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AB STRACT 

Pl ant growth t yp e s  o f  t he determina te and indet e rminat e  

growth f orms are c ommo nly d i s t ingui shed in many legume spec i e s . 

However ,  there do not appear t o  b e  many studies where direc t  

c omparis ons have been made of the two growt h types in relat ion t o  

nitrogen fixation and nitrogen d i s t ribut ion . Furthermore , t h e r e  a r e  

disa greement s in the l i t erature about the yield advant age o f  t he s e  two 

growth type s . 

This study wa s ini t i a t ed t o  ident ify the inf luence o f  

diff erent growth typ e s  o f  s e l e c t e d  grain l egumes o n  seed yield , 

nitrogen fixation , and nitrogen d i s t ribu t io n .  I n  addi t i o n , the 

empha s i s  wa s also put o n  finding amo ngst the mea sured parame t e r s , o n e  

that h a d  the gre a t e s t  inf luence o n  the dif ferences observe d . 

Ini t i a l ly determinat e  and indet e rminat e  growth t yp e s  o f  bean 

( Pha seolus vulga ri s )  and soybean ( Glyc ine max ) , were studied in 

glasshouse c ondi t ions . The inde t erminat e  cult ivar of bot h  spec i e s  had 

higher leaf area and nodu l e  dry we ight , mo re root growt h ,  a c cumu l a t ed 

more t o t a l  dry we ight and had higher yie ld than that o f  the 

determinat e  cult ivar . I n  both s p e c ie s , the ind e termina t e  c u l t iv a r  

accumulated more t o t a l  plant ni trogen t han t h e  det ermina t e  c u l t ivar . 

However , only the inde terminat e  s oybean c u lt ivar showed s i g ni f i c a n t ly 

mor e  nitrogen f ixat ion ( Ac et ylene r educ t i o n )  t ha n  that o f  t he 

determina t e  cult ivar . 

Subse quently the s ame s oybea n  cult ivars ( ' Ma t a r a '  

=de t e rminat e  and ' Amsoy ' =inde t e rmina t e ) were studied in c ontrol led 
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environment c ondi t ions . The indet ermina t e  cult ivar produc e d  higher 

vege t a t ive dry-ma tter and seed yield than tha t  of the det erminat e  

cultivar . The higher a c etylene reduc t ion a c t ivity o f  the 

indeterminat e  cult ivar came primarily from a greater nodu l e  ma s s . 

About 3 0-40% o f  s eed nitrogen o f  both c u l t ivar c ame from r e ­

dist ribution f rom vegetat ive par t s , but the stem o f  t he indet ermina t e  

cult ivar re-d i s t ribut ed a higher propor t i o n  o f  nitrogen t o  t he s e e d  

than that o f  t he det ermina t e  cultiva r . Amo ng several p l a n t  char a c t e r s  

measured ( vi z . the dry-we igh t s  o f  t h e  r o o t s ,  nodules , s t em s , leave s , 

and pods , the l e a f  area , a c etylene reduc t io n  ac t ivity a nd t he t o t a l  

plant nitrogen ) l e a f  area wa s ident ified a s  the key f a c t o r  i n  

determining t h e  d i f f erence betwe en the two growth type s . 

I n  order t o  determine the relat ive importance o f  l e a f  a r e a  

a s  a fac tor inf luenc ing seed yield , nitro gen fixat ion a nd n i t r o g e n  

distribution t he leaf area o f  t h e  indet erminat e  cultivar ' Amsoy ' wa s 

mani pu l a t ed by imposing d i f f erent l evels o f  partial l e a f  r emoval 

starting at t he f lowering stage . For one t r eatment , par t i a l  pod 

removal was also applied t o  induce a reduced demand o f  a s s imilat e .  

Part i a l  d e f o l i a t i o n  o f  the indet ermina t e  c u l t ivar reduc ed markedly t he 

root growt h and t he numb er o f  branche s , but nodu le growt h ,  a c etylene 

reduc t ion ac tivity and nitrogen dist ribu t ion was reduced t o  a l e s ser 

extent . Par t i a l  pod removal did not change t he overall pat t e rn o f  

response . Whe n  about 6 0 %  o f  the leaves o f  t he inde t ermi na t e  c u l t ivar 

were r emoved , seed yi eld wa s reduced by about 1 7 %  and it was s t i l l  

signi ficantly hi gher than the und e f o l i a t e d  d e terminat e c u l t ivar . 

There was no s ignific ant d i f ference betwee n  t he rates o f  n i t r og e n  

accumu l a t ion i n  t he p o d s  under each trea tment . The f inal s e e d  
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nitrogen c onc entrat ion was no t a f fe c t ed by defoliat ion t re a tment s nor 

was t he part i t ioning of nitrogen to seed . 

I t  wa s conc luded that there were d i f f erenc e s  b e t we en t h e  two 

growt h types o f  s oybean for seed yie ld , nitrogen fixa t ion , and 

nitrogen d i s t r ibu t ion . Leaf area was the mo s t  important parame t e r  in 

det ermining the s e  dif f erenc e . The greater overlappi�3o f v e g e t a t iv e  

and r eproduc t ive growth in the indet ermina t e  cult ivar seemed t o  b e  

advant ageous r ather t ha n  disadvant ageous . Thi s longer p e r i od o f  

veg e t a t ive growth enabled t he ind e t ermina t e  cult ivar t o  produce a 

bigger sourc e c apacity which c onsequent ly suppor t ed more n i trogen 

fixation a c t ivity and produced higher seed yie ld . 

The p o s s ible implicat ions t o  tropical agriculture were 

discus sed and s ome future research t opic s  were a l s o  sugge s t ed . 



CHAPTER 1 

INTRODUCT I ON 

4 

Leguminous crops play a cruc i a l  r o l e  i n  agricultural 

produc t ion t hr oughout his t ory . This is a t tr ibuted in part to  the 

abi l i t y  o f  legume s t o  f ix atmo s pheric nitrogen when in symb io s i s  with 

Rhizobium bacteria and in part to their high pro t ein c ontent a s  f o o d . 

In the c oming dec ades inc reasing need for higher quanti t y  a nd qua l i t y  

o f  f o o d  wil l  p l a c e  s evere demand o n  agriculture particularly in t he 

deve l o ping c ount ri e s . The role o f  legumes both a s  a nit rogen 

contributor and as  a s ourc e o f  food pro te i n  i s  there f ore c e r t ain to  

inc r e a s e  in imp o r t anc e . 

1 . 1  THE I MPORTANCE OF N ITROGEN IN TROP I CAL AGR I CULTURE . 

Nitrogen i s  the mo s t  import ant e l ement for plant s a nd animal s  

and i s  required in l a r g e  amount s f or the manu f acfur e  o f  pro t eins and 

other nitrogenous c ompound s  vital for growth . Despite t he great 

abundance o f  dinitrogen gas in t he atmo s phere ,  t hi s  element is 

c ommonly defic i en t  in agricultural soils in t he oxidized ( ni trat e )  and 

reduced ( ammonium ) f orms which c an be absorbed by plants ( Novoa and 

Loomi s , 1 9 8 1 ) .  Chemi c a l  nitrogen fertilizers are c o s t ly t o  produc e ,  

and t hey are not a lways c omplet e ly t aken up by crops ( Ayanaba , 1 9 80 ) . 

Biolog i c a l ly f ixed nitr o gen ha s c e r tain advant ages i . e .  

i )  i t  i s  a c he a p  sourc e o f  nitrogen e specially in deve loping 

countries ,  

ii ) nit r a t e  pol lution i s  minimi z ed by the use o f  legume s , and 
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iii ) gradual r e l e a s e  o f  nitrogen from leguminou s c ro p  

residues enables mor e  e f f icient use o f  nit r ogen b y  subsequ en t  non­

leguminous crops ( Dobere iner and Campe lo , 1 9 7 7 ) . 

Nitrogen l o s s e s  in tropical regions are e s t ima ted a t  8 0- 5 7 0  kg 

N ha- 1  year- 1  under f a llow while c omparable data for t emp e r a t e  r egions 

are about 3 0  kg N ha- 1  year- 1  ( Dobereiner and C ampe lo , 1 9 7 7 ) . The low 

nitrogen s t a t u s  i s  a c c entuated further by : 

i )  high prec ip i t a t i on wit h  greater nitrif i c a t ion encouraged by 

alternate cyc l e s  o f  we t t ing a nd drying , and 

ii ) t he l ow wat e r  holding and cat ion exchange c a pa c i t y  o f  mo s t  

lateritic s o i l s . 

By and large , subsist ence farmers c annot a f f ord inv e s tment in 

mineral nitrogen f er t i l i z er s . Thus , in the t ropic s ,  adequ a t e  supply 

o f  nitrogen from l egumes i s  c r i t i c a l  f or high l ev e l s  o f  c r o p  

produc t ion . 

1 . 2 THE IMPORTANCE O F  LEGUMES IN TROPICAL AGR ICULTURE . 

The world produc t io n  o f  grain legume s in 1 9 7 5  was about 1 40 

mil lion metric t onne s s light ly more than half o f  whi c h  c am e  from 

soybe an ( Hardy � a l . , 1 98 0 ) . World demand for soybean a lo ne has 

been pro j e c t ed to reach about 2 7 5  mil lion metric t o nnes by t he year 

2000. This is equiva lent to about 2 7  mi llion metric t onne s of f ixed 

nit rogen annua l ly ,  whic h  c a n  be translated t o  its current value o f  

about US$ 5 . 4 b i llion ( 1 9 8 6  v alue US$ 2 0 0 / t onne urea ) a s  n i t r ogen 

f er t ilizer . 

I n  add i t io n  t o  t heir place a s  the c heape s t  sour c e  o f  food 

pro t e in f or human c onsump t io n , legume s have many o ther u s e s  such as 

animal feed , soil conse rv at i o n ,  f u e l  or firewood , dye s and c o sme t i c s  

( Okigbo , 1 9 78 ) . 
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Alt hough nearly half o f  t he t o t a l  area o f  crop legume s g r own 

in t he world is in the tropi c a l  c ountries, the average yie l d  f r om 

t he s e  countries is only two- third s of the world average . There f o r e , 
t� 

legume produc t i on f rom t he tropic s i s  only about one- third o f  wor ld ' s  
A 

produc tion ( Norman e t  a l . ,  1 9 84 ) . Since many t ropic a l  soil are 

limi t ed in their abi l i t y  t o  produc e  crops due t o  s evere d e f ic ie n c y  in 

soil nit rogen ( Gibson , 1 98 2 ) ,  henc e ,  there i s  s t i l l  need t o  exp l o i t  
� 

legume s for their abili t y  t o  f ix nitro ge n  which c ould have ma j o r  rol e A 

in i ncreasing seed yield or c ontribu ting a s  s ource s  o f  nitrogen i n  

cropping systems . 

I n  many l egume s p e c i e s  the morpho logy o f  the two growth f orms 

are c ommonly d i s t i nguished , the s o - c a lled det erminat e  and 

ind e t ermina t e  t ype s .  I n  deve loped c ountr i e s , there i s  a t endency t o  

f avour t he det erminat e plant t yp e  which i s  c ompatible wit h  mechanic a l  

harv e s t ing ( Khan , 1 9 7 7 ) . I n  c ontr a s t , E l s t on and Bunting ( 1 9 80 ) 

pointed out t ha t  an inde t erminat e  growt h  typ e  in a t ropic a l  legume 

shoul d  be advantageous to rec overy from the water s t r e s s  o f  either 

wat e r  exc e s s  o r  d e f ic i t  which are c ommon in mo st tropic a l  d evelop i ng 

countrie s .  However ,  t here do not appear t o  be many studies in whi c h  

direc t  c omparisons have been made on t he role o f  these two growth 

typ e s  in relation t o  nitrogen f ixation and nitrogen distr ibut ion . So , 

t o  maximize the bene f i t  o f  t he nitrogen cont ribut ory ro l e  o f  the 

l egume s in many cropping syst ems we would need t o  unders t a nd whe ther 

the d i f ferent growth type s have any e f f e c t s  o n  symbiotic nitrogen 

f ixat i on or the u t ilization and d i s tribu t ion o f  f ixed nitrogen . 

There fore , a series o f  experiment s were c arried out wit h  t he f o l l owing 

obj e c t ive s : 
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1 .  t o  identify the e f f e c t s  o f  d i f f erent growth types 

( de t ermina t e  a nd indet ermina t e ) o f  s e l e c t ed grain legume s o n  their 

yield , nitrogen f ixation , and nitrogen d i s t ribu t ion . 

2 .  t o  ident ify t he plant parame t er t ha t  has the gre a t e s t  

inf luence on t he d i f f erence obt a ined . 



C HAPTER 2 

REVI EW OF L I TERATURE 

This review i s  divided int o t hr e e  main part s :  

8 

1 .  Nitrogen f ixat ion : Wi t h  a b r i e f  review o n  nodu l a t io n , 

nitrogen f ixat ion in le gume s and t he met hodology o f  nitrogen f ix a t i o n  

measurement s will be presented . The sub j e c t  o f  nitrogen f ixation h a s  

been ext ensive ly reviewed ( e .g. P o s tgat e ,  1 98 2 ; Brought o n , 

1 9 8 1 , 1 98 2 , 1 9 83 ) . The main empha s i s  o f  this section wil l  therefore b e  

focused on factors influenc ing nodu l a t i on and nitrogen f ixation i n  

legume s . 

2 .  Nitrogen d i s t ribut ion : Apa r t  f rom a bri e f  r eview o f  

nitrogen a s simi l a t io n ,  t he nitrogen d i s t ribution , nitrogen r e ­

distri bu t ion and c arbon : nitrogen r e l a tionships in grain l egume s wil l  

also b e  reviewed . 

3 .  Growth and development o f  det e rmina t e  and inde t ermina t e  

legume s :  Apar t  f r om a bri e f  review o f  det ermina t e  and inde t ermi na t e  

growth types o f  grain l e gumes in genera l ,  t he growth and development 

of soybean wi l l  be discus sed in mor e  d e t a i l  with empha s i s  on the 

di f f erence be twee n  the growth type s . 

2 . 1  N ITROGEN F IXATI ON : 

2 . 1 . 1  Nodulation i n  legume s . 

The variou s  f ami l ie s , genera and species o f  l egume s vary 

widely in the i r  abili t y  t o  f orm symbiot ic r e la tionship wit h  t he 
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Rhizobium bac t eri a . However ,  not a l l  l eguminous plant s f orm nodul e s  

f o r  example , o nly 2 8 %  o f  2 58 s pe c i e s  examined in the subfami ly 

Caesa lpinioideae were nodulated ( Allen a nd Al len , 1 9 6 1 ) .  For 

nodu lation t o  occur , the hos t  plant mus t  b e  suscep t ible and a 

c ompat ible inf e c t ive s train o f  Rhizobium , c apable o f  mul t iplying , mu s t  

be pre s ent o n  the root . 

The s t ruc ture and func t ions o f  r o o t  nodules o f  l egumes � 

been reviewed ( Be rger s e n ,  1 982 ) .  I n  many l egume s ,  e spec i a l ly 

t emperate spec i e s ,  infection t ake s p l a c e  t hrough root hair s whic h  are 

deformed in the presence o f  rhizobia . S uc c e s s fu l  infec t io n  occurs a t  

defined s i t e s  i n  the zone of e longation near root t ips and i s  u s u a l ly 

assoc i a t ed wit h  a part icular type o f  d e format io n  f rom whi c h  a n  

' inf e c t ion thread ' d evelops . T h i s  thr e a d  i s  in f a c t  a n  i nv a gina t e d  

tube o f  r o o t  h a i r  c e ll-wa ll within which t h e  rhizobia grow, c onfine d  

in a chain a long t he lumen o f  t he tube ( Be r g e r s en , 1 982 ) .  S pe c i f ic 

int eract ions b etween the hos t  plant and t h e  rhizobia may b e  expre s s ed 

at the early s tage , a nd a t  all subsequent s t ag e s  o f  the nodulat ion 

pro c e s s  ( Berge r s e n ,  1 982 ) .  I n  some s pe c i e s  however ,  inf e c t io n  t hreads 

have not been observed . For examp l e  in peanu t  ( Arachis hypogaea ) ,  

nodu l e s  arise in t he j unction o f  l a t er a l  r o o t s  and t he entry o f  

bac teria i s  betwe en t h e  root hair and t h e  e pidermal c e l l  ( Da r t , 1 9 7 7 )  

The r e  a r e  two maj or pat t erns o f  nodu l e  development ( Chen and 

Thornt on , 1 94 0 ; Dart , 1 9 7 7 ) . One is t he ' me r i s tema t i c  type' whic h  1 

charact erized by persis t ent api c a l  mer i s t ems . The inf e c t e d  c e l l s  d o  

n o t  divide , but a r e  increased in number by t he rami f i c a t i o n  o f  

inf e c t ion t hreads i n t o  new t i s sue . Exampl e s  o f  legumes wit h  t h i s  t ype 

of nodule deve l o pment are pea ( Pisum sativum) a nd c lover ( Trifo lium 
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spp . ) .  The second type o f  nodu le has no persi s t e nt meris t e m ,  and is 

c alled the �phe r i c a l  type ' .  I n  spheric a l  nodule s , t he c e n t r a l  

roughly- spherical ma s s e s  of bact eroid-cont aining c e l l s  are f ormed by 

cont inued divis i o n  of infected c e l l s  ( Sut t o n ,  1 98 3 ) . Examp l e s  o f  

legume s with spheric a l  type nodu l e s  are soybean ( Glycine max )  and 

peanut ( Arachis hypogaea ) .  

Within the developed nodules t he bact eroids , c ontaining t h e  

nitrogen-fixing enzyme sys t em ,  are surrounded b y  a solution o f  t h e  red 

pigment , leghaemo g lobin ( Bergersen and Goodchild , 1 9 73 ) .  N od u l e  

ini t i a t ion and development a r e  c ont inuing proc e s s e s  a s  root 

deve lopment c ont inue s .  Ther e f or e , nodu l e s  o f  a l l  a g e s  may b e  

present on a ma ture p lant ( Hicks , 1 9 7 8 ) . 

I t  has long been recognized that t he nodul e  shape i s  a 

charac t eristic o f  the ho s t  p lant r ather than the Rhizobium s t r a i n . 

Nodul e  shape i s  det ermi ned by t he patt ern afn�c ac t iv i t y . I n  

the r ound o r  oval nodu le s , such a s  those i n  s oybean mer i s t e ma t ic 

ac t iv i ty is ini t ially spr ead thr ough t he nodu l e . Af t er 1 0 - 2 0  days 

activity decre a s e s  and t ends t o  be loc a lized in pocke t s  a t  t h e  e d g e  of  

the spheri c a l  b ac t eroid zone and muc h  o f  t he inc r e a s e  in nodul e  size 

therea f t e r  derives from t he growth o f  a lr e ady-infe c t ed c e l l s . S u c h  

nodules retain t he c apac i ty to increase in s i z e  e v e n  when t he y  a r e  

about 6 0  days o ld ( Da r t , 1 9 7 7 ) . The mature nodul e  s t age i s  

charac t erized b y  high nitrogen- f ixing act ivity and high l eghaemo globin 

conc e ntrat ions . The expansion of plant c e l l s  and bac t eroids may 

continue but c e l l  divi s ion does not . The nodu l e s  c ontinue t o  r e c e ive 

plant c arbohydrat e  a nd t he y  export c ombined nitrogen in r e t ur n  

( Su tt o n ,  1 98 3 ) .  
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2 . 1 . 2 Nitrogen f ixa t i o n  in legume s . 

Biological f ixat ion o f  nitrogen is the reduc t ion o f  nit rogen 

gas f rom the a tmo sphere t o  ammonia . I t  t ake s place inside some 

spec ies o f  bacteria and a lgae of which there are two broad groups . 

One lives f r e e ly in s o i l , s e a  and fresh wat e r , and t he other live s in 

a symbiotic r e l a t ionship with certain plant s ( King , 1 98 3 ) . The 

biologic a l  nitrogen f ix a t ion had been wide ly reviewed ( e.g. Berg e r sen , 

1 9 7 7 ; Postga t e , 1 9 7 8 ; S pr ent , 1 9 7 9 ; Havelka �ta l . , 1 98 2 ) . 

I n  legume s ,  the symbiotic nitrogen f ixation r e a c t ion is 

catalyzed by nitrogena s e , an enzyme found i n  bac t eroids o f  legume root 

nodule s . The e nzyme nitrogena s e  is a large molecule with s everal 

subuni t s . The s e  f a l l  into two c a t agories :  t he so-c a ll ed iron pro t e i n  

( fr ac t io n  1 )  c onsist ing o f  two apparent ly ident i c a l  subunit s  and t h e  

iron-mo lybdenum pro t e i n  ( fract ion 2 )  o f  four subunit s .  The gene r a l  

struc ture o f  t he nitrogena s e  c omp lex is remarkably constant among t he 

diff� nitrogen- f ixing organi sms ( Roughley et a l  , 1 98 3 ) . The 

description of how t he r educ t ion of nitrogen to ammonia� i s  

presented i n  Figure 2 . 1  ( Po s t ga t e , 1 9 78 ) . The requirement s f or t h e  

overall r educ t ion o f  nitrogen t o  ammonia are a s  f o l lows ( Roughley et 

a l . , 1 98 3 ) :  

1 .  A sourc e o f  low redox pot ent i a l  reduc t ant ( approxima t e ly -

430 mV ) .  The nature o f  this reduc tant in Rhizobium bac t er oids i s  

probably a ferredoxin ; i t  dona t e s  elec trons singly t o  t he nitrogenase 

reduc t a s e . 

2 .  A supply o f  adenosine tripho sphat e  ( ATP ) .  I t  i s  like ly 

that 1 2 - 3 0  ATP mo lecule s  are nec e s sary for t he reduc t i on of one 
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mo lecule o f  N2 . ATP i s  produc ed by oxidat ive phos phorylation in 

bac t eroids and at least  s ome of i t , in the f orm o f  its magne sium ( Mg )  

c omplex , uni t e s  with the r educ ed nitrogena s e  reduc t a s e . 

3 .  A supply o f  N2 . This i s  not l imit ing under any known 

natural c ondi t ions . The nitrogen mo lecule j o ins wi th nitrogena s e , 

a lmo s t  c ert ainly at i t s  mo lybdinum ( Mo ) -cont aining c entre . The N 2 -

nitrogena s e  then uni t e s  wit h  the reduc ed nitrogenase r educ t a se-ATP -Mg 

to f o rm the a c t ive nitrogenase c omplex . E le c trons f low t o  t he N2 

which is reduc ed in s t a g e s  unt i l  NH3 i s  f ormed . 

Theore t i c a l ly ,  nitrogenase c o nsumes six e le c t rons a nd s i x  

protons t o  r educe o n e  mol e cule o f  dinitrogen t o  two mo l e c u l e s  o f  

ammo ni a . 

However , P o s t g a t e  ( 1 9 8 2 ) point s out t hat t here is e videnc e 

that one molecule o f  H2 i s  released during t he reac t ion . I t  wou l d  

ther e f or e  b e  mor e  c orrec t ly repr e sented a s : 

N2 + 8H+ +'3 e. "' 2 NH 3 + H2 

One s imilarity be tween symbiotic ni t r ogen f ixation and the 

indust rial produ c t ion o f  nitrogen f e r t i l i z e r  i s  that both me thods 

require energy b e f ore t he react ion can proc eed . Nitrogena s e  requir e s  

energy in t he f orm of adeno sine t ri pho spha t e  ( ATP ) ,  and i t  c onsume s 

about 1 5  mol e s  o f  ATP t o  f ix one mol e  o f  dinitrogen ( Po s t g a t e , 1 98 2 ) .  

In order for t he sys t em t o  f unc t i on properly , a supply o f  oxygen a nd 

carbon are e s sentia l .  Oxygen i s  v i t a l  f o r  the produc tion o f  ATP . 

C arbon c ompounds in the nodu les are used t o  provide energy for 

nitrogenase a c t ivity and that the fixed nit rogen i s  c ombined rapidly 
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into amino acids and amides ( Berg e r s e n , 1 98 2 ) .  The supply o f  c a r bon 

origina t e s  mainly as pho t o syntha t e s  in t he leaves , but may be 

supplemented by C 02 upt ake dir ec t ly int o nodules ( Roughley et a l . ,  

1 983 ) .  

The symbiosis i s  e s tabli shed when the hos t  plant provid e s  

oxidizable c arbon sub s t r a t e s  t o  t he nodule a s  a source o f  e nergy f or 

fixa t i o n . The nodules in turn expor t  r educed nitrogen in t h e  form o f  

amino acids , amide s ,  o r  ureid e s  f or pro t e in synthes i s  in t h e  ho s t  

( At kins , 1 9 84 ) . I n  addit ion , e ne rgy i n  the f orm o f  pho t o s ynthat e  i s  

also r equired for nodul e  forma t i o n  a nd maintenanc e , hydrog e n  l o s s  and 

inc orporat ion and transport of newly fixed nitrogen ( LaRue a nd 

Patterson , 1 98 1 ;  Have lka et a l . , 1 98 2 ) .  For example , Minchin and P a t e  

( 1 9 7 3 ) f ound that nodul a t ed p e a  ( Pisum sativum) u s ed 5 . 9  m g  o f  c arbon 

for every 1 mg nitrogen f ixed . 

2 . 1 . 3  Fact ors inf luenc ing nodu la t i on and nitrogen fixat ion . 

The patt ern of ni trogen f ixat ion generally observed in annu a l  

grain l egume s during d eve lopment i s  o f  a rise i n  a c t ivity f r om t he 

seedling stage , and during veg e t a t ive growt h ,  to a peak somewhere 

during early reproduct ive growt h ,  and a more or l e s s  rapid d e c l i n e  

during p o d  f il ling ( Sprent , 1 9 7 9 ) .  W i t h  a growing plant , nodule 

init i a t ion and deve lo pment i s  occuring c ont inually , but t h e  o ve r a l l  

pattern o f  nitrogen f ixation b y  a populat ion o f  nodules o n  a plant 

resemb l e s  that o f  individual nodu le s , but over a longer t ime span 

( Gibson et a l . , 1 982 ) .  The potential s ymbiotic nitrogen f ix a t i o n  o f  a 

legume c a n  be d e f ined a s  the maximum ac t ivity o f  t hat legume whe n  i t  

is nod u l a t ed wit h  the mo s t  e f f e c t ive Rhizobium strain and grown u nd e r  
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the mos t  f avourable environment a l  c ondi t i ons . Many biological a nd 

environmental fac t or s  c a n  a f f e c t  t he ni trogen f ixing potent i a l  o f  a 

le gume , t hrough ef f e c t s  on the nodu l a t ion patt ern or on the 

spec i f ic nitrogenase a c t ivity o f  the nodu l e s . The s e  factors have a ls o  

been widely reviewed ( e.g. Lie , 1 98 1 ; Have lka et a l . , 1 982 ) .  The 

obj ec t iv e  of t he f o llowing sect ions is to review the environment a l , 

nutri t i onal and biologi c a l  factors limi t ing nitrogen fixation by 

legumes with emphas i s  e s pecially on s oybe a n . 

2 . 1 . 3 . 1  Environmental f a c t ors . 

2 . 1 . 3 . 1 . 1  Temperat ur e : S o i l  t emperature i s  a ma j or 

f a c t o r  a f fe c t ing mo s t  s t a ge s  o f  nodule f or ma t ion a nd funct ion . The 

litera ture on the e f f e c t s  o f  temperature on symbiotic nitrogen 

fixa t i on is ext ens ive ( e.g. Gibson , 1 9 7 7 ) . Various c ombina t ions o f  

ho s t  a nd s t rain o f  Rhizobi·1m have d i f f erent t emperature r e qu irement s 

but , i n  genera l ,  t he opt imum t emperature f o r  f ixat ion reflec t s  t h e  

natura l habi t a t  o f  t h e  hos t  ( Roughley et  a l . , 1 98 3 ) . Lower than 

opt ima l root t emperatures are found to r e t a rd root hair inf ec t io n  mor e  

than nodule ini t ia t io n , nodule deve lopment o r  nitrogen f ixat ion 

( Gibson ,  1 9 7 1 ) .  However ,  r e l a t ively li t t le i s  known o f  the e f f e c t  o f  

high s o i l  t emperatures o n  the survival o f  rhizobia under f i e ld 

condit i ons ( Gibson et a l . , 1 98 2 ) .  I n  soybean , nitrogen fixa t i o n  was 

found t o  increase in soil temperature u p  t o  2 7° C wi th an opt imum 

soil t emperature of 2 4 °  C over a range o f  s o i l  wat e r  pot ent ials ( Kuo 

and Boersma , 1 9 7 1 ) . P ankhurst and Sprent ( 1 9 7 6 ) however ,  f ound a 

broad opt imum t emperature o f  betwe en 1 5  and 3 0 °  C f o r  ni t ro gen 

f ixa t i on by nodu l e s  o f  soybean ( cv .  Por t ag e ) ,  and this opt imum 

t empe r a t ur e  range decreased wit h  wa t e r  s t re s s . 
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Air t e mperature may a ls o  have a s  great , i f  not g r e a t e r , e f f e c t  

as s o i l  t emperature o n  nodule act ivit y ,  perhaps b e c ause o f  i t s  e f f e c t  

o n  trans locat ion o f  carbohydr a t e s  from t h e  l eaves t o  t h e  nodule s  

( Brun , 1 9 78 ) . 

2 . 1 . 3 . 1 . 2  Light : I t  i s  known that t he energy r e quired 

for symb io t ic nit rogen f ixation i s  derived f rom pho t o s ynth e s i s  whi c h  

depends o n  the li ght e nvironment ( Rabie , 1 98 1 ) .  I n  whit e  c lover 

( Trifo lium repens ), C hu a nd Robertson ( 1 9 7 4 )  f ound t hat shading t o  5 0 %  

o f  day light r educed the number and weight o f  nodules p e r  p lant b u t  

caused n o  d e t e c t able di f f erenc e  in t h e  r a t e  o f  a c e tylene reduc t i on . 

Shading has been shown t o  inf luence growth a s  wel l  a s  nit r ogen 

fixat ion in s oybean ( Rabie and Kumazawa , 1 9 7 9 ) .  P� grown unde r  

full l ight produc ed mor e  dry-ma t t e r , higher nitrogen cont e nt , g r e a t e r  

nodule mas s  and higher nodu l e  number than under shade . H owever , T r a ng 

and Giddens ( 1 9 8 0 ) reported tha t  in soybean t o t a l  nodule a c t i vi t y , a s  

measured by a c e tylene r educ tion a s s ay , was greater under shaded p l a n t s  

than in unshaded plant s . 

Light intensity has a l s o  been reported t o  a f fe c t  nodu l a t i o n  

and nitrogen f ixing a c t ivity . For examp l e , Gibson ( 1 9 7 6 ) f ound , when 

subt erranean c lover ( Trifo lium subterraneum) plant s were e i ther g rown 

continuous ly under low or high light int ens i t i e s  for 20 days f o l lowing 

inocul a t ion or were trans ferred to a l terna t e  cond i t i ons , t h e  

ni trogenase a c t ivity o f  p l a n t s  p l a c e d  i n t o  l ow light dec r e a sed by 4 0 %  

whereas a 5 0 %  increase i n  a c t ivity was rec orded f o r  plants p l a c e d  into 

high l ight . Furt hermo r e , nodule weight s o f  plant s placed into l ow 

light rema ined s t at i c , whereas tho s e  placed into high light inc r e a se d  

signi f ic antly wi t hin 3 days . 
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2 . 1 . 3 . 1 . 3  Mo i s ture s t r e s s : The l egume nodule requ ir e s  

water for maintainance o f  turgidity o f  i t s  t i s su e s  and f o r  t he e xp or t  

in the xylem o f  the f ixa t ion produc t s . Mo i s ture s t r e s s e s  due t o  
�e 

either d e f ic iency or exc e s s  are detriment a l  t o  legume-Rhizobium 
A 

symbiosis . Infect ion i s  af fec ted in low s o i l  wa t e r  pot ent i a l  due t o  

the absence o f  norma l root hair s . Inst ead , short , s tubby root hairs 

appea r , whic h  are inadequate f or infection by Rhizobium (Worrall a nd 

Roughley , 1 9 7 6 ) . Fol lowing succ e s s f ul inf ec t ion , r educ ed wat er supply 

can retard nodule develo pment in Vicia faba ( Ga llacher and S prent , 

1 9 78 ) . Prolonged desic c a t ion leads t o  nodule l o s s  with a c onsequent 

reduc t ion in t he level o f  nitrogen f ixa t i on unt i l  new nodu l e s  f orm 

( Gibson et al., 1 9 82 ) . Because the plant may be able t o  r esume 

meris t ema t ic a c t ivity , the rec overy from s t r e s s  on r ewa t ering seems t o  

depend on t he type o f  nodul e . Plants with mer i s t ema t i c  nodules ( i.e. 

Vicia faba)  c a n  recover f r om wat e r  s t r e s s  by regrowth o f  exi s t ing 

nodule s ,  whi l e  in plant s wi th spheric a l  nodu l e s  ( i.e. s oybea n )  s evere 

s t r e s s  can cause nodu l e  s hedding and recovery is like ly t o  be s l o we r  

and to invo lve t he f orma t ion o f  new nodule s  ( Sprent , 1 9 76 ) . 

Wat e r - logging adversely a f fe c t s  plant growt h ,  but t he ma j or 

factor leading t o  � nit r og e n  f ixation ari s e s  from oxyge n  

defici ency . Water-logging c a n  also a f f e c t  nodule number ,  s i z e  and 

wa ter content ( Sprent , 1 9 7 6 ) .  Fie ld observation ( L awn and Byth , 1 9 7 9 ) 

and labora t ory s t udy ( S t anley et a l . , 1 9 80 ) sugge s t  that s oybean , 

c ompared wit h  o t her l egume s i s  r e l at ively tolerant t o  t emporary wat e r -

logging . S ome recent s t udies in Au s tralia indic a t ed that s evera l 

legume s inc luding soybean have sub s t an t i a l  abi l i t i e s  t o  adj us t  t o  

wat er- logged soil s , particularly when t he soil saturation o c c ur s  
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during early seed ling growth and t he wat e r  table i s  mainta ined a t  t he 

const ant level e . g .  a t  about 1 5  cm below the soil sur f a c e  ( Bu shby , 

1 982 ) . One o f  t he sbilies showed that nodular mas s  wa s inc r eased in 

high water-table culture by up t o  3 5  t ime s t ha t  o f  control plant s a nd 

in s ome c a s e s  a c c ount ed f or f ive percent o f  t o t a l  p lant dry-ma t t e r  

( Hunt er et  a Z . , 1 9 80 ) . Troedson et  a Z .  ( 1 9 8 5 ) c onc luded t ha t  

saturated soil c u lture promo t ed higher growt h rat e s , more prol i f i c  

nodu l a t ion , great e r  and more prolong nitrogen fixa tion and higher s e ed 

yie ld t han a s siduous c o nventiona l irriga t io n . 

2 . 1 . 3 . 2 Nut r i t iona l f a c t o r s . 

The mineral nutr i t ion o f  l egume s i s  s omewhat mor e 

complex than that o f  o t he r  plant spec i e s  because o f  t he s pe c i a l  

symbiotic relat ionship exi s t ing be twee n  t h e  l egume ho s t  a nd t he 

associated rhizobial b a c t e ria . Particular nutrit ional r e qu ir ement s 

are nece ssary f o r  thi s  extra phys i o logic a l  proc e s s  t o  o pe ra t e  

effic ient ly . I t  i s  a l s o  important t o  rec ognise that both t he types o f  

mineral element s and t h e  conc ent r a t io n  required f o r  the s e  additional 

func t ions may not be the same a s  t ho s e  required for t he norma l growt h 

of the ho s t  plant i t s e l f  ( Smi t h ,  1 98 2 ) .  

Miner a l  nut rients may limi t nitrogen f ixation by a f f ec t i ng a ny 

of the f o llowing f our phas e s , name ly ( i . ) l egume growth , ( ii . )  g r owt h 

and survival o f  rhizobi a , ( iii . )  infec t i o n  and nodu l e  deve lopment , a nd 

( iv . ) nodule func t ion ( Robson , 1 9 7 8 ) . 

I n  addit ion t o  a review o f  the e f fe c t s  o f  c ombined nitroge n ,  

the role o f  minera l nut rients whic h  a r e  e s sential t o  each phas e  o f  

symb i o t i c  nitrogen f ixa t io n  wi l l  b e  discussed i n  t he f o l l o wing 

sect ion . 



1 9 

2 . 1 . 3 . 2 . 1  C ombined nitroge n :  C ombined nitrogen h a s  b e e n  

repeatedly reported t o  signi f ic antly inhibit and d e l a y  nodu l a t i o n  and 

nitrogen fixation in l egume s ( e. g .  Ham et a l . , 1 9 7 5 ;  Rabi e  et a l . , 

1 9 7 9 ;  Manhart and Wong , 1 98 0  ) .  Thr e e  pha s e s  are a f f e c t ed :  r o o t  hair 

infec t ion , nodu l e  growt h ,  and nitrogena se a c t ivity . Pate ( 1 9 7 7 )  

repor ted work which sugg e s ted that r o o t  hair curling , and t he 

subsequent forma t ion o f  inf e c t ion t hreads was mor e  suscept ible t o  

injury t han the later s t ag e s  o f  nodul a t io n . The e f f ect o f  c omb ined 

nitrogen on nitrogen f ixation s e ems t o  be varied acc ording to t he 

nitrogen form ( Rabie , 1 98 1 ) .  For examp l e , Mahon ( 1 9 7 7 )  f ound that 

nitrate ion ( N0- 3 ) c onc entrat ion ( as 1 0mM potassium nit r at e ) 

decre a s ed ace tylene reduc t ion by over 9 5 %  in pea , whereas wi t h  a n  

equal c oncent ration o f  ammonia ( NH+4 ) ,  t he inhibit ion wa s e s t imat e d  a s  

only 1 6 % .  I n  s oybean grown i n  nutrient s o lut ions , Vigue e t  a l .  ( 1 9 7 7 )  

repor ted that nitrate inhibi t ed nodu l a t ion more than urea and t hi s  

trend was int erpreted t o  b e  part i a l ly d u e  t o  urea upt ake by plants 

being s lower than nit r a t e  uptake , r e gardless of the urea c oncent r a t ion 

supplied . 

Marked s t imul a t ion o f  nitrogen f ixation by early 

supplement ation with c ombined nitrogen ha s also been observed wit h  two 

grain legume s . With soybean , when 7mM nit r a t e  nitrogen was included 

in the nutrient solution for 14 days a f t e r  sowing , a thr e e - f o ld 

differenc e  in t o t a l  nit rogen a t  3 6  days was attributed t o  t he b e t t e r  

early growth o f  the supplement ed plant s . A similar situa t i o n  was 

found wit h  lupins whe r e  supplementary nitrogen a l s o  c onsiderab ly 

increased the number and length o f  lateral roots ( Gibson , 19 7 6 ) .  
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In order t o  d e t e c t  the s i gnific ance o f  nitrogen f e r t i li z e r  

during the f lowe ring and pod f i l l ing s t a g e s  o f  pl ant growt h ,  S t r e et e r  

( 1 9 7 8 ) subj e c t ed non-nodulated soybeans t o  nitrogen s t arva t ion . H e  

found that nitrogen s t r e s s  during t h e  pha s e  o f  r apid seed f orma t i o n  

wa s only depre s sive on individua l  s e ed we ight and i t s  nitrogen 

c onc e ntration , whe reas nitrogen stress a t  the end o f  f l ower i ng o r  

during early pod forma t i o n  caused a ma j o r  reduc t io n  i n  pod a nd s e ed 

numbers a s  we l l  a s  further decre a s e s  in seed weight and in nitr o g e n  

c oncentration o f  t h e  s e e d  and vege t a t ive t is sues . Almo s t  t h e  same 

trend was also obt ained by Egli et a l .  ( 1 9 78a ) . I t  has repeated l y  

been reported tha t  f ixed nitrogen f a i l s  t o  supply a l l  nit r ogen 

requirement s f or optimum growth and maximum s eed yie ld ( e . g .  Ham e t  

a l . , 1 9 7 5 ; Rabie et  a l . , 1 9 7 9 ; Rabie and Kumazawa , 1 9 7 9 ; Manha r t  a nd 

Wong , 1 980 ) • Applic a t i o n  of ni trogen wit hin the range wher e  

symbiotic f ixation is n o t  inhibited may b e  e s s ent ia l , and s hould b e  

based on t h e  res idual s o i l  nitrogen ( Rabie , 1 9 8 1 ) .  

2 . 1 . 3 . 2 . 2  Mineral nut rition o f  rhizobi a : The mine r a l  

nutrition o f  rhizobia h a s  received li t t le a t t ention . Qua l i t a t iv e  

requirement s f o r  rhizobi a l  growt h have b e e n  demonstrated f o r  

pho sphorus , p o t a s sium , ma gnesium , c alc ium , mo lybdenum , cobalt , z in c , 

manganese and iron ( Robson , 1 9 78 ) . Very l i t t le has been done t o  

rela t e  t he s e  requireme n t s  t o  c ondit ions i n  the rhiz o sphe r e . For mo s t  

eleme nt s there fore , i t  i s  not p o s sible t o  c onfident ly a s s e s s  whet he r  

t h e  ext ernal requireme nt o f  t h e  p la nt exc e e d s  that f or t he growth a nd 

survival o f  Rhizobium ( Smi t h ,  1 98 2 ) .  

2 . 1 . 3 . 2 . 3  Effec t s  o f  mine r a l  nu trients on infec t io n  a nd 

nodu l a t ion : Det a i led s t udies on the e f f e c t s  o f  nutrients o n  infe c t ion 
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and nodulat ion have shown that only c a lc ium ( C a )  and boro n  ( B )  have 

been c le arly demonstrated t o  be spec i f i c a l ly invo lved in t h e s e  

pro c e s s e s  ( Robson , 1 9 7 8 ;  Smith , 1 9 8 2 ) . 

I n  modera t e ly acid ( pH < 5 . 5 )  s o lut ions , nodul e  f o rma t i o n  

appears t o  have a higher requir ement f o r  C a  than that o f  t he h o s t  

plant at least with some l egume spec i e s  e . g. subt erranean c lover 

(Lowther and Loneragan ,  1 9 6 8 )  and lucerne ( Munns , 1 9 7 0 ) . S i nc e , t he 

ea-sens i t ive stage occurred wit hin 3 d ays a fter inoculat i o n , 

Munns ( 1 9 7 0 )  sugg e s t ed that the involvement o f  e a  wa s in nodul e  

ini t i a t io n  rather than i n  nodule d evelopment . 

Studies wit h  boron have shown a direc t  involvement wit h  nodule 

development . Boron d e f i c iency prevent s both mer i s t emat i c  and v a s cu l a r  

deve lopment ( Munns , 1 98 0 ) . T h e  appearance o f  b o t h  nitrogen a n d  boron 

defic i ency symptoms on boron-de f i c ient l egume s sugg e s t s  t h a t  t he 

requireme nt o f  t hi s  e l ement for nodule development i s  simi l a r  t o  that 

for t he growth o f  the ho s t  p lant ( Munns , 1 9 7 7 ) . 

Pho sphorus applic a t i ons whi c h  increase plant growt h c ommonly 

increase nodule number , nodu l e  volume and nodul e  we ight . These 

e f f ec t s  can generally b e  exp la ined by indirec t e f fe c t s  o f  phJpho r u s  o n  
A 

�e 
nodul a t io n  associated wi th growth re sponse by legume ( Rob s o n , 1 9 78 ) . 

A 

For example , Gat es ( 1 9 74 )  observed nodules in Sty losanthes humi lis  

three days earlier i n  high phosphorus t han i n  low pho s phoru s p l a nt s , 

However , d i f f erenc e s  in plant s i z e  were apparent f our days e a r l i e r  in 

high phosphorus plant s . Hence nodul e  development may have b e e n  

delayed i n  low pho sphorus plant s b y  limi ta t i on on ho s t  p l a nt g r o wt h . 

2 . 1 . 3 . 2 . 4 E f f e c t s  o f  mine r a l  nutrient s o n  nodule funct i o n : 

Several nut ri ent s have specific r o l e s  in t he nit rogen f ixat i o n  p r o c e s s  
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wi thin t he nodule . However , for mo s t  nu trients this requir ement i s  

less than that for plant me tabolism e lsewher e  i n  the plant ( Robs o n , 

1 9 78 ) . 

Molybdenum and cobalt have spe c i f i c  roles c learly define d , 

respect ively a s  a component o f  nitrogena s e  a nd as a nutr i e n t s  f o r  

rhizobia ( Munns , 1 980 ) . The requirement o f  mo lybdenum f or nodu l e  

func t ion far exceeds i t s  requirement e l s ewhe r e  in t he plant 

( Robson , 1 98 3 ) . C obolt -de f i c ient nodul e s  o f  Lupinus angustifolius 

contain f ewer bac t eroids per unit weight o f  nodul e  and l e s s  

deoxyribonu c l e ic acid ( DNA ) p e r  bac t eroid ( Di lwor t h  et a l . , 1 9 7 9 ) . 

There are also indic a t ions t hat grea t er amount s o f  c opper ( C u )  

and c a l c ium ( C a )  may be requ ired f or nodul e  func tion t han f or growth 

of the ho s t  plant ( Robso n ,  1 9 78 ) . 

Although there i s  no direc t evid e nc e that nodul e  func t i o n  

requires mor e  pho sphorus ( P )  t han plant growth ,  increas ing t he amo u n t  

o f  applied P above that r e qu ired for maximum dry mat te r  produc t i o n  d id 

increase the nitrogen c onc ent ration in the shoo t s  o f  s evera l  legume s 

spe c i e s  ( Andrew and Robins , 1 9 6 9 ; Andrew, 1 9 7 7 ) . 

Sulphur deficiency can limi t both nodula tion and nitrogen 

fixat ion , reduce nodu le number and reduc e nodule s i z e  ( Oke , 1 9 6 9 ) . 

Severe sulphur deficiency r educe s  the r a t e  o f  prot e in synthesis mor e  

than the rate o f  nitrogen f ixation and leads t o  accumulat ion of non­

pro tein nitrogen ( Spenc er , 1 9 5 9 ) .  Mode r a t e  sulphur d e f i c iency c a n  

reduc e t h e  protein content o f  l egume s wit hout reduc ing plant growth 

( Jones et a l . , 1 9 7 1 ) . 

2 . 1 . 3 . 3  Biological fac t or s . 
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2 . 1 . 3 . 3 . 1  Pho t o syntha t e  supply : From the t ime when 

the free living Rhizobium is f i r s t  a t trac t ed t o  and mu l t i p l i e s  within 

the rhizosphere t hrough t o  the s t ages of init iation , deve l o pment , and 

maint einance o f  f ully f unc t ional nodules , t he hos t  p lant s mus t  supply 

the symbiotic organs with a wid e  variety o f  nutrient and r e gu la t o r y  

subst anc e s  in amounts a nd propor t ions mat c hing t he ever-changing 
fue 

requirement s o f A symb i o s i s  ( Pate , 1 9 7 7 ) . The import anc e o f  

phot o syntha t e s  for the symbiosis c a n  b e  c le a r ly shown by t he re sult s 

o f  detailed studies which have loo ked a t  the par t i t ioning o f  

photo syntha t e  wit hin the plant a nd how that has influenced nodul e  

deve lopment and subse qu ent nitrogen f ixa t io n . F or exampl e ,  during t he 

early vegetat ive period in pea ( Pisum sativum ) , about 7 4 %  o f  t he 

daily-acquired pho t osynthate is t ransport ed downwards and , o f  thi s , 

42% i s  divert e d  t o  the roots and 3 2 %  t o  t he nodul e s . Abou t  half o f  

the c arbon input o f  nodules i s  returned t o  t he shoot a s  f ix a t ion 

produc t s  and t he rest is mainly used for respirat i o n  ( 1 2 % )  and growt h 

of the nodu l e  ( 5 % ) . I n  root s , a pproxima t e ly 3 5 %  o f  carbon r e quired i s  

used f o r  re spira t i on ,  s o  that nodu lated root s u s e  a pproxima t e ly 5 0 %  o f  

the daily pho t o syntha t e  f or respiration ( Minchin and Pate , 1 9 7 3 ;  P a t e , 

1 9 76 ) . The c onc ept o f  photosynthate supply t o  t he nodul e  f rom the 

shoot a s  the natural p a c e  regu l a t or o f  f ixat ion ,  ext ends a l s o  to 

observat ions o n  diurna l variat ions in nodu l e  ac t ivi t y . S i nc e , the 

diurnal c hang e s  in a c et ylene-reduc ing a c t ivity usually show higher 

rates o f  f ixat ion during daylight hours than at night ( e. g .  Bergers e n ,  

1 9 70; Mague and Burri s , 1 9 72 ) ,  and f ixation b y  det a ched nodul e s  i s  

consist ent ly l e s s  t ha n  that of equivalent weight s o f  a t t a c hed nodu l e s  

( Mague and Burri s , 1 9 7 2 ) ,  nodu l e s  appear t o  b e  very depend e nt o n  
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current t ransloc a t e . The level o f  s o luble carbohydra t e  i n  nodu l e s  

falls and their rate o f  ni trogen f ixation quickly dec line s once t he 

photo synthe s i sing shoot has been removed ( Mi nchin and P at e , 1 9 74 ) .  I t  

had been wid e ly recognized that t he marked dec line in ni trogen 

fixa t i on during t he early pod f i l ling s t a g e  wa s coinc ident with t h e  

commencement o f  nodule s enescenc e  ( e . g . LaRue and Kurz , 1 9 7 3 ; H a m  et 

a l . , 1 9 7 6 ) . Numerous workers have a t t r ibut ed the d ec line i n  nit r o g e n  

f ixing activity t o  comp e t i tion from t h e  deve loping p o d s  a nd s e e d s  f or 

the limi t ed phot o s yntha t e s . I n  an a t t empt t o  def ine t hi s  more 

pre c i s e ly Lawn and Brun ( 1 9 74a ) examined t he seasonal pat t ern o f  

nitrogen fixa t ion relat ive t o  the phys iological development o f  t h e  

soybean plant . They used treatments desi gned t o  a lt er t he supply o f  

photosynthe t i c  a s s imi l a t e  to the nodu l e s  during t he p o d  f i l ling s t a ge . 

Their main c onc lu s ions were ( i )  trea tme n t s  t o  enhance the 

pho t o synthet ic soure- s ink ratio ( supplement ary light and depodding ) 

maintained nitrogena s e  ac t ivity we l l  above c ontrol , ( ii )  those whi c h  

reduced the sourc e - sink ratio ( shading and defoliation ) ,  d e c r e a s e d  

the ac t ivity be low t h e  l e v e l  o f  t he contro l s . So , they interpr e t ed 

the r e sult s a s  evidence t hat nit rogen fixat ion declined during pod 

filling a s  a r e su l t  o f  inadequat e  supply o f  a s simi l a t e  t o  the nodu l e s . 

In pea ,  Bethlenfalvay et  a l .  ( 1 9 78b ) f ound that nitrogen f ix a t i o n  

calculated f rom C zHz-redu c t ion and Hz -evolu t ion d a t a , wa s 

significant ly lower in the partially-d e f o l i a t ed plant s and gene r a l ly 

higher in the depodded p l ant s than in t he c ontrol s . However , t hey 

conc luded that c ompe t i t io n  for pho t o synthet ic produc t s  wa s s hown to 

a f fe c t  only t he magnitude and t imi ng , but not the apparent r e la t i v e  

e f fic iency , o f  nitrogen f ixation . S imil a r  c onc lu sions wer e  r e a c h e d  i n  



2 5  

the study us ing mung beans ( Vigna radiata ) by Chen and Sung ( 1 9 8 2 ) .  

They a lso indic ated that par t i a l  defoliat ion and pod remo v a l  dir e c t ly 

inf luenced t he deve lopme nt o f  nodu l e  ma s s . Thu s  t he s e  r e su lt s  sugge s t  

that t he dec line in nitrogen f ixation c ould be d u e  t o  the d iver s i o n  o f  

pho t o s yntha t e s  i n t o  s e e d s  r e sult ing in a decreased supply t o  the 

nodu l e s . 

I n  c ontr a s t  Wil s on et a l. .  ( 1 9 7 8 ) have reported that in ma le­

sterile mutants of soyb e a n ,  nitrogen f ixation declined in paral l e l  

with t hat i n  ma l e - f e r t i l e  plant s . S inc e ma le-sterile plant s produc e d  

85% f ewer pods than mal e - f e r t i le plant s ,  i t  appears t hat mobil i z at ion 

of pho tosynthat e s  by developing s e eds may not be the main c au s e  f or 

the decli ne in nitrogen f ixat ion at t he t ime o f  pod f il l i n g . They 

also observed that t he l e aves o f  male-sterile mutants r emained green 

wel l  a f ter t he l e aves o f  c ontrol plants had fully senesc ed . 

Rec i pro c a l  gra f t ing was used to examine the r e l a t ive 

import ance o f  root and shoot on the symbiosis in soyb eans ( L awn a nd 

Brun , 1 9 74b ; L awn et  a l. . ,  1 9 7 4 ) . Dif f erenc e s  in pho t o synth e s is 

betwee n  geno types inf luenc ed the amount o f  phot o syntha t e  available f or 

expor t and inf luenc ed nodul e  a c t ivity ( ac e tylene reduc t i o n  a c t i v i ty ) . 

Root geno type appeared t o  have li t t le e f f e c t  on the amount o f  nodule 

tissue formed but did inf luence the ability of nodu l e s  to r educ e 

acetylene . However ,  those studies were determined in the presence o f  

only one s t r a i n  o f  Rhizobium . S imilar technique wa s u s ed t o  s t udy 

e f f ec t o f  r o o t , shoo t and Rhizobium strain o n  nitrogen f ix a t io n  in 

four As iatic Vigna spe c i e s  ( Lawn and Bushby , 1 98 2 ) .  They f ound that 

there wer e  large and signi f i c ant e f f e c t s  of root geno t yp e , s ho o t  

genot ype and Rhizobium s t rain o n  plant and nodul e  charac t e r s . E f f e c t s  
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o f  both shoot and root geno type o n  t o t a l  nodule a c t ivity a nd nit r og e n  

fixation appeared to be d u e  t o  e f f e c t s  on nodule fresh we ight , whi l e  

tho s e  of Rhizobium strain were a s so ciated primarily wi th s p ec i f ic 

nodu le a c t ivit y .  i t  i s  a l s o  sugge s t ed that shoot genotype d i f f er enc e s  

i n  nodule fresh we ight arose because o f  diff erenc e s  i n  le a f  area . 

I n  an a t t emp t  t o  s e e  i f  i t  wa s p o s sible t o  delay o r  reve r s e  

the dec line of nitrogen f ixation i n  s oybean cult ivar s ,  gra f t ing 

experiment s were used by Malik ( 1 9 83 ) . He found that whe n  young 

sc ions were gra f ted near t o  t he base o f  fruit ing stocks , t h e s e  gra f t s  

produced a second peak o f  nitrogen f ixa tion o n  the same r o o t  s ys t em ,  

but t he second peak wa s very sma l l  i f  the sc ions were graf t e d  n e a r  t o  

the apex o f  the s t oc ks . However , t he s e  s imi lar result s  c ou ld not be 

achieved when the scions used wer e  the same age a s  the s t o c k  p l a nt . 

He conc luded t herefore t ha t  the dec line in nitrogen f ixa t i o n  wa s not 

simply c ontrol led by mobi l i z a t i o n  o f  c arbohydra t e s  into s e e d s  o r  by 

leaf s enescenc e , but that a change in the physiological c ondi t i o n s  of 

the d i f ferent c ompone n t s  o f  the shoot also regulated the r a t e  o f  

ni trogen f ixation . 

2 . 1 . 3 . 3 . 2 Symbiotic compa t ib i lity betwe e n  rhi zobium 

and ho s t . Spe c if i c i t y  be twe e n  h o s t  legume s and rhizobia o c c u r s  a t  

three level s , name ly t he abi l i t y  t o  form nodule s ,  the abil i ty t o  f ix 

nitrogen and t he degree t o  whic h  symbiotic nitrogen f ixa t i o n  mee t s  t he 

plant ' s  nit rogen requireme n t s  ( Gibson et a l . , 1 98 2 ) . I n  g e ner a l , a 

muc h  wider range o f  rhizobia c a n  nodulate plant s than c a n  f ix n i t r og e n  

wi thin nodules . F or examp l e , Rhizobium Zeguminosarum nod u l a t e s  

Phaseo lus we l l  in vitro , though i t  never � ni trogen i n  t h e  nod u l e s  

(Beringer , 1 98 4 ) . Many tropical legume s have abi lity t o  f o rm nodules 
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wit h  a wide range o f  Rhizobium spp . s t rains . However , this 

gene r a l ization can be dangerous a s  s t rong spec i f i c i ty often exi s t s  

wit h  r e gard t o  the symbiotic e f f e c t ivene s s  o f  the associat i ons f ormed 

( Dart and Halliday , 1 98 0 ) . 

2 . 1 . 3 . 3 . 3  P e s t  and disease e f f ec t s . When nitro g e n­

fixing organisms bear p e s t s  or pathogens , the nitrogen fixing pro c e s s  

i s  u s u a l ly adve r s e ly a f f e c ted . C onvers e ly , the nitrogen-f i xing 

symb i o s i s  may a f fe c t  the plant d i s e a s e  which could result f r om e f f e c t s  

o n  plant nutrient status a s  we l l  a s  direct e f f e c t s  ( Sprent , 1 9 86 ) . 

Plant viruses a f f e c t  t he s t ructure , physiology and biology o f  

b o t h  r o o t  nodule s and h o s t  plant ( Sprent , 1 9 8 6 ) . 

Many int eract ions between p lant patho genic fungi a nd root 

nodu l e s  have been repor t ed . I n  s ome c a s e s , p lant prot e c t i o n  by 

rhizobia have been cited for examp l e , Tu ( 1 9 7 8 )  f ound that rhizobia 

actually c oloni s ed the tips o f  hyphae o f  Phytophthora megasperma whi c h  

cau se s  r o o t  rot o f  soybean and lucerne and in t h i s  way could a f f e c t  

fung a l  growt h .  

Roo t -knot and cyst nema t o d e s  int e r f e r e  wi th nodulat i on o f  many 

legume s inc luding soybean , peanu t  and c owpea ( Robinson,  1 9 6 1 ;  T a ha and 

Raski , 1 96 9 ) .  B e s ides their harmfu l  e f f e c t s  on nodulation a nd ho s t  

vigour ( Ko et  a l . , 1 � 184 ) nema t od e s  c a n  a l s o  a f f e c t  the spec i f ic 

ni trogen-f ixing ac t ivity of the nodu l e s  ( Gibson et a l . , 1 98 2 ) .  

The nodu l e s  on legume s a r e  a f avoured place for Sitona spp . 

and Rive l lia spp . t o  lay their eggs , with mo s t  o f  the damag e  aris ing 

from t he f eeding l arvae ( Gibson et a l . ,  1 982 ) .  Colaspis brunnea i s  

repo r t e d  t o  a t t ac k  soybean nodules ( Turnispeed , 1 9 7 3 ) . L egume a l s o  

pro du c e  many toxins t o  pe st s , f o r  exampl e  ureides are not u t i l i s e d  by 



2 8  

ins e c t  herbivore s  and t hus ni trogen- f ixing plants which exp o r t  u r e i d e s  

may be at an advantage c ompared wi th plant s o f  t h e  same geno type 

ut i l i s ing c omb ined nitrogen ( Wi l s on and S t inner , 1 9 84 ) . 

2 . 1 . 4 Met hodology of nitrogen f ixation mea surement s .  Several 

me thods of mea suring r a t e s  o f  nitrogen f ixat ion have been developed . 

Very c omprehens ive c omparisons o f  these me t hods have been publi shed 

( Berger s e n ,  1 9 80 ) . A brief discu s s io n  o f  s ome methods is pr esented in 

the s e c t ions t ha t  f o l low . 

2 . 1 . 4 . 1  N it rogen accumulation . The s t andard proc edure f or 

nitrogen a nalysis i s  the Kj e ldahl determination ( Bremner a nd Ma lvane y , 

1 98 2 ) .  This s impl e s t  e s t imat e  o f  nitrogen f ixat ion is by t o t a l  

nitrogen accumu l a t ion o f  t he crop which i s  based on the int u i tive 

as sump t ion t ha t  the crop derives all its nitrogen via symb i o t ic 

nitrogen fixa t ion. So ,  many e s t ima ted values based on this me tho d s  

certainly overe s t ima t e  f ixation ( LaRue and Patterson , 1 98 1 ) .  One 

promi s ing approach us ing this method would be as a screening me thod in 

a breeding program . Tot a l  nitrogen produc tion o f  progeny e f f ec t ively 

nodulated by a n  e f f i c ie nt Rhizobium strain would be a s e l ec t ion 

criterion f o r  high nitrogen f ixa t i o n . This same approach c ou ld b e  

used t o  s e l e c t e d  f or e f f i c ient rhizobia ( Havelka et a l . , 1 98 2 ) .  

An adj u s t ed mea sure o f  f ixa t i on by nitrogen ac cumu l a t i on i s  

obt a i ned whe n  t he c ontribution o f  s o i l  nit rogen t o  the t o t a l  nitrogen 

of legume s i s  e s t ima t ed . The contribu t i o n  o f  soil nit rogen i s  u su a l ly 

obtained by growing a non- f ixing plant in c omparison wit h  t he nitrogen 

fixing legume . Thr e e  versions o f  this me thod i. e . c omparison o f  a 

legume wit h  a non-legume , c omparison o f  a legume with a non-nodu l a t e d  

legume and c omparison o f  inocula t ed and uninocula t ed legumes wer e  

reviewed b y  LaRue a nd P a t t erson ( 1 9 8 1 ) .  
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2 . 1 . 4 . 2  I sotopic met hods . The u s e  o f  1 5N isotope a s  a t ra c e r  

i n  quantifying nitrogen f ixat ion i s  about the mo s t  definitive me t hod 

available ( Ayanaba , 1 980 ) . However ,  t he maj or limi t a t ion i s  the high 

cost involved for the instrument s a nd t he isotopes and cons equent ly 

the method r equires ski l led operators ( La Rue and Patt erson , 1 98 1 ) .  

There are o ther , l e s s  precise me thods such a s  1 5N fertiliz er or t he 'A 

value ' method whi c h  we re also discus sed by L aRue and P a t t e r son ( 1 9 8 1 ) . 

2 . 1 . 4 . 3  Ac etylene reduc t i on met hod . The disc overy that 

ni trogenase ha s t he c apabil i t y  o f  reduc ing a c etylene to e t hylene 

( Di lwor t h , 1 9 6 6 ; Schol lhorn and Burris , 1 9 6 7 ) , which , so f a r , is t he 

only biolog i c a l  agent reported t o  do s o  ( L aRue and Pat t erson , 1 98 1 ) , 

has provided an exce llent mea surement met hod . I nnumerable vari a t ions 

of the met hod have been described ( Hardy et a l . , 1 9 73 ) . Typic a l ly , 

freshly exc i s e d  roots  are incuba ted in a c hamber with 1 -2 0 %  a c e ty lene 

for 3 0 - 1 2 0  minu t e s . A sampl e  of t he gas mixture i s  then r emoved and 

the e t hylene produced is mea sured by g a s  c hroma t ography . This me t hod 

i s  undoubt ed ly a powe r f u l  way of making c omparat ive a s s e s sment s , but 

it is limi t ed a s  a quantitative method for t he e s t imation o f  

dini t rogen f ixation because o f  t he unc e r t a inty about the dinitrogen 

f ixing potent i a l  o f  nitrogena s e  wi thin t h e  nodul e  system ( S ims et  a l . , 

1 98 3 ) 

The principal a s sump t ion in the me t hod involves t he ratio o f  

acetylene redu c ed to nitrogen f ixed . The reduc tion o f  ni t rogen t o  

ammonia u s e s  six elec trons , whi l e  the produ c t ion o f  ethyle ne requ ir e s  

two , hence t he ratio 3 : 1 wa s originally a s sumed . However ,  i t  i s  now 

realized that t he reac t ion of nitrogena s e  approxima t e s  

N2 + 8H+ + 3e ---.2NH3 + H2 
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Fur t hermore ,  prot ons and acetylene c omp e t e  for e le c t rons , and wit h  the 

amount s of acetyle ne u s ed , only sma l l  amount o f  H2 may appear . I n  t he 

int a c t  nodule t he hydrogen may be me tabo lized by hydrogena s e  in 

appropriate s t ra ins of rhizobia and therefore not d e t e c t ed ( L aRue and 

Pat t e r s on , 1 98 1 ) . 

The a c et ylene r educ tion technique , however , has numerous 

advant a g e s  including i t s  great sens i t ivity ( 1 03 t ime s mor e  t han 1 5N 

which in turn i s  1 03 t ime s more sens i t ive t ha n  Kj e ldahl o r  Duma s - t ype 

N determinat ions ) ,  port ability f or u s e  in t he f i e ld , a nd r e l a t iv e  e a s e  

of operation ( Gibson , 1 9 7 4 ) . 

2 . 2 N ITROGEN DI STRI BUT I ON IN GRAIN LEGUME S . 

The dry mat t er o f  plant s c ontains nitrogen in a narrow 

conc entrat ion rang e  ( 1 - 7 % )  which can vary widely with plant s pe c i e s  

and wit h  the type and a g e  o f  plant from whic h  i t  i s  derive d . 

C oncent rations o f  nitrogen in dry mat t e r  t e nd t o  b e  highe r i n  s ho o t s  

than in roo t s , and wit hin sho o t s  t o  b e  higher in l e av e s  t ha n  in s t ems . 

C oncentrat ions are usually highe s t  in sho o t  apic e s , young l e av e s  a nd 

fru i t s  i . e .  i n  mature seeds of soybean nit rogen may c ompr i s e  up t o  7 %  

o f  t he dry we ight ( Pa t e  and Layze ll , 1 9 8 1 ) .  

I n  t hi s  s ec t io n  apart from a bri e f  review o f  nitrogen 

a s simi l a t ion , t he nitrogen distribut ion , nitrogen re-d i s t r ibu t i o n ,  a nd 

c arbon : nitrogen relat ionships wi l l  a l s o  b e  reviewed . 

2 . 2 . 1  N it rogen a s s imi lation : I n  gener a l , l egume s have two 

d i f ferent systems of ni trogen a s s imi l a t i on ( Brun ,  1 9 78 ) . For examp l e , 

firs t ly , l egume s c an absorb f ixed or chemi c a l ly-c ombined ni t r o g e n  from 

the s o i l  t hrough t heir root s .  This nitro gen , usu a l ly in t h e  f or m  o f  
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nitrate ion (N0 3 - ) ,  i s  then translocated t hrough the xylem t o  t he 

leave s ,  where energy derived from pho t o synthes i s  i s  u t i l i z e d  t o  reduce 

the N03 - t o  amino nitrogen which i s  then incorpor a t ed into pro t e i n s  in 

the leave s . Alternat ive ly , they may be translocated t o  other sinks a nd 

there a s s embled into pro t ein . Secondly , the molecular nitrogen 

dif fusing from the soil a tmo sphere into t he nodule i s  reduc e d  t o  ami no 

nitrogen utilizing energy derived from the r e spirat ion o f  

photo syntha t e s  trans l o c a t e d  t o  t he nodules from the l e ave s . The amino 

nitrogen is then transported in t he xylem t o  the leaves where i t  i s  

c onverted t o  various ami no acids and then moved via the phloem t o  

what ever nitrogen sinks t he r e  are a t  t ha t  s t age o f  plant d evelopm e nt . 

Several experimen t s  have shown t ha t  the c ompounds 

charac t e r i s t i c  o f  ni tro g e n  transport i n  N z - f ixing plant s a r e  spec i e s  

spec i f i c , i . e .  ureides ( al lantoin and a ll antoic acid ) a r e  t h e  ma i n  

compounds export i ng f ix e d  nitrogen i n  c e r t a in tropic a l  l egumes ( e . g . 

soybean ) ( Mc C lure and I s r ae l , 1 9 7 9 ; S i nc lair and de Wit , 1 9 7 6 )  whi l e  

asparag ine and glutamine a r e  t h e  t rans loc a t ed solut e s  in many 

t empera t e  legume s ( Pa t e , 1 9 7 7 ) . 

Leaves p lay an import ant role in nitrogen me tabo l i s m . They 

are gene r a l ly t he mo s t  import ant organ in amino acid synthe s i s  and 

ni trogen storage , both because large amount s o f  nitrogen are r e quired 

in lea f  growth and because nitrogen d e f ic ienc ies s trongly limi t  l e a f  

growth a nd pho t o s ynt he s i s  ( Novoa and Loomi s , 1 9 8 1 ) .  N i t r a t e  reduc t a se 

a c t ivity o f  leave s shows diurnal and s e a s o na l  c hange s ,  e . g .  the 

diurna l p a t t e r n  in soybean leaves invo lved an increase in a c t ivity 

during t he day and a d e c r e a s e  during t he night ( Nicho l a s  et a Z . , 

1 9 7 6 ) . Harper and Hageman ( 1 9 7 2 ) f ound with soybeans t h a t  nit r a t e  
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reduc t a s e  a c t ivity wa s maxima l j u s t  a f t er f u l l  bloom and was 

a s soc i a t ed wi th high level s  and a high nitrogen demand for grain 

f illing . When ac c ount i s  t aken of the dist ribution of ni t rogen 

throughout the plant in a variety of annu a l  spec i e s  i t  i s  c lear t h a t  

leaf-bound nitrogen h a s  considerable signif icanc e  in nouri s hment o f  

fruit s  and seeds ( Pa t e , 1 98 0 ) . I n  the pro t e in-rich grain legume s ,  t he 

t iming o f  nitrogen mobil i z a t ion from l e av e s  become s e spec i a l ly 

c r i t i c a l  in view o f  t he e f f ec t  which l o s s  o f  prot e in from l e ave s may 

have o n  furthe r  phot o synthet ic a c t ivity of the leaves ( Sinc lair a nd de 

Wi t ,  1 9 7 5 ) . This may lead to a c c e lerated s enescence and event u a l ly 

their death . Thi s s o  c a l led 'se l f  destruc t ion ' shor t ens the plant ' s  

l i f e  cyc l e  and hence limi t s  dry mat t e r  produc tion . 

2 . 2 . 2 Nitro ge n  d i s tributio n : Dist ribut ion o f  nitr o g en over 

the various p lant par t s  is meaningf u l  only a t  a spec i f ic t ime because 

maj or chang e s  in nitrogen c oncentratio n  a nd d is tribut ion o cc ur during 

the deve lopment o f  t he plant ( deMooy et a l . , 1 9 7 3 ) . The number o f  

experimental repo r t s  c omparing soybean c u l t ivars f or nitrogen 

concentrat ions a nd accumu la t i on rates i s  limi t ed . Hanway and Weber 

( 1 9 7 1  a , b , c )  d e t e rmined the nitrogen c onc entrat ions and ac cumu la t io n  

rates i n  plant part s ,  p o s i t ions on the plant s , s t a g e  o f  development 

and t he leve l of nitrogen applied , but t he d i f f erenc e s  among c u l t ivars 

were very sma l l . They a l s o  indicated that t he above-ground por t io n  o f  

plant accumu l a t ed nitrogen dur ing p o d  f i l l i ng at t h e  rate o f  1 8  mg d ­

while 1 plant - 1 , Anitrogen accumu lated in the s e e d s  at the rate o f  2 5  mg d - 1 

plant - 1 . S pa et h  and Sinclair ( 1 9 8 3 ) surveyed 1 2 1  c u l t ivar s  f or 

variation in nitrogen c oncent r a t i ons and quanti t i e s  in t h e  vege t a t ive 

par t s  and seeds a t  two s t ages o f  development ( j u s t  bef or e  t he 
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beginning o f  seed deve lopment and prior t o  physiological mat urit y ) . 

They f ound tha t  nitrogen c onc ent r a t ions varied sub s t ant ial l y  amon g  

cult ivars , a s  d id t ot a l  nitrogen upt ake , generally in proportion t o  

plant size . Rat e s  o f  nitrogen accumu l a t ion in bot h  t he s e e d s  a nd t h e  

whole plant ( above ground ) v a r i e d  among c u l t ivar s and indic� t ed 

di f f er ing r a t e s  o f  ni trogen t rans l o c a t i on f r om t he veget a t ive t i s su e  

t o  the seeds . 

2 . 2 . 2 . 1 E f f e c t s  o f  s ourc e - s ink manipulatio n on 

nitrogen d i s t ribut ion : Manipulat ing t he source and s ink s i z e s  o f f er s  

ano ther a pproach t o  a s s e s s ing r e l a t ionships between nitrogen 

requirement s o f  veget a t iv e  a nd reproductive plant part s . Kol lman e t  

a Z .  ( 1 9 74 ) f ound that i n  soybean , a s  sink size increased f r om 0 t o  2 . 7 

pods per node , nitrogen c onc ent r a t ion o f  leaves plus s t ems decre a s ed 

by 7 2 % . Alberda and W i t lage -de Boer ( 1 9 8 3 ) found that i n  depodded 

soybean plant s dry mat t e r  continued t o  accumu late i n  all p l a nt par t s , 

a s  did the amount o f  nit r ogen . H owever , t he nitrogen upt ake per unit 

of dry mat te r  produc ed wa s about t he s ame for both int a c t  a nd depodded 

plant s . When the carbo hydrate sourc e wa s suppressed ( e . g . shading ) 

during the l a t e  reprodu c t ive period Neves et a Z .  ( 1 982 ) f ound i n  

cowpea that s t or ed f o l i ar nitrogen was u t i li s ed t o  a grea t e r  degr e e  

( 1 2 % )  than in unshaded plant s . Kat o  ( 1 98 0 ) r epor ted t ha t  in ma t u r e  

leaves the r a t e  o f  pro t e i n  breakdown increased wi t h  inc r e a sing l e a f l e t  

remova l -lea f le t s  wer e  r e garded a s  a sourc e o f  nutrient supply t o  t h e  

apic a l  sinks . He sugg e s t ed t ha t  pro t e in turnover r at e , a nd the N ­

supplying capacity o f  leave s , c ould be regulated b y  sink s i z e . 

2 . 2 . 3  Ni trogen r e - d i st ribut ion : Some stud i e s  examining t h e  

upt ake and d i s t r ibut i on o f  nitrogen b y  s oybean have shown t hat lo s s e s  
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o f  nitrogen from the vege t a t ive t is sue c o incides wit h  the ac cumu l a t io n  

of n i t r o g e n  in t h e  seed ( e . g . Hanway a nd Weber , 1 9 7 1 b )  and wi th p l a n t  

sene s c enc e ( S esay and Shible s ,  1 98 0 ) . T h e  soybean s e ed has a high 

ni trogen requirement bec au s e  o f  i t s  high pro t e in c ontent . This high 

nit rogen r equirement , c oupled wi t h  t he dec line in t he nitrogen 

a s s imi l a t ory pro c e s s e s  during s e ed f i l ling , sugge s t ed t ha t  t he 

nitrogen a s s imi latory proc e s s e s  f a i l  t o  mee t  t he nitrogen r equir ement 

of the seed and , therefore , nitrogen mu s t  be re-distribu t e d  from t he 

veget a t ive t is sues t o  mee t  t he d e f i c i t  ( Sinc lair a nd d e  W i t , 1 9 7 5 ) . 

Ear l i e r  work by Hanway a nd Weber ( 1 9 7 1 c ) e s t abli shed t ha t  mor e  t h a n  

50% o f  the nitrogen in mature s oybean s e ed s  could be ac c ou n t ed f o r  by 

net l o s s e s  of this nut r i e nt f r om o ther p lant part s .  I n  lupin ( Lupin�5  

a lbus ) Withers and Forde ( 1 9 7 9 ) e s t imat ed that leaves supplied 4 7 %  a nd 

pods wal l  c ontributed 1 5% o f  s e e d  nitrogen requirement . Z eiher e t  

a l .  ( 1 9 8 2 ) examined the nitrogen r e - d i s tr ibut ion char a c t e r i s tic s o f  

soybean c u l t ivar s o f  varying mat u r i t i e s  and growt h type s , and found 

that t he c u l t ivar dif ferences i n  nitrogen re-dist ribu t ion r e la t e d  t o  

the s iz e  o f  the nitrogen pool whi c h , in turn , was primarily a func t io n  

of the d r y  we ight d i f f erenc e s  a s s o c ia te d  with the dif f erenc e s  in t he 

t ime s t ho s e  c u l t ivars matur ed . They c onc luded that nitrogen re­

dis t r i bu t ion did no t a ppe ar to be an import ant f a c t or d e t ermining t he 

dur a t i on o f  seed f i lling o r  y i e ld in soybeans . Such a re-distribution 

pat t ern s e ems t o  take p l a c e  during the l a t e  pod f i l ling s tage . For 

examp l e , N e lson and Weaver ( 1 9 8 0 ) f ound that during t he f i r s t  1 7  days 

o f  the pod f i l ling period , ni trogen a c c umu lation in t he pods wa s 

grea t e s t  without the c oinc ident net l o s s  o f  nitrogen f r om t he 

lea f le t s . 
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The role o f  nit rogen re-distribu t ion after e ar ly pod f i l l i ng 

wa s examined by Egli et a l .  ( 1 9 7 8 a ) . U s i ng so lut ion cultur e , t h e y  

found t h a t  e a r ly N removal resu lt ed in ha s t e ned l e a f  and p e t io l e  

absc i s s i o n  and increased the amount o f  nit rogen i n  s e e d s  d e r ived from 

re-di s t r ibu t i o n  wi thin t he plant . They c o nc luded that re-d i s tr i bu t i o n  

of nitrogen f r om vege t a t ive t o  r e produc t ive par t s  inf luence d  

sene s c enc e  but tha t  o ther factors whic h  t hey did not r eport wer e  

also invo lved .  A simi l a r  view wa s shared by Nooden ( 1 9 84 ) ; in h i s 

recent review he c onc luded that monoc arpic senesc ence ( th e  

degene r a t i o n  l eading t o  d e a t h  o f  t he whol e  organism at t h e  e nd o f  t h e  

reproduct ive phase ) i s  c lo s e ly a s s oc ia t ed wi th p o d  d evelopment a nd 

bo th are sub j e c t ed t o  a series o f  c or r e l a t ive c ontro l s . The n a t u r e  o f  

thes e  cont r o l s  i s  large ly unknown but hormones a s  we ll a s  nut r i e n t  

f luxe s  s e e m  t o  be involved . 

2 . 2 . 4 C arbon : nitrogen re lat ionship s : Although nodu l e s  have 

an abs olut e r e quirement f or carbon ( C ) , and pho t o synthe t i c  t i s su e s  

have a c omplementary r e quirement f o r  nitrogen ( N ) ,  the proc e s s e s  o f  C 

and N a s s imil a t ion do no t stri c t ly par a l l e l  each other throughout 

growth ( Pa t e  and Minchi n , 1 980 ) . For examp l e , data from Herridge and 

Pate ( 1 9 7 7 )  a nd Pate and Herridge ( 1 9 7 8 ) s howed tha t  in c owpe a  a nd 

whit e  lupin r e la t ively more N2 than C 02 i s  assimi l a t ed dur i ng 

veg e t a t ive growt h ,  but r e l a t ively reve r s e s  a fter f lowering . 

The trans lo c a t i on o f  pho t o synthat e  f rom leaves t o  pods h a s  

been f ound t o  have a spec i f ic pat t ern . I n  soybean , S t ephe n s o n  and 

Wilson ( 1 9 7 7 a , b )  f ound t ha t  the 1 4c f ixed subsequent to f lower ing went 

to pod s in t he axil o f  t r e a t ed leaves a nd t o  the pods a t  t he adj ac ent 

nod e s  above and be low f ed leaves , whil e  t he more remo t e  pods wer e  muc h  
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l e s s  important s i nks . The di s tribu t ion o f  pho to syntha t e , however , 

seems to be large ly a f f e c ted by the s t a g e  o f  plant growth; for 

examp l e , Wa t e r s  et  a l .  ( 1 9 8 0 )  found that during the pod f i ll ing s t a g e  

i n  beans ( P. vu lgaris ) ,  over 8 5 %  o f  t h e  1 4c a c t ivity exported from the 

leaf moved into pods , and l e s s  t han 1% to the nodu lated root sys t em 

but a t  the f lowering s t a ge , 4 5 %  o f  1 4c wa s recovered from the roo t s  

and t he nodu l e s  ac cumulated only 3 . 5 % o f  the radio a c t ivity . 

Pho t o synthe s i s  af ter anthe s i s  i s  a considerably more important sour c e  

o f  c a rbohyd r a t e  f o r  seed than i s  mobi l i s a t ion f r om ma terials 

a s s imi lated during vege t a t ive growth ( Ea g l e sham et a l . , 1 9 7 7 ;  Ha1ruay 

and Weber , 1 9 7 1 a ) . Pho t osynthe s i s  by pod wa l l s  may p lay an imp o r t a n t  

role - t o  produ c e  the s ame dry we ight o f  s e ed s , a darkened pea frui t 

is e s t imat ed t o  require 1 6- 2 0 %  mor e  C f rom the sho o t  t ha n  i s  a f u l ly 

i lluminated fruit ( F linn et a l . , 1 9 7 7 ) . 

From c omparisons o f  b o n  economy o f  nodu lated and non-

nodulated root syst ems ( Ryle et a l . , 1 9 7 9 ;  Schubert and Ryle , 1 9 80 ) , 

the symbiotic nitrogen me t abolism in nodu l a t ed roo t s  needs higher 

� 
leve l s  c arbohydrate t han that of non-nodu l a t e d  syst ems . Ryl e  et a l .  

A 

( 1 9 7 9 ) f ound t hat in s oybean , c owpea and whit e  c lover , plant$ f ixing 

the � r  own ni t r ogen respire 1 1 - 1 3 % more o f  t heir f ixed c arbon each d a y  

than equ ivalent plant s lacking nodules and utilizing nitrate nit r og e n . 

However , this apparent advantage o f  non-nodu lated plant s i s  not a lways 

trans lated int o improved seed yie ld . For examp l e , a lt hough nitr a t e -

dependent c owpe a  plant s produc e more dry ma t t er than nodu l a t ed plant s ,  

this i s  used in t he product ion o f  thicker s tems , heavier branche s , and 

mor e  l e aves and not for addit ional reprodu c t ive s i t e s . Furthermor e ,  

the higher c oncentrat ions o f  N in the leaves of non-nodulated plan t s  
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remained higher than those o f  nodu lated plants a f t e r  abscission 

( Summe r f i e ld et  a l . , 1 9 7 7 ) .  

By the end o f  the growth cyc l e , whe n  fruit s are ma tur e ,  t he 

annu a l  grain legume is like ly t o  have e f f e c t ed a net t rans fer o f  f r om 

60-70% o f  i t s  nitrogen from vege tat ive t o  r e produc t ive parts ( P a t e  and 

Atkins , 1 98 3 ) .  Acc ording to Atkins et a l .  ( 1 9 78 ) and Pate and Minchin 

( 1 980 ) ,  grain legume species can differ wid e ly in the pattern o f  

nitrogen f low t o  their f ruit s .  For examp l e , i n  c e r tain cultivars o f  

mung bean ( Vigna radiata ) and whit e  lupin ( Lupinus a lbus ) more t ha n  

one quar t e r  o f  t h e  nitrogen f ixed over t he growth c y c l e  o c c u r s  during 

late pod f i l ling , sugg e s ting that t he t rans lo c a t ion of rec ent ly - f ixed 

nitrogen through s t em a nd leaves t o  fru i t s  i s  a ma j or t ransport 

component during fruit development . On t he o ther hand , in c er t a i n  

cul t i vars o f  c owpe a  ( Vigna unguicu lata ) a nd pea ( Pisum sativum) , 

f ixat ion decline s  abrupt ly a f t er f lowering , with t he result that o nly 

1 0- 1 6 %  o f  the plant ' s  t o t a l  nitrogen i s  a f f ec t ed during pod f i l l i ng . 

I n  the s e  c a s e s  t he mobiliza t ion o f  exi s t ing r e se rve s o f  nitrogen f r om 

s t em ,  leaf and root t o  f ru i t s  mus t  obviou s ly provide the ma j or source 

for t he f ina l s t a g e s  o f  seed ripening . 

A fr equent ly c i t ed hypothe s i s  ( S inc l air and de Wi t ,  1 9 7 5 ) i s  

that i n  high pro t ein legume s such a s  soybean , N r e quired for seed mu s t  
�� 

be d erived f r om l e ave s , and s tems , this will result  in the reduc t io n  
A 

o f  phot o synthe t i c  a c t ivity and lead t o  l e a f  s enesc e nc e  or \se l f  

destruc t io n ' .  However , the ext ent t o  whic h  legume s show 1s elf 

destruc t ion ' c a n  vary marked ly between spec i e s  and cultivars o f  a 

s ingl e  speci e s  ( Phillips , 1 980 ) . I t  i s  ye t unc lear t o  what ext ent 

variation in supply and demand for C and N by dif f erent organs c au s e s  
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these dec lining l e a f  a nd nodule func t ions or whether t he c hange s are 

mediated through spec i f ic adj us tment in t he gradient s of  p a r t i cu l ar 

trans loc a t ed growth regulators which in t urn regu l a t e  pho t o s ynt h e s i s  

o r  the o n s e t  o f  s ene s c e nc e  ( At kins , 1 984 ) . 

2 . 3  GROWTH AND DEVELOPMENT OF DETERMINATE AND INDETERMINATE LEGUME S . 

2 . 3 . 1  Growth type s o f  grain l egume s .  

The ba sic s t ruc tural component s o f  ma j o r  le gume c r o p s  are 

simi lar , but t he morpho l o gy o f  the two growth f orms are c ommonly 

distingui shed , t he s o- c alled indetermina t e  and det erminat e  type s . The 

theoretical d i s t inc t ion between the two growth typ e s  i s  t ha t  in t he 

determinat e  type , growth in length o f  a ma in stem or branch i s  

terminat ed b y  an inf lor e sc e nc e , while i n  t h e  indeterminat e  type 

vegetat ive growth c ontinues ( Smar t t , 1 9 7 6 ) . 

However ,  many l e gumi nous spec i e s  are morphologic a l ly unstable . 

Some Phaseo Zus genotyp e s  are determina t e  in one locality a nd 

indet ermina t e  e l s ewher e . S ome det ermina t e  c owpe a  c a n  elongat e  and 

become indet�rminat e  in warm ( 2 4°C ) a s  compared wit h  c oo l  ( 1 9 °C ) night 

temperatur e s  ( Summe r f i e l d  and Wien , 1 980 ) . I t  has been sugge s t e d  that 

dif ference s  in light qu a l i t y  are the main cause o f  morpho l o g i c a l  

variation ( Kr e t c hmer e t  a Z . , 1 9 7 7 ) . 

There i s  a tend e ncy among s t  modern legume breede rs t o  f avour 

the determina t e  plant t ype , which i s  c omp a t ib l e  wi th mec ha n i c a l  

harve s t ing ( Khan , 1 9 7 7 ) . H owever , the indetermina t e  p l a n t  t ype whi c h  

h a s  b e e n  r eport ed to be superior in nitrogen fixat i on in b e a n  ( P. 

vu Zgaris ) ( Graham , 1 98 1 ) ,  or less a f fe c t ed by d e f o l i a t i o n  i n  soybean 

( Fehr et a Z . , 1 9 7 7 ) ,  should not be overlooked espec i a l ly i n  t he 
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tropics where the indet erminate t ype may provide greater y i e ld 

stability in adver s e  growth c ondit ions . 

2 . 3 . 2 Soybean growt h and development . 

The soybean , Glycine rmx ( L . )  Merri l l ,  is an annu a l  p la n t , t he 

deve lopmental morphology o f  which has been extensively reviewed (f or 

exampl e  C arlson , 1 9 7 3 ; Hicks , 1 9 7 8 ) . The obj e c t ive of t h i s  sec t i on i s  

t o  br i e f ly discuss i t s  growt h  and development in general ,  

type s -

with emphasis o n  t he dif f erenc e s  be tween dif ferent g rowt h 

2 . 3 . 2 . 1  Roo t  growth :  Maximum soybean seed yield d epend s  t o  a 

large exte nt upon a we l l  nodu l a t ed , ext ensive root system ( H icks , 

1 9 78 ) . Mitche l l  and Rus s e l l  ( 1 9 7 1 )  r eport ed that f i e ld g r own s oybeans 

had a maj o r  port i on of t he root system c o ns i s t ing o f  l a t e r a l  roo t s  

aris ing from the upper 1 0- 1 5  cm s ec t ion o f  the primary r o o t . The s e  

lateral roots  ext end outward from the plant nearly horizonta l ly f or 

40-50 cm and then grow downward t o  depths a s  great a s  1 80 cm . Roo t  

growth c ontinues unt i l  somet ime during t he s e ed f i l ling p e riod when i t  

dec line s and ult ima t e ly c ea s e s  prior t o  the seed reaching 

physiological ma turity ( Hicks , 1 9 7 8 ) . 

Brouwer ( 1 9 6 2 ) sugge s t ed that t here was a func t i o n a l  

equilibium between sho o t s  and root s .  When shoot growt h was r a pi d , 

the r e  was a corresponding u t i l i z a t ion o f  c arbohydra t e s  whi c h  l im i t e d  

root growt h .  When r o o t  growt h wa s limi t ed there wa s a bui ld u p  o f  

c arbohydra t e s  i n  the leaves owing t o  the lack o f  water and nut r i e nt s 

from the root s .  There f ore , c arbohydr a t e s  again bec ame mor e  available 

t o  the root s .  I n  an a t t �mPt t o  d i f f erent i a t e  between the c ontribution , I 
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o f  shoot s  a nd roo t s  upon soybean growt h ,  S ande r s  and Brown ( 1 9 7 6 ) 

varied the shoot : root ratio by gra f t ing t o  get ratios o f  1 : 1 ,  1 : 2 ,  

1 : 3 ,  2 : 1 ,  a nd 3 : 1 respec t ively . Increa s ing the number o f  s ho o t s  g a ve 

inc r e a s e s  in l e a f  area , number o f  leaves per plant , seed yie ld and 

numbe r  of seeds per plant . However , inc r e a s ing t he numb e r  of sho o t s  

did not increase t he growth c harac t er i s t i c s and s e ed yie ld a s  

drama t i c a l ly a s  increasing t he numbe r  o f  root s . Although , t he 

phys i c a l  shoot : root r a t i o  wa s varied by graf t ing , the s ho o t  : r o o t  

ratio based o n  dry weight was nearly the s ame ( approximat e ly 1 0 : 1 )  f or 

all treatme nt s . 

2 . 3 . 2 . 2  Vegetat ive growt h :  I n  soybean , t he deve lopment b e gins 

when the radic l e  emerges f rom the g erminat ing seed and r apidly 

deve lops into a root , growing downward . Under f avourable c ondit io n s  

f or growt h ,  t he c o t yledons emerge f r om t he soil i n  5 - 1 0  d a y s  a f t e r  

plant ing ( Johnso n  and Dunphy , 1 98 3 ) .  The lowermo s t  node i s  the p o int 

of a t t achment f or t he c o tyledons , the next node gives rise to t he 

oppo s i t e  unif o li o l a t e  l eaves and a l l  subsequent nodes produc e s i n g l e  

t r i f o l i o l a t e  leaves a lt erna t e ly up t he s t em ( Hi cks , 1 9 78 ) . A new 

trifoliolate  l e a f  is produced one to each node , about every 5 days 

during early growth and every 3 days ther e a f t e r . I t  t ake s about a 

we ek f o r  each t r i f oliolate leaf t o  expand t o  i t s  full leng t h  ( Johnson 

and Dunphy , 1 98 3 ) . Mo s t  o f  the branch development i s  f ir s t  order 

branching on t he main s t em .  B o t h  genetic and enviroment a l  e f f ec t s  

such a s  dayleng t h , and plant spac ing wil l  a ff e c t  branching ( C ar s o n , 

1 9 7 3 ) . Depending upon plant ing density , 0-6 branches per p lant a r e  

usual .  A l l  node s  however ,  pos s e s  the po tential f or both branch and 

floral development ( Shibles et a l . , 1 9 7 5 ) . The number of nodes a nd 
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int ernodes that ultima t e ly make up t he main s t em depends o n  t he 

reac t ion o f  the genotype t o  the pho t oper iod in which i t  i s  grown , and 

the growt h types ( Hinson and Hartwig , 1 9 7 7 ) . 

Af ter an ini t i a l  lag , l e a f  area produc t ion inc r e a s e s  r a p i d ly 

and nearly linearly up t o  the end o f  blooming , a t t aining maximal l e a f  

area index ( LAI ) valu e s  o f  5-8 . Therea f t e r , LAI dec lines 

progr e s sively , by abs c i s sion o f  t he lower l e aves ( Shible s  et  a Z . , 

1 9 7 5 ) . 

2 . 3 . 2 . 3  Reproduc t ive growt h :  Soybean cult ivars d i f fer i n  t h e  

c r i t i c a l  day-length that t hey require f o r  f lower initia t io n . 

Temperature a ls o  influenc e s  t he t ime r e quired to reach f lo ra l  

dif f e rent iatio n ,  f lo r a l  expr e s s io n  and subsequent r e produc t ive s t ag e s  

under induct ive pho t operiods ( Shibl e s  et  a Z . , 1 9 7 5 ) .  The node 

produc i ng the f i r s t  f lower usually i s  t he second trifoli o l a t e  l e a f  

node o r  abov e . The s oybean is s e l f -p o l linated , pollina t i o n  o c c u r ri ng 

when t he f lower o pens o r  j us t  prior t o  being s lightly opened . 

Flower i ng occurs over a 4 t o  6 wee k  period , depending upon s ea s o n a l  

adap t a t ion , b u t  t he s e quence o f  f l owering d i f f e r s  with growt h t y p e  

( Shib l e s  et a Z . ,  1 9 7 5 ) . 

Pods develops s l owly for the f i r s t  few days f o llowi ng 

ferti lization . Rapid e lo ngat ion begins about t he f i f t h  day , and f u l l  

leng t h  i s  a t t a ined b y  t h e  1 5t h  t o  2 oth d a y  ( Shib l e s  et a Z . , 1 9 7 5 ) . 
�h� 

Seed developme nt i s  ra pid , a mature pod may contain one t o  f ive s ee d s  
A 

o f  whi c h  two t o  t hr e e  s e ed s  per pod are mo s t  c ommo n ( Hicks , 1 9 7 8 ) .  

Maj or d i f f erenc e s  in s e ed yi eld were at tributable t o  the l ength o f  the 

seed development period rathe r  than to t he rate of daily growth 

( Hanway and Weber , 1 9 7 1 d ) . Final seed size is inf luenced both by 



4 2  

environment a l  and gene tic f a c t or s . Average s eed we ight ranges f r om 

1 2 0- 2 8 0  mg per seed ( at 1 3 %  mo i s ture ) .  C u l t ivars which produce f ewer 

seeds t e nd t o  have a large seed s i z e  ( Shibles et a l . , 1 9 7 5 ) . 

2 . 3 . 2 . 4 The d i f f er ent growth type s o f  soybeans : Soybean s t em 

growt h and f lowering habi t s  are c ommonly divided t o  two t ype s , 

det erminate and indet erminat e . There are two genetic types o f  

determina t ene s s , d t 1 ,  reces s ive and d t 2 ,  d ominant t o  ind e t e rmina t enes s  

( Bernard , 1 9 7 2 ) .  

2 . 3 . 2 . 4 . 1  Vege t a t ive growt h :  The determina t e  type i s  

char a c t erized b y  veg e t a t ive deve lopment whi c h  c e a s e s  when t he a pi c a l  

meri s t em bec ome s a n  infloresenc e , whi l e  in t h e  indet erminate type , the 

api c a l  mer i s t em c ontinu e s  vege t a t ive a c t ivity during mo s t  of the 

growing s e a s on so that t he f lower ing period a nd t he t ime of ove r l a p  o f  

veg e t a t ive and reproduc t ive growth are g r e a t e r  f o r  indet e rmina t e  t ha n  
�� 

that o f  d e terminat e  type ( Hicks , 1 9 78 ) .  G rowth o f  the mai n  s t em a nd A 

branche s o f  the indetermina t e  c u l t iva r s  c ontinued after f i r s t  

f lowe r ing , whereas in t he determinate c u l t ivars , vege t a t ive growt h 

dur ing f l owering was apparent ly l imit e d  t o  t he expansion o f  pre-

exi s t ing nod e s  and leaves ( L awn a nd Byt h ,  1 9 7 4 ) . The veget a t ive 

cano p i e s  o f  ind e t ermi na t e  and d e t e rminat e  t yp e s  are d i s t i n t ly 

diff e r ent . In indeterminate� the larg e s t  l e a f l e t s  a nd t he long e s t  

pet io l e s  occur in mid-plant wi th gradat ions in s i z e  toward e a c h  end o f  

the s t em. Wi th det erminat� l e a f l e t s  s i z e  a nd pet io l e  length a r e  not 

sma ller a t  the top o f  the plant , s o  their c anopie s posses  poorer l i ght 

d i s t r ibut ion charac t er i s t ic s than d o  ind e t ermina t e s  ( Shib l e s  et a l . ,  

1 9 7 5 ) . Dry mat t e r  accumulat ion pat terns in determinat e  a nd 

inde t e rmina t e  lines were found t o  d i f f e r .  Of the t o t a l  above ground 
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dry weight ( no t  i nc luding seed ) , t he indeterminat e  had produced 5 8% 

and 8 7 %  c ompared with 7 8 %  and 9 2 %  o f  the determinat e  a t  t h e  o ns e t  o f  

flowe ring and pod development r e s pect ive ly ( Egli and Legge t t , 1 9 7 3 ) . 

2 . 3 . 2 . 4 . 2  Reprodu c t ive growth :  Time t o  f lowering i s  

c r i t i c a l  t o  the s i z e  o f  s ource developed i n  determina t e  c u l t ivar s , 

Inde t e rmina t e  cultivars c an develop a large sourc e c ap a c i t y  

as we l l  a s  long r eprodu c t ive period , wi t h  an addit ional possible 
beni f i t  that the e arly s t age o f  pod - f i l l  are accompl ished whe n  t h e  

canopy s t i l l  has a l a r g e  propor t io n  o f  r e l a t ively young l e ave s , 

whereas wit h  d e t ermina t e  t ype muc h  o f  t he yield i s  produc e d  from 

ageing l eaves ( Shible s , 1 980 ) . Reproduc tive growt h  o f  the 

indet ermina t e s  b e g ins a t  about t he t ime t he plant s reache s one-third 

of its he ight . c ont inues unt i l  t he ma in s t em s t o p s  

elonga t ing . L awn and B y t h  ( 1 9 7 3 ) r eport ed t ha t  t he indeterminate 

cultivars f lowered for c o ns iderably longer periods than did 

determinat e cult ivars f lowering a t  t he s ame t ime . Eventhough , i n  t he 

indete rmina t e  c u l t ivar s , the pods a t  the b o t t om begin deve loping 

earlier t han t he pods at the t o p  of t he plant s , a l l  pod mature a t  

about t he s ame t ime due t o  a f a s t er growth r a t e  i n  the t o p  pods 

( Johnson and Dunphy , 1 9 8 3 ) .  H owever , i t  wa s r e por t ed tha t  

indet ermina t e  c u l t ivars tended t o  have sma ller seed becau s e  t he 

dur a t i on o f  the e f fe c t ive f i l ling period wa s le s s  f or the l a t er 

developed pods ( Egli et  a l . , 1 9 78b ) . 

Schapaugh and Wilcox ( 1 9 8 0 ) reported that no relationship wa s 

det ec t ed b etween t he growth habit and t he harve s t  index o f  a genotyp e , 

when t he y  examined t he relationship among harve s t  index a nd o ther 

plant charac t e r i s t i c s  of determina t e , s emi-det erminate and 
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indet erminat e  cultivars from four maturity group s . When t he harve s t  

index o f  f i e ld grown soybeans o f  both growt h types was mea s ured i n  

re sponse t o  f our typ e s  o f  environment a l  i nf lu enc e which r e su l t e d  i n  

considerable variabi l i t y  in plant size wi t hin a c u l t ivar , S pe a t h  et 

a l .  ( 1 984 ) f ound t hat harve s t  index o f  a c u l t ivar was a s t able 

charac teristic irrespec t ive o f  the environmenta l  c onditions . 

2 . 3 . 2 . 4 . 3  Nitrogen f ixa t ion : Not much a t t ention has 

been given to def ine t he dif ferenc e s  b e twee n  growth types in t h e i r  

abi lity to f ix nitrogen .  Hardy et  a l .  ( 1 9 7 1 ) repo r t ed that 

determinat e  and indet e rmina t e  soybeans o f  simi lar maturity d a t e s  had 

similar f ixa t ion c harac t er i s t ic s . Although determi nate c u l t ivar s  may 

fix up to 2 5 %  of t he t o t a l  nitrogen prior to f lowering in c o nt ra s t  t o  

1 0 %  f o r  inde t erminat e  c u l t ivars . I t  wa s a l s o  reported t ha t  seve r a l  

indet ermina t e  , which h a d  a relatively long f lowe r i ng 

period , had a prolonged pha s e  o f  r a pid f ixation ( Hardy e t  a l . , 1 9 7 1 ; 

Duke et  a l . , 1 9 7 9 ) . I n  bean ( Phaseo lus vu lgaris ) ,  Graham ( 1 9 8 1 ) 

conc luded , f rom a review o f  f i e ld s t udie s , tha t  nodulation a nd 

nitrogen f ixation abi l i t i e s  o f  c limbing , s t r o ngly-indetermina t e  

cultivars were consi s t an t ly superior t o  those o f  mo s t  d e t erminat e  bush 

cult ivar s . 

2 . 3 . 2 . 4 . 4  Response t o  l e s s  f avourable environment s :  

Lawn e t  a l .  ( 1 9 7 7 )  f ound that the inde t e rmi na t e  c u l t ivars s howed no 

yield dif f erenc e s  f or a wide range of popu l a t ions under f u l l  

irrigat ion which indic a t e d  t hat t he s e  c u l t ivars c an adj u s t  t o  wide 

di f ferenc e s  in plant density within t he row und e r  c ondit ions 

favourable to growt h .  
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The re sponse o f  t he two growth type s of soybean t o  comp l e t e  

defoliat ion and half-p lant c u t - o f f  at s i x  reproduc t ive s t a g e s  wa s 

signi f icant ly d i f f erent . Average yi e ld reduc t ion from d e f o li a t i o n  

for a l l  stages wa s 5 9% f o r  det ermi nat e  cutivars , c ompared wit h  3 9 % f o r  

the indet erminat e  cult ivar s ( Fehr et a l . , 1 9 7 7 ) . 

The abi l i t y  o f  t he indetermina t e  growth type o f  soybean t o  

cont inue t o  deve lop veg e t a t ive growth over severa l weeks ha s he lped t o  

redu c e  the yie ld l o s s e s  due t o  earlier s t r e s s ed c ondit ions in t he 

reproduc t ive s t age ( Dunphy et a l . ,  1 9 7 9 ; L aoha siriwong , 1 98 2 ) .  This 

re sponse wa s a s s o c i a t ed with mo re pods per node rather than with other 

yie ld c omponent s ,  or with l e a f  area index o r  leaf area dur a t ion 

di f f erenc e s  ( Vi l l a lobo s -Rodriguez and Shible s , 1 98 5 ) . In c owpea ,  

Chaturvedi et a l .  ( 1 98 0 ) c onc luded that t he ind e t e rmina t e  c u l t ivars 

we re b e t t er than determinat e  cult ivar under dryland c o ndit ions . 

On the b a s i s  o f  these studies i t  s e ems wor t hwhile t o  examine 

the d i f ferenc e s  betwe e n  t he det ermi na t e  and ind e t e rmina t e  c u l t ivars o f  

sele c t ed legume s in r e l a t io n  t o  s e e d  yie ld , nitrogen f ixa t ion and 

nitrogen dist ribu t ion . 

I ni t i a lly , s p a c e d  p l a nt s g l a s shouse and g rowt h room wi ll b e  u s e  

i nv e s t i g at e t he hypot h e s i s deve loped i n  t hi s  t he s i s .  There are a number o f  

r e a sons for t hi s : 

( a )  I t  i s  mu c h  easi er ( from t he r e sourc e s  and s p a c e  po i nt s o f  v i ew )  t o  hand e 

spaced plant s .  

( b )  I nformat i on obt a i ned from spac ed plant s wi ll s t i l l be us eful becau s e  i n  

some t ropi c a l  regions farme r s  wi ll plant l egume s a s  a i nt erc rop where 

spca i ng i s  su ch t hat t he plant s wi ll never form a c lo s ed canopy . 
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C HAPTER 3 

A study o f  nitrogen f ixa t i on , nitrogen distribu t i o n  and yield 

in s e le c t ed bean and soybea n  c u l t ivars wit h  e ither det erminate or 

indet ermina t e  growt h .  

ABSTRACT . 

Two commercial c u l t ivars o f  bean ( Phaseo lus vu lgar£s ) a nd two 

c u l t ivars of soybean ( Glycine max ) , one cult ivar wi th a d e t e rmi na t e  

and the other wit h  a n  ind e t e rmina t e  growth type were s t ud i e d  i n  

glasshouse c ondi t ions i n  relat ion t o  nitrogen fixa t i on , ni t r o g e n  

distribut ion and yield . 

The indet ermi na t e  c u l t ivar o f  both spec i e s  had highe r  l e a f  

area , more root growth and a c c umu l a t ed mor e  t ot a l  dry weight tha n  that 

of the determinat e  cult ivar . Nodule dry we ight of the 

cultivar o f  both spec i e s  wa s also higher t ha n  that of the det e rmi nat e  

cult ivar . However only t he inde t erminat e  s o ybean c u l t iva r showed 

significantly more a c e tylene reduc tion a c t ivity than that of t he 

determinat e  cult ivar . I n  both s p e c i e s  the indetermina t e  c u ltivar a l s o  

accumu lat ed mor e  t o t a l  p lant nitrogen than t h e  determinat e  c u l t ivar . 

The seed yie ld advantage o f  t he inde terminat e  cultivar ov e r  t he 

det ermina t e  c u l t ivar wa s about twic e  in bean and thr e e  t im e s in 

soybean . However , t he r e  wa s no d i f ference in the ratio o f  

grain : above-ground bioma s s  be twe e n  growth types i n  t erm o f  dry wei ght 

( harve s t  index ) or nit rogen ( ni t rogen harve s t  index ) in b o t h  s p e c ie s . 
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3 . 1  INTRODUCTION 

Although many s tudie s  have examined the nit rogen fixat i o n  o f  

legume s , there are f ew which make direct comp arisons o f  d i f f er ent 

growth type s in relation to nitrogen fixa t ion and nitrogen 

distribut ion . Also , opinions o f  how the d i f f erent growth type s c ould 

affect nitrogen f ixa t i o n  have varied . For example , Gibson ( 1 9 8 0 ) 

indic a t ed tha t  wi th many spec i e s , nitrogen f ixat ion decline d  s o o n  

a f t e r  p o d  set or during early pod f i l ling whi l e  t ho s e  wi t h  a long 

veget a t ive phase ( e . g .  indetermi n a t e  cult ivars of Phaseo lus  vu lgaris ) 

ni trogen fixa t i on wa s pro longed a nd c onsequent ly increased s e ed y i e l d . 

I n  contras t , Lat imore et  a l .  ( 1 9 7 7 )  sugge s t e d  that becaus e  t he r e  

would b e  l e s s  veg e t a t ive c ompet i t i on during r eproduc t ive developm e nt 

in determinat e  soybean there wou l d  b e  greater quant i t i e s  of ava i la b le 

photo synthate f or nodu l e  mainta inanc e a nd nitrogen f ixa t i o n . 

Dry-ma t t er accumulation o f  s oybean line s ,  was f ound t o  d i f f e r  

with either det ermina t e  o r  ind e t ermina t e  growt h .  O f  t he t o t a l  above­

ground dry weight ( exc luding s e ed ) ,  the indet e rminate had produ c e d  5 8% 

compared wi th 78% o f  the de termi na t e  c u l t ivar a t  ini t i a l  f lowe r i ng 

( Egli and Legge t t , 1 9 7 3 ) .  

I t  i s  c le a r  t her e f ore , tha t d i f ferences in dry ma t te r  

accumu l a t ion and nitrogen fixat ion dynamic s betwe e n  determi na t e  a nd 

indet erminat e  growth types are poorly d e fined . C onsider a t io n  o f  t he 

uses o f  the two types need t o  be based o n  d i f f erenc e s  a t  t he s a me 

stage o f  development or s imilar t ime s a f t e r  planting or a t  

phys i o logic a l  mat urity . 

Thi s  s tudy wa s c arried out t o  c ompa r e , under glas shous e  

cond i t ions , the d i f ferent growth t yp e s o f  bean and s oybe a n  a t  
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dif ferent growth s tage s , in re lat ion t o  nitrogen f ixat i on , ni trogen 

distribut ion and seed yie ld . 

3 . 2  MATERIAL S  AND METHODS 

The experiment wa s c arried out in a glasshou se at P lant 

Phys iology Division , Department of Scientific and I ndu s t r i a l  R e s e ar c h  

( DS I R )  P a lme r s t o n  Nor t h , N e w  Zea land . 

Two c ommercial c u l t ivars o f  bean and two c u l t ivars o f  soyb e a n  

from Crop Research Divi s i on , D S I R , Pukekohe , New Zealand , wer e  u s e d : 

Spe c i e s  C u l t ivar Growth type 

Bean ' Tender Green' Det erminat e  

\ I 
Mangere Pole I ndetermi n a t e  

Soy bean 1 Ma tara'  Det e rminat e  

'Amsoy' I ndeterminat e  ( Anders o n , 

pers . comrn . ) 

Plant s were sown in 4 . 5  litre p o t s  with a mixture o f  sand a nd 

pumic e  ( 7 5 : 2 5 v / v ) under t he fol lowing environment al c ondi t ions : 

-Temperature ; heat l 8oc ,  vent 2 5°C 

-Pho t o period 14 h 

The experimental design wa s a 2 x 2  f a c t orial with a rand omi z ed 

complete block arrangement and 3 replic a t ions . 

Plant s wer e  we ll-wa t ered at regular int erval wit h  nitroge n-

free hal f  s t rength Hoagland ' s  A nu trient s o lution . The r e c ommende d  

Rhizobium cultur e s  ( NZP 5060 f o r  bean , and NZP 5 2 5 0  f or soybean ) f rom 

Gra s s land Divi sion , DS I R ,  P a lmerston Nor t h , New Zealand wer e  applied 

severa l  t ime s after emergence to ensure good nodulation . 
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A weekly destruc tive harve s t  was c a rried out t o  d e t e rmin e  

nitrogen f ixat ion; the dry-weight s o f  leave s , st ems , roo t s , nod u l e s  

and pods were a l s o  det ermined . 

The a c e tylene reduc t ion t echnique wa s used t o  measure nitrogen 

fixa t ion a c t ivity . The detai l s  o f  the proc edure are pre se n t ed in 

Appendix B .  

Tot a l  nitrogen o f  dif ferent plant p a r t s  wa s analyse d  by t he 

Kj e ldahl me thod , with details o f  t he proc e dure desc ribed i n  appendix 

c .  

Stat i s t i c a l  ana lysis . The growth d a t a  of each c u l t ivar wa s 

described by a func t ional approach , u sing appropriate growth func t i o ns 

to f i t  the data against t ime by t he least  s quares techniqu e . The 

following growt h  f unc t ions were appli e d : 

where 

l .  l o g i s t i c  e quat ion Y Yo / l + e- C a+bx ) 

or Ln ( Y / ( Yo-Y ) ) Bo + B 1 X i n  linear regr e s s i o n  f orm 

2 .  

3 .  

or 

4 .  

quadr a t i c  logistic equat ion 

Ln ( Y / ( Yo-Y ) ) Bo + B 1 X + B2 x2 

Bx 
gomp e r t z  equation y yOA 

Ln ( L n ( Yo/Y ) )  Bo + B 1X 

quadr a t ic exponent i a l  equat i on 

Ln ( Y )  

y original d a t a  

Y o  upper a symp t o t e  

A ,  B cons t ant s 

B o ,  B 1 , B 2 = regr e s s io n  est imat e s  o f  the 

func t io n  parameters 

X t ime 
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T o  make t he choice of the appropr i a t e  func t ion , s evera l 

criteria o f  be s t  f i t  wer e  c onsidered . The c r i teria included re levance 

of curve shape , maximi z a t ion of c o e f ficients o f  det ermina t i on ( R2 ) ,  

minimizat ion o f  re s idua l s , and applic abil i t y  t o  a l l  s e t  o f  d a t a  

compared . 
I 

Subprogram regr e s s ion inSPSS ' ( Ni e  et a l . ,  1 9 7 5 ) was u s ed . 

The t - t e s t  o f  Bo B1 and Bz among different curves and t - t e s t  o f  Y 

e s t ima t ed from c urves were a l so d one based o n  t - t e s t  in Draper and 

Smith ( 1 9 6 6 ) , u si ng t he Fortran prograciRegcom ' ( Gordon , pers . comm . ) .  

Calcu l a t i on o f  relative growth r a t e  and net a s simi l a t io n  r a t e  

and t heir s t andard errors was done , using t he Fortran version o f  t he 

the orginal program by Hunt and Parsons ( 1 9 74 ) . 

A two- f ac tor f a c t orial analysi s  o f  varianc e , 

incorpo ra t ing t he c onst raints o f  a randomiz e d  c ompl e t e  block d i s i g n , 

wa s used . The a na lys i s  wa s done using the Genst a t ' program ( Alvay 

et a l . , 1 9 7 7 ) 

The s t a t i s t ic a l  symbols used throughout this thes i s , unl e s s  

otherwise s t a t ed , a r e  pre sent ed i n  Appendix A .  

3 . 3  RESULTS 

3 . 3 . 1  P lant growt h : Quadratic curves were succ e s s fully u s ed t o  f i t  

the c hange in t o t a l  dry we ight and vege t ative dry we ight ( le a f  + 

stem )  o f  each c u l t ivar wi th t ime ( Figur e s  3 . 1 a and b ) . The de t a i l s  o f  

the s e  regr e s s io n  e qu a t ions a r e  pre s ent ed in Append i c e s  3 . 1  a nd 3 . 2 . 

Comparisons o f  t o t a l  and vege t a t ive dry we ight ( Y )  e s t ima t e d  f r om t he 

same growth s t a g e s  were made using the t - t e s t . The r e su l t s  showed 

that in bean the indeterminate cultivar a ccumu l a t ed mor e  t o t al dry 

we ight than that of the determi na t e  cult ivar at every growt h s t age 

after f lowering , whi l e  in s oybean the two growth types wer e  dif f er ent 
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only a t  the l a t e  grain f i lling s t age ( Table 3 . 1 ) . The vege t a t iv e  dry 

we ight ( le a f  + s t em )  of the det ermina t e  c u l t ivars of both s p e c i e s  

reached the maximum we ight soon a f ter f lowering . I n  contras t ,  i t  

c o nt i nued t o  increase for a f ew weeks a f t e r  f lowering i n  b o t h  o f  t he 

ind e t ermina t e  cultivars . The indet ermina t e  bean produced more 

vege t a t ive dry we ight t ha n  the det ermina t e  at every growth s t age , but 

the superiority o f  the indet erminate over the determinat e  s oybea n  was 

found only a t  the two l a t e  s t a g e s  ( Table 3 . 2 ) . Re lat ive growth r a t e s  

calculated from the f i t t e d  curve s , are pre sented i n  Figure s  3 . 2 a  a nd 

b .  Higher r e l a t ive growth r a t e s  were e s t imat ed in the ind e t e rmi n a t e  

growth type o f  b o t h  s p e c i e s  especially a t  t he later s t a g e s  o f  growt h .  

Leaf area : Change i n  l e a f  area over time were a l s o  b e s t  

described using quadr a t ic c urve s ( Figures 3 . 3 a  and b )  a lthough t h e  

coe f f ic ient s o f  determinat ion ( R2 ) o f  t h e  det ermina t e  t y p e  o f  bo t h  

spe c i e s  were quit e  low ( Appe ndix 3 . 3 ) ;  t he F-t e s t s  o f  varianc e  due t o  

regre s s ion were highly s igni f i c ant ( P< 0 . 0 1 ) . C ompa ri sons o f  Y­

e s t ima t e s  indic a t e  that t he di f f er enc e s  in leaf area at every growth 

stage f or bean were s igni f icant between typ e s , but in soyb e a n  

signi ficant d i f f erenc e s  wer e  only d e t e c t e d  at the two l a t e r  s t a g e s 

( Table 3 . 3 ) . 

Ne t a s similat ion r a t e : The net a s s imi l a t io n  rate wa s 

calcula ted f rom f i t t ed curve s u s ing the formu la from But t ery ( 1 9 6 9 ) .  

the results are presented in Figures 3 . 4 a  and b .  The p a t t e r n  o f  

cha nge in net a s simi l a t ion r a t e  f o r  the same growth type i n  each 

spec i e s  was s imilar . The main d i f f erenc e  was a t  the l a t e  r eprodu c t ive 

s t a g e s  in which the determinat e  c u l t ivars showed a downwar d  t r e nd 

whi l e  in the indet ermina t e  c u l t ivars net a s s imi lation r a t e  incre a s ed . 



Table 3 . 1 

Species 

Bean 

Soy bean 

Compar i s on o f  tota l plant dry wei ght between the determinate ( D )  and i ndetermi nate ( I )  

c u l tivar s o f  bean and s oybean , e s t imated from growth curve s , a t  d i f f erent growth 

s tage s . 

Growth 

type 

D 

I 

t-test 

D 

I 

t-test 

Flowering 

GROWTH STAGE 

Pod Development Grain Filling Late Grain Fil ling 

- 1  ---------------------Total plant dry weight ( g  plant )--------------------

2 . 4 0 4 . 8 0 7 . 4 0 8 . 8 0 

4 .  1 0 7 . 5 0 1 2 .  6 0  1 9 .  1 0 
* *  * *  * *  * *  

2 . 0 5 3 . 4 0 4 . 8 0 6 . 0 0 

2 . 2 0 3 . 8 0 6 . 5 0 1 1 . 0 0 

n s  n s  n s  * 

Ul 
w 



Table 3 . 2  Compa r i s on o f  l ea f  & s t em dry weight between the determinate ( D )  and i ndeterminate ( I )  

cul t ivars o f  bean a nd s oybean , e s t imated f r om growth curve s , a t  d i f f e r ent growth 

s tage s . 

Growth GROWTH STAGE 
Species type 

Flowering Pod development Grain filling Late Grain filling 

- 1  Leaf & stem dry weight ( g plant ) 

Bean D 1 . 8 0 2 . 7 0 3 .  1 0 2 . 7 0 

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

t-test * *  * *  * *  * *  

Soy bean D 1 . 5 0  2 . 2 0 2 . 6 0 2 . 4 0 

I 1 .  6 0  2 . 6 0 3 . 7 0 4 . 8 0 

t-test n s  n s  * *  * *  Ul 
.1':> 
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Table 3 . 3  

Species 

Bean 

Soy bean 

Compari son o f  l e a f  a rea per plant between the determinate ( D )  a nd indetermi nate ( I )  

c u l t ivar s  o f  bean and s oybean , e s timated f rom growth curve s , a t  di f f erent growth 

s tage s . 

Growth 
type 

Flowering 

D 1 8 7 . 5  

I 4 3 7 . 6  

t-test * *  

D 1 5 0 . 3  

I 1 6 4 . 7  

t-test n s  

GROWTH STAGE 

Pod development Grain filling 

2 - 1  Leaf area per plant ( Cm  plant ) 

3 8 0 . 8  4 7 3 . 7  

6 9 1 . 8  8 0 5 . 5  

* *  * *  

2 0 4 . 2  2 2 8 . 6  

2 6 0 . 6  3 6 5 . 7  

n s  * *  

Late grain fill ing 

3 6 1  . 0 

6 8 6 . 0  

* *  

2 1 0 . 7  

4 5 5 . 2  

* *  
Ul 
.....] 
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Roo t  growt h :  The r o o t  growt h o f  the two growth typ e s  was a l s o  

d i f f erent in b o t h  spec i e s . Roo t dry weight o f  the indetermina t e  

c u l t ivars o f  both spec i e s  reached a maximum value later than that o f  

the d e terminat e c u l t ivars ( Figures 3 . 5 a and b ) . I n  o ther words r o o t  

growth o f  t h e  indet erminat e  c u l t ivars cont inued f o r  a long e r  period . 

The details o f  the root growth curves are pre s ented in Appendix 3 . 4 .  

C omparison o f  Y- e s t imat e s  f rom f i t t ed c urve s showed t ha t  t he 

inde t e rminat e  c u l t ivars had mor e  root dry weight t ha n  t ho s e  o f  the 

det ermina t e  cult ivars o f  both species at every growt h  stage ( Ta b l e  

3 . 4 ) . 

3 . 3 . 2  Nitrogen f ixation and plant nitroge n :  

Nitrogen fixa t i o n , measured using the acetylene reduc t i on 

t echnique , was described qui t e  we l l  with a quadra t i c  equation ( Figures 

3 . 6 a and b;  Appendix 3 . 5 ) . The c omparison o f  values at d i f fe rent 

growt h stage s , e s t ima t e d  from f i t ted curve s ,  indic a t ed in bean that 

nitrogen fixation was d i f f e rent between t he two growt h  typ e s  only a t  

the f lowering st age . I n  s oybea n  t hi s  patt ern wa s reversed : the 

d i f f e r enc e was non- signi f i c ant only during the f lowering s t age ( Table 

3 . 5  ) and a t  a l l  the o t he r  growth stages the indetermina t e  c u ltivar 

had s ignific ant ly higher nitrogen f ixation a c t ivity than the 

determina te cult ivar ( F igure 3 . 6 ) .  

Nodu le dry weight : The indeterminat e  c u l t ivars o f  both 

s pe c i e s  produc ed mor e  nodu l e  dry weight than the determina t e  c u l t ivars 

( Figur e s  3 . 7 a and b ;  App endix 3 . 6 ) . The d i f f e rence was signi f i c a nt at 

every growth s t a g e  ( Table 3 . 6 ) . 
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Table 3 . 4  

Species 

Bean 

Soy bean 

Compar i son o f  root dry we ight between the determinate ( D )  and i ndeterminate ( I )  

c u l t ivar s  of  bean and s oybean , e s t imated f r om growth curve s , a t  d i f ferent growth 

s tage s . 

Growth 
type 

Flowering 

D 0 . 5  

I 1 . 0 

t-test * *  

D 0 . 5  

I 0 . 7  

t-test * *  

GROWTH STAGE 

Pod development Grain filling 

. ( - 1 ) Root dry we1ght g plant 

0 . 8  0 . 9  

1 . 4 1 . 6 

* *  * *  

0 . 7  0 . 9  

1 . 1 1 . 6 

* *  * *  

Late grain filling 

0 . 8  

1 . 7 

* *  

0 . 8  

2 . 0  

* *  0'1 
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Table 3 . 5  Compa r i son o f  acetylene reduct i on activity between the determinate ( D )  and indeterminate 

( I )  c u l t ivar s o f  bean and s oybean , e s t imated f rom growth curve s , a t  d i f f er ent growth 

Stages . 

Growth 
Species Types GROWTH STAGES 

Flowering Pod development Grain fill ing Late grain filling 

Acetylene reduction activity Y<mol c2 H4h - l ) 

Bean D 0 .  5 4 . 4  1 3 .  5 5 .  1 

I 2 . 5  6 . 3  6 . 8  3 . 0  

t-test * *  n s  n s  ns  

Soy bean D 1 . 5 8 . 5  1 5 . 6 8 . 9  

I 1 . 5 1 5 .  4 3 7 . 6  2 1 . 5 

t-test n s  * * *  * *  
0'\ 
w 
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Table 3 . 6  

Species 

Bean 

Soy bean 

Compa r i son o f  nodul e  dry we i ght between the determinate ( D )  a nd i ndeterminate ( I )  cul tivar s 

o f  bean a nd soybean , e s t imated f r om g rowth curve s , a t  d i f f e r ent growth s tage s . 

Growth 
types 

D 

I 

t-test 

D 

I 

t-test 

Flowering 

0 .  0 1 

0 .  1 0 

* *  

0 . 0 3 

0 . 0 5 

* 

GROWTH STAGES 

P od development G rain filling Late grain filling 

nodule dry weight ( g plant - 1 )----------------------

0 .  1 0 0 . 4 3 0 . 3 3 

0 . 4 0 0 . 7 3 0 . 5 8 

* *  * * 

0 . 0 8 0 .  1 4  0 . 2 2 

0 .  1 4 0 . 3 3 0 . 6 6 

* *  * *  * *  
0'\ 
U1 
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Total p lant nitrogen :  The indetermi na t e  cultivar s  o f  b o t h  

spec i e s  accumulated about thr e e  t ime s more t o t a l  plant n i t rogen t han 

tho s e  of the det ermina t e  c u l t ivars by the f inal harvest ( Fi gure s 3 . 8 a  

and b ;  Appendix 3 . 7 ) . The c omparison o f  values e s t imat e d  f r om c urve s 

showed tha t  the d i f f erenc e  was s ignific ant a t  every growth s t ag e  

compared in bean , whi l e  i t  was s o  only a t  t h e  two l a t e r  s t a g e s  i n  

soybean ( Table 3 . 7 ) .  

When t o t a l  plant nitrogen ( lo g  scale ) wa s f i t ted a ga inst 

nodul e  dry weight , b e f o r e  nodul e  dry weight s t arted t o  dec l ine , t he 

int e r c e pt represented t he amount o f  nitrogen in the plant b e f o r e  

ni trogen fixation c ommenced a n d  t h e  s l o p e  indic a t ed the n i t r o g e n  

f ixing a c t ivi ty in t h e  nodule ( Dobere iner 1 9 6 6 ) . I t  was found i n  both 

o f  t he determina t e  c u l t ivars of  bean and soybean tha t  t he r e  was a 

signi f ic ant ly s t eeper s l o pe ( i. e .  higher ac t ivit y )  t han f o r  t he 

indet erminat e  c u l t ivars ( Fi gure 3 . 9 ;  Appendix 3 . 8 )  I n  o t he r  words , 

nodul e s  o f  the det ermi nat e  c u l t ivars perfo rmed b e t t e r  in t e rms o f  the 

abi l i t y  to f ix nitrogen per unit weight of nodul e  than ind e t ermi na t e  

cult ivars . 

3 . 3 . 3 Yield and yie ld c ompone nt s : 

The indetermina t e  c u l t ivar of bean produced about twi c e  t he 

seed yie ld o f  the d e t e rminat e  c u l t ivar , while t he yield advant a g e  o f  

t h e  indet ermi na t e  soybean c u l t ivar was about three t ime s m o r e  t ha n  

that o f  the determi nat e  c u l t ivar ( Tables 3 . 8 and 3 . 9 ) . T h e  ma j or 

contribu t ion � the d i f f erenc e c ame from t he number o f  pods per p lant 

in soybean and number of seeds per pod in bean ( Tables 3 . 1 0 ,  3 . 1 1  and 

3 . 1 2 ) . However , the ability o f  t he two growt h type s to c onvert 
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Table 3 . 7  

Species 

Bean 

Soy bean 

Compar i son o f  tota l p l a n t  n i t r ogen between the determinate ( D )  and i ndeterminate ( I )  

cul t ivars o f  bean and s oybean , e s t imated f rom g r owth curve s , a t  d i f f e r ent growth s tage s . 

Growth 

type 

D 

I 

t-test 

D 

I 

t-test 

Flowering 

4 8 . 0  

8 3 . 6  

* *  

6 0 . 5  

5 8 . 5  

n s  

GROWTH STAGE 

Pod development Grain filling 

- 1 
Total Plant Nitrogen ( mg plant ) 

1 1 3 . 3 1 9 5 .  9 

1 9 2 . 0  3 6 1  . 2 

* *  * *  

8 7 . 9  1 2 4 . 0  

9 6 . 6  1 7 3 . 2  

n s  * *  

Late grain fill ing 

2 4 8 . 0  

5 5 6 . 2  

* *  

1 7 0 . 0  

3 3 7 . 3  

* *  (j) 
CO 
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Table 3 . 8  

Species 

Bean 

Soy bean 

Mean 

F-test 

CV ( % )  = 1 8 . 2  

Mea n  pod wei g h t  ( g p lant - 1 ) o f  bean and s oybean with d i f fe rent growth types . 

Determinate 

7 . 4 3 

4 . 9 9 

6 • 2 1 

type 

* *  

Indeterminate 

1 5 .  5 1  

1 5 . 0 5 

1 5 .  2 8  

Species 

ns 

Mean 

1 1 • 4 7 

1 0 . 0 2 

Type * Species 

ns 

-.J 
0 



Table 3 . 9  Mean s e ed we ight ( g  plant - 1 ) o f  bean and s oybean with d i f f erent growth type s . 

Species Determinate Indeterminate Mean 

Bean 5 . 5 4 1 0 .  6 0  8 . 0 7 

Soy bean 3 .  1 9 9 . 7 5 6 . 4 7 

Mean 4 . 3 7 1 0 .  1 7 

Type Species Type * Species 

F-test * *  ns ns 

CV ( % ) = 1 7 . 7  

-...) 



Table 3 . 1 0  Mean number o f  pods per p l ant o f  bean and s oybean with d i f f erent g rowth type s . 

Growth Type 

Species Determinate 

Bean 3 . 2 5 

Soy bean 1 1 • 6 7 

Mean 7 . 4 6 

Type 

F-test * *  

CV ( % )  = 2 9 . 7  

Indeterminate 

3 . 7 8 

2 4 . 8 3 

1 4 .  3 1 

Species 

* 

Mean 

3 .  5 1  

1 8 .  2 5  

Type * Species 

* 

-...} 
N 



Table 3 . 1 1  Mean we ight o f  20 seeds ( g )  of bean and s oybean with d i f ferent growth type s . 

Growth Type 

Species � Determinate Indeterminate 

Bean 9 . 7 3 1 0 . 6 2 

Soy bean 3 . 9 7 3 . 9 6 

Mean 6 . 8 5 7 . 2 9 

Type Species 

F - test ns * *  

CV ( % )  = 6 . 8  

Mean 

1 0 .  1 7 

3 . 9 7 

Type * Species 

ns 

-.,J 
w 



Table 3 . 1 2  Mean number o f  s eeds per pod o f  bean and s oybean with d i f f erent growth type s . 

Growth Type 

Species Determinate 

Bean 3 • 5 1 

Soy bean 1 • 3 4 

Mean 2 . 4 3 

Type 

F-test * *  

C V  ( % )  = 1 8 .  8 

Indeterminate 

5 . 3 6 

2 . 0 0 

3 . 6 8 

Species 

* *  

Mean 

4 . 4 3 

1 • 6 7 

Type * Species 

ns 

-.1 
..,. 
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biologi c a l  yield t o  seed yield wa s very s imilar a s  indic a t e d  by t he 

simil a r  harvest indices ( Table 3 . 1 3 ) . N i t rogen u t i lization expr e s se d  

as nitrogen harvest indic e s  was a l s o  simi la r  between t he two typ e s  

(Table 3 . 1 4 ) . 

3 . 4 D I SCUSSI ON 

3 . 4 . 1  P lant growt h :  Growth c urves have been used a s  an approach t o  

plant growth analysis in this experiment because i t  o f fered a numbe r  

of advantage s ( Hunt , 1 9 8 2 ) . S ome o f  the advant ages which a r e  d i r ec t ly 

re levant to t hi s  experiment are i )  t he d i f ficulties involved in t h e  

pairing o f  plants when applying t he c la s s i c a l  f ormulae c an be avo ided , 

ii ) informat ion f rom a l l  s ampling o c c a s ions have been used i n  

determining the value o f  the derived quant i t i e s , whereas i n  t he 

c la s s i c a l  me t hod only data from two c onsecu t ive harve s t s  c a n  be u s ed . 

The dif ference between t he two growth types o f  both spec i e s  i n  

their dry ma t t e r  accumulat ion wa s qui t e  s imi lar ( Figure 3 . 1 a a nd b ;  

Table 3 . 1 )  i . e .  tLe indet ermi na t e  c u l t ivars accumulated s i g nif ic a n t l y  

more dry-mat ter than t he det erminate c u l t ivars at t h e  l a t e  grain 

f illing stage . However ,  the r e  wa s not a c omple t e  c e s s a t i o n  o f  

accumu la t ion o f  dry-ma t t e r  i n  the vegetat ive por t ion o f  t h e  p lant a t  

the beginning o f  f lower ing for t he det ermi nate cult ivar s . The r e s u l t  

is similar t o  that r eport ed by Egli and Leggett ( 1 9 7 3 ) i n  t he ir 

experiment u s ing field-grown soybeans over two seasons . 

Since t o t a l  dry-ma t te r  yie ld depends on the deve lopme nt o f  

leaf area a nd the r a t e  o f  net phot o s ynthe s i s  ( Turner and B e gg , 1 9 8 1 ) ,  

the higher leaf area o f  the inde t e rmina t e  types ( Figure 3 . 3a and b )  

r e f lec t s  direc t ly t he advantage o f  the indet ermina t e  typ e s  i n  



Table 3 . 1 3  Harves t  i nd i c e s  o f  bean and s oybean with d i f f erent growth type s . 

Growth type 

Species Determinate Indeterminate 

Bean 0 . 6 6 0 . 5 2 

Soy bean 0 . 6 1 0 . 5 5 

Mean 0 . 6 4 0 . 5 4 

Type Species 

F-test n s  * *  

C V  ( % )  = 5 . 2  

Mean 

0 . 5 9 

0 . 5 8 

Type * Species 

n s  

-..) 
0'\ 



Table 3 . 1 4  N i t rogen harve s t  i n d i c e s  o f  bean and s oybean with d i f f erent growth type s . 

Growth type 

Species Determinate Indeterminate Mean 

Bean 0 . 8 8 0 . 7 7 0 . 8 2 

Soy bean 0 . 7 4 0 . 7 5 0 . 7 4 

Mean 0 . 8 1 0 . 7 6 

Type Species Type * Species 

F-test ns ns ns 

C V  { % ) = 9 . 9  

-J 
-J 
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producing dry-ma t ter . C ons equent ly , the vege t a t ive dry we ight ( le a f  + 

stem) o f  the ind e t ermi na t e  cultivars o f  both spec i e s  wa s about t wi c e  

that o f  the determi na t e  cultivars at physiological maturi t y  ( Figure 

3 . 1 a and b ) . A c ompar i s o n  of total dry weight be tween t he two g rowth 

type s at each growth s t a g e  ( Table 3 . 1 )  showed signi ficant d i f fe r e nc e s  

only in the later growth s t ages o f  soybean . Simi larly there wa s no 

diff erence in leaf area be tween t he two types during t he e arly growth 

stages ( Table 3 . 3 ) . The s e  d i f f erenc e s  be twe e n  the two g r owt h t yp e s  

we.,-e s imi lar to t hose reported by Chaturvedi et a Z .  ( 1 9 80 ) ; i n  c owpe a  

the i ndetermina t e  cult ivars produced mor e  dry-ma t t e r  i n  leave s , s t em 

and t ot a l  plant t han those o f  determinate cultiva r s . 

The net a s simi l a t io n  rate ( NAR) c a lc u la t ed f r om f i t ted curves 

showed an int erest ing p a t t ern ( Figure 3 . 4a and b ) . The NAR valu e s  o f  

indet ermina t e  c u l t ivars o f  both bean and soybean inc r e a s ed a t  t h e  

later stage o f  reproduc t ive growt h .  Kol l e r  et a Z .  ( 1 9 7 0 )  i nt erpr e t ed 

the increase in NAR during the lat t er part o f  the growing s e a so n  a s  a 

r e sponse o f  the pho t o synthe tic aparatus t o  an increased d emand f o r  

as similat e s , whi c h  was d u e  to the rapid growth o f  t he seed . Sharma 

et a Z .  ( 1 98 2 ) reported t hat NAR ' s  from pod deve lopme nt to matur i t y  o f  

sixt een soybea n  c u l t ivar s were strongly corre lated wi th y i e ld . 

One o f  the maj or d i f ference be tween the two growth type s wa s 

root growt h .  The ind e t erminate cult ivar s  produced more r o o t  dry 

weight than tho s e  o f  the determina t e  cult ivar s at every growth s t age 

compared ( Figure 3 . 5 ;  Table 3 . 4 ) . C u l t ivars o f  soybeans were found t o  

d i f f e r  c onsiderably in r o o t  growt h ,  e spec i a l ly in pro li f er a t ion during 

late development ( Raper and Barber , 1 9 7 0 ; Mit che ll and Ru s s e l l , 1 9 7 1 ) .  

However the se workers did not f ind any relat ionship be twe e n  yie lding 
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abi lity and nut r ient a s s imi l a t ion due t o  dif ferenc e s  in r o o t ing 

behavior . Mor e recently Silberbush and Barber ( 1 9 84 ) repo r t ed t ha t  

cult ivar s with mor e  ext ens ive root syst ems absorbed more P a nd K a nd 

thi s wa s found t o  be a s sociated wi th higher grain yield i n  s oyb e a n . 

3 . 4 . 2  Nitrogen f ixation and nitrogen d i s t ribution : 

Variat ion in t he abi l i ty o f  grain legume s t o  fix n i t ro g e n  has 

been repo r t ed both be tween and within spec i e s  ( Gr aham , 1 98 2 ) .  I n  thi s  

experiment , beans had a lower a c t ivity than s oybeans ( Figu r e  3 . 5 a  and 
HowW..tY) (IJ tiAl .eV\J totctl Vl't rroyV\ Cl� �o1� t'fp-tJ w a. �  $ t i'Vlilo.Y CFi� L<.Y-L --:;, .ce:;) , 

b ) .  S imi lar observations wer e  quoted by Graham a nd Halliday ( 1 9 7 7 ) t\ 

both in t erms o f  t o t a l  a c t ivity and spe c i f ic a c t ivity.  A d i f f erence 

in total nitrogen fixa t ion act ivi ty a f t e r  f lowering b etwee n  the two 

growth types was found only in soybean ( Table 3 . 5 ) . Ther e  have b e e n  

only a f ew s t u d i e s  whi c h  c ompared nitrogen f ixation direc t ly b e tween 

the two growth type s ;  H ardy et a Z .  ( 1 9 7 1 )  repor ted that d et ermi n a t e  

and indet e rminat e  soyb e ans o f  s imi lar ma turity d a t e s  had s imi l a r  

ni trogen f ixat ion a c t ivity . I n  contra s t  Graham ( 1 98 1 )  quo t ed f i e ld 

stud i e s  which indicated that the indet e rmina t e  c u l t ivars o f  bean 

( Phaseo Zus  vu lgaris ) wer e  c onsis t ant ly superior t o  that of  mo s t  

det ermina t e  bush types i n  t o t a l  nitrogen f ixat ion . 

When t o t a l  plant nitrogen ( dependent variabl e ) i s  r egre s sed 

with nodule dry we ight ( independent variable ) ,  the inter c e p t  r e pr e sents 

the amount o f  nitrogen actual ly absorbed from the origina l seed and 

the s o i l  and the regr e s s ion c o e f f ic ient ( B 1 ) is an 'index o f  ni t rogen 

fixing e f fi c i ency� Pio neering thi s method , Dobere iner ( 1 9 6 6 ) f ound 

that thi s 'index o f  ni troge n  f ixing e f f ic iency ' seemed t o  be c o n s t ant 

for each plant spec i e s  and appeared to be independent of mo s t  

environment a l  e f f e c t s ,  Rhizobium strains and plant varie t i es . I n  this 
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experiment the det ermina t e  c u l t iv a r s  o f  both spe c i e s  had s i gni f i c a nt l y  

higher regre ssion c oe f f i c i e n t s  t ha n  tho se of the indet ermi na t e  

cult ivars ( Figure 3 . 9 ) . Thi s would sugge s t  that the nodu l e s  o f  t h e  

determina t e  cultivar o f  both b e a n  and soybean in thi s  exp e riment a r e  

more e f ficient than t ho s e  o f  t h e  indet ermina t e  cult ivar in f ixing 

nitrogen . 

Sinc e in thi s  experiment no mineral nitrogen wa s added a f t e r  

the first week f rom s e ed ling emergenc e , and t he p o t  mixtu r e  had v e r y  

low organic nitroge n ,  t h e  change in t o t a l  plant nitrogen wit h  t im e  

should be a relatively accurate means o f  determining the t o t a l  a mount 

o f  nit rogen f ixed a s  we l l . I n  this c a s e  the indet ermina t e  c u l t i v a r s  

o f  both spe c i e s  had signi fi c an t ly higher t o t a l  plant nit rogen t h a n  t he 

det ermina t e  c u lt ivars ( Figure 3 . 1 0 ) . 

The s imilarlity betwee n  a c e t ylene reduction rate , but 

d i f f erence in total plant nitrogen ,  between t he two bean c u lt iv a r s 

could par t ly be due t o  t he a c t u a l  a c etylene reduc tion d a t a  whic h  

showed high plant t o  plant variabi l i t y . Nodu le weight ( f r e s h  o r  dry ) 

ha s t radi t i onally been u s ed t o  ind i c a t e  dini t rogen f ixat io n  in l e gume s 

( Be l l  and Nutman , 1 9 7 1 ; Brockwe l l , 1 9 7 1 ) .  In soybean the higher 

ni t rogen f ixa tion o f  the indet erminate cult ivar was due to a higher 

nodule dry weight ( F igure 3 . 7 ) ,  s inc e the 'ni trogen f ixing 

e f f i c i ency ' ,  as indi c a t e d  by the regres sion t echnique , wa s lower i n  

t h e  indet erminate cultivar ( Figure 3 . 9 ) .  On the other hand , the 

superior nodule growth i n  t he ind e terminat e  bean cultivar did n o t  

result in higher nit rogen f ixa t i on rate . Thi s  c ould , in p a r t , b e  due 

to the nodul e  a c t ivi t y  in the bean being more sensit ive t o  

environmenta l  variab i l i t y  e . g .  temperature than nodu le dry weight 

( Rennie and Kemp , 1 98 1 ) . 
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The t o t a l  plant nitrogen in each cultivar wa s highly dependent 

on the t o t a l  plant bioma s s  ( correlat ion c o e f fic ient s > 0 . 9 4 ) . A 

simi l ar relat ionship in soybean wa s previously reported by Hanway and 

Weber ( 1 9 7 1 a ) ; S paeth a nd Sinc lair ( 1 9 8 3 ) ;  and Anderson a nd Va s i l a s  

( 1 98 5 ) .  Many s t udies examining t he d i s t ribution in ni trogen by 

soybean have shown that the l o s s  o f  ni trogen from vege t a t ive t i s su e  

coinc id e s  wi th t he accumulation o f  ni trogen in s e e d  ( i . e .  Hanway a nd 

Weber 1 9 7 1c ; Derman et a l . ,  1 9 78 ) . The r a t i o  o f  nitrogen in t he grain 

to t o t a l  above g round plant nit r o ge n  o r  'nitrogen harve s t  index ' wa s 

not s igni ficantly dif ferent between the two growth types ( Table 3 . 1 4 ) . 

Thi s  indicat e s  t ha t  the d i s tr ibut ion o f  nit rogen t o  grain was r e l a t e d  

t o  t h e  s i z e  o f  t he nitrogen poo l , which wa s , i n  turn , c lo se ly r e l a t e d  

to t h e  dry weight rather than t o  the dif f erenc e  i n  nit rogen 

trans loca tion . 

3 . 4 . 3  Yield and yield c omponent s :  C ompar i sons o f  yie ld d i f f erenc e s  

between d e t e rminat e  and indet ermi na t e  l egume typ e s  have r e c orded 

similar values in soybean ( Egli and Legge t t , 1 9 7 3 ) ,  higher valu e s  in 

inde t e rmina t e  t yp e  o f  c owpe a  ( Chaturvedi et a l . , 1 980 ) o r  higher 

va lue s in the det ermina t e  typ e  o f  soybean ( Hicks et a l . ,  1 9 6 9 ) . The 

result s  from this pres ent exp eriment showed tha t  the ind e t e rmina t e  

type o f  both s p e c i e s  out-yielded t he det ermina t e  c ounterpart ( T a b l e s  

3 . 8  a nd 3 . 9 ) . T h i s  advant age ma inly c ame from a higher number o f  pods 

per p lant (Table 3 . 1 0 ) . The production of yield in a grain c r o p  

depend s  upon t h e  accumulation o f  dry-ma t t e r  in seed s . T h e  amoun t  o f  

s e e d  yie ld produc ed i s  the produ c t  o f  t h e  number o f  s e e d s  a nd their 

size , d e t ermined by the rate and dur a t io n  o f  dry-ma t t e r  a cc umula t io n  

( Wein and Ackah , 1 9 7 8 ) . I n  thi s experiment the reproduc t iv e  period o f  
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the two growth types o f  each s p e c i e s  wa s t he same , so this indic a t e s  

that the rate o f  dry-ma t t e r  accumulation int o the seed wa s like ly t o  

b e  the key f ac tor i n  c au s ing the yield d i f ferenc e . The indet ermi na t e  

types c ould achieve higher yie ld because t hey produced a larger source 

capac i t y , a s  wel l  a s  bene f i t ing during t he early s t a g e s  of  pod f i lling 

f rom the c anopy whi c h  s t i l l  had a large proportion o f  r e l a t ive l y  

young l e ave s . I n  c ont ra s t , d e t e rminate t ypes have t o  d erive muc h  o f  

their photo syntha t e  f r om ageing leaves ( Shible s , 1 98 0 ) . A s s e s sment o f  

the 'harve s t  index ' could ident i fy a p a t t ern i n  the r e l a t i on ships 

between the t o t a l  bioma s s  of the mature plant and t he f r a c t ions 

cont r ibu t ed from the s e e d s . There was no d i f f erence in t he harve s t  

index between the two growt h t yp e s  o f  both spec i e s  i n  the present 

experiment ( Table 3 . 1 3 ) . Previou s work had indica t e d  that the harve s t  

index o f  a cult ivar wa s a stable charac t er i s t ic irre s pe c t iv e  o f  

sub s t ant i a l  d i f f erenc e s  i n  environment a l  c o nditions during p lant 

growth ( Spaet h  et a l . , 1 984 ) .  

Since plant s in t hi s  experiment were large ly depe nd e nt on 

symb i o s i s  t o  s a t i s f y  t he i r  nitrogen demand , then the dif f e r e nc e  in 

t o t a l  ni trogen betwe e n  two growth type s ( Fi gure 3 . 8 ) c ould only be 

due to the d i f ference in nitrogen fixa t ion . I t  had been r e ported t ha t  

where cowpea i s  de pend e nt o n  symb i o t i c a l ly-f ixed nitrogen , superior 

nitrogen f ixing geno type s  were a l s o  higher yie lding ( Graham and S c ot t , 

1 983 ) .  The resul t s  in t hi s  experiment c ould also draw s imi l a r  

conc lu s ion . 
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A c ompara t ive s t udy o f  nitrogen f ixat ion ,  nitrogen 

distribution and yield of two soybean c u l t ivars with det ermi nat e and 

indet erminat e  growth type s . 

AB STRACT 

Two s oybean cultivar s  Mat a r a ' ( de t ermina t e ) a nd Ams o y ' 

( inde t e rmina t e ) were s tudied in c ontrolled environment conditions t o  

ident i f y  the d i f f erenc e s  in nitrogen fixa t i o n ,  nitrogen d i s t ribu t io n , 

ni trogen re-distribution and yie ld . The emphas i s  in thi s  experiment 

was to d e t ermine the key factors t ha t  may c ontribut e  towa r d s  the 

difference b etwe e n  the two growth t ype s . 

The indet ermina t e  cult ivar produ c e d  twi c e  a s  muc h  s eed y i e ld 

t he d e te rmina te cult ivar . Vegetat ive dry-ma t t e r  comp o nent s o f  

the i nd e te rminat e  cult ivar were signi f i c a nt ly higher t ha n  those o f  t he 

determina t e  c u l t ivar . This was largely because the inde t e rmina t e  

cult ivar had more leaf area per plant , a longer period o f  r o o t  growth 

and mor e  nodu l e s  than that o f  the determinate c u l t ivar . 

The superiority o f  the ind e t e rmina t e  cultivar in a c e tylene 

reduct io n  ac tivity came primarily f r om a r apid increase i n  t he nodule 

ma ss , s ince t he spec ific a c etylene reduc t io n  ac t ivity o f  the 

determinat e  c u l t ivar wa s gener a l ly higher t ha n  that of the 

inde t ermina t e  c u l t ivar . There wa s a linear relat ionship b e twe e n  

4int e g r a t e d  nit rogen f ixation a c t ivi t y ' a nd t he nitrogen a c c umu l a t ion 

o f  bo t h  c u l t ivar s . 
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About 3 0 - 40 %  o f  seed nitrogen o f  both c u l t ivars c ame f r om r e ­

distribu t ion . T h e  s t em o f  the indet ermina t e  cultivar re-di s t r ib ut ed a 

higher propo r t i o n  o f  nit rogen t o  the seed t ha n  that o f  t he d e t e rm ina t e  

cult ivar . 

Among several plant characters t e st ed ( vi z . d ry-wei ght o f  

root s , nodule s ,  s t ems l eaves and pods , l e a f  area per plant , a c e t y lene 

reduc tion a c t iv i t y  and t o t a l  plant nitroge n )  leaf area was ident i f ied 

a s  one o f  the key fac t or s  in determining t he d i f ference betwe e n  t he 

two growth type s . 

4 . 1  INTRODUCT I ON 

From t he previous experiment ( re p o r t ed in C hapter 3 ) ,  i t  wa s 

evident that t he inde t e rminate cu l t ivars o f  both bean and s oybea n  

produced a pproxima t e ly t hr e e  t ime s mor e  t o t a l  plant nitrogen than t he 

determinate c u l t ivar s . However , only the ind e t e rminat e  soybean s howed 

signif ic ant ly mor e  a c e t y lene reduc tion a c t ivity t han t ha t  o f  the 

determinat e  c u l t ivar . The indet erminat e  c u l t ivars o f  both bean a nd 

soybean a l s o  had higher nodule dry weight s  t han t ho s e  o f  t h e  

determinat e  c u l t ivars . Wi th t h e s e  advant a g e s , the indet ermi na t e  bean 

and soybean c u l t ivars produced two and t hree t ime s more s e e d  yie ld 

respective ly t ha n  in t he det ermina t e  cult ivar s . 

However ,  t he r e  are disagreement s in t he l i t e r a ture about which 

growth typ e s  had a n  advantage in yield . For examp l e , Egli a nd L e g g e t t  

( 1 9 7 3 ) and B e a v e r  et a l .  ( 1 985 ) rec orded s imi lar v a l u e s  o f  g r a i n  y i e ld 

betwe e n  the two growth t ypes in soybea n ,  wher e a s  Hicks et a l .  ( 1 9 6 9 )  

report ed higher values in the determinat e  type . C ha turvedi et a l .  

( 1 980 ) found higher a value for the inde t erminat e  type o f  c owp e a . 
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Furthermore , Beaver and Johnson ( 1 9 8 1 )  f ound that t he d e t e rmina t e  

cult i vars performed le s s  predi c t ably than t he ind e t e rminat e  cult i va r s  

when they c ompared the yie ld s t ability o f  the two growth types a d a p t ed 

t o  t he northern United S t a te s . So t he yield diff erence be tween t he 

two growt h typ e s  may not only be due t o  genetic d i f f erenc e s  but a ls o  

t o  o ther f a c t o r s  such a s  environmental c ondit ions . 

Several worker s  have e s t imated that between 5 0  a nd 6 0 %  o f  t he 

nitrogen in s e ed c ome s f rom t he re-di s t r ibut ion o f  nitrogen from 

vege t a t ive t i s sue ( Hanway a nd Webe r , 1 9 7 1 b ; Egli et a Z . ,  1 9 7 8a ) . 

Increasing t he quant i t y  o f  nitrogen ava i lable for grain developm en t  in 

soybean c ould be accomp l i shed , therefor e , by increa s ing whol e  p l a nt 

nitrogen accumu l a t ion a nd /or increas ing t he propor t ion o f  v e g e t a t ive 

nit ro gen t rans l o c a t ed to t he developing grain ( Jeppson et a Z . , 1 9 7 8 ) . 

In a previous experiment , the ind e t ermina t e  cultivars had a grea t e r  

ma s s  o f  vege t a t ive plant part s  ( i . e .  l e a f  and s t em )  and hen c e  they 

also had bigger nitrogen pools . I t  would a l s o  be o f  int er e s t  t o  know 

if the re-d i s t r ibut ion o f  nitrogen in t he two growt h typ e s  wa s 

different : variability f o r  nitrogen translocat ion from v e g e t a tive 

tissues t o  t he developing grain may exi s t  be tween the two c u l t ivar s  o r  

c onve r s e ly ,  differenceS in s e ed nitrogen cont ent may be ma i nly due t o  

differenc e s  i n  s i z e s  o f  the nitrogen poo l s . 

The obj e c t ives o f  this experiment we re 

1 )  T o  identify t h e  d i f f erenc e s  i n  nit rogen f ixa t i o n , nit ro g e n  

di s tr ibut ion and yie ld b e twe en t h e  two growt h typ e s  ( wi t h  t he empha s i s  

o n  finding the f a c t or t ha t  has the grea t e s t  influence o n  t h e  

diff erence obtained ) .  
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2 )  To c ompare nit rogen re-distribution r a t e s  t o  t h e  deve loping 

seed f rom t he vege t a t ive plant parts between the two growth typ e s . 

I n  order t o  ooai n  o pt imum growt h c onditions , in whi c h  t h e  

experiment c ould be repe a t ed wit h  mi nima l varia t ion , c on t r o l l e d  

environment a l  t e c hniqu e s  wer e  u s ed . 

4 . 2  MATERIAL S  AND METHODS 

The exper iment wa s c arried out in c ontrolled envi r o nmen t  rooms 

at the C limat e  Laboratory , P lant Physiology Division , Depart ment of 

Scientific a nd Indu s t r i a l  Re search ( DS IR ) , P a lme r s t o n  Nor t h , New 

Zealand . 

The two soybean c u l t ivars f rom t he previous exper iment were 

used ; i . e .  

'Mat ara ' 

'Amsoy ' 

D e t erminat e  

I nde t ermi nat e  

Plant s were s own in 4 . 5  l i tre p o t s  w i t h  a mixture o f  s a nd a nd 

pumic e  ( 7 5 : 2 5 v / v )  under t he environment a l  c onditions d e s c ribed in 

Appendix D .  

The experimen t a l  d e s ign wa s a randomized c omp l e t e  b l o c k  design 

wi th 5 replicat e s . 

Plants were given c omp l e t e  Hoagland ' s  A nut r i e nt s o l u t i o n  

unt i l  e m  , then the s ame Rhizobium c ulture u s e d  i n  t he 

previous exper iment wa s applied s everal t ime s t o  ensure g o o d  

nodu la t ion . Af t er inocu l a t i o n , plant s w e r e  we l l  wat er e d  a t  regular 

interval wi t h  nitrogen- fr e e , hal f - st rengh Hoagland ' s  A nut r ie nt 

solut ion . 
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Five weekly d e s truct ive harves t s  were c arried out f rom the 

f lowering stage , t o  d e t ermine ni trogen f ixat ion and the d ry-we i ght s 

o f  d i f ferent plant c omponent s ( viz l e a f , s t em ,  root , nodu l e  and pod ) . 

The ace tylene reduc t i on a s say ( Hardy et a l . , 1 9 7 1 )  was u s ed t o  

mea sure nitrogen f ixat ion a c t ivity . The details  o f  the pro c edure are 

present ed in Appendix B .  

Total plant nitrogen o f  d i f f erent plant par t s  wa s a na lyse d  by 

the Kj e ldahl method ( Br emner and Mulvaney , 1 982 ) with det a i l s  of the 

procedure described in Appendix C .  

The amount o f  nit rogen re-dist ributed wa s e s t ima t ed f r om 

c hange s  i n  t o t a l  ni trogen ( mg plant - 1 ) f or each plant part b e twe e n  

early grain f illing s t age and t he f inal harvest a t  maturit y .  The 

e s t imation of nitrogen-redistirbu t ion was similar t o  that d e scribed by 

Egli et a l .  ( 1 9 78a ) 

Radioact ive 1 4c wa s used t o  ident i f y  whe t her t he r e  wer e  any 

difference s  in C movement at the t ime when nitrogen fixa t i o n  of t he 

two c u lt ivars wa s markedly d i f f e r e nt . At three weeks a f t e r  f l owering 

one plant per replic a t ion wa s e xp o s e d  t o  1 4c .  Labelling t oo k  p l a c e  at 

the s ame t ime o f  t he day for both c u l t ivars which had one week 

dif ferenc e  in reaching f lowering s t a g e . The 1 4c ,  wi th an a c t iv i t y  of 

2 0  mic r o  C i , was applied t o  a single l e a f  at the s ame po s i t i o n ,  i . e .  

third node from the uni f o l i o l a t e  l e a f , a t  the same growt h s t age for 

both c u l t ivars . The l e a f  wa s labe lled by enc losing i t  in a sma l l  

perspex leaf chamber ( approximat e  volume 5 0 0  ml ) which had a hinged 

lid with foam rubber around i t s  edge t o  e nsure that the c onne c t ing 

pet io l e  was undamaged . I t  a l s o  had a sma l l  int erna l fan t o  ensure 

rapid circulation o f  t he labe lled a i r  i ns ide the chambe r . 
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Aft er 2 4  h the plant s were harve s t e d  and dissected into l e a f , 

stem and pod and a lso ca t agorized a c c ording t o  their po s i t ion 

relat ive t o  ( be low or above ) the labe lled leaf . Plant part s  wer e  then 

dried at 8 0°C for 24 h weighed and analysed f or 1 4c activi t y . The 

sampl e  preparat ion for the a s say wa s modi f i e d  Shimshi ' s  me thod 

( Shimshi , 1 9 6 9 ) the s ame a s  t ha t  de scribed by Withers ( 1 9 7 9 ) . The 

activity o f  the sampl e  wa s determined u s ing a B eckman 1 1 7 0 0  liqu i d  

scint i llat ion counter . 

S t a t i s t i c a l  analysi s  

The growth d a t a  o f  e a c h  c u l t ivar wa s described b y  a func t i onal 

approach , using appropr i a t e  growth func t ions t o  f i t  the d a t a  against 

time by the least squares technique ( Hunt , 1 98 2 ) .  The details of the 

growth f unc t ions and t he analysis procedu r e s  are the same as tho s e  

described i n  C1Bpl:er:' 3. 

A rand omi zed c ompl e t e  block d e s i gn wa s used for t he analys i s  

of varianc e . The ana lysis wa s done u s ing t he ' Genstat ' program ( Alvay 

et a l . , 1 9 7 7 ) . 

A path analy s i s  was u s ed t o  f ind a 'p l ausible interpre t a t i o n ' 

o f  the r e l a t ionship between variab le s . A path diagram derived from 

the ana lys i s  i s  a network wit h  t he dire c t ions specif ied . I t  

there f o r e  enab l e s  an evalua t ion o f  t he direc t e f f e c t  o f  one c a u s e  o n  

a result  a nd t h e  indirec t e f f ec t s  d u e  t o  o ther c ause s . I n  a path 

diagram , arrows indic a t e  the a s sumed dir e c t ion o f  inf luenc e o f  one 

variable o n  ano ther . The number s , or p a t h  c o e f f ic ient s a s so c i a t e d  

with t he arrows , a r e  p a t h  coe f f i c ient s ( p )  whi c h  measure t he 

import ance o f  a given path o f  inf luence f rom c au s e  to e f f ec t . Arrows 
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coming from ou t s ide the diagram , and their a s sociated c o e f f i c ie n t s ,  

repre sent ext erna l sour c e s  o f  varia tion . The theory a nd d e t a i l e d  

ana lysis a r e  f u l ly described b y  L i  ( 1 9 7 5 ) . I n  this s t udy , the 

ana lys i s  wa s done using the Fortran program ' Carrel ' ( Gordon pers . 

comm ) . 

A mu l t iple discriminant analysis t e c hnique wa s u s e d  t o  c ombine 

several plant charac t e r s  into an index of c u l tivar or trea tment 

perf ormanc e . Thi s analysis aims a t  d i s t inguishing b e twee n  two or more 

groups on the j oint basis o f  several a t tribu t e s . I t  partit ions the 

dispersion ( i . e .  a l l  variance and c ovarianc e )  into t r e atme n t  and error 

components and d i scrimina t e s  on t he ba s i s  o f  maximizing t he r a t i o  o f  

trea tment t o  error ( a s  i n  an F - t e s t ) .  The mod e l  o f  this ana lysi s  i s  

the s ame a s  d e s c r ibed b y  Cooley and Lohne s ( 1 9 7 1 ) and Laoha siriw ong 

( 1 982 ) . 

Onc e t he discriminant func t i ons have been derived , i t  may b e  

possible t o  obt a i n  s a t i s f ac t ory d i s criminat i o n  with o n l y  one or two o f  

the func t ions , by u s ing only tho s e  which t ake s i n t o  ac c ount a large 

proportion o f  total disper sion o f  the origina l data . The main 

obj e c t ive for thi s analys i s  in t he present s tudy wa s t o  i d e n t i f y  t he 

original a t tribu t e s  whic h  contribu ted mo s t  t o  d i s t inguish b e twee n  

cultivars o r  trea tment s u s ing those func tions which had t he mo s t  

discriminat ing powe r . Thi s c ou ld be done by int erpreting the 

'struc t ure ma trix ' ,  which i s  the mat rix o f  pooled wit hin-group 

corre l a t i ons be twe en the disc riminant func t io ns , and t he 

disc riminat ing variab l e s  t o  f ind t he variable which c ontribu t e s  mo s t  

to d i fferent iation a long the part icular func t ion ( Klecka , 1 9 7 5 ) . The 

ana lysis wa s done u sing t he ' SP S S ' program ( Ni e  et a l . , 1 9 7 5 ) . 
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4 . 3  RESULTS 

4 . 3 . 1  PLANT GROWTH : The determina t e  c u l t ivar ' Ma t ara ' r e ached t he 

f lowering stage in 5 weeks , a wee k  earlier than the ind e t e rmina t e  

cult ivar ' Amsoy ' .  The data s e t s  for t o ta l , leaf , s t em and root dry 

wei ght s were f i t t ed wi th quadra t i c  growt h  c urve s ( Figure 4 . 1 ,  App e ndix 

4 . 1 ) . Except for the root dry weight o f  t he det ermina t e  c u lt ivar , 

which had a rather low R2 value ( 0 . 4 7 ) , a l l  t he o ther curv e s  had R2 

value s > 0 . 75 .  However , the ana ly s i s  o f  varianc e on the r e g r e s s i o n  

f o r  root d r y  weight wa s s t i l l  highly signi f ic ant ( P< 0 . 0 1 ) .  

The data s e t  for the pod dry weight during the sampl i ng period 

was f i t t ed wi th a linear equat ion ( Figure 4 . 1 ,  App endix 4 . 1 ) 

From f i t t ed curve s i t  c a n  b e  seen that by t he grain f i l l i ng 

stage t he t o t a l  plant dry weight o f  the ind e t ermina t e  c u l t ivar wa s 

three t ime s heavier than that o f  t he d e t e rmina t e  cultiva r . The g rowth 

curve s for the l e a f , s t em and root dry wei ght s i nd i c a t e  t h a t  the 

growt h of these component s in the det ermi n a t e  c u l t ivar reached their 

maximum values about 1 week before t he end o f  the s ampling period , 

while the values for the indet erminat e  c u l t ivar showed an inc r e a s ing 

t rend t hroughout . The indetermina t e  c u l t ivar wa s 2 - 3  t ime s heavi e r  

than t h e  det ermina t e  cult ivar in a l l  t h e  d r y  wei ght component s b o t h  o n  

a time s c a l e  ( Figure 4 . 1 )  and on a growt h  s tage s c a le ( Table 4 . 1 ) .  

The maximum leaf area per plant o f  the det ermina t e  c u lt ivar 

wa s only about one- third that o f  the ind e t e rmina t e  c u lt ivar ( Figure 

4 . 2 ,  Appendix 4 . 2 ) . Thi s wa s reached in week 8 f o r  the d e t e rmina t e  

cult ivar and in week 1 0  f o r  the ind e t ermina t e  cult ivar . T h e  r e l at ive 

leaf area expansion rate ( RLER) a nd net a s s imil a t i on rate ( NAR ) were 
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Table 4 . 1 Compa r i son o f  p l ant dry weight components a t  d i f ferent growth s tages between the 

determinate ( D )  and i ndeterminate ( I )  s oybean c u l tivar s .  

Plant Growth 
Character Type 

Flowering 

Root D 0 . 5 6 

I 1 . 4 9 

t -test * *  

Stem D 0 . 9 3 

I 2 . 5 2 

t-test * *  

Leaf D 1 . 7 0 

I 4 . 2 2 

t-test * *  

Total wt . D 3 .  1 9 

I 8 . 2 3 

t-test * *  

Growth Stage 

Pod Development 

- 1 
( g  plant ) 

0 . 8 9 

3 . 6 9 
* *  

2 . 8 3 

8 . 4 4 
* *  

4 . 6 3 

1 0 .  9 3 
* *  

1 0 . 8 6 

2 6 . 0 2 
* *  

Grain Fi l ling 

0 . 9 4 

4 . 5 4 
* *  

3 . 2 0 

1 1 . 4 7 
* *  

4 . 8 8  

1 5 . 4 7 
* *  

1 9 . 5 7 

4 9 . 5 5 
* *  

\.0 
N 
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est ima ted f rom the respect ive growth c urve s .  The ind e t e rmi na t e  

cult ivar had a higher relat ive l e a f  a r e a  expansion rate from wee k  6 

than the det ermina t e  c u l t ivar and leaf area expans ion per s i s ted f o r  

about 2 weeks longer ( Fi gure 4 . 3 ) . The patt ern o f  NAR re sponse a l s o  

d i f f e red between the two growth type s ; i n  the det ermina t e  c u ltivar NAR 

decrea sed rapidly from 0 . 00 7  g cm-2 week- 1  a t  week 5 to 0 . 002 7  g c m- 2  

week- 1  by week 9 ,  whil e  i n  t he indet ermina t e  cultivar NAR wa s 

maint a ined at be tween 0 . 005-0 . 00 4  g cm- 2  week- 1 between wee k  6 t o  week 

8 ,  be fore decrea gradua l ly t o  0 . 00 3  g cm- 2  week- 1 by wee k  10  

( Figure 4 . 3 ) .  

However ,  i f  the re sult s were eva lua t ed o n  the bas i s  o f  

physiological a g e  ( i . e .  according t o  dif f erent growth s t a g e s ) ,  i t  wa s 

c lear that the det ermina t e  c u l t ivar had a higher RLER t ha n  t he 

indet erminat e  cult ivar during f lower ing and that there was no 

differenc e  by the pod deve l o pment stage ( Figure 4 . 4a ) . Simi la r ly t he 

det ermina t e  cult ivar had a higher NAR value than t he ind e te rmina t e  

cultivar during f lowering but the valu e s  bec ame similar during p o d  

devel opment and N AR  was s l i ght ly higher in t h e  indet ermi na t e  c u l t ivar 

during grain f i l ling ( Figure 4 . 4b ) .  

r� spite o f  higher t o t a l  p lant and root dry weight in the 

indet ermina t e  c u l t ivar ( Fi gure 4 . 1 ) ,  t he shoot : root ratio of the 

indet ermina t e  cult ivar was s i gni f icant ly lower than that o f  the 

determina t e  cultivar ( Figure 4 . 5 a ) . This d i f ference r emained even 

after adjust ing for physi o l o g i c a l  age ( Figure 4 . 5b ) . 

When the dry-we ight o f  each component wa s expr e s s e d  a s  a 

perc e ntage o f  t o t a l  plant dry weight i t  wa s c lear that t he 

indet e rmina t e  c u l t ivar had a higher ratio o f  dry-ma t te r  a c c umul a t i o n  
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in the root and s t em c omponent s  from pod development s t age ( 3  weeks 

from first f lowe ring ) to t he end o f  the s ampling period than the 

determinat e  c u l t ivar ( Figure 4 . 6 ) . The l e a f  dry-we ight ratio however ,  

wa s qui t e  simi lar be tween t he two growth type s . I n  contrast the pod 

dry-weight r a t io of the d e t e rmi nat e  cult ivar wa s significantly higher 

than t hat of the ind e terminate cul tivar for a l l  thr e e  o f  the s ampling 

period s . 

The p a t t ern o f  nodule growth o f  the two c u l t ivar s  c o nt r a s t e d  

signi ficantly ( Figure 4 . 7  , Appendix 4 . 3 ) . I n  the d e te rmi na t e  

cult ivar nodu l e  dry weight reached a peak b y  the p o d  development s t a g e  

( a t  week 7 ;  0 . 6  g plant - 1 ) a nd s t arted t o  decrease gradually a s  the 

plant developed t owards t he grain filling s t a g e . The indet erminat e  

c u ltivar had an average o f  0 . 1  g plant - 1 higher nodul e  d r y  wei ght 

than the determina t e  c u l t ivar during t he f i r s t  7 weeks of growth and 

therea f ter t hi s  d i f f erenc e i ncrea sed rapidly to 1 . 2 g plant - 1 by t he 

grain f i l ling s t a g e  at week 1 0 .  

4 . 3 . 2  Y I ELD AND Y I ELD C OMPONENTS :  The ind e t ermina t e  c u l t ivar produc ed 

3 4 . 3 1 g plant - 1  o f  seed which wa s approxima t e ly twic e  t hat o f  t he 

det ermina t e  c u l t ivar ( 1 4 . 6 9 g plant - 1 ) ( Table 4 . 2 ) .  Thi s wa s due 

ma inly t o  the number o f  pods per plant ( 6 0 pods p lant - 1  in t he 

indeterminat e  c u l t ivar c ompared to 2 9  pods plant - 1  in t he det erminat e  

cultivar ) ,  a nd wa s prima r i ly due to higher numbe r  o f  pods from t he 

branc he s in t he indetermina t e  cultivar ( Table 4 . 3 ) . O n  average the 

determina t e  c u l t ivar had t hr e e  and the ind e t ermina t e  c u lt ivar had f ive 

branch e s  plant - 1 . The mea n  seed weight ( 2 0 seeds weight ) and number 

of seeds per wer e  s imil a r  between the two c u l t ivars ( Table 4 . 3 ) . 
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Table 4 . 2  Y i e l d , y i e l d  compone n t s , harves t  i ndex and n i trogen harve s t  i ndex o f  the determinate 

and i ndeterminate soybean c u l t ivar s . 

Growth type 

Determinate 

Indeterminate 

F-test 

CV ( % )  

Pod & Seed wt. Total seed wt. 

plant -1 --· 

1 9 . 8 9 1 4 . 6 9 

4 7 . 8 1  3 4 .  3 1 

* *  * *  

1 0 . 8 7 9 .  1 5 

Plant characters 

No. of fXrls No. of seed pod 

2 9 . 2 0 2 • 2 1 

5 9 . 8 0 2 . 3 9 

* *  n s  

1 0 . 5 7 1 3 . 7 7 

Av • .Seed wt. 
(g 20 seeds-1 ) 

4 . 5 6 

4 . 8 5 

n s  

1 1 • 0 3 

Harvest 
lndex 

6 5 . 0  

6 1 • 1 

* 

3 • 1 1 

<1. "0 

Nitrogen 
harvest 

index 

9 1 • 0 

9 0 . 0  

n s  

5 . 3 0 

0 



Tabl e 4 . 3  

Main stem 

Branches 

Y i e l d  and y i e ld components f rom rr a i n  s tem and branche s of t-.lle determinate ( D )  and 

i ndeterminate ( I )  s oybean c u l ti var s . 

Growth 
itype 

D 

I 

F-test 

CV ( % )  

D 

I 

F-test 

CV ( % ) 

Seed wt . No . of pods 

( - 1 
g plant ) 

9 . 4 7 

1 0 . 4 0 

n s  

1 7 . 0 5 

5 . 2 2 

2 3 . 9 1 

* *  

1 1 . 3 3 

1 6 .  4 

1 8 . 2 

n s  

9 . 3 2 

1 2 . 8 

4 1  . 6 

* *  

1 1 . 5 4  

- 1  Seeds pod 

2 .  3 

2 . 3  

n s  

1 4 . 2 9 

2 . 2  

2 . 4  

n s  

1 6 . 6 5 

Av. seed wt . 

( - 1  g 2 0  seeds ) 

5 .  1 1 

4 . 9 9 

n s  

2 1 . 1 2  

3 . 0 9 

4 . 7 9 

* *  

4 . 7 3 � 
0 
N 
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However ,  when the mean seed weight s from t he branche s were compa r e d , 

the results indica ted t ha t  the ind e t e rmi nat e  c u lt ivar had 

signi fic ant ly bigger seed than the det erminate c u l t ivar . 

Final harve s t  i ndi c e s  f r om the two cultivars were 

signi f ic ant ly d i f ferent . The harv e s t  index wa s 6 1 . 1 % for t he 

indeterminat e  c u l t ivar and 6 5 . 0% f o r  the det ermina t e  cultivar ( Ta b l e  

4 . 2 ) . 

4 . 3 . 3  N ITROGEN FIXAT I ON : The maximum a c e t ylene reduc tion ac t iv i t y  o f  

the determina t e  c u l t ivar wa s a pproxima t e ly hal f  that o f  the 

indet ermina t e  c u l t ivar ( Figure 4 . 8 a ) . Furthermore , the pat t ern o f  

acet ylene reduc t io n  ac t ivity for t he two growth typ e s  o f  soybean wa s 

also quit e  d i f ferent and f luc t u a t ed over a wide range . Aft er 

f lower ing , the indetermina t e  c u l t ivar showed marked decrease i n  

ace tylene reduc t i on a c t ivity from 5 0  mic r o  mo l C 2H4 h- 1 to 2 0  mic r o  

mol C 2H4 h- 1 within a week , then inc r e a s ed almo st l inearly with t ime 

to 1 2 4  micro mol C 2H4 h- 1 over the f o l lowing three weeks . I n  

contra s t , a c etylene reduc t i on ac t ivity in the determinat e  c u l t ivar 

increa sed from 18  mic r o  mol C 2 H4 h- 1  a t  f lowering s t age t o  6 0  mic r o  

mol C 2 H4 h- 1 over the f o l l owi ng two weeks but dropped sharply b a c k  t o  

1 8  micro mol C 2H4 h- 1  within a week before returning to about 6 0  mic r o  

mol C 2H4 h- 1 a week lat er . H owever , whe n  the data were expr e s s e d  a s  

micro mo l C 2H4 h- 1 g- 1  nodule dry weight , i . e .  a s  spec i f ic nitrogen 

fixa t i on a c t ivi t y ,  the f lu c t u a t ions wer e  reduced a nd the det e rmi n a t e  

cult ivar had generally highe r a c t ivity t ha n  the inde termina t e  c u l t ivar 

( Figure 4 . 8b ) . 
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The area under the c urve o f  t he a c etylene reduc t i o n  a c t i v i t y  

data i n  Figure 4 . 8  wa s integrated t o  repre s ent , a s  a f ir s t  

approxima t i on , the amount o f  nitrogen f ixed betwe en f lowe r i ng and 

grain f i l ling stage s . When values at t he same growth s t a ge wer e  

compared , only the d i f f er enc e a t  t he g r a i n  f il ling s t age wa s 

signi ficant ly dif f erent ; wit h  the inde t e rminat e  cult ivar f ixing a b o u t  

one-and-a-hal f  t ime s mor e  nitrogen t h a n  t he det erminat e  c u l t ivar 

( Figure 4 . 9a ;  Appendix 4 . 4 ) . I n  o ther word s , the d i f f e re nc e  in 

nitrogen f ixation between t he two c u l t ivars came mainly a f t er t he p o d  

development s t age ( Table 4 . 4 ) . 

The nitrogen f ixing e f f ic ie ncy o f  nodules c ould a l s o  be 

compared by regre s sing t o t a l  plant nitrogen ( log scale ) wit h  nod u l e  

dry weight , with the regr e s s io n  c o e f f i c ient repre s enting t he r a t e  o f  

ni trogen f ixing e f f ic iency ( Dobereiner , 1 9 6 6 ) . When t he s lo p e s  o f  t h e  

two r e g r e s s i o n  l i n e s  ( b 1 = 3 . 5  a n d  bz = 0 . 9  f o r  t h e  d e t ermina t e  a n d  

the indeterminat e cultivar r e spec t ively ) were c ompared , t he y  wer e  

signif icant ly d i f f erent a t  the 5 %  l eve l o f  probability ( Figure 4 . 1 0 ,  

Appendix 4 . 5  ) 

4 . 3 . 3 . 1  The movement o f  1 4c The carbon movement r e su l t s  

showed that f or both c u l t ivars very l i t t le 1 4c moved away f r om t h e  

node ( le a f + pod ) o f  the labelled l e a f  ( T able 4 . 5 ) ; appro xima t e ly 

two-t hirds o f  the 1 4c wa s r e t a ined within t he labe lled l e a f  and mo s t  

o f  the r emaining one-third was found i n  t he pods a t  the s ame node a s  

the labe l led leaf . Mor e  1 4c wa s f ound immediat e ly above a nd b e low 

the labelled leaf in the i ndet ermina t e  c u l t ivar ( 1 . 2 % )  than in t he 

det erminat e  cult ivar ( 0 . 3 3 % )  , and the d i f ferenc e was signi f ic an t  f o r  

the internode immedi a t e ly be low t he labe lled leaf ( 0 . 94 %  f o r  t h e  



140 0 
.... 

.--
I 
+l 
s:: 
cU .--i 
0.. 

.--i 
0 

� 50 
>-. 
+l ·.-1 
> ·.-1 
+l u 
cU 
s:: 
0 ·.-1 
+l u 
::) 

'0 Q) 
H 

'0 Q) 
� 1 0  H 
tJ1 
Q) 
+l 
s:: 

H 

a )  

G F  
� 

� 

D 

6 7 8 9 1 0  
Time from sowing ( weeks ) 

� - 1 20 0  .--
I I 

.j...l 
s:: 
cU .--i 
0.. 1000 
tJ1 
8 

s:: 
Q) tJ1 800 0 
H 
+l ·.-1 
s:: 
+l 
s:: 600 cU .--i 
0.. 

.--i 
cU 
+l 
0 400 I:-< 

200 

/ b ) 

10 20 30 40 

Integrated c 2H2 reduction activity 
- 1 ( mrnol plant ) 

Figure 4 . 9a )  I ntegrated acetylene reduction curves of the detenninate ( D )  and indeterminate ( I )  

s oybean cultivar s .  ( S . E .  o f  reg r e s s ion coe t f i cien·t s are i n  Appendix 4 . 4 ) . 

b) Linear regr e s s ion l ines o f  tota l plant nitrogen ( dependent variable ) regressed 

aga i n s t  integrated acety lene reduction activity ( independent variable ) .  

( S . E . of regre s s ion coe f f ic ients are in Appendix 4 . 5 )  

0 
0"1 



Table 4 . 4  

Growth type 

D 

I 

t-test 

C ompar i s on of i ntegrated acetylene reduc t i on act i v i ty ( m  mol p l ant - 1
) at two 

growth s t a g e s  of the determinate ( D )  a nd i ndeterminate ( I )  s oybean c u l t i va r s . 

Growth stages 

Pod Development Grain Filling 

m mol plant - 1 

1 2 .  3 2 5 . 0  

1 1 . 8 4 1 . 0 

n s  * *  

0 
-..J 
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Figure 4 . 1 0  Reg r es s ion l i ne s of  total p l ant n it rogen 

( log s c a l e ) a s  the dependent var ia b l e  r e g r e s s ed 

aga i n s t  nodul e  drywe i ght ( i ndepende n t  va r iable ) 

o f  the determinate ( D ) and inde t e rminate ( I )  

s oybean c u l t ivar s .  

( P l otted values a re mean o f  5 repl ic a te s ) 

( S . E .  o f  r e g re s s i on coe f f i c ie n t s  a r e  i n  Appendix 

4 • 6 ) • 



Table 4 . 5  Recovery o f  
1 4

c i n  di f fe rent plant par t s  o f  the determinate and i ndetermi nate 

s oybean c u l t i var ( % ) .  

Plant Parts Determinate Indeterminate F-test CV ( % ) 

1 s t  I nternode above 

l a be l led l e a f  0 . 0 1 0 . 0 4 n s  2 3 . 2 5 

The l a be l l ed l e a f  6 7 . 0 0 6 2 . 4 0 n s  2 5 . 6 8 

Pods a t  the s ame node o f  

labe l l ed l e a f  3 1  . 6 0 3 3 . 0 0 n s  3 7 . 6 8  

Pods a t  1 s t  node below 

l abe l led l e a f  0 .  1 6 0 . 2 2 n s  1 9 .  0 8  

1 s t  I n ternode b e l ow 

l a be l led l e a f  0 .  1 6 0 . 9 4 * *  1 9 . 8 3 

___. 
0 
\.0 
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inde termina t e  cultivar a nd 0 . 1 6 %  f o r  the determinate cult ivar , 

respect ively ) . 

4 . 3 . 4 N ITROGEN DI STRIBUT ION : N i t r ogen c onc ent rat ion , expre s sed a s  

percentage nitrogen f o r  t o t a l  plant and plant component s ( viz . r o o t , 

stem,  l e a f  and pod ) ,  f or the d i f f e rent growth stages inc luding f ina l 

harve s t  are pre se nted in Figure 4 . 1 1 .  

By and large , a t  the f l owering s t a g e , the ind e t erminate 

cult ivar had a higher nitrogen c onc ent r a t ion in a l l  c omp o ne n t s  o ther 

than the s t em c omponent than t he determinat e  cultivar ( Fi gure 4 . 1 1 

b , c  & d ) .  Thi s resulted in a s lightly higher t o t a l  plant n i t ro g en 

conc ent rat ion in the ind e t e rmina t e  cult ivar than the d e t e rmina t e  

cult ivar f o r  the f lowering s t a g e , a lthough t he dif ference wa s n o t  

signi fic ant ( Figure 4 . 1 1 a ) . The r e a f t e r  t o t a l  plant nit ro g e n  

conc entrat ion wa s signi ficantly higher in the determinat e  c u l t ivar 

than the indet ermina t e  cult ivar during b o th the pod deve l o pment a nd 

grain f i lling s t a ge s . N itrogen c oncent r a t io n  o f  the individua l 

c omponent s wa s l e s s  consistant; c onc entrat ion values f o r  t he r o o t  

and l e a f  wer e  s imilar be tween t he two c u l t ivars where a s  t ho se f or the 

stem were d i f ferent a nd the relat ionship between types changed wi t h  

t ime . The l e a f  nitrogen concentration h a d  t he grea t e s t  change w i t h  

t ime ( deve lopment stage ) from about 5 - 6 %  a t  f lowering t o  3 %  a t  t he 

grain f il ling stage ( Figure 4 . 1 1  d ) . The pat tern o f  change in l e a f  

nitrogen c oncent r a t ion wa s a l so d i f f erent between the two c u l t iv a r s ;  

i n  t he indetermina t e  c u l t ivar l e a f  nitrogen c onc entra tion s te adi 

dec lined wi th t ime from the f lowering s t a g e , whereas in t h e  

det ermina t e  c u l t ivar i t  wa s maint ained a t  about the same l e v e l  f r o m  
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the f lowering stage unt i l  pod development s t age before dec reasing 

qui t e  sharply a s  i t  approachJthe grain f i l l ing s t a g e . 

The p a t t e rn o f  nit rogen accumula t io n  wit h  t ime wa s simi l a r  to 

that for dry-ma t ter accumulat ion ( Figure 4 . 1 2 and Appendix 4 . 7 ) .  

Exc ept for t o t a l  root nit rogen in the d e t e rminat e  cultiv a r , a l l  the 

other nitrogen a c c umulat ion patterns wer e  f it ted well with a quadra t ic 

equat ion . Nitrogen accumulat ion in the l ea f , s t em and t o t a l  plant o f  

the indeterminat e  cultivar wa s higher than that o f  the d e t e rminat e  

cukivar and thi s dif ferenc e  was maint ained a t  a l l  growth s t ag e s  

( Table 4 . 6  ) .  A t  final harve s t  the ind e t e rminat e  c u l t ivar had 

accumu la t ed about three t ime s more nitrogen t han the det e rmina t e  

cult ivar ( Table 4 . 7  ) .  

The relat ive accumulation rate o f  nitrogen ( RRNA ) wa s f i r s t  

used by Gibson ( 1 9 6 5 ) t o  c ompare t h e  r e l a t ive e f f ic i e ncy o f  nitrogen 

accumulation . I n  this experiment RRNA wa s c a lc u la t ed from the 

nitrogen accumu l a t ion curves in Figure 4 . 1 2 u sing t he same f ormu la a s  

that f o r  c al c u l a t ing RGR ( repor t e d  i n  Mat e r i a l s  a nd Metho d s  sec t io n ) .  

C omparison o f  RRNA value s between the two c u l t ivar s , showed that the 

det erminat e  cult ivar had a higher RRNA t ha n  the ind e termina t e  c u l t ivar 

at the f lowering s tage but thi s wa s reve r s e d  by the gra i n  f i l ling 

stage ( Figure 4 . 1 3 ) . 

The ind e t ermina t e  cultivar had higher r a t i o  o f  ni t r o gen 

accumu l a t ed in t he root , s t em and l e a f  f r om t he pod deve l opment stage 

(3  weeks from first f lowering ) unt i l  t he end o f  t he sampling period 

than t he det ermina t e  cult ivar ( Figure 4 . 1 4 ) . 

4 . 3 . 4 . 1  Nit rogen r e-di s t ribution :  N i trogen re-d i s t ribu t e d  

from d i f ferent plant parts  wa s c a lc u l a t ed u s ing t h e  same me t hod 
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Table 4 . 6  C ompar i s o n  o f  n i trogen o f  d i f f erent p lant part s  at d i f f erent growth s tages between 

the determinate ( D )  and i ndeterminate ( I )  s oybean cultivars . 

Plant Growth s tages 
Characters Growth type 

Stem D 

I 

t-test 

Leaf D 

I 

t-test 

Total D 

I 

t-test 

Flowering 

2 4 . 4 6 

5 3 . 8 3 
* *  

8 2 .  1 0 

2 3 1 . 8 3  

* *  

1 1 5 . 9 0 

3 2 1 . 3 1  

* *  

Pod Development Grain Filling 

mg plant - l  ____________ _ 

8 3 . 0 4 3 1  . 7 9 

1 6 0 . 8 7 1 8 2 . 4 7 

* *  * *  

2 2 0 . 4 3 1 3 9 . 8 5 

4 2 8 . 3 8 3 9 6 . 3 9 

* *  * *  

4 5 1 . 6 5 6 2 1 . 6 0 

7 8 5 . 8 0 1 3 6 1 . 7 1  

* *  * *  

� 



Table 4 . 7  Total p l ant n itrogen , tota l re-d i s t r i buted notrogen and proport i on of  re -d i s t r i buted 

n i trogEn f r om d i f f er ent p l ant p a r t s  in determinate and i ndeterminate s oybe an pl ant s 

grown under cont r o l l ed envi r onment cond i t i on s . 

Total p l a n t  n itrogen 
- 1 ( mg p l ant ) 

Tot a l  r e-d i s t r ibuted N .  
- 1 ( mg p lant ) 

Proport i on o f  r e-d i s tr i buted 

N .  f r om l eaves ( % ) 

Propor t i on o f  r e-d i s t r ibuted 

N .  f r om s tem ( % )  

Proport i on o f  r e-d i s tr i buted 

N .  f r om pod wa l l  ( % ) 

Rat i o  o f  r e-d i s tr i buted 

N . / s eed N .  

Determinate 

9 1 8 . 0 9 

2 3 5 . 4 5 

6 0 . 7 6 

2 3 . 0 4 

1 6 . 2 0 

4 0 . 5 1 

Indeterminate F-test CV ( % )  

2 6 6 1 . 0 9 * *  1 0 . 7 3 

5 5 2 . 5 5 * *  1 9 . 8 6 

5 4 . 5 4 n s  2 0 . 0 2 

3 0 . 9 4 * 1 5 . 3 0 

1 4 . 5 2 n s  3 0 . 2 5  

3 1 . 8 9 n s  1 8 . 2 4  

Ul 
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described by Egli et a l .  ( 1 9 7 8 ) . The indet ermina t e  c u l t iv a r  re­

di s tribut ed more than twic e  a s  muc h nitrogen as that o f  t he 

det erminate cultivar . However ,  thi s  was only 3 2 %  of the t o t a l  s e ed 

nitrogen c ompared with 4 1 %  in the det erminat e  cultivar ( Ta b l e  4 . 7 ) . A 

Similar t rend wa s also f ound in t he propo r t ion o f  ni trogen r e ­

distT �buted from leaves and p o d  wa l l , � t hough the d i f ferences were 

not s t a t i s t i c a lly s ignif ic ant . I n  c ontra s t , in the ind e t e rminat e  

cult ivar , t he s t em contribu t ed a s igni ficant ly higher amount o f  t he 

re-distribu t ed nitrogen c omponent t han oc curred in the d e t e rmina t e  

cult ivar . Leaves were ma j or source o f  nitrogen re-di s t ribut ion i n  

both c u l t ivar s , with about 5 5  a n d  6 1 %  o f  the re-distribu t e d  nitrogen 

from l e aves o f  t he indeterminat e  and determinat e  c u l t ivars 

re spect ively . 

4 . 3 . 5  RELAT IVE IMPORTANC E OF PLANT CHARACTERS IN DETERMIN ING THE 

DIFFERENCE BETWEEN THE TWO GROWTH TYPES : One of the obj e c t iv e s  o f  

this exper iment i s  t o  determine the key plant parame t er s  t ha t  may 

influence the d i f f erenc e s  betwee n  the two soybean growth type s . I t  i s  

possible t o  u s e  a mu l t iple d i s c r iminant analysis to s t a t i s t ic a l l y  

dist inguish betwee n  two and more groups on the j oint b a s i s  o f  several 

at tr ibut e s , and ident i f y  the a t tr ibut e which contribu t e s  mo s t  to 

d i s tingu i sh be tween the groups as explained in the Mat e r ia l s  and 

Methods section . 

Eight plant char a c t e r s  viz . the dry-weight o f  t he r o o t s ,  

nodul e s , s t ems , l e aves a nd pod s , the lea f  area , ace tylene r educ t ion 

activity and the t o t a l  plant nit rogen from all f ive samp l i n g s  wer e  

used a s  a t tr ibu t e s  in thi s analysi s .  Informa t ion from t he ana lys i s  i s  
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pre s ent ed in Table 4 . 8 . From the t e s t  for s t a t i s t ic a l  signi f i c a nc e  

o f  d i s c r iminat ing informat ion i t  showed that t he f irst disc riminant 

func t ion wa s s ignif ic ant and c ould explain u p  t o  1 00% o f  t he var i ance 

be twee n  t he two cult ivars . When t he structure matrix was examined 

( Table 4 . 8 ) , i t  indicated that l e a f  area wa s the parame t e r  

c ontri bu t ing t h e  mo st t o  dif ferentiat ion between the two c u l t iv a r s  

a lo ng t h e  f i r s t  disc riminant func tion . T h i s  wa s f o llowed , i n  order o f  

impor t anc e , b y  r o o t  dry weight , l e a f  dry weight , s t em dry weight , and 

nodule dry wei ght . 

4 . 4 D I SCUSS ION 

For c larity in discussion t hi s  sec t io n  wi l l  be divided into 5 

sub- s ec t ions a c c o rding t o  the obj e c tives o f  this experimen t  viz . t o  

ident ' fy t he d i f ferenc e s  between t h e  two soybean c u l tivars in 

i .  plant growth 

ii . yield and yi e ld c omponent s 

i i i . nitrogen f ixation 

iv . nitrogen dist ribu tion and nitrogen re-distribut ion 

v .  r e l a t ionships between plant c harac t e r s  a nd nit r ogen 

fixa t io n . 

4 . 4 . 1  PLANT GROWTH : The theore t i c a l  d i s t inc t i o n  between these two 

growt h type s of legume s is t ha t  in the det ermina t e  typ e , growth in 

length of a main s t em or branc h i s  t erminated by a n  inf l o r e s c e nc e , 

whil e  in the inde t ermina t e  type vege t a t ive growth c ont inu e s  

independent ly o f  f lowering which occurs a t  axi l lary sit e s  ( Smart t , 



Table 4 .  8 Informa.tion from multiple'- discriminant analysis ( a )  and s tructure mat r ix ( b ) .  

a )  

Function Eigenvalue 

2 . 3 5 7 8 8  

Percent of 
variance 

Canonical 
correlation 

1 0 0 0 . 8 3 7 9  

b )  structure matrix 

plant character 

Leaf a rea 
Root dry we i ght 
Leaf dry weight 
S t ern dry we i ght 
Nod u l e  dry we i ght 
Total p l ant .  N i trogen 
c

2
H

2 
r educt i on a ctivity 

Pod dry we i ght 

After 
function 

0 

function 1 

0 . 7 4 4  
0 . 7 2 9  
0 . 6 2 0  
0 . 6 1 7  
0 . 4 9 7 
0 . 4 2 7  
0 . 2 9 0  
0 .  1 1  3 

Chi-square 

5 3 . 2 9 8  

df 

8 

Significance 

* * * *  

N 
0 
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1 9 7 6 ) . Although , there was greater compet i t ion be tween v e g e t at ive and 

reproduct ive growth in the ind e t e rminat e  c u l t ivar than in t he 

det ermina t e  cult ivar , Egli and Legge t t  ( 1 9 7 3 ) found no d i f f e rence 

between soybean cu lt ivar s in t he t o t a l  amount o f  dry-ma t t e r  produced . 

I n  the present experiment however ,  vegetat ive dry-ma t t e r  

c omponent s o f  t h e  indetermina t e  c u lt ivar v i z . l ea f , s t em a n d  r o o t  wer e  

signi f ic ant ly higher t han t ho se o f  t he det erminat e  cultiv a r  ( Table 

4 . 1 ) .  This c ould have part ly been due t o  the indeterminat e  cult ivar 

reaching the f lowering stage one week l a t e r  than the determinat e  

cult ivar . However , c a lculat ions t o  a s s e s s  the impact o f  t h i s  extra 

week showed that t he inde termina t e  cult ivar had produced only about 

4 . 4  g dry-ma t t e r  in tha t  t ime where a s , by the end o f  the s a mpling 

period the indet ermina t e  cult ivar accumu l a t e d  about 2 0  g dry-ma t t e r  

more t han that o f  the d e t e rminat e  cultiva r . Henc e , the l a t e r  

f lower ing c a n  no t fully ac c ount f o r  the d i f ferenc e . I n  a growing 

plant , where pho t o synthetic t i ssues make t he maj or contribut io n  t o  

dry-ma t ter produ c t io n , the absolute growth r a t e  a t  any t ime i s  t he 

produc t o f  the r a t e  o f  inc r e a s e  in weight per unit of l e a f  ( ne t  

a s simi l a t ion rate , NAR ) and the amount o f  l e a f  pre s ent ( J ackson , 

1 9 6 3 ) . The d i f ferenc e  in dry-mat ter yie ld in this pre sent experiment 

there fore , was largely t he re sult of the indet erminate c u l t ivar having 

mor e  leaf area per plant t han t he det ermina t e  cult ivar at every growt h  

s t a g e  from f i r s t  f lowering onwards ( Table 4 . 1 ) .  Furthermo r e , t h e  

indet ermina t e  c u l t ivar a l s o  had a higher NAR a t  t he grain f i l li ng 

stage ( Figure 4 . 4b ) . The NAR values in thi s experiment were a l s o  

very s imilar t o  the va lue s  r e p o r t e d  b y  Sivakumar and Shaw ( 1 9 78 )  u s ing 

the s ame calculation t e c hniqu e . 
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Roo t  growth wa s a l s o  d i f f erent betwe e n  the two c u l t ivars . 

Roo t  dry weight o f  the det ermina t e  cultivar began to p l a t e a u  s o o n  

a f t e r  f lowering , whereas f or t he indet ermina t e  c u l t ivar i t  c o ntinued 

to increase for a furthe r  two weeks after initial f lowering b e f o r e  

leve lling o f f  b y  the f ina l samp ling d a t e  ( Figure 4 . 1 ) .  T h i s  higher 

root growth in the indet erminat e  c u l t ivar was a l s o  r e f lec t e d  in t he 

lower shoo t : root r a t io a t  the two growth s t a g e s  c ompared a f t er 

f lowering ( Figure 4 . 5 ) . The shoot : root r a t io values from t h e  

ind e t erminat e  cu1i t�ar were qui t e  similar t o  the v a l u e s  f r om f i e l d 

grown s oybean c u l t ivar ' Wayne ' ( S ivakumar et  a Z . , 1 97 7 )  whi c h  had 

valu e s  r anging f rom 6 . 8  t o  9 . 5 .  When the r a t io of root dry-ma t t e r  t o  

t o t a l  dry-ma t t e r  was c ompared , i t  indicated that more dry-ma t t e r  wa s 

part i t ioned t o  t he root c omponent o f  the indet erminat e  cu l t ivar t ha n  

t h a t  o f  the det erminat e  cultivar ( Figure 4 . 6 ) . T h i s  would sugge s t  

that t he inde t e rminat e  cult ivar had more pho t o synthat e  ava i lable t o  

promot e  more r o o t  growth over a longer period o f  t ime t h a n  t he 

det ermina t e  cult ivar . Thi s could have impli c a t ions for n i t r o g e n  

fixa t io n , a s  wil l  be discus sed be low ( 4 . 4 . 3 )  . There is evidenc e 

that t he root sys t em may be a yield-limi t i ng f a c t or in soyb e an . For 

examp l e , Sander s  and Brown ( 1 9 76 ) found in the i r  graf ting experiment 

tha t increasing the root : shoot r a t io resulted in inc r e a s e d  growt h , 

nut ri e nt upt ake and yield o f  Lee 68 ' soybeans ; increasing t he number 

of s ho o t s  per root ( inc reas ing the shoo t : r o o t  r a t io ) ha s muc h  sma ller 

e f f ec t s . S i lberbush and Barber ( 1 984 ) a ls o  reported that soybean 

cultivars with more ext ens ive root syst ems were found t o  absorb mor e  P 

and K and t he s e  c u l t ivars were those with highe s t  yield s . 
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Nodul e  dry weight chang e s  in t hi s  experiment ( Figure 4 . 7 ) 

indic a t ed tha t the indetermina t e  c u l t ivar s t i l l  had high nodu l e  g rowth 

a f t e r  t he pod deve lopment s t a g e , whi l e  i t  began to decline at t h i s  

t ime in the determi na t e  c u l t ivar . I n  legume s , e ither a reduced 

pho t o syntha t e  supply or an inc r e a sed leve l o f  combined nit r o gen can 

c au s e  the s ene scenc e  o f  previou s l y  a c t ive nodules ( Su t t on , 1 983 ) .  I n  

the present experiment , the early nodule senesc ence o f  t he d e t e rmina t e  

cult ivar wa s probably due t o  t he r educ t i on o f  pho t o syntha t e  supp l y . 

Thi s c ould in par t be supported by the f ac t  that t here was 

signi f ic ant ly l e s s  dry-ma t t e r  par t i t ioned to the roo t s  o f  t he 

determina t e  c u l t ivar a s  c ompared wit h  that o f  the indet ermi n a t e  

cult ivar ( Figure 4 . 6 ) . 

4 . 4 . 2  Y I ELD AND Y I ELD C OMPONENTS :  I t  has been sugge s t ed t ha t  

comp e t i t ion between veget a t ive a nd reprodu c t ive growth dur ing 

f lowering and pod deve lopment may reduce the number o f  pods set ( Greer 

and Anderson , 1 96 5 ) . Thi s led t o  t he sugg e s t ion that cult ivars wit h  a 

de terminate growth type may exhibit l e s s  compet i t ion during thi s 

period and thus produc e  higher y i e ld s  ( Shibles et a l . , 1 9 7 5 ) .  

However ,  t here are disagreement s over these points in the l i t e r at u r e . 

For example , Egli and Leggett ( 1 9 7 3 ) a nd Beaver et a l .  ( 1 9 8 5 ) r e c orded 

simi la r  values o f  grain yie ld b e tween t he two growth typ e s  in soybean , 

wher e a s  Hicks et a l . ( 1 9 6 9 )  report ed higher values in t he d e t ermina t e  

type o f  soybean a nd C ha t urvedi et a l .  ( 1 980 ) found a highe r v a l u e  in 

an indet erminat e  typ e  of c owpea .  Furthermore , Beaver a nd J ohns o n  

( 1 98 1 )  f ound t ha t  the det ermina t e  c u l t ivars passed l e s s  pre d i c t i b l e  

per f o rmance s  than t h e  inde t ermi na t e  c u l t ivars when they c ompared yie ld 
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stab i l i ty o f  two growth type s adapted t o  the northern Uni t e d  S t at e s . 

Thu s the yield d i f ferenc e  between t he two growth types may no t only be 

a f f e c t e d  by gene t i c  f a c t ors but also by o ther factors such a s  

environment a l  c ondi t ions , c u l t u r a l  prac t i c e s  and their int e r a c t i o n s  a s  

wel l . I n  t he present experiment , the inde t e rmina t e  cultivar pro d u c e d  

twice a s  much s e e d  yield as t h e  det ermina t e  cultivar ( Ta b l e  4 . 2 ) .  

A c ompari so n  of the yield c omponent s indic a t ed that t he ma i n  

yielding advant age o f  t h e  indetermina t e  c u l t ivar over t he d e termi n a t e 

cult ivar c ame f rom t he number o f  pods s e t . Pod number has previou s l y  

b e e n  repo r t e d  a s  t he mo s t  import ant c ompo nent in det ermining gra i n  

yield in soybean ( e . g .  Greer and Anderson , 1 9 6 5 ; Shibles e t  a l . ,  1 9 7 5 ; 

Laohas iriwong , 1 982 ) . When the yie ld and y i e ld c omponent s f rom t h e  

main s t em a nd t he branches were c ompared seperately betwe e n  t he g r ow t h  

type s , it wa s c lear t ha t  the dif f erence was mainly d u e  t o  t he 

difference in branching ( Table 4 . 3  ) .  Beaver et a l. ( 1 985 ) a l s o  f ound 

that t he d e t ermin a t e  cult ivars set a s  many pods on the mai n  s t em a s  

the ind e t erminat e  cultivar . I n  c ontrast t o  t he result o f  this pr e sent 

experiment , t he y  f ound that the d e termina t e  c u lt ivars CE l f ' a nd 

I ' C lark ) produced a greater number o f  pods and more seed we ight f r om 

branches t han t he indeterminat e  c u l t ivar� Wil liams ' .  However , t he i r  

exper iment was carried o u t  i n  the f i e ld wher e  they noted t ha t  t he 

cond i t ions were 'le s s  than produc t ive ' .  The morphologi c a l  behavior 

o f  the two growth t yp e s  in their experiment may not be direc t ly 

c omparable t o  tho s e  of the pr e sent experiment which wa s c ondu c t e d  

under c o nt r o lled environment c ondi t ions . 

Severa l authors have c onc luded that the dif f erenc e in t h e  
o�eY 

dura tion whi c h  seed accumu l a t e s  dry ma t t e r  a c c ount s for mor e  y i e ld 
A 
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var iation among c u lt ivars than do d i f f erenc e s  in the rate o f  seed dry 

mat ter accumu l a t i o n  ( e . g .  Hanway and Weber , 1 9 7 1 a;  Egli a nd Legget t , 

1 9 7 3 ) .  I n  t he present experiment both cultivars had a simil a r  

dura tion o f  s e ed dry-ma t ter ac cumulation (4 weeks from gra i n  f i l l i ng 

stage ) .  Henc e t he yield advant age of the indeterminat e  c u lt ivar wa s 

mainly due t o  mor e  pods deve loping from a larger source c ap a c i t y  

( leave s ) . As Tanaka ( 1 9 80 ) e xp l a ined , in g r a i n  legume s during t h e  

period from f lowe ring t o  t h e  early stage o f  p o d  deve lopmen t , t he 

source capac i t y  i s  t he key f a c t o r  o f  pod s e t t ing . This i s  b e c a u s e  t h e  

veget a t ive , r e produc t ive and ripening pha s e s  over lap e a c h  o t her a f t e r  

the c ommenc emen t  o f  f lower ing a n d  pods s t a r t  t o  grow whil e  both new 

leaves and f l ower primodia continue to d i f ferent i a t e  on t he growing 

s tems for some t ime . The sink ( young pods ) o f  this growth s t age , a nd 

the po tential s ink ( f lowers ) a nd source ( le ave s )  o f  the next growth 

( ripening ) pha s e  grow s imu l t a neo u s ly , and t he s e  organs may c ompe t e  

with each other when t he sour c e  c apacity i s  insuf f i c ient t o  meet a l l  

the demands o f  t he se s i nks . The sink c ap a c i t y  dur ing the ripening 

pha se ( po d  number ) is dec ided by the c ondi t i o n  o f  thi s  c omp e t i t i o n  

during a shor t  period a t  or a f te r  f lower ing . 

The pro p o r t ion o f  the dry-ma t t e r  o f  a grain crop t h a t  i s  

harv e s t ed ( se ed ) r e l a t ive t o  t h e  t o t a l  above ground bioma s s , i . e . , 

harvest index , i s  an import ant parameter d e s c r ibing the e f f iciency o f  

grain yield ( Gi f f or d  and Evans , 1 98 1 ) .  I t  ha s been sugge s t ed that 

future improvement s in yield may come primarily from improvement s in 

the part i t ioning o f  a s s imi l a t e  into the harv e s t ed fraction ( Loomi s et 

a l . , 1 9 7 9 ) . T h e  r e sul t s  i n  this experiment indic a t ed that t he 

proportion o f  d ry-ma t t e r  whi c h  wa s par t i t ioned t o  the pods was h i gher 
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in t he det erminat e  c u l t ivar than in t he indet ermina t e  cultivar ( F igure 

4 . 6 ) . The f inal harve s t  indices o f  the two cultivars were also 

s igni f icant ly d i f f erent ( Table 4 . 2  ) .  However , the d i f f erence in t he 

f ina l harv e s t  indices wa s relat ive ly sma ller than the proport ion o f  

dry-ma t ter which wa s part i t ioned t o  the pods a t  t he grain f i ll ing 

s t a ge . Thi s could be due t o  d i f f erent s t ra t egies of repr oduc t ive 

growth betwe en the two growth type s , i . e . , the determinat e  soybeans 

produ c e  mo s t  o f  t heir veget a t ive growth f i r s t , and t hen their 

r eproduc t ive growt h  whi l e  the ind e t e rmina t e  s oybeans overlap the i r  

vege t a t ive and reproduc t ive periods ( f lower ing c ont inu e s  u n t i l  the 

plant s t ops produc ing new nodes and by t he n  s e ed development ha s 

a lr eady begun on t he lower node s ) .  Even t hough pods a t  the ba s a l  

node s  begin developing earlier than p o d s  a t  the d i s t a l  nod e s  a ll t he 

pods mature at about t he s ame t ime due t o  a f a s t e r  growth r a t e  in t he 

upper pods ( Johnson and Dunphy , 1 9 83 ) . 

4 . 4 . 3  N ITROGEN F IXAT I ON : There are relat ively f ew publi shed studies 

o n  the e f fe c t  o f  growth typ e s  on nitrogen f ixation . Bello et a l .  

( 1 980 ) found that ind e t e rminat e  c u l t ivar 'Wil liams ' f ixed mor e  

nitrogen a f t er p o d  f i l ling t han othe r  c u l t ivars with semi-determi na t e  

or determina t e  growth typ e s . H owever ,  t he y  did not discuss t he c ha ng e  

o f  ace tylene a c t ivity in relat ion t o  t he o ther growth s t ag e s  o f  t he 

d i f ferent growth t ype s . I n  genera l ,  the values o f  acetylene 

reduc t ion a c t ivity in t he pr e s ent exp e r iment were highe r than tho s e  

repor ted by Skrdleta et a l .  ( 1 9 78 ) when c ompared a t  s imil ar growth 

stages with their glas shou se-grown soybean . 
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The patt erns o f  a c etylene redu c t io n  a c t ivity of t he two growth 

types in thi s  experiment wer e  markedly d i f fe rent . The sharp dec r e a s e  

i n  a c t ivity of the indeterminate cult iva r a f t e r  f lowering probably 

c ame from t he s trong c ompe t ition for pho t o syntha t e  b e twee n  vegeta t ive 

and reproduct ive organs at this t ime ( Figure 4 . 8  ) .  I n  c on t r a s t  t he 

acetylene redu c t io n  a c t ivity o f  the determinat e  c u l t ivar i nc r e a s ed 

markedly unt i l  t he plant reached the pod d evelopment s t a ge a f t e r  

which the r a t e  dec lined , subsequent ly rec overed and t he n  dec l ined 
l�� 

again at grain f i ll ing s t a g e . However ,  it is no t c lear why t h e s e  A 

chang e s  occured a s  will b e  shown i n  t h e  next C hapter t ha t  in t he 

determinat e  c u l t ivar when the a c t ivity dec lined , i t  did no t g o  u p  

again . 

There are numerous studies indic a t ing that the nitrogen 

fixation pot ent i a l  o f  the plant i s  limi t e d  by i t s  abi l i t y  t o  provide 

photo synthat e  to the nodu l e s  ( se e  Berge r s e n , 1 9 7 5 ; Edwar d s , 1 9 75 ) . 

The re sult s  from the pre s ent experiment indicated t ha t  t he t o t a l  

nitrogen f ixed by the indet e rmina t e  c u l t ivar was greater than that o f  

the det ermina t e  c u l t ivar ( e . g .  higher 'int egra t ed a c e tylene r educ t io n  

ac t ivi t y ' Figure 4 . 9 ) . S inc e the a c e tylene reduc tion ac t i v i ty per 

uni t nodule dry weight of the det ermina t e  c u l t ivar was g enera lly 

higher than those of the indet erminat e  c u l t ivar ( Figure 4 . 8 ) ,  i t  c ou ld 

be c onc luded that the super iority of the a c e t ylene reduc t io n  a c t ivity 

in the indet erminat e  c u l t ivar c ame large ly f r om a rapid inc r e a s e  in 

the nodu le ma s s , which c er t ainly c ame from t he indeterminat e  

cult ivar ' s  ability t o  supply mor e  pho t o syntha t e  t o  the nodu l e s .  The 

result s of 1 4c movement , which showed that a higher percentage of 14c 

moved downward from the source leaf o f  the indeterminat e  c u l t ivar than 
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that o f  t he det erminat e  cultivar suppor t s  that conclusion indir e c t ly 

( Table 4 . 5 ) . 

The dist ribution o f  a s s imil a t e s  in soybean i s  predomina nt ly 

localized about the sourc e leaf ( S t e phenson and Wilson , 1 9 7 7 a ) . The 

ma j or portion of the a s s imi l a t e  accumu l a t e s  in the axillary pod s o f  

t he sourc e leaf , with l e av e s  lower in the c anopy c ontribu t i ng v e r y  

l i t t l e  e l sewhere ( St e phenson and Wil s on , 1 9 7 7 a , 1 9 7 7b ) . T h e  r e s u l t s  

from this experiment suppor t e d  their finding , wit h  about 3 0 %  o f  1 4c 

found in the axil lary pods l e s s  t han 1% e lsewhere ( Ta b l e  4 . 5 ) . 

The signi f ic a n t ly higher amount o f  1 4c f ound in t he i n t ernode 

below the labe lled leaf in the indet erminat e  cult ivar ( Table 4 . 5  ) may 

be an indic a t io n  that t here is a greater downward movement o f  

pho t o syntha t e  i n  thi s  than i n  t he det ermina t e  cult ivar . S i mi l a r  

trends had been reported in o ther specie s .  For examp l e , Baker e t  a Z · 

( 1 98 3 ) f ound a 4 . 6 % d i s t ribu t ion o f  1 4c in the indet ermina t e  f i e ld 

bean ( Vicia faba ) compared wi t h  only 2 . 5 % in the det ermina t e  c u l t ivar 
t�� 

when t he leaf a t  first f lower ing node wa s labe lled . 
A 

Ac e t ylene reduc t ion ac t ivity i s  an instantaneous e s t ima t e  o f  

nitrogen fixat ion One way of e s t ima ting the t o t a l  a c t i v i t y  i s  by 

summing the area under the valu e s  for inst ant aneous ac e t y l e ne 

reduc t ion a c t ivity det ermined at each suc c e s sive harve s t  ( Pa t t e r s o n  

and LaRue , 1 9 83 ) ;  thi s  is t h e  'int egra t ed ace tylene reduc t io n  

a c t ivity ' .  For plant s t ha t  depended solely on symbiotic n i t ro g e n , the 

relationship of this 'int egrated a c etylene reduc t ion ac t iv i t y  ' and 

total plant nitrogen should be linear . A linear relat ionship wa s 

found be tween t he two parame t e r s  f o r  each cultivar in thi s exper iment 

( Figure 4 . 9b ) . Pat ter son and LaRu e  ( 1 9 8 3 ) also repor t e d  signi f i c ant 
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corr e l a t ions between t o t a l  plant nitrogen , ' int egrated a c e tylene 

reduc t i on act ivi ty ' ,  isotope dilu t io n  and N-dif ferenc e whe n  they 

studied the s e a sonal nitrogen f ixa tion of 2 1  soybean cult ivar s . Their 

'int egra t ed a c et ylene reduction a c t ivi t y ' va lue s ,  however , were l e s s  

than t he va lue s reported in t h i s  experiment ( 5-2 0 mmo l plant - 1  

compar e d  wit h  2 0- 5 0  mmol plant - 1 ) .  Thi s may be due t o  the d i f f er e n c e  

in environmental c ondi t ions ( e . g . t emperature ) ,  sinc e the ir experiment 

wa s c o nduc t e d  in t he f i e ld wherea s thi s experiment was c onduc ted in 

cont r o lled environment a l  condit ions . 

4 . 4 . 4  N ITROGEN DI STRI BUT ION : The s oybean seed has a high nitro g en 

requirement o f  which a substant i a l  proport ion come s f r om symbi o t i c  

nitrogen ( Warembourg and Fernande z ,  1 98 5 ) . However , ni trogen f i x a t i o n  

dec lines early in the pod-f i l ling phas e  ( e . g .  L awn a nd Bru n , 1 9 7 4 a ) .  

This high nitrogen requirement , c oupled wit h  the dec line i n  the 

nitrogen a s simi l a t ory proc e s se s  during seed f i lling , sugge s t s  that t he 

ni trogen a s simi l a t ory proc e s s e s  may f a i l  t o  mee t  the nitrogen 

requirement o f  the seed . Nitrogen mu s t  t he r e fore be re-dis tribu t e d  

from vegetative t i ssues t o  the p o d s  t o  mee t  this d e f i c i t  ( S inc l a ir a nd 

de Wit , 1 9 7 5 ;  1 9 7 6 ) . Sinc liar a nd de Wit c a l led thi s  a ' se l f  

destruct ion ' hypothe s i s . 

4 . 4 . 4 . 1  Nitrogen d i s tribu t ion : Ther e  are s ome sug g e s t i o n s  

that d i f ferenc e s  in nitrogen conc entra tion between c u l t i v a r s  i s  

environment a l ly induced ra ther than d u e  t o  gene t ic d i f f e r e nc e s  

( Ze iher et a l . ,  1 9 82 ) .  T�o se authors f ound that t he nit rogen 

conc entration dif ferenc e s  between c u l t ivars were not c on s i s t ent a c r o s s  

years o r  between plant par t s  when they examined eight soyb e an 
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cultivars for two seasons . H owever , Speath and Sinc lair ( 1 9 83 ) f ou nd 

in their survey o f  1 2 1 s oybean c u l t ivars that ni trogen c o n c e nt ra t i o ns 

varied substantially among c u lt ivars a s  did total nitrogen u ptake , and 

was generally in propor t i on to plant size . 

In t he pre sent experime nt , nitrogen concent r a t i o n  o f  t he two 

cult ivars wa s s ignific a n t ly d i f ferent for t he t o t a l  plant a nd the s t em 

c omponent a t  the pod development and grain f i l ling s t a g e s  ( Fi gu r e  

4 . 1 1 ) .  The patt ern o f  c hange in nitrogen c onc ent r a t ion o f  t he s t em 

c omponent o f  both c u l t i va r s  was a l s o  int e r e s t ing . At the pod 

development s t age the nitrogen c oncentration of t he determin a t e  

cult ivar wa s signi f i c a n t ly higher t han tha t  o f  t h e  indet e rminat e  

cult ivar . Thi s wa s mainly d u e  t o  the f a c t  that t he s t em c omponent o f  

the determinat e  cultivar had s t o pped growing by thi s s t a g e  ( Figure 

4 . 1 ) . In c ontras t , at t he grain f i l ling s t age , t he s t em c omponent of 

the indeterminat e  cult ivar had a higher nitrogen c oncent r a t ion t h a n  

t h a t  o f  the det erminat e  c u l t ivar ( 1 . 5% and 1 . 0% , respe c t i v e ly ) .  

However , a t  p lant ma turity no d i f f erence wa s f ound in nitrogen 

conc entration for any p lant c omponent ( Figure 4 . 1 1 ) . Thi s  c ould b e  a 

consequence o f  a d i f ferenc e  in nit rogen re-di stribut ion ( se e  next sub­

sect ion ) .  

Nitrogen accumu l a t io n  in t he leaf , s t em and t o t a l  p lant o f  the 

indeterminat e  c u l t ivar were higher than those of the d e t e rmina t e  

cult ivar and thi s applied at a l l  o f  t he growth s t a g e s  ( Ta b l e  4 . 6 ) . 

From a c omparison o f  the regr e s s io n  c o e f f i c ient s o f  the n i t ro g e n  

accumulat ion curve s ( Figure 4 . 1 2 ) ,  i t  was evident t h a t  s i g n i f i c a nt 

diff erenc e s  exi s t ed b e tween the two cult ivars in a l l  t hr e e  curv e s  

( viz . t ot al , l e a f  and s t em ni trogen ) .  Thi s might be regarded a s  a n  
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indic a t io n  that the indet ermina t e  c u l t ivar c ould accumu l a t e  nit r ogen 

faster than the det ermina t e  cult ivar . The higher ace tylene reduc t io n  

a c t ivity o f  the indet ermina t e  c u l t ivar , a s  c ompared with the 

det erminate cultivar , d i scussed in t he previous s e c t ion t ends t o  

suppor t t h i s  sugg e s t i o n . 

The part i t ioning pattern o f  ni t ro g e n  to d i f ferent plant part s 

for each o f  the two c u l t ivars f o l l owed a very simi lar pat te r n  t o  t ha t  

o f  dry-ma t t e r  part i t ioning ( Figure 4 . 6  v s  Figure 4 . 14 ) . The 

proport i on of ni trogen in the veget a t ive par t s  of the dete rminat e  

cult ivar was s igni f ic a n t ly lower t ha n  that i n  the indeterminat e  

cultivar a f ter t he pod development s t a g e . This c ou ld a l s o  be 

int erpreted a s  evidenc e to support the sugge s t ion that exi s t ing 

reserves of nit rogen f r om vege t a t ive par t s  of the det ermina t e  c u lt ivar 

were needed to provide nitrogen to t he seed much earlier t ha n  wa s t he 

c a s e  f o r  t he indet erminat e  c u l t ivar . 

C omparisons o f  the final nitrogen d i s t ribu t ion t o  t he grain a s  

repres ented by the ' ni t rogen harv e s t  index ' ( ra t i o  of seed ni trogen 

and total above ground ni troge n )  betwee n  the two growth types wa s not 

signi f c ant ly d i f f erent ( Table 4 . 2 ) . A s imilar conclus ion wa s a l s o  

f ound i n  the previous experiment repor t e d  in Chapter 3 .  T h i s  i s  i n  

agre ement wit h  Jeppson et a l .  ( 1 9 7 8 )  , who conc luded tha t  ni trogen 

harve s t  index was a very stable c ha r a c t e r i s t i c  among c u l t ivars . 

4 . 4 . 4 . 2  Nitrogen re-d i s t r ibu t ion : Z eiher et a l .  ( 1 982 ) 

examined the nitrogen re-distribu t ion charac teris t ic o f  soybean 

cultivars o f  varying ma turi t ie s  and growth types , and f ound tha t  

c u l t ivar di f f erences in nitrogen re-di s t r ibut ion were r e l a t ed t o  t he 

size o f  t he nitrogen poo l , which wa s prima r i ly a func tion o f  the dry 
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weight and wa s c losely a s sociated with cul t ivar maturity . The r e sul t s  

from the present exper iment suppor ted this hypo t he s i s , i . e .  wi th 

bigger size o f  nitrogen poo l ,  the indet ermina t e  c u l t ivar re­

dist r ibuted more than twic e  a s  muc h  nitrogen a s  that o f  t he 

det ermiante cultivar ( Table 4 . 7 ) . The propo r t i o n  o f  nitrogen r e ­

distributed wa s s imil a r  for b o t h  t he l e a f  and p o d  wal l  c ompo nent s o f  

both c u l t ivar s . I n  contra s t , the nitrogen r e -di s tribu t ed f r om t h e  

s t em c omponent was signi f i c an t ly higher in t he indeterminat e  cult ivar 

than in the det e rminat e  cult ivar ( Table 4 . 7 ) .  However , l eave s were 

s t i l l  the mo s t  import ant sourc e of nitrogen re-distr ibu t i o n . S imi lar 

conc lu sio n  were a l so reported in lupin ( Withers a nd Forde , 1 9 7 9 ) . 

Spe a t h  and Sinc lair ( 1 983 ) repor ted t ha t  t he ind et ermi na t e  

cultivar 'Amsoy ' continued t o  accumulate nitrogen a t  a hig h , constant 

rate t hroughout the pod- f il l  stage , but r e t a ined muc h  o f  t h i s  nit rogen 

in the stem so t ha t  i t  wa s not available for seed developme n t . 

Evide nc e  from t he pre sent experiment , whi c h  a l s o  used ' Ams o y ' a s  t he 

indeterminat e  t ype , ind i c a t ed tha t  ' Amsoy ' cont inued t o  a cc umu la t e  

nitrogen a t  a high r a t e  during the pod f i l ling s t a ge ( Figure 4 . 1 3 ) .  

However , in contrast t o  the r e su l t  obta ined by Speath and Sinc l a ir 

( 1 983 ) , more nitrogen was re-dist ributed for seed deve lopme nt ( Table 

4 . 6 ) . Thi s  wa s probably because Speath a nd Sinc lair carried out t he i r  

experiment in t he f i e ld , where t h e  plant s m a y  not have reac hed t he 

full yield producing potentia l . The seed nitrogen o f  ' Amsoy ' from 

their exper iment wa s only about ha l f  that of t he seed ni t ro g e n  f rom 

the ' Amso y ' u s ed in the pre s ent experiment . Thi s c ou ld a l s o  sugge s t  

that ' Amsoy ' may have the abi l i t y  t o  s t ore nitrogen i n  t h e  vege t a t ive 

par t s  i f  i t  has already met the nitrogen r e quirement o f  t he seed . 
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4 . 4 . 5  RELAT I ONSHI P S  OF N ITROGEN F I XAT I ON AND PLANT PARru�ET ERS : The 

eva lua t ion o f  the e f f e c t s  of  various plant morphological variabl e s  o n  

acetylene reduc tion r a t e s  c o u l d  help t o  d e t e rmine their r e l a t ive 

signi f ic anc e in inf luenc ing t he ni trogen f ixation ability of the 

plant , and hence might provide an indirec t means o f  s e l e c t i ng f or 

superior nitrogen- f ixing genotyp e s . 

When studying linearly r e l a t ed variabl e s , a corre l a t ion 

coeffic ient only describes a nd measures t he degree o f  a s so c i a t io n  

be tween two variabl e s . The mu lt iple regre s s io n  equation i s  u s e f u l  

when t he bes t or c lo s e s t  predic t ion o f  Y ( dependent variabl e ) b a s e d  o n  

t h e  informat ion in Xl · · · · Xk ( independent variable s )  i s  needed . 

However ,  when the obj e c t ive i s  not s o  muc h  c o nc e rned wi th predi c t i o n  

a s  to the pro p o s a l  o f  a ' plausible int erpr e t ation ' o f  t he r e l a t i o nship 

betwe e n  the variable s ,  the path analys i s  which i s  concerned wit h  

erec t i ng a causal s t ructure c ompat ible wi t h  t he observed d a t a  ( L i , 

1 9 7 5 )  may be more useful . Acc ordingly , a path ana lysi s  h a s  been 

cho sen for this experiment t o  d e t e rmine the c ontribution of various 

plant parame t e r s  t o  nitrogen f ixa t i o n .  

The plant parame t e r s  u s e d  i n  c o n s t ru c t ing the p a t h  ana ly s i s  

diagram were those frequent ly ind i c a t ed in the l i t erature a s  being 

related t o  or a s soc i a t ed wi th nitrogen fixation direc t ly ( e . g .  Rennie 

and Kemp , 1 9 8 1 ; Graham and S e t t e r , 1 983 ; Denison et a l . , 1 985 ) .  The s e  

paramet er s  a r e  root dry weight , nodu le d r y  weight , l e a f  a r e a  per 

plant , acetylene reduc t i on a c t ivi t y ,  and t o t a l  plant nitroge n . The 

path diagram showed that in both growth typ e s leaf area was mor e  

import ant a s  a link t o  nodule dry weight than root dry weight ( Fi gure 
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4 . 1 5 ) . For , the path c o e f fic i ent of l e a f  area was 

very sma l l  in bo th growth types thus did no t indi c a t e  any s t rong 

direc t relat ionship be tween leaf area and a c e tylene reduc t i o n  a c t ivity 

( Figure 4 . 1 5 ) . Hume ( 1 9 8 �) reported good r e l a t i onship be tween 

acetylene reduc t i on a c t ivity and leaf area , bu t he only e xamined 

ace tylene reduc t io n  a c t ivity during the v e g e t a t iv e  stage . 

Of t he plant morphological parame t e r s  c onsidered ,  nodul e  

weight per p lant had been reported t o  b e  mo s t  c l o s e ly c o r r e l a t ed with 

acet ylene reduc t io n  a c t ivity ( J ohnson and Hume , 1 9 7 3 ; L awn et a Z . , 

1 9 7 4 ; Denison et a Z . , 1 98 5 ) . There wa s a marked d i f f erenc e  in t he 

relati onship be tween nodu le dry weight and a c etylene reduct ion 

a c t ivity be tween t he two cultivars ( Figure 4 . 1 5 ) . I n  t he 

indet ermina t e  c u l t ivar , t he result  indic a t e d  t ha t  vari a t ion o f  

a c etylene redu c t io n  a c t ivity c ame mainly from the change o f  nodu l e  dry 

we ight (p = 0 . 98 ) ,  whereas in the determinat e  c u l t ivar t h i s  

relat i onship wa s lower than t ha t  o f  t he unexplained indic a t e d  

� 1� 
from �out side . Thi s would suppor t  the c onc lu s i on f r omA previou s 

h
tht 

. .  f h  1 d h t a t  superlor l t y  o t e a c e ty ene re u c t ion a c t ivity in t e "' 

tk 
by arrow 

A 

s ec t ion 

indet ermina t e  c u l t ivar came largely from a rapid i nc r e a s e  in t he 

nodu le ma ss . 

Leaf  area o f  both growth typ e s  wa s a l so impo r t ant t o  t o t a l  

plant nitrogen . The c lo s e  relat ionship be tween l e a f  a r e a  a nd nodule 

dry weight f ound in thi s  experiment wa s a l so reported i n  t he o ther 

spec i e s  e . g .  in s a infoin ( Onobrychis viciifo Zia ) ( Hume , 1 S 8 1 )  a nd 

cowpe a  ( Graham and Se t t er , 1 98 3 ) .��� l a t ionship b etween a c e t ylene 

reduc t ion ac t ivity and total plant nitrogen in both c u l t ivars was poor 

( p =0 . 1 5 ) . Since ace tylene redu c t io n  i s  an inst ant ane o u s  e s t ima t e  o f  
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ni trogen f ixa t ion which could vary acc ording t o  growth s t a g e  of t he 

plant a nd the environmental c ondi t ions a t  t he t ime o f  samp l i ng , t h i s  

may explain the low relat ionship link betwe en t h e  a c etylene reduc t i o n  

activity and t o t a l  plant nitroge n .  Alt hough the external sourc e o f  

variat ion in some p a t h  wa s relatively l a r g e  ( values a s s o c ia t ed with 

arrows c oming from out s id e ) , the inc lu sion of the o ther plant 

parame t e r s  did not help t o  reduc e the s e  val u e s  very muc h .  This wa s 

the indicat ion that there were s ome f ac t o r s  t han the s e  plant 
��V� 

paramet e r s  a lone t hat c o u ld influenced the ir r e l a t i onship wi th A 

ni trogen fixat ion . 

As discussed earlier in sec tion 4 . 4 . 3  t he ' integrat e d  

acetylene reduction a c t ivity ' ( summation o f  a r e a  under t he c urves o f  

acetylene reduc tion a c t ivi t y )  wa s c lo s e ly r e l a t ed t o  t o t a l  p lant 

nitrogen ( Figure 4 . 9b ) . Hence it may represent the overa l l  nit rogen 

f ixa tion b e t t e r  than the acetylene reduc t i on act ivity whi c h  i s  an 

instant aneous measurement . The good linear relat ionship wi th t o t a l  

nitrogen a s  repor t ed i n  the previous sec t io n  supported t h i s  

argument. The path diagram linking t he ' integrated a c e t y l ene 

reduc t io n  a c t ivity ' wi th the same plant charac t er s  as used in Figure 

4 . 1 5 was then c onstruc ted to identify the r e l a t ionship b e tween l e a f  

are a , nodule dry weight , and the ' int egra t ed ace t ylene reduc tion 

activity ' ( Figure4 . 1 6 ) . The result s indic a te d  that c ontra s t ing 

relat ionships exi s ted among the s e  parame t e r s  between the two gro wth 

type s . I n  t he det ermina t e  cultivar ' in t e g r a t ed a c e tylene r educ t io n  

a c t ivity ' wa s c lo s e ly linked t o  l e a f  area ( p= 0 . 7 1 )  whi l e  i n  the c a s e  

of the indetermina t e  cult ivar i t  wa s mainly l inked t o  nodu l e  dry 

weight ( p=0 . 92 ) .  The s trong link between leaf area a nd t he 
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' integrated acet ylene reduc tion a c t ivi t y ' in the det ermina t e  c u l t ivar 

is int erest ing , b ec ause i t  means t hat a plant wi th a larger leaf a r e a  

wil l  have greater pho t o synthe tic c apacity ( Ham et a l . , 1 9 7 6 ;  H a r d y  et 

a l . , 1 9 7 7 )  and should b e  capable o f  support ing greater nit r og e n  

fixa t ion activi t y . T h e  evidence from t he pres ent experime nt imp l i e s  

that l e a f  area may b e  the maj or limi t ing f a c t or for the absolu t e  

amount o f  nitrogen f ixat ion i n  the dete rminat e  cult ivar . I n  c o n t ra s t , 

the r e su l t  indic a t ed t hat nodul e  dry weight may be t he maj or limi t ing 

factor in t he indet erminate cult ivar . I n  o ther words , phot o synth e t i c  

capac i t y  to support nitrogen f ixat io n  a c t ivity i n  t he ind e t ermi na t e  

cult ivar probably was no t a s  limit ing a s  i n  t he c ase for t he 

det ermina t e  cult ivar . 

The path analys is resul t s  ( Figur e s  4 . 1 5 ,  4 . 1 6 ) t o gether wi t h  

the r e sult s from the discriminant analys i s  in Table 4 . 8  indic a t e  

that l e a f  area was the mo s t  import ant plant charac t er d i s c r imin a t ing 

the d i f ferenc e s  be tween the two growth type s . I t  wa s a l s o  like l y  

that l e a f  area wa s the ma j or limi t ing f a c t o r  f or nitrogen f ixat io n  

ac tivity i n  the det erminat e  c u l t ivar . Bethlenfalvay et a l . ( 1 9 7 8 b ) 

found that the absolu t e  rates of a c e tylene reduc t ion were 

signi f i c ant ly reduced in pea whe n  leaf area wa s a lt ered by part i a l  

defol i a t ion . 

The l e a f  area of the ind e t ermina t e  cult ivar in this 

experiment wa s about twice that of  t he determinat e  cu l t ivar . H e n c e  

the intere s t ing que s t io n  would b e  ' what would happen to t he n i t r o g e n  

fixat ion o f  thi s  indet erminat e  c u l t ivar i f  i t s  l e a f  a r e a  wa s reduced 

to approach t ha t  o f  the det erminate cultivar ? '  
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To answer this que s t ion , the next exper ime nt wa s c arried out 

in which l e a f  area o f  the inde t e rmina t e  c u l t ivar wa s manipu l a t e d  to 

see the ext ent t o  whic h  defoliation could have an inf luenc e on 

ni trogen f ixa t ion , nitrogen dist ribut ion and seed yi e ld r e l a t ive to 

that of t he determinat e  cultivar . 
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C HAPTER 5 

The e f f e c t s  o f  leaf area manipu l a t ion o f  an indet ermina t e  soybean 

cultivar c ompared wit h  t he l e a f  area o f  a determinat e  soybe a n  

cultivar . 

ABSTRAC T . 

I n  previous experiment s ,  t he ind e t ermina t e  s oybean c u l t ivar 

' Amsoy ' produced twic e a s  much seed yi e ld a s  the det ermina t e  c u l t ivar 

' Matara ' .  One particular d i f f erence between the plant char a c t er i s t ic s  

o f  the two c u l t ivars wa s leaf area , where the indet erminat e  c u l t i v a r  

had about twic e  t he l e a f  a r e a  per p l a n t  a s  the det ermina t e  c u lt iv a r . 

I n  this experiment , the l e a f  area o f  the indetermina t e  cult i v a r  

was manipu l a t ed b y  imp o s ing dif f erent leve l s  o f  part ial l e a f  r emo v a l 

from the f lowering s t a g e  onwards .  The obj ec t ive wa s t o  f ind out the 

ext ent to which l e a f  area i s  import ant in contribut ing t owards t he 

advant age o f  the ind e t e rminat e  c u l t ivar wi th regards t o  ni trogen 

fixa t ion , nitrogen d i s t r ibu t io n  and grain yi e ld . In one t r e atme n t , 

par t i a l  pod remov a l  wa s also applied t o  indu c e  a reduced d emand f o r  

a s simi l at e . 

Partial d e f o l i a t i o n  of the indetermina t e  cultivar had a marked 

e f f ec t  on root growth a nd branch number a nd a les ser e f f e c t  on nodu l e  

growth , a c e t ylene reduc tion act ivity and nitrogen dis tribu t ion . Even 

where leaf area was s imilar to that of the det erminat e  c u l t ivar f rom 

pod deve lopment s t age , the indetermina t e  c u l t ivar s t i l l  had 

s igni ficantly highe r s e ed yield and t o t a l  p lant nitroge n .  The r e s u l t s  
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sugg e s t ed t ha t  the advant age o f  the indetermina t e  c u l t ivar ' Amsoy ' 

over the det ermina t e  c u l t ivar ' Matara ' in yield wa s prima r i ly f r om 

higher l e a f  area per plant which enhanc ed more number o f  branche s ,  

henc e made possible a large number o f  node s and subsequently numbe r  o f  

pod s . I t  a l so sugge s t e d  tha t  roo t a nd s t em growth were mor e  sensit ive 

to d e f o l i a t i o n  than a c e t yl ene reduc t io n  a c t ivity and nit r ogen 

di s tr ibu t io n . Partial pod removal did no t change t he o ve r a l l  pat t e r n  

of the respons e s . 

5 . 1  I NTRODUC T I ON . 

Seed produ c t i o n  in mo s t  grain l egume s appears t o  depend largely 

on pho to syntha t e  produced after the onse t  o f  f l owering ( Pa t e  and 

Minchin , 1 980 ) . The source- sink strat egy d i f f e r s  sub s t a n t i a l ly 

betwe en the det ermina t e  a nd the indeterminat e  t yp e s  o f  s oybean . I n  

t h e  det ermina t e  type , v e g e t a t ive growt h c e a s e s  a t  about t he time 

f lowe r s  f i r s t  appear , hence t ime to f l ower i ng is c r i t i c a l  t o  the s i z e  

o f  source developed . I n  c ontras t , in the indetermina t e  t yp e  

considerable overlap o c c u r s  in the f lowering , p o d  f i l l  a n d  vege t a t ive 

growt h periods a llowing f o r  the deve lopment o f  large sour c e  and s ink 

capa c i t i e s  ( Shible s , 1 980 ) . From the previous two experime nt s , both 

ni trogen f ixa tion ( a s expr e s sed by a c e t ylene redu c t io n  act ivi t y )  and 

grain yie ld of the ind e t e rminate cultivar were c on s i s t ent ly higher 

than for the determina t e  c u l t ivar . Furt hermore , l e a f  area wa s 

ident i fied a s  the plant c haracter that had the gre a t e s t  inf luenc e o n  

the s e  two parame t e r s  ( C ha p t e r s  3 and 4 ) ; t he l a r g e r  l e a f  area o f  the 

indet e rmina t e  c u l t ivar had undoubtedly c ontributed by being great e r  

sourc e . 
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However , not a l l  i nc r e a s e s  in seed yie ld have been a c c redi t e d  

with a larger l e a f  area . F o r  example , Tanner and Ahmed ( 1 9 74 )  f ound 

that when s oybe an c u l t iv a r s  were sprayed a t  f lowering wi t h  T I BA ( 2 , 3 , 5  

- tri- iodobenzoic a c id ) , s e ed yie ld was increased even though l e a f  

area indic e s  were dec r e a s e d . They conc luded t ha t  the ant i - auxin 

e f f e c t  of T I BA a pparent l y  suppr e s sed vege t a t ive growth and brought 

about a more f avourable b a lance be tween vege t a t ive and r e pr o duc t ive 

growth without adve r s e l y  a f f e c t ing seed yield . I t  i s  now widely 

recognized that the r o l e  o f  veget a t ive part s  ( such a s  l e ave s and s t em )  

a s  nitrogen r e s ervo i r s  f o r  developing seeds , at the t ime when 

symbiotic f ixation activity i s  f a l ling r a pidly , i s  o f  gre a t  impor t ance 

( Sinc lair a nd de Wi t ,  1 9 7 5 ; 1 9 7 6 ; Egle s ham et a l . ,  1 9 7 7 ) . 

Ft.rthermore , reduc tion in nitrogen fixation ac t ivity hasbe=�at tributed 

to the s tronger parti t ioning of ava ilable pho t o s yntha t e  i n  f avour of 

the ho s t  plant rather t ha n  t o  nodu le t i s su e s  o f  the symb i o t ic sys t em 

( Hardy and Heve lka , 1 9 7 5 ; Bethlenfalvay a nd Phi l l ip s , 1 9 7 7 a , b ;  

Bethlenfalvay e t  a l . , 1 9 78a , b ) . 

I n  t he pres ent experiment the obj ec t ive was t o  d e t e rmine t he 

ext ent t o  which l e a f  area is import ant in c o ntributing t oward s t he 

yield and ni t rogen f ixa t io n  advant age s o f  t he inde t e rmina t e  c u l t ivar . 

The manipu l a t ion o f  l e a f  area wa s achieved by impo sing d i f f e rent 

leve l s  o f  leaf d e f o l i a t ion on the inde t e rmina t e  c u l t ivar a nd par t i a l  

pod removal wa s a l so imp o s ed i n  one trea tment . 



1 4 3 

5 . 2 MATERIAL S AND METHODS . 

The experiment wa s c arried out in the controlled environment 

rooms at Plant Physiology Divi s i on , Depar tment of Scient i f ic and 

I ndu s t ri a l  Research ( DS I R ) , P alme r s to n  Nor t h , New Zea land . 

The same two soybean c u l t iv a r s  f rom t he previou s exp e r iment s wer e  

used , i . e . : ' Ma t ar a ' 

'Ams oy ' 

Det ermina t e  

I ndetermina t e  

P lant s wer e  grown i n  4 . 5  l i t r e  pot s  in a medium o f  s a nd and 

pumic e  ( 75 : 2 5  v jv )  under the s ame environmental c ondi t ions a s  u s e d  in 

the previous experiment ( Appendix D ) . 

The experime nt a l  d e s ign was a randomiz e d  comp l e t e  block d e s ign 

wit h  5 replic a t ions . 

P lant s were given comp l e t e  Hoagland ' s  A nut r i ent s o lu t i o n  unt i l  

T h e  s ame Rhizobi�m s t r a in whi c h  wa s u s ed in previ o u s  

exper iment s wa s applied several t ime s a f t e r  germina t ion t o  e nsure good 

nodulation . Aft e r  ino c u la t ion t he plant s were we l l  watered a t  r e gu la r  

interva l s  wi th ha l f  s t rength nitrogen-free Hoagland ' s  A nut r ient 

solut i on . 

The defoliat ion t r e a tme nt s were imposed on the indetermina t e  

c u l t ivar from the f lowering s t a ge . The five trea tment s were : 

UD The unde f o liated d e t e rminat e  cultivar . 

U I  The unde fo liated indetermina t e  c u l t ivar . 

I 2  Two leaf l e t s  o f  e a c h  t r i f o l i o l a t e  l e a f  o f  t he 

indet ermina t e  c u l t ivar were removed from t he t hi r d  

node upwards . 

I l  One lea f l e t  of each t r i f o li o l a t e  l e a f  o f  the 
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ind e t ermina t e  cult ivar wa s removed from the t hird 

node upwards . 

I 2 P  The same leve l o f  d e f o l i a t ion a s  in I 2  plus 20%  

pod remova l .  Pods were removed at each nod e  t o  

maintain a similar p o d  number p e r  node a s  that o f  

t h e  det ermina t e  c u l t ivar a t  t h e  same g rowth s t age . 

Five weekly destruct ive harve s t s  were c arried out from the 

f lowering stage and the dry weigh t s  o f  leave s , s t ems , root s ,  nodu l e s  

and pods were determined at each . Nitrogen f ixat i o n  was d e t ermined 

weekly u sing t he a c e tylene reduc t i on t e c hnique ( Appendix B )  and 

t o t a l  nitrogen of the d i f f er ent plant parts  was determined by t he 

Kj e ldahl metho d  ( Appendix C ) . 

S t a t i s t i c a l  analysis . 

The growth d a t a  o f  each trea tment wa s de scribed by t h e  func t ional 

approach , i . e .  using t he appropri a t e  growth func t i on to f i t  t he d a t a  

agains t t ime b y  t he l e a s t  s quare s t e c hniqu e  ( se e  C hapter 3 ) .  

Ana lys i s  o f  varianc e : A randomiz e d  c omplete block d e s ign w a s 

used a nd the analysis wa s done us ing t he Gens tat program ( Alvey et 

a l . , 1 9 7 7 ) . 

Discr iminant analysi s :  Thi s mu lt ivariate ana lys is wa s used t o  

analyse t he relative e f f e c t s  of d e f o l i a t io n  on e a c h  o f  t he d i f f er ent 

plant char a c t e ri s t ic s . The purpose o f  thi s  ana lys i s  was t o  

d i s t ingui sh be twe en the four d e f o l i a tion treat o f  the 

indetermi�� e c u l t ivar on the j oint b a s i s  o f  sever a l  a t t i b u t e s  whic h  
b{ I 

couldAa f f e c ab by d e f o l i a t ion . The main obj e c tive wa s t o  i d e n t i f y  

the a t tribu t e  which c on t r ibu t e s  mo s t  t o  d i s t ingu ish 

treatment s ,  which in this case would be the a t tribu t e  a f f e c �q mo s t  by 
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the defoliat ion . The methods o f  this analysi s  were described i n  mor e  

details in C hapter 4 .  

5 . 3  RESULT S . 

5 . 3 . 1  Plant growth and yie ld . 

5 . 3 . 1 . 1  P l ant growt h :  Growth curve s o f  t o t a l  plant d r y  wei gh t  

and l e a f  area p e r  plant f or e a c h  trea tment were f i t ted b y  quadra t i c  

equat ion ( Figures 5 . 1 a , b ) . T h e  i nf orma t i o n  o n  the regr e s s i o n  

equat ions shown in Append i c e s  5 . 1  and 5 . 2 .  

The d e f o l i a t ion treatment s suc c e s s fu l ly created thr e e  leve l s  o f  

leaf area f o r  t he indet erminat e  c u l t ivar . The three leve l s  were ( i )  

UI - und e f o l i a t e d  indet ermina t e  c u l t iva r , ( i i )  I 2  and I 2 P  - wit h  l e a f  

area similar t o  t ha t  o f  t he und e f o l i a t ed d e t ermina t e  cultivar ( U D )  

from pod development s t age , i n  I 2 P  s ome pods were also removed , and 

( iii ) I 1 - wit h  leaf areas interme d i a t e  b e tween UD and U I  ( Fi gure 5 . 1 b 

and Table 5 . 1 ) . 

Relat ive t o  UI , defoliation s igni f i c ant ly reduced t o t a l  p la nt 

dry weight by 3 0 %  in I 1  and 4 0 %  in I 2  a nd I 2 P  at both t he pod 

deve lopment a nd grain f i l ling stages ( Table 5 . 2 ) . However ,  even wi t h  

a similar l e a f  area to that o f  UD f rom pod deve lopment s t a g e , p l a n t s  

in I 2  and I 2 P  were s t i l l  able to a c c umu l a t e approxima t e ly 2 4 %  a nd 2 7 %  

more t o t a l  plant dry we ight t han did UD a t  t he grain f il l i n g  s t a g e s  

respe c t ively . 

When the net a s s imi l a t io n  r a t e s  ( NAR )  o f  the d i f f erent t r e a tme n t s  

were c a lculated f r om the f i t t e d  c ur ve s , t he results showed t ha t  N AR  o f  

the d e f o l i a t ed plant s i n  I 2  and I 2 P  ( about 6 0 %  defolia t i o n ) inc r e a s e d  

dra s t ic a l ly from 0 . 00 5  g cm-2 we ek- 1 a t  f l owering ( wee k  7 )  t o  0 . 00 9  
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Table 5 . 1 Compar i s on o f  l e a f  a rea per p l ant ( cm2 ) among d i f f erent treatment s  o f  s oybean 

at three growth s tage s . 

Growth Stage 

Treatment 
Flowering Pod Development Grain Fil ling 

UD 

UI 

12  

I l  

I2P 

2 ( cm ) ( % ) 

4 1 8 . 3
d ( 4 7 )  

8 8 5 .  9 
a 

( 1 00 )  

6 0 9 . 4
c 

( 6 9 )  

7 8 1 . 4
ab

( 8 8 )  

6 6 3 . 7
lx:

( 7 5 )  

2 ( cm ) 

1 0 5 0 . 6
c 

2 0 8 4 . 1 a 

1 1 9 2 . 4 c 

1 5 3 2 . 3
b 

1 0 3 7 . 0 c 

( % ) 
2 ( cm ) ( % ) 

( 5 0 ) 1 1 1 9 . 9
c ( 4 7 ) 

( 1 0 0 )  2 3 8 0 . 8
a 

( 1 0 0 )  

( 5 7 ) 9 6 4 . 3
c 

( 4 1 ) 

( 7 4 ) 1 4 3 7 . 7
b 

( 6 0 ) 

( 5 0 ) 1 1 5 2 . 6
c ( 4 8 ) 

Mean s  i n  the s ame column s ha r i n g  the s ame letter are not s igni f i cantly d i f f erent compared by 

t -t e s t  ( P�0 . 0 5 )  

Numbers i n  brackets are % o f  U I  va lue s . 

.!» 
.._j 



Table 5 . 2  Compar i son o f  total plant dry we i ght ( g )  among d i f f erent treatment s of  s oybean at 

three growth s tage s . 

Growth Stage 

Treatment 

Flowering Pod Development Grain Filling 

( g )  ( % ) ( g )  ( % )  ( g )  ( % ) 

UD 4 .  1 
b ( 5 4 ) 1 2 .  1 

d 
( 4 4 ) 2 5 . 8

c 
( 4 8 ) 

UI 7 . 6
a 

( 1 0 0 ) 2 7 . 2
a 

( 1 0 0 ) 5 4 . 1 
a 

( 1 0 0 )  

1 2  6 . 2
a 

( 8 2 ) 1 6 . 2 c ( 6 0 )  3 2 .  1 b ( 5 9 ) 

I l  6 . 9 a ( 9 1 ) 1 9 . 7 b ( 7 2 ) 3 8 . 3b ( 7 1 ) 

I2P 6 . 9 a 
( 9 1  ) 1 6 . 0 c ( 5 9 ) 3 2 . 7 b ( 6 0 ) 

Mea n s  i n  the s ame c o l umn s ha r i ng the s ame l e t te r  are not s igni f i cantly d i f f erent compared by t - t e s t  

( P  � 0 . 0 5 ) . 

Numb e r s  i n  bracke t s  are % of  U I  value s . 

� 
CO 



1 4 9 

g cm - 2  week- 1  by� grain f i l ling s tage ( week 1 0 )  ( Table 5 . 3 ) . I n  

cont ra s t  the und e f o l i a t ed UD and U I  plants showed a decreas i ng t r e nd 

from approxima t ly 0 . 00 6 5  g cm-2 week- 1  to 0 . 0045 g cm- 2 week- 1  a t  

the s ame per iod . I n  I 1  ( about 3 0 %  defoliat ion ) ,  NAR va lu e s  rema i ned 

wi thin the range o f  0 . 00 5 5  g cm- 2 week- 1  t o  0 . 00 6 5  g cm-2 wee k- 1 

during the entire period . I n  genera l , a l l  the indet erminat e  c u l t ivar 

treatment s inc luding t he und e f o l i a t e d  ( U I ) plant s showed higher NAR 

than that of the und e f o l i a t ed det e rmina t e  cultivar ( U D )  at p o d  

development s t a ge . However , due t o  l a r g e  s t a ndard error o f  e s t ima t e  

the results wer e  not s igni f ic ant ly diff erent a t  5 %  level o f  

probability . 

S tem growth wa s a l s o  a f f e c t ed by defo liation . Quadr a t i c  g r owth 

curves of stem dry wei ght are pre s ented in Figure 5 . 2 and App e nd i x  

5 . 2 .  A compar i s ion o f  t he s t em dry weight between d i f ferent 

treatments showed that d e f o l i a t i o n  had s igni f ic ant ly reduc e d  s t em dry 

weight in I 2 , I 1  a nd I2P t r e a tment s by about 30-40% r e l a t ive t o  t ha t  

of t h e  und e f o l i a t ed ( U I )  t r ea tment ( Table 5 . 4 ) . There wa s no 

difference amongst I 2 , I 1  and I 2 P  even though I 1  had about 1 5 - 2 0 %  mor e  

leaf a r e a  than tha t  o f  I 2  or I 2 P  f r om t he pod deve lopment s t a g e  

onward s .  Howeve r ,  I 2  a nd I 2 P  s t i l l  produced signif i c antly higher s t em 

dry weight than that o f  the u nd e f o liated determinat e  cult ivar ( U D )  a t  

grain f i lling s t age even though t heir l e a f  areas were simi l a r  f ro m  pod 

deve lopment stage onwa r d s . S t em dry weight s in the determina t e  

cultivar were only 5 2 % , 3 9 %  a nd 3 6 %  o f  U I  i n  the f lowering , pod 

deve lopment and grain f i lling s t a g e s  r e s pe c t ively . 

One signi f icant e f fe c t  o f  d e f o liation on s t em growth wa s t h e  

a f f e c t  o n  branch number . A t  p l a n t  ma turi t y , the number o f  bra n c h e s  i n  



Table 5 . 3  Comparison of net assirnilation rate ( NAR )  calculated from Figure 5 . 1 ( a , b )  o f  d i f f e r ent 

treatments of  s oybean at thr e e  growth s t a ge s . 

Growth stage 

Treatment 
Flowering Pod Development Grain Fi lling 

NAR ( g  cm -2 - 1 week ) 

OD 0 . 0 0 6 1
ab 

0 . 0 0 5 3
a 

0 . 0 0 4 7 a 

01 0 . 0 0 6 7
a 

0 . 0 0 6 4
a 

0 . 0 0 4 5
a 

1 2  0 . 0 0 5 6 ab 0 . 0 0 5 6
a 

0 . 0 0 9 2 a 

1 1  o . o o s s ab 0 . 0 0 5 5
a 

0 . 0 0 6 3 a 

12P 0 . 0 0 4 7 b 0 . 0 0 6 0
a 

0 . 0 0 9 2
a 

Means i n  the s ame c o l umn s har i ng the s ame l etter are not s ign i f i ca n t l y  d i f f erent compared 

by t -t e s t  ( P  = 0 . 0 5 ) .  Ul 
0 
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Table 5 . 4 Compar i s on o f  total plant s tem dry we ight ( g )  among d i f f e rent treatmen t s  o f  s oybean at 

three growth s tage s . 

Growth Stage 
Treatment 

Fl owering Pod Development Grain Fill ing 

( g }  ( % } ( g }  ( % }  ( g }  

OD 1 • 2 b 
( 5 2 ) 3 . 4 c ( 3 9 ) 4 . 4 c 

UI 2 . 3
a 

( 1 0 0 ) 8 . 8
a 

( 1 0 0 ) 1 2 . 3
a 

I2  1 . 9 a 
( 8 3 ) 5 . 7 b ( 6 5 ) 6 . 8 b 

I 1  2 .  1 
a 

( 9 1 ) 6 . 8b 
( 7 7 ) 7 . 8b 

I2P 1 . 9
a 

( 8 3 ) 5 . 9b ( 6 7 ) 7 . 5b 

Means i n  the s ame column s ha r i ng the s ame l e t te r  are not s igni f i c a nt l y  d i f f erent compared by 

t -t e s t  ( P� O . O S ) . 

Numbers i n  bracket s are % o f  U I  values . 

( % } 

( 3 6 ) 

( 1 0 0 ) 

( 5 5 ) 

( 6 3 ) 

( 6 1 ) 

Ul 
N 
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1 2  had been signi f ic antly reduc ed t o  the s ame level a s  in U D  ( T a b l e  

5 . 5 ) . However , t here was no e f f e c t  o n  the number o f  branc h e s  in I 2 P  

which had similar leve l o f  d e f o li a t io n  but in addition had 2 0 %  o f  the 

pod s removed . Alt hough the number o f  branche s in I l  had been reduced 

by about 2 3 % , the d i f f erenc e  ( re l a t ive t o  U I ) was not s t a t i st ic a l l y  

s i gni f icant . 

Roo t  dry weight s o f  UD and I 2  c ould not be s a t i sfac t o r i ly f i t t e d  

wi th any one o f  t he func t ions u s ed ( the b e s t  R2 are pre s e n t ed i n  

Append ix 5 . 4 ) . Ac c ording ly , t he mean va lues o f  root dry weight a t  

each harvest were p lo t t ed and a c omparison o f  the data a t  e a c h  

sampling wa s done u sing analys i s  o f  variance ( Figure 5 . 3 ) . Seve r e  

defoliat ion ( I 2 )  r educed r o o t  dry weight within a week a f t er i t  wa s 

impo sed . At t he f ourth harve s t  ( about 1 wee k  a f t e r  the pod 

deve lpoment s t age ) the root dry wei ght o f  plants in treatme n t  I 2 P  was 

signi f icant ly higher t ha n  that o f  plant in 1 2  indicating s i g ni f ic ant 

c ompe t i t ion over this period be tween pod and root growth . At t he 

f inal harve s t  a l l  o f  the plant in t he defoliated treatment s had 

similar root dry weight s ,  but these were reduced to about t wo - t hirds 

o f  the va lue s f o r  the und e f o l ia t ed indeterminate cultivar ( U I ) .  

However ,  the va lue s in t he d e f o l i a t e d  treatment s were s t i l l  

s igni f i c ant ly higher than that o f  t he unde foliated determinat e  

c u l t ivar ( UD ) . 

The shoo t : root r a t i o  o f  a l l  t he trea tme nt s increased l in e a r l y  

with t ime ( Figure 5 . 4 ,  Appendix 5 . 5 ) .  A t e s t  o f  the differ�nces among 

the regre ssion c o e f f i c i e n t s  s howed t ha t  there were no d i f f e r e nc e s  in 

the r a t e s  of change ( sl o pe s )  o f  shoo t : root ratios amongst a l l  the 

trea tment s .  I n  general , the und e f o liated determina t e  cultivar h a d  a 



Table 5 . 5  Compa r i s on o f  branch number among d i f f erent treatmen t s  o f  s oybean . 

Treatment 

UD UI  I 2  I l  I2P 

Branch Number 3 . 0 b 5 . 2
a 

3 . 6b 4 . 0ab 5 . 0 a 

% of UI 5 8  1 0 0 6 9  7 7  9 6  

Means s h a r ing the same letter are not s i gni f icantly d i f f e rent compared by L S D  ( P  = 0 . 0 5 ) . 

lJl 
""" 
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higher shoo t : root ratio than that o f  the f our t r e a tments of the 

indeterminat e  cult ivar a f t e r  f lowering ( T able 5 . 6 ) . There wa s no 

dif ferenc e  among s t  the f our indet ermina t e  c u l t ivar treatments at t h e  

grain f i l ling stage . 

The e f f ec t  o f  defoliat ion o n  nodu l e  growth wa s c on s iderably l e s s  

than t ha t  on root growt h . At the beginning o f  t he d e f o l i a t i o n  

treatment ( f lower ing s t a g e ) ,  T h e  det erminat e  c u l t ivar h a d  produc e d  

s igni ficantly l e s s  nodul e  weight than t ha t  o f  t he indetermina t e  

cultivar ( Figure 5 . 5 ,  Appendix 5 . 6 ,  Table 5 . 7 ) . Al though plant s f rom 

I2 and I 2 P  had lower nodule dry weight s t han UI and I l  at the pod 

development s tage , the d i f f erenc e  was no t s t at i s t i c a lly s igni f ic an t  

exc ept for t hat between I l  and I 2P . However , by t he g r a i n  f i lling 

stage , all of the defoliat ion treatment s had lower nodule dry weight s 

than the und e f o liated U I  plant s a lthough s t a t i s t ic a lly only I 2  wa s 

s igni f i c a nt ly lower than U I . I n  a l l  growth s t a g e s  the indet e rmi n a t e  

cult ivar irrespect ive o f  treatment , h a d  a signific ant ly highe r nodule 

dry weight t han the determina t e  c u l tivar . 

When nodu le dry weight was expr e s se d  o n  a per unit root dry 

weight bas i s , t here were no signi f icant d i f ferenc e  amongst the 

treatment s a t  the f lowering and grain f i l ling s t a g e s  ( Figure 5 . 6 ) . 

However ,  a t  t he pod development s t age , t he unde f o l i a t ed determinat e  

cult ivar ( UD )  had signi f i c ant ly highe r , and the und e f o liated 

ind e t ermina t e  cult ivar ( U I ) had signi f ic ant ly lowe r , nodule : root 

ratios than t he other treatment s . Among the three defoliated 

treatment s ,  the differ enc e s  were not significant . 



Table 5 . 6  

Treatment 

UD 

UI 

I2  

I l  

I 2P 

F-test 

CV ( % )  

Compar i son o f  s hoot : root r a t i o  ( g  g- 1 
p l ant - 1 ) among d i f fe rent treatments o f  s oybean 

a t  three d i f f erent growth s tage s . 

Growth Stage 

Flowering Pod Development Grain Filling 

3 . 0 2ab 7 . 1 7
a 

1 5 . 0 3
a 

3 . 6 3 a 5 . 3 7
bc 1 0 . 2 4 b 

2 . 9 9 b 6 . 0 2
ab 9 . 1 7 b 

3 . 5 1
a 

5 . 5 4
bc 1 2 . 1 5 ab 

2 . 6 1 b 4 . 7 5
c 1 0 . 6 7b 

* * * 

1 6 .  9 1 5 . 2 2 2 . 5  

Means i n  the s ame c o l umn sharing the s ame l etter a r e  not s ig n i f i cant l y  d i f ferent compared by 

LSD ( P  � 0 . 0 5 ) . 
U1 
0) 
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Table 5 .  Compa r i son o f  nodul e  dry wei ght ( g )  among d i f f erent treatmen t s  o f  s oybean at three 

d i f f erent s t a ge s . 

Growth Stage 
Treatment 

Flowering Pod Development Grain Filling 

( g )  ( % )  ( g )  ( % ) ( g )  ( % )  

UD 0 . 3 4 b ( 6 4 ) 0 . 6 6 c ( 7 3 ) 0 . 7 6 c ( 4 5 ) 

DI 0 . 5 3
a 

( 1 0 0 )  0 . 9 1 ab ( 1 0 0 ) 1 • 6 9
a 

( 1 0 0 ) 

1 2  0 . 4 9
a 

( 9 2 ) 0 . 8 8 ab ( 9 7 ) 1 .  2 8
b 

( 7 6 ) 

I l  0 . 5 9
a ( 1 1 1 ) 0 . 9 5

a ( 1 0 4 ) 1 . 3 6 ab ( 8 0 ) 

I 2P 0 . 5 6
a 

( 1 0 6 )  0 . 8 3
b ( 9 1  ) 1 . 4 6

ab 
( 8 4 ) 

Mean s  i n  the s ame c o l umn s har ing the s ame l etter are not s ig n i f i cant l y  d i f f erent compared by t -t e s t  

( P  � 0 . 0 5 ) . 

Number s  i n  bracket s are % o f  U I  va l ue s . 0"\ 
0 
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Figure 5 . 6  Compar i son o f  nodu l e : root r a t i o  among 

d i f f erent treatmen t s  o f  s o y  bean a t  

three growth s ta g e s . ( Gr owth s ta g e s  a s  

f o r  F igure 5 .  3 ) . 
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5 . 3 . 1 . 2  Yield and yield c omponent s :  When about 60% o f  the leaves 

of the inde termina t e  c u l t ivar were removed ( i . e .  I 2  and I 2 P ) , s e e d  

yie ld wa s reduced b y  about 1 7% ( from 27  g t o  23  g )  ( Table 5 . 8 ) . I n  

contra s t , there wa s no signific ant redu c t ion i n  final seed yield i n  

the 30% defoliation treatment ( I 1 ) .  

When seed yie ld , yie ld c omponent s ( number o f  pods , number o f  

seeds per pod and average seed wei ght ) and number o f  nod e s  with p o d s  

f rom ei ther t h e  branc hes o r  t h e  main s t em were analysed t he resu l t s  

indicated that the seed yie ld d i f f erenc e s  c ame larg e ly f rom 

di f f erenc e s  in branch node number ( Table 5 . 9 ) .  This dif f e r e nc e  wa s 

mainly due t o  the d i f ferenc e  i n  pod numbe r  and i n  t he numbe r  of node s 

with pods . In c ontra s t , amo ng s t  t he yie ld component s f r om t he main 

stem ,  only s e ed s i z e  wa s signif icantly a f f e c t e d  by d e f o l i a t ion . 

When seed yie ld a nd pod number were analysed on a per branch 

ba sis , there wa s no d i f f er e nc e  amongst trea tments within t he 

indet erminat e  c u l t ivar . Although the det erminat e  c u l t ivar ( UD )  had 

lower values of both s e ed yield a nd number o f  pods , these values wer e  

not s t a t i s t ic a l ly d i f ferent f rom the o t he r s  ( Table 5 . 10 ) . Henc e , t he 

yie ld dif ference in this exper iment was primari ly the r e s u l t  o f  a 

difference in the number o f  branche s per plant . 

A c omparison o f  harve s t  ind i c e s  ( ra t i o  o f  seed yield t o  t o t a l  

above-ground bioma s s )  ind i c a t e d  t ha t  I 2  plant s had signi f i c an t l y  

higher harve s t  index t ha n  U I  ( T able 5 . 1 1 ) . The und e f o l i a t e d  

det ermina t e  c u l t ivar ( U D )  had t h e  highe s t  harve s t  index ( 0 . 6 5 )  a nd i t  

was a l s o  signi f ic an t ly higher t h a n  tho se o f  the f our t r e a t m e n t s  o f  t he 

indeterminat e  c u l t ivar . 



Table 5 . 8 Compa r i s on o f  totc1 l y i e l d  and y i e l d  components among d i f ferent treatmen t s  o f  s oybean . 

Treatment Seed Yield No . of Pods Seeds per Pod Seed Weight 

g f �""'r - I q(2.0 S-e<!:d � )  

UI 1 5 . 6 2
c 3 0 . a b 2 . 4 1 4 . 0 0 

UI 2 7 . 6 7 a 5 3 . 6 a 2 . 6 4 4 . 2 8 

1 2  2 3 . 0 7 b 4 9 . 4 a 2 . 4 3 3 . 8 4 

I l  2 5 . 4 6
ab 5 5 . 2 a 2 . 4 0 3 . 8 6 

I 2P 2 2 . 9 4 b 4 7 . 4 a 2 . 4 6 3 . 9 8 

f- test * *  * *  ns ns  

C V  ( % ) 1 4 . 4 1 7 .  2 1 0 .  2 6 .  1 

Means i n  the s ame column s har i ng the s ame l etter are not s igni f i cantly d i f f erent compared by 

LSD ( P  � 0 . 0 5 ) .  

0'\ 
w 



Table 5 . 9  Y i e l d  and y i e l d  componen t s  o f  d i f fe rent t r ea tments o f  s oybean analysed s eparately 

for branches and mai n  s tem . 

Seed Yield No. of Pods No of Nodes with Pods Seed No per Pro Seed Weight ( 20 seeds ) 
Trea1:::ne:lt 

Branches Main StEm Branches Main StEm Branches Main Stem Branches Main Stem Branches Main Stan 
-

UD 6 . 3 1 c 9 . 3 1 1 1 .  2c 1 9 . 6  7 . 8d 9 . 2  2 . 4  2 . 4  4 .  1 4  3 . 92b 

UI 1 7 .  92
a 

9 . 75 34 . 8
a 

1 8 . 8  20 . 8b 9 . 6  2 . 4  2 . 4  4 . 27 4 . 23
a 

12 1 3 .  76b 9 . 3 1 28 . 4b 2 1 . 0  1 6 . 0
c 

1 0 . 8  2 . 9  2 . 5  3 . 88 3 . 78b 

Il  1 7  . 89
a 

7 . 56 39 . 0
a 

1 6 . 2  25 . 4
a 

8 . 2  2 . 4  2 . 5  3 . 89 3 . 86
b 

I2P 1 2 . 58
b 

1 0 . 36 26 . 4b 2 1 . 0  1 4 . 6
c 9 . 6  2 . 5  2 . 6  3 . 96 4 . 05

b 

F-test * *  ns * *  ns * *  ns ns ns ns * 

CV ( % )  28 . 9  2 1 . 6  3 1 . 8  20 . 7  3 1 . 9  1 5 . 5  1 0 . 3  1 0 . 6  9 .  1 5 . 5  

Means in the same column sharing the same letter are not significantly different compared by LSd ( P  � 0 . 05 ) . 

0'1 
� 



Table 5 . 1 0  Compar i son of  s eed y ie l d  and number o f  pods per branch for d i f f erent treatmen t s  o f  s oybean . 

Treatment 

OD 

UI 

I 2  

I l  

I2P 

F-test 

CV ( % )  

Seed Yield 
- 1 { g  branch ) 

2 . 5 9 

3 . 4 1 

3 . 8 9 

3 . 6 8 

3 .  1 0 

n s  

3 2 . 2 6 

Number of Pods per Branch 

5 . 3 6 

6 . 6 4 

7 . 8 0 

8 . 0 2 

6 . 5 2 

n s  

3 6 . 1 8 

(j\ 
Ul 



Table 5 . 1 1  

Compa r i s o n o f  Harves t  i ndex ( grai n  y i e l d : total above-g round b ioma s s ) and n i trogen harve s t  i ndex 

( gr a i n  n itrogen : to t a l  above-g round n i t r ogen ) arrong d i f f e r ent treatmen t s  of s oybean . 

Treatment Harvest Index Nitrogen harvest index 

UD 0 . 6 5
a 

0 . 9 4 

UI 0 . 5 6 c 0 . 9 3 

1 2  0 . 6 1 b 0 . 9 4 

1 1  0 . 5 9
c 0 . 9 3 

I 2P 0 . 5 9 c 0 . 9 4 

F-test * *  n s  

C V  ( % )  4 . 1 1 3 . 0 8 

Mea n s  i n  the s ame col umn s ha r i ng the s ame l etter are not s igni f i cantly d i f f erent compared by 

LSD ( P � 0 • 0 5 ) • 
0'1 
0'1 
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5 . 3 . 2  Nitrogen f ixa t io n . 

Ac etylene reduc t i on a c t ivi t i e s  were signi f ic ant ly d i f ferent 

between the diff erent t r ea tment s  in the f our weeks f o l lowing the 

defoliation treatment s ( Table 5 . 1 2 ) .  Dur ing t he f ir s t  week a f t e r  
w� 

f lower ing t he highes t  a c t ivity d e t e c ted in I 1  plants ( i . e . where t he r e  
A 

was only minor d e f o l i a t i o n ) .  However , t hr e e  weeks beyo nd f lowe r i ng 

the a c t ivit i e s  in U I  and I 1  were higher than t ho s e  in I 2  a nd I 2 P  

( Table 5 . 1 2 ) . The a c e t ylene r educ t i on a c t ivity p e r  unit nodu l e  dry 

weight ( sp e c i f ic a c etyle ne reduc tion activity)  showed no d i f f erenc e 

among the f our i ndet e rmina t e  c u l t ivar t r ea tment s ( Table 5 . 1 3 )  

indica ting that the d i f ferenc e  in t o t a l  a c e tylene reduc t i o n  a c t iv i t y  

among the indeterminat e  c u l t ivar treatmen t s  ( U I  t o  I 2 P )  c am e  mainly 

from dif ferent amounts o f  nodule t i ssue in each t r ea tment . The 

undefoliated det ermina t e  cultivar ( UD )  showed higher spec i f ic 

acetylene reduc t io n  a c t ivity than t ho s e  o f  the inde termina t e  c u l t ivar 

in U I  to I2P a t  f i r s t  f l owering and two weeks from f i r s t  f lowering . 

The ' ni trogen fixing e f f ic iency ' ,  a s  used in t he previous 

experimen t s  ( regr e s s ion of t o t a l  plant nitrogen wit h  nod u l e  dry 

weight ) showed t hat t he s lope ( B 1 ) o f  UD wa s signi f icantly higher t ha n  

tho se of the other f o u r  t re atment s ( Figure 5 . 7 ,  Appendix 5 . 7 ) • 

However ,  there wa s no d i f ferenc e  amongst the f our treatment s o f  t he 

inde termina t e  c u l t ivar . 

5 . 3 . 3  Nitrogen d i s t ribu t ion . 

Nitrogen c o ncentra t i on in the plant c omponent s wa s qui t e  

different among tre atme n t s  ( Figure 5 . 8a-f ) .  At the f lower ing s t a g e  



Table 5 . 1 2 

Compa r i s on o f  Acetylene redu c t i on a c t i v i t y  (rmol h - 1 p l ant - 1 
)among d i f fe rent t r eatments o f  

s oybean . 

Treatment 

UD 

01  

1 2  

1 1  

12P 

F-test 

C V  ( % ) 

0 

3 1  . 3 5 

2 4 . 7 5 

1 6 . 9 2 

2 1  . 7 4 

2 3 . 4 7 

n s  

3 1 . 1 

1 

2 6 . 2 4 b 

3 6 . 7 6ab 

3 5 . 6 7 ab 

5 1 . 7 8
a 

2 7 . 8 6b 

* 

3 5  

Time from first flowering ( weeks ) 

2 

4 8 . 6 0 a 

3 3 . 2 3 c 

4 3 . 0 � 
4 2 .  1 1abc 

3 8 . 3 � 
* 

1 7 .  5 

3 

2 9 . 9 3
d 

7 3 . 1 4 a 

4 6 . 7 1
cd 

6 7 . 2 1 ab 

5 0 . 3 8
bc 

* *  

2 5 . 2 2 

4 

2 9 . 8 9 

5 8 . 3 7  

5 9 . 8 8 

6 1  . 3 7 

5 4 . 8 5 

n s  

3 3 . 2  

Means i n  the s ame column shar i ng the s ame letter are not s igni f i cantly d i f f e r ent compared by 

L S D  ( P � 0 .  0 5 )  • 

()\ 
00 



Table 5 . 1 3  

Compa r i s on o f  Spec i f ic acetylene reduc t i on activity (f mol h - 1 
g - 1 nodu l e  dry we i ght )among d i f f erent 

treatme n t s  of soybean . 

Time from first flowering ( weeks ) 

Treatment 
0 1 2 3 4 

UD 8 4 . 3 8 a 5 9 . 8 2  6 9 . 3 4 a 3 9 .  1 8  4 2 . 2 2 

UI 4 6 . 4 7b 5 2 . 0 5 4 0 . 4 2 b 5 1  . 6 9 3 5 . 2 1  

I 2  3 5 . 3 7 b 4 9 . 6 5 4 4 . 6 3 b 4 8 . 4 3  4 3 . 7 5 

I 1  3 6 . 4 8b 6 5 . 4 3  4 6 . 0 0b 5 8 . 0 1 4 5 . 3 2 

I 2P 4 0 . 7 6b 4 1  . 0 8  4 8 . 6 5b 4 2 . 8 5 3 9 . 9 1  

F-test * *  n s  * *  n s  n s  

C V  ( % )  2 7 . 9  2 8 . 7  2 5 . 2  2 0 . 8  3 3 . 2  

Mea n s  i n  the s ame c o l umns s h a r i ng s ame l etter are not s igni f i cant ly d i f f erent compared by LSD 

( P  � 0 . 0 5 ) . 
0"1 
� 
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Figure 5 .  7_ Regression lines of total plant nitrogen ( log scale ) and nodule dry weight of different 

treatments of soybean ( plotted values are mean of 5 replicates ) .  

(S.E. of regression coefficients are in Appendix 5. 7 ) .  
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the dif ference c ame mainly from the signif icantly lower nitrogen 

conc entration in all c omponent s o f  the und e f oliated determi na t e  

cult ivar c ompared with the o ther f our t r e a tment s o f  the ind e t ermina t e  

cul t ivar . A t  the pod deve lopment s t age , t h e  nitrogen conc e n t r a t i o n  

value s in t h e  s t em of U I  and I l  were signif i c ant ly lower t h a n  t h o s e  

of t h e  other t r e atment s ( Fi gure 5 . 8b ) . There wer e  no d i f ferenc e s  

among trea tmen t s  f or root and s t em nitrogen conc e ntration a t  t h e  

grain f i l l ing s t a ge ( Figure 5 . 8 a , b )  but t he leaf c omponent i n  t he 

60% defolia t io n  treatment s and 30% d e f o l i a t ion ( I 2 and I 2 P , a nd I l ,  

respe ctively)  had s igni f ic ant ly higher nitrogen c onc entra t ions t h a n  

that o f  t he undef o li a t ed indet erminat e  c u l t ivar ( U I ) ( Figure 5 . 8 c ) .  

Pod nitrogen c oncentrat ion showed no d i f f e rence among t r e a tment s at 

either the pod development or grain f i l ling stages ( Figure 5 . 8d ) . 

Tota l  p lant nit rogen c oncentratio n  in U I  was signi fic ant ly l ower than 

those o f  I2 and I 2 P  a t  t he grain f i l ling s t a g e  ( Figure 5 . 8e ) . F ina l 

nitrogen c onc ent r ation values o f  root , s t em ,  l e a f  and grain were very 

similar among s t  all treatment s ( Figure 5 . 8f ) . 

The pat t e rn o f  nitrogen accumulation in each treatment wa s 

described by quadratic curves and presented in Figure 5 . 9  a nd 

Appendix 5 . 8 .  Def oliat ion trea tment s markedly reduced t he ni t r ogen 

accumulated per p lant over t ime ( Table 5 . 1 4 ) . At the final sampling , 

I 2  and I 2 P  ( 60%  defoliat ion ) had about 70% o f  the t o t a l  nitrogen 

rela t ive t o  the undefoliated indeterminat e  c u l t ivar ( U I ) ,  but t he s e  

amount s wer e  s t i l l  muc h  higher than t h a t  o f  the unde f o l i a t e d  

det erminat e  c u l t ivar ( UD ) , which h a d  o n l y  5 1 %  o f  t h e  U I  amount . 

However , by grain f i lling there was no s igni f icant dif ference b e twe en 

I 2  and I l . 
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Table 5 . 1 4  Compa r i s on o f  tota l plant n itrogen ( mg )  among d i f ferent treatments o f  s oybean 

a t  three growth s tage s . 

Growth stage 
Treatment 

Flowering Pod Development Grain Fil ling 

( mg )  ( % )  

UD 1 4 3 . 4
b ( 4 0 ) 

UI 3 6 1 . 9
a 

( 1 0 0 )  

I 2  3 1 5 . 7
a ( 8 7 ) 

I l  3 6 0 . 4 a ( 1 0 0 )  

I2P 3 4 6 . 5
a ( 8 6 ) 

( mg )  

5 8 4 . 6  d 

1 0 8 2 . 4  a 

7 8 2 . 0  
be 

8 8 1  . 6 b 

7 4 4 . 9  c 

( % )  ( mg )  ( % ) 

( 5 4 ) 8 8 4 . 5 c ( 5 1  ) 

( 1 0 0 ) 1 7 5 1 . 1 a ( 1 0 0 ) 

( 7 2 ) 1 2 4 2 . 1 b ( 7 1 ) 

( 8 1 ) 1 3 8 2 . 4 b ( 7 9 ) 

( 6 9 ) 1 2 7 7 . 9 b ( 7 3 ) 

Means i n  the s ame c o l umn s haring the s ame l etter are not s igni f i cantl y  d i f f erent compared by 

t -t e s t  ( p  � 0 . 0 5 ) . 

Numbers i n  bracke t s  are % o f  U I  va lue s . 
-J 
,to. 
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The l e a f  + s t em nitrogen was also d e s c r ibed by quadr a t i c  curves 

( Figure 5 . 10 and Appendix 5 . 9 )  which showed that the accumulation o f  

nitrogen i n  the defoliat ion trea tment s s t a r t ed t o  dec line by wee k  8 ,  

this was about one week before the dec line s hown f or U I  . I n  I 2 P , 

where 2 0 %  o f  t he pods were removed , the l e a f  + s t em ni trogen showed 

l e s s  o f  a dec l ine than t hose of t he o ther d e foliation t r e a tmen t s  ( I 2 

and 1 1 ) i . e .  a t  t he final sampling o f  I 2 P  plant s had about 30  mg N 

l e s s  t ha n  t ha t  o f  t he previous wee k ,  whereas in 1 2  and 1 1  p lant s the 

reduc t ions wer e  about 1 20 mg N .  

P od nitrogen for a l l  treatmen t s  during the ent ire sampling period 

increased linearly wit h  t ime ( Figure 5 . 1 1 ,  Appendix 5 . 1 0 )  but t he r e  

wa s n o  s igni f i c a nt d i f f erenc e  between the d i f f erent rat e s  o f  

accumulation under each trea tment . The final seed nit rogen 

concentration was not a f fe c t e d  by d e f o l i a t io n  treatment s e it he r  ( as 

explained in 5 . 3 . 1  ) nor wa s the par t i t ioning o f  nitrogen t o  s e e d . 

Consequent ly a l l  treatme n t s  had very similar nitrogen harve s t  indic e s  

( Table 5 . 1 1 ) . 

5 . 3 . 4 The r e l a t ive sensitivity o f  p lant charac t e r s  t o  

defoliat ion : 

The re lat ive sensit ivi t y  o f  dif ferent p lant charac t e r s  t o  

defoliation c o u ld provide inf ormat ion whic h  may h e l p  t o  identify t he 

re l a t i onship b e tween l e a f  area and the o ther plant charac t e r s . The 

discriminant analys i s  technique wa s cho sen to analyse s ix variab l e s  

j oint ly ( viz . roo t , s t em ,  p o d  and nodule d r y  weight , a c e t ylene 

reduc tion a c t ivity , and t o t a l  plant nitrogen ) to ident i f y  the original 

at tribut e s  whi c h  c ont r ibuted mo s t  t o  d i s t ingu i sh be twe e n  t re a tme nt s 
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using the d i s c r iminant funct ions whi c h  t a ke into account a large 

proportion o f  t o t a l  dispersion o f  the origina l d at a . With these s ix 

varia b l e s  a s  original a t t ribut e s , the r e s u l t s  showed that the fir s t  

two d i s c r iminant func t i ons were s igni f i c ant ( P  0 . 0 1 ) and t he y  t o o k  

into a c c ount 7 5 %  and 2 0 %  of t h e  variance o f  t he original a t t ribu t e s  

r e spe c t iv e ly ( Table 5 . 1 5a ) .  From the s t ru c ture mat r ix , a r a nking o f  

the c ont ribut ion o f  the original a t t ribu t e s  t o  t he part i c u l a r  

discriminant func t ion c ould be made . I n  t he f ir s t  func t i o n , the 

ranking o f  the original a t tribu t e s  wa s r o o t  dry weight , s t em dry 

weight , nodu l e  dry we ight , t o t a l  plant nitrogen , a c e tylene reduc t i o n  

activity and pod dry we ight (Table 5 . 1 5b ) . I n  the sec ond func t i o n , 

the ranking was s light ly dif ferent from the f ir s t . S inc e t he f ir s t 

func t io n  had t aken int o  acc ount 7 5 %  o f  t he variance o f  the original 

attribu t e s , i t  wa s probably reasonable t o  c la im that the r e l a t iv e  

sens i t ivity o f  plant c haract e r s  t o  d e f o l i a t io n  in t h i s  exp e r imen t  wa s 

a s  f o l l ows : r o o t  dry weight , s t em dry weight , nodule dry we ight , t o t a l  

plant nitrogen , a c e t ylene reduc t i o n  a c t ivity and pod dry weight . 

Thi s i ndic a t e s  that the defoliation tre a tment s whic h  t oo k  p l a c e  f r om 

f lower i ng , had a f f ec t ed subsequent dry-ma t t e r  ac cumu l a t i o n  t o  a 

gre a t e r  ext ent than either ace tylene reduc tion a c t ivity or ni trogen 

accumu la t i o n . 

5 . 4  D I SCUS S I ON 

The yield pro c e s s  in grain crops involve s the produ c t i o n  o f  

pho t o synthate b y  leaves a nd i t s  u t i l iz a t io n  b y  deve loping s e ed t o  

synthesize s t or a g e  material ( Heitholt a nd Eg l i , 1 9 8 5 ) . From t h e  

previo u s  exper iment s ( in Chapters 3 and 4 ) ,  t h e  greater t o t a l  dry 



Table 5 . 1 5  I n f orma t i on f r om mul t ip l e  di s c r iminant analy s i s ( a )  and s t r u c t ure matr i x  ( b )  

f or the f o u r  treatment s o f  the i ndetermi nate s oybean c u l t ivar . 

a )  

Function Eigenvalue 

0 . 9 9 8  

2 0 . 2 6 8  

Percent . of Canonical After 
variance correlation function 

7 5 . 6 7 0 . 7 1 0 

2 0 . 3 5 0 . 4 6 1 

b )  structure matrix 

Variable Function 

Root dry we ight 
S t em dry we i ght 
c 2 H 2 act i v i ty 

Total plant n i t r ogen 
Nodul e  dry we i ght 
Pod dry wei ght 

0 . 7 9 
0 . 5 4 
0 . 2 1 

0 . 3 9 
0 . 4 2 
0 .  1 0 

Chi-square 

1 1 6 . 2 9 

3 4 . 2 7 

Function 

0 . 3 0 
0 . 3 4 

- 0 . 0 1 

0 . 2 3 
- 0 . 0 9 

0 . 0 8 

df 

2 4  

1 5 

S ignificance 

* * * *  

* * *  

._J 
1..0 
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ma t t er produ c t ion and higher yie ld o f  the i nd e t ermina t e  c u l t ivar wa s 

mainly a ref lec t io n  o f  the gre ater plant s i z e  and higher l e a f  are a . 

One o f  the main obj e c t iv e s  of thi s experime nt wa s t o  c ompare 

ther e f ore , plant growth and yie ld o f  the ind e t e rminat e  c u l t ivar whe n  

it was subj e c t e d  t o  a range o f  defoliat ion t r e a tment s . 

5 . 4 . 1  Plant growt h :  Partial defoliation c an i nc r e a s e  the r a t e  o f  

photo synthes i s  o f  remaining leave s ( T reharne , 1 9 72 ) .  Some worke r s  

have a l so no ted higher net a s simil a t ion r a t e  ( NAR )  i n  d e f o l i a t ed 

plant s ( e . g .  Pandey a nd S ingh , 1 98 1 ) which i s  in agreement wi th the 

pre sent result s .  The r e sults confirmed tha t more s evere d e f o li a t ion 

( I2 and I 2 P )  led t o  higher NAR values ( T ab l e  5 . 3 ) .  

I n  peanu t , Williams et a Z. ( 1 9 7 6 ) f ound that d e f o l i a t i o n  decr e a s ed 

the absolute growth rate o f  the s t ems . S imi l a r ly Enyi ( 1 9 7 5 )  f ou nd 

defoliation reduced the dry weight of s t ems i n  c owpea ,  soybean , g r e e n  

gram and peanu t ; defoliation had t h e  great e s t  e f fe c t  on t he number o f  

branches o f  soybean when the plant s were d e f o l i a t ed a t  t he veg e t ative 

stage . I n  t he present experiment , s t em dry weight s o f  t he d e f o l i a t e d  

indeterminat� plants were signi f i c antly lower t h a n  t h a t  o f  the 

undefoliated i ndetermina t e  cultivar ( U I ) ( Fi gure 5 . 2 and Table 5 . 4 ) . 

However , the s t em dry weights o f  the inde t e rmina t e  cultivars even 

after defoliation were s t i l l  much higher than that of the d e t e rminat e  

cultivar a t  a l l  stages . 

Defoliat ion a l s o  adver s e ly a f f e c ted t he number o f  branche s 

( Table 5 . 5 ) . The r e su l t  sugg e s t e d  that c ompe t i t io n  for pho t o syntha t e  

be tween veget a t ive and reprodu c t ive growth wa s probably t he main cause 

of the branch number reduc t ion . For example ,  the f ina l branch numb e r  

p e r  plant in I 2  a nd I 2 P  wa s signi f icantly d i f ferent ( Table 5 . 5 )  e ven 
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though both rec e ived t he s ame degree of defoliat ion but p l ants i n  

I2P had 2 0 %  pod remova l .  With l e s s  c ompe t ition for pho t o syntha t e  f r om 

pods , I2P  wa s s t i l l  able t o  ma int ain a higher r a t e  o f  vege t a t ive 

growth ( branching ) .  S imi larly , Hei tho l t  and Egli ( 1 9 8 5 ) r ep o r t e d  no 

difference in t he number of branches per plant betwee n  t he c ont r o l  and 

def lowered soybean plant s . 

The c ompet i t io n  f o r  phot o synthate a l s o  a f f e c t e d  r o o t  g r owth t o  

some extent i . e .  root dry weight i n  1 2  was signi f ic ant ly l ower t ha n  

that o f  UI from the f i r s t  week a f t er t he c ommenc ement o f  d e f o lia t io n ; 

and root dry weight o f  I 2 P  wa s signi ficantly higher than t ha t  o f  I 2  

soon a f ter pod s were r emoved a t  t he fourth s ampling period ( Figure 

5 . 3 ) . Brouwer ( 1 9 6 2 ) o b s e rved plant growth pat t erns of several 

spec i e s  such a s  t omato ,  bean and rape s e ed and sugg e s t e d  t ha t  

shoo t : root r a t io was g enerally c onst ant . He sugge st ed t h a t  this wa s a 

result o f  ' funct ional equilibria ' .  Sanders and Brown ( 1 9 7 6 ) a l s o  f ound 

that even though the phys i c a l  shoo t : ro o t  r a t io wa s varied by gra f t i ng , 

the shoo t : ro o t  r a t i o  b a s ed o n  the dry weight of p lant ma t e r i a l  

remained cons t a nt a t  a pproxima t e ly 10 : 1 .  Re sul t s  from t h e  pre sent 

experiment supported t h e s e  finding s ,  s ince there were no d i f f e r e nc e s  

among the shoo t : ro o t  r a t i o s  o f  the defoliated trea tment s a nd the 

unde foliated trea tment o f  t he indet erminate cultivar ( Fi g u r e  5 . 4 ) . I n  

general the determinat e  c u l t ivar had a higher shoo t : r o o t  ra t i o  t ha n  

the other treatment s f rom t h e  p o d  deve lopment s t a g e  o nward s .  T h i s  

wa s d u e  t o  t he shor t e r  p e r iod o f  root growth in t he d e t ermi na t e  

cult ivar (UD )  than t ha t  in the o ther treatment s .  A lower s ho o t : ro o t  

ratio of the indetermina t e  cultivar than that o f  t h e  d e t e rmina t e  

cultivar indicated that t he inde t e rminat e  cultivar had a r e l a t iv e ly 
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larger root surface area than the det erminat e  cult ivar . Thu s , wi t h  

this charac teristic the indet ermina t e  cult ivar may b e  able t o  expl or e  

a greater soil volume e specia lly i n  situat ions o f  wa ter a nd mine r a l  

deficiency . The similarity o f  the r a t e  o f  c hange i n  the shoo t : ro o t  

ratio ( slope o f  the regr e s s ion line ) for a l l  treatments i nd i c a t e s  that 

the changes in shoot a nd root growth were c lo s e ly relat ed . 

Defoliation ha s been repo r t e d  t o  reduc e nodul e  dry wei ght f o r  

exampl e  i n  whi t e  c lover ( Chu and Robert son , 1 9 74 ) and in f i e ld b e a n  

( I gwil o , 1 982 ) . Chu and Robert s on ( 1 9 7 4 )  a l s o  indic ated that nodu le 

growth wa s reduc ed t o  a greater ext e nt than root growth . I n  t he 

pre s ent experiment nodule dry wei ght wa s a f fe c t ed by d e f o l i a t io n  

( Figure 5 . 5 and Table 5 . 7 ) b u t  t o  a l e s s e r  extent t h a n  r o o t  growth ­

thi s  r e su l t ed in a higher ratio o f  nodule : root in the d e f o l i a t e d  

trea tments ( Figure 5 . 6 ) . Thi s d i f f erenc e may be due in part t o  

d i f ferent spec i e s  and in part t o  d i f ferent level s  o f  d e f o l ia t io n . I n  

Chu and Rober t so n ' s  experiment a l l  o f  the l e aves were removed . 

5 . 4 . 2  Yield and yield c omponent s :  Seed produc tion in mo s t  grain 

legume c rops , inc luding soybea n ,  appears t o  depend l argely o n  

pho t o syntha t e  produc t i on a ft e r  t he ons e t  o f  f lowering ( Pa t e  a nd 

Minc hin , 1 980 ) . The degre e o f  reduction in grain yie ld due t o  

defoliat ion had been shown to vary with c r o p  spec i e s  ( Enyi , 1 97 5 ) a nd 

to be inf luenced not only by t he s tage o f  plant development a t  whi c h  

d e f o l ia t ion oc c urred b u t  a l so by growth type s ( Go l i  and Weaver , 1 986 ) . 

There have been repor t s  that ' mi l d ' d e f o l i a t io n  ( 2 0 t o  50% ) i n  s e v e r a l  

legume s had l i t t le adver s e  e f f e c t  o n  seed yie ld ( e . g .  Ezedinma , 1 9 7 3  

for c owpea; Thomas e t  a l . , 1 9 7 4  f or soybean ; and H ammerto n , 1 9 7 5  f o r  
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pigeon pea ) . Resul t s  f rom the pr e sent experiment suppor t e d  t he s e  

repor t s ;  f or exampl e , there wa s no signi f icant d i f f er enc e betwee n  

yield o f  the undefoli a t ed trea tment ( U I ) and the 3 0 %  de f o li a t io n  

treatment ( I 1 )  ( Table 5 . 8 ) . I n  contra s t , wi th s evere d e f o l i a t io n  ( I 2 

and I 2 P )  the reduc tion in yield wa s s igni fic ant . 

Seed yield reduc t ions in the pre sent expe r iment were mainly 

assoc i a t ed with yie ld reduc t i ons from decreases in branch number 

rather t han from chang e s  to the main s t em .  Seed yie ld and pod numb e r  

o n  a per branch basis wer e  s imilar ( Table 5 . 1 0 ) . S imil ar o b s e rv a t ions 

were also reported whe n  s oybean wa s grown at non-optimal p l a nt i ng 

dates ( Board , 1 98 5 ) .  

I n  I 2  and I 2 P , whic h  had the same level ( 60% ) o f  l e a f  r emo v a l  but 

with 20% pod remova l in I 2 P , the dif ferenc e  in grain yie ld was not 

signi fic ant . This mu s t  have been due to a c ompensatory i nc r e a s e  in 

the number of pods in I 2 P  a s  no dif ference wa s f ound in final pod 

number between the two treatment s ( Table 5 . 8  ) .  A s imi l a r  e f f ec t  o f  

pod r emoval i n  soybean has a l s o  been repor ted ( Thoma s et a l . , 1 9 74 ;  

Ham et  a l . , 1 9 7 6 ) . Ham et  a l . ( 1 9 7 6 ) f ound that r emova l o f  5 0 %  o f  the 

pods a t  the end o f  f lowe ring reduced yi e ld by only 9 - 1 0% b e c au s e  of a 

c ompens a t ory inc r e a s e  in s e ed size and in the number o f  pods s e t  a t  

the non-depodded node s . 

Mo s t  studies have shown that the redu c t ion in pod number p e r  

plant i s  the y i e l d  c omponent mo s t  a f f ec t ed b y  d e f o l i a t i o n  a n d  the 

f a c t or primari ly responsible for the reduc t io n  in ove r a l l  y i e ld ( e . g .  

McEwe n , 1 9 72 ; L awn and Brun , 1 9 7 4 a ; Gol i  a nd Weaver , 1 9 8 6 ) .  Thi s  i s  

in agreement wi th the finding o f  the pre s ent experiment ( Ta b l e  5 . 8 ) . 
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Tanaka ( 1 9 8 0 )  repor t e d  tha t  in grain legumes , the s our c e c a p a c i t y  

( leave s )  during pod deve lopment i s  the key f a c t or � ·  

pod s e t t ing . C learly , reduc ing t he l e a f  a r e a  i n  the ind e t e rmina t e  

cultivar t o  the same leve l a s  that o f  the determinat e  cultivar ( viz 

12 a nd I2P  vs U D )  from pod deve lopment s t a g e  markedly reduc e d  the 

yie ld of the indet erminate cultivar . However , even where l e a f  a r e a  

and p o d  numbers were simi lar up t o  t he e a r l y  grain f i lling s t age 

( I2P ) ,  the indet ermina t e  cult ivar wa s s t i l l  able t o  produc e  

signi f i c ant ly higher seed yi e ld t han t he undefoliated det ermina t e  

cult ivar ( UD ) . The se d a t a  sugge s t e d  tha t  t h e  d i f f erenc e s  i n  yie l d  

wer e  probably i n  part a r e sult o f  d i f ferenc e s  in pho t o synthe t ic 

c apabi l i t i e s  o f  the plant . For examp l e  i t  has been repor t e d  t ha t  high 

yielding cultivars may obt ain t he ir yie ld advant age from inc re a s e d  

r a t e s  o f  l e a f  pho t osynthe s i s  ( e . g .  Dornho f f  and Shibl e s , 1 9 70 ,  1 9 7 6 ; 

Bhagsari et a Z . ,  1 9 7 7 ) . Furthermo r e , pho t o synthe s i s  may a l s o  c on t r o l  

yie ld via nitrogen f ixation e sp e c i a l ly in t he c a s e  o f  a p l a n t  whi c h  

r e l i e s  solely upon symbiotic nit r o g en f ixat ion . Thi s may we l l  s u g g e s t  

t ha t  t h e  indeterminat e  cultivar i s  n o t  only superior in s e e d  y i e t d  but 

may also have a greater c ontribu t i o n  f r om nitrogen f ixa tion and 

nitrogen dist ribution . 

5 . 4 . 3  Nitrogen fixation : The importance o f  pho t o synthe t i c  produ c t s  

f or symbiotic nitrogen f ixation h a s  long been recognized ( e . g .  

L ind s t rom et a Z . , 1 9 5 2 ) .  The marked diurna l variat ion in nitrogen 

f ixat ion also indic ates t hat the proc e s s  i s  qui t e  sens i t iv e  t o  the 

supply o f  phot o synthe t ic a s simi l a t e s  ( e . g .  in soybean , L awn and B run , 

1 9 74a ; and in pea , Bethlenfalvay et a Z . , 1 9 78b ) . Sinc e  leaves a r e  t he 
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ma j or s ourc e o f  pho t o syntha t e  for the nodu l a t ed root sys t em , 

treatment s whic h  reduce phot osyntha t e  supply should reduc e the 

deve lopment o f  nodule ma s s  and/or i t s  specific a c t ivity . I n  the 

pre sent experiment , defoliation treatment s did r e sult in a lower 

nodule mas s , but had no e f f e c t  on the s pe c i f ic a c t ivity ( Ta b l e  5 . 1 3 ) . 

In o ther word s , variation in nodule mas s  wa s t he predominant f a c t o r  

regulat ing t h e  a c e tylene reduc tion a c t ivity . Thi s c ou ld a l s o  be 

suppo r t ed by t he s imilarity of the ' nitrogen f ixing e f f ic i e ncy ' ( a s 

expr e s sed by the s lope o f  the regre s s ion o f  t o t a l  plant nit rogen a nd 

nodul e  dry weight ) among the four indeterminat e  c u l t ivar t r e a tment s 

( Figure 5 . 7 ) . Thi s r e su l t  is in good agreement with repor t s  for 

soybean ( L awn and Brun , 1 9 74a ) and o ther legume s p e c i e s  ( Be t hlen f a lvay 

et a Z . , 1 9 7 8 a  f o r  pea ; C hen and Sung , 1 98 2  f or mungbean ) .  The 

' ni t r o g en f ixing e f f ic i e nc y '  of the determinat e  c u l t ivar ( UD )  wa s 

signi f i c ant ly higher tha n  those of the o t her t r e a tment s .  This 

ind i c a t e s  that t he det ermina t e  cultivar had higher spec i f i c  a c t iv i t y  

than t he ind e t e rminat e  cultivar . A simi lar observation was made i n  

t h e  previous experiment ( Chapter 4 ) . 

The depodding t r eatment s ,  which reduce compet i t i on f o r  

pho t o s ynt h at e , have been reported t o  enhanc e nodu le growth a nd nodu le 

a c t ivity ( L awn and Bru n ,  1 9 7 4 ;  C hen and Sung , 1 98 2 ) .  However ,  this 

wa s no t the c a s e  in the present experiment wher e  t he r e  wa s no 

d i f f er enc e be twee n  I 2  and I2P ( F igure 5 . 5  and Table 5 . 7 ) .  This may be 

due to a lower leve l of depodding ( 2 0% ) c ompared wi t h  t he higher 

leve l s  ( 50 a nd 1 00 % , r e s pective ly) in the experiments of L awn and 

Brun ( 1 9 7 4 ) and C hen and Sung ( 1 9 82 ) .  
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In general , a l l  o f  the inde termina t e  cultivar tre atment s had 

higher t o t a l  acet ylene reduc tion a c t ivity than tha t  of the 

undefoliated det erminat e  cultivar ( UD )  a f t er the pod deve lopment s t age 

( 2  weeks a f t er f i r s t  f lower ing ) .  At the f inal s ampling ( grain f i l ling 

stage ) t he det ermina t e  c u l t ivar had only abou t ha l f  o f  the a c t iv i t y  o f  

the indet erminat e  cult ivar irrespect ive o f  trea tment ( Table 5 . 1 2 ) . 

The d i f f er e nc e  d id not reach s t a t i s t ical significanc e due largely t o  

the high variabil i t y  o f  t he data s e t  ( e . g .  the mean and s t a ndard 

deviat ion of UD were 2 9 . 89 ( 9 . 8 4 )  and of UI were 58 . 3 7 ( 2 5 . 97 )  mic r o  

m o l  C2H4 h- 1 . 

5 . 4 . 4  Nitrogen d i s t ribu t ion and re-dist ribut ion : Leaves play an 

important role in nitrogen metabo l i sm . They are genera l ly t he mo s t  

import ant organ i n  amino acid synthe s i s  and i n  nitrogen storage 

because large amount s o f  nit rogen are required in leaf growth and 

becaus e nitrogen d e f ic i e nc i e s  s t rongly l imi t leaf growth and 

phot o synt he s i s  ( Novoa and Loomi s , 1 98 1 ) .  Def oliation thu s  a f f e c t e d  

l e a f  sink s t rength f o r  nitrogen dire c t ly by decrea sing i t s  s i z e . I n  

the present experiment , nitrogen c oncentrations o f  t he d e f o l i a t e d  

trea tment s in t h e  l e a f  a nd s t em c omponents were incre ased ( Figure 

5 . 8 ) . Thi s sugge s t ed that the s trength of the ni trogen sourc e 

( nodule s )  did not dec r e a s e  t o  t he s ame ext ent a s  the main nit r o g e n  

s ink ( leaves ) .  A s imi l a r  observa t i on ha s a l so been reported by B ayne 

et a l . ( i 984 ) . 

The s imi l arity in nitrogen c oncent ration at plant maturity might 

indicate that there wa s a greater re-d i s t ribut ion o f  nitrogen t o  t h e  

pods in the d e f o li a t e d  plant s . Soon a f t er the c omp l e t io n  o f  f�� 
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defol i a tion tre atment , in the re-di s t r ibut ion proc e s s  the s i nk ( po d s )  

wa s not a f f e c ted t o  the s ame ext ent a s  wa s the sourc e ( leave s )  h e n c e  

mor e  nitrogen h a d  t o  b e  re-distributed from the vegetative p lant p a r t s  

t o  pods . 

The reduc t ion o f  t o t a l  plant nitrogen by up t o  3 0 %  in both I 2  and 

I2P ( 6 0% d e f o liation)  ( F igure 5 . 9 ) was in c lo s e  agreement wi th the 

resu l t s  r eported by Igwilo ( 1 982 ) in f i e ld bean . He f ound that 5 0 %  

defoliation reduced t o t a l  pl ant ni trogen by 2 8 % . I t  has a l s o  b e e n  

repor t ed t ha t  p o d  removal and par t i a l  d e f o l iat ion varied t h e  t ime a t  

which maximum nitrogen c o ntent oc c urred in pea ( Be t hlenfalvay et a Z . , 

1 9 7 8b ) . The result from the pre sent exper iment did not support t h i s  

f inding ( Figure 5 . 8e ) a s  the maximum nitrogen c ontent o f  the t o t a l  

plant in the indet ermin a t e  c u l t ivar tre a tment s was reached a t  t he 

f lower ing s t a ge . Thi s c ou ld be due t o  the d i f ferenc e  in the leve l o f  

pod r emoval ( 2 0 %  i n  the pr e sent exp e r iment c ompared with c ompl e t e  pod 

remova l in Bethlenfa lvay et a Z ' s study ) . 

As discus sed in sec t ion 5 . 4 . 3 ,  a c et ylene reduc tion a c t ivity o f  

the d e f o li a t ed indet erminat e  c u l t ivar wa s s t i l l  gre a t e r  than that o f  

the det erminat e  cult ivar even whe r e  the leaf area was similar a t  pod 

development stage onwards . Thi s wa s r e f l e c t e d  in about 2 0 %  ( re l a t ive 

t o  U I ) more nitrogen being accumulat ion in I2 and I 2P compared with 

that o f  t he unde f o l i a t ed det ermina t e  c u l t ivar (UD)  ( Table 5 . 1 4 ) . 

5 . 4 . 5  Re l a t ive sensitivity o f  plant charac t er s  t o  defo liat ion : Under 

any given set o f  environment a l  c onditions , the shoo t : root b a lanc e  of a 

spec i e s  i s  remarkably s t able ( Wa r eing and Patric k ,  1 9 7 5 ) . I f  t h i s  

balance i s  d i s turbed , f or exampl e  b y  par t i a l  defoliat ion , the 
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par t i t ioning o f  a s simi l a t e s  over the f o llowing period o f  t ime changes 

so that a higher proport ion o f  a s s imil a t e  i s  inc orpora t ed i n t o  new 

leaf t i s sue a t  t he expense o f  root growth . With partial d e fo l ia t i o n , 

the r e f ore , root growth was probably the f i r s t  growth charac t e r  

a f f e c ted . Thi s would support t he finding o f  the pre sent experiment 

( Table 5 . 1 5b )  that root dry weight was the mo s t  sensitive c ha ra c t er t o  

defoliat ion . I n  c ontra s t , the l e a s t  s ens i t ive cha r a c t er wa s pod d ry 

weight . 

I n  soybean , i t  wa s shown tha t  dry-ma t ter produc tion und e r  

equidist ant spac ing wa s a linear func t ion o f  s o l a r  radia t i o n  

intercept ion ( Shib l e s  and Weber , 1 9 6 6 ) . I t  has been e s t ab l i shed f rom 

the previous exper iment ( Chapter 4 )  t hat leaf area was the key f a c t o r  

inf luenc i ng the produc t ion o f  grea t er t o t a l  dry-ma t t er and 

subs e quently more seed yie ld in t he ind e termina t e  c u l t ivar . 

There f ore for the d e t ermina t e  c u l t ivar , the source capa c i t y  may b e  

limit i ng yie ld . Howeve r , even when the indet erminat e  c u lt ivar wa s 

par t ly defoliated ( I 2 )  t o  a level simi lar t o  the l e a f  area o f  t h e  

determina t e  cultivar ( UD )  a t  p o d  development stage i . e .  h a d  simi l a r  

source capacity which wa s repo r t e d  a s  t h e  key f a c t o r  det ermining 

numbe r  o f  pod set t ing ( Tanaka , 1 98 0 ) , I2 s t i l l  out -produc� the 

determina t e  c u l t ivar in seed yie ld ( Table 5 . 8 ) . O t her workers ( Fehr 

et a l . , 1 9 7 7 ,  1 98 1 )  a l s o  found that indeterminat e  c u l t iv a r s  o f  

soybeans had l e s s  yi eld reduc tion than det erminat e  cultivars whe n  t hey 

were d e f o l ia t ed . I n  t he i r  experiment s a l l  the leave s were r emo v e d . 

Thi s sugges t s  tha t  the indet ermina t e  types may a ls o  have a g r e a t e r  

sink c apacity ( re pr oduc t ive s i t e s ) than t he det ermina t e  type s .  I n  

other word s , the d e t e rmina t e  cult ivar may b e  sink- limi t ed . A simi l a r  
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conclusion wa s drawn by C onstable and Hearn ( 1 9 7 8 ) when t he y  f ound 
the. \ 

that det ermina t e  cultivar Bragg ' had li t t le requir ement f o r  s t o r a g e  
/1 

carbohydrat e  from s t ern c ompared wi th t ha t  o f  the ind e t errni��t e 

cultivar 'Ru se ' . 

I n  the ind e t ermina t e  cult ivar when the source capacity ( i . e .  l e a f  

area ) wa s limi t ed , pod dry-weight was t h e  least sensit ive parame t e r  

(Table 5 . 1 5b ) . This ind i c a t e s  tha t the repr oduct ive sink ( pod ) may 

have a greater s t rength in drawing a s s imi l a t e s  than the v e g e t a t i v e  

c ornponent s ( i . e .  root a nd s t ern ) . T h e  relat ive sensitivity o f  the r o o t , 

s t em and pod dry weight t o  par t ia l d e f o liat ion suppo r t s  thi s 

conc lusion ( Table 5 . 1 5 b ) . I t  could a l so suggest  that the 

R ' ind e t e rminat e cult ivar may have Apho t o synthe t i c  potent i a l  exc e e dp'\:J t he 

demand o f  a s simi l a t e s  by t he reproduc t ive s i t e s . So a d e c r e a s e  i n  

leaf area caused b y  d e fo li a tion would not have a serious imp a c t  o n  

yield . This a s sumption c ould be supported by l e s s  yie ld reduc t i o n  in 

the indet erminat e  cult ivar c ompared wit h  tho s e  o f  the d e t e rmin a t e  

cultivars ( Fehr et a l . , 1 9 7 7 , 1 98 1 ) .  

From the result s o f  t he pre sent experiment i t  could b e  conc luded 

that leaf area of the i nd e t e rminat e  c u l t ivar cer ta inly was t he maj or 

f a c t o r  in produc ing higher yi eld when compared with the d e t ermi na t e  

cult ivar . I t  a l s o  sug g e s t e d  t ha t  the indeterminat e  cultivar not only 

produc � rnore yield but also may b e  mor e  suit able than the d e t ermin a t e  

cult ivar f or regions wi th l e s s  f avourable environment s such a s  t h o s e  

found in the t ropic a l  c ondi t ions . 
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CHAPTER 6 

GENERAL D I SC U S S ION 

The obj ectives o f  the s e  studies were t o  ident i fy t he e f f ec t s  

o f  d i f f erent growth types ( de t ermina t e  and indet ermina t e )  o f  s e l e c t e d  

grain l egumes on their yi eld , nitrogen fixa t ion , and nitrogen 

dist ribution and t o  ident ify the plant parame t er tha t  has t he gre a t e s t  

inf luenc e on t he d i f f er enc e obt ained . I n  this chapter t he r esult s a nd 

conc lusions from the various experiment s are discussed i n  r e l a t i o n  t o  

the se over a l l  obj ective s . 

6 . 1  DI FFERENCE BETWEEN DETERMINATE AND INDETERMINATE GROWTH TYPE S . 

6 . 1 . 1  P lant growth : All o f  t he experiment s in t h i s  s tudy 

showed that there were d i f f erenc e s  in vege t at ive a nd r eprodu c t ive 

growth pat t ern between t he two growth type s . 

A .  Vegetat ive growt h :  

i )  Shoot growt h :  

Wi th a longer period. o f  veg e t a t ive growth ,  t he 

indeterminat e  growth t yp e  had signi f i c a nt ly higher t o t a l  p l ant dry­
ih� 

mat t er than t he det ermi na t e  growth type when plants r e a c hed pod A 

development s t age . This d i f f erenc e  occurred in both bean ( Table 3 . 1 )  

and soybean ( Tables 4 . 1  and 5 . 2 ) .  The d i f f er ence wa s due , in par t , t o  

the indeterminat e cult ivars of both bean a nd soybean reac hing t he 

f lowering s t a g e  later ( 1  we ek) t han the d e t ermina t e  c u l t iv ar s . I t  

was also due t o  more l e a f  area being deve loped per plant i n  the 

indetermina t e  cult ivars at every growth s t age inc luding the f ir s t  
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flowering stage ( Tables 3 . 3 ,  4 . 1 ,  and 5 . 1 ) .  Absolute growt h r a t e  a t  

any time in t h e  growing plant is the produc t  o f  n e t  a s s imi l a t ion r a t e  

(NAR) and t h e  amount o f  l e a f  area pr e s ent ( Jackson , 1 963 ) . The highe r  

NAR in t h e  indet ermina t e  cult ivars a f t er t he p o d  deve lopment s t a g e  

( Figures 3 . 4 and 4 . 4 ) , and their larger l e a f  are a , c ould therefore 
�� 

explain t heir higher dry-mat ter yield relat ive to that o fA d e t erminat e  

cult iva�. Earl i e r  work report ed that variation in dry-ma t t e r  

produc t ion between var i e t i e s  o f  the s ame c ro p ,  was mainly b r ought 

about by variation in leaf area ( Wat son , 1 9 5 2 ) . Thi s c onc l u s ion i s  

suppor ted by the present d a t a  ( Figure 6 . 1 )  which s howed t ha t  the dry-

mat t er of both t he determina t e  and indet ermina t e  c u l t iv a r s  inc r e a s ed 

almo s t  linear ly with an increase in leaf area per plant . 

One o f  the plant characters c lo s e ly linked t o  t h e  higher 

leaf area o f  t he indet ermina t e  soybean c u l t ivar was branch number .  

Resu l t s  from the d e f o l i a t i on treatment s ( Chapter 5 )  showed t hat t h e  

indetermina t e  c u l t ivar continued t o  produ c e  branche s a f t e r  t he 

flowering stage , and that the par t ia l  d e f o l i a t ion ( 60%  - 1 2 ) a t  t h i s  

s t age reduced t he numbe r  o f  branches signi f i c ant ly ( Ta b l e  5 . 4 ) . 

Compet i tion for pho t o synthat e  between veg e t a t ive and r eproduc t ive 

growth was probably the main cause of branch number reduc t i o n ,  s inc e 

plants with the s ame degr e e  o f  defoliation but wit h  20% pod remo v a l  

( I2 P )  had a s imi lar branch number to t h a t  o f  t he und e f o l i a t e d  plants 

(UI ) .  The imp l i c ations o f  the branch number in f i e ld condit ions wil l  

be discus sed later . 

Good and B e l l  ( 1 980 )  showed t ha t  t o t a l  growth o f  a plant 

depend s  a lmo s t  equally on the rate o f  pho t o synthes i s  and o n  t he 

proportion o f  t he pho t o s ynthet ic produc t s  devo t ed t o  the synthe s i s  o f  
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new pho t o synthe t ic area . I n  this present s t udy , i t  was shown t h a t  t he 

ratio o f  dry-mat ter partitioned t o  t he leaf o f  the inde t ermina t e  

cultivar was signific ant ly higher t han that par t i t ioned i n  t he 

det ermina t e  cult ivar at the same growth s t a g e  ( Figure 4 . 6 ) .  Thi s 

par t i t ioning pat t ern , t herefore , may a l s o  c ontribu t e  t o  the dif f e renc e 

betwe e n  t he two growt h type s . 

The s e  differ ent growth pat t erns suggest that a c ontinu a t ion 

o f  v e g e t a t ive growth during the r eprodu c t ive stages in ind e t ermi n a t e  

cultivars he lps them t o  build up a l arger source c apac i t y  t han t ha t  o f  

det erminat e  cult ivar s , a greater sour c e  c a pa c i ty c ould a l s o  have 

signi f ic ant inf luenc e  on nitrogen f ixat i o n ,  nitrogen d i s t r i bu t i o n  and 

finally on seed yield as wil l  be d i s c u s s ed in later s e c t ions . 

I t  has been r eported tha t  many l eguminous spec i e s  are 

mor phologically uns t ab l e  part icularly under s ome environmen t a l  

condi t ions which have b e e n  shown t o  a f f e c t  t h e  f orm o f  growt h  o f  t he 

two t ype s . For examp l e , s ome d e t e rminat e  c owpea cultivars can 

elong a t e  and bec ome ind e t ermina t e  in form in warm ( 2 40c )  as c omp a r e d  

wi th c o o l  ( 1 90c )  night t empera t ur e  c ondi t ions ( Summe r f i e ld and W e i n , 

1 980 ) . I n  the pres ent study the r e  was a d i f f erenc e  in the t o t a l  p lant 

dry-ma t t er between the two growt h t yp e s  from t he f l owering s t a g e  

onwards in the control led environmen t a l  c ondit i ons ( Table 4 . 1 )  whe r e a s  

in g l a s shouse -grown soybean the d i f f erenc e  o ccurred only f r o m  t he l a t e  

grain f i l ling s t a g e  onwards ( Table 3 . 1 ) .  Thi s c ould have b e e n  d u e  t o  

the e f f e c t s  o f  environment al c ondi t ions s u c h  a s  t emperat ur e : the 

minimum night t emper�Tuv� in the g l a s shou s e  wa s recorded a s  1 2 0c ,  

whereas under the cont r o l led environment c ondi t ions i t  wa s c onst a nt a t  

1 80c .  Night t emperature has also been shown t o  have a s t rong inf l uenc e  
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on the ac cumulat ion and par t i t ioning o f  dry mat t er in s oyb e a n  pl a n t s  

during early reproduc t ive growt h ( Summer f i e ld , 1 9 7 7 ; Thoma s and R a pe r , 

1 9 78 ; Thoma s et  a l . , 1 98 1 ;  and Seddigh and Jolli f f , 1 984 ) . Seddigh 

and J o l li f f  ( 1 984 ) f ound that higher night t emperatures ( 1 6 a nd 2 4  Oc 

compared with 100c )  enhanced early vegetat ive growth ( i . e .  inc r e a s ed 

leaf area and t o t a l  dry mat t er ac cumu l a t i on ) .  s p i t e  o f  a l s o  advanc ing 

reproduc t ive d evelopment . They also repo r t ed that high night 

temperature appeared t o  increase reprodu c t ive sink strength via a 

direc t  e f f e c t on the seed whi c h , in turn , enhanc ed the a l l o c a t i o n  o f  

dry-ma t t er t o  the s eeds a t  the expense o f  vegetative t i s s u e s  and t he 

pod wal l . Furt hermore , i t  ha s been sugg e s ted that d i f f e r e nc e s  i n  

light qua lity c an b e  a ma�n cause o f  morpho logical variat io n  

( Kretc hmer et a l . , 1 9 7 7 ) . C a r e  should b e  t aken , therefor e , when 

det ermina t e  and indet ermina t e  growth typ e s  are c ompared und e r  

dif f er ent t emperature and light environment c ondi t ions . 

ii ) Roo t  growt h :  

I n  mo s t  comparat ive studies o f  t he growth o f  det e rmina t e  and 

indet ermina t e  types of l egumes , the root c omponent ha s been f r e qu e nt ly 

neglec ted-po s s ibly because o f  t he ina c c e s sibility o f  roo t s , e s p e c i a lly 

in the f i e ld . In thi s  pre s ent s tudy , the resul t s  showed t h a t  t he 

indet ermina t e  cultivars had consis t ent ly more roots and a l o nger r o o t  

growth phas e  than the det ermina t e  cult ivar ( Figur e s  3 . 5 ,  4 . 1  and 5 . 4 ) . 

Thi s  might be due t o  a signific antly higher proportion o f  

pho t o synt ha t e  r eaching t he roo t s  o f  t h e  inde t erminate c u l t ivar a s  

indic a t ed by t he ratio o f  root dry-weight t o  t o t a l  plant dry-wei gh t  

( Figure 4 . 6 ) . 
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I t  was shown in this work that root growt h wa s t he mo s t  

sens i t ive c harac ter a f f ec t ed by defoliat ion i n  the indet ermina t e  

cultiv�r ( Sec tion 5 . 3 . 4 ) . It c ould be c onc luded , therefore ,  that t he 

larger leaf area per pl ant in the inde t e rmi nate cultivar wa s 

undoubt edly important f or i t s  abi li t y  t o  support more root growth 

which , in turn would a l s o  have influenc ed nodu le growt h ,  nitrogen 

f ixation and eventually seed yi eld . 

The root a l s o  c ould i n f luenc e the func tion o f  t he sho o t  

( Wardlaw ,  1 980 ) . For example , Humphr i e s  and Thorne ( 1 964 ) me asured 

the e f f e c t  of root format ion on phot o synthe s i s  o f  att ached dwar f  bean 

leave s . They c onc luded that the root sys t em determined t he magni tude 

o f  the s ink for accumulation o f  phot osyntha t e  and that i t  had a 

signi f ic ant inf luence on the r a t e  o f  pho t o synthe sis . 

The implicat ion o f  pho t o syntha t e  movement betwe e n  growt h 

types are qui t e  important sinc e root s are de pendent on c a rbohyd r a t e  

rece r ved f r om t he shoot . Some o f  this c arbohydr a t e  i s  consumed i n  

respiration b y  nodula t ed root s ,  s ome i s  used in the forma t ion o f  r o o t  

and nodu l e  dry mat t er during growth ,  and � ome serves a s  t h e  c arbon 

sourc e for t he formation o f  the produc t s  of nitrogen fixa t io n  ( Pa t e , 

+�< 
1 9 7 9 ) . The signi f icanto/higher movement o f  14c from�labe lled l e a f  

downward o f  the indet erminat e  c u l t ivar than that o f  the d e t ermi na t e  

cultivar atA pod deve lopment s t a g e  ( Table 4 . 4 )  c ould indirec t ly sugge s t  

that roo� o f  t h e  indetermi nat e  c u l t ivar rec e ived mo re carbohydr a t e  

from the shoot . Henc e ,  i t  c ould maint a i n  growth o f  root a nd nod u l e  

for longer period . 
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B .  Reproduc tive growth : 

I t  has been sugg e s t ed that c ompe t i t ion between vegetat ive 

and reprodu c t ive growth during f lowe ring and pod set may r educ e t he 

number o f  pods s e t  ( Greer and Anderson,  1 9 6 5 ) . Thu s the p r o por t i o n  o f  

pho t o synthat e  a l l o c a t ed t o  reproduc t ive growth during t he s e  stages 

could have a direct  e f fec t on pod and seed number and henc e on yi eld . 

This led t o  t he sugge stion that cultivars with a det ermina t e  growth 

type may exhib i t  l e s s  comp e t ition during f lowering and pod s e t  and 

thus produce higher yield ( Shibles et a Z . ,  1 9 75 ) .  One way t o  compare 

the comp e t i t i on b e tween vegetat ive and r eproduct ive c omponen t s  growth 

during f lowe ring and pod s e t  is to compare t he dry-ma t t e r  

par t i t ioning . The r a t io o f  the dry-ma t ter par t i t ion�be tween 

vege t a t ive and r eprodu c t ive plant par t s  during f l owering a nd fru i t  s e t  

has been c alled t he ' partit ioning coeffic ient ' ( fruit wei gh t  divided 

by t o t a l  above-ground bioma s s  x l OO )  ( Egli et aZ . ,  1 9 85 ) . E&li et a Z . 

( 1 985 ) found t ha t  in f i e ld grown s oybeans , t he c o e f f ic i en t  wa s s imi lar 

be twe e n  t he two growt h types at the same growth s t age . In c ontr a s t  t o  

their resul t s , t he c ontrol led environment c ondi t ions-grown s oybe ans i n  

the pres ent s t udy showed s igni ficant d i f f erenc e  i n  t he par t i t ioning 

coe f f icients of the two growth types ( Table 6 . 1 ) . I t  was a l s o  

noteworthy that t he par t i t ioning c o e f ficients i n  the pre s ent study 

were higher tha n  tho s e  repor t ed by Egli et a Z .  ( 1 985 ) fo1 t he s ame 

growt h stages ( Table 6 . 1 ) . The lowe r c oe f f ic ient of the indeterminate 

cult ivar pro�ably indi c a t e s  that there wa s mor e  c ompe t i t i o n  between 

vege t a t ive and reproduct ive component s than wa s the c a s e  f or the 

de terminat e  c u l t ivar . However ,  wi th a larger sour c e  capa c i t y ,  the 

indetermina t e  c u l t ivars were able t o  produ c e  higher numb e r s  o f  pods , 



Table 6 . 1 P a r t i t i on coe f f i c i en t s  o f  bean and s oybean f r om d i f f e r ent envi ronmental 

cond i t i on s  at two growth s tage s . 

Growth Stage 
Environment Species Growth Type 

Pod Development 

% 
Glasshouse Bean D 1 8 .  6 

I 7 . 2  

F-test * 

Soy bean D 1 4 .  7 

I 1 0 . 1 

F-test * 

Control led Soy bean D 2 3 .  1 
Em•dronment I 1 4 .  5 

F-test * *  

Field Soy bean D 2 . 0  

I 2 . 0  

( Egli et al ., 1 9 8 5 ) 

Grain Filling 

4 7 . 5  

4 8 . 0  

ns  

4 5 . 0  

3 1 . 3  

* 

5 5 . 3  

3 9 . 0  

* *  \.0 
--..] 

9 . 3  

1 4 .  0 



1 9 8 

i . e .  higher numbers o f  f inal pods per plant ( Tables 3 . 1 0 ,  4 . 2  and 

5 . 7 ) . This a l s o  sugg e s t s  that the indeterminat e  cultivar s e t s  pods 

at the later s t a g e s  and that varia tion in pod s e t  might indeed b e  

closely related t o  growt h  type s . 

At t he f inal harve s t , the ' harve s t  index ' ( de fined a s  r a t io 

of grain yie ld : t o t a l  above-ground bioma s s )  o r  ' pa r t i t ioning 

coe f f i c ient ' at t he final harvest o f  t he det ermina t e  cult ivar wa s 

signific ant ly higher than that o f  the indeterminat e  cultivar in b o t h  

o f  the experiment s c arried o u t  under t he c ontrolled enviro nment 

condit ions ( Tables 4 . 2  ; 5 . 1 0 ) . However , no diff erenc e  wa s f ound in 

the g l a s shouse-gr own soybean ( Table 3 . 1 3 )  possibly becau s e  o f  t he 

lower harve s t  index o f  t he determi na t e  c u l t ivar ( 5 2 % )  c ompared wi t h  in 

contr o l led environment c ondi t ions ( 6 5 % ) . S inc lair et a l .  ( 1 9 8 1 )  

sug g e s t ed t hat the harve s t  indi c e s  o f  ind e t ermina t e  cultivars might be 

more s t able due to plant s being able t o  a d j u s t  t he number of s e ed s 

which would be ini t ia t ed over a long period o f  t ime . Alt hough t he 

results repor t e d  in t he present s tudy sugge s t ed that the d e t ermi nat e  

cultivar wa s more e f f i c ie nt i n  par t i t ioning t o t a l  bioma s s  t o  grain 

( i . e .  higher harve s t  index ; Table s  4 . 2 ;  5 . 1 1 ) ,  i t  did not however ,  

result in any yield advantage ( Tables 4 . 2 ;  5 . 8 ) .  This was becau s e  the 

indet ermina t e  c u l t ivar was approxima t e ly twice a s  large as t he 

det ermi na t e  c u l t ivar whic h  nega ted the more sub t l e  influenc e of 

harve s t  index . 

C .  Seed yield : 

Seed yie ld i s  c omp r i s ed o f  a series o f  yie ld c omponent s 

( viz . pods per plant , s eeds per pod , and weight per s eed ) which i n  
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turn , are inf luenced by a c ombina t io n  of plant and environmen t a l  

f a c t o r s  ( Adams , 1 9 75 ) . 

Among s t  the t hree yi eld c omponent s ,  the number o f  pods p e r  

pla�t wa s t h e  mo s t  imp o r t ant yi e ld c omponent character sho wi ng 

d i f f erenc e  between the two growt h  types o f  s oybean in thi s pr e s ent 

study ( Tables 3 . 1 2 ;  4 . 2  ; 5 . 8 ) .  This c omponent was a l s o  r e p o r t e d  as 

being the mo s t  important c omponent in determining grain yie l d  in bean 

( Adams , 1 9 75 ) ,  s oybea n  ( e . g .  Shibl e s  et a l . , 1 9 7 5 ; Laoha s i r iwong , 

1 98 5 ) and lupin ( Wi t he r s , 1 9 7 9 ) . When yield and yield c omponent s wer e  

analysed s e para t e l y ,  f or t h o s e  c o l l e c t ed f rom t h e  branche s a nd t h o s e  

collected from t h e  ma in s t em ,  t h e  results indicate that t h e  d i f f erence 

between the two growt h  typ e s  wa s mainly due t o  dif f erenc e s  c oming f rom 

the branch c omponent s ( Table 4 . 3  ) .  However , o n  a per branch b a s i s  

there was n o  d i f f erence i n  yie ld or yield c omponent s ( Ta b l e  5 . 1 0 ) . 

Fur thermore , part i a l  d e f ol i a t ion o f  the indet ermina t e  c u l t ivar d i d  

reduce the number o f  branches ( Table 5 . 5 ) . The se r e sult s sugge s t , 

there fore , t hat the longer period o f  vegetat ive growth in t he 

indeterminat e  cult ivar leads t o  a higher number o f  branche s ,  higher 

number of pods per plant and fina l ly to a higher seed yi e ld . 

6 . 1 . 2 Nitrogen fixat ion : 

Legume spec i e s  have two maj or sinks for pho t osyn t ha t e s  -

their fruits ( i . e .  the prot e in-ri c h  s eeds ) and their nodu l a t ed r o o t s  

( Minchin et a l . , 1 98 1 ) .  Cc·ns iderable evidenc e ha s been a c c umu l a t ed t o  

emphasize a direct link betwe e n  t he rate o f  nitrogen f ixa t i o n  and t he 

rate o f  pho t o synthe s i s  ( Hardy and Havelka , 1 9 76 ) .  Thus n od u l e  

func t ion might be limi ted b y  the supply o f  phot osynthat e  f r om t he h o s t  

( At kins , 1 984 ) .  
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In t he pre sent s t udy , t he a c e tylene reduct ion a c t ivity o f  

the inde termina t e  soybean cult ivar was cons i s t ent ly higher than that 

o f  the det ermina t e  cultivar in all o f  t he experiment s ( Fi gures 3 . 6  ; 

4 . 8  a nd Table 5 . 12 ) .  The result s a l s o  indicated tha t  t he d i f ference 

be twe e n  t he two growth types was prima r i ly due t o  the di f ferenc e in 

the ma s s  o f  nodules ( Figures 3 . 7  ; 4 . 7  and 5 . 5  ) . Since nodule ma s s  

depended on a n  adequat e  supply o f  phot osyntha t e  from t h e  shoo t , t hi s  

would sugg e s t  that the indet ermi na t e  c u l t ivar supplied mor e  

pho t o s yntha t e  t o  the r o o t  component which ,  in turn , suppo r t e d  mor e  

nodu l e s  t han oc curred i n  the d e t e rminat e  c u l t ivar . A signif ic ant 

d i f f e renc e  in root growth betwe e n  t he two growth type s , as d i scu s s ed 

in the previous sect ion in this c hapter , plus a greater movement o f  

1 4c downward from the l abelled l e a f  in t he indet erminat e  c u l t ivar 

( Ta b l e  4 . 5  ) ,  lend further suppo r t  to t hi s  argument . 

The increase in ace tylene reduc t ion a c t ivity a s so c i a t e d  

wi t h  a rapid increase in the weight o f  nodul e s  ha s been s hown t o  

involve young reproduct ive s t ru c t u r e s  ( i . e .  f lowers and young pod s ) 

( P e a t  et a Z . , 1 98 1 ) .  They f ound t ha t  soybean plants whi c h  had b e e n  

maintained i n  t h e  vege t a t ive s t a g e , h a d  a f ive-fold grea t e r  l e a f  area 

and more tha n  twice the root dry weight than the ( reprodu c t ive ) 

c ont rol plant s . However , nodul e  dry we ight o f  the veg e t a t ive p l a nt s 

wa s only 63%  t hat o f  t he cont r o l  plant s . Henc e they sugge s ted that 

s ome f ac t ors ( may be hormonal ) a s s o c ia t e d  wi th the presenc e o f  t h e  

reprodu c t ive s t ruc ture s ,  may promo t e  nitrogen fixa t ion during t h e  

e a r l y  part o f  the reproduc t ive period . Henc e the indeterminat e  

soybean c ult ivar s , which had a r e l a t ively long f lowering period , 

sho u ld have long period o f  nitrogen f ixat ion . Thi s c ould be suppo r t ed 
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by the r e s u l t s  from t he present s t udy whi c h  showed that the 

ind e t ermina t e  cultivar had a pro l o nged pha s e  o f  rapid ni t ro g e n  

fixa t i on ( Figures 3 . 6 ;  4 . 8  a nd T a b l e  5 . 1 2 ) .  Some early wor ks wer e  

a l s o  in general agreement wi th the s e  observat ions ( Hardy et  a l . , 1 9 7 1 ; 

Duke et a l . , 1 9 7 9 ) . 

�e 
The ' nitrogen f ixing e f f icienc y ' ( as expre s s ed by s lope o f  

A 

the regres s ion equation o f  t o t a l  plant nitrogen ( log s c a l e ) a nd nodule 

dry weight -Dobereiner , 1 9 6 6 ) c onsistent ly s howed that t he d e t erminate 

cult ivar had higher f ixing e f f ic iency t ha n  t hat o f  the d e t e rmina t e  

cult ivar in every experiment . - in t he pre s ent study ( Figu r e s  3 . 9 ,  4 . 1 0 ,  

5 . 7 ) . With the spec i f ic a c e t ylene reduc t io n  ac tivity changing qui t e  

dra s t i c ally wi t h  t ime ( Fi gure 4 . 8 )  t he expre s s ion o f  ' ni t ro g e n  f ixing 

e f f i c iency ' by the regr e s sion technique of Dobereiner ( 1 9 6 6 ) may be 

mor e  suitable as a means of c omparing nodul e  effic iency under very low 

or nit rogen f r e e  growing c ondi t ions t o  minimi z e  the e f f e c t s  o f  

di f f erent c ont ributions o f  s o i l  nitrogen . 

Re s u l t s  from the defoliat ion exper iment ( Chap t e r  5 )  showed 

that p ar t i a l  defoliat ion a f fe c t ed a c etylene reduc tion a c t i v i t y  l e s s  

than i t  a f f e c t ed r o o t  and nodu le growth ( Table 5 . 1 5 ) . T h i s  

observat ion indic a t e s  a d i f f erent patt ern o f  response b y  t he nodule t o  

pho t o syntha t e  s t r e s s  in c omparison to o t he r  plant compone nt s . With 

60% d e f o lia t ion , nodule a c t ivity ( i . e . spec i f ic ace tylene reduc t ion 

activi t y ; Table 5 . 1 3 )  wa s ma intained , whi l e  nodu le devel o pme nt was 
�e 

reduce d  ( i . e . lower nodule dry-weight at gr ain f i l ling s t a g e ;  Table 
A 

5 . 7 ) . Ac t ive nodule growt h ,  a s  indica t e d  by ne t nodule dry-weight 

inc r e a s e , i n  the indet erminat e  cultivar wa s longer in dur a t ion than 

that of the d e t erminat e  cult ivar ( Figures 4 . 7  and 5 . 5 ) . H e nc e  t he 
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ind e t ermina t e  c u l t ivar mi ght have s ome advantage over t he d e t ermi na t e  

cult ivar in f ixing nit rogen espec i a l ly under condit ions whe r e  l e a f  

area c ould no t develop fully o r  was par t ly d e s t royed . 

6 . 1 . 3  N i t rogen distri bu t i o n : 

6 . 1 . 3 . 1  Nit rogen accumulat ion : 

The a c c umulation o f  t o t a l  nitrogen in both bean a nd s oybean 

plant s followed a very similar pat t e r n  t o  t ha t  for dry ma t t er 

ac cumu la t ion ( F igure s  3 . 1  and 3 . 8 ;  Figur e s  4 . 1  a nd 4 . 1 2 ) . This wa s i n  

genera l  agreement wit h  that report ed for soybean b y  Hanway ( 1 9 76 ) . 

Fur t he rmore , the r e su l t s in Cha p t e r  4 ( Fi gure 4 . 1 2 )  indic a t e d  that t he 

indet ermina t e  c u l t ivar ac cumu l a t ed nitrogen f a s t er ( higher r e gr e s s io n  

c o e f f ic i ent s )  t h a n  t h e  det ermina t e  c u l t ivar . 

Part i t ioning o f  ni trogen t o  d i f f er ent plant par t s s howed 
tlow-e'l' \vt� , Y-elfot\vJ� 

thatAmore nitrogen wa s par t i t i oned t o  t he leaf a nd s t em compone nt s o f  

t he ind e t erminat e  cult ivar than t o  t ho s e  o f  t he det ermina t e  c u l t ivar 

( Figure 4 . 1 4 ) . I n  the indetermi na t e  c u l t ivar , t herefore , more 

ni trogen wa s dire c t ed t o  leaf and s t em growt h ,  which in turn , pro v ided 

pho t o synthate for inc r ea sing ni t r ogen f ixa t i on t hus ensuring and 

ext end ing the rapid nitrogen ac c umu l a t ion period . Withe r s  ( 1 9 7 9 ) 

sugg e s t ed tha t  an indet ermina t e  lupin c u l t ivar , which a llowed nit rogen 

fixa t i on t o  occur over a longer per iod , c ould have an advantage f or 

nitrogen accumu l a t ion over det erminate c u l t ivars which might not b e  

abl e  t o  fully u t i l i s e  the environmental r e source s  available .  Re s u l t s  

i n  the present s tudy a l s o  suppor t e d  t h i s  sugg e s t ion . F o r  examp l e , a t  

the grain f i lling s t a g e  t he det ermi n a t e  soybean cult ivar a c cumu l a t ed 

five t ime s more nitrogen under c ontrol led environment cond i t ions when 
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compared wi th t ho s e  in t he glasshou se , wher e a s  t he relat ive dif f e rence 

for the indetermi na t e  c u l t ivar wa s eight - f o ld ( Tables 3 . 7  a nd 4 . 6  ) 

One way o f  improving the e f f i c iency o f  nitrogen u t il i z a t i o n  

would b e  t o  have a high ratio o f  nitrogen c ontent in the s ee d  r e l a t ive 

to that of t he above-ground por tion o f  the plant ( i . e .  to have a high 

ni trogen harv e s t  i ndex ) . I n  all o f  t he experime n t s  r epor t e d  in t he 

pre s ent s tudy t he r e  wer e  no dif f erenc e s  betwe e n  t he nitrogen har v es t  

indic e s  o f  t he two growth types . I n  o ther words , t he ma j o r  d i f f e rence 

between t he two gr owth types wa s larg e ly due t o  nitrogen a c cumu l a t ion 

rather t han to a dif f erence in the e ff i c iency of nitrogen 

par t i t ioning . 

6 . 1 . 3 . 2  Nitrogen re-d i s tr ibu t io n : 

I n  analyzing t he photosynt ha t e  and nitrogen requ i r ement s o f  

seeds , S inc lair a nd de Wit ( 1 975 ) f ound t ha t  s oybeans were unique 

among the 24 c r o p  spec i e s  studied . Soybeans have both a high pr o t e in 

and l i pid content , and t herefore require the highe s t  r a t e  o f  nit ro g e n  

supply t o  t h e  s e ed . In c ontra s t , their r a t e  o f  bioma s s  produ c t i o n  i s  

one o f  t h e  lowe s t . They hypothe s ized t h a t  soybeans were ' se l f  

de s t ruct ive ' because t he loss  o f  nitrogen f rom t he vegetat ive 

component t o  support s e ed deve lopment c ould cause a l o s s  o f  

physi o l o g ic a l  a c t ivity and ultima t e ly lead t o  sene s c e nc e . 

Although nitrogen re-di s t ribu t ion from t he vege t a t ive part s 

to the grain ( C ha p t e r  4 ,  Table 4 . 7 )  wa s pro port ionally s imi lar bet we e n  

the two growt h t ype s , t he absolut e values wer e  signi f i c a nt ly d i f f erent 

- the ind e t e rminat e  c u l t ivar re-d i s t ributed about twic e  a s  much 

ni trogen t o  the grain t ha n  t he det ermina t e  c u l t ivar . This high r e ­

distribut ion c ould , in par t , c ontribu t e  t o  the hi gher seed yield i n  



2 0 4  

the inde termina t e  cult ivar s inc e increasing the quant ity o f  nitrogen 

available for grain development in soybean c ould be ac c ompl i shed by 

increasing the who l e  plant nitrogen accumu l a t ion and /or by inc r e a s ing 

the propor tion of vege t a t ive ni trogen trans located t o  t he developing 

gr ain ( J eppson et a l . , 1 9 78 ) . Furt hermore , Loberg et al ( 1 984 ) 

c onc luded that yie ld d i f f erenc e s  among soybean c u l t ivar s wer e , i n  

part , dependent upon nut ri ent re-distribu t ion . Among s t  t h e  nut r i ent s 

studied ( N ,  P and K ) , nitrogen was ident i fied a s  b eing t h e  mo s t  

import ant . 

Alt hough t he d i f f erenc e between percentage n i t r o gen r e -

dist ribut ed f r om the l e a f  c omponent between the two t yp e s  wa s not 

signi f icant , there wa s a n  indi c a t ion that t he percentage nit r og e n  r e ­

dist ribut� f rom t he l e ave s o f  t he indet ermina t e  c u l t ivar wa s lowe r  

( Table 4 . 7 ) . I n  genera l ,  l e av e s  appeared t o  be more impor t ant a s  a 

source o f  mobilised nitrogen t han the support ing s t em t i s s u e s  ( Pa t e  

and Minchin , 1 980 ) . The r e s u l t s  from the pre sent s tudy a l s o  suppor t e d  

this observat ion ( Ta b l e  4 . 7 ) . P a t e  and Minchin ( 1 980 ) sugge s t ed t ha t  

i t  might b e  de s irable t o  develop cultivar s which draw o n  s t em and pod 

wal l  nitrogen in pre f e r e nc e  to l e a f  ni trogen during s e ed- f i l l . This 

would a l low the leave s t o  s e ne s c e  slowly thus maint aining a f low of 

as simi la t e s  to the nodu l e s  during seed development . Result s  from t he 

� >  
pres ent study indic a t e d  t h a t  s igni ficant ly higher perc ent a g e  nitrogen A 

wa s re-dis tributed f r om t he s t em o f  the indet erminate c u l t ivar than 

that of the d e t ermina t e  c u l t ivar . In contra s t , lower propor t ions were 

re-di s t r ibuted from l e av e s  and pod wa ll o f  the ind e t ermi na t e  c u l t ivar , 

al though the d i f f erenc e wa s not signif icant s t a t i s t i c a lly ( P >O . O S ) 

( Table 4 . 7 ) . This t re nd , c oupled with the higher a c e ty l e n e  redu c t ion 
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a c t ivity o f  t he indet ermina t e  c u l t ivar a t  the grain f i l ling s t a g e  

( Figures 3 . 6 a nd 4 . 8 )  c ould support t he hypothe s i s  t h a t  nit rogen re­

dis tribut ed f rom the s t em wa s import ant . This charac ter mi ght be 

worth looki ng f o r  when deve loping new c u l t ivars ( a s  sugg e s t ed by P a t e  

and Minchi n ,  1 9 80 ) . 

6 . 2  THE KEY FACTOR DETERMINING THE DI FFERENCE BETWEEN THE TWO GROWTH 

TYPES . 

From t he discussion presented in t he previous s e c t ions , l e a f  

area per plant wa s ident i f ied a s  the parame ter t ha t  had t he gre a t e s t  

inf luenc e  on p lant growth ,  nitrogen fixa t io n  and nitrogen d i s t r ib u t i o n  

betwe e n  the two growth t ype s . T h i s  observa t i on ,  c oupled wit h  the 

d i s criminant analysis presented in C ha p t e r  4 ( Table 4 . 7 ) , would 

sugge s t  that l e a f  area wa s the key fac t or determining t he d i f ference 

be tween the two growth type s . Although , t here has not been any work 

that t he author is aware of using the mu l t ivariat e  appro a c h  t o  

det ermine t h e  d i f f erence between t he two growth type s . The imp o r t anc e 

of lea f area h a s  c ert ainly been highlight ed in thi s  pre se n t  s tudy 

( Figures 4 . 1 5 , 4 . 1 6 ;  Table 4 . 8 ) .  

Tanaka ( 1 980 ) reported that in grain legume t he s ource 

capacity ( leave s )  during pod development wa s t he key 

factor inf luenc ing pod s e t t i ng .  Furt hermore , phot o syntha t e  supply 

from the leaves t o  the nodu l e s  had been rec ognized a s  one o f  t he maj o r  

limi ting f a c t o r5 influenc i ng nitrogen f ixat ion i n  legume> ( e . g .  Lawn a nd 

Brun , 1 9 74a;  Bethlenf a lvay et a Z . ,  1 9 7 8b; Chen and Sung , 1 98 2 ) .  

Leaves were a l s o  repo r t ed a s  the ma j or source of nitrogen which was 

�����!� t o  keep normal seed growth during which the demand f o r  
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nitrogen for seed f orma t ion wa s high ( Wi t he r s  and Forde , 1 9 7 9 ; 

Warembourg a nd Fernand e z ,  1 9 85 ) . So i t  c ould be c o nc luded that w i t h  

greater l e a f  a r e a  p e r  plant , the indetermina t e  cult ivar wou ld h a v e  a 

greater pho tosynthe t i c  capacity which wou ld be import ant f o r  plant 

growt h and nitrogen fixa t i on and f inally leading t o  higher s e ed y i e ld . 

However ,  c au t i o n  mus t  be used in extrapo la t ing t h e s e  

result s t o  f i e ld c ondit ions sinc e ,  in cont ro l led environment , p l a nt s 

were we l l  spaced and t o t a l  phot o synthe s i s  wa s like ly t o  b e  much highe r  

than under a more light limi ting s ituation within a we l l-g rown c r o p  in 

the f i eld . At f i e ld densi t i e s  shading can be exp e c t ed t o  d e c r ea s e  t h e  

advant age o f  higher l e a f  are a , especial ly during t he later s t ages o f  

growt h .  High density c ould a l s o  a f f e c t  branch number . Howev e r , 

research wit h  det ermi na t e  i soline s  ( Hicks et a l . , 1 96 9 ) ,  wi th r andomly 

selec t ed semi-d e t erminate genotyp e s  ( Green et a l . ,  1 9 7 7 ) a nd 

det ermina t e  c u l t ivars o f  two ma turity groups ( Beaver and J o hnson , 

1 98 1 )  had f ound no yie ld advant age over ind e t ermina t e  cult ivars i n  

narrow row widt hs . L awn et a l .  ( 1 9 7 7 )  f ound that the ind e t erminat e  

cultivars showed no yie ld d i f ferenc e s  for a wide range o f  popula t i ons 

under f u l l  irriga t io n  whi c h  indicat ed that these c u l t ivars c a n  ad j us t  

t o  wide dif f erenc e s  i n  plant dens i t y  within the row under c ondi t ions 

favourable t o  growt h .  I t  has been shown that o n  t he debranc hed 

soybean plant s , there wa s a large increase in number of pods s e t  per 

node and bigger seed size tha n  that o f  the c ontrol p lant s ( Beuer l e in 

et a l . , 1 9 7 1 ) .  Fur thermo r e , the d e f oliation experiment in t h e  pr e s ent 

study indicated t ha t  with about 60% defo liat ion , s e ed yield of t h e  

The 
indetermina t e  c u l t ivar was reduced only 1 7% ' �er e a sAyield adva n t a g e  

of the und e f o l i a t e d  ind e t ermi na t e  c u l t ivar over t he unde f o l i a t e d  
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d e t e rmina t e  cultivar wa s about 5 0 %  ( Ta b l e  5 . 8 ) . So , the advantage o f  

t h e  t h e  i ndet ermi n a t e  c u lt ivar m a y  s t i l l  f-�'<htsLfY'\ ?c?<�-t und er f ie ld 

c ondit ions . 

Alt ho u g h  i n  thi s experiment ,  l eaf a r e a  per pl ant h a s  been i dent i f i ed a s  

t he mo st i mpo rt ant plant p aramet er i nf l u e nc i ng growt h ,  s e e d  yi eld , ni t ro gen 

f i xa t i on and ni trogen d i s t ri bu t i o n ,  as poi nt e d  o u t  earli er ( p .  2 06 )  c au t i o n 

mu s t  b e  u s ed i n  e xt rapolat i ng t he r e su lt s  to f i e l d  c o ndi t i o ns . 

Under a clo s ed c a nopy s i t u at i on in t he f i el d , c r o p  growt h rat e i s  

d e t ermined mor e  by t he t ot al i nt er c ep t e d  radi a t i on t han by t he absolut e 

amo u nt J o f  leaf  area p er p l a nt ( Mont e i t h ,  1 9 7 7 ) .  

Howev er r e su lt s obt ained from t he p r e s ent experiment wi ll s t i l l be o f  

r e l evanc e becau s e  t he r e  a r e  si tuat i ons i n  t he t ro p i c s whe r e  s p a c e d  legume 

plant s are u s ed i n  a r e l ay c ro pp i ng sys t e m .  Furt her r e s earc h t o  

t he s i gni fic anc e o f  t he cont ri but i o n  o f  l e a f  a r e a  p e r  plant a s  a f a c t o r  

i nf lu e ncing c ro p  growth between s p a c e d  and c lo sed 



2 0 8  

CHAPTER 7 

C ONCLUS IONS AND IMPL ICATION FOR FUTURE RE SEA.�CH 

7 . 1  C ONCLUS IONS : 

1 .  The d i f f er e nc e s  be twe en the two growth t y pe s . 

1 . 1  Growth pat tern : There wer e  d i f f erenc e s  i n  growth 

pattern be tween the det ermina t e  and indet ermina t e  gro wt h  typ e s  o f  

both crops s t udied ( bean ( Phaseolus  vu lgaris ) and soybe a n  

( Glycine max ) ) .  T h e  d i f f erenc e s  c ould be c onc luded a s  f o l lows : 

i .  The indetermi na t e  type produc e d  two t o  

two and a ha l f  t imes mor e  t o t a l  dry-mat t er t han the d e t ermi n a t e  

type depending on whet her i t  wa s grown in the glas shou s e  or in 

t he control led environment condi t ions . This advant a g e  was mainly 

brought about by greater leaf area and root dry weight per p lant 

in the ind e t erminate cultivars o f  both specie s .  This wa s t he 

result o f  

cult ivar s . 

longer vegetat ive growth in the indet ermin at e  

1 . 2 The magnitude o f  di f f erence between t he two growth 

types varied under t he d i f f erent environment a l  condit i o ns , For 

example , vegetat ive c omponent s ( dry-we ight s of leave s , s t ems and 

root s )  were about two t o  f our t ime s a c r o s s  a l l  compone n t s 

depending on whe t her it wa s grown in t he glas shouse o r  t he 

controlled environment c ondit ions . 

1 . 3  Seed yield : There were d i f ferenc e s  in t he seed 

yie ld and yield c omponent s be tween t he two growth type s . 
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i .  To t a l  s e ed y i e l d  o f  t he i nd e t e r m i n a t e  t y p e  

wa s a bo u t  t wo t o  t h r e e  t ime s h i g h e r  t ha n  t h a t  o f  t he d e t e rmi n a t e  

t y p e . T h e  h i Eh e r  h a r v e s t  i nd e x  o f  t h e  d e t e rm i n a t e  c u l t i v a r  d i d  

no t r e s u l t  i n  a ny y i e ld a dv a n t a g e  bec a u s e  t h e  i nd e t e r m i n a t e  

c u l t i v a r  w a s  a p p r o x i m a t e l y t w i c e  a s  l a r g e  a s  t he d e t e r m i na t e  

c u l t i v a r . 

i i .  F o r  bo t h  g r ow t h  t y pe s , pod numb e r  wa s t he 

mo s t  imp o r t a nt y i e ld c ompo n e n t  i n  d e t e r m i n i ng y i e ld . I n  

s o y be a n ,  t h e d i f f e r e nc e  i n  pod numb e r  b e t we e n  t he t wo t y p e s  w a s 

p r i ma r i l y  t h e  r e s u l t  o f  a h i g h e r  numb e r  o f  b r a nc h e s  i n  t he 

i nd e t e rm i na t e  c u l t i v a r . 

1 . 4 N i t r oge n f i xa t i o n :  T h e r e  we r e  d i f f e r e nc e s  i n  

ni t r o g e n f ix a t i o n  a c t i v i t y  b e t we e n  t h e  t wo g r owt h t y p e s . 

i .  Ac e t y l e ne r e d u c t i o n  a c t i v i t y  p e r  p l a n t  o f  

t he i nd e t e r m i n a t e  s o y b e a n  c u l t i v a r  wa s h i g h e r t ha n  t h a t  o f  t h e  

d e t e r mi n a t e  c u l t i v a r  f r om pod d e v e l o pme nt s t a g e . T h i s  w a s  

be c a u s e  o f  h i g h e r  nod u le ma s s  a nd l o n g e r  d u r a t i o n  o f  n od u l e  

g r owt h i n  t he i nd e t e rmi n a t e  c u l t i v a r . 

i i . Howe v e r , t he s pe c i f i c a c e t y l e n e  r e d u c t i o n  

a c t i v i t y  d a t a  s howed t h a t  t he d e t e r m i n a t e  c u l t i v a r  h a d  h i ghe r 

a c t i v i t y  p e r  u n i t  nod u le d r y  we i g ht t h a n  t h a t  o f  t h e  

i n d e t ermi na t e  c u l t iv a r . A  �im i l a r  c onc l u s i o n  a l s o  w a s  d r awn f r om 

t h e  'ni t r o g e n  f ix i n g  e f f i c i e nc y '  t e c h n i qu e  a s  exp r e s s ed b y  t he 

s lo p e  o f  t he r e gr e s s i o n  e qu a t i on b e t we e n  t o t a l  p l a n t  n i t r o g e n 

( lo g  s c a l e ) a nd nodu l e  d r y  we i gh t . 
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1 . 5  Nit rogen d i s t ribution : 

i .  The d i f f erenc e  b e tween the two growth 

types wa s largely due to higher amount o f  nitrogen a c c umula t e d  by 
' 
1 111 

t he inde t e rminat e  type rather than e f f i c iency in n i t r ogen 
A 

part i t ioning , sinc e final nitrogen d i s tr ibu t i on t o  t he grain a s  

represented b y  the nitrogen harve s t  index ' f o r  b o t h  growth t yp e s  

W'C\.S- s imi la r . 

i i .  For both growth type s , the propor t i o n  o f  

nitrogen r e-dist ribut�u from vegetat ive par t s  t o  grain wa s 
Cl 

s imilar . However , withAlarger sour c e  of nitrogen a cc umu la t ed , 

t he abs o lu t e  value o f  nit rogen r e-d i s t r ibuted wa s about twi c e  a s  

muc h  a s  i n  t he indeterminat e  c u l t ivar . 

iii . I t  wa s c onc luded that b o t h  growth t y p e s  

needed t o  t r ansfer nitrogen from veg e t a t ive part s  t o  suppor t high 

grain nitrogen requirement . The amount o f  nitrogen r e -

d i s tributed would depend on t he abi l i t y  o f  plant s t o  a c c umu la t e ., 

nitrogen b e f ore the re-d i s tribution o ccur�ej_ ,  

iv . Leave s were t he maj or source o f  nit ro g e n  

re-distribu ted f rom the vege t a t ive c omponent s t o  t he g r a i n  f o r  

b o t h  growth type s . 

v .  However , The proportion o f  nit rogen r e -

d i s tribu t e d  f rom the s t em o f  the inde t e rminat e  c u l t iv a r  wa s 

si gnific ant ly higher than that o f  t he determinat e  c u l t ivar . I t  
·t\u_ 

wa s sugge s t e d  that the high nitrogen re-dist ribu t io n  f r om s t em 
A 

might be the character worth looking f or when develo ping new 

c u l t ivar s , since it could mean t hat p l ant which draw on s t em and 

pod-wa l l  nit rogen in pre ferenc e to l e a f  nitrogen wou ld a l low t he 

l e aves t o  sene s c e  s lowly . 
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2 .  Key fac t o r  influencj�� t he d i f f erenc e s  b etwe e n  

growth type s . 

2 . 1  Leaf area per plant wa s ident i f ied a s  t he key 

f a c t o r  influenc ing the dif ference be tween the det ermi na t e  and 

indet erminat e  growt h t ype s . 

2 . 2 The ext e nt t o  which l e a f  area wa s import an t  i n  

cont ribut ing t owards t h e  advantage o f  t he inde t e rminat e  c u l t i v a r  

c ou ld be c onc lude d  a s  f o llows : 

i .  The higher leaf area in the i nd e t ermin a t e  

c u lt ivar resulted i n  a longer period o f  veget a t ive growth whi c h  

led t o  higher number of branche s , higher numbe r  o f  p o d s  p e r  p l a n t  

and f inally . t o  higher seed yield . 

i i . Defoliat ion had a gre a t e r  e f f e c t  on t he 

root and nodule growth than a c etylene reduc tion a c t iv i t y . 

iii . I t  was c onc luded that t he indet e rmi nat e  

cult ivar may b e  more sui t able t o  the har sh environmen t a l  

c ondi t ions o f  the tropic s ,  especia l ly under c ondi t i o n s  wher e  l e a f  

area c ould no t d evelop f u l ly or was part ly destroyed . 

7 . 2 POS S I BLE IMPLICAT I ON5 FOR TROPICAL AGRICULTURE . 

Many tropical soils are limi t e d  in their a b i l i t y  t o  

achieve high crop produ c t ivity due t o  severe d e f i c ie n c y  i n  s o i l  

nitrogen ( Gibson et a l . , 1 982 ) .  Nitrogen l o s s e s  i n  t ro p i c a l  

regions a r e  a l s o  much higher than comparable t empera t e  r e g i o n s  

( Dobereiner a nd C ampe lo , 1 9 7 7 ) . Furthermore , subs i s te nc e  f ar me r s  

in t h e  t ropic s  are unlikely t o  inv e s t  in minera l  nitrogen 

f e r t i lizer s . The r e f or e , legume s will c ont inue t o  b e  a n  
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important c omponent in the cropping syst ems o f  the t r o p i c s  ( Gome z 

and Zand s t r a , 1 9 7 7 ) . I n  addit ion t o  t heir grain yi e ld i ng 

abi lity , legumes should a l s o  be selec t ed based upon t he ir a b i l i t y  

t o  c ontribu t e  ni trogen t owards t h e  soil nitrogen p o o l  hence 

benif i t ing the c ompanion or f o l lowing crops . For examp l e , t ho s e  

legume s wit h  a high propor t i on o f  their nitrogen r e ta ined in t he 

non-harve s t ed res idues or with a high percent age nit ro g e n  in t he 

r e s idual t i s sues may be mor e  appropr i a t e  a s  nitrogen suppl i e r s  

f o r  the low input t ropica l  cropping syst ems . Given t hi s  

situation , the pri ority f re quent ly given t o  legume breeding 

programme s , such as t o  improve the harv e s t  index ( maximizing t he 

f r a c t ion o f  plant product ion that i s  r emoved a s  gra i n )  may n o t  b e  

t he mos t  appropr i a t e  criteri&�. 

The role o f  the d e t ermina t e  and indet ermi na t e  growt h 

t ypes sho u ld be a s s e s sed c a r e fully r e l a t ive t o  their po s si b l e  

c ontribut ion in a cropping system . Ther e  i s  a t rend among s t  

modern legume breeders i n  t he developed c ountries t o  f avour t he 

det ermina t e  plant type , whic h  i s  more c ompa t ible wit h  mechanic a l  

harvest ing ( Khan , 1 9 7 7 ) . Although , f arme r s  in the t r op i c s wi l l  

norma l ly u s e  the indet erminate type le gume s in their 

intercropping sys t em , t he r e  i s , however a tend ency to f ol l ow the 

developed c ountries in adopt ing the d e t ermina t e  growt h type a s  

the new c u l t ivars for the s e  regions . Evidenc e from t he pr e sent 

study ind i c a t ed that the indet ermina t e  c u l t ivar was superior in 

ni t rogen f ixation , nitrogen dis tribu t io n  and s e ed y i e ld . The 

superiority of the inde terminate c u l t ivar over that of the 

det ermina t e  cult ivar had a l s o  been reported by other s .  For 
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example , higher nitrogen f ixation in beans ( Gr aham , 1 9 8 1 ) ,  l e s s  

a f f e c t ed by d e f o l i a t ion i n  s oybean yie ld ( Fehr et  a l . , 1 9 7 7 ; 

1 9 8 1 )  and produ c ing higher yie ld under dry land cond i t i ons i n  

c owpea ( Cha turvedi et a l . , 1 9 80 ) . The s e  repo r t s  toget her wi t h  

t h a t  highlighted in the pr e s ent st udy sugge sted t ha t  under t he 

harsh and l e s s  mechanised environment o f  the t ropic s i t  might be 

worth looking a t  t he indet ermina t e  legume s more c lo s e ly . 

7 . 2 . 1  P o ss ible r o l e  of l e a f  area a s  a selec t ion 

..1--c r i t eria'r\ for c u l t ivars superior in nit rogen- f ixo,J.LI/><�-: _ _ _ _ _ 

To s e l e c t  cultivars superior in ni t rogen- f ixCLto �  

l egume breeders require a rapid , non-de s t ru c t ive 

ana lys i s , amenable to large popula t i o n  of plant s ( Rennie and 

Kemp , 1 98 1 ) .  

O f  the plant parame t e r s  considered , nodul e  dry-we i ght 

per plant wa s found t o  be mo s t  c lo s e ly c orre lated t o  a c e t ylene 

reduc tion a c t ivity both in t hi s  present s tudy ( Chap t e r  4 )  a nd 

work reported by o t hers ( e . g .  Denison et a l . , 1 9 85 ) . However , 

a s s e s sment o n  the basis o f  nodular ma s s  or number i s  labor i o u s  

and t ime c onsumi ng ( Renni e and Kemp , 1 98 1 ) and is unlike ly t o  

b e  suitable a s  a s e l ec t ion t e c hniqu e . 

Growing legumes in nitrogen-free medium f o r c e s  t o t a l  
0-V\d 

d ependenc e by t he plant on seed and symbiotic nitroge n , Athus 

might provide a c onvenient s c r eening proc edure for ni t rogen-

f ixing abi l i t y  ( Graham , 1 98 1 ) .  I n  t he pre sent study l e a f  a r e a  

per plant wa s c lo s e ly related t o  t o t a l  plant nitrogen ( F igure 

4 . 1 5 ) ,  thu s  leaf area per p lant per se might be suit a b l e  a s  a n  
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indic ator for the absolute amount o f  t o t a l  nitrogen f ixed . S o ,  

c omparison on the basis of r e l a t ive size o f  the leaf area 

developed over a common time frame may provide a suitable non­

d e struc t ive method o f  a s s e s s ing nitrogen fixing abil i t ie s . T h i s  

mu s t  be c onduc t e d  in � s o il medium with very low nitrogen or b e  

nitrogen-free . 

7 . 2 .2 Future researc h :  

Before t he advantage o f  the d i f ferent growt h t yp e s  o f  

legumes can b e  exploited t o  t he f u l l , we need t o  ident i f y  t he 

r e l a t ive contribu t ions o f  the det ermina t e  and indet e rminat e  

growth types both in t erms o f  produc ing high seed yie ld and 

supplying nitrogen t o  a cr opping system . The following are s ome 

sugge s t ions : -

! .  To i nve s t i g a t e  t he ext ent o f  nitrogen f ixat ion , 

nitrogen distribu t i o n  and seed yield d i f ference between the two 

growth types acro s s  a large germp l a sm c o l lection pre f erably u nd e r  

f i e ld c ondi t ions . 

2 .  T o  c ompare the ability o f  different growth typ e s  o f  

legumes t o  enric h  t he soil o r  t o  trans f e r  f ixed nitrogen t o  

c ompanion o r  f o l lowing c r o p s  under d i f ferent environment al and 

management conditions . 



2 1 5  

APPENDIX A 

Statistical symbols 

Throughout thi s  the s i s , unl e s s  otherwi s e  s tated , the f o l l owing 

s ymbol s  were u s ed : 

n s  = non s ign i f i cant a t  P 0 . 0 5 

S ig n i f i cance l eve l s  

* 0 . 0 5 = P> 0 .  0 1  

* *  0 . 0 1 = P> 0 . 0 0 5  
* * *  0 . 0 0 5  = P >  0 . 0 0 1  

* * * *  P >  0 . 0 0 1  

Where the term " st a t i s t i c a l  s igni f icance " i s  u sed , un l e s s  

otherwi s e  s pe c i f ied , r e f er s  t o  5 %  l ev e l  o f  probab i l i ty . 
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Whol e  roo t s  a nd nodul e s  wer e  c are f u l ly removed from the p o t s , 

the detached roo t s  and nodu les were then held a t  ambient t emperature 

in sea led 1 l i t r e  pre s e rving j ar s  c o nt aining 1 00 c c  o f  c omme r c i a l  

grade acetylene . Af t e r  an hour , g a s  samp l e s  were wi thdrawn into 5 ml 

Vacutainer tube s . The t o t a l  gas phase value o f  each plant-incuba t io n  

ve s s e l  unit was d e t e rmined b y  wat e r  displac ement . 

Gas s amples from a l l  experiment s wer e  analysed on a Pye unicam 

2 04 ga s chomatograph,  a t  Grass lands Division , Depar tment of S c i e n t i f i c  

and Industrial Re s e a rc h ,  P a lmer s t on Nort h ,  N e w  Zealand . E t hylene wa s 

mea sured wit h  a f lame ionisation detector a nd a gla s s  c olumn 900 mm x 

4 mm I . D . , packed wit h  8 0 / 1 00 me sh Poropak T ,  and operated a t  1 2 5 °C . 

At the t ime t he incubat ion v e s s e l s  were s ampled , t he gas \ 

chromatograph was c a librated for each analyt i c a l  run with e thyl e n e  

standards drawn int o 5 m l  Vacut ainer tube s . 

Acetylene peak height s were also checked for evidenc e o f  

fau lty incubat i on j ar s . 

The t o t a l  nitrogen fixa t ion and spec i f ic nitrogen f ixa t i o n  

were then c a lc u l a t ed , u sing the B a s ic c ompu t e r  program from the 

Depar tment o f  S c i e nt i f i c  and I ndu s t rial Re s e a rc h , P a lme r s t o n  Nor t h , 

New Zea land . The program had been transf e r r ed t o  the Mas s e y  

University c omputer s y s t em by the author . The c a lculation procedure 

wa s a s  f ol low : 

Fir s t  f rom values o f  the e t hylene s t andard 
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D = (A*B ) *O . l  

where A s c a l e  

B peak height in cm 

From blank s ampl e  

X = ( ( ( C /H ) * ( A*B ) *O . l ) *Z ) /D 

From samp l e s  

Y = ( ( ( C /H ) * ( A*B ) * O . l ) * Z ) /D 

whe r e  C gas i ncubation volume in cm3 

H = i nj e c tion volume in cm3 

Z = nmo l e s / i nj ection volume o f  e t hylene s t a ndard 

The nitrogen f ixa t io n  mi cro mol e  e t hylene /hour is 

N = ( ( ( 6 0 /P ) *Y ) -X ) * . OO l  

where P = incubat ion leng t h  in minu t e  
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Appendix C 

Kj e ldahl ni trogen c ontent determina t i o n  

Plant m�t erial 

P l ant samp l e s  wer e  placed loo s e ly in a luminium d rying t ins , 

in a forc ed-draught oven which was operated at 80°C for a t  l e a s t  2 4  

hour s . They were then g round in a cutter mi ll t o  pass t hrough a 1 mm 

screen . 

The s amples t o  be analysed were t he n  dried over night a t  

80°C and s to red i n  a g l a s s  c onta iner . 

The Kj e l t ec Aut o  System I by Tecator was used t o  d e t ermi ne 

the t o t a l  nitrogen content . 

Dige s t ion proc edure 

Place 0 . 2  gm o f  samp l e  in the digestion tube , add 1 t ab l e t  

o f  Kj e l t ab Aut o  ( c ontaining 1 . 5 g m  K2 S04 and 7 . 5  mg S e ) a nd 5 m l  o f  

nitrogen f r e e  H2 S 04 c on�. P l a c e  digestion s t and wi th prepared s amp l e s  

and exhaust mani f old , i n  the prehc a t ed dig e s t or ( 42 0°C ) . D i g e s t  f or 

3-5 minu t e s  wi th maximum air f low through t he exhaust mani f o ld .  Then 

adj ust the f low unt i l  f umes are j u s t  contained . C ontinue d ig e s t i on to 

a t o t a l  t ime of 3 0  minu t e s . Remove stand wi th tube s and exhau s t  

mani fold and p l a c e  t h e  e n t i r e  a s sembly in t h e  c ooling s t a nd b e s i d e  the 

digesto r . When the samp l e  sol u t i ons have c o oled suf f i c i e nt l y  the y  are 

diluted and mixed wi th 30 ml of de-ionized wat er . 

D i s t i llat ion and Tit� a t i o n  

T h e  semi-mi c r o  Kj e ldahl method wa s used , using 40% NaOH i n  

the s t eam d i s t i l la t i on a nd 0 . 2  M HC l i n  the a t ion wit h  1 %  Bor i c  
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� 
acid a nd me thyl red/bromocresol green ind i c a tor a s  a rece�ver 

solut ion . 

A blank determination a nd a known s tandard samp l e  are a lways 

used at least once a day , or whenever a new batch o f  any of t he 

chemi c a l s  has been changed . 

Put t he sample tubes t o  the Kj e lt e c  Aut o  1 0 3 0  Ana lyzer . 

D i s t i l l a t i on , t i tration and c a l c u l a t io n  o f  percentage o f  nit rogen 

cont ent are performed automa t i c a lly . 
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Appendix D 

Controlled environment room environment a l  c ond i t i o n s  

The c ontrolled environment rooms a t  t he C lima t e  Labr a t ory , P l ant 

Phys i ol ogy Divi s i on , Department o f  Sc ient i f i c  and I ndu s t r i a l Re s e arc h ,  

Palme r s t o n  Nor t h , New Zealand ( Anon , 1 9 8 1 ) were used wi t h  t he 

f o llowing c ondi t ions : 

Temperature day 2 S0 c ( ± 0 .  S 0  C )  

night 1 8° c ( ± 0 .  S0 C )  

Re l a t iv e  Humidity d ay 6 S% ( ± S % )  

night 8 S %  ( + S % )  

Pho t operiod 1 4  h 

Lighting wa s supplied t o  each room by 4x1 000W Sylvania 

'Me t alarc ' high pre s sure discharge lamp s , and 4x1 000W Phi l i p s  t u n g s t e n  

halogen lamps . 

-The mean pho t o synthe t ic photon f lux density a t  plant height wa s 

6 9 0  micro mol s- 1m-2 a s  mea sured by Licor L I  1 8S me t er wi t h  an L I  1 90 S  

quantum sensor 

-The c orresponding me an phot o synt he t i c  irradiance wa s 147 wm-2 a s  

me asured wi th a n  Licor L I  1 8 S  me ter wi th L I  1 90SE f lat r e s ponse 

pho t o s ynthet ic irradiance s ensor . 

COz l ev e l  wa s monit ored , but was uncontrolled rema ining wi t hi n  

3 1 0- 3 7 0  mic r o  1 C O z / 1  air . 

Air f low down t o  plants wa s 0 . 3 -0 . S  m s e c- 1 a s  mea sured wit h  an 

Alnor Instrument s '  t hermoanemome t er . 



Appendix 3 . 1 I n fo rmation f r om growth curve s o f  total p l ant dry weight ( dependent var i ab l e ) ,  of  

determinate and i ndetermi nate beans and s oybean s , regre s s ed aga i n s t  t ime ( i ndependent 

variabl e ) u s i ng quadratic equ a t i on f orm [ Ln ( Y )  = e0 + B 1 x + E
2 

x2 ] 

Species 

Bean 

Soy bean 

Growth 
type 

D 

I 

D 

I 

B 0 ( S . E  B 0 ) 

- 3 . 7 0 0  ( 0 . 6 1 1 ) 

- 1 . 8 9 8  ( 0 . 4 6 4 ) 

- 3 . 3 0 1  ( 0 . 4 9 6 ) 

- 1 . 8 2 3  ( 0 . 4 9 2 ) 

B l ( S . E . B 1 ) B 2 ( S . E . B 2 ) R2 

0 . 8 8 4  .( 0 . 1 2 2 ) - 0 . 0 3 3  ( 0 . 0 0 6 ) 0 . 8 8 

0 . 5 0 6  ( 0 . 0 8 9 ) - 0 . 0 1 1 ( 0 . 0 0 4 ) 0 . 9 4 

0 . 6 0 7  ( 0 . 0 9 1 ) - 0 . 0 1 8  ( 0 . 0 0 4 ) 0 . 8 9 

0 . 2 9 9  ( 0 . 0 9 1 ) - 0 . 0 0 1  ( 0 . 0 0 4 ) 0 . 9 4 

n 

3 0  

3 3  

3 6  

3 6  

N 
N 



Appendix 3 . 2  I n f ormat i on f rom growth curve s of l e a f  and s tern dry we i ght ( dependent variable ) ,  of  

determinate and indeterminate beans and s oybean s , r egre s s ed agai n s t  t ime ( i ndependent 

var i a bl e ) u s i n g  quadratic equa t i o n  f orm [ Ln ( Y )  = B
0 

+ �
1 x + B

2 x 2
] .  

Species Growth B
o 

( S . E . B
0 ) B

l ( S . E . B
1 ) B

2 ( S . E . B
2

) R2 

type 

Bean D - 3 . 1 2 6 ( 0 . 8 6 0 ) 0 . 7 7 3  ( 0 . 1 7 4 ) - 0 . 0 3 5  ( 0 . 0 0 8 ) 0 . 4 6 

I - 3 . 4 0 9  ( 0 . 5 6 8 ) 0 . 8 3 1  ( 0 . 1 0 9 ) - 0 . 0 3 3  ( 0 . 0 0 5 ) 0 . 7 7 

Soy bean D - 4 . 1 3 9 ( 0 . 6 2 6 ) 0 . 7 6 2  ( 0 . 1 1 5 ) - 0 . 0 2 8  ( 0 . 0 0 5 ) 0 .  7 1  

I - 3 . 1 9 4 ( 0 . 6 4 8 ) 0 . 5 3 4  ( 0 . 1 1 9 ) - 0 . 0 1 4  ( 0 . 0 0 5 ) 0 . 8 4 

n 

3 0  

3 3  

3 6  

3 6  

N 
N 
N 



Appendix 3 . 3  I n format ion f rom growth curve s o f  l e a f  area per p lant ( dependent variable ) ,  o f  

determinate and i ndeterminate beans and s oybeans ,  regr� s sed agai n s t  t ime ( independent 

vari a b l e ) u s i ng quadratic equati o n  f orm [ Ln ( Y )  = B 0 + B 
1 

x + B 2 x 2 ] .  

Species 

Bean 

Soy bean 

Growth 
type 

D 

I 

D 

I 

B 0 

- 1 . 1 0 2 

1 . 0 8  6 

1 . 2 3 2  

1 . 5 5 6  

( S . E . B 0 ) B 1 

( 1 . 5 5 0 ) 1 . 3 3 4  

( 0 . 6 8 1 ) 0 . 9 3 6  

( 0 . 7 0 3 ) 0 . 6 3 8  

( 0 . 7 0 2 ) 0 . 5 2 9  

( S . E .  B 1 ) B 2 ( S . E .  B 2 ) R2 

0 . 3 1 3 ) - 0 . 0 6 1  ( 0 . 0 1 5  0 . 4 6 

( 0 . 1 3 1 ) - 0 . 0 3 9  ( 0 . 0 0 6 ) 0 . 6 8 

0 . 1 2 9 ) - 0 . 0 2 4  ( 0 . 0 0 6 ) 0 . 5 5 

( 0 . 1 2 9 ) - 0 . 0 1 5  ( 0 . 0 0 6 ) 0 . 7 8 

n 

3 0  

3 3  

3 6  

3 6  

N 
N 
w 



Appendix 3 . 4  I n fo rma t i on f r om growth curves of root dry we ight ( dependent var iabl e , of determinate 

and i ndeterminate beans and s oybeans ,  r eg re s s ed again s t  t ime ( independent var i ab l e ) 

u s i ng quadratic equa t i on f orm [ Ln ( Y )  = B 0 + � 1 x + B 2 x2 ] .  

Species 

Bean 

Soy bean 

Growth 
type 

D 

I 

D 

I 

0 

- 3 . 7 1  5· 

- 2 . 3 3 0  

- 4 . 9 9 9  

- 4 . 0 0 9  

( S . E . B 0 ) 

( 0 . 6 0 6 ) 

( 0 . 6 3 9 ) 

( 0 . 4 2 0 ) 

( 0 . 4 8 2 ) 

B 1 

0 . 6 4 9  

0 . 4 1 4  

0 . 7 1 4  

0 . 5 5 1  

( S . E . B 1 ) 

( 0 . 1 2 1 ) 

( 0 . 1 2 3 )  

( 0 . 0 7 7 ) 

( 0 . 0 8 9 ) 

i3 2 

- 0 . 0 2 9  

- 0 . 0 1 5  

- 0 . 0 2 6  

- 0 . 0 1 6  

( S . E . B 2 ) 

( 0 . 0 0 6 ) 

( 0 . 0 0 5 ) 

( 0 . 0 0 3 ) 

( 0 . 0 0 4 ) 

R2 

0 . 5 3 

0 . 5 6 

0 . 8 4 

0 . 8 9 

n 

3 0  

3 3  

3 6  

3 6  

N 
N 
""" 



Appendix 3 . 5  

Species 

Bean 

Soy bean 

I n fo rma t i on f r om curve s  o f  acety l ene redu c t i on a c t i v i ty ( dependent var i ab l e ) ,  o f  

determinate a n d  i ndeterminate beans and s oybean s , r eg r e s s ed aga i n s t  t ime ( independent 

var i a bl e ) u s i ng quadratic equat i on form ( Ln ( Y )  = B 0  + B 1 x +
.

B
2 x2 ) 

Growth 
type 

D 

I 

D 

I 

B o 

- 2 9 . 3 3 9  

- 1 1 . 4 7 4  

- 2 2 . 0 6 2  

- 2 8 . 0 5 1  

( S . E . B 0 ) B 1 

( 4 . 8 1 3 )  5 . 7 7 1  

( 2 . 3 6 5 )  2 . 4 1 2  

( 3 . 1 1 2 )  3 . 8 0 7  

( 4 . 3 2 2 ) 4 . 7 8 9  

( S . E .  B 1 ) B 2 ( S . E .  B 2 ) R2 

( 0 . 9 0 8 ) - 0 . 2 6 1  ( 0 . 0 4 1 ) 0 . 6 3  

( 0 . 4 0 7 ) - 0 . 1 0 8 ( 0 . 0 1 7 )  0 . 7 3 

( 0 . 4 9 2 )  - 0 . 1 4 6 ( 0 . 0 1 9 )  0 .  7 1 

( 0 . 6 8 3 )  - 0 . 1 8 1  ( 0 . 0 2 6 ) 0 . 6 7 

n 

2 7  

2 7  

2 7  

2 7  

N 
N 
Ul 



Appendix 3 . 6  

Species 

Bean 

Soy bean 

I n forma t i o n  f rom growth curves o f  nodule dry we ight ( dependent var i a b l e ) ,  o f  determinate 

and i ndeterminate beans and s oybeans , regres sed a ga i n s t  t ime ( i ndependent var iable ) 

u s i n g  quadratic equation f orm ( Y = B 0 + B 1 x + B 2 x2 ) .  

Growth 
type 

D 

D 

I 

- 2 7 . 0 0 5  

- 1 6 . 1 4 5 

- 9 . 8 1 8  

- 1 0 . 0 5 1  

( S . E .  B0 ) 

( 3 . 9 2 5 ) 

( 1 . 6 5 6 ) 

( 1 . 1 3 7 )  

( 0 . 7 3 5 ) 

B l ( S . E . B 1 ) 

4 . 4 8 4  ( 0 . 7 4 1 ) 

2 . 5 4 6  ( 0 . 3 1 8 )  

0 . 9 4 8  ( 0 . 2 0 9 ) 

0 . 9 7 8  ( 0 . 1 3 5 )  

B 2 ( S . E . B 2 )  

- 0 . 1 9 3 ( 0 . 0 3 3 ) 

- 0 . 1 0 2 ( 0 . 0 1 4 )  

- 0 . 0 2 6  ( 0 . 0 0 9 ) 

- 0 . 0 2 2  ( 0 . 0 0 6 ) 

R2 

0 . 6 5 

0 . 7 8 

0 . 8 3 

0 . 9 5 

n 

3 0  

3 3  

3 6  

3 6  

N 
N 
(j) 



Appendix 3 . 7  

Species 

Bean 

Soy bean 

I n f ormation f rom growth curves o f  total p lant n itrogen ( dependent variable ) ,  o f  

determinate and indetermi nate beans and s oybeans , regres s ed agai n s t  t ime ( independent 

var i ab l e ) u s i ng quadratic equat i on f orm [ Ln ( Y )  = B0 + B 1 x + B
2 x2 ] . 

Growth 
type 

D 

I 

D 

I 

B 0 

- 1 . 5 9 0  

- 0 . 9 0 2  

2 . 0 6 7  

2 . 8 3 4  

( S . E .  B 0 ) B 1 

( 0 . 0 6 8 ) 1 . 0 5 3  

( 0 . 8 5 9 ) 0 . 8 6 6  

( 1 . 6 3 0 ) 0 . 2 5 8  

( 1 . 6 1 2 )  0 . 0 4 4  

( S . E .  B1 ) B 2 ( S . E .  B 2 ) R2 

( 0 . 1 8 3 ) - 0 . 0 3 9  ( 0 . 0 0 8 ) 0 . 8 5 

( 0 . 1 4 8 )  - 0 . 0 2 5  ( 0 . 0 0 6 ) 0 . 9 5 

( 0 . 2 5 8 ) - 0 . 0 0 4  ( 0 . 0 0 9 ) 0 . 6 9 

( 0 . 2 5 5 ) - 0 . 0 1 0  ( 0 . 0 0 9 )  0 . 8 9 

n 

2 7  

2 7  

2 7  

2 7  

N 
N 
-...) 



Appendix 3 . 8  I n forma t i on f rom l i near regr e s s i on o f  total p l ant n it rogen ( dependent 

var ia b l e ) regres s ed a g a i n s t  nodule dry wei ght ( independent var iable ) 

with the equ a t i on f orm Ln ( Y )  = B0 + B 1 X .  

Species 

Bean 

Soy bean 

Growth 
type 

D 

I 

D 

I 

Bo 

4 . 0 7 9  

4 . 6 0 3  

3 . 9 8 9  

4 .  1 3 4 

( S . E . B0 ) 

( 0 . 0 8 7 ) 

( 0 . 2 2 1 ) 

( 0 . 0 6 5 ) 

( 0 . 0 7 7 ) 

B l 

3 . 8 2 6  

1 • 9 3 4 

4 . 9 0 6  

2 . 5 3 3  

( S . E . B1 ) 

( 0 . 3 2 8 ) 

( 0 . 4 1 6 )  

( 0 .  4 0 9 ) 

( 0 . 2 0 1 ) 

R2 

0 . 8 8 

0 . 5 3 

0 . 8 8 

0 . 8 9 

n 

2 1  

2 1  

2 1  

2 1  

IV 
IV 
00 



Appendix 4 . 1  

Plant 
Character 

Leaf 

Stem 

Root 

Pod 

Total 

I n f orma t i on f r om growth curves o f  plant dry we i gh t s  ( dependent var i ab l e ) ,  o f  determi nate 

and i ndeterminate s oybeans ,  regre s sed aga i n s t  t ime ( independent var i ab l e ) u s i ng quadratic 

equation form ( Ln ( Y )  = B 0  + B 1 x + B 2 x2 ) or l i near equa t i on f orm ( Y  = B 0  + B 1 x ) . 

Growth R 0 
type 

D - 6 . 1 1 6 

I - 5 . 0 4 6  

D - 7 . 1 5 5 

I - 8 . 1 1 8 

D - 3 . 4 4 3  

I - 6 . 5 6 3  

D - 2 1 . 1 5 5 

I - 4 0 . 5 3 3  

D - 4 . 8 8 1  

I - 4 . 4 5 9  

( S . E .  B 0 ) B 
1 

( 0 . 9 4 6 ) 1 . 9 2 1 

( 1 . 0 8 0 ) 1 . 5 3 4  

( 0 . 9 9 9 ) 2 . 0 3 2  

( 1 . 1 9 0 )  2 .  1 8 3 

( 1 . 2 7 3 ) 0 . 8 2 3  

( 1 . 8 0 1 ) 1 . 6 8 8  

( 1 . 5 9 4 ) 3 . 4 8 0  

( 3 . 6 5 8 ) 5 . 6 3 2  

( 0 . 9 1 5 )  1 . 6 1 6 

( 0 . 7 9 8 ) 1 . 4 7 9 

( S . E .  B 
1 ) B

2 ( S . E .  B 2 ) R2 n 

( 0 . 2 7 8 ) - 0 . 1 1 8 ( 0 . 0 2 0 ) 0 . 8 8 2 5  

( 0 . 2 7 6 ) - 0 . 0 7 6 ( 0 . 0 1 7 ) 0 . 9 2 2 5  

( 0 . 2 9 4 ) - 0 . 1 2 3 ( 0 . 0 2 1 ) 0 . 9 0 2 5  

( 0 . 3 0 4 ) - 0 . 1 1 3 ( 0 . 0 1 9 )  0 . 9 3 2 5  

( 0 . 3 7 5 ) - 0 . 0 5 0  ( 0 . 0 2 7 ) 0 . 4 7 2 5  

( 0 . 4 6 0 ) - 0 . 0 8 8  ( 0 . 0 2 9 ) 0 . 7 8 2 5  

( 0 . 2 1 0 )  0 . 9 4 2 0  

( 0 . 4 2 7 ) 0 .  9 1 2 0  

( 0 . 2 6 9 ) - 0 . 0 8 3  ( 0 . 0 1 9 )  0 . 9 5 2 5  
N 

( 0 . 2 0 4 ) - 0 . 0 6 4  ( 0 . 0 1 3 ) 0 . 9 8 2 5  � 



Appendix 4 . 2  I n fo rmation f r om growth curve s o f  l e a f  area per p l ant ( dependent var i ab l e ) , o f  

determinate a n d  i ndeterminate s oybeans , regres s ed a g a i n s t  t ime ( independent var i ab l e ) 

u s i ng quadratic equation f orm ( Ln ( Y )  = B 0 + B 1 x + B 2 x2 ) .  

Growth 
type 

D 

I 

- 1 . 0 3 2  

0 . 6 5 3  

( S . E .B  0 > B 1 

( 0 . 8 6 9 ) 1 . 9 9 9  

( 1 . 4 2 1 ) 1 • 5 6  3 

( S . E . E 1 > B 2 ( S . E . B 2 > R2 

( 0 . 2 5 6 ) - 0 . 1 2 4  ( 0 . 0 1 8 )  0 . 9 0 

( 0 . 3 6 3 ) - 0 . 0 8 4  ( 0 . 0 2 3 ) 0 . 7 8 

n 

2 5  

2 5  

N 
w 
0 



Appendix 4 . 3  I n fo rma t i on f rom growth curves o f  nodu l e  dry wei ght ( dependent var ia b l e ) ,  o f  determi nate 

and i ndeterminate s oybeans ,  reares s e d  agai n s t  t i me ( i ndependent variabl e ) u s i ng quadratic 

equ a t i on f orm ( Ln ( Y )  = 13 0 + � 1 x + B 2 
x2 ) .  

Growth 
type 

D 

I 

0 ( S . E .  B 0 ) 

- 6 . 0 0 2  ( 1 . 0 4 3 )  

0 . 6 6 6  ( 1 . 2 1 4 )  

B l ( S . E .  B 1 > 

1 • 4 3 8 ( 0 . 3 0 7 ) 

- 0 . 4 3 6  ( 0 . 3 1 0 )  

B 2 ( S . E . B 2
> 

- 0 . 0 9 2  ( 0 . 0 2 2 ) 

0 . 0 4 3  ( 0 . 0 1 9 )  

R2 

0 .  7 1 

0 . 8 5 

n 

2 5  

2 5  

(\.) 
w 



Appendix 4 . 4  I n fo rmation f r om curves o f  i ntegrated acetylene redu c t i on activity ( dependent var iabl e )  

o f  determinate and i ndeterminate soybean s , r egre s sed agai n s t  t i me ( i ndependent variable ) ,  

u s ing quadra tic equa t i on f orm ( Ln ( Y ) = B 0 + B 1 x + B 2 x 
2 ) .  

Growth B O ( S . E . B 0 ) 
type 

D - 1 1 . 3 1 6  ( 1 . 7 6 0 ) 

I - 5 . 6 1 0 ( 2 . 6 2 7 )  

B l ( S . E . B 1 ) 

3 . 2 3 7  ( 0 . 4 7 7 ) 

1 . 3 1  9 ( 0 . 6 2 6 ) 

B 2 ( S . E . B 2 ) 

- 0 . 1 8 0 ( 0 . 0 3 2 ) 

- 0 . 0 3 9  ( 0 . 0 3 7 ) 

R2 

0 . 9 6 

0 . 9 6 

n 

2 0  

2 0  

N 
w 
N 



Appendix 4 . 5  I nf ormat i on f r om l inear regres s ion o f  total pl ant n i trogen ( dependent var i ab l e )  

r eg r e s sed agai n s t  i ntegrated acetyl ene r educti on activity ( independent var i abl e ) 

with equation f o rm Y = B 0 + B 1 x . 

Growth B. 0 
type 

D 2 2 8 . 3 2 

I 5 0 5 . 8 9 

( S . E .  B 0 ) 
.B 1 

( 4 8 . 0 7 )  1 6 . 3 3 

( 5 6 . 0 7 )  2 1  . 1 1  

( S . E .  B; l ) R2 n 

( 2 .  6 8 ) 0 . 6 7 2 0  

( 2 .  2 3 ) 0 . 8 3 2 0  

N 
w 
w 



Appendix 4 . 6  I n f o rmat i on f rom l i ne a r  r e g r e s s i o n  of t o t a l  p l a n t  n i t rogen ( dependent v a r i ab l e )  

r e g re s s ed aga i n s t  nod u l e  d r y  w e i g h t  ( i ndependent var i ab l e ) w i t h  t h e  equ a t i on f orm 

Ln ( Y ) = B O + B 1 X • 

Growth B 0 
type 

D 3 . 8 3 

I 5 . 5 5 

( S . E . B 0 > B 1 

( 0 . 3 0 )  3 . 5 7 

( 0 . 1 5 )  0 . 9 3 

( S . E .  B 1 > R2 n 

( 0 . 5 2 )  0 . 6 8 2 5  

( 0 . 1 2 )  0 . 7 0 2 5  

N 
w 
..!::> 



Appendix 4 . 7  

Plant 
Character 

Leaf 

Stem 

Pod 

Total 

I n f orma t i o n  f r om g r owth curves of pl an t  n i t rogen ( depende n t  var i a b l e ) ,  of determinate 

a nd indetermi n a t e  s oybean s , r e g re s s e d  aga i n s t  t ime ( i nd ependent var i a b l e ) u s i ng 

quadratic equa t i on form ( Ln ( Y )  = B 0 + B 1 x + B 2 x2 ) ,  o r  l i ne a r  equa t i on f orm 

( Y = B 0 + B 1 x ) . 

Growth 
type 

D 

I 

D 

I 

D 

B o  

- 4 . 3 7 2  

- 0 . 5 4 6  

- 9 . 4 0 6  

- 5 . 1 1 2  

- 8 9 1 . 8 3 4  

I - 1 5 8 6 . 6 8 6  

D 3 . 2 0 1  

I 1 . 0 2  3 

( S . E .  B 0 ) 

( 1 . 0 2 5 ) 

( 1 . 3 3 2 ) 

( 1 . 2 2 5 ) 

( 1 . 9 8 8 ) 

( 9 2 . 8 6 2 ) 

( 1 4 6 . 4 0 8 ) 

( 0 . 9 8 4 ) 

( 0 . 9 5 3 )  

B 1 

2 . 6 5 8  

1 .  5 1 7  

3 . 8 8 4  

2 . 2 4 3  

1 4 8 . 8 7 1  

2 2 1 . 0 7 0  

2 . 2 4 1  

1 . 0 5  0 

( S . E .  B 1 ) 

( 0 . 3 0 1 ) 

( 0 . 3 4 0 ) 

( 0 . 3 6 0 ) 

( 0 . 5 0 8 ) 

( 1 2 . 2 4 6 ) 

( 1 7 . 0 7 7 ) 

( 0 . 2 8 9 ) 

( 0 . 2 4 4 ) 

B
2 

- 0 . 1 8 0  

- 0 . 0 8 6  

- 0 . 2 7 3  

- 0 . 1 2 1  

- 0 . 1 3 0 

- 0 . 0 4 3  

( S . E .  B 2 > 

( 0 . 0 2 1 ) 

( 0 . 0 2 1 ) 

( 0 . 0 2 6 ) 

( 0 . 0 3 2 ) 

( 0 . 0 2 1 ) 

( 0 . 0 1 5 )  

R2 

0 . 8 2 

0 . 6 7 

0 . 8 4 

0 . 7 9 

0 . 8 9 

0 . 9 0 

0 . 9 4 

0 . 9 5 

n 

2 5  

2 5  

2 5  

2 5  

2 0  

2 0  

2 5  

2 5  

N 
w 
Ul 



Appendix 5. 1 I n f orma t i o n  f r om g r owth c urve s o f  t o t a l  p l a nt d r y  we i g h t  ( dependent var i a b l e ) ,  o f  

d e t e rmi nate a n d  f o u r  t r ea tme n t s  o f  indeterminate s oybean s , r e g re s s ed aga i n s t  t ime 

( i ndependent v a r i a bl e ) u s i n g  quadra t i c  equ a t i on f orm ( Ln ( Y )  = B0 + B 1 x B 2 x 2 ) .  

Treatment Bo { S . E .  B0 ) B l { S . E . B 1 ) B2 { S . E . B2 ) R2 n 

UD - 3 . 2 0 1  ( 0 . 9 5 5 ) 1 . 1 9 3 ( 0 . 2 8 1 ) - 0 . 0 5 4  ( 0 . 0 2 0 ) 0 . 9 4 2 5  

UI - 5 . 2 8 1  ( 1 . 2 9 7 ) 1 . 6 5 5  ( 0 . 3 3 2 ) - 0 . 0 7 3  ( 0 . 0 2 1 ) 0 . 9 5 2 5  

1 2  - 2 . 6 5 7  ( 1 . 6 1 4 )  0 . 9 4 9  ( 0 . 4 1 3 ) - 0 . 0 3 4  ( 0 . 0 2 6 ) 0 . 8 9 2 5  

I l  - 3 . 4 9 2  ( 1 . 4 7 1 ) 1 .  1 9 1  ( 0 . 3 7 6 ) - 0 . 0 4 8  ( 0 . 0 2 3 ) 0 . 9 2 2 5  

I2P - 1 . 3 2 6  ( 1 . 1 1 2 )  0 . 6 3 8  ( 0 . 2 8 4 ) - 0 . 0 1 6  ( 0 . 0 1 8 )  0 . 9 4 2 5  

N 
w 
0"\ 



� 5 . 2  I n f orma t i on f r om g rowth curves o f  l e a f  area per p l ant ( dependent var i a b l e ) ,  o f  

d e t e rmi natE a n d  f ou r  t r e a tmen t s  o f  indeterminate s oybean s , r e g r e s s e d  a g a i n s t  t ime 

( i ndependent v a r i a bl e ) u s i ng quadrat i c  equa t i on f orm ( Ln ( Y )  = B0 + B 1 x + B2 x2 ) .  

Treatment 

UD 

UI 

I 2  

I 1  

I2P 

B0 ( S . E .  B0 ) 

- 0 . 0 1 6  ( 0 . 8 9 5 ) 

- 0 . 1 1 4 ( 1 . 4 4 8 ) 

- 0 . 9 0 3  ( 1 . 4 7 9 ) 

0 . 2 1 9 ( 1 . 3 6 9 ) 

3 . 1 1 6 ( 1 . 2 6 3 ) 

B 1 ( S . E . B 1 ) 

1 . 7 4 6  ( 0 . 2 6 3 )  

1 . 6 9 2  ( 0 . 3 7 0 ) 

1 . 8 8 2  ( 0 . 3 7 8 ) 

1 . 6 2 6  ( 0 . 3 5 0 ) 

0 . 8 1 9  ( 0 . 3 2 3 ) 

B2 ( S .  E .  B2 ) 

- 0 . 1 0 7 ( 0 . 0 1 9 )  

- 0 . 0 9 0  ( 0 . 0 2 3 ) 

- 0 . 1 1 0 ( 0 . 0 2 3 ) 

- 0 . 0 9 2  ( 0 . 0 2 2 ) 

- 0 . 0 4 2  ( 0 . 0 2 0 ) 

r/ 

0 . 8 8 

0 • 8 1 

0 . 6 4 

0 . 7 0 

0 . 6 3 

n 

2 5  

2 5  

2 5  

2 5  

2 5  

N 
w 
-._J 



Appendix 5 . 3  I n f orma t i o n  f r om g rowth curves o f  s t ern d r y  we i g h t  ( dependent v a r i a b l e ) ,  o f  

d e t e rmi nate a n d  i n d e termi n a t e  s oybean s ,  regre s s ed aga i n s t  t ime ( i ndependent 

va r i ab l e ) u s i n g  quadr a t i c  equ a t i on f orm ( Ln ( Y )  = B0 + B 1 x + B2 x2 ) .  

Treatment B0 ( S . E .  B0 ) B l ( S . E .  B 1 ) B2 ( S . E .  B2 ) R2 

UD - 5 . 8 0 1  ( 1 . 0 5 9 ) 1 . 6 7 4 ( 0 . 3 1 1 ) - 0 . 0 9 6  ( 0 . 0 2 2 ) 0 . 8 9 

UI - 9 . 0 4 4  ( 1 . 5 4 5 ) 2 . 3 9 0  ( 0 . 3 9 5 ) - 0 . 1 2 3  ( 0 . 0 2 5 ) 0 .  9 1  

1 2  - 8 . 2 4 0  ( 1 . 9 9 6 ) 2 .  1 7 7  ( 0 . 5 1 0 )  - 0 . 1 1 6 ( 0 . 0 3 2 ) 0 . 7 9 

I l  - 8 . 8 3 9  ( 1 . 9 7 5 ) 2 . 3 6 5  ( 0 . 5 0 5 ) - 0 . 1 2 8 ( 0 . 0 3 1 ) 0 .  8 1  

I2P - 8 . 0 5 8  ( 1 . 2 3 7 ) 2 .  1 2 0  ( 0 . 3 1 6 )  - 0 . 1 1 1  ( 0 . 0 2 0 ) 0 . 9 2 

n 

2 5  

2 5  

2 5  

2 5  

2 5  

N 
w 
00 



Appendix 5 . 4 I n f o rma t i on f r om g rowth c u r v e s  of r o o t  dry w e i g h t  ( dependent var i a b l e ) ,  o f  

determinate a n d  f o u r  t r e a tment s o f  i nd e t e rmj n a t e  s oybean s ,  regre s s ed a g a i n s t  

t i me ( independent var i a bl e ) u s i ng quad ra t i c  equ a t i on f orm ( Ln ( Y )  = B0 x + B 2 x2 ) .  

Treatment Bo ( S . E .  B0 ) B 1 ( S . E .  B 1 ) B2 ( S . E . B2 ) R2 n 

UD - 1 . 2 1 3 ( 1 . 5 4 5 )  0 . 3 6 1  ( 0 . 4 5 5 ) - 0 . 0 2 0  ( 0 . 0 3 2 ) 0 .  1 0 2 5  

UI - 6 . 7 1 8  ( 1 . 4 1 7 ) 0 . 7 9 7  ( 0 . 3 6 2 ) - 0 . 0 9 7  ( 0 . 0 2 2 ) 0 . 8 2 2 5  

I2  - 0 . 5 2 1  ( 2 . 1 7 2 )  0 .  1 5 9  ( 0 . 5 6 6 ) - 0 . 0 0 1  ( 0 . 0 3 5 ) 0 . 4 4 2 5  

I 1  - 5 . 5 1 1 ( 1 . 7 0 1 ) 1 . 4 8 6  ( 0 . 4 3 5 ) - 0 . 0 8 2  ( 0 . 0 2 7 ) 0 . 6 2 2 5  

I2P - 3 . 0 1 3  ( 2 . 2 7 5 ) 0 .  9 1 1 ( 0 . 5 8 2 ) - 0 . 0 5 0  ( 0 . 0 3 6 ) 0 . 2 7 2 5  

N 
w 
\.0 



Appendix 5 . 5  I n f orma t i o n  f rom l i ne a r  r e g re s s i o n  of s hoot : root r a t i o  ( dependent v a r i a b l e ) ,  o f  

determinate a n d  f o u r  t r eatme n t s  o f  i ndeterminate s oybean s ,  regre s s ed a g a i n s t  t ime 

( i ndependent var i a b l e ) u s i ng l in e a r  equ a t i on f orm ( Y  = B0 + B 1 x )  

Treatment 

UD 

U1 

1 2  

1 1  

12P 

Bo 

- 1 4 . 6 6 8  

- 8 . 3 3 6  

- 6 . 7 7 4  

- 9 . 7 8 9  

- 9 . 6 9 8  

( S . E . B0 ) 

( 2 . 3 5 1 ) 

( 1 . 9 0 0 ) 

( 1 . 5 3 0 ) 

( 2 .  3 9 3 ) 

( 2 . 2 5 5 ) 

B l 

3 . 3 2 7  

1 . 8 4 6  

1 . 6 3 2  

2 . 0 6 6  

1 • 9 1 7 

( S . E .  B 1 ) 

( 0 . 3 2 9 ) 

( 0 . 2 3 4 ) 

( 0 . 1 8 8 )  

( 0 . 2 9 5 ) 

( 0 . 2 7 7 ) 

R2 

0 . 8 2 

0 . 7 3 

0 . 7 6 

0 . 6 8 

0 . 6 7 

n 

2 5  

2 5  

2 5  

2 5  

2 5  

N 
� 
0 



Appendix 5 . 6  I n f orma t i o n  f rom g r owth curves o f  nod u l e  dry w e i g h t  ( dependent v a r i a b l e ) of 

d e t e rmi nate and f o u r  t r e a tmen t s  o f  i nd e t e rminate s oybean s , regre s s ed aga i n s t  

t ime ( i ndependent v a r i a b l e ) u s i ng quadra t i c  equ a t i o n  f orm ( Ln ( Y )  = B0 + B 1 x 
2 B 2 X ) . 

Treatment Bo ( S . E . B0 ) B l ( S . E . B1 ) B2 ( S . E . B2 ) R2 

UD - 5 . 0 2 0  ( 1 . 3 4 8 ) 1 .  1 1  2 ( 0 . 3 9 7 ) - 0 . 0 6 5  ( 0 . 0 2 8 ) 0 . 6 6 

UI - 1 . 8 1 7  ( 1 . 5 8 7 ) 0 .  1 4 0  ( 0 . 4 0 6 ) 0 . 0 0 9  ( 0 . 0 2 5 ) 0 . 8 1 

I 2  - 3 . 5 7 2  ( 1 . 4 5 6 ) 0 . 6 6 6  ( 0 . 3 7 2 ) - 0 . 0 2 6  ( 0 . 0 2 3 )  0 . 7 8 

I l  - 2 . 7 3 7  ( 1 . 1 8 6 )  0 . 4 6 1  ( 0 . 3 0 3 ) - 0 . 0 1 6  ( 0 . 0 1 9 ) 0 . 8 0 

I2P - 0 . 9 1 6  ( 1 . 0 3 7 ) - 0 . 0 4 8  ( 0 . 2 6 5 ) 0 . 0 1 7  ( 0 . 0 1 6 )  0 . 8 6 

n 

2 5  

2 5  

2 5  

2 5  

2 5  

N 
.j::> 



Appendix 5 . 7  I n f orma t i on f rom l i n e a r  r e gr e s s i on o f  t o t a l  plant n i trogen ( dependent v a r i a bl e ) 

o f  determinate and f o u r  t r eatme n t s  o f  i n d e te rmi n a t e  s oybean s ,  regre s s ed a ga i n s t  

nodu l e  d r y  w e i g h t  ( i ndependent v a r i ab l e ) u s i ng l i ne a r  equa t i on f orm ( Ln ( Y )  = 

B0 + B 1 x ) . 

Treatment Bo ( S . E . B0 ) s ,  ( S . E . B1 ) R2 

UD 4 .  1 9 0  ( 0 . 2 2 4 ) 3 .  1 5 2  ( 0 . 3 4 9 ) 0 . 7 8 

UI 5 . 5 6 0  ( 0 . 1 3 9 )  1 • 2 3  4 ( 0 . 1 2 4 )  0 . 8 1 

12  5 .  1 8 4  ( 0 . 1 0 3 )  1 • 5 2  7 ( 0 . 1 0 8 )  0 . 9 0 

I l  5 .  1 5 0  ( 0 . 1 2 2 )  1 • 5 6 4  ( 0 . 1 1 9 )  0 . 8 8 

I2P 5 . 2 8 8  ( 0 . 1 0 9 )  1 • 3 8 2  ( 0 . 1 1 2 )  0 . 8 7 

n 

2 5  

2 5  

2 5  

2 5  

2 5  

N 
.;:::. 
N 



Appendix 5 . 8  I n f orma t i on f rom g r owth c urve s of t o t a l  p l ant n i trogen ( dependent v a r i a b l e ) ,  

of d e t e rmi n a t e  and four t re a tme n t s  o f  i nd e t e rmi n a t e  s oybean s , regre s s ed aga i n s t  

t ime ( independent var i ab l e ) u s ing quadr a t i c  equat i o n  f orm ( Y  = B0 + B 1 + B2 x2 ) .  

Treatment Bo ( S . E . B0 ) B l ( S . E . B 1 ) B2 ( S . E . B2 ) R2 

UD - 2 . 8 8 6  ( 0 . 9 2 8 ) 2 .  1 9  0 ( 0 . 2 7 3 ) - 0 . 1 2 4 ( 0 . 0 1 9 ) 0 . 9 5 

UI - 1 . 0 8 1  ( 1 . 5 8 7 ) 1 .  6 2 3  ( 0 . 4 0 6 ) - 0 . 0 7 7  { 0 . 0 2 5 ) 0 . 8 9 

1 2  0 . 3 6 8  { 1 . 3 9 7 ) 1 .  2 3 1 { 0 . 3 5 7 ) - 0 . 0 5 6  { 0 . 0 2 2 ) 0 . 8 9 

I l  0 . 5 3 5  { 1 . 3 2 9 ) 1 . 2 2 6  { 0 . 3 4 0 ) - 0 . 0 5 6  { 0 . 0 2 1 ) 0 . 8 9 

I 2P 2 .  1 9 9  { 0 . 9 5 1 ) 0 . 7 7 7  { 0 . 2 4 3 ) - 0 . 0 2 8  { 0 . 0 1 5 )  0 . 9 4 

n 

2 5  

2 5  

2 5  

2 5  

2 5  

N 
,j::. 
w 



Appendix 5 . 9  I n f orma t i on f rom g rowth curves o f  l ea f  and s tem n itrogen ( dependent var i ab l e ) ,  

o f  d e t e rmi n a t e  and f ou r  t reatmen t s  o f  i nd e t e rmi nate s oybean s , regr e s s e d  aga i n s t  

t ime ( i ndependent v a r i a b l e ) u s ing quad ra t i c  equa t i o n  f orm ( Ln ( Y )  = B0 + B 1 x + 
2 B2 X ) • 

Treatment 

UD 

UI 

12 

I l  

I2P 

Bo 

- 5 . 6 1 0  

- 2 . 9 7 4  

- 2 . 6 0 9  

- 2 . 3 3 5  

- 0 . 1 5 7 

( S . E . B0 ) 

( 1 . 0 5 4 ) 

( 1 . 8 6 7 ) 

( 1 . 4 0 3 )  

( 1 . 4 8 7 ) 

( 0 . 9 7 0 ) 

B 1 ( S . E . B1 ) 

3 . 0 9 2  ( 0 . 3 1 0 )  

2 . 1 7 9 ( 0 . 4 7 7 ) 

2 . 1 0 5 ( 0 . 3 5 9 ) 

2 . 0 7 0  ( 0 . 3 8 0 ) 

1 . 4 5 8  ( 0 . 2 4 8 ) 

B2 

- 0 . 2 0 1  

- 0 . 1 2 0 

- 0 . 1 2 2  

- 0 . 1 1 9 

- 0 . 0 7 9  

( S . E . B2 ) 

( 0 . 0 2 2 ) 

( 0 . 0 3 0 ) 

( 0 . 0 2 2 ) 

( 0 . 0 2 4 ) 

( 0 • 0 1 5 ) 

R2 

0 . 9 0 

0 . 7 6 

0 . 7 5 

0 . 7 2 

0 . 8 5 

n 

2 5  

2 5  

2 5  

2 5  

2 5  

N 
*'" 
*'" 



Appendix 5 . 1 0  I n f orma t i on f r om l i ne a r  r e gr e s s i on of pod n i trogen ( dependent v a r i a bl e ) o f  

determinate , a n d  f o u r  tr eatmen t s  o f  i nd e t e rminate s oybean s ,  regre s s ed a g a i n s t  

t ime ( i ndependent v a r i a b l e ) u s i n g  l i ne a r  equ a t i on f orm ( Y  = B0 + B 1 x ) . 

Treatment Bo ( S . E . B0 ) B l ( S . E . B1 ) R2 

UD - 1 3 9 6 . 3 3 ( 1 9 2 . 1 1 )  2 1 0 . 0 9 ( 2 3 . 8 9 ) 0 . 8 5 

01 - 2 3 0 8 . 1 4  ( 2 2 5 . 8 1 ) 3 0 2 . 8 4 ( 2 4 . 9 9 )  0 . 9 2 

1 2  - 2 1 7 2 . 2 1  ( 2 4 5 . 2 1 ) 2 8 2 . 3 1  ( 2 7 . 1 3 )  0 . 8 9 

1 1  - 2 3 1 8 . 7 2 ( 2 2 5 . 9 0 )  3 0 1 . 3 9 ( 2 4 . 9 9 )  0 . 9 2 

12P - 1 9 2 3 . 2 6 ( 1 3 3 . 2 0 )  2 4 8 . 0 3 ( 1 4 . 7 4 0 . 9 6 

n 

1 5 

1 5 

1 5 

1 5 

1 5 

N 
� 
Ul 
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