

• 23 1 

. 281  



Table  XX .  

Environment 

.HTHL 

HTLL 

LTHL 

LTLL 

L . S . D .  5% 

1%  

Interaction o f  environment , strains  and dark treatment on 

ethylene product ion by white c lover .  (rnicrornole s /pot ) .  

Strain Pre-dark Post -dark 

Huia 264 1 96 

Tarnar 3 1 6  235  

Huia 425 362  

Tarnar 428 423 

Huia 256 269 

Tarnar 271  257  

Huia 1 29 1 50 

Tarnar 1 70 1 54 

50 

65 

S ig .  interaction p<0 . 04 

C .  V . %  26 . 40 

1 23 
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Tabl e  XXI . Interact ion of stra in x P on the N content of  shoot s ,  root s and 

shoot + root s of whi te  c lover (mg/pot ) 

S train Level  of P (kg /ha ) 

1 5  30 60 1 20 240 

Shoot s  

Huia  1 43 228 427 576  620 

Tamar 1 62 234 425 537 646 

L . S . D .  5% 31 , 1 %  41 , S i  g .  interaction p(0 . 05 ,  C . V .%  14 . 1 3  

Root s 

Huia 51 73 99 1 04 105  

Tamar 43 65  90 99  1 21 

L . S .D .  5% 1 6 ,  1.% 20'  Si  g .  interaction p(O . Ol , C .V .%  24. 1 6  

Shoot s  + roots  

Huia 1 9 4  301 526 680 7 25 

Tamar 205 299 5 1 5  636 767 

L . S . D . 5% 3 5 ,  1%  46 , S i  g .  interact ion p( 0 . 05 ,  C .  V .%  1 2 . 37 
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Table  XXI I .  Interact ion o f  strain X l evel  o f  P on dry mat ter  produce d  per 

unit  N absorbed . (g /g)  

Huia 

Tamar 

L . S .D . 5% 1 . 44 

1 % 1 .  90 

S ig .  interact ion p<O . Ol 

C . V .%  7 . 77 

1 5  

3 2 . 47 

3 1 . 50 

30 

3 5 . 88 

36 . 25 

Leve l  of  P (kg/ha ) 

60 

33 . 89 

36 . 07 

1 20 

30 . 27 

33 . 03 

240 

29 . 1 5 

30 . 61  
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Table  XXI II .  Interact ion of stra in X leve l  o f  P X dark on P uptake by  whi te 

c lover (mg/po t )  

S train Dark · Leve l of P (kg/ha) 

1 5  30 60 1 20 240 Mean 

Shoot s 

Huia Pre- 9 . 1'2 1 5 . 7 1  27 . 7 7 5 5 . 00 83 . 82 38 . 29 

Post 9 . 03 1 6 . 46 34. 00 5 5 . 54 94 . 68 41 . 94 
Mean 9 . 07 1 6 . 08 30 . 89 55 . 27 89 . 2 5 40 . 1 1 

Tamar Pre- 8 . 41 1 5 . 1 8 29 . 60 46 . 84 84. 90 36 . 99 
Post 9 . 38 1 6 . 30 30. 20 52 . 87 90 . 73 39 . 90 
Mean 8 . 90 1 5 . 74 29 . 90 49 . 87 87 . 82  38 . 44 

L . S . D . Strain 51'. 1 . 38 ,  1% 1 . 82 , S ig . int . p<0 . 1 9 
Strain X dark : 5% 1 . 96 ,  1i. 2 . 58 ,  S ig . int . p<O .  59 
Strain X p 5% 3 . 1 0 ,  1 %  4 .08 ,  S ig . int . p(0 . 1 2  
Strain X P X dark : 5% 4 . 3 9 , 1% 5 . 7 8 ,  S i  g .  int . p(0 . 08 ,  C .V . %  1 4. 58 

Root s  

Huia Pre- 4. 70 5 . 7 9  9 . 44 1 3 . 41 23 . 2 1  1 1 . 3 1 
Post 4. 47 7 , 49 s .  98  1 2 . 21 1 8 . 6 5  1 0 . 6 5 
Mean 4. 59 6 . 6 5 9 . 21 1 2 . 81 20 . 93 1 0 . 84 

Tamar Pre- · 4. 24 6 . 08 8 . 00 1 0 , 52 21 . 69 1 0 . 1 1  
Post 3 . 1 6 6 . 01 9 . 53 13 . 88 24. 63 1 1 . 45 
Mean 3 . 70 6 . 0 5 8. 76  1 2 . 20 23 . 1 6  1 0 . 7 7  

L . S . D . Strain 5% 0 . 7 1 ,  1% 0 . 94, S i g . int . p(O ,  86 
Strain X dark : 5% 1 . 01 , 1% 1 . 33 ,  S ig . int . p(0 . 02 
Stra in X P . 5% 1 . 59 ,  1 %  2 . 10 , S i g , int • p<0 . 60 . 
Strain X P X dark : 5% 2 . 26 ,  1% 2 . 97 , S ig ,  int . p(0 . 00 1 ,  C .  V .% 26 . 07 

Shoot s + root s 

Huia Pre� 1 3 . 83 21 . 50 37 . 23 68 . 41 1 07 . 03 49 . 60 

Post 1 3 . 50 23 . 9 5  42 . 98 67 . 76  1 13 . 34 52 . 31 

Mean 1 3 . 67 22 . 73  40 . 1 1  68 . 08 1 1 0 . 1 9  50 . 9 5  

Tamar Pre- 1 2 . 65 21 . 26 3 7 . 60 57 . 37 106 . 60 47 . 1 0 

Post 1 2 . 55 22 . 3 2  39 , 73 66 . 7 5 1 1 5 . 3 7  51 . 34 

Mean 1 2 . 60 21 . 79 38 . 67  6 2 . 06 1 1 0 . 99  49 . 2 2 

L . S . D .  Strain 5% 1 . 53 ,  1% 2 . 02 ,  S ig . int . p<0 . 02 
S train X dark : 5% 2 . 1 7 ,  1% 2 . 85 ,  S ig . int . p<0 . 3 2  
Stra ih X P . 5% 3 .  43 ' 1% 4. 51 , S ig . int . p<0 . 08 . 

S train X P X dark : 5% 4. 8 5 ,  1% 6 . 38 ,  Sig . int . p<0 . 06 ,  c .v . %  1 3 . 1 1  
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Table  XXIV. Interaction of strain , leve l  of P and dark treatment on total  p 

uptake per uni t  root length of white  c lover (mg P/m X 10/pot ) 

S tra in Dark Leve l of  P (kg /ha ) 

1 5  30 60 1 20 240 

Huia Pre- . 1 1 1  . 1 1 9  . 1 78 . 342 . 41 1  

Post- . 1 10  . 096 • 212 . 3 22 . 507 

. Mean . 1 1 0  . 1 07  . 1 9 5  . 332  • 459 

Tamar Pre- . 09 5  . 1 35  . 1 9 1  . 262  . 562  

Post- . 11 0  . 1 59 . 1 68 . 283 • 475 

Mean . 102 . 1 47 . 1 80 . 27 2  • 5 1 9  

L . S . D .  Stra in X P :  5% 0 . 056 ,  1 %  • 077 ' S ig . int . p(0 . 05 

Stra in X P X dark : 5% . 083 ,  1% . 109 , S ig . int . p(0 . 05 

C .V .%  42 . 99 



1 28 

in  the pre-dark treatment ( i . e .  t he normal harve st ) .  

6 .  P ut i l i zat ion .  Main effec t s  on P ut i l i zat ion (Table XXV) showed great er 

( p( O . Ol )  uti l i zat ion by Tamar than by Huia ( 408 and 378g dry matter per g P 

absorbed re spect ively) . No s igni f icant interactions involving strains with  

other  treatments  were recorded .  

7 .  Soluble sugar cont ent . There were highly signi f icant interact ions be tween 

strains and level s of P on shoot , root and total soluble sugar cont ent s ,  and 

interactions of the se wi th the dark treatment . They are shown in Table XXVI ,  

Deal ing f ir st�y with the strain X level  of  P interaction ,  re sul t s  show a greater 

increase in soluble sugar content s in Tamar than in Huia a s  the level of  P 

increased.  The interaction with dark treatment s showed a dec l ine in so luble 

sugar content s of shoot s and shoot s  and root s in Huia fol lowing 48 hours dark 

whereas that of  Tamar increased a s  the leve t  of  app l ied P was increased.  

Envi ronment al so affected so luble sugar content s o f  root s in an interact ion 

invo lving strains and leve l s  of  P (Table XXVII ) .  Re sult s show that the 

interaction occurred because of the higher yie ld s  of so luble sugar s by Huia 

compared to Tamar under HT treatments and the lower yie ld s  of  so luble sugar s 

under  LT treatment s .  

B • . Factors within the stolon .  

( i )  Dry matter di stribut ion .  

The se re sul t s  need t o  b e  interpreted with care as  i t  was observed that 

Huia  had a greater number of stolon branche s than Tama r .  As Huia gave lower 

yie lds  than Tamar at higher leve l s  of P thi s  means that the weight of the 

stolon uni t  sampled i s  l ike ly to have been lower for Hui a .  Thus proportionate 

change s  in distribution of dry matter within the stolon wi l l  be cons idered . 

S igni f icant interact ions were recorded between strains and leve l s  of  P 

on dry matter  distribut ion in posit ion s  (Table XXVIII (a ) and s tructures  

( Table X]YIII (b) . Tamar containe d  a greater proport ion in it s laminae and 

pet io le s  and node s than Huia . The se differences became greater as the leve l  

o f  P was increased . 

A highly signif icant interact ion between strains and dark treatment in t he 

di stri but ion of dry matter in struct�re s ( Table  XXIX) showed tha t  48 hours 

dark brought about· l ittle  proport ionate change in Tamar but a decrease in the 

proport ion o f  dry matter in the laminae and petio l e s  of  Hui a .  
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Table XXV. Effect of leve l  of P on P ut i l i zation by strains of  white  c lover 

(g DM/g p ab sorbed) 

Level of P 

1 5  30  60 1 20 240 Mean 

Huia 476 476 444 305 1 9 2  3 78  

Tamar 51 5 500 477 340 2 1 1  409 

Strain e f fect : L . S .D .  5% 1 3 ,  1 %  1 7 ,  S ig .  interaction p( 0 . 001 

Stra in X leve l  of P: L . S . D .  5% 2 9 ,  

C . V . %  13 . 07 

1% 3 8 ,  S ig .  interaction p(0. 87 
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Table XXVI . Interaction of  strain X P X dark trea tment s on yields  of  soluble 

sugars  in whi te c lover (mg/pot ) 

S tra in Dark Leve l s  of  P (kg/ha ) 

1 5  30 60 1 20 240 

S hoot s 

Huia Pre- 294 47 7 894 1 241 1 347 

Po st 1 7 9  424 828 895 959 

Mean 236 451 861 1 068 1 1 53 

Tamar Pre - 325  658 1 3 1 6  1 436 1 629  

Post 220 437 981 1 226 1 3 1 5  

Mean 273 547 1 1 49 1 33 1 1 47 2 

L .  S . D .  Strain X ·P : 5% 1 1 0 ,  1 %  145 ,  Sig . int . p(0 . 001  

Strain X P X dark : 5% 1 56 ,  1%  206 , S ig . int . p(O .  064 

Root s 

Huia Pre- 29  41 88 103 82 

Po st 3 1  53 80 88 7 5  

Mean 30 47 84 95 7 8  

Tamar Pre- 27 42 68  83 98  

Post 1 9  3 2  65  102 1 2 7  

Mean 23 37 6 7  92 l l3 

L . S .D . Strain X P :  Si'. 1 4, 1% 1 7 ,  S ig . int . p( 0 . 001 

Strain X P X dark : 5% 1 9 ,  1% 2 5 ,  S ig . int . p(0 . 01 

S hoot s + root s 

Huia Pre- 3 23 518  982  1 344 1 429 

Po st 2 1 1  478 909 983 1 034 

Mean 257  498 945 1 1 64 1 232 

Tamar Pre- 352  700 1 358  1 51 8 1 7 27 

Po st 240 470 1 047 1 328 1 442 

Mean 296 585 1 2 16  1 424 1 585 

L . S .D .  S train X P :  5% 1 1 4, 1%  1 50 '  Sig . int . p(O .  001 

S train X P X dark : 5% 1 6 1 , 1 %  2 1 2 ,  S ig . int . p(O .  04, 

C. V .%  21 . 86 



Tab '..e XXVI I . Interac t i on o f  environment x stra in x P un y i e l d s  o f  s o l ub le 

s ugar s in roo t s  o f  whi te c l over (mg / po t )  

Envi ronment 

HTHL 

HTLL 

LTHL 

LTLL 

L . S . D .  5% 27 

1 °/. 3 6  

S t rain 

Huia 

Tamar 

Huia  

Tamar 

Huia 

Tamar 

Huia 

Tamar 

S i g .  interac t i on p( 0 . 00 1  

C , V , /o 3 5 , 9 8  

Le ve l o f  

1 5  30 

52 7 6  

49 6 5  

1 6  3 7  

1 7  3 3  

3 8  45 

1 6  3 6  

1 6  3 3  

1 1  1 5  

p ( kg / ha )  

6 0  1 20 2 40 

1 1 7  1 03 9 2  

1 03 1 36 1 8 9  

5 2  44 46 

6 2  83 81 

1 08 1 3 9  1 1 3  

6 9  9 6  1 3 3  

5 9  8 5  6 2  

3 4  56  48  

( p a ge 1 3 3 f o l lows )  

1 3 1  
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Tab le XXVI I I .  Effect  o f  leve l o f  P on the di stribut ion o f  dry matter within 

po sit ion s  and structure s of stolons .  (g /pot ) 

( a )  Strain Leve l of p Po sit ion 

Proximal Midd le Distal  

Huia 1 5  . 1 5 5  . 1 62 . 1 2 2  

· ;30 . 21 8  . 287 . 1 82 

60 . 381  . 369 . 236 

1 20 • 408 . 41 1  . 3 1 2  

2 40 . 441 . 466 . 3 25 

Tamar 1 5  . 200 • 21 4 . 1 36 

30  . 246 . 290 . 1 83 

60 . 401  . 486 • .  3 1 6  

1 20 . 430  . 528 • 3 1 5  

240 . 508 • 619  • 37 8 

L . S . D .  5% • 041 ' 1 %  . 056 , Si g .  interaction p( 0 . 0 2 ,  G . V .%  1 2 . 7 8 

( b )  Structure 

Lamina + Node Internode pet i o le 

Huia 1 5  . 33 1  . 055  . 053 

30  . 543 . . 107  . 099 

60  . 699  . 1 48 . 13 9  

1 20  . 805  . 1 7 7  . 149 

240 . 986 . 1 7 3  . 1 63 

Tamar 1 5  . 428 . 070  . 052  

30 . 554  . 090 . 075  

60 . 899  . 161  . 144 

1 20  . 959 . 1 76 . 138  

2 40 1 . 1 25 • 21 5 . 1 64 

L . S .D .  5% . 041 ' 1 %  0 . 056 , S ig .  interact ion p(0 . 001 , C .  V . %  1 2 . 7 8 



Table XXIX. Effect of dark treatment of the di s tribution of  dry matter  

within structures  ( g /pot ) 

Stra in Dark 

Huia Pre-

Post 

Tarnar Pre-

Post 

L. S .D .  5% . 025  

1%  . 033 

S ig .  interaction p<0 . 001 

C . V.%  1 2 . 7 8 

Lamina + 

pet ioles  

. 695  

. 61 4  

. 7 82 

. 803 

S tructure s 

Nodes Internode s 

. 1 42 . 1 26 

. 1 23 . 1 1 6  

. 1 52 . 1 16 

. 132 . 1 1 3  

1 3 4  
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( i i )  Mobi l i zat ion of  N and P within the stolen . 

The abi l ity of  stra ins to  mobi l i ze N and P can only be gauged by change s 

in the total amount s  pre sent . Content , be ing a product of  concentrat ion an d yield� 

var ie s  depending upon whether a part icular t i ssue i s  import ing or export ing 

as simi late s .  For thi s reason total amount s of N and P in sto len t i s sue wi l l  

b e  considered.  

1 .  N di stribut ion .  The effects  of environment on N distr ibut ion are shown 

in Table XXX . The interact ion of  po s i t ion X strain showed that Tamar 

contained l e s s  N in o lder t i s sue and more in photo synthetical ly act ive t i s sue . 

The interaction of strain with  environment was not s igni f icant , but the data 

shows under condit ions of mos t  active photosynthe s i s  (HTHL ) Tamar contained 

a greater amount of N in the younge st t i s sue - at the d i stal  end o f  the sto lon .  

Thus T·amar po s se s sed a greater abil ity to  mobi l i ze N from older t i s sue . 

Distr ibution w:i t hin pos it ions ( 1 structural 1 di stribut ion) showed that 

Tamar conta ined a greater amount of N in the mo st act ively growing t i s sue -

the laminae + pet io le s .  Whi le not s ignif i cant , there i s  reason to  be l i eve 

that thi s was due in part to a le sser accumulat ion of N in noda l and inter­

nodal t i s sue in Tamar . 

The interaction of  strain with environment on structural d i str ibution 

occurred through a reversa l of the above trend under HTLL , where Tamar 

accumulated le ss  N in laminae + pet io le s .  

Further evidence on the relat ive abi l i t i e s  o f  strains t o  mobi l i ze N can 

be seen in the effec t s  of the 48 hour dark treatment (Table XXXI ) .  There was 

a s ignificant ly greater accumulat ion of  N in t he middle and di sta l po s it ions 

of Tamar stolons fol lowing 48 hours dark . The data did not show thi s to  be 

mobi l i zed from older t i ssue .  Distribut ion between structure s showed a greater 

accumulat ion of N in laminae + pet iole s of Tamar fo l lowing 48 hours dark . 

Val ue s for node s and internode s were too low t o  enable difference s t o  be 

detected.  

Re sult s of  a four factor interaction involving strains , leve l s o f  P ,  

po sit ions and structure s are shown in Table XXXII . Thi s  interaction shows 

differences  residing only in the laminae + petiole s where N content s were  

suffic ient ly great to provide a rel iable measure of concentrat ions d.Ild dry weight . 

The main cause of  the interact ion was the leve l of  P at which N was mobi l i zed 

from proximal to distal  po sit ions in the stolon .  In the ca se  of Hui a ,  t here 

was significant ly more N in the middle and d i stal  posit ions at  1 20 and 240 

kg/ha P whereas with Tamar thi s difference f i r st appeared at  a lower leve l  of  
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Tab le XXX . E ffect of environment on N d i stribut ion in stolons  of whi t e  

clover (mg X 1 0 )  

Environment Strain ' Position '  ' Structure ' 

Proxima l  Middle Di stal Lamina + Node Inter-
pet iole  node 

HTHL Huia . 1 21 . 1 3 1  � 1 31 • 281 . 054 . 048 

Tamar . 1 14  . 1 52 . 1 48 . 3 24 . 052  . 038  

HTLL Huia . 083 . 1 25 . 1 2 5  . 261 . 036 . 03 7  

Tamar . 073 . 1 22  . 1 1 8  . 254 . 035  . 03 2  

LTHL Huia . 098 . 1 28 . 1 27 . 2 55 . 054 . 044 

Tamar . 080 . 130 . 1 3 5  . 268 . 045 . 03 1  

LTLL Huia . 084 . 1 06 . 1 1 6  • 231 . 041 . 1 3 5  

Tamar . 070 . 1 29 . 1 1 6  . 2 59 . 029 . 02 8  

L . S . D .  5% . 018  

1%  . 026 

S i  g .  interaction p<0 . 6  

Stra in means :  

Huia  . 097  . 1 23 . 1 25  . 257  . 046 . 041 

Tamar . 0 84 . 1 33 . 1 29 . 27 5  . 041 . 03 2  

L . S .D .  5% . 009 

1% . 01 2  

S i  g .  interaction p<0 . 001 

C .  V .% 3 2. 7 
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Table XXXI .  E ffect of  48 hours dark on the di str ibut ion of N in stolons 

of whit e  c lover .  (mg X 1 0 ) �  

Strain Dark ' Po sit ion ' ' Structure ' 

Proximal Middle D i s tal Lamina + Node Internode 

petiole 

Huia Pre- . 1 03 . 1 21 . 1 25 . 263 . 047 . 039 

Post . 090 . 1 24 . 1 26 • 251 . 045  . 042 

Tamar Pre7 . 086 . 1 24 . 1 21 . 262 . 039  . 03 1 

Post . 083 . 142 . 1 3 7  . 286 . 042  . 034 

L . S . D .  5% . 014  

1% . 01 8  

Sig .  interact ion p( 0. 9 

C .V .%  3 2 . 7 
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Table XXXI I .  Effect of  level o f  P on the di stri bution of  N i n  sto lons  o f  

white clover (mg X 10) . 

Leve l  P Posit ion Hui a  Tamar 

Lamina Node Inter- · bamina Node Internode 
· + pet io le + petiole 

p1 P* . 1 25  . 023 . 021  . 1 41 . 022  . 01 0  

M . 1 5 1  . 021 . 021 . 1 57  . 01 8  . 01 4  

D . 1 58  . 022  . 020 . 1 34 . 020 . 01 7  

p2 p . 1 7 5  . 033  . 022 . 1 34  . 023 . 0 1 6  

M • 201 . 034  . 030 . 207 . 024 . 020 

D . 205 . 035 . 036 • 219  . 034 . 030 

p3 p • 214  . 047 . 036 . 1 89 . 041 . 025  

M • 265 . o so . 047 . 339 . 064 . 039 

D . 269  . 050 . 049 . 365  . 046 . 048 

p4 p . 244 . 056 . 040 . 21 6  . 037 . 0 29 

M . 3 3 2  . 07 1  . 060 . 420 . 045 . 059 

D . 37 1  . 060 • 57 . 3 38 . 047 . 044 

Ps p . 3 1 2  . 059 . 045 . 293  . 059 . 033 

M . 424 . 07 1  . 064 . 47 6  . 064  . 05 1  

D . 41 1  . -6 5  . 066 . 48 2  . 063 . 052  

L . S . D . 5% . 074  

1 %  . 1 23 

Sig .  interaction p< O . O S  
c .v . %  3 2 . 7  
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P vi z .  30kg /ha P .  With bot h  strains thi s  was due in  part t o  remobi l i zat i on o f  

N from older ti ssue ( or t o  ab sorpt ion and remobi l i zation ) , a s  leve l s  of  N in 

younger t i s sue increased in greater proport ion as t he leve l  of P was increased.  

In Tamar the _proportion of N in younger compared to  older t i s sue was greater 

than the proportion in Huia .  

2 .  P d i str ibut ion .  

The e ffects  of environment on  P di stribut ion within po sit ions and 

structure s of the sto lons of stra ins are shown in Table XXXIII. Within po s i t ions 

the relat ive amount of  P in the middle and dist a l  positions of  Tamar was 

greater than for Huia .  Environment did not interact with strains i n  po s i t ional 

d i stribut ion .  There was a re lat ive ly greater accumulation of  P within structures  

in laminae + pet iole s of  Tamar and the interact ion with environment showed 

this  to occur (at highly signif icant leve l s )  in a l l  except the HTLL treatment -

where di f ference s barely reached signi ficance . Leve ls  of P in nodal and 

inter-noda l tis sue were too low to enable difference s  to be detected.  

The effects  of 48 hours dark on P d i stribut ion within the sto len are 

pre sented in Tabe l XXXIV. Result s  show increased accumula tion in middle and 

distal  posit ions of the sto len of Tamar , but no such change in the di stribut ion 

in Huia .  Within structures ,  Tamar accumulated more  P in it s laminae + pe t ioles  

and node s fol lowing 48  hour s dark whereas Huia showed no such change . 

The leve l  of P app l ied did not interact with s tra ins in the P content 

of posit ions or structure s .  Thi s indicate s that both fol lowed the same trend 

of increas ing P content as t he leve l  of P was incre ased.  Difference s wer e  

present i n  the leve l  o f  P a t  which accumulat ion of  P i n  laminae + pet io l e s  

differed between stra ins ( Table XXXV ) ;  Tamar showed a proport i onately greater 

increa se in the P content o f  this  t i s sue at leve l s  of appl ied  P greater t han 

60kg/ha .  There was some evidence ( approaching signif icance ) to indicate that 

part of thi s additional P was mobi l i zed from internoda l t i ssue .  

DISCUSSION 

Thi s experiment was de s igned to examine pos s i b le mechani sms t o  account 

for the higher RNE of  Tamar compared to Huia whi t e  c lover at intermediate 

l eve l s  o f  appl ied P .  Before cons id�ring these factors i t  must  f ir st ly be 

establ ished  whether or not the y ie ld differences  recorded in Experiment 6 were 

produced in this experiment . 

In Experiment 6 Tamar differed from Huia  in one environment - HTHL with 
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Ta b l e  XXXI I I . E f f e c t  o f  environment on P d i s t r i but i on in sto l on s  o f  \vhi t e  

c l over (mg X 1 00 ) , 

Envi ronment S t ra i n  Po s i t ion 

Proxima l  M i dd l e  D i s t a l  

I ITHL 

HTLL 

LTHL 

LTLL 

Huia 

Tama r 

Hui a 

Tama r 

Huia 

Tamar 

Huia 

Tamar 

L . S . D ,  5'Yo . 0 2 6  

1 '}'o , 03 5  

S i g .  i n � erac t i on p( 0 . 60 

S t ra i n me ans ; 

Huia 

Tamar 

L . S . D ,  5% . 01 2  

1 %  • 0 1 6  

S i g .  i n t e r a c t ion p( 0 . 09 

C . V . %  1 3 . 26 

. 09 8  

. 09 7  

. 07 5  

. 06 1  

. 0 79 

. 0 9 7  

. 0 8 2  

, 0 7 2  

. 083 

• 081 

. 1 21 

. 1 3 6  

. 1 29 

. 1 1 9  

. 1 3 0  

. 1 6 1  

. 1 2 2 

. 1 5 7  

. 1 26 

. 1 43 

. 1 48 

. 1 5 7  

. 1 44 

. 1 29 

. 1 49 

. 1 93 

. 1 5 5  

. 1 6 1  

. 1 49 

. 1 60 

Lamina 

+ p e t i o l e  

• 2 6 2  

. 2 9 7  

. 2 6 8  

• 2 3 9  

• 2 5 7  

• 3 2 1  

.2 64 

. 3 1 6  

. 2 6 3  

. 2 93  

S t ruc t ure 

Nod e 

. 0 5 5  

. 0 5 7  

• 043 

. 03 9  

. 0 5 6  

. 07 9  

• 0 5-t 

. 0 4 2  

. 0 5 2  

. 0 5 4  

I n t e rnode 

. 0 50 

. 0 36  

. 03 8  

. 03 2  

. 045 

• 0 5 1  

• 0 41 

. 0 3 2  

. 044 

. 03 8  



Table XXXIV.  E ffect of 48 hours dark on 

white  clover . 

Strain Dark 

Proximal 

Huia Pre - . 089 

Post . 078 

Tamar Pre- . 076 

Post . 087 

L . S . D .  5% . 01 8  

1% . 024 

Sig .  interact ion p)0 . 9  

c .v .  1 3 . 26 

(mg X 100)  

' Po s i t ion ' 

Middle 

. 1 1 9  

. 1 3 2  

. 1 2 5  

. 1 61 

141 

the di stribution of  P in stolons of 

' Structure ' 

Distal  Lamina + Node Internode 

petiole 

. 1 43 . 262 . 050 . • 039 

. 1 56 . 264 . 053 . 048 

. 1 42 • 266 . 045 . 03 1  

. 1 78 . 3 20 . 063 . 044 



Table XXXV .  Effect of level  

of white  c lover 

Stra in Level  of P 

Huia p1 
P2 
P3. 
p4 
P 5 

Tamar p1 
P 2  

p3 
p4 
Ps 

L . S . D .  5% . 029 

1% • 039 

S ig .  interact ion p)0 . 3  

C . V . %  13 . 26 

142  

o f  P on the di stribut ion of  P wi thin ' structures ' 

sto lons (mg X 1 00 )  

' Structure ' 

Lamina Node Internode 

+ petiole  

. 1 1 1  . 01 7  . 01 3  

. 1 53 . 02 7  . 020 

• 2 1 7  . 042 . 032 

. 33 5  . 065  . 050 

• 496 . 106 . 101  

. 1 24  . 01 9  • 01 2 

. 1 53 . 020 . 01 3  

• 256 . 043 . 027 

. 37 6  . 084 .057 

. 5 54 . 1 04 . 077  
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high moi sture stre s s .  The re sponse  curve t o  appl ied P had po sit ive curvature 

for Tamar and negat ive curvature for Huia .  In the pre sent experiment the two 

again di ffered in RNE at intermediate leve l s  of  P under HT but wi th LL and no 

moi sture stre s s .  Under conditions comparable to those of Experiment 6 the 

two dif fered only at the highe st leve l of P - as they did under LTHL and LTLL . 

The fact that s trains did not reproduce re sul t s  of Experiment 6 under 

ident ical envi ronmental  conditions may be due to biological variabi l ity between 

experiments  and to lack of  experimental prec i s ion . It may also be due to the 

pre sence of root knot nematode s in Exper iment 6 and their absence in  the 

pre sent experiment . For argument s sake , a s sume that Huia carried a greater 

infestat ion of nematode s than Ta��r . If  thi s were the case then yields  of Huia 

woul d  be depre s sed re lative to yie lds of Tamar in Experiment 6 .  Thi s i s  in 

fact what occurred.  The findings of Widdowson � � ( 1 97 3 )  have shown tha t  

infe station o f  whi te c lover p lant s increas e s  the P requirement s five t ime s to 

give e quivalent yields  to non-infe sted plant s .  In l ight of  thi s, the sugge st ion 

that Huia conta ined a greater infe station of nematode s would account for i t s  

lack of re sponse t o  low leve l s  of P .  Further ,  Widdowson � � noted that 

nematode infe stat ion became l e ss at higher leve l s  of appl ied P .  Hence i t  can 

be argued that thi s provide s  an explanation for the rapid recovery i n  yields 

of Huia re lat ive to Tamar at high leve l s  of P in Experiment 6 .  

The que stion ar i s e s  a s  t o  the reasQn for the superiority o f  Tamar only 

under the one environment in Experiment 6.  A fea s ible  exp lanation i s  that  it 

was under the HTHL environment that conditions  were most favourable  for growth , 

and i f  Huia was more great l y  infe sted with nematodes  ( part icular ly at low 

leve l s o{ P )  then it  fo l lows that i t s  abi l ity to absorb and tran slocate water 

under moi sture stre s s  would be le s s  owing to le sser root deve lopment and to 

di sruption of the translocat ion proce s s  in root s .  Yields would then be 

depre s sed relative to Tamar , as was the case . Thus there i s  good evidence 

from which to be lieve that the marked di f ferenc e s  in RNE found in Experiment 6 

may ,  to a large extent , have been an art i fact o f  d ifferentia l infe s tat ion of 

strains  by root knot nematodes .  

Yie ld re sul t s  from the present experiment need  to be p laced in perspective .  

Differences  i n  RNE between strains were pre sent and di ffered at the l eve l  o f  P 

at which they attained s igni f icance under different environment s .  Examina t i on 

of  yield data (Table X V1Itshows the >�uperiority  of  Tamar commencing a t  about 

30 to 60kg/ha P and continuing to increase  under  three environment s unt i l  

sign i ficance wa s reached a t  the highe st leve l o f  app l ied P .  While  y ie ld s  under 
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HTLL were not signi f icant ly dif ferent at the highe s t  leve l of  P ,  i t  should be  

noted that va lue s were higher for Tamar .  Both strains gave more than 95  

percent of their  asymptote va lue at  240kg/ha P .  However i t  was po inted out 

ear l ier tha t  X must  nece s sari ly be an arbitary level of P at which re lative max 
performance s  of strains can be compared within an experiment . If  X were max 
t aken as  1 20kg /ha P then Tamar could be c la s s if ied as Type 1 RNE a s  i t  would 

not have reached 95  percent of i t s  a symptote value , whereas Huia had reached 

t hi s  va lue and would ,  because it wa s inferior to Tamar at a l l  point s in the 

range of  P appl icat ion s ,  be c la s s i f ied as Type 3 RNE .  

D ifferences  in patterns of response of strains between environment s  in the 

present experiment were not great and would need repl icat ion of environments 

to  jus t i fy their recognit ion as dist inct population s .  Thus i t  is concluded 

from data avai lable that Ta�1r was more ef fic ient in re sponding to  P at 240kg/ha. 

The di scussion re lat ing yie ld re sponse s  to mechanisms a s sociated wi th the 

higher RNE of  Tamar wi l l  therefore pay particular attent ion to  re sul t s  at 

240kg/ha P .  

The re lationship between shoot yie lds and root yie ld s ,  length and number 

of  apice s ( Tables  XIX (a)  to  ( c ) )  do not provide sufficient ly consi stent 

data to enable a relat ionship to be e s tabli shed wit h  the higher RNE of Tamar 

at 240kg /ha . 

Total  absorption of P was genera l ly simi lar for both stra ins ( Table XXIII ) .  

Thus the greater P absorpt ion per uni t root length by Tamar at  240kg /ha P 

fol lowing a normal harvest  ( pre-dark ) must have been off set by the lowe r ,  but 

non-s igni ficant , root length (Table XIX ( d ) )  at thi s level of P .  Ut i l i zation 

o f  P was greater for Tarnar irrespect ive of the amount of P app l ied . Hence 

nei ther absorpt ion or ut i l i zation provide explanation for the higher RNE of  

Tamar at 240kg /ha P .  

More l ight i s  shed o n  thi s quest ion by examination of  the effect s of  

48  hour dark. By  subtract ing post from pre-dark P absorption value s at the 

240kg /ha leve l of appl ied P ,  the fo l lowing di fferences  ( Table  XXXVI ) were 

recorded : -

Table XXXVI . 

Huia 

Tarnar 

P absorbed ( po st - pre-dark ) 

. (mg/pot ) 

Total  P Shoot P Root P 

6 . 31 

8 . 7 7  

1 0 . 86 

5 . 83 

-4. 56 

2 . 94 
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Of the P gained by Huia during the 48 hour dark , there was a net 

transportation o f  ab sorbed P to shoots and an addit iona l amount drawn from 

root re serve s .  Tamar on the other hand translocated two-thirds  t o  i t s  own 

shoot s  and retained  one -third in i t s  root s .  Two interpretat ions can be p laced 

on these difference s .  ( 1 )  I t  sugge st s  that Tamar had a greater propens ity 

to supply P to i t s  roo t s  and /or re tain P in i t s  root s .  Thi s woul d  ensure that  

P requirement s for root metabol i sm would be  more adequate ly met ,  thereby 

providing a better supp ly of ass imilate s and P to growing t i s sue . ( 2 )  Russe l l  

and Mart in ( 1 9 53 ) , Wi l l iams ( loc . c i t . ) and Wi lkinson and Gros s  ( 1 965a)  have 

shown that roots  of a P defic ient p lant usually retain more P and tran sport 

le s s  which , when appl ied  to re sult s  of thi s experiment , sugge st that Tamar 

may have been mo�e P de fic ient than Huia in spite of the high leve l o f  P at 

which differences  occurred . The yield re sponse curve of Tamar wa s upwards 

between 1 20 and 240kg/ha P whereas that of Huia had reached i t s  a symptote .  

Both the above po s s ibi lities  are equally a ccountable in terms of the 

supply of ass imi la t e s .  Examination of the movement of soluble sugars fol lowing 

48 hour s dark at 240kg /ha P ( Table XXXVID showed the fo l lowing po st - pre-dark 

dif ferences : -

Table XXXVII . 

Huia  

Tamar 

Soluble sugars  ( po st - pre-dark ) 

(mg /pot ) 

Total 

-395 

-285 

Shoot 

-388 

-3 14  

Root 

-7 

28 

During dark re spiration Huia ut i l i ze d  a much greater amount of  so luble 

sugar re serve ,; than Tamar and uti l i zed  both shoot and root re serve s .  Tamar 

on the other  hand ut i l i zed only shoot re serve s  and showed a ne t gain in root 

re serve s .  Thi s better supply of assimi late s  in the root s of  Tamar are in l ine 

with  hypothe si s ( 1 )  and ( 2 )  above ; that Tamar wa s better able to not only 

supp ly P but a l so a s s imi lates  to i t s  root s to maintain metabo l i c  proces se s  

and continued growth at high leve l s  of P .  A s  wi l l  be discusse d  la t er , thi s 

greater supply of metabol i te s  in root s and in the p lant as  a who le would meet 

t he energy requirements  of  Tamar for greater mobi l i zat ion of N and P within 

t he stolon .  

In re lat ing dif ferences  in dry matt er yields  between strains  to the ir  N 

status , cons iderat ion wi l l  first ly be g iven to their  nitrogen f ixing abi l ity . 

The only treatment effect involving strains  occurred where Tamar gave greater 
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N f i xati on than Huia fol loHin g  a normal harvest and smaller differences 

fol lowing 48 hours dark (Tabl e  XX) . Vi rtanen ( 1 9 5 5 ) , Gibson ( 1 966) , Wheeler  

( 1 97 1 ) and LaHn et  a l  ( 1 974)  have shown that symbiot ic  N fixat i on i s  dependent 

upon t he supp ly of assimi la tes  to nodule s .  Re sult s from E xperiment 4 ( de ta i ls  

of  \vhi ch have not been given) shovred that i t  i s  a l so dep endent upon the 

supp l y  of P - yie ld of shoot s apart . Thus the lower N fi xing activi ty of Huia 

can be  at tributed to i ts lower levels of solub le sugars in i t s  roots  and t o  i t s  

lower P status where a net t ransportation of P occurred from root s to  shoot s 

1,vhen phot osy!lthesi s was inhi b i ted . In the case of Tamar, P was retained i n  i t s  

root s .  Thi s would ensure tha t  me taboli zable energy and ATP necessary for 

the maintenance of hi gh levels  of N fixat i on ( Bergersen, 1 97 1 ; Moustafa et a l ,  

1 97 1 ) were p resent t o  a greater extent i n  Tamar than i n  Hui a .  However i t  

must b e  recogni sed that N fixation i s  like ly to a l te r  a s  seedlings become o lder 

and that acetylene reduc t i on a s say Has made at the end of the experimen t .  I t  

does not ref lect the si tuation throughout the course of the experiment a s  would 

N ab sorp t i on and uti li zati on measurement s .  Total absorp t i on of N Has grea t er 

for Tamar than for Hui a a t  240 kg/ha P ;  a f inding which i s  in accordance '"i th  

i t s greater N fixation .  The greater ut i li zation of ab sorbed N p rovides  another 

exp lanat i on for i t s  greater RNE in yie ld .  I t  was not comp licated b y  en·1 ircnmental 

or dark t reatment effec t s .  

Di stri buti on of dry matter and N and P vri thin the stolon wi l l  now be 

di scus sed . The f i rst p oint to note i s  that thei r di stribut i on f o l lowed the 

patt ern recorded by many vrorkers c i ted in the revievr of li terature and li t t le 

point would be served in re-i terating  thei r findings . 

Strains differed in  thei r di stribut i on of dry mat ter along the stolon .  

Tamar contained a greater p rop orti on i n  the mid-re gi on and a relatively greater 

proportion in  i t s laminae + p etioles  and nodes ( Table XXVI I I ) . These  

differenc es Y�ere most marked a t  the hi ghe st level of  P .  They are consi stent 

wi t h  t he hi gh RNE of Tamar at 240 kg/ha P,  a s  the mid-regi on cont.J.ined ful l y  

mature laminae - those most active i n  photosynthesi s and the formati on of 

me tabo li tes  (Thrower , 1 9 62 ) . Cessati on of ac tive p hotosynthesi s by the 

imposi t i on of 48 hours dark brought about li t t le change in  the di stributi on 

of dry matter in Huia ,  but i t  caused an increase in  t he dry Hei ght of 

laminae  + petioles of Tama r at  the expense of noda l t i ssue . Thi s can be 

accounted for by t he fact tha t  the so lub le sugar status in shoots of Tamar was 

greate r  t han in shoots  of Hui a ,  and may have been sufficent to meet  the needs  

for  growth .  Hui a on the other hand , wi th i t s  loHer levels  of solub le sugars  
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needed to provide  the requi rements for growth and resp irati on i n  laminae + 

peti oles by exp ort from nodal t i ssue � Further j ustificati on for thi s v iew i s  

provi ded by the fact that Tamar was able to export P from i t s  root s  following 

LJ 8  hours dark , whereas Huia needed to  i mport P into i t s shoot s - a gain t o  make 

good i t s  inadequate  shoot supp ly. Thus the greater RNE of Tamar at hi gh leve ls 

of P can be related to  i t s better shoot reserves of soluble sugars . 

At t he out set of thi s exp eriment i t  was hypothesi sed t hat  Tamar had a 

greater RNE than Huia because of i t s  abi li t y  to remoboli ze N and P from o lder 

to younger t i ssue , and thereby ·2·nable i t  to  make more active growth 

i rrespective of i t s  lower N and P concentrations . Thi s hypothesi s \vi ll now be 

examined in li ght of results obtained . Data show that Tamar was in fact 

better able to remoboli ze N (Table XXX) and P (Table XXXIV) into  i t s  younger 

t i ssue - the mid to di stal regi on of the stolon and to the laminae + pet iole s .  

There VJas evidence t o  suggest thi s  abi l ity  Has greater w1der condi t i ons most  

favourable for maximum grovrth ( HTHL) and that Tamar lost some of thi s 

advantage over Huia in  being able to  remoboli ze N and P u.nder condi t i ons of 

low li ght . E xaminati on of the soluble sugar content of roots  ( Table XXVI I )  

indicates that t he supply of assimi lates  vra s le ss in  Tamar under LTLL . Hence 

i t  can be concluded that the greater abi li t y  of Tamar to remoboli ze N and P 

i s  dependent upon condit ions of hi gh li ght and maxi mum photosy11thet i c  

activi ty  ( a s  set b y  temperature) . \>/here acti ·vi ty i s  restricted b y  li ght and 

the supply of energy in the form of soluble sugars i s  reduced , Tamar looses 

some of i t s  sup eriori ty  over Huia  in  remoboli zing N and p ,  

Altering the p hotosynthetic/respi rati on balance by the i mposi t ion of 

48 hours dark ga'!e further evidence t o  conf i rm the greater abi li t y  of Tamar to  

remoboli ze N ( Table XXXI ) and P ( Table  XXXIV) . Again thi s greater abi li ty 

can be associated vli t h  a hi gher level  of soluble sugars i n  Tamar  compared to 

Hui a .  

In relating thi s greater abi li ty  of Tamar t o  remoboli ze  N and P i t must 

be borne i n  mind that the yi eld sup eri ori t y  of TanBr commenced at a lower level 

than the 240 k g/ha P a t  which stati s t i cal  si gnificance \Vas recorded . Tamar 

\Vas classifi ed as  Type 1 RNE and Hui a  as  Type 3 so that t he differences resided 

at the hi gher levels of app lied r .  It was at these hi gher levels  of app li ed P 

that Tamar showed i t s  greatest superiori t y  over Huia in remoboli zing N 

(Table XXXI I)  and P ( XX�) . 

Thus t he data confirm the hypothe si s that Tamar, wi t h  i t s  lower 

concentrat ion of N and P ( greater uti l i zat i on) was able to remoboli ze N and P 

to a grea1:er extent t han Huia and tha t  t hi s would account for i t s hi gher RNE . 
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CONCLUSIONS 

Thi s experiment ,  comparing the RNE of Huia and Tamar whi te c lover s in 

re sponse to app l ied  P ,  ident i f ied Tamar a s  the more effic ient strain. It 

coht inued to  re spond to high leve l s  of P and �s c las sified as posse s s ing Type 

1 RNE . Hui a reached i t s  yie ld a symptote at a lower leve l of appl ied P and wa s 

at no po int · super ior to Tamar .  It was c la s sified a s  po sse q s ing Type 3 RNE . 

These result s  di ffer from those obta ined in Experiment 6 where differences  

between strains were greater . It i s  sugge sted that the di fferent patterns of  

re sponse between the two exper iment s was due to greater infe stat ion of Huia 

with root knot nematode s .  

The hypothe s i s  examined i n  thi s experiment was conf irmed . Tamar contained 

a lower concentrat ion of N and P than Huia  ( conf irming re sult s  of Experiment 6 )  

and hence greater uti l i zat ion. With N ,  thi s was re lated to  the high RNE of  

Tamar at  high leve l s  o f  P .  With P ,  greater ut i l i zation was recorded at  a l l  

leve l s  of appl ied P .  

The great er ut i l ization of  N and P was assoc iated with a greater abi l ity 

of  Tamar to  remobi l ize N and P to the mid-region of  the sto len ( that mo st 

act ive in photo synthesi s ) and to the di stal  end of the stolon and the laminae 

and pet io le s  where meristemat ic t i ssue was present � The se d i f ference s 

between stra ins were most evident at high l evels  o f  app l ied P and are 

considered to account for the grea ter RNE of Tamar . 

Tamar contained a greater content of soluble sugars than  Huia , and at high 

leve l s  of P it  was better able to mob i l i ze so luble sugars and P to i t s  root s 

to  meet the energy requirement s and ATP product ion for greater N fixat i on .  

Also t he greater content of  so luble sugar s  i n  Tamar provided the energy 

necessary for mobol i zation of N and P within the s tolen .  

There was an  indicat ion that the abi l ity of Tamar to mob i l i ze N and P 

and to produce so luble sugars was l ight l imited at high t emperature s ,  and thi s 

may account for the apparent lack of  response of Tamar re lat ive t o  Huia under 

high t emperatures and low l ight at high leve l s  of appl ied P .  

No relat ionship was estab l i shed between the RNE in yield  or P absorption 

of strains and root we ight , length or number of ap ice s .  
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SECTION 7 

GENERAL DISCUSSION AND CONCLUSIONS 
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In this  series  of experiment s the RNE of stra ins  of Yorkshire fog , 

perennia l ryegras s ,  L .  pendunculatus and white  c lover was studied .  Experiment s 

1 and 2 examined the RNE of the gra s s  spec ie s  in re sponse to N and P whi le 

Experiment s 3 and 4 examined the RNE of the legume spec ie s  in re sponse to P .  

These four experiment s were designed a s  screening experiment s t o  give a bas i s  

for the se lect ion o f  promi sing mater ial  with  which t o  work i n  more detailed  

exper imen t s .  Because of thi s a large number of  stra ins were examined and as  

a result experimental  prec i s ion was not at t ime s high , and r e sult s  of  these 

experiment s  were not in some instance s  reproduced in subsequent experiment s .  

In Experiment s  3 and 4 the RNE of  Yorkshire fog and perennia l ryegra s s . 

stra ins  were studied in re sponse to N ,  and the effect s  of c l imate  on RNE was 

a l so compared . Experiment s 5 and 6 studied the RNE of Lotus and white  c lover 

in re sponse to app l ied P and a l so the effect s of  c l imate .  The se experiment s 

measured shoot yie ld , shoot : root rat io s  and N absorpt ion and ut i l i zat ion and in 

addition wi th legume s N f ixing activity and P absorpt ion and uti l i zation were 

measured.  In Experiment 7 a study was made of possible mechani sms contro l l ing 

RNE in white c lover .  The same paramaters  were measured as  we l l  as the ab i l ity 

of stra ins to  re-mobo l i ze and re-ut i l i ze P within the plant . 

Literature c i ted in the review of  l i tera ture indicates  that RNE i s  under 

genetic  contro l .  In these experiment s  inter specific and inter strain di fference s 

in RNE were recorded and it was shown that RNE was dependent upon c l imate . 

Re sul t s  wi l l  now be di scus sed in rela t ion to  interstrain and interspec i fic 

difference s .  

Yorkshire fog. 

Re sul t s  of Experiment 1 did not enable the c l ear ident i f i cat ion of strains 

according to the definition provided in the introductory sect ion to thi s the s i s .  

Mas sey Basyn wa s i dentified a s  Type 1 RNE in  which it s yie lds  a t  l e s s  than the 

maximum level  of app l ied N were lower t han for other strains . The others 

genera l ly showed a Type 1 RNE but because of their  lower overa l l  yields  

relat ive to  Mas sey Ba syn were clas s i fied  as  Type 3 .  From among t he se 

Tara Hi l l s  strain wa s se lected for further study as  it had the greate st 

contrast in relative yields  at le s s  than  the maximum leve l of  app l ied  N 

relative to  Mas sey Basy.  

In Experiment 5 ,  where the RNE of  Massey  Basyn and Tara Hi l l s  stra ins was 

compared under differ ing c l imat e s ,  the RNE of  the two stra ins was found to be 
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dependent upon climate .  Under a climate  of  hi gh t emperatures and hi gh l i ght 

and hi gh moi sture stress  t hey  did  not differ whereas under condi t i ons of lower 

tempe rature and or low li ght (Palmerston Nor th and Taieri cli�ates ) they  

differed . Under the Palmerston North c li mate , whi ch  differei from the T ara 

Hi lls  c limate in having lm..rer t emperatures and no moi sture stre s s ,  Massey  

Basyn gave Type 2 RNE through being responsive at  lovr levels of N ,  \vhi le Tara 

Hi l l s  gave Type  1 RNE . Yi e lds  from the Tara Hi l l s  strain �;rere extreme ly low 

at lmv leve ls of app li ed N but at hi gh levels  were equal  to those f rom Mas sey 

Basyrt .  Thi s difference i n  RNE was attributed to  t h e  inabi l i ty  o f  Tara Hi l ls 

to  absorb N at lower tempera tures due to poor root deve lopment and in  addi t i on 

to  a lack of abi lity  to  uti li ze absorbed N at a hi gh level for the produc t i on 

of dry matter .  

Under the Tai eri c li mate , whi ch featured lm.r temperatures and lmv li ght 

wi thout moi sture stress ,  yi e lds from Tara Hi lls  dec lined a s  the level  of N 

vas increased whi le yi elds from Massey Basyn di d not alter . I t  i s  suggested  

that the  dec line in  yi elds of  Tara Hi lls  were att ributab le to hi gh protein 

synthesi s at hi gh levels of  N at the expense of  carbohydrate reserves and the 

possibi li ty  of ammoniurn toxi c i ty .  

Thus the more detai led study o f  t�;ro strains o f  Yorkshi re f o g  shmred that 

genetic  variabi l i t y  exi st s wi thin the species  and that i t s express i on i s  

dep endent upon c limate . Of the hro strains Ma ssey Basy:.r1 had the desi rab le  

at tribute of hi gh re sponsiveness  to  less than maximum levels of N app lied 

( 60 kg/ha N app lied f our t i me s  i n  5 2  days ) . No  previ ous s tudies  i nto  the RNE 
of strai ns of Yorkshi re f o g  have been reported in  t he li terature . 

Perenni a l  ryegrass . 

Efficiency i n  response to  N and P among strains of perer�ia l  rye gra s s  

have been reported by  a number o f  workers ci ted in  t he revievr o f  li terature i n  

E xperiment 2 .  Also hi gh heri tabi li  t y  for yi e lds  at lmv and moderate  level s  

of N and P have been rep orted . Whi le these studi es  compared different strains 

t o  those in the experiment s under report , differenc e s  in RN""E vJere a l so f ound . 

Results  of E xperiment 2 showed that two stra ins of si gniFi cance to New 

Zealand a griculture - Ruanui and Mangere , posses sed Type  1 �""E , a s  t hey  

cont i nued to  respond more t han other strains to  hi gh levels  of app li ed N .  Two 

other st rains ,  R . v . P .  and \v . \>T . Vi rus vrere c la ss i f i ed as pos sessing Type 2 RNE 

as  they gave hi gh yi e ld responses relative to  Ruanui and Mangere at low level s  

o f  app l ied N .  The se four st rains were therefore studied in  E xperi ment 5 ·  

E xperiment 5 showed differences in RNE accoro i ng to  c li rra�e . Under the 
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Tara Hi l l s  c l ima te no differences  were found . Under the Palmerston North 

c l imate Mangere was again c la s sified  as Type 1 RNE whereas the others , 

inc luding Ruanui were c la s s i f ied as  Type 2 RNE and did  not differ among 

themse lve s .  The cla s s i f icati on of  Mangere as Type 1 ,  wa s due to i t s  very l ow 

yie lds  at low leve l s  of appl ied N ,  and the same explanat ion i s  given for thi s 

stra in as for the Tara Hi l l s  stra in in the Yorkshire fog experiment viz .  an 

inabil ity to absorb N at low leve l s  of app l ied N due to restricted root 

deve lopment .  

Yorkshire fog versus pe rennia l  ryegras s .  

In the l i terature review o f  Experiment 1 i t  wa s pointed out that Yorkshire 

fog i s  genera l ly regarded as  a low fert i l i ty spec i e s  in compari son with 

perennia l  ryegra s s .  Thi s c l a s sif icat ion is ba sed on f ield studie s  on low 

fert i l i ty so i l s  where environmental  l imitations to  p lant growth were al so pre sent . 

Thus it i s  difficul t to d i st ingui sh between the greater abi li ty of  Yorkshire fog 

to survive under the se condit ions due to adaptabi l i ty to low fer t i l i ty or to 

adverse c l imat e .  Further , mo st experiment s used unspecified stra ins of 

Yorkshire fog .  

From the experiment s in thi s pre sent study i n  which a compari son o f  t he 

most e fficient strains of each species  can be made ( i . e .  Type 2 ) , it i s  

concluded that their RNE does  not di ffer . The compari son between Massey Basyn 

and Ruanui , R . v. P .  and W.W.  Virus fai led to show any d i fference s .  Thus it  

appear s l ike ly that the c lass i fica t ion of  Yorkshire fog a s  a 1 low 1 fert i l ity  

spec i e s  as based on f ie ld  experiment s  must be  a re f l ect ion of the adaptabi l i ty 

of  Yorkshi re fog to adverse c l imat ic condit ions  rather than to  any greater RNE 

compared t o  perennial ryegras s .  If however the stra ins  used in t he f i e ld 

experiment s were simi lar in RNE to the Tara Hi l l s  s tra in used in thi s experiment 

( and re sul t s  of Exper iment 1 would sugge st they were ) then the conclusions that 

Yorkshire fog is a lower fert i l ity demanding spec ie s than perennial ryegrass  

would be correct - in  Experiment 5 under the Palmer ston North c l imat e  it  was 

lower yiel ding than Ruanui under l ow leve l s  of N .  I n  other words an ineff ic ient 

example of one spec i e s  was be ing compared wit h  an efficient example  of the other.  

The fact that the bred strain Massey Basyn showed greater RNE a t  low 

leve l s  of N than other regional stra ins indicates that genetic  variabi l i ty 

exi s t s and that  cons iderable progre �s should be po ss i b le in further rai s ing 

i t s  RNE through breeding . Among t he perennia l ryegras s  examined ( a l l  of which  

were bred stra ins )  dif ferences  in  RNE were not demons trated - with  the 

except ion o f  Mangere which reacted adverse ly to one c l imate .  Thus i f  
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di fference s i n  RNE exi s t  then they cannot be o f  a large order and wi l l  need  

extreme ly preci se experiment s to identi fy them. 

Lotus . 

In Experiment 3 two strains of Lotus , L . hybrid  and T imaru were i dent i fied  

as  pos se s s ing Type 1 RNE in re sponse to  app l ied P .  The remaining strains  were 

Type 2 as they gave greater re sponse s to low leve l s  of P .  Among the se 

L . tetrap loid gave highe st yie lds  and was therefore classi fied as Type 2 and 

the remainder �  because of lower overal l  yields were cla s s i fied a s  Type 3 RNE .  

L . tetrap lo id obtained it s greater RNE a t  low level s o f  P through i t s  greater 

abi l ity to ut i l ize  ab sorbed P .  

In Experiment 6 L . hybrid  and L . te trap loid were compared under different 

c l imates . No differences  in RNE were detected. There are no report s  in the 

l it erature of studie s  into the RNE of stra ins of  Lotus with  which to  compare 

the se findings .  

Whit e  Clover .  

Snaydon and Bradshaw ( 1 962)  have reported dif ference s among strains of 

white  c lover in RNE a s  the level  of P was varied . U sing di fferent strains 

the present exper iment s  of thi s study have produced a simi la r f inding . In 

Experiment 4 ,  four strains  ( Tamar , Spanish ,  S . 1 84 and Kent i sh wi ld white )  were 

c la s s i fied a s  pos sess ing Type 1 RNE . From among the se  Tarnar was se lected for 

further study as i t  exhibi ted a greater abi l ity to  ut i l i ze absorbed P t han did  

other strains of thi s Type . Of the remaining strains  Hui a was ident i fi ed as  

pos se s s ing Type 2 RNE and because of  its  importance to New Zea land agr iculture 

was s e lected as  representative of its  Type for further study . Louisiana was 

a l so Type 2 and was i ncluded in the subsequent exper iment because it  showed 

unusual ly high ut i l i zat ion of P.  

Exper iment 6 compared the RNE of the above stra ins under three c l imate s .  

Re �ult s di f fered from those of  Experiment 4 i n  that Tamar was i denti f ied a s  

Type 2 RNE and Huia  a s  Type 1 .  Loui siana fe l l  between the se two i n  i t s  y i e ld 

re sponse . D i f ference s between Tamar and Huia occurred at intermediate leve l s  

of P (where Tamar was more e f f icient ) under only the one c l imate - Tara Hi l l s .  

Thi s was attributed t o  greater P absorpt ion and ut i l i zation ,  greater N f ixing 

act ivity  and absorption and ut i l izat ion of  N by Tamar . 

In Experiment 7 the two stra ins  Huia and Tamar were examined in more detai l 

to  provide confirmatory evidence of  earl ier f inding s where the pre sence o f  root 
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knot nematodes cov.ld have been a contribut ing factor to  differences  recorded . 

Also i t  was desi gned to  examine possible mechani sms controlling RNE . From 

earlier  results the greater uti li zat i on of P by Tamar appeared to be a factor 

worthy of examinati on .  To thi s end the relative abi li t i es of  Huia and Tamar 

to  re-moboli ze and re-uti li ze P wi thin the stolon wa s examined . 

strain .  

Re sults  of E xperiment 7 confi rmed that Tamar was the more eff ic ient 

However in thi s experiment there was a shift  in the level of P at 

which  i t s  greater effic iency \·ras exp ressed . In three of the four c limates ( HTHL , 

LTHL , LTLL ) i t  was superi or at 240 kg/ha P ,  whereas under HTLL i t  was superio r  

a t  3 0  and 60 kg/ha P .  Thus as  was the ca se wi th  the other experi ments the 

exp ression of RNE •..ras  dependent upon c limat e .  According to  the de..?ini t i on of 

IDlE given at  the outset of thi s study Tamar exhibi ted Type  1 Rl'£ and Euia Typ e  2 .  

Thi s i s  the opposi te c lassification to  that given t he se strains in E xperiment 6 

- even though Tamar gave greater yi elds at the level of P at \vhich differences  

occurred in  both  experiment s .  I t  hi ghli ghts  the p rob lem of c lassif ying Typ e s  

of Rilli and ari ses t o  some extent through X
max 

not reaching the yi eld asymptot e .  

I t  also hi ghli ght s the need for experiments to inc lude more p oint s on t he 

response surface to enab le more preci se curve fi tting .  

Exp eriment 7 confi rmed the hypothe::: i s t hat Tamar gained i t s greater IDlE 

t hrough a greater uti li zat i on of absorbed N and P ,  and that thi s occurred 

through i t s  greater abi l i ty  to remoboli ze N and P from senescing to meri stemat i c  

t i s sue . In addi t ion i t  Has more able to moboli ze so luble sugars to i t s  root s  

and t o  better meet energy requi rement s for N f ixati on and grovth .  In  these 

factors lie  one mechani sm to  accou..>J.t for t.he greater RNE of Tamar . Ab sorp t i on 

vf P was not found to  be re lated to the greater Rt\TE of Tamar a lthough t here 

was a suggestion in the data that i t  may have contributed - as  also recorded 

in Experiment 6 .  

Whi te  clover versus Lotus . 

Experiment 6 \vas the only one inc luding thi s  compari son and results 

showed that Lotus strains '.oJere less responsive to hi gh levels of P under the 

Palmerston North and Tai eri c li mates compared to •11hi t e  c lover strains . Attenti on 

has already been dra\m t o  t he only other documented compari son of the RJ..'E of 

these two species  (Brock , 1 97 3 ) . He found that i t  Has at lm.,r levels  of P that 

Lotus had greater RNE than whi te  c lover .  The di spari ty between experi menta l  

results could well  l i e  in  the levels of P defined as  ' low' and ' hi gh ' . Also 

in Brock ' s  study p lant s were able  to develop a normal rooting system wi th  the 

result that they vtere able to  exp lore a greater volume of soi l for P .  Thus 

t he effective amount of P avai lable to  p lant s may have been greater in  Brock ' s 



experiment and more comparab l e  t o  t he int ermedi ate leve l s  of P i n  t he p o t  

exp e r i ment s .  Neverthe l e s s  both exp e r i ment s  confi rm the commonly held 

beli ef that whi t e  c lover i s  a ' hi gh '  f e rt i li t y sp ec i e s  compared t o  Lotus . 
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Throughout t h i s s tudy there has been rep eated reference t o  abs o rp t i on 

and ut i li z at i on of N and P b e i n g  related t o  RNE . At the out s et , at t enti on 

wa s drawn to t he d i ff i cu l t y  of de t e rmi ni n g  vrh i c h  of these fac t o r s  \va s cause 

and whi ch effect or whe t her they were unre late d .  I t  was consi d e red t ha t  

subj ect iv e  a s s e s sment o f  thei r resp onse curves p rovi ded t he only means of 

di fferent i a t i on .  Stud i e s  of the absorp t i on mechani sms and t h e  way in whi ch 

p lant sp ec i es d i f f e r  in t he i r  ab sorp t i on of di fferent nut ri ent i ons have 

been revi ewed e a r l i e r .  The se s tudi e s  f re quen t l y  suf fered f rom t he li mi ta t i on 

that exci sed root s were s tudi ed or whe re i ntac t p lant s have b een used ( a s  

f o r  examp le i n  t he \>fork o f  Povre l l  ( 1 974 ) wi t h  Carex cori acea ) ab sorp t i on 

has been c onsi dered wi t h  li t t le referenc e to ut i li zati on a s  a c omp l i c a t i ng 

fac t o r .  I t  i s  p o s s i b l e  that ab sorp t i on i s  cont rolled by uti l i z a t i on - i n  

other word s an extensi on o f  the sourc e - s i nk concep t vrhere absorp t i on b y  

roo t s  i s  l i mi ted b y  t he d e gree to whi ch nutri ent s  already ab sorbed a re 

ut i li z ed . Tl':ere i s  some evi denc e i n  a I ·ecent rep ort of a comp a r i son of the 

p hop hat e  re sponse of Wi mmera rye gra ss and sub t erranean c love r b y  Barrm·r 

( 1 97 5b ) to show t h i s i s  the case . He showed that the former ha s a greater 

abi li t y  to absorb P due to a gre a t e r  vo lume of root hai rs and t o  a grea t e r  

abi li t y  t o  reduce t h e  c oncentrat i on a t  t h e  r o o t  surface to a low e r  

va lue . The gra s s  was a l s o  ab le t o  t ransfe r  more P to i t s  top s whi ch 

ut i li zed i t  more e ff i c i en t l y .  Fur t her t h e  rye gra s s  vra s b e t t e r  a b l e  to 

d i v ert p ho t o syntha t e s  to i t s  root s f o r  grea ter ab sorp t i on and growt h .  It i s  

also p os s i b le t ha t  ab sorp t i on and ut i li za t i on act i ndep enden t l y  and that 

the f indi ngs of Barrow are fortui tou s .  Foot and HoHe l l  ( 1 9 64 ) i n  a 

rec i p roca l graf t i n g  e xp e r i ment b e tween shoot s and roo t s  of a P t o le rant and 

P sensi t i v e  strain of soybean found t ha t  t oxi c i t y  symp t oms and P accummula t i on 

wa s determi ned by the genotyp e  of t he roo t . However i t  i s  t o  b e  no ted t ha t  

t he P sensi t i v e  s trai n ,  \vhich gave great e r  P absorp t i on,  a l so conta i ne d  

greater P c onc en t ra t i ons ( i . e .  i t s  u t i l i z a t i on o f  P wa s lowe r) . Thi s sugge s t s  

tha t  hi gh P abs orp t i on a lone may not have been t he sole d e t e rminant o f  t he P 

sensi t i vi t y ;  i t  c ould equa l ly have been due t o  t he i nabi l i t y  of t he strain 

t o  uti li ze ab sorbed p .  If ut i li zat i on had been hi gher ab sorp t i on c ould we l l  

have been reduced . Thi s wa s t e s t ed b y  t h e  graf t i ng of t he sho o t s of t h e  P 

tolerant s t ra i n  (whi c h  had hi gh ut i li za t i on) onto t he root s of t he P sensi t iv e  

s t rain (whi ch had low uti li zat i on) . Ab s o rp t i on wa s s t i l l  hi gh . T hus i t  i s  

conc luded tha t  ab sorp t i on and ut i li zat i on must be i ndependent l y  ope ra t i n g  
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characteri sitcs  of the p lant - both exert ing an influence on RNE . 

In t hi s study c l imat e  wa s  found in many ins t ance s  to  a ffect the 

expre s sion of RNE . Whi le evidence i s  very l imi t ed in thi s ser i e s  o f  

experiment s there i s  rea son t o  bel ieve that the c l imate which i s  opt imum for 

t he growth of a part icular specie s / s tra in i s  the one which be s t  enab le s  the 

expre s s ion of maximum nutrieJt efficiency . Thi s is t hought to be due to 

the p lant be ing in a physio logical  state in whi ch i t s  supply of  a s s imi late s 

i s  sufficient ly great to meet  the energy demand s for high leve l s  of absorpt ion 

and ut i l i za t ion of nutrient s .  

Thi s programme o f  re search wa s designed t o  determine whether i t  i s  

pos s ib le t o  f it ·the p lant t o  the soi l  by the use o f  specie s /strains which have 

higher nutrient efficiency . Thi s obj ect ive has been me t in thi s study in t hat  

strains of Yorkshire fog , perennia l ryegrass  and whi te  c lover have been 

ident i f ied which di ffer in RNE . At t ime s �xperimental  prec i sion for adequate  

curve f i t t ing was not a s  great a s  required and more  detai led exper iment s are  

needed to better character i z e  the shape of the re sponse surface s of  the s e  

specie s / st ra in s .  Neverthe l e s s  the re search programme ha s provided sound 

evidence t hat further re search on the select ion and breeding of gra s s e s  and 

c lover s ,  which are more  effic ient in their use of  fer t i l i ser and require l e s s  

fert i l i ser  to give equal yields  to  other pre sent ly used spec i e s / s trains , o ffers  

considerable opportunitie s to  bring about economie s  in  the use of  f ert i l i se r .  
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APPENDIX I .  Shoot yields  o f  stra in s  o f  Yorkshire fog in re sponse to 

app l ied N and P.  (g  D .M . /pot ) 

Stra in 

Massey Basyn 

Dipton 

Abbotsford 

Rotorua 

Glen Inne s 

Almeida de 
Say ago 

Stratford 

Tara Hi l l s  

Stra ins : 

Stra ins X N and P :  

Stra ins X N X P :  

c . v .  % 1 4  •. 81 

N leve l  
(kg/ha )  

0 

50 
1 00 

P mean 

0 

50 

100 

P mean 

0 
50 

100 

P mean 
0 

50 
100 

P mean 

0 
50 

100 

P mean 
0 

50 
100 

P mean 
0 

50 
100 

P mean 
0 

50 
100 

P mean 

P l eve l  (kg/ha ) 
1 0  60 1 80 

4. 240 

6 . 607 

9 . 048 

6 . 631  

3 .  21 6 

5 . 969 

8 . 407 

5 . 864 

3 . 1 93 
6 . 246 
6 . 7 88 

5 . 409 
3 . 1 26 
7 . 557  
6 . 1 89 

5 . 624 

3 . 269 
6 . 450 

6 . 07 8  

5 . 265  
3 . 3 7 5  
5 . 702 
4 . 1 86 

4 . 42 1 
3 . 482 
6 . 879  
4. 561  

4 . 974  

3 . 43 5  
7 . 030 
7 . 008 

5 . 824 

L . S .D .  5% 

0 . 701  

1 . 21 4  

2 . 1 03 

3 . 703 

9 . 060 

1 2 . 036 

8 . 266 

3 . 636 

8 . 823 

9 . 858 

7 . 439 

4 . 51 1  
8 . 843 

1 0 . 393 

7 . 9 1 6  
4 . 785  
8 . 560 

10 . 260 

7 . 868 

3 . 699 
8 . 91 7  

1 0 . 3 74  

7 . 663 
3 . 7 89 
8 . 67 2  
9 . 741 

7 . 401 
4 . 564 
7 . 431 
9 . 828 

7 . 27 4  
3 . 307 
7 . 879  
8 . 051 

6 . 41 2  

7 . 47 4  

9 . 029 

1 1 . 9  54 

9 . 486 

5 . 062  

8 . 046 

10. 49 4  

7 . 867 

4. 947 
9 . 063 

10 . 1 20 

8 . 043 
4. 852  
9 . 836 

1 1 . 985 

8 . 891  

5 . 006 
8 . 793  

1 1 . 991  

8 . 596  
4. 1 9 9  
8 . 3 7 5  
9 . 844 

7 .  47 2 
3 . 688  

9 . 2 28  
1 1 . 241 

8 . 05 2  

3 . 66 1  
8 . 1 9 8  

1 1 . 2 1 2  

7 . 690  

L . S . D .  1%  

0 . 928 

1 . 608 

2. 7 86 

N mean 

5 . 1 39 

8 . 232 

1 1 . 01 2  

8 . 1 28 

3 . 9 7 1  

7 . 61 3  

9 . 5 86 

7 . 057  

4 . 2 1 7  
8 . 051  
9 . 1 00 

7 . 1 2 3 
4. 254 
8 . 651 
9 . 478  

7 . 461 

3 . 991  
8 . 053 

9 . 481 

7 . 1 7 5  
3 . 788 
7 . 583 
7 . 924  

6 . 431 
3.  9 1 1  
7 . 846 
8 . 543 

6 . 767  
3 . 468 
7 . 702 

8 . 7 5 7  

6 . 642 

S i g .  int . 
*** 

N . S .  
* 
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APPENDIX I I .  Absorption of N by shoots  of Yorkshire fog in response 
to app l ied N and p (mg /pot ) 

S tra in N l eve l  p leve l  (kg/ha )  N mean 

(kg /ha ) 1 0  60 1 80 

Massey Basyn 0 1 1 9  84 1 6 1  1 21 

so 274 291 278 281 

100 441 510 479 477 

P mean 2 78  2 9 5  306 2 9 3  

Dip ton 0 1 01 87 1 1 9 1 02 

so 275  294 276  282 

100 433 . 429 498 453 

P mean 269 2 7 0  298 279  

Abbot s ford 0 9 7  105 1 10 104 . 

so 2 1 9  308 304 277 
100 343 443 479 421 

P mean 2 2 0  285 298 268 

Rotorua 0 9 9  109 1 21 1 10 
so 332  297 347 325  

100 331  503 5 1 9  451 

P me an 2 5 4  3 03 3 2 9  2 9 5  

Glen Inne s 0 9 6  1 1 1  140 1 1 6  
50 307 348 353  336 

100 3 22  477 S64 454 

P mean 2 4 2  3 1 2  3 5 2  302 

Alme ida de 0 7 8  86 109  91  
Say ago so 1 66  267 229  221  

1 00 1 9 2  362 3 29 294 

P mean 1 45 238 2 2 2 202 

Stratford 0 9 7  1 1 2  88 9 9  

50 288  264 306 286 

1 00 248 457 481 39S  

P mean 21 1 278 29 2 260 

Tara Hi l l s  0 6 S  66 7 0  6 8  
so 2 2 2  201 2 1 7  2 13  

100 30S 252 33 1 296  

P mean 1 9 7  1 73 206 1 9 2  
L . S . D .  5% L . S .D .  1 %  S ig . int . 

Strains : 27 36 *** 
Strains X N and P :  47 63  N*** , P* 
Stra ins X N X P :  88  1 1 7  N . S .  
C .V . %  20 . 74 
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APPENDIX Ill . Absorption of P by shoot s of  Yorkshire fog in re sponse 
to appl ied N and P.  (mg/pot )  

Strain 

Massey Basyn 

Dip  ton 

Abbot sford 

Rotorua 

Glen Inne s 

Alme ida de 
Say ago 

Stratford 

Tara Hi l l s  

Strain s :  

Strains X N and P :  

Strains X N X P :  

C .  V . %  20 . 74 

N leve l  
(kg/ha )  

0 

50 

1 00 

P mean 
0 

50 
1 00 

P mean 

0 
50 

1 00 

P mean 

0 
50 

1 00 

P mean 

0 

50 

1 00 

P mean 

0 
50 

100 

P mean 

0 
50 

1 00 

P mean 

0 
50  

1 00 

P mean 

P leve l ( kg/ha ) 
1 0  60 

1 4. 3 

1 3 . 9  

1 6 . 6  

1 4 . 9  
10 . 9 
1 0 . 3 
1 6 . 9  

1 2 . 7  

1 0 . 0 
1 3 . 0  
1 2 . 8  

1 2 . 3  
9 . 0  

1 5 . 3  
1 4 . 0  

1 2 . 7  

1 0 . 5 

1 3 . 7  

1 1 . 3  

1 1 . 8  

1 1 . 5  
1 3 . 0  

7 . 5  

1 0 . 7 

1 2 . 5 
1 3 . 3  
9 . 2  

1 1 . 7  
1 0 . 9  
1 3 . 5  
14 . 2 

1 2 . 8  

2 1 . 1  

3 1 . 1  

28 . 0  

2 6 . 7 
2 1 . 0  
2 9 . 4 
23 . 3  

2 4 . 6 

23 . 7  
34 . 8 
2 5 . 9  

2 8 . 1 
2 1 . 9  
2 9 . 8  
2 8 . 3  

26 . 6  

1 7 . 0  

2 8 . 7  

29 . 7  

2 5 . 1  

1 8 . 8  
2 6 . 8  

20 . 6  

2 2 . 1  

2 5 . 0  
1 7 . 6  
2 2 . 6  

2 1 . 7  
1 3 . 7  
26 . 6  
1 9 . 1  

1 9 . 8  

1 80 

50 . 5  

42 . 5  

44. 2 

45 . 7 
3 2 . 6 
45 . 1  
45 . 8  

41 . 2  

3 5 . 2 
53 . 3  
44. 6  

44 . 4  
3 2 . 2 
6 2 . 3  
59 . 1  

5 1 . 2  

3 2 .  2 

38 . 7 

42 . 4  

37 . 7  

22 . 5  
40 . 8  

41 . 4  

34 . 9  

26 . 9  
48 . 8  
39 . 5  

38 . 4  
2 1 . 2  
43 . 7  
46 . 2  

37 . 1  

N mean 

28 . 6  
29 . 2  

2 9 . 6  

2 9 . 1 
2 1 . 5  
28 . 3  
28 . 7  

2 6 . 1  

23 . 0  
34. 0 
27 . 8  

2 8 . 2 
21 . 0  
35 . 8  
33 . 8  

30 . 2  

1 9 . 9  

27 . 0  

27 . 8  

24 . 9 

1 7 . 6  
26 . 8  

23 . 2  

22 . 5  

2 1 . 4  
26 . 6  
23 . 8  

23 . 9  
1 5 . 3  
27 . 9  
1 6 . 5  

23 . 2  

L . S . D .  5% L . S .D .  1% S ig .  int . 

3 . 6  4 . 8 *** 

6 . 2 8 . 3  N = N . S . � P = N . S .  

8 . 8 1 1 . 7  N . S .  
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APPEND IX IV . Ut i l i zation of N by shoot s of Yorkshire fog in re sponse  
to  appl ied N and P (g  D .M. /g N absorbed)  

S tra in 

Massey Basyn 

Dip  ton 

Abbot sford 

Rotorua 

Glen Innes 

Almeida de 

Say ago 

Stratford 

Tara Hi l l s  

S train s :  

S tra ins X N and P :  

S tra ins X N X P :  

c .v . %  1 1 . 68 

N leve l  
(kg /ha 

0 

50 

1 00 

P mean 
0 

50 
100 

P mean 

0 
50 

1 00 

P mean 
0 

50 
100 

P mean 

0 
50 

1 00 

P mean 

0 I 

50 

100 

P mean 

0 
50 

100 

P mean 

0 
50 

100 

P mean 

P leve l (kg/ha )  
1 0  60 

3 5 . 5 

23 . 7  

20 . 5  

26 . 6  

31 . 8  
2 1 . 7  
1 9 . 3  

24 . 3 

32 . 6  
31 . 3  
1 9 . 6  

27 . 8  
3 1 . 6  
22 . 9  
1 8 . 6  

2 4 . 4  

34 . 8 
20 . 8  
1 8 . 7  

24 . 8 

42 . 7  

33 . 5  

2 1 . 6  

3 2 . 6  

3 5 . 1 
23 . 5  
1 8 . 3 

2 5 . 6 

54. 3 
3 1 . 6  
22 . 9  

3 6 . 3  

43 . 6  

3 1 . 0  

23 . 6  

3 2 . 7 

41 . 5  
29 . 9  
2 2 . 8  

3 1 . 4  

42 . 8 
28 . 6 
2 3 . 4 

31 . 6  
43 . 6  
28 . 7 
20 . 3  

30 . 9 

33 . 5  
2 5 . 6  
21 . 9  

27 . 0  

44. 3 

32 . 3  

27 . 0  

34. 6 

41 . 2  
28 . 1 
2 1 . 5  

30 . 3 

50 . 3  
3 9 . 0  
31 . 7  

40 . 4  

1 80 

45 . 8  

3 2 . 4 

24. 8 

34 . 3  
42 . 0  
29 . 0  
2 1 . 1  

30 . 7  

44. 6 
29 . 7  
2 1 . 1  

3 1 . 8  
40 . 1  
2 8 . 2 
23 . 3  

30 . 5 

3 5 . 6 
24 . 9 
2 1 . 2  

2 7 . 2  

4 1 . 2  

36 . 4  

30 . 5 

3 6 . 0  

42 . 2  
3 0 . 2 
23 . 3  

31 . 9  

5 1 . 5  
3 8 . 0  
34 . 0 

41 . 2  

N mean 

41 . 6  

29 . 1  

22 . 9  

3 1 . 2  

3 8 . 4 
26 . 8  
21 . 1  

28 . 8  

40 . 0  
29 . 9  
2 1 . 4  

30 . 4 
38 . 4 
26 . 6  
20 . 7  

28 . 6  

34. 6 
23 . 8  
20 . 6  

26 . 3  

42 . 7  

34 . 1  

26 . 4  

34 . 4 

39 . 5  
27 . 3  
21 . 0  

29 . 3  
52 . 1  
36 . 2  
29 . 6  

39 . 3  

L . S .D .  5% L . S . D .  1 %  S ig .  int . 

2 . 4  

4. 2 

6 . 0  

3 . 4  

5 . 5  

7 . 9  

*** 

N = N. S . ,  P = N . S . 

N . S .  
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APPENDIX V .  Ut i l i zat ion of  P by shoot s of Yorkshire fog in re sponse to 
app l ied  N and P (D .M. /g p absorbed ) 

Strain N leve l  p leve l (kg/ha) N mean 
(kg/ha ) 10 60 1 80 

Massey Basyn 0 299 1 7 5  1 47 207 
50 47 7 292  2 12  3 27 

1 00 543 429 270 41 4 

P mean 440 298  210  316  

Dipton 0 321  1 7 2  1 53 216  

50 576 299  1 7 8  3 5 1  

1 00 496 419 230 382 

P mean 464 297 1 87 316  
Abbot sford 0 323  196  1 40 220 

50 464 256 1 69 297 
1 00 541 400 228  390 

P mean 443 284 1 7 9 302 
Rotorua 0 354  2 1 6  1 5 1 240 

50 5 1 1  287 1 6 2  3 20 
1 00 446 365  208 339 

P mean 437 289 1 74  300 
Glen Inne s 0 3 1 5  21 6 1 5 5 2 29 

50 496 3 1 1  2 27 345 
1 00 530 369 283 394 

P mean 447 299 221 3 22 
Almeida de 0 291 2 1 0  1 90 230 

S ay ago 50 463 3 23 204 330 
1 00 560 471 2 39 423 

P mean 438 335  2 1 1  328  

Stratford 0 3 19  1 79 1 37 2 1 2  
50 523 422  1 89 378  

1 00 487 437 2 87 403 

P me an 443 346 204 331  
Tara Hi l l s  0 31 2 2 41 1 7 2  242  

50  5 19  300 1 88 3 36 
1 00 494 435 243 390 

P mean 442 3 25  201 3 22  

L . S .D .  5% L . S . D .  1% S ig .  int . 

S tra ins : 3 2  43 N . S .  

Strains X N and P :  3 4  4 5  N = N . S . ,  P = N . S .  

Strain X N X P :  5 9  . 7 9  N . S .  
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APPENDIX VI . Shoot yie lds of strains of perennial ryegrass in re sponse 
to  app l ied N and P ( g  D .M . /pot ) 

Stra in N leve l  .p leve l (kg/ha ) N mean 
(kg/ha ) 0 60 1 80 

R . v. P .  0 1 . 91 3  2 . 467  2 . 868 2 . 416  

50 2 . 054 5 . 530 7 . 31 1  4 . 965 

1 00 0 . 984 5 . 1 1 1  7 . 1 10 4 . 402 

P mean 1 . 650 4. 369 5 . 763 3 .  9 27  

W.W . Virus 0 1 . 97 1  2 . 249 2 . 598 2 . 27 3  

50 1 . 070 3 . 960 5 . 684 3 . 571  

1 00 1 . 656 4 .  784 5 . 658 4 . 032  

P mean 1 .  565 3 . 664 4 .  647 3 .  29 2 

Manhattan 0 1 . 454 2 . 456 2 . 507 2 . 139  

50  1 . 396 4. 390 6 .  7 79  4. 188 

100 1 .  7 1 4  4 . 826 6 . 635  4. 392 

P mean 1 .  52 1  3 . 890 5 . 307 3 . 573  

Medea 0 1 . 1 07 2 . 248 2 . 844 2 . 066 

50 1 . 6 19  6 .  238  6 . 608 4 .  821 

1 00 1 . 602  4. 990 6 . 241 4 . 278 

P mean 1 . 443 4. 49 2 5 . 231  3 .  7 2 2 

S . 23 0 1 . 300 2 . 778  3 . 397 2.  49 2 

50 1 . 638  6 .  234  5 . 786 4. 552 

100 1 . 51 3  5 . 534 8 . 006 5 . 017  

P mean ' 1 .  483 4. 848 5 . 730 4. 020 

Ruanui 0 1 . 741 2 . 307 2 . 802  2 . 283 

50 1 . 845 5 . 1 56 6 . 91 4  4 . 638 

100 1 .  7 49 6 . 249 8 . 3 1 3  5 . 437  

P mean 1 .  7 78  4. 571 6 . 009 4 . 1 1 9  

Mange re 0 1 . 6 28 2 . 580 3 . 340 2 . 51 6  

50 2 . 1 35 5 . 790 7 .  7 1 0  5 . 2 1 2  

100 1 . 463 5 . 1 3 7  8 . 949 5 . 1 83 

P mean 1 .  742 4.  50 2 6 . 666 4 . 303 

L . S . D .  5% L . S . D .  1% Si g .  int . 

S trains : 0 . 49 2  0 . 653  *** 

S trains X N and P :  0 . 853  1 . 1 3 1  N*** , P = N . S .  

S train X N X P :  1 . 478  1 . 9 59 N . S .  

c .v.% 1 7 . 67 
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APPENDIX VII . Absorpt ion of N by shoot s of perennial ryegrass in 

response to app lied N and P .  (mg/pot ) 

Strain N level P leve l (kg /ha ) N mean 
(kg /ha ) 0 60 1 80 

R .v . P .  0 88 7 2  90 84 

50 1 00 246 330 23 2 

1 00 51 261  3 46 2 1 9  

P m e a n  80 199  255  1 7 8  

W .W .  Virus 0 87 68 74 7 7  

50 5 2  1 87 278  1 7 2  

1 00 85 243 297 208 

P mean 7 5  1 66 2 1 7  1 5 2  

Manhattan 0 61 7 8  7 7  7 2  

50  67 1 96 308 1 90  

1 00 84 243 340 228 

P mean 7 1  1 7 2  242 1 61 

Medea 0 53 74 92 73 

50 81 3 1 3  3 27 2 40 

1 00 83 260 336 226 

P m e a n  7 2  2 1 6  2 5 1  1 80 

s .  23 0 55  80 85  73  

50 77  267  2 58 201 

1 00 7 5  279  385 247 

P me an 69 209 242 1 74 

Ruanui 0 76  62  81  73  

50 90 238 297 208 

1 00 85 305 429 273  

P mean 83 202 269 1 85  

Mange re 0 7 7  7 2  87 78 

50 1 04 279  3 43 242 

1 00 70 . 2 74  445 263  

P mean 84 208 292  1 9 5  

L . S .D .  5% L . S . D .  1% S i  g .  int . 

Stra in s :  2 5  3 3  *** 

Strains X N and P :  43 57 N = *** , P = N . S .  

Stra in X N X P :  61  81  N . S .  

c . v .  % 20 . 2 3  
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APPENDIX VII I .  Absorption o f  P by shoot s of perennial  ryegrass  in 

re sponse to  app l ied N and P .  (mg /pot ) 

Strain N l eve l p leve l  (kg/ha ) N mean 

(kg /ha )  0 60 1 80 

R . v . P .  0 4. 2 8 . 3  1 2. 2  8 . 2 

50 4. 1 1 3 . 1  20 . 5 1 2 . 6  

100 2 . 2  1 2 . 4  20 . 1  1 1 . 6  

P mean 3 . 5  1 1 . 3  1 7 . 6  1 0 . 8 

W.W.  Virus 0 4. 6 7 . 9  1 1 . 4  7 . 8  

50 2 . 4  8 . 3 1 7 . 7  9 . 5 

1 00 3 . 6  1 1 . 5  1 8 . 6 1 1 . 2  

P mean 3 . 5  9 . 2  1 5 . 8  9 . 5 

Manhattan 0 3 . 4  8 . 3  1 0 . 5 7 . 4  

50 2 . 8  9 . 3  1 8 . 1 1 0 . 1 

1 00 3 . 5  1 1 . 5  1 9 . 2 1 1 . 4  

p mean 3 . 2 9 . 7  1 6 . 0  9 . 6  

Medea 0 2 .- 9  8 . 3  1 5 . 3  8 . 8 

50 3 . 9  1 5 . 8  20 . 7 1 3 . 5  

100 3 . 3  1 1 . 0  1 8 . 1 1 0 . 8 

P mean 3 . 4  1 1 . 7  1 8 . 1 1 1 . 1  

s .  23 0 3 . 2  9 . 4  1 3 . 4  8 . 6 

50 3 . 1  1 3 . 6  1 7 . 0  1 1 . 2  

1 00 3 . 5 1 2 . 9  22 . 2  1 2 . 9  

P mean 3 . 3  1 1 . 9  1 7 . 5  1 0 . 9  

Ruanui 0 4. 5 8 . 7  1 2 . 4  8 . 5 

50 4 . 2 1 1 . 1  20, 4 1 1 . 9  

100 2 . 9  1 3 . 5  2 5 . 0  1 3 . 8  

P mean 3 . 9  1 1 . 1  1 9 . 2 1 1 . 4  

Mange re 0 4. 3 9 . 5 14 . 1 9 . 3  

50 4 . 9 1 4 . 4  2 1 . 4  1 3 . 6  

1 00 2 . 6  1 4 . 4 24. 8 1 3 . 9  

P mean 3 . 9  1 2 . 8 20 . 1  1 2 . 3  

L . s . o . 5% L . S .D .  1% Sig . int . 

S trains : 1 . 4  1 . 9  *** 

Strains X N and P :  2 . 5  3 . 3  N = * , P = N . S . 

Strains X N X P :  3 . 5  4 . 6 N . S . 

c .v .  % 18 . 96 
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APPENDIX IX. Ut i l i zat ion of N by shoot s of perennial ryegras s  in 

respons e  to app l ied N and P ( g  D .M. /g N absorbe d )  

Stra in 

R . v. P .  

W.W.  Virus 

Manhattan 

Medea 

S . 23 

Ruanui 

Mange re 

Strains : 

Strains X N and P :  

Strain X N X P :  

C .V .%  7 . 82 

N leve l  

(kg/ha )  

0 

50 

1 00 

P mean 

0 

50 

1 00 

P mean 

0 

50 

1 00 

P mean 

0 

50 

1 00 

P mean 

0 

50 

1 00 

P mean 
0 

50 

1 00 

P mean 

0 

50 

1 00 

P mean 

P leve l  (kg/ha)  

0 60 1 80 

2 1 . 8  34 . 1 3 1 . 7  

20 . 4  20 . 9  2 2 . 0  

1 9 . 3  1 9 . 5 20 . 5  

20 . 5 

2 2 . 3  

1 9 . 6  

1 9 . 4  

20 . 4  

23 . 5  

20 . 6  

20 . 1  

2 1 . 4  

20 . 4  

20 . 1 

1 9 . 0  

1 9 . 8 

23 . 2  

2 1 . 3  

1 9 . 9 

21. 5 

2 2 . 9  

2 0 . 2 

20 . 6  

2 1 . 2  

2 1 . 0  

20 . 3 

20 . 6  

20 . 6  

2 4 . 8  

3 2 . 9  

2 1 . 1  

1 9 . 6  

24. 5 

3 1 . 6  

2 2 . 3  

1 9 . 8 

24 . 6  

30 . 0 

20 . 4 

1 9 . 1 

23 . 2 

34 . 3 

23 . 7  

19 . 8  

2 5 . 9  

3 6 . 8 

2 1 . 7  

20 . 4 

2 6 . 3  

3 5 . 6 

20 . 7 

1 8 . 6 

24. 9 

24. 7 

34. 9 

20. 4 

1 8 . 9  

24 . 7  

3 2 . 5  

2 1 . 9  

1 9 . 4  

24. 6 

21 . 0  

20 . 2  

1 8 . 5 

23 . 2  

40 . 1  

2 2 . 6  

20 . 7 

27 . 8  

34 . 2 

23 . 2  

1 9 . 3  

2 5 . 6 

3 8 . 2 

2 2 . 4 

20. 1 

26 . 9  

N mean 

29 . 2  

2 1 . 1  

1 9 . 8 

! 23 . 4  

30 . 0  

20 . 3  

1 9 . 3  

2 3 . 2 

2 9 . 2 

2 1 . 6  

1 9 . 8 

23 . 5  

27 . 1  

20 . 2  

1 8 . 9 

22 . 1  

3 2 . 6  

2 2 . 5  

20 . 1 

25 . 1  

3 1 . 3  

2 1 . 7  

20 . 1  

24 . 4 

i 3 1 . 6  

2 1 . 1  

1 9 . 7  

i 24 . 2 

L . S . D .  5% 

0 . 9  

1 . 6  

2 . 8  

L . S . D . 1% 

1 . 2  

S ig . int . 

*** 

2 . 2  

3 . 7  

N = *** , P = *** 

*** 
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APPENDIX X .  Ut i l i zat ion of ab sorbed P by shoot s of perennial ryegrass  in 

re spon.;; e to appl ied  N and P .  ( g  D .M. /g P absorbed) 

Strain N level  p leve l (kg /ha ) N leve l 

(kg /ha ) 0 60 1 80 

R . v. P .  0 456 297 234 3 29 

50 522  426 3 56 43 5 

1 00 444 409 3 52  402 

p mean 47 4 377 314 388 

W .W. Virus 0 421 284 235  313  

50  411  47 5 3 1 9  401 

100 463 415 301 393 

p mean 432 391 285 369 

Manhattan 0 440 294 23 7 324 

50 498 470 372  447 

100 41 7 426 344 41 7 

P mean 47 3 397 3 1 7  ! 396 

Medea 0 3 7 3  269 1 85 276 

50 41 3 409 320 381 

100 476 451 3 42 423 

p mean 421 376 282 360 

s.  23 0 401 295 2 54 3 1 7  

50 521  455 339 439 

1 00 417  429 359 402 

p mean 447 393 3 1 8  386 

Ruanui 0 382 263 226 290 

50 433 463 337  41 1 

1 00 595 468 334  466 

P mean 470 398 299 389 

Mange re 0 380 271 236 296 

50 431 401 3 59 397 

1 00 543 356 361  420 

P mean 452 3 43 3 1 9  3 7 1  

L . S . D .  5% L . S . D .  1 %  S i  g .  int . 

Strains : 20  27  *** 

Strains X N and P :  36  47 N** , P N . S . 

Strains X N X P :  6 2  82 ** 

c . v .  % 7 . 82 
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APPENDIX XI . Dry matter yield s ,  ab sorpt ion and ut i l i zat ion of P by 
s tra ins of Lotus ( g  D .M . /pot , mg P/pot and g D .M . /g P 
absorbed) . 

Yie ld 

L .  hybrid 
Mar shfi e ld 
L .  tetraploid  
Dune din 
Log Lagos 
Chi le 
Wa iroa 
Timaru 

1 5  

4. 258 
5 . 522 
5 .  6 21 
4. 799 
4. 868 
5 . 1 73 
4. 826 

4. 097 

Leve l  of P 

30  

5 . 897 
5 . 935  
6 . 858 
5 . 7 1 7  
5 . 940 
6 . 433 
6 . 003 

4 . 503 

60 

7 . 106 
6 . 896 
7 . 6 56 
7 . 442 
6 . 950 
6 . 740 
6 . 83 5  
6 . 1 7 7  

100 

7 . 71 6  
7 .  51 5 
8 . 851 
7 . 447 
7 . 339  
7 . �70  
8. 1 54 
6 . 745 

200 

8. 980 
8 . 663 

1 0 . 3  22 
7 . 401 
8 . 420 
8 . 9 1 4  
8 . 543 
7 . 886 

Strain s :  L . S .D .  5% , 0 . 444 • L . S . D .  1% 0 . 588 , Sig.  int . p(O .  001 
p(O .  001 
p)0 . 05 

P :  
Stra ins X P :  
c . v . %  1 0 . 35 

Absorpt ion 
L . hybrid  
Mar shfield  
L . te trap loid 

11 

1 1  

1 1  

1 1  

0 . 351 , 
0 . 994, 

1 3 . 4  
1 6 . 1 
1 3 . 9  

Dunedin 1 4. 8  
Los Lagos 1 3 . 6  
Chi le 14 . 7 
Wa iroa 1 3 . 1  

Timaru 1 4. 1 

Stra in s :  L . S .D .  5% 1 . 3 ,  
P :  
S tra ins X P :  
c .v . %  1 4 . 09 

Ut i l i zat ion 
L . hybri d  
Mar shfield 
L . tetraploid  
Dune din 
Los Lagos 
Chi le 
Wai roa 
Timaru 

1 1  

1 1  

1 1  1 . 1 ,  
1 1  3 . 0 , 

3 1 7  
343 
403 
3 23 
3 56 
349 
365 
290 

Strains : L . S .D .  5% 41 , 

P :  

S tra ins X P :  

c .v .%  1 4. 14  

1 1  

11 

11 3 2 ,  
1 1  92 ,  

1 1  

1 1  

1 8 . 9  
1 8 . 2 
1 8 . 9 

1 1  

1 1  

0 . 46 5 ,  
1 . 3 1 5 ,  

23 . 2  
23 . 2  
23 . 5  

1 7 . 6  24. 7 
1 8 . 8 22 . 1  
1 9 . 0  21 . 9  
1 8 . 3  21 . 9  
1 6 . 2 21 . 8  

L . S . D .  1 %  1 . 7 ,  
1 1  1 1  1 . 4 , 
" 

3 1 2  
3 2 5  
361  
3 24 
3 1 5  
338  
3 28  
2 7 7  

1 1  4 . 0 ,  

;3'()6 
296 
3 24 
300 
314  
307 
3 1 1  
283 

L . S .D .  1%  55 ,  
11 

" 

11 

11 

43 , 

1 2 2 ,  

1 1  

1 1  

27 . 4  
23 . 6  
28 . 3  
25. 5 
24 . 5  
27 . 2 
27 . 2  
25 . 3  

1 1  

1 1  

S ig.  int . 
1 1  1 1  

1 1  1 1  

281 
318  
312  
291  
298 
303 
299 
266 

3 2 . 9  
3 3 . 9  
40 . 7  
28 . 6  
3 1 . 8  
3 5 . 5 
34 . 2 
3 1 . 7  

p(0 . 05 
p( O .  001 
p)0 . 05 

2 72  
2 55 
253  
258 
264 
251 
249 
248 

Sig .  int . p<0 . 001 
1 1  

11 

11 

11 

p(0 . 001  

p)0 . 05 



APPENDIX XI I .  Dry matter yie lds  o f  strains of white  c lover .  

( g  D .M. /pot ) 

Level of P (kg /ha ) 

1 5  3 0  60 100 

Huia 2 . 61 1  3 . 537 4. 804 5 . 503 

Pitau 3 . 069 3 . 690 4.  7 74  5 .  e �3 

Tekapo 2 . 076 2 . 242  3 . 639 3 . 075  

Bituanai 2 . 456 3 . 595  4. 007 5 . 079  

5 . 1 00 2 . 905  3 . 347 4. 826 5 . 704 

S . 1 84 2 . 97 5  2 . 51 7  3 . 951  5 . 5 23  

Tamar 2 . 604 3 . 27 5  4. 934 5 . 387 

Spanish 2 . 487 3 . 387 3 . 5 20 4.  577  

K.W.W. 2 . 302  2 . 403 3 . 83 5  4 . 362  

Loui s iana 2 . 81 3  3 . 830 4. 1 2 7  5 . 270 

L . S . D .  5% L . S . D .  1% 

Strains : 0 . 540 0 . 698 

P :  0 . 381 0 . 49 2  

Strains  X P :  1 . 205 1 . 558 

c .v . %  1 7 . 84 

1 6 7  

200 

5 . 658 

5 .  249 

4. 087 

5 . 894 

5 . 82 5  

6 . 641 

6 . 608 

6 . 253  

5 .  729  

6 . 164 

Si  g .  int . 

p<O .  001 

p<0 . 001 

p)0 . 05 
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APPENDIX XIII .  Absorpt ion of P by strains of whit e  c lover . 

(mg /pot )  

S trains  Leve l of  P (kg /ha )  

1 5  30 60 100 200 

Hui a 7 . 48 20. 20 1 4 . 9 7  1 8 . 28 20 . 40 

P i  t au 6 . 74 1 0 . 75  14. 02 1 8 . 56 1 9 . 46 

Tekapo 6 . 23 7 . 56 1 2 . 1 1 1 2 . 1 2  1 4. 1 9  

B i tuanai 6 . 67 10 . 82 1 3 . 09 14 . 42 22 . 07 

S . 1 00 8 . 61 7 . 85 16 . 43 1 8 . 04 20 . 80 

S . 1 84 9 . 45 8 . 41 1 3 . 3 1 1 9 . 61 22 . 50 

Tamar 7 . 1 4 8 . 39 13. 7 7  1 6 . 46 20 . 97  

Spani s h  7 . 35 10 . 47 1 2 . 1 5  1 5 . 03 20 . 90 

K .W .W. 6 . 95 8 . 1 7 1 3 . 33 16 . 77 2 1 . 3 2 

Loui siana 6 . 89 1 0 . 1 1  1 1 . 84 1 4 . 09 1 7 . 7 5  

L . S . D .  5% L . S . D .  1% S ig .  int . 

Strains : 1 . 74 2 . 3 1 p(0 . 001  

P :  0 . 54 1 . 63 p(O .  001 

Strains X P :  3 . 91 5 . 1 6  p)0 . 05 

C .  V .% 1 8 . 1 7  
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Appendix XIV . Ut i l i zat ion of P by strains o f  white  clover 

( g  D .M. /g P absorbed )  

Strains Level  of P (kg/ha )  

1 5  30 60 1 00 200 

Huia  3 48 345 321  301 281 

Pi  tau 415 347 339 3 1 8  271 

Tekapo 305 297 298 2 51 287 

B ituanai 368  331  304 366 233 

s . 1oo 337  380 293 3 1 7  278 

S . 1 84 3 1 2  299 298 283 292 

Tamar 366 390 3 1 5  3 35  238 

Spanish 344 322  292 "304 280 

K . w . w .  332  293 287 257 279 

Loui siana 41 5 375  344 3 7 5  356 

L . S .D .  5% L . S . D .  1 %  S ig . int . 

Stra ins : 39 43 p(O .  001 

P :  19  31 p(0 . 001 

Strain X P :  74  98 p(0 . 05 

c .v . %  14. 35 



APPENDIX XV . Al locat ion of degree s of freedom in the analysi s of  

variance .  

Source df 

Specie s / stra in 5 

N treatment 4 

N l inear 1 

N quadratic 1 

N re sidual 2 

Specie s / strain X N 20 

Specie s /strain X l inear 5 

Specie s / strain X quadrat ic 5 

Spec ie s / strClin X res idual 10  

Error 90 

Total  1 43 

1 70  
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Appendix XVI . Al locat ion of degree s of freedom in the ana lysi s of var i ance 

of Exper iment 6 .  

Source df 

Spec ie s / strains 4 

p treatment 4 

p l inear 1 

p quadrat ic 1 

p re sidua l 2 

Spec ie s / strains X p 1 6  

Spec ie s / strains X l inear 4 

Spec ies / stra ins X quadrat ic 4 

Spec ie s / strains X re sidual 8 

Error 7 5  

Tota l 1 1 9  
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