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ABSTRACT 

S i nce 1 9 72  ther e has b een interest in the grea ter use  o f  

seed p ro t e i n  i n  g rai�based meals f o r  s t ock . Lup ins were one 

o f  the c rops proposed to  f i l l this requi remen t . Th i s  s t ud y  was 

ini t ia t ed to p rovi de in fo rmation on the agronomic requi rement s  o f  

Lupinus angustifo lius, L. luteus and L. albus f o r  seed p roduc ti on 

wi th emphasis  on the s o u t he rn North fs land o f  New Zea land . I n  

ad d i t i on ,  some mo re ba s i c  studies on ca rbon and n i t ro gen trans

l oc a t i on and the response of lupins t o  wa t e r  s t re s s  wer e also  

ca r r i ed out t o  prov i de a better und e r s t anding of  the l up i n  p lan t 

and i t s  r esp onse to i t s envi ronme n t .  

Init i a l l y  some fie l d  experiments were l a id down t o  measure 

responses to sow i ng date , plant density, defo l i a t ion and c u l t ivar .  

A t  w i d e  spac i ng, L. aYI.(.IUStifol?:us showed a n  approxima t e l y  l inear 

d e c rease in seed yield/plant as sowing date moved from Ap r i l  to 

Oc tobe r .  At  no rma l densities, h owev er , sowing in  l a t e  July gave the 

bes t s eed y i e l d .  Aut umn sowi n g s  we r e  a f f ec t ed by d i s ease . I t  wa s 

c on c l uded tha t, in the absenc e o f  d i s ea s e ,  seed y i e l d  was largely 

d e termined by t he l e n g th of  t he pe r iod o f  favo urab l e  envi ronmen t a l  

condi ti ons be tween the s t a r t  of  f l oweririg and the f i n i sh o f  

reproduc t i v e  deve l opment . This pe r iod  determined the number of 

l a t e ra l in f l oresc ences  produced which , in turn,  d e t ermined the n umb er 

of pods prod uc ing seed . Pod n umbe r was the ma in component 

i n f l uenc ing seed y i e l d . Th us , ear l y  sowing and r e l ia b l e  summer 

rain fa l l  or i r r i ga t i on seem to  be the fac tors d e t ermining h i gh 

l u p i n  seed y i e l ds . 

Responses to den si ty  we r e  variab l e .  In one expe riment there was 

no response in seed y i e ld by four c u l t ivars over th ese sowing t imes 

to d ens i t i e s  ranging f rom 50- 1 4 0  pl /m
2

. In a f ur th e r  exper imen t ,  

i n c reases in seed y ie l d  we re obtained a s  plant  d e n s i ty increase d  

f rom 2 5- 1 00 p l /m
2

. 



Remova l o f  the main s t em growi ng poi n t  ear ly i n  growth b r i e f l y  

s t imu lated  l a t e ra l  s t em growth but  t h e  e f fe c t  on lateral  s tem 

seed y i e ld wa s i n suf f i c i e nt  t o  compen s a te for the loss of the main 

s t em seed s . 

The re was l i t t le difference be t ween t h e  L. angustifo lius c u l t ivars 

Uni harves t ,  Un iwhi t e  a nd Unicrop wh en sown ear ly but , wi th l a t e  

s pr i n g  sow i ng , Un i c rop flowered ea r l ier  wh i ch w a s  a n  advant age 

under dry e a r l y  summe r c ondit i on s . I n  one exp e riment  c omp a r ing 

a r ange o f  l e g ume species , L. albus and Pisum sativum p r oduced t he 

h ighes t s e ed y i eld  b u t  L. albus and L. luteus yielded the mos t  

p ro t e i n  p e r  uni t area . The peak r a t e  o f  nit rogen a c c umu l a t i on 

i n  a l l  sp e c i es wa s s i mi l a r  and t he main f a c t o r  i n f luenc i n g  p rotein 

y i e ld appeared to  be  the dura t ion o f  n i t rogen ac cumul a t i on .  

Provided each c rop u t i l i s ed  s i m i l a r  d u ra t i ons of th e growing p e r i od , 

t he yie l d  o f  seed prote i n /ha from va ri ous l egume c r ops i s  l i k e ly 

t o  be s i m i l a r ; the ma i n  d i f f e rence be i ng the compos i t i on o f  the 

seed . I t  was sugge s t ed that, f o r  max imu� seed p r o t e i n  yi e ld, 

inde t e rm i n a t e  c u l t i va r s  may have some advan tage over more d e t ermi na t e  

c u l t iva r s  p rov ided app rop r i a t e  mana gement procedures a r e  ado p t ed . 

S t ud i e s  on wa t e r  s t re s s  indica ted tha t  it pl ays an important  role  

by  i n f l uenc i n g  the d i s t r i b u t i on of assimila t e  be tween vege t a t ive and 

reprodu c t i ve grow th. Mild wa t e r  stress t ended t o  s t op vege t a t ive 

growth and inc rease the r a t e  of seed g r owth . !fuen s u f f i c i en t ly 

severe , wa ter s t ress appeared t o  i ni t i a te the sene s c e nc e  o f  the 

p lan t , the t i mi n g  of wh i ch determined t he potent i a l  seed y ie l d  for 

that  s i t ua t ion . Wa t e r  deficit had i t s  ma i n  e f f e c t on seed yield by 

reduc ing p od number, Othe r yie l d  compone n t s  were re l a t ively s t able. 

Day t emp�ratures o f  28°C, whe n imposed ear ly in g rowt h , red uced 

vege t a tive and seed y i e ld i n  L. albus. As the pla n t  d eveloped, 

h owever , the a dver se e f fe c t s  of high temperature decreased un t i l 



g rowth wa s s t imul a t ed d11ring f i r st o rder l a t e r a l  f l oweri n g . 

No d irec t e f f ec t  of  h i gh tempera t ur e  on pod abscission was apparen t  

and i t  wa s s ugges ted t h a t  pod l o s s  under h i gh t emperatures whi ch 

have been r epor t ed o c c ur red l a rge l y  because of an assoc i a t ed 

wa ter s tr es s . 

14 A C t ra n s l oc a t ion s tudy i n dica t ed t h a t  mos t  movement of 

pho tosynthate  in L. albus was in t o  the branch on whi c h  the lab e l l ed 

l e a f  was inser t ed ,  or  i n to lower b ranch orders di rec tly c onnec t ed 

t o  i t .  Res u l t s  sugge s t  t h a t , in L. albus c v .  U l t ra , lower ord e r  

s t ems are a more i mpo r t a n t  c ompet i t or with the inf l o r e s c en c e  for  

photosy n th a t e  t han the new , ra p idly d evelop i ng, h i gher order l a t er a l  

b ranches. 

A poss ible stra t egy for growing l u p i n  in  a comme r c i a l ly v i able 

si tuat ion i n  t he S o u t he rn North I s l an d  i s  d iscussed . 
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INTRODUCTION 

Annual grain legumes are an important world source of protein 

as they produce over 100 million tonnes of high protein food 

annually. However, the y supply on ly 1R% of the world's protein 

useage. In this c ontP x t , lupins (Dur1:n11:� spp.) are not very 

important as they supp l y onlv Rhnut 0.75 mi ll ion tonnes of seed 

annually (Sinha, 1977). 

In New Zealand, because of our abundant supply of relatively 

cheap animal protein, plant protein, other than that from pastures, 

has not been very important. However, with a world-wide shortage 

of protein in 1971-72 the price of meat meals, the main source of 

protein in New Zealand stork feed meals, increased rapidly. This 

resulted in an awareness that seed protein may have a place in 

stock feed mea]s. A number of crops were considered but sweet 

lupins, which were known tn he a gond protein source (Gladstones, 

1970), became one of the mRin crops c-onsidere d. 

Some of the ,qdvant ;'l ge s that hAve been noted for lupins as a 

seed crop Are: 

(a) High prote in rontent in t he seed ((aadstones, 1970; Hudson 

et al., 1976) compared 1vi th most grain legumes which provides the 

opportunity to ust' lttpins RS � substitute for soybean (Williams, 

1979). 

only be grown in the warmer zones of the country. 

(c) Ability to yield we]] on so i ls not norma] l y  suited for 

intensive cropp i ng (\.laostones. 1970). 

(d) Better ab l e tn utilise phosphate reserves in the soil 

compared with many p l ants (I.Jhite, 1961; Glarlstones et al., 1964; 

Gladstones, 1970, 1972) poss i bly resulting in lower fertiliser 

inputs. 

(e) Limited evidence that lupins are one of the better crops at 

fixing nitrogen (NutmRn, 197fi; Boundy, 1978). 
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Altho ugh lupins were nut  n tww ('rop to New Ze a l and , they had 

been previousl y grown mal n] y as a f<Jrage or green manure crop 

(Allen, 1949). Seed produc tion h :Jd hL"en limited to supplying seed 

for r e sow i n g  purposes and 1ittl�· umsider:Jtion had heen given to 

the potential as a s t ock f ood . In 1936-7, about 170 ha of lupin 

was grown for seed (Anon, 1 93!)) <lnd th is increased to a peak of 

about 3000 ha i n  1 9 4 5  (Whi t e ,  1 961). Suhsequen tly, the use of 

lupin for forage declined steadily as soil fe rt i l i t y  improved until 

in the ea r l y  1970's it w as a minor crop. 

Informa t i on on lup i n seed prouu('tion in New Zealand was limited. 

Those references wh i c h are ava i lable (Anon, 1938; McPherson, 1 940 ; 

Inch, 1 9 4 7 ; van Steveninck, 1956; \·Jhatman, 1959; Hhite, 1 9 6 1 )  

provided only broad recommendations. Little basis for their 

recommendations was given and i t  i s  probabl"" t h at they were largely 

based on farmer experience and dL."signed for Ca nterb u ry conditions. 

Since the main market for lupin seed destined as stock rations 

was likely to be in the No r th Is l and , this s t ud y  investigated the 

potential for growing the crop i n  t he southern North Island in 

order to minimise transport costs. Alt hough lupin seed production 

had been investigated at Masse y Un i ve r sit y previously (G.S. Robinson, 

pers, comm.), no records of tha t  wor k exist. Bitter and sweet blue 

lupins have been grown for seed on the Manawatu/Rangitikei coastal 

sand country mainly as an autumn-sown c ro p  often in association 

with wind erosion control (van Kraayenord, unpublished report). 

Because of interest by fanners and feed manufacturers, it was 

decided to commence a research programme into lupin seed production 

and after an initial experiment i n  1 9 7 2  (Withers, 1 9 7 3 ) the 

programme reported in this thesis commenced in 1 9 7 3 . 

The overall objective of t he progranune was to provide data 

which would be useful in assessing the type of environment and 

management suitable for J up i n  seed production that could be used 

as a basis of recommendations to f a rme rs: and  to provide basic 
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inform a t i on on the g1·m..ttlt and deve]OfllliL'Ill ,,f lupins, i ncluding 

c ompar i sons wi t h  othe r grain legum�='�, \vhicll h',)tl1d be of \vider inte't'est. 

The p rog ramme was diviueJ intu ttvo m<�in sections: 

(a) A se ries of simple field trials dL·sign,-d to p rovide hasic 

agronomic i nforma t ion which wotl!d ,·ompl imL·nt \vork that was being 

conduct e d  by o t her 1v11rke rs in An::.l rdl ia a11d NlJW Zealand . These 

exper i men t s  aimed Lo: 

(i) compare t he cha,-ac t e ristics ,11' cJ r<111gL' of lupin species and 

cultivars under Manawa t u  conditions. This wo rk included comp a r a t i ve 

st udies of t he ni t rog e n  and d ry 1veight dist1 ihution of lup i ns and orher 

g rain l e gume speci e s ,  so t hat the reLH ivt:' rotent i a l  of lupins could be 

e s t ab l i s hed , 

(ii ) d e t ermine the mus t s uitable sowing time. Lupins have usual ly  

been sown i n  autumn but the snuthvrn Nnnh l�land i s  t raditiona l ly 

an area whe re c rops a re sp ring-sown so i t  Wi1s impor t ant t o  de t e rm i ne 

wh e t h e r  lupins cou l d  yield \vell if spring-sown, 

(iii ) ob t ain inf o rmat i on tHl plant density, Changes i.n SOlving time 

may also requi re a change in recnmmendL·d plant densi. ty, 

(iv) i nd icate topi cs worthy of more detailed s t ud y ,  

( b )  As a result of the fie l,l trials, three main t op i cs were decided 

on for furt her stu d y  in more controlled envi ronmen t s: 

(i) Ha ter stress se�med t o  be an importan t fac t or dete rmining t he 

l e ngth of the growi ng season and hence yield. The Mana\.;ratu tends 

to have an erra t i c  r a i nfall pattern and as brief pe r i ods of mild 

water stress can occur in late spring and through t h e  summe r ,  i t  was 

decided t hat t he effects of such short periods of str ess on grow t h  

and seed yield should b e  de t e rmined. 

(ii) In conjunc t ion with (i), furrlw r inf ormation on t he ni trogen 

distribu t i on p � t t er n  of adeq uately wa t e r e d  and wa t er stressed plants 

was to be s tudied , Early obse rva t ions indicat e d  tha t  mas s ive 

translocation of nit r ogeo and poss i b J y ea rbon \vas occurring during 

the life of t he p lant, 

(iii) In d e nse canopies it was noted that l ower lea ves often 

senesced and l ower  pods dtv�lop�d in shade due to t he d ense upper 

canopy. This raised the question of whe ther  t he lower pods were 
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s up p l ied f rom remobi1Lsed products or directly Erow t h e  u p p er 

canopy . An e xperime n t was therlof,Jre desjgned to i ndi c a t e  the 

t ran s l oca t i on p a t ter n s  in l,. nU•us at a number of g row th stages. 

The Manawatu and oth�r low LHHI ar,�as <lf t ile Soulhern No r th 

I s l and  has considerab.le potential fur crupping. This p r og ramme 

was de s i gned t o  eva l ua t e  whether ltipiilS could h e  a s u i table c rop 

in this reg i o n and , if so, provide sume of the basic ag ronomic 

inf o rma t ion to enabl e fa rme rs t<) Stlt·c·essful'ly grow the c ro p . 
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SECTION A LITERATURE RI�V I EW 

This review has two ohjectives. (I) To examine, in a gene ral 

way , the major fac tors influendng seed p ro duction i n  grain 

l eg ume s . As t hese crops have many fe at ures in common, such 

knowl e d ge s h o u l d  h e l p  in the un de r s t anding of lup i n  seed production . 

( 2 )  To review exi s t in g knowledge 011 l up in seed production and re l a t e  

i t as  f a r  a s  pos s i b l e  to the ge n er a l p r i n c ip l e s  of g ra in l egume 
s e e d  product i on .  

Because of the wide range of topics cove re d in  t h i s  proj e ct 

thi s review is extens i ve ra ther than intensive on se l ec t e d  topics . 

A . 1 .  SEED PRODUCTION IN ANNUAL LEGUt-1ES 

Th e re are major problems wLth seed production f rom mo st legume 

c rops . Compared w i th cer ea l s ,  grHin legumes are low y ielding 

( Hardy et a l . ,  1 9 7 7 ; S inha, 1977) and the i r  importance i s  declining 

re l a t ive t o  cerea l s as  a sou rce of food for human s and animals. 

For examp l e , S inha ( 1 9 7 7 )  s t at es that over the  2 0  years f rom 

1 9 5 2  to 1 9 7 2 , no imp rov eme n t s  to the  average yi e ld f rom l eg ume s 

o c c urred whe reas r i c e  and whe a t  had sub s t an t ia l y i e l d  increases. 

Howeve r ,  y i e l d  improvement s  did occur in some l egume crops 

espe c i a l ly soybean s and peas. 

Hardy et a l., ( 1 9 7 7 )  sugge s ts t hat t he r a t e  o f  net  p ho t o

syn the s is i s  a l imi t a t i on to yield in g ra i n legumes be cause co2 
enr i chmen t of the c anopy res u lts i n  subs tan t i a l y i e l d  increases 

in c rops su ch as soybeans , p eas and pe anu t s .  This hypothe s is 

is suppo rted by Sh i b le s  et a l . , ( 1 9 7 4 )  a l though Sprent et al., 

(19 7 7 )  , on f a irly slen.der evidence , suggested tha t  ass imi late 

was not a factor  in Vicia faba yields. 

Work i s  the r e fo re urgent l y  n e e ded to b re ak through what 

appears to be a y ie l d  barr ier in gra in l e gume c ro ps . I t  i s  

p l e as in g  t o  n o t e  a c on s i de rabl e i n c r ease i n  the amoun t of r e s e ar ch 
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work on the bas i c physiology of many legume s peci es i n  rec e n t  y e ar s  

s o  that our understanding of the prtlhlums is greatly in cre ase d, 

alth ou gh so f a r ,  no major solut itlllS to till� yiel d  prob l em h ave 

been found. 

A.2 J)ACKGROUND 1 NFOHMAT!ON ON l.llPIN 

The h i st or y and developmenl of lupins has heen comp re hensive l y  

rev i ewed by von Sengbusch (19 38), Gladstones (19 7 0; 1 9 7 4 ;  1 97 7) 

Hud s on e t  al.� ( 1 9 7 6)) so theSL' aspects will be me n ti one d only 

brie f l y in this review . 

. The genus Lupinus is diverse and contains many species 

(Gl ads tones , 1970). There were two cl'nlres of lupin evolution. 

The more import ant was the Mediterranean-African re gion which has 

p rov ided all the species presently useJ in moden1 agricultural 

s ys t ems . L. a Zbus is the sped es wll i t'11 llas been cultivated for the 

longes t per iod . The second cent rL' is Suuth America. L. mu tabilis 

i s  t h e  olde s t  cu ltivat ed sp e ci e s tram this area but only r e cen t ly 

h as i t  been re ceiv in g attenlion for development in t o a mo r e  

s oph i s t i c a ted seed-producing crop plant. (W i ll i ams, 1 9 7 9). 

Despite its long his t ory , lupin is noL important today. 

Produc t ion is centred  on the USSR (SJO,OOO t ) ,  Europe ( 1 59 ,000 t) 
and Afr ica (56,000 t) (S in ha , 19 7 7). These are ass u med to be 1 97 2  

f i gures . A t t h a t  t i me, Ocean i a prod,,, · ed only 2,000 t onn es but  

expanded production i n  Australia since then would have increased 

this amoun t . 

Lup in s  are indigenous to  a range df lat itu d es and tol e ra tes  

a wide range of  climatic c ond i tions (Gladston es, 197 0; Hudson 

et a l.� 197 6; Sinha, 197 7 ), a l though adaptab ility wi thin any one 

s pe c i es is mo re l imi ted . Lupins are gro�1 as summer annua l s  in 

cool  t empera te c l ima t e s and as w i nt er annuals in sub-t rop i c a l  

c l imat e s  (G lads t on e s, 1 9 7 0). Best lupin growing a reas have a 

season o f  a t  l e a s t  five mon th s free from s e rious mo is ture s t re s s  



7 .  

and du r ing tha t t ime , hav e  mean mon thly maximum t emperatu r e s  

between 1 5  and 2 5° C ( Glads t one s , 1 9 7 0 ) . S o i l s  mu st b e  free 

dra ining and can vary be tween m i l d l y  a c i d  to s l i ghtly alkal ine wi th 

some d i f f e renc e s  in  requ i remen t s  be tween species  (Gladston es , 1 9 7 0 ; 

1 9 7 7 ) . 

A . 2 . 1  LUPIN S EED QUALITY 

Seed qua l i ty and feed va l ue f o r  a ran ge o f  an imal s  have b een 

widely reported ( e . g .  G l ads tones , 1 9 70 ;  1 9 7 2 ; 1 9 7 7 ;  Hove , 1 9 7 4 ;  

W i thers e t  a l . �  1 9 7 5 ;  

e t  a l . , 1 9 7 8 ;  Hud son , 

Hudson et a l . , 1�76 , H i l l ,  1 9 7 7 ; 

1 9 7 9 ; Wi l l i ams 1 9 7 9 ) . 

Hove 

The mai n  featu re o f  the seed is i ts high p rotein c on tent 

ranging be tween 2 8% and 4 3% crude p ro t e i n  depending on Lhe s pe c ies . 

The n i t rogen-f ree extrac t is l ow ( 2 5 -4 5 %) compar ed w i th mos t 

legumes ( 5 5 - 7 5%) (Hi l l , 1 9 7 7 ) . The ma in d i sadvan tage o f  l u pin 

seed i s  a t h i ck hu l l  wh i c h  makes up 1 5- 25% o f  th e seed dry weigh t . 

Thi s  h u l l  c on tains much of  t he f ib r e  but  l i t t le of the p ro t e i n  

s o  that i t s  r emova l has the e f fe c t  of cons i d erab l y  improving the 

feed va lue o f  the see d .  A lkal oid is t he s ign if i can t tox i c  mat e r i al 

and on ce t h i s  f actor is removed by t he use of sweet  cu l tivars the 

seed is saf e r  than moa t other legume seeds (Hill, 1977; Hud s on , 

1 9 78 )  wi thout the need for  further  processing ( Hove et al.,1 9 7 8 ) . 

Hudson ( 1 9 7 9 )  and W i l l i ams ( 1 9 7 9 )  both be l ieve that l up i n  

seed i s  s u i tab le f o r  human c on s ump t i on and it has been shown t o  

b e  s u i t a b l e  f o r  t h i s  purpose ( He r z , 1 9 7 3 ; Gross e t  a l ., 1 9 7 6) 

but b e f o re it  can be wide l y  used in human d iet further 

toxicological  studies are probab l y  r equ i red . 
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A . 2 . 2  LUP I N  S P EC I ES 

De t a i l ed de s c r i p tion s o f  u n u mbe r n t  l t t p i n s pe c i e s has been 

pub l ished by Gl ads t ones ( 1 9 7 4 ). H ow e v e r o n l y  3 species have been 

extensive l y  d eve l oped an d grown <.JS s e l! cl c rop s . These are 

L.  a ngus tij"o l ius L. ,  L. ll lbu.; 1 • •  a n d  L. l u teus r . .  whi c h are also 

the species st ud ied i n  t h is p r u g r a mme . t-lo s t  a t t en t i on w i l l  there

fore be given t o  t he m  i n  t h i s  r e v i ew .  L .  c:Dsentirdi h a s  received 

some a tt e n t i on i n  Wes te rn Aus t r a l i a  i:l t t cl £, . rnu tabi l i s is c u rr e n t ly 

being se lected in S o u t h  Ame r i c a a n rl a n umb e r  of o th e r  cen tres f or 

low alkaloid , n o n -sh att e r in g pod s H tHl  h i g h e r s e ed yie l d .  

A .  2 .  2 .  1 L t t p i l l t t s  <l n g us 1 i f < >  I i t J S  

This spec i e s i s  o ften r e f e r r L ! d  t o  a s  t he n a r ro w - l e a fed lupin 

or b lu e  l up i n ,  a l t h ough t h e re a r e a w i de r a n g e  o f  p ossi b l e fl ower 

colour s  ( A l l en , 1 9 4 9 ) . Th i s  b p e c i L! S w a s  r� l a t i v e l y  l a te t o  be 

developed compa red with t h e  o t he r  S P L' l' i e s  tmd e r c onsideration 

( Clads tones, 1 9 7 0). R e c en t l y  t h i s  s p e l' i es h a s  b e e n  i mproved by 

selec tion for red uced s ha t t e r i n g o f  po d s , wh i te flowers and seeds , 

reduced ve rna l i sa t i on req u i r eme n t a l l ow i n g e a r l i e r f lower ing, and 

more recent l y ,  di se ase resis t a n c e  ( � l ad s t on e s  1 9 7 7 ). I n i tial l y 

three cu l t ivars we r e  r e l e ase d . U n i 1" h i t e  ( r e l e as ed 1 9 6 7 ) was t he 

fi rs t  t o  have the comb i n a ti on u f  l ow a l k a l o i d ,  w h i t e  flowers and 

seed and reduced sh a t t e r i n g  ( C l ads t on e s , 1 9 7 2 ). Uniharvest was 

released in 1 97 1  and had increa s e d  s hatte r ing resistan ce but was 

o the rwise s i mi l a r to Uniwhit e .  l l n i c r op ( re l e a s ed 1 97 3 )  is isogenic 

t o  Uniharvest except f or t he gen e Ku wh i c h removes mos t o f  t he 

vernal isa t i on requirement o f t e n  re s 1 1 1  t in g  i n  ear l y flowering 

rela tive to Uniwhite and Un iha r v e s t ( R ahma n  and C l ads t ones ,  1 97 2 )  

I n  a series o f  8 trials in We s t �r n  Au s t ra l i a ,  Walton ( 1 97 6 )  

showed that Uniwhite was 4-6 2 %  l mv e r  i n  y i e l d  than Unicrop . 

Withers ( 1 97 3 )  and Gar s i de (1 9 7 9 )  f o u n d  t ha t  Uni c rop had only a 

small advantage i n  wetter and c o o l e r e nv i ronme n t s . Wal ton ( 1 97 6 )  

at t ribu ted dif ferences be tween the cu l t ivars in his trial s to  the 

greater susceptibi li ty o f  Uniw h i te t o  shat tering in hot . dry summers. 
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The diff eren c e s  b e t we e n  l ln i h arve s t  and Un i c ro p  were sma l l excep t 

in warm, s ho r t  season d i s t r i c t s wh en U n i c rop had ear l ie r  f lowe r i n g  

(Gladstones , 1 9 7 2) . 

Mor e  r e c e n t l y , two new c u ] t i v a r s  havt� b e e n  deve loped ,.,hi ch 

have re s i s t a n c e  t o  g r ey l ea f  s p o t  ( .'>t c�lnphy l-i um ves1:car•iwnJ and 

an thracnose (C lome ::;e l la c1:ngu la ta ! b u t  o t he rw i se t hey a r e  s im i l ar 

t o  Uni harve s t  o r  Un i crop ( G l a d s t on e s , 1 9 7 7 ;  Anon , 1 9 79 ) . 

L.  angu s t ifo l i us i s  t he mo s t  c o o l L o ]  eran t o f  the three s p e c i es  

con s ide re d in th i s  t he s i s  ( G 1 a d s t o n e s , 1 9 7 0 ; 1 9 7 2 ; 1 9 7 7 ) . I t  

requ i r e s  mi l d l y a c i d  t o  n eu t ra l s o i l s  ( G l ad s t ones , 1 9 7 0 )  wh i ch a re 

deep and f r i a b l e  ( G l ad s t ones , 1 9 7 7 ) . Howeve r ,  Co rbi n ( 1 9 7 8b ) 

s ugge s t s  a wid e r  ra n ge o f  s oi l t y p e s  ma y be s ui t ab le . Al though 

e f f i c i en t  a t  u t i l i s i n g  phospha t e  r e s e rv e s  c omp a r e d  wi t h  o the r 

c ro p s  ( G l ad s t on e s , 1 9 7 7 ) L. an';-JliS t ifo l i us i s  mo re s us cep t ib le t o  

ph ospha te and po t a s sium def i c i en · i e s t han L .  luteus (Glads tones , 

1 9 7 0 ) . 

Th is  spe c ies  h as been a s ub s i s ten c e  c r o p  f o r  over 3 , 000 years 

and i t s  e a r l y fo rms had so f t  seeds an d non - shattering pods 

( c f . L .  angus tifo l i us ) ( G l ads t on e s, 1 9 7 7 ) . A n umb e r  o f  c u l t ivars 

have been re leased sinc e 1 9 5 0  t h a t  are be t t er adap t e d  t o  modern 

agr ic u l t ure than pr evi ou s on e s . U l t r a , the main cu l t ivar used 

in this s tudy , was or i gina l l y  r el e a s e d f r o m  a p r ivate German 

b re e d in g  programme ( P f l u g s )  in 1 9 5 0  b u t  i t  was subsequen t ly re

s e l e cted in Wes t ern Aus t r a l i a  hy G l ad s ton e s ( G lads t on e s, 1 9 7 7 )  an d t\ 
i s  being exten s i vely grown i n  Eas tern Au s t r a l ian S t a te s  ( J .  S trang 

p e rs . comm . ) . 

L .  a lbus requ i re s  h igher l eve l s  o f  f e r t i l i ty and rain fall  t h an 

the other lupin spe c i e s  but h a s  the h i ghe s t  y i eld p o t ent ia l  

(Gladstones, 1 9 59 ; 1 9 70 ) . I t  i s  char ac t e r i sed by a long period 

f rom f lowe r in g  to ma tur i t y (G l ads t on e s , 1 9 5 9 )  wh i c h  c an limit i t s  

u s e fu ln e s s  i n  areas wit h short per i ods o f  weather s u i table  for 
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ma t u r i n g  t h e  c ro p ( l .u c a s  ..J t . 1 ! . ,  1 9 7 6 ) . L .  a lbus was c on si der ed 

by A l l en ( 1 9 4 9 )  t o  b e  un s u i t ab l e  F t ) r  N ew Zea l and c on d i t i ons as i t  d id 

not ripen r egu lar l y , p r e s u ma b l y  d u e t o  t h i s  l a t e r ma t u r i n g  

c h a r a c t e r i s t i c . T t  g row s w e l l i n  s l i p;h t l y  wa rmer c ond i t i on s t han 

the  o t h e r  s pecie s h ut t here a r �  v a r i a h l � r e po r t s  o n  i t s t o l eranc e 

t o  l ow t e mp e r a t ur e s  po s s ib l y h e � a u s �  11 f d i f f e r i n g e c o t y p e s  

( G lad s tone s , 1 9 7 0 ) . 

A . 2 . 2 . 3  L t t p i n t J S  i l l l l ' I I S  ( Y l ' l l tn.J l . l t J > l n )  

L. l u t�us h a s b e e n  used a s  a I o ra g e  a 1 1 d  gre en ma nu r e  c ro p  i n  t h e 

Med i t e r ran ean r e g i o n  f o r se v e r a l  hun d re d  y e a r s and was on ce used 

ex ten sive l y a s  a garden  p l an l  b e c a 1 1 s c  uf i t s y e l l ow s c e n t ed f l owe r . 

After about 1850 i t be came witl el y  c u l t i v u l e d on the ac i d  soils 

of man y p a r t s  of  Europe ( G l ads t o n� s , 1 9 7 0 ) . 

A s  a seed c ro p  i t  i s  h i gh l y  d L· s i L.l b l e  b c c a l i S e  'i t s  se ed prote in 

level ( 4 2% )  i s  h i ghe s t  of t he t h r � e  l 1 1 pi n s p e ci es con s i dered here , 

with slightl y b e t t e r  p ro t e i n  q u a l i t v .  ( G l ad s tone s , 1 9 7 0 ; 

Wither s e t  a l . ,  1 9 7 5 ) . U n fo r t u na t e l y  t h e  s e e d  y i e l d  o f  t h i s 

species i s  usua l ly l owe r t h an f n r  L . . t ngus t ifn l i us an d L .  a l bus 

under Australian and New Ze a l a nd , · o n di t i o n s  ( G l ads ton e s , 1 9 5 9 ; 

Stoker, 1 9 7 5 )  a l tho u gh Pa l me r  ( I Y 7 h ) i n d i c· a t ed t h a t  i t  may be 

bet ter for the  no r t he r n  Nor t h  l s l an d . 

L ,  luteus t o l era t e s  ac id so i l s a 1 1 d  b r i e f  pe r i o ds of water 

logging bette r than the o t h e r t wo s p e c i e s (G l a d s t one s , 1 9 7 2 ) . It 

is also relat ively better on poo r e r  so i l s  as i t  i s  s l i ght l y  more 

toler an t  o f  low phosphate and p o t a s s i 1 1m  l evels t h a n  L .  angustifo lius 

(and p resumably L. a l bus ) ( Glad s tone s e t  ,·d . , 1 9 64 ; G l ad s tones 

1 9 7 0 ; Rahman and Gladstones , 1 9 7 4 ) . 
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The deve l opmen t of seed y i e l d i n  g ra i n legumes i s  complex wi t h  

many inte ract ing f a c to r s  l n f l ue n c i t 1 g  t l 1e f i na l  n u t c · o Ptc , ,, ..:: e d  y i e l d , 

Me ad ley and Mi l b o u r n  ( 1 9 7 1 )  r�c ogn i sed  t wo st age s  in the 

development of seed y i e ld wh i ch a r e : -

(a) Vegetat i ve growth wh i ch p r ov i d e s  the structure on whi c h  seed 

yie l d  is ult imately f o rmed . The y s ug ges ted that reproduc tive 

po tent ial increases wi th v e geta t i v e growth l arge l y because o f  i t s  

rela tionship with node n umbe r .  

(b) Flowering and podf i l l  ( re p rod u c t ive  g rowth) . T rans fer o f  

ass imi late f i xed in the p rev i ou s  pe r i od i s  limi t ed s o  yie l d  is  

determined l arge ly by d r y  we i gh t  a c c u mu l a t ed in  th i s s tage . Many 

workers (e . g .  Herri dge and P a t e , 1 9 7 7 ;  Sun�e r f ield, 1 9 7 7 )  sub

divide t he second stage furth e r  i n t o  f l ower i ng and ear ly fru i t  

growth plus pod f i l l  and mat u r i t y .  

An optimum balance of ve get a t i v e t o  r e p r od uc t iv e  g rowt h  is 

important to ach ieve h i gh se ed y i e l d ( Ad ams , 1 9 7 5 ;  Su�erfield, 

1 9 7 7 )  but the spec i f i c  ba l anc e h a s  no t b e en determ ined (Sinha , 1 9 7 7 ) .  

There i s  some evidence i n  Vicia f'aba f or example t hat the amoun t 

o f  vegetative growth i n  no rma l p l an t s  i s  excessive (Chapman and 

Peat ,  1 9 7 8 ) . 

Adams ( 1 9 7 5) described t h ree t y p e s  o f  p l an t  developmen t :  

(a) where vege tative and r e p r o d u c t i v e  phases d o  not over lap i.e .  

vegetative deve lopment cea ses a t  the onset  o f  f lower i ng . Leaves 

are res tri c ted in number but not s i z e . Examp le o f  this type of 

growth can be found in some ga r d e n  pea cu l t i vars developed for 

process ing and some early soy b e an cu l tivars . Th is is the type o f  

growth generally referred t o  as determ i na te (Eg l i  and Leggett , 1 9 7 3).  

Sinha ( 1 9 7 7 )  sugges ts tha t the sho rt vegetat ive growth of these 

c rops reduces their yield po ten tia 1 .  Their small p l an t  si ze however, 
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usual ly al lows the smalle r y i e l d  pe r p l an !  t o  be o f f s et b y  gre a t e r  

p l ant i n g dens i ty .  I n  a r e a s  o f  unce r t ai n  rai n fa l l , de t erminate 

p l a n t s  may be less r e l i ab le ( S i nha , ] q 7 7 ) . 

( b ) Whe re v e g etat i ve g r ow t h  c o n t i n u es f u r· a bout 2 0 - 30 days a f t e r  

the ons e t  o f  f lowe ring . Mat1 1 ri t y  o f  L h ese p lant s i s  usua l l y  late  

and  they a r e  i n de t e rminat e ,  Exam p h, s  gi v e n  are many P .  vulgaris 
and vining pea cult i. vars . L u p i ns t ls ual l v  f i t t his category bu t have 

the p otentia l t o  c ont i nue vege t a t i ve g row th beyond the 20-30 days 

a f ter f l owe r i ng . F o r  e xample, A t k i n s d o. 7 . ,  ( 1 9 7 8 )  no t e d  a p e r i o
'
d 

o f  4 4  days for f l owe d ng and e a r l y  r o d  f -IJ  l d u ri ng wh i ch t ime 

vegetative par t s  grew v i g o r o u s l y .  
( c ) Where t he vegetat i ve phas e i s  J o r t g ,  n e a r the end of wh ich a 

l ong perio d o f  f l owe ring and pod s � L c o mme n c e s b ut l imi te d over lap of  

vegetative an d rep r o duc t i ve grow t h L J C L" t t r s . e . R .  Nor th Ame r i c an 

s oybeans . S ome l ur i n  cul t i vars h a v e  t l 1 e  charac ter i s L ic o f  a l on g  

veget ative p e riod (e . g .  L .  a l buH ) b u t  a r e m o r e  i nd e t e rminate than 

imp l ied i n  this desc r i ptio n . 

A f eature o f  t ype ( b ) and, t o  a s ma l l e r  e x t ent ,  ( c ) p lants i s  

the p o t e nt i a l  that e xis t s  for compe l i t l o n betwe en vegetat i ve and 

rep roduc t i ve grow t h  ( E g l i  and Leggt.!l t ,  1 9 7 3 ;  S hi b l es et a l . > 1 9 74 ;  

Gre enwood e t  a l . >  1 9 7 5 ; Far d n g t un , 1 9 7 6 )  wh i ch ma y be a facto r 

i n  reducin g  podset . The l ong vege t a t l ve p e r i o d o f  t ype ( c ) may be 

a d i sa d vant age as i t  reduces the chan c e  o f  t he s ens i t i ve f l owe r i ng 

and pod set  o c c u r r i n g  und e r  favourab l e  c ondi t i ons (Adams , 1 9 7 5 ;  S inha , 

1 9 7 7 )  wh i ch l imits the i r  ab i l i ty t o  real ise the h i gh potent i a l  f at· 
seed y i e l d  wh ich exists i n  the i r can o p y  s t r ucture (Adams , 1 9 7 5 ) . 

Per ry and Poo l e  ( 1 9 7 5 )  stat e tha t the i nd e t e rm i na te growth habit 

i n  lupin can fu l ly exp l o i t  the e nvi ronmen t b e c ause i t  c a n  va ry i t s 

growth p e r i od and that seed y i eld i s  n o t  so d e p end ent on ear ly 

growth ; a s i tuat i on wh ich c ontr a s t s w i th c ereal s . Ga r s i d e  ( 1 9 7 9 )  

however ,  sugge s t s  t hat the abi l i t y o f  l up i ns t o  ut i lise the ava i lab l e  

season i s  a cause o f  the large variation i n  y i e l d .  
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Fig. A . 3 . 1 Schema t ic l ay o u t  of a l u p i n plan L  sh owing the pos i t ion 

and number ing o f  t he b r a nc h  orde r s . 
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De t a i J ed d e s c r i p t i o n s  o f  t l 1 e  s t r u c t u r e  o f  t he annual  l u p i n  

p l an t w i th  emphas i s  on L .  aruJUB t ij"o l iwJ a re p rovided by F a r r i ng t on 

and Gre enwood ( 1 9 7 5 ) , Greenwo o d  e t  a l . ( 1 9 7 5 ) , P e rry and P oo l e  

( 1 9 7 5 ) ,  Fa r r i n g t on ( 1 9 76 )  a nd Re e v e s  e t  � l .  ( 1 9 7 7 ) . I n  b r ie f , 

i n iti a l  g rowt h i s  by a s i n g l e  s t em ( main s t e m )  w i t h  a t e rmin a l  

in f l o re s cence . A v a ry i n g n um b e r  o f  l a t e r a l b r an c he s a r i se from 

the ma in s t e m.  e a c h  of wh i c h can p rnd u c e  a t e rm i n a l  i n f lo rescen ce 

an d f u r ther l atera l b ranches . f n  t h i s  wa y a s e r ies o f  b ran ch 

o r d e rs are deve l oped  a s i 1 l t t s t r a t e d  in F i g .  A . 3 . l .  

Fa rr i n g t on and G re enwo od ( 1 9 7 5 )  a n d  P e rr y  and  P oo l e  ( 1 9 7 5 )  

use d i f f e rent s y s t ems f o r  d e s c r ib i ng t he var i ous branch orders . 

The s y stem proposed b y Fa r r i ng t o n a n d  G r e en wo od ( 1 9 7 5 )  i s  the more 

comp rehen s i ve but is more c omp l ex t han  re q u i r ed in the work 

rep o r ted here s o  a mod i f i c at i on o f  t h e nome n c l a t u re us ed b y  P e r r y  

and Poo le ( 1 9 7 5 )  h a s  been  a do p t e d ( see F i g . A . 3 . l ) .  

A . 3 . 2 Co mpon e nt s  o f  Le gume S e e d  Y i e l d  

Seed y i e l d i s  b u i l t  up b y  a se r i e s  uf y i e l d  componen t s  wh i ch 

in t u rn are d et ermi n ed by a combi nat i on o f  p l ant and e nv i ronmen t a l  

f ac t o r s . Ad ams ( 1 9 7 5 )  d e s c r i b e d  t he r e l a t i on sh i p o f  the se 

components t o  p l ant str uct ure ( F i g .  A . 3 . 2 ) . The d ev e l o pmen t  o f  

l up in y i e l d  compon e n t s  hav e recen t l y  b e e n  d i s c uss e d b y  s ome 

Au s t r a l i an wo rkers with empha s i s on L anr1us t i.fo l-ius ( e . g .  

P e rr y ,  1 9 7 5 ; Pe r ry and P oo l e , l 9 7 5 ; G a r s ide , 1 9 7 9 ) . 

Po d s / P l an t No . l ea ve s +-
per p l a nt 

Y i e ld S e ed s / P od 

" Pod 

/ 
We i gh t / Seed 

Tot a l No . +- ... 
no de s / p l an t 

No . b ran ches 

t 
No . long 
in te rno d es \ t P l an t He igh t 

In t e rno d e/ 
� 

l eng th 

t 
Leaf s i ze 

Fig A . 3 . 2  D i a grama t i c  repre s e ntation o f  d i rec t p a t h s  o f  
in f luenc e o f  seve r a l  s t ruc t u ral comp onen t s  o f  t h e  
p l an t  u p o n  y i e l d  ( Ad ams , 1 9 7 5 ) . 
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The numb er o f  pods pe r un i t  a rea o r  per p l an t i s  u su a l ly the 

ma in c omp on e n t  t o  in f l uence y i e ld  ( Wa l l a c e  and Hunge r ,  1 9 6 6 ; 

I shag , 1 9 7 3a , b Adams , 1 9 7 5 ) . The n umb e r  of  pods r e qu i re d  f o r  

h i gh y i e l d  i s  dep endant  on a sa t i s f a c tory  p lan t s t ru c t ure whi ch 

influen c e s  the n umb e r  o f  f ru i t ing n od e s . ( l shag , 1 9 7 3a ; Adams , 

1 9 7 5 ) . In lupins t h e  pod n umbe r  i s  d e t e rmi n e d  l a rge l y  b y  t he 

numbe r o f  l a teral  b ranches wh i c h  i n f l ue n c e s  the number o f  inf lorescences 

formed . ( W i ther s , 1 9 7 3 ; Gars ide , 1 9 7 9 ) . Once the n ur:b e r  o f  f loral 

uni t s  h ave been d e t e rmined b y  the p l a n t  s t ru ct ure , t h e  rate of 

ab s c i s s ion o f  f l owe r and s ma l l  p o d s  i s  an impor t an t d e t e rminan t o f  

pod number (Gabe lman and W i ll i ams , 1 96 0 ) . Th i s  aspe c t  wi l l  be 

di scussed f urther in S e c t i on A . 3 . 3 .  

P o d  n umbe r i s  usua l ly t he f i r s t  s e e d  y 1 e l d componen t t o  be 

in f l uenced by the env i ronmen t and c u l t u ra l  pra c t i ce s  ( Bennet t  e t  a l . ,  

1 9 7 7 )  and i s very sen s i t ive t o  s t r e s s i n  t h e p l ant . Be cause o f  

th i s  ready adj u s t men t ,  o t h e r  componen t s  o f  y i e l d ,  viz number o f  seeds 

per pod and seed we i gh t ,  t end to b e  l � ss  vari ab l e  ( I shag , 1 9 7 3 a ;  

Se i t z e r  and Evan s , 1 9 7 3 ) . Seeds pe r pod and seed w e i gh t are , 

howeve r ,  c apab le o f  c on s iderab l e  c ompe n s a t i on de pending on the 

numb e r  o f  pod s s e t  on the p l an t  ( Adams , 1 96 7 ) . Increases in the 

number o f  seeds  per pod and /or seed w� L gh t  can o c c ur in respon s e  

t o  l ow pod numbe rs o n  a p l an t ( Chung  a n d  Co ulden , 1 9 7 1 ; Ishag , 

1 9 7 3a ; Ndun guru et a l . ,  1 9 7 8 ) . G r e enwood e t  a l .  ( 1 9 7 5 )  noted 

in L ,  angus tifo l ius t ha t  about 1 / 6 of t he ovu l e s  did not  produce 

ma t ure seed ind icat ing p o t en t i a l  for f l ex i b i l i t y  in the number o f  

seeds p e r  pod . 

Seed s i ze i s  de termin ed by gen e t i c  and env ironme n t a l  inf luences 

and i s  usual ly nega tively c orre l a t e d  w i t h seed numbe r  ( Shib les et a l . , 

1 9 7 4 ) , Pro t e in con t en t  o f  the seed does n o t  vary grea t l y  ( Se i tzer 

and Evans , 1 9 7 3 ;  Woodward and Begg , 1 9 7 6 )  a l though Farrington 

( 1 9 7 6 )  n o t ed l ower ni t ro gen conce n t ra t i on i n  the lates t developed 

seeds o f  lupin s .  These we re , howeve r ,  l ighter i n  we i gh t  and n o t  

f ul ly deve loped . 
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In l up in s y i e l d componen ts on t h e  mi.l i n s tem ten d t o  b e  s t ab le 

comp ared w i th those on l a te ra l b ra n c h e s . S e e d  numb · · r per p od and 

seed we i gh t  usua l l y  r e d u c e  as l a t e r a l  b ran ch or ders i n cr eas e  

( Greenwo od e t  a l . , 1 9 7 5 ; Pe r r y , 1 9 7 5 ; Furring ton , 1 9 7 6 ; Herbert 

and H i l l ,  1 9 7 8b ) . 'l11 e e f f e c t on s e e d  wei gh t may b e  a fac t o r  o f  

the l ength o f  t i me be tween f e r t  i 1 i s a U  on a n d  rap i d  ::; e ed f i l l  whi ch 

ten d s  t o  be sh o r t e r  f o r  h i gh e r o rdt.� r  la teral  b r anche s ( Perry , 1 9 7 5 ) . 

Th e d ev e l o pme n t o f  y i e l d  c o m p on e n t s  i s  seq uen t i a l  a n d  t h e  

compon e n t s  a r e  " to some e x t e n t i n t e rd e p e nd en t in the i r  d eve lopmen t "  

(Ad ams , 1 9 6 7 ) . "P l a s t i c i t y "  i n  t h e  d e v e l opmen t o f  y i e l d  c omp on en t s  

mea n s  s i ze c a n  take a l te rn a t i v e  p a t hways d e p end i n g  o n  environment a l  

con d i t i o n s . Th i s  he l ps t o  ma i n t a i n  a s t ab l e  y i eld l eve l . The 

ten den cy f o r  compon en t s  to c ompen s a t e  and to be ne ga t iv e l y  correla t e d , 

plus  the t enden c y  for p o t en t i a l s i te s  n o t  t o  be re al i se d , ind icates  

a limi t a t i on i n  a s s i m i l a t e  ( Adam s , 1 9 6 7 ; S h ib les e t  a l . ,  1 9 7 4 ; 

Dunphy and Hanway , 1 9 7 6 ; H a r d y  e t  ,d . ,  19 7 7 ) . S t i mu l a t in g  pho t o

synth e s i s can i n c re a s e  y i e l d  c o m p o n e n t s  ( H a rdma n and Brun , 1 9 7 1 ; 

Schou e t  a l . ,  1 9 7 8 ) . 

A . 3 . 3  F l owe r i nJL and P od s e t 

Timi n g  o f  f l ora l in i t i a t i on c a n  be v e r y c omp l e x  d ep en d in g  on 

spe c i e s  and c u l t i va r . P l an t s  can be r e s p on s i ve to o n e  or more 

f ac t o rs - us ua l l y verna l i sa ti on , p h o t o p e r i o d  and / o r  i n c re a s i n g  

t empera tures . Th i s t op i c  has b e e n  r e v i ewed by Leopo l d  and 

Kr iedemann ( 1 9 7 6 ) . Lup i n s  u s u a l l y  h av e  a h i gh verna l i s a t io n  

req u i r emen t an d a wea k  pho t op e r i od re s po n se ( S e e  S e c t i on A . 5 . 3 ) .  

Based on the numbe r o f  f l owe r s p roduced , l egumes have a 

po t en t ia l  f o r  h i gh y i e l d s  ( G r e e mv o o d  e t  a l . ,  1 9 7 5 ;  S inh a ,  1 9 7 7 )  

b u t  usua l l y  on l y  a sma l l  propo r t i on o f  f l owe r s  produced s e t  ma ture 

pods al though a l l  flowers apparen t l y  have the ab i l i t y  t o  set pods 

( van S t even in c k , 1 95 7 ) . For a r ange o f  s i tes i n  We s t er n  Au s t r al i a , 

F r an c i s  et a l .  ( 1 9 7 1 ) found tha t on l y 6 -3 3% o f  l upin f lowe rs s e t  

p o d s , McAl i s ter and Ko ber  ( 1 9 5 8 )  a n d  Adj e i -Twum a n d  S p l i t t s toe s s e r  



( 1 9 7 6 )  rega r d  t h e  l o s s  o f  f l ow e r s  and pod s a s  a mec hani sm for 

ad j us t i ng the r e p r o d u c t i ve l oad to t h e  c a p a c i t y  o f  t he p lan t t o  

s u s ta in  i t . 

Th e re a p p e a r s  t o  be !TlCl ny c a u s e s  o f  f lowe r  a nd p od a bs c i s s ion 

wh i c h  c a n  a c t a l o n e  o r  i n  c omb i na t i on . S in h a  ( i 9 7 7 )  l i s t s  the 

f o l l owing : 

1 .  L i m i t ed p h o t os y n t ha t e  

2 .  L i mi t ed n i t rogen ava i l a b i l i t y  

J .  Red uc e d l i gh t  i n t C' n s i t y i n  t h e c a n o p y  

4 .  Ca nopy t empera t u r e  

5 .  Hormo n a l 

6 .  Poor g a s  exc hange i n  t he ca n o p y  

7 .  H umi d i t y i n  t he c a nopy 

8 .  S o i l and wa t e r  f a c t o r s  

M a n y  o f  t h e s e  f a c t or s  a re i n t e r - r C' l a t ed a n d  c a n  i n f l u e n c e  

a s s i m i l a t e  ava i l a b i l i t y . I n t e rna l  s u p p l y  o f  c a r boh yd ra t e and / or 

n i t roge n seems t o  be t he mo s t  w i d e l y f avoured ba s i c  c au s e  o f  

a b s c i s s ion (Ad d i c o t t  and L y n c h , L 9 5 ') ;  G ree nwood e t  a l . J 1 9 7 5 ;  

C oope r e t  a l . J  1 9 7 6 ; Eg l i and  Legge t , L 9 7 6 ;  Ndgun gu r u  e t  a l , J 

1 9 7 8 ;  S t ewa r t  e t  a l . J 1 9 7 8 ) . I nc re a s i ng l i gh t ,  t em p e ra t ur e , a i r  

mov eme n t o r  c o 2  c on c e n t r a t i o n a t  f l owe r i ng a n d  ea r l y  p od deve l opme n t  

o f  s oybeans c a n  s ub s t a n t i a l l y  i n c r ea se pod n umbe r s  (H a rdma n  and 

Br un , 1 9 7 4 ;  S c h o u  e t  a l . J 1 9 7 8 ) . 

I n t r a -p l a n t  c omp e t i t i on f o r  a s s i m i la t e be tween t h e  i n f l o rescence 

an d r a p id l y growing l a t e ra l b r a n c h e s  has of t en been ment i oned as the 

cause of absc i ss i on in l up i n  (G reenwood e t  al . J 1 9 7 5 ;  P e r ry ,  1 9 7 5 ;  

P e r ry and Poo le , 1 9 7 5 ;  H e r be r t , 1 9 7 7 c ) , Ea r ly work b y  van S t eveninck 

( 1 9 5 7 ,  1 9 5 8 ) i nd i ca t e t ha t  a h o rmone may be inv o lved i n  ea rly 

abs c is s ion b u t  t hat the s up p l y  o f  a s s im i l a t e may be more imp ortant 

l a t er , He d i f fe re nt i a t ed be t we e n  f l ower ab s c is s i on ( apparent ly 

caused by la t e ra l s t em g ro w t h ) a n d  p od absc i s s i on ( r e l a t e d  to  l e a f  

area ) , 

y 
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Abs c i s i c  a c i d  has been imp l i ca ted a s  a n  imp o r t an t  c ause o f  

ab s c i s s i on in w a t e r - s t re s sed L .  l uteus ( P o r te r ,  1 9 7 7 ) . I t  i s  

f ound i n  i nc r easin g q uan t i t i e s i n  a b s c i s i ng pods o f  this  s p e c i e s  

a n d  i n  pods , seed and leaves o f  L .  a lbus p lan t s  s ubj e c ted t o  

w a t e r  s t re s s  (Hoad , 1 9 7 8 ) . Zucconi ( 1 9 7 5 )  and P o r t e r  ( 1 9 7 7 ) 

bel ieve tha t t he p resen c e  o f  absci si c a c id i s  a n  ef f e c t  o f  s t r e s s  

rather than a cause o f  ab s c i s s i on . S ubhad rab an dhu e t  a l .  ( 1 9 7 8 )  

d id n o t  f i n d  a c on s i s ten t rel at ionship be tween ab sci s i c  a c i d  and 

absc i s s ion i n  P .  vu lgaris . Ethyl ene has a l s o been imp l i ca t ed i n  

absc i s s ion ( McMi cheal e t  a l . �  1 9 7 3 ) . 

Add i co t t  and Lynch ( 1 9 5 5 )  sugge s t s  t ha t  i n suf f i c i en t  c arbo

hydr a t e  can cause embryo abo r t i on whi ch reduces aux i n  supply t o  the 

ab s c i ss i on zone thus causing ab s c i ss i on .  Wa t e r  s t res s could 

cause ab s c i s s i on by reduc ing carboh y d ra te supp l y  and /or by 

d ire c t l y  p reven t ing emb ryo grow t h ,  ther e b y  caus ing embryo deat h ;  

or  b y  s lowi n g  auxin produc t i on .  S e eds a r e  ac t ive p roduc e r s  of  

hormones wh ich i n f l uences  ass imi l a t e  s upp l y  ( Harvey , 1 9 7 7 )  so  

that c e s s a t i on o f  growth c aused by wa t e r s t ress may a l so reduce 

hormon e produc t i on which i n  tu rn , may reduce the carbohydrat e 

supp ly to the p od , r e s u l t ing in emb ry o  abor t i on .  

on the s t age o f  growth o f  each f l owe r / pod . 

( 1 ) Rap idly d eveloping young pods 

(2 ) 

( 3 )  

( 4 )  

Uno pened f lowers 

Opened f lowers 

Youn g f er t i l is ed ovules  in deve loping pods 

( 5) Freshly p o l l inated embryos and very young pod s .  

When compe t i tion f o r  ass imi l a t e s  begins ( i f  tha t i s  t he caus e ) , 

( 5) i s  abs c ised f i r s t , f ol lowed by ( 4 )  e t c ,  depen d i n g  on  the 

dura t ion and exten t of  the shor t age . Adams also sugges t e d  that 

each n u t r i t i onal un i t  t ended t o  be  s u p p l ied equa l l y  �-1i t h  a s s imila t e . 

However ,  because each un i t  was a t  a d i f ferent  s t age o f  developmen t ,  

each would be  a f f e c ted d if f e ren t ly .  
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Max im i s ing seed yiel d may t heoret i ca l l y be ach ieved by 

minimi s ing ab s c i s s i on o f  f l owe rs  and  p o d s  ( Gabe lman and Wi l l i ams , 

1 9 6 0 ) . Thi s con c e p t , however , ove r looks t he po s s ib i l i ty t h a t  the 

p l an t  may a lr e ady be  opera t in g  w i thin envi ronme n t a l  con st ra i n t s  

and increased pod s e t  may be o f f s e t  b y  l ower p ro d uc t iv i t y  of l a t er 

y i e ld compon en t s . I t  seems un l i ke l y  t ha t  y i e l d  improvement wi l l  b e  

achieved b y  work ing o n  imp rov ing ab s c i s s i on a lone i f  the r a t e  o f  
a bs c i s s ion i s  a r e su l t o f  t h e  in t e rnal and ext e rn a l  env i r onment o f  

t h e  p lant . 

A . 3 , 4  Pod and Seed Deve l opmen t  

S inha ( 1 9 7 7 )  l is t s 2 t y pes o f  f r l l l t  deve l o pmen t : -

( a )  where the f ru i t wal l commences rap i d  growth f i r s t  f o l l owed by 

seed - t yp i f i ed by peas  or ch i ckpeas . Th i s  t ype o f  devel opment 

a l s o  occ urs in l up in ( Gree nwood e t  a l . � 1 9 7 5 ;  Farr ing ton , 1 9 7 6 ; 

Hocking and Pa t e , l 9 7 7 ) . 

( b )  where p o d  and seed deve l op t nge t her . Examp l e s are mung b e an s  

and cowp e a s . 

The grow t h  o f  the pod and seed has been d e s c ribed in d e t a i l  f o r  a 

numb e r  o f  le gume s pe c i es ( e . g .  F l i nn and P a t e  ( 1 9 6 8 )  f o r  P.  ar-vens e ; 

Carr an d S ken e ( 1 9 6 1 )  and O l i k e r  e t  a l .  ( 1 9 7 8)  for Phaseoulus 

-vulgaris ) . Genera l l y ,  seed gr owt h i s  i n i t ia l ly s low coinc i d ing 

with rapi d  p od. gr owth and th en grows r ap i d l y . O f t en a shor t "lag 

phase" o c c ur s  wi t h  a short p e r iod ( 3 -4 d ay s )  of s low growth f o llowed 

by a further period of rap id growth . Dur ing th e last  per iod of 

rapid growth the pod u sua l l y  lo ses dry we i ght  and n i t rogen and 

mos t  o f  the pro t ein reserves in the seed are ac c umu l a t ed . 

Hocking and P a t e  ( 1 9 7 7 )  compared t h e  deve l opmen t of P.  sati-vwn 

L. angustifolius and L. albus . Th ere were s imi l a r  general patt e rn s  

o f  pod , embryo and t e s t a  dry we i gh t  accumu l a t i on a l though r e l ative 

t iming of the rapid ac cumul a t i on r a t e  v aried . L.  albus had a 

con siderab le lag per iod be fore t h e  pod or emb ryo commenc e d  linear 

growth c ompared wi th the o ther spe c i e s .  P ,  sati-vum commenc ed pod 

growt h  and dec lined in dry mat t e r  ear l i e r  than L.  angustifo lius 



20 . 

a l t hough e mb r y o  g row th c omme n c e d  a b o u t t he s ame t i me .  Dry ma t te r  

was lost  b y  p o d  a n d  t e s t a  d u r i n g t he l a s t  t h i r d o f  the embryo 

rapid  growth phase in l u p i n  b u t ea r l i e r  i n  P .  sativwn . I t  was 

e s t ima ted t h a t  p o d  and t e s ta c o u l d  hav e con t r i buted up t o  1 3 . 5% 

o f  the seed we i gh t for P .  sa t i v wn ,  l 7% f o r  L .  angus t �'fo li us and 

2 6 % for  L. a l bus . F l inn a n d  Pa t e  (1 9 6 8 )  es tima ted  1 9% o f  s e e d  dry 

we i gh t  and 2 3 % o f  n i t rogen r e q u i r emen t of  the embryo could have 

been made avai lab l e  f r om p o d , t e s t a  a n d  e n do s p e rm o f  P .  ar vense . 

The l i ne a r  pha se o f  s eed i n c r e a s e  h a s  a r e lat iv e l y  c on s t an t  

r a t e  wi t h i n  a spec i e s  ( H a nw a y  a n d  W e b e r , l 9 7 lb ;  S inc l a i r  and d e  W i t , 

1 9 7 6 )  but d i f fe rences in the t i min g o r  the commen cement o f  t h i s  

phase c a n  vary between c u l t i va r s  ( H a nwa y a n d  Weber , 1 9 7 lb ) ; 

vari a t i on c an o ccur i n  the rate  o f  t he n on - l inear phase ( Kap lan 

and Ko l ler , 1 9 7 4 )  o r  i n  t he d u ra t i o n  o f  the  l inear phase ( Dunphy 

and Hanway ,  1 9 7 6 ; S i n c J a i r and de l�i t , 1 9 7 6 ; Eg l i  et al . �  1 9 7 8 )  

a l l o f  wh i c h  c a n  g i ve d s e t o  d i f f e re n c e s  i n  seed  s i ze and /o r  y i e ld 

between c u l t i va r s  or  env i ro nmen t s . H a mv a y  a n d  Weber ( 1 9 7 l a )  and 

Egli and Legg e t  ( 1 9 7 3 )  have n o t e d  t h a t  t h e d eve lo pment of e a r ly 

f ormed p o d s  o f  soybean ma y b e  d e l a y e d . S i mi l ar p a t terns o ccur i n  

lup i n s .  S eeds  o f  the ma in s t em i n f l o r e s c en c e  an d those  o f  t h e  f ir s t  

o rder l a t e r a l  b ran che s howeve r ,  t e n d  t o  deve lop t oge ther ( Greenwood 

e t  al . �  1 9 7 5 ;  Perry , 1 9 7 5 ) . 

A . 4  THE CARBON AND NI TROG E N  ECONOMY O F  G RAIN LEGUMES 

C a rbon and n i t rogen prov i de t he b a s i c  ' bui l d ing b lo cks ' o f  

y i e l d  s o  a n  unders tand ing o f  t he i r u t i l i sa t i on in t h e  p lant i s  

imp o r t an t  f or the i n t erpre t a t i on o f  the p l ant ' s  rea c t i o n  t o  i nternal 

and ex t er na l fa c t ors . In a t tempt i n g  to maxim i s e  s eed  product ion 

we are t ry ing t o  manipu l a t e  t he c a rb o n  and n i t rogen e conomy t o  

a ch i eve the maxi mum amount o f  seed pos s i b le wi t h i n  the env i ronment a l  

cons t r a i nt s .  Two aspe c t s  need t o  b e  c o n s idered : -

( a )  t o t a l  a s s imi l a t i on o f  b o t h  nut r i e nt s a s  th i s  wi l l  d e t ermine 

the max imum p o t en t i a l  of seed p roduc t i o n .  Th i s  is large ly a func t ion 

o f  env ir onme n t  and manageme n t  wh i c h w i l l  be c o ns i dered mainly i n  

S e c t ion A . 5 .  



2 1 . 

( b )  d i s t r ibut i on a n d  r e d i s t r i b u t i on o f  both n u t r i e n t s  t o  ens ure 

the max imum pr opor t i on of t h e t o t rJ 1  n u t r i en t s a s s imi l a t ed b ec ome 

incorpora ted i n t o  t he s e ed . 

Ea ch nu t r i e n t w i l l  i n j t i a J ] y  be c ons ide red separ a t e l y  a s  t h e i r  

p a t hways a r e  d i s t i n c t l y cl i f f p r e n t a l t h o u g h  t h e y  a r e  c lose ly l i nked 

a nd i n t e rd e pe nd e n t . 

A . 4 . 1 The C a r b o n  Economy 

The i mpor t a n t  f un c t i on o f  c a r b on a s s i m i l a t i o n  ( for s eed produc t ion)  

p r i or t o  f l owe r i n g  is  t l t e  hu i ] rl i n g o f  a f ramewo rk on wh i ch s a t i s f ac t ory 

f lowering and s e ed d ev e l opm e n t c a n  t r1k e p l a c e . 

Even be f or e  f u l l e x p a n s i o n ,  l eaves a re expor t ing a s s im i l a t es 

(Tha ine et a l . � 1 9 5 9 )  m o s t  o f  wh i c h  i n i t i a l l y i s  t ranspor t ed upwa rd 

to the me r i s t em a n d  n ew l y  d e v e l o p i n g  l ea ves . However , as  the l e a f  

mat ures and i t  be c om e s  l owe r i n  t he c a nopy , t h e  movemen t o f  exp or t e d  

a s s imi l a t e  bec om es c omp ·1 e x  a nd 1 e s s  w e  1 1  de f i ned . Usua l ly ,  l owe r 

l eaves are c omm i t t e d  t o  s u p p l y i n g t h e l owe r s t em a n d  r oo t  s y s t em 

( B i d d u lph and Cor y ,  1 911 5 ;  r a t e ,  1 9 6 6 ;  Wa rd l a w ,  1 96 8 ) . 

Ove ra l l ,  pa t t e rn s  o f  m oveme n t a r e  l a rge l y  d e t e rm ined by the 

a c t iv i t y  and p os i t i on o f  t h e  va r i ous organs r eq u i ring as s im i l a t e s 

( s inks)  in r e lat i on t o  t h e  pos i t i on o f  the supp ly organ ( sourc e )  

(Ne l s on ,  1 9 6 3 ) . W i t h i n t h e s e  p a t t e rns however , t h e r e  a re re s t r i c t i ons  

on the d i s t ance and  d i re c t i o n o f  t r an s l oc a t i on as  de t e rm i ned  by  t h e  

vas c u lar l i n k s  be tween pa r t i c u l a r  s on r c es and s inks (Ne l s on ,  196 3 ;  
Porter , 1 96 6 ) . As s i mi l a t e  i n  e xc e s s  of r e q u i reme n t s  can be 

s t or ed in the s t em ( C a r r  and P a t e ,  1 9 6 7 ,  Ward l aw and P o r t er , 196 7 ) . 
In many grain legumes , mos t o f  the c a rbon i s  f i xed by the p la n t  

a f t er the c ommenc ement o f  f l owe ri ng ( Ea g l e sham e t  a l . ,  1 9 7 8 ) and t h i s  

i s  the ma in sou rce of carbon f o r  s e e d  yi e ld (Mead l ey a n d  Mi lbourn ,  1 9 7 1 ) . 
Atk i n s  et a l .  ( 1 9 7 8 )  not ed tha t  on l y  6 %  o f  the t o t a l  n e t  phot osyn t h e s i s  

of L. a lbus wa s f i x e d  be f ore f l oweri ng . Much of t h i s  c arbon was 

used in the lea f l e t s  ( 2 7- 30%)  and roo t s  ( 5 4 % )  so t h a t  t he prod uc t ive 

p o t en t i a l  o f  t h e p la n t  wa s enhr1n c ed . 
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The change t o  t he rep roduct ive s t a t e  i nv o l ve s  maj or changes 

in t he dis t r ibu t i on o f  a s s j uli l a t e (vJa rd law , 1 96 8 ) . This  change i s  

d u e  ma inly t o  t h e  i nc rea s i n g  s i z e  o f  the s e e d  a s  a s ink unt i l  

even tually the  r e q u i reme n t  of t he seed d omina t e s  a l l  other s i nks 

so tha t  ac t i v i t y  of o t h e r  i mp o r tant p l ant  p a r t s  s lows viz. roots  

( Leonard , 1 96 2 ; Ku rsanov , 1 96 3 )  vege t a t i ve me r i s tems ( B ro uwer , 

1 96 2 ; Leonard , 1 96 2 )  and nod u les ( Lawn a n d  B r un , 1 9 7 4 ; Hardy and 

Have lka , 1 9 7 6 ; S i nha , 1 9 7 7 ) . 

Thus , a s  the p l an t  d eve l o ps , the t ran s lo ca t ion s tr eam b e comes 

increa s ingly commi t t e d  t o  supp l y i ng the seed w i th a s s imi late . 

Sources o f  a s s imi l a t e  a re : 

1 ,  Curren t pho t o syn tha t e  f rom th e l e a f . U s ua l l y  the pho t osynthe t i c  

area clos e s t  t o  t he f ru i t prov i des the ma j or p a r t  of  thi s  supply 

( F l i nn and P a t e , 1 9 7 0 ;  Love l l  and Love l l ,  1 9 70 ; Hume and Criswe l l , 

1 9 7 3 ) . Tran s f e r  o f  c a rb on a s s i m i la ted by a frui t ing p lan t can b e  

t ransferred v e r y  e f f i c i en t l y  to t h e  seeds  (Pate a n d  F l inn , 1 9 7 3 ) . 

Howeve r ,  Dunphy and Hanway ( 1 9 7 6 ) sugge s t  tha t  the t ranslocat ion 

of  sugars f rom leaves may be a l i mi t i n g f a c tor in soybe an 

p roduc tion , 

2 .  As s imi l a t e  s tored in t he l ea f  a n d  s t em . 

Carbon fixed e a r l y  i n  growt h se ems to be  ine f f i c ient ly t rans ferred 

t o  the seed ( Hume and Criswe l l ,  1 9 7 3 ; Pate and F l inn , 1 9 7 3 ) , 

Probably mos t  o f  the early- f i xed as s i mi l at e  whi ch i s  remobilised 

was inc orporated in p ro t e i ns tha t were hydrol i se d  during sene s cence 

and transfer a s  amino a c i d s  to the seeds ( S i mon , 1 9 6 7 ; Ware ing 

and Seth , 1 9 6 7 ) . Mos t  of thi s  remo b i l i sa t i on probab ly occurs in 

the leave s ( P :i,t e lka , 1 9 7 7 ) . The 1 0\v  e f f i c i ency of  t rans f e r  i s  a 

consequence o f  c a rbon being impo r t a n t  i n  the s tructural comp onen t s  

of  the p l an t  and because eas i l y  mobi l i se d  early f i xe d  carbon i s  

dissipated in re s pi r a t i on b e f o r e  f l ower i ng ( P a t e  and Flinn , 1 9 7 3 ; 

1 9 7 7 ) . 

3 ,  Supply f rom the p od , 

Carr and Pate  ( 1 9 6 7 )  refe r t o  t he pod as "an organ o f  pho t o

syn th e s i s  and t ransient  s t orage " .  I t  i s  capab le o f  pho t os yn thes i s  

( S inha , 1 9 7 7 )  inc lud ing those o f  l up i n s (Greenwood e t  a Z , 3 1 9 7 5 ; 
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Pa te  e t  a l . , 1 9 7 7 ;  Atkins and F l i n n , 1 9 7 8 ) . Some o f  the C0
2 

i s  derived f rom the e x t erna l a tmos ph e r e bu t mos t  i s  co
2 respired by 

the seed in tu the pod cavi ty ( Fl inn a n d  P a t e , 1 9 7 0 ; Crooks t on et a Z . 3  

1 9 7 4 ; P a t e  e t  a l . ,  1 9 7 7 ;  A t k i n s  a n d  F lin n , 1 9 7 8) . During the 

f i na l  d eve l o pmen t of t he s e e d , t h e pod c on t r i b u t es much of i t s  

a s s imi l a t e  r e s e rv e s  t o  the  se ed ( F l i n n a n d  P a t e , 1 9 6 8 ;  S inha , 1 9 7 7 ) . 

The pod i s  t h e r e f ore i mp o r t an t f o r s e ed d eve l opment (Love l l  and 

Love l l ,  1 9 7 0 ) . Th e f ru i t  as an e n t i t y is e f f i c i e nt at u t i l i s ing c a rb on 

f o r  seed produc t ion . F l i nn e t  . t l .  ( L l) 7 7 )  e s t i ma t ed 6 9 /,  c onvers i on o f  

t rans lo ca t e d  ma t er i a l  t o  se e d hy pe a s  a n d  5 2 %  b y  L .  a lbus . 

Pa t e  e t  a l .  ( 1 9 7 7 )  c on s i d e r tha t phot osynth e s i s  b y  the pod  

and  sup p l y  of  pod r e s e rv e s  t o  t h e s e ed a r.-e i mp ortant und e r  wat e r  

s t ress  cond i t ions when l eave s ar.-e p r- ema t u r e l y  los t d u e  t o  t h e  

s t ress . 

A . 4 . 2  The N i t roge n E c o n o� 

Exc e l l ent  rev i e w s  o f  n i  t r oge 1 1  a s s i m i l a t i on have b een given b y  

Pate  ( 1 9 68 ; 1 9 7 1 ;  1 9 76 ) . 

B a s i ca l l y , me t a b o l i s m  o f  n i t r o g e 1 1  i nv o l v e s  s ever a l  s te p s : 

( a )  ab sorp t i on and in i t i a l  me t a b o l i s m i n  the r o o t  and i n  the c a s e  

o f  legume s , f i x a t i on i n  t h e  nod u l e . 
( b )  t ransp o r t  to  the upp e r  par t s  o f  t h e p l ant , usua l ly the l e a f , 

v ia t h e  xy l em . 

( c )  u t i l i s a t i on in t h e  l ea f  for  a l on g  o r  short period . Most  i s  

re-exp o r t ed via  t h e  ph loem at  some t i me . S ome t ime s d i r e c t  t rans f e r  

f rom xy l em t o  ph l oem o c c ur s . 

( d )  s ec on d a ry u t i l i s a t ion by a ser.ond mer i s t ema t i c  region . I f  

this region i s  not the seed f u r t h e r.- r e c y c l in g may o c c u r  s o  t h a t  a 

h igh p r op o r t ion o f  the absorbed n i t rogen i s  final l y  me t ab o l i s ed in 

the s e e d . 

Mob i l i t y  and t ranspo rt i s  t h e re fo r e  v ery i mportant  in ni t ro gen 

u t i l i s a t ion b e c ause o f  the d i s t a n c e  be tween the variou s  s i t e s  whi ch 

me t abo l i s e  nit rogen ( P a t e , 1 9 7 1 ) . Th i s  contras ts w i t h  the r e l a t: ive 



2 4 . 

immobi lity of  c a rbon onc e  i t  ha s become i n c o r pora ted into p lant 

structure . The t ype of n i t rogenous compounds t r anspor t e d , the 

channe l u sed , the charac t e r i s t i c s  o f  the t rans p o r t  proce s s , source 

and s ink are l a rge l y  a f unc t io n  of s pec i es ,  stage of p lant developme nt 

and env i ronmen tal in f l u ences ( Pa t e , 1 9 7 1 ) . 

A . 4 . 2 . 1 In i t ial As s i m i l a t i on 

I n  nod u l a t ed l egumes , a hi gh propor t i on o f  the p lant ' s  nitrogen 

requi r emen t  is f i xed f r om the atmos phere . The p rop or t i on of the total 

n itrogen whi ch i s  fi xed i s  de t e rmined b y  the l evel o f inorganic 

n i t ro gen in the s oi l ; the proport ion red uce s as s o i l  n itrogen l ev e l s  

inc rease ( Oghogh o r i e  and P a t e , 1 9 7 2 ;  Gib son , 1 9 7 4 ; Summerfield 

et al . ,  1 9 7 8 ) . Pate ( 1 9 7 4 )  s ugge s t s  that  an ideal level o f  i norgani c 

s o i l  nitrogen for  peas i s  30- 60 ppm wh i ch a l l ows n itrogen f ixati on 

to o ccur a t  60-80% o f  the ra t e  o f  p l an t s  rely ing enti re ly on 

symb i otic f i xation . 

Th e rate  o f  n i t r ogen f i xa t i on per p lan t as measured by 

acetylene reduction usua l l y  i n c reases as the p lant ages unt i l  a 

p eak is  reached at a s pec i f i c growth s t age when a decl ine in 

f ixation i s  us ually a c c ompan i ed by degen era tion o f  nodules . The 

pattern of f ixat ion however , can v a ry depend ing on such facto r s  as 

species an d growth p a t t e rn of the cul t ivar ( S ummer f ie ld et a l . , 

1 9 7 8) , For many l e gumes , the peak occurs  when the seeds are 

beginning to f i l l . Th is  p a t tern has been noted b y  Far r ington e t  a l .  

( 1 97 7 )  for L .  angustifo l i us, Pa t e  and Herri dge ( 1 9 7 8 )  for L .  a lbus 

Trinick et aZ . ( 1 9 7 6 )  f or L. cosentinii Lawn and B run ( 1 9 74 )  f or 

s oybeans and Eag lesham et a l . ( 1 9 7 8 )  for cowpeas . However , rate s  
' 

o f  ace tylene red uct ion for  L. angustifo Zius reported by Trin i ck 

e t  al . ( 1 9 7 6 )  reached a peak at 7 weeks and remained relat ively 

constant unt i l  senescence . Atk i n s  et a l ,  ( 1 9 7 8 )  noted that f ixati on 

in lup in carr i ed on longe r a t  a h i ghe r i n t en s i t y  than in c owpea ,  
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The p a t t e rn o f  n i t rogen f i xa t i on c a n  b e  chan ged by e x ternal 

f a c t o rs ( S i nha , 1 9 7 7 )  such as mo i s t u r e  d e f i c i t , dens i ty or  wat e r

l o ggi n g  (Tr in i ck e t  a l . � 1 9 7 6 ;  F a r r i ng t o n  e t  a l . � 1 9 7 7 ; Spren t 

and Brad ford , 1 9 7 7 ) . Sunune r f i e l d  e t  a l .  ( 1 9 7 8 )  sugge s ted  t h a t  

t he d egree o f  sens i t i v i ty o f  n i t rogen f i xa t i on to w a t e r  s tress 

and wa t e r l ogging may be re l a t ed to  nodu l e  s t ru c ture . Overal l ,  

the n i t rogen f i xa t i on i s  mo re s e n s i t iv e  to  env i ronmen t a l  f a c t o r s  

t h a n  t he p l an t  i t se l f ( P a t e , 1 9 7 7 ) . 

The r e  i s  some ev i de nc e  tha t f i xe d  n i t r o gen is t aken up 

p r e f e r e n t i a l l y by  the shoot  in t h e pea and f i e ld bean (Oghoghor i e  

and P a t e ,  1 9 7 1 ; C o o p e r  e t  a l . , 1 9 7 6 ) . O n  the ot her hand , Ryl e  

e t  a l .  ( 1 9 7 8 )  f o u nd t h a t , f o r  soybean s , f i xe d  n i t rogen was unab l e  

t o  sup p l y  su f f i c i e n t n i t r ogen f o r  f u l l  p l an t g rowt h  and that 

n o d u l e s  i mposed a high resp i ra t i on l oad o n  the p la n t  so p lant s 

f e d  w i t h  n i t ra t e  n i t rogen grew a n d  y i e ld e d  b e s t .  Summe r fi e ld 

e t  a l .  ( 1 9 7 8 )  s t a t e d  t ha t  the e ff i c i enc y o f  n i t rogen up t ake 

vari e d  be tween soybean and c owp e a  l a rge ly i n t h i s  case b e c ause 

s oybean u t i l is e d 30% o f  t he energy used in  f i xa t i on for hydrogen 

evo l u t ion compared wi t h 5% for  cm.Jp e a s . wh i c h  i n d i c a t ed· that  there  

ma y  be  import ant d i f ferences between s pe c i e s  i n  n i t rogen 

fixat ion e f f i ci en c y . We s termann anct K o1 a r ( 1 9 7 8 )  n o ted  d i f ferences 

in the quan t i t y  o f  n i t rogen f i xed b e t ween P .  v u lgar1:s c ul t ivars . 

Ra t e  o f  f ixa t i on p e r  gram o f  nod u l e  f resh we ight  was s i m i l ar 

be tween c u l t i vars  s o  i t  was a s s uu1ed tha t d i f feren c e s  were due t o  

var i ab le nod u le we i ght . Seed y i e l d  was re l a t e d  t o  n i t rogen up t ak e . 

Pate and Herridge ( 1 9 7 8 )  f o u n d  t ha t , f o r  L .  a lbus, nodules  

u s ed 4-6 , 5  g o f  carbon to  f i x  l g n i t rogen . As the  p l an t aged , 

the ratio  o f  t o t a l  c a rb on f i xed to  n i t ro gen f ixed increased as 

pho tosynthate was d ive r t e d  awa y f rom the nod u le s . A s imi l ar 

t rend was n o t e d  in c owpeas ( He rr idge and P a te , 1 9 7 7 ) . The 

amount of n e t  pho tosyn t ha t e  requ i red to p roduce 1 g of seed dry 

we i gh t  and 1 g of s eed pro t e in was 9 . 9  and 3 1  g resp e c t ively f or 

L. a lbus ( P a t e  and Her r i dge , 1 9 7 8 ) . Fo r a wid e r  c ompar i s on be tween 

sper: i e s  see A t ki n s  e t  a l . , ( 1 97 8 ) . 
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The amoun t o f  n i t rogen f ixed b y  nodu les i n  the long term is  

c l o se l y  rela ted to  the q u an t i t y and d urat ion of  e f f e c t ive 

nodu l e  t i s sue whi ch i s , in t urn , re l at e d  to root  d eve l opmen t 

( Nu tman , 1 9 7 6 ) . Hardy e t  a l .  ( 1 9 6 8 )  sugges ted n i t ro gen f ix a t ion 

matches demand b u t  Lawn and Brun ( 1 9 7 4 ) , Hardy and Hav e lka ( 1 9 7 6 )  

and Her ridge and Pa t e  ( 1 9 77 ) have shown r ila t t h e  supply o f  photo

syn thate t o  the nodu l e  de t e rm in e s  t h e  ra t e  o f  n i t r ogen f ixed . 

B e t h lenf a lvay e t  a l .  ( 1 9 7 8 )  no ted t h a t  the c ap ac i t y  t o  f i x  

ni trogen imp roved pho t o syn the t i c ra te and ef f i c iency c ompared with 

non-nodu l a t e d  p l ants . A l l  t he se f a c tors  are probab ly c orrec t  as  

they are l i nked to the net  pho to s yn tha te sup p ly o f  t he p l an t . 

Nod u l e s  may b e  mo re i mpo r t ant  to  the p l an t  t han j us t  a s it e  

f or ni trogen f ixat ion . For examp l e  they a r e  a s i te f o r  auxin , 

c y tokin in , gibbere l in and absci s i c acid  production a l though the 

in terac t i on with the ho s t  p l an t  i s  unkn own . Thi s  may g ive rise  

t o  the s it ua t ion whe re nodu l a te d  p l an t s  y i e l d  more than non

nod u l a t e d  p l ants  ( S inha , 1 9 7 7 ; Summe rf i e ld et a l . � 1 9 7 8) . 

A . 4 . 2 . 2  U t i l i sat ion o f  N i t rogen 

Roo t s  do not accumu l a t e so l u b l e  n i t rogen and produ c t s  of 

a s s imi lat ion are i mmed i a t e l y re l e ased  to  the shoo t . The xyl em 

can a ccoun t f o r  7 5-80% o f  the upw ard movemen t o f  n i t rogen 

(Pate , 1 9 7 1 ) . The s tem c a n  i n t e r cep t and ab sorb ni t rogen f rom the 

xyl e m  s t ream (Gates , 1 9 6 8 ; Pa te , 1 9 7 1 ; Minchin and Pate , 1 9 7 3 )  

t hus a c t ing as a buf fer , ac cumu l a ti ng ni t rogen in excess  o f  

requirement s (Carr and Pa t e ,  1 96 7 ) , wh ich may b e  used when nitrogen 

is in short supply  ( Eg l i  et a l . , 1 9 7 8 ) . 

Leaves are very imp o r t a n t  s i tes  of synthes i s  and turnover o f  

o rgani c  n i t rogen sol u t e s  ( P a t e , 1 9 7 1 ; 1 9 7 4 ; P a t e  and F linn , 

1 9 7 3 ) , They c an a t t ra c t  ni t roge n and o ther me t abo l i tes in the 

xylem s t ream and reduce them , u s i n g  s imp l e  o rgan i c  compounds f rom 

photosynthe s i s  to con st ru c t  a l a rge numb er of more comp lex 

produ c t s  inc lud ing prot e i n  and amino produc t s  ( Pa t e , 1 9 7 1 ; Lewis 

and Pa t e ,  1 9 7 3 ) . 



2 7 . 

Onc e e xpanded , the  l e a f  exp or t s  n i t rogen c om pounds t o  y ounger 

t i ss ue via the p h l oem , wh i ch , in L .  a l bus ,  con t a i ns 1 2 - 1 6  t imes more 

n i t rogen t han xy lem sap ( P a t e  e t  a l . ,  1 9 7 7 ) . Howeve r , it  has  also 

b e en shown in  L .  a lbus t h a t  a h igh p ro port i on o f  ni t r ogen in  the 

ph lo em can result  f r om a d i r e c t  t rans f e r  o f  amino ac i d s  f r om t he 

x y l em .  ( Sha rkey and Pa t e ,  1 9 7 6 ) . 

O l d er l eaves s enesce f o r a n umber o f  r e a s o n s ; ma in ly sha d i ng ,  

a g e i n g  o r  wa t e r  s t re s s . N i t r og e n  re l eas ed  from t h e s e  leaves i s  

mad e ava i lab l e  t o  young t i s s u e  ( De nnan e t . a l . ,  1 9 7 8 )  and n i trogen 

may be  recyc led through seve r a l  t i s s ues b e f ore b e i ng i n c orporat ed 

i n t o  the s ee d . (Cooper , e t  a l . , 1 9 7 6 ; Pate , 1 9 7 6 ) . Betwe en 

70  and 90% o f  lea f ni t r ogen may b e  mobi 1 i sed from the leaf  be f o r e  

sene s c en c e  ( Pa t e ,  1 9 7 1 ) .  P o s i panov ( 1 9 7 4 )  e s t imated t h a t , i n  

L .  angus tifo l ius , 7 5 %  o f  l e a f  n i t r ogen was t rans ferred t o  t h e  s eed . 

Young s t ems have i n i t i a l l y  h i g h l e v e l s  o f  n i t rogen b u t  these 

reduce wi th age ; rap id l y  a t  sen e s cence (Pa t e 1 9 7 1 ) .  I n  lup in s , 

Hocking and P a t e  ( 1 9 7 8 )  found l o s s e s  o f  60-6 5 %  o f  the s t em n i trogen 

in L .  a lbus but on l y  3 0- 5 5 %  i n  L .  anrus t ifo lius . Farr ington et a l .  

( 1 9 7 7 )  f ound r e l a t ively s t a b l e  leve l s  i n  s t ems o f  L .  angus tifo lius . 

A . 4 . 3  The Impor tance o f  Senescence in  Legume Seed Produ c t i on 

A c hara c t e r is t i c o f  annua l p l ant s i s  the of t e n  rapid senescence 

of non-seed organ s wh ich a c c ompa n i e s t h e  f i n a l s t ages o f  seed 

development and ma t u ra t i on ( t he ' s el f d e s t r u c t i on ' charac t er i s t ic ) . 

Senesc e n c e  i s  par t i c u lar l y  impo r t an t  i n  legumes a s  the d irec t 

supply o f  n i t r ogen from f ixa t i on and the s o i l  i s  insu f f i c ie n t  t o  

mee t t h e  requireme n t s  of the h i gh pro t e i n  se ed and  s o  a d di t i ona l 

s upp l ie s  f rom vege t a t iv e  t i ssues a r e  import ant ( S in c l a i r  and d e  Wit ,  

1 9 7 5 ) . A l s o ,  t he t iming o f  t h e  senescence mark s  the end of carbon 

a n d  n i t rogen as s im i la t i on and gove rns t o  a large e x t ent the amount 

o f  t h e s e  nu t r i e n t s  tha t can be taken up and thus the l ev e l  of s e ed 

prod u c t i on that  c an b e  ob t a ined . 
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In an a t t emp t to un der s t an d  and s imu l a t e  t he re l a t ionship 

b e tween seed grow t h  and sen e s c enc e ,  S in c l a i r  and de W i t  ( 1 9 7 6 )  

c onst ruc t ed a s imp l e  mod e l  ( F i g . A . 4 .  l )  wh i ch s ugge s t s  th a t  

s e e d  pro t e i n  supp l y  f r om e i t her as s imi l at i on or  remob i l i s at ion 

i s  governe d  by the amou n t  o f  car b ohyd rate  (hexo s e ) ava i lab l e  for 

support ing seed pr oduc t ion . The n i t rogen supp ly from the root i s  

c onv e r t e d  i mmedia t e l y  and t h e  b a l a nc e  r e q u ired f or s e ed production 

i s  s upp lie d  at a ra t e  det e rm i ned  by t ranslocat ion of n itrogen f rom 

the vege t a t ive t i ssue s , Th e r a t e  o f  u t i l i sa t i on o f  t i s s u e  n i trogen 

i s  l arge ly gove rne d b y  t h e  s i ze o f  the hexo s e  pool and t h e  p roport ion 

o f  i t  b e ing ut i lised  in the  p ro c e s s i n g  of roo t -supp l ied n i trogen . 

Thu s ,  the u t i l i sat ion o f  t i s s u e  n i t rogen tends to  be l ow when t he 

s upply of a s s imi la t ed n i t rogen i s  h i gh re l a t ive t o  t h e  amount tha t 

can b e  u t i l i sed by t he av a i l ab l e ea rb ohydra t e  poo l . 

I f  s up p l y  o f  n i trogen f r om t il e  roo t d e c l ines , then increas ing 

amoun t s  of shoot n i t rogen wou l d  t end to be  u t i l i s e d . This however ,  

can on ly occur t o  a l i m i t e d  e x t en t  b e f ore the phys i o l o g i c a l  ac t iVi ty 

of  the leaf  s t a rt s t o  d e c l ine and t h e  senes c ence c y c l e  b egins 

( S imon , 1 9 6 7 ; Sinc l a i r  a nd de  W i t ,  1 9 7 5 ;  1 9 76 ) . Posipanov ( 1 9 74 )  

has sugge s ted a s i m i l ar p a t t e r n  f o r  lup i ns . 

Many workers have s t udied t he d e c l i n e  in n i t rogen f ixa t i on l a te 

in f ru i. t development and a t t r i bu t e d  i t  t o  compe t i t i on f or photo

synthate  b e twe en f ru i t and nodu l e , wi t h  t he f ru i t  eventual ly 

d ominat i.ng (Lawn & Brun , 1 9 7 4 ; Ham et  a l . , 1 9 7 6 ; Hardy and 

Have lka , 1 9 7 6 ;  Be t h l en f a lvay and Ph i l l i ps , 1 9 7 7 ;  S pr ent  and 

Brad f or d , 1 9 7 7 ) . Howev e r , P a t e  ( 1 9 7 6 )  points  out that the dec l in e  

i n  n odule ac t iv i ty i s  n o t  a lways assoc i a t e d  wi th  f rui t growth 

so compe t i t ion may not  be the on l y fac t or . Compe t i t ion f rom f r ui t 

growth has a l s o  b een imp l i ca t e d  in  reduced roo t and leaf growt h . 

( Se c t ion A , 4 , 1 ) .  Atki n s  e t  a l . ( 1 9 7 8 )  su gge st s t h a t  the root 

i t s e l f  is a maj or comp e t i t or f o r pho t o syn tha t e  in L.  a lbus during 

the later s tages of  g r owt h . 
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In t e rn a l  o r  e x t e r na l  f a c t o r s  \vh i ch l n c re a s e  the supply of  

n i t r ogen f r om f ixa t i on o r  i n cr ea se s t h e  amoun t o f  t is sue n i trogen 

shou l d  i n c r ease t he t o t a l  s eed y i e ld by d e l ay ing senescen c e  and 

a l l ow a lon ger dura t i on of seed f i l l .  ( C a r r  an d P at e , 1 96 7 ;  

S in c l a i r a n d  de Wi t , 1 9 76 ;  Ea g 1 e s ham e -t  a l . �  1 9 7 7 ) . The mod e l  

i n d i c a te s  t h a t  j f  pho t osyn t ha t e i s  i n creased w i thou t a l s o  increasing 

n i t rogen supp l y ,  s en e s c e n c e  is ha s t en e d  because o f  increased u s e  

o f  n i t rogen reserves ( S i n c l a i r and de W i t ,  1 9 7 6 ) . Howeve r ,  increas�d 

p ho t osyn t h a t e su pp ly wo u l d  n o r ma l l y  resu l t  i n increased n i t ro ge n  

f ixa t i on o r  a s s imi l a t ion ( C a r r  and P a t e , 1 9 6 7 ;  Ham e t  a l . �  1 9 7 6 ) . 

S ome workers h a v e  s t a ted t ha t  n i t ro gen s upp ly i s  n o t  l i mi t ing 

sugge s t ing t ha t  ne t pho t o syn t he s i s is the u l t imat e  l imi t ing f ac t o r  

( Sh ib l e s  e t  a l . �  1 9 7 4 , S p r en t a n d  B r ad f o r d , 1 9 7 7 ; W . G . Duncan 

p e r s . c omm . ) .  The S i n e  l a i r  a n d  d e  l.J i t mod e l e s s en t i a l l y  imp l i e s  

a l imi t a t i on o f  c a r b ohyd r a t e  and , be c au se t h e r e  i s  insu f f i c i e n t  

f or b o t h  s e e d  an d nodules to p ro d u c e a t  t h e i r  maximum , t h e  ' se l f  

des t ruc t ion ' c y c l e  res u l t s .  

Ex t erna l  f a c t or s  ( s u c h  a s  wa t e r  s t re s s , h i gh d en s i t y , h igh o r  

l ow t empe ra t u re s ) t ha t  ma y a f f e c t  n i tr oge n f ixa t i on , absorp t ion 

o f  n i t rogen and / or n e t  p h o t o s y n t he s i s  w i l l  a ls o  i n f l uen c e the 

t iming of s enescen c e a n d  t he r e by a f f e c t seed y i e l d .  Leona r d  ( 1 9 6 2 )  

maint a i ned tha t t h e  r e s t r i c t i n g  e f f ec t o f  f r u i t  on ly occurred when 

some i n t e rn a l  or ex t e r n a l gro w t h  r e s t r i c t i on was p r e s en t . Ry l e  

e t  a l .  ( 1 9 7 8) found t h a t  s u pp l y i ng a d e q ua te ni t rogen p reven ted  l o s s  

o f  n i t rogen from t he l eaves . 

The hypo t he s i s  t ha t s e n e s cen ce i s  a r e sul t o f  c omp e t i t ion f o r  

a s s imi l a te i s  w i d e l y  he l d ,  Howeve r ,  some workers ( e . g .  Leopol d  

e t  a l . �  1 959 ; Ware i n g  and S e t h ,  1 96 7 ; No od en e t  a l . �  1 9 7 8 ;  

Wi l l i ams and W i l l i ams , 1 9 7 8 )  sugge s t  t h a t  senes cence i s  under 

h o rmona l con t ro l .  Thi s  d o e s  no t nece s s a r i ly p re c lude the  

c omp e t i tion t heory a s  hormon a l  con t ro l  may be a regu l a t o r  in  the 1 

c omp e t i t i ve s i t ua t i on . 
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Wha t ever t h e  p h ys i o l o g i c a l  me c han i sms a r e , i t  i s  apparen t 

t h at l egume seeds a re v e r y  d e p end an t  o n  the s u p p ly • > f  n i t rogen 

f rom vege t a t ive par t s . Th e e s t i ma t e s o f  how important t h i s  

remob i l i sa t i on i s  vari e s  w i d e l y .  Eg J i  e t  a l .  ( 1 9 7 8) e s t imates 

2 0- 6 0% of t h e  seed  r eq u i reme n t  is  s up p l i ed by remo bi l i s a t i on in  

s oybean . E s t i ma t e s  o f  be tween 50 and  o 2% h ave been made f o r  

L .  a lbus, p e as and cowp e as .  ( H inch i n  and S ummerf i e ld ,  1 9 7 8 ;  

Pa t e e t  a l . ,  1 9 7 7 ;  P a t e  a n d  H e rr idge , 1 9 7 8) and a h i gh e s t imat e  

o f  8 9 %  ha s been mad e  f o r  V . jabo b y  Sp ren t a n d  B rad f o rd ( 1 9 7 7) .  

Ho ck ing and P a t e  ( 1 9 7 8) f ound d i f f e r en c e s  i n  the e f f i c i en c y  

o f  remo b i l i s ati on be t w� e n l up i n  s pe c i es an d p l ant p a r t s . L .  a lbus 

was mo r e  e f f i c i e n t  t han L. ang us t ij'o lius; leaves were more 

e f f i c ien t than s t ems and t h e  ma i n  s tems were mor e e f fi c ie nt 

than l a t e r a l  s t e ms . S pren t and Brad for d ( 1 9 7 7) showed tha t the 

c on t r i b u t i on f rom ren� b i l i s a t i on va r i ed wi t h  p l a n t  den s i ty . 

I t  i s  po s s i b l e t h a t t h e  t e n d e n c y  f or an i nte rna l l im i t a t ion 

to y i e l d  i s  t h e  c a u s e  o f  t he r e l a t i v e l y poor y i e l d  p e r f o rmance 

of gr a i n legumes re l a t i v e  to c e r e a l s  ( S i n c ] ai r  and de W i t , 1 9 7 5 ; 

S i nh a  1 9 7 7) ,  C l e a r l y  an und e r s t and ing of , and s a t i s f a c t ory 

manipul a t i on of , th is  p h en omenon i s  i mpor t an t in imp roving grain 

l egume p roduc · t i on , b u t  t h e  a p p l i �: a t lons and imp l i c a t ions need 

fu rther s t ud y , For examp l e , i t  i s  u n c l ear whe ther b reeders sho u l d  

s e l e c t  for  the ab i 1 i ty t o  b t l i  1 d u p  t a  rge  n .i  t rogen res erv es i n  

v ege tat i ve s t ru c t u r e s  ( C a r r  and P a t e , 1 9 6 7 ; Atkins et a l . ,  

1 9 7 8) o r  t o  se le c t f o r  e f f i c i e n t  d i r e c t t r ans fe r t o  t he 

seed . ( P a te , 1 9 7 6 ;  S inha , 1 9 7 7) .  P a t e  ( 1 9 7 6) and Eaglesh am 

e t  a l .  ( 1 9 7 8 )  mai n t ain t h a t i t  i s  i mpor t an t  t o  ensure that 

the n i t rogen sy s t em i s  s u f f i c i e n t ly a c t iv e  t o  d e lay s en e s c enc e . 

Pu lver e t  a l .  ( 1 9 7 8) co rnp a r e d  1 0  c u l t iva r s of c owp e a and fou nd 

li t t l e  c o r r e l a t ion b e tween seed y i e l d  and t o t a l  p l an t  n i t rogen . 

Those cu l c i v a r s mo s t  t! f f i c i en t  a t:  t rtll1 s l ocat ing nit rogen f rom 

vege t a t iv e  t i s s u e t e n d e d  to have the  hi gh e s t y i e l d . We s t e rmann 

and Ko lar ( 1 9 7 8) ,  work i ng w H i l  ? .  vu l uaris d i d  f i n d  a pos i t ive 

corr e l a t ion be tween n i t ro ge n up t ak e  and seed yi e ld .  
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Thi s  sec t i on can be summa r i se d  b y  say ing t ha t  t h e  f a c t ors 

whi ch ma i n l y  i n f l uence seed y i e l d  a re dura t ion o f  seed f i l l ,  rate 

of p ho t osyn t h e s i s  and the p ar t i t i o n i n g  of  a ssimi l a t e s  ( E g l i  

a n d  Legge t t , 1 9 7 3 ;  Se l i gman e t  a Z . , 1 9 7 5 ; S i nc l a i r  and de IHt 

1 9  7 6 )  . 

A . S  THE EFFECT OF ENVI RONMENT ON S EED Y I ELD 

The p rev i ou s  se c t i on has l a rge l y  con s idered  t he deve lopment 

of seed y i e l d  w i t h  l i t t le r e f e rence  to the e f f e c t  of envi ronment a l  

l i mi t a t ion s  whi ch may grea t ly mo di f y  t he s i tua t ion apparent under 

idea l growing  condi t i ons . Thi s  se c t i on a ims to cons id e r  the 

e f fe c t  of s e l e c ted envi ronme n t a l  f a c t o r s ( i nc l ud i n g  c u l tural  

p ra c t i ce s )  on l e gume s e e d  p roduc t i on w i t h  emphas i s  on lupin seed 

p rod u c t ion . Th i s  i s  a l a rge t o p i c  and on l y  t hose f a c t o r s  o f  

r e l evance t o  the s t u d i e s  i n  t h i s  t h e s i s  are c ons i de re d . 

A . 5 . 1 Wa t e r  De f i c i t  a n d  Y i e l d 

A common and i mpo r t a n t  l i mi t a t i on t o  seed  y i e l d  i n  the f ie ld 

i s  wa t e r  s t res s . An unde rs t an d i n g  o f  i t s  e f fec t s i s  there f o re 

impo rtan t . 

The wa t e r  s t a tus o f  t he p l a n t  i s  con t rol led b y  s o i l  wa ter 

ava i lab i l i t y  and evap o r a t i v e  dema n d  o f  t he air  s u r rounding the 

p la n t . Mos t  work has concen tra t e d  on soi l water supply but t he 

evap ora t ive demand i s  a lso i mport a n t  be cau se , i f  i t  i s  high enough , 

p lan ts  can b e  s t ressed even i f  p la n t s  a re we l l supplied wi th 

wa t e r  ( Sal t e r  and Goode , 1 9 6 7 ; Forde and Thorne , 1 9 7 4 ; Woodward 

and Begg , 1 9 7 6 ) . 

Wate r  defi c i t  in i n d i v i d ua l  p la n t  t i s sues deve lops due t o  

f r i c t iona l  resi s t ances  w i t h i n  t h e  p la n t  and when w a t e r  l o s s  

exceeds supply f rom the soi l ( Be gg a n d  Tu rner , 1 9 7 6 ) , When there 

is adequa t e  wat e r ,  water p o t en t i a l  in p l ant  t issues , e special l y  

leaves , show diurn a l  f lu c tua t i ons d u e  to evapo rat ive demand .  A t  
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n i gh t , t i s s u e  w a t e r  po t en t i a l r e d u c e s  t o  a l ev e l  d e t e rmined by 

s o i l water p o t e nt i a l . A s  t he s o i l d r i es , the t i ssue water 

p o t en t i a l a t  n i gh t  progre s s ive l y  l owe rs ( S l a t ye r ,  1 9 6 7 ; Begg 

and Turne r ,  1 9 7 6 ) . 

A . 5 , 1 , 1 The Ma i n  P h y s i o l o g i ca l E f fe c t s  o f  Drough t 

There a re man y recen t rev i ew s  o f  t h i s  t o p i c  ( H s i ao, 1 9 7 3 ;  H s i ao 

and Acevedo , 1 9 7 4 ; Boy e r a n d  McPhe r s o n  L 9 7 5 ;  Boye r , 1 9 76 ; H s i ao 

e t  a l . � 1 9 7 6 ) . 

Ce l l  grow t h  i s  u sua l l y the f i r s t  t o  h e  a f f e c t e d  b y  wa ter  s t re s s  

( H s i ao , 1 9 7 3 )  and c a n  b e  a f fe c t e d  a t  ve r y  mi l d  leve l s  of  s t re s s  

(Wa rd law , 1 9 6 9 ) . Th i s  me a n s  ve ge t a t i ve g r ow th  i s  a l so very 

sens i t ive , t he con s e q ue n c es u f  wh i c h c an be l ong t e rm ( Boyer , 1 9 76 ) . 

Ce l l  en l a rgement i s  mo r e  s e n s i t i v� t han c e l l  divis i on ( H s i a o  e t  a l . �  

1 9 7 6 ) . Ph o t o s yn t hes i s and r e s p i r a t i o n  a re a f f e c t e d  a t  s t re s s  

l ev e l s  grea t e r  t h an c e l l en l a r geme n t  ( Hs i a o ,  1 9 7 3 )  so  t h a t  short 

t e rm growth may be a f f e c t ed w i t ho u t  n e c e ssa r i ly a f f e c t ing long 

t erm poten t i a l . A sharp de c l i ne i n  pho t o s yn the s � o c c u rred b e low 

90%  re l a t i ve w a t e r  con t e n t  ( RW C )  i n  soybean a l though the r a t e  o f  

d e c l ine was s l owe r a s  l e ve l s d ro p p e d  b e low 80% RWC ( Shaw and La ing , 

1 96 6 ; Chen e t  a l . , 1 9 7 1 ) .  

I t  has  b e en shown i n  t oma t oes by  Ga tes  ( l 9 5 5 a , 1 96 4 )  and in 

s oybeans b y  Lud l ow an d Ng ( 1 9 7 4 )  t ha t  a f t e r  a mi l d  wat e r  s tr e s s  

o f  s h o r t  durat ion , recovery o f  g row t h  i s  r a p i d  a n d  r e s u l t s  i n  

g rowth l ev el s  hi gher t han c ont ro l  r a t e s  ( " C'0mpensatory growth " ) . 

Thi s  does n o t  a lways o ccur howeve r  ( Boye r ,  1 9 7 6 ) . A s imi l a r  

compensa t o ry growth e f f e c t  on l e a f  p r i mo r d i a o f  t he a p e x  o f  

L. a lbus w a s  no t e d  b y  G a tes ( 1 9 6 8 ) . I t  i s  usua l ly the p la n t  p a r t s  

mos t a c t i v e l y  growing t h a t  a re mo s t  a f f e c t ed by  w a t e r  d e fi c i t  

(Wi l l i ams and Shap t e r ,  1 9 5 5 ; G a t es , 1 9 5 5  a , b ;  Sa l t e r  and G ood e ,  

1 9 6 7 )  b u t  they r e t a i n  the g r ea t e s t  p o t e n t i a l  for  recovery on 

rewa t e r i n g  (G a t e s , 1 9 6 4 ) . Hs i ao a n d  Acev edo ( 1 96 4 )  warns 

however , t h a t  c la i ms for compens a t o ry growth  of ten do not t ake 
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into ac coun t the ear l i e r  ma t u ra t i on and sene s cence o f  non- s t re s s ed 

con t ro l  t i s sue . 

Water d e f i ci t enc ourage s se ne s cen ce of o lder t i ssues especia lly 

mature leaves . The re appears to b e  a fac t o r  of  wa t e r  conservat ion 

in this  re sponse enab l i n g  t he you nge r ,  mo re pho t o syn the t i cal ly 

a c t ive t i s sue to  f unc t i on l o nge r ( J o rdan e t  a l . � 1 9 7 5 ; Kas s am ,  1 9 7 5 ) . 

The mob i l i sa t i on o f  reserv e s  i n  s enes c i ng t i s s ues  c o u ld a lso b e  a 

v a l uab l e  compensa t i on for l owe red p r i ma r y  a s s im i l a t i on caused b y  

water defi c i t . However , Hock i ng and P a t e  ( 1 9 7 8 )  found tha t 

leaflet s o f  L .  a lbus wh i ch sene sced due to  drought t rans located 

nu t r i en t s  less  e f f i c i en t l y  than no rma l l y  sene s c i n g  l ea f le t s . 

Th ere i s  a c l ose re l a t i o nship b e t we e n  p r o t e in syn thesis  and 

p l ant  mo i s t ur e  l ev e l s  (Ga tes , 1 96 8 ; S l a t ye r ,  1 9 7 3 )  w i th the 

redu c t ion i n  p ro t e i n  s y n t hes i s  commen c ing  a t  l ow s t re s s  leve l s  

( Hs iao , 1 9 7 6 ) . I n  o l der l eaves , h y d ro l y t i c  b reakdown o f  prot eins 

increas e s  ( Ga t e s ,  1 9 5 7 ;  1 96 4 ) . The e f f ec t of  s t ress  i s  thus a 

b u i ld-up o f  amino a c i d s  ( S la t ye r , 1 9 7 3 )  w h i c h  may b e  reversible 

if  the s t ress i s  m i ld and not t oo p r o l onged (Gates , 1968)  b u t  the 

t rend may be come i r rev e r s ib l e i f  s t re s s  con t inues for too long 

thus  caus ing leaf dea th ( Ga t es , 1 9 6 4 ) . D u r ing w i l t ing , n i t rogen 

can bu i l d up in the s tem ( Ga t es ,  1 9 5 5h 

rewa t e r ing.  

an d reduce again on 

The ef fec t o f  wa t e r  de f i c i t  on nod u l e  a c t i v i ty has been 

rev i ewed by Pa t e  ( 1 9 7 6 )  and S pren t ( 1 9 7 6 ) . Pa t e  mad e  the f o ll ow ing 

po in t s :  

( 1 )  Wa ter s tress resu l t ed i n  l o s s  o f  n i t rogen f i xa t i on a c t iv i t y  

( Sprent  1 9 7 1 , 1 9 7 2 ) . 

( 2 )  E f f e c t s  are  reve rs ib l e  p rovi ded l o s s  o f  f re s h  weight o f  nodules 

does not exceed 20% of the i r  ma ximum f resh we i g h t  ( S p rent 1 9 7 1 ) . 

( 3) I r revers ib l e  s t ru c t u ral damage c a n  occur i f  d e s s i c a t ion i s  

s evere ( Sp re n t  1 9 7 2 ) . 
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Nodules w i t h  mer i s t ema t i c  growth can recover bet ter  t han 

those w i thout ( S pren t 1 9 7 6 ) . Sprent ( 1 9 7 2 )  and Engin and S p rent 

( 1 9 7 3 )  conc luded t hat  the  e f f e c t  of wa t e r  s t r£ ·· s  was a d i re c t  one , 

p o s s i b ly because of  reduced nodule resp i ra t i on .  They f o und n i trogen 

f ixa t i on more s en s i t i ve to wa t e r  d e f i c i t than was pho t osynthe s i s . 

Huang et a l .  ( 1 9 7 5 )  however , f ou nd d i f fe r ences between intact and 

d e t ached nodu l es and sugge s ted c a u t i on wh en i n t e rp re t i ng S p r ent ' s  

ear l ier work w i t h  de tached n od u l e s . 

A . 5 . 1 . 2 Ef fec t o f  Wa t e r  S t re s s  o n  Legume Seed Prod uc t ion 

A l l  comp onen t s  of seed y i e ld c a n  b e  reduced by wa t er d e f i c i t  

d ep end ing on  t he t iming of the s t ress . F l or a l  ini t iat ion and 

branch in i t i a t ion are both sensi t i ve to  wa t er s t ress b u t , as they 

u s ua l ly occur early in growt h , th ey t end not t o  be grea t ly a f fe c t e d  

i n  the  f i e ld s i t ua t i on ( F i scher and Hagan , 1 9 6 5 ; Sa l t e r  a n d  Geode , 

1 9 6 7 ) . Pod numbers are redu c ed by s t ress dur ing f lower ing and 

e a r ly pods e t  so y i e ld is very sens i t i ve at t h i s  s t age ( S a l t er and 

Geod e , 1 96 7 ;  S i on i t  and K rame r ,  1 9 7 7 ) . A maj or re s ponse t o  

i r r i ga� ion o c curs at t h i s  s t age due t o  redu ced f lower and p o d  

abs c i s s i on (Gabe lman and W i l l i ams , 1 960) , a l though F i sh e r  and 

Weave r ( 1 9 7 4 )  and B i dd i s c ombe ( 1 9 7 5 )  showed that i r r i ga t ion can 

i nc r ease f l ower numbe r  as we l l  as r � duce f l ower and pod f a l l .  

S a l ter and D r ew ( 1 9 6 5 ) , Spren t e t  a l . ( 1 9 7 7 )  s ugge s t  tha t a 

r e d uc t ion in  root growth ove r  f l owe r i ng may p lay a part  i n  the  

s ens i t iv i ty of  wa t e r  s t re s se d  p l an t s  a t  this  t ime . 

I f  f lowe r and p od absc i s s i on i s  caused by insu f f i c i ent 

a s s imi la t e s  ( See Se c t i on A . 3 , 3 ) ,  then reduc t ion in photosynthate 

or n i t rogen supp ly due  to wa t er s t ress , is l ikely to p r omote 

absc iss i on . (Fi sche r  and Hagan , 1 9 6 5 ) . 

The numb e r  of s eeds  p e r  pod can be reduced by wat e r  s t r e s s  over 

f l ower ing and ear ly p od fa l l  (Rob ins and Domingo , 1 9 6 5 ; S a l t e r  and 

Geod e ,  1 96 7 )  presumab ly because wa t er s t re s s  s t imul a t e s  ovul e  

abor t i on (Gabe lman and W i l l iams , 1 96 0 ;  Kat o  and S akaguc hi ,  1 954) , 
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Her b e r t  and H i l l ( l 9 7 R b )  h ow ev er ,  f o un d an o v e r a l l  i nc r e a s e  in 

seeds per po d  i n  non- i r r i g a t e d comp a r ed w i t h  i r r i ga t ed p l an t s  due 

to fe\ver la t e ra I b ra n c h e s  wh i e h  t en d  t o have l ower numb e rs o f  

s eed s per p od . S t re s s  l a t e i n  d e v e l o pme n t  c a n  reduce s ee d  we i gh t  

and / o r  p rev en t f u l l d e v e l o pmen t o f  s e ed ( Rob i n s  and Domingo , 1 9 56 ; 

S a l ter and Good e ,  1 9 6 7 ;  S i on i t  an d Krame r ,  1 9 7 7 ) . However , s e ed 

weigh t may a l so b e  i n c r e A s e d hy wa t e r s t r e s s  ( Ad_i e i -Twum a n d  

S p l i t t s t oe s s e r , 1 9 7 0 ;  H e r b e r t  a n d  H i l l ,  l 9 7 8b ) . Th i s  e f fe c t s eems 

to be a s s oc i a t ed w i t h  red 1 J c t i on s  in o t h e r y i e l d  c ompon en t s . 

S e ed deve l o pme n t ma y h e  h a s t en ed b y  wa t e r s t r e s s  ( Robins an d 

Domingo , l 9 5 fi ; S i n h a ,  1 9 7 7 ; H e r b e r t a n d  H i l l ,  1 9 7 8b ) , po s s i b ly 

because s eed f i l l i ng i s  l es s  s en s i t i v e  to wa t e r  s t r e s s  t han 

v eg e t a t ive g r ow t h ( G .q t e s ,  1 9 fi 8 ;  Hs iao an d A cevedo ,  1 9 7 4 ;  B egg an d 

Turn e r ,  1 9 7 6 ) . Th i s  w o u l d  c h a n g e  t h e  re l a t ive s i nk s i z es c a us i n g  

chan g e s  i n  t h e  d i r e c t i on o f  t r A n s l o c a t ion (We b e r , 1 9 6 8 ; Wa rd law 

1 96 8 ) . l�a t e r s t r e s s  s e e ms t o  h a v e  a sma l l e f f e c t on t r an s l oc a t i on 

b u t  in t e r f e r e s  w i t h  t 1 1 P s u p p l y  a n d  u t i l i s A t i o n o f  a s s i m i l a t e 

( Ne ls on , 1 9 6 3 ;  I.Ja r d l ;:nv , 1 9 6 7 � 1 9fi 8 ) . 

Th e p e r iod mo s t  s e n s i t i ve t o  wa t er de f i c i t  c an vary b e tween 

s pe c i e s  and b e tween c u i t i va r s \v i. t h i n  s p e c i es . For examp l e ,  

t h e  p o d f i l l  pe r i o d s e emerl t o  b e  a s en s i t i ve p e riod i n  soyb ean s 

( Runge and Ode 1 1 , I 9 fi 0 ; Do s s  P t  r ll . ,  1 9  7 4 )  wh e r e a s  in cowpea , 

s tr e s s  dur ing ea r l y g r o1v t h ,  hy red u c i n g  p od s e t , was t h e  mo s t  

important  ( S umme r f i e l d  P t  a l . , 1 9 7 6 ) . P a r t  o f  t h i s e ff e c t  c o u l d  

b e  d u e  t o  d i f f e re n c e s b e t we e n  d e t erm i n a t e  and ind e t e rmi n a t e  p l an t s . 

B e cause po t e n t i a l  s e ed s i t es a re i n i t i a t e d  e a r l y  i n  d e t e rmi n a t e  

crop s ,  earl y s t r e s s  i s  l i k e l y t o  reduc e s eed y i e l d  mo re t han i n  

ind e t e rm ina t e  c rop s ( Sa l t e r  a n d  Good e ,  1 9 6 7 ) . La t e  s t re s s  wi l l  

reduce t h e  t ime f o r  re p r od u c t ive deve l o pmen t in i nd e t ermi n a t e  

c r op s .  
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Recove ry f r om short  wa t er s t ress pe r i ods  may be pos s ib l e  i f  

l a t e r  nodes c an b e a r  pods ( Shib l es e t  a l . , 1 9 7 4 ; Biddis comb e , 

1 9 7 5 ;  S inha , 1 9 7 7 )  but t h i s  ab i l i t y  r e d u c e s  a s  the plant ages 

( S h ib l e s  et a l . , 1 9 74 ) . 

La rge inc reases  in 1 up in seed y i e l d  have b een o b t a ined f rom 

i r r i ga t ion on l i g h t  so i l s ( S t ok e r , 1 9 7 5 ;  1 9 7 7 ;  1 9 7 8 ; Herb e r t  and 

H i l l , 1 9 78 a ) . An impo r t a n t  e f f e c t o f  i r r ig a t ion i s  to ex tend 

ve g e t a t ive g rowth wh i c h re su l t s in mo re i nf l o r e sc ences ,  inc r e a s ed 

p eak l ea f  a r e a  and l on g e r  l e a f  a r ea d u r a tion (Herbert and Hi l l , 

1 9 7 8b ) . Thus lupin i s  v e ry re spon s i v e  to wa t er supply dur in g  

f lowe r ing ( S t oke r , 1 9 7 7 ;  1 9 7 R ;  H e rb e r t  an d Hi l l , 1 9 7 8b ) . 

However , under h i gh d en s i t i es the  respon s e  to irr iga t ion may b e  

l imi ted because in t e r- p l an t compe t i t i on l i m i t s  the growth o f  

l a teral branches . ( H e rb e r t  and H i l l ,  1 9 7 8  a , b ) . The e x t ra 

vegetat ive g r ow th promo t ed by i r r i g a t i on may compet e w i th main 

s t em seed compon en ts c a u s ing a r e d u c t i on in their n umber and / o r  

s i ze ( He rbe r t ,  1 9 7 8 ;  He r b e r t and H i l l ,  l 9 7 8b )  a u d  may reduc e t h e  

ef f ic iency o f  s e ed p rod uc t i on a s  measured b y  harves t ind e x  

( He rber t a n d  H i l l ,  1 9 7 8 a ) . 

A . 5 . 2  Re l a t ion sh ip B e tween Tempe r a t u r e  an d Seed Y i e l d  

The rev iews o f  F a r r i n g ton ( l 9 7 4 b )  a n d  S i nha ( 1 9 7 7 )  inc lude 

cons idera t i ons of the e f f e c t  of t empe ra tu re on grain legume grow th , 

Mos t  f o od l egume s have an o p L imum t empe rature r ange b e tween 

20-30°C ( S inha , 1 9 7 7 ) , An impo rt an t l im i t a tion t o  y i e l d  c an b e  

long p e r i o d s  o f  sub-opt ima l rh izosph e re t emperature o r  short 

p eriods  o f  h i gh t empera ture (Gibson , 1 9 7 4 )  as b a c t e r o id t is su e  i s  

s ens i t ive t o  t empe ra ture a l though n i t rogen f ixat ion i s  una f f ec t e d  

b e tween 1 2- 3 2
°

C ( S inha , 1 9 7 7 ) . Fo r lup i ns , Rahman e t  a l . �  ( 1 9 7 4 )  

sugges t s  roo t  t emp e ra t ures ma y b e  as impo r t ant a s  a i r  t empe r a tures  

P oo r g rowth a t  low tempe ra t ures  may cause s low deve lopmen t 

o f  nit ro g en f ix a t ion capa c i t y  ( Gre enwood e t  a l . � 1 9 7 5 ;  T r in i ck 
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e -t  a l . �  1 9 7 6 ; Fa r r in g t o n  et a l . ,  1 9 7 7 ) . F o r  peas , t emp eratures 

above about 2 5
°

C c an re d u c e  v e g e t a t i v e g row th , pod number and seed 

s i ze  ( Lamb e r t  and Linck , 1 9 5 8 :  O r m rod e t  a l . , 1 9 7 0 ;  Nonn e ck e  

e t  a l . ,  1 9 7 1 ) .  Pumphrey e t  a l . , ( 1 9 7 9 )  es t ima t e d  a 1 3  kg/ha drop 

in seed y i e l d  for  eve ry degree day a b o v e  2 5°C .  

G la d s tones ( 1 9 7 0 )  s u gges t s m e a n  m o n r h l y ma x i mum t empe ratures 

be tween 1 5  and 2 5° C as  be i ng u p t i ma !  f u r  l t 1 p i n s b u t  Co rb in ( 1 9 78 b ) , 

re f e rr i n g  to  L .  ang us tifo l i us , s u g ge s t s  t ha t l 0- 2 0°C i s  bes t f o r  s eed 

produc t i on . Co r b in ( 1 9 7 8 a )  r e c omme n d s  tha t  f l owe r i n g  be comp l e t ed 

b e f o re th e s e t emp era t u res reach 2 5°C t o  r e d u c e  the i n c idence of  

f low e r  and pod a b s c i s s i on wh i c h c a n  o c c u r  a t  h i ghe r temperature s . 

G l a d s t on e s  ( 1 9 7 0 )  an d Pe r ry ( 1 9 7 5 )  a l su men t i ons tha t there i s  a 

s t rong t e n d e n c y  f o r  l up i ns t o  l o s e  f l ow e r s  a n d / o r  sma l l  pods when 

t empe r a t ures a re h i gh .  G a r s i de ( 1 9 7 9 )  f o u n d  cons i s t en t  pods et  ove r 

a ran ge o f  sow ing t imes wh en  t e mpe r a t u re s  we re  b e tween 1 5- 2 0°C . 

He d id no t e l owe r pod set  \vh e n  ma x i mum d a i l y  t empe ra tures reached 

2 7°C a t  the s t a r t  o f  f l owe r i n g .  P a t e  ( 1 9 7 7 )  s ta t ed  tha t h i gh 

t empera tu res ma rked l y  a f f e c t s n i t r u g l:! n  f i x a t i o n pos s i b ly by 

re s t r i c t i ng c a rbohy d ra t e  s up p l y t o  t h e n od u l es or by inc reas ing 

root re sp i ra t io n . N i t rogen a s e  a c t i v i t y  s eems to opera t e  e f f ic ient ly 

ove r a wide range of  tempera t 1 1  re . 

Lup i n s  c an b e  damaged by  s e v e r e  f r o s t s  d u r i n g  f l owe ring 

( Mc Pher son , 1 94 0 ;  I n c h ,  1 9 4 7 ;  Corb i n ,  1 9 7 8 a ;  Ha l l ,  1 9 7 8 ) . 

Du r i n g  the v egeta t i v e p e r iod  howev e r , l u p l n s  a re to l erant  o f  low 

t empera t u res . At th i s  s t age,  L . angw; r ij"o l i us c an t o l erate 

t emperatures a s  l ow as -6°C , w i t h o t h e r  sp e c ies l es s  t o l eran t  

( Gl a d s t ones 1 9 7 0 ) . MacGi l l iv r a y  ( 1 9 34 ) , however , men t ions t ha t  

lup ins are suscep t i b l e  t o  f ro s t  d u r i n g  ea r l y  g row t h . 
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A . 5 . 3  T i me o f  Sow ing 

By d e t ermi ning wa t e r ,  t emp e r a t u r e  and i n so la ti on inputs a t  

c r i t ic a l  t ime s ,  sowing t i me c an have c on s iderab l e  inf l uence on 

seed yi e ld . The ef fec t i s  mos t ma rkeJ in non-un i fo rm c l i ma tes  

( S inha , 1 9 7 7 ) . Al s o , sow i ng t ime i n f l uenc es the l eng th o f  the 

vege ta tive per iod and the p e r i od of seed dev e lopmen t ( S inha ,  1 9 7 7 ; 

A i t ken , 1 9 7 8 ) . I s hag ( 1 9 7 3b ) c o n s id ers i t  des irab l e  to adj ust  

sowing date  so tha t max imum l ea f  a re a  c o inc i d e s  wi t h  favourab le 

l igh t and t empera t u re . Wa l t on ( 1 9 7 6 )  s ugges t s  tha t  the 

reproduc t iv e  phase o f  l up in s ho u l d f a l l a lmos t en t i re l y  w ithin 

the p e riod o f  adequa t e  s o i l mo i s t u re . 

Because o f  d i f f eren ce s in p l a n t  s i z e ,  p lan t ing d a t e  and op t imum 

popu l a t ion may i n t e rac t (G l ad s tone s ,  1 9 7 7 ;  S i nha , 1 9 7 7 ;  Co rbin 

1 9 7 8 a ) . Wal ton ( 1 9 7 6 )  howeve r  gene r a l l y f o und no i n t e rac t ion 

be tween t ime and dens i t y in L. angus Ufo lius a l though one tr i a l  

i n  h i s  ser i es i nd i c a ted a h i gher o p t i m um popula t ion a t  a later 

s ow i n g .  

Numerous s t ud i es o n  sowing  d a t e  w i t h  l up ins in Aus t r a l i a  hav e  

been con duc ted in recen t y e a r s  a l mo s t  a l l o f  wh i ch have c on c luded 

tha t sowing early  in aut umn is impo r t a n t  to a c h i eve h i gh yields 

(Glads tones and H i l l ,  1 96 9 ; F'a r r i n g ton , l 9 7 4 a ; Fran c i s  et a l . ,  

1 9 7 1 , Wa l ton , 1 9 7 6 ; Reeves e t  a l . , 1 9 7 7 ; Co r b i n , 1 9 7 8 b ; 

Hal l ,  1 9 7 8 ) . Ga r s i d e  ( 1 9 7 9 ) , wo rk ing i n  Tasman i a ,  a s imilar 

c l ima t e  to  New Zealand , con c l uded tha t sowing between May to 

Sep temb er gave s imilar  y i e l d s .  I n  fa c t ,  seasonal d i f f erences in 

t h i s  s tudy mean t tha t y i e lds from sow ings over this t ime wer e very 

va r iable  between s ea sons depend i ng on con d i t ions l a ter  in the 

s p r in g .  A f t er S ep t emb er s ow i n g  howeve r ,  y ie l d s  dec l ined 

s teadily with l a te r  sow ings . 

Mo s t  ea r l y  New Zea l and r e po r t s  recommend March-Ap r i l  s owings 

a l though spring sowing may be s uc c ess fu l ( Mc Pher son , 1 940 ; Inc h ,  

1 9 4 7 ;  van S t eveninck , 1 9 5 6 ; Wha tman , 1 9 5 9 ;  Wh i t e ,  1 9 6 1 ) .  The 
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b a s i s  f o r  t h e s e  r ec ommen d a t i o n s  howev e r ,  wa s no t s ta t ed b u t  they 

we r e  p robab l y b a s ed on Can t er b u ry f a r me r e xpe r i enc e . Mor e  r e c en t ly , 

Gou lden ( 1 9 7 6 ) found a s u b s t a n t i a l  ad van t age i n  y i e l d f rom May 

sowings o f L.  angus tifo li us c ompa re d w i t h  S e p t embe r  sowings .  

I n  a p re l imi n a r y  s t ud y  o f  s p r i ng sowi ngs , W i thers ( 1 9 7 3 ) found a 

gen e r a l  reduc t i on in y i e l d w i t h  l a t e r  sowi ngs . 

Ea r l y  s owi ng a l l ow s  g r e a t e r d e v e l o pmen t o f  l a t er a l b ranch ing 

( Go u l den 1 9 7 6 ) wh i ch is an impo r t a n t de t ermi n a n t o f  s eed y ie ld 

(\.Ji thers , 1 9 7 3 ;  Fa rr i n g t on , 1 9 7 4 a ; \<J a l t o n ,  1 9 7 6 ;  Reeves et a l . ,  

1 9 7 7 ) by i n f l uenc ing pod n umb e r . P o d  n umb e r w i thin each b ranch 

a l s o t en d s  to r e d u c e  w i t h  l a t e r  s ow l n gs ( Wa l t on ,  1 9 7 6 ) . 

So w i n g  t i me i n f l u e n c e s  s t a r t  o f  f l owe r i n g  th r o ugh a c omp l ex 

s e ri es o f  v e r n a l i sa t i on ,  pho t op e r i o d  a n d t em perature  r eq u i re men t s  

( G l ad s t on e s , 1 9 7 0 ;  Rahman a n d  G l ad s t on e s , 1 9 7 2 ;  1 9 7 3 ;  Reeves 

et a l . ,  1 9 7 7 ) . A l l l up i n  s p e c i e s r e s pond t o  v e rn a l i s a t ion to 

va rying ex t en t s  ( G l ad s t on e s  a n d  H i l t ,  1 9 6 9 ;  G l ad s t on e s , 1 9 70 ;  

Rahman and G l a d s t on e s , 1 9 7 2 ) . S o m e  c u l t i v a r s , h owev e r ,  have b een 

d ev e loped to have a n i l  or sma l l v e r n a l l s a t i on req u i r emen t f o r  

a d ap t a t i on t o  a r eas w i t h  s h o r t e r  g r ow i ng s e a s on s  ( Glads tones 

? n d  H i l l , 1 9 6 9 ;  Rahman a n d  G l a d s t o n e s , 1 9 7 2 ;  G l a ds tone s , 1 9 7 7 ) .  

S h o r t  photop e r i ods re t a rd f l o ra l  i n i t i a t i on espe c ia l l y i n  

L .  l uteus b u t  not  s i gn i f i ca n t l y i n  � .  a l bus ( Rahman and G l ads tone s , 

1 9 7 2 ) . 

In f ie l d  s t ud i es , Reeves e t  o. l .  ( 1 9 7 7) f o un d  the per iod f rom 

f lo r a l  ini t ia t ion to the end o f  f l owe r i n g  was s ho r t en e d  by l a t e  

p l an t ing . Time t o  ma t u r i ty a f t e r  f l ow e r i n g  var ied . Gars ide 

( 1 9 7 9 )  a l s o  n o t ed shor t e r  du r a t i o n o f  f l owe r i n g  with d e l ayed 

sowings presuma b ly because of l es s  d evel opmen t o f  l a t e ra l  b ranching . 

Sowings in win t e r  o f t en res u l t i n  p rob l ems o f  s low emergen c e  

an d nodul a t i on ( G lads tone s , 1 9 7 0 ;  Fa r r i n g t o n , 1 9 74a ) wa t e r logging , 

d i s ease , vermin and weeds ( Wa l t on , 1 9 7 6 ; Garside , 1 9 79 ) . Thus 

loca t ion and season c an g r ea t l y  v a r y  the response o f  l up in s eed 
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y ie l d t o  t i me o f  sowing a s  shown b y  th e t r i a l  s eries o f  Wal t on 

( 1 9 7 6 )  and Gars i d e  ( 1 9 7 9 ) . 

A . 5 . 4  P l an t Dens i ty E f f e c t s  on S e ed Y i e l d 

The re l a t ionsh i p b e t ween seed y i e l d  and p la n t  dens i ty i s  a 

v e ry comp l ex on e because o f  t he "p l a s t i c i ty " o f  y i e l d  componen t s  

and t he i n t e rac t ion w ith many  oth e r f ac t o r s  s uch a s  moi s t ure 

s upp l y  ( Lu c as et a l . �  1 9 7 6 ; Herbert and H i l l , 1 9 7 8  a , b )  geno type 

(Webe r ,  1 9 6 8 ;  S inh a ,  1 9 7 7 )  and  sow ing date ( S inha , 1 9 7 7 ; 

G lads tones , 1 9 7 7 ;  C o rb i n ,  1 9 7 8b ) . 

As dens i t y  inc rea ses f ro m  l ow l evels , seed y i e l d  u s ua l l y  

increases ( I shag ,  1 9 7 Ja ; Tamak i e t  a l . � 1 9 7 3 ;  \.Jal ton , 1 9 7 6 ; 

Gou l den , 1 9 7 6 ;  Herb e r t , 1 9 7 7 )  un t i l ,  even t ual ly , c ons t an t  o r  

d ecreas ing y ie l d s are reached w i th increa s in g  den si t y  a t  h igh 

l evels  ( Ho l l i day , 1 9 6 0 ; Lucas e t  a l . � 1 9 7 6 ;  Herb er t , 1 9 7 8) . 

These t rends do n o t  a l ways o c c u r  however . Fo r examp l e ,  under 

irri ga t i on Luc as et a l . � ( 1 9 7 6 )  and H e rb e r t  and H i l l  ( 1 9 7 8b )  

foun d  hi ghes t y i e l d s  i n  l upin w e r e  ob tained a t  low dens i ties . 

Ear l y  r ec ommen de d l up i n sow i n g  ra t e s  f or Sou t h  I s l an d  cond i t ions 

ranged b e tween 1� - 3 bu / ac ( 1 00-200 Kg /ha)  ( McPher son , 1 9 4 0 ;  

I n ch ,  1 94 7 ;  Wh i t e , 1 9 6 1 )  a l t hough , again , t h e  b as i s  f o r  t hese 

ra t es we re no t spec i f ied . Mo re recent  wo rk by Gou l den ( 1 9 7 6 )  

indi ca t e d  an op t imum d en s i ty be tween 1 68 and 202 kg/ha w i t h  a 

l inear re sponse b e tween 1 6- 7 4  p l /m2 ( 6 7 - 2 0 2  kg/ha) f o r  b o t h  

autumn an d ear ly spring- sown L .  angustifo l ius an d spr ing-sown 

L. luteus . Herbert  ( 1 9 7 8 ) found maximum y i e l d  of Augu s t-sown 

L .  angus tifo lius a t  1 30 pl / m
2 

a l though 7 0  pl /m
2 

produc ed 9 4 %  o f  

the max imum y ie ld . In an ea r l ier  expe r i e n t  however , there was l i t t le 

increa s e  above 5 3  p l /m
2 ( He rb er t ,  1 9 7 7 b )  but L .  a lbus con t inued 

to inc rea se in y i el d up to 9 3  p l /m
2

. 

Wi t h  the autumn sow ings preva l ent  in Aus t ra l ia , recommended 

sowing rates for L. angus t ifo l ius are b e tween 60- 1 00 kg/ha wi th 
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higher r a t e s  f o r  l a t e r  sow ings ( G l ads tone s , 1 9 7 7 ;  Corb i n , 1 9 7 8 a ) . 

In three o f  the expe r imen ts  undertaken by Wa l ton ( 1 9 7 6 ) , increasing 

den s i t y  p a r t ia l ly c ompensa t ed for reduced yield f rom l a t er sowings 

leading to  the con c l us i on tha t gre a t e r  den s i t y  can compen s a t e  f o r  

the l ower b ran ch numbers wh i c h  usua l l y  r e su l t  from l a t e r  sowing . 

Wal t on ( 1 9 7 8 )  sugges ted tha t whe r e  p l an ts were l a rge through early 

sowing under f avou r ab l e  cond i t i on s ,  low dens i t ies ( 2 0-40pl / m
2

) 

appeared s u f fic ien t  and smal l changes in dens i ty had large 

compe t i t ive e f f ec t s  but sma l l e r  p lan ts  g ro wn under l es s  favourab l e  

condi t i ons req u i red h igher den s i t i es to  maximise yi e l d . 

Because o f  i t s  l a rg er see d ,  L .  a lbus wou ld be exp ec t ed t o  

require a h i gh e r  s owing rat e ( H e rb er t ,  1 9 7 7b )  and , b ecause of  a 

more s tab l e  bran c h ing pa t te rn , U l t ra ( L .  a lbus ) has a l ower 

va r ia t i on in y i e ld per p l ant w i t h  p l an t dens i t y  changes compared 

w i th Un i c r o p  (L .  angus tifo l ius )  and p e rhaps is more respon s iv e  

to high d en s i t i es ( H e rbe r t ,  1 9 7 7  b ,  c ) .  

Howeve r ,  i t  wou ld a p p ea r t h a t  sowing ra tes  are n o t  a c ri t ic a l  

fac t o r  in lup in s eed p rodu c t i on f r om l up ins as good yields c an b e  

obtained from a wide range o f  dens i t ies ( Bauer , 1 9 7 6 ; Gou lden , 

1 9 7 6 ;  Lucas et a l . J 1 9 7 6 ;  Wa l t on , 1 9 7 6 ,  Herbert , 1 9 7 7 c ) . 

Seed yield componen t s ,  l ea f  a r ea and weight per p l an t  dec l ines 

with  increasing den s i t y  ( ! shag , 1 9 7 3a ;  Tamak i ,  1 9 7 3 ;  Gou lden , 

1 9 7 6 ; Herbe r t , 1 9 7 7  a , b ,  1 9 7 8 ;  Herb e r t  and H i l l ,  1 9 7 8  a , b ) in 

a s im i l ar way to o t her s t re s s  fa c t ors . The ef f ec t  of in c r eas ing 

den s i ty on the p l an t s eems to  ari s e  f rom in t ra-plan t  comp e t i t i on 

fo r the red uced amoun t o f  as s i mi l a t e  p roduced by each plan t  as a 

res u l t o f  the sma l ler  q uant i t y o f  envir onmen t a l  in pu t avai lab le to 

ettch p l an t .  '!'h is e f fec t usua l l y c onunences earl y  in deve lopment 

(Ad ams , 1 96 7 ;  Benne t t  et a l . _,  1 9 7 7 ; Herbert , 1 9 7 8a ;  He rb er t 

and H i l l , 1 9 7 8b ) . Howev e r , Spren t and B rad ford ( 1 9 7 7 )  sugge s t s  

tHa t a t  h i gh d ens i t i es , i n t e rna l c ompe t i t ion may b e  les s impo r tant 

and ext ern 1 infl uen c e s  may be mo re i inpo r t an t g iv ing r i s e  to greater 

seasona l vari a t i on i n  y i e l d  than a t  lower densiti e s .  Supp res s ed 
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p la n t s  a t  h i gh d e n s i t i e s may b e  mo r e  p ro n e  to lodging whi ch may 

red uc e  seed y i eld  (Weber , 1 9 68 ) . 

As dens i t y in c reases , L. A .  I .  a l s o inc reases  ( Mead l ey and 

Mi lbourn , 1 9 7 1 )  a l t h ough l ea f a r e a  pe r p lan t is  lowe r ( I shag , 1 9 7 3 a )  

due t o  shad i n g  ( Tamak i e t  . 1 Z . � 1 9 7 3 ) o r  mo is t u re s t re s s  ( Sp r en t  

e t  a l . �  1 9 7 7 ) . Th i s  ma y be p a r t i a l ly c ompens a t ed f o r  b y  i nc reas ed 

pho tosyn the t i c e f f i c i en c y  o f t h e  remain ing l ea v es ( Mc Ew an , 1 9 7 2 ) , 

r educed c ompe t i t ion f o r  m i ne r a l s o r  h o rmones w i thin the p lan t 

o r  imp roved p lan t s t ru c t u re g i ving r is e  t o  b e t t er l ig h t  u t i l i sa t ion 

( I sha g ,  1 9 7 3b ;  He rb e r t , l 9 7 8 b ) . In some cases there may be  

exc e s s i v e  l ea f  a rea at  h i gh den s i t ies which , due t o  s hading , may 

induc e exce s s ive a b s c i s s i o n o f  f lowe rs  an d pods resul t i ng in 

r educed s eed y ie l d s ( Mea d l ey and M i l b ourn , 1 9 7 1 ) .  Gl ads tones ( 1 9 7 7 )  

sugges ts t h i s  c a n  ha ppen i n  l up i n s  under good growing cond i t ions . 

B ranch n umb e rs a r e  � l so r e d u c e d  a t  h i gher den s i t i es (Tamak i 

e t  a l . � 1 9 7 3 ; S i nha , 1 9 7 7 ;  H e r b e r t , 1 9 7 7 a ;  l 9 7 8a ; H e rb e r t  

a n d  H i l l ,  1 9 7 8a )  wh i c h  r a n  hdv e a l a r g e  e f f e c t  on lupin y i e l d s  

(\Vi ther s , 1 9 7 3 ) . H i gh e r  o r d e r b ra n c h es a re usua l l y  the mos t 

a f fec ted i n  terms o f  b ra n c h numb e r  a nd y i e l d  componen t s  ( S inha 

1 9 7 7 ,  H e rh e r t  l 9 7 7 a ,  1 9 7 8 ;  H e rb e r t  and H i l l 1 9 7 8 a , b ) . P lan t s  

s uch a s  l u p i n  wh ic h ll a v e  a ma r k � d b r a n c h i n g  s t r u c ture may be 

mo re s t r u c t u ra l l y a f f e c t e d by d e n s i t y than plants  lvi th a l ower 

tendanc e t o  b ra nc h ( e . g .  l' . fnba ) ( B e nn e t t e t  a l . � 1 9 7 7 ) . 

Branch ing p l an t s  c a n  c ompen s a t e  mo r e  a t  l ower d ens i t ies , s o  seed 

y ie l d per  un i t  a r �a ma y h e  l es s  a f f e c t e d  by dens i ty .  
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S ECTION B FI ELD TRIALS 

B . l .  INFLUENCE OF T I ME OF SOW I NG ON S E RD Y I ELD 

B . l . 1 INTRODUCTION 

In a p rev ious s t udy ( Wi the r s , 1 9 7 3 ) , the two L .  angus tifoUus 

cul t ivars Un iharve s t  and U n i crop we re coml:' ared a t  s ix t ime s o f  

sowing du r ing t h e  sp r ing . Gen e r a l ly ,  seed yield per p lant  and 

y i e ld components dec l ined as sowing was delayed . At t h a t  

s tage t h e r e  seemed t o  b e  no o t he r  pub lished s tudy i n  N e w  Zealan d  

on sowing d a t e  a l though G l ad s tones  and Hi l l  ( 1 96 9 )  h ad undert aken 

a s imilar s tudy in We s te r n  Au s t r a l i a .  

Al though in t he N o r t h  I s land empha s i s  was l i ke ly t o  b e  on 

spring sowing , d a t a  on au t umn and w i n t e r  sow ings was t hought  t o  

b e  valuable as  s owing a t  t h i s t i me may be pos s ib l e  and des irab le 

on l igh t e r  soi l s . A t ime of sowing s tudy was there f ore s tarted 

u s ing t h e  same two cu l t iv a r s  used i n  the prev ious s tudy as 

d i f f e rence s  in ve rna l i sa t ion r e q u i remen t (G lads tone s ,  1 9 70 )  were 

l ike ly t o  give rise to  d i f f e re n t  res pon se s t o  sowing t ime 

(Glads ton e s  and H i l l , 1 96 9 ) . 

B . 1 . 2  MATER IALS AND METHOD S 

At t en sowing d a t e s  be t ween 7 A p r i l  and 5 October 1 9 7 3  

( Tab le B . l . 1 ) two cul tivars o f  L. angustifo lius ( Uniharv e s t  and 

Un i c rop ) we re sown in p lo t s  20 m l ong wh i ch consis ted o f  3 rows 

of p l ant s .  Spac ing of the p l an t s was an equid is t an t  30 cm. This 

sp acing was adopted to  a l low p l an t s  to  deve l op f u l l y  and t o  

minimise any interac t ion o f  p l an t  s i z e  and sowing d a t e . Experiment al 

des ign was a randomised b lo c k  wi th 4 rep l i c a t ions . S o i l  t yp e  was 

Man awat u  s i l t  loam 
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The equiva l e n t  of 24 kg of P /ha an d 1 1 2 kg K/ha a s  potassic  

sup erpho sph ate was  broad cas t prior  to p lant ing and raked in . Three 

seed s per  pos i t ion we re sown by hand and t h in ned to one p lant 

af t e r  emergenc e . At r a z ine ( 1  kg/ha a . i . ) was app l i ed p re-emergence 

and p rov ided exce l len t weed contro l .  F i f te en plants were t aken a t  

t� turity f rom the cent re row o f  each p lo t . S eed y i e l d  and yield 

componen t s  were re corded . Date when 5 0% of p l an t s  c ommen ced and 

finished f l owe r ing o n  each b ranch sequence f or each sowing was 

a l so re c orded . 

TABLE 8 . 1 . 1 :  S owing and f l owe ring dat e s ,  days t o  f lower ing and 
degree -days to  f l owerin g for Un i crop (UC ) and 
Un iha rve s t  ( UH )  

Sowing 
No . 

S owing 
Da te  

* 
50% F lower ing Da te 
UC UH 

Sowing to F lower
in g 

Degree days 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

7 Ap r 9 Au g 

1 May 6 Sep 

31  May 1 O c t  

2 5  Jun 1 2  Oc t 

2 4  Jul 2 3  O c t  

7 Aug 2 9  Oc t 

2 3  Aug 5 Nov 

6 Sep 1 2  N ov 

2 1  Sep 2 2  Nov 

5 O c t  3 Dec 

1 7  S e p  

2 7  S ep 

8 O c t 

1 8  O c t  

2 7  O c t  

4 Nov 

1 4  Nov 

24 Nov 

14 D e c  

2 3  Dec 

UC  UH  D i f f . 

1 2 4 

1 2 8  

1 2 3  

1 09 

9 1  

8 3  

7 4  

6 7  

6 2  

5 9  

1 6 4 

1 5 3 

1 30 

1 1 5 

95 

89  

83 

79  

82  

79 

40 

25 

7 

6 

4 

6 

9 

1 2  

2 0  

2 0  

UC UH 

6 5 0  

5 94 

5 4 4  

5 1 2 

5 16 

5 1 7  

5 26 

5 3 5  

5 30 

5 32 

8 6 5  

7 2 3  

6 0 0  

5 6 1 

5 5 3  

5 90 

6 3 4  

6 3 9  

7 6 4  

7 8 1  

* D a t e  when 50% o f  p la n t s  comme nced f lowering on 

ma in s tem 
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B . l . 3  RESULTS 

F l owering d a t e s , t ime f rom sowing to f lowe ring and the degree 

d ay s  ( 5°C base t emperature )  are pre sen t ed in Tab l e  B . l . l .  Days 

from sowing to f l ower ing t ended t o  de crease for both cul t ivar s 

as  s owing be came l ater . U n i c rop was cons is t e n t l y  e a r l ie r  

f l owe r ing a l t hough the d i f f e rence b e tween cu l t ivars w a s  sma l l  

w i t h  sowi ngs between 3 1  Ma y and 6 Sep tember .  Af t e r  2 3  Augus t 

s ow in g ,  days  f rom sowin g t o  f lowe r i n g  in Uni c r op c on t inued t o  

d e c l ine b u t  for Un iharves t t hey tended t o  remain c ons t an t .  Degree 

days for the p e r iod s owing to f l owe r ing decl ined u n t i l  the June 

sowing . Af ter  this  t ime , Un icrop had a re l a t ive l y  s tab l e  number 

of  d egree days whereas those for Un i harves t s t eadi ly increased 

wh ich is c on s is tent wi th the d i f ference in verna l i s a t ion requi remen t 

b e t we en the two cu l t ivar s . 

The spread o f  f l owe ring  for eac h i n f l o rescen ce ( F ig . B . l . l ) was 

a c t ua l ly wider than ind i ca ted . The method of  no t ing when SO% 

o f  the p la n t s  in the p l o t  s t a r t ed and s topped f lowe r ing ind i ca t e s  

t h e  t ime o f  peak f l owering . The general p a t t e rn was for t here t o  

be a sho r t e r  du rat ion of  peak f l owe ri ng a s  sowi ng d a te b e c ome 

l a t e r  e s p e c i a l l y  for lower order i n f lore scen ce s . 

De sp i t e  t he wide range o f  sow i n g  d a t e s , f l owe ring s topped 

comp l e t e ly f or mo s t  d a t e s  over a 4 week period a f t e r  1 Decembe r .  

I t  was ab ou t this  t ime t ha t  water ava i l ab i l i t y  from r a in f a l l  

w a s  d e c l ining sharply  ( F ig . B . l . 2 ) and a i r  tempera tures were 

r is in g . Thus it was prob ab l y  in c r e a s ing p lan t wa t e r  d e f i c i t  

t ha t cause d  f l owe r ing t o  s t o p . E a r l ier sown p lant s  seemed t o  

be more sen s i t ive , p o s s ib l y  d ue t o  t he i r  grea ter l e a f  a r e a  and 

consequ en t  l arger water use . 

Da t a  for t o t a l  seed y i e l d  wa s comb ine d and sub j e c t ed t o  l in ear 

regression ana ly s i s  ( Tab le B . l . 2 ) . There was a goo d  re l a ti onship 

be tween seed we ight and p od number per  p lant w i t h  t ime f r om the 

in i t i a l  sowing . The high c o e f f i c i en t  o f  d e te rmin a t i on ( R2 )  of  the 
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F i g  B . l . 2  Ac c umu l a te d  ne t wa t e r  a v a i l ab i l i t y ( ra i n fal l 

e v a p or a tion ) , n um b e r  o f  f r o s t s  p e r  w e e k  and mean 

w e e k ly a i r  tem p e r a tu r es f o r  L he 1 9 7 3 / 4 se ason. 
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regre s s i on seed we ight w i t h  pod numbe r would indi cate that p od 

number was the main compon e n t  i n f l uenc ing seed y i e ld in thi s s tudy . 

In Fig . B . l . 3  i t  i s  apparen t that , espec i a l ly f o r  Uni crop , the 

lower order s e q uences gene ra l ly had a l ower seed y i e l d  at the 

early s owi ngs ( 7  Ap ri l - 25 June ) compa red wi t h  later s owings . 

First  orde r l a t e ra l  b ranches 1..re r e  the mos t af f e c t ed . For Uni crop , 

this means that t o t a l  s eed y ie ld d i d  not  s i gn i f ican t ly change 

for the s e  s owings and , for Un iharve s t , t he s eed y i e ld was not  

as  high as wou ld be  exp e c ted from the  l i near regre s si on . 

TABLE B . l . 2 :  

X y 

* * 
Date Seed 

* 
Date  Pods 

Pods Seed 

* 

Re su l t s o f  l i n ear regre s s i on ana ly s i s  o f  seed 
we i gh t  per p l an t , pod number per  p lant and 
t ime f rom s owi ng . 

a b R
2 

S E  

72 . 7  -0 . 2 8 2  0 . 78 8 . 7 

1 2  2 .  1 - 0 . 4 7  0 .  7 7  1 5 . 2 

1 . 4 0 . 5 7 0 . 93 4 . 8  

Date  - sowi ng t i me i n  n umb e r  of  days f rom 1 Ap r i l  

Pods - number o f  pods p e r  p lan t 

Seed - we i ght o f  dried seed / p l ant ( g )  
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B . l . 4 D I SCU S S I ON 

Because o f  the l onger dura t i on o f  f l owering from the e a r l y  

s owings , t h e r e  wo u l d  seem to be some p o t e n t ial  f o r  increased yie l d s  

f rom au t umn/winter s owings a s  i nd i c a t ed b y  o t h e r  workers ( s e e  

Sect ion A . 4 . 3 ) .  The seed y i e l d  howeve r ,  d i d  not  real ise  t h i s  

p o ten t ia l  f or reason s that we re not  c lear except t h a t  i t  w a s  ear l y  

inf lo re scences wh ich were ma i n l y  a f f ec t e d . Lack o f  respon s e  t o  

sowing da t e s  over the same pe r i od wa s a l so n o t ed b y  Gars ide ( 1 9 79 ) . 

Three po s s ib i l i t ie s  for the l ow y i e ld f rom the l owe r 

in f l o re scences  are : 

( 1 ) Shad ing o r  c ompe t i t i on by t he highe r order branche s . ln 

Fig . B . l . 3 ,  t he y i e l d  o f  l ower o rder branches increased when 

the yie l d  ( and n umbe r )  of higher ord e r  b ranc he s  decreased . 

Howeve r ,  i t  shou l d  b e  noted tha t the p l an t s  in this experimen t 

were wide l y  s paced and any shad ing e f f e c t  sho uld be l es s  t h an a t  

norma l spa c i ngs . On the o the r h and , gr ow th o f  l a t e r a l  b ranches 

may h ave been gre a te r  t han a t  no rma l spac ings so any in t r a-p l an t  

compe t i t ion may have been increased over norm a l  spac i ng . 

( 2 )  Fros t s  a t  f l owering may have been a fac tor as  during t he 

f lower ing o f  the l owe s t  two sequences of  t he f irst four sowing d a t e s  

a number o f  ground f r os ts  occurred ( F i g . 8 . 1 . 1 ,  8 . 1 . 2 )  so i t  i s  

possib l e  t ha t  l ow t emp erature s caused pod l o s s . 

( 3 )  Mode rate l y  severe in fec t i on o f  the f un ga l d i sease s 

Ple iochae ta se tosa an d Stemphy lium ves ica�ium were no t e d  e s pe c i a l l y  

o n  ear l y-sown p l an ts a nd t hese d iseases  have been shown t o  cause 

shrive l l ing and l o ss o f  pods and seed ( M i l n e , 1 9 64 ; Tat e , 1 9 6 8 ) . 

The redu c t ion i n  y i e l d  with d e layed sowings in the spring was 

very s igni f i ca n t .  Th is  t r end ma y have been ac cen tuated by a dry 

December .  In years o r  d i s t ric t s  with  h igher rainf al l  in the 

c r i t i c a l  l a te spring/ summer peri od the d r op in yiel d  may not b e  so  
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seve re . The main e f f e c t  o f  mo i s t ur e  s t ress ap peared t o  be on t he 

p r od u c t i on o f  new l a t e r a l  i n f l ores cence s . In i t ia t i on o f  b ranche s , 

l e av e s  an d f l ower s  are a l l  s en s i t i v e  t o  wa t e r  s t re s s  ( F i s cher and 

Hagan , 1 96 5 ; Sal t e r  and Goode , 1 9 6 7 ; Ga t e s , 1 9 6 8) , G a t e s  ( 1 9 6 8 )  

showed t h a t  leaf  p r imo rd ia p roduc t i on in L .  albus c a n  r e s t a r t  

a f t e r  sho r t  peri ods o f  s t re s s  are re l i eved so  i t  i s  p o s s ib le t ha t  

in f lorescence deve l opmen t cou ld re sume i f  su f f i c i en t  mo is ture  was  

s upp l ied be fore i rr iv e rs ib le  cha nge s o c cu rr e d . The r e f o r e , unless  

good s umme r wa t e r  supp l y  can be a s sured i t  wou l d  seem sow i n g  ear l y  

in  s p ring wou ld be de s i r a b l e .  

The re would seem t o  be l i t t le Ji f ference  b e tween t he t wo 

cu l t ivars t e s ted i f  they a r e  sown b e fore mi d-Sep t emb er .  A f t e r  

t h i s  t ime ,  Unic rop wou l d  s e e m  t o  be p r e f e r re d  because o f  i t s  

e ar l i e r  f l owe ring whi ch wo u l d  p robab l y  be a p a r t i cu la r  a dv an tage 

on f ree-d r a i n i n g  soi l s  and i n  summe r-dry envi ronme n t s  whi ch was  t he 

in i t i a l  reason for b re e d i ng Un i c rop (G lads t one s , 1 9 7 7 ) . 

B .  2 THE EFFECT OF SOW I NG TIME A N D  P LA N T  POPULATI ON ON FOUR 

CULTI VARS OF LUP I NS 

B . 2 . 1 I NTRODUCTI ON 

This s t udy was car r ie d  o u t  c o n cu rre n t l y  wi t h  t hat  p revious l y  

repo r t e d  ( Se c t i on B . l )  and was d e s i gned t o  comp le men t  the 

in f o rma t i on expe c t e d f rom that  e xpe r ime n t . Lup in p lan t s  sown a t  

l ow den s i t i e s  d i f fe r  grea t l y  i n  s i z e · due t o  t he gre a t e r  deve lopme n t  

o f  l a t e r a l  b ranches f rom e a r l y-sown p l an t s . I t  wou l d  be  expe c t e d  

t h e re fore that  t he re cou l d  be a n  i n t e ra c t ion b e tween sowing d a t e  

a n d  p lant p opu l a t i on ( S i nha , 1 9 7 7 ; G l ad s t ones , 1 9 7 7 ;  Corb in ,  1 9 7 8a ) . 

In add i t ion i t  was t hough t valuab l e  t o  repea t t he c u l t ivar 

comp a r i son repo rted e a r l i e r  by  W i t he rs ( 1 9 7 3 )  in wh i ch the r e  w as 

l i t t le d i f f e rence be tween the c u l t i va r s Un i whi t e , Uniharv es t  and 

U n i crop in t e rms of seed y i e l d . I t  was dec ided  t o  i n c lude t he 

L . l u teus cu l t ivar Weiko I l l  i n  t h i s  t ri a l  f o r  a l t hough i t  u su al ly 
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h as lowe r seed yie l d ,  i t s  s eed protein content ( 42 % )  i s  much 

h i gh e r  than L.  angus tifo lius cu l t ivars and i t  has be t te r  p r o tein 

qual i t y  (G l ads t one s ,  1 9 7 0 ) . The h ighe r seed pro t e i n  leve l means 

a p remium p r ic e  shou ld be war ranted whi c h  could c ompens a t e  f o r  

any l ower y i e l d . 

B . 2 . 2  MATER IALS AND �ffiTHODS 

F our cu l t ivars ( Uniwhi t e , U n i harve s t , Unic rop and We i ko I l l )  

were comp ared a t  t h ree spa c i n gs whi ch were 1 1 ,  8 and 4 cm s pa c ings 

w i t h in constant 1 8  cm rows . These gave p lant pop u lat ions of  
2 

app roxima tely  5 0 , 70 and 1 4 0  p l an t s /m . These spac ings we re 

achieved by sowing at  a s l i gh t ly higher ra te with a S t anhay spacing 

dri l l  and t hinning by hand to the req uired densi t y .  P lant s  were 

therefore not exac t l y  equid i s t an t  b u t  were t hinned to p roduce as 

even a s t an d  as  p o s s i b le at t he requi red in t rarow den s i t y  when 

mea s ured over a me t re l ength . 

Thi s  was repea ted a t  t hree s o w i ng dates  ( 1 6 Apr i l ,  2 0  July 

and 2 O c t obe r 1 9 7 3 ) . The expe r imen t a l  des ign a t  e ach was a s p l i t 

p l o t  randomised b lock w i t h  f our rep l i c a t e s . Rep l i c a tes  o f  e a c h  sowing 

date  we re howeve r a l l oc a t e d  at ra ndom to pos i t ions w i thin the a rea 

to m inimise the i n f luence o f  s o i l  d i f ferences on the t ime o f  sowing 

e f f e c t s . Main p lo t s  were p l an t  den s i t y  w i t h  cu l t ivars as the sub

p l ot s .  Each sub-pl o t  wa s 7 m long by 8 rows wide . At maturi t y , 

5 m o f  t he cent re 4 rows we re h a rves t e d  and mea surement s made o f  

the numbe r o f  p roduct ive p l an t s  and seed yield of each order o f  

b ranche s . 

The s o i l  type was Manawatu f i ne s andy l oam wh i c h  is  f ree d r aining 

w i t h  poor mo is ture re tent ion . Fe r t i l iser app licat ion and weed 

cont ro l were t he same as for the previous experimen t  ( S e c t ion B . 1 . 2 ) . 
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B . 2 . 3  RES U LTS 

Because o f  poor eme r gen ce , the  p l ant numb e r s  of t he 70 p la n t s /m 

spac ing o f  the Apr i l  sowing an d t he We iko I l l  cul t ivar a t  t he July 

sowing were t oo low or  too var iable so  they were e xc luded from 

t he exp e r ime nt . The d e s i red  p l an t pop u l a t i on s  we re a t t ained i n  

a l l  other t reatmen t s . Some form o f  s o i l  v ar i a t ion no t v is u a l l y  

apparent  c a u s e d  marked d i f f e rences  i n  p lan t growth w i t h i n  some 

p lo t s . The resu l tan t l o s s  of r e p l i c a t ion and  incre ased var i a ti o n  

cons ide rab l y  reduced t h e  sens i t i v i t y  o f  t he e xper imen t .  

Th ere was no s i gni f i cant  d i f f e rence  i n  seed y i e ld b e tween p la n t  

p o p u l a t i o n s  a t  a l l sowi ng t i me s ( Tab l e  8 . 2 . 1 ) .  An imp o r t an t  

fac t or a t  t he high pop u l a t i o n  was t he l a rge numb er o f  p l an t s  which 

d i d  not  p roduce seed . P l a n t  surv i v a l wa s e s pe c i a l ly l ow in t he 

a u t umn sowi ng . Bo t h  pop u l a t i ons a t  t h i s  t ime we re red u c e d  t o  
2 

1 7 - 1 8  p l / m  a t  harv e s t  but for  l a t e r  suwi ngs f i nal popu l a t ions 

we re s t i l l  app rox ima t e l y  p ropo r t i o na l to  the  i n i t i a l p o p u l a t ions . 

Th i s  may i n d i ca te t h a t  compe t i t i on  was much mo re impor t an t  at  t he 

a u t umn sowing than at the s p r ing sow ing s .  

2 

,_._ I 

Seed y i e ld o f  the cu l t i vars  was s i mi l a r  w i t h in t he a u t umn and 

e a r l y  s p r ing sowi ngs ( Tab l e  8 . 2 . 2 ) . At t he l a t e  s ow i ng however , 

s igni f i cant  d i f f e renc e s  between c u l t i va r s  were app arent .  The seed  

y ie l d  a t  t h i s  t ime was  related  to  t he s t a r t  o f  f lowe r i n g . Uni c rop 

commenced o n  2 9  Novembe r ,  \.Je iko I l l  on 1 7  De cember and  t he o t he r two 

on  22 De cembe r .  As this was a t ime when t he soi l wou l d  have been 

d r y i n g  rap i d l y  ( F i g .  B . l . 2 ) ,  f l owe r i ng a few d ays ea r l i e r  wou l d  have 

b e en import a n t  in enab l i n g  pod s t o  be s e t . Y i e ld of Un i c rop was 

a l so a s s i s t ed by  a s l i gh t l y  h i ghe r numb e r  o f  p l ant s produc i ng seed . 

Aga i n  this  may have been due t o  i t s  f l owe r ing under be t te r  

envi ronment a l  cond i t i on s . 

' I C 

.. _ r .-4 



TABLE B . 2 . 1 :  

Sow ing Time 

Ap r i l  

Ju l y  

Oc tobe r 

TABLE B . 2 . 2 : 

Sowing Time 

Ap r i l  

Ju ly  

Oc tober 

5 5 . 

2 
Seed we i gh t  p e r  m and p e r  p lant ; p e r cen t age o f  
s own p l ant s  wh i ch p roduced s eed f o r  three s owing 
d a te s . Seed y i e l d  on oven-dried b a s i s  

Den s i t y  Seed Wei gh t  % p roduc t ive 
p l /m2 g/m2 g/p l an t  p lant s  

5 0  1 1 3 a 7 . 1 A a 34 A a 

1 40 9 2  a 4 . 2  Ab 1 3  Bb 

5 0  1 8 7  a 4 . 3  A a 9 4  Aa 

7 0  1 9 8 a 3 . 1  Bb 89  Bb 

1 4 0 1 7 5 a 2 . 4  Cc 7 4 Cc  

50  1 1 2 a 2 .  7 A a 9 3 A a 

7 0  1 2 5  a 2 . 4  A a 8 1  Bb 

1 40 9 3  a 1 . 2  Ab 5 5  C c  

Dun can l e t te r i ng a p p l i e s  t o  within  sowi ng 
d a t e s  on ly 

Seed we i gh t  
2 

and pe r p l ant ; p e rcentage of pe r m 
sown p l ant s whi ch produced seed for e ach 
cul  t ivar at each sowing 

Cul t ivar Seed we igh t % prod uc t iv e  
p lants 

g / m2 g / p l a n t  

Un iharve st  8 1  a 5 . 2  a 2 1  a 

Un i c rop 99 a 5 . 9 a 2 2  a 

Uniwh i t e  1 1 7  a 6 . 0  a 2 4  a 

We iko I l l  1 1 5  a 5 . 6  a 2 9  a 

Uniharv e s t  1 9 1  a 3 . 1 d 8 8  A 

Unicrop 1 96 a 3 . 5  a 8 1  B 

Un iwh i t e  1 9 2  a 3 . 2  a 8 7  A 

Un iharves t 8 8  c 1 . 5 c 7 3  B 

Un i c rop 1 9 0  A 2 . 9  A 89 A 

Uniwh i t e  8 2  c 1 . 5  c 70 B 

We iko I l l  1 2 9 B 2 . 4  B 75 B 
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Fig . B . 2 . 1 shows t he yield f rom the various branch orders f o r  e a ch 

cul t ivar a t  each sowing . The con tribution f rom the lower b ranch orders 

i s  great ly d i f fe rent be tween the sowing dates . Some o f  t h is e f f e c t  

�ould b e  du e t o  the d i f ferent number s o f  p lan t s . However ,  the yield 

of main s tems was O . l g / p lan t  from autumn s owing and 0 . 4 4g / p lant 

f rom the Ju ly s owing s o  t he re was a direct  e f f e c t  on the p lant 

i t se lf . Wi t h in the autumn sow ing , t he re s eemed also t o  b e  

compens a t io n  w i thin each cul t iva r .  For example , i n  Unicrop , low 

yield s  from the main stem and f i r s t  'order late ral s t ems was 

compen sated for by higher y ie lds f r om third and fou r th order lateral  

s t ems compared with Un iharves t .  

B . 2 . 4  D I SCUS S I ON 

The re su l t s  f rom the t hree sowing dates conf irmed a t rend that 

was apparen t in the p revious experime n t  viz. autumn s owing may not 

produce highe r yields than ear ly spring sowing . The inadv i sa bi l i t y  

of de laying sowing un t i l  O c t ober wa s a l so conf i rmed . 

Despi te  the h ighe r yields per plant f rom au tumn sowing this 

poten t i a l  is no t go ing t o  be rea l i sed in te rms of yield p e r  unit 

area if high p lant l o s ses are to be experience d .  The p lant death 

may ar i se f r om intense compe t i t ion caused by exten s ive lateral  

b ranch p roduction of  early-sown p lan t s . Another exp l an a t i on may 

be the e f f e c t  o f  the foliage d i seases no ted in the p revious s tu dy . 

Withe rs ( unpub l i shed resu l t s )  has shown tha t e x tens ive death of  

autumn-sown p lants can arise from these d i seases and the ef fect  

can be mo re severe a t  high dens i t ies . I t  i s  

possib l e  that a large numbe r o f  t he non-product ive p lant s  were 

kil led or s tunted by disease and surv iv ing p lants e xp anded t o  

produce the relatively high yield per  p l an t . Pleioohae ta setosa 

and Botry tis ainePea c an both i n fect p l ants serious ly during coo l wet 

weather (G lads tone s ,  1 9 7 7 ) . 

The lack of response t o  p l an t  population w ithin e ac h  s owing d a te 

suppo r t s  the conclus ion o f  Herbe rt ( 1 9 7 7 c )  tha t  a wide r ange of  



Seed 

yield 

UH UC UW W 

April  sowing 
UH UC UW 

July sowing 
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Cultivar 

UH - Uniharvest 

UC -Unicrop 

UW- Uniwhite 
W - Weiko Ill 

UH UC UW W 
O<:tobftr aowing 

Branch order 
r1 t L.J 

02 
�3 
ITJ4 
[ills 

Fi g .  8 . 2 . 1 To t a l  y i e l d  and y i e l d o f  b ran ch orders ( 1 = main s t em , 

2 = 1 s t  o rd e r  l a t e ra l , 3 = 2nd order la t e r a l ) . 
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dens i t i e s  can give good seed y i e lds . Sowing r a t e  woul d  t Lus seem 

t o  have a minima l  e f f e c t on  seed yield c ompared with the e f f e c t  

o f  sowin g  date . The re was no  i n terac t ion o f  sowing d a t e  and rate . 

I t  should be n o t ed that t he y i e l d  leve l over the whole experime n t  

was low possibly re f l ec t ing the poor wa t e r  re t e n t ion of  t he s o i l  

and t h e  q u i t e  ear l y  onse t o f  dry cond i t i on s  i n  Dec emher (F i g . B . 1 .  2 ) . 

Thi s  low y i e ld leve l may have interfered wi t h  any p o t e n t i a l  

re sponse t o  the t re a tme n t s . 

I t  i s  a l so appar en t that  the re was no  d i f f e rence b etween t he 

y i e l d s  o f  Un iwhite , Un iharve s t  o r  Un ic rop when sown en r ly . This  

wou ld be  be cause the main d i f f e rence be tween them i s  in the i r  

response t o  vern a l i s a t i on ( Se c t i on A . 3 . 2 . 1 ) a n d  once t h i s  i s  

s a t i s f i ed the re shou ld b e  l i t t l e  d i f f erence be twee n them in  

f lowe r i n g  re spon se and o ther impo r t an t  , · ha rac t er i s t ics . Onl y  at  

the latest  sowing when Uniwh i t e  and Uniha rve s t  were incomp l e t e ly 

ve rnal ised were d i f f e rences app aren t .  Th is e f f e c t  was accentuat ed 

by the d r y  environme n t a l  cond i t i ons during e a r l y  f l ower i n g  o f  

this s owin g .  

We iko I l l  had very s a t i s fac t ory y ie l d s  compared w i t h  the 

L. angus tifo lius c u l t ivars consi d e r i n g  t he rep o r t s  of  poor 

yie lds  f rom this cu l t ivar ( G l ads tones , 1 9 59 ; S toke r , 1 9 7 6 ) . 

Garside ( 1 9 7 9 ) , in Ta sman i a ,  f ound tha t We iko I l l  a l so y i e lded 

r e l a t ive ly we l l  f r om l a te sowin g . He a t t r ibuted this to t he l owe r 

vernal i sa t ion requi reme n t  and g reater respon se t o  long day s . In  

this case i t  f l owe red 3 we eks earl ier t han U n iwhi t e  and Uniharv e s t  

and it s main advan t age seemed t o  b e  i t s  ab i l it y  to s e t  a good s e ed 

y i e l d  on  i t s  ma in s t em in f lo r e scence und e r  d r y ing c o nd i t ions . A t  

the Apr i l  sowing i t  was also able t o  p roduce s imi lar yields  t o  t he 

o ther cul t ivars . I t  t ended t o  p roduce a sma l l e r  numb e r  o f  l a t e ra l  

s tem orders a t  t h is t ime b u t  had h ighe r  y ie lds on the main s tem 

and f i r s t order l a t e ral b ranch . Desp i t e  fewer l a t e ra l  branch o r d er s ,  

the propo r t ion o f  produc t ive p l ants for We iko I l l  was s im i l a r  t o  

L. angus tifol ius cu l t iva r s . Mo s t  p l o t s  o f  We i ko I l l  a t  the aut umn 
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sowing lod ged and th is  may have had some e f f e c t  on p l an t  surviva l .  

I t  a l s o  sho u l d  be no t e d  t ha t  in the t wo sowing t imes where c omp a r i son 

wi t h  L .  angus tifo l ius was pos s i b le , ove rall yields were r e l a t ive ly 

low . I t  was not shown tha t We iko I l l  cou ld adj us t  t o  highe r y ie ld 

l eve ls . 

A c omp ar i son of  F ig .  B . l . J and F i g .  B . 2 . 1 .  w i l l  s how t h a t  the  

red u c t ion in yield o f  the lowe r l a te r a l  b ranches is  g re a t e r  for 

Unic rop compared wi th Uniharve s t  wh ich may ind i c a t e  a grea t e r  

susce p t ab i l i t y  o f  Un icrop to  this c au se o f  yie l d  reduc t ion . 

B . 3  A SPAC I NG AND DEFOLIATION S TUDY 

B . 3 . 1 INTRODUCTI ON 

Da t a  in p revious sec t i ons ind i ca t e d  that seed y i e l d  in h igh 

y i e l ding crops or ig ina t e d  large ly f r om la t e ral inf lorescences . I t  

was a l so ob served that  p l an t s  wh i ch had t he ma in s t em meris t em 

remove d  a t  an early stage grew mo r e  l arge lateral  b ranches t h an 

undefo l i a t e d  p l an t s . Should t he se extra branches produce s u f f icient  

seed  to  more t h an compensa te for the loss  of t he ma in s t em 

inf lorescence , extra seed y i e l d  may be p roduced af t e r  ear ly 

d e f o l i a t ion c ompa red wi t h  unde f o l i a t ed p l an t s .  An exper imen t  was 

d e s igned to t e s t  t h i s  hypothe s i s . 

As p lan t popu l a t ion cou l d  ma rked l y  in f luen c e  the r esponse of  

l a t e r a l  b ranching to the removal of  ap i ca l  dominance , i t  was 

d e c i d e d  to  inc l ude p lan t d en s i ty a s  a f ac t or in this exp e r ime n t . 

The previous exp e r iment had n o t  shown any marked response t o  p lan t 

d e n s it y  poss ibly due t o  ad j us tmen t in p lant numbers . A wide r  range 

of dens i t ies was t r ie d  in  this  expe r iment as popu l a t ions in the 

p r evious s t ud y  may have been t oo high . Mo re d e t ai le d  informa tion 

on the e f f e c t  of spacing on p l an t growt h than was ob t ained p reviously 

was a l so req u i red . 
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B . 3 . 2  MATERIALS AND METHODS 

Two s epara te exp e r imen t s  wi th the same b a s i c  des i gn were s own 

a t  Massey Un ive r s i t y  on 25-26 Ap r i l and 1 - 2 O c t ober 1 9 7 4 .  Seeds o f  

L .  angus tifo lius cv . Un i c rop we re s own b y  hand in rows 2 0  cm 

apart and 5 ,  1 0 ,  2 0  and 30 cm a pa r t  w i thin t he r ow ( equ iv a l e n t  t o  

1 00 ,  5 0 , 2 5  and 1 7  p l / m2 ) .  I n  order t o  c on t a in the experiment s  

within the t ime ava i lable  for sowing and l a ter  defo l i a t io n  

t rea tmen t s  a n d  the amoun t o f  land ava i l ab l e , p lo t s  h a d  e qu a l  p l an t  

numbe r s  rather than e q u a l  p l o t  s i z e . Three seeds per  pos i t i on 

were sown and t h inned t o  one per p o s i t i on a f t e r  emergenc e . Thre e  

defo l i a t i on t r e a tme n t s  we re i mposed ; n i l , ear l y  and l a t e  " t opp ing" . 

The ear l y  t rea tment  was to remove the t op o f  the p l an t  w i t h  s c i ss o r s  

when t h e  p la n t  had reached 7-8  exp anded leaves s o  t h a t  5 expanded 

leaves rema ined on  the main s tem.  The l a t e  t r eatme n t  was imposed 

when t he ma in s t em f lowe r bud was j u s t  v i s i b l e . Sixtee n  l e aves 

remained o n  the mai n  s tem . 

The design was a sp l i t  p l o t  randomised b lock w i t h  5 rep l i ca t ion s .  

Popu l a t i on s  we re ma in p l o t s  and d e f o l i a t i o n  treatmen t s  wer e  sub

p lo t s . Pr io r  to s owin g ,  a dre s s ing o f  4 8  kg P /ha and 1 1 2  kg K/ha 

as p o t as s ic sup erphospha t e  was app l i ed . A t r a z i ne a t  1 . 1  kg/ha was 

app lied p r ior to emergence and prov ided good weed c on t ro l . 

Ear ly h arve s t s  c o nsis t in g  o f  2 p l a n t s  per  sub-p l o t  wer e  made 

on 1 4- 1 5  Augu s t , 1 7 -20  Sep tember and 1 8-20 October for au t umn-sown 

t reatment s  and on 5 - 7  De cember and 7 - 9  January for sp r ing-sown crop s .  

Harve s ted p la n t s  we re d i s sec t ed in t o  vege t a t ive and reprodu c t ive 

c omponen ts  o f  each s t em o rder wh i ch we re c oun ted , dr ied at 80°C 

for  1 2  h o ur s  and we ighed . A f in a l  harve s t  was made a t  seed ma turit y  

when 1 5  p l an ts per  s ub -p l o t  were samp l ed f o r  seed y i e l d  a nd i t s  

compo nen t s . 
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B . 3 . 3  RESULTS 

The E f f e c t s of Spac i ng 

The dry we igh t  o f  each b ranch order d e c l i ned as p la n t  density 

increased ( Tab le B . 3 . 1 ) .  Th is e f f e c t  was apparen t at  the f ir s t  

harve s t  o f  the autumn sowing a n d  wa s due to lower indiv i dual branch 

we igh t  and fewer bran ch- numbers ( Tab l e  B . 3 . 2 ) . Higher order 

b ranches were more a dve rsely af fected . From the f ir s t  h arves t  o f  

the autumn sowing ( Table B . 3 . 2 ) , i t  wou l d  appear that b ranch 

numbers were affected early in growth and before individual b ranch 

dry we igh t ( Table B . 3 . 1 ) .  

TABLE B . 3 . 1 :  E f f e c t  of p l ant spacing on the dry wei gh t  
o f  lat e ral s tems per p l an t f rom ear ly harve s t s  

Autumn- Sown H arve s ted 1 4 - 1 5  August ( 1 1 0 days f rom sowing) 

P l an t  spacing D . W .  of la tera l b r anches Mea n  D . W . / la t e r a l  branch . .::--
1 s t Order 2 nd Order 1 s t Order 2 nd Order 

30 0 . 7  A 0 . 1 5 a 

2 0  0 . 6  A 0 . 1 5 a 

1 0  0 . 3  B 0 . 1 1  a 

5 0 . 3  B 0 . 1 2 a 

Au tumn- Sown Harve s ted 1 7 - 2 0  Sep tember ( 1 40 days f rom sowing )  

30 2 . 8  A 2 .  1 A 0 . 63  A 0 . 2 3  A 

20 2 . 8  A 1 . 6 AB 0 . 59 AB 0 . 1 9 AB 

1 0  1 . 6 B 1 . 0  BC  0 . 48 AB 0 . 1 7  AB 
5 1 . 1  B 0 . 3  c 0 . 3 7 B 0 . 08 B 

SJ2ring- Sown Harv e s ted 5 - 7  De cember ( 6 3  d ays f rom s owing)  

30 6 . 3  A 1 . 4 A 0 . 5 6 A a 0 . 0 6  A 

2 0  4 . 8  B 0 . 8 B 0 . 46 ABb 0 . 0 5  A 

1 0  3 . 2  c 0 . 5  c 0 . 3 5 BCc  0 . 03 B 

5 2 . 3  c 0 . 3  c 0 . 2 8 C c  0 . 02 B 
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TABLE B . 3 . 2  E f f e c t  of sp acing on the n umb er of l a t e r a l  s t ems 
p e r  p lant f rom ear l y  harve s ts 

Au t umn-Sown 
1 4 - 1 5  Augus t 1 7 -20  Sep t embe r  

l s t  Order 1 s t Order 2nd Order 

3 0  

2 0  

1 0  

5 

Au t unm-Sown 

6 . 1  A 

5 . 4  A 

3 . 6  B 

2 . 8  B 

1 8-20  O c t obe r 

4 . 2  A a 9 . 0  A 

4 . 7  Aab 8 . 8  A 

3 . 7 Ab c 5 . 6  B 

3 . 2  B e  3 . 1 c 

1 s t  Ord e r  2 nd O r d e r  3 rd Order 4 th O rd e r  

30  

2 0  

1 0  

5 

Spring-Sown 

1 s t 

4 . 3 A a 

3 . 3  Bb 

2 . 8  Bb 

2 . 9  Bb 

5 - 7  Decemb e r  

Order  2 n d  O r d e r  

1 0 . 0  A a 

8 . 4  AB a 

6 . 3  BCb 

4 . 7  BCb 

* 
2nd 

1 8 . 8  A a 1 2 . 5  A 

1 2 . 8  Bb 9 . 8 AB 

8 . 1  BCb 3 . 7  BC 

5 . 8  C c  1 . 1  c 

7 -9 January 

Order 3 rd Order 4 th 
Order 

3 0  

2 0  

1 0  

1 3 . 7 A 2 5 . 8  A 8 . 4  A 1 9 . 4  A 2 2 . 5  A 

1 3 . 0 A 1 5 . 9  B 7 . 3  A 1 2 . 4  B 1 7 . 6  B 

1 2 . 6 AB 1 0 . 6  B 4 . 2  B 7 . 2  c 9 . 3 c 
5 1 0 . 8 B 5 . 6  c 3 . 5  B 5 . 6  c 4 . 9 D 

* 
1 s t order omi t t ed  to  save space ; s imi lar 

t rends to e a r l i e r  h a rve s t . 

The trend o f  f ewe r b ranch numbe r s  w i t h  in c reased p lant den s i t y  

con t inued up t o  t h e  f in a l  harvest  (Tab l e  8 . 3 . 3 )  when the numb e r  o f  

f er t i l e  i n f l o res cences ( t hose wh i ch p roduced a t  le a s t  one fu l ly 

d eveloped see d )  we re f ewe r w i t h in a b ranch o rd e r  as dens i t y  increase d . 

A t  t he f inal  h a rve s t  o f  the au tumn sowing , there we re no f e r t i le 

in f l o re scence s on f ir s t  order l a t eral  branches ( or t he mai n  s tem 

of unde f o l i a t ed p l an ts ) . The third order an d higher l a t e r a l  

b ranches were t h e  mos t re spon sive t o  spacing.  Sp r i n g- s own p la n t s  we re 

ve ry respons i ve t o  spac ing ove r bo t h  l a t e ra l b ranch o rders . 



6 3 . 

TABLE B . 3 . 3 : E f f e c t  o f  sp a c i ng on  the number o f  f e r t i l e  
i n f lo re s cences p er plan t  f o r  e ach b r anch order -

f inal harve s t 

Au tumn-Sown 

P l an t  spac i n g  Branch Order Numbe r  

l s  t 2nd 3rd 4 t h  5 t h  

3 0  0 2 . 5  a 3 . 3  A a 4 . 0  A a 1 . 2  Ab 

2 0  0 2 . 2  a 3 . 1  A a 2 . 4  ABb 1 . 6 A a 

1 0  0 2 . 1  a 2 . 4  ABb 2 .  1 B C c  0 

5 0 1 . 1  a 1 . 6 B e  1 . 3  Cc 0 . 5  B e  

SEr ins- Sown 1 s t  2 nd 

3 0  3 . 7  A a 4 . 3  A a 

2 0  2 . 9  ABb 3 . 1  Ab 

1 0  1 . 9 B Cc 0 . 5  B e  

5 1 . 3 Cc  0 . 3  Be 

The ove r a l l numb er o f  i n f l o re s c ences  and pods per p lant 

( Tab l e  B . 3 . 4 ) reduced as  den s i t y  i n c t eased . The numb e r  o f  pods  

p e r  p l an t  was the main c omponent con t ribu t in g  t o  the seed  yie l d /  

p l a n t  ( r  = 0 . 9 6 9 )  b u t  pod n umber i n  t urn was d e t e rmined b y  the 

number of f e r t ile  inf l o re s cences per p lan t ( r= 0 . 88 4 ) . A l l  

o t h e r  compon e n t s  o f  y i e l d we re re l a t ive l y  s t ab le .  Thu s  t he weigh t 

o f  seed p e r  p l an t  sub s t an t i a l l y  reduced as  p l an t  density increase d . 
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TABLE B . 3 . 4 :  E f f e c t  o f  spac i n g  o n  y i e l d  per  p l a n t  and 
component s of y ie l d  - f ina l harve s t  

Au t umn-Sown P l an t  sp acing 

5 cm l Ocm 2 0cm 30c m  

Seed yie l d / p l an t  ( g )  
Fe r t i l e  in f l orescen c e s /  

p lan t 
No . pod s / i n f l o rescence 
No . pod s / p l an t  

3 . 9  

3 . 4  
3 . 0 

1 0 . 2  

Cd 

c 
A ab 
Cd  

5 . 2 BC 

5 . 5  B 
2 . 5  Ab 

1 3 . 7  Cc 

7 .  1 B 1 1 . 0 A 

6 . 7  B 8 .  7 A 
3 . 1  A a 3 . 3  A a 

20 . 7  Bb 2 8 . 7  A a 
No . seed s / po d  3 . 7  a 3 . 9  a 3 . 8  a 4 . 0  a 
Hun dred s ee d  we ight ( g ) 

Spring-Sown 

Seed y ie l d /p l ant ( g )  
Fert i l e  in f l o rescen c e s /  

1 1 . 4 a 

2 . 8  D 

2 . 5 C d  
2 .  1 B 
5 . 2  D 

1 1  . 2  a 

5 . 2 c 

4 .  l Cc 
2 . 3  B 
9 . 3 3 c 

1 0 . 9 a 1 1 . 1  a 

1 0 . 3 B 1 5 . 2  A 

7 .  7 Bb 1 0 . 6  A a 
2 . 6  A 2 . 9  A 

1 9 . 3 B 2 7 . 7  A 

p lan t 
No . po ds / i n f l o r escence 
No . pods / p l an t  
No . seed s / pod 3 . 3 a 3 . 3 a 3 . 2  a 3 . 4 a 
Hundred s e ed weigh t ( g ) 1 4 . 5  a 1 4 . 5  a 1 3 . 8  a 1 3 . 6  a 

Duncan le t ter ing app l i e s  w i thin hor i zon t a l  l in e s  on l y  

2 
Seed y i e l d  ( / m ) over a l l d e fo l i a t i o n  t re a tment s  was unrespons ive 

to spac i n g  at the spr ing sowin g  b u t  a t  t he au tumn sowi n g , y i e l d  

in creased a s  spacing decreased b e l ow 2 0  cm . (Tab l e  B . 3 . 5 ) . The 

l ack of re spon se to the spring sow i ng was d ue to oppos ing t rends 

in  the de f o l i a t i on trea tment s .  Und e f o l i a t e d  p lan t s  were mor e  

responsive t o  spacin g  than d e f o l i a t ed p l an t s a t  b o t h  sowings . 

Ana l y s i s  o f  var iance o f  t h e  unde f o l i a t ed p l o t s  show t h a t  a t  b o t h  

sowing t imes , the y i e l d s  o f  the 5 a n d  1 0  cm spacings were 

s igni f ic a n t l y  d i f f erent  and both  were s igni f ican t l y  d i f f er e n t  f rom 

the 20  and 30 cm sp ac ings wh ich we re no t s i gn i f ican t l y  d i f f e ren t .  
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TABLE B . 3 . 5 :  Y i e ld of oven dried seed ( g /m
2 ) -f inal harve s t  

Autumn sown P l an t spac ing 

Def ol ia t ion 5 cm l Ocm 2 0 cm 3 0 cm Mean 

* 
Nil  542  A 3 34 a 2 1 0  a 2 26 a 3 2 8  A 

Ear l y  2 7 2  B 2 3 5  b 1 5 2  a 1 5 9  a 204 

Late 2 8 3  B 2 04 b 1 7 3  a 1 6 6  a 2 0 7  

Mean 3 6 6  A a 2 5 8  Bb 1 7 8  Be 1 83 B e  

SEr ing-sown 

De f o l i a t ion 
* 

Nil  402 A 3 3 0  A 2 88 a 2 7 2  a 3 2 3  

Ear l y  1 80 c 2 3 0 B 2 3 8  a 250 a 2 25 

Late 2 6 5  B 2 2 8 B 2 4  7 a 2 3 5  a 2 4 5  

Mean 283  a 2 6 3  a 2 5 8  a 2 5 3  a 

*Duncan l e t tering i n  body o f  t ab le app l i e s  t o  w it h in 
col umns on l y  

Au tumn-sown p l o t s  we re simi lar i n  y i e ld t o ,  or l ower in y ie ld , 

than , sprin g-sown p lo t s  except a t  t he 5 cm spac ings . One reason 

f or this  is t ha t  no y i e l d  was ob t ained from the ma in s tem and f ir s t  

o rder l a t e ra l  s tems ( Tab l e  B . 3 . 6 ) , a l though pods were s e t  e ar l i e r  

B 

B 

A 

B 

B 

in growth . Desp i t e th i s ,  autumn- s own p l an t s  p roduced seed f r om 4 

l a t e ra l  branch o rders compared with the main s t em and 2 l a t er a l  

branch orders f r om spring-sown p l ant s .  Except f o r  t h e  5 cm spacing , 

s pring-sown p lants  gene ra l ly ha d a h ighe r y i e l d  from e ach b r anch 

o rder . A t  t he 5 cm spac in g , yi e ld s  f rom the two h ighe s t  y i e l d in g  

ord ers were s im i lar . The superior y ie l d  of au tumn- sown p l an t s  a t  

t h i s  spac ing a r o s e  main l y  from t h e  y i e l d  of t h e  fou r t h  o r d e r  b ranch . 

.J 
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TABLE B . 3  . 6 :  Seed yie ld ( g )  f o r  each branch o rder a t  each 
spac i ng and s owing ( t o t a l  of 15  p l an t s ) , a nd 
number o f  pods on ma in  s tem and f i r s t  order 
l a t e ra l s  o f  the unde f o l i a t e d  aut umn-sown p l an t s  
on 1 8  October 

Seed Y ie l d Branch Order 
* 

Spacing Sowing MS 1 s t 2nd 3 rd 4 th 

5 Au tumn 28  30  1 9  
S p r ing 34 2 6  1 

1 0  Au t umn 2 6  3 7  2 8 
S p r ing 45 4 9  5 

2 0  Au t umn 2 5  5 0  3 9  
Sp ring 59 8 l  3 2  

3 0  Au t umn 5 4  7 5  6 1  
Spring 73  l O l  7 1  

Pod N umbe r  
S p a c i n g 

B ranch 
Order 5 l O  :w 30 

* 
MS 4 . 4  5 . 7  3 . 7  9 . 1.  

1 s t 6 . 9  8 .  l 1 4 . 9  1 9 . 1  

*MS ma i n  s t em 

The Ef f e c t s  o f  De f o l ia t i on 

5 th 

5 

9 

1 2  

4 

De f o l iat ion gene ra l ly d id not  inc rease t he n umber o f  l a t e ra l  

branche s ( Tab le B . 3 . 7 )  except  for s e c ond o r der l a tera l branches a t  

t h e  s p ring sowing a s  a resu l t  o f  t he ear l y  defoliat ion . The 

sign if i c a n t  interac t i ons be tween spac i n g  and d e fo l i a t ion f o r  f i r s t  

order l a t era l s  we re due t o  the ear l y  defo l i a t ion b e ing l e s s  a f f e c t ed 

by den s it y  due p re s umab l y  to  the sma l l e r  number of b ranche s  of th i s  

t reatmen t .  The h ighly s i gn i f i c ant  in t e rac t ion for t he se cond order 

laterals at the 1 7 - 2 0  Sept emb er harves t  wa s due to a very l ow 

branch numb e r  of t he l a te de fo l i a t ion a t  the S cm spac ing ( 0 . 3  

branch e s / p l an t )  compared w i t h  other t r eatmen t s  ( 4 . 8  and 4 . 3 ) , 

whereas , a t  a l l  o th e r  spac ings , numb ers we re s im i lar for each 

defo l i a t ion treatmen t .  
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TABLE 8 . 3 . 7 : Ef fec t of  the defo l ia t ion t reatment s on the 
number of l at e ral s tems p e r  p l an t  - early harve s t s  

Aut umn-Sown 

1 4- 1 5  August 

De f o l i a t ion 1 s t  Order 

Ni l 6 . 8  A 

Early 2 . 8  B 

Late 3 . 6  B 

Spacing x defo l i a tion * 

N i l  

Early 

La te 

S p a c ing x defo l ia t ion 

Spring-Sown 

1 8-20 O c t ober 

1 s t  Order 

4 . 2  Aa 

2 . 5 Be 

3 . 3  ABb 

NS 

5 - 7  Decembe r 

1 s t  Order 2nd Ord e r  

N i l  1 9 . 1  A 1 2 . 6  B 

Early 5 . 5 c 2 2 . 2  A 

Late 13 . 1  B 9 . 4  B 

S p a c in g  x defol ia t -
ion * N S  

1 7 -20 SeEtember 

1 s t  Order 

4 . 9  A 

3 . 3  B 

3 . 7  B 

NS 

2 nd Orde r 

8 . 3  A 

5 . 2  B 

7 . 9 A 

NS 

2nd Order 

7 . 4  A a 

6 . 5  Aab 

6 . 1 Ab 

* *  

3 rd Order 

1 2 . 2  a 

9 . 7  a 

1 2 . 2  a 

N S  

7 -9 Janua ry 

1 s t Order 2nd 3 rd 
Order Order 

6 . 6  A 1 0 . 7 AB 1 2 . 5  a 

4 . 5  B 8 . 9  B 1 3 . 4  a 

6 . 5  A 1 2 . 5  A 1 4 . 9  a 

* ** * N S  

Duncan let t e r i ng a p p l i e s  wi thin 
co lumn s only 

The mean dry we i ght  o f  indivi d u a l  l a t e ral b r anches was increased 

by the early defo l iat ion during the early growth of f i r s t  and second 

o rder lateral b ranches ( Tab l e  B . 3 . 8 ) .  There would appear to be an 

inc re ase in t o t a l  branch d ry we ight f rom the ear l y  def o l i a t ion during 

the early growth o f  each branch o rder bu t t h i s  e f fe c t  was also 

t ransien t . Th is e f f e c t  is more apparen t wi t h  leaf area (Tab l e  B . 3 . 9 ) 
where , for examp l e ,  leaf area o f  the f i r s t  o rd e r  lateral was h ighe s t  

with in the early d e f o l iat ion t reatmen t a t  the 1 4- 1 5  August h arve s t  
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but  on the 1 7-20 Sep t embe r  this  super i or i ty was l os t .  The e ar ly 

d e f o l i a t ed p lan t s  o f t en had a gre a t e r  leaf  area per b ranch than o ther 

t r ea tmen t s .  A t  no s t age however d id d e f o l i a ted p lan t s  have highe r 

t o t al l e a f  area than und e fo l ia t ed p l ant s . The higher l eve l i n t e r

ac t ions in Tab l e  B . 3 . 9  were due l argel y t o  the e a r ly-de f o l i a � �d 

p l an t s  hav ing a wider range o f  va lues  ove r  the r ange o f  den s i t ie s  

c omp a red wi th o t he r d e fo l i a t ion t rea tments . The lowe r order i n t er ac t ion s 

we re a s s o c i a t ed w i t h  a grea t e r  sensi t iv i ty o f  the l a t e-de f o l i a t e d  p lant s  

t o  the h i ghe st dens i t y .  

TABLE B . 3 . 8 :  Ef f e c t  o f  t h e  defo l i a t ion t re a t men t s  on the dry 
we i gh t  ( g ) of l a t e ra l s tems pe r p lant  - early h arves t s  

Au tumn-Sown 
Harve s t e d  1 4 - 1 5  Augus t ( 1 1 0 days f rom sowing) 

D . W .  o f  la t e ra l branche s Me an D . W .  per l a teral b ranc h  

D e f o l i a t i on 1 s t  Order 2nd Order 1 s t  Order 2 nd Order 

Ni l 0 . 5 A 0 . 0 7  B 

Ear l y  0 . 7 A 0 . 24 A 

La t e  0 . 3  B 0 . 0 7 B 

S pac ing x defo l i a t -
i on NS NS 

Harve s t ed 1 7 - 2 0  Sep t emb e r  ( 1 4 0  days f rom sowing)  

N i l 2 . 5  a 1 . 1  B 0 . 4 9 b 0 . 1 4 B 

E a r l y  1 . 9 b 1 . 7  A 0 .  6 1  a 0 . 24 A 

Late 1 . 9 b 0 . 9  B 0 . 5 1  b 0 . 1 2 B 

Spacing x defo l i a t -
ion NS * * NS NS 

SEring-Sown 
Harve s t e d  5 - 7  Decembe r  ( 6 3  days f rom sowing)  

N i l  4 . 5  a 0 . 6 Bb 0 . 2 3 B 0 . 04 B 

E a r l y  4 . 0  ab 1. 2 A a 0 .  7 3  A 0 . 06 A 

La t e  3 . 9  b 0 . 3  B e  0 .  2 8  B 0 . 02 c 

S pac ing x d e f ol i a t -
ion * NS NS NS  
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TABLE B . 3 . 9 :  Ef fec t of the d e f o l i a t i on trea tment s  on the t o t a l  
l eaf area per p l ant ( cm2 ) and l eaf area o f  l at er a l  
s tems - early harve s t s  

Au t umn-Sown 

Harves ted 1 4- 1 5  Aug u s t  

De foliation L . A .  o f  l ateral To t a l  L . A .  
branches 

1 s t Order 2nd Order 

Nil 44 A 1 9 1  A 

Ear l y  5 9  A 1 06 C 

Late 2 3  B 1 3 4 B 

S p ac ing x d e f o l -
ia t i on NS * 

N il 

Ear ly  

Late 

Sp acing x d e f o  1 -
iat i on 

Spring-Sown 

2 3 1 Aa 

1 2 4 Be  

160  Bb 

NS 

Nil  488  Aa 

Ear ly 333  Be 

Late 4 34 Ab 

S p a c in g  x defo l -
i ation * 

Harve s t ed 1 7 -20 Sept embe r 

1 7 2 ABb 

1 7 6 Aa 

1 0 8  Bb 

* *  

4 76 a 

4 49 a 

3 6 7  a 

* 

H a rve st ed 5- 7 Decembe r  

79  B 

1 7 8 A 

4 3  c 

* 

7 08 A 

5 3 2 B 

5 50 B 

NS  

Mean L . A .  per  
l ate r a l  b r an ch 

1 st Order 2 n d  Order 

6 . 3  B 

20 . 8  A 

6 . 2  B 

*** 

46 . 7  A 

3 8 . 5  B 

4 2 . 9  AB 

* 

26 . 7  B 

59 . 4  A 

3 1 . 9  B 

NS 

1 6 . 1  B 

2 5 . 3 A 

1 4 . 1 A 

NS  

4 . 9  B 

7 . 8  A 

3 . 0  B 

N S  

A t  e a r l y  harve s t s ,  the earl y d e f o l ia t i on r e su lted i n  greater  

numbe rs o f  f l owe r s i t e s  and pods o f  the highes t  order o f  lateral  

b r an che s ( Tab l e  B . 3 . 1 0 )  but  lower o rder b ranches of ten had l owe r 

va lue s than o the r t rea tmen t s . Howeve r ,  d e f o l ia ted p l an t s  usual l y  

had l ower t o t a l  f lower and pod numbe r s  than und efolia ted p l an t s ,  

t he d i f ference being approximately equiva l ent t o  t he number a r is ing 

f rom the ma in s tem of unde f o l iated p lan t s . 
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TABLE B .  3 .  1 0 :  Ef f e c t  o f  the d e f o l i a t i o n  t reatme n t s  o n  the 
numb er o f  f lower s i t es and pod s fo r each bran ch 
order - ear l y  ha rve s t s  

Au tumn-S own ( 1 8- 2 0  Oc tobe r )  

Numbe r o f  S i tes 

Def o l ia t ion Mai n  s t em l s t Order 2 nd O rder 3 rd O rder Total 

Ni l 1 7 .  2 20 . 7  a 2 2 . 8  a 6 . 6  b 6 7 . 4  a 

Ear l y  1 0 . 3  b 1 8 . 6  a 1 5 . 2  a 4 6 . 0  b 

Late 1 2 . 5  b 2 8 . 8  a 4 . 3 b 4 5 . 5  b 

Numbe r o f  pod s 

Ni l 4 . 8  1 2 . 6  a 9 . 7  a 2 7 . 1  a 

Ear l y  6 . 3  b 1 3 . 0  a 1 9 . 3 b 

La t e  8 . 3  b 7 .  1 b 1 5 .  1 b 

S_er i ng- Sown ( 7 -9 Janua r y )  

Number o f  S i t e s  

Ni l 2 5 . 5  1 7 . 0 a 1 1 . 5 b 1 . 2 b 5 5 . 2  a 

Ear l y  1 4 . 5  a 1 5 . 5  a 5 . 8  a 3 5 . 8  b 

La t e  l 5 .  7 a 1 2 . 4  b 1 . 3 b 2 9 . 4  b 

Numbe r o f  p o d s  

Ni l 5 . 9  8 . 5  ab 5 . 4  b 1 9 . 8  a 

Ear l y  8 . 2  b 8 . 1 a 1 6 . 3  a 

La t e  1 0 . 3  a 5 . 5  b 1 5 . 8  b 

Un l ike sp ac ing e f f ec t s , mo s t  compone n t s  o f  y i e l d  at f i nal  harve s t  

were reduced b y  de f o l ia t i on ( Tab l e  B . 3 . l l ) wi th the number o f  seeds 

per pod the on l y  c omponen t not a f fec ted . Con sequen t l y  seed yie l d  p e r  

p l an t and p e r  un i t  area was l owe r from defo l ia t ed p l an t s  than f rom 

und e f ol ia ted p l an t s  ( Tab l es B . 3 . 5 , B . 3 . 1 1 ) . Howev e r , the yield p e r  

un i t  a r e a  was sign i f ican t l y  d i f f e ren t on l y  a t  the 5 and 1 0  cm 

spacings ( Tab l e  B . 3 . 5 )  r e su l t ing in a sign i f ican t  (P < 0 . 0 1 )  int e ra c t i on 

be tween spac ing and de f o l iat i on t reatmen t s . 
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TABLE B . 3 . 1 1 :  E f f e c t  o f  d e f o l i a t ion on yie ld per p lant  and 
y ie l d  components  

Autumn-Sown 

S e e d  y i e ld / p l an t  ( g )  
Fer t i l e  in f lo rescen c e s /  

p l an t  
No . p od s / in f l orescence 
No . p o d s / p lant  
No . seeds /pod 
Hun d red seed we i gh t  ( g ) 

Spr ing- Sown 

Seed y i e l d / p l ant ( g )  
F e r t i l e  in f lo res cenc e s /  

p l ant 
No . pods / i n f l o re s cence 
No . pod s / p la n t  
No . seeds /pod 
Hundr e d  seed weight ( g )  

N i l  

8 . 5  a 

7 . 3  A 
2 . 9  a 

2 1 . 1  A 
3 . 5  a 

1 1 .  6 a 

9 . 6  A 

5 . 2  B 
3 . 4  A 

1 7 . 7  A 
4 . 0  a 

1 4 . 2  A 

Ear l y  L a t e  

5 . 8  b 6 . 1  b 

5 . 5  B 5 . 4  B 
3 . 0  a 3 . 1  a 

1 6 . 5  B 1 6 . 9  B 
3 . 1  a 3 . 3  a 

1 0 . 9  b 1 0 . 9  b 

7 .  7 B 7 . 8  B 

6 . 7  A 6 . 8  A 
2 .  1 B 2 . 0  B 

1 4 . 9  B 1 3 . 6  B 
3 . 9  a 3 . 9  a 

1 3 . 4  B 1 4 . 7  A 

Duncan l e t t e r i n g  ap p l i e s  wi thin  hor i z o n t a l  
l i n e s  on ly 

B . 3 . 4  D I SCUSS ION 

Thi s  exp e rimen t ind i c a t e s  that a r e sponse to p lan t dens i ty cou l d  

be  obt a ined ove r the range 5 0- 1 00 p l /m2
. Thi s  con tras t s  with  the 

l a c k  of response to spacing in t he p rev ious experimen t .  However ,  

t he marked reduc t i on in p l ant numbers prod ucing seed wh i ch was 

app aren t in the autumn-s own p l ant s o f  the p revi ous s tudy did n o t  

o c c u r  a nd t h i s  allowed t h e  hi ghe r pl an t numbers to i n f l uence y ie l d .  

A d i sadvan tage o f  the experimen ta l d e s ign however , was tha t s amp l e  

s i z e  o f  p lan t s  a t  the f i nal harve s t  we re t h e  same f o r  al l spac in g s  

a n d  p lo t  s i z e  par t icularly for t h e  h i gh p opulat ions wer e  qui t e  sma l l . 

Thi s  tends to inf late  the yie l d s  f rom the high dens i t ie s  r e l a t ive to 

t he l ow den s i t i e s  wh ich may ac c ount f o r  some o f  the high y i e l d  

e s p e c i a l ly o f  t h e  unde f o l i a ted au tumn-sown p l an t s  . 
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The h ig he s t  spacing  was ap proxima t e ly equ iva l ent t o  200  kg/ha o f  

seed sown , assumin g  80% surviva l .  Thi s  i s  in the 1 5 0- 2 00 kg/ha 

ran ge He rber t ( 1 9 7 7 c )  found to be opt imum for Un icrop and c lose to 

the 1 6 8-20 2 kg/ha o p t imum of Goulden ( 1 9 76 ) . 

Aut umn-sown p l o t s  y i e l ded more t ha n  spr i ng- sown p lo t s  only a t  

t h e  hi ghes t dens i ty .  Th i s  was la rge l y  due t o  no seed being produced 

by the lowe s t  two i n f l ores cence orders o f  au tumn-sown p l an t s  and 

lower yie ld of  eac h  b ran c h  ord e r  a l t hough t h is was compensated 

f o r  t o  s ome ex t e n t  by hav ing mo re produc t i ve b ranch o rde r s . Pos s ib l e  

cau s e s  f o r  the lack o f  produc t ion f rom l owe r b ranch orders has b een 

d i s c u ssed p reviou s l y . 

Ear l y  harve s t s  o f  the aut umn- sown p l a n t s  showed tha t a good 

pod se t oc cu rred on t he main s t em and f i rs t  order l at eral which 

ind i c a tes that  f ro s t s  and compet i t i on we re no t respon s ib l e  f o r  t he 

lack o f  y i e l d  f rom these order s .  A t  t he harve s t  of  autumn -sown 

p l ant s  on 1 8  Oc tober d i sease l es i ons were n o t ed on many o f  t he 

pods a nd i t  seems l ike ly tha t t he in fec t ion o f  Stemphy Zium vesicarium 
and / o r  PZeiochaeta se tosa was the ma i n  ca u se of y i e l d  loss  f r om 

l ower ord e r  branche s o f  this sowing . 

Pop u l a t ion d en s i t y marke d l y in f l u e n c e s  t he s t ruc ture of  t he p l an t ,  

even a t  an ea rl y s t age , b y  reduc ing the numb e r  and we igh t o f  l a teral 

b ranches as popu l a t i on increas e s . H igher order branches seem to  

be t he mos t  severe l y  a f fe c t ed . The number o f  lateral b ranche s 

inf luen ces the numb e r  o f  i n f lo rescences wh ic h , in t u rn , a f f e c t s  

the numbe r  o f  pods p e r  p l an t  as pod numb er p e r  in f lore s cence i s  

re l a t ively con s t an t . Pod number in t u rn  d i r e c t l y  in f luences seed 

yie ld as seed numb e r  per pod and seed we i g h t are a l so r e l a t ivel y  

s t abl e . 

Compari son wi th o t he r  work (W i t he rs , 1 9 7 3 ; Farringt on , 1 9 7 4a 

Perry and Pool , 1 9 7 5 ;  Sec t i on B . 2 ) wo u l d  ind i cate that t he re spon se 

of lupin branch s t ruc t u re to s owing da t e  and possibly o t he r  

environmen tal in f l uences such as  mo i s ture s tr e s s  ( B iddiscombe , l9 75 )  
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i s  s imi l a r  to t he re sponse to  popu l a t ion . Th ese factors  apparen t l y  

in terac t t o  d e t e rmine t h e  number of  l a teral  b r anche s whic h  can b e  

f o rmed . Hen c e  t he aim when a t t emp t ing t o  maximise seed yi e l d  wou l d  

b e  t o  comb ine manager ial  and envi ronmen t a l  fac t ors t o  maximi se the 

n umbe r  of  l a t e ral bran che s and in f l orescences per  uni t  area . 

Removing the main s t em me ri s tem wou l d  n o t  seem to  be a p ract i ca l  

me t hod of  in c re as ing s e e d  yie l d . Ear l y  d e f o l i at ion appeared t o  

s t imu late t h e  highe s t  o r d e r  b ranches a t  any g iven t ime b u t  t he 

e f fe c t  was sho r t  l ived . Th is wou ld ind i c a t e  that this  e arly 

r emoval of  the main s tem resu l t s  in lateral b ranches s l igh t ly mo re 

advan ced than b ranche s o f  later defol i a t ed or unde f o liated p l an t s . 

Howeve r ,  any advan tage o f  this i s  sma l l  and does n o t  compens ate f o r  

the l o s s  of  t h e  main s t em pod s .  

The dec l ine in seed y i e l d  due t o  t he d e f o l i a t ion t rea tment s  

a t  the high p l an t  den s i t ie s  was probab ly b ecause c omp e t i t i on b e tween 

p l an t s  preven t ed the deve lopme n t  of l a te r a l  b r anching required t o  

c ompensate for the loss  o f  yie ld f rom t he main s t em .  

B . 4 .  A COMPARI SON OF SEVERAL GRA I N  LEGUMES AT TWO SOWING TIMES 

* 
B . 4 . 1  SEED YI ELD AND COMPONENTS 

B . 4 . 1 . 1  I NTRODUCTION 

To this s tage , the p ro j e c t  had been c on c e rned p rinc i p a l l y  with  

L .  angus tifo lius as t h i s  was the l upin species  mo s t  widely 

c u l t ivated in Aus t ral ia and New Ze a land . However , mos t  l egume 

seed prod uc tion in N ew Zealand i s  produced f rom peas (Pisum 

sativum) . In add i t ion , cul t ivars of L. a lbus and V. faba 

we re b ecoming ava ilab le and seemed t o  have potential  under the 

h i gher rain f a l l  and more f e r t i l e  so i l s  o f  the North I sl an d  

environment .  

* Accept ed for  p ub l ica t ion in N . Z .  Jou rn a l  o f  Exper iment a l  
Agriculture 7 1 9 79 ( In Pres s ) . 
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Surp r is ing l y ,  there has been l i t t l e  a t t emp t to s tu dy these c rops 

under comparab l e  cond i t ion s .  Th is  in forma t ion is  needed if  val id 

d e c i s ion s are t o  be  mad e on the p lace o f  each c rop a t  a farm o r  

n a t iona l l eve l . H i l l  e t  a l , ( l 9 7 7 )  ob t aine d s imi lar yields  from 

L .  a Zbus and P. sativum and s l igh t ly l ower yi elds f rom L .  angus ti

fo lius with Oc tober sowings in Can t e rbury . Hm.;rever , L. aZbus 

had a greater p r o t e in y i e l d  due t o  i t s  su perior pr o t e in c on ten t . 

S ome l imi ted comp ar i s on s  ( S t o ke r ,  1 9 7 5 ; 1 9 7 8 ) , found 

L. Zuteus to be  in fe rior in seed yie ld to L .  anaus tifoZius . On 

pumice soi l s ,  \.Ji thers e t  a l .  ( 1 9 7 6 )  found L .  angus tifolius super i o r  

i n  seed yield to  b o t h  L .  luteu.s an d L .  a lbus al though thb comp a r i son 

was confounded to  some exten t  by p l an t  popu l a t ion dif f e ren c e s . A 

c ompari son of the apparen t l y  mo s t  v i ab l e s pr ing sown seed crop s 

was there fore i n i t i a t e d . 

In ad d i t ion , i t  was d e c ided to  con t i nue wi t h  some asp e c t s  of 

sowing time . In part icu lar , the poss i b l e  r o l e  of wa ter d e f i c i t  

i n  inf l uen c in g  t h e  yie l d s o f  d if feren t sowing t ime s and whether  

adequate wa t e r  cou l d  comp en s a t e  for late  s owing was thought t o  b e  

important  as t h is wou ld h e l p  de t e rmi ne t he imp o r t an ce o f  ad equat e  

SUIIIIIle r  rain f a l l  and i r r igation . 

The experimen t by Withers  ( 1 9 7 3 )  an d t h e  re sul ts of previous 

s e c t ions h ave shown a marked reduc t i on in yield per plant as  sowing 

d at e  be came l a t er . Mu ch of t h i s  ef f e c t has b een a t t r ibu t e d  t o  

a reduct ion i n  pod numb e r  due t o  a sho rtened f lowe r ing per iod 

c au sed by the onse t o f  mo is ture s t ress  a t  app roxima t e ly the same 

t ime for each s owing da te . However ,  it  was n o t  clear if t h i s  was 

the onl y  e f f ec t . Tempera ture cou l d  a l so b e  involved as i t  is 

i mpo r t an t  in  t he pheno l og ica l deve l opmen t o f  lupin s  (Reeves et a l . , 

1 9 7 7 ) . 

A t rial was commenced in the 1 9 7 4 / 5  season to  s tudy c u l t ivars o f  

a number o f  legume spe cies  at two sowing t ime s wi t h  i rr ig a tion a s  

a fur ther t re a tmen t a t  t h e  later sowing d a t e . Measurement s  we re 

made o f  seed y i e ld and i t s  compon e n t s  as we l l  as d r y  mat te r  and 
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n i t rogen d i s t ribu t ion p a t terns through the growing season . Fo r 

s impl i ci t y , the resul t s  wi l l  be rep o rted in two se c t �on s : -

1 .  S eed yield and i t s  c omponent s wh ich i s  reported in this  

s e c t i on 

2 .  N it rogen d is t ribut ion in the p l an t which is  d i s cussed in the 

fol lowing sect ion . 

B . 4 . 1 . 2  MATERIALS AND METHODS 

The t ri al was condu c ted a t  Ma s sey Un i versi ty on Manawatu s i l t  

l o am during the 1 9 7 4 / 7 5 season . Two sowing da tes and a r ange o f  

grain legume s we re invo lved . A t  t h e  f i r s t  sowing d a t e  ( 1 3  Augus t 

1 9 7 4 )  Lupinus angus tijolius c v . Un i crop , L .  luteus cv . Weiko I I I , 

L .  a l bus cvs . Ul tra and Neul and , Vicia faba cvs . Ma r i s  Bead and 

Minor , and Pisum sativum cv . Pama ro we re sown with a S t anhay 

p reci sion seeder . P l o t  size was 1 2  m long and 10 rows at 2 0  ern 
sp acing . O f  this , 4 m length of p lo t  was allocated to a f in al 

h arve s t  and the b alance was used for  regu lar samp l i ng for growth 

analy sis . At t he se con d sowi n g ,  ( 25 Oc tober 1 9 7 4 )  s imi lar s i zed 

p l o t s  of We iko I I I , U l tra , P amaro , Un icrop and Mar i s  B e ad were 

s own . Excep t for Pamaro , t wo p l o t s o f  each c u l tivar were sown , 

one o f  wh ich was irriga ted b y  means o f  perfo r a ted p o l y t hene pipes 

l aid permanen t ly in p l ace on the s o i l surface . Irr igat ion was 

app l ied to maint ain the so i l  mo is ture ten s ion be low 5 0 0  mb at  

1 0  cm depth as me asured by a ten s iometer buried a t  t h i s  depth 

in each irrigated p l o t . Each p l o t  was i rriga ted ind iv idua l ly 

a s  required . There was in s uf f i c ient area for each c u l t ivar to 

be i rriga ted so the irr iga t ed treatment for peas was excl uded 

a s  its response t o  irriga t ion is we l l  documented . The experimen t  

w a s  a random i sed block w i t h  4 rep licates  f o r  e ach s owing d a t e . A t  

ma turi t y , a quadrat of  6 c en tre rows , 2m lon g  was harve s t ed b y  

hand from the area a l l o ca t e d  for this  purpo se . P l an t ,  p o d  and 

seed numb e r ,  seed we ight and n it rogen con ten t  were measured . 
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Ana lysis  of  var ian ce was performed on untransformed d at a . 

Error variances we re no t signi f i c an t l y  d i f feren t  except f o r  t he 

protein y i e l d  at the l at e  sowing . In th is  c a se , the da la for  

Mar i s  Bead was exc luded f r om the analys i s . 

B . 4 . 1 . 3 RESU LTS 

E s tab li s hment coun t s  showed t h a t  b o t h  sowing dates had a 

mean popu l a t ion o f  54  p lan ts I m
2 ( ±  3 and 4 f o r  early and l a te 

sowings re s pe c t ive ly ) . 

De t ai l ed c l imat ic d a t a  are pre sen ted in S e c t ion 4 . 2 .  Genera l l y  

the season f avoured good growth . The re wa s l i t t le rain during 

December . I r rigation was appl ied as required f rom Novemb er 26 

and ceased a f t e r  heavy rain on January 2 1 .  

Augus t - so�1 p l o t s  we re harves ted f rom 5 - 1 8  Janua ry . Late-sown 

p l o t s  we re harve sted over a longer peri od . P amaro and Un ic rop 

we re harves ted on 27 January ; Ma r i s  Bead on 1 0  Feb ruary ; 

unirrigated We iko I I I  and Ul tra on 1 9  February and i r r iga t e d  

Weiko I I I  and U l tra o n  4 Ma rch . 

Disease was an impo r t an t  fac t or in th i s  experimen t .  The l e af 

d i se ase c aused by Pleiochaeta se tosa an d Stemphy lium vesicarium 

w e re noted on e a r l y- sown Un icrop soon a f t e r  f lowering b e gan b u t  

the y  did n o t  s i gnif ican t l y  in fec t pod s o r  seed s . On t h e  la te-sown 

Un icrop p lo t s ,  in fect ion oc curred earl y in deve lopment and caused 

premature d efol iat ion , pod lesion s and shr ivel led seed . A s imilar 

p a t t e rn  occ urred w i th r u s t  ( Uromyces fabae ( Per s . ) de B a rry) on the 

bean s  so that  t he lat e -s owing wa s a f a i l ure as  a seed c rop . The 

remain ing c u l t ivars showed no s i gn i f icant l eve l s  o f  d i sease . 

I r rigation c au sed ex t en s ive vege t a t ive growth in the l a t e -s own 

Weiko I I I  wh ich u l t ima t e l y  resu l t ed in the l o d g ing o f  these p l an t s . 

As a re s u l t  o f  these f ac to r s , U l tra was t he only c rop whi ch 

responded to ir rigat ion and had a sign i f ican t ly higher seed yield 
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than the un irrigated treatmen t s  despite  r e l atively low p l an t  

n umb e r s  ( Tab le B . 4 . 1 ) .  In this  case , y i e l d  from t he i rrigated 

late-sown t r e a tment was s imi l ar t o  t he earlier sowing ind i ca t in g  

tha t mois ture i s  an impor t an t fac t o r  i n  re du ced yield f rom l a t e  

sowing . Ove ra l l ,  U l t ra was t h e  hi ghe s t  yielding cu l t ivar al t h ough , 

a t  the ear l y  sowing , Pamaro and Neul and were not s igni f i cant l y  

d i f feren t f rom U l t ra . 

TABLE B . 4 . 1 :  To t al seed y i e l d  ( g /m
2

) and the numb e r  o f  p lan t s  
cont ribu t in g  to  yield ( in paren theses)  

Early Sowin g Late Sowing 

Irr iga t ed No t 
Irriga t e d  

Un icrop 2 9 8  CD ( 5 2 )  1 5 8 D ( 6 4 )  2 0 4  CD ( 65 )  

U l t ra 4 6 2  A ( 4 7 )  4 44 A ( 3 8 )  3 2 0  B ( 40 )  

Neul and 369 AB C ( S O )  

We iko I II 3 1 0 BCD ( 5 3 )  2 0 8  CD ( 4 6 )  1 64 D ( 5 2 )  

Min or 1 9 6  D ( 4 3 )  

Mar i s  B ead 2 8 1  CD ( 4 3 )  3 5  E ( 5 9 )  2 9  E ( 6 1 )  

Pamaro 4 2 3  AB ( 5 6 )  2 5 3 c ( 46 )  

Al l lupin cu l t ivars se t simi l a r  numb e r s  of  pods p er p lan t 

exc e p t  un der irriga t ion ( Tab l e  B . 4 . 2 ) . The bean cul t ivar s ,  Minor 

and Mar i s  Bead had the l owes t  number of  pods per p lant  and Pamaro 

was i n t erme d ia t e . Lup ins had f ewer pods per p l an t  a t  t h e  l a t e  

sow in g  al t hough , i n  U l t r a ,  t he n umber o f  seeds per p o d  part ly 

c ompens a t e d  for t h i s  t rend ( Tab l e  B . 4 . 3 ) as seed number p e r  pod 

was h igher for l a t e  sowing t han for e ar l y  sowing . Thi s  t r en d  a lso 

o c curred for peas . An imp o r t an t  cause o f  the redu c t i on in  y i e l d  

b et ween irrigated  and non - irriga t ed t re a tmen t s  f o r  U l t ra was 

there fore the drop in pod numbe r s . 
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TABLE B . 4 . 2 :  Number o f  pods per plant 

Ear l y  Sowing Late S owing 

I r r igated Not I rrigated 

Un i crop 1 1 . 6  AB C 6 . 7  B 6 . 4  B 

U l t ra 1 3 . 6  A 1 1 . 2 A 7 . 4 B 

Neuland 9 . 8  ABCD 

W e iko I l l  1 2 . 6  AB 9 . 0  AB 6 . 8  B 

Minor 7 .  1 D 

Mar i s  B e ad 7 . 0  D 0 . 9  c 0 .  7 c 

P amaro 9 . 6  B CD 6 . 3  B 

TABLE B . 4 . 3 :  Numbe r o f  seeds per pod 

Ear ly Sowing La te Sowing 

I r r iga ted Not I r riga t ed 

Un icrop 3 . 4  AB 3 . 6  B 3 . 6  B 

U l t ra 2 . 3 D 3 . 5  B 3 . 5 B 

Neu l and 2 . 6  CD 

We iko I l l  4 . 0  A 4 . 0  AB 3 . 7 B 

Minor 2 . 9  BC 

Mar is Bead 3 . 2  B C  3 . 0  c 2 . 4  D 

Pamaro 3 . 5 AB 4 . 3  A 

Weiko I l l  seemed t o  have a go od po t en t ial  for  s eed y ie l d  wi th 

pod n umbe r  and seed n umb e r  per  pod comparab le t o , o r  superior t o , 

U l t r a  b u t  the low hundred seed we igh t ( Table B . 4 . 4 ) re su l t ed in a 

r e la t ively low seed y ie l d . Un ic r op , Mar is Bead and Pamaro had 

l owe r s e ed weigh t  f r om the late  sowing although Weiko I I I  and 

uni r riga ted Ul t ra ha d h ighe r seed weigh t . At  the late  sowing , 

there t ended to be a h i ghe r seed we igh t  f rom i rriga ted t reatmen t s  

c ompared with t reatmen t s  n o t  i r r iga ted . 



TABLE B . 4 . 4 :  Hundred seed weigh t  ( g) 

Ear l y  Sowing 

Irr iga t ed 

Un i c r op 1 4 . 0  c 1 0 . 1  D 

U l t ra 3 1 . 1  A 3 1 . 7  A 

Neul and 30 . 0  A 

We iko I l l  1 1 . 6 c 1 2 . 4  D 

Minor 2 3 . 6  B 

Mar is  Bead 30 . 3  A 2 3 . 1  B C  

Pamaro 2 2 . 8  B 

7 9 . 

L a t e  Sow ing 

No t I rriga ted 

1 3 . 4  D 

3 3 . 1  A 

1 2 . 6  D 

2 5 . 7  B 

20 . 5  c 

N i t rogen p ercent age of  We iko I l l  seed ( Tab l e  B . 4 . 5 )  was 

con s i s ten t l y  h i gher t h an f o r  the o ther cul t ivars and P arr. a ro was 
the lowes t .  I r r i ga t io n  did not s i gni f ican t l y  a l t e r  n i t rogen 

percen t age but n i t rogen p e rcentage of  the seed from l a t e  sowing 

tend e d  to be higher than t h a t  f rom early sowin g .  

TABLE B . 4 . 5 :  N i t ro gen percen t a ge o f  seed 

Ear ly Sowing Late  Sowing 

I r riga ted N o t  I r riga t e d  

Un icrop 4 . 8 c 5 . 2  c 5 . 0 c 
U l t ra 5 . 9  B 5 . 8  B 6 . 0 B 

Neul an d  6 . 1 AB 

Weiko I l l  6 . 6  A 6 . 8 A 7 . 0  A 

Minor 4 . 6  c 
Mar i s  Bead 4 . 5  c 5 . 2  c 5 . 4  c 

Pamaro 4 . 0  D 4 . 2  D 

Be cause of  i t s  med ium n i t rogen percen tage and h i gh yie ld ,  U l t r a  

had t h e  h ighe s t  p ro t e in yie l d  ( Tab le B . 4 . 6 ) . Despi t e  i t s  low s e ed 

yi e l d  Weik o  I l l  had a r e l a t ive l y  good pro tein yie l d  f r om the e ar l y  

sowing and was s e c on d  t o  L .  albus cul t ivars overal l .  



TAB LE B . 4 . 6 : Y i e l d  o f  pro t e in ( N  x 6 . 2 5 )  ( g/n
/

) 

80 . 

Early Sowing La te Sowing 

I rr i ga t e d  No t Irriga t ed 

Un i c rop 8 8  DE 5 2  D 64 D 

Ul t ra 1 6 9  A 1 6 2 A 1 1 9 B 

Neu l and 1 3 9  AB 

Weiko I I I  1 2 8 BC 88 c 7 2  CD 

Minor 5 7  E 

Mar is  Bead 7 9  DE 1 2  1 0  

Pamaro 1 0 7  CD 6 7  CD 

Calculat ions of  path coef f i c i en t s  betwe en seed yield  and y i e l d  

componen t s  ( Tab l e  B . 4 .  7 )  con f i rmed the imp o r t ance o f  pod numb e r  p e r  

p l an t  i n  d e t e rmin ing yie l d . Va ria t ion in seed wei ght was impo r t an t  

i n  the ove r a l l  compar i son and for a l l  cul t ivars except U l t r a .  For  

this  l a t t er cu l tiva r ,  n umb er o f  seeds  p e r  pod was  mo re imp o r t an t . 

Fo r other cu l t ivars the number of seeds p e r  pod was poorly r e l a t e d  

to  yiel d .  

TABLE B .  4 .  7 :  P a th c oe f f ic ien t s  of c omponen t s  on yie ld 

Hundred Pod Seed s P ropor t i on 
seed numb e r  per  o f  var ian ce 
we igh t per p l an t  pod exp lained 

All cul t ivars 0 . 6 30 0 . 8 1 5  - 0 . 03 2  0 . 809 

Pamaro 1 . 60 5  2 . 302  -0 . 1 3 9  0 . 884 

Mar is Bead 0 .  24 1 1 . 1 7 1  0 . 0 7 0  0 . 96 9  

Ul t ra -0 . 1 6 6  0 . 9 2 9  0 . 6 7 7  0 . 656 

Weiko I I I  0 . 1 30 0 . 854 - 0 . 1 7 8  0 . 899 

Uni crop 0 . 4 2 8  1 . 1 5 8 0 . 2 9 5  0 . 9 7 2  
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B . 4 . 1 . 4  D I SCUS SION 

Thi s  exper imen t i n d i c a t e s  tha t L .  a l bus cu l t ivars have p o t en t i a l  

a s  seed c rops un der No rth Is land c ondi t ions . Th e rel a ti v e l y  h igh 

y ie ld ,  good n i t rogen content and d i sease res i s t ance comb ine to  make 

t h i s  spe c i e s  wo r t hy of w i de r considera t i on .  The resu l t s  o f  t he 

comp ar i son by Hi l l  e t  a l .  ( 1 9 7 7 )  show t h a t  L .  a lbus c ou l d  a l so be  

su i t e d  to  Sou th I s land cond i t ions . The ranking in t erms of seed 

and protein y i e l d of the gra in legume spe c i es in common b e t ween 

the two experimen t s  is the s ame . 

The good rank in g  of We iko I l l  in th i s  experimen t was not 

expe c t ed as in o t her exper imen t s  ( S t u k e r ,  1 9 7 5 :  1 9 7 R )  

t h i s  cu l t ivar w a s  we l l  be low Un icrop i n  y ie l d . Th e sma l l  seed 

s i ze of  th i s  cu l t ivar is its ma j or l imi t a t i on as  a l l  o th e r  componen t s  

o f  yield  we re very s a t i s fac tory and cer t a in l y  the h igh p r o t e in 

l evel make s i t  a very des irable crop . Prov i de d  seed pro t e in i s  no t 

s a c r i f iced , s e l e c t i on o f  l arger seeded cu l t iva r s  w i t h in t h i s  spe c i es 

wou ld be wo rth conside r ing . Howeve r \vo rk by Hi l l  ( pers . comm . ) 

ind icates  tha t  increased seed s i ze c oul d lower seed n i t rogen 

percen t age thus  g iv ing l e ss bene f i t  in seed pro t e in y i e ld . 

P amaro and Ul t r a  had s imi lar y ie l d s  a t  the ear l y  sowing b u t  

U l t ra ma i n t a ined y i e ld b e t ter a t  the l a t e  sowing . Peas a re t he 

s t andard grai n le gume crop in the No r t h  I s land . L .  a lbus i s  

un l ikely to y i e l d  sub s t an t i a l l y  more seed than peas and has a 

lon ger grow ing p e r iod . A premium p r i c e  re f l e c t ing the h i gher 

p r o t e in con t en t would h ave to  be p a i d  to enab l e  i t  to  be 

e conomi ca l l y  v iab le . Lupins do have the added advan t age o f  hav i n g  

t he ir pods  we l l  o f f  the ground mak ing harve s t in g  easi e r  espec i a l ly 

under wet cond i t i ons . The poten t ia l  f o r  improvemen t of  L .  a lbus 

may be gre a t e r  than p e as as the breeding e f f o r t  pu t i n to lupins i s  

not grea t comp a red w i t h  peas . Imp rovemen t i n  pro t e in con t en t  i s  

p robab ly l imi t ed ( Jermyn,  1 9 7 7 )  so s e l e c t ion pressure w i l l  h ave t o  

be  on y i e ld . 
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The suscep t ib i l i ty of L .  angustifo lius an d V. faba t o  d i sease 

when sown late in warm h umid condi t ions is  an impo r t an t  f ac to r . 

To some ex t en t ,  the early sow ing escaped d i s e ase presumab l y  b ecause 

the c oo l  con d i t i on s  re s t r i c t ed the spread o f  the d isease whi l e  

t h e  p l an t  be came e s t ab l ished . The apparen t resi s t an c e  o f  L.  a lbus 

and L .  luteus cul t ivars is also impor t an t . I n  h i s  revi ew o f  

P. setosa. Milne ( 1 96 4 )  reported the presen c e  o f  t h e  dise ase on a l l 

t hree lupin spe c i e s  u s ed in t h is experimen t b u t  n o t ed that L .  luteus 

and L.  albus were reported to be more resi s t an t . G l ad s t on e s  ( 1 9 7 2 ) 

repo r t s  that L .  a lbus is highly su s c ep t ib l e  a l though he more 

re cen t ly con s iders ( p e r s .  comm ) t ha t  it  may b e  re s i s tan t  under 

f avou r ab l e  growing condi t ions . Tate ( 1 9 6 8 )  found that r epo r t s  o f  

r e s i s t ance o f  lupin species  t o  S .  vesicarium were very variab l e . 

Sub sequen t experimen t s  have shown the r e la t ive r e s i s tan c e  of 

Weiko I l l and Ul t ra to l eaf d isease is  con s i s t en t  ove r s everal 

seasons ( Withers, unpub l i shed da ta ) . Th e rol e o f  L .  angus tifo lius 

cu l t ivars in the warm humid ar eas of t he Nor t h  I s l and mus t  

therefo re b e  l imi t e d  and i t  i s  probab le that  L .  a lbus cu l t ivar s 

w i l l  b e  mo re sui t e d  to these areas al though U l t ra did n o t  yield  

wel l  i n  pre liminary t r ials  at  Wa irak e i  (Wi thers et  a l .  1 9 7 6 ) . 

The yield  from un irr iga t ed l a t e  sowings o f  a l l  cul t ivars was 

lower than from ear l y  s owing . The inciden c e  o f  di sease c on founded 

the e f f ec t  on y i e ld of irriga t i on at the l a t e  sowi ng . However , 

the resu l t s  from U l t ra ind i ca t e  that adequa t e  moi s ture dur in g  l at e  

spring and summe r c ompen s a t e d  f or later sowing and tha t t empe rature 

and day length are p robably no t s ign if icant factors  in f l uenc ing 

y i e l d  in a s ingle environmen t .  Recommen d a t ion s fo r ear ly sowing 

dates  (W i thers 1 9 73 , Se c t i on B . 2 )  may have to be  mod i f ied for 

d i s e as e  resistan t  cu l t ivars whe re summe r rain fa l l  is rel iab le 

or if i r r igat ion i s  availab le .  However , as  mentioned by Lucas 

et  a l . ( 1 9 7 6 ) , l at e  sowing and irriga t i on can resu l t  in d e l ayed 

matur i ty making it d if f i cu l t  to  comp l e t e  h a rve s t  be f ore on s e t  of  a u t umn 

ra in . 



8 3 . 

B . 4 . 2  DI STRI BUTION OF  NI TROGEN W I TH I N  ABOV E -GROUND COMPONENTS 

B . 4 . 2 . 1 I NTRODU CTION 

The re wou l d  s e em to be impo r t an t di f f e re n c e s  be twe e n  legume s 

i n  the p ro t e i n  concen t ra t i on of  the i r seed and i n  the i r  abi l i t y  

t o  p roduce h i gh seed prot e i n  y i e l d s . Know l e d ge o f  the me chani sms 

of p ro t e i n  p rodu c t i on wou ld  the refo re be e x t reme l y  use f u l  in 

s e l e c t in g , man ag i n g  and b reed i ng gra i n l e gume c rops where p ro t e in 

y i e l d  rathe r t h an  seed y i e l d  a l one is  i mpor t an t . Un t i l  r e ce n t ly 

howeve r ,  d e t a i l ed i n f o rma t i on i n  t h i s a r e a  was l i m i ted . Shor t  

t erm s tu d i e s  o f  n i t roge n  t rans l o c a t i on and u p t ake ( e . g .  Oghogh o r i e  

a n d  P a t e , 1 9 7 2 ; M i n c h i n  anrl Pa t e ,  1 9 7 3 ;  P a t e  and F l i n n , 1 9 7 3 )  we r e  

use f u l  i n  prov i d i n g  some b a s i c  unders t an d i n g  of  the me chan i sms 

i nv o l ved . S i n c e  1 9 7 5 ,  seve ra l d e t a i l erl s tu d i e s  on the who le p l an t  

over ex t en ded p e r i ods of  a ran ge of l e gume s pe c i e s have been mad e . 

S i n c l a i r  and de Wi t ( 1 9 7 5 )  a f t e r  s t udy i n g  the  chem i c a l  c ompos i t ion 

o f  seed f rom a w i de range of  p l an t  sp e c i e s p roposed t h a t  y ie l d s  o f  

l e gume seeds we r e  l i mi t ed by a " se l f - d e s t r u c t ion me chani sm" . The 

s i gn i f i cance of t h i s  has been d i s cu s sed p re v i o u s l y . ( S e c t i o n  A . 4 . 3 ) .  

S t udies of o th e r  l e gume s s u c h  as  p e anu t s  (Duncan et  a l . , 1 9 7 8 )  

l u p in s , ( F a r r i n g t on et a l . � 1 9 7 7 ;  Hock i n g  and P a t e , 1 9 7 7 ) , 

c owp eas ( Ea g l e s h am et a l . � 1 9 7 7 )  show t h a t  n i t rogen i s  gen e ra l l y  

a mob i l e  e l emen t and de c l i nes marked l y  i n  n on - seed t i s sues as t he 

s e e d  deve l ops . 

B . 4 . 2 . 2  MATERI ALS AND METHODS 

The p l an t s  s amp l e d for t h i s expe r i me n t  we r e  ob t ained f rom t h a t  

repo r t e d  in Sec t io n  B . 4 . l . At ap p roxima t e ly 1 0  day i n t e rva l s , 

3 p l an t s were t ak e n  at ran dom f rom e a c h  p l o t  and were d i s s e c t ed 

i n to l ea f , s tem , pod and seed of each s t em order as  approp r i at e . 

Each c omponen t was c oun ted , d r i e d a t  80° C f o r  1 2  hou rs and w e i ghed . 

D ri e d  mat e ri a l  was g round an d an a l ysed f o r  t o t a l  n i t rogen us i n g  

Kj e l d a h l  d i ge s t i on and s t eam d i s t i l l a t i on ( C lemen t s , 1 9 7 0 ) . 
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Toward s the end of  the exp eri men t wh en dry con d i t ion s were 

be coming an impo r t ant  fac tor  in growt h ,  re l a t ive l e a f  wat e r  con t en t  

measurements  (Ba ar s , 1 96 8 )  we re made on newl y  expanded l e aves 

f rom the upper canopy . Ten l eaf d i s cs we re t aken a t  random f rom 

each p lot  u s ing a pun ch wi th a s c rew- topped b o t t le a t t ached . The 

d i s c s  were taken as q u i c k l y  as po s s i b l e  and the bo t t l e  sea l ed . 

On ce a l l  samp l es  we re t aken , the l e a f  d is c s  were t ak e n  to  the  

l ab o r a tory , we i ghed an d f l oa t ed on d i s t i l l ed water for one hour 

b e f ore we i gh ing . The d i s c s  we re then d r ied a t  80°C for  1 2  hours 

and the dry we ight  re c o rded . 

The n i t rogen d a t a  was sub j e c t e d  to regre s s i on anal ys i s  and 

curves f i t t ed . A number of fami l ie s  of c u rves were t ried . When 

n i t ro gen was a c c umu l at ing , the log i s t i c  equ a t i on ( B l i ss , 1 96 7 ; 

Go rdon , 1 9 7 5 )  was usual l y  mos t  ap p rop r i a t e . Th i s  i s  o f  the form 

Y = yo I ( 1  + e 
- ( a + b X )

) ( 1 ) 

whe re yo is the upper asymp t o t e  and a and b are the regre s s ion 

c oe f f i c ien t s . Th e l inear form of the equa t ion i s  

1 n  ( Y  I (yo - Y )  ) a + b X ( 2 )  

wh ich i s  the equa t ion used in t he re gres s i on ana lys is . In some 

cases however the quadr a t i c  l og i s t i c  equa t i on f i tt ed the d a t a  

b e t t e r .  I n  i t s  l i near f orm thi s i s :  

1 n  (Y I ( yo - Y )  ) a + b X + c x
2 ( 3) 

I n  s ome cases t h i s  equa t i on a l so adequat e ly desc ribed the 

d e c l inin g phase . In f i t t ing log i s t i c  and quadra tic  logi s t ic  

c u rve s , the upper asymp t o t e  (yo)  was  e s tima t ed f rom p l o t te d  d at a .  

S ub s equen t ly ,  new e s t ima t e s  o f  yo depended on the value o f  t he 

coe f f i c i e n t  o f  dete rminat ion ( R
2

) o f  the p revi ous equa t ion ( s )  

and how we l l  they f i t ted the data when p l o t ted . The f in a l  

equat ion se l e c ted h a d  t h e  h i ghes t R
2 

pr ov i d ed i t  sat i sfactor i ly 
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f i t t e d  t he d a t a .  I n  a few c as e s  the f i n a l  e q u a t ion d i d  n o t  have 

t he maximum R2 but p rovi ded a b e t t e r  eye f i t  of the d at a . Where 

the  d a t a  had n o  upper asymp t o t e  or whe r e  on e c ou l d  not be  

a c cu r a t e l y  es t i ma t e d , expon e n t i a l e q u a t i on s  w e re used . The one s  

f i n a l l y  used we r e  o f  t w o  t yp e s  ( B l i s s 1 9 6 7 , Cordon 1 9 7 5 ) : 

( a )  Y = ab 
x 

I t s  l i n e a r  f o rm i s  

I n  Y = a + bX ( 4 )  

( b )  Y = a X
b

, wi t h  i t s l i n e a r  f o rm 

l n  Y = a +  b ( l nX )  ( 5 )  

The dec l i n e  o f  l e a f  n i t roge n some t i me s  d i d  n o t  seem t o  f i t  

e xponen t i al  cu rve s ve ry  \.Je l l  an d whe re p o s s i b l e ,  q u a d r a t i c 

equa t ions were f i t t e d viz.  

2 
Y = a + b X  + e x  

8 . 4 . 2 . 3  RESU LTS 

( 6 )  

A s  d i scu ssed e a r l i er ,  f o l ia ge d i seases  a f f e c ted Un i c rop and 

the V.  faba c u l t ivar s .  Th ese  we re pa r t i c u l a r l y  se r i ous at the 

l ate sowing so t h a t Ma r i s  Bead and i r r i ga t ed Un i c rop from t h i s  

s owing have no t been  c ons ide red i n  t h i s s e c t i on . In add i t ion , 

the  f u l l  po t en t ia l  o f  Un i c ro p  or  Ma r i s B e ad we re probab ly no t 

exp r e s se d  a t  t h e  e a r l y  sow i n g  d u e  t o  t h e  e f f e c t  o f  t he d i se a s e s  

t owa rd the end o f  the g rowth cyc le . Be cause  o f  t h e  s imi l ari t y  o f  

resu l t s  b e t 1.,reen t h e  L .  a lbus an d V • .fnba c u l t iva r s  a t  t h e  early  

sowin g , Neu land and  Minor  we re a l so omi t t ed . 

D a t a on a i r  t empera t u re over t he e xp e r i men t a l  period are 

p resen t ed in Figure  B .  4 .  l .  Also present ed i s  the accumu l a t ed "n e t  

wat e r  ava i l abi l i t y "  c omme n c i n g  a t  t he 1 s t Jun e . Th i s  was 

c a l cu l a t ed b y  ac cumu l at ing  t he d i f f e r e n c e  be t ween weekly r a i n fa l l 

and week ly pan evapo r a t ion t aken a t  a me t e o r o l o g i c a l  s ta t i on s i t u a t e d  
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Fig . B . 4 . 1 Ac c umu l a t ed net wa t e r ava i l a b i l i t y and mean weekly 

a i r  t empe ra t ure f o r  the 1 9 7 4 / 5  s e a s on . 
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app roxima t e l y  0 . 5  k m  f rom the s i t e . N o  a l l owance was made f o r  

d ra inage or run- o f f  s o  t h i s me thod p rob ab ly ove r-e s t i ma t e s  a c t u a l 

ava i l ab i l i t y . F r om th i s  i t  can be seen tha t evaporat i on d i d  n o t  

con s i s ten t l y ex c eed rainfa l l  un t i l a b o u t 1 0 0  d ays f rom ear ly  sow in g  

and 2 5  days f rom l a te sow ing a f t e r  wh i c h  the re wa s a s t e ady d ec l in e  

i n  net water  ava i l ab i l i ty .  Howeve r , there were occasional p e r iods 

of  rain over t h i s  period ( in d i c a t e d  by sma l l changes i n  ac cumu l a t e d  

n e t  wa t e r  ava i l ab i l i t y b e t ween weeks ) . 

Re l a t i ve l ea f  wa t e r  c on t en t  ( R\.JC )  d a t a  a re p re sen ted in 

Tab l e  B . 4 . 8 .  O t h e r  wo rkers have shown t h a t , when RWC fal l s  be low 

9 0 % , p la n t s  b e c ome increas i n g l y  wa t e r  s t res sed ( Sh aw and La i n g , 

1 9 6 6 ; Chen e t  a l . , 1 9 7 1 ; Sec t i ons  C . 2 ,  C . 3 ) . Ear l y - sown Un ic rop 

b e came wa t e r  s t ressed e a r l i e r  than o t he r  l up in  c u l t i va r s . Mar i s  

B e ad h a d  a low RWC a t  e a ch samp l i ng t i me an d showed wi l t in g  symp t om s  

e a r l i e r  than o t h e r  cu l t i va r s . Mo s t  c u l t i va r s  appeared t o  be  s i gn i f i c an t l y  

s t res sed a t  abou t 5 7  days from l a t e sow i ng ( eq u i va l en t  t o  1 2 3  day s 

f r om e a r l y  sowi n g ) . Leaves of  i rr i ga t e d  p 1 an t s  had s i mi lar  l eve l s  

t o  un i r r i gated p l a n t s  when samp l e d  d u r i n g  t h e  dav . A l l  l e av e s  

p robab l y  re t u n1ed t o  h i gh l ev e l s  a t  n i gh t  ( s e L' d a y  h 7  f r om l a t e  s owing)  

un t i l  after 7 3  d ay s  f rom l a t e  sow i n g \vhen non- i r r i ga ted p l ant l e av e s  

remained a t  s t re s s  l ev e l s .  

Dry We igh t  

A l t hough t h e  ma in p u rpose o f  t h i s  p a p e r  i s  to  report p a t t e rn s  

o f  n i t rogen ac c umu l a t i on ,  these a r e  o f ten r e l a ted t o  d ry we i gh t  c hanges 

so th� me an dry we i gh t s  o f  each compon e n t  at e a ch harv e s t  are 

p re sen ted in F i g . B . 4 . 2 .  

Each cu l t i v a r  had s i m i l a r  t o t a l  growt h  p a t t e rns ar i s ing f rom 

the s e quen t i al deve lo pmen t of the va r i ous  componen t s . The ear ly

sown c u l t ivars h a d  a 6 0- 7 0  dav e s t ab l i s hmen t  p e r iod be fore rap i d  

g rowth commenc e d . Max i mum d ry we i gh t  o c c u r r e d  at  1 1 0 - 1 4 0  days f o r  

t h e  e a r ly-sown c u l t i va rs . Du ra t ion o f  peak g rowth r a t e  f o r  l a t e

sown c u l t ivars wa s more v a r i a b l e  t han f o r  the ear ly- sown p lan t s . 

/ 
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TABLE B . 4 . 8 :  Re lat i ve water con t en t o f  upper canopy leaves 
samp led 1 2 -2 p . m .  Resu l t s  i n  parent he s i s  samp l ed 
8- 9 a .  m .  

Days from ear l y  
s owin g 

Pamaro 

We iko I I I  

U l t ra 

Un i c rop 

Ma ris Bead 

Ob s e rva t ions 

Days f rom : 

E a r ly Sowi ng 

La t e  Sowi ng 

P ama ro 

We iko I I I  
N o t  Irrigated 

I r r i ga t ed 

U l t ra 
N o t  I rrigated 

I r r i ga ted 

Un i c rop 
Not  I rriga ted 

Obs e rva t ion s 

1 06 

85 . 7  

8 7 . 4  

82 . 4  

8 1 . 5  

7 5 . 7  

ho t dry 
l i gh t 
wind 

1 2 3  

5 3  

1 1 3 

90 . 4  

86 . 2  

88 . 9  

79 . 7  

6 8 . 9  

c l oudy 
warm 
humid 

1 2 7 

5 7  

1 1 4 1 1 8 

85 . 8  90 . 7  

8 3 . 0  8 7 . 5  

84 . 8  8 7 . 4  

7 6 . 9  80 . 8  

7 1 . 1  7 8 . 3  

Ho t ,  sunny Warm 
Ma rt s sunny , 
Bead wi l t - soi l 
i n g  

1 3 7 

6 7  

mo i s t  

1 4 3  

7 3  

1 2 2  

90 . 2  

88 . 0  

85 . 8  

7 8 . 1  

76 . 1 

Sunny , 
cool 

1 4 9  

7 9  

8 7 . 4  8 1 . 7  8 l . L1 ( 9 0 . 1 )  7 9 . 9  ( 86 . 4 ) 7 7 . 0  ( 85 . 5 ) 

88 . 7  

90 . 3  

8 7 . 0  

88 . 6  

84 . 0  

8 3 . 6  

85 . 6  

7 9 . 3  

8 1 . 8  

79 . 6  

Ho t ,  Ho t ,  
dry , sunny , 

windy w i l t ing 

85 . 9  ( 88 . 9 )  8 1 . 7  ( 83 . 4 ) 7 3 . 6  ( 7 9 . 5 ) 

87 . 2  ( 9 5 . 5 ) 84 . 0  ( 9 4 . 0) 88 . 8  ( 9 4 . 2 ) 

84 . 3  ( 9 1 . 5 ) 

86 . 6  ( 9 5 . 4 )  

7 6 . 2  ( 84 . 6 ) 

Ho t 
humi d 

80 . 0  ( 8 7 . 4 ) 7 7 . 5  ( 84 . 6 ) 

8 5 . 7  ( 9 4 . 1 ) 8 8 . 6  ( 9 5 . 2 ) 

80 . 6  ( 85 . 4 ) 

Ho t , 
dry 

Cloudy 
not h umid 



U l t ra 
20 

We iko I l l  
20 

U n i c ro p  

M a r i s  Bead 

20 

20 

30 60 90 120 1 50 

20 

4 0  

20  

20 

10 Pamaro 

30 
d ays from sow i ng 

89 . 

60 90 1 20 

F i g .  B . 4 . 2  Dry w e i g h t  pe r p l a n t  c ompoRe n t s  f o r  e a r l y  and l a t e  

s ow i ngs ( • l ea f ,  \1 s t em , + p od , 0 s e ed ) . 

V e r t i c a l b a r s  a r e s t a n d a rd e r r ors  o f  t he me an . 
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La t e - sown Un i c rop comp l e t ed i t s grO\vt h  ear l ie s t  due p robab ly 

t o  the p rema t u re d e fo l i a t ion caused by f 1m gou s d i seas e . I rr i g a t i o n  

i n c reased t h e  t o t a l  grow t h  rat e  main l y  by i n c re a sed s tem g row t h . 

To t a l  N i t rogen 

The t e rm " t o t a l "  in  this paper r e f e rs t o  t h e  comb in a t i on o f  

a l l  above -ground p a r t s . 

Early Sow i ng 

Logi s t i c  equa t i o n s  ( Eq u a t i on 2 ,  s e e  Ma t e r i a l s  and Me thods ) 

prov i d ed t he b e s t  f i t o f  the t o t a l  n i t rogen d a t a  during the 

accumu l a t ion phase ( Fig . B . 4 . 3 ) .  for P ama ro , a quad ra t i c  

l o g i s t i c equat ion ( eq ua t ion 3 )  p rov i d ed a b e t t e r  f i t  t owards the  

end  o f  the pha s e  ( L ine B ) . A l t hough t he pa t t e rn of  a c c umu l a t ion 

was s imi l a r  for a l l  cu l t i va rs , the rate o f  ac cumu l at ion varied . 

Th e rate  coe f f i c i e n t s  ( b  c o e f f i ci en t s )  i n  Tab l e  B . 4 . 9  show t h a t  

Pamaro a c cumu l at e d  n i t r ogen s i gn i f i c an t l y  f a s t e r  than U l t ra o r  

Weiko I l l . Howeve r ,  the du rat ion o f  t o t a l  n i t rogen a c cumu la t i o n  

was  a l s o shor t e r  f o r  Pamaro ( a bou t 1 20 day s )  compared w i th U l t r a  

and Weiko I l l ( abou t 1 4 0 days ) resu l t i ng i n  s imi l a r  maximum t o t a l  

n i t roge n  f o r  these  t h ree cul t ivars . Un i c rop an d Mar i s  B ead had 

in t e rmed i a t e  r a t e s  of  n i t rogen a c c umu l a t ion but  had sho r t e r  per i od s 

o f  n i t rogen a c c umu l a t ion s o  tha t max imum t o t a l  n i t rogen was lower 

than U l t r a , Weiko I l l  o r  P amaro . 

Toward s the end o f  the  grow th p e r i od , ni t rogen i n  non-s e e d  

c ompone n t s  d e c l ined sha rp ly ( Fi g .  B . 4 . 3 ) . The d i f f erence b e t ween 

t o t a l  n i t rogen and non - s e ed n i t rogen is  a c coun t ed for  by the 

a c cumu l a t ion o f  seed n i t rogen and the l os s  of n i t rogen i n  l e a f  

f a l l .  An e xponen t i a l e q u a t ion ( eq u a t i on 4 )  was f i t t ed t o  the 

d e c l i ne phase of n on-se e d  n i t rogen . 



F i g .  8 . 4 . 3  To t a l  n i t r o g e n  p e r  p l a n t  ( e )  a n d  n o n- s e e d  n i t rogen 

p e r  p l a n t  d u r i n g  t h e  d e c I i n L� p h o s e  ( 0 ) for e a r l y  

a n d  l a te s m.: i ng .  

F t i me o f  f J m"e r i n g 

BS b e g i. n n i n g o f  s e e d  g r ow t h - s e e  F i g . 8 . 4 . 4  a n d  

B . 4 . 5 

R S  b e g i n n i ng o f  r a p i d  s e e d  g r ow t h  S e e  F i g . B . 4 . 4  

a n d  13 . 4 . 5  

F i g ur e s  a r e c oc f f i c i e n t s  o f  d e t e rm i na t i on (R2 ) 
f o r  t h e a d j a c e n t c u r v e . 
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TABLE B . 4 . 9 :  Re gre s s i on coef f i c i en t  b f o r  regre s s ion e q u a t ions 
t o t a l  n i t rogen and non-seed n i t rogen d u ri n g  the 
d e c l ine  phase wi t h  d ay s  f rom sowi n g . 

Logi s t i c  Equa t ion s 

Cu l t ivar 

Ea r ly Sowing 

Pama ro 

Mar i s  Bead 

Un i c ro p  

Ul t r a  

Weiko I l l  

La t e  Sowi ng 

Pam a r o  

Un i c rop N I * 

Ul t ra I * 

N I  

\>Je iko I l l I 

N l  

Quad r a t i c  Logi s t i c Eq uat ion s  

Ear ly Sow ing 

Pama ro 

Lat e  Sowing 

We iko I I I  NI 

Un i c rop NI 

U l t r a  N I  

To t a l n i t rogen 

0 . 0 72 0  a 

0 . 0 6 7 5  ah 

0 . 0 6 1 7  ab 
0 . 0 5 89 c 

0 . 0 5 7 8 b e  

0 . 0 9 20 b e  

0 . 0809 c 

0 . 05 4 2  e 
0 . 0 7 3 1  d 

0 . 1 1 2 0 ah 

0 . 1 2 09 a 

0 . 1 3 96  

0 . 2 1 4 3 

0 .  1 9 4 4  

0 .  1 7 2 5  

* I  i r ri g a t ed N I  Non - i r r igat ed 

Non- s e e d  N i t r ogen 

-0 . 0 2 7 2  b 

-0 . 05 3 1  b 

-0 . 0 8 3 3  a 

-0 . 06 5 3  a 

-0 . 0 7 5 0  a 

-0 . 04 7 4  ab 

- 0 . 06 3 9  a 

-0 . 02 5 7  c 

-0 . 0 5 5 0  a 

-0 . 034 1 b 

- 0 . 05 1 0 a 

Coe f f ic i en t s  w i th l e t t e r s  in common a re n o t  s i gni f i can t ly d i f fe r e n t  

( P  < 0 . 05 )  Compari sons may b e  made wi thin  co l umns a n d  sowi n g  t imes 

o n l y .  ( Ap p l ies  a l so t o  Tab l e s  B . 4 . 1 1  and 8 . 4 . 1 2 . ) 
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Non-seed c omponen t s  o f  e ar l y-sown Pama ro  e� n d  �ta r i s  H .. �ad  l os t  

n i t roge n a t  s i gn i f i can t l y  l owe r r a t es t han the l up in cu l t iva rs  

( Tab le B . 4 . 9 ) .  Ex ce p t  f o r  P a ma ro , t h e  non - s eed n i t rogen d e c l ine 

c omme n c e d  at  abou t t he t ime t h a t  t h e  se ed began t o  a c c umu l a t e  

n i t roge n r ap i d l y  ( A r row R . S .  F i g . B . 4 .  1 ) , wh i c h  a l s o  co incided 

w i th t he beg inning  o f  t he r a p i d  sene s c e n c e  o f  l e a f . The d e c l in e  in  

n on-seed n i t rogen f o r  P ama ro o c c u r r e d a t  a n  e a r l i e r  s tage o f  

g rowth viz. when seed grow t h  commenced (Arrow B . S . , F i g . B . 4 . 3 ) 

A l t hough RWC meas uremen t s  we re not  b e i n g  t aken a t  t ha t  t ime , l a t e r  

measuremen t s  and a c c umu l a t ed ne t w a t e r  ava i l ab i l i ty wou ld i nd i c a t e  

t h a t wa t e r  s t re s s  was n o t  a f ac tor . 

Pama ro d i d no t u t i l i se a s  mu ch n i t rogen f rom non-seed t i s s u e s  

a s  d i d  t h e  o t h e r  cu l t i vars ( F i g .  8 . 4 . 1 ) .  D ry we i gh t  di f f er en c e s  

c a n  howeve r con fuse t h i s  t rend  s o  t h e  ra t i o  o f  n i t rogen con t en t  and 

dry we i gh t of non-seed c omponen t s  we re c a l c u l a t e d  ( Tab l e  B . 4 . 1 0 )  

Pamaro and Ma r i s Bead had s i gn i f i c an t l y  more n i t rogen per uni t 

d r y  we i gh t t han the l up i n s  a t  t h e  e a r l y  sowing . 

L a t e  Sow i n g  

Lo gi s t i c  equa t ion s ( cu r ve A ,  F i g .  B . 4 . 3 ) f i t t e d a l l  t o t al 

n i t rogen d a t a  we l l  f o r  U l t r a ,  i r r i ga t e d Wei k o  I l l  and Pama ro . 

The s e  equa t ions were app l i c abl e on l y  t o  t he e a r ly d a t a  o f  non

i r r iga t e d  We iko I l l  and Un i c rop for whi ch  q uadra t i c  log i s t i c  

e q ua t ions p rov i d e  a be t t e r f i t  o f  a l l t o t a l  n i t rogen da t a .  W e i ko 

I l l  had t h e  h i ghe s t  ra t e  o f  n i tro gen ac cumu l a t ion a t  the l a t e  

s owing , b u t U l t ra again h a d  t he l owe s t  r a t e . T- t e s t s  b e t ween the 

b c oe f f i c i en t s  of  each c u l t i v a r at  e ac h  sow i n g  showed t h a t  l a t e

sown p l an t s  accumu l a t ed ni t rogen s i gn i f ican t ly f as te r  ( P  < 0 . 05 )  

t h an ear ly-sown p l a n t s  excep t for t h e  compa r i son be tween e ar l y 

s own a n d  i r rigated l a t e - s own U l t r a .  

L a t e - sown p l an t s  s t ar t e d r a p i d  n i t r o gen a c c umu la t ion earl ier 

t han ear ly-sown p l an t s  a nd had s h o r t e r  d u r a t i on . Un i c rop had 

the sho r t e s t  accumu l a t i on p e r i od ( 6 0 days ) . A l though n i t rogen 

ac cumu l a t ion of non - i rr i ga t ed U l t ra s l owe d a f t e r  90 d ay s , i t  
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c on t in ued f o r  t he who l e  p e r i o d  ( 1  1 0  d ay s ) . I rr i ga t ion e x t ended the 

n i t rogen ac cumu l a t ion p e riod  o f  Tve i ko I T I an d increased the rat e  o f  

a c cumu l a t ion over t he l a t e  g rowth pe riod for  U l t ra .  

TAB LE B . 4 . 1 0 :  Ra t io o f  non-seed n i t rogen t o  non-seed d ry weigh t 
(mg / g )  a t  the  f in a l  samp l i ng o f  each c u l t ivar 

C u l t iva r 

P amaro 

Mar i s  Bead 

Un i c rop 

U l t ra 

W e iko I l l  

Ear l y  Sowing 

40 . 6  a 

1 3 . 8  b 

6 . 0 c 

6 . 0  c 

6 . 0  c 

I r r i ga t e d 

1 0 , 0  ab 

1 4 , 0  a 

Late Sowing 

Not I rrigated 

1 4 . 0  a 

8 , 0  ab 

6 . 0 b 

9 . 0  ab 

The ra t e  of dec l ine i n  non-seed n i t rogen was simi l ar for a l l 

n o n - i r r i g a t e d  t re a t men t s  ( Tab l e  8 . 4 . 9 ) bu t was s i gn i f ican t ly s l ower 

for irri ga t ed t rea tmen t s . The d e c l ine in Pamaro aga in commen ced 

r e l a t ive l y  e a r l y  and a t  a s l i gh t l y s l ower r a t e  t han f o r  o th e r  non

i r riga ted t rea tmen t s .  The r a t io o f  non-seed n i t rogen t o  non - seed 

dry weigh t ( Tab le B . 4 . l 0) again t ended to be h i gher for P amaro 

par t i cu l ar l y  when compared wi th U l t r a . I r r ig a t e d  t rea t men t s  a l so 

t e nded to h ave a higher ra t i o bu t t h i s  could be due t o  t he f in a l  

h a rves t b e i ng too c l ose  t o  the  f i n a l  l e a f  sene s c ence ( F i g . B . 4 , 2 ) 

an d comp l e te redis t r ibu t i on of n i t rogen had p rob ably no t t aken p l a c e . 

S e c t ion C . J shows tha t con s iderab l e  red i s t r i but i on o f  n i t rogen take s 

p l ace during the f in a l  ma t u ra t i on period  in we l l -wa t e red p l an t s .  

P robab l y  a f u r t her harv e s t  shou ld  ha ve b een t aken . 

De c l in e  in non -s e ed n i t rogen s t ar t e d a t  abou t 80 days f rom 

sowing for i rr iga t ed and non-i r r iga t ed t re a tmen t s  of b o th Ul t ra and 

We iko I l l . Howeve r 1 for We iko I I I , i r r i ga t i on enab led  this dec l ine 

to commenc e a t  a higher l eve l of n i t r ogen t han f or non-irrigated 

p l an t s  but  on l y  sma l l  amoun t o f  add i t iona l t o t a l  n i t r ogen was 

a c c umu l a t e d  a f t er t h i s  t ime . In the case of i r r i ga t ed U l t ra ,  the 
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decl ine o c curred a t  t h e  same l eve l o f  t c l t a l  n i t r ogen a s  non

i rriga t ed p l an t s  b u t  con s i d e rab l e  e x t r a  t o t a l  n i t rogen was l a t e r  

a c cumu l a t ed b y  the  i r r i ga ted t r ea t ment  and a l e s ser amoun t b y  the 

non-i rriga t ed t re a t men t .  Va r i a t i on be tween ind ividua l p l an t s  

was however h i gh . 

Le af and S t e m Ni t roge n  

Ear ly Sowi ng 

Leaf ni t rogen ac cumu l a t i on ra t e s  we re  s i mi l ar ( Tab l e  8 . 4 . 1 1 )  

but , a s  f o r t o t a l  n i t rogen the d 1 1r a t i o n  o f  accumu l a t i on v a ri e d  ( Fi g  

B . 4 . 4 ) s o  the amoun t acc umul a t ed a l so var ied . On ce a c c umu l a t ion 

ceased t he re t e nded t o  b e  a pe r i od o f  re l a t i ve l y  cons tan t l e a f  

n i t rogen con t e n t  r a n g i n g  f rom ap p r o x i ma t l ey 2 0  d a y s  f o r  Mar i s  B e ad 

t o  about 40 days f or U l t ra .  Th i s  p e r i od was no t evid en t f o r  

P amaro whe r e  the  d e c l ine i n  l e a f  n i t r ogen o c c urred ra p i d l y  a s  soon 

as s e ed g rowth b e gan ( A r r ow B . S .  F i g .  8 . 4 , 4 ) . 

Pama ro had t h e  mo s t  rap i d  r a t e  o f  s t em n i t rogen i nc rease  and 

U l t ra the s l owe s t  ( Tab l e  B . 4 .  l l ) .  Du ra t ion o f  s tem ni t rogen 

ac cumu la t ion and d e c l i n e  a l so var i e d cons i d e r ab l y  ( Fi g . 8 . 4 . 4 ) .  

U l t r a  and Un i c ro p  had a l ong  accumu l a t i on p e r iod but  the d e c l in e  

in s tem ni t r ogen was rap i d ,  o f  sho r t  d u r a t i on a n d  be gan when rap id  

seed growt h  c ommenced ( A r row R . S .  F i g .  8 . 4 , 4 ) . O t h e r  c u l t ivars  

had  a mo re rapid  accumu l a t i on and  a s l ower  de c l ine in  s tem n i t roge n . 

The d e c l ine i n  s t em n i t rogen f or t he s e  c u l t ivar s d id n o t  s t a r t  

u n t i l  seed growth c o mmenced ( Arrow 8 . S . ) .  D e s p i t e  i t s  ma rked s t em 

g rowth ( F i g .  8 . 4 . 1 ) ,  U l t ra ac cumu l a t e d  s tem ni t rogen more s l ow l y  

t h a n  l ea f  n i t rogen ( Tab l e 8 . 4 .  l l ) .  O t h e r  c u l t ivars ac c umu l a t e d  

s tem ni t rogen mo re  rap i d l y  t h a n  l e a f  n i t rogen . 
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TABLE B . 4 . 1 1 :  Re g r e s s ion co e f f i c i e n t  b for regress ion equat ions 
l e a f  and �em n i t rogen w i t h  days f rom sowing and 
coe f f i c i ent c f or quadra t i c  logis t i c equat i on s  
s tem n i t rogen w i t h  d a y s  from l a t e  sowing . 

C u l t ivar 

E a r ly S owi ng 

P amaro 

Mar i s  B e ad 

Un i crop 

U l t r a  

We iko I l l  

L a t e  Sowi ng 

P amaro 

Un i c rop N I  

U l t ra I 

N I  

We iko I l l  

NI 

I 

Leaf N i t rogen 

Accumu l a t i on 
Phase 

( eq u a t i on 2 )  

0 . 0 7 6 6  a 

0 . 0 6 3 8  a 

0 . 0 6 9 9  a 

0 . 0 6 8 8 6  a 

0 . 0 7 1 5  a 

0 . 1 0 7 4  a 

0 . 0 7 6 0  b 

0 . 0 8 7 7  b 

0 . 1 0 0 2  ab 

0 . 0 8 2 2  ab 

0 . 1 1 90 a 

S tem Ni trogen 

Accumu la t i on 
Pha se 

( e q ua t ion 2 )  

0 . 09 85 a 

0 . 0 86 1 ab 

0 . 0 8 2 3  ab 

0 . 0 5 9 8  c 

0 . 0 74 8  b 

D e c l ine 
Phase 

( equat ion 4 )  

-0 . 0 3 5 5  ab 

-0 . 0 1 9 2  b 

-0 . 04 5 2  a 

-0 . 04 8 5  a 

-0 . 02 2 4  b 

coef f i c ient b coe f f ic i en t c 

( eq u a t i on 3 )  

0 . 2 5 7 4  a -0 . 00 1 7 a 

0 . 2 1 2 8 ab -0 . 00 1 6  a 

0 . 1 6 1 8  b -0 . 0009 b 

0 . 1 7 9 9 b -0 . 00 1 1 ab 

0 . 2 5 7 9 a -0 . 00 1 5  a 

0 . 2 3 3 8  a -0 . 00 1 4  a 
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La t e  Sowing 

Di f fe rence s between cu l t i va rs i n  t he r a t e  o f  a c c umuia t ion o f  

l e a f  n i t rogen we re grea t e r  a t  t he l a t e  sow i n g compared wi th the 

e a r l i e r  sow i n g  ( Tab l e  8 . 4 . 1 1 ) .  I r r i ga t ed p l a n t s  tended t o  

a c c umu l a t e  l ea f  n i t rogen a t  a s l ower r a t e  t han non - i r r i g a t e d  

p l a n t s  s o  t h a t t h e y  reac hed a p e a k  o f  n i t rogen con ten t abou t 1 0  

days  l a ter ( F i g .  B . 4 . 5 ) a t  on l y a s J i ght l y  h igher l ev e l . The 

p e r i o d  o f  c on s t an t  l e af  n i t r o g e n  o r  s ] ow d e c l i n e  p rev i o u s l y  

n o t e d  w a s  n o t  prese n t , p re suma b 1 y he c a 1 1 S e  o f  t h e  mo re rapid ons e t  

o f  wa t e r  s t re s s . U J t r a h a d  s l owe r a c � umu 1 a t i on o f  s t em n i t rogen 

than did o t her  cu l t i v ars ( Tab l e  8 . 4 . 1 1 ) . 

P o d  Ni t rogen 

Ear ly Sow i ng 

U l t ra i n c r e a se d p o d  n i t r o ge n s i g n i f i c a n t l y  f a s t e r  than Un i c rop 

w i th We iko i n t e rmed i a t e  ( F i g .  8 . 4 . 4 ,  Tab l e  B . 4 . 1 2 ) . There were 

i n s u f f i c i e n t  d a t a  to comp u t e  cu rve s f o r  Pamaro and Mar i s  Bead . 

Lup i n s  had more ni t rogen s t o r e d  in  p o d s  than o t her c u l t i vars and t h i s  

se emed t o  b e  even t ua l l y  a v a i l ab l e t o  t h e  seed . De c l in e  i n  pod 

n i t rogen gen e ra l l y  o c c u rr ed a t  mu c h  t h e  s ame t ime as the ove ral l 

de c l ine in non-seed n i t rogen . Th e s l owe r de c l i ne in  pod n i trogen 

c o in c ided  w i t h  s lowe r  s e ed n i t rogen ac cumu l a t i on r a t e . 

La t e  S ow i ng 

There were i n su f f i c i e n t  d a t a  t o  a l l ow t he f i t t ing o f  c u rve s . 

We iko and U l t r a aga i n  a c cumu l a t e d mo re n i t rogen than Pamaro . 

Irr i ga t ion resu l t ed in more n i t rogen i n  pods a t  the  p e ak o f  

a c c umu l a t i on c ompa red w i t h non- i r r i ga ted p l an t s  o f  t he s ame 

cu l t iva r .  
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TABLE B . 4 . 1 2 :  R e g re s s i on c o e f f i c i e n t  b for r e g re s s ion equ a t i ons 
pod  n i t r o g e n  and s e e d  n i t rog e n  wi t h  d ay s  f rom 
s owin g 

Cul t iv a r  

Early Sow i ng 

P amaro 

Mar i s  Bead 

Un i c rop 

Ul t r a  

We iko I l l  

La t e  Sowing 

P amaro 

U n i c rop N I . 

U l t r a l 

NI 

We iko I I I  I 

N I  

P o d  N i t ro g en 

Acc umu l a t i on 
phase 

De c l i ne 
phase 

( l i n e ar e q ua t i on )  ( e q ua t i o n 4)  

0 . 00 4 1  b 

0 . 0 0 8 7  a 
0 . 0 0 5 9  a b  

- 0 . 09 0 1 a 

-0 . 0 6 4 5  a 

- 0 . 0 7 39 a 

Seed N i t ro gen 

( equa t i on 5 )  

9 . 6 2 9 6  b 

1 6 . 3 2 8 3  a 

1 3 . 25 1 8  ab 

9 . 8070 b 

1 5 . 09 3 1  a 

7 . 1 7 40  a 

5 . 6 1 7 0  b 

1 0 , 2 1 86 a 

9 . 5 7 1 9  a 

9 . 4 1 8 7  a 

8 .  7 84 1  ab  
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Seed ni trogen 

Maris  Bead and \ve iko I I I  had t he h i gh e s t  s e ed n i t rogen i ncrease  

a t  the  e a r l y  sow i n g  ( Tab l e  B . 4 . 1 2 ) . The  e a r ly f in i sh of seed 

n i t rogen accumu l a t ion in Ma r i s  Bead and Un i c rop ( F i g . 8 . 4 . 4 )  was 

p robab l y  due to the adve r s e  i n f l uenc e o f  d i se a s e  and a gain i nd i c a t e s  

t ha t  t he po t e n t i a l  of  the se  cu l t ivars w a s  n o t  i n d i c a t ed in t h i s  

e xpe rimen t . The ra p i d  s e e d  n i t rogen i n c re a s e  in  early-s own Weiko I I I 

c ompe n s a t e d  for a sho r t e r  d u rat ion o f  seed growth c ompared w i t h  

U l t ra s o  tha t b o t h  c u l t i va r s  h a d  a s i m i l a r  q uan t i ty o f  n i t rogen in 

t he se e d .  

The curve s used d i d n ot f i t  t he d a t a  we l l  f o r  some o f  the 

c u l t ivars  a t  the l a t e  s owing ( Tab l e  B . 4 .  1 2 )  and probab ly under

e s t ima t ed the r a t e  o f  i n c r ease  in seed n i t roge n . Howeve r ,  a p a r t  

from W e iko I I I , r a t e s  of  s e e d  n i t rogen i n crease  b e tween sowing 

times w e re s i mi l ar .  Ac cumu l a t i on per i od ( F i g . B . 4 . 5 ) was sho r t e r  

a t  t h e  l a t e  sow i n g  resu l t i n g i n  l owe r s e e d  n i t rogen y i e l d  exc e p t  

for U l t ra .  

The ma rked l ag phase in e a r l y  seed growth o f  U l t r a  n o t e d  b y  

Hocking and Pa t e  ( 1 9 7 7 )  was  a l so e v i de n t  at  t he e a r ly s owing bu t 

was l e s s  pronounc e d  a t  the  l a t e  sow i n g .  

To ob t a i n  a c l earer p i c t ure o f  the con t r i b u t ion o f  various 

p l an t  componen t s  t o  seed n i trogen , Tab l e  8 . 4 . 1 3  was c on s t ru c t e d . 

E s t im a t e s  o f  l o s s  f rom p l an t  par t s  were ma d e  by ca l c u l a t in g  

t h e  d i f f e rence be tween max imum and minimum l ev e l s  of  s t ems and 

pods i n  Figs . B . 4 . 4  and 8 . 4 . 5 .  Fo r l e aves  6 0% o f  the max imum 

leaf  n i t rogen was  used  to  a l l ow for l os s  i n  senesced leaf . 

( Ho cking and P a t e  ( 1 9 7 8 )  f ound remo b i l i s a t i on of  60- 7 5 %  for 

n i t rogen from l eaf l e t s  of  L .  angu s ti.fo l ius an d L .  a lbus ) . 

The amo un t  o f  n i t r ogen supp l i ed  by the l e a f  was re l a tive l y  

con s t an t . The l ow con tribu t i on b y  Un i crop l e a f  a t  t h e  l a t e  s owing 

was  due again to  t h e  e f f e c t  o f  d i sease . Remob i l i sa t i on of  n i t rogen 
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TABLE B .  4 .  1 3 :  Es t i ma t ed con t r i b u t i on of  n i t rogen to s e e d  f rom 
p l an t  p a r t s  a nd t h a t  s u p p l i e d  dire c t f r om 
a s s i m i l a t i o n  ( mg ) . 

L e a f  S t ern P n d  To t a l S eed *D i r e c t 
Remo b i l - Con t en t  

i s ed 

Ea r ly Sow i ng 

P ama ro 1 4 0  I S O 8() 3 7 0 5 2 0  1 5 0 

Ma r i s  Bead 1 7 0 90 5 0  3 1 0  4 5 0  1 40 

Un i c rop 1 30 90 9 0  3 1 0  2 80 3 0  

U l t ra 1 7 0 1 60 2 2 0  5 50 7 2 0  1 7 0 

Weiko I I I  1 2 0 1 00 1 6 0 3 8 0  6 00 2 2 0  

La t e  S ow i ng 

Pamaro 1 3 0 4 0  4 0  2 1 0  2 50 4 0  

Un i c rop N I  80 30 4 0  1 5 0 1 60 1 0  

U l t r a I 2 0 0  20  1 3 0 3 5 0  1 000 6 5 0  

N I  1 60 s o  1 2 0 3 3 0 7 50 4 2 0  

W e i ko I I I I 1 3 0 4 0  8 0  2 5 0  2 5 0 0 

N I  1 30 80 7 0  2 8 0  3 00 20  

* By d i f f e ren c e  
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f r om pods and s t em of  U l t ra and He iko I l l  �-.�as h i gh . For U l t ra ,  

the amoun t  o f  to t a l  remob i l i s a t ion was l owe r a t  the  la t e  sowin g  

b u t  was compensa t e d  f o r  b y  a grea t er s u p p l y  o f  n i t ro gen "dire c t "  

t o  t he seed . "Di re c t "  supp l y a t  the l a t e  sowi ng was low for o th e r  

cu l t ivars . 

B . 4 . 2 . 4  DISCUS S I ON 

The ra t e s  of  accumu l a t i on o f  to t a l n i t rogen were renill rkabl y  

s imi l ar con s id e r in g  the diverse gene t i c background and s truc ture 

o f  the crops . Maj o r  d i f feren c e s  between s p e c ies were i n  t he 

dura t ion o f  accumu la t ion and dec] ine o f  n i t ro gen and the  t iming o f  

these t ren d s  r e l a t ive t o  days  from sowi n g . S eed y i e l d  ( S e c t ion 

B . 4 . 1 )  was re l a t e d  to t o t a l  n i t rogen upt ake , a t rend a l so n o t ed by 

Wes te rmann and Ko l a r  ( 1 9 7 8 ) . 

The "se l f  des t r u c t ion " hypo t he s i s  o f  S in c l air and d e  Wi t ( 1 9 7 5 )  

t ha t  con s ide rab l e  u t i l i s at i on o f  non - seed n i t rogen occurs a t  the  

t ime of  rap i d  seed n i t rogen ac cumu l a t i on is  suppo r t e d  by the data  

f rom t h i s  experimen t .  The dec l in e  i n  n on - s e e d  compon en t n i t rogen 

at the ear ly sow i n g  o c c u rred at t he s t a r t  o f  rapid seed a c cumu l a t ion 

(RS ) . The exce p t i on was Pamaro . Rap i d  seed deve l opment  s ta r t e d  

app roxima t e l y  1 1 0- 1 20 days from t h e  e ar l y  s ow ing ; abo u t  the same 

t ime tha t re l a t ive water con te n t  measureme n t s  were app roaching 

80% . S e c t ion s  C . 2  and C . 3  s how that , f o r  U l tra , RWC a t  t h i s  l e v e l  

measured l a te in  t h e  photop e ri od c a n  c a u s e  c e s sat ion o f  vege t a t ive 

g rm.;rth and s t imu l a te  seed growt h by remob i l i s a t ion of assimi la t e s . 

At t he l a te sowin g howeve r ,  dec l i ne o f  n i tro gen con t en t in non-

see d comp onen t s  commenced usua l l y at  the b e g i nning of  s e e d  g rowt h  

( B S ) . This was a t  day 6 0 - 8 0  when leaves o f  non-irriga ted p lan t s  

were app roaching 80% RWC indica t ing again that  wa t er s t re s s  i s  t he 

s t imu lus  for the de c l in e . However , i rriga ted  p l ants a l so s t a r t e d  

t h e ir n on - se e d  n i t ro gen d e c l ine a t  t h e  same t ime as  non-irrigated 

p l ant s .  RWC data i n d ic a t e d  tha t on hot s unny days the RWC o f  

i r r i ga t ed p l an t  l e aves a t  2 p . m . was no t grea t l y  d i f f e re n t  f r om 

those of  non - i rrigated  p l an t s  and only a t  n ight , when n on- irriga ted  
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p l an t s  re t ained a l ow RWC , we re t he d if fe ren ce s between i r r i g a t e d  

a n d  non �i r r i ga t e d  p l an t s l a r ge .  Ho t d a y s  caused RWC o f  i r r i g a t e d  

p lan t l eave s to  f al l be l ow 90%  wh i c h  c o u l d  i nduce su f f i c i e n t  s t r e s s  

t o  a f f e c t  pho to s y n t he s i s  ( S h aw an d La i n g ,  1 9 6 6 ;  Chen e t  a l . �  1 9 7 1 )  

and t o  s t imu l a t e  b e g i n n i n g  o f  s e n e s c e nc e .  I rri gat ion a l lowed 

n i t rogen u p t ak e  to  c on t in u e  f o r  l onge r in U l t ra and cause s lower 

d e c l ine in  the ra t e  of remob i l i s a t i on of  n i t roge n  as wou l d  be 

e xpe c t e d  f rom the "se ] f - d e s t ru c t i on ' '  hy po the s i s  o f  S i nc la i r  an d 

d e  W i t  ( 1 9 7 5 , 1 9 7 6 ) . Wa t e r  s t r e s s , h y  l i mi t i ng l ea f  a r e a  

expans ion ( Se c t i on C . 2 ) , p ho to syn t he s i s ( Boy er , 1 9 7 6 )  and n i t r og en 

f ixa t ion ( S p ren t , 1 9 76 )  reduces the d i r e c t  s upp l y  o f  n i t ro g en t o  

t he seed forc i n g  a gre a t e r  d epen d en c e  o n  n i t ro gen r e s e rv e s  thus s t im

u l a t ing and / o r  a g g r a va t L ng t l-e  " s e l f -de s t ru c t i o n "  cyc l e . I f  however 

the s i gna l f o r  s en es c en c e i s  ho rmon a l  ( Noo den et a l . �  1 9 7 8 ;  

W i l 1 i ams and W i l l i ams , 1 9 7 8 ) , wa t e r  d e f i c i t  may s t imu l a t e  produ c t i on 

o f  the ho rmon e . Nooden e t  n Z .  ( 1 9 7 8 )  s ugge s t that the h o rmon e 

t rave l s  on l y  downward i n  the p l an t  f rom the pod whe r ea s  i n  l u p i n  much 

o f  the l e a f  i s  above t he po d s . H owe v e r , i f  the lowe r l eave s we r e  

i n d u c e d  t o  sene s ce by a hormon e t he up pe r l e aves  would p robab l y  

s t ar t  a "se l f-d e s t ru c t i on " c y c l e  because  o f  t h e  demand f o r  

a s s imi l a t e s  by t he p l an t as  a w ho l e  o n  a reduced su p p l y  f rom t he 

sma l l e r  l e a f  area . 

Th i s  exp e r i me n t  s u p po r t s  t r en d s  a p pa ren t in  con t r o l l e d  

environmen t exper imen t s  ( S e c t ion s C . 2 ,  C . 3 )  whe r e  U l t ra c on t inu e d  

r a p i d  vege t a t ive grow th w h e n  a d e q u a t e l y  w a t e red . W h e n  w a t e r  

s t r e s se d , vege t a t ive growth s l owed w i t h  a c on c u r ren t i n c r e a s e  in 

r eprodu c t ive g r ow t h  ra t e . The s t i mu l u s  for c e s s a t ion o f  

vege t a t iv e  growt h ,  f o r  ra p i d  see d  g r owt h an d f or w i thdr awa l o f  

n i t ro ge n  from v e ge t a t ive  compon e n t s  seems t o  b e  due more t o  

w a t e r  s tr e s s  than t o  the demand f o r  pho t oas s im i l a t e  in f e rred b y  

S in c l ai r  and d e  Wi t ( 1 9 7 5 )  an d o t he r s . Po s s i b l y  wat e r  s t re s s  

c ause d  r educ t i on i n  pho t o s yn t hes i s  ( and t h u s  n i t rogen f i xa t ion ) 

a s  we l l  as increased  se ed g r ow t h  bo t h  o f  wh i c h resu l t ed in w i t h dr awa l 

o f  n i t r o ge n  f rom vege t a t ive t i s s ue s . A s imi l a r  hypo the s i s  has  

been sugge s t ed by Eag l e sh am et  a l .  ( 1 9 7 8 ) . 
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Early-sown P amaro wa s an exc ept i on t o  t h i s  trend . Mob i li s a t ion 

o f  non - seed n i t rogen occ urre d at t he beginn ing of seed growth rather 

t han at  the beginning of  t he rap i d  seed growt h phase as in the 

o t her spec ies . RW C d a t a  ind i c a ted tha t peas  were not  severe ly wat e r  

s t re ss e d  un t i l  abou t 1 2 5  days from sowi n g ; l e a f  s ene s cence 

c ommenced early re l a t i ve t o  s tem n i t ro g en remob i l i s a t i on and the  l e a f  

n i t rogen d i d  not  have t h e  cons tan t p e r i od s hown by othe r  spe c i e s ; a l l  

in d i ca t ing tha t some se l f- shad i n g  o c c urred resu l t i ng f rom i t s  

p ro s t r a t e  sc ramb l i n g  ha b i t  and fas t e r  d ev e l opment . Th i s  se l f ,  

s ha din g wi th in  the can opy may have produced a l i mi t at ion t o  t h e  

d eve l o pmen t o f  max imum s e e d  y ie l d  r e s u l t i ng  i n  reduced d emand f or 

n i t rogen res e rves whi ch  may have g i ven ri se  t o  the s l ower d e c l ine 

in non-seed n i t rogen an d t he h i gher ra t i o  o f  n i t rogen to dry we i gh t  

n o t ed . However , these e f f e c t s  cou l d  al so be  due t o  t he l ower overa l l 

demand for n i trogen resu l t ing from t h e  l owe r n i t rogen c on t en t  o f  

t h e  seed . In Ma r i s  Bead t he h i gh ra t i o  o f  n i t r o gen t o  dry wei g h t  

c o u l d  have been caused by  t he l o ss o f  pod s due t o  the e f f e c ts o f  

d i s e a s e . 

We i k o  I l l  and U l tra tended to sup p l y  a gre a ter propo r t i on o f  

the  seed  ni t rogen f rom the pod a trend a l s o  n o t e d  i n  L .  a lbus b y  

Hocking and P a t e  ( 1 9 7 7 ) . Perha p s  th i s  i s  one rea son f o r  t he 

h i gher seed n i t rogen con c en t r a t i on of  t h e s e  cu l t ivars . At t h e  

e a r l y  s owi n g ,  the  n i trogen suppl ied "d i r e c t ly" t o  t he s e e d  was 

a pproxima t e l y  ha l f  of the amoun t supp l i e d  f rom plant res e rv e s  except  

f or Un ic rop . At  b o t h  sowings U l tra wa s mo s t  e f f ic i en t  at  remob i l i s ing 

n i t r ogen whi c h  was  a l so no t ed b y  Hocking and Pate ( 1 9 7 8 ) . 

Th e sup p l y o f  "dire c t "  n i t rogen t o  the seed by l a t e . s own p l an t s  

was low excep t  f o r  U l t ra . W a t e r  s t re s s  p robab l y  s t opped f ix a t i on 

and s t ar t ed s e e d  devel opmen t ear l i e r t han was d e s irab l e . Thi s 

may h ave caused mo s t  o f  the seed ni trogen t o  be  suppl ie d  f r om 

remob i l i sa t i on o f  re serv e s  whi c h we r e  l imi t ed so seed d eve lopmen t 

in mos t cul t ivars  d i d  n o t  ful ly en t e r  the  r ap id accumu la t i on pha s e .  

Th i s  s i t ua t i on w a s  however hel ped b y  a h igher a c c umu l a t ion o f  

n i t rogen be fore f l owerin g than f o r  the e ar ly s owing . Rapi d  
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n i t rogen ac c umu l a t i on wa s s u s t a i n e d  i n  U l t ra f o r  a l on g e r  peri od 

e n ab l in g  gre a t e r c on t r ib u t i on f r om t he pod and t he chann e l l i n g  o f  

n i t rogen d i re c t l y  t o  the s e e d  wh i c h wou l d  have been he lped  b y  

l imi ted vege t a t ive growt h i mp o s e d  b y  wa t e r  s t re s s  r ha t  o c r u r r e d  

d u r i n g  the day b u t lvh i C' h  enah l e rl s • • t · d  g r • )lv ! h  t o  r on t i m te ( Sec t i o n  C . 3 ) . 

H i gher  t emp e ra t ur e  a t  t h i s t i me p robab l y  h e ] ped to s t imu l a t e  growt h 

i n  L .  a lbus ( Se c t i on C . 4 ) . 

A l t h ough Ul t ra and \.J e iko I I T  a · c umu J a t e d  s imi lar l e ve l s  o f  

s e e d  n i t rogen a t  t he ea r l y  sowing t h e r e  appeared t o  b e  i mp o r t a n t  

d i f f e rences in t h e  pa t t e r n  o f  t h i s  a c c umu l a t ion . Compa r e d  wi t h  

U l t ra ,  W e i k o  I I I had a v e r y  h l gh ra t e  o f  s e e d  n i t ro gen a c c umu l a t i on .  

U l t ra howeve r had a ma rked " l ag p ha se " whe re t he accumu l a t i on r a t e  

w a s  rela t ive l y  s l ow b e f o r e  t he rap id a c c umul a t i on pha se began . 

Th i s  t r en d  ha s a l s o b e e n  n o t e d  by Ho c k i n g  and P a t e  ( 1 9 7 7 ) . The 

l a g  phase may be i mpo r t an t  t o  e n ab l e  t he p r e ceed i n g  grow t h  pe r iod 

to con t in ue for a l on g e r  pe r i od t h u s  enab l i n g  a gre a t e r  p rodu c t i on 

o f  pho t o s yn t he t i c  t i ss u e and n i t rogen re s e rves . Thi s  i s  a c h i eved 

h owever a t  t he expense of  a l on ger g r owt h pe r i od wh ich , e s p e c i a l l y  

f or spr in g  sow i n g , can b e  undes i r ab l e .  

An impo r t an t  d e t e rm i n a n t  o f  s e e d  n i t rogen y i e l d  t he re fo r e  

s e ems t o  be  t he l e n g t h  o f  t he t o t a l  p l an t  n i t ro gen a c c umul a t i on 

phase  and man agemen t o f  the c ro p  mus t  a i m  to a l low i t  t o  be  a s  l on g  

a s  p o ss i b l e . R � l a t i v e l y s ho r t  ex t en s i on s t o  t he e f f e c t ive grow t h  

p e r i o d  can  make s i gn i f i can t i n c reases  i n  t he amoun t o f  n i t ro g en 

a s s imi la t e d , a h i gh p ropor t i on o f  wh i c h c a n  b e  ava i la b l e  for  s e e d  

p ro d u c t i on . Fo r examp l e ,  du r i n g the  J as t  20  d ays o f  the l in e ar 

pha s e  o f  t o t a l  n i t r ogen a c c umu la t i on ,  U l t ra was a s s im i l a t i n g  0 . 0 1 7  g 

n i t rogen per d a y . An ex t ra 1 0  d a y s  o f  a c c umul a t ion a t  that r a t e  

wou l d  i n crease t he n i t ro gen ava i l ab l e f o r  seed p rodu c t i on t o  a l l ow 

f o r  a 2 0% i n c re a s e  i n  seed n i t rogen f o r U l t ra .  Thus e ar l y  sow i n g  

i s  very impo r t an t  t o  max imi se  s e e d  prot e in ( n i t rogen ) y i e l d  

e s p e c ia l ly f o r  the more s l owl y d eve l o p i n g  c u l t ivar s . Eve n  s o ,  

t he s low d eve l o pmen t  o f  cu l t i va r s  such  as  U l t r a a n d  We iko i s  a 

d i sadva n t age a s  t he g row ing s e ason i s  a l ways o f  l im i L e d  
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d ura t i on . Se l e c t ion f o r  cu l t ivars  w i t h  more r a p i d  d evelopmen t i n  

t h e  ear l y  p h a s e  woul d be  a n  advan t a ge al t h ough a compari son be tween 

e ar ly and l a t e  sowi n g s  wou l d  i n d i ca t e  t ha t  t h e  rate of early deve lo pmen t 

i s  largely a f un c t ion o f  the env i ronmen t ,  mai n l y  tempera ture 

( Reeves e t  a l . ,  1 9 7 7 ) .  The f a s t er n i t roge n  a c cumu l a t ion at t h e  

l a t e r  s ow ing c ompared w i t h  t he ea r l y s ow i n g  i n d ic a t e s  t ha t  if  

a dequa te w a t e r  ca n  be  provi d e d  d u r i n R  t h e  summe r  b y  i r r i g a t ion o r  

b y  g rowing i n  a n  a r ea w i t h  a good summe r  r a i nf a l l , l a t e  s owings 

c ou l d  produc e a c c e p t ab l e  y i e l d s  ( S e c t i on C . 2 ) o r  a very s ub s t an t ia l  

imp rovemen t c o u l d  be expec ted f r om ear l y - sown c rops p rovided 

d i sease or  se l f-shadi n g  was no t a p rob lem .  

These re s u l t s  wou l d  i n d i c a t e  t ha t  e a c h  o f  the s p e c i e s  t e s t e d  

h a s  simi l a r  p o t en t i a l  t o  f ix n i t ro g en an d t ra n s f e r  t h i s t o  s e e d  

p ro t e in . O t h e r  f a c t o r s  the r e f or e  mus t i n f l ue n c e  t h e  c ho i c e  o f  

c ro p .  F o r  examp l e ,  i f  h i gh pro t e i n  c on t en t  i s  requ i red in t h e  

s eed , then l u p i n s  have some advan t age . I f  t h e growing p e r i od 

i s  short , p e a s  and L .  angus tifo l ius W0 1 1 l d  seem to  be  mos t  s u i t ab le ,  

bu t f or a l l  s pe c i e s , e a r l y  s ow i n g  wou l d  seem t o  be e s sen t ia l  f o r  

maxim i s ing seed and p r o t e i n y i e l d .  
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SECTION C .  WATER STRESS STUDIES ON LUPINUS ALBUS 

C . 1  GENERAL IN1�0DUCTION 

Re sul t s  f r om Se c tion B . 4  and H i l l  e t  a l .  indicated that 

L.  a lbus wa s a grain legume with a potential for New Zealand 

desp i t e  poor earlier repor t s  (Alan , 1 9 4 9 ) . For this reason and 

because rela t ively l i t t l e  work h ad been carried out in 

Au stral a s i a on this species  comp ared with L. angus tifo lius, a l l  

f urther work was wi th L .  a lbus . 

The previous exp er iment showed that water supply i s  an imp o r t an t  

factor i n  seed yield . However ,  in New Zeal and , mo is ture s t re s s  

o f  various d urat ion and in tensi ty c an a f f ec t  the p lan t  at  a lmo s t  

any s tage o f  growth f rom l a t e  sp r in g .  S tu dy of  the e f f e c t  o f  

short d u ra t i on water s tr e s s  on growth , nitro gen d i s t ribu tion and 

seed yield  wou ld thus seem to be important . 

S a l t e r  and Goode ( 1 9 6 7 )  s ta te that mos t  grain l e gumes are 

sens i t ive to  mois ture s tress at mos t  growth s tage s  especially  

during f lowe r ing . However , lupins  were not inclu ded in  the i r  

review and the marked inde t e rmi nate nature o f  L. a lbus may make i t  

d i f feren t  f rom mos t  grain legume s . The range of d evelopment o f  

pods over a sequence o f  s tems may me an that lupin can recover 

f rom sho r t  d uration mo is ture s tr e s s  as p r eviously noted by 

B i ddiscombe ( 1 9 7 5 )  for  L. angustifo lius . 

In ind e termina t e  p lan t s  such as  lupin s ,  knowledge o f  veget a t ive 

growth i s  importan t even for seed product ion as vegetat ive and 

reproduc tive growth o ccur con cu rren t ly and are p robab l y  i n  

compe t i t i on (Web e r , 1 9 6 8 ) . W a t e r  de f ic i t s  are known to adverse ly 

a f fe c t  many asp e c t s  o f  growth and n i trogen metab o l i sm ( S al t e r  

and Goode ,  1 96 7 ; Hs iao , 1 9 73 ; Hs iao and Aceve do , 1 9 7 4 ) . I n  a 

series af exper i�en t s , Gat e s  ( 1 9 5 Sa , b ;  1 95 7 )  use d  t oma to a s  the 

exper imental plan t . Water s tre s s  reduced to tal p lan t dry weigh t , 

part icul a r l y  the l aminae but , on rewatering , l aminae re covered at 
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a higher r a t e  than s t ems . N i trogen was mob i l i sed f rom the  leaf 

to  t he s tem dur ing s t ress b u t  moved mai n ly to youn ger l e av e s  

upon rewa t e ring . G a t e s  ( 1 96 4 )  s t at e s  that t h e  youn ge r  l eave s  

suf f e r  t h e  grea tes t depression in  growth bu t re t a in the b e s t  

c ap a c i t y  f o r  re growth upon rewat e r ing . 

The re i s  l imi ted informa t ion on the vege t at ive respon s e  o f  

grain l e gumes t o  water s t r e s s  a s  mo s t  s tu d i e s  con c en t ra t e  on  

reprodu c t ive componen t s . Some s t re s s  dur i ng early s tages of  

growth wh i ch red u c e s  p l ant s i ze may increase seed y i e ld ( Sa l t e r , 

1 9 6 2 ; S a l t er and Drew , 1 9 6 5 ; S al t e r and Geode , 1 9 6 7 )  presumab ly 

be cause o f  l e s s  comp e t i t ion from th e vege t a tive grow t h . 

Resu l t s  o f  experimen ts on timing of w a t er s t ress w i th o ther 

grain l egumes are con fus in g  p roba b l y  b e c ause o f  d i f fer ing aims , 

me thods and cond i t ions . Pod f i l l  has been found t o  b e  a 

sens i t iv e  s t age in  peas ( Mau rer et  al . _, 1 96 8 , Mi l l e r  e t  a l . _, 

1 9 7 7 )  and soybeans (Doss e t  a l . _, 1 9 7 4 ;  S i on i t  and Kramer , 1 9 7 7 )  

resu l t in g  i n  lower seed we i gh t .  Adj e i-Twum and Sp l i t t s to e s se r  

( 1 9 7 6 )  f ound wa t er s t re s s  reduced seed numbers bu t increased 

seed we i gh t  and seed pro t e in p e r c en tage of  ind e t e rmi n a t e  soyb e an s . 

Ac cording to S a l t e r  and Geode ( 1 9 6 7 ) , i rr i ga ti o n  b e f o re f l oweri n g  

of ten f a i l s  to inc rease s e ed y i e ld . Runge and Ode l l  ( 1 96 0 )  and 

Sion i t  and Krame r ( 1 9 7 7 )  f ound mo i s ture s t ress at  the vege t a t ive 

s tage reduced y i e l d s  of s oybeans bu t S toker ( 1 9 7 7 )  f a i led t o  

ob t ain a re sponse in lupin to  irr i g a t ion before f lowering a l though 

he s ta t ed t hat  pre- f l owering response probably depends on the 

degree of s t re s s .  B id d i s c ombe ( 1 9 7 5 )  f ound s tres s  during f lower in g  

mos t  imp o r t an t  i n  L .  angus tifo lius_, t he ma in e f f e c t  b e in g  a 

red uc t i on in pod n umbers . P l an t s w a t ered af ter s t ress were abl e  

t o  r e c ove r and d eve lop f l owers and pod s simi l ar t o  n on - s tressed 

p l an t s . S haw and Laing ( 1 9 66 ) a l so reported tha t , with s oybean , 

wat e r  s tre s s  imposed early in growt h reduced pod n umbe r  o n  the 

lowe r s tern but t h is was compe n s a t e d  for by ad dit ional pods s e t  

o n  t he upper s tem when s tem grow th resumed o n  rewat ering . They 
foun d  t h a t  wa ter s t re ss during seed f i l l  reduced seed yie l d  mos t . 
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S t re s s  d u r ing f lowering was l e s s  import an t , b u t  s i gn i f i c an t . 

S t re s s  a t  f l owering reduced pod number and l at e r  s t re s s  reduced 

seed  n umber per p od ,  in creased t he number o f  incomp l e t e ly f i l le d  

s e e d  a n d  in creased seed pro t e in c o n t en t . S to ker ( 1 9 7 7 )  repo r t s  

a good response o f  L.  angus tifo lius t o  i r r i ga t ion over t h e  

f l owe r i n g  and pod -f i l l  period . I mproveme n t  i n  pod n umb e r  and 

seeds  p e r  pod we re o b t ai ne d . 

I n  t h i s  se c t ion , three e xp e r i men ts  are rep orted . The f ir s t  

examin e d  the e f f e c t  o f  wa t e r  s t re s s  ove r  a s ingl e  d e f i ne d  growth 

p e r i o d  w i t h  emph a s i s  on the early s t age s o f  grow t h  under t wo 

l eve l s  o f  humi di ty .  The second i mposed w a t e r  s tr e s s  over t wo 

o r  three g rowth s tages and e xamined mo re c l o s e l y  t he e f f e c t  over 

t he p er io d  of seed growth . The in terac t i on o f  t e mp er a t u r e  and 

wa t e r  s up p ly was cons id ered in  the t h i rd experime n t .  

I n  o rder t o  ove r c ome the c l imat i c  un c e r t a in t ies  and o t her 

d i f f i cu l t i e s  a s s o c i a t e d  w i t h  f ie l d  t r i a l s  when inve s t i g a t in g  

mo i s t ure s t re s s  ( G a t e s , 1 9 6 4 ; S a l ter and Goode , 1 96 7 ) , t he 

e xp e r imen t s  were conduc ted i n  c on t ro l led c l imat e  f ac i l i t i e s . 

C . 2  EFFECT OF WATER STRESS I MPOSED DUR I NG A S INGLE GROWTH 

S TAGE AT TWO HUMIDITY LEV ELS * 

C . 2 . 1 .  I NTRODUCT ION 

Th i s  e xperime n t  examined t he e f fec t o f  short dura t i on ,  mi l d  

wat e r  s t re s s  on  L .  a lbus . Emp ha s i s  wa s p laced on e a r l y  s t age s 

o f  g rowth and on the response o f  vege t a t ive grow t h  t o  wat e r  

s tr e s s  a s  wel l  a s  the e f f e c t  o n  f in a l  seed y iel d a s  i t  was 

be l i ev e d  t he t wo aspe c t s  were c l o se ly r e l a t e d  ( S e c t i o n  B . 4) 

Bec au se atmo sp her i c  humi d i ty may inf luen ce  the r a t e  o f  water  

loss  b y  t he plant  (Forde e t  a l . � 1 9 7 7 ) , the  e f fe c t  of  humi d i t y  

may i n terac t wi t h  the e f f e c t  o f  water  s upp l y  on t h e  p l an t . 

Ev i d e n c e  o f  a d i re c t  e f fe c t  o f  humid i t y  on vege t a t iv e  grow t h  i s  

* Pub l i shed i n  N . Z . Journ a l  o f  Agr icu l t ur a l  Research 22 : p p  4 4 5 -6 1  
1 9 7 9  
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l imited . Forde and Thorne ( 1 9 7 4 )  ob tained a reduc t ion o f  p lant 

growth in  suga r beet , k a le and wheat under l ow humi d i ty . Reduc t i on 

in growth rate under low humi d i ty was variab le . No reduction was 

recorded for wheat in some exper imen ts indi ca t ing tha t d icotyledon 

p l an t s  may be more sens i t ive to low humid i t y . Tops were more 

a f fe c te d  t han roo ts , and l eaf are a more than dry wei gh t  so N . A . R .  

decreased un der h igh humi d i t y . 

There i s  l i t t l e  in f orma t ion on the e f f e c t  of humid ity on grain 

yield of legume s . F i sher and We aver ( 1 9 7 4 )  found tha t h i gh humidi t y  

durin g  f l owering tended to in c rease t he number of pods o f  l ima bean s  

and s ugge s ted that this was caused b y  improved pollen germi nat ion . 

Woodward and Begg ( 1 9 7 6 )  found t hat  low humidity dur ing f l ower in g  

o f  soybe an reduc ed seed yiel d . Low humid i ty af ter f lowering had 

a sma l ler e f f e c t  and before f lowe r ing it had no e f f e c t . The main 

e f f e c t  was reduc ed p od numbers be cau se o f  f lower abort i on , and 

t h i s  was a t t r ib u ted to poor supp l y  o f  pho to syn thate to the f l owers 

due to an e s t ima ted drop o f  20% in pho tosynthesis . 

In order to  s t udy the e f f e c t  o f  humid i ty on lup in and as  a 

means o f  impos ing two s t re s s  leve l s  on the p l an t  iden tical watering 

trea tmen t s  we re carried out at  two humi d i ty leve l s . 

C . 2 . 2 .  MATERIALS AND METHODS 

Lupinus a Zbus cv . U l tra p lan t s  we re grown in 1 . 9 1 p o t s  con t aining 

s terilise d  Manawatu s i l t  loam . Po t s  we re f i l led wit h  2 , 3  kg of 

air dried so i l  wh ich was watered to run -of f  and allowed to drain 

for 2 4  hours before sowing . Three seeds per pot were sown on 

1 1  May 19 76  but were thinned to  one per pot af ter emergence . 

Rhizobium s tr a in 2076  was added at  sowing and 6 days later the 

po t s  were t ransferred to two controlled environmen t rooms in the 

C limate Labo ratory , Plant Phys io logy D iv i s i on , D . S . I . R , ,  P a lmer s ton 

No r t h . Excep t for humi d i t y  l eve l , the envir onmen t s  in each 

room were the same . 
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C on d i t i on s  in the con tro l led environment rooms were : 

Photoperiod 

Av . irrad iance 

Temperature 

High humi d i t y  day 

n ight 

Low humi d i t y  day 

n igh t 

co2 l evel 

14 hour s  

1 6 0  Wm
-2 

( 400-700  nm) 

1 8° day , 1 3
° 

n i gh t  (± 0 . 5° ) 

4 mb vpd* , 80% RH (� 5 % )  

4 mb vpd , 7 3% RH (� 5 % )  

1 3  mb vpd , 35% RH (+ 5 % )  

1 0  mb vpd , 35% RH (+ 5 % )  

3 40 ppm (� 20)  

* vpd vapour pressure d e f i c i t  

Ini t ia l ly ,  p o t s  were we ighed individua l l y  and wat ered by h an d  

to rea ch 8 0 %  o f  t he we igh t a t  fie ld capac i ty . Once this  w a s  

achieved , e ach p o t  w a s  conne c ted t o  a watering tube and watered 

au toma ti c a l l y . Dura t ion and t iming o f  watering was adj u s t ed 

during the exper iment to main t ain approxima t e ly 80% f ie l d  c ap acity . 

Pots were che cked regularly to ensure a l l  were rece iving adequate  

water . Modified n it rogen - f ree Hoaglands s o lu tion was added weekly 

except when water was bein g  re s t r icted . 

Wat e r  stress was imposed a t  specific grow t h  s tages by removing 

the automa t ic watering tubes and watering daily by hand to spe c i f i c  

weigh t s . Po t s  were watered n e a r  the end o f  the phot op er iod t o  a 

l eve l wh ich resul ted in a leaf r e l a t ive water cont ent ( RWC) a f t e r  

2 4 hours o f  approxima tely 80% in p l an t s  grown under t h e  high 

humid i ty regime ( Baa rs , 1 9 6 8 ) . Leaf RWC was d e termined immediately 

before wa ter ing from 2 le a f l e t s  of newly expanded l e aves at t he 

top o f  the c anopy so that  samp le leaves were of  s imil ar p hysi o logical 

age . Treatmen t p lan t s  in the l ow humid i ty room wer e  watered to  

the s ame pot  weight as those in the h igh humid ity room . The RWC 

metho d  was used because the l e a f lets  �ere too sma l l to be use d  

in the preSsure bomb appa ratus . The �ate ring tegime imposed i s  

summarised i n  Tab le C . 2 . 1 .  Timing of the s t art and end b f  t he 

restricted water ing regime was determined for each p lant s o  that 

t re a tmen ts were b ased on the phy sio logi c a l  growth s t age o f  

ind ividua l  p l an t s  ra ther than on a n  overall average growth s tage . 
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TABLE C .  2 . 1 .  S chedu l e  o f  trea t me n t s  

Growth S tage Treatment 

Con tro l S l  S 2  S 3  S 4  s s  

F lo r a l  in i t i a t i on to appearanc e 

o f  main stem f lower head + + + + + 

Eme r gence o f  main s t em 

f lower head t o  s t art of  

Ma i n  s t em f l ower ing + + + + + 

Dur a t i on o f  m a i n  s tem f lower i ng + + + + + 

Dur a t io n  o f  1 s t  order l at e r a l  

f lower ing + + + + + 

Dur a t ion o f  2 n d  order l a te r a l  

f lowering + + + + + 

+ adeq u a t e  wa tering 

res t r i c t e d  watering 

P l an ts were ha rve s t e d  a t  the end  o f  each t r e a tmen t period . 

B e cause the number of p l an t s  were l imi ted , the n umber o f  harve s t s  

f o r  e a c h  trea tme n t  had t o  b e  r e s t r i c t e d  an d t h e  harv e s t  schedule 

i s  s ummar is e d  i n  Tab l e  C . 2 . 2 . Ten p l an t s  were s chedu le d  for e a ch 

h a rve s t . 



TABLE C . 2 . 2 .  Schedule  o f  harve s t s  

T ime o f  Harve s t  

Con t ro l  S l  

Emergence o f  main s tem 

f lower head ( H I ) + + 

S t a r t  of ma i n  s tem f l ower ing 

( H2 ) 

End 

End 

o f  ma i n  s t em 

o f  l s t  order 

f lowering ( H4 )  

f l mve r i. n g  

la teral 
' 

When seed a t  approximate ly 

1 4 %  mo is ture con ten t  

( f inal  harve s t ) 

+ + 
( H J )  + + 

+ 

+ + 
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Treatmen t 

S2 S 3  S 4  s s  

+ 

+ + 

+ + 

+ + + + 

The t iming o f  harve s t s  al lowed observation o f  the immediate 

e f f e c t s  o f , and the re covery f rom , water s tress app l ie d  at  ear ly 

growth s tage s .  A f inal harv e s t  o f  a l l  treatmen t s  measured the 

over a l l  e f f e c t  on seed y i e ld and p l an t  growth . Detailed s tudy 

o f  the e f f e c t  o f  s t ress on the later s tage s of growth was lef t 

f o r  a subsequen t experimen t .  

A t  each h a rve s t , the p lan t was d issected into leaf lamin a ,  

s tem , p o d  and seed of  each s t em order a s  app ropriate . S o i l  was 

washed from the root sys t em and nodules sepa ra ted f r om the roo t s . 

Number and dry wei ght o f  each c ompon ent was noted . Drying was 

c ar r ied out in a vacuum oven a t  40°C for 24 hours and equ i l ibrated 

at 2 2°C and 5 0 %  RH f o r  several  hours before we ighing . Each 

c omponent was ret a ined and l a ter analysed f or t o t a l  n i t rogen using 

Kj e ldahl dige s t ion and s team d i s t i l l a tion ( C lemen t s , 1 9 7 0 ) . 

One-way analysis  o f  variance and t -tes t s  were performed on 

unt rans f o rmed data . 
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C . 2 . 3  RESULTS 

C . 2 . 3 . 1 .  Leve ls of Wa ter S t ress Imposed 

Re lative l eaf water con t ent (RWC) data measured b e f or e  

water ing ar e prese n t ed in Figure C . 2 . 1 .  RWC did not  reach 

desired l ev e l s  i n  5 1  un til abou t hal f  way through the treatment . 

Because o f  a ma lfun c t ion in the h igh humid i ty r oom the pot s  wer e  

acciden tally overwa tered j us t  be fore w a t e r  was to be  withhel d . 

Thi s , combined with the low evapot ransp irat i on at  this s t age , 

c aused the delay in a t t a ining the requ ired s tress l eve l . To 

maintain comparabil i t y , the restrict ion of water unde r  low 

humid i ty was d e l ayed to a simi l a r  exten t . S ome dif ficulty in 

reaching the required level was a l s o  experienced with 52 b u t  for 

o ther treatments a satis fac tory s t ress re gime was maintain e d . 

The d if fe rence i n  RWC be tween humid i t y  levels was smal l  except 

at t he beginn in g  of the late app lied treatmen t s  (S4 and SS) when 

a marked drop o ccurred for the low humidity t r eatment s . Thi s  

drop was associated wi th severe wi l t ing of  a l l  l eave s  b u t  t he 

lower leaves rap id l y  senesced and the upper l eaves regained 

turgidity . For S S ,  l i t tle  leaf remained a f ter the in i ti a l  

s t r e s s  and under l o w  humi d i t y ,  p lan ts  remained visib ly wi l t e d  

during m o s t  the phot oper i od . 

RWC o f  l eave s on c on t rol plan t s  d e c l ined s l ightly during the 

experime n t  and RWC in the low humi d i ty room r emained b elow that 

in the h igh humidity room at  all t imes . 

C . 2 . 3 . 2 .  Durat ion of Growth S tage s  

There w a s  l i t t l e  d if f erence i n  t h e  deve lopment o f  con t ro l  

and s t r es s  p lan ts w i thin each h umidi ty a l though some smal l  

d if ferences occurred be tween humid i t ies . Mean duration f o r  

each treatme n t  was : -
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H igh Humidi, ty Low H uJ!lidity  

S 1  1 9  days 19 days 

S2 1 1  days 1 1  days 

S3 2 1  days 2 1  d ay s  

S 4  1 9  d ay s  1 6  d ays 

ss  1 7  days 1 3  d ays 

��--------�----r---�----,----.----�----r---� � 10 •o 
d.aya from sowing 

110 

Fig . C . 2 . 1  Res u l t s  o f  re 1 a t i ve lenf  wa t e r  con t ent  ( RWC) mea s urement s . 

Each point i s  a mea n  o f  8 p lants . 
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Dura t i on s  of  t re a t men t s  were reason ab l y  c omparable except f or 

S2 and SS  un der low humi d i ty .  

C . 2 .  3 .  3 To tal  P l an t  Growth 

Wa ter s t ress impo s e d  af ter t h e  s tart of f lowe r ing had the 

grea test  e f f e c t  on t o t al p lan t dry we igh t ( F i g . C . 2 . 2 ) . The r es u l t s  

o f  pre-f lowe ring trea tmen t s  ( S 1  and s
2

) were great ly mod i fi e d  b y  

humi d i ty e f f e c ts w i th p l an t s  from low hum i d i t y  treatme n t s  s igni fi can t ly 

sma l l e r  t han con trol p l an t s .  D i f f erences  b e tween cont r o l  and t reat

men t  p lant s  were smal l  a t  the  end of  e ach t r e a tment per iod b u t  t he 

d i f f e rence increase d  as g rowth p rogresse d . D i f f e renc e s  were 

great e s t  at  f inal  harves t al though much of t h i s  cou l d  b e  due t o  

the f a c t  t ha t  leaf whi c h  was l e a s t  a f f e c t e d  by t he s t res s ,  had 

� enesced at t hi s  s tage . 

Water s t ress a f f e c t e d  t o t a l  p lant n it rogen s imi larly ( Fig . C . 2 . 3 ) . 

D i f fe rences between humid i ty leve l s  in the  y i e l d  of  n i trogen were 

proport i ona l ly less than we re observed f or dry weigh t .  The r e  was 

a con s i s t en t  t r end f or the n i trogen yield of c on trol p l an t s  to be 

h igher under low h umi d i ty . 

Desp i t e  t reatmen t d i f f e rences in t o t a l  d r y  we ight and n i t rogen 

y i e ld , the p ropor t i on of seed remain ed r e l a t iv e ly con s t an t  a t  

about  3 3 %  of  tot a l  d r y  weight and 7 4 %  o f  t o t a l  n i trogen at  f in a l  

harve s t , ind i ca t in g  t ha.t seed produc t i on e f f i c i en cy was not 

a l tered by any trea tmen t .  
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C . 2 . 3 . 4  Leaf Grow t h  

Growth rate o f  main s tem l e a f  i n  con t ro l  p lants  w a s  a t  a 

maximum up t o  the s t age of  main s t em f lowe r  head eme rgenc e  

and t he re a f t er f e l l  t o  r each n e ga t ive values a t  f i r s t  o rd e r  

l at e r a l  f lowering ( Fi g  C . 2 . 4 ) . Thi s  ef f e c t  t ended t o  b e  mo re 

ex treme at high than at low humi d i t y .  N i t rogen ac cumul at i on 

rate  f o l l owed a s imi l a r  t rend t o  dry we i gh t .  

L i t t l e  l eaf growth or n i t rogen ac cumu l a t ion o ccurred during 

s tress b u t, on rewat e r ing , both re covered t o  levels u sua l ly 

greater than con t r o l  f or S l  and S2 but  n o t  for  S 3  as  growth 

of mai n  s t em leaf  had a l ready begun to  dec l in e . 

F i r s t  order l a teral  l eaf growth commen c ed dur ing ma i n  s t em 

f lowe r in g  and was rap id during f i r s t  order l a t e r a l  f l ower i n g  

coinc i ding wi th t he de c l ine i n  main s tem l e a f  dry we i gh t 

and n i t rogen (Fig . C . 2 . 4 ) . S t r e s s  reduced dry weigh t and 

n i trogen ac cumu l a t ion . 

The r es u l t s  of  these t rends a t  the end o f  f ir s t  order l at e r a l  

f l ower ing ( H4) w a s  that p l an t s  f rom trea tme n t  S 3  h a d  l ower t o t a l  

l eaf we ight than c on t r o l  p lan t s  b e c ause o f  l ower f i r s t  ord e r  

l at e r a l  l e a f  we ight ( Tab l e  C . 2 . 3 ) caused b y  sma l l e r  l e aves as  

leaf  numbe r was simi l ar . 

T-t e s t s  of  tre a tme n t s  c omb in e d  wi thin humi d i ty l eve l s  showed 

t h a t  n i t rogen percen t age of ma i n  s tem l e aves grown under l ow 

humi d i t y  was s igni f i c an t ly h i gher t han tha t  o f  those grown under 

h igh hum i d i t y  ( Tab l e C . 2 . 4 ) ,  b u t  genera l ly l e a f  dry weight was not 

affe c t e d , so  t h a t  leaf n i t ro ge n  yield was incr eased b y  low humid i t y .  



0.01 

0.04 change 
leaf dry 

we.ght 

(gld•y) 

-0.04 

H 
(mgld� 

-2 

... 

c 

a»•·Uow-.mg 
(52) 

MAIN STEM 

O.l 

10 

1�1 order 

l.steral flowenng 

M A I N  S TEM 

1 ST ORDER L AT E R A L  

T S.f. o f  difference 

DH1gh hunud1ty 
E3Low hYm1dity 

1st order later•l floweong 

1 ST ORDER LATERAL 

1 20 .  

i n  

s t e m  d r y  

we• gh t �--L-
c 
.. LL-s�, .. �--�--� 

5 2  5 3  52 5 3  
( glliAy) 

· 1  

prt ·Howerlng 
(52) 

F i g .  C . 2 . 4  

1st ordtr 

matn Uem flowering lateral flowermg 

c 52 SJ 

nHigh humidity 

.Law humidity 

T 5. E. o1 difference 

1st  ordft t•taral flowering 

Ra t e  of change i n  lea f and s t em d ry we i g h t  and n i t rogen 

for the ma i n  s t em ove r three growth s t ag e s  and for t h e  

f i r s t  order la t e r a l  s t ems over one growth s t ag e . 



Humid i ty 

l eve l 

Con t rol 

S 2  

S 3  

1 2 1 .  

TABLE C . 2 . 3  Dry we igh t ( g )  o f  m a i n  s t em and f i r s t  
order l ea f  and dry we ight p e r  l ea f  

Mai n  s tem leaf 

a t  t he end o f  f ir s t  order la teral 
f l owe r i ng 

1 s t  order lat eral leaf 

To t a l  D . W .  To tal  D . W .  D .W .  p e r  l e af 

H i gh 

2 . 2  AB 

1 .  7 B C  

1 . 1  c 

Low 

2 . 9  A 

2 .  4 AB 

2 . 0 AB 

High 

7 . 1  A 

6 . 2  AB 

2 . 5 c 

Low 

7 . 2  A 

5 . 4 B 

2 . 6  c 

H i gh 

0 . 1 4  A 

0 . 1 2 A 

0 . 06 B 

Low 

0 . 1 4 A 

0 . 1 2 A 

0 . 05 B 

Me ans w i t h  l e t t er s  in c ommon are n o t  s ig ni f i cant ly d i f feren t  

( P  < 0 . 0 1 ) . Compari s ons apply be tween humid i ty leve l s  and 

wi thin c o l umns ) .  
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TAB LE C . 2 . 4  D ry we igh t , n i trogen p e rcentage and n i trogen 
yield of  main s t em leaf  and s t em at two 
humi d i ty l evels  ( t reatmen t s  c omb ined wi thin 
humid i t y  l eve l s ) . 

Leaf S t em 

Hum i d i t y  H igh Low S i gn i f i can c e  Hi gh Low S i gn i f i canc e  
o f  D i f fe r en c e  o f  Dif f erence 

Harve s t  

Dry we igh t 1 1 . 4  1 . 5  NS 1 . 5  1 . 3 * 

( g) 2 2 . 3  2 .  1 NS 2 . 4 2 . 1 * *  

3 2 . 6 2 . 8  N S  4 . 8  4 . 2  * 

4 1 . 6 2 . 4  ***  8 . 5  7 . 4  N S  

Fina l 9 . 6 7 . 4  * * *  

% n i t rogen 1 3 . 3  4 . 5  *** 1 . 9  2 . 5 * * *  

2 3 .  7 4 . 4  *** 1 . 6 2 . 0 * *  

3 3 . 5  4 . 0  *** 1 . 1  1 . 3  N S  

4 3 . 2  3 . 5  *** 0 . 7  0 . 9  * * *  

F i n a l 0 . 4  0 . 5  * * *  

N i trogen 1 4 3 . 2  6 5 . 6  * *  2 8 . 8  3 2 . 0  N S  

We i gh t  2 8 3 . 2  9 4 . 4  NS 40 . 0  4 1 . 6  N S  

( mg )  3 92 . 8  1 1 3 . 6 ** 52 . 8  5 1 . 2  N S  

4 5 2 . 8  86 . 4  *** 62 . 4  6 5 . 6  N S  

F i n a l  35 . 1  2 6 . 0  N S  
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C . 2 . 3 . 5  S tem Grow t h  

Main s tem growth rat e  of con t ro l  p lan t s  increased up  t o  

s econd o rder l a t e r a l  f lowe r ing ( Fi g .  C . 2 . 4 ) . W a t e r  s tress 

reduced growth rat e and , a l t hough growt h  r a t e  recovered on 

rewaterin g ,  it  d i d  no t regain c on t r o l  rates ( ex ce p t for  S l  

p la n t s  wh ich were e q u a l  t o  con t ro l  p la n t s  for t h e ir ini t i a l  

recove ry ) . Thu s  s t r e s s  imposed during t h e  rap id growth phase 

o f  a s tem order r e d u c ed the d ry weight  o f  t h at s tem as s hown 

in Fi g .  C . 2 . 5 .  S 3  and S 4  reduced the growt h  of  three s tem orders 

and there fore h ad t h e  mo s t  severe ove ra l l  e f f e c t  on t o t a l  s tem 

we i ght . However , the growth of  se cond order l a t e r al s tems 

of S 3  was showing s ign s of recovery . 

During wa t e r  s t res s , the rate of accumu l a tion o f  n i t rogen in 

the mai n  s tem usua l l y  cont inued at a r a t e  grea ter t h an tha t  o f  

c on t r o l  ( F i g .  C . 2 . 4 ) , bu t du ring t h e  period immed i a t e l y  

a f t e r  t h e  s tress , accumu l a t ion rat e  was zero o r  negat ive . · As 

a resu l t  of  the dry we igh t and nit ro gen t rend s , the y i e l d  

o f  n i t rogen in t h e  main s tem of  s t re s sed p la n t s  t ended t o  b e  

e q ua l t o ,  or gre a t e r  t han that  of con t r o l  p l an t s  a t  the  e n d  of  

the s t ress  p e r iod o f  each trea tmen t ,  desp i t e  l ower s tem weigh t . 

The n i t rogen percent age of t he ma in s t em s te ad i ly f e l l  with 

t ime ( Tab l e  C . 2 . 4 ) so  t ha t  a l t ho ugh s t em weight  continued to 

r i se , n i t rogen yie l d  increa sed at a s lower rate than dry we igh t . 

Be tween H4  and f ina l harve s t ,  dry we ight remains re l a t ive l y  

cons tant b u t  the yie l d  o f  ni trogen f e l l be cau s e  o f  an 

a p p roximate l y  50% re du c t i on in n i t rogen p e rcen t age . 

Low humidi t y  reduced dry weigh t  o f  ma in s t ems ( Tabl e  C . 2 . 4 ) 

and increased nit rogen p e r c e n tage , wi t h  t he resu l t  t ha t  there 

was n o  s i gn i f i can t  d i f f e rence be tween humi d i t y  l eve l s  f o r  main 

s tem nit rogen y ie l d .  Low humidi ty did not reduce the we ight o f  

f i r s t  order l a t e r a l  l e a f  o r  s tem b u t  s ignif i can t l y  increased 

n i t r ogen p ercen tage resu l t ing in higher nitr ogen yield t han 

unde r  h igh humi d i t y . 
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C . 2 . 3 . 6 Reproduc t ive Growth 

Seed y i e l d  of p l an t s  s t res sed before the s ta r t  of main s t em 

f l ower ing ( S l  and S 2 )  were not s ign i f i cant l y  d ifferen t f rom 

control p l an t s  when grown unde r h igh humid i t y  (Fi g .  C . 2 . 6 ) . 

Howeve r ,  when grown under low humid i t y ,  p lan t s  from both 

t re atments had s igni f i can t ly lowe r s e ed y ie l d  than con t r o l . 

All  s t re s s  t re at men t s  impo sed a f t er f lowering began had l ower 

seed y i e l d  than con t r o l  and we re not  s i gn i f i c an t ly d if f er en t  f rom 

each othe r . Variat ion in t o t a l  seed y i e ld was due mainly t o  t he 

seed y i e ld o f  f irs t order lateral s tems ( F i g . C . 2 . 6 ) as seed 

y i e ld f rom the main s t em was re lat ive ly cons t ant in s t re ssed 

p la n t s . Th is effect  was  apparen t ly due t o  a d if ference i n  

sensi t iv i t y  t o  s tress be tween p o d s  o f  t he main s tem a n d  f ir s t  

order la teral  s tems . 

Pod numb ers we re r e l ated t o  seed y ie l d  except that  p l an t s  

s t re s sed d uring second order l a t e r a l  f lowe r ing ( S S )  h a d  pod 

numbe rs h i gher than wo uld be e xpected  from seed yield ( Fi g  C . 2 . 6 ) . 

S S  p l an t s  had f ewe s t  seeds per main s tem p od ( Table C . 2 . 5 ) . 

Number o f  seeds per f i r s t  order l a teral pod and hundred seed 

weight were no t s i gn if i c an t ly d i f f erent f or a l l  treatmen t s  

(means 2 . 2  and 29 . 8g respec t ive l y ) . S 3  and p ar t i cularly S 4  

p lan ts t ended t o  have fewe r produc t ive f i r s t  order l a t e r a l  s tems 

than p l an t s  of othe r  treatments ( Tab l e  C . 2 . 6 )  although t o t a l  s tem 

numbers did no t vary s igni f i c an t ly f rom S .  Number of pods per 

produc t iv e  f ir s t  ord e r  l at e ra l s tem were low f rom all p lan ts  

s t re s se d  during f l owe r ing . 

Main s tem seed grew mos t  betwe en H4  and f inal harvest  ( Tab le C . 2 . 7 ) 

The resul t s  at  H4 ind i cate that seed growth i s  s t imu la ted by wat e r  

stress a l t h ough t h i s  was not apparent a t  f inal harve s t . Many 

incomp le t e ly f i lled seed we re f ound in the f i r s t  order l a teral  

pods of p l an ts wat e re d  wel l  over mo s t  of t he d evelopment p e riod 
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( Tab l e  C . 2 . 8 ) .  Numbers we re lowe r in p la n t s  s tres sed during 

ma in s tem and f ir s t  ord er l a t e ral f l owering ( 5 3  and 5 4 )  and the 

late- s t res sed t re a t ment ( S S )  had med ium numbe rs . Very f ew were 

found i n  main s tem pod s . 

N i t rogen per cen t age o f  seed t ended t o  be reduced by l a t e r  

wate r  s t re s s  espec i a l ly for f i r s t  order l a t e r a l  seed ( Tab l e  C . 2 . 9 ) . 

Main s tem seed o f  5 5  was a f fe c ted less , poss ib ly b ecause o f  a 

sma l l e r  demand for reduced as simil a t e  supply f rom the f ewer 

seeds p er pod . In an a t t emp t t o  det ermine t he cause o f  the 

variab i l i t y  in seed n i t rogen pe rcen t age , seeds f rom con t ro l , 

S 3 , S4  and S5  p l an t s  we re d i s se c t ed into hu l l  and kernal . The 

rat io a t  these componen ts  was not re l a t e d  t o  seed n i t rogen so 

a change in the proport ion of h u l l  did not seem to be imp o r t an t  

in t h e  ab ove trends . 

TABLE C . 2 . 5 :  Numbe r  o f  seeds per  main s t em pod 

Harves t  4 

Humi d i t y  l evel High Low 

C on t ro l  4 . 6  A 4 . 4  AB 
S l  

5 2  4 . 2  AB 3 . 8  B 

5 3  4 . 1  AB 4 . 5  AB 

54  

F in a l  

High Low 

3 . 8  A 3 . 9  

3 . 0  B 3 . 6  

3 . 8  A 3 . 4 

4 . 1  A 3 . 9  

3 .  7 A 3 . 6 

A 

A 

AB 

A 

A 

5 5  2 . 9  B 2 . 3 c 
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TABLE C . 2 . 6 :  Numb e r  o f  p rodu c t ive f i r s t  o rd e r  late ral s tems 

and pods per product ive * s t em a t  f in a l  harve s t  

Number o f  

p roduct ive s t ems 

Numb e r  o f  pods 

per p rodu c t ive s tem * 

Humi d i t y  level High Low H i gh Low 

Con t ro l  

S 1  

S2  

S 3  

S 4  

3 . 9  

4 . 2  

4 . 2 

2 .  1 

0 . 8  

AB 3 . 8  

A 4 . 4 

A 3 . 9  

CD 2 . 8  

E 1 . 3 

AB 3 . 5  A 3 . 5 A 

A 3 .  1 A 2 . 5  AB 

AB 3 .  1 A 3 . 1  A 

BC 1 . 4 BC 1 . 7 B 

DE 0 . 6  c 2 . 3 B 

S 5  4 . 4  A 3 . 9  AB 1 . 8  B 1 . 8  B 

* produc t ive s tem = a s tem wh ich had a t  least one pod con t aining a 

normal l y  deve loped seed . 

TABLE C . 2 . 7 : Wei gh t  of main s tem seed p e r  p l ant  at h arve s t  4 

( end o f  1 s t o rder l a t e r a l  f l ower in g) and at  f inal  

harve s t  

Harve s t  4 F in al 

Humidity  l evel H i gh Low High . Low 

Cont ro l  0 . 8  ABC 0 . 6  c 1 5 . 2 A 1 3 . 6  AB 

S l  1 1 . 2  BC 1 0 . 4  BCD 

S 2  0 . 8  B C  0 . 3  c 1 2 . 5  ABC 9 . 8  CD 

S 3  1 . 5  AB 1 . 7 A 1 1 . 5  BC 1 0 . 5  BCD 

S 4  1 2 . 5  ABC 9 . 9  CD 

ss 1 0 . 7  BCD 7 . 5  D 
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TABLE C . 2 . 8 : Numb e r  o f  incomp l e t e ly f i l led seed in f ir s t  

o r d e r  l a te r a l  p o d s  - f in a l  harve s t  

High h um id i t y  Low humi di ty 

Con t ro l 3 5 . 8  A 1 7 . 4  c 

8 1  20 . 0  c 2 3 . 7  BC  

S 2  3 1 . 7 A 2 1 . 9 c 

S 3  4 . 2  D 5 . 4 D 

S 4  0 . 5  D 1 . 8  D 

ss  1 5 . 8  c 1 0 . 7  CD 

TABLE C . 2 . 9 :  P e r c e n t age o f  n i t rogen in seed - f in a l  harv e s t  

Main s tem F i r s t  o rd e r  l a t e r a l  

Humi d i t y  l e v e l  H i gh Low H i gh Low 

Con tro l  5 . 9  ABC 5 . 9 ABC 6 . 5  AB 6 . 7  A 

S 1  5 . 5  CDE 6 .  1 A 6 . 1  BC  6 . 5  AB 

S 2  5 . 8  ABCD 6 . 1  A 6 . 4  AB 6 . 4 AB 

S 3  5 . 6  CD 5 . 4 DE 6 .  1 BC 6 . 1  BC  

S 4  5 . 4 DE 5 . 2 E 5 . 5  CD 5 . 4 D 

ss 5 . 5  CDE 5 . 7  BCD 5 . 3  D 5 . 4  D 
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Wi thin humi d i ty l eve l s ,  main s t em f l ower s i t e s  we re n o t  great ly 

a f f e c t e d  b y  the s t ress t rea tmen t s  but  f i r s t  and second order 

l a teral f l ower s it e s  were subs t ant i a l l y  reduced , p a r t i cu l ar ly in 

p lan t s  s t res sed at a l ater  s tage ( Tab le C . 2 . 1 0 ) . T-t e s t s  

c omparing humid i ty l eve l s  over a l l  t rea tment s  showed t h a t  p lants  

grown under low humidi t y  had s igni f i c an t l y  more main s tem and 

f i r s t  o rder l ateral f lowe rs . 

Ap a r t  f rom the pre-f l owering t rea tmen ts , low humid i t y  d id n o t  

s i gn i f i can t ly af f e c t  t o t a l seed yield o r  p o d  n umber . Main s t em 

s eed y i e l d  and pod numbers tended t o  be lower under low humi d i t y  

b u t  this  was s i gn i f i c an t  for S S  p lan t s  on ly . This resu l t  i s  

c on s is t e n t  w i t h  t he long term e f f e c t  o n  m a in s tem vege t a t ive 

componen t s  a s  already not ed . 

TABLE C . 2 . 1 0 :  Number o f  f lowers per p l an t  

Main s tem 1 s t order l a t eral 2nd o rder l a tera l 
( HJ )  ( H4 ) ( f in a l )  

Humid i t y  

lev e l  
High Low High Low High Low 

Con t r o l  3 6 . 3  BC 4 3 . 9  A 5 9 . 3  b e  7 9 . 6  a 40 . 5  ABC 5 4 . 6  A 

S 1  3 1 . 7  c 3 4 . 0  BC 3 7 . 1 BC  5 0 . 4  AB 

S2 3 1 . 9  c 3 9 . 0  AB 50 . 4  be  6 5 . 6  b 2 7 . 4  CD 40 . 6  AOC 

S 3  3 4 . 8  B C  3 5 . 9  BC 3 7 .  1 d 50 . 1  cd 1 7 . 0  DE 2 1 . 0  DE 

S4 2 6 . 9  CD 1 1 . 9  E 

ss 1 5 . 6  DE 1 3 . 7 D E  
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C . 2 . 4  D I S CU S S ION 

W a t e r  s t re s s  ma rkedly c hanges p l ant s truc ture , the spe c i f i c  

e f f e c t  a t  any g rowth s ta ge depending o n  which p lan t p a rt s  are 

g rowing rap i d ly at  that t ime . The e f fe c t  of water s t ress on 

r e s t ric t i ng vege t a t ive grow t h  can thus be  reasonab l y  predi c t e d  

f rom a knowledge of  the exp e c ted growt h p a t t ern of t he p lant 

dur ing the p eriod of  s t ress . Th is e f f e c t  on rapid ly growing 

t i s sue h as been no t e d  in a numb e r  of  p lan t s  (e . g . , Gat e s , 1 95 5b ; 

Wi l li ams and Shap t e r ,  1 9 6 5 ) . 

Both s tem and leaf growth were grea t ly reduced during the 

s tress  period but response t o  rewat ering varied . Leaf growth 

rate re cove rs qu ickly to  the rates s imi l ar t o , or great er t h an , 

con t rol . Thi s  e f f e c t  has been no ted in mai ze ( Kle inendor s t ,  1 9 7 5 )  

and t omat oes (Gates , 1 9 5S a ) . Gates  ( 1 9 6 4 )  and Hsiao and Acevedo 

( 1 9 7 4 )  have a t t ributed this e f f ec t to a de l ay in deve lopment of 

leaves dur ing b r i ef periods o f  s t res s . S t re ssed t is sue is  

there f o re phy s io logically younger and so is c apable of  f as te r  

growth ra t e s  o n  rewatering than p hysiologica l ly older uns t r e s se d  

leaf . Loss o f  l eaf  in o l der s t r e s sed p lan t s  was rapid and s evere . 

In a l l  p lan t s ,  lowe r leaves were los t  whi le uppe r l e aves vi sibly 

rec overed .  The p lan t therefore compensa ted for lower wat e r  

ava i l ab i li t y  by  dras t i c  reduc t ion in leaf area t o  a level whi c h  

c o u l d  be  su s t ained . Passioura ( 1 9 76 )  maintains tha t  l e a f  area 

adj us tmen t is an important p l an t  reac t ion to long t e rm  water s tress 

as s t omat a l  con t ro l is  no t s a t is f a c t o ry for extended periods of  

s t re s s . A large los s of  leaf  area however , limi t s  the ab i l ity o f  

the p l a n t  t o  respond to  l a t e r  favourable con d i t i ons and t h is i s  

likely t o  be an important f a c t o r  i n  s t ress recovery . Presumab ly , 

leaf s enes cence dur in g  wat e r  s t re s s  would be comp le t e  when s tres s  

became so  great no leaves c ou ld be  ret ained o r  when residual leaf 

area ceased t o  fun c t ion be cause of age . 
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S t ems howeve r ,  d id not fu l ly recove r their growth , and growth 

rates o f  ma in s t ems were reduced for the rest of the growth p e r iod . 

The ove r a l l  e f f e c t  i s  simi lar t o  that f ound by Ga tes ( 1 9 5 5 a) in  

tomatoes viz. leaf  we igh t  values of s t ressed and cont ro l  p lant s  

tended t o  conver ge whe reas stem value s tended t o  d iverge upon 

rewa tering . 

The main stem appears to a c t  as a temporary storage organ for 

n i t rogen wh i ch a c cumulates in the s tem when veget a tive growth is 

reduced by s tres s .  As n i t rogen upt ake seems usua l ly to mat ch dry 

we igh t  this increase in stem n i t rogen probably resu l t s  f rom 

t ran s f e r  from o lder leave s as  a response to s tress . ( Ga te s , 1 95 5b ;  

1 95 7 ;  1 96 4 ) . N i t rogen p robab l y  a ccumu lates in the s tem due t o  

l i tt le growt h in  potential s ink s i tes . P a t e  ( 1 9 7 3 )  h a s  shown that 

lup in s  and peas c an store exce s s  n i t r ogen in the shoot  system .  

Upon rewa tering , the accumu la ted stem nit rogen was rapidly 

mob i l i sed , pre sumab ly to help s u s tain the rapid growth o f  new 

leave s ,  a trend a l so noted b y  Gates ( 1 95 5 b ) . 

Al though re sul t s  presen ted he re concentrate on main s tems and 

leave s , it i s  exp ected that o t her stem sequences f o l l ow simi la r  

t rends a n d  measurements o f  t he h igher o rd er sequences suppor t  t hi s .  

S inc l a i r  and d e  Wit ( 1 9 7 5 )  p ropose that , f or seeds h igh in 

n i t roge n , supp ly of n i t rogen f rom plant rese rves is essential a s  

con tribu tion o f  n i trogen f rom nodules and soi l  i s  insu f f i c ien t 

t o  sup p l y  a l l  the seed requireme n t s  durin g seed protein 

ac cumu l at ion . This hypo the s i s  i s  conf i rmed in L. a lbus by 

o ther workers (Hocking and Pate , 1 9 7 8 ;  Pate and Herr idge , 1 9 78 )  

and b y  a l ater experimen t ( Se c t i o n  C . 3 ) . The marked redu c t ion i n  

vegetative growth c aused by water stress wi th t h e  sma ller r eserve 

of n itrogen that would resu l t  mus t  th�refore h ave important 

imp li cations for l ater seed grow th . Re su l t s  from' Sect i on C . 3  

show that leaf is  the mo st imp o r t artt source of ni trogen mob ilised 

t o  the se d .  Ther efore the tendency of l eaf to recover more 

rap idly than s tem is impor tan t for the recovery of n i trogen 



1 3 3 . 

rese rves as we l l  as the more u su a l l y  cons idered reason f or 

increasing the p lan t ' s  capac i t y  t o  a s s imil ate c arbon . The 

rel a t ive l y  c on s t an t  propor t i on of ni t rogen and dry we ight  in the 

seed and non-seed componen t s  ( approxima te ly 66%  of the dry wei gh t  

and 2 6 %  o f  t he n i t r ogen was in  the non -s eed componen t s ) i n d i c ates 

tha t t he t r ea tmen t s  did not grea t l y  af f e c t  the e f f i c i ency o f  

mob i l i s a t ion o f  n u t rien ts  to  t h e  seed a n d  t ha t  s tressed p lants  

could supply suf f i c ient as simi late  f o r  the  seed sites  ava i l ab le .  

Moder ate water s t ress for 1 1 - 2 1 d ay s  can adverse l y  af f e c t  seed 

y ie ld in L. a lbus . The ef f e c t  o f  wa ter s tress prior t o  f lowering 

was detrimental  to seed yield only a t  low humid i ty . Thi s  l ack o f  

effec t  a t  h igh h umidity may have b e e n  due t o  t he a c cident a l  

f looding b e f o re 5 1  unde r  high humidi ty and t he subsequent d if f i cu lt y  

of a t t a in ing the r equi red leve l s  of s t re s s  q u i ckly enough . A 

s imilar p rob l em was en coun tered w i th 5 2  p l an t s  under h igh humid i t y  

because o f  the shor t durat ion o f  t h i s  trea tment and t he l o w  water 

use by  the sma l l  p lan t s  a t  this s tage . Under low humi d i t y  this 

prob lem was less marked and seed y ie ld was s igni f i cant ly reduced 

for 5 1  and 52 p lants  to the exten t that they wer e  not muc h  

d i f f e ren t f r om o ther stress treatme n t s  and we re lowe r y ie l d ing t han 

con t ro l .  Thus , if mo is ture d e f i c i t  i s  severe enough d u ring the 

p re-f lowering s ta ge ,  it can cause a redu c t ion in  seed y ie l d . In 

New Zealand , soi l mo i s ture during e a r ly growth is  u sual ly adequate 

and as wa ter use at t hi s  stage is low , water s tress prob ab ly 

occurs  onl y  with some late spring p l an t ings . 

On ce ma in s tem f lowe r ing s t art s , whi ch coincides wi t h  the o ns e t  

o f  rapid vege t a tive growth , sens i t iv i t y  o f  seed yie l d  t o  water 

s t ress  s e ems t o · increase , large ly through a direct e f f e c t  on pod 

abs c i s s i on . It  i s  the loss of pods wh i ch mo s t  inf luen c e s  seed 

y ie l d . Other componen t s  of y ie ld a re affe cted less , presumabl y  

because t h e  p lan t i s  capab le o f  f i l l ing the r ema ining seed s . The 

l arge n umb e r  of unf i lled seed in we l l -watered p lants ind i c a t e s  that 

shortage o f  a s s imil a te can o c c u r  when pod ab s c i s s ion i s  l ow .  
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L .  a lbus therefo(e reac t s  to water s tre s s  by r eady loss of pods 

which means that changes in o t her seed y ie ld c omponent s n e ed to be 

minima l .  Thi s  type of response s e ems to be associated wi th 

inde t e rmina te p lant s  and has been report ed by Gabelman and 

Wil li ams ( 1 960) , F i sher and Weaver ( 1 9 7 4 )  and Adj ei-Twum and 

Sp l i t t s toesser ( 1 9 76 ) . Anothe r  reac t ion to water s tress is the 

d isrup t ion of seed f i l l ing and resultan t  reduc t ion i n  seed s i z e . 

(Maurer e t  a l . , 1 9 6 8 ;  Doss et a l . , 1 97 4 ;  Mi l l er et a l . , 1 9 7 7 ;  

S ioni t  and Krame r , 1 9 7 7 )  but this  r eac t ion usua lly o ccurs when p o d  

numbers  a re not g r ea t ly affec ted . 

Adj us tment t o  water sho rtage b y  f lower or  pod ab s cis s i on results 

in a l imited ab i li t y  to respond to a later improvement in mo isture 

supply . In this exper imen t , s eed y i e ld from f ir s t  order lateral 

pod s d id not re cover in plants s tressed during main s tem f lowering . 

In  fac t there i s  s trong ev idence tha t t he e f f e c t s  o f  s tress  

carried over into later period s of growth as i l lus t rated by 53  p lant s  

wh ich had marked ly reduced f i r s t  order lat eral pod numbers and b y  

the l ower main s tem p od numbers of  S 1  and 52  p lants . Part o f  

thi s  e f fect may have been due t o  t he design o f  the experiment whi ch 

ended the s tress imme d iately be fore the s tart o f  flowering o f  the 

next sequence so t ha t  f lower ing of  th a t  se quence would occur dur ing 

early recovery and readj ustment . There was insuff icient t ime f or 

stems o f  higher ord er than f i r s t  order lateral t o  con tribute t o  

yie l d . Biddiscombe ( 1 9 7 5 )  noted  recovery f r om stress in 

L. angus tifo lius but this species d eve lop s  l at eral s t ems at a 

f aster rate than L .  a lbus (Wi thers , unpub l ished data ) . 

Th e  late stressed treatment ( S S )  had an intermedia te number o f  

p ods probably b e cause pods ( e sp e cially main s tem pod s )  were 

deve loped suf f icien t ly to res i s t  the e f f e c t  of  water deficit . The 

reduction in the number of seed s per main s t em pod of SS p lant s  i s  

interesting a s  i t  ind icates tha t when wat e r  s tress af fects  a p lant 

with a good pod set , redu ction in seed number by abort ion of 

seeds may be the second mechani sm of adj ustment after pod abscission . 
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Few s eeds per pod have been noted in f i e ld· g rown L .  a lbus p lan t s  

a f f e c ted by drough t late i n  growth (Wi thers unpub l i shed data , 

D . B .  Bisho p ,  per s . c omm . ) and in soybeans ( S h aw and Laing , 1 96 6 ) . 

The last  two trea tmen ts to be imposed ( S4 and S S )  marked ly 

reduced the n i trogen p ercentage of  t he se ed f rom f ir s t  order 

l ateral s tems , ind i c a t in g  some in t e r ference with n i t rogen t rans f er 

b y  these two trea tment s . Pos sibly leaves senes ced r ap idly before 

n i t r ogen could be f ul ly mob i l ised f rom them . Hock ing and Pate 

( 1 9 7 8 )  noted that mob i li sation of n i t rogen f rom leave s  of water

s tre s sed p lant s was redu ced compa red with  those that senesce 

n orma l ly . Shortage of water can theref ore lower seed qua l i ty . 

In s oyb ean , S i on i t  and Kr ame r ( 1 9 7 7 )  did not f ind a s imi lar 

e f f e c t  and Adj ei-Twum and Sp l i t t s t oe sser ( 1 9 7 6) noted a n  increase 

i n  seed protein . 

There i s  s ome evidence that seed growth rate i s  s timu l a ted by 

water s tres s . Also , pod grow th was not  reduced at a t ime when 

s t em and leaf growth was severely restri c ted by water d e f i ci t . 

Thi s  aspect  w i l l  be d i s c u ssed later in more detail . 

The high proport ion of  t o t a l  ni trogen in the seed mus t raise 

the q ue s t i on of whether p roduc tion of lupin seed is s u i t ab l e  as a 

f e r t i l i ty b u i lding step in a ro tat ion . The amount of  n i t rogen 

s upp l ied to t he so i l  i s  likely to be limited . The main advantage 

woul d  be t ha t demand for n i t r ogen f rom s o i l  sour ces wou l d  be l ow 

a s  mos t  of  the lup in ' s  n i t r og en c ou ld be supp l i ed b y  the nodule s . 

The relat ive ly con s tant proport ion o f  n i trogen and dry weight 

in  the seed however , ind i c a t e s  tha t the treatments d id not gre a t ly 

a f f e c t  the e f f i c iency of mob i l i sat ion of n u t r ients to the seed and 

t h a t  s tressed p lan t s  genera l l y  c ou l d  supp l y  suf f i c ient  a s s imi la t e  

f or the s i t e s  avai l able . 
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Humid it y  d id not have a maj or eff e c t  on vege t a t ive g rowth in 

the shor t t e rm or on seed yield . Howeve r ,  the e f fe c t s  of hum i d i t y  

o n  main s t em l e a f  a n d  s t em growth and on ni t r ogen percentage 

ind i ca t e  tha t low humid i t y  had a s l ight depressing e f f e c t  whi ch was 

more read i ly mea sured on o l der t is sues . The p referen t ia l  ef f ec t 

on s t em growth no ted by Woodward and Begg ( 1 9 7 6 )  was apparent in 

this expe rimen t .  Th e resu l t s  from this exper i ment ind icate 

tha t low humi d i ty woul d  increase the d e t r imen t a l  e f fe c t  of l ow 

soil moi s tu r e  on the growth of the l u p in p lant but should c ause 

l i t t le red u c t ion in the grow t h  of we l l -watered p lant s  and may h ave 

a s l igh t l y  ben e f i c i a l  effec t on the n it rogen s ta tus o f  the plant . 

* 
C . 3 .  EFFECT OF WATER STRESS IMPOSED DURING TWO OR THREE GROWTH STAGES 

C . 3 . 1 INTRODUCTION 

E a r l i e r  wo rk examined the ef fe c t  of wat e r  s t r e s s  during a 

s ingle growth s ta ge and a t  2 i n tensi t i es imposed by 2 humidity 

leve l s . Re su l t s  ind ica ted tha t seed y i e ld o f  Lupinus a Zbus L .  

wa s sens i t ive t o  water s t ress a t  a l l  growth s t ages a l though the 

preflower in g  t rea tme n t  yields were ra t h e r  va r i a b le ,  Durat ion of  

wa ter s tress is an important  fac tor d e t e rmining its ef fect on 

growth (Hs iao and Acevedo , 1 9 7 4 )  and t herefore on seed yield . Thi s  

experiment was designed to  s tudy longer durat i ons o f  s tres s , 

again at  a number o f  growt h  s t a ge s .  Gre ater emphasis was p laced on 

measurements dur ing the later p hases  of growth in contras t to the 

previous e xp e r imen t which conc en t ra t ed on ear ly growth .  

The shorter s tress  perio d s  in the prev ious exper iment resulted 

in high l evels  of pod and f lowe r abscission which appeared to 

reduce pod and seed deve lopment to a level which could be  sustained 

by the reduced leaf area , an e f f e c t  a lso not ed by Adj ei-Twum and 

Splitts toesser ( 1 9 76 ) . Longe r s t re s s  period s are likely to increase 

abs c i ssion or reduce other componen t s of yie ld becau se of t he ext ended 

reduc tion � in photosynthe s i s  (Hs iao , 1 9 7 3 ;  Boyer . 1 976)  and nitrogen 

*Pub lished in N . Z .  Jou rn al of Agr i cu l t ural Research 22 : 4 6 3-74 . 1 9 79 
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f ixa t i on ( Spren t , 1 9 7 6 ) . These ef fec t s  could a lsu b e  caused by 

reduced s ink s t ren g th ( S ioni t  and Krame r , 1 9 7 7 ) although the 

previous exper iment showed that seed growth rate increased in 

s t ressed  p lant s .  

C . 3 . 2  MATERIALS AND METHODS 

P l an t s  of Lupinus a lbus cv . U l t r a  were e s t ab li s he d  and mai n t a in e d  

as in t h e  previous exp er imen t .  Seeds  wer e  s own on 30 Septembe r  

1 9 76 a nd p lants w e re moved t o  the con t r o l led environment room o n  

1 1  October . Env i r onmental  cond i tions in the r oom were s imi lar t o  

t he h i gh humi d i ty treatment in the prev ious exp erimen t .  T emperatures 
0 0 -2 

wer e  18 C day and 1 3  C n ight wi th a 1 4  hour photoperiod and 1 5 3  Wm 

( 40 0- 7 00 nm) aver age irrad ian ce . A con s tant vapour pressu r e  d ef i c i t  

o f  4 mb was main t a ined b y  re l at ive humidit ies  o f  80% during the d ay 

and 7 3 %  during the n ight . 

Res t r ic ted watering treatmen t s  were impo sed by weighing p o t s  

daily n e a r  the end o f  the pho t oper iod and app lying water t o  mai n t a in 

a mean rela t ive wa ter conten t (Baar s ,  1 96 8 )  o f  approximately 80% 

in newly expanded l e a f l e t s  s amp l ed prior t o  waterin g . The r ange 

of t re a tments imposed a imed to reach the in tensity o f  water s t r e s s  

ach i eved in  the h ig h  humid ity room in the p revious experiment 

but t o  continue the stress  f or longer dura t i on s .  The schedule 

o f  t r e a tmen t s  is  shown in Tab le C . 3 . 1 .  



TABLE C . 3 . 1 :  S c hedule of Trea tme n t s  

Growth S t age Trea tmen ts 

Con trol p PFl F l 2 3  

From f lo ra l  initiat ion 
to beginning of ma in 
s tem f lower ing + + 

Duration of  main 
s tem f lower ing + + 

Du ration of f irst 
order l ateral  f l ower ing + + + 

Durat i on o f  s e cond 
order lateral flowe ring + + + 

+ adequate water 

re s t r i c ted wa ter 

1 38 .  

F 2 3  

+ 

+ 

Treatment P (water wi thhe ld b e f o re ma in s tem f lower ing) was 

added a f t e r  the exper iment was design ed because of the p rob l ems 

att aining ear l y  stress levels exper ien ced in the prev i ous 

exper imen t .  

P lants wer e  harves ted and measured as described for the 

previous exper imen t according to the s chedule in Tab l e  C . 3 . 2 .  

F l 3  

+ 

+ 
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TABLE C . 3 . 2 :  Schedule o f  harves t s  

Time o f  Harve s t  Trea tment 

Con tro l p PF l F 1 23 F 2 3  F l 3  

Beg inning of main 
s tem f l owering (H l )  + + 

Beginning o f  f i r s t  
order l ateral 
f lowering (H2 ) + + + 

Beginning o f  second 
order lateral 
f lowering ( H3 )  + + + + + + 

Beginning of  third 
order l ateral 
f lowering (H4 ) + + + + + 

Seed a t  approximately 
14%  moi sture content 
( final harvest ) + + + + + + 

No harve s t s  we re made at H2 for treatmen t F l 3  as plants a t  this 

s tage were equivalent to  plants  in treatment F l 2 3 .  All treatment s  

were designed to cease a t  the commencement o f  third o rder lateral 

f lowering when hat�e s t  4 was carried out . Plants a l lo ca ted t o  the 

f ina l harves t  were not wa tered af ter this s tage . Differences 

between H4 and the f incil harves t shou ld i nd i c a t e  the extent of 

final t ran slocat ion to the seed under dry soil  cond i t ions . 

An in fe s t a t ion o f  thrips was not i ced late in the experiment 

and the 1 g/ 1 of menazon used to con trol them damaged some plants  

whi ch had to be  d i s carded . Treatment F l 2 3  was mos t  af fected which 

meant no plants of this treatmen t were availab le at H4 and only six  

for  the f inal harvest . 
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C . 3 . 3  RESULTS 

The watering reg ime s we re ma i n t a in e d  as s chedu l ed and the 

p lanned wa ter s t re s s  l eve l s  were sa t i s f a c t or i l y  ach ieved . 

Genera l l y ,  the l en g th of each grow th pe riod was not a f f e cted 

by water s tress a l though s t re s s  imp o sed l at e  in  growth d id s top 

developmen t .  To t a l  growth pe r i od ( sowi ng to H4) varied f rom 1 00 

t o  1 2 8  days wh i c h  i s  a n orma l dura t i on in the f i e l d  wi th s p r ing 

sowings . 

C . 3 . 3 . 1 Vege t a t ive Growth 

A l l  wa ter s t re s s  t re a tme n t s  seve r e l y  depre ssed f inal t o t a l  

p l an t  dry we i ght ( Tab l e  C . 3 . 3 ) and n i trogen y ie ld ( Tab l e  C . 3 . 4 ) .  

P l an t s  never recovered f rom the seve re che ck to  growth caused 

by e ar l y  s tress d e s p i t e  h igh re la t i v e  growth rates ( RGR) dur in g  

l a t e r  growth ( Tab le C . 3 . 5 ) . Mo s t  o f  this w a s  vege t a t ive growth 

of upper s t em sequences so that se con d and t h i rd order b ranches 

we re a simi l a r  s i z e  t o  con t ro l . 

S t re s s  app l ied dur ing f i rs t  o rder l a t e ra l f lowe ring resu l t ed in 

l ower RGR of vege t a t ive components ( l eaf and s t em) compa red 

wi t h  non-s tressed p l a n t s  ( See F l 2 3 ,  F23  in  Tab l e  C . 3 . 5 ) . 



TABLE C . 3 . 3 :  To t a l  p l an t we i gh t  ( g ) 

H a rve s t  2 3 4 

Con trol 1 0 . 3 A 2 9 . 7 A 5 1 . 4  A 1 0 1  A 

p 4 . 3 B 3 3 . 3 B 

P F I  6 .  1 c 1 8 . 0  c 37  c 

F l 2 3  1 3 .  5 B 2 9 . 4  B C  

F2 3 5 6 . 2  A 64 B 

F l 3 � 8 .  7 B C  47 BC 

t Do es not  in c l llde  senesced l eaf 

1 4 1 . 

. t 
F1n a l  

1 1 8  A 

4 5  B C  

3 1  CD 

2 8  D 

5 7  B 

46 BC 

Mean s w i th 1 e t t e r s  in common (w i t h i n  co lumn s  on ly)  are n o t  
s igni f i can t l y ( P <O . O l ) . 

TABLE C . 3 . 4 :  Tot a l  p l an t  n i t r o g e n  c on t e n t  ( mg) 

H a rve s t  2 3 4 F inal  t 

Con t rol 1 6 8 A 6 3 1 A 1 0 2 1 AB 2 1 4 0 A 2 4 9 7  A 

p 1 4 3  B 8 1 5  BC 9 4 2  BCD 

PF 1 1 5 9 B 4 1 3  D 7 9 3  c 5 5 0  D 

F 1 2 3  2 5 5  B 5 5 4  CD 6 8 1 CD 

F2 3 1 1 5 8  A 1 3 1 3  B 1 1 7 1  B 

F l 3  66 1 CD 1 040 BC 1 09 2  B C  

t Does n o t  i n c lude sene s c e d  l eaf 
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TABLE C . 3 . 5 :  Re la t iv e  grow t h  r a t e s  ( g / 1 00 g/day )  during 3 
f l owe ring per iod s  fo r t o t a l  p l an t  we i gh t  and 
f o r  vegetative p a r t s  on ly . 

F lowe r ing 

P e r iod 

Control 

PFl 

F l 2 3  

F2 3 

F 1 3  

TABLE C . 3 . 6 :  

Con t ro l  

p 

PF l 

F l 2 3  

F2 3 

F l 3  

Mai n  

S t em 

Tot al  

5 . 6 

1 . 5 

1 . 4  

Numb e r  

Ma in 

S t em 

4 4 . 0  A 

2 8 . 0  c 

2 0 . 0  D 

3 4 . 3 B 

4 9 . 2  A 

3 6 . 0  B 

1 s t  o r d e r  la tera l  2 n d  o r d e r  l ateral  

Vege t a t i ve To t a l  Vege t a t ive To t a l  

2 . 5  2 . 9 2 . 6  4 . 2  

4 . 2  5 . 4  3 . 2  3 . 4 

1 . 3  4 . 0  

1 . 5  3 . 3 -0 . 3  0 . 5  

2 . 7  3 . 9  0 . 4  1 . 4  

o f  f lowe r s i t e s  per  p lant 

l s t o rd e r  l a teral 2nd o rder l a t e r a l  

5 6  A 4 1 . 0 A 

4 3  ABC 

2 7  BC 2 0 . 3  B 

2 5  c 

3 3  B C  0 

4 4  AB 1 8 . 9  B 
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To t a l  RGR o f  these s t re s sed t rea tmen t s  were s imi l a r  t o , or 

h i gher t han , con t r o l  in d i ca t ing a gred Ler  RGR of reproduct ive 

c omponen t s  ( pod and seed ) in s tressed p lan t s . F l 3  whi c h  was n o t  

s t re s sed over t h is per iod h ad s im i l ar vege t a t ive RGR t o  c on tr o l  but 

the h i gher total RGR of F l 3  wou l d  sugges t that  there was a carry

ove r o f  the p revious s t ress on rep rodu c t ive growth r a te s .  

S tress  durin g  se cond o rder la tera l f lower ing reduced veget a tive 

and t o t a l  RGR more severely, large l y  because of exten s ive sene s cence 

of l eaf wh ich o ccurred at this t ime . The h igh RGR o f  r eproduc t ive 

growth comp ared wi th vege t a t ive grow th of l a t e  s tre s s  t re a tmen ts 

( F l 2 3 ,  F2 3 ,  F l 3 ) resulted in h i gh ha rves t in dexes ( 0 . 52 ,  0 . 4 1 ,  0 . 54 

respec t ive l y ) . In c on t r as t , the early s tr e s s  t rea tments had lower 

harves t indexes (0 . 2 8 f or P ,  0 . 26 for PF l )  because the vegeta tive 

RGR was h i gh af ter s t res s . Con t r o l  had an in termed i a te harves t  

index ( 0 . 3 3 ) . 

C . 3 . 3 . 2 Flowe r  Number 

Water s t res s appl ied b e fo re f l owe ring s igni f icantly reduced the 

number o f  ma in s t em f l ower s i tes (Tab le C . 3 . 6 ) . When s tress 

c on tinued .during ma in s t em f l ower ing ( PF l )  t he effect was more 

s eve re and a l so s ign i f i can t l y depressed f i r s t  and se cond o rder 

l a te r a l  f lower s it e s . Ano t her e f f e c t  o f  stress  duration i s  s hown 

by t reatme n t  F 1 3 .  Ma in s t em and second order l a teral f lower s ites  

we re reduced a s  the se in f l ores cences were s t res sed but  f lower site  

n umbers o f  the f irst  order l a teral inf lorescen c e  wer e  not 

s i gn i f ican t ly d i f ferent from con t ro l .  There f o re , wat er s tress 

redu ced the number of f lower sites of those in f lorescences  direct l y  

a f f e cted . The exten t o f  the redu c t ion and the c arry-over e f f e c t  

in to sub sequen t in f l o re scen ces appears to depend o n  t h e  durat ion 

of s t re ss . A comparison o f  main s tem f lowe r numbers from treatme n t s  

stressed pre-f lowering ( P  a n d  PF l )  wi th trea tmen t s  which were 

s tre ssed during main s tem f l owering ( F l 2 3 ,  F l 3 ) ind ica tes s tress 

during . f l ora l developmen t l s  more impor tant than s t r ess dur ing 

f l owering , but as i l l us t r a te d  h v  the f i r s t  order l a t er a l  
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f lowe r s i tes  o f  F l 3 ,  t h i s  e f f e c t  i s  aga i n a f un c t ion of d ura t i on . 

The pre- f l owering wa ter s t re s s  per i o d l a s t ed lon ge r  t han s tr e s s  

dur ing f l ower i n g .  

C . 3 . 3 . 3  S e ed Yie l d  and Componen t s  

The d i f f e ren ce i n  f ina l seed y i e l d was l a rge be tween con t r o l  

and a l l  t rea tmen ts ( F i g  C . 3 . 1 ) .  P l an t s  s t ressed during p re

f l owe ring (P and P F l )  we re s i gn i f i c an t l y  l ower in y i e ld t han p l an t s  

s t re s sed f or a sim i l a r  pe r i od a t  a l a t e r  s t age ( F2 3  and F l 3 ) . S t re s s  

dur ing the fu l l  f l owe r i n g  per i od ( F l 2 3 )  r e sul t ed i n  a seed y i e l d  

s imi l a r t o  t h a t  of  the pre-f lower ing s t r e s sed trea tmen t s . Un l ike 

t he prev ious  exp e r i me n t , ma i n  s tem seed y i e ld varied s ign i f i can t ly .  

Ma in s tern seed yie ld was r e l a t ed t o  the t ime water s t re s s  was 

imposed . Pre-f l owe r i ng s t re s s  r e su l t ed in t he lowe s t  main s t em 

seed yie ld and s t r es s  app l ied a f t e r  ma in  s tem f l owering had t he 

l ea s t  e f f ec t . F i r s t  o rde r l a t e r a l seed y i e l d  was severe ly reduced 

b y  a l l  t re a tmen t s . 

Ef f e c t s  of dura t i on of wa t e r  s t re s s  on seed y i e l d  are apparen t 

only in t he compari son b e t we en F l 2 3  and o t h e r  f lowe r ing s t ress 

treatmen ts  (F l 3  and F 2 3 ) .  The d L f f e r en c e  b e t we en P and PFl was n o t  

s i gn i f i cant f or se ed  y i e l d b u t  i t  wa s for  ma i n  s tern p o d  n umber 

which was the ma in compon ent t o  in f luen c e  y i e ld  ( Tab l e  C . 3 . 7 ) . 

Apart f r om c on t ro l , f i r s t  order l a t e r a l  pod n umbers a t  f in a l  harve s t  

were no t s i gni f i c an t ly d i f f e re n t  between trea tmen t s . 

The d i f fe rence i n  f i r s t  ord e r  l a t e r a l  pod n umbers for  PFl 

b e tween harve s t  4 and f i n a l  ha rvest  was due l arge l y  t o  a re l a t ive l y  

h i gh number o f  p o d s  whi ch sh rive l l ed dur ing t h i s  period and d i d  

n o t  produce seed and we re t h u s  not  coun t e d  a s  pods in t h e  f in a l  

harves t .  P l an t s  of the p re-f l owe ring t rea tment  ( P )  a l so had a 

h igh number of  these pod s  ( 2 . 7  per p la nt ) b u t  in n o  other t reatmen t 

we re they p resent in  s i gn i f i c an t numbe rs . Water s t re s s  d ur in g  f ir s t  

and se cond order l a tera l f l ower i n g  (F2 3 )  resu l t ed i n  s i gni f ican t 

d i f f eren c e s  in f i r s t  o r de r l a t e ra l pod numbers between harve s t  4 
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F I NAL 

a 

figure C . J . l S e ed we i gh t  per p lant a t  H3  ( beginn ing 2 nd order 

la tera l f l ower i n g) , H4 (begi nning 3rd order lateral 

f lowe r i n g )  and a t  the f inal harve s t . Bot t om r ow o f  

le t te r s  re fers t o  ma i n  s tem s eed weigh t , midd le 

f i gures r e f e r  to  1 s t  order lateral  seed weight and 

the l e t t e r  a t  the t op of t he his t ogram refers to 

t o t a l  seed y i e ld . For each component and within 

each harves t wei gh t s  w i t ho u t  l e t t ers in common are 

s i g n i f i cant l y  d i f f eren t ( P  < 0 . 05 ) . 
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and f inal  ha rve s t  whi ch mu s t  hav e been due t o  pod los s  a s  very f ew 

shriv e l led pods were no ted a t  f i n a l  h a rv e s t .  

Gen e r a l l y ,  c omponen t s  o f  y i e l d  o t h e r t h an p od number d id not 

grea t l y  i n f l uence seed y i e l d  ( Tab l e  C . 3 . 8 ) .  The l ong dur a t ion 

s tre ss t rea tmen t ( F 1 2 3 )  s i gn i f ica n t l y reduced a l l  f ir s t  order 

l a t e r a l  seed componen t s . Both pre-f l owe ri ng trea t men t s  r educed 

the we i g h t  of ma i n  s t em seed . La t e  ap p l i e d  water  s tr e s s  ( F2 3 ,  

F l 3 )  r e su l t e d  in h eav ier f i r s t  order l a t e r a l  seed t h an con t r o l  o r  

e a r l y  a p p l i ed s t re s s . 

TABLE C . 3 . 7 :  Number o f  ma i n  s t em pods a t  f i nal harv e s t  and 

f i r s t  o rder l a t e r a l  pod s a t  harve s t  4 and f i n a l  

h a rv e s t  

Ma i n s t em pods F i r s t  order l a t e r a l  pods 

Harves t  F i na l 4 Fin a l  

Con t r o l  1 1 . 4  A 1 5 . 2 A 1 4 . 4  A 

p 7 . 4  B 5 . 4  B 

PF l 4 . 4  c 6 . 2 B 3 . 6  B 

F l 2 3 6 . 3  B C  1 . 7  B 

F2 3 8 . 6  B 7 . 4  B 4 . 3  B 

F l 3  7 .  l B 7 .  7 B 6 . 5  B 
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TABLE C . 3 . 8 :  Number of seeds p e r  pod and hundred seed 
we i gh t  a t  f ina 1 harve s t  ( g )  

Seeds p e r  pod Hundred seed wei gh t 

Ma i n  stem 1 s t  orde r M a in s tem 1 s t  order 
l a teral  l a teral 

Con tro l 3 .  7 A 2 . 7  A 4 1 . 7  A 2 8 . 8  B C  

p 2 . 6  B 2 . 0  A 32 . 7  B 2 4 . 9  B C  

PF l 3 . 2  AB 1 . 9 AB 3 0 . 9  B 2 2 . 9  c 

F l 2 3  3 . 2  AB 0 .  7 c 4 4 . 2  A 1 0 . 6  D 

F2 3 3 . 4 AB 1 . 8 B 4 8 . 2  A 3 3 . 9  AB 

F l 3  3 . 6  AB 1 . 9 AB 4 4 . 3  A 3 9 . 1  A 
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C . 3 . 3 . 4  E f fec t o f  Wa t e r  S tress on Reproduc t i ve Growth 

An int e re s t ing f ea ture of F i g C . 3 . 1 is that t rea tments  which 

have undergone wa t e r  s t ress immed i a t e ly be f or e  a harves t  (Fl 2 3 ,  

F 2 3  a t  H 3 ; F 2 3 ,  F l 3  a t  H4 ) had h i gher seed y i e ld t han t re a tment s  

whi ch w e r e  we ll wa te red be f ore h a rve s t . Thi s  e f fect  was evident 

at harve s t  3 and 4 and wa s also r e f le c t ed in  s eed s i ze a t  the f in a l  

harves t  (Tab le C . 3 . 8 ) . However , t h e r e  was a very large increase 

in seed y i e ld of con t r o l  plant s b e tween harves t  4 and f i na l harve s t . 

This acc umula t i on o f  seed we ight i s  r ema rkab le in that  no wa t e r  

w a s  appl ied t o  the p ods  dur i ng t h i s  s t age . 

Figures C . 3 . 2 - C . 3 . 5  show the changes in dry we i gh t  b e twee n  

harve s t s  o f  t h e  var ious p l an t  c omponen t s .  ( I t  shoul d  be noted  

that  each h i s t og ram in these f i gures repr es ent s the  d i f ferences 

between harve s t s  made be fore and a f t e r  each growth s t ag e ) . They 

show c learly the dominance of s t em growth in control p l an t s  unt i l  

t he rap i d  growth o f  seed a t  the f i na l  s t ages (Fig C . 3 . 2 ) . The 

s i t uat ion change s  however in s t r e s sed p lant s . The growth o f  

reproduct ive s t ructures increases r e l a t ive t o  vege t a t ive growth 

of the s ame p lant and re lat ive to the r eproduct ive growth of  wel l  

wa tered p la nt s . Treatment F 2 3  (Fig C . 3 . 5 ) shows howeve r ,  tha t  

s t imulat ion o f  p od growth i s  sho r t  s o  that  the overa l l  e f f e c t  i s  

not great . Thi s  add i t ional reproduc t ive gr owth occurs a t  the s ame 

t ime as increased leaf  senescence and reduced s tem growth c ompared 

with wa tered p la nt s . S t ressed p lant s  l o s t  more pod dry weigh t  than 

c on tr o l  p lant s , Treatment PF l (Fig C . 3 . 3 ) c learly i l lu s t r a te s  

t h e  long term e f fect o f  a long period o f  s tress early i n  grow t h  

o n  the growth of  a l l  c omponen ts a t  later s t ages . 
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F i g .  C . 3 . 2  Changes i n  d r y  \.Je i gh t  of  c omp onen ts between harve s t s  

Pre · flower ing 

f o r  c on t ro l p l an t s . Key for Figs . C . 3 . 2 - C . 3 . 5 :  

1 -m a i n  s t e m ;  2 - l s t  o r d e r  l a t er a l ; 3-2nd o rder lateral ; 

4 - 3 r d  o r d e r  l a t e ra l . 

T S { of D • fference 

Ma1n stem 

flower my 
HZ - H1 

1st oraer lateral 

t l owertng 

HJ - H 2  
f lowenng 

H4 - H J  

.. 
.! 

� 1 
2 
3 
4 

Fig . C . 3 . 3  Cha nges i n  dry we i gh t  o f  component s  between harvests  

for t rea tment PF l (wa ter s tress imposed from f lo r a l  

i n i t i a t i o n  un t i l  e n d  of  m a i n  s t em f lower i ng ) . 
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T S. E. o f  Difference 

hi order l•t•r•l 

f l owe1 1ng 

Hl - HZ 

S t r e s s  

. 
! 

2nd order laleral 

flowering 

H4 - H3 

" 0 .. 

f1nal penod 

1 50 , 

Fig , C . 3 . 4  Cha nges i n  d r y  weig h t of c omp one n t s  between harve s t s  

f o r  trea tme n t  F l 3 (wa t er str ess im pos ed d uring main 

stem a n d  second ord e r  la t er a l  f lower i ng .  

T S ( ol O • f ferenc.e 

1st order ldlel"dl 
floweuny 

H J - H 2  

2ud o u j e •  latetal 

flowenng 

H4 - HJ 
Fmal penod 

"0 0 .. 

Fig C . 3 . 5  Changes in dry we i ght o f  c omponen t s  be tween harve s t s  

f o r  t reatment  F 2 3  ( wa t er s t ress i mposed during f i r s t  

and s e cond ord e r l a t e r a l  f lowe r i ng ) . 
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C . 3 . 3 . 5  S ource of N i t roge n  for Seed Growth 

To o b t a i n  i n f orma t i on on the sourc e  of  n i t r ogen accumul a ted 

r a p i d ly by the  seed , n i trogen bud ge t s  were c on s t r uc ted for t he 

f i n a l  growth p e r i od be tween harves ts  3 and 4 (Ta b le C . 3 . 9 ) and 

for the ma t ur i t y  p e r i od b e t ween harves t  4 and f ina l harve s t  when 

no wa t e r  was app l i ed to any of the pots  but  whe n  seed growth was 

rap i d  i n  c on t r o l  p la n t s  ( Table  C . 3 . 1 0 ) . As senesced leaf could 

not be c o l lected  f r om ind i v i d ua l  p l an t s , loss  o f  ni t r ogen in 

fa l len l e a f  was e s t ima t ed . The concentra t i on o f  n i t rogen in  the 

l e a f  l i t te r  was 1 . 8% (± 0 . 3%) . To e s t ima t e  the weigh t  of  senesced 

leaf , leaf we ight at  harve s t  4 less  a 50% l oss i n  dry wei ght was 

used ( Hock ing and P a t e  1 9 7 8  mea sured a loss of  40% i n  dry weigh t 

o f  senesc i n g  L .  a lbus l eave s ) . 

P la n t s  subj e c t  t o  wa t e r  s t ress d ur i ng s e cond orde r l a teral 

f l owe ring (F2 3 ,  F 1 3 )  a c c umu l a t ed mo re seed n i t rogen ( Table C . 3 . 9 )  

than d i d  we l l  wa tered p l an t s . Non-seed accumu l a t io n  i n  s t ressed 

p l an t s  wa s low and mos t o f  thi s accumu l at i on was in pods as mos t  

vege tat i ve pa r t s  were l os ing n i t rogen . P lants  s tr e s s ed j us t  

be f ore F 2 3  we re ut i l i s i n g  more n i t rogen from s tems and pods than 

F 1 3  p lants whi ch had previ ous ly been wa tered . Presumab ly thi s  wa s 

because F 2 3  p l an t s  had l i t t le l eaf  n i t rogen t o  d raw on d ue t o  

ear l ier s e nes cence and lack o f  leaf growth ( F i g . C . 3 . 4 ) . I n  

c o n t ra s t ,  n i trogen acc umu l a t i on i n  vege t a t ive growth f o r  control 

was h i gh e s pe c i a l ly in  upper order l a t e r a l  leaves and lower order 

latera l s t ems . Ac cumu la t i on o f  s eed n i t r ogen i n  PF 1 p lant s was 

s imi lar to c ont r o l  but , d ue to  low accumu l a t ion in n on-seed 

c omponents , net tot a l  a c c umu la t i on wa s r e l a t ive ly low . The third 

order lateral  lea f and s t em wer e  the only non-seed p a r t s  to 

accumulate  a s i m i l a r  amount of  ni trogen to c o n t r o l . 

During the f in a l  s t age (Tab l e  C . 3 . 1 0 ), seed n i t r ogen a c cumulated 

r a p i d ly in c on t r o l  wi th less accumu la ted in other p la nt s .  Pods 

s u p p lied s ome of the n i t r ogen for seed growth , a l th ough , for c ontrol  

a nd PF 1 ,  l eaves were the main s ource . More n i t rogen a c c umula ted 
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in the seed o f  c on tro l  than cou l d  be ac count ed for by t ransl o c a tion . 

As con t r o l  p la n t s  were a c tive l y  f ix ing n i trogen at  the beginning 

of the f in a l  s t age ( Tab l e  C . 3 . 9 ) mo s t  of  t h i s  extra n i t rogen woul d  

p robab l y  have been f i xed b e f ore  pots  comp l e t e ly dried out . A t  the 

me an ra t e  o f  n i t ro gen e s t ima ted i n T a b l e  C . 3 . 9  the required amount 

of n i trogen cou l d  have been f i xed in  7 d ay s . 

TABLE C . 3 . 9 :  Es t imated i n c rease or d e c rease of n i t rogen in p lant 
p ar t s , loss of  n i t roge n in s enescing leaf and t ot al 
n e t  n i trogen a c c umu l a t i on rate dur ing se cond order 
l a tera l f l owe ring ( mg ) . Leve ls  of s i gn i f i cance f r om 
t - t e s t s  on t he mea n s  a t  e ach harvest  ( wh e re 
app l i ca b l e ) . 

Roo t s  and nod u l e s  

Main s t ems 

l s t  o rder l a t e r a l  s tems 

2nd order l a t e ra l  s tems 

3rd o rder l a t e ra l  s tems 

Ma in s t em leave s 

1 s t order l a t e r a l  l eaves 

2nd order l at e r a l  l eave s  

3 r d  o rder l a t e ra l  l eave s  

Ma in s t em pods 

1 s t  order l a t e r a l  pod s 

Main s t em seed 

Con t r o l  

9 6 * *  

4 1 * * 

1 0 9 * * *  

1 0 3 *** 

5 9  

- 2 6  

- 4  

2 3 7 

1 8 2 

1 7 7 *** 

1 3 4***  

86*** 

1 s t  order la t e ra l  seed 4 1  

P F l  

88** 

2 NS 

9 NS 

F 2 3  

0 

- 5 6  *** 

-75 ** 

32 NS 0 

3 5  0 

-9 0 

-5 - 1 3 2  

44 1 9  

1 4 2  0 

1 3  NS -40 NS 

5 3  *** 83 ** 

F l 3  

- 1 8  N S  

2 N S  

- 6  N S  

2 2  N S  

1 

- 3 8  

-88 

- 7 8  

1 2  

1 44*** 

9 6*** 

65  ** 3 7 1  *** 3 7 7 *** 

2 6  9 1  4 8  

Es t imated l o s s  i n  sen e s c e d  l e a f  - 1 8  -7 -6 3 - 1 2 2  --------------------------------------
Increase i n  s e e d  n i t rogen 1 2 7  

Inc rease in non-seed n i t r ogen 1 1 38 

D ecrease in non- seed n i t rogen -48  

Ne t accumu l a t i on 

Ne t · accumu l a t i on ra te 

(mg/day )  

1 2 1 7  

7 6  

9 1  462  4 25 

4 1 8 1 0 2  2 7 7  

-2 1 - 3 6 6  - 2 6 4  

488 1 9 8  4 3 8  

2 3  9 1 3  
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TABLE C . 3 . 1 0 :  Es t i ma t ed t rans l o c a ti on of ni t rogen be tween 
p lan t par t s  f o r  the period b e tween harvest 4 
and f inal harv e s t  (mg) . Levels  o f  s ign i f i cance 
f rom t - te s t s  on the absol u t e  va lues a t  each 
harv e s t  ( wh e r e  app l i cab l e ) . 

E s t imated in c reases 

Main s t em seed 

1 s t o rder lateral  seed 

To t a l  i nc re a se 

E s t imated de creases 

Main s t em l e aves 

1 s t  order l a t e r a l  leave s 

2nd o rder l a t era l l e aves 

3 rd o rder l a t e ra l  leave s 

Main s tem 

1 s t  o rder l a t e ra l  s t em 

2nd order l a t e r a l  s t ems 

3 rd o rder la teral s t ems 

Main s t em pods  

1 s t order la t e ra l pods 

Roo t s  and nodules  

To ta l d e c rease 

B a lance 

Con t ro l  

9 7 8  ** 

7 2 1 *** 

1 6 9 9  

48  

2 1 3  

4 0 9  

1 5 2  

0 

45  NS 

1 7  NS 

8 

1 89 * * *  

8 0 *  

0 

1 1 6 1  

5 3 8  

PF 1 

1 1 0 N S  

1 03 * *  

2 1 3  

1 4  

4 1  

1 0 8  

90  

0 

1 8  N S  

7 N S  

0 

4 6 ** *  

4 3 ** 

1 1  
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C . 3 . 4 D I SCUS S I ON 

C . 3 . 4 . 1  Seed Y i e l d 

Al l s t r e s s  treatmen ts severe l y  reduced seed y i e ld . In  

c on t ras t t o  the  previous exper imen t ,  ear ly s tress had a more 

s evere e f fe c t  t han l a t e  s t ress of s imilar dura t ion . Thi s i s  

probab ly b e cause of t he longer d u r a t ion of early s t r e s s  i n  t h i s  

exp er imen t . Other reports  ( e . g .  Sal t e r  and Drew , 1 96 5 ; S t oker , 

1 9 7 5 )  record  l i t t le e f f e c t  from p re f l owering i r r igat i on i n  grain 

l egumes . The s e  were mainly f i e l d  t r i a ls however , in whi ch an 

adequate s tr e s s  ear ly in growth i s  o f t en d i f f i c u l t  t o  ob t ain . 

Runge and Od e l l  ( 1 9 60)  and S i oni t and Kramer ( 1 9 7 7 )  both report 

loss of yi e ld af t er pre- f l owe r ing wa ter s t ress in soybean s . The 

e f f e c t  of the l ong dura t i on of  pre-f lowe r ing wa ter s tr e s s  c o u ld b e  

d u e  t o  the  p r even t ion of  deve l opme n t  o f  f loral primordia a s  

d es c r ib ed by Ga t e s  ( 1 96 8 ) and wou ld  exp l ain why early s tr e ssed 

p lan t s  had few f l owers . 

Desp i t e  the longer dura t ion of s tr e s s  dur ing f lowering , 

seed yield  was no t gr eatly d i f fe ren t t han tha t found in the 

p revious e xp e r imen t .  Also , the d i f f e rences in the number of  pods 

between s t re s s  t rea tmen t s  we re not s ign i f icant in t h i s  exper imen t .  

The main reason f o r  bo th e f f e c t s  wou ld b e  the over all effect  o f  

flower and p od ab s c i si on wh i ch i s  non -revers ib le and occurs early 

in the wa ter s tress  p e r i od so tha t it is not great ly affec ted by 

duration of s tr es s .  Ab s c i s s i on regu l a te s  t he number of  pods to 

a level that can be sust ained un der exi s t ing condi t ions (Adj ei

Twum and Sp l i t t s toe sser , 1 9 7 6 ) . 

The reason for thi s abs c i s s ion i s  not clear . Add ico t t  and Lynch 

( 1 9 55 ) have sugge s ted that  shor tage of carbohydrate or n i trogen 

could be important . Greenwood e t  a l .  ( 1 9 75 )  working wit h  

L .  angustifolius sugge s t ed that pod abs c i s si on was caused by the 

growth of  lateral b ranches comp e t in g  w i t h  the developing f lower s  
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and p o d s  f or a s s imi l a te . However , resu l t s  f rom this experiment 

show that  l a t e r a l branches do no t grow rap i d ly during water s t ress . 

Adequa t e  a s s i m i l a t e  would then b e  avai l a b le f o r  reproduc t ive 

deve l opment , as  shown by the re l a t i v ely h i gh rate of seed growth 

during wa ter s tr e s s . Ab sc i s i. c  a c i d  ( Porter , 1 9 7 7 )  or e t hylene 

( McMi c hae l e t  a l . � 1 9 7 3 )  have b e en imp l ica ted in  the ab s c i s s ion 

of L .  luteus pods and co t t on l eaves resp e c t ive ly and may be 

involved d i re c t l y  or i nd i rec t ly i n  this s i t ua t i on . ( Se e  Se c t ion A . 3 . 3 ) . 

The e f f e c t  o f  the l a rge loss of pods was that o ther componen t s  

of s e ed y i e ld d i d  not a l t e r grea tly . Howeve r ,  change s in f i r s t  

order l at era l s e e d s  p e r  pod a n d  f i rs t  order l a t er a l  seed we i gh t  

con t r ib u ted s ign i f i c ant l y  t o  t he seed y i e l d  o f  F l 2 3  being l ower 

than t ha t of F l 3  and F2 3 .  

B ec ause t he l up in pl ant is  ind e termina te , i t  should have the 

capac i t y  t o  recover f r om in i t ia l  s tress when l a t er growt h periods 

are f avourab l e  by produc ing pods on h igher o rder laterals as 

noted for L.  angus tifo lius by Bi ddis combe ( 1 9 7 5 )  and for soybeans 

by S haw and Laing ( 1 9 6 6 ) . Second order lateral  branche s fully 

recovered the capac i ty in vege ta t ive growth , but pod deve lopment 

seemed t o  be very sens i t ive t o  p rev i ous s t ress so that s eed y i e ld 

d i d  n o t  recover . Thi s  e f f e c t  can be a l ong t e rm  one as i l lu s trated 

by t he severe reduc t ion in f i r s t  order la teral pods of the pre

f lowering treatment ( P ) be tween harve s t  3 and 41 s o  readj u stment 

from an early s tress c o u l d  cause i n s t ab i l i t y  in pod number . A 

sim i l ar e f f e c t  was no ted in the p revious exper imen t .  

The t reatmen t s  we l l  wa tered during l a te growt h los t a 

s igni f i cant number of  seeds per f i rst or der l a teral pod dur ing 

the p er iod between H4 and f i n a l  harve s t  b u t  t h e  la te s t ressed 

treatmen t s  d id not , as their numb er of seeds per pod was already 

low . The degree of  ad j us tmen t was greater f or f i r s t  order l ateral 

pod s than for main s t em pod s . Greenwood e t  a l .  ( 1 9 7 5 )  f o und 

s imi lar pa tterns of  ab orted seed � i tes  in f ield• grown L. angua tifolius . 
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Th i s  i s  c on s i s tent  w i th the adj u s t men t  of f ir s t  order lateral pod 

numbers a l ready no t e d  wi t h  we l l -wa t e r ed p l an t s  in th�s and the 

p rev ious exp erimen t and i n d i c a t e s a l im i t a t ion of some p lan t s  to 

f i l l  all p o t en t ial  seed sites when h i gh pod n umb ers are r e ta in ed , 

even under favourab l e  cond i t i on s .  

C . 3 . 4 . 2  E f f e c t  o f  W a t e r  S t re s s  on As s imi l a t e  Di s t r ibu t ion 

The d a t a  support the hypo t he s i s  tha t rep roduc t ive grow t h  

is  in some way pro t e c t e d  f r om t he e f f e c t s  of wa ter s tr e s s  c ompared 

with ve ge t a t i v e  me r i s tems wh i c h  Ga t e s  ( 1 9 6 8 )  states are s en s i t iv e  

to wa t e r  de f i c i t . The rap id reduc t ion in leaf area caused by 

l eaf sen e sc en c e  wou l d  reduce the t ot a l  demand f or water , enab l in g  

some ava i l ab le wa ter t o  b e  con served for l imi ted growth . Wi thin 

t h i s  c on s tra i n t ,  t he rep roduc t i v e t i ssues s eem to  comp e t e  

e f f ec t iv e l y  f or ava i l ab l e  ass imi l a t e . A s  seeds are ac t iv e ly 

exc lud ing water from the i r  t i s s ue s d u r ing the i r  deve l o pmen t  

( Leopold and Kri edemann , 1 9 7 5 ) , t h ey shou l d  b e  ab le t o  re s i s t  

t he e f f e c t s  o f  drough t wa t e r  def i c i t s  i n  the p lant , H s i ao and Acevedo 

( 1 9 7 4 )  al s o  sugge s t  tha t y i e l d  i s  l e s s  sens i t ive to  water s tress  

dur ing the f i l l ing o f  a s tora ge o rgan t han dur ing the v e ge t a t iv e  

phase . S e e d  deve lopme nt i s  mor e  depen dan t  on ph ot osyn the s i s  and 

t ran s lo ca t ion than on ce l l  divi si on wh ich i s  h ighly s en s i t ive to 

wa t er s tr e s s  so seed g rowth shou l d  be l es s  sen s i t iv e  to wa ter s tress  

than vege t a ti ve growth ( Boyer and  Mc Phe r son , 1 9 7 5 ) . Weber ( 1 9 6 8) 

sugge s t s ,  that un der m i l d  wa t e r  s t re s s , vege t a t i ve growth ceases  b u t  

photosyn thes is  can con t inue so t ha t  an apparent d ive r s i on o f  

ass im i l a t e  t o  reprodu c tive t i ssues  can occur . Because pod as  we l l  a s  

seed growth was s t imu lated in thi s exper imen t diver s i on p robably 

o c curre d . Al th ough current ph otosyn thes is  and n i trogen f ixat i on w i l l  

fa l l  durin g water d e f i c i t s , t he pool o f  avai lable a s s imi l a t e  w i l l  

b e  supp l emen ted b y  mob i l i sat ion f r om sen e s c i ng l eave s  (Hocking and 

Pate , 1 9 7 8) . The inc reased ha rve s t  index of water s t r e s se d  p lant s  

and the growth d a t a  presen ted , a l l  ind i c a t e  a maj or d iversi on of  

a s s imi late  f r om vege t a t ive t o  reprod uc t ive s truc ture s . 
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Mo s t  of the remobi l is ed n i t rogen f o r  seed growth seems to 

come f r om the leaf , pods be i n g  a second , but  important  sourc e . 

In c on t ro l p l an t s  ove r  t he main seed growt h  p hase , leaves 

sup p l ied 4 7% and pods 1 5% o f  t he seed r e q u iremen t for  n i t r oge� 

approxima t e ly 3 3 %  of the  seed n i t rogen coming di rectly  f rom 

f ixa t ion . Pa t e  et a Z .  ( 1 9 7 7 )  es t ima ted tha t L.  aZbus pods 

suppl i ed 16% of the seed r equ i r emen t s  P a t e  and Herr idge ( 1 9 7 8 )  h ow-

ever f ound tha t 2 8% of seed n i t rogen came f r om pods and a s i m i l a r  

amoun t f rom c u r r en t  f i xa t i on .  

In the late  s t r e s sed  trea tmen t s ,  F2 3  and F 1 3 , l eaves sup p l i ed l es s  

n i trogen t o  the seed over the same period ( 2 1 %  and 3 2 %  r e s p e c t ive l y) 
than in con tro l p lan t s  b u t  pods ( 44 %  an d 32 % )  and st ems ( 1 6 %  and 9 % )  

were relatively mor e  impor t an t . However , n i t rogen in pods and s tems 

de c r eased s i gn i f i c an t ly on ly a f t e r  a p e r iod of s t res s had already 

been app l ied . Th e r e f ore t hey p rob ably s upp ly , in  pa r t , n i trogen 

a lready trans f e r r e d  to them f r om the acc e l er a t e d  senescen c e  of leaf 

dur in g  the ear l ier s t ress . Thus , even in s t r �ssed p l an t s , l eaves 

are probably the main sup p l ie r s  of  r eserve n i t rogen to the seed . 

Cu r r en t  fixa t i on of  n i t rogen used d i r e t t ly f o r  s eed growth was 

p robab l y  low in s tre s s ed plan t s  a l tho ugh , f or F 1 3 , t he propor t ion o f  

seed nit rogen requi r emen t s  ( 2 7% )  i s  s imi l ar t o  th a t  es t imated for 

con t ro l  see d .  I n  ear l y  s t ressed  p lan t s  ( P F 1 ) , mobil isa t ion o f  

n i t rogen f rom l eaf  and pod wa s suf f ic ient t o  s upp ly al l see.d n it r ogen . 

Thus the ear ly s t re s s , by reduc i ng seed numb e r  but  a l l owing regrowth 

o f  u p p e r  order leaf and s tern res u l t ed in an imb al ance of  nitrogen 

sup p l y  and demand .  The apparen t ni trogen surp l us howeve r ,  was n o t  

r e f l ec ted i n  in c reased s e e d  s i ze or  n i t r ogen pe rc en t age . Adequate 

water supp ly a f t e r  a d r ough t s t ress has b een app l ied ear ly in growth 

may t herefore not b e  bene f i c i a l  due to reduced seed yield p Q t e nt i a l.  a.nd 

the d ivers ion of growt h in to vege t a t iv e  s t ruc t u re s . Nitrogen 

re s e rves t hus formed may not be able to be u t i l ised in a fio rma l  

growing season . 
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Howev e r , yie ld po t en t i a l  and n i tr ogen re serves to supply 

seed r eq u i remen t s  usua l l y  s eem to dev e l op in rea sonab l e  b al anc e . 

The main e f f e c t  o f  wat e r  s t r e s s  i s  to reduce yield p o t en t ia l  by 

af f e c t ing pod numb e r s  and the n i t rogen reserves req u i r ed to en sure 

h igh pro t e in leve ls in the seed ( S in c lair and de W i t  1 9 7 5 ) . Thu s 

the ideal env ironmen t woul d ap pea r t o  be one which s up p l i e s  

adequ a t e  m ois tu re f o r  as l on g  as  poss i b l e  b u t  wi th a l a t e  p e riod 

of  d r y  we a t h e r  to enab l e  seed ma t u r i t y  to be comp let e d  b e fore 

the l and is requi red for o th e r  purpose s .  The inde t e rmin a t e  growth 

hab i t  is  usefu l t o  ens ure tha t  the who l e  pe riod of  favourab le 

we a ther can be e f f i c i en t l y u t i l i sed but , at  least in the slowly 

d eve loping L.  a lbus cul t iva r s  s u c h  as  U l t r a ,  the p o t e n t i a l  for 

rec overy in seed yie l d  af t er pe r i ods of  s t r e s s  is un l ik e ly to be 

impor t an t  i n  t h e  time pe r i od u s ua l l y  avai l ab l e in a normal 

season . 

Main t enance of a good mo i s l u r e  supp ly f o r  as  lon g  a s  possible 

wou l d  seem to be e s sen t i a l  f o r  ma x imum seed yield . Th i s  can b e  

done b y  irrig a t ion wh i ch is  not a l ways po s s ib l e  or e conomi c . 

Early spring s ow ing o r , on f re e  d ra in i ng s o i l s , au tumn sowin g , 

wou ld therefore s eem t o  be reql l i red t o  ensure  a reasonable period 

o f  r e l i ab l e  moi s t u r e  condi t i on s .  
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C . 4 .  EFFECT OF H I GH TEMP ERATURE UNDER CON D I TI ONS OF ADEQUATE 

AN D RESTRI CTED \.JATER SU PPLY
* 

C . 4 . 1 .  I N TRODUCTION 

Re sp onse o f  Lupinus a l bus t o  r e s t r ic t ed wate r supp l y  over 

sev e r a l  deve lopme n t a l  p h a s e s  an d two humid i t y  l ev e l s  had b een 

s t udied prev i ou s l y . These  expe r imen t s  were  cond uc t ed unde r  a 

t e mp e rat u re regime o f  1 8° C  d n y  a n d 1 3°\ .  n i g h t  \vh i c h  gene ra l ly 

rep re sen t s  the t empe r a t u re in many par t s  o f  New Z e a l an d  during 

l at e  spr ing . In s ome d i s t r i c t s  howev e r , e s p e c i a l ly e a s t e rn  

d i s t r i c t s  such as  Can t erb u ry , per iods o f  h i gh temp e ra tures , 

o f t e n  as s o c i a t e d  w i t h  dry so i l  cond i t i ons , are e xp er ienced for  

p e r i o d s  o[  varying l en g t h s  o f  t ime .  S ome workers h ave reported 

l owe r seed yield  o f  l up in at  h i gh temp e r a t u r e s  ( Pe rry , 1 9 7 5 ; 

Corb i n , 1 9 7 8 )  caused main l y  b y  exce s s iv e  f lower o r  p o d  ab s <t is s ion . 

Usua l ly t h i s  e f f e c t  o c c u r r ed when so i l s  we re dry b u t  i t  was no t 

c le a r  whe ther wa t e r  s t ress  was a f ac t or . These r e po r t s  however 

have r e f e r red to L.  angus tifo l-z:us . Rahman and G l ad s tones  ( 1 9 7 3 )  

sugge s t  t h a t  L.  a lbus h a s  ad a p t ab i l i ty t o  a wider temperature  

range . 

I t  l s  a l so i mp o r t a n t  t o  know when de c i d i n g  on s u i tab le  

a r e a s  f o r  l up i n s  :I f  ho t o r  c o o l summe r cond i t ions are desirable . 

Some areas such as  the Man awa tu have w ide f lu c tua t ions in  

t e mpe ra t u re s  w i t h i n  and  be t ween seasons and  it  is  d e s irable to  

know t he poss i b l e  e f fe c t  o f  t h i s . 

For a l l  t h e se r e a s ons , an exper imen t was d e s i gn e d  t o  

gain some in f orma t ion o n  t he respon se o f  L . a lbus t o  short 

p e r io d s  of h i gh t empe r a t u r e s  w i t h e i t he r  adequate or restricted  

wa t e r  sup p ly . 

* Ac c � p t ed f o r  pub l i c a t J on i n  N . Z .  Journal o f  Agr i c u l tural 
Re search 22 . 1 9 7 9  ( I n  P r e s s )  
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C . 4 . 2  MATERIALS AND METHODS 

P lan t s  of  Lupinus a lbus L. c v . U l t r a  we re g rown as 

previous ly described ( Se c t i on C . 2 , 2 ) . Seeds wer e  sown on 

30 S ep t e mb e r  1 9 7 6  and eme rged s ee d l ings were t rans f erred t o  

a con t r o l le d  env i ronmen t room a t  the P lan t Physiolo gy Divis ion , 
0 0 

DS I R ,  1 1  d ays l a te r .  P lan t s  we re grown a t  1 8  C day and 1 3  C 
-2 

nigh t  w i t h a 14 hour pho toper iod at  an average o f  1 5 3  Wm PAR 

at  p l ant containe r he i ght . A c ons t an t  4 mb vapour p r e s sure 

de f i c i t  (vp d )  was ma i n t a i ned . Cond i t i on s  therefore wer e  

comparab le w i t h  those i n  previ ous expe riments . H i gh t emperature 

t rea t men t s  we re app l i ed by mov i n g  the  requ i red p lan t s  t o  another  

room whi ch was  run a t  2 8° C d ay and 2 0°C n i ght . Othe r  con d i t ions 

were main ta ined at  the same l evel as in the cooler r oom exc e p t  

that , t o  maintain a cons t an t  4 m b  vpd , t h e  relative humi d i t y  

was changed to  8 9 %  day and 8 2 %  n i gh t . 

The t re a t me n t s  we re : h i gh tempe ratures from main s tem 

f l oral ini t i a t ion to begin n ing o f  main s t em f lowering (PF) , 

durat ion o f  ma in s tem f lowe r i n g  ( F l )  and duration o f  f i r s t  

order l a t e ral  f lowe r in g  ( F2 ) . W i t h in each o f  the se ,  p l an t s  

we re e it h er g iven adequa t e  wa t e r  (W)  or r e s t r ic t ed wa t e r ing ( D ) . 

The re s t r i c ted wa t e r i ng reg ime was to be t he same as in previous 

exp erimen t s  i . e .  ma in t enance of  80% l eaf  r e l a t ive water con te n t  

( RWC) (Baars , 1 96 8 )  n e a r  the end of  the phot operiod w i t h  a 

wate ring immediate ly a f t e r  me asureme n t s we re taken . Howev e r ,  

when p la n t s  we re exp e r i encing h i gh temperature , add i t ional wat e r  

had t o  be p rovided e a r l y  in t h e  pho toperiod i n  order t o  main t a in 

the re qu i re d  leve l o f  s t re s s . C on t rol  p l an t s were adequate ly 

watere d  and r ema ined i n  t he 1 8 / 1 3° C t emperature regime . P l an t s  

we re harve s te d  at t he end of main s tem and f irst  order lat e r a l  

f lowering with a f inal  harve s t  a t  s e e d  ma turity . Harves ting 

met hod s wer e  the same as prev i ou s l y de scr ibe d  ( Sec t ion C . 2 . 2 ) . 
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C . 4 . 3  RESULTS 

G row th of vege t a t ive organs ( i nc lud in g roots and nodul e s )  

w a s  dep ressed b y  wat er  s t ress  comp ared with con t ro l  p l an t s  

( Tab le C . 4 . 1 )  b u t  r e p rodu c t ive parts  ( in c luding pods ) were 

heavier when wa ter s t re s s  was appl ied after f lowe rin g . W i t h  

adequa te wate r ,  rep roduct ive growth was s t imula ted comp ared 

t o  con tro l by h i gh t empe r a ture t re a tmen t s  imposed af t e r  f lower ing 

b e gan . The e f f ect o f  h igh temperat ure on  vege t a t ive growth 

was variable . Comp ared wi th c on t rol  p l an t s ,  the we i gh t  of PFW 

p lants was depressed ; FlW p l an t s  were not  s igni f i can t ly 

a f f e c ted ; and ther e was a tendency for  F2W p l an t s  t o  have a 

h igher we i gh t  o f  vege tativ e  t i s sue . I f  the sho r t e r  g rowth 

p eriods under high t emp e r a tu re s  ( Tab l e  C . 4 . 2 ) are taken in t o  

ac coun t ,  F lW p l an ts a n d  F 2W p l an t s had highe r  grow th rate s  t han 

con trol p l an ts . ( e . g . Tab l e  C . 4 . 3 ) .  Grow t h  re t u rned to con t ro l  

leve l s  o n  re turn t o  the c o o l  t reatme n t  con d i t ion s ( se e  F lW Tab l e  

C . 4 . 3 ) and there was some compensation  i n  vege t a t ive g rowth f o r  

p r evious wa t e r  s t ress  a s  shown b y  PFD t r e a tment value s . 

F l owe r numbers we re r e duced ma i n ly by water s t re ss in the 

p ref lowe r ing pe riod ( PFD) (Tab l e  C . 4 . 4 ) . Water s tress  during 

f lowe r in g ( F l D)  reduced f l owe r numbe rs s l igh t ly as did h igh 

t emper atures in the pref l owering per iod ( PFW) . 

The early , we l l -watered t rea tmen t s , PFW and F l W , 

s i gni f i can tly reduc ed t ot a l  seed y i e ld be low that of  con t ro l  

a l t hough F 2 W  d id n o t  ( Tab l e  C . 4 . 5 ) ,  in dicating t h a t  h i gh 

temperatures alone ear ly in growth can a f f e c t  seed yie ld . As 

expec t ed, water s t re s s  reduc ed t o t a l  seed yield leve l s  a l t hough 

not sign i f ican t l y  for F2 D .  Fi r s t  order lateral  s e ed y i e ld was 

signif ican t ly reduced by a l l  t r ea t me n t s  except F2W . Main 

s t em seed yield was lowe r in the p re f l owe ring t r e a tmen t s  and 

when water  s t ress  was ap p l ied du r ing f lowering ( F lD) . 
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TABLE C . 4 . 1 :  Dry we ight ( g )  o f  the t o t al p lan t ,  veget a t iv e  
and reprodu c t ive t i ss ue s  a t  the end of  ma in 
s tem f l owe r ing ( Harves t  l )  and end of 1 s t  order 
lateral f l owering ( Harve s t  2 ) . 

Harve s t  l Harv e s t 2 

Vege t a  - Re prod- T o t a l  Vege ta- Reprod- Total 
t ive u c t ive t ive u c t iv e  

Cont rol  2 9 . 4  A 0 . 3  B 2 9 . 7  A 48 . 3  AB 3 . l  c 5 1 . 4  B 

PFD 1 0 . 3 D 0 . 2  B 1 0 . 5  D 22 . 9  D 2 . l  c 2 5 . 0  c 

PFW 2 0 . 1 BC 0 . 2  B 2 0 . 3  B C  2 7 . 4  D 1 . 5  c 

F 1D 1 5 . 5  en 1 . 2  A 1 6 . 7  CD 24 . 9  D 9 . 0 A 

F lW 2 4 . 5  AB 0 . 8  A 2 5 . 3  AB 4 1 . 7  B C  8 . 4  A 

F2D 3 1 . 6  CD 5 . 2  B 

F2W 5 6 . 9  A 1 0 . 7  A 

Means wi th l e t t e rs in common are not  
s ign i f i c ant ly ( P < O . O l )  d i f f eren t .  
Compar i son s can be made w i t hin columns only . 

TABLE C . 4 . 2 :  Mean d ur a t i on o f  growth p e ri ods ( days )  

2 8 . 9  c 

3 3 . 9  c 

5 0 . 1  B C  

3 6 . 8  CD 

6 7 . 7  A 

Pref lowe r ing Main s t em 1 s t  o rd e r  
f lowe ring lateral 

f lowering 

Con t ro l  5 6  1 9  1 9  

PFD 49 2 3  2 2 

PFW 42 1 6  2 2  

F l D  1 4  2 2 

F 1 W  1 1  20  

F 2D  1 0  

F2W 1 0  
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TABLE C . 4 . 3 :  Re l a t ive grow th ra tes  ( g / lOOg/day )  du r ing 

Cont r o l  

PFD 

PFW 

FlD 

FlW 

F2D 

F2W 

TABLE C . 4 . 4 : 

Con trol 

PFD 

PFW 

FlD 

FlW 

F2D 

F2W 

1 s t  o rder l a t e r a l  f lowe r ing (between harves t s  
1 an d 2 )  

Vege t a t iv e  Reprodu c t ive Tot a l  

2 . 6  1 2 . 2  2 . 8  

3 . 6  1 0 . 6  3 . 9  

1 . 4  9 . 1 1 . 6 

2 .  1 9 . 1  3 . 2  

2 . 6  1 1 . 7  3 . 4  

0 .  7 2 8 . 5  2 . 1  

6 . 6  35 . 7 8 . 3  

Number o f  f lowe rs  

Main s tem l s t  order 
l a te r al 

4 4  A 5 6  A 

2 2  c 2 3  B C  

35 B 4 5  A 

35  B 1 3 C  

4 2  AB 4 3  AB 

4 2  AB 3 7  AB 

4 1  AB 4 5  A 
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TABLE C . 4 . 5 :  We i gh t  o f  seed per  p lan t ( g ) 

Ma in stem 1 s t  order Tot a l  
l a teral 

Harve s t  End 1 s t  F in a l  F inal F i n a l  
l a t e r a l  

f lowe ri ng 

Con t rol 0 . 4  B 1 7 . 7  A 1 1 . 6  AB 2 9 . 3  A 

PFD 0 . 3  B 4 . 3 c 4 .  7 c 9 . 0  D 

PFW 0 . 2  B 9 . 6  BC 5 . 3 c 1 4 . 9  CD 

F l D  1 . 6  A 9 . 8  BC 2 . 0  D 1 1 . 8 D 

F lW 1 . 4 A 1 4 . 2 AB 6 .  2 BC  2 0 . 4  B C  

F2D 0 . 5  B 1 4 . 6  AB 9 .  7 B C  24 . 0  AB 

F2W 1 . 4 A 1 6 . 9 A 1 7 . 0  A 3 3 . 9  A 

TABLE C . 4 . 6 :  Number o f  pods p e r  p l ant a t  f inal harves t  

Con tro l 

PFD 

PFW 

FlD 

F 1 W  

F2D 

F2W 

Main s tem 

1 1 . 4 AB 
5 . 4  D 

8 . 3  BCD 

8 . 0 CD 

1 0 . 6  ABC 

9 . 3  BC 

1 4 . 1 A 

1 s t  ord e r  
l ateral  

1 4 . 4  A 

7 . 1  CD 

9 . 6  ABC 

2 . 6 D 

8 . 8  ABC 

8 . 1 B CD 

1 3 . 9  AB 
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As in prev ious exper imen t s , pod number was the main 

det erminan t of y ie ld . No s ign i f i c an t r educ t ion in pod n umb e r s  

c ould b e  a tt ributed to  h i gh tempe ratures a l one ( Tab l e  C . 4 . 6 ) , 

a l though the re was a tenden cy for f ewer pods for s ome 

t reatmen t s  ( PFW and Fl W) . Wa ter s t ress s ign i f i c an tly 

reduc ed pod n umber compared with t he con trol  treatmen t  except 

f or main s tem pod s of F 2 D  p l an t s . Generally , the pod number o f  

water s t re ssed t reatmen ts  we re n o t  s i gn i f ican t ly lower than 

that of  we l l  watered t r ea tmen t s  a l t hough there was a c on s is t en t  

t rend for them to b e  lowe r . Number o f  s eeds p e r  pod was 

a f f ect ed more than was n o t ed in prev ious exper imen ts ( Table C . 4 . 7 ) .  

P r e f l owe ring t rea tmen t s  reduced number s  o f  seeds in main s tem 

and f i rs t o rd e r  l a t e r a l  pods with the la t t er a lso be ing a f f e ct e d  

by main stem f lowe ring t re a tments ( F 1 D  and F 1W) . Hundred s e e d  

we i gh t  was v a riable a n d  no c lear pa t terns emerged . 

TAB LE C . 4 . 7 :  Numb e r  o f  seeds per pod at  f inal harv e s t  

Ma in s tem 1 s t  order 
lateral 

Harvest 

Con trol 3 . 7  A 2 . 7  AB 

PFD 2 . 0  c 2 . 0  BC 

PFW 2 . 7  BC 1 . 8 B C  

F l D  3 . 6  A 1 . 3 c 

F 1 W  3 . 2 AB 1 . 7 B C  

F2D 3 . 9  A 3 . 3  A 

F2W 3 . 8  A 3 . 5  A 
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C . 4 . 4  DISCUS S ION 

Thi s  e xp e r iment i nd i c a t es tha t L. a Zbus is sens i t i ve t o  

t h e  leve l of t emperature imposed a t  v a r i ous t imes throughout  

the growth per iod . Trends i n  the we l l  wat ered t r ea tmen t s  

would indi ca t e  tha t the p l an t growth i s  adver s e ly a f f e c t e d  b y  high 

t emper a t ure dur ing the p r e f l owe r ing per i od but as t h e  p la n t  deve lop s ,  

i t  i s  less a f fec ted and a t  l a t er s t ages , gr owth rate  may be 

s t imula t ed . The p lant s were v i s i b ly a f fe c t ed a t  t he p r e f lowe r i ng 

s t age wi t h  sma l le r ,  d i s t or t ed l eaves and sma l ler s tems a t  the  

s ta r t  of  main s t ern f lowe r i ng . The more rap i d  deve lopment of the 

p lant  a t  h ighe r  t emp era t ures is  impor t a nt f or s p ring-s own c r ops 

whe r e  the ons e t  of d ry c ond i t i o n s  l im i t s  g r owth soon a f t e r  

s owi ng . 

The e xpec t e d  reduct i on in pod number and c onsequent loss  o f  

yi e ld d ue to h i g h  t empera t u res a l one d i d n o t  occur . The general  

t rend f or lowe r pod numbe rs in ear l ier t rea tment s  seemed t o  be  

r e l a t ed more t o  the overa l l  e f f e c t on  p lant growth than a d ir e c t  

e f f e c t on  absc i s s i on .  Thi s may have been because o f  t h e  

temp e r a t ures used i n  this  s t udy we re not h i gh enough , a l though 

Corb i n  ( 1 9 7 8 )  s t a t e s  that above 2 5 °C maximum dai ly t empera ture , 

seed s e t  wi l l  be reduced . In the  f i e ld , high t emperat ures ar e 

o f t en a s s oc i a t ed wi t h  an i nc r ea se i n  va p our pres s or d e f ic i t  

a nd even i f  vapour pressure def ic i t  i s  h e ld cons t ant , wat er 

use by we l l  wa t e r ed p l an t s  i ncreases as temperature i n c reases 

(Forde e t  a l . , 1 9 7 7 ) . A l s o ,  whe r e  h i gh t empera t ures h ave been 

repor t ed to c a us e  pod los s ,  s o i l  mo i s t ure was probably a ls o  low . 

The e f fec t o f  h igh t emperat ures may be t o  aggrava t e  any s o i l 

mo i s t ure d ef i c i t  s i t uat ion wh i ch may ex l s t  i . e .  h i gh t empera tures 

ac t through an inc rease in p lant wa t e r  s t re s s  due to i ncreased 

wa ter use by p lan t s .  
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The l a ck o f  s i gn i f i c a n c e  be tween  we l l  wa t e re d  and water 

s t ress ed t re a tme n t p l a n t s  cou l d  ha v e resu l t e d  f r om the d i f f icul t y  

o f  ma i n t a i n ing the re qu i r ed s t r e s s  l e ve l s  a t  t he h igh t empe r a t ures . 

The add i t i ona l  wa t er supp l i ed t o  t h e  s t r e s s  t rea t men t s  : ossibly  

re su lt ed i n  a shor t e r  p e r i od u n d e r  s t re s s . Mo st  wa t e r  s tr e s s ed 

t re a t men t s  h ad s ign i f i c an t l y  l ower pod numbers and s eed yie ld 

t h an con t ro l .  

The mos t  i n t e res t i ng f ea t u r e of t h e  s e e d  wei g h t  data i s  tha t 

p l an t s a t  h igh t e mp e r a t u re and w i t h  adeq u a t e  wa t e r  had h ig he r  

seed we i gh t s  t han c on t r o l  p l an t s .  A s imi l a r  t rend i n  seeds o f  

wa t e r  s t r e s s e d  p lan t s  wa s n o t e d  i 1 1  t h i s  and p revious exper imen t s .  

Th i s  e f f e c t  has been n o t ed i n  peas b y  W i l l iams and Mar ina s ( 1 9 7 7 ) 

who showe d t h a t  an i n c r e a s e  i n  pod t em pe r a t ur e i n c reased the 

t ran s f e r  of 1 4 c t o  p o d s  so t ! Je  e f f e c t o f  i n c reased growth r a t e  

of seeds  i s  p roba b l y  d u e  t o  grea t e r  a ss imi la t e av ai labi l i ty t o  

t he seed . In the c a s e o f  we l l  wa t e r ed p l an t s  a t  high t emper a t u r e , 

t he in c re a s e d  ass imi l a t e c o u l d  b e  t he re s u l t of  grea ter  pho to

syn t he t i c ac t iv i t y  p e r h a p s  c ombined wi t h  g r ea t er sink ac t iv i t y  by 

the  seed . Under wa t e r  s t ress , in c r ea sed a s s im i l a t e  sup p ly coul d 

resul t f rom remob i l i sa t ion o f  r e se rv e  as s im i l a t e  and reduce d  

c omp e t i t ion f r om vege t a t i v e me r i s t ems ( S e c t i on C . 3 ) . Un l ike water 

s t re s se d  p l an t s  howev e r .  v e ge t a t i ve g row th rate o f  we ll wa t e red 

p lan t s  at h igh t empe r a t u r e  i s  n o t  r e d u c e d  and the long t e rm grow t h  

pot en t ial  is main t a i n e d o r  e v e n  i n c reased . 

In previou s ex p e r i me n t s , wa ter s t r e s s  trea tmen t s  had an adverse 

e f f e c t  on pod numbe rs o f  sub sequen t s t em sequences . Thi s e f f e c t  

i s  apparen t in t h i s  e x p e r i men t b u t i n  add i t i on ,  a con s i s t e n t  

e f f e c t  on the n umbe r o f  seed s per  pod h a s  b een noted . For 

e xamp le , F lD and c on t r o l  p l a n t s  had ma i n  s t em pod s eed 

n umbe r s  simi lar t o  c on t r o l  p la n t s but F lD had fewer f ir s t  order 

lat era l pod seed s . P r e f lowe r i n g  wa t er s tr e s s  sign if ican t ly reduced 

mai n  s tem seed s per pod c omp ared wi t h c on t ro l  plan t s .  A s imi l ar , 

a l though less s i gn i f icant  e f f e c t  of  t empe ra t ure was shown b y  t he 

we l l  wa t e red t r ea t men t s .  Th i s  c ou l d  i n di ca t e an adverse e f f e c t  
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of  h igh tempera ture on seed p r imo rdia ( Ormrod e t  a l . � 1 9 70 ) . 

S t anf i e l d et a l . � ( 1 966 ) f ound s imi l ar e f fects  t o  these wi t h  

p e a s  grown under h igh t empera t ur e s . Pod number , seed numb e r  

p e r  pod a n d  v ine growth we r e  a f f e c ted by d ay t emperatures o f  

2 9°C and 3 2°C .  

Karr e t  a l . � ( 1 9 5 9 )  and Lamb e r t  and Linck ( 1 9 5 8 )  f ound 

that t he t hermal sens i t i v e  period of peas was 6- 1 0  days a f t er 

f u l l  b l oom . In th i s  exper imen t h oweve r , t he mos t  sen s i t iv e  

period appeared t o  b e  the p re f lowe r in g  phase and in t e r feren ce 

wi th deve lopmen t a t  t h i s  s t age may have reduced y i e l d .  

Howeve r ,  Karr et a l . � ( 1 9 5 9 )  also f ound tha t n ight t empe ratur e s  

were more imp o r t ant i n  d e t e rmining y i e l d than d a y  temper a ture s . 

The 2 0°C n ight tempera tu r e s  in this experimen t  may have b een 

t oo low t o  have a sign i f i can t e f f e c t . In New Zea l and i t  wou l d  

b e  unusua l t o  have n i ght t empe r a t ures cons i s t en t ly above 2 0°C .  

As the dura t i on of  the g r owing  sea son i s  l imi t e d , e sp e c i a l l y  

w i th spring sowings , the f a s t e r p l an t  developmen t a t  high 

t emp era tures and the s t imu l a t i on of bo t h  vege t a t iv e  and 

reproduc t ive g r owth i s  h i gh l y  desirab l e . Thus , a i r  t empera tures 

o f  about 2 8°C p rovided they occur  a f t e r  the commenc em en t  o f  

f lower ing and i n  the pre sence o f  adequa te mo is ture , shou ld 

bene f i t  seed p roduc t i on f rom L .  a lbus . 
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Many worke rs have shown that the d i s t r ibut ion of the pro duc t s  

o f  phot osynthe s i s  w i t hin a g r a in l egume i s  compl e x . B lomqu i s t  

and Ku s t  ( 1 9 7 1 )  wor k ing with a n  indeterminate soybean cul t ivar 

showed that before pod f i l l ,  photosyn thate moved t o  grow ing 

regions above the labe l l ed l eaf but once pods began to f i l l , 

translocation was main l y  to  pods below the labe l le d  leaf . 

Stephenson and Wi lson ( 1 9 7 7 )  found the opposite  d ir e c t ion of 

carbon movement in a det ermina te cu l t ivar dur ing pod f il l  and 

sugge s t e d  that de t e rmi nate and inde t e rminate  plants may have 

d if f eren t t rans loc a t ion pattern s . The above authors and 

others ( e . g . , Nel son , 1 9 63 ;  Porte r , 1 96 6 ;  Pate and F l inn 1 9 7 3 ;  

Hume and Criswe l l , 1 9 7 3 ;  War e i ng and P a trick , 1 9 7 5 )  f ound d i r e c t  

vascular l inks b e tween sou rce and sink organ s .  However , t he 

dire c t ion and d i s t ance o f  movemen t  i s  depend�n t  on the a c t iv i ty 

and posit ion of the var ious sinks r e l a t ive to the sour ce leaf 

(Nel son l 1 9 6 3 ) . S t ems c an ac t a s  tempo rary s t orage o�gans f o r  

carbon ( Hume and Criswe l l , 1 9 7 3 ; S tephen son and W i l son ,  1 9 7 7 ) 

and ni t rogen (Minc hin and Pate , 1 9 7 3 ;  Sect ion C . 2 ) wh ich can b e  

u s e d  la ter t o  sup p ly t h e  seed . The ef f ic i ency of  remob i l i sa t ion 

o f  ear ly-fixed carbon t o  supply the seed in legume s  c an b e  low 

(Fl inn and Pa te , 1 9 6 8 ;  Pate and Fl inn , 1 9 73 ;  Hume and Cr iswe l l , 

1 9 7 3 )  but  in cereal s it  can be over 5 0% ( Cock an d Yoshida , 1 9 7 2 ) . 

However , a s  the seed dev e lo p s  i t  is  increa s ingly f ed direc t l y  b y  

i t s  sub tending leaf so tha t  t h e  recovery o f  l ab e l l ed carbon in 

seed incr eases as seed d eve l o pment p roceed s  ( Hume and Cr iswe l l ,  

1 9 7 3 ) . 

* Accep ted for pub l ic a t i on in N . Z .  Journal of Agr i cu ltural 
Research 22 ( In P r e s s ) .  
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P a t e  e t  a l . � ( 1 9 7 4 )  showed that main s t em pods of  L .  a lbus 

we re s upp l ied b y  b oth main s tem leaves and those f rom the f i r s t  

o r d e r  l a t e r a l  b ranch wi t h  a de f ini t e  relat ionship b e tween spe c i f i c  

p o d s  and leave s .  The s tudy reported he re a imed t o  inve s t igate 

the p a t t e rn  of  t rans loca t i on in  L .  a lbus in c lud ing the cont ribut ion 

of  higher order la t era l b ran che s to  the phot osynthate requiremen t 

of  main s tem component s . Movemen t o f  early f ixed carbon and i t s  

c on t ribution t o  seed dry we igh t  \.Ja s a lso me asu red . 

D . 1 . 2 MATERIALS AND METHODS 

I noculated  seeds o f  Lupinus albus L .  cv . U l tra were s own on 

20 November 1 9 7 5  in p l a n t e r  bags ( 1 . 3 5 1 vo lume ) cont a i n ing 

s t e r i l i s ed Man awat u  f ine s andy loam . The so i l  con tained 2 0  g per 

bag of 3 0% p o t ass ic supe rpho sphate  (0-6 - 1 4  NPK) . Af t e r  e s t ab l i sh

men t , p l an ts  we re t r ans f e r red to  a g las sho use and watered a s  

requ ired . The g l asshou se t emp erat ure was con t rol led wi t h in the 

ran ge 1 5° C to 2 8°C .  The glass was wh i t ewashed to help  mai n t ain 

the s e  condi t i ons and the  p l an t s  received natural photoperiod s . 

Individua l ,  a t t ached l e aves were l ab e l led b y  enc l o s ing them 

within a sma l l  p e rspex l eaf chamber ( approxima t e  volume 500 ml ) 

and inj e c ting a known quan t i t y  o f  1 4
co

2 
th rough a rub b e r  d i aphram .  

The chamber h ad a hi nged l i d  w i t h  f o am rubber around i t s  edge t o  

ensure the conn e c t ing pe ti o l e  was undamaged . A sma l l  i n t e rnal  

f an e n su red r ap i d  ci rcul a t i on of  the  gas  ins ide the chamb e r . The 

leaf was exposed t o  
1 4

co f o r  2 m i nu t e s  a f t e r  which t ime the 
2 

chamb e r  was f lu s hed wi th air f o r  3 minu te s . The ext ra c t ed a i r  

was p assed through a solution o f  sod i um hydroxide and vented 

out s ide the g l a s shouse . Labe l l ing took p lace in indirec t  s un l ight 

between 1 0  a . m .  and 4 p . m .  I n  seven exp erimen t s , various groups 

of  l eaves on a number of posi t i ons on the p lant  were individually  

lab e l led a t  various s tages during  the  growth of  the  p l an t . One t o  

three subsequen t harves t s  we re made t o  dete rmifi s i te s  o f  init i a l  

ac cumu l a t ion o f  label o r  t o  a l low es t ima t e s  o f  the remob i li �at ion 
of t r ace r .  D e t a i l s  of labe l l i n g  s i t es and t imes to  harves t  a re 

inc luded i n  the resu l t s  s e c t ion . 



1 7 1 . 

In exper iments 1 -5 i nc lus ive , each labe l led leaf was e xposed 

t o  1 4co with  an ac t ivi ty of 2 0 �C i . A t o t a l  of 80�Ci of 
1 4

co 
2 2 

was used to lab e l  t he who l e  b ranch i n  exper iments 6 and 7 .  For 

exp e r iments 1 -6 , ten l ab e l led  p l an t s  were t aken for each harve s t . 

Unfortunat e ly only three p l a n t s  were ava i l ab l e  f or l ab e l l ing 

an d harve s t  in e xperiment 7 .  Un labe l l ed p l ants were p l aced 

among l abe l l ed p l an t s  in t h e  g l a s shouse and t hey we re h a rve s ted 

and assayed for ac t i v i t y  in  the  s ame manner as  lab e l led p l ant s . 

No s i gn i f i cant l eve l s  o f  ac t ivi t y  we re det e c ted in  the s e  unlab e l le d  

p l an t s . 

At e ach h a rve s t ,  p l an t s  we re di sse c t ed i nto leaf , s t em , head 

( unexp anded leaves or  f l ower head ) , pod and seed of each b ranch 

order as app ropr iate . Comp onen t s  were  also separa ted depending on 

whe the r they we re lab e l led , p a r t  o f  a labe l led b r anch , p a r t  of a 

b ranch inserted d ire c t ly or  i nd i re c t l y  on t o  a labe l led b ranch . 

For examp l e , i f  three l e aves on  b ranch 1 : 1  in Fig A . 3 . 1 were 

l ab e l l ed , these leaves we re separated f rom othe r l e aves of that 

b ranch . Al l other compone n t s  o f  b ranch 1 : 1  we re kept apart from 

c omponents o f  f ir s t  o rd e r  lateral s t ems 1 : 2 to 1 : 4  a l l  o f  whi ch 

we re bu lked together . Components  of se cond order l a t e r a l  b ranche s  

2 : 1 and 2 : 2  were bulked togethe r  b u t  kep t  separate f rom other 

s e cond order lateral b ranches whi ch were bu lked togethe r .  

P lant parts thus separa ted were dried a t  80°C for  1 2  hours , 
wei ghed and s tor e d  for l at e r  ana l y s i s of 

1 4c ac t ivity . The assay 
1 4  

used to measu re C was mod i f i ed f rom that d e s c ribed by Shimshi 

( 1 9 69 ) . A SO mg ground samp l e  wa s p l aced in the bot tom o f  a 

1 00 ml sc rew-t opped j ar .  A v i a l  con taining 5 cc of a C02 
ab sorben t con taining 1 0% ethano l amine and 1 0% e thano l  in wate r 

was also pl aced in the j ar .  Chromic ac id ( 2 5  cc)  was added to the 

samp le and the lid firmly s c rewed on . The j ars  we re p laced in an 
0 

oven a t  4 5  C for  app roximately  3� hours . Af ter al lowing to cool , 

the vial of co2 abs orben t was removed f rom the j ar and 0 , 5  m1 of 

the ab sorbent was p ipe t ted i n t o  10 ml  of sc in t 1 l la tion co ck t ail 
(a  mix ture of toluene con t a ining 0 . 05 %  w/v p-t e rpheny l , t r i ton and 
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water in the ratio 2 0 : 1 0 : 3  ( Laing and Chr is te l ler , 1 9 7 6 ) . The 

ac t iv i ty of the sampl e  was determined us ing a Be ckman L l 7 00 l iquid 

s c in t illation coun te r .  

Comparisons be tween harve s t s  f o r  relevant components in 

experiments 1 - 3 were made using one-way ana l ysis of variance . 

D . l . 3  RESULTS 

P l ants were simi l ar to those grown under field conditions . 

Mean dry we ight at  label ling ranged f rom 3 . 7 to 5 0 . 1 g for shoo t s  

and 5 . 3  g t o  6 0 . 3  g for  whole p lants . 

In experiment 1 ,  leaves 4 ,  9 and 1 4  f rom the base of  the main 

stem were labelled dur ing 4-8 January 1 9 7 6 . P lants were h arves ted 

2 or 50 days after  l abe l l ing or when they were approaching seed 

maturity as indic ated by the senescen ce of mos t  leaves ( ap proxima t e ly 

1 1 0  d ays from l abe l ling ) . 

The maj or s ink f o r  
1 4

c f rom labe l led leave s in Experi.ment 1 was 

the 1 ma in stem on wh i ch the leaves were inserted (Tab l e  D . l . l ) . I t  

was a l s o  apparent that t he younger , rapidly growing leaves above 

the upper label led leaf we re a t t ract ing more activi ty than the 

lowe r ,  o lder leave s wh ich we re p res umab l y  in the ass imi late 

export phase of  growth .  

At later h arve s t s , ac t i v i t y  in first  order lateral leaf and 

s tem showed that as simi la te was t ransferred f rom the main stem .  At 

harves t  2 ,  5 . 9% of  the or ig ina l activity  in the plant was in f irst 

ord er  l ateral tissues . Ea rly fixed carbon contributed to  the 

growth of pod and seed and t h i s  con tinued be tween the last  two 

harve s t s . At the f inal harve s t ,  4 . 4% and 2 . 9% of the tota l 

activity  at that harve s t  was found in the p� and seed respectively . 

However ,  the total  coun t s  at  the f i n a l  harvest  were lower than a t  

the early harvests  and the percentag&. of  the total counts  a t  

harve s t  1 re covered in pods and seed a t  f inal harves t  was 2 . 7% and 

1 . 8% respec tive ly . 
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TABLE D . 1 . 1  To t a l  ac t iv i ty in p l ant components  f rom Experime n t  1 
(when l eave s  4 , 9  and 1 4  f rom the b ase of  the main 
s tem label l ed ) . 
S . E .  of  the mean in paren the s i s  

Ac t iv i t y  in componen t S igni fi cance of  
( d . p . m . X l Q- 4 ) d i f feren ce b etween 

h arve s t s  

H
1 

( 2  days ) H
2 

( S O Final H
1

-H
2 

H -F H -F 
day s )  

2 1 

Main S t em ( MS )  

Labe l led ( L )  leaves 3 1 40 ( 60 6 )  2 3 1 0  ( 26 6 )  609 ( 1 4 7 )  N S  * *  * *  

Leave s in s e r t ed 
b e l ow L l e aves 7 7  ( 2 5 )  9 ( 2 )  ** 

Leaves in s e r t e d  
between L leaves 3 1 8  ( 5 2 )  1 7 9 ( 2  9 )  872  ( 24 2 )  * ** * *  

Leaves in s e r ted 
above L leaves 1 06 9  ( 1 5 0 )  1 4 2 8  ( 1. 6 6 )  N S  

S tem 6 8 6 2  ( 6 2 9 )  8 9 6 9  ( 86 4 )  5 2 5 1  ( 4 7 8 )  * ** N S  

Head 9 2 5  ( 1 9 8 )  

Pod 1 2 8 ( 2 7 )  3 5 8  ( 1 3 8 )  N S  

S e e d  3 2  ( 7 )  2 1 5 ( 3 5 )  *** 

F ir s t  Order Lat e r a l  

Leaf  6 7 0  ( 7 0) 1 7 5 ( 2 9 )  *** 

S t em 2 4 9  ( 2 2 )  1 85 ( 2 5 )  N S  

Pod 6 7  ( 6 )  

Seed 6 7  ( 6 )  

Uppe r  Fol iage 5 9  ( 1 0)  

Roo t s  3 1 03 ( 4 1 4 )  2 940 ( 3 1 3 )  N S  N S  ** 

1 7 7 9  ( 1 9 7 )  

Nod ules 158  ( 60 )  2 20 ( 4 8 )  

TOTAL 1 56 5 2  1 7 1 4 4 9 5 7 0  
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Coun ts in the ma in s tem increased be tween harves t  1 and 2 

accompanied by a d e c l ine in lab e l led and lower unlabel led l eave s . 

Also , f irs t o rder lateral components no t p resent a t  l ab e l l ing 

we re label led a t  the se cond harve s t . Th is indicates  sene scen c e  

of  t he lower main s t ern leave s and a trans f e r  o f  a s s imi late f rom 

thes e  leaves to ma in stem and f i rs t  order l a teral leaf and s tem .  

Lo s s  of t o t a l  ac t iv i ty be tween harvest  2 and final harves t  was 

h igh and was los t mainly f rom ma in s tem leaf and s tem . Of t hi s  

l o s s ,  on ly 7 . 3% was r e covered in seed and pod s ,  mos t ly in ma in 

stem c omponen ts . 

Experiment 2 was carr ied out on 8- 1 0  Feb ruary , one month 

l a t e r  than exp e r iment 1 .  The main s t ern leave s sub tend ing the 

three uppermo s t  f i r s t  ord er l a teral  b ranche s  (numb e r  1 : 1 ,  1 : 2  

and 1 : 3  in Fig . A . 3 . 1 )  were label led . P l an t s  were harves t ed 2 

days ·af ter labe l ling o r  when the p l ants approached maturity 

( ap p r oxima tely 7 5  days after lab e l l ing ) . 

Re sul t s  ( Tab l e  D . 1 . 2 )  s how tha t  l ab e l led leave s were 

supp lying ass imi l a te to ma in s tem components rather than the 

lateral b ranche s the y sub t ended . The ma in s tem received mos t  o f  

the ac t ivity a l t hough ma in s tem pods and seed were also 

impor t ant re cipients ( 1 9%  and 8% of the t o t al activity at f inal 

harve s t ) . Only 5 %  of  the ac t iv i ty was f ound i n  fi r s t  order 

lateral branch e s  at the f i rst harve s t , mos t  of whi c h  was in the 

stem . 

Los s  of total  ac tivity be tween harve s t s  in experimen t 2 
1 4  

was l ow . Fina l recove ry of  C in seed was h i gher than in 

experimen t 1 (Tab l e s  D . 1 . 1  and D . 1 . 2 )  probab ly becau se seed 

growth had commenced when lab e l l ing occ u rred i n  experiment 2 and 
1 4  

the seed rece ived C d ir e c t ly from t he fed l e aves . 
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TABLE D . 1 . 2 :  To t a l  ac t ivi ty  in p l an t  compone n t s  f rom Experimen t 2 
( l e ave s s ub t e n d i n g  the three up permo s t  1 s t  order 
l a tera l b ranche s l ab e l l ed ) . S . E .  o f  the mean in 
paren the s is . 

Ac t iv i t y  in or�an S ign i f icance of 
( d . p . m .  X 10 - ) d i f f e renc e  be tween 

h a rve s t s  

Harvest Ear l y  (2  days)  Final 

Main S t em ( MS )  

Label led leave s 5 1 6 3  ( 6 2 3 )  5 1 7  ( 1 6 4 )  * *  

Non- l abe l le d  l eave s  1 6 5 ( S S )  82 ( 2 7 )  N S  

S tem 4 1 6 2  ( 4  7 7 )  7 6 4 8  ( 9 1 7 )  ** 

Pod 3 4 3 3  ( 5 1 7 ) 2 9 3 6  ( 3 2 0 )  N S  

S eed 86 3 ( 80 )  1 2 7 0  ( 3 1 8 )  * 

1 s t  Order Lateral 

Labe l l ed t B r anches 

l e ave s 1 85 ( 2 5 )  1 1 7 ( 2 1 )  * 

s tem 5 0 1  ( 6  7 )  1 0 2 2  ( 2 2 0 )  * 

pod 7 0  ( 1 2 )  

seed 7 8  ( 2 4 )  

Non- lab e l led t Branches 

l e ave s 5 8  ( 6 )  7 0  ( 2 1 )  NS 

s t em 1 3 2 ( 5 8 )  2 2 9 ( 7 5 )  N S  

p o d  2 0  ( 5 )  

seed 2 4  ( 9 )  

2 n d  Orde r Lateral 

Lab e l le d  t B ranc hes 

l e aves 1 3 9 ( 5 1 ) 

s t em 4 7  ( 5 )  

Non-label l ed t Bran ches 

leaf 22 ( 6 )  

s t em 7 ( 2 ) 
Roo t s  1 8 36 ( 2 7 0 ) } 

1 3 6 6  ( 6 7 )  ** 
N o du les 55 ( 5 7 )  

TOTAL 1 6 90 6  1 56 6 4  

t Label le d  branc hes a r e  t hose ar1s1ng f rom t he axi l s  of  label l ed 
main s tem leaves . Non- l abe lled b ranches are t hose ari s ing f rom 
lower , non- labe l l ed ma in s tem leaf  axi l s . 
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Exp e r imen t 3 commenced immed iate ly a f t e r  experimen t  2 .  The 

t op , midd l e  a n d  basal expanded l eave s  of the uppermo s t  f i r s t  order 

l a t eral  b ranch (number 1 : 1 ,  F i g . A . 3 . 1 )  we re labe l le d  during 

1 0- 1 3  Feb ruary and p l an t s  we re harv e s t e d  two d ays af t e r  l ab e l l i n g  

or n e a r  ma t u r i ty ( app roxima t e ly 7 0  d a y s  a f t e r  labe l l in g ) . 

The lev e l  o f  a c t i v i t y  i n  ma in s tem pods and seeds was again 

h igh ( Tab le D . l . 3 )  viz , 1 9 %  f o r  pods and 1 0% for seeds at f i n a l  

h arves t .  Thi s  represen t e d  a pe rcen tage o f  the total  a c t iv i t y  

s im i l a r  t o  tha t in experimen t 2 .  A t  the early harve s t s  the 

p e r c en t age of  a c t iv i ty in ma in s tem pods p lus seed s was a l s o  

s im i l ar i n  exp e r imen t s  2 a n d  3 ( 2 5% and 2 1 % o f  to t � l  ac t iv i t y )  

s o  f i r s t  order l a t eral leaves we re supplying similar percentages 

t o  these ma in s t em compon e n t s  and t o  upper main s t em l e ave s . 

B e twe e n  the two ha rve s t s in  exp e rimen t 3 ,  no s i gn i f i c an t  change 

in t he l ev e l  of  ac t iv i t y  occurred in  ma in s tem componen t s . 
1 4  

F i rs t  o rder l a t e ra l  l eaf  d i d , howeve r ,  lose C .  F i r s t  order 

l a t e r a l  pods and seed at f in al h a rves t con tained t he equivalent  o f  

on ly 1 3% o f  t h i s  los s .  

Experime n t  3 s t udi ed the d i s t ribut ion o f  
1 4

c f rom the whol e  

f i rs t  o rder l a t e r a l  bran ch . Expe r ime n t s  4 and 5 examined the 

d i s t r ibu t i on f r om the 4 l owe s t  and uppermo s t  l e aves re sp e c t ive ly 

of  the t op f i r s t order l a t e ral  b ranch . Labe l ling dates we re 5-9 

March for experi men t 4 and 1 0- 1 3 Ma rch f o r  exp e rime n t  5 .  A l l  

p la n t s  were harves ted two days a f ter  lab e l lin g .  

Experimen t s  4 and 5 showed that upper and l owe r leav e s  tended 

t o  have d i f f e re n t  d i s t r ibu t ion p a t t e rn s  ( Tab le D . l . 4 ) . Lower 

l eave s o f  the f i r s t  o rd e r  late r a l  b ra nch c on t r ibuted p roport ion a t e l y  

more a c t ivity t o  ma in s t em p o d s  and seed s whi le uppe r  leaves were 
1 4 

more a c t ive in s upp l y ing C to  the s tem , pods and seed o f  the 

s ame b ranch . Li t t l e  upward movement o ccurred into  se cond o rd e r  

l a t e r a l  b ranche s . 
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TABLE D . l . 3 : To t a l  ac t iv i t y i n  p l an t  comvone n t s  f rom Exp ...: r imen t 
3 ( t o p , mid d l e . and basa l expanded l e av e s  of the  
u p p e rmo s t  f i r s t o ruer  l a t e ra l branc h  l ab e l led ) . 
S . E .  o f  t he mean i n  p arenthe s i s  

Ac t i v i t y i n  S i gn H i cance o f  
o r gan 

1 0
-4

) 
d i f f e rence b e tween 

( d . p . m . x ha rve s t s  

Harve s t  Ea r l y  ( 2 days )  F in a l  

Ha in S t ern (MS ) ----

Lea f  5 4  ( 1 1 ) 44 ( 1 4 )  NS 

S t ern 1 5 3 4 ( 1 7 9 )  1 7 3 8  ( 3 3 5 )  NS 

Pod 1 8 1 2  ( 1 2 2 )  1 2 56  ( 2 4 1 ) NS 

Seed 4 5 3  ( 1 3 7 )  6 5 2  ( 1 5 0 ) NS 

1 s t O rd e r  La t e ra l 

Labe l le d t  B ranche s 

Labe l l e dt l eav es 2 9 3 2  ( 4 5 5 )  4 00 ( 8 3 )  *** 

Non- l abe l l edt l eaves  5 8  ( 9 )  9 ( 3 )  * 

S t em 2 06 5 ( 300 ) 1 2 2 6  ( 4 8 0 )  NS 

Head 5 0 2 ( 1 4 3 )  

Pod 2 1 3  ( 4 9 )  

Seed 1 1 1  ( 34 )  

Non-labe l l ed Bran c he s 2 36 ( 30 )  1 1 5 ( 20 )  

2nd Ord er La teral 

To t a l  f o l iage 2 4 0  ( 8 2 )  

Labe l l e d t  B ranche s 

Leaf 1 89 ( 6 8 )  

S tern 2 1 9 ( 4 5 )  

Pod and seed 2 5  ( 1 0 )  

Non- lab e l led Branc he s 34  ( 7 )  

Root s 7 7 0 ( 1 5 4 )  

} N od u l e s  1 08 ( 2 0 )  
3 6 7 ( 7 3 )  

TOTAL 1 0 7 0 8  6 6 4 5 

T Labe l l ed f i r s t  o r d e r l a t e r a l b ra n c h e s  were t hose on whi c h  l e av e s  
were labe l l ed . Wi t h i n these b ran ches l eaves we re d iv ided into 
those whi c h  rece ived t h e l abe l ( l abe l l e d )  and those whi ch d i d  not 
(non- l abe l l ed ) . Labe l l ed sec ond order l a t e ra l  branche s  were 
those that  a rose f rom t he labe l l ed f i rs t  order la t e ral  b ranc h  
( see F i g . A . 3 . 1 . ) .  



. 
CO 
,--. 
...... 

TABLE D . 1 . 4  

Experiment 

Ma in Stem 

lea f 
-

stem 
pod 
seed 

- -

Total ac tivi ty in p lant components 2 days after labelling for Experiments 4-6 
and the prop ort ion of total ac t ivity in each component for Experiments 4-7 . 
Upper and lower first order lateral leaves were labelled in Exper iments 4 and 
5 respectively . All leaves on second and third order lateral branches were labelled 
in Experimen ts 6 and 7 respec t ively . Due to the low number of plants (3) in 
Exper iment 7 ,  propor tions only are presented for comparison wi th o ther treatments .  

Ac t ivi ty in comEonent Proport ion of total act ivity in each 
(d . p . m .  x 10- ) component (%)  

4 5 6 4 5 6 7 

6 2  ( 1 3 )  4 4  ( 1 1 ) 3 6  ( 7 )  0 . 3  0 . 2  0 . 2  0 . 1 
2 7 7 2  ( 364)  2 386 ( 3 2 2 )  2 5 5 2  ( 2 9 4 )  1 4 . 7  9 . 3  9 . 4  5 . 5  
2 7 90 ( 7 9 2 )  1 1 70 ( 2 6 9 )  506 ( 1 2 2 )  1 4 . 8  4 . 4  1 . 7 0 . 9  
4838 ( 1 1 2 3 )  4 5 9 3  ( 7 4 6 )  9 4 9  ( 20 1 )  2 5 . 7  1 7 . 9 3 . 3  1 . 4  

1 s t  Order Lateral 
Labe l led Branches 
Label led lea f 2 9 6 2  ( 44 1 )  2 742 ( 3 1 9 )  1 5 . 7  1 0 . 8  0 . 2  0 . 1 
Non- labe l led 

leaf 7 1  ( 1 2 ) 5 5  ( 1 1 ) 5 9  ( 1 1 )  0 . 4  0 . 2  
stem 3 1 1 9  ( 6 5 7 )  5 7 24 ( 9 9 8 )  42 66 ( 7 1 5 )  1 6 . 5  2 2 . 4  1 5 . 7  1 1 . 3  
pod 3 40 ( l OO)  4 5 3 9  ( 9 45)  5959 ( 6 8 6 )  1 . 8 1 7 . 7  2 1 . 8  7 . 5  
seed 1 2 7  ( 5 7 )  2649 ( 7 2 2 )  3 9 30 ( 7 4 5 )  0 . 8  1 0 . 3  1 4 . 4  6 . 7  

Non- labe lled Branches 
leaf 75  ( 1 4)  6 6  ( 1 7 ) 6 3  ( 1 3) 0 . 4  0 . 3  0 . 2  0 . 1  
stem 2 0 3  ( 3 3 )  1 8 3  ( 3 5 ) 1 5 3  ( 4 6 )  1 . 1  0 . 8  0 . 6  0 . 5  
pod 38 ( 10 )  34 ( 8 )  1 0 2  ( 1 8 )  0 . 2  0 . 1 0 . 4  0 . 1  
seed 1 3  ( 3 )  1 1  ( 4 )  3 2  ( 1 1 ) 0 . 07 0 . 04 0 . 1 0 . 05 

c ont inued over • • • •  
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Tab l e  D . l . 4  c on t i nued 

Ac t ivi ty in c omponent Porport ion of t o t a l  a c t ivity in each 

( d . p . m .  x 1 0 -4 ) c omponent (%)  

Expe r iment 4 5 6 4 5 6 7 

2nd Order La t e r al 

La b e l l e d  Branches * 
leaf 9 8  ( 4 9 )  7 3  ( 1 4 ) 4 0 4 6  ( 4 7 0 )  0 . 5  0 . 3  1 4 . 8  0 . 2  

s t em 1 2 0  ( 5 0 )  1 1 7 ( 1 7 )  2 5 9 2  ( 5 7 3 )  0 . 6  0 . 5  9 . 3  1 3 . 1  

p od 8 5 7  ( 3 5 1 )  3 . 0  1 6 . 9  

s e ed 1 2 7 ( 86 )  0 . 2  

Non- labe l led Branch e s  1 6 6 ( 4 7 )  0 . 4  0 . 2  

Ro o t s  8 0 1  ( 1 2 3 ) 8 6 1 ( 1 6 9 )  5 5 0  ( 1 1 4 ) 4 . 3  3 . 5 2 . 1  2 . 0  

Nod ules 369 ( 5 8 )  3 34 ( 7 4 )  2 3 8  ( 6 3 )  2 . 1  1 . 4 1 . 0 0 . 8  

TOTAL 1 8 7 9 8  2 5 5 9 8 2 7 2 5 0  

* For Experiment s 4 and 5 ,  labe l led s e c ond ord er l a t e r a l  branches aro s e  from t h e  lab e l le d  f i r s t  

order la t e ra l bran che s .  In Exp e r ime n t  6 labe l l e d  s e c ond order l a t e r a l  branch e s  had l eaves 

exposed to 1 4co2 and in Exp erimen t  7 t hey s ub t end e d  branches with expos e d  l eave s . 
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Exper imen t  6 l ab e l l ed a l l  l e ave s  on a second order l a t e ra l  

b ranch ( n umbe r  2 : 1 ,  F i g . A . 3 . l ) du r in g  1 3 - 1 8  M:.. e h .  A l l  p l an t s 

were  h arve s ted t wo d ays a f t er l a be l l i n g . The resu l t s  ( Ta b l e  D . l . 4 )  

showed t h a t  t h i s  b ra n c h  s u p p l i ed mo r e  
1 4 c t o  f irs t order l a t e r a l  

t is sue t han i t  ret a ined . On l y  1 6 % o f  t h e  ac t ivity  w h i ch w a s  

t rans loc a t e d  f rom t h e  l abe l l e d l e a f  d u ring t h e  f i r s t 4 8  hou rs w a s  

r e t a ined i n  t h e  t i s su e s  of i t s  mm b ranc h .  T h e  e q u iva l en t  f i gures 

for exper imen t s  l - 5 we re 7 4 , 7 3 ,  3 7 , 25 and 5 7 % r e sp e c c ive l y ,  

indi c a t ing s i gn i f i c an t  t r ansl oc a t i on f r om l a t e ral b ranches into  

l owe r o rde r b ranches . Of  t h e  ac t i v i t y  trans l oc a ted f rom t h e  

labe l l ed l P af , 1 7 % wa s r e c ov e r e d  i n  ma i n s t em t i ssues a n d  3 %  i n  

un de rground t i s sues s o  t ha t the  d i s t r i b u t i o n  wa s widespread . 

Expe r i men t 7 l abe l l ed a l L l e a v e s  on a t h i rd ord e r  l a te r a l  b ranch 

dur ing 1 3- 1 8  Ma r c h  and t he p l an t s we re h a rv e s t e d  t wo days l a t e r .  

N o  s p e c i f i c  b ranch was t ak e n  a s  d eve lopme n t  o f  b ran c he s  o f  t h i s  

o rd e r wa s un e ven and t he mo s t  d e ve l op e d  b r anch was se lec ted . As 

on ly 3 p l a n t s  we r e  av a i l ab l e  no emp ha s i s c an b e  p l ac e d  on t h e  

resul t s  of  t h i s e xp e r i me n t . H oweve r ,  t rends apparen t i n  e ar l i e r  

expe r i men t s  a re presen t i n  t he r e su l t s  of  t h i s  experiment . 

Percen tages o f  ac t i v i t y i n  a l l c ompo n en t s  except t hi rd o rd e r  

l a t e r a l  compone n t s  a re i n c  l 1 1 d e d  i n  Tab l e  D .  l .  4 f o r  compara t ive 

purposes . Of  the t o t a l 
1 4

c i n  L he p l an t ,  68% was presen t in t he 

second and l ower o r d e r  c ompon en t s .  Main s t em c omponen t s  and 

underg round o rgan s  we r e  s t i l t rece i v ing s i gn i f i can t quan t i t ie s  

o f  l abe l . ( 7 . 9 % and 2 . 8% o f  t he t o t a l  labe l in the p l an t ) . 

Compa ring ex pe r i men t s 4 - 7 ,  ma i n  s tem t i s s ue s  rece ived a l owe r 

p ropo r t ion o f  t he t o t a l a c t i v i t y  a s  l ab e l l ing p rogres sed higher 

u p  the canopy . ( Tab l e 0 . 1 . 4 ) . A d j a c e n t lowe r order b ran che s we r e  

t he main rec i p i e n t s of  t r an s l o ca t e d ac t iv i t y . Pods and s e ed o f  the 

f i r s t  ord e r  l a t e ra l  b ranc h rece i ved s imi la r pe r c en t ages of the  

t o t a l  ac c .L v l t: y f ro 111 u p p e ·r l e a v e s  n f  .I t s OW11 o r d e r  ( experime n t  5)  

and from leave s of  t he nex t h i ghe s t  o r de r ( exper imen t 6)  a s i t ua t ion 
simi l a r  to t ha t  ob serve d f o r  ma in  s t em pods and s eeds ( exper iment s  

2 and 3 ) . 
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D .  1 . 4  D I SCU S S I ON 

Gene ra l l y ,  pod s  and s e eds o f  an i n f l o rescence are supplied w i t h  

c arbon from l eave s w i t h i n  t h e  same branc h ,  especia lly the upper 

l e ave s , and f rom l e ave s of b r an c h e s  o f  the next h i ghe r order in serted 

on it . Thus , as repo r t e d  f or o t he r  species ( e . g .  soybean s  - S tephen son 

and Wi l son , 1 9 7 7 )  pod s and se ed rec eive as simi l a t e  froul l eave s in 

c l o se prox imi ty to them . Th i s  t r end was repo rted in L.  a lbus by 

Pate et a l .  ( 1 9 7 4 )  f o r  ma in s tem pods and this  s tudy shows a 

s im i la r p a t t e rn o f  a s s i mi la t e movement in f ir s t  order l a t eral pods . 

Th i s  pat t e rn migh t we l l o c c u r  be c ause t he p ods are s tructur a l l y  

c lo se t o  b o t h  se t s  o f  l e a v e s  a nd l i nked to t hem by vascular t is su e  

(p t l 1 9 7 4 )  "I · b l 
· · 

f 14c  a te e a . , . r oweve r ,  apprec1a e quan t 1 t 1 e s  o 

reach root s and ma in s tem t i s su e s  f rom second and t h i rd order 

la t e ra l  b ranche s so t ha t  t ra ns po rt can oc cur in signi f i can t 

quant i t i e s  over re l a t ive l y  l arge d i s t ances  p a s t  s trong s inks . Th i s  

i s  important because re l a t i v e l y  la rge numbers o f  h i gher orde r  

b r anches c an b e  presen t on l up i n p l ants ( Farr ing ton and Greenwood , 

1 9 7 5 ) . 

The s L r ong g row t h  o f  ma i n  s t em pod s ,  seed s , s tem and roots  

obse rved d u r i n g  the l a t e phases  of grow t h  wou l d  be an impor tant 

f ac t o r  i n  a t t r a c t i n g  a s s i m i l a t e  a s  gr owt h rate  i s  rel ated to  sink 

s t rength ( Ne l son , 1 96 3 ) . Me asu reme n t  o f  1 4c in roo t s  and main s tem 

organs a t  t h i s  t ime may be und e re s t imating the total  c arbon wh ich 

wou l d  have reached t he l owe r p a r t s  o f  t he p l ant  at t h i s s t age . 

The s e  organs wo uld have a h i gh resp irat ion r a t e  and much of the 

c arb on re aching them may be  re spi red and no t incorporated into 

dry mat t e r . For examp l e , Pate and Herr idge ( 1 9 7 8 )  have shown that 

root resp i rat ion can use about 40% of t he carbon f ixed by net 

phot o syn the s is during l a t e r  growt h and the percentage of carbon 

in cl uded in dry ma t t er  d ec l i n e s  as a b ranch a ge s .  The s teady 
1 4  dec l in e  in the C recov e r ed i n  roo t s as expe r imen t s  progressed 

c ou l d  be d l e  a s  mu ch to l n c reas�d r e sp i ra t ion losses as  increasing 

d t s t  nee � �om t h e  s o u r c e  l ea f . The H nmbined � I nk s t r�rtgth of rapid 

g rowth of pods and seeds and h igh roo t and tem r esp i rati on may be the 
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c ause of  t he moveme n t  o f  c a rbo n f rom t he re l a t ively d is t an t  upper 

c anopy . Th i s  moveme n t  enab l e s r e p rodu c t ive de . � loprnent to o c cur 

even i f  l o we r canopy leaves a re s h ad e d , d i se ased o r  sen e s c e d . 

As r epo r ted by ma n y  wo rk � r s  ( e . g .  Ne l son , 1 963 ; Pate  e c  a Z . >  

1 9 7 4 ;  W a re i n g  and P a t r i c k , 1 9 7 5 ) , d l � t r ibu t ion o f  
1 4

c f rom a 

spec i f i c sou r c e  lea f i s  d i c t a t e d  b y  pos i t ion and s t r eng t h  o f  s ink 

organs and b y  p hy 1 1 o t ac t i c r e s t r i c t io n s  , , f  connec t ing ti ssue s . 

With  l up i n  i t  appea r s  t h a t  mov emen t i s  gene ral l y  downwar d  t owards 

the o l der , l a rge r o rg a n s  and i s  c on f i n ed t o  b ranc he s  c onne c t ed 

d i re c t l y  to t h e  sou r c e  s t em . Ea r l y  in g row t h , stems are the main 

s inks b u t  as re p r od uc t i v e s t ruc t u res inc rease in s i z e  t hey become 

more impo r t an t s i t e s  of a c t i v i t y  f rom l a h e l l ed leaves b u t  s terns 

rema in s i gn i f i c an t  s i t e s  t h ro ughou t grow t h . 

Expe r imen t 1 ind i c a t e s th a t  c a rbon f ixed e arly in deve lopmen t 

does make some cont r i bu t i on t o  t he d r y  ma t t e r  of  pods and seeds 

and muc h of t h i s  may be co n t r i b u t ed ea rl y in the deve lopment of 

t he se o rgan s . A low p e r c en t age o f  c arbon is however in c orpor a te d  

in to seed a n d  pod d r y  ma t t e r  as h a s  a l so been reported f or soybean s  

by  Hutne a n d  Cr i swe l l ( 1 9 7 3 )  a nd S t e p hen s on and W i l son ( 1 9 7 7 )  and 

for peas by Pate  and F l in n ( 1 9 7 3 )  and Min ch in and P a te ( 1 9 7 3 ) . O f  

t he carbon l o s t  b y  l ea f  and s tem in  exp e r imen t 1 ,  on ly a n  amo unt 

e qu ivalen t  to  8 %  was recovered in  the seed . Howeve r ,  recovery in 

seed of the o r i g i n a l  carb on ass i m i l a t e d  ( 1 . 8% )  is similar t o  

recovery of  carbon assimi l a t ed b y  f i e l d  peas i n  mid vege t a t ive 

growth rep o r ted by Pate and F l i nn ( 1 9 7 3 )  and lower t han the 4-8% 

reported in soybeans by Hume and Cri swe ll ( 1 9 7 3 ) . I f  t h i s  e arly 

f ixed carbon is  used for respira t io n ,  more cur rent a s s imi l a te whi ch 

wou ld otherwi s e  be used f o r  this pu rpo se can be dire c t ly u t i l i se d  

i n  seed produc t ion .  O t h e r  in dir e c t  bene f i t s m a y  al s o  ac crue . 

For example , t he u se of remob i l ise d  c arbon in root respiration 

wou ld be impor t ant in ma intaining root growth thus ensurin g  

max imum d rought r e s i s tan c e  ( Pate and He r ri dge , 1 9 78)  and high rates 

o f  n i t rogen f ixat ion up t o f inal senescen ce ( Se c t ion C . 3 ) .  All  

r emob i l ised carbon cou l d  t here fore be useful in c on t r ibuting to  



1 8 3 .  

seed produc t i on . As simi l a t e  i s  mobi l i sed f rom l e aves more 

read i l y  than s t ems , a l t hough some ca n be s t o red t emporar ily i n  the 

s tem b e fo re being u t i l i sed (Min c h in and P a t e  1 9 7 3 , Se c t ion s C . 2  and 

C . 3 ) . 

1 4 Experimen t 1 showed t ha t l owe r main s tem leaves lo s t  C 

ear l i e r  t han upper leaves wh ich r-esu l t ed in in creased ac t iv i t y  

i n  the s tem;  b u t  b y  f i nal harve s t , a l l leaves had l os t  cons iderab l e  
1 4c and act ivi t y  i n  the s tem had r e t u rned t o  t he lev e l  a t  harves t  l .  

Thi s  increase in a c t ivi t y  in t he main s t em cou ld be asso c i a t e d  w i t h  

t rans l o ca t ion o f  amino ac i d s  whi ch wou ld account f o r  the r i se and 

subsequent f a l l of ac t ivity in the ma in s tems of exp e r imen t 1 and 

for the apparen t good mob i l i t y  f rom the l eave s . In exp e r imen t  2 ,  

ac t ivi t y  in t he main s tem rema ined high a t  t he fina l harve s t . 

As t he leaves l abe l led in t h i s  e xpe rimen t were the upper main s t em 

leaves wh i ch wou l d  have senesced l a t e r  t han t hose in  exp e r iment 1 ,  

t he re may h ave been insu f f icien t  t ime f or the s to red as s im i l a t e  

t o  b e  u ti l i sed before the h a rve s t . 

Farring t on ( 1 9 7 6 )  exp ressed concern a t  t he p o s s i b le 

compe t i t i on be tween vege t a tive and reproduc tive growth .  S e c t ion 

C . 3  showed there was comp e t i t i on for n i t rogen be tween reproduc t ive 

and vege t at ive grow t h  in L. a l bus , the b a l ance of whi ch depends 

on previ ous and present  environme n t a l  cond i t ion s .  Compe t i t ion f or 

carbon is  apparent in thi s exp e r imen t .  For examp l e , in e:iperiment s  

6 and 7 ,  t he ma in s t em con t a ined more l ab e l  than either t h e  seed 

or pod . S tems we re maj or s it e s  for  a c t ivi t y  in a l l  experime nt s .  

Greenwood e t  a L .  ( 1 9 7 5 )  were con cerned t ha t  the la t eral b r anches 

of  L. angus tifolius were compe t ing with  the inflorescence f o r  

carbon . 1� is s tudy wou ld ind i c a t e  t ha t ,  at  least  i n  L.  aLbus , 

the ma in compe t i t ion is  f rom s t ems on the same or lower o rder 

branche s . The maj o r d i version o f  carbon t o  sterns ins tead o f  

rep roduc t i ve s t ruc t ures , even when t h e  l a t t e r  a r e  rap id l y  growing , 
mus t  be o f  c oncern when con s i d e r i n g  L he e f f i cien c y  of  L .  a lbus 

for se ed production . I t  ha s been sh�Wn (H5ckifig and Pate , 1 9 7 8 ;  

Sect ion C . 3 ) tha� n i t rogen rese rves are valuab le con t r ibutors eo 
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seed growth b u t  i t  is u n l i k e l y  t ha t the same is  t ru e  f o r  c a rbon (P a t e  

and Fl inn , 1 9 7 3 ) . 

Be cause of the compe t i t i on be tween upp e r  c anopy b ranches and the 

lower p a r t s  o f  the p l ant , deve l opme n t  o f  t he upper c anopy is  l i ke l y  

t o  be ea s i l y  a f f e c t ed by adverse cond i t ions whi ch l im i t  t h e  s up p l y  

o f  photosy n t h a t e .  Even m i l d  wat e r  s t ress wou ld there fore be 

expe c t ed t o  severe ly res t r i c t  or s t op con t inued growt h .  Th i s  t rend 

i s  apparent i n  the re su l t s of exp e r imen t s  in S e c t i on C and was 

commented on by Farr ing t o n  ( 1 9 7 6 )  for L. angus tifo lius Provided 

the p l ant is we l l  deve l oped , t h i s  t rend is useful in che cking the 

ind e t e rmina t e  grow t h  of l u p i n  when it is requ i red to ma ture seed 

for h arve s t . At early s t ages  of growth howeve r ,  it may l imit 

seed  y i e l d  po t en t i a l  b y  preven t i ng the p l an t  deve loping su f f i c i en t l y  

t o  p rod uce the requ ired number o f  p ods . The further  d eve loped the 

p lan t ,  howeve r ,  t he more se n s i t i ve wi l l  i t s  deve lopme n t  be to  

adve r se cond i t i ons due t o  the i nc r e a s ing conuui tmen t  t o  supp l y ing 

a s s i mi l ate to lowe r p lan t part s .  
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S ECTION E .  CONCLUD ING D I S C U S S ION 

E . l Bas i c  Cons i de ra t i o n s  

I t  i s  impo r t a n t  t o  bea r i n  m i n d t ha t  the  l up i n  s e e d  c rop i s  

p rima ri ly conc erned w i t h p r o t � i n  p r od u c t i o n  whe reas for many other 

crops , i n c l u d i n g  many l e g u me s , l > t h c r  c r i t e r i a are impor t an t  and i t  

may be t o t a l  y i e ld ( p r o c � s s pe a s ) oi l y i e ld ( s oybean s )  o r  a ba lance 

o f  nu t r i en t s  ( food gra i n s ) wh i c h  is r e q u i r ed . Thus our c oncern in 

asses s ing l up i n f o r  s t ock  feed  mus t be  t o maximi se t he seed prot e i n  

yie ld  r a t h e r  than me re ly  a i m  f o r  maxi mum s e e d  y i e l d , a l though 

obv i ou s l y  t h i s  i s  imp o r t an t .  To ach i eve t h i s , i t  may a ls o  be 

nece s s a ry t o  recons ider  t h e  c r op i deo t ype and management  norma l ly 

asso c i a t ed with  c rop p i ng i n  t he No r t h I s land o f  New Zea land . 

Know ledge o f  ni t rogen u t i l i s a t ion i n  t h e p lan t is  obvious ly 

de s i rab le  i n  a c rop w h e r e  p r o t e i n  i s  s uc h an i mpo r t an t  c omp onent 

o f  y ie l d . I t  was shown tha t mos t  s eed n i t rogen was a c c umu la ted 

when n i t rogen fi xa t ion was a l lowed to c on t i nue at i t s maximum ra te 

for as  long as poss i b le and when t h i s n i t rogen was trans ferred 

e f f i c ie n t ly t o the seed . Expe r i me n t s  in t h i s  s t udy indi c a t e  t h a t  

t he i nd e t e rm i na t e  grow t !1 h a b i t ,  \vh i ch n l lows f o r  n i t r ogen f i xat ion 

to occur ov�r mo s t  of the ava i l a b le growing season , can have an 

advant a ge for n i t rogen a c c um u la t ion over more d e t ermina t e  c rops 

wh i ch ma y no t be able to f u l l y u t i l i se the envi ronmen t a l  resour ces  

avai lab l e . That is , the i n i t i a t i on of  t he no rma l "se l f  des t ru c t i on "  

mechan i sm ch anges  fr om 1 a rge l y  "p l a n l  c on t r o l " to  "environmen t a l  

contro l " .  

The ni t rogen in i t i a l l y f i xed  becomes invo l ved in vege t a t ive growth 

wh i ch i n f l uenc es the supp l y  o f  n i t rogen t o  t h e  seed in a n umber o f  

ways . ( 1 )  The p r i o r i t y wa s f or ni t rogen t o  be used for lea f and 

s t em growt h wh i ch pro v i d e d pho t os y n t ha t e  f o r inc reas ing ra t e s  o f  

growth and n i t r o ge n f i xa t i on t h us en s u r ing a n  extended and rapid 

ni t rogen a c c umu lat i on p e r i od i f  t h e e nv i ronme nt pe rmi t ted i t ,  The 

h i gh ra t e  o f  n i t rogen f i x a t i on t h us a c h i eved shou l d  d e l ay the ons e t  o f  the  



1 86 .  

" s e l f  dest ruc t i on "  p h a s e  hy s upp l y i n g  s u f f i c i en t  n i t rogen for  t h e  

re l at i ve ly s l ow r e p rod uc t i ve grow t h  wh i c h  seems to be a f e at u re 

o f  rapi d ly growi ng l upi n s  ( Si nc l a i r  and d e  Hi t ,  1 9 7 6 ; Eaglesh am 

e t  a l . � 1 9 7 8 ) . ( L )  Ex t e nde d v e ge t a t ive g r owth provided the 

f r amework for a h i gh se ed y i e ld . The re w e re s t r ong ind i c a t i on s  

t h a t  the number o f  p o t e n t i a l s e e d  s i t e s  exceeded the amount of  

a s s imi la te ava i l ab l e to  f i l l  t he m ,  s uppor t i n g  the hypo t h e s i s  

t h a t  ass i mi l a t e  i s  t he ba s i c  l i m i t i ng fac tor i n  le gume s e e d  produc t i on ,  

( 3 )  Mos t o f  the  n i t roge n invo l v�d i n  the v e ge t a t ive s t r uc t ure b e c ame 

avai l ab l e  for seed p r oduc t i o n so t h a t  t he t o t a l n i t rogen f i xed in 

the season i n f l ue nced yi e ld and not  j us t  t h a t f i xed a nd t ransloc a t e d  

d i r e c t ly t o  t h e  seed , 

Lup ins , bes ide s hav i ng an i nde t e rm i n a t e  grow t h  hab i t  s e emed t o  

have two other va l uab le c h a r a c t e r i s t i cs . F i r s t ,  the u p r i gh t g r ow t h  

hab i t  wi t h  i t s  s p reading b ra nch p a t t e r n  i s  w e l l  s u i t ed t o  e f f i c i e nt l y  

d i s p l ay ing a la rge l e a f  a rea  wh ich wou l d  b e  i mp o r t an t  i f  a l arge 

vege t a t i ve s t ruc t u re is de s i rah le .  P ros t r a t e  legume s such as peas , 

may be les s e f f i c i en t  and a s ugge s t i o n  t h a t  s e l f- shad i n g  was a 

fac t o r  was recorded i n  Se c t i o n  B . 4 . 3 .  S e c on d , l up ins  may a ls o  be 

ab l e  t o  ut i l i s e  t h e i r  l arge n i t rogen reserves a l i t t le more 

e f f i c ie n t ly than s ome c rops ( S e c t i on 8 . 4 . 3 ) . Th e re lat ive ly h i gh 

prote 1 n  y i e l d  and seed p r o t e i n  c oncen t r a t i o n  of l u p i n  thus may be  

re l a t e d  t o  its  g r ow t h  ha b i t  a nd e f f i c i e n t  u t i l i s a t ion o f  the 

n i tro ge n  reserv e s  c r ea t ed .  

I f  the ava i lab l e  g r ow i n g se ason i s  b e i ng f u l ly e xp lo ited by 

the p l ant and the n i t r ogen p roduced d u r ing t he s eason i s  being 

e f f i c i en t l y us ed for s eed , the  p r ob l em of  fu r t h e r  i ncreas ing yie ld wi l l  

be d i f f i cu l t  to s o lve . I nc reas i n g s e e d  y i eld on the same s t r uc t ur e  

would not  b e  adva n t age ous i f  t he t o t a l n i t rogen poo l of  the p lant 

is  not in creased , One so l u t i o n  would be t o  i n c rease the rate  

o f  n i t r o gen fi x a t ion , Howeve r ,  i n  S e c t i o n B . 4 . 3  t h e re d i d  not 

appear to be any i mp o r t a n t  d i f fe re n c e  b e t ween s p e c i e s  in the p e ak 

rate  of  n i t ro gen up t ake . N i t roge n  f i xa t i o n  i s  p robab ly lar ge ly 

dete rmined by a s s i m i l a t e  ava i labi l i ty wh ich i s  like ly t o  be limi t ed 

more b y  e nvi ronmen ta l cons t ra i n t s than p l an t  f ac tors . Some 

i mp roveme n t  may be o b t a i ned b y  s e l e c t ing f o r  Rhizobium s t r a i ns or 
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riodu l e  sys t ems wh i ch c a n  t l t i l i s e ava i l ab l e  a s s i mi la t e more e f f i c i en t ly 

b ut any s i gn f i c an t p r o g r e s s  i s  l i ke ly t o  be s low . 

P la n t s  wh i c h  d ivert mor e  avai lab le  assimi la t e  to t h e  nodu les may 

be a b l e  to increase p ro t e i n  y i e l d  i f  the a s s imi late is n o t  d ivered 

away f r om o t he r important area s . I n  L .  a lbus , i t  may b e  p r e ferable 

to d ive r t  some a s simi l a t e  away f r om l ower order s tem product ion wh i ch 

i s  no t very imp o r t ant as a n i t rogen reserve ( S e c t ion C . 3 ) b u t  whi ch 

(a t  lea s t  i n  U l t ra )  cont i n ues growing f or an ext ended t ime and wh ich 

seeme s to be excess ive . Cul t i vars wh i ch appear t o  do th i s  are b e ing 

t e s t e d  at  p resent . 

I n  L .  a lbus and L. luteus , e ar l y  d evelopment i s  s l i gh t ly s lower 

than L .  angus tifolius and s e le c t ion for  more rap i d  ear ly growth may 

be a dvan tage ous to a l low a l onger  p e i od of  peak growth and n i t rogen 

f ixa t i on wi t h i n  a s e t  g r owth per i o d . L .  a lbus in par t i cu l ar is  s low 

t o  deve l op la teral branc hes and se l e c t ion f or ear l i er branch ing may 

be advan tageous . A l though , i n  Sec t i on B . 3 ,  ear ly d e f o l ia t i on did not 

incr ease seed y ie ld due t o  the l oss  of ma i n  s t em y i e ld , i t  showed 

t h a t  e a r ly d iver s ion of ass i m i la te t o  la teral branches can speed 

up d eve lopmen t ,  espec i a l l y  leaf area , wh ich may increase t ot a l  

ass imi l a t e  (and thus ni t roge n )  p rod uc ed i n  a season . 

However , none of  these  pos s i b i l i t i e s  are l ikely t o  grea t ly 

i ncrease t h e  ni t rogen f 1  xa t i  on r a t e wh i ch probably can only be 

boos t e d  t o  a large e xt en t by r e l a t i v e l y  exp ens ive me thods such 

as by inc reas ing co2 c on c e n t ra t i on (Gi bson,  1 9 7 4) . 

I t  was shown in the con t ro l l e d  c l i ma t e  s t udies that wat e r  s tress 

t ended to cont r o l  the ba l an c e  between vege t a t ive and rep r oduc t ive 

grow t h , Rela t ively mi l d  s t re s s  leve l s  caused vege t a t ive growth t o  

s t op , apparen t ly rel eas ing a s s l m i l a t e  f or an increased r a t e  o f  

reproduct ive growt h , Th i s  was l a rge ly revers ible , espec i a l ly 

i f  the dura t ion o f  s t re s s  was short . Leaf growth in  par t icular was 

ab le t o  r e s ume when t he s t r e, s  was renwved and " c ornpensat ory 

growth ' ' en�tbled lea f not  p roduced dur i ng the s t re s s  t o  be 

grown . Thi9 t rend i s  i mpo r t ant t o  en sure cont i nua t ion of  a s s imila t e  
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s up p ly , i nc lud ing t he pool  o f n i t roge n ,  for l a t er s eed growth . 

S tem growth however , recovered l e s s  ra p i d ly wh i ch i s  p erhaps des irable 

if s t em growth is  a n  i mp o r t a n t  c omp e t i ng s i nk wi th reproduc t ive 

growth ( Sec t ion D . ) . As the p lan t ages h oweve r ,  loss  o f  leaf by 

s en e s cence when wa ter s t r e s s  i s  app l i ed can be large and rapi d ,  

making i t  very di f f i c u l t  t o  comp l e t e ly re cover vege t a t ive growth . 

A t  this  s t age , even mi ld wa t e r  s t re ss ,  whi c h  may occur under h igh 

t empe ra tures and low h umid i ty even w i t h  adequat e  soi l mois ture , may 

b e  s u f f i c ient  t o  ens ure r e p r oduc t ive grow t h  dominates a s s imi l a t e  

d emand . 

A l t hough vege t a t ive g rowt h has the capac i ty t o  recover q u i t e  

q ui ck l y  f rom wa t er s t ress , reproduc t i ve growth p o ten t ia l  rec�ers 

more s low l y  d ue to the great  sens i t i vity o f  f lowers and young pods 

to the e f fec t s  of wa t e r  s t re s s  wh i ch may las t even a f t er  wat e r  has 

been reapp l i ed . As the l os s of pods i s  i r reve r s i b le , seve r a l  new 

s t em orders may have t o  be p r od uc e d  be fore rep roduct i ve poten t i a l  

i s  res t ored . I n  species such as  L .  a lbus and L .  Zuteus , where 

l a t er a l  b r anch deve l opment is  s l ow , recovery in a norma l growth 

period is un l i ke l y  � nd f u l l p o t e nt ia l wo uld neve r be r e a l i sed 

anyway due t o  t he i r revers ib l e  pod l o s s . L .  angustifolius has 

mor e  rapid la t e r� l b ranch order deve l opme n t  and mor e  rap id re covery 

is poss ible ( Biddis c ombe ,  1 9 7 5 ) . Th us , wa t e r s t ress d ur i ng growth 

mus t be s l igh t  and of sh o r t  dura t i o n if seed yie ld po t en t i a l  is not 

t o  be impaired . Lup ins are a l ready adap t ed to minimi s e  the e f fe c t  

o f  s h o rt t e rm d rough t b y  having a d e ep ly pene t ra t ing taproot 

sys t em wh ich enables wat e r  at  d e p t h  i n  t he soi l t o  be u t i l i s e d  

p rovided t h e  soi l s t ruc t u re enab l es r o o t  pene t ra t i on t o  occ ur 

(Gladstone s , 1 9 70 ) , He rr i dge and Pa t e  ( 1 9 7 8 )  point out howeve r ,  

that t h i s  advantage may have a s i gn i f i cant c os t  i n  t e rms of t he 

pho t o synthate requireme n t  by t he root . 

Thus t he grea t e s t  prac t i c a l  poten t i u l  for ensuring maximum seed 

pro t e i n  p roduc t i on s eems t o  l i e l n  n1 l nimi s ing the envi ronment a l  

c ons t rai n t s  s o  that  t h e  l o nge s t  pe r i od o f  act i ve growth i s  p o s s i b l e  

wi thi n t h e  cons t ra i n ts of  a pa r t l cu lar envi ronment a n d  fa rmi ng 
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s y s tem .  The Imp o r t a n t  c on c e p t f o r  f a rme rs t o  grasp is  tha t  l up ins 

are a " f u l l season" c r o p  ( c f . ma i z e )  and not a " shor t  t e rm" c rop 

s uc h  as bar ley or p roc e s s  peas . 

The v a r i ous manageme n t  a s p e c t s  s t u d i ed i n  t h i s  thes i s  wi l l  b e  

d is cussed i n  the f o l l owi ng se c t i ons i n  r e l a t i on t o  t h e s e  bas i c  

c ons idera t i ons . 

E . 2  Sowi ng Time 

I t  became apparent t h a t t he t i me of sow i ng i s  a c r i t ica l f a c t o r  

d e t ermining the f ina l seed y i e ld i n  l u p i n s  espe c i a l ly f o r  s p r ing 

s owin g .  One of  the maj or c a uses f o r  c r op fai lures dur ing t he ear ly 

1 9 7 0 ' s  was due to  sowing t h e  c rop t oo late (Wi the rs  e t  a l . ,  1 97 4 ) . 

I t  se ems l i ke l y  tha t , i n  t he p re s ence  o f  the f o l iage d i seas e s  

Pleiochaeta se tosa and Stemphy l1:wn vesicaY'iwn t here is  l i t t le 

advan t age in s owing L .  angustij'o l ius c u l t ivars susce p t i b le t o  

t h e se diseases before J u l y  in t h e  No rth  I s land . Un fo r t un a t e ly 

the more r e s i s tant spe c i es we r e  not aut umn-sown in thi s s t udy 

b u t  t r ia ls with  L. a lbus (Wi t he r s , unpub l i shed dat a )  showed an 

a dvant age o f  autumn-s own p l an t s  ove r spr i ng-s own ones and further  

work i s  be ing conduc ted at  p resent  wi th L .  a lbus and wi th 

L. angus t ifo lius c u l t iv a r s  r e s i s t a n t  to S. ves icaY'iwn . 

Time of sowi ng i s  impo r t a n t  t o  a l l ow t h e  p l ant  to  deve lop as 

ma ny s equent i a l  branch o r d e r s  and f ix as Jl1.uch ni trog en as 

p o s s i b le in  the t ime ava i l ab le .  Th i s  is large ly a fun c t ion of t ime 

and tempera t ure between f i r s t  f l owering and the t ime when wa t e r  

s t re s s  preve n t s  f u r t he r  deve lopme n t  o f  vege t a t ive growt h . The 

l i gh t e r  the s o i l  and ra i n f a l l ,  t h e  mo re import ant i t  wou l d  be t o  

s ow the crop ear l y . 

In  the Manawa t u  and man y o t h e r  Nu r t h  I s la nd areas wh ich have h i gh 

wint e r /early s pr ing ra i n fa l l and l i mi t a t i ons in soi l dra i nage . early 

s owing can be d i f f i c u l t to  a ' ' h i e ve i n prac t i c e , espec i a l ly as lupins 



are sensi t ive t o  wa t e r l o gged s o i l cond it ions (Glad s t ones 1 9 7 0 ) . 

Thus a u t umn and ear l y  s p r ing s owing wo uld be res t r i c t e d  t o  areas o f  

free d raining s oi ls .  The mos t  s u i t ab le ones pr obab ly a r e  sandy 

loams and volcanic s o i l s . 

A l though not s a t i s f ac t o r i ly t e s t ed i n  t h i s  s t udy , i t  i s  l ikely 

that , on free d r a in i ng s o i l s  and in the abs enc e of d i sease , late 

a u t umn sowing wou l d  prod uc e maximum y ie lds . The rela t ive ly non

p r od u c t ive e s t ab l i shment  peri od wo u ld o c c ur d uring the win ter so that  

f lowe r ing and the rapid g r owth phase wou ld o c c ur during the who le 

o f  t he avai l a b le spring / s ummer growi ng period . The a c t u a l  sowing 

date  woul d  have to be adj us ted to ens u r e  tha t  f lowering d id n o t  

occur  before t h e  r i s k  o f  severe f ros t w a s  over . 

Sowing date is  an important  mangement t o o l  t o  enab le a par t i c u lar 

farme r t o  maximi se h i s ava i l ab l e  growi ng period but t h i s  i s  rea l ly 

adj u s t ing the re l a t ive ly i n s e n s i t i ve p a r t  o f  t h e  s e a s on . Because o f  

the s low g rowth i n  the ear l y  part  o f  t h e  season , relat ive ly l arge 

adj u s tmen t s  in sowing d a t e  are req ui re d  f o r  sma l l  d i f ferences i n  

f l owe r in g  date . For examp l e , ea r l y- sown c rops in Sec t i on B . 4 . 3  

had a long e s t a b l i shment peri od rel a t 1 ve to  l a t e - sown crop s . 

( See a l so F i g . B . l , l  and Tab le  B . l , l ) . A f ew days add i t iona l 

growth i n  the warm summer pe r i od ,  when growth i s  rapid , can be 

equiva len t to  s e ve r a l  weeks ear l i e r sowing a t  the c o o l  t ime of 

the year ( Se c t ion B . 4 . 3 , C . 3 , C . 4 ) . 1�e re f ore considera t i on mus t 

also be given t o  the moi s t ure supp ly dur ing the s un�er mont h s . 

Response of seed and p ro t e i n y i e l d  t o  i r rigat ion in dis eas e 

res i s t an t  c u l t ivars i s  l i ke l y  t u  be good ( S t oker , 1 9 7 5 ;  1 9 7 8 ;  

Lucas e t  a l . , 1 9 76 ; He rbert  and H i l l , 1 9 78  a , b ;  Sec t i on B , 4 . 3 ) 

when temp e r a t ures and lea f area are h i gh ( Se c t i on C , 4 ) ,  Where 

irriga t i on is not ava i l a b l e  and / o r  no t economi c , se lect ion o f  s o i l s  

wi th good mo i s t ure retent i o n or d is t r i c t s  wi t h  re l i able s ummer 

rainfa l l  wou l d  be impor t a n t . Un f o r t ttnat e ly s oil s w i t h  good moi s t ur e  

r� t en t i on a r e  o f t en unsu i t a b le f " r  ea r l y  sowing a n d  a c otl!b lna t ion 

o f  both a t t r i b ut e s  wo u l d  be v a l uab le . 
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E . 3 Lup i n S p e c i e s  

Mo s t  o f  t he f ie l d  w o r k  i n  t h i s  s t ud y w a s  conduc t ed on L .  angu s tij'o l·ius 

b e c a u s e  i t  was the s p e c i e s a t t ra c t i n g mos t i n t eres t a t  t h a t  t ime ; 

l a r ge l y  due t o  the i nf l ue n c e  o f  A u s t ra l i a n  e xp er i e n c e  and t o  unf avour

ab l e  e a r ly rep or t s  of a l t e r n a t i ve s pe c i e s (Al le n ,  1 94 9 ) . Thi s  

s pe c i e s  seeme d t o  be we l l a d a p t e d t o  t h e  Manawa t u  e nv i r onme n t . I t s  

maj or weakne s s  i n  the wa rme r a n d  we t l e r  Nor t h  I s land cond i t i ons i s  

i t s  s us cep t i bi li t y  t o  f o l i a g e d i s e a s e s  wh i ch appear t o  b e  e s p ec i a l ly 

s e r i ous on aut umn-s own c rops . Th i s  p r ob lem has  n o t  b e e n  r eport ed 

as be i ng s e r i ous  on S o u th I s l a n d  c r o p s  b u t  a number o f  unpub l i shed 

rep o r t s  of comp l e t e  l o s s e s  o f  c. rops  in the
. 

Nor t h land , �.Ja ika t o  and 

Ba y o f  P l e n t y  reg i ons h a v e  b e e n  made . Th i s  a s p e c t  mus t s e r i o us l y 

l im i t  t he po t ent ial o f  t h i s  s p e c i e s i n  t h e Nor t h  I s land . 

P r ov i ded t h e  crop i s  s own e a r l y , t h e re s e e ms t o  be  l i t t le 

d i f f e re nce be tween the "U ni " c u l t iva r s  of L .  a rzgus tij'o Z. i us . Wi th 

l a t e  sowings , e s p e c i a l l y  i n  wa rm d i s t r i c ts ,  Un i c rop may have an 

advan tage bec a us e of ea r l i e r f l owe r i ng re s u l t i ng from it s lack o f  

ve rna l i s a t i on re q u i reme n t . 

Mos t  o f  the  d e t a i l ed work was c o nd uc t e d on L .  a Z.bus be c ause i t  

s howed p romi s e  i n  the c omp a ra t i ve f i e l d  t r i a l  reported i n  this  

t hes i s  and in a n umber o f  sma l l e r  unpub l i shed t r i a l s . Ove r s eas 

report s  ( e . g .  G la ds tone s , 1 9 7 0 )  i n d i ca t ed that  it woul d  b e  s u i t e d  

t o  t he modera t e l y high f e r t i l i t y  a nd ra in fa l l of t he Manawa tu . 

The apparent d i s e as e  res i s t a n c e  and h i gher s eed  protein conten t  

c ompared wi th  L .  angu s tifo l.-ius c omb ined wi t h  s a t i s fac t ory seed 

y i e ld mak� it  a s pec i e s  wor t h  w i d e r  i nve s t i ga t i on in the  Manawa tu and 

o th e r  a reas of t h e  Nor t h  I s l and . Some d i sadvan tage s of th e  s p e c i es 

wou l d  ap pear t o  be s low i n i t i a l  d e ve lopme n t ; a l ong p e r i o d  for pods 

t o  dry out and seed ma t u r e  on c e  l eaves d rop ; and a t end ency to 

have too h i gh an a l ka l oid  l ev e l  for s a f e  p i g and human use , The 

cu l t ivar ( Ul t ra ) used in t h i s  s t ud y  s u f fers f r om the p r o b l ems o f  

s low d eve l opmen t , exce ss i ve v e ge t a t i ve growth a nd large s e e d s  

whi c h  are o f ten d i f f i c ul t to  h a n rl l r> mc• c h an i c a l ly at  sm.,ring and 
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harves t .  O t he r  c u l t i va r s :-; u c h  a s  K a l i  and K i ev sk i j  Mu tant a t  

p res en t be i n g t e s t ed may nvt: r c ome s ome o f  t h e s e  l im i t a t ions (\oli thers , 

unpub l i s hed d a t a , G l a d s t o 1 w s , p e rs , c omm . ) .  Howev e r , i t  s hou ld be 

n o t e d  tha t the large s ee d s i z e o f  U l t ra m a y  be an i mpo r t an t  fac t or 

i n  the good y i eld of U l t r a i n  c ompar i s on w i th o the r s pe c i e s  

( Se c t i on B . 4 . 2 . 3 ) and t h a t a l a r ge v e ge t a t i ve s t ruc t ure and extended 

ma t ur i ty pe r i od may h a ve s ome a d v a n t a ge in a c hi e vi n g  h i gh p ro t e i n  

y i e lds ( Sec t i ons B . 4 . 3 , C l  and C 2 ) . 

A l t hough having a r e p u t a t i on f or lmv y i e lds , L .  luteus y ie lded 

we l l  in  c omp a r i son wi t h L an;Jus tifo Uus and c e r t a in ly was c onsi s t en t ly 

be t t er  i n  t e rms of prot e i n  y i e ld . Thi s ,  comb i ned w i t h  i t s r e s i s t ance 

to f ol i age d i seases and h i gh p ro t e i n  con t e n t  o f  the s e ed make it  a 

s pe c i e s  wo r t hy of f u r t h e r  d e v e l opme n t . I t s  chie f l imi t a t ion t o  h i gher 

seed yield seems to  be i t s  sma l l seed  s i z e  and l i mi t ed abi l i ty t o  

d eve lop l a t e ra l  branch i ng . S l ow b ran ch deve lopme n t  may not be a 

maj o r  l im i t a t i o n  p r o v i d e d  t h e  y i e l d  po t e n t i a l  on those b r anches 

p roduced is h i gh .  We i k o  l l l has t he a b i l i ty  to p roduce re lat ive ly 

h i gh numbers  o f  s e e d  on t he ma i n  s t em b u t  y i e l� is l imi t e d  by t he 

sma l l  seed  s i z e .  The log i c a l  app roach wo u l d  be t o  s e l e c t  f or 

increased  seed s i z e but Sec t i on 8 . 4 . 3 wou ld i nd i c a t e  tha t this may 

not increase p r o t e i n  y i e l d  un less  v e ge t a t i v e  ni t rogen r e s e rves are a ls o  

increas e d . Hi l l  (pe rs , c omm . ) h a s  s hown t h a t selec t ion f o r  inc reased 

seed s ize  can re s u l t  i n  l owe r p r o t e i n pe r c e n tage i n  the seed . 

E . 4  P l ant Dens i ty 

The s t ruc t u re o f  t h e  l up i n  p la n t is  very sens i t ive t o  p lant dens i ty 

wi th b ranch numbe r  be i ng read i ly reduced by increa s ing d en s i t y ; the 

e f fe c t  being apparent ear ly i n g r o w t h ( Se c t i on B . 3 ) . H i g h  order 

l a t era l b ranche s a r e mo s t  a f f e c t e d  wh ich may l imi t the abi li t y  o f  

dense s tands t o  res pon d t o  l on g  g r ow i n g  seasons . Branch number , pod 

number and seed yield a r e  a l l c l ose ly  re lated as o ther y i e l d  component s  

seem t o  b e  r e la t ive ly s t a b l e . The p la n t  i s  thus very "p las t ic "  i n  i t s  

response t o  den s i t y s o a l ow v a r i a t i on i n  s eed y i e ld w i t h  d ens i t y  changes 

i s  to be exp e c t e d . For t h i s  reason , plant dens i ty was not  a maj or 

componen t in  the field t r i a l s . 
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Unfor t una tel y the two expe r i men t s  s t udying den s i ty produced 

c on f l ic t ing trends in seed y i e l d . The f irs t experime n t  ( Se c t i on B . 2 ) 
2 

represe nted a f inal pop u l a t ion range of  4 7 - 1 0 3  p l /m f o r  t h e  July 

s owing and 46- 7 7  p l /m
2 

for  the Oc t ober sowing and showed no response 

t o  p lant den s i t y  but i t  was at a relat ively low yield level ( 9 2- 1 9 8  g /m
2

) .  

The second experiment ( S e c t ion B . J ) repre sented a range o f  1 7- 1 0 0  p l /m
2 

and showed a response to  p l an t dens i ty for unde f o l i a t e d  p lants but a t  
7 

a higher y ie ld leve l ( 2 1 0- 5 4 2  g /m- ) . How much the d i f feretlce i n  r esponse 

was due t o  environme n t a l  e f fe c t s  be tween the t wo s i t e s  i s  not  c lear . 

I t  is l ike ly tha t ,  i n  the second experimen t ,  the  sma l l  p lo t  and samp le 

s i ze  we re a t  leas t p ar t ly respons ible  f or the h i gh response a t  the 

h i ghes t  dens ity  due to  edge e f fec t s  and mult i p l i cat ion fac t ors . 

Thus these exper imen t s  were unab le t o  cont ribute s i gni f i cant ly t o  

t he determinat ion o f  opt i mum densi t ie s  for l upin seed but useful  

i n forma t ion on t he reac t i on of the  lup in p lant t o  comp e t i t i on was 

obta ined . 

E . S  Potent i a l  for Lup in i n  the North I s land 

Provided a marke t can be e s t a b l i shed , the re woul d  seem to be a 

p o ten t ia l  for the growing o f  l up i n  in s ome areas o f  the North I s land . 

A r ange of seed y i e l d  f r om a low o f  about l OO g/m
2 

to  over 500 g /m
2 

was obtained from the f i e ld t ri a ls wi th mos t y i e lds  fa l l ing in the 
2 

range 300-400 g/m . Limi t ed land area mean t  that p l o t s  had t o  be 

sma l l  so t ha t  the conve r s i on of t h e s e  p lo t  y i e l d s  to t /ha mus t  be 

d one with caut ion . Uoweve r ,  these y i e lds are s imi lar  to the y i el d s  

ob t a i ne d  b y  many farme r s . Thus al though 3 t /ha could be regarded as 

a reasonab le expe c ta t ion in y i e l d ,  these t r ia ls indicate that h i gher 

y i e ld s  t han t h is may be o b ta i ned under sui tab le cond i t ions . Wi thers 

( 1 9 78 )  has shown t hat , t o  be compe t i t ive with h i gh re turn crops s uch 

as wheat on good s oi l s  in the Manawa t u ,  y i e l ds o f  over 4 t /ha woul d  

be req u i red con s i s t en t l y .  Howeve r ,  i t  was point�d ou t tha t , on lower 

fert i l i ty free d ra ini ng so 1 l s ,  the h i gli r e t urn c�ops canno t be grown 

whereas lup i n  may not have a s i gn i fi caft t red uc t i9n in y i e l d  because 

of its adap tab i l i t y  t o  lowe r f e r t i l i ty soi l s . R e t urns from l ives tock 
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are a ls o  n o t  h igh on t h ese s o l l s .  Howeve r ,  t o  ens ure s a t i s f ac tory 

and reasonab ly consi s te n t  y i e l ds , f arme rs wou ld have to adj us t t o  

t h e  longer t e rm na t ure o f  the crop by accepting l a te - au t umn o r  

winter sowings r a t her t han t he norma l mid-spri ng sow ings . The 

readiness wi t h  wh i ch f arme rs wi l l  do t h i s  wi l l ,  o f  c ourse , depend 

on the exp e c t e d  re t urns . The o t h e r  aspect  whi ch farmers wi l l  

p robab ly have t o  adj u s t  t o  i s  a l a r ge r  than  normal var i a t i on i n  

yield be tween seasons a s  t h e  crop adj us t s  t o  varying lengt h s  o f  

the  growi ng p e r i od . 

I f  the d i s ea s e  r e s i s t a n t  but less  f ros t t o leran t  species such a s  

L.  aZbus are t o  b e  grown , h i gh a l t i tude i nland areas may not be 

sui t able for a u tumn-so�l crops because of t h e  r i sk o f  f ros t and 

the g rowing season may not be long enough for s a t i sfac t ory y ie lds  

f r om s pr ing sowi ng (Wi thers e t  a Z . , 1 97 6 ) . An area w i t h  apparen t  

po t en t i a l  i s  t he a rea o f  sand coun t ry present  a long t h e  South-Wes t 

coa s t  of t h e  No r t h  I s l and . Cons i d e rab l e  areas o f  f la t  t o  undu la t ing 

land exis t s  wi t h in t h i s  c omp l ex s y s t em ,  Land va lue and produc t i on 

is  r e l a ti ve ly l ow and i t  i s  genera lly unsui t a b l e  f o r  int ens ive cropp ing 

because of i t s  l ow n i t rogen leve ls and t endency to summer d rought and 

wind eros i on . The s o i l  has poor moi s t ure r e t e n t i on however , but i n  

many cases t h e  ear ly s umme r wa t er table should be acce s s i b l e  t o  

t h e  lupin t aproo t . Au t umn sowi ng o f  d i oease r e s i s t ant  cu l t ivars 

would a l low reproduc t i ve dev e l opment over the avai l ab le s pring-

s umme r growing p e r i od and would ma ke the bes t use o f  the potential  

produc t ive period o f  this  c l a s s  of  land , Y i e ld would be dependa n t  

o n  t h e  amount of early s ummer rainfal l s o  y i e l d s  a r e  likely t o  b e  

var i ab le , b u t  given a rea s onab l e  p r i c e  range ( $ 1 60- 1 80 / t onne ) , 

returns should be compe t i t i ve wi th mos t a l t e rna t ive enterp rises . 

A series of t r i a l s  and sma l l  commercia l areas are be ing e s t ab l ished 

d uring 1 9 79-8 1 to t e s t  t h is hyp o t he s i s . 

This s t udy has been a b l e  t o  e s t ab l i sh t h a t  lup i n  species o ther 

than the s t andard L .  angustifo lius h ave a poten t i a l  for seed 

p r o t ein p r  duc t ion in some areas o f  th�  Nor th I s land of New 
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Zea land . I t  h a s  s h own some o f  t h e s t reng ths and weak nes s e s  o f  

t h e s e  crops  a n d  h a s  h i gh l i gh t e d  t ha t t h e  approach o f  f armer s  t o  

t he c r op may have t o  be d i f fe r e n t  f rom t h a t  requi red f or crops 

at present e x t ens i ve l y  g r own i f  y i e l ds  a re to be maximis ed . 
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