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ABSTRACT 

This thesis reports the results of three complementary studies in which 

the growth pattern of soybean cultivars Matara (semideterminate) and 

Amsoy (indeterminate) were compared. The first trial studied the 

effects of interplant competition on soybean plant growth with 

particular emphasis on reproductive development. A NeIder's radial 

spacing design (type la) was used which provided plant densities 

ranging from 5.8 up to 6 1 . 2 plants.m-2• The second study involved a 

histological and morphological study of glasshouse grown soybean 

flowers and field grown soybean pod samples to detect possible causes 

of floral and seed abortion. The third experiment determined the 

effect of intraplant competition on reproductive development using 

young leaf removal treatments with glasshouse grown soybeans. 

Although interplant competition created by increasing plant density 

reduced vegetative growth and suppressed reproductive growth such as 

daily flower production, flowering period and total flower number per 

plant, it had no significant effect on the rate of reproductive 

abortion. 

The semideterminate Matara showed less vegetative growth during the 

reproductive phase than Amsoy and produced about half the flowers in a 

flowering period which was on average 7 days shorter. However, Matara 

was capable of producing a similar seed yield to Amsoy at all 

densities. This was because Matara had significantly lower rates of 

reproductive abortion than Amsoy (average 65 vs 8 2 %, respectively). 

Neither problems in pollination nor lack of fertilization was found to 

be an important cause of flower abortion. It was found that 99 and 95% 
of the classifiable ovules in normal flowers of Matara and Amsoy, 

respectively, had been fertilized. Seed abortion within a pod occurred 

at every stage as a result of the curtailment of subsequent 

development, and was most frequent in the basal position. 

Reproductive abortion in glasshouse grown soybean occurred at all 
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stages but was more pronounced at the flowering stage (68% for Matara 

and 71% for Amsoy). Young pod (� 2 -cm long) abortion was 9% for Matara 

and 11% for Amsoy, whereas large pod (>2-cm long) was less than 1% in 

both cultivars . 

Mechanical manipulation to reduce intraplant competition by young leaf 

removal (YLR) proved that competition between vegetative and 

reproductive growth certainly existed. In Amsoy YLR diverted 

assimilate flow into reproductive growth, especially at the R3 growth 

stage. YLR by 50% starting at growth stage R3 increased flower and pod 

numbers per plant both by 44% in Amsoy, but did not significantly 

increase seed yield. However, YLR in Matara, which showed a less 

plastic pattern of growth, caused detrimental effects, especially with 

100% YLR at growth stages Rl and R3 which significantly reduced seed 

yields. In this experiment, YLR did not change the rate of combined 

reproductive abortion in either variety. 

The consistency of rate of total combined reproductive abortion in both 

field grown and glasshouse grown soybeans, regardless of large 

differences in inter- and intraplant competition suggests that 

reproductive abortion in soybean is under genetic control, possibly 

through hormone action. A model for explaining assimilate flow in 

reproductive development as affected by YLR is discussed and emphasizes 

the likelihood of a role for hormones in this process. Suggestions are 

made for future work in this area based on the detailed understanding 

of the reproductive morphology of these two cultivars which has been 

gained from this study. 



SEED APPEARANCE (100 SEEDS) FROM 6 HARVESTING TIMES 

(DAYS AFTER PEAK FLOYERING, DAPF) , 
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OCCURRING AT THE BASAL POSITION OF THREE-SEEDED PODS 

IN MATARA SOYBEAN 
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CHAPTER 1 

GENERAL INTRODUCTION 

Soybean i s  t he world ' s  mos t importan t  oi lseed and grain legume crop , 

havi ng a h igh con ten t  o f  bo th protein  ( ca .  40% ) and o i l  ( ca .  20% ) . 

I t  o rigina t ed in  China where f i rs t wr i t ten records date back t o  2838 

B . C .  ( Probs t and Judd , 1973) . Early records also i nd i c a t e  t ha t  the 

s oybean was one of  the f i ve sacred food-crop s eeds along wi th  r i ce ,  

whea t , barley and mi lle t which were cons i dered essen t ial t o  the 

exi s tence o f  Chi nese ci v i l i za t ion . Soybeans cont inue to be an 

i mpor t an t  c rop in China and have also now become the p r i me world s ource 

of vege table oil for human consump t i on and of p ro tein  for ani mal  feed . 

In  recen t years , more emphas i s  has been p laced on p roducing and 

process ing soybeans for high-pro tein  meal as well as for vege t able o i l .  

Soybean pro t e i n  now ou t ranks all o ther food pro t e i ns i n  the worldwide 

nu t r i t i on p rogramme ( Smi th and Ci rcle , 1980 ) . Soybeans con t a i n  

essen t i al ami no ac ids f o r  an imal and human foods , and are a h i gh and 

avai lable source of calcium , phosphorus and thiamine ( v i t am i n  B1 ) 

( Mar t in e t  al . ,  1976 ) . In the i mmed iate  fu ture , the s t rong demand f o r  

soybean meal and o i l  i s  expected to con t i nue and to double b y  t h e  year 

2000 ( Hume et al . , 1985 ) .  

Al though the or igins o f  the soybean were i n  the O r i en t , produ c t i on 

there i s  now great ly exceed ed by tha t  i n  Nor t h  Ame r i ca and Braz i l .  

Between 1 9 7 1  and 198 2 , world p roduc t i on more than doubled , mai n ly 

because o f  increases i n  ou tput  f rom the USA and Braz i l  ( Hume e t  al . , 

1985 ) . USA produc t i on ( o f  whi ch 45% was expor t ed i n  1 98 3 )  i s  

concen t ra ted i n  the central par t o f  the coun t ry ,  par t i cularly i n  

I l l i no i s  and the surround i ng Corn Bel t  s ta t es . 

In  B raz i l ,  rapid expans i on of  soybeans occurred duri ng t he period 1 965 

to  1975 when hec tarage expanded 13-fold wi t h  a 28% i ncrease in y ield  

per hec t are ( Norman , 1 9 78 ) . Potent  fac tors i n  thi s rapi d  expans i on 

were governmen tal subs i dies , t he s imul t aneous developmen t o f  the 

process i ng and marke t ing infras t ructure and a healthy world marke t f o r  
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beans , o i l  and meal . Braz i l ian soybeans now have a s i �n i f i can t impa c t  

on t he world  marke t , and Braz i l  ranks a s  the s econd larges t  producer 

nex t to  the USA . 

I n  New Zealand , increas ing amoun t s  o f  soybean produ c t s  have been 

i mpor ted in recent years . In 1984 i mpor ts  o f  s oybeans and soybean o i l  

were valued a t  US$10 , 509 , 000 , compared wi th US$695 , 000 i n  1970 ( FAO , 

1 9 7 5 ; 1986b ) . 

A l t hough experi ments wi t h  soybeans i n  New Zealand date back to  1 9 14 

( Ge rlach e t  al . , 1971 ) ,  the conclus ions from early work d i d  no t 

encourage commercial 

Kai para Co-opera t i ve 

t rial  work by the 

produc t i on .  In Nor thland , s t i mulated by t he 

Dai ry Company ' s  interes t i n  veget able oi l ,  soybean 

M i ni s t ry o f  Agr i culture and Fi sheries Research 

D i v i s i on began in 1974 ( Haysmi th , 1 9 79 ) . However , soybeans are s t i ll 

n o t  a commercially s igni f ican t crop in  New Zealand ( Piggo t e t  al . ,  

1980 ) . Agronomi cally , two problems preven t the general acceptance o f  

the crop for commerci al produc t ion . Seasonal var i a t i on i n  y ield i s  

h i gh and wea ther cond i t i ons duri ng harves t are l i kely t o  b e  

unfavourable , par t i cularly where l a t e  mat u r i ng var i e t i es a r e  sown i n  

ant i c i pa t i on o f  high y i elds ( McCormick and Anderson , 1981 ) .  However ,  

i n  nor thern par ts  o f  New Zealand , soybeans have been shown t o  be 

capable of  y ielding 2 t o  4 t . ha- 1 ( McCormick ,  1974 , 1980 ) . Such y i elds  

are con s idered to  be  relat ively high by  world s t andards ( see below ) . 

A t temp t s  have been made to reduce seasonal yield var i a t i on and t o  

i mprove soybean produ c t i v i ty i n  New Zealand b y  varietal  screeni ng and 

crop managemen t .  Hope fully in the near fu ture , soybean i mpo r t s  w i l l  be 

decreased as a resul t o f  an expan s i on in  local soybean produc t i on .  

Economi cally , soybean i s  one o f  the mos t i mpor tan t c rops i n  Thai land 

and i s  clas s i f ied as  a crop· wi th high potential  for expans i on i n  

produ c t i on (Tosun thora an� Rodvinij , 1980 ) . Recen t ly , increases i n  the 

domes t i c  and expo r t  demand for  Thai soybean have occurred as a resul t 

o f  the growth i n  popula t i on ,  an i ncrease i n  per cap i t a  i ncome and an 

i ncrease in the use of s oybeans i n  mixed and packaged foods ( Si r i rugs a , 

1984 ) . The domes t i c  demand for soybeans includes that  for soybean o i l ,  

soybean cake and soybean foods and produc t s  such as soya sauce , s oybean 

curd , and soybean m i l k .  The amount and value o f  Thai soybean expo r t s  

fluc t uates  f rom year t o  year depending upon the level o f  produ c t i on ,  
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expo r t s  ( Si r i rugsa , 1984 ) . 

to tal p roduc t ion i s  consumed 

Total  soybean produc t i on has increased in  Tha i land over t he pas t two 

decades . However ,  t h i s  i ncrease is mai nly the resul t of  an i n crease i n  

land area rather than a n  increase in  y ield per hec tare . The plan t ed 

area of  soybeans has i ncreased by abou t 7 %  annually s i nce 1 9 7 9  

( Ithara t tana , 1984 ) , and occupi ed a n  area o f  1 06 , 320 hectares i n  the  

1 985 growing season . The average y i eld o f  s oybean in Thai land f ro m  

1 9 7 9  t o  1986 was abou t 1 . 3  t . ha- 1 , whi ch i s  lower than t h a t  o f  maj o r  

soybean producing coun t r i es such a s  USA ( 2 . 1  t . ha- 1 ) and B r az i l  ( 1 . 6  

t . ha- 1 ) ( FAa, 1986a ) . Nangj u e t  al . ( 1 980) sugges ted t he reasons f o r  

poor s oybean seed y ields in  the t ropics  a r e  that envi ronmen tal  

cond i t i ons such as the  ho t ,  humid  c l imat e  and sho r t  days may no t be 

sui table for soybean whi ch i s  adapted to a t emperat e  cli ma t e  and long 

days . However ,  a t  present , soybean research i n  Thai land is in an 

act ive s tage and y i eld poten t ial i n  expe ri men tal s ta t ions is much 

grea t e r  than at the farmer level . Therefore , the average y i eld i n  

Thai land could be i n creased i f  var i e t i es and p roduc t i on techni ques were 

i mproved and were e f f i c i en t ly t rans ferred to the farme r s . 

Di f f e r ences i n  soybean yields be tween commun i t ies and coun t r ie s  are 

prima r i ly due to d i f ferences i n  crop management  ( Pendle ton and Har tw i g , 

1973 ) .  Fac tors a f fe c t ing yield i nclude plan t ing prac t i ces , p lan t ing 

pat t e rn , seed quali ty and t reatmen t , seed i nocula t i on ,  s o i l  fer t i l i ty ,  

cropp i ng sys tems , the t i l lage sys tem used , wa ter managemen t  con t ro l , 

use o f  grow th regula tors , topping and de f o l i a t ion , harves t ing and seed 

s t orage . To i mprove soybean seed y i eld , con t inued research on 

plan t -envi ronmen t relat ionshi ps should be carried out t o  prov i de a 

bas i s  of  i nforma t i on for sugge s t ing i mproved crop managemen t  prac t i ces . 

In t he presen t s tudy , an a t temp t was made t o  ident i fy fac tors  a f f e c t i ng 

soybean seed y ield and seed quali ty by s t udyi ng the e f fec t s  o f  plant  

compe t i t i on and crop man i pula t i on on soybean seed produc t i on . This  

work was car r i ed out  to iden t i fy those  aspects  o f  vege t a t ive and 

reproduc t i ve growth whi ch con t r i bu t ed mos t s igni fi cant ly to seed y ield 

and quali ty and was followed by a more  c r i t i cal appraisal o f  the causes 

of y i eld var i a t i on commonly occuring in t h i s  crop . 
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The s tudy comprises  three expe r i men ts , whi ch are p resented separa t ely 

i n  the three followi ng chap ters . Each chap t e r  has i ts own l i terature  

review , mat e rials and me thods , resul t s  and d iscus s i on .  The f i rs t  

expe r imen t ( Chap ter  2 )  cons iders the e f fec t s  o f  p lan t compe t i t i o n  as  

de term i n ed by  var i a t i ons i n  p lan t dens i ty ,  on vege t a t i ve and 

reproduc t ive developmen t and seed y ield and s eed qual i ty in two s oybean 

cul t ivars  whi ch were  d i fferen t i n  grow t h  habi t .  In t h i s  Chap t e r , 

emphas i s  i s  placed on reproduct ive develo pme n t , and par t i cular ly 

reproduc t i ve abor t i on as an impor tan t  factor  affect ing s oybean seed 

y i e ld . 

The second s tudy ( Chap ter 3 )  i nves t igates the i mpac t  o f  fer t i l iz a t i on 

on f l oral abor t i on ,  and pos i t i onal e f fe c t s  wi t h in the ovary on seed s e t  

and subsequen t developmen t .  The f i nal exp e r i men t ( Chapt e r  4 )  exam i ne s  

the rel a t i onships  be tween vege t a t ive and reprodu c t ive growth  w i t h i n  

plan t s  i n  terms o f  source-s ink rela t i on sh i p s ,  using a young leaf  

removal sys tem t o  exam ine the ef fects  o f  i n t ra-p lant compe t i t ion o n  

floral and pod abo r t ion . 

Chap t e r  5 d iscusses the overall resu l t s  w i th par t icular emphas i s  on 

fac t o r s  con t ro l l i ng soybean reproduc t ive  abo r t i on .  Scope f o r  fur ther  

s tudy i n  this  area  i s  also suggested .  



CHAPTER 2 

PLANT COMPETITION UNDER DIFFERENT POPULATION DENSITIES 

IN SOYBEAN 

2 . 1  INTRODUCTION 

Plan t popula ti on dens i ty i s  known t o  be one o f  

fac t o rs in  soybean managemen t .  The selec t ion 

popul a t ion to obtain  maximum y i eld in a given 

the mos t i mp o rtan t 

o f  the o p t i mum p lan t 

envi ronmen t i nvolves 

cons idera t ion of a number o f  i n terac t i ng factors ,  including plan t i ng 

pat t e rn ,  plan t ing da t e ,  envi ronmen tal fac t o rs , vari e tal ma turi ty and 

plan t type . These fac to rs have been cons i dered and s tud i ed by many 

workers over the pas t 50 years ( e . g .  W i ggans , 1 939 ; Shi bles and 

Webe r ,  1 966 ; Doughe rty , 1969a ; 1969 b ;  Eny i , 197 3 ;  Lue schen and 

Hi cks , 1 9 7 7 ; Domi nguez and Hume , 1978 ; McCormick and Pol l , 1 9 7 9 ; 

Safo-Kan t anka and Lawson , 1 980 ; Ales s i  and Power ,  1 98 2 ; Walker and 

F i o ri t to ,  1984 ; Re i c osky et al . ,  1985 ; and Duncan , 1 986 ) . However,  

mos t of  these s t udies have been conduc ted t o  i nves t igat e  the 

rela t ionsh i ps be tween plan t dens i ty ,  morphology o r  cro p  phys i ol ogy and 

seed y i eld . Compara t i vely l i t t le research has i nvolved s tud i e s  on the 

e f fe c t s  of plan t den s i ty on reproduc t i ve dev�o pmen t .  

Each soybean cul t i va r  has an o p t imum plan t dens i ty f o r  maxi mum seed 

y i e l d  ( Wiggans , 1 9 3 9 ;  Wi lcox , 1974 ) . D i f feren t types of g rowth hab i t 

a re also found t o  res pond d i f feren t ly t o  env i ronmen tal s t resses , 

es pecially dens i ty s t ress ( H i cks e t  al . , 1969 ; Domi nguez and Hume , 

1 9 7 8 ; Vi llalobos-Rod riguez and Sh i bles , 1985 ) . S i gn i f i can t 

i n t e rac t ions we re found among loca t i on ,  growth hab i t  and plant  

den s i ty in  Phaseolus vulgari s ,  and these fac tors a f f e c ted  y ield 

( Ni enhu i s  and S i ngh , 1985 ) . In s oybean , Herbert and Li t ch f i eld ( 1982 ) 

p o i n ted out that  s oybean cul t i vars ada p ted to  the US M i dwes t show 

l i t t le seed y i eld res ponse to  increased plan t densi ty (Wei s s , 1949 ; 

Lueschen and H i cks , 1 9 7 7 ) ,  whereas soybeans adap ted t o  more s o u t he rn 

la t i tudes show depressed seed y i elds a t  dens i t ies h igher t han no rmal 

( Eny i , 197 3 ; Hoggard et al . ,  1978 ) .  In  New Zealand , a l t ho ugh many 

s tudies have been done on the e f fec t s  o f  plant ing dens i t ies  on p lan t 

g row th and seed y i eld ( Dougherty , 1969a ; 1969b ; B rown e t  a l . , 1 97 1 ;  
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Tolent i no , 1 985 ) ,  very few o f  them have used a wide range o f  plant 

populat ion dens i t ies . A s t udy on the e f f e c t s  o f  plan t densi ty on plant 

grow th and yield i n  a wide range o f  plan t popula t i on dens i t ies 

par t i cularly us ing soybeans wi th d i f fering growth hab i t s , may therefore 

be useful for soybean yield i mprovemen t and for  an unders t andi ng of  the 

fac tors a f fect ing soybean seed yield i n  New Zealand . 

The present  exper i men t was carried ou t to  i nves t igat e  the p lan t grow t h  

response to  compe t i t ion s t ress under a wide  range o f  p lant popu la t i on 

dens i t ies in  two soybean cul t ivars , Ma tara and Amsoy . Thes e  two 

cul t i vars were chosen because they represen t two d i f feren t types o f  

growth . Matara i s  a cold t oleran t semi d e te rmina t e  cul t i var w i t h  an 

average matur i ty about two days earlier  than Maple Arrow and 10-14  days 

earlier  than Amsoy (Anderson , 1987 ) .  Yields of Matara have norma l ly 

been equivalen t t o  Amsoy i n  warm seasons but i n  cool seasons i t  has 

y i e lded more . Gen e t i cally , Ma tara is a cross be tween Amsoy and 

Por tage , the l a t ter  being an ext remely early and cold toleran t l ine 

f rom Sweden ( Anderson , 1 987 ) .  Amsoy ( an i nde termina t e  cul t ivar , 

Maturi ty Group I I )  i s  a cross be tween Adams and Harosoy and i s  found 

bes t adap ted to approximately 41 ° to 4 2 °N la t i tude ( We be r ,  1966 ) . 

Amsoy has been found mos t acceptable as a commercial and h i gh y ieldi ng 

cult i var in New Zealand ( McCormick and Anderson , 1981 ) .  

The two mai n  factors  i nvolved in  plan t popula t i on are plan t dens i ty and 

s pa t ial arrangemen t .  Rogers ( 19 7 2 ) emphas i zed that plan t ing 

arrangement i s  es peci ally i mpor tan t i n  cases where densi ty is  al t ered 

by changing row wid th wi thout changing l i near spaci ng . The rad i al 

s pacing des ign ( type 1 a )  proposed and developed by NeIder ( 19 6 2 ) s eems 

appropriately sui t able as a tool for s tudying t he e f f ec t s  of plant 

populat ion dens i ty wi thou t the con foundi ng influence of s pa t i a l  

arrangemen t .  This des i gn is  based on a grid  made by the i n t ersec t ion 

of  concen t r i c  c i r cles and wi th equal ly s paced circle rad i i .  Al though 

the plan t arrangemen t is no t s t r i c t ly square the dev i a t i on from 

squareness is only s l ight (maximum 5%)  (NeIder , 1962 ) .  Thi s  prope r ty 

o f  t he des i gn i s  an advan tage because i t  i s  known that the h i ghes t 

y ield a t  a g iven dens i ty i s  o b t a i ned when t he p lan t arrangemen t i s  

square o r  approxi mately square (Wiggans, 1939 ; Donald , 1963 ; Rogers , 

1976 ; Mack and Varseveld , 1982 ; Auld e t  al . ,  198 3 )  ' ( see also  s ec t i on 

2 . 2 . 3 . 1 ) .  
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The p r i nc i ple  o bj ec t ives o f  the s tudy cons idered i n  this  chapt e r  were 

as follows : 

2 . 2  

2 . 2 . 1  

- To s tudy the e f fe c t  o f  spac i ng s tress i nduced by a wide range 

of plant dens i t i es on soybean i nterplant compe t i t i on. 

- To d e t ermi ne the e f fect  o f  soybean plant dens i ty o n  crop 

morphology as  related to seed y i eld . 

- To s t udy t he ef fect  o f  plant dens i ty o n  f lower produc t ion ,  s eed 

development , seed yi eld and y ield component s  in soybean. 

- To compare the response of two soybean cul t ivars represen t i ng 

sem i - d e t e rmina t e  and i ndeterm i na t e  plan t types t o  p lant dens i ty 

s t ress . 

LITERATURE REVIEV 

Plan t  Compe ti tion 

2 . 2 . 1 . 1  Def i ni t i on 

The term ' compe t i t i on' has been widely used i n  vari ous  agr i cul tural 

s i tua t i o ns . Donald ( 1963 ) def i ned compe t i t ion  as 'a phenomenon whi ch 

occurs when two or more organi sms s eek the measure they requi re o f  a ny 

par t i cular fac t or or thing ,  and when the i mmed i a t e  supply o f  the 

par t i cular fac t or or thing is below the combi ned demand of t he 

o rgani sms ' .  This def i ni t i on i s  widely acce p t ed among plan t ecolog i s t s  

( Hi ll and Shimamoto , 1973 ) ,  and can also b e  appl i ed t o  i nt raplant 

compe t i t i on .  

i )  Interplant compe t i t i on 

I n t erplant compe t i t i on mos t commonly occurs as a resul t o f  

l i m i t ed suppl i es o f  rad i ant energy ( li ght ) ,  nut r i ent s , water , 

carbon d i ox i de and to  a lesser  ex tent , space ( Donald , 1963 , 

Rhodes , 1970 , E t heri ng t o n ,  1983 ) .  A few ac t ive mod i f i ca t i ons 

of the env i ronment by secre t ion of  s pe c i f i c  toxins 

( al lelopa thy ) may also be impo r tant in s ome c i rcums t ances 

( Etheri ng ton,  198 3 ;  Rose et al . , 1984 ) . 

• 
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Compe t i t ive abi l i ty - the abi l i ty o f  a plan t  to  emerge q u i ckly , 

to form a canopy rapidly ,  to  exploi t  the envi ronmen t 

e f f i c i e n t ly for growth fac tors and to  s low the growt h  o f  o ther 

compe t ing plan t s  - has been found to  d i f fer among cul t ivars . 

In soybeans , for ins tance , compe t i t ion s t ress exe r t ed by t he 

spa t i a l  arrangemen t and pheno type of surrounding plan t s  occurs 

d i f fe ren t ly among cul t ivars grown in  vari e ty mixtures ( var i e ty 

blends ) ,  or in  pure s tands ( P robs t ,  1945 ; Hanson e t  al . ,  1 9 6 1 ; 

Hinson and Hanson , 1 962 ; Schut z  and Bri m ,  1967 ; Schu t z  e t  

al . ,  1 968 ; Fehr , 1973 ; Fehr and Rodriguez , 1 9 74 ) . I n  pure 

s tand s , d i f feren t ial cul t i var responses to  changi ng plant 

s pa c i ng have been detec ted ( d i scussed later ) . Such responses 

have included d i fferen t ial effects  on y ield ( Probs t ,  1 9 45 ; 

H i cks e t  al . ,  1969 ; Cooper ,  1 97 7 ;  Cos ta e t  al . ,  1 9 8 0 ) ; 

agronomic  charac teri s t i c s  such as p lan t heigh t ( Doss and 

Thur low , 1974 ; Lueschen and Hi cks , 1 9 7 7 ; Dominguez and Hume , 

1 9 78 ) ,  leaf area ( Hi cks e t  al . , 19 69 ) , number  o f  branches 

( Lehman and Lambert , 1960 ; Lueschen and Hicks , 1 9 7 7 ) ,  number 

of pods ( Lehman and Lambe r t , 1 960 ; Dominguez and Hume , 1 9 78 ) , 

and seed f i lling per i od and seed weigh t  ( Hinson and Hanson , 

1 9 6 2 ) . These charac t e r i s t i cs are all influenced by compe t i t ion 

s t ress and have long been recogni sed as impor t an t  fac tors i n  

p lant  select ion i n  breed ing programmes ( H inson and Hanson , 

1 9 62 ) .  

Plant breeders have become interes t ed i n  the explo i t a t ion o f  

plant s t ructural d i f ferences to  improve disease avoidance , seed 

qual i ty ,  lodging res i s t ance , adap tat ion to mechan i cal 

harves t ing and seed y i eld ( Har tung et al . ,  1 980 ; Adams , 1 98 2 ; 

Fuller e t  al . , 1 982 ; Cooper and Waranyuwat , 1 985 ; 

Singh , 1985 ; Foley e t  al . , 1986 ) .  Knowledge 

N i enhui s  and 

o f  plant 

s t ructural charac t er i s t i cs and y ield rela t i onshi ps i s  there f o re 

cons i d e red to  be a necessary prerequ is i te t o  t he des ign o f  

e f fec t ive breeding s t ra t egies for increas i ng seed y i eld . The 

presen t revi ew cons iders the physiologi cal rela t ionshi ps 

be tween s t ruc tural charac t e r i s t i cs and y i eld as a resul t of 

mor phological adap t a t i on t o  spec i f i c  envi ronmen t s , par t i cularly 

unde r  d i f feren t degrees of i n t erplant compe t i t ive s t ress . 
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i i )  I n t raplan t compe t i t ion 

I n t raplan t compe t i t i on or i n te rnal compe t i t i on i s  d e f i ned as 

the compe t i t ion for limi t ed growth factors between the o rgans 

wi t h i n  a plant. Every organ is in compe t i t i on w i th every o ther 

organ , for  ins tance each leaf i s  i n  compe t i t ion wi t h  every 

o t h e r  lea f ,  par t i cularly for water  or  nu t ri ents  and l i gh t . The 

mos t i n t ense kind of i n t raplan t compe t i t ion exi s t s  be tween 

leaves for l igh t ( Donald , 1 9 6 3 ) ,  bas i cally because l igh t is n o t  

red i s tr i buted. I f  a leaf i s  heav i ly shaded , i t  w i l l  be unable 

to mai n tain i t self above compensat ion point  and w i l l  d i e. 

Each f lower and frui t i s  also to  some degree i n  compe t i t i on 

w i t h  t he o ther flowers and frui ts on the p lant ( Ad d i co t t ,  

1 9 82 ) . Compe t i t i on be tween vege tat ive and reproduc t ive organs 

i s  recogni sed as an i mportant phenomenon and , in many 

i n s t ances , can af fec t the agr i cul tural y i eld  o f  a crop 

( W i ll iams and Joseph , 1 9 7 6 ) .  

2 . 2 . 1 . 2  Compe t i t i on for l igh t 

Mos t p lan t s  adapt  to changes i n  rad i a t ion regimes t hrough both  

morphologi cal and phys iolog i cal  changes .  The intercep t ion of  l igh t i s  

so i mportant  that i t  has also been sugges t ed that mos t o ther  l im i t i ng 

fac tors  u l t ima t e ly opera te  t hrough compe t i t ion for l igh t ( E thering t on , 

1983 ) . Egli ( 19 7 6 )  sugges ted the obj e c t ive of any c rop management 

sys t em was to  i n tercept as much incident solar rad i a t ion for as long as 

poss i bl e , espec ially during the gra i n- f i ll ing period to  max i m i z e  

produ c t i on. T o  accomplish t h i s  obj e c t i ve , h e  proposed t h a t  an 

adj us tment of plan t i ng da t e ,  row spacing and plan t popula t i on may be  

requ i red . 

As p lan ts grow , l ight pene t ra t i on to  the cent ral and lower leaves i s  

i nh i b i t ed b y  bo th in t er- and i n t raplan t compe t i t ion . Mu tual shad i ng 

and compe t i t i on for l i gh t  i s  especi ally evident i n  soybeans . Johns ton 

e t  a l . ( 19 6 9 )  s tudi ed leaf pho t osyn thes is  at  three levels of  soybean 

cano pi es ( top , middle and bo t tom ) . They found that the rates  o f  

apparent pho tosyn thes i s  o f  bo t tom and middle soybean leaves were 1 3% 

and 60% o f  the 20 . 2  mg CO
2

.dm- 1 . h- 1 rate of  top leaves under natural 
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canopy cond i t ions . Ligh t enri ched t reatmen t caused an increase i n  seed 

y i eld at  the bo t tom and middle canopy pos i t ions by 30% and 20% , 

respect ively . This  was due to increas i ng node numbers , branch numbers , 

pods per node and seeds per pod . 

Pene t ra t i on o f  ligh t i n to the canopy i s  closely rela t ed t o  p l an t  

Shi bles and Weber ( 19 66 ) ,  

row spacings i n  soybean , 

more nearly approached an 

equid i s t an t  spac ing reached 95% ligh t intercep t i on f i rs t .  

Safo-Kan t anka and Lawson ( 1980 ) also demons t ra t ed a s l igh t advan t age i n  

yi eld a s  plant arrangemen t approached squareness and commen t ed that 

this may be due to  a much more uni form d i s t r i bu t i on of  l igh t b e t ween 

and wi t h i n  plan t canopies as plan t arrangement became more uni form . 

arrangemen t and plan t  popula t ion dens i ty .  

working wi th  four popula t i ons and four 

demons t ra t ed that the combi na t i on whi ch 

2 . 2 . 1 . 3  Compe t i t ion for wa ter  

Wa ter  s t ress i s  one of  the  impo r tan t  problems in soybean produc t ion . 

The e f fe c t  of  wa ter s t ress on growth and y ield depends bo t h  on t he 

degree o f  s t ress and on the s t age of grow th a t  whi ch s t ress occurs . 

Generally , the pre- flower ing s tage of  growth i s  the mos t t o leran t , 

whereas the per iods of an thes i s  and pod f i lling are the mos t  sens i t ive 

to  wa t e r  def i c i t s  depend ing on both the severi ty and durat i on of s t ress 

( Shaw and Laing , 1966 ; Doss and Thurlow , 197 4 ;  Lawn e t  al . ,  1 9 7 7 ; 

S i on i t  and Kramer , 1977 ; Wien  e t  al . ,  1 97 9 ;  Laohas i riwong , 1 9 82 ) . 

In  p lan t communi t i es ,  compe t i t i on for wa ter  usually occurs t oge ther 

wi t h  o ther forms of compe t i t ion - especially n i t rogen and l igh t .  I f  

compe t i t i on for wa ter and ni t rogen i s  in tens i f ied , and growt h  i s  

res t r i c ted , t hen compe t i t i on for l igh t will  be less impo r t an t . On the  

o ther hand , i f  wa ter and nu t r i en t s  are  non- limi t ing , shad ing will  be a 

maj o r  compe t i t ive fac tor ( Donald , 1963 ) . 

S tud i es have been shown tha t  there i s  an interac t i on be tween plan t i ng 

pa t t ern and wa ter use .  Generally , plan t s  grown under narrow rows 

( 15-25  em ) seem to use s o i l wa ter more e f f i c i en t ly t han wide-row 

( 76 - 100 em) plan t s  ( Taylor ,  1980 ; Ales s i  and Powe r ,  1 98 2 ; Reieosky e t  

al . ,  1 98 2 ; 1985)  . 
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2 . 2 . 1 . 4  Compe t i t ion for nu trients  

Based on s tudies  i n  corn by Lang et  al . ( 1956 ) and i n  swee t corn by 

Chi pman and Mackay ( 1960) ; Donald ( 1 963 ) derived a relat i onsh i p  

be tween plant populat ion dens i ty and compe t i t ion for nu t r i en ts . As 

fer t i l i ty s ta tus i s  improved , so the dens i ty requi red to g ive maxi mum 

y i eld by annual crops wi ll increase . 

Cooper and Jeffers ( 1984 )  reported  l i near y i eld increases wi t h  

increas i ng N fer t i l i zer i n  a 

s ign i f i can t y i eld advan t age was 

wi th  a h i gher plan t dens i ty ,  

pa t te rn i n  this  s tudy . Lea f  

non-nodulated cul t ivar , Clark rj l ' A 

obtai ned a t  the highes t n i t rogen ra t e  

but this was confounded  wi th  p lan t i ng 

ni t rogen analys i s  sugges ted t ha t  the 

narrower rows used at  the h i gher dens i ty may have caused an increase in 

the p lan t's abi l i ty to exploi t  ava i lable n i t rogen at  an early s tage of 

development , thus crea t i ng an increased ni t rogen demand and u t i l i za t i on 

capac i ty dur i ng subsequen t growt h .  

I n  nodula t ed soybean t h e  response t o  fer t i l i zers i s  incons i s t e n t  

( Ohlrogge , 1960) . Nu t r i en t  s t ress , especially f o r  n i t rogen , w i l l  b e  

less  pronounced . Bu t t e ry ( 1969a ) s t ud i ed compe t i t ive s t ress b y  growi ng 

s oybeans a t  four plan t dens i t ies and a t  two l evels o f  appli ed 

f e r t i li ze r  (wi th and wi thou t N , P , K ) . He found fer t i l i zer  appli ca t i on 

was asso c i a ted wi t h  s l i gh t  changes i n  plan t weight  and seed y ield  a t  

all  dens i t ies . The r e  was no i n terac t i on be tween dens i ty and 

fer t il i ze r . Some researchers , however , cons ider that  t he i ncons i s tency 

of response of  soybean seed y i eld to fer t i li zer app l i ca t i on is due t o  

the red i s t r i bu t i on o f  nu t r i en t s  from vege t a t ive  mat e r i a l  t o  seeds 

during the seed f i ll i ng per i od regardless o f  the  rat e  of  fer t i l i z e r  

appl i ca t i on to t he s o i l  ( e . g .  Hanway and �ebe r , 1 9 7 1a ; 1 9 7 1 bj Egl i 

e t  al . ,  1978b) . 

2 . 2 . 1 . 5  Compe t i t i on for carbon d ioxide 

In much crop phy s i o logi cal  work , a d i re c t  rela t i onshi p  is  believed t o  

exi s t  be tween t h e  leaf pho tosyn the t i c  ra t e  and econom i c  y i eld . I n  

soybean , bot h  l i gh t  i n t ens i ty and atmosphe r i c  CO
2 

concent ra t i o n  a r e  
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known t o  l i mi t pho tosyn thes is  and dry mat ter produc t i on ( Br un and 

�ooper , 1967 ; Sakamo to and Shaw , 1967 ; Johns ton e t  al . ,  1969 ; 

Hardman and Brun , 1 97 1 ) .  

CO
2 

enr i chmen t has been found to  be highly correlated w i th crop y i elds 

i n  many species  ( Hardman and Brun , 197 1 ;  Krenzer and Moss , 1 9 7 5; Pee t 

e t  al . , 1 9 7 7 ; S i on i t  � al . ,  1 9 8 7 ) .  Y i eld increase by CO2 
enri chmen t 

i s  obvi ously due to increased pho tosyn the t i c  ac t iv i ty . However ,  h igh 

CO
2 

concen trat i on is also found to affect  leaf senescence in s oybean . 

Hardy and Havelka ( 1975 ) repo r t ed delayed senescence i n  soybeans , 

probably because  the high CO
2 

enabled nodules to  f i x  n i t rogen fas te r , 

delay i ng the red i s t ri but ion processes o f  n i t rogen f rom the leaves t o  

reproduc t ive par t s . A delay i n  leaf scenescence wi ll  i nc rease y i e ld i n  

those cases where the leng th o f  t h e  f rui t growth period woul d  o therw i s e  

be l im i t ing ( Baker and Enoch , 1 98 3 ) .  

P lan t s  grown under envi ronmental s t ress , such as n i t rogen s t ress , 

res pond d i f feren t ly to  plan ts grown under normal cond i t ions . I n  

non-nodul a t i ng soybeans , CO2 
may par t ially o f f s e t  the y ield  e f fe c t  o f  

n i t rogen sho r t age . In  such cases , i t  w i l l  almos t certai nly be 

necessary t o  add more f e r t i l i zer  n i trogen t o  crops t o  take full  

advan tage o f  the  increased CO
2 

( Baker and Enoch , 1983 ) . 

As crop y i elds can be i n creased by CO
2 

enri chmen t ,  i t  i s  clear that the 

natural a t mosphe r i c  CO
2 

concen tra t i on of 300-350 ppm �s well below the  

o p t i mum for pho tosyn thesis . This i s  espe c ially t rue  i n  a C
3 

crop s uch 

as s oybean where pho t ores p i ra t ion is an impor t an t  factor l i mi t i ng 

carbon f ixa t ion . A denser canopy in  s t i l l  a i r  w i l l  deplete  amb i en t  CO
2 

concen t ra t i ons fas t e r  than a less dense one . 

2 . 2 . 2  Growth  and d evelopment  as affect ed by plant compe t i t i on 

2 . 2 . 2 . 1 Vege t a t ive grow t h  

Generally , soybean plan ts  grow 90-120 c m  i n  h e i g h t  wi t h  t he f i r s t  

leaves s imple and o ppos i te and all o ther leaves a l t erna t e  and 

t r i foliate . Branches ( usually 0-6 per plant depend ing upon plan t i ng 

dens i ty )  may deve lop from buds in  the lower leaf axils . Soybeans have 

19-24  nodes per p lan t , each possess i ng the po t en t i al for bo th  branchi ng 
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and f loral developmen t ( Shi bles e t  al . ,  1975 ) . The roo t sys t em 

cons i s ts o f  la teral roo t s  a r i s i ng f rom the upper 10-1 5  cm sec t i on o f  

the p r i mary roo t .  These lateral roo t s  ex tend ou tward f rom the plan t 

nearly hor i zon tally for 40-50 cm and then grow downward to dep ths  as 

grea t as 1 80 cm . Soybean roo t nodules produced by Rhi zo b i um japoni cum 

are impo r t an t  in n i t rogen f i xa t i on whi ch, of  course, a f f e c t s  t he 

dens i ty-fer t i l i zer response of  soybean s tands as already d i s cussed 

( sec t i on 2 . 2 . 1 . 4 ) .  

i )  Morphologi cal charac t e ri s t i c s  

Some morphologi cal charac t eri s t i cs such a s  plan t heigh t,  node 

number, internode leng th and b ranch number are changed by 

i n t erplan t compe t i t ion . Among these charac t er i s t i cs, plan t 

heigh t  i s  the f i rs t charac teri s t i c  af fec ted by p lant populat ion 

dens i ty ( Doss and Thurlow, 1974 ; W i lcox, 1 9 7 4 ; Wallace, 

1986 ) . After  the f i rs t  mon th of growth, t he he i gh t  o f  h i gher  

d ens i ty plan ts  tends t o  increase fas ter  t han tha t of  low 

dens i ty plan t s, bas i cally because of  i ncreased 

leng th ( Doss and Thur low, 1974 ) . 

i n t e rnodal 

However, in cul t i vars tha t are suscep t ible to  lodging , p lan t 

heigh t  may not  be a f fec ted  by plan t popula t ion dens i ty ( Hoggard 

e t  al . ,  1978 ; Lueschen and H i cks, 1977 ) .  Increased lodg i ng as 

p lant populat ion dens i ty increases appears t o  be assoc i a t ed 

w i th decreased s tem d i ame ter rather t han change s  i n  height per 

s e . 

I n  soybean, the number o f  nodes per plan t (Bu t t ery, 1 9 6 9a ; 

Enyi, 1 9 7 3 ) ,  the number o f  nodes wi th  pods ( Enyi,  1 97 3 )  and the 

number of  branches per plan t ( Hi nson and Hanson, 1 9 6 2 ; Weber 

et  al . ,  1966 ; Bu t tery, 1 969a ; Enyi ,  1973 ; Cos t a  et  al . ,  

1 980)  normally decrease wi th increases in  plant popula t ion 

dens i ty .  
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i i )  Leaf development and crop  growth  

Plan t popula t i on arrangement  comb i na t i ons whi ch favour the 

rapi d  a t t ainmen t of  a high LA! can lead to maxi mum dry mat ter 

produc t i on .  H igh popula t i on densi ty plants  t ake less t i me to  

reach max imum l igh t i n t erce p t i on than low popula t ion densi ty 

plan ts  ( Shibles and �ebe r ,  1 965 and 1966 ) . Under very h i gh 

populat ion cond i t ions , soybeans t end to  be taller and produce 

smaller leafle ts and longer pe t ioles t han plan t s  grown at lower 

popula t i on dens i t i es. Shi bles and Weber ( 19 6 6 )  sugge s t ed that 

these s t ructures of h i gh dens i ty plant s  show a less dense 

canopy and can bet ter i n tercept solar rad i a t ion . 

However , i n  soybean , maximum seed y ield has been shown t o  be 

a t tained at  LA! values less than the LA! for maxi mum d ry mat ter 

p roduc t ion ( Weber e t  al . ,  1966 ) . There are two s tages of  

energy convers i on by plan t s  (Weber , 1968 ) ; i . e .  the capt ure 

and t rans forma t i on of  l igh t energy i n t o  sugar i ntermedi a tes 

( photosyn thes i s ) ; and the convers i on of  these sugars  i n t o  

plant parts  and produc t s  ( growth and d i f feren t ia t i on ) . Yield 

l i mi tat ion in plants  wi th maximum LA! may be on the l a tter  

process , wi th vege tat i ve growth compet ing w i th reprodu c t ive 

growth  for pho toassimi l a t e. 

The typi cal pat tern of  LA! developmen t i n  a f ield crop  may be 

d i v ided into  three phases - leaf expans i o n ,  ma ture canopy and 

leaf senescence ( F i sher , 1984 ) . Leaf expans i on i s  a result o f  

t h e  rate of leaf forma t i on and the ra te o f  expansi on o f  leaves 

a lready formed , whi ch is grea t ly affected by t empera ture , 

nu t r i t i on and s o i l  moi s ture. H i gh plan t i ng dens i ty obv i ously 

i nc reases LA! in the early growth  s t ages and usually has some 

i nf luence on peak LAI. Leaf senescence i s  o f ten associ a t ed 

w i t h  red i s t r i bu t i on of nu t r i en t s  formerly ass i m i la ted i n  leaves 

i n t o  developi ng frui ts  and seeds. Any envi ronmen tal  fact o r  

t h a t  s t i mula tes early flowering w i ll also accelerat e  leaf 

s enescence. Wa ter s t ress , low l igh t i n tens i ty and i nadequa t e  

m ineral nu t r i t i on are a l l  repo r t ed t o  has t en leaf s enescence 

( Fi sher , 1 984 ) . 
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Dry ma t ter produc t i on i n  soybean i s  highly correlated wi t h  LA! . 

Shi bles and �eber ( 1965 ) revealed that rate o f  dry ma t te r  

produc t i on increased wi th increas ing leaf area development  o f  

the plan t communi ty and approached a maxi mum asymp t o t i cally . 

For some crops an ' o p t i mum LAI ' exi s ts such t ha t  the rat e  o f  

dry ma t ter produc t i on i s  a t  a maximum a t  a par t i cu lar LA! and 

i s  less at LAI values below or above t h i s  value ( Donald, 1 9 63 ) . 

For those crops which have at t a i ned an op t imum LAI , lower 

leaves are apparen t ly net  s i nks and requi r e  pho t osyn tha t es for 

mai n tenance by t ranslocat ion from ac t ive upper l eaves . 

However, soybeans do no t a t tain an o p t i mum LA! ( �eber e t  al e , 

1 9 6 6 ; Bu t tery, 1 9 69b),  s ince dry ma t ter  produc t i on increases  

as  LAI increases to a maxi mum of  abou t 5 . 0  but  does no t 

decrease a t  greater  LAI values . 

2 . 2 . 2 . 2 Soybean growth habi t 

Two types of  growth hab i t  a re common in  soybeans, the inde t e rm i na t e  

type and t h e  de termina t e  type . Indetermina te  cul t ivars generally beg i n  

t o  f lower when plan ts  have reached less t han half t h e  f inal p lant 

height whereas determinate  cul t ivars have o f t en reached nearly full  

height before flowering begins . There are two  gene t i c  types whi ch 

con t rol  d e terminacy in  soybean, d t ! recessive  and D t
2 

dominan t t o  

i nd e termina teness . Accord i ng to  Bernard ( 19 7 2 ) ' the p r i mary e f f e c t  o f  

bo t h  d t ! and Dt 2 i s  to  has t en the termina t i on of  api cal s tem growt h, 

whi ch decreases both plan t heigh t and number  o f  nodes , but  d t ! has a 

much  grea ter  effec t ' . The common form of the det erminate s tem type i s  

con t rolled by d t ! a reces s i ve gene that  abrup t ly t erminat es s t em grow t h  

a t  t h e  t ime of  f lowe r i ng .  Shibles e t  al e ( 19 7 5 )  descri bed 

indetermina tes as hav i ng the larges t leafle ts  and longes t p e t i oles in 

m i d- plan t  wi th grada t ions in s i ze toward each end of the s tem , whereas, 

in determina te  plan t s, leaflet  s i ze and pe t iole  lengt h  are not smaller  

a t  the  t o p  of  the  plan t . Since upper leaves of  d e terminate types  are  

large , the i r  canopies possess poorer l ight d i s t ri but i on charac t er i s t i cs 

than i nd e terminate types . After  flowering begins , inde t erminat e  p lan t s  

cont inue s tem growth and leaf produc t i on f o r  a long period o f  t ime , 

whereas the s tem growt h  o f  de term i na t e  plant s  t e rmina t e s  e i ther before 

f lowering or sho r t ly thereaf ter  ( Foley e t  al . ,  1986 ) . One i mpor tant 
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charac t e r i s t i c  of  d e terminate types i s  that t h e  s tem and branches 

possess  a terminal raceme wi th a clus t er of pod s . 

Egli and Legge t t  ( 1 97 3 )  s tud ied d ry ma t ter accumulat ion pat terns i n  

determ i na t e  ( an experimen tal s t rai n ,  D66-556 6 )  and inde t erminat e  ( Ken t )  

s oybeans and repor ted that at  i n i t ial  f lowe ri ng D66-5566 had reached 

84% of i t s maxi mum he i gh t , compared wi th 64% for Ken t . A t  t h i s  poi n t  

the s tem dry weight o f  D66-5566 was 67% o f  the maxi mum compared w i t h  

only 3 0 %  f o r  Ken t . Th i s  result poi n t s  ou t that a l though s tem 

elonga t i on of  the d e terminate type was nearly comple te when f lowe r i ng 

began , the dry wei gh t  con t i nued t o  i ncreas e .  

De t erm i na t e  and i nd e t erminate soybean cul t i vars  have been f ound t o  

res pond d i f feren t ly t o  wa ter s t ress . V i l lalobos-Rodr iguez and Shi bles 

( 1985 ) reported that i ndetermina t e  cul t ivars were be t ter  able t o  

recover f rom wa ter  s t ress than de terminat e  ones , as i nd i ca ted by t he i r  

grea t e r  s eed yield a f ter  recovery f rom s t ress t reatmen t . Thi s  may be 

because of  the longer vege tat ive growth poten t i a l  duri ng the f lowe r i ng 

period  i n  inde terminate  cul t i vars whi ch allows them to  escape the 

s t ress by vege t a t i ve re-growth  when water s t ress i s  removed . 

Plan t s  whi ch are class i f i ed as s emide termina t e  types , have a domi nant 

gene D t 2 whi ch con t inues s tem grow th af ter  f lowering i s  i n i t i ated , but  

they t erminate s tem grow th sooner than i nde terminate  types ( Be rnard , 

197 2 ) . Resul t s  f rom compar i sons be tween near-i s ogeni c  l ines o f  

semi-det ermina te and i nde terminate  types generally show t ha t  the s tem 

growth t e rmina t i on type has no e f fect  on seed yield (Green et  a l . , 

197 7 ; Chang e t  al . ,  1982 ) . Semi-determ i na t e  cul t i vars do have 

advan t ages in  terms of ear l i er matur i t y ,  and being shor t e r  in heigh t  

may have lesser lodgi ng than inde terminate  cul t ivars under cond i t i on s  

o f  luxu r i an t  growth ( G reen e t  al . ,  197 7 ; Chang e t  al . ,  1982 ) . I n  

t erms o f  response of  soybean to  plan t ing pat tern and p lant popula t io n  

dens i ty ,  Green e t  al . ( 1 97 7 )  reported no s ign i f i cant i nterac t ion 

be tween row spaci ng ( 30 and 100 cm)  and growth hab i t o f  

semi-determinate and inde terminate  cul t ivars , bu t determinat e  cul t i vars  

may requi re d i f feren t produc t ion prac t i ces ( Hi cks e t  al . , 1 969 ; 

V i l lalobos-Rodr i guez and Shi bles , 1985 ) . 
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Fehr e t  al . ( 1985 ) s t udied y i eld loss following defol i a t i on ( removi ng 

fully developed leaves ) and found that s emi -determinate  geno t ypes were 

more susce p t i ble to  100% defo l i a t ion a t  growth s tage R2 ( full  bloom)  

and R5 ( beginni ng o f  seed format ion)  than i nd e terminates w i th  a s i m i lar  

gene t i c  background . Thi s  sugge s t s  tha t  s tem growth t ermina t i on o f  a 

cul t i var may be a fac tor to  cons ider when assess ing the i mpac t o f  

defol i a t i on from hai l ,  insect s ,  o r  o ther fac t ors . 

2 . 2 . 2 . 3  Reproduct ive growth  

i )  Flowe r ing and reproduc t ive abor t ion 

Flower produc t ion and reproduct ive abor t ion are repor t ed t o  be 

a f fec ted by gene t i c  and env i ronment al cond i t i ons . Van Schaik 

and Probs t ( 1958a ) showed the resul t s  from a 2-year s tudy w i t h  

4 paren tal soybean var i e t ies  and the i r  6 crosses ( F1 and F2 ) .  

Flower produc t ion var ied from 5 to  33  from node t o  node and 

f lower shed d i ng percen tages ranged f rom 32 to 83 f rom l i ne t o  

l ine . They found tha t there was a cons i derable envi ronmen t a l  

i nfluence . In the i r  following s tud i es ( Van Schaik  and Probs t ,  

1958b ) ,  bo t h  tempera ture and pho t oper i od were i mpl i c a t ed , t he 

percen t age o f  flower and pod sheddi ng being i ncreased by b o t h  

high tempera ture and long pho toperi od . 

Vra tar i c  ( 1986 ) found in  a 3-year s tudy o f  8 soybean var i e t i e s  

tha t  t h e  number o f  f lowers p e r  plan t varied w i th  sow i ng d at e , 

var i e t y  and year and there were i n t erac t i ons among t hese 

fac tors . Low rai n fall and h i gh t emperature were the mai n  

fac tors suppres s i ng flower produc t i on .  Sion i t  and Kramer 

( 19 7 7 ) repo r t ed tha t  wa ter s t ress duri ng f lower i nduc t i on and 

f lower ing caused soybean plan t s  to  produce fewer f lowers , pods 

and seeds t han con t rols as a d i rec t resul t o f  a s ho r t ened 

f lower i ng period and increased f lower abor t ion . S t ress d u r i ng 

early pod forma t i on however , res u l t ed i n  the great es t  reduc t ion 

in the number of  pods and seeds at harves t .  

Low humid i ty i s  also reported t o  cause reprodu c t ive abo r t i on i n  

soybean . �oodward and Begg ( 19 7 6 )  f ound that soybean y ields 

decreased when grown in  low humid i ty cond i t ions as a resul t  of  
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a reduc t i on in  pod number and seed number . The reduc t ion i n  

pod number was related t o  flower abor t ion rather t han pod 

abor t i on .  However , they sugges t ed that abo r t ion was pos s i bly a 

consequence o f  reduced pho toass i m i l a t e  supply , probably t hrough 

the reduc t i on in s tem and shoot d ry weigh t . 

Hardman ( 19 7 0 )  reported that soybean f lowering behavi or was 

affec t ed by plan t ing dat e .  The d i f f erences in both  t empera ture 

and l i gh t  i n tens i ty a t  each plan t ing t i me were sugges t ed to  

i nfluence the level of  flower abor t i on .  

Relat ively l i t tle  research has been conduc ted to i nves t iga t e  

t he e f fe c t  o f  plant popula t ion dens i ty o n  f lower produc t ion and 

reprodu c t i v e  abor t i on i n  soybean . Bu t tery ( 1969a ) s tudi ed 

soybeans grown a t  4 plan t popula t i on dens i t ies ( 4 ,  8 ,  16  and 3 2  

plan t s . m- 2 ) wi th and wi thou t fer t i l i zer ( N , P , K) . H e  repor ted 

that  f lowers were f i rs t  observed 4 2  days a f ter p lan t ing and 

pods were seen 56 days a f ter plan t i ng .  Flower numbers reached 

a peak around 71 days af t er plan t i ng , before decli n i ng 

gradual ly . Pod numbers reached the i r  highes t number s  around 85 

days a f ter plan t ing , declining s l igh t ly therea f t er in  both 

years . Bo th flower and pod numbers were very much i n fluenced 

by dens i ty .  Fer t i l i zer had l i t t l e  effect  on f lower numbers bu t 

increased pod numbers i n  both years . Reproduc t i ve abo r t i on 

s i gn i f i can t ly i ncreased as plan t dens i ty i ncreased rangi ng f rom 

4 1 . 4% to  49 . 8% in  1965 and f rom 27 . 3% to 50 . 8% in 1966 . In 

t h i s  s t udy , he sugges ted tha t t he values used for t o tal  f l owers 

produced were almos t 

flowers may have been 

per i od s . 

cer tainly 

formed 

underes t ima ted , s ince  s ome 

and abs c i sed be tween s amp l i ng 

Domi nguez and Hume ( 1978 ) observed f lower and pod ' forma t i on 

every 7 days af ter flowering began in  a f i rs t -year s tudy ( 1975 ) 

and every 4 days i n  a second-year s tudy ( 1976 ) . They found 

tha t f lower numbers decreased as p lan t dens i ty 

four d i f feren t cul t ivars performed i n  t he 

i ncreased and 

same manner .  

Averages o f  four cul t i vars ; i n  terms o f  total  f lower numbers  

per  plan t ranged from 24 t o  43  i n  1975  and 32  to  5 1  in  1 9 7 6  

when plan t dens i t i es were decreased from 120 to  4 0  plan t s . m- 2 � 
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To tal abo r t i on o f  flowers however , was found t o  increase w i th 

increas i ng plan t dens i ty rangi ng from 48% t o  57%  in  1975 and 

29% to  51%  i n  1976 . They no ted tha t  the grea t e s t  percent age of  

total abor t ion occurred duri ng the f lower i ng peri od and p o i n t ed 

ou t that the abor t ion process exe r t ed cons i derable con t ro l  over 

the number of  pods avai lable for the plant to  f i l l  in the later  

s tages o f  seed developmen t .  No  reason is  given i n  e i ther paper 

for varying abo r t i on ra tes f rom year to  year . 

In lup i n , Herber t  and H i l l  ( 19 7 8 )  reported that i n  dense 

populat i ons , plan t s  produced fewer i nf lorescence orders , and 

had a shor ter flowering per iod . 

i i )  Pod and seed developmen t 

Typi ca l ly , there are three s tages in normal seed development ,  

i . e . d evelopment  o f  the embryo , accumulat ion o f  food reserves 

and r i pening ( Thomson , 197 9 ) . In the f i r s t  s tage , cell  

d i v i s ion  occurs rapi dly un t i l  the  embryo is  almos t fully 

formed . The moi s ture con ten t throughou t i s  about 80% . Yhen 

t he seed s ta r t s  rapid  accumula t i o n  of d ry mat ter , seed moi s ture 

con ten t dec l i nes progress i vely dur i ng seed development ,  

reachi ng approximately 60% o r  less as the s eed approaches 

maxi mum dry weight  ( i . e .  phy s i ologi cal mat ur i ty )  ( Andrews , 

1966 ; Obendorf  e t  al . ,  1980 ) . Any i ncrease i n  the s i ze o f  the 

embryo during the second s tage i s  due to  enlargemen t of the 

cells  formed i n  the f i r s t  s tage , rather than t o  fur ther cell 

d i v i s ion . At  the end o f  t h i s  s tage , the seed is s t ru c t urally 

comple t e . Thereafter , t here i s  l i t t le or no increase in the 

mat e r i al con tent and dry we ight remains cons t an t , al though seed 

moi s ture con tent con t i nues t o  d ecrease to  somewhere be tween 10 

and 20% . 

I n  s oybean , the developi ng pod normally reaches i ts maxi mum 

leng t h  and w i d th before l i near s eed growth ( Frase r  e t  a1 . ,  

1982 ) .  Maxi mum dry weigh t ( so called phys i olog i cal  mat ur i t y )  

has been rela ted to  v i sual i nd icators o f  s eed s u i tabi l i ty for  

e f f i c i ent  harves t .  Of  1 1  parameters observed by ' Crooks ton and 

H i l l  ( 1 978 ) , the parame ter mos t cons i s t en t ly coinc i d i ng w i t h  
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phys i ologi cal ma turi ty was the i n i t ial shr i nking o f  the seed 

( separa t i on f rom pod wall ) .  Ano ther pos i t ive i nd i ca t i on o f  

phys iolog i cal maturi ty was the complete  loss of  green colour 

f rom pods ( Gbikpi  and Crooks t on ,  1 981 ) .  TeKrony et al . ( 19 7 9 )  

sugges t ed tha t the change o f  soybean seed coat colour t o  yellow 

ind i ca t es phys i ologi cal mat u r i ty and showed tha t  when the seed 

coa t t u rned yel low , seed respi rat i on rate  dec l i ned rapi dly , 

seed moi s ture con tent  dropped below 60% and the t ransport  o f  
1 4 C- labe lled ass i mi lates  i n t o  the seed ceased . 

High seed yield i s  though t t o  be associa ted w i th t he r a t e  and 

durat i on of accumula t i on of dry mat te r  in  the seed and , 

consequen t ly ,  fac tors influencing ei ther the rat e  or dura t i on 

o f  food reserve accumula t i on may have a d i re c t  i n f luence on 

seed y i eld . Egl i  and 

rela t i onship be tween the 

and seed yi elds . Nelson 

Legge t t  ( 19 7 3 )  repor ted a pos i t ive 

dura t i on of the seed f i l l i ng period 

( 1986 ) also demons t ra ted the same 

e f fec t and sugges ted that the use of  the R4 or  RS grow th s tages 

( des c r i bed by Fehr and Cavi nes s ,  1 9 7 7 ; see also Append i x  1 0 )  

a s  e s t ima tes o f  the begining o f  seed f i l l  and R7 as the 

t ermina t ion o f  dry ma t t er accumulat i on is  reasonable . I n  

con t ras t to  the dura t i on of dry mat t e r  accumula t ion i n  seed , 

s tud i es show that seed grow th rate has no effect  on seed y i e l d . 

Egl i  ( 1975 ) found tha t  four geno types whi ch were d i f ferent  i n  

seed growth ra t e  ( ranging f rom 3 . 38 to  8 . 32 mg . s eed- 1 . day- l ) 

were no t d i f fe ren t in seed yield . Meckel e t  a1 . ( 1984 ) 

inves t iga t ed the e f fect  of  mo i s ture s t ress  on the growth o f  

ind i v i dual seeds . They found that although s t ress t re a t men t 

reduced yi eld and vege t a t ive growth , the rate o f  seed growt h  

( mg . seed- 1 . day- l ) was no t af fected . However , t h e  seed f i l l i ng 

per i od ( es t imated as days f rom growth s tage R5 t o  R7 ) was 

sho r tened by severe wa ter  s t ress . From these s t ud i e s , 

t here fore , i t  may be no t ed that seed growth rate  i s  cons i s tent  

and no t affec t ed by env i ronmental s t resses , whereas dura t i on o f  

seed d ry ma t t e r  accumula t i on i s  more s ens i t ive to  envi ronmen tal 

s t resses and is closely related to  seed y ield . 



2 1  

i i i )  Seed qual i ty a t  f i nal harves t 

H i gh yield  and high seed qual i ty are the primary goals o f  

s eedsmen . In cont ras t t o  y i eld , l i t tle  work has been d i re c t ed 

t owards de termining the e f fe c t  o f  envi ronmental s t ress  on seed 

qual i ty .  

The capac i ty for  germina t i on 

before s eed reaches maxi mum d ry 

� a l . ,  1980 ) . Obendorf e t  

o f  soybean seed i s  developed 

weigh t ( Burri s , 197 3 ;  Obend o r f  

al . ( 1980 ) repor t ed t ha t  the 

capac i ty for germina t i on o f  a i r-dr i ed f ield g rown seeds 

i ncreased as harves t date was ex tended f rom 34 to 46  days af t e r  

flowe r i ng .  Full germinabi l i ty was a t tained a t  abou t 46 days 

a f t e r  flower i ng ,  wh i le seed d ry weight reached a maxi mum abou t 

50 days a f t e r  flowering . M oreover , Andrews ( 1966 ) found that  

seed f rom increas i ngly la ter  flowers a t tained spec i f i c  levels 

o f  germinabi l i ty wi thin increas ingly shor ter peri od s  o f  t ime , 

or  i n  o ther words , late produced flowers i n  soybean were found 

to  develop fas ter in terms of germinab i l i t y .  

I n  general t e rms , plan ts  have evolved a remarkable capaci ty t o  

adj us t seed produc t i on t o  the resources avai lable . 

Commercially , the few seed produced under margi na l  cond i t i ons 

may be as good as seed produced under more favorable cond i t i ons 

in t erms of qual i ty .  The typi cal response of plan t s  t o  

envi ronmen tal s t resses such as low s o i l  fer t i l i ty and/ o r  

chron i c  mo i s ture s t ress i s  reduc t i on i n  the quan t i ty o f  s eed 

p r oduced ra ther than in  the i r  qual i ty ( Delouche , 1980 ) . The 

resul t s  by Jun takoo l  ( 198 3 )  who s tud ied the e f fe c t  o f  

i rr i ga t i on and plan t spacing o n  seed developmen t i n  S i ra t ro , 

d e termined a t  5 ,  10 , 2 0 ,  3 0  and 40 days a f t e r  peak f lowe r i ng 

suppor t  th i s . Her resul ts  clearly showed that nei ther var iable 

d i f feren t i al ly a f fec ted seed germina t i on capaci ty and mo i s ture 

con ten t . However , in  s oybean , seed s i z e  is no t always 

conserved ( Burr i s , 1 9 7 3  s e e  sec t i on 2 . 2 . 3 . 1 ) and there a r e  a 

few repo r t s  ind i cat ing that env i ronmen tal condi t i ons a f fec t 

s eed qua l i ty ,  wh i ch may affect  parame t ers such as seed 

s t orab i l i  ty . 
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Envi ronmen tal fac tors dur i ng seed developmen t and seed 

ma t u ra t i on such as soil wa ter , nu t ri en t s  and tempera ture , can 

all influence soybean seed qual i ty ( Delouche , 1980 ) , 

par t i cularly dur ing the pos tmatura t i on-preharves t per i od . 

Green e t  al . ( 1965 ) found that soybean plan t s  f rom early 

plan t ing da t es whi ch ma tured duri ng hot , dry wea ther p roduced 

seed of reduced quali ty .  Seed from later  dates of p lan t i ng 

wh i ch reached ma turi ty a f t e r  the ho t ,  dry wea ther condi t i ons 

had ended , were high in qual i ty .  

Few s t ud i es have determined the e f f e c t s  o f  plan t populat i on 

dens i ty on soybean seed developmen t and seed quali  ty . In 

soybean , Burr i s  ( 1 973 ) repor t ed tha t the pa t terns o f  seed 

d eve lopmen t in  terms o f  seed dry weight  at  2 plan t ing dens i t ies 

( 75x3 . 75 cm vs 7 5x7 . 5  cm ) were the same , bu t low dens i t ies 

showed a decrease in seed we igh t  i n  Amsoy o f  

s igni f i can t 

more than 

reduc t ion 

1 

i n  g .  100 seeds- I . He repo r t ed a 

germina t i on percentage in  seeds grown from low plan t dens i ty ,  

b u t  d i d no t give the data . Presen ted values for  average 

germ i na t i on over the two dens i t ies  are be tween 96 and 98% for 

four d i f ferent cul t ivars , sugges t i ng that d i f f erences are 

small . 

H i nson and Hanson ( 1 962 ) s tudied plan t compe t i t i on i n  4 soybean 

cul t ivars grown under 5 p lan t dens i t i es ( s pac i ngs f rom 5 . 1x96 . 5  

t o  8 1 . 3x96 . 5  cm ) . Seed qua l i ty was evaluated by ra t i ng seed 

appearance and they repo r t ed tha t  spacing t reat men t s  per  s e  

apparen t ly had no di rec t e f fec t on seed qua l i  t y , and that  

compe t i t i on d i d  no t i n fluence seed quali ty . Percen t age o f  

pro tein  and o i l  were also d e t ermined i n  t he i r  s tudy . 

Cons idering the average o f  all four cul t ivars , percent pro t e i n  

inc reased and percen t oi l decreased as plan t dens i t ie s  

i n creased . However , one o f  t he four cul t ivars was 

conspi cuous ly s table in bo th percen t pro t e i n  and percen t o i l  

over all spacings , there fore general s tatement s  d i d  n o t  apply 

to all geno types . 

Dornbos and Mullen ( 19 8 5 )  also found in  soybean seed tha t 

p ro t e i n  percen tage i ncreased wh i le o i l  perce n t age decreased 
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s igni f i can t ly wi th increased drough t s t ress . Pro t e i n  con ten t 

i n  seeds from the bot tom hal f o f  the main axi s  and f rom 

b ranches of drough t s t ressed plan t s  was higher than i n  seeds 

f rom the top half of  the main axi s . Seeds f rom branches 

con t ained a higher o i l  con t en t than seeds from the mai n  s tem . 

They also determined the qual i ty of seeds us i ng germinat io n  

t es t s ,  seedling axi s  dry wei gh t  and conduc t i v i ty 

The resul ts  revealed that bo th v i ab i l i ty and 

measuremen t s . 

seed v i gour 

Seed decreased as drough t s t ress i n tens i ty increased . 

germina t ion was reduced by a s mall  but s ign i f i can t amoun t ,  

dependen t upon pos i t i on on the plan t .  Germinat i on percen t ages 

of seed from the top hal f of  the mai n  axi s  and f rom branches 

did no t decrease wi th  moderate drough t s t ress , then decreased 

s l i gh t ly from 98 to 95% germi na t i on wi th severe drough t s t res s . 

Seed from the bo t tom hal f  exhibi t ed s l i gh t ly poorer quali ty i n  

the con t rol plan t s , and germinat ion percent age decreased more 

rapidly to 89% wi th severe drough t s t ress . Fur ther s tud i e s  by 

Smi ciklas et al . ( 1987 ) have found that drough t s t ress duri ng 

the R5 s t age reduced the concen t r a t i on of  cal c i um i n  the seed . 

Thi s  reduc t i on was associ ated w i th reduced germina t i on and 

increased seed leakage . 

membrane i n tegr i ty i s  wel l  

Baker , 1974 ) . 

The rela t ionship  be tween cal c i um and 

documen ted ( e . g .  Sutcl i f fe and 

E conomi c  y ield as a ff e ct ed by plant compet i t ion 

Soybeans not only requi re large amoun t s  of n i trogen for s eed produc t i on 

but are also one o f  the lowes t producers o f  seed b iomass per uni t o f  

pho t osynt ha t e  ( Sinclair  and de Wi t ,  1975 ) . Therefore , y ield 

i mprovement  w i th high seed pro t e i n  is impo r t an t , but may be d i f f i cul t . 

2 . 2 . 3 . 1  Yi eld and y ield componen t s  

Soybean y ield componen ts  t rad i t i onally comprise the number o f  plan t s  

per uni t area , pods per plan t , seeds per pod and i nd i v i dual seed 

wei gh t . When a range of  geno types or envi ronment s  i s  i nves t i ga t ed 

regardless o f  the number o f  plan t s  per uni t  area , the  number o f  pods 

per p lan t is the componen t mos t closely correlat ed w i th y ie ld ( e . g . 
Pandey and Torrie , 197 3 ;  Dominguez and Hume , 1 97 8 ;  Herbe r t  and 
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Li t ch f i e ld , 1982 ; Board , 1985 ) . Dominguez and Hume ( 19 7 8 )  repor ted 

that i nc reas i ng plan t dens i t i es reduced bo th i n i t ial and f i nal pod 

numbers per plan t . A larger reduc t ion was observed when the dens i ty 

i ncreased f rom 40 to  80 plan ts . m- 2 than when the dens i ty i nc reased from 

80 to  120 plan ts . m- 2 • D i f feren t ial  responses i n  pod increase may occur 

because of  the format ion o f  more pods on branches , grea t e r  numbers o f  

pods per node , more nodes bearing pods , o r  due t o  comb i na t i ons o f  some 

or all o f  these factors (Hume e t  al . ,  1985 ) . 

Number o f  seeds per pod and individual s eed weight  are also i n fluenced 

both by envi ronmen t and geno type , but mos t geno types t end to have a 

charac t er i s t i c  s eed weight  range from 1 20-280 mg . seed- 1 ( Sh i b les e t  

al . ,  1 9 75 ) . There have been incons i s tent  resu l t s  from plan t dens i ty 

s tud i e s  i n  terms o f  seeds per pod and seed weigh t . For example , 

Domi nguez and Hume ( 1 978 ) found tha t the produc t ion o f  more pods per 

plan t i n  low dens i t i es was accompani ed by fewer seeds per  pod rather 

than the reduc t ion in  average s eed s i z e , whereas Bur r i s  ( 19 7 3 )  found 

tha t l ow dens i ty plan ts produced smaller seeds , because t he i nc reased 

pod numbers caused an add i t i onal demand on avai lable pho tosyn tha te and 

t he i nc reased branchi ng whi ch occurred on plan t s  grown at the lower 

popula t ion  dens i ty reduced the amount of pho tosyn tha te going to any one 

pod and t hus reduced seed s i ze .  

Safo-Kan t anka and Lawson ( 1980)  s tudi ed the effect  o f  row spacing and 

plan t ing pat te rn in  2 short-season soybean cu t ivars . A l though t hey 

f ound no s i gn i f i can t yield d i f ferences i n  d i f feren t plan t i ng pat terns , 

t hey repor ted that  the number o f  pods per plan t and seed s i ze bo th 

increased s i gn i f i can tly as plan t arrangemen t approached s quare 

plan t i ng .  

O ther  s tudi e s  have suppo r t ed t h i s  f i nd ing . Wiggans ( 19 39 ) , follow i ng a 

4-year spaci ng s tudy wi th ' Cayaga '  soybeans , concluded that as the 

arrangemen t o f  plan t s  i n  a g iven area approaches a uni form 

d i s t r i bu t i on , the yield increases . ' Donovan e t  al . ( 19 6 3 )  evaluated 

the performance o f  ' Mandari n '  soybeans in f ive row w i d ths rangi ng f rom 

18  to 90 cm and at  spacings o f  2 . 5 ,  5 ,  and 7 . 5  cm w i t h i n  the row . 

Max i mum yield  was obtained f rom the combinat i on of  n arrowe s t  row w i d t h  

and w ides t p lant s pac i ng wi t h i n  the row . 
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One reason why the square plan t ing pa t t ern y ields more seeds per uni t  

area t han a row plan t i ng pat te rn w i thin the same plan t dens i ty has been 

sugges ted by Duncan ( 1986 ) . For any selec t ed dense plan t ing rate , row 

plan t i ng w i l l  cause the plan t s  in  each row to  be closer toge ther t han 

in the square pa t t ern . As a resul t ,  the wi thin-row plan t s  w i l l  shade 

each o t he r  more dur ing early growth and because each plan t i n t ercep t s  

less  l igh t than i n  the less crowded square plan t s , each row plan t w i l l  

weigh l es s . Greater vege tat i ve weigh t  o f  the square plant s  duri ng the  

s eed i n i t ia t ion period ul t i mately results  i n  higher s eed y i eld . Thi s  

pos tula t e  can be supported by the red i s t ri bu t ion o f  ass imi lates  from 

vege t a t i ve par t s  to  the seed duri ng i ts developmen t .  

Yi t h i n  a square plan t ing pa t tern , soybean yi eld increases wi t h  plan t 

dens i ty ,  reaches a maximum and then plateaus . Yilcox ( 19 7 4 )  used t he 

rad i a l  des ign ( type 1a)  o f  NeIder ( 1962 ) and three d i fferent cul t ivars  

to  g i v e  plan t dens i t ies o f  2 . 5  to  58 . 0  plan t s . m- 2 • He  repor ted that  

seed y i elds o f  the  three cul t ivars d i f fered i n  t he i r  response to  plan t 

dens i ty .  Max i mum seed y i elds for C147 7 and L15 occurred a t  2 8 . 1  

pla� t s . m- 2 and for C1421 a t  45 . 6  plan t s . m- 2 . Tolent ino ( 1985 ) also  

used  an i den t i cal rad i al des ign to  determine the  e f fe c t  o f  plant  

dens i ty on  seed y i eld i n  the soybean var . Matara . A t  dens i t i e s  

rangi ng from 2 . 0  to  84 . 0  plan t s . m- 2 , the max imum seed y i eld p e r  uni t  

area was found at  30 plan t s . m- 2 • Dens i t i e s  greater t han 30 plan t s . m- 2 

produced no i ncrease in  seed yi eld . Duncan ( 1986 )  sugges t ed that  t he 

i nc r ease in  seed yield per uni t area i n  a square plant i ng pat tern may 

be due both to the increase i n  l igh t in tercep t ed and to an i nc rease i n  

the e f f i ci ency w i th whi ch light  i s  used , but  t he two e f f e c t s  are 

confounded . 

2 . 2 . 3 . 2  The s pa t ial d i s t r i bu t i on o f  seed yield wi thin  plan t s  

Ver t i cal d i s t r i but ion pa t terns of  seed y ield and y i e l d  componen t s  have 

been used to  documen t the con t r i bu t i on of vari ous s t ra t a  of the soybean 

plan t to  to tal yield . De termina t ion o f  the rela t ionshi ps between s eed 

y ie l d  d i s t r i bu t i on and cultural prac t i ces may be hel p ful  in analys i ng 

those  fac tors that influence yield . 

Some fac tors  such as geno type , plan t dens i ty and i rr i ga t i on have been 

repor ted to  i n f luence the d i s t r i bu t i on of seed y ield ( Domi nguez and 
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Hume , 1978 ; Herbert  and Li tch f ield ,  1982 ; Ramseur e t  al . , 1984 ; 

Wallace , 1986 ) . Dominguez and Hume ( 19 7 8 )  repor ted that i n  de t ermina t e  

s oybeans , t h e  t o p  t h i rd of  the plan t con t r i buted more y i eld than t he 

b o t tom t h i rd , whereas in  i nde t ermina t e  geno types the bo t tom t h i rd o f  

t h e  plan t s  generally con t r i bu ted more y ie ld than the top . Increas i ng 

plant dens i ty reduced the propo r t ion o f  seed f rom t he bo t tom par t  o f  

the plan t . This  e f fec t was more marked i n  ear l i e r  t han i n  later  

ma t u ri ng geno types . They no ted  that  the reduc t ion i n  the  bo t tom 

con t r i bu t i on t o  f i nal yield i n  early geno types a t  h i gh dens i t i e s  may be 

bene f i c i al in lowering harves t i ng losses . 

In  det erm i na t e  cul t ivars , Ramseur e t  al . ( 1984 ) f ound t ha t  s eed 

number , pod number and yi eld were max i m i zed i n  the lower half o f  the 

nodes . The upper s i x  nodes o f  a t o tal o f  24 , con t r i bu t ed the leas t t o  

y i eld i n  all t reatmen t s . The larger con t r i bu t i on t o  y i eld came from 

lower nodes because of  the large p ropor t ion of  yi eld borne on b ranches 

produced f rom lower nodes . In  t h i s  s tudy , narrow row s paci ngs 

decreased y i eld because of a grea ter reduc t i on in the con t r i bu t i on o f  

y ield  a t  lower nodes . Wal lace ( 1986 ) also found that changes i n  row 

w id th a f f e c t ed seed yield in the lower part o f  t he plan t s  in the same 

way , but  no s igni f i can t d i f ferences in seed y i eld per uni t  area were 

f ound . 

In  an inde t ermina t e  soybean , Herbe r t  and Li t ch f i eld ( 1982 ) repo r t ed 

seed y i eld increased wi t h  narrower rows and higher plan t dens i t ies . 

Yield  i nc reased by 20% ( averaged f rom 2 years ) when plan t dens i ty was 

increased f rom 21 to 68 plan t s . m- 2 and remai ned approximately cons tan t 

up t o  1 1 3  plan ts . m- 2 • The number o f  pods per plan t and per node were 

the  y i eld componen t s  mos t affec ted by i ncreas i ng e i ther row w i d th o r  

p lan t dens i ty .  The number o f  seeds per ' pod and seed s i ze however , bo t h  

showed only m i nor responses to  changes i n  row w i d th , p lant dens i ty and 

node pos i t i on on the plan t . Nodes 5 to  9 carr ied the great e s t 

percen t age o f  seed y ield ( 36 to  67% ) in  all t reatment s  except  f o r  

plan t s  i n  the low dens i ty where branches con t r i bu t ed mos t  o f  t h e  y ie ld 

a t  t he lowes t mai n  axi s  nodes . Branches formed on plan t s  grown a t  low 

dens i t i e s  produced 30 to 40% of the seed y ield , whi le at medi um and 

h igh dens i t ies they con t r i buted only 5 to  16% . 
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2 . 2 . 4  Concludi ng remarks 

From t h i s  l i terature rev i ew ,  i t  i s  clear tha t there i s  not  enough 

i n forma t i on on the ef fec ts  of plan t populat i on densi ty on reproduc t i ve 

d evelopmen t i n  soybean , especial ly flowering respons e ,  reproduc t ive 

a bo r t i on ,  seed developmen t  and seed qual i ty .  An e f f e c t ive radi al 

s pacing des ign ( type l a )  whi ch provi des a wide  range of plan t dens i t i e s  

may b e  very useful to t h e  s tudy o f  all of  these plan t responses . The 

l im i t a t ion of this  des i gn may be that under cer tain  c i rcums t ances 

relat i vely few numbers of plants  are avai lable per sample , bu t t h i s  

problem may b e  overcome b y  the use o f  curve fi t t i ng techniques . 

Al t hough a few au thors ( e . g .  Bu t t e ry , 1969b ) have used curve f i t t ing 

t echn i ques on da ta  o b t a i ned i n  rec tangular plan t ing dens i ty 

exper i men t s , no one appears to have used this  approach i n  pub l i shed 

l i terature on soybean dens i ty s tudies  in  a radi a l  spaci ng des i gn . The 

use o f  curve f i t t ing techni ques i s  fur ther d i s cussed i n  sec t i on 2 . 3 . 4 . 1  

o f  the mat er ials and me thod s . 

2 . 3  MATERIALS AND METHODS 

2 . 3 . 1  Expe r i mental s i te 

The f i el d  experimen t was es tabli shed on land s i ted adj acen t to  the Seed 

Technology Cen t r e ,  Massey Univers i ty ,  Palmers t on Nor t h  ( 40 0  2 1 ' S ) , on a 

Tokomaru s i l t  loam soi l .  De t a i ls o f  s o i l  analy s i s  are given i n  

Appendi x  1 .  

2 . 3 . 2  Soi l  p reparat i on and seed t reatment 

The land used in  t h i s s tudy was cul t ivated out  o f  a perenni a l  ryegrass 

and whi t e clover pas ture . The land was prepared as follows : 

- P loughed 

- App l i ed 2 . 5  t . ha- 1 

o f  f i nely ground l ime 

- Harrowed 

22 O c tober 1985 

30 O c t ober 1985 

31  O c tober 1985 



- Broad cas ted fer t i l i ze r  

( 20 : 10 : 10 : 5% S )  a t  2 5 0  kg . ha- 1 

- Harrowed 

- Incorpora ted Tref lan ( t ri fluralin, 

400 g . l i t re- 1 as an emul s i f i able 

concen t r a t e )  

per hec tare 

3 l i tres  of produc t 

28  

14 November  1 985  

14 November 1 985 

15  November 1985  

Seeds of Amsoy and Ma tara soybeans were inocula t ed wi th  Rhi zo b i um 

japoni cum before plant ing .  

2 . 3 . 3  Plant ing and crop managemen t  

Seeds of  Amsoy and Matara soybeans were sown o n  1 5  November 1985  u s i ng 

the sys t ema t i c  des ign type 1a of NeIder ( 1962 ) . This design provi ded 

the neares t to  a square arrangemen t and crea t ed twenty p lan t popula t ion  

dens i t i e s  ranging from 4 . 2  to 83 . 9  plan ts . m- 2 as shown i n  Table 2 . 1 .  

Fur ther d e ta i ls of t h i s  des ign are presented i n  Appendi x  3 .  

Each var i e ty was plan ted in  4 s eparate semi c i r cles ( 4  repl i ca t e s )  

( Plate  2 . 1 ) .  Each repl i ca t e  con tained 41  rad i i  ( to mee t  t h e  s ample 

requi rement, see Fig . 2 . 1 ) and 20 concen t r i c  arcs , each represen t i ng one 

plan t d ens i ty .  The i n tersec t i on of  the rad i i  and the arcs was 

ind i ca t ed us i ng a marked rod . Three to four seeds were sown a t  each 

marked pos i t i on . 

ro t a t e d  by 4 . 5  

A f t e r  the f i rs t  rad ius was plan t ed t he marked rod was 

degrees ( i . e .  i t  was moved 47 . 6  cm around t he 

c i rcumference of the ou ter  arc )  and seeds were sown along the second 

radius . The procedure was repea ted through 1 80 ° . The remaining 1 8 0 °  

was planted wi th the o ther var i e ty ( see Pla t e . 2 . 2 ) .  

Some surplus seeds of  bo th var i e t ies  were sown ou t s i d e  t he c i rcles t o  

prov i d e  spare seed l ings o f  the same age for  later t ransplan t i ng i n t o  

pos i t i ons where seed l i ngs fai led t o  emerge . 

One week a f t er plan t i ng ,  Thi me t  20G ( 200 g . kg- 1 phorat e  as pelle t s )  was 

app l i ed at  a ra t e  of 1 kg . ha- 1 to  con t rol chew i ng i nse c t s  and aph i d s  

and s lug pelle ts  ( Mesurol , 20  g . kg- 1 ( 2 % )  me thiocarb a s  a bai t )  were 

broadcas t a t  abou t 100 bai t s . m- 2 • 



Table 2 . 1  Plant popula t i on dens i t i es used i n  the  f i e ld exper i men t 

Arc Number Plan t Dens i ty 

( f rom innermos t )  ( plan t s . m- 2 ) 

1 83 . 9  

2 7 1 . 6 

3* 61 . 2  

4 52 . 3  

5 44 . 7  

6* 38 . 2  

7 32 . 6  

8 2 7 . 8  

9* 23 . 8  

10 20 . 3  

1 1  1 7 . 4  

12*  1 4 . 8  

1 3  1 2 . 7  

1 4  1 0 . 8  

15* 9 . 2  

16  7 . 9  

1 7  6 . 7  

18* 5 . 8  

19  4 . 9 

20 4 . 2  

* i d e n t i f i es the s ix selec t ed plan t dens i t i es used for 

reproduc t ive s tud i e s  

2 9  



B . .  . . . 

B 

y. 
R 3  B R 2  � ' � B  

. , . . .
. . . . . . '  . . . . .

. . 
• " 't ,, 't 't : : : : :' ,,' ,,' ,t • 

. : 
. .
.

.

..
.

.. � .. : 
.

.
.

.

. :.: .. :::.:: .. : .
. ::�:� 

.
.
. : .

. 
:.: .
..... : ..... : .... 

:�\.\.\ : : f ! .:  / ........ ....... :> .... . , . .
. . : :  ': 

. . 
::::::::::::::

. , 
.
:

' 

' , ' " , t " 
t ' . ' . ' t

'
, . . .: •• 

::.
. . . . . 

I ' 

t .  ' . " . ' , . . .
' 

, t . · ·::. t .  ' . ' . . :::: . ,':: :  �.: . . .  , . 
,

' _ . 

' . . . . . . : I t . : . . . . . . . .
. . . . . 

• • • • • • I t t .' •• •• •• • . ' • , t ' 't • • • , • . . . . . .  , 

. . . 

, ' ' . . . 

Fig . 2 . 1  D i agram showi ng sample  u t i lisat ion i n  each sem i c i rcle 

B 

V1-V5 

R1-R6 

Border rad i i  

Vege t a t i ve measurement s  

Reproduc t i ve measuremen t s  

30 

· 8  
. A- V 1  
. 8 



P la t e  2 . 1  F ield grown Ma tara and Amsoy soybeans in  a rad i a l  

s pac i ng des ign ( type l a ) : A n  overview of  the whole 

exper iment a t  55 days a f ter  plan t i ng 

� 1  



Plate 2 . 2  a )  Soybean seedlings in  a rad ial  des i gn ( type la)  

wi t h  20 dens i ty levels a t  3 weeks after  plan t i ng ;  

b )  Matara and Amsoy s oybeans a t  5 5  days af ter 

plan t i ng 

3 
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Three weeks a f ter plan t i ng ,  seedl ings were thinned to one plant per 

pos i t i o n  and miss ing pos i t i ons were f i l led by transplan t ing seed l i ng s  

f rom t h e  adj acen t nursery area . 

Tenoran ( chloroxuron , 500 g . kg- 1 we t table powder )  was app l i ed a t  3 kg 

o f  product  per hectare in 300 l i t res of wa ter a t  the f i rs t  t rue leaf 

s tage to con t rol broadleaf weeds . Hand weedi ng was done once at 30 to 

40 days a f t e r  plan t ing . 

2 . 3 . 4  Dat a  collect i on 

2 . 3 . 4 . 1  Vege tat ive s tudy 

Pearce ( 1983 ) has sugges ted that  curve f i t t i ng i s  an appropr i a t e  

s tat i s t i cal tool to express t h e  rela t i onsh i p  be tween plan t growt h  and 

plan t dens i ty in  a sys tema t i c  radi a l  des ign . Based on t h i s  sugges t ion , 

the vege t a t i ve parame ters o f  t h i s  s tudy were planned t o  accommodate  the 

use of curve f i t t i ng techniques . 

To u t i l i ze plant samples e f f i c i e n t ly ,  the number of  repli ca tes for  data 

colle c t i o n  should be carefully cons i dered . In some previ ous s t ud i es 

us i ng t he radial spac ing des ign , researchers have chosen t o  use a large 

number o f  repli ca tes from each dens i ty and have colle c t ed plan t s  f rom 

only s e lec t ed dens i t i es along the rad i i  ( e . g .  Tolent ino , 1 985 ) . 

Ins t ead o f  sampl i ng only some dens i t ies ( arcs ) ,  i t  was t hough t t o  be 

more e f f i c i en t  t o  collec t plan t s  from every dens i ty excep t t he 

innermos t  and ou t ermos t border arcs , reduce the number o f  repli ca t es i n  

each dens i ty and employ mul t i ple  regres s i on analys i s  t o  determine t he 

nature o f  t he relat ionship be tween vege tat i ve growth and plant dens i ty .  

Thi s  i dea was also based on the recommendat ion o f  Radford ( 19 6 7 ) 

concerni ng growth  analys i s . He s tated that ' i t  i s  no longer necessary 

to  t ake large samples a t  rela t i vely infrequent t i me i n tervals i n  order 

to o b t a i n  accurate  resul ts . I t  w i ll be appreci ated t ha t , for the curve 

f i t t ing  needed in this  approach , i t  i s  preferable to have f requent  

smaller  samples ' .  Clawson e t  al . ( 19 8 6 )  employed growth analy s i s  

techni ques t o  quan t i fy and compare growth o f  2 soybean var i e t i es by 
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following Radford ' s  recommenda t i on . They repor ted a s i m i lar f o r m  o f  

each curve obtained for 1 0  growth  analys i s  parame ters  ( e . g .  crop 

growth ra te , ne t ass im i lat ion r a t e )  to o ther previous s tud i e s  that used 

more samples bu t less o f ten such as Bu t t ery ( 1970 ) , Kol ler  et al . 

( 1970) , Bu t tery and Buz zell ( 1 9 7 2 , 1 9 74 ) . In mos t cases , Clawson e t  

al . ,  ( 1 98 6 )  obtai ned higher R2 values . 

In the present s tudy , one plan t was sampled a t  each samp l i ng t i me from 

arcs 2 t o  1 8  (Table 2 . 1 ) . Plan t s  f rom each rep l i ca t e  ( 1 .  e .  lx4  p lan t s  

f rom each var i e t y )  were collec ted at  30 , 50 , 70 , 80 and 90 days a f t e r  

emergence ( DAE ) for  Ma tara and 30 , 50 , 70 and 90 DAE f o r  Amsoy ( see 

Fig . 2 . 1 ) . These  plan ts  were cu t a t  ground level and were used to  

det erm i ne the fol lowing charac ter i s t i c s  per plan t . 

a .  Node number and i n t e rnode leng th 

b .  Branch number 

c .  Leaf number 

d .  To tal leaf area 

e .  Branch leaf area 

f .  Shoo t d ry weight 

g .  To tal leaf dry we igh t 

h .  Branch leaf dry wei gh t  

The f o llowing d e f i n i t i ons of  terms were used in t h i s  s tudy ; 

i )  Node 

i i )  Branch 

i i i )  Leaf 

nodes on mai n  s t em that bore a t  

leas t one v i s i ble leaf 

shoo t s  from the main  s tem whi ch 

bore a t  leas t one v i s i ble leaf 

t r i fo l i a te leaf whi ch was more 

than hal f unfolded 

Lea f area was measured u s i ng a LI 3 100 L i-Cor me t e r  ( L i -Cor Inc . , 

Nebraska , USA ) . T i ssue dry we i gh t s  were determined a f t e r  drying i n  an 

a i r  oven at 80 ° C  for 3 days . 

Plan t heigh t  ( f rom ground level t o  t he highes t canopy level ) was 

measured at 30 , 50 , 70 and 80 days a f ter  emergence ( DAE ) for  Ma tara , 

and a t  30 , 50 , 70 , and 90 DAE for Amsoy . Five and ten plan t s  per  
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repl i c a t e  were  measured for  M atara and Amsoy respe c t ively . Light  

i n tercep t ion measuremen t was done  a t  ground level , mid poi n t  be tween 

plan t s  of t he same dens i ty at 32 , 48 and 62 DAE for Matara and at 30 , 

4 2  and 56 DAE for Amsoy , us i ng a Li-185 solar imeter ( L i -Cor , Inc . , 

Nebraska , USA ) wi th a quan tum sensor . Percen t l ight i n t ercep t ion was 

calcu l a t ed f rom the ra t i o  o f  l igh t intercep ted ( l igh t energy i n  

�E . m- 2 . sec- l a t  the top o f  t he canopy minus l igh t energy measured a t  

g round level ) t o  l igh t i n t ens i ty a t  canopy level . 

Several equa t i ons were tes ted 

whi ch bes t  descr i bed the 

charac t e ri s t i cs rela t ive t o  

t o  d e t e rmine the ma themat i cal 

o bserved changes i n  vege ta t i ve 

p lan t dens i ty .  These equa t i ons 

models 

grow t h  

were 

exami ned to  ascer tain whi ch gave t he bes t ' leas t squares ' f i t  to  t he 

observed da t a .  The c r i t e r i a  used were R2 values , v i sual exam i na t ion o f  

curve i n  rela t i on to  the plo t ted  data  and , f i nally , res i duals were 

p l o t t ed to  ensure they showed random and no t sys tema t i c  var i a t i on 

around the calcula ted curve . 

The equa t i on chosen in t h i s  experi men t were quadra t i c  exponen t ials . 

De t a i l s  are given i n  Append i x  4 .  Pred i c ted values from these equa t i on s  

a t  plan t dens i t ies 61 . 2 ,  3 8 . 2 ,  23 . 8 ,  14 . 8 ,  9 . 2  and 5 . 8  plan t s  m- 2 were 

used t o  plo t changes agains t t ime and are d i s cussed along w i t h  

reproduc t i ve da ta . 

2 . 3 . 4 . 2  Growth analys is  

Crop  g rowth rate  ( CGR) i s  d e f i ned as the  i ncrease o f  plant ma terial  per  

uni t  of  t i me ( Rad ford , 1967 ) and normally is  expressed on the  bas i s  of  

uni t a rea o f  crop  ( e . g .  g . m- 2 . day- l ) .  Ne t a s s i m i la t ion rate  ( NAR ) i s  

the i ncrease o f  plan t ma t e r i al per uni t  o f  ass imi latory material  per  

uni t  of  t i me [ g . m- 2 ( leaf ) . day- l ] .  Donald ( 19 6 3 )  i nd i cated tha t the 

l im i t a t ion o f  the concept  of NAR as appli ed t o  agri cul t u re is that 

p lan t s  do no t grow as isolated i ndividual s , but as commun i t ies  o f  

i nd i v i duals under s t rong compe t i t ive s t ress . CGR whi ch i s  a fun c t i on 

o f  NAR and LAI , therefore may be a more meani ngful measure o f  plant 

per fo r mance i n  popula t i on den s i ty s tud ies . 

Leaf a rea i ndex ( LAI ) and crop growth rate (CGR) were calculated f rom 

the pred i c ted values obtained f rom the equa t i on .  LA! was calculat ed 
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f rom leaf area per plan t ( m 2 . plant- 1 ) mUl t i p l i ed by t h e  number o f  

p lan t s  per square me tre . CGR i nvolves the calculat ion o f  vari ous mean 

r a t es from changes in  plan t weigh t per uni t  area of ground ( W2 and W1 ) 

o b served a t  two sampl i ng pe riods ( t 2 and t 1 ) ( Rad ford , 1967 ; Bu t te ry , 

1969b ) , as follows : 

CGR ( W2 -W1 ) / ( t 2 - t 1 ) 

un i t  = g . m- 2 land area . day- l 

2 . 3 . 4 . 3  Reproduc t i ve s tudy 

S i x  selec t ed plan t dens i t i es ;  61 . 2 ,  38 . 2 ,  2 3 . 8 ,  14 . 8 ,  9 . 2  and 5 . 8  

p l an ts . m- 2 were used for  reproduc t ive developmen t ,  yield  and y i el d  

component s tud ies . 

i )  Flowering pa t te rn 

F i ve plan ts pe r repl i ca t e  for Matara and ten plan t s  per  

repl i cate  for Amsoy were marked by  mapping and used f o r  

coun t i ng the number of f lowers per plan t a t  3-day i ntervals 

throughou t the flowering per i od . Thi s  i n terval was more 

f requen t than the intervals used by But tery ( 1969a) and 

Dominguez and Hume ( 1978 ) . Previ ous observat ion on f lower 

p roduc t i on in  bo th  var i e t ies  was done i n  the glasshouse before 

the f ield s tudy t o  assess the t ime s equence and exten t o f  

changes i n  colour and f reshness o f  pe t al s  f rom the f i r s t  day o f  

f lower appearance . Flowers coun ted i n  the f ield  s tudy were 

t hose whi ch were fresh and had unshrunken pe tal edges . These  

were  f lowers comparable to those observed on the f i r s t  day o f  

corolla appearance i n  the glasshouse .  By t h i s  means , only 

t hose flowers tha t  appeared on the coun t i ng day were i ncluded , 

allowing dai ly flower p roduc t i on per p lan t to be d e t e rm i ned . 

The date of peak flower i ng for each plant dens i ty was noted and 

used for later seed developmen t s tudi es . Total f lower 

p roduc t ion per plan t and flower i ng peri od were also de termined . 

To tal flower produc t i on was determ i ned by calculat ing t he 

cumulat ive f lower number f rom the dai ly rate  o f  f lower 

produc t ion curves . 
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i i )  Seed development s tudy 

Plant samples ( 4  plan t s  per repl i c a t e )  were collec ted at 10 day 

i n t ervals following the day tha t peak f lowering occurred i n  

each plan t dens i ty as shown i n  Table 2 . 2 .  

The following character i s t ics  were de t ermined : 

Number of pods ( �2 cm) per plan t 

Number of seeds per pod 

100-seed f resh wei ght  (gm) 

100-seed d ry we ight ( gm )  

Seed moi s ture con tent  ( % )  

A i r- d r i ed seed germinat i on ( % )  

Fresh seeds were ob tained by hand removal from pods and were 

used to  de termine seed fresh and d ry weights  and seed moi s ture 

con tent  by oven dry ing a t  103 °C for 17  hours . A i r-dried  seeds 

wi th approxi ma tely 12% moi s ture con ten t were o b t a i ned f rom pods 

whi ch were s lowly air d r i ed in  the glasshouse for abou t 2 weeks 

a f t er de tachi ng f rom the plan t s . Germina t ion t es t s  were 

conduc ted at 25 °C , 100% RH using 50 seeds per repli c a t e  in the 

' be tween paper '  me t hod . Seedlings were evaluat ed follow i ng the 

pres c r i p t ions in the ISTA Rules for Seed Tes t i ng ( I STA , 1985 ) . 

i i i )  Yield and y i eld componen t s  a t  f inal harves t 

Ma tara was harves ted 60 DAPF , Amsoy plan t s  ma tured later  and 

harves t ing was delayed un t i l  75  DAPF . A spli t block des ign was 

used to analyse the da t a  at the f inal harves t w i th var i e ty as 

the mai n  plo t and dens i ty as the subplo t .  

Yield , both on a per plant bas i s  and per uni t  area was 

evalua ted a t  10% seed moi s ture con tent which was der i ved f rom 

the weigh t of d ry seed us i ng the follow i ng formula 

where Seed dry weight  ( g )  

W2 Seed weight a t  10% moi s ture con t en t  
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Table 2 . 2  Rela t ionshi p between ' days af ter emergence ' ( DAE ) and ' days 

a f t er peak f l owering '  ( DAPF )  and s ampl i ng t imes for  

reproduc t ive growth s tudy 

Days af ter Sampl ing t imes for Ma tara 

P lan t emergence ( DAP F )  

den s i t i e s  un t i l  Peak 

f lowering 1 2 3 4 5 6 

61 . 2 47 10 20 30 40 50 60 

38 . 2  47 10 20 30 40 50 60 

2 3 . 8  47 8 18 28 38  48  58  

1 4 . 8  44 1 0  2 1  3 1  4 1  51  6 1  

9 . 2  44 10 24 34 44 54 64 

5 . 8  44 14  24  34  44  54 64 

Days af ter Sampling t i mes  for Amsoy 

P lan t emergence ( DAP F )  

den s i t i es un t i l  Peak 

flowering 1 2 3 4 5 6 

6 1 . 2  50 10 20 30 40 57  75  

38 . 2  53 10 20 30 40 57 75 

23 . 8  50 1 0 . 5  20 . 5  30 . 5  40 . 5  57 . 5  7 5 . 5  

14 . 8  47 1 0 . 5  20 . 5  30 . 5  40 . 5  57 . 5  75 . 5  

9 . 2  50 10 20 30 40 5 7  7 5  

5 . 8  53 10 20 30 40 57  75  
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For par t i t i oni ng seed yi eld , plan t s  were d ivided i n t o  three 

par ts based on plant  heigh t at f inal harves t ( top , middle and 

bo t tom) . Seed yield  from each arc was d i v i ded i n t o  mai n  s tem 

s eed yield and branch seed yield . Seed y ield was par t i t i oned 

wi thin  plan t s  i n t o  5 and 6 par t s  for Matara and Amsoy , 

respe c t i vely , as shown in  Table 2 . 3 .  

i v )  Seed qual i ty a t  f i nal harves t 

Seed mo i s ture con tent and a i r-dried seed germina t ion a t  f i nal  

harves t were also  analysed in  a s p l i t-block des ign . 

Table 2 . 3  Descr i p t i on o f  plan t par t i t ions for Matara and Amsoy soybean 

Plan t Matara Plan t Amsoy 

Par t Par t 

1 Seed yield f rom 1 Seed y ield  from 

branches ( t o p )  branches ( top ) 

2 Seed yield f rom 2 Seed y ield from 

main  s tem ( t op ) mai n  s tem ( to p )  

3 Seed yield f rom 3 Seed y i eld from 

branches ( mi dd le ) branches ( middle)  

4 Seed yield f rom 4 Seed y i eld from 

main  s tem ( m iddle)  mai n  s tem (middle ) 

5 Seed yield f rom main s tem 5 Seed y ield from 

and branches ( bo t tom ) mai n  s tem ( bo t tom)  

6 Seed y i eld from 

branches ( bo t tom) 
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2 . 4  RESULTS 

2 . 4 . 1  Plant growt h  and development 

Observat i ons on plan t growt h  and developmen t i n  t h e  radi al spaci ng 

t ri a l  clearly showed the e f fec ts  o f  plan t dens i ty .  Plant growth f rom 

the c i rcumference ( 4 . 9 plan t s . m- 2 ) t owards the cen t r e  ( 7 1 . 6  plan ts . m- 2 ) 

was wel l  des c r i bed by the quad ra t i c  exponent ial model ( Appendix 5 ) .  

S i x  selec t ed dens i t i es ; i . e .  61 . 2 ,  38 . 2 ,  2 3 . 8 ,  14 . 8 ,  9 . 2  and 5 . 8  

plan t s . m- 2 , were taken f rom predi c t ed values to  presen t  i n  t h i s  thes i s . 

2 . 4 . 1 . 1  Vege t a t i ve growt h  

i )  Plan t height 

F igs . 2 . 2a and 2 . 3a show the rela t i onshi p  be tween plan t hei gh t 

and t ime for plan ts  grown a t  d i f feren t dens i t ies . In bo t h  

var i e t i es , plan t compe t i t i on was s t i ll low a t  30 days a f t e r  

emergence ( DAE ) , bu t showed clearly when plant s  were measured 

f rom 50 DAE onwards ,  wi th plan t he igh t  increas i ng wi th dens i ty .  

A t  the f inal measuremen t o f  maximum p lan t hei gh t  ( 80 DAE f o r  

Matara and 

t han Amsoy 

cul t ivars , 

dens i ty 

plan t s . m- 2 

90 DAE for Amsoy ) , Ma tara was 

depen d i ng upon plant dens i ty .  At 

plant 

up t o  

height was c learly 

38 . 2  I - 2 p an ts . m  . 

and 6 1 . 2  plan ts . m- 2 were 

shown to 

P l ant  

s i m i lar . 

7 t o  1 0  cm shor t e r  

t h i s  s tage i n  bo t h  

b e  dependen t on 

heigh t s  a t  3 8 . 2  

A d i f feren t response was observed bet ween the  two varie t i e s . 

Ma tara was more sens i t i v e  than Amsoy . Increas i ng plan t dens i ty 

f r�m 5 . Q  t �  6 1 . 2  plAn e e . m- �  r •• ul ted in a plan t h.lgh t inere.'. 
at matur i ty of 53% i n  Matara compared to only 37%  i n  Amsoy a t  

the f i nal measuremen t ( 80 DAE for Matara and 9 0  DAE for Amsoy ) . 

i i )  Node number 

Plan t dens i ty had a large effect  on main s tem node number s  per 

plan t . Increas ing plan t dens i ty approxi ma tely 10-f o ld ( from 
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5 . 8  to  61 . 2  plan t s . m- 2 ) reduced node numbers a t  f i nal harves t 

by 5 nodes in  Ma tara and 6 nodes i n  Amsoy ( Fi gs . 2 . 2b and 

2 . 3b ) . 

In both  var i e t i es and all plan t dens i t ie s , there were 7 o r  8 

mai n  s t em nodes per plan t a t  30 DAE , and t hen numbers i ncreased 

wi t h  t i me .  Generally , in  high dens i ty plan t s , node produc t i on 

was slowed down earl i e r  than in  low dens i ty plan ts .  A t  6 1 . 2  

plan t s . m- 2 , i n t e rplan t compe t i t ion was observed through 

inhibi ted node produc t i on at 50 DAE for Matara , compared wi t h  

7 0  DAE in  Amsoy . A t  low dens i t i es , node numbers approached 

the i r  maximum whi ch was 16  for Ma tara and 18  for Amsoy . 

i i i )  Internodal e longa t i on 

F igs . 2 . 4  and 2 . 5  show the e f f e c t  o f  plan t dens i ty on 

i n ternodal elonga t i on at d i fferen t s tages of grow t h .  Three 

selec ted dens i t i es , i . e .  6 1 . 2 , 23 . 8  and 5 . 8  plan t s . m- 1  are 

presen ted . I t  is  clear that as plan t s  grew , the elonga t i on o f  

i n ternodes a t  t h e  top o f  the plan t s  ( young s tem i n ternodes ) was 

largely af fec ted  by plant dens i ty .  In the lowes t dens i ty ( 5 . 8  

plan ts . m- 1 ) ,  plan t s  con t inued to  produce more nodes wi t hou t any 

s i gn i f i can t increase in i n t ernode leng t h ,  whereas in h i gh 

compe t i t i ve s t ress cond i t ions ( 6 1 . 2  plan t s . m- 1 ) ,  plan t s  

produced fewer nodes but i ncreased the i r  height  t hrough 

i n t ernodal elonga t i on .  

compe t i t i on was be tween 

Amsoy . 

i v )  Lea f area p e r  p lan t 

The per i od whi ch was mos t  sens i t ive  t o  

30-50 DAE i n  Matara and 30-70 DAE i n  

T o t a l  l e a f  a rea i n c r eased rap i d ly i n  a l l  p lan t d ens i t y 

t rea tme n t s  u p  t o  a t  leas t 50 OAE ( F igs . 2 . 6a and 2 . 7 a ) . I n  

h igh dens i ty plan t i ngs of  Matara , this  increase i n  leaf area 

per plan t subsequen tly slowed down and s topped before 

decreas i ng rap i d ly af ter 70-80 DAE because o f  leaf  drop and 

leaf senes cence . At  90 DAE , leaf area was less  t han 500 

cm2 . plan t- 1 in  the three h ighes t dens i ty plan t ings compared 

wi t h  2 , 800 cm2 at  the lowes t plan t dens i t y .  
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In Amsoy , plan t s  grown a t  high dens i t i es retained t he i r  leaf 
area for a longer t ime compared to the same dens i t i es in Matara 
and s t i l l  had a lea f area o f  more than 1 , 000 cm2 . plan t- 1 a t  90 

DAE . In all  dens i t ies , leaf area con t inued to  increase 
l inearly to  a maxi mum leaf area at 70 DAE before decreas i ng 
s l i gh t ly by 90 DAE . Maxi mum leaf area o f  5 150 cm2 . plan t- 1 for  
Amsoy was found a t  70 DAE a t  the lowe s t  dens i ty .  

v )  Dry weigh t accumula t ion 

The e f fect  of p lan t dens i ty on above ground shoo t dry weight  i s  
dep i c ted i n  Figs . 2 . 6b and 2 . 7b .  No compe t i t i ve e f fe c t  was 
found at 30 DAE , al though compe t i t ion due to plant dens i ty 
e f fe c t s  became apparen t from 50 DAE onwards .  In  Matara , 
maximum shoot  dry weight was found a t  70 DAE in  high dens i t i es 
( 6 1 . 2  and 38 . 2  p lan ts . m- 2 ) bu t was no t reached unt i l  80 DAE 
when plan t dens i ty was decreased . I n  Amsoy , maxi mum shoo t dry 
we i gh t  occurred a t  70 DAE i rrespec t ive o f  plan t  dens i ty .  

v i )  Branch number 

The number of branches as a f fec ted by plan t  dens i ty is shown i n  
F i g . 2 . 8 .  A s  plant  dens i ty decreased , branch numbers i n  both  
var i e t ies i nc reased , bu t Ams oy was more respons ive than Matara . 
There was no t much d i f ference be tween the two cul t i vars when 
p l an t  dens i ty exceeded 38 plan t s . m- 2 , but there was a big  
d i f ference a t  the lowes t d ens i ty .  Amsoy plan t s  p roduced twi ce  
as many branches as  Matara plan t s  a t  5 . 8  p lan t s . m- 2 

( 10 vs 5 ) . 

Branch leaf area per plan t measured in  bo th cul t i vars showed a 
s im i lar t rend to total  leaf area per plan t ( da t a  no t shown ) . 
The highes t branch leaf area in the lowes t dens i ty p lan t i ng i n  
Matara was 1 , 970 cm2 . plan t- 1 , recorded a t  80 DAE compared t o  
3 , 820 cm2 . plan t - 1 in  Amsoy . A t  the highes t plan t  dens i ty ,  
branch lea f area was less than 300 cm2 . plan t- 1 i n  bo t h  
cul t ivars . 
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v i i )  Crop grow th 

Bes i d es individual plan t per formance , overall crop performance 
is also  impor tan t  s i nce the u l t ima t e  goal in c rop managemen t i s  
t o  maximi z e  seed yield  per uni t  area . Interplan t compe t i t ion 
in  a plan t commun i ty can be p rec i se ly expressed by the 
measurement  o f  crop grow th  per un i t  of l and area . In t h i s  
sec t ion , crop growth r a t e  ( CGR) and leaf area index ( LAI ) are 
cons i dered . 

The calculat i on of  crop growth  ra te  ( CGR) - the increase i n  d ry 
ma t ter per un i t  o f  land area - for  the en t i re sampl ing per i od 
i s  shown in  F igs . 2 . 9a and 2 . 10a . Generally , CGR i nc reased 
w i t h  t ime to maximum ra tes at  m i dseason and then dec l i ned qui t e  
rap i d ly . Dur ing the early s tage o f  grow th  ( 15 DAE ) , Mat ara and 
Amsoy had CGRs , ranging f rom 0 . 5  to 3 . 5  g . m- 2 . day- l for Ma tara 
and from 0 . 5  to  2 . 9  g . m- 2 . day- l for Amsoy , depending upon p lan t 
d ens i ty .  By 40 DAE , CGRs ranged from 3 t o  1 2  g . m- 2 . day- l f o r  
Ma t ara and 5 to  1 4  g . m- 2 . day- l f o r  Amsoy . In Ma tara , CGRs o f  
plan t s  grown a t  6 1 . 2 ,  38 . 2  and 23 . 8  plan t s . m- 2 subs equen t ly 
declined , whereas the increase in CGRs o f  plan t s  grown a t  14 . 8 ,  

9 . 2  and 5 . 8  plan t s . m- 2 con t i nued un t i l  60 DAE and then 
decreased rapi d ly a f ter 75 DAE . In Amsoy , CGRs s t i l l  i ncreased 
a c t ively a f t e r  40 DAE un t i l  60 DAE when Amsoy had a CGR 
approxima t ely twi ce that of Ma t ara . Subsequen t ly ,  howeve r ,  
CGRs o f  Amsoy plan ts  decl ined rapi d ly i rrespec t ive o f  plan t i ng 
d ens i t y .  

The g raphs o f  CGR c learly show the e f fec t s  o f  i n terplan t 
compe t i t i on .  Du r i ng the early t o  m i d  pe r i od o f  p lan t growth 

( 15 to 60 DAE) , the CGR in d ense commun i t ies increased a t  a 
h igher rate than in  sparsely s paced communi t ies . This  h i gher 
rate  was a t t r i bu t ed to  the grea t e r  number o f  plan t s  per uni t 
area . Plan t s  grown under high compe t i t ive s t ress in  a dense 
communi ty reached ma turi ty ear l i er ( 65-70 DAE ) , as shown by the 
sharp  decrease in CGR wh i ch reached zero ear l i e r . 
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LAI i s  frequen t ly regarded a s  a n  ind i ca t o r  of  the i n t ens i ty o f  
compe t i t ion f o r  light experi enced by i nd i v idual p lan t s  w i t h i n  a 
commun i ty .  As shown in Figs . 2 . 9b and 2 . 10b , LAI increased 
w i th  t ime and at tained maxi mum values between 50 and 80 DAE for 
Matara and at  70 DAE for Amsoy . Peak LAI ranged f rom 
approxima t e ly 2 to 6 for Ma tara and 3 to  8 for Amsoy when plan t  
dens i ty was inc reased from 5 . 8  t o  61 . 2  plan t s . m- 2 • 

I n  Ma tara , max i mum LAI was reached earl ier in  h i gh t han low 
plant dens i t i es . Ini t i al ly ( 30-70  DAE ) plan t s  grown at h igh 
dens i t ies had a higher  LAI than plan t s  grown at low dens i t ies . 
However , by 80 DAE , wh i le the LAI of low dens i ty p lant s  had 
reached a maxi mum , the LAI o f  high dens i ty plan t s  decreased 
rapi d ly ,  u l t i mat ely reach ing lowe r levels than low dens i ty 
plan t s by 90 DAE . 

In  Amsoy , LAI reached a maxi mum a t  abou t 70 DAE i n  a l l  
dens i t ies . The subsequen t decline in  LAI was , however , fas t e r  
i n  high dens i t ies than low dens i t i es ,  although t h i s  e f f ec t  was 
no t as marked as in Matara . 

In this  s tudy , high correla t i ons were found for bo th  cul t i vars 
be tween CGR and mean LAI at correspond ing sampl i ng t i mes before 
plant  senescence ( i . e .  80 DAE ) . Correlat ion coef f i c i en t s  were 
0 . 800* *  for Ma tara and 0 . 959 * *  for Amsoy . 

2 . 4 . 1 . 2  Reproduc t ive grow th  

i )  Dai ly f lower produ c t ion 

I n  bo t h  cul t ivars f lowe r i ng began 29-30 DAE . P lant s  grown a t  
d i f ferent dens i t i es fol lowed a s imi lar f lowering pa t tern 
al though the dura t ion o f  f lowe r i ng varied , w i th  low dens i ty 
plan t s  con t inuing t o  f lower 8- 1 1  days longer t han h igh dens i ty 
plan t s . 

The responses in flower produ c t i on per day i n  Matara and Amsoy 
soybeans as af fec ted by plan t dens i ty are shown in F igs . 2 . 1 1 
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and 2 . 12 ,  respec t i vely . The pa t t erns of  f lowering o f  these 2 

var i e t ies were s imi lar , but  Amsoy reached a h ighe r  f lower i ng 
peak than Ma tara . In Ma tar a ,  flower product ion increased 
s lowly dur ing the early period at h igh dens i t i es ( 61 . 2  and 38 . 2  

plan t s . m- 2 ) ,  but at  low dens i t i es the number o f  f lowers 
increased sharply and reached a max i mum 15 days a f t er f i r s t  
f l owering . H igh dens i ty plan ts reached maxi mum d a i ly f l ower 
product ion 18 days af ter f i rs t  f lowe r i ng and had only one 
prominen t peak . At 9 . 2  and 5 . 8  plan t s . m- 2 , the plan t s  produced 
2 f l ower i ng peaks wh i ch were 12  days apar t . Amsoy p lan ts grown 
at 1 4 . 8 ,  9 . 2  and 5 . 8  plan t s . m- 2 showed one f lowe r i ng peak 
f o llowed by a sudden bu t rela t i vely sho r t  second i ncrease i n  
dai ly f lower numbers 8 t o  10  days later . No second f lowe r i ng 
peak was observed at  higher dens i t ies . Maximum f lower 
produc t i on ranged from 3 . 4  to  12 . 9  flowers . plan t - 1 . day- l f o r  
Matara and from 8 . 0  to  23 . 3  flowers . plan t- 1 . day- l for Amsoy , 
flower numbers increas ing as plan t  dens i ty decreased . 

i i )  Flowering per i od and flower number per p lan t 

Table 2 . 4  shows the mean values of  total  flower ing per i od , 
flower numbers per p lan t and percentage o f  reproduc t ive 
abo r t i on as inf luenced by plan t  dens i ty .  

Al though Amsoy had a s ign i f i can tly longer f lower i ng per i od ( 7  

days ) and produced about  twi ce as many f lowers as Ma tara ( 296  

vs 143 , mean values ove r  all  dens i t i es ) , both  var i e t i es showed 
a s im i lar increase in both flowe r ing peri od and f lower number 
as p l an t dens i t y  .decr eased . There was no i n t erac t i o n  be tween 

var i e ty x dens i ty in  both  parame t ers . 

As p lan t dens i ty decreased from 6 1 . 2  to 5 . 8  plan t s . m- 2 , the 
flowering pe r i od increased by 8 . 2  days in  Matara and 1 1 . 0  days 
in Amsoy . Th i s  was accompani ed by a 7 - fold i ncrease in flower 
numbers per p lant in Ma tara ( 36 to 264) and a 4-fold increase 
( 1 15  to 497 ) in  Amsoy . 
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Fig . 2 . 12 Effect  of p lan t dens i ty on daily flower numbers 
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i i i )  Reproduc t ive abor t i on 

The percen tage of  reproduc t ive abor t ion was calcula ted f rom the 

rat i o  o f  the number of  reprodu c t ive s t ru c t ures tha t fai led to  

develop i n to ma ture pods at  f i nal harves t and to tal flower 

numbers per plan t .  

The percen tage o f  reproduc t ive abo r t i on as i n fluenced by plan t 

dens i ty i s  shown in  Table 2 . 4 .  Increas i ng p lan t dens i ty abou t 

10 t imes f rom 5 . 8  to 61 . 2  plan t s . m- 2 d i d  no t s igni f i can t ly 

al ter  the percen tages of reprodu c t ive abor t ion . However ,  there 

was a s ign i f i can t d i fference be tween cul t ivars . Ma tara had a 

lower percen tage of reproduc t ive abor t ion ( average 65 . 2%)  t han 

Amsoy (average 8 1 . 8% ) . 

i v )  Pod and seed developmen t 

Three plant  dens i t i es were chosen to  dep i c t  the e f fe c t  o f  p lan t 

d ens i ty on pod and seed development based on days a f t e r  peak 

flower i ng ( DAPF ) ,  i . e .  6 1 . 2 ,  2 3 . 8  and 5 . 8  plan t s . m- 2 • DAPF as 

related to DAE has been shown previ ously in Table 2 . 2 .  

As shown i n  Figs . 2 . 1 3 to  2 . 18 ,  the e f fec t of  dens i ty s t ress 

was more pronounced in  relat ion to  pod development than seed 

developmen t .  In  mos t cases , bo th var i e t ies showed the same 

trend . Di f ferences were found only in  rates o f  s eed growt h  and 

in the per i od of seed f i l l  whi ch were sligh t ly s lower and 

shor ter in Amsoy . 

Pod developmen t 

Figs . 2 . 1 3a and 2 . 14a show the developmen t of  pods per plan t  a t  

the 3 selected plan t dens i t ies . A t  the highes t dens i ty ( 6 1 . 2  

plan ts . m- 2 ) ,  pod numbers per plant reached a maximum at  10 days 

af ter peak flower ing ( DAPF ) for Ma tara and a few days l a t e r  for 

Amsoy . A t  the medi um dens i ty ( 23 . 8  plan t s . m- 2 ) ,  bo th  

cul t ivars reached maximum pod numbers per  p lan t a t  20 DAPF . Pod 
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Table 2 . 4  Effec  t of plan t dens i ty on f lower i ng peri od ( days ) ,  t o tal 

flower produc t i on per plan t and reproduc t ive abor t i on ( % )  o f  

Ma tara and Amsoy soybean 

F lowe ring Per i od ( days )  Flower s  Per Plan t 

plan t s . m- 2 Matara Amsoy Mean Ma tara Amsoy Mean 

6 1 . 2  33 . 3  39 . 0  3 6 . 1 d " 3 6 . 3  1 14 . 6  75 . 5  f 

38 . 2  34 . 0  4 1 . 8  3 7 . 9  cd 6 3 . 6  1 6 6 . 5  1 15 . 0  e 

2 3 . 8  36 . 3  44 . 0  40 . 1  bc 1 14 . 1  283 . 0  1 98 . 5  d 

14 . 8  40 . 5  44 . 8  42 . 6  ab 162 . 2  3 1 1 . 7  2 3 6 . 9  c 

9 . 2  40 . 3  47 . 0  43 . 6  ab 2 18 . 8  404 . 9  3 1 1 . 8  b 

5 . 8  41 . 5  50 . 0  45 . 8  a 264 . 1  497 . 4  380 . 7  a 

mean B 37 . 6  A 44 . 4 " B 143 . 2  A 2 96 . 3  

CV 8 . 2  v a r  % CV d e n s  8 . 2 % CV v a r  8 . 2  % CVd e n s  7 . 9  % 

Reproduc t ive Abo r t i on ( % )  

Ma tara Amsoy Mean 

6 1 . 2  55 . 5  8 1 . 1  68 . 3  a 

38 . 2  60 . 8  8 1 . 7  7 1 .  2 a 

2 3 . 8  7 2 . 5  B4 . 9  7B . 7  a 

14 . B  66 . 9  81 . 9  74 . 4  a 

9 . 2  66 . 7  BO . B · 7 3 . B  a 

5 . B  69 . 0  BO . 3  74 . 7  a 

mean B 65 . 2  A 81 . B  

CV 1 1 .  2 % CVd 10 . 3  % v a r  e n s  

Values followed by the same lower case let t e r  in  each column and 

values preceded by the same capi tal  le t t e r  in each row of each 

parame ter are not s i gn i f i can t ly d i f ferent a t  p robab i l i ty . 05 by 

Duncan New Mul t i ple Range Tes t .  Analy s i s  of  variance for f lower 

number and the percen tage of  reproduc t ive abor t ion was done on square 

roo t ( cr i t e r i a  of  Mead and Curnow , 19B 3 )  and arc-s i n  t rans f o rmed 

da t a ,  respec t ively . 
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numbers p e r  plan t a t  these two plan t dens i t ies subsequen t ly 

remained rela t ively cons tant un t i l  harves t .  At  the low dens i ty 

( 5 . 8  plan t s . m- 2 ) ,  low compe t i t ive s t ress cond i t i ons allowed 

plan ts  to develop more pods to a maxi mum a t  40-44 DAPF . 

Changes in seed numbers per pod 

F i gs . 2 . 1 3b and 2 . 14b  show the number o f  seeds per pod a t  

d i f feren t t i mes af ter peak flower i ng . Seed numbers per pod i n  

Matara were relat i vely cons tan t  throughou t the developmen t a l  

peri od and were s l i gh t ly grea ter t han i n  Amsoy . There was a 

t endency i n  Matara for plan ts  a t  t he h ighes t plan t  dens i ty t o  

produce fewer seeds per pod than a t  med ium and low dens i t i es .  

In  Amsoy , all  dens i t i es showed s i mi lar s eed numbers per pod , 

but  there was a tendency for seeds per pod to  decrease w i t h  

t ime from abou t 2 . 7  a t  10  DAPF to  abou t 2 . 4  a t  7 5  DAPF . 

Seed fresh weigh t 

Seed fresh wei ght  increased w i th  t i me and reached a maxi mum a t  

abou t 4 0  DApF for Matara and abou t 40 t o  5 5  DAPF for Amsoy , 

before gradually decreas i ng ( F i gs . 2 . 15a and 2 . 1 6 a ) . In  

Matara , maxi mum seed f resh wei gh t  ranged f rom 38  to  43  

g . 100 seeds- 1 and there was a tendency for seeds from h i gh 

dens i ty plan t s  t o  lose weight ear l i e r  than low dens i ty plan t s . 

I n  Amsoy , maxi mum seed fresh weigh t in  the lowes t dens i ty 

plan t s  tended to be h igher than in  t he o ther two dens i t i es ,  b u t  

decreased t o  the same value a t  7 5  DAPF . 

Seed dry weigh t 

Seed d ry we igh t increased wi th  t i me in  the same manner as seed 

f resh wei gh t  bu t reached a maxi mum s li gh t ly later t han seed 

fresh wei gh t  ( Figs . 2 . 1 S b  and 2 . 1 6b ) . 

maturing cul t i var , seed dry we i gh t  i n  

reached a maxi mum 8 t o  1 4  days ( based 

In Matara , an 

high dens i ty 

on days a f t e r  

early 

plan t s  

peak 
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flowering )  earlier  than med ium and low densi ty  plan t s , 

respec t i vely . Seed growt h  rates dur ing s t age I I  ( accumula t i on 

o f  food reserves ) of  seed developmen t were s i m i lar ( about 5 

mg . seed- 1 . day- l ) . 

In Amsoy , seed grow th ra te was s lowe r , reaching a maxi mum 3 t o  

1 7  days la ter than Mat ara depend i ng upon p lan t dens i ty .  Seed 

growth rates during s tage II of  seed development were s i m i la r  

i rrespec t ive of  plant d ens i ty ( abou t 4 mg . seed- 1 . day- l ) .  

Seed mo i s ture con tent 

Seed mo i s ture con tent decreased s lowly from approx i ma tely BO% 

at  10 DAPF and reached abou t 60% a t  40 DAPF . Subsequen t ly seed 

dehydra t i on occurred at  a fas ter  rate ( Figs .  2 . 1 7 a  and 2 . 1B a ) . 

In Matara , seed moi s ture con tent i n  low dens i ty plan t s  

decreased a t  a slower rate compared t o  s eed moi s ture cont en t o f  

plan t s  in  the o ther two dens i t i es during 40-64 DAPF . The ra t e  

o f  dehydra t ion was rela t i vely slower i n  Amsoy than i n  Ma tara . 

Seed moi s ture content  finally decreased to approxi ma t e ly 20% a t  

about 6 0  DAPF in  Matara and at  about 7 5  DAPF i n  Amsoy . A t  

final harves t ,  i t  was clear that the dehydrat i on p rocess i n  

seeds tended t o  occur fas ter  in h igh plan t dens i t ies t han i n  

low plan t dens i t i es (Table 2 . 5 ) . 

Seed germina t i on 

The germina t i on capaci ty of a i r-dr i ed seed ( Figs . 2 . 1 7 b  and 

2 . 1 8 b )  increased rapi d ly and reached a maxi mum be tween 30 and 

40 DAPF in  both  var i e t ies . Matara seeds had a h igher 

germ i na t i on capaei t y  t han Amsoy a t  10 OAPF . Plan t dens i ty had 

no effect  on seed germina t i on level during t he early s tages o f  

s eed developmen t .  However , af ter 40 DAPF t here was a 

sugges t ion that seeds produced from high dens i ty p lan t s  of  bo t h  

var i e t i es had a lower germi na t i on capaci ty t han s eeds p roduced 

f rom lower dens i ty plan t s , a t endency whi ch was also evident a t  

f i nal harves t (Table 2 . 5 ) . P lan ts grown a t  5 . B  plan t s . m- 2 

produced seeds wi th the highes t germi na t i on capac i ty ( 96 . B% ,  
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values af ter  analys i s  us ing arc-s i n  / t rans format i ons . 
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averaged over the two cult ivars ) whereas plan t s  grown a t  6 1 . 2  

plants . m- 2 produced seeds wi th the lowes t germinat i on 

percen tage ( 9 1 . 3% ) . There was no vari ety x dens i ty 

i n terac t i on .  

The average percen tage of seed germinat ion in Matara was 

s igni f i can t ly higher than in Amsoy ( 95 . 7  and 90 . 7% 

respec t i vely ) . Cracked seed coa ts were cons tan t ly found i n  

Amsoy whereas Matara plan ts  produced very few or no cracked 

seeds . 

Economi c  y ield 

In this sec t i on , the effects  of  plan t dens i ty and var i e ty are 

cons i dered under 2 head ings , v i z . ( i )  y i e l d  and y ield componen t s  and 

( i i )  par t i t ioning of  seed y ield be tween d i f feren t par ts  of the plan t . 

2 . 4 . 2 . 1  Yield and y i eld componen ts 

Seed yield per plant (Table 2 . 6 )  increased wi t h  decreas i ng p lant 

dens i ty below 38 . 2  plan t s . m- 2 , but d i f ferences in seed y i eld  per plant 

a t  the two h i ghes t dens i t i es ( 38 . 2  vs 61 . 2  plan t s . m- 2 ) were no t 

s ta t i s t i cally s i gni f i can t . Simi lar responses were found i n  bo t h  

var i e t i es .  There were n o  s i gni f i can t d i f ferences in  y i e ld and y ield  

componen ts  be tween Matara and Amsoy . 

Seed yield per uni t  area - i ncreased wi th plan t dens i ty showing the 

impor tance of  plant numbers per uni t area (Table 2 . 6 ) .  Maxi mum s eed 

y i eld was found a t  the two highes t p lant dens i t ies ( 38 . 2  and 6 1 . 2  

plan t s . m- 2 ) in both cul t ivars . 

be tween the two cul t i vars . 

Agai n ,  there were no d i fferences 
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Table 2 . 5  Effect  of  plant dens i ty on f i nal seed quali ty of Ma t ara and 

Amsoy soybean 

Seed Mo i s ture Con ten t ( % )  Ai r-d r i ed seed germina t ion ( % )  

plan ts . m- 2 Ma tara Amsoy Mean Ma tara Amsoy Mean 

6 1 .  2 13 . 9  1 7 . 6  15 . 8  
" 

9 2 . 5  90 . 0  9 1 . 25 c c 

38 . 2  14 . 8  1 7  . 6  1 6 . 2  c 95 . 0  89 . 5  92 . 25 be 

23 . 8  18 . 4  19 . 3  18 . 9  ab 95 . 0  87 . 5  9 1 . 25 c 
14 . 8  20 . 0  20 . 1  20 . 0  a 95 . 0  90 . 5  9 2 . 75 be  

9 . 2  1 6 . 5  18 . 0  1 7 . 2  bc 97 . 5  92 . 0  94 . 75 ab 

5 . 8  1 9 . 3  17  . 8  18 . 5  ab 9 9 . 0  94 . 5  96 . 75 a 

mean A 1 7 . 1  A 18 . 4 " A 95 . 7  B 90 . 7  

CV v a r  1 7 . 1  % CVd 11 . 1  % CVv a r 7 . 0  % CVd e n a 7 . 5  % " n 8  

Values followed by the same lower case l e t ter  in each column 

values p receded by the same cap i tal l e t ter i n  each row of 

parame ter  are no t s ign i f ican t ly d i f ferent at  probabi l i ty . 05 

and 

each 

by 

Duncan New Mul t i ple Range Tes t .  Analys i s  of  variance for germina t ion 

percent age was done on arc-s in t rans formed data .  
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Table 2 . 6  E f fec t of  plan t dens i t y on fina l  seed y i eld of Matara and 

Amsoy soybeans 

Seed Y i e l d  ( g . plan t- 1 ) Yield g . m- 2 

plan t s . m- 2 Matara Amsoy Mean Ma tara Amsoy Mean 

6 1 . 2 7 . 3  1 0 . 3  8 . 8  
, 

445 . 9  632 . 0  538 . 9  e a 

38 . 2  10 . 2  1 5 . 3  12 . 8  e 3 90 . 0  582 . 9  486 . 5  a 

2 3 . 8  14 . 7  20 . 0  1 7 . 3  d 348 . 9  474 . 6  4 1 1 . 8  b 

1 4 . 8  23 . 8  25 . 3  24 . 6  c 352 . 8  375 . 2  3 64 . 0  bc 

9 . 2  35 . 9  37 . 2  36 . 6  b 331 . 7 343 . 7  3 3 7 . 7  c 

5 . 8  41 . 6 48 . 5  45 . 0  a 239 . 2  2 7 9 . 1  2 59 . 1  d 

mean A 22 . 3  A 26 . 1 ' A 351 . 4  A 447 . 9  

CV 2 1 .  6 % CV d 1 6 . 3  % CV 21 . 1  % CV d 1 6 . 3  % v a r  e n s  v a r  e n s  

Values followed by the same lower case le t ter in each column and 

values pre ceded by the same cap i t a l  le t t er in each row of each 

parame ter  are not s i gn i f i can t ly d i f feren t at probab i l i ty . 05 by 

Duncan New Mul t i ple Range Tes t . 
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Of  the seed y ield componen t s ,  pod numbers showed t h e  grea tes t i n f luence 

in determining seed y i e ld per plan t . Increas ing p lant dens i ty f rom 5 . 8  

t o  6 1 . 2  plants . m- 2 , resu l t ed in a reduc t ion i n  pod numbers per plan t o f  

approximately 80% in  both  cul t i vars (Table 2 . 7 ) .  Average f i gu res from 

6 plan t dens i t ies in Mat ara and Amsoy were 45 . 9  and 53 . 8 ,  respec t i vely 

whi ch were no t s t a t i s t i cally d i f feren t . 

Seed numbers per pod were also no t s ign i f i cantly d i f ferent  e i ther 

between cul t ivars o r  across plant dens i ty t reatmen ts ( Table 2 . 7 ) . Seed 

weigh t showed an inconsis tent but minor e f fe c t  when plan t dens i ty was 

al tered . 

2 . 4 . 2 . 2  Par t i t i on i ng o f  seed y ield 

Three plant dens i t i es ( 6 1 . 2 ,  

show the ef fec t s  of  plant 

among d i f feren t plan t  par ts . 

Plan ts were d i v ided into  3 

23 . 8  and 5 . 8  plan t s . m- 2 ) were selec ted t o  

dens i ty o n  t h e  par t i t ioning o f  s eed y ield 

The resul ts are shown in  Table 2 . 8 .  

par t s ; top , middle and b o t tom based on 

plan t height and in each s t ratum pods from branches and main s tem were 

also separa ted ( see also Plate 2 . 3 ) .  

The d i s t ri bu t i on o f  seed y i eld wi thin  the plant was closely rela ted  t o  

t h e  degree o f  i n terplan t compe t i t i on imposed o n  i t  b y  plan t dens i ty .  

The petcen tage o f  seed yield from the top por t ion o f  i nd i vi dual plan t s  

was decreased a s  plan t dens i ty decreased . A s  plan t dens i ty decreased , 

branches became i ncreas ingly impor tan t s i tes as con t ri bu t ors t o  seed 

y i e ld . This e f fec t is read i ly seen in  Amsoy and was also found in  the 

middle por t i on of Ma tara plants . A t  

plan t s . m- 2 ) ,  the middle por t i on 

the lowes t plant dens i ty ( 5 . 8  

o f  plan t s  made t he grea tes t 

con t r i bu t ion  to  seed yi eld in Matara compared wi th t he basal p o r t i on in  

Amsoy . A t  the  med i um 

s igni f i can t d i f ference 

region of t he plan t s  i n  

plan ts . m- 2 ) ,  the main  

Top  and middle  regions 

dens i ty ( 23 . 8  plan ts . m- 2 ) ,  t here was no 

in seed y ield be tween the middle and the bot tom 

bo th vari e t i es . At  the highes t dens i ty ( 61 . 2  

s t em con t r ibu t ed more seed yield  than branches . 

on the main s tem were l ikely t o  be mos t 

i mpor t an t  in  Matara while  middle and basal por t i ons of  t he plant were 

maj or y i e ld con t r i bu t ors in Amsoy . 



7 1  

Table 2 . 7  Ef fec t o f  plan t dens i ty on pod numbers per plan t , seed 

numbers per pod and seed we igh t ( g . 100 seeds- I ) of  Ma tara and 

Amsoy soybean 

Pods per plant  

plan ts . m- 2 Ma tara Amsoy Mean 

6 1 . 2  1 5 . 8  20 . 9  18 . 3  e 
3 2 . 2  23 . 2  30 . 6  26 . 9  e 

23 . 8  3 1 . 4  4 1 . 9  36 . 6  d 

14 . 8  51 . 4  54 . 1  5 2 . 8  c 

9 . 2  7 2 . 9  7 7 . 6  75 . 3  b 

5 . 8  80 . 8  97 . 9  89 . 3  a 

mean A 45 . 9  A 53 . 8 ' 

CV v a r  14 . 8  % CV d e n s  1 2 . 3  % 

Seeds per pod Seed we ight ( g . 100 s eeds- I ) 

Matara Amsoy Mean Ma tara Amsoy Mean 

6 1 . 2 2 . 7 5 2 . 42 2 . 59 a 1 6 . 74 18 . 59 17 . 67 ab 

38 . 2  2 . 86 2 . 4 3 2 . 65 a 1 5 . 4 1  18 . 41 16 . 9 1  ab 

2 3 . 8  2 . 85 2 . 37 2 . 6 1 a 1 6 . 42 17 . 86 17 . 14 ab 

14 . 8  2 . 8 1  2 . 44 2 . 63 a 1 6 . 40 1 7 . 30 16 . 85 b 

9 . 2  2 . 78 2 . 42 2 . 60 a 1 7 . 7 3 17 . 84 17 . 78 ab 

5 . 8  2 . 76 2 . 39 2 . 57 a 18 . 74 18 . 52 18 . 63 a 

mean A 2 . 80 A 2 . 4 1  A 1 6 . 9 1  A 1 8 . 09 

CV 8 . 2  % CVd 3 . 0  % CV 1 1 . 4  % CVd e n s  8 . 8  % v a r  e n s  v a r  

Values followed by the same lower case let ter in each column and 

values preceded by the same 

parame ter are not s ign i f i can tly 

Duncan New Mul t i ple  Range Tes t .  

cap i tal  le t ter 

d i fferen t at  

i n  each row o f  each 

p robabi l i ty . 05 by 
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Table 2 . 8 Seed yield ( g . plant par t- i ) f rom 5 d i f ferent plan t par t s  for  

Ma t ara and 6 d i f feren t plant  par ts  for Amsoy f rom 3 p lan t 

dens i t ies ( 6 1 . 2 ,  23 . 8  and 5 . 8  plants . m- 2 ) ( SE i s  given i n  

pare thes i s )  

S t ra t a  

Top 

M iddle 

Bo t tom 

Top 

M i ddle 

Bo t tom 

Top 

Middle  

Bo t tom 

Ma tara Amsoy 
------------------------
Mai n  S t em Branches Total % Main  S t em Branches Total % 

2 . 5 1 0 . 0  
( +0 . 24 )  

2 . 26 0 . 33 
( ±0 . 24 )  ( ±0 . 09 )  

Not  analysed 
separa tely 

6 1 . 2 
2 . 5 1 3 2 . 6  
2 . 59 33 . 7  
2 . 59 33 . 7  

(±O . 44)  

plan t s . m- 2 

1 . 72 0 . 0  1 . 7 2  1 7 . 8  
( +0 . 37 )  

2 . 50 1 . 1 3 3 . 63 37 . 7 
( +0 . 5 1 )  

2 . 33 
( +0 . 4 1 )  - 1 .  96 4 . 2 9 44 . 5  

( ±0 . 52 )  ( ±0 . 6 1 )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . 55 0 . 64 
( +0 . 1 7 )  

3 . 1 2 
( +0 . 1 4 )  

2 . 15 
( ±0 . 30 )  ( ±0 . 20)  

No t analysed 
separat ely 

5 . 90 4 . 66 
( ;0 . 85 )  

. 95 HO • 9 6 )  
. 14 

( ±0 . 1 8 )  ( ±0 . 37 ) 
No t analysed 

separa tely 

4 . 1 9 
5 . 2 7 
5 . 90 

( ±0 . 93 ) 

10 . 56  
18 . 09 
14 . 88 

( ± 1 . 45 )  

23 . 8  plan ts . m- 2 

27 . 3  2 . 04 0 . 84 2 . 88 15 . 5  
34 . 3  

( +0 . 20 )  
3 . 87 

(�0 . 1 3 ) 
. 28 8 . 15 43 . 7  

38 . 4  
( +0 . 97 )  

3 . 27 
( �0 . 56 )  

. 34 7 . 61 40 . 8  
( ±0 . 68 )  ( ±0 . 92 )  

5 . 8  plan t s . m- 2 

24 . 3  2 . 10 3 . 51 5 . 6 1 1 2 . 1  
4 1 . 6  

( +0 . 4 1 )  �
. 14 

f+0 . 7 1 )  
2 . 03 18 . 17 3 9 . 1  

34 . 2  
( +0 . 40)  � . 66 

f;2 . 22 )  
. 06 2 2 . 72 48 . 8  

( ±0 . 90)  ( ±1 .  64 ) 



Pla t e  2 . 3  Above ground plan t forms a t  f i nal harves t of  Matara 

soybean grown a t  d i f feren t plan t  dens i t ies 
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2 . 5  DISCUSSION 

2 . 5 . 1  Radial s pacing desi gn in  p lant densi ty s tudy 

The resul t s  from thi s s tudy show tha t  the rad i al s pacing des ign ( type 
1 a )  is very useful for s t udying the effec t s  of a wide range o f  
dens i t ies o n  p lan t growth and developmen t in  soybean . Compar i ng the 
resu l t s  of Bu t t ery ( 1969b)  wi th  the resul t s  of the presen t s t udy , the 
rad i al des ign ( type 1a)  proved reliable in  that i t  demons t ra ted the 
s ame pa t t ern o f  
2 . 5 . 2 ) . But t ery 
paren tal line of  
o r i g i na t ed as  an 

plan t growth  res ponses to  dens i ty ( see 
used a soybean varie ty ( Harosoy 6 3 )  

Amsoy and i s  in the same matur! ty 
F7 plan t selec t ion from the cross 

also sect i on 
whi ch i s  a 
group ( Amsoy 

' Adams ' x 
' Harosoy ' ) .  Moreover , he condu c t ed his  work at  Harrow , Ontar i o , Canada 
where the la t i tude ( 4 2 0  02 ' )  is in abou t the same range as New Zealand . 
As might  be expec ted , mean values d i f fer , but  resul ts  f rom both 
exper imen ts  in  terms of plan t d ry weigh t  ( shoo t dry we i gh t ) ,  leaf area 
per plan t ,  CGR and LAI are comparable be tween Harosoy 63 and Amsoy at  
t he same dens i ty and the same t i me ( Figs . lA , 1B , 6A and 7 i n  Bu t tery , 
1969b  compared , respec t ively , w i th Figs . 2 . 7b ,  2 . 7 a ,  2 . 10a and 2 . 10b i n  
t he present s tudy ) . These  s i m i lari t ies  be tween a rec tangular plan t ing 
and t h i s  rad i al plan t ing show the appropri a teness of the NeIder 1a 
des ign in  p lan t dens i ty s tud i es . Curve f i t t i ng techni ques can be 
success ful ly used to over come sample shortages in  the rad i a l  as 
prev i ous ly d i scussed ( 2 . 3 . 4 ) . 

2 . 5 . 2  Factors influencing vegetative plant growth and development 

The present s tudy has clearly shown that  in  soybeans , plan t g row th and 
developmen t are subs tant ially af fec ted by plan t compe t i t ion . 
Generally , these observat ions on changes in plant mor pholog i cal 
charac ter i s t i cs as inf luenced by plan t dens i ty indica t e  s i m i lar e f fe c t s  
t o  t hose reported previously , par t i cularly in rela t i on t o  p lan t heigh t 
( H i nson and Hanson , 1962 ; Weber e t  al . ,  1966 ; Doss and Thur low , 1974 ; 
W i lcox , 1974 ) ;  node number ( Weber e t  al . 1966 , Bu t tery ,  1969a ; Eny i , 
1 9 7 3 ) ; branch number ( H inson and Hanson , 1962 ; Weber e t  al . , 1966 ; 
Bu t t e ry ,  19 69a ; Enyi , 1 97 3 ; 
( H i n s on and Hanson , 1962 ) .  

Cos ta  e t  al . , 1980 ) ; and matu r i ty date  
In  the present  s t udy , i n t erplan t 
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compe t i t ion crea t ed by w i de variat ions in  plan t dens i ty was generally 
f ound to be minimal up t o  30 DAE ( Figs . 2 . 2-2 . 7 ) .  The compe t i t ive 
e f fec t ,  however ,  became more ext reme as plan t s  grew b i gger . By 50 DAE , 
t he growth of  high dens i ty plants  was obv i ously depressed , espe c i al ly 
i n  Ma tara .  The high compe t i t ive s t ress occurr ing in  these crowded 
M a tara plan ts  s t ar ted to  inh i b i t node produc t i on and leaf grow t h  
( Figs . 2 . 2 b ,  and 2 . 6a ) . However , t o tal shoo t dry weigh t  accumu l a t i on 
( F ig . 2 . 6b )  was inhi bi ted in these hi.gh dens i ty cond i t ions rather  
l a t e r , s ince i t  reached i t s maximum a t  70 DAE . In low dens i ty plan t s , 
a l l  these parame ters reached the i r  maximum a t . 80 DAE . Da t a  from 
B u t t e ry ( 1968b)  have also shown that  plants  grown at  h igh dens i t ies 
reach maxi mum grow th earl i e r  than plants  grown a t  low dens i t i es . In  
Amsoy , maxi mum grow th occurred a t  70 DAE i rrespe c t ive of  plant 
dens i t ies ( F igs . 2 . 3b ,  2 . 7a and 2 . 7b ) . Because no data were colle c t ed 
a t  80 DAE in  Amsoy , i t  i s  d i f f i cul t to  conclude whe ther h igh dens i ty 
responses in  this cul t i var follow a s imi lar pat tern to Matara . 

Throughou t the experimen t described , s t ringent e f fo r t s  were made t o  
max imise  s o i l  fer t i l i ty ,  nodulat ion , weed con t rol , ins e c t  and d i s ease 
p r o t e c t ion t o  ma intain maxi mum plan t growth throughou t the grow i ng 
s eason . Under such cond i t i ons Donald ( 19 6 3 )  has sugges t ed that  o f  a l l  
the factors inf luencing compe t i t i on in crops , l igh t becomes t h e  maj o r  
l i m i t ing factor to produc t ion .  S i mi larly , compe t i t i on f o r  l igh t i s  
i mpl i ca t ed a s  the maj o r  fac tor inducing morphologi cal changes i n  plan t s  
when plan t dens i ty i s  increased ( Herber t and Li t chf ield , 1984 ) . 

One ind i c a t ion o f  the prime influence o f  compe t i t i on for l igh t was 
s t imula t i on of internodal elonga t i on and promo t ion · of plan t heigh t  
under mu tual shad ing cond i t i ons ( e t iolat ion e f fects ) .  The resul ts  show 
that new node produc t ion ( node number )  had comple tely s t opped by 50 
DAE , bu t increases in  plant height  con t inued up to 70  DAE before 
remain ing cons tant ( Figs . .  2 . 4  and 2 . 5 ) .  Longer internodes in plan t s  
grown a t  high plan t dens i t ies have also been observed b y  Doss and 
Thurlow ( 19 7 4 ) . 

I t  may be wor thwh i l e  not ing here that light  d i s t ri bu t i on w i thin  the  
s oy bean canopy may also be impo r t an t  in  a f fe c t ing pod s e t . I r rad i ance 
i s  a t t enuated and spec t ral d i s t ribut ion changes as l ight  pene t ra tes the  
soybean canopy ( S ingh e t  al . ,  1968 ) .  As  a consequence , leaf  
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pho t osyn t he t i c  rates are reduced f o r  leaves lower down the plant 
( Johns ton e t  al . , 1969 ) .  I f  ass i m i l a t e  supply regulates pod s e t , then 
pods per node , seeds per node and seed weight per node are expected t o  
decrease a t  progress ively lowe r levels in the canopy (Heindl and Brun , 
1 984 ) . The resul t s  from t he p resen t s t udy suppo r t  thi s  con t en t i on .  
Pod number per node on the main s t em was relat ively low a t  the basal 
region of Amsoy plants  compared to the  middle regi on ( for  example a t  
5 . 8  plan t s . m- 2 the middle reg i on had 3 . 1  pods . node- 1 compared t o  1 . 9  a t  
the basal reg ion see Append ix 7 for more comple t e  d a ta ) . However ,  
low pod number per node i n  the top region ( 0 . 6  pods . node- 1 a t  5 . 8  

plan t s . m- 2 ) may no t be explained by l igh t in tercep t i on ,  bu t may be 
exp lained by plan t grow th hab i t .  Dur i ng the reprodu c t i ve phase , Amsoy 
plan t s  grown under low compe t i t ive s t ress con t inued to grow 
vege t a t ively more than under the high s t ress  cond i t ions and 
reprodu c t ive s t ruc t ures produced during the l a t e  s t ages of developmen t 
were l oca ted ma inly on the t op reg i on o f  the mai n  s tem and branches . 
These  reprodu c t ive s t ruc tures , therefore , had a rela t i vely shor ter  t ime 
t o  develop  and were also under more i n t ense compe t i t i on f rom vege t a t i ve 
grow t h  than reproduc t ive s t ru c tures a t  the mi ddle and the bo t t om 
regi ons , resul t ing in  lower pod numbers per node . 

2 . 5 . 3 Crop growth and plan t ing dens i ty 

LAI i s  regarded as an ind i ca t or o f  the intens i ty of  compe t i t i on for  
l ight  expe r i enced b y  ind i v idual plan t s  wi thin  a s tand . In t h i s  s t udy , 
l igh t i n t erce p t ion (Append ix  6 )  in  plan t s  grown a t  d i f ferent  dens i t i es 
s t a r t ed t o  change f rom abou t 30 DAE . Observat i ons sugges ted that 
canopy clos ing occurred s l igh t ly earlier in  Matara t han in  Amsoy , 
poss i bly due t o  d i f ferences in canopy s t ruc ture and mat u r i ng charac t e r .  
P lan t s  grown a t  high dens i t i es reached max i mum l igh t i n tercep t ion 
ear l i e r  t han low dens i t ies  ( see Append ix 6 ) . 

Leaf area development  in both cul t ivars in  t h i s  s tudy agrees w i th  
res u l t s  repo r t ed prev iously ( Bu t tery , 1969b ; Enyi , 1 9 7 3 ; Herber t and 
Li t ch f i eld , 1 984 ; W i l lco t t  et a l . ,  1984 ) . General ly , leaf area i ndex 
( LAI ) i ncreased rap i d ly during the early reprodu c t i ve s tage and reached 
maxi mum LAI at abo u t  the end of flowering ( compare F igs . 2 . 9b vs 2 . 1 1 
and 2 . 10b vs 2 . 12 ) . Therea f t e r ,  LAI dec l i ned progre s s i vely as a resul t 
o f  the increas ing abs c i s s ion o f  lower leaves . 
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A h i gh correlat ion be tween CGR and LAI was also found i n  t he presen t 
s t udy sugges t ing that as p lan t grow th progressed , i ncreas i ng LAI 
resul ted in an increas ing occupancy of i n t e rp lan t s paces and 
consequen t ly increas ing l igh t i n t ercep t i on resul t i ng in an increas i ng 
r a t e  of  dry mat t er produc t i on ( Shi bles and �eber , 1 965 ; 1966 ) . 

CGR inc reased w i t h  plan t i ng dens i ty al t hough maxi mum CGR was reached 
s l igh t ly earl ier in  h i gh dens i t i es .  These results have also been 
demons t ra ted previ ously ( B u t tery , 1969b ; Herber t and Li tchfield , 
1984 ) . In Mat ara , CGRs o f  plan t s  grown a t  6 1 . 2 ,  38 . 2  and 2 3 . 8  
p lan t s . m- 2 increased up t o  40 DAE and then decreased rap i d ly a f t e r  60 
DAE . CGRs tended to increase up to 60 DAE for p lan t s  grown a t  1 4 . 8 ,  
9 . 2  and 5 . 8  plan t s . m- 2 and decl ined rapi dly a f t e r 7 5  
CGR increased u p  to  70  DAE i r respect ive o f  plant 
decreas i ng .  The decrease in CGR was concom i tan t  wi th 

DAE . In Amsoy , 
dens i t i es before 

seed forma t i on 
and leaf senescence . Shibles e t  al . ( 19 7 5 )  indi cated that subs t an t i a l  
quan t i t ies of  carbohydra t es accumula ted i n  leaves ,  pe t i oles and s t ems 
prior  t o  seed developmen t are la ter  u t i l i zed in  s eed growth . Thus seed 
grow t h  i n  soybean par t ly relies on the red i s t r i bu t ion o f  
pho toas s i m i lates wh i ch i s  re flec ted i n  a reduc t ion i n  CGR . There fore , 
the h igher early CGR in  h igh dens i ty plan t s  could be rela t ed to  t he i r  
h igh seed y i eld (Table 2 . 6 ) .  

2 . 5 . 4  D i fferent responses i n  vegetat ive plant growth and developmen t 

between cul t i vars 

The d i f ferent p lan t grow th  e f fec ts  between t he semide terminate  M a tara 
and the indet ermina t e  Amsoy revealed in  t h i s  experi men t suppo r t  the 
f i nd i ngs of  Green e t  al . ( 1977 ) .  In general , the sem i d e terminate 
cul t i va r  was sho r t e r  i n  heigh t and earl ier  i n  matur i ty ,  and had f ewer 
nodes per plan t than the ind etermina te cul t i var . Green et al . ( 19 7 7 ) 
have fur ther repor t ed that these two types o f  s tem grow t h  respond 
s i mi larly to row spac ing , an e f fec t wh i ch was c learly demons t ra t e d  i n  
the present s tudy s ince all  growth parame t ers including s eed yi eld and 
yield components  ( Tables 2 . 6  and 2 . 7 )  in  these two growth types s howed 
the s ame type of res ponse to plan t  dens i ty var i a t i on .  There was no  
s i gn i f i cant i n t erac t i on be tween var i e ty and densi ty . 
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2 . 5 . 5  Relat i onshi p  be tween vege t a t i ve and reproduct ive growth 

F igs . 2 . 19 and 2 . 20 summarise the res ponse o f  selec ted vege t a t ive and 
reproduc t i ve plant grow th  parame ters at 3 plan t dens i t i es :  6 1 . 2 ,  2 3 . 8  
and 5 . 8  plan t s . m- 2 • To h ighl ight the e f fe c t s  o f  i n t er- and i n t raplan t 
compe t i t i on , the flowe ring period in  each cul t i var was divided i n t o  3 
phases . There was a sl ight d i f f erence in the t ime sequence be tween 
Matara and Amsoy . In Phase I ( early flowe r i ng peri od ) , the i n i t ial  
daily f lower produc t i on in Ams oy was s i mi lar a t  all  t hree plant  
dens i t i es , whereas in Matara low  dens i ty plan t s  p roduced f lowers  a t  a 
h igher r a t e  than high dens i ty plants . Thi s  may be a t t r i bu t ed t o  the 
ear l i e r  canopy clos ing in Mat ara than in Ams oy ( as d i scussed i n  the 
prev i ous  sec t ion) , and the fac t that high dens i ty plan t s  reached the 
po i n t  o f  in terplan t compe t i t i on for l i gh t  earlier  than low dens i ty 
plan t s . 

Dur ing Phase II ( mi d- flowe r i ng period ) , da i ly flower produc t i on 
increased sharply and reached a peak dur i ng this phase , d a i ly maxi mum  
f lower product ion p er  p lan t depend ing largely on  plan t dens i ty .  In 
Phase III  ( la t e  f lowering per iod ) ,  d a i ly f lower produc t ion f el l , 
alt hough the ra te  o f  decline was subs tan t i al ly d i f feren t in  each plan t 
dens i ty t reatmen t .  Be tween the end of  Phase II  and the beg i nn i ng o f  
Phase III , there was a second increase i n  flower produc t ion i n  low 
dens i ty plants  in  bo th cu l t i vars . Increased branch ing in  low dens i ty 
plan t s  may play an importan t  role in t h i s  second increase in  f lower 
produc t i on . Interplan t compe t i t i on crea t ed by plan t  dens i ty obviously 
suppressed branch i ng and this in  turn suppressed dai ly f lower 
produc t i on . 

�hen vege tat ive and , reproduc t i ve growth  are cons idered toge ther , the 
e f f e c t  o f  in terplan t  compe t i t i on became more obv i ous . Before p lan t s  
en t e red the reprodu c t ive phase , l i t t �e or  n o  i n terplan t  compe t i t ion was 
apparen t at  all p lan t dens i t ies . Par t i cularly during the f i r s t  30 DAE , 
vege t a t ive grow t h  parame ters such as plan t heigh t , plant  dry we i gh t  and 
leaf area per p lan t were s imi lar at all  densi t ies . During t h i s  early 
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grow t h  period , l igh t compe t i t i on be tween plan t s  was s t i ll low , leaves 
o n  each plan t remaInIng free from con tac t w i t h  the leaves o f  
n e ighbouring plan t s . At  t h i s  s tage , l igh t pene t ra t � on t o  ground level  
was s t i ll more than 20% even in  the highes t dens i ty (Append i x  6 ) . T h i s  
s ugges t s  that plan t s  grown a t  a l l  dens i t i es at  3 0  DAE had s i m i lar 
' source s t reng t h '  to  p roduce the same number of  f l owers per plan t per  
d ay .  Thi s  cer tai nly occurred in this  expe r i ment , si nce , as a l ready 
men t i oned , dai ly flower p rodu c t ion was not s i gni f i can t ly d i f fe ren t 
during the early per i od of phase I ( i . e .  f rom f i rs t  flower i ng t o  3 2  

DAE i n  Ma tara and to 3 8  DAE in  Amsoy ) . However , towards t h e  end o f  
phase I ,  the level of i n t erplan t  compe t i t i on gradually increased i n  the 
h ighes t dens i ty and was expressed by a decl ine in leaf grow t h . In 
med iUm and low dens i t i es act ive vege tat ive grow t h  during the end of 
phase I enhanced plan t s i ze , resul t ing i n  a higher source s t reng t h  for 
p lan ts  t o  produce higher dai ly flower numbers during phase II . A t  t he 
begining of phase II , h i gh dens i ty plan t s  s t opped producing new l eaves 
and med i um dens i ty p lan t s  showed a decl ine in vege tat ive growth as a 
res u l t  o f  increas ing i n terplant compe t i t i on . Low dens i ty plan t s , on 
t he o ther hand , s t i l l  d i splayed very act ive vege tat ive grow t h  because 
of less compe t i t i ve s t res s .  The reduc t ion in vege tat ive growth  in low 
dens i ty plan t s  was delayed un t i l  af ter phase II I .  I t  seems l ikely that  
higher source s t reng th  ( b igger plan t s  and more branch leaves ) at  the 
beginn ing of  phas e III  in low dens i ty p lan ts was respon s i b l e  for  a 
second increase in da i ly flower produc t i on compared t o  the sharp 
decrease and compl e t i on of  flowering in  medium and h igh dens i t i es . 
Th i s  second increase i n  dai ly flower produc t ion reflected a lower leve l 
o f  i n t erplan t compe t i t ion . 

The resu l t s  clearly show tha t  int erplan t compe t i t ion suppressed dai ly 
flower produc t i on and consequen t ly caused smaller numbers of  f l owers to 
be formed per p lan t in high dens i ty s i t u a t i ons , whereas i n t raplant 
compe t i t ion ( compe t i t i on between vege t a t ive  and reproduc t ive grow t h )  
exis ted a t  a higher l evel in low dens i ty grown plan t s . 
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2 . 5 . 6  Reproductive growth and reproduct ive abor tion 

The percen tage of  reproduc t ive abo r t ion was remarkably cons i s t en t  
throughou t the wid e  range o f  plan t  dens i t ies  s tudied ( Table 2 . 4 ) . Th i s  
resul t i s  cont rary t o  those ob tained by Bu t t ery ( 1 969a) and Dominguez 
and Hume ( 1978)  who found tha t  rate of reproduc t ive abor t i on i nc reased 
wi th plan t dens i ty .  However , the var i e t ies  used and d i f ferent  range o f  
p lant ing dens i t i es  employed by the la t ter may have con t r i b u t ed t o  these 
d i f feren t resul t s .  But tery ( 1 969a ) s t ud ied the rela ted var i e ty ,  
Harosoy 63  under 4 p lan t ing dens i t i es ; 4 ,  8 ,  16  and 32 plan t s . m- 2 , a 
range s i mi lar to  some of the dens i t ies  used in t he presen t s t udy , so  i t  
migh t  be expec ted that the resul t s  should have been comparable . 
However ,  a d i ffe ren t coun t i ng me thod was used by Bu t tery ( 1969a)  who 
noted that  his long coun t ing in te rval ( 2  weeks ) might m i s s  many f lowers 
comple t ely and thus give consi derable unde res t imates of f lower numbers . 
As has already been d i s cussed , the ra t e  o f  flower produc t i on a t  l ower 
dens i t i e s  is cons i derably higher whi ch may mean that abor t ion rates i n  
h is  s tudy have been more severely unde res t i mated a t  lower dens i t ies  
than h i gh ones . 

Accord i ng t o  the pat tern of pod development  ( Figs . 2 . 13a and 2 . 14a ) ,  
large pod abo r t i on ( �2 cm long ) seemed to  be minimal i n  t h i s  s t udy . 
Therefore , the h i gh reproduc t i ve abor t ion percen t age here i s  
a t t r i bu table t o  the abor t ion of  flowers o r  young pods « 2  c m  long ) , 
whi ch i s  in  agreement  w i t h  previ ous work by Van Scha i k  and Probs t 
( 1958b ) .  

Matara ( semidet ermina t e )  and Amsoy ( inde termina te)  soybeans d i f fered i n  
the i r  rep roduc t i ve abor t ion levels  ( 65 and 82% , respec t ively ) . 
Dif ferences in reproduc t ive abor t i on percen t ages among cul t i vars have 
also been repor t ed by o ther researchers (Van Schaik and Probs t ,  1958a 
and 1 9 58 b ; Dom i nguez and Hume , 1 9 78 ) . S tud i es by Domi nguez and Hume 
( 1978 ) , for example , have ind i cated that 052-903 ( a  semid e t ermi na t e  
varie t y ) had a lower reproduc t i v� abo � t i on percentage' t han Al t ona and 
Vansoy ( indeterminate var i e t i es ) .  
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Two mai n  ques t i ons should b e  raised here 

1 )  why is the percen tage of reproduc t ive abor t i on so cons i s tent 
i n  all plan t i ng dens i t i es ? 

and , 

2 )  what charac ter i s t i cs are respons i ble for d i f ferences in  the 
abor t i on rate in these two cu l t i vars ? 

The resu l t s  obtained prov ide some poss ible  answers . In compar i s ons 
be tween p lan t dens i t i es , i t  seems that  wi th decreas i ng p lan t dens i ty 
there i s  a progress ive increase i n  i n t raplan t compe t i t i on . Th i s  e f f e c t  
i s  par t i cularly obv i ous in low dens i t y plan t s  where vege t a t i ve grow t h  
con t i nued right  through phase I I I  ( F igs . 2 . 1 9 and 2 . 20 ) . 

I f  reprodu c t ive abor t i on i s  con t rol led by the supply o f  
pho t o-as s imi lates t o  the deve loping f lowe rs and pods a s  has been 
sugges t ed by Wi ebold et  al . ( 1 981 ) ; Add i co t t  ( 1982 ) and An tos and 
Wiebold ( 1984 ) , then i t  can be sugges ted tha t the high reproduc t ive 
abo r t i on occuring in low dens i ty p lan ts in  the presen t s tudy was 
grea t ly influenced by int raplan t compe t i t ion whe reas the high abo r t i on 
leve l s  i n  high dens i ty plan t s  was ma inly af fec ted by i n terplan t 
compe t i t i on . 

2 . 5 . 7  Seed development 

Seed growth rate and seed f i l l i ng per i od were o f  i n t eres t i n  t h i s  
s tudy . F o r  these aspec t s , Matara and Amsoy p lan t s  performed 
d i f feren t ly under d i f feren t p lant  dens i t i es . I t  was eviden t in Ams oy 
tha t t he rate  of increase in seed d ry ' we ight was slower t han in Matara 
(4 vs 5 mg . seed- 1 . day- l ) . .  To ge t to  approxima t e ly the s ame s i z e  o f  
seed , Amsoy requi red 3 to  1 7  days longer ( based on days a f t e r  peak 
f l ower ing )  to reach equi valen t seed s i ze to Matara depend i ng upon p lan t 
d ens i ty ( compare F i g .  2 . 15b and 2 . 1 6b ) . I t  is  p resumed that the s lower 
seed growth  in Amsoy may be due to i ts con t inued vege t a t ive grow t h  
d u r i ng seed developmen t'. Howeve r ,  Amsoy p lan ts  could con t inue s eed 
developmen t over the ex tended pe r i od s , because they had a longer leaf 
dura t i on ( Figs . 2 . 6a and 2 . 7a ) , whe reas Matara plan t s  whi ch were less 
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plas t i c  i n  growth  habi t and had a shorter  leaf dura t i on ,  had a sho r t er 
seed f i l l i ng period des p i t e  the fact  that  they had a gene t i cally h i gher 
seed growt h  rat e  than Amsoy plan t s . 

Af t e r  reaching maximum seed fresh weigh t , there was a rap i d  loss o f  
we ight due to  dehyd ra t i on . The commencemen t of  moi s t ure loss was 
s l igh t ly earlier  in high than in low dens i ty plan t s , a l t hough t h i s  
t rend was more marked in  Matara than in  Amsoy . Thi s  resul t sugge s t s  
t ha t  dens i ty s t ress can has ten dehydra t i on especially in  early ma turing 
soybeans . Simi lar resu l t s  have been repor ted in dens i ty s t ud i es in  
mai ze  ( Ponele i t  and Egli , 197 9 ) . 

The resu l t s  on germina t i on percen tage as affected by plan t ing dens i ty 
show tha t germinat ion was lower in  s eeds from high dens i ty p lan t s  af ter  
t hey a t t ained phys iolog i cal matur i ty and also in  s eeds o f  the Amsoy 
cul t i var compared to Mat ara ( F igs . 2 . 1 7 b  and 2 . 18b and Table 2 . 5 ) . The 
less favourable envi ronmen t crea ted by crowded growing cond i t i ons in  
h igh dens i ty p lan t s  and adverse c l i ma t e  such as  high rela t ive humi d i ty 
du r ing Amsoy seed matura t i on ( Append ix  2)  may be respons i ble  for  these 
e f fe c t s . Crowd ing of plan t s  in the f ield , may increase amb ient  
rela t i ve hum i d i ty due  to poor air  movemen t and also  i nc rease levels of  
f ungal infec t ion . These may all  be pos s i ble causes o f  reduced seed 
germina t ion . Although , i t  is sugges ted that dens i ty e f fe c t s  may af fec t 
seed s i ze and , in turn , affec t seed germinat ion in  soybean and mai ze 
( Burri s ,  1 97 3 ;  Escas inas , 1 984 ) , in  the presen t s tudy a s igni f i can t 
correla t i on coe f f i cient ( 0 . 7 4 )  a t  probab i l i ty <0 . 10 was found be tween 
seed weigh t and seed germina t ion only in Ma t ara . No such correla t i on 
was found in  Amsoy ( 0 . 20) . This  s ugges ts  that  seed s i z e  was unl i kely 
be the main cause of lowered seed germina t i on in  seed f rom high dens i ty 
plan t s  i n  Amsoy and may be confounded by the h igh level o f  cracked 
seeds caused by wea thering e f fec t s  due to i ts late ma t u r i ng charac t er . 

2 . 5 . 8 Economic y ield 

The response in seed yi eld per plan t to  plan t dens i ty in  bo t h  soybean 
cul t ivars was s i mi lar . Increas ing plant dens i ty from 5 . 8  to  61 . 2  
plan t s . m- 2 , seed yi eld per plan t was drama t i cally decreased . When 
these f i gures were conve r t ed i n t o  seed yi eld per uni t area ( Table 2 . 6 ) , 



8S 

i t  was found that yi eld increased as plan t  dens i ty increased up to 38 . 2  
plan t s . m- 2 , bu t no sign i f i can t d i f ference was found b e t ween 38 . 2  and 
6 1 . 2  plan t s . m- 2 • Therefore , o p t imum plant dens i ty was cons i d ered t o  be 
at 38 . 2  plan t s . m- 2 • However , o p t imum plan t  dens i ty may vary f rom year 
to year , locat i on to loca t ion and cul t ivar to cul t ivar , depending upon 
envi ronmen tal fac tors . 
summa r i sed in Table 2 . 9 .  

The resul t s  from previous s tudies  are  

Table  2 . 9  Summary of recommended op t imum dens i t i es 
s tudies on soybean 

f rom p revi ous 

, , 

Vari e ty 

Harosoy 6 3  
Ma tara 
L1S

' 

C14n
' , 

C1421
' "  

Evans 

Loca t i on 

Canada 
New Zealand 
USA ( Indiana ) 
USA ( Ind iana ) 
USA ( Ind iana)  

Recommended 
dens i ty ( plan t s . m- 2 ) 

32 
30 
28 
28 
46 

USA ( Massachuse t t s )  68 

' Wayn e '  x ' Clark 63 ' 

Reference 

Bu t tery ( 1969a)  
Tolen t ino ( 198S ) 
Wilcox ( 1974 ) 
Wi lcox ( 19 7 4 )  
W i l cox ( 19 7 4 )  
Herbe r t  and L i  t ch f i eld  
( 1982 )  

, , . 
' Amsoy ' x C1253 ( Sel . from ' Blackhawk ' x ' Harosoy ' ) 
' Adelph i a '  x ' Mukden '  

Thes� resul t s  s t rongly sugges t  t ha t  the o p t i mum plan t dens i ty needed 
for max i m i s ing seed y i eld in  soybean canno t be generali sed , s ince i t  
appears to  depend s t rongly on d i f ferences in  var i e t y  and envi ronment .  
A comment  made by Donald ( 1 963 ) tha t  the dens i t y  requi red t o  give  
maxi mum y i eld increases as  fer t i li ty s ta tus i s  improved , could be  
us ef ul  for soybean growers i n  selec t ing an  o p t i mum ( approp r i a t e )  
plan t i ng dens i ty �  The refore , i t  may b e  sugges ted  that ' i n  h ighly 
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produc t i ve envi ronmen t s ,  plan t dens i t i es rangi ng f rom 38 to 61 
plan t s . m- 2 migh t be mos t  sui t able , and in lower produc t ive envi ronmen t s  
plan t dens i t i es should b e  reduced , pos s i bly to  wi thin  the r ange 28  t o  
3 8  plan t s . m- 2 • 

Y i elds per hec tare were no t s t a t i s t i cally d i f feren t between Mat ara and 
Ams oy . This  con f i rms the s t a temen t by Anderson ( 19 8 7 )  that  ' y ields o f  
M a tara have normally been equ ivalen t to Amsoy in  warm s easons ' in  New 
Zealand . 

D i f ferences in  the ver t i cal pa t t ern of seed yield d i s t ri bu t ion i n  
ind i v i dual plan t s  of Ma tara and Amsoy ( Table 2 . 8 )  were gove rned b y  t he 
degree o f  s t em termina t i on , plan t dens i ty and perhaps l igh t 
d i s t ri bu t i on wi thin the canopy . Al though t o t al pod number per plan t i n  
Ma t ara and Amsoy were no t s i gn i f i can tly d i f feren t ( Table 2 . 6 ) ,  the i r  
d i s t r i bu t i on on the plan t s  was . A t  comparable plan t dens i t i es , the 
semide t ermina t e  Ma tara produced a greater percen tage of  seed yield  i n  
t h e  to p  por t i on of  the plan t .  In mos t cases , t here were no d i f ferences 
in seed y i eld be tween the middle and bo t t om par t s  of the plan t . 
However ,  i t  appeared tha t a t  the lowes t densi ty , seed yield from 
branches in  the bo t t om reg ion of Amsoy plan t s  was s ign i f i can t ly h igher 
t han t he middle and the top  par t s . As d i s cussed i n  sect ion 2 . 5 . 2 ,  
l ight  d i s t r i but ion may be respon s i ble for this  di f fe rence in Amsoy . 
Thus , the sugges t ion by W illco t t  e t  al . ( 1984)  tha t grea ter  e f f i ci ency 
o f  p roduc t i on could be obtained by concen t r a t i ng breedi ng e f for t s  for  
i mp roved canopy s t ruc ture , allow i ng deeper l igh t pene t ra t i on into  the  
canopy i s  suppor ted b y  the p resen t s tudy . Increased u t i li s a t ion of  
inciden t  l igh t i s  only one par t of the  equa t ion . Compe t i t ion for  
as s i m i late  be tween reproduc t i ve and vege t a t ive growt h  i s  also  impo r t an t  
and thus this  sugges t ion may be appl ied t o  only inde t ermina te  soybeans . 
The resul t s  of the present s tudy show that al t hough the semide termina t e  
Mat ara grown at  the lowes t d ens i ty ( 5 . 8  plan t s . m- 2 ) produced a lower 
seed y i eld at the bo t t om par t  compared t o  Amsoy ( 34% vs 49% of t o t al 
seed y i e ld ) , Matara plan t s  could gi ve s i mi lar seed y i eld per uni t area 
in all dens i t ies to  Amsoy . Moreover , the semide t ermina t e  Ma tara plan t s  
whi ch produced a higher seed yield a t  t he t o p  part  . t han the 
i nd e t erminate Amsoy may have advantages in  terms of  dens i ty t o l erance 
( pod grow th at the top  par t can be be t t er suppl i ed by pho t osyn t ha t e  
from leaves a t  the t o p  par t even in high dens i ty plan t ings ) ,  reduced 
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compe t i t i on f rom vege t a t ive grow t h , and fac i l i t a t i ng harves t ing . In  
o ther word s , Matara i s  a resu l t  o f  a good breed ing program because o f  
the increase i n  reproduc t i ve e f f i c i ency from i ts paren tal  Amsoy var i e t y  
and i ts equal y ield when grown under  warm env i ronmental cond i t i ons . 

2 . 6  CONCLUSION 

The resul t s  from this  s t udy showed tha t plan t grow th and deve lopmen t i n  
soybean i s  markedly i n f luenced by the degree o f  p lan t compe t i t i o n .  A 

dynami c ( o r plas t i c )  response in  �ege tat ive and reproduc t i ve grow th  was 
encouraged by vary ing plan t dens i ty . 

The op t i mum plan t dens i ty d e t ermined in  t h i s  exper i men t was 38 . 2  
plan t s . m- 2 • Higher p lan t dens i t ies d i d  not  resul t i n  increased seed 
y ie ld per  un i t  area . However , i t  is  sugges ted t hat 
edaphi c  cond i t i ons should be cons idered before 
plan t i ng dens i ty in  d i f feren t c l imat ic  areas . 

envi ronmen t a l  and 
choos ing a sui t able  

Seed qual i ty at harves t was also  found to  be  a f f ected by plant  dens i ty 
and vari e ty .  H igh dens i ty plan t i ngs caused a sligh t  bu t s i gn i f i can t 
reduc t i on in  seed germina t i on ( 9 1% at  6 1  plan ts . m- 2 and 97% a t  6 
plan t s . m- 2 ) .  Ex t e rnal fac t o rs such as poor vent i la t ion , humi d  
cond i t i ons and fungal in fec t i on were sugges ted as possible  causes o f  
this  e f fec t , toge ther wi th i n t e rnal fac t ors such as l im i t a t ions i n  seed 
s i ze o r  food reserves . Amsoy gave a poorer seed germina t i on t han 
Ma t ara  ( 90 . 7  and 95 . 7 % ,  respec t ively ) due to  the less favourabl e  l a t e  
season c lima t i c  cond i t i ons dur ing ma tura t ion . 

Cons i s t en t ly high ra tes o f  reproduct ive abor t i on wi thin  each cul t ivar 
were f ound acrOss all plan t dens i t i es . Thi s  was presumably due t o  the 
in t e ra ct ion between int erplan t  and i n t raplant compe t i t i on . H i gh 
reproduc t ive abor t i on in high dens i ty plan t s  may be mai n ly governed by 
i n t er plan t compe t i t ion , wh i le high reproduc t ive abor t ion in the low 
dens i ty plan t s  may be a t t r i bu t ed more to i n t raplant compe t i t i on . 
Fur ther inves t iga t ion i s  needed to  de t ermine whe ther h igh levels o f  
abo r t i on o f  reprodu c t ive s t ruc tures occurred because of  compe t i t i on for  
pho t oass i mi la t es be tween vege tat ive and reproduc t i ve grow t h  or  whe ther 
t h i s  effect  was under gene t i c  con t rol . 
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Matara performed as a t ruly s emideterminate  cul t i var as ind i ca t ed by 
the lower level of vege tat ive grow th  during the reproduc t ive phase as a 
resul t o f  earlie r  s t em t ermina t ion . Amsoy was approx i ma t e ly 2 weeks 
l a t e r  in reaching plan t ma tur i ty t han Matara ( based on days a f t e r  
emergence ) and behaved in an obv i ously ind e t e rm i na t e  manner . The 
d i f ferences between these two var i e t i es was found mainly in t erms o f  
t he i r  vege t a t ive growth . Amsoy t ended t o  produce abou t t w i ce a s  much 
vege t a t ive growth as Ma tara , but in bo th cul t ivars reproduc t i ve grow t h  
was s i m i lar except  for the ra t e  o f  flower produc t i on ,  flower number per 
plan t , s eed growth  rate  and levels of reproduc t i ve abor t i on . Seed 
y i eld and y i e ld componen t s  of  Matara and Amsoy we re also more or less  
the same . These resul t s  sugges t that , especially in  Amsoy , t he 
was t e ful  loss of reprodu c t ive capaci ty through abor t i on was a maj or 
fac t o r  l imi t ing the i r  seed p roduc t ivi ty and yield and tha t these 
parame ters  could be subs tan t ially increas ed if  t he abor t ion ra t e  were 
reduced . 



CHAPTER 3 

MORPHOLOGICAL AND HISTOLOGICAL STUDY ON SOYBEAN 

FLOVERS AND PODS IN RELATI ON TO FLOVER ABORTION 

AND SEED ABORTION VITHIN PODS 

3 . 1 INTRODUCTION 

In the previ ous f i e ld s t udy , i t  was shown tha t  be tween 5 6  and 85% o f  
t he f l owers formed on s oybean plan t s  abor t e d  before reproduc t i on was 
comp l e ted . The te rm ' abor t ion ' d escr i bes the fai lure o f  a f l ower or 
i mma t ure pod to develop i n t o  a ful ly-expanded ( �  2 cm)  and 
seed-con taining pod and t he term ' seed abor t i on ' refers to a young seed 
t ha t  fai ls  to develop i n t o  a no rmal seed . The term ' absc i s s i on '  i s  
used t o  des c r i be the natural separa t ion  o f  a flower o r  pod from the 
plan t .  In this Chap ter , two s e para te  expe r imen ts  were condu c t ed . The 
f i rs t  exper i men t exami ned l e vels of  fer t i l i zat i on o f  soybean flowers 
bo rne on plan t s  grown in 
i nves t iga ted seed abor t i on on  
f i eld expe r i men t .  
follows . 

The mai n  

t he glasshouse . The second experimen t 
plan t ma ter ial obtained from the prev i ous  

obj ec t i ve s  of  these s tud ies  were as 

- To observe t he mo rphologi cal development o f  flowers loca t ed on 
d i fferent parts  of a soybean raceme 

- To inves t igate whe ther f lower abs c i ss i on occurred follow i ng a 
lack of  fer t i l i z a t ion 

- To ascer tain  the propor t i on of fer t i l i zed and unfer t i l i zed 
ovules 

- To observe the probabi l i ty of un fer t i l i zed ovules occurr i ng i n  
d i f feren t pos i t i ons in  the ovar ies 

- To observe the frequency o f  seed abor t i on and seed developmen t 
a t  each pos i t i on wi thin  s oybean pods 



90 

3 . 2  LITERATURE REVIEV 

3 . 2 . 1  The s oybean flower 

Following the pe riod of  vege t a t i ve grow th , whi ch var i es dependi ng upon 
var i e ty and envi ronmen tal cond i t ions , plan t s  en t e r  the reproduc t ive 
s tage . The flowers of  the soybean develop in ax i llary racemes , usually 
cons i s t i ng of  5 to 1 6  flowers (Guard , 193 1 ) , but some t i mes wi th up  t o  
3 5  f lowers in  a s i ngle inf lorescence ( P i per and Morse , 1923 ) . The 
f i r s t  flowers appear at node four or higher ( Fehr et al . ,  1 97 1 )  and 
appear p rogres s i vely towards the t i p  of the ma�n s tem and also t owards 
the t i ps of  the b ranches . Gai et  a l . ( 1984 ) des c r i bed that there are 
usually three axi l lary buds , bu t occas ionally more , at  a main-s t em 
node . Under f i eld cond i t i ons , the middle bud usually develops i n t o  a 
p r i mary branch on the lower nodes and i n t o  a main raceme on the upper 
nodes . On the upper nodes , the o ther two ax i llary buds develop i n t o  
subracemes or  sub-branches w i t h  very small leaves on each s i de o f  t he 
main raceme . On the lowe r nodes , the two ax i llary buds ei t her do not  
develop or  become small subracemes or  sub-branches on each s i de of  the  
p r imary branch . A secondary branch migh t develop on a primary b ranch 
in a luxurian t , late-ma turing cul t ivar . 

The soybean flower i s  a typ i cal pap i l i onaceous flower wi th a tubular 
calyx o f  f i ve unequal lobes , a f i ve-pa r t ed corolla tha t has a large 
pos terior  banner petal , two lat eral wing petals and two an t e r i o r  keel 
pe tals tha t are in  contact  bu t are not fused . The s tamen compri ses a 
typi cal d i adelphous androec i um in  whi ch the filamen ts  o f  nine O f  the 
s tamens are fused and eleva ted as a s i ngle s truc ture wi th a pos terior  
s tamen remaining separate . The s i ngle p i s t i l  i s  unicarpellate  and has 
one to  four campylot ropous ovules a l ternat ing along the pos terior  
suture . The s tyle , whi ch i s  abou t hal f the length of  t he ovary , curves 
backwards t owards the free pos terior  s tamen and is  t ermina t ed by a 
cap i t a t e  s t igma . Tri chomes are present on the surface o f  the s i ngl e  
p i s t i l  and also cover the  o u t e r  sur faces of t he calyx tube , t h e  brac t ,  
and brac teoles . No t r i chomes are presen t on the pe t als o r  s tamens 
(Guard , 1931 ; Carlson , 1973 ) .  

Dur ing an thes i s , the opening of  s oybean 
gene t i cally and by some envi ronmen tal 

flowers i s  
cond i t i ons , 

con t ro lled 
especi a l ly 
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t emperature and pho t o per iod . Eri ckson ( 1975b ) s tudied the variab i l i ty 
o f  flo ral charac t er i s t i cs and reported that s oybean f lowers could be 
cle i s t ogamous , par t i ally chasmogamous or chasmogamous .  Chi ppewa 64 
s oybean , for ins t ance , has been shown t o  be  fully c le i s t ogamous 
t hroughout flowering ,  wh ile Hark soybean i s  more chasmogamous 
( E r i ckson , 1975a ) . Flower openness in some cul t i vars has been found t o  
res pond linearly to  night a i r  t empera ture , a t taining highes t values a t  
h igher tempera ture ( 2 2 , 26 °C)  compared t o  lowe r tempera ture ( 14 , l B O C )  
( Robacker e t  al . , 1983 ) . Pho t operiod was a l s o  repo r ted t o  con t ro l  the 
p roduc t i on o f  cle i s t ogamous o r  chasmogamous flowers in some plan t s  
( Kine t  and Sachs , 1 984 ; Morgan and Mo rgan , 1984 ) . 

3 . 2 . 2  Ovule d evelopmen t 

Ovule developmen t ,  megas porogenes is  and megagame togenes is  i n  s oybean 
have been fully descri bed by Carlson ( 19 7 3 ) , P rakash and Chan ( 197 6 ) , 
George e t  al . ( 1 97 9 )  and F o lsom and Pet erson ( 1984) . 

Embryo sac development is o f  the polygon i um type . Meios i s  occurs i n  
t he fun c t i onal megagame t o phy te a t  the chalazal end and the megaspore 
con t inues developing and enlarging wh ile  the three m i c ropylar 
megaspores become d i sorgani zed and s oon d i s in t egra t e .  The f i rs t  
mi t o t i c  d i v i s i on o f  the func t ional megas pore resul t s  in a two-nuclea t e  
embryo sac . These nuc lei are d i splaced t o  the oppos i te ends o f  the 
embryo sac by the fo rma t i on of  a large cen t ral vacuole . Two succes s i ve 
mi t o t i c  d i v i s i ons resul t in  an eigh t -nuclea te  embryo sac w i t h  four 
nucle i located a t  the chalazal end and four a t  the mi cropylar end . One 
nucleus f rom each end m igra tes to the cen t r e  of t he embryo sac and 
func t i ons as a polar nuc leus . The s i x  remai ning nuclei  each develop 
independent  cell walls resul t i ng in  an embryo sac w i th three 
an t i podals , two synergids and one egg . Thi s  s tage o f  embryo sac 
developmen t is  called the eigh t -nucleate  s tage but  has seven cells and 
con tains large amoun t s  of s tarch in the cytoplasm whi ch frequen t ly 
becomes t igh t ly packed wi th s t arch grains . 

One t o  four ovules are produced i n  each ovary . These ovules become 
campy l o t ropous at ma turi t y ,  wi t h  the micropyle d i re c t ed towards the 
d i s t a l  end o f  the ovary (Guard , 1 9 3 1 ; George e t  al . , 1 9 79 ) . Previous 
repo r t s  do no t agree whe ther ovule developmen t is synchronous o r  
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asynchronous wi thin  an ovary . Pamplin ( 1963 ) repor ted simi lar rates  o f  
developmen t amongs t the three ovule pos i t i ons . On the o ther hand , Kat o  
e t  al . ( 1 954 ) found that these ra t es d i ffered be fore and a f t e r  
fer t i l i z a t ion ; P rakash and Chan ( 1976 ) and S t elly and Palmer ( 19 8 5 )  

bo t h  also repo r t ed d i f ferent r a t e s  of  ovule developmen t ,  bu t w i th  
d i f feren t resul t s . The former observed that  the  basal ovule developed 
mos t qui ckly up to the eigh t-nuc leate female game tophy te  s tage , whereas 
the later demons t rated that t he med ial ovule was the mos t  advanced . 
However , S telly and Palmer ( 1985 ) no t ed tha t all t hree ovules o f  t he 
t r iovula te ova r ies they observed reached matu r i ty before an the s i s . 

The two polar nuclei , wi th large nucleol i ,  are the larges t nuc l e i  found 
wi thin  the ma ture megagame tophy te and , in the maj ori ty of cases , bo th  
nuc lei mig rate  along the  s i d e  closes t t o  the funiculus and f i nally come 
to lie  be low the egg apparatus in the middle of t he megagame t ophy t e  
( Prakash and Chan , 1 976 ; George e t  al . , 1979 ) . There i s  some 
uncer t a i n ty about when the polar nuclei  fuse . Pamplin ( 1963 )  and Shen 
( 1983)  recorded tha t  fus ion takes place p r i o r  to fer t i l i z a t io n ,  bu t 
Prakash and Chan ( 1976 ) s how a d i agram where the polar nuclei  have no t 
ye t fused a t  the mature emb ryo sac s tage , and T i l ton e t  al . ( 1984 ) 

showed evidence that the polar nuclei  had not yet  fused by the t ime o f  
pollen tube d i s charge . Fo lsom and P e terson ( 1984 ) repo r t ed t h a t  the 
polar nuclei are ini t i al ly s epara t e , bu t prior to  fer t i l i z a t i on ,  whi le 
t he embryo sac is dens e ly f i lled wi th  s tarch grains , they become 
closely pai red wi th the i r  outer  membranes in d i re c t  con t ac t . Al t hough 
d i s t i n c t  pores were no t observed in the double nuclear membrane , 
a l t erna t ing elec t ron-dense and elect ron- t ranslucen t regi ons are eviden t 
sugge s t i ng that  the f u s i on process has begun . Jensen ( 19 7 3 )  p roposed a 
mechani sm for double fer t i l i z a t i on in  angiosperms where the two polar 
nucle i  par t i ally fuse , f i rs t ly through the j o ining of  endoplasmi c 
re t i culum a t tached t o  t he ou t er membrane o f  the nuclear envelope , and 
secondly by the forma t ion of numerous small bridges b e t ween the two 
nucle i . The proces s  i s  then arres ted un t i l  the arr ival of  the s pe rm 
nucleus . 
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3 . 2 . 3  Pollina t ion and double fer t i l i za t i on 

At  the t ime o f  ma tura t i on o f  the s t amens , the ovary has already ma tured 
and become recep t i ve ( S telly and Palmer ,  1985 ) . After the d i adelphous 
s tamens have been eleva ted to a pos i t i on so that  the an thers form a 
ring around the s t igma , the pollen i s  shed d i rec t ly on the s t igma , 
resul t ing in a high percen tage o f  self-fer t i l i z a t ion ( Car lson , 1 9 7 3 ) . 
Shen and Yan ( 1 981 ) observed self-pollina t ion i n  f lower buds hourly 
from 0300-0800 h and found that  s e l f-poll inat ion s t ar t ed when the 
corolla was 0 . 5-1 . 0  mm below the t o p  o f  the calyx and reached i t s peak 
when the c oro l la approached the t o p  of  the calyx . Yhen the corolla was 
0 . 5-1 . 0  mm above the top of  the calyx , 97 . 6% self-po l l ina t i on of the 
flower buds had al ready been accomplished . Flowers collec ted a t  0800 h 
in  the i r  s t udy were en t i rely poll i nated ( 100% ) . Howeve r , Carlson 
( 1973 ) no t ed that  pol l ina t i on may occur the day before the opening o f  
t h e  f lowe r . 

Na tural c ross ing in soybean has been found to  vary f rom less t han 0 . 5  
t o  abo u t  1% ( Carlson , 197 3 ) . However ,  i n  some c i r cums tances , t h i s  
f i gure may b e  an underes t i ma t e , becaus e honey bees ( Apis mel l i fera L . ) 
are repor ted to  be involved in  soybean poll ina t i on ( Er i ckson , 1975b ; 
Robacker e t  al . ,  1983 ; Severson , 1984 ) , and to cause 5 to  16% yield 
increases in some var i e t ies  ( Eri ckson , 1975a ) . 

A f t e r  pollina t i on ,  the pollen grains germinate and the tubes grow 
through the t i ssue of the s tyle , en t e r  the s tylar canal , and grow along 
the sur face of the p lacenta . Dur i ng growth o f  the pollen t ube , t he 
generat ive nucleus d i v i des  and forms t wo male game t es . F i nally the 
po l len tube grows through the micropyle of  t he ovule , pene t ra tes the 
embryo ' sac and releas es t he two male game tes . One male game te  fuses 
w i t h  the egg and forms the zygo t e , and the o t her  male game t e  fuses w i t h  
t he polar nuclei , forming t h e  pr i mary endosperm nucleus . ' The fus i on o f  
t h e  second nucleus t o  one o f  t he polar nuclei  t r i ggers the comple t ion 
of fus ion of the polar nucle i . This process beg i ns af ter  the fus ion o f  
t he egg and the s perm nucleus , b u t  i s  comple t ed i n  a shor t er period o f  
t i me ( Jensen , 197 3 ) . The s tarch grains i n  the embryo sac d i mi n i s h  a t  
the t i me o f  fer t i l i za t i on and usually di sappear 1 o r  2 days later . The 
t i me f rom pollina t i on to fer t i l i za t ion var i es f rom about  8 to  10  hour s . 
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Thus , t he day o f  f ull  opening of  the f lower i s  very likely to be t he 
day o f  fer t i l i za t i on (Car lson , 1973 ) .  

3 . 2 . 4  Embryo and early seed developmen t 

Carlson ( 197 3 )  con t r ibuted a comprehens i v e  l i tera ture revi ew on 
reproduc t ive developmen t o f  soybean . He des c r i bed tha t ,  following 
double fer t i l i z a t i on ,  the vacuo le in the egg becomes smaller  and 
f inally d i sappears en ti rely abou t the t i me of the f i rs t t ransverse  
d i v i s i on o f  the embryo , wh i ch usually occurs about 32  hours a f t e r  
poll i na t i on .  Thus , i t  may b e  assumed tha t the res t ing per i od o f  t he 
zygo te  is  approximat ely one day following fer t i l i zat ion . Con t i nuous 
cell d i v i s ion resul t s  in the forma t i on of  a club-shaped embryo at about 
3 days , a well- d ef ined pro toderm at abou t 5 days , the ' hear t '  s tage a t  
abou t 8 days and the late co tyledon s t age a t  abou t 1 4  days . 

The nuc lear d i v i s i on of p r i mary endosperm s t ar ts  almo s t  i mmed i a t e ly 
following fer t i l i za t ion and by the t i me the zygo te has undergone the 
f i rs t d iv i s i on , the endosperm has several f ree nuclei . Divi s i ons of  
the endosperm nuclei  con t i nue and d i s place towards the outer surface of  
the embryo sac . By 5 to  8 days af ter fe r t i l i zat ion , the endosperm 
becomes cellular and sur rounds the hear t-shaped embryo . The embryo and 
the endos perm g row at approxima tely the same rate un t i l  about 14  days 
and then the g row th rate  o f  the co tyledons increases and t hey absorb 
t he endosperm rap id ly . By 18 to 20  days a f ter fer t i l i za t ion only the 
remnan t s  of endosperm remain and appear as  a thin  aleurone layer and a 
few crushed endosperm cells  in  the ma ture s eed . 

Young seed abo r t i on can happen a t  any time af ter fer t i l i z a t i on .  
Abo r t ion frequencies d i f fer among the va r i ous ovule pos i t ions i n  pods . 
Gene rally , med i a l  seeds are the heavi es t whi le t he s lower growing basal 
seeds have the highes t apo r t i on frequency ( Hals te d ,  1 9 1 4 ; ' Woodwor th ,  
1930 ; Egl i  e t  al . ,  1978a ; Palmer and Hee r ,  1984 ; Stelly '  and Palmer ; 
1985 ) .  

3 . 2 . 5  Relat i onsh i p  be tween f er t i l i z a t i on and f lower  absciss ion 

In s oybean , abs c i sed f lowers and pods are very common throughou t the 
reproduc t ive period . No maj or d i f f erences in  the process o f  abs c i s s i on 
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a r e  found be tween reproduc t ive abs c i ss i on and leaf  abs c i s s i on ( Mo rgan , 
1 984 ) . Abs c i s s ion layer forma t i on i s  found a t  the base of  the ped i ce l  
o f  a flower o r  pod and causes subsequen t yellowing and wi t he r i ng o f  
t i ssues a t  a late r  s t age . 

Lack of  fer t i l i zat ion migh t  be one o f  the fac tors caus ing t h i s  p roblem , 
pos s i bly as a resu l t  of  pollen infer t i l i ty or egg cell infer t i l i ty or  
by the fai lure of  the  pollen tubes to grow to  the eggs 
( incompa t i b i l i t y ) . Johns and Palmer ( 1 982 ) s t udied the cause o f  low 
s eed set  in a soybean mu tant  ( Gene t i c  Type Col lec t i on Number T26 9 ) , 
wh i ch was a f l ower- s t ruc ture mu tan t  wi th c le i s t ogamous flowe r s . They 
found tha t young mu tan t  f lower buds had longer carpel s  and larger 
receptacles than normal f lower buds . The abnormal pe tal  developmen t 
p reven ted s t aminal tube el onga t i on ,  and a s pat ial s epara t i on be tween 
the an thers and s t igma exi s t ed at  an thes i s ,  p reven t i ng 
s e l f-pol l i na t i on .  They no ted tha t the l ow seed s e t  on T269 p l an t s  was 
due bo th to a lack of s e l f- pollina t i on and to par t ial female s t e r i l i ty .  

Ka to and h i s  colleagues in Japan s t ud ied the h i s tology o f  abscised  
flowers and pods in normal soybean and repor ted that  94%  o f  the  
absci sed f lowers and pods we re fer t i l i zed ; 55%  o f  them were  i n  t he 3-
t o  8-cell s t age of  proembryo developmen t , 16%  we re i n  the p roembryo 
s tage ( abou t 100 cells ) ,  and 2 3% abs c i sed j us t  a f t e r  c o t y l ed on 
d i f feren t i a t i on ( Kato  and Sakagush i , 1 954 and Ka t o  e t  a l . , 1955 ) .  
Aberne thy e t  al . ( 1 9 7 7 )  checked these observa t i ons unde r  Un i t ed  S ta t es 
growing cond i t ions wi th Amer i can cul t i vars to  charac t e r i z e  t he 
con t ro l l i ng mechani sms in soybean f l ower abscis s ion . They found 
s i m i lar resul ts , in that  a high percen t age of the abs c i s i ng f l ower s  
were fer t i l i zed and only 6 to 7 %  were unfer t i l i zed . P redominan t ly ,  the  
ovules had p roembryos o f  4 to 8 cells . They also  observed the r e t a ined 
f lowers and repor ted a very high percen tage ( 98 to 99%) of  t he ovules  
were fe r t i l i zed . The con clus ion was t ha t  fai lure o f  fe r t i l i za t i on 
s eemed to play a negl igible role i n  soybean floral abs c i s s i on .  The 
same conclus i ons were drawn wi th V i c i a  f aba L. (Gates  et a l . ,  1 9 8 3 )  
and Phaseolus vulgar i s  L .  ( Sage and Webs ter ,  1987 ) . 

The work of  Aberne thy and his  co-worke rs  ( 19 7 7 )  involved the collec t ion 
o f  flowers p r i mari ly from the api cal region o f  the plan t  and only 
during devel o pmen tal s t age R2 ( descr i bed  by Fehr e t  a l . ,  1 97 1 ) . It was 
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t he obj e ct ive o f  t his s tudy to check these resul ts by colle c t i ng t h e  
flowers from d i f ferent par t s  of  the p lan t and a t  d i f feren t s t ages o f  
grow t h . 

3 . 2 . 6  Clearing techniques for observat ion of  f e r t i l i z a ti on 

H i s t o logi cal t e chni ques are necessary t o  conf i rm 
occurred . Several techniques are avai lable for 

fer t i l i za t i on 
h i s tolog i cal 

has 
and 

cy t olog i cal s tu d i es on plan t t i s sue . Embedd ing-sec t i oning me t hods have 
been w idely used , but the procedures are t ime consuming . The 
al t erna t i ves are squashing af ter enzyma t i c  d i ges t ion ( Forbes , 1 9 6 0 )  and 
clear ing techn i ques (He rr , 1 97 1 , 1982 ; Crane , 1978 ; Young e t  a l . 
1 97 9 ) . The use  o f  clear ing techni ques i s  par t i cularly effec t ive as  i t  
perm i t s  rapi d  whole ovule obs erva t i on wi thou t gross d i s rup t i on o f  
3-d i mens i onal rela t i onsh i ps . Procedures and appl i cab i l i ty o f  two 
clearing me thods for ovules  have been descri bed . One uses a m i x t u re o f  
lac t i c  ac id , chloral hydra t e ,  phenol ,  clove o i l  and xylene ( 2 : 2 : 2 : 2 : 1 ,  

by we igh t )  ( Herr , 1 97 1 ;  1982 ) . The second i nvolves me thy l  s a l i cylat e  
( synthe t i c  o i l  o f  win t ergreen) a s  the clear ing agen t ( C rane , 1 9 7 8 ; 

Young e t  al . ,  1 9 7 9 ) .  

George e t  al . ( 19 7 9 )  t es ted the use fulness o f  Herr ' s · c lear ing f l u i d , 
mod i f i ed by t he add i t i on of  one par t  by we i gh t o f  benzyl benzo a t e  t o  
t h e  or iginal cocktai l .  The e f fec t iveness of  t h i s  fluid  was no t ed i rt  
s t ud i es o f  early ovule developmen t ,  megasporogenes i s  and 
megagame togenes i s  in G lycine max and Phaseolus aureus . Young e t  a l . 
( 19 7 9 )  compared the me thyl sali cylate  clearing me thod developed by 
Crane ( 1978 ) and the plas t i c  embedd i ng-sec t i oning me thod i n  the 
c lass i f i ca t i on o f  embryo sacs o f  an aposporous apomi c t i c  grasses , and 
repo r t ed tha t  the clear ing me thod was t echni cally eas i er , consumed only 
1 0% o f  the t i me o f  the sec t i oning me thod , and had equivalen t accuracy . 
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3 . 3  MATERIALS AND METHODS 

3 . 3 . 1  Plant cul t u re 

Seeds o f  Amsoy and Matara soybean cul t i vars were sown in  the glasshouse 
at the Seed Technology Cen t re ,  Massey Un ivers i ty ,  Palmers ton Nor t h ,  New 
Zealand , on 1 3 t h  Augus t 1 986 . The seeds were sown in po ts  ( 15 cm i n  
d iame ter and 10 c m  i n  heigh t )  con taining a mixt ure o f  peat , pumi ce and 
sand . Th is  i s  a complet ely s t erile  m i x ture containing balanced 
propor t i ons of f er t i l i zer and s low re lease t race e lement s  p l us 
Terrazole s o i l  fungicide . A set  o f  ( d ayligh t )  fluorescen t lamps 
producing a l i gh t intens i t y o f  80-100 �E . m- 2 . sec- i ( Photosyn t he t i ca l ly 
Ac t ive Radi an t , PAR) a t  the top o f  ma ture plan t s  was used as 
supplemen tary l i gh t ing 1 3 . 5  hours . day- i . The glasshouse was adj us t ed 
t o  con t rol tempera t ure be tween 20° C and 30°C  and an at temp t was made 
to keep the relat ive humi d i t y above 70% during flowe r i ng ( see 
Appendix 8 ) . One hund red m i l l i l i t res o f  H oagland ' s  nu t r i en t  solu t i on 
( Append ix 9 )  was app l i ed every al t ernat e  day to  each p o t  s t ar t ing f rom 
the developmen tal  s t age R1 ( f i rs t  flowe r i ng)  ( Fehr and Cav i ness ,  197 7 )  
un t i l  ma tur i ty ( pod yel lowing) . Mala t h i on ( mald i son , 250 g . kg- 1 

we t t able powde r )  was sprayed at  the ra t e  o f  200 g of  produc t p e r  100 
l i t res of wa t e r  at 40 days a f t er plan t ing and ' A t tack ' 
( p i r i m i phos- me thy l  plus perme t hr in , 4 7 5  g . l i t re- i plus 25  g . l i t re- 1 

emul s i f iable concen t ra t e , at  the ra t e  of  100 ml o f  p rodu c t  per  1 00 
l i t res of  wa ter ) was used to con t rol two- spo t t ed mi t e  3 t i mes  a t  10-day 
i n t e rvals . 

A second s e t  o f  p lan ts  of  each var i e ty was sown in 1 7x17x17  cm po t s  in  
the same po t t ing m i x t ure and placed ou t s i d e  on  20 Oc t ob e r  1 986 . 
Hoagland ' s  n u t rient  s o lu t ion was suppl i ed every second day as in  the  
prev i ous plan t ing . On 24 Decembe r 1986 , plan t s  were t rans ferred i n t o  
t h e  glasshouse and used f o r  add i t ional h i s t ological s t ud i es o n  the 
f lowers . 
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3 . 3 . 2  Polli na t i on obs e rva t ions 

F i f t een flowers of each var iety were collec ted a t  0800 h on the f i rs t  
d ay o f  corolla appearance . Poll i na t ion was observed in  fresh ma ter i al 
under a micros cope ( 300x ) w i th 10% co t ton blue s tai ning . 

3 . 3 . 3  His tological observa t i ons 

3 . 3 . 3 . 1 Des c r i p t ion of embryogenes i s  

T o  ob tain  a descri p t i ve sequence on embryogenes is , flowers were 
colle c t ed a t  0800 , 1400 , 2000 h on the day that  the i r  corolla appeared 
and then dai ly for 7 days . The flowers were f i xed in formalin  ace t i c  
acid-e t hanol ( FAA ; 95% e t hanol : wa ter : 39-40% formaldehyde : glac i al 
ace t i c  acid , 10 : 7 : 2 : 1  by volume ) un t i l  requi red for exami na t i on .  Plan t 
ma t e r i al can be ef fec t i vely s t ored in  t h i s  solut ion for up  t o  4 mon ths 
( Young e t  al . ,  197 9 ) . 

P i s t i ls were d i ssected from the flowers  and t rans fer red through a 
series  of dehyd rat ion and clear ing s t eps as follows : 50% e thanol ; 7 5% 
e thano l ; 8 5% e t hanol ; 100% e t hanol ( three changes ) ;  e thanol : me t hyl 
sal i cylate 1 1 ,  e t hanol : me t hyl sal i cylate  1 :  3 ;  100% me t hyl 
sali cyla te  ( two changes ) (Young et al . ,  1979 ) . In t h i s  s tudy groups of  
f i ve pis t i ls were wrapped in small pi eces o f  sof t cloth  and placed in  
separate vials , and each dehyd ra t ion or  c learing s t ep  was conduc ted 
us ing 5 ml of l i quid for at  leas t 30 minu t es . Cleared p i s t i ls were 
s to red in  v i als con t aining me thyl sal i cyla te . 

Cleared ovules were d i ssected from p i s t i ls under a b i nocular mi cros cope 
and placed sequent ially from a�i cal ( neares t to  the s t igma) to basal 
( neares t to the ped i ce � )  on a mi croscope slide in  a drop of me thyl 
sali cyla t e . This  mat erial was then moun ted under  a cover-sl i p .  
Fer t i li za t i on was observed and recorded using a Ze i s s  s tandard l igh t 
mi c roscope equi pped w i th ( Zernike ) phase con t ras t o p t i cs and a Ze i s s  
MC-63 35-mm au t oma t i c  camera sys t em .  

Us ing t h i s  t echnique , a descr i p t i on of  embryogenes i s  was ob t a i ned as  
shown i n  F i g .  3 . 1 .  These p ic tures were drawn from v i ews seen und e r  the 
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phase cont ras t m i c roscope . Plates 3 . 1a and 3 . 1c were obtai ned u s i ng 
b lack and whi te Kodak Techn ical Pan 2415  35-mm f i lm exposed a t  i s o  2 5 ; 
developed wi t h  HC110 Developer D i l u t i on F for 8 minu t es , bu t 
Pl a t es  3 . 1 b and 3 . 1 d were reproduced by black and whi te  Agfa f i lm ( ASA 
100 ) from Kodak s l i de f i lm ( EPY 50 , ASA 50 , Ektachrome ) . The qual i ty 
o f  the pho t ographs obtained is  li mi t ed be cause of  a lack o f  dep th o f  
f i eld compared to t h e  t h i ckness of t h e  specimens . By adj us t i ng the 
f i ne adj us tmen t on the microscope and t ravell ing through t he s ec t i on ,  
3-dimens ion perspec t ive views could be c learly seen and the d e t a i ls o f  
t he ovules reco rded . 

Observ a t i ons on embryogenes i s  made a t  d i f feren t  t i mes i n  t h i s  
expe r i ment showed tha t t here is  cons ide rable variat ion i n  the  s tage o f  
embryo developmen t wi thin  each samp l i ng t i me .  Generally , f lower s  
removed a t  1 4 00 h and 2000 h were mos t ly in t he res t ing s tage o f  zygo t e  
developmen t ( Fi g .  3 . 1b t o  d ) . A p r i mary endosperm nucleus was 
frequen t ly presen t in the ovules collec ted at 0800 h and 1 400 h 
( Fig . 3 . 1b and Plate  3 . 1a )  and soon d ivi ded con t inuously un t i l  i t  
contained abou t 6 endos perm nuclei by the t ime o f  f i rs t  zygo te d i v i s i on 
( Fig . 3 . 1 d ) . On the second and t h i rd days fol lowing f i rs t  corolla 
appearance , the maj or i ty of ovules were in the 2- to 4-celled and 4- to 
8- celled s t age of zygo te d i v i s i on ,  respec t ively , with  endosperm nuclei  
loca ted nearby ( Fig . 3 . 1e to  g and Pla t e  3 . 1 b ) . At  day 4 ,  mos t o f  the  
ovules were found to  be in the  form  of a club-shaped s t age embryo 
sur rounded by cellular endosperm ( F ig . 3 . 1h and Plate 3 . 1c ) . Sphe r i cal 
embryos and wel l  develo ped suspensor embryos were seen on abou t days 6 
or  7 a t  whi ch t i me endosperm nuclei  were l i ning up t owards the ou ter  
sur face o f  the embryo sac  ( F i g .  3 . 1 i ) .  

The ovule i n  F i g .  3 . 1a was class i f i ed as unfe r t i l i zed because t he two 
polar nuc l e i  had not  fused w i t h  a game te . Such a cond i t i on were found 
o ccas ionally in flowers collec t ed at 0800 h .  Ovules wi t h  p r i mary 
endosperm ( F ig . 3 . 1 b )  were the mos t  commonly found type of  development 
obs erved in flowers f rom 0800 h and were classi f ied as a fer t i l i zed 
ovule ( Car lson , 1 9 73 ; Aberne thy e t  al . ,  1977 ) .  F i g . 3 . 1 c t o  i were 
also clas s i f i ed as fer t i l i zed ovules . 
amoun t s  o f  s t arch granules packed 
( F ig . 3 . 1j )  o r  that  were di spos i t ioned 
t he cover s l i p where s t ruc ture was 

MASSEY UNIVERSra 
LIBRARY 

Ovules tha t con tained large 
toge ther ins i de the embryo sac 

from the hori zon tal plane under 
unable to  be clearly seen , were 
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j udged as unclas s i f iable ovules . Un fer t i l i sed ovules also i nc l uded 
those in wh i ch the egg cell and the polar nuclei had d i s ap peared 
( F i g .  3 . 1k and Pla te  3 . 1d ) . 

3 . 3 . 3 . 2  Fer t i li z a t i on examina t i on on ' no rmal f lowers ' 

For the examina t i on o f  level o f  fer t i l i z a t i on , flowers were collec t ed 
f rom plan t s  a t  grow th s tages R2 to R5 ( see Append ix 1 0 ) . Thi s  p e r i od 
was chosen because f lower produc t i on is  in an ac t ive s tage and i t  
includes peak f lower ing .  Flowers from d i f ferent par t s  o f  s oybean 
p lan ts  were ma rked wi th acry l i c  pai nt  on t he f i rs t  day of corolla 
appearance and then randomly col lec ted on the  second and t h i rd days , by 
which s t age some endosperm ini t i al s  or d ivi ded zygo tes were expec t ed to  
be observed i f  fer t i l i za t i on had occurred . Each flower was removed a t  
a s tage before i t s f a t e  as an absci sed f lowe r o r  a retained f lower , 
could be det ermi ned . 
t h i s  group o f  flowe rs . 

The te rm ' normal f l owers ' was used t o  refer t o  

Flowers were f i xed and c leared as des c r i bed in sec t i on 3 . 3 . 3 . 1 .  
E igh ty-eight p i s t i l s  from Ma t ara and 6 1  p i s t i l s  from Amsoy were 
colle c t ed from plan t s  s own on 1 3  Augus t 1986  and ano ther 27 p i s t i ls o f  
Amsoy were re t r ieved from the 20 Oc tober p l an t i ng .  

3 . 3 . 3 . 3  Fer t i l i za t ion examinat i on on ' abs c i s ing flowers ' 

' Absc i s ing flowers ' from both  var i e t i es were collected from d i f feren t 
par t $  o f  the p l an t s . A gen t le t o u c h  on f l owe rs w i t h  f o rceps r •• u l t e d  

in  a separat i on a t  t h e  base o f  t h e  ped i ce l . One hundred f l owers o f  
each cul t ivar were collec ted from plan t s  o f  the l a t e  grown s e t  ( 20 
Oc tobe r )  and f ixed by pas s i ng through the same process as descr i bed for 
' normal f lowers ' .  



F ig . 3 . 1 Desc r i p t i on of  sequence of embryogenes i s  in  soybean 

a )  E igh t -nuclea te  b )  Embryo wi th  c )  Res t ing s t age 
s tage emb ryo p r i mary embryo wi th  
( unfer t i l i zed ) endosperm d i vi d ing 

nucleus endosperm nucl e i  

d )  F i rs t mi t o t i c  e )  Two- celled f )  Four-celled 
d i v i d ing s tage s t age 
zygo te  w i th  embryo embryo 
d ivid ing 
endosperm 
nuclei  

g )  Eigh t -celled h )  Club-shaped i )  Sphe r i cal zygo t e  
s tage embryo s t age embryo embryo 

j )  Embryo w i th k) Embryo wi th 
s tarch granules absence o f  
t igh t ly packed zygo t e  and 
(unclas s i fiable)  endos perm 

( unfer t i l i zed ) 
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Flate  3 . 1  Fer t i l i zed ( a  - c )  and unfer t i l i zed ( d )  ovules : a )  w i th  

res t i ng s t age zygo te ( 1000x ) , b )  w i th four-celled s tage', 

c )  wi th club-shaped s tage embryo ( lOOOx ) , d )  wi thout egg 

cell or zygo te  ( lOOOx ) . 

o v e r l a hl li I IC  d Iagrams are drawn from three d iaens ional 
obse r va t i ol ls  Oil these s pecimens . 
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3 . 3 . 4  Observa tions on seed abortion and changes i n  seed dry weigh t at 

d i fferent pos i t i ons wi thin pods during seed developmen t  

Surplus soybean pods from t h e  plant dens i ty groups i n  the previous 

f i eld s t udy were mixed and kep t  at 20°C . Observa t i ons on these samples 

were made 5 mon ths af ter harves t i ng . 

Wi thin  a pod , seed may be presen t as e i ther a full and heal thy s eed , an 

abor t ed seed ( shrivelled seed ) or only as a ves t ige of ovule 

( Pla t e  3 . 2 ) . In  all cases calcula t i ons of  seed numbers per pod t ook 

i n t o  accoun t only shr ivelled seed and full seeds . 

3 . 3 . 4 . 1  Seed abo r t ion wi thin pods 

Pods o f  bo th cul t i vars ( 303 for Ma tara and 455 for Amsoy ) were randomly 

sampled from the bulk and were sor ted into  4 types of pod , i . e .  

uni -seeded , 2-seeded , 3-seeded and 4-seeded pods , t o  calcu l a t e  t he 

propo r t i on in  each pod grou p .  Pods wi th  at  leas t 1 abor t ed 

( shrivelled ) seed that has i ts thi ckness less than one- fourth o f  i t s 

wid t h  were separa ted from ano ther g roup o f  1 , 343  pods for Matara and 

674 pods for Amsoy and were examined to  de termine the  pos i t i on ( s )  

wi thin  the pods that seeds abor ted . 

3 . 3 . 4 . 2  Changes in  seed dry we igh t  a t  each pos i t ion wi t h i n  3-seeded 

pods determined during seed developmen t 

One hund red 3-seeded pods of Ma tara were randomly selec ted f rom each 

harves t ing t i me 10 to 60 days af ter  peak flowering ( DAPF ) .  Seeds were 

grouped i n t o  basal seeds , med ial seeds and api cal seeds and dried a t  

103 °C for 17  hours to  de termine seed dry weight a t  each pos i t ion . 
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Plate  3 . 2  Soybean pods showing seed abor t ion a t  d i f feren t pos i t ions 

a )  abo r t ed young pods ; 1 = whole , 2 = wi th 3 ves t i ges o f  

ovules , 3 = wi th  one ves t ige o f  an ovule and one abo r t ed 

seed : b )  pods f rom 

of ovule in pods 
ovar ies , showing 

t r i -ovulate 

no . 2  and 3 ;  
a ves t ige 

ovari es , 

c )  pods 
in pod no . 

showing a ves t ige 

f rom t r i -ovul a t e  
2 and a n  abor t e d  

seed in  each of pods no . 2 and 3 ;  d )  mature pods 

suspected  o f  coming f rom 4-ovula t e  ovaries , lef t  pod i s  

class i f i ed as 2-seeded , r igh t pod i s  clas s i f ied as  

3-seeded . Circles highligh t  ves t i ges and t he arrow marks 

the poi n t  o f  at tachmen t that  an ovule was expec t ed to  be . 

( a  to c = glasshouse grown soybeans collec ted a t  40 days 

a f ter  an thes i s ; d = f i eld grown soyean ) 
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F i rs t flowers appeared 33 and 34 days a f t er plant i ng a t  node number s  4 

and 5 for M a t ara and 

cl ei s t ogamous ( F i g . 3 . 2 ) 

Amsoy res p ect i v ely . M atara 

whi l e  Amsoy was par t i ally 

was f u l ly 

chasmogamous . 

M a t ara flower s  were s l i gh t ly smaller in s i ze t han i n  Amsoy . 

Observa t ions on racemes borne a t  nodes 4 to  7 on main s t ems r ev ea l ed 

that  corolla exer t i on o f  a flower o ccur red h i erach i cally f rom t h e  

proximal to  the  di s t al end o n  a raceme. In general ,  f lowers borne a t  

t h e  proximal end opened and developed fas t er dur i ng the early s t ag es 

and wer e  the mos t succes s fully product i v e. Flowers borne d i s t al ly 

o p en ed l a t er t han t hose a t  the prox i mal end and somet imes appea r ed t o  

grow more  s lowly ( measured i n  length ) .  Typi cally , f lower abo r t i on was 

found to occur more  commonly at the di s tal end and rarely o ccu r r ed a t  

t h e  proximal end . 

3 . 4 . 1  Pollination observation 

All f lowers removed a t  0800 h on the f i r s t  day o f  corolla appearance,  

w er e  found t o  b e  s el f -poll inat ed. Typ i cally , the s tyle ben t  down 

t owards the s i t e  at which t he s i ngle s tamen was loca t ed, r esul t ing i n  

t h e  t ouch i ng o f  t h e  s t igma and one o f  t h e  d eh i s ced ant h er s  ( F i g . 3 . 2 ) .  

In  about two- t h i r ds o f  the f lowers , poll en appeared t o  be r ec en t ly 

deh i s ced f rom t h e  an thers as indi ca t ed by f resh anth er s  w i t h  some 

poll en grains lef t  i n s i de ,  

o b s erved wi t h  emp t y  and 

s el f-poll ina t i on i n  some 

wher eas one- t h i r d  of t h e  

wi thering an t h ers . T h i s  

flowers has o ccurred s ome 

f lower s  w er e  

impl i es t h a t  

t im e  b ef or e  

observa t ion ,  i . e. 

ex t rus ion . 

b efore t he f irs t ex t ernal o b s ervat i on o f  corolla  

3 . 4 . 2  Fertilization examination on ' normal flowers '  

A t otal  o f  eighty-eigh t flower s  o f  each cul t i var wer e  observed i n  t h i s  

s tu dy .  F i g .  3 . 3  s hows tha t , for bo t h  vari et i es ,  mor e  t han 50% o f  t h e  

f lower s  were  o f  the  t r i -ovula t e  type:  53 . 4% for Matara and 65 . 9% f o r  

Amsoy . Uni -ovula t e  f lowers wer e  found i n  only 1 . 1% o f  cas es i n  Amsoy 

and wer e  no t observed at  all i n  Ma tara . The average ovule number p er 

ovary was about t h e  same i n  both  var i et i es ( 2 . 74 and 2 . 72 f o r  Matara 

and Ams oy , resp ect i v ely ) .  
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Fig . 3 . 2  Flowers and f lower s t ru c t ures of  soybean : a )  cl�i s t ogamous 

type found in  Ma tara ; b)  chasmogamous type found in  Ams oy ; 

c )  a flower of  glasshouse grown M a t ara observed a t  0800 h 

on the f i rs t day of  corolla appearance showing pollina t i on 

and t he ' s t ruc ture of  a p i s t i l ;  d )  a flower o f  glasshouse ' 

grown Amsoy compared to  t hat  of  Matara 
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number o f  class i f ied  ovules wi th 95% con f i dence 

i n te rval ) in  Matara and Amsoy soybeans 
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A high percen tage of f er t i li zed ovules based on the t o tal number o f  

class i f i able ovules was found i n  bo th var i e t i es ( 98 . 6% i n  Mat ara and 

94 . 8% in Amsoy ) ( F i g .  3 . 3 ) . The s t age of developmen t of the f e r t i l i zed 

ovules ranged from t he res t i ng s tage to  club-shaped embryo s tage 

( Fi g .  3 . 1 b to h ) , wi th the maj ori ty be tween nuclear d i v i s ion of the 

pri mary endosperm and the 8-celled zygo t e  s tage ( Fi g .  3 . 1c to g ) . In  

mos t unfe r t i l i zed ovules observed in  t h i s  s tudy , the  egg cell  and t he 

polar nuc lei  were absen t ( Fi g .  3 . 1k and Pla te  3 . 1d » . Only a f ew o f  

ovules were i n  the 8-nuclea te s tage ( F i g .  3 . 1a ) . O f  2 4 1  ovules 

exami ned in  Ma tara 2 1  cou ld no t be class i f ied  as were 25 of the 2 3 9  

examined in Amsoy . Some of these were ovules t igh t ly packed w i t h  

dropl e t s  and s t arch grains ( F i g .  3 . 1j )  and some were ovules whi ch could 

not be examined clearly due to ovule d i spos i t i on i ng dur i ng moun t i ng .  

The percen tages o f  un fe r t i l i zed ovules ( based on the to tal number o f  

clas s i f i ed ovules ) a t  the basal pos i t ion ( nearest  t o  the pedi ce l )  and 

the api cal pos i t ion ( neares t to  the s t igma ) are shown in  Table 3 . 1 .  

Da ta in  the table excluded the med ial pos i t i on because no unfe r t i l i zed 

ovules were observed . I t  was found tha t ,  regardless o f  ovary type , the 

basal pos i t ion showed a higher percen tage o f  un fer t i l i zed ovules than 

in the apical pos i t i on .  

Table 3 . 1  Percen tages o f  un fe r t i l i zed ovules ( based on the t o tal numb e r  

o f  class i f i ed ovules ) a t  basal and api cal pos i t i ons i n  Matara 

and Amsoy soybean . No unfe r t i l i zed ovules were f ound i n  

medial pos i t i ons . 

% unfe r t i l i zed  ovules 

Cul t i var Basal pos t i on Api cal pos i t i on 

Matara 

Amsoy 

4 . 0 ( ±3 . 7 ) ' 

12 . 0 ( ±6 . 2 ) 

, 90% con f idence i n t e rval 

o 
2 . 5 ( ±2 . 8 )  
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3 . 4 . 3 Fer t i lizat ion examinat ion on ' abscising flowers ' 

Thi r ty- three abs c i s i ng flowers ( containing 101 ovules ) o f  Amsoy were 

cleared and observed under the phase-con t ras t microscope . Mos t ovules 

from absc i s ing f lowers were shrunken as shown in Pla t e  3 . 3b to d ,  

compared to  the ovules from ' normal f lowe rs '  ( Plate  3 . 3a ) . These 

ovules were some t imes d i f f i cul t to  remove f rom the ovary wall and o f t en 

were los t among ex t raneous ma t e rial . The s t ru c tures inside  the ovules 

were unclear , because the zygo t e  and endosperm had begun to  degenerat e . 

However , out o f  these 101 ovules  exam i ned , 37  o f  them were i d en t i f i ab l e  

a s  fer t i l i zed . The maj or i ty of  these f er t i l i zed ovules were seen i n  

the nuclear d i v i s i on s tage up  to  t h e  3 2-cell zygo te s tage . The 

rema i ni ng 64 ovules were undef i nable w i th  unclear s t ruc tures . No 

ovules were clearly iden t i f iable as being unfe r t i l i zed . 

3 . 4 . 4  Seed abor t i on at d i ff eren t posi t i ons wi thin pods 

Fig . 3 . 4  shows the propor t ion of pod types i n  2 soybean cul t i va r s . 

Three-seeded and then two-seeded pods were the mos t common i n  b o t h  

cul t i vars . Ma tara t ended to  have a higher propor t ion o f  4-seeded pods 

and Amsoy a higher propor t i on of  uni-seeded pods . 

The average percen tage of  seed abort ion was h i gher i n  Amsoy t han i n  

Matara ( 18 . 0% vs 8 . 9% ) . In Amsoy , t h e  more s eeds a pod con t a i ned , the 

more l i ke ly i t  was t o  have abor ted seeds (Fig.  3 . 4 ) . In Mat ara , 

however , there was a higher f requency o f  seed abort ion i n  3-seeded pods 

than in any o ther . 

Table 3 . 2  presen t s  the percen tage o f  seed abo r t i on i n  vari ous  pos i t i ons 

i n  pods . In all types of  pod , the basal pos i t ion was f ound t o  b e  the  

mos t l i ke ly s i te o f  s eed abor t ion . 

3 . 4 . 5  Changes in seed dry weight at  different pos i t ion wi thin pods 

The developmen t o f  s eeds a t  var ious pos i t i on s  in 3-seeded pods as s hown 

in F i g .  3 . 5  were d i f feren t as early as 10 DAPF and became more obvious 

a f t e r  30 DAPF . The basal seeds showed a lower seed dry weight  a t  every 

sampl ing t ime throughou t the developmen tal  period . 
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P l a t e  3 . 3  Ovules f rom absc i s ing f lower s  showing mild  t o  s evere 

shrinking ( b-d ) compared t o  an ovule f rom a normal 

f lower ( a )  ( 250x ) 
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Table 3 . 2  Percentage o f  abor ted s eeds in  samples o f  f i eld grown 

soybeans exam i ned at each pos i t ion wi thin  a pod 

Ovule pos i t ions f rom basal t o  api cal  

Cul t ivar Pod type 

1 2 3 4 

2-seeded 3 . 7 ( ±2 . 0 )
* 

O . 6 ( ±O . 8 )  

M a tara 3-seeded 26 . 7 ( ±3 . 0 )  5 . 3 ( ±1 . 5 ) 3 . 3 ( ±1 . 2 ) 

4-seeded 15 . 5 ( ±5 . 0 ) 5 . 0 ( ±3 . 0 ) 1 . 0 ( ±1 . 4 )  2 . 0 ( ± 1 . 9 ) . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-seeded 

Amsoy 3-seeded 

4-seeded 

20 . 1 ( ±5 . 2 ) 8 . 5 ( ±3 . 6 )  

35 . 3 ( ±4 . 6 )  12 . 4 ( ±3 . 2 ) 8 . 4 ( ±2 . 7 ) 

46 . 2 ( ± 19 . 2 )  30 . 8 ( ±17 . 7 ) 23 . 1 ( ± 16 . 2 )  1 1 . 5 ( ±1 2 . 3 ) 

* 95% con f idence i n t erval 



2 0  
-
II) 

1 8  " 
Q) 
Q) - - - B a s a l  s e e d  ., 1 8  

- - - - - - M e d i a l  s e e d  0 
/ J-- - -I  0 1 4  A p i c a l  s e e d  

� 
" 

1 2  
./ 

e y 0) 
-... 1 0  � 
0) .- 8 Q) 
� 
>- 6 
... 

" 
4 " 

Q) 

Q) 2 
en 

0 
o 1 0  2 0  3 0  4 0  6 0  e o  

D a y s  a f t e r  p e a k  f l o w e r i n g  

Fig . 3 . 5  Seed dry we igh t a t  each pos i t ion i n  3-seeded pods 

during s eed developmen t in f i eld grown soybean var . 

Matara . Ver t i cal bars represen t SE of the mean . 

1 1 3  



3 . 5  DISCUSSION 

1 1 4  

The soybeans grown i n  the glasshouse i n  t h i s  s tudy took about the s ame 

t i me f rom 50% seed l ing emergence to  f i r s t  f lowe r i ng as d i d  t he 

f i eld-grown soybeans i n  the f i rs t  exper iment .  F i f ty percen t seed l i ng 

emergence o f  Matara and Amsoy was observed a t  3 and 4 days a f t e r  

plan t i ng i n  the glasshouse and f i rs t  flower i ng was no t ed 3 0  days l a t e r . 

Cle i s togamy was cons i s ten t ly found in  Matara both  in the f i eld and i n  

t he glasshouse ( see F i g .  3 . 2a) . Amsoy was chasmogamou s  ( F i g .  3 . 2b )  i n  

the f i eld s tudy , bu t par tially chasmogamous  i n  the glasshouse . Thi s  

var i a t i on i s  due to the e f fec t s  o f  envi ronmen tal cond i t ions such as  

dayleng th, tempera ture and s o i l  minerals ( Er i ckson , 1975b and Robacker 

et al . , 1983 ) .  Flower s  borne at the base were s maller and less  open 

t han f lowers at  the top of the plant . Light i n tens i ty whi ch was l ower 

i n  the glasshouse migh t  also be i nvolved i n  t h i s  phenomenon . However ,  

the openness of  flowers did no t affect  reproduc t ive developmen t and 

s e l f-po l l inat ion in  these s tud ies . Many o ther researchers have also  

repo r t ed tha t megagame tophy te developmen t i n  soybeans grown under f i e ld 

cond i t i ons i s  markedly s imi lar to developmen t i n  soybeans grown under 

g lasshouse cond i t i on s . Therefore the embryological data collec t ed f rom 

p lan t s  grown under glasshouse condi t ions can refl e c t  the s equence 

l i ke ly t o  occur i n  plants i n  na ture ( Carlson , 197 3 ;  George et a l . ,  

1979 ) .  

Observat i ons of  flower development  on racemes borne be tween nodes 4 and 

7 showed tha t mos t abor ted flowers occurred at t he d i s tal  end of the  

raceme . Th i s  agrees wi th similar  resul t s  by  Huf f  and Dyb i ng ( 1 980 ) and 

Spollen e t  al . ( 1986a ) . 

Observa t i ons on self-poll ina t i on con f i tm t he resu l t s  o f  , Shen and Yan 

( 198 1 )  that when the corolla is 0 . 5-1 . 0  mm above the top ' o f  the calyx , 

self-po ll i nat ion reaches almos t 100% . However ,  many f lower s  were 

pollina t ed several hours before the t ime o f  observat i on as ind i ca ted by 

t he s t ru c tu re of an thers . Dz i kowski ( 1936 ) also no ted that pol l i na t i on 

i n  soybean may occur wi thin the bud or t he day before full  openi ng o f  

the flowers . 
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M i croscop i c  examina t i on o f  pollen samples was also  done by Van Schai k  

and Probs t ( 1958b ) . They repor t ed ample supply o f  full-bod i ed , v iable 

pollen grains  to  ensure success ful poll i nat i on and no evidence was 

found t o  show tha t abs c i s s ion was due t o  a f a i lure o f  the pollen t o  

br ing abou t fer t i l i za t i on or o f  t he ovules to  b e  v iable . 

The res u l t s  from the h i s t o logical s tud ies clearly show that  lack o f  

f er t i l i za t ion is  no t the  maj or cause o f  f loral absc i s s i on in soybean . 

High percen t ages o f  fer t i l i zed ovules , based on the t o tal  number o f  

c lass i f ied  ovules ( 98 . 6% i n  Ma tara and 94 . 8% i n  Amsoy )  were found i n  

' normal f lowers ' compared t o  99 . 3% i n  ' Amsoy 7 1 '  and 9 7 . 8% i n  ' Wayne ' 

soybean cul t ivars repo r t ed by Aberne thy e t  a l . ( 1977 ) .  Aberne t hy e t  

al . ( 1 9 7 7 ) colle c t ed f lowers primari ly f rom the  top par t  o f  the plant 

and only during s t age R2 . The resul t s  from this presen t s tudy showed 

that the large maj or i ty  of flowe rs sampled over t he whole plan t and a t  

a much wider range o f  developmen tal s tages were f er t i l ized . 

Al though observat i ons on ' absc i s ing f lowers ' were no t always succe s s ful  

by  the c learing techn i que employed , some conclus i ons can be  made . All  

i den t i f i able ovules ( 37% o f  t he to tal observed ) were found t o  be 

fer t i l i zed . The und e f i nable and shrunken ovules  were found t o  be 

s t ruc turally d i s tor t ed and the zygo te absen t .  In these cases , t he 

zygo t e  might  have degenerated a f ter  fer t i l i z a t ion because no c e l l  

d i vi s i on had occur red . Cy tokinins , whi ch a r e  i mpo r t an t  t o  c e l l  

d i vi s i on ,  may b e  lacking in these ' absc i s i ng f lowers ' ( see d i scuss ion 

i n  the f i nal chap t e r ) .  

From the  observa t ions on ovule developme n t  and embryogenes i s , 

d i f ferences in ovule  s i ze and s tage o f  embryogenesis  were f ound among 

ovule pos i t ions in t h e  ovar i es . In general , basal ovules were less  

development ally abvanced especi ally in  s i z e , than ovules  in o ther  

pos i t i on s . These observa t ions sugges t  that  the ovule development i n  an 

ovary i s  asynchronous as reported  by many researchers ( Ka t o  e t  a l . ,  

1954 ; Prakash and Chan , 1976 ; S telly and Palmer , 1985 ) . S telly and 

Palmer ( 1985)  sugges t e d  that t he developmen t of  the med i al ovu l e  

usua l ly preceded tha t o f  t h e  basal and api cal ovules , bu t t h a t  

developmen t was s imi lar f o r  basal and api cal ovules . These f i nd i ngs 

d i f fer  f rom the resul t s  in the presen t s t udy in whi ch apical ovules 

were more advanced t han basal ovules . The observa t i ons on seed dry 
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weigh t f rom each pos i t ion during development  shown i n  Fig . 3 . 5  sugge s t 

that l ow compe t i t i ve ab i l i ty o f  the basal ovules may have exi s t ed s in c e  

the ovule developmen tal s tage . The higher percen tages o f  unfer t i l i zed 

ovules  a t  the  basal  pos i t i on shown i n  Table 3 . 1  also  suppo r t s  t h i s  

sugges t i on . 

The p ropor t i ons o f  pod types shown in F i g . 3 . 4  are related t o  those o f  

the ovary type i n  F i g .  3 . 3 .  Uni -ovulate  ovaries i n  the glasshouse 

s t udy were found only rarely ( none observed in Matara and 1 . 1% i n  

Amsoy ) ,  but un i-seeded pods were more commonly found i n  the f ield  ( 3 . 6% 

for M a tara and 1 3 . 2% for Amsoy ) . Thi s  d i f ference is  no t because t he 

f i eld-grown soybeans produced large number o f  uni-ovulate ovar i e s , b u t  

becaus e  the uni -seeded pods were i n i t ial ly 2- or perhaps 3-ovu l a t e  

ova r i es wh ich had aborted 1 or 2 ovules before or , more probably , s oon 

a f t e r  fer t i l i za t i on . These abor ted ovules could be s een as small  

par t i cles in  un i -seeded pods . This sugges t s  that  seed abor t ion may 

take place very early a f t er fer t i l i z a t i on . Woodworth  ( 1930 ) repor ted 

tha t abor ted ovul es or seeds ( he called ' abor t s ' ) possessed an embryo , 

therefore , fer t i l i zat ion had occurred . 

The percentage o f  seed abor t ion i n  pod samples was higher i n  t he Amsoy 

var i e ty ( 18 . 0% )  than in  Ma tara (8 . 9% ) . Hals ted ( 1914 ) found the s ame 

range of seed abo r t i on from three var i e t i e s , namely , Early Brown , I to 

San and Wi lson ( i . e . 15 . 0 ,  14 . 2  and 6 . 8% ,  respe c t i vely ) .  These 

resu l t s  conf i rm that cer tain var i e t ies  d i f fer cons i derably and 

s ign i f i can t ly in the percen tage of abor ted seeds . The h i gher  s eed 

abo r t i on in  Amsoy may be associa ted w i th the indeterminate growt h  habi t 

whi ch causes h i gher int raplan t compe t i t ion . 

Observat ions on the loca t i on of  abor ted seeds showed that  basa l  ovules 

abo r t ed more f requen tly (Table "
3 . 2 ) .  Thi s  con f i rms the observa t i on s  on 

the abor t ive behavi our in soybean pods reported more t han 50 year s  ago 

( Ha l s ted , 1914  and Woodwor t h ,  1930 ) . I t  wou ld seem logi cal that  basal 

seed , being neares t the source o f  nu t r i t ion , would be mos t  l i kely t o  

develop bu t ,  i t  was clear tha t  the api cal seed rather t han t h e  b as a l  

h a d  a be t te r  chance o f  developmen t .  Moreover , these s tudi es showed 

that  the dry weigh t  of basal seeds at each sampl ing t ime f rom 10 to 60 

DAPF i n  Matara varie ty was s ign i f i can t ly lower than i n  seeds at o ther 

pos i t ions wi t h i n  3-seeded pods . Dur i ng the early growth  s tages ( 10-20 
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DAPF ) , the lower dry wei gh t  of the basally pos i t i oned s eeds s eemed to  

be due to the i r  s lower growth ra te ( smaller young seeds are s een in  t he 

plate  enlarged in  the fron t page of  this  thes i s ) . Seed abor t ion a t  the  

basal  pos i t ion occurred in a higher propor t i on than in the  other  two 

pos i t ions resu l t ing in the much lower seed dry weigh t  dur i ng l a t e  

grow t h  s t ages ( 30-60 DAPF ) . No s i gn i f i can t d i f ferences in  d ry wei gh t  

be tween med ial and apical seeds were found ( Fi g .  3 . 5 ) . Thes e  f ind i ngs 

agree wi th resul ts  by Egli  e t  al . ( 1978a ) . 

3 . 6  CONCLUSION 

- Flower abor t ion was more frequen t ly observed at the d i s t a l  end 

of the raceme . 

Self-poll ina t ion is  likely to t ake p lace several hours b efore 

0800 h on the f i r s t  day of corolla  appearance . 

- Lack o f  fer t i l i za t i on is  no t the main  cause o f  f l ower 

abs c i s s i on ,  at  any s tage observed (R2-R5 ) and at any pos i t i on 

on the plan t . Among various ovule  pos i t i ons , the basal ovule 

seems to have highes t poss i b i l i ty of bei ng unfer t i l i zed . 

- Avai lable evidence from ' abscis i ng f lowers ' shows tha t these 

had been fer t i l i zed , but the clearing technique used was more 

sui table for s tudying ' normal flowers ' .  

- Abor t i on can occur as early as i mmediately a f t e r  fer t i l i z a t ion .  

- The percen t age o f  pods con t a i n i ng aborted seeds and the 

percen t age of  abor ted seeds were higher in the inde t ermina t e  

soybean cul t ivar Amsoy than i n  t h e  semidetermina t e  cul t ivar 

Matara , possi bly due to  more i n t ense i n t raplan t compe t i t i on . 

- Seed abor t i on was mos t frequen t i n  the basal pos i t ion ' o f  the 

pod . 

- Seed d ry weight  �ncreases duri ng t he development al s tage were 

the same be tween med ial seed and api cal seeds , bu t were lower 

for the basal seed due to bo th s l ower growth rates  and s eed 

abor t i on .  



CHAPTER 4 

EFFECTS OF YOUNG LEAF REMOVAL ON FLORAL ABORTION AND POD SET 

4 . 1  INTRODUCTION 

The resul ts o f  the f i e ld experimen t sugges t that  compe t i t i on for  

a s s i m i lates plays an i mportan t  role  i n  regulat ing soybean y i eld and 

y i eld componen t s . Dai ly flower produc t ion was largely a f fec t ed by 

i n t e rplant compe t i t ion ( crea ted by plant dens i ty )  probably because o f  

t he source- s t reng th  ( plant  s i z e )  a t  the t i me o f  f irs t flowe r i ng .  On 

t he o ther hand , the percen tage o f  reproduct ive abo r t i on was no t 

af fec ted by plan t dens i t y .  In terplan t compe t i t i on i s  probably t he 

cause o f  h i gh abo r t ion ra tes i n  h i gh dens i ty plan t s . Low dens i ty 

p l an t s  also had high rates of  abor t i on even though they were grown 

under less dens i t y-s t ressed cond i t ions . In t h i s  si tua t i on , i n t raplant 

compe t i t i on f o r  assimilates  seems to  be an impor tan t fac t o r ,  

f lower and pod d rop i n  bo th low and med i um dens i ty plan t s . 

caus ing 

Dur i ng 

f l owering and early seed developmen t ,  new leaves were p rogress ively 

produced , whereas in  high dens i ty plan t s ,  leaf growt h  s topped before 

peak f lower ing . These young leaves serve as  s t rong s i nks f o r  

ass im i la tes f rom roo ts  and older leaves . The h i gher reproduc t ive 

abor t ion pe rcen t age found in  Amsoy was p robably at t r i bu t able to the 

i nde termina te  type o f  grow th wh i ch caused increased i n t raplan t 

compe t i t ion be tween reproduc t ive and vege t a t i ve s t ruc tures during the 

f lowering period . These s t resses were less in tense i n  t he 

semideterm i na te  Ma tara . 

A s t udy by Thrower ( 1 962 ) clearly demons t ra t ed the source and s ink 

roles of s ingle leaves of  soybean . I t  was shown tha t  leaves only 

i mpor t ass imi lates  ( s i nk ac t ivi ty)  wi thou t any expor t  of  ass i m i la t es 

( source ac t i v i ty )  when the leaf area was below 30% o f  the f inal ma t ure 

s i ze .  When leaves were be tween 30% and 50% of the fully expanded s i ze , 

t here was s i mu l t aneous 

i n c reased w i thout full 

import  and 

replacemen t 

expor t ,  and thereaf te r  

o f  i mpor ted assimilates . 

expor t  

A young 
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leaf a t  abou t 2 5 %  o f  i t s ful ly expanded s i z e  was a very ac t ive s ink . 

Therefore , young leaves wh ich are produced during reproduc t ive 

developmen t compe te for ass imi lates very i n t ensely and there may also  

be  hormonal i n t erac t i ons wi th reproduc t i ve s t ruc t ures . 

No rep o r t  on young leaf removal in  rela t i on to changes i n  y i eld  and 

yi eld componen t s  i n  soybean has been found in t he l i terature . I t  i s  

never t heless l i kely tha t  young leaf removal a t  d i f feren t s tages o f  

reproduc t i ve developmen t may affec t seed y ield componen t compens a t i on , 

and may enhance seed y i e ld because compe t i t ive s inks are reduced . 

The a i m  of t h i s  experiment was to i nves t igate  the role o f  compe t i t ive 

s i nk reduc t i on i n  i n t raplant compe t i t i on by removing young leaves at  2 

rates of  removal and at  3 d i f feren t s t ages of reprodu c t i ve developme n t  

in  t h e  soybean cul t ivars Matara and Amsoy . The obj e c t i ves  o f  t h i s  

expe r i men t were a s  follows : 

4 . 2  

4 . 2 . 1 

- To s tudy the ef fec t of  young leaf removal on reproduc t ive 

developme n t  and abo r t i on ,  and y i eld componen t s  i n  

semi de t erminate  and i ndetermina t e  soybean plan t s . 

- To de t e c t  any d i f ferences i n  pod s e t  and seed growt h  be tween 

early flowers and late  flowers . 

- To i mp rove an unde rs tand ing o f  the source- sink rela t i onsh i ps i n  

soybeans . 

LITERATURE REVIEW 

Int roduc t i on 

U l t i ma t ely , s oybean seed yi eld depends on the t o tal number o f  s eeds per 

uni t area . Howeve r ,  to  s ome ex ten t , y i eld  i s  related t o  the number of  

f lowers produced ( Domi nguesz and Burne , 1978 ; W i ebold e t  al . , 1981 ) ,  or  

i nversely rela t ed to  the percen t age o f  to tal  flower and pod abo r t i o n  

( Hardman and B run , 19 7 1 ;  Clapp , 1975 ; B revedan e t  al . ,  1 9 7 8 ) ( See 

Fig . 4 . 1 ) 
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The number of  flowers and pod s e t  percentage have been found t o  be the 

mos t variable fac tors of those l i s ted in the d i agram above . Flower 

produc t i on in  soybean has been repo r t ed to vary from 38 ( McBlain and 

Hume , 198 1 ) , up to 800 flowers per plan t (Crane and Walke r ,  1 9 84 ) . 

W i ebold e t  al . ( 198 1 )  s tud ied 1 1  f i eld-grown , d e t ermina t e  s oybean 

cul t ivars ( Maturi ty Groups V ,  VI , VII , VII I )  and repor t ed that the 

number of  flowers per plan t ranged from 1 70 for Boss ier  to  332  for 

Hardee and percen t t o tal abs c i s s i on ranged from 67% for ' McNa i r  800 ' to 

82% for ' Hale 3'  ( av�rage 7 5% ) . Cul t ivar d i f ferences for percent 

absc i s s i on were also found in  the s tudies of  Van Scha i k  and Probs t 

( 1958a , 1958b ) , ranging from 32  t o  83% . Gai et  al . ( 1 984 ) also found 

f lower numbers ranging from 168 to  4 1 1  for determina t e  soybean 

cul t ivars and from 107 to 358 for inde terminate cul t i vars . I t  i s  no t 

clear whe ther there i s  a rela t ionshi p  be tween type o f  s tem termina t i on 

and level s  of abs c i ss i on .  Normally ,  late  ma turing cul t i vars o f  b o t h  

determi n a t e  and i ndetermina te types produced many more f lowers than 
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early maturing cul t ivars . Abort ion percen tages varied f rom 6 0  t o  82% 

i n  de termina t e  and 54 t o  7 7  in  indeterminate soybean var i e t i es . Hansen 

and Shibles ( 19 7 8 ) s tud i ed two i nd e te rminat e  cul t i vars ( Hark and 

Hawkeye ; Matur i ty Groups I and II , repe c t ively ) and found that bo t h  

cul t ivars abo r t ed 63% of  thei r  f lowers and pods . Hardman ( 19 7 0 )  also  

repor ted 55  and 65% abo r t ion from two  plant ing da tes of Hark s oybean , 

whi le McBlain and Hurne ( 1 981 ) revealed tha t abor t i on d i d  no t d i ffer  

among Canadi an cul t ivars Al tona , Maple Arrow and McCall ( Ma tur i ty Group 

00 ) , averaging 64% from s t udies over two years . 

The terms used by researchers to  d e f i ne reproduc t i ve abo r t i on are  

d i f feren t . I n  this rev i ew ,  ' reproduc t ive abo r t ion '  means the combi ned 

abo r t i on o f  flower buds , flowers , young pods and large pods wh i ch fai l 

t o  develop t o  fully mature and harves table pods , whe ther they abs c i se 

from the i r  locat ions o r  no t .  

A t t emp ts  to  i ncrease s oybean seed y i eld by reducing or preven t ing 

f lower and pod abor t i on have been made for many years . Treat men t s  

include plan t growth regulators ( James e t  al . ,  1 9 6 5 ; Bur ton and 

Curley , 1 9 6 6 ; Hi cks et al . , 1 967 ; Clapp , 197 5 ;  Boi z e , 1 98 2 ; Nooden 

and Nooden , 1985 ) ,  nu t r i ents  (Mordaseva , 1964 ; Brevedan e t  al . , 1 9 7 8 )  

and mechani cal removal o f  flowe rs o r  pods ( McAl i s ter and Krobe r ,  1 958 ; 

Hi cks and Pendle ton , 1969 ) . Although many s c i en t is t s  claim t o  be able 

to  increase soybean pod numbers per plan t ( Bur ton and Curley , 1 9 6 6 ; 

H i cks e t  al . , 1 9 6 7 ; Clapp , 1975 ; Brevedan e t  al . , 1 9 7 8 ; Boi z e , 1 9 8 2 ; 

Nooden and Nooden , 1 985 ) , very few have repor ted a cons i s tent  i nc rease 

in  yield ( Clapp , 197 5 ; Brevedan et al . , 1 9 78 ) . Thi s  rev i ew d i s cusses 

the pos s i b l e  factors involved in  regulat i ng pod se t and seed f i ll and 

the poss i b i l i ty of reducing reprodu c t i ve abor t ion in soybean . 

4 . 2 . 2  Flower developmen.t and reproduct ive abort ion 

4 . 2 . 2 . 1  The phys iology of flower i ng and fac tors affect i ng f lower 

developmen t 

Flower i n i t i a t ion i s  cont rolled by tempera ture ( Garner and Allard , 

1 930 ; Parker and Bor thwi ck , 1943 ) , pho t operiod and geno type . The role 

of pho toperiod  in cont rolling f lower development was recogn i z ed i n  
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early work b y  Garner and Allard ( 1920 , 1 9 2 3 )  who found t h a t  i n  some 

s pecies , i nclud i ng soybean , tobacco , and as t e r , flower i n i t i a t i on 

occurs af t e r  a minimal  number of induc t ive cycles . Pho t operiod  no t 

only a f f e c t s  the rate  of  developmen t but  also the extent o f  abo r t i on o f  

the reproduc t ive s t ruc tures . Pho t operiod also 

morphogene t i c  e f fec ts  such as the produc t ion o f  

chasmogamous flowers in some plan t s  ( Kine t and 

soybean i s  a shor t-day plan t , and cul t i vars d i f fer 

has vari ous 

cle i s togamous o r  

Sachs , 1 984 ) . The 

in the i r  c r i t i cal  

day-lengt h  requ i remen t .  In general , the shor t er-seasoned the cul t ivar , 

the longer the pho t operiod under which i t  wi ll f lower and ma t ure 

( Shi bles e t  al . , 1975 ) .  

Temperature  has been repor ted to  have only a minor effec t on t he floral 

ini t ia t i on s tage in  soybean , bu t i t  has a very s igni f i can t  e f fec t on 

subsequen t reproduc t i ve developmen t includ ing the t ime o f  an thes i s , and 

floral and pod abs c i ss i on rates ( Thomas and Rape r , 1 9 7 8 , 1 98 1 ) .  

Suscep t i b i l i ty to floral aberra t i ons of  cle i s toflory and clei s t ogamy 

( flowers  which  only par t i ally open or do no t open at all , respec t i vely ) 

in soybeans i s  also governed by t emperature ( Er i ckson , 1 9 7 5 b). Cool 

day/nigh t  tempera ture combina t ions of 1 8 / 1 4 ° C  were observed to  cause 

malformed pods and mUl t i ple flowers in soybean ( Thomas and Raper , 

1978 ; 1 9 8 1 ) .  

At  la t i t udes grea t e r  than 40° ( Palmers t on Nor th i s  locat ed 40 ° 2 1 ' S ) , 

where soybeans are plan t ed during a cold spring ,  the leng th o f  t ime 

between emergence and flowering for  adap t ed cul t i vars is mainly a 

func t i on o f  accumulated temperature and i s  l i t t le influenced by na tural 

pho t o p e r i od ( Shi bles e t  al . , 1975 ) . The d i f ference in  t ime o f  flowe r i ng 

be tween cul t ivars a t  these l a t i tudes may be con t rolled by t h e i r  varyi ng 

response t o  temperature , or by a quan t i t a t ive effec t o f  the d i f ference 

be tween c r i t i cal and experienced pho toperiod ( Fishe r , 1955 ) . 

4 . 2 . 2 . 2  Reproduc t i ve abor t i on in  crop plan t s  

Many p l a n t  species  produce far more flowers than they can pos s i bly 

develop i n to frui ts . The excess flowers or po t en t ial  f ru i t s  may be 

absc i sed at any t ime during developmen t ,  but  the abs c i s s i on t akes place 

mos t commonly in  the early-bud s t age ; before flower openi ng ;  i n  the 

young f rui t s tage ; or  at  f rui t maturi ty ( Add i co t t , 1982 ) .  
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Over-produc t ion  of  flowers is a biolog i cal advan tage ( Summe r f ield e t  

al . , 1974 ) ; having the effect o f  ensu r i ng an adequa te seed s e t  i n  the 

face of  adverse  wea ther , predat ion by i nsec ts  and abort i on of young 

frui t s .  Howeve r ,  i t  can be an agronomi c  di sadvan t age , and i s  

i mpl i cated a s  a maj or factor i n  poor y i eld and harves t index ( Oj ehomon , 

1 9 7 2 ; Aded i pe and Ormrod , 197 5 ;  Hansen and Shibles , 1 9 78 ) .  From 

e i ther po i n t  o f  view ,  an inves t iga t ion of  the fac tors l ikely to result 

in high reproduc t i ve abo r t i on is  impo r tant in under s t andi ng 

reproduc t ive  developmen t in  plan t s . Fac tors in fluen c i ng f lower and 

f ru i t abo r t i o n  in many plan t spec i es have also been ex t en s i vely 

reviewed and d i scussed by Stephenson ( 1981 ) .  

The propor t i on of reproduc tive abor t i on var i es among species , var i e t i es 

and under d i fferen t envi ronmen tal cond i t i ons . Apart  f rom soybean , many 

o ther crop plan ts have high reprodu c t ive abo r t i on rates . In lup i n  

( Lupinus angus t i fol i us L . ) abo r t i on o f  flowers under favourable 

cond i t i on s  usually exceeds 60% (Greenwood e t  al . , 1975 ; Perry , 1 9 7 5 ; 

Herber t ,  1 9 79 ) , and reaches higher levels under moi s t u re s t ress 

( B i dd i s combe , 1975 ) . 

In  co t to n  (Gossypium hi rsutum L . ) ,  El-z i k  e t  al . ( 1980)  repo r t ed that 

usually there was relatively l i t t l e  abs c i s s i on a t  the t ime o f  anthes i s , 

bu t duri ng the period five t o  ten  days af ter anthes i s  many var i e t i es 

abs c i s e d  approximately two- t h i rds  of  the young frui ts . Co t ton bolls 

seldom a bo r t  when older than 14  days (McMi chael et al . , 1 9 7 3 ) .  The 

average abo r t ion under mos t cond i t i ons is abou t 65% of  t he flowers . 

The abo r t i on of early formed s t ru c tures was found t o  a f fe c t  late  formed 

s t ru c tures . Kerby and Bux ton ( 198 1 )  repor ted the abo r t i o n  of an early 

formed square ( flower)  enhanced the probab i li ty of boll re ten t i on a t  

adj acen t posi t ions . Boll retent ion i n  a late formed square was 

depressed when the early square· d i d  not abor t unt i l  i t  had reached the 

young boll  s tage . 

Plancquae r t  and Raphalen ( 1984 ) repor ted an average o f  89%  reprodu c t i ve 

abor t ion for w i n ter faba bean ( V i cia  faba var . Survoy ) and 8 2  t o  85% 

for  s p r i ng faba bean ( var . Asco t t ) .  In  common bean ( Phaseolus 

vulga r i s  L . ) ,  i t  was also found that abo r t i on ranged f rom 2 8  to  6 3 %  i n  

t h e  greenhouse and 52 to  7 6% in  the field b y  Subhadrabandhu e t  al . 

( 19 78 ) .  The h igher abor t ion  ra te under field cond i t i ons i n  all 
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cul t i vars migh t be at t r i buted to  grea t e r  vari a t ion in envi ronmen t a l  

cond i t ions such a s  mois ture s t ress , hea t , wind and d iseas e .  Als o , 

under  f ield cond i t i ons , many more flowers were produced t han under 

greenhouse cond i t i ons . Early flowers and late flowers were also found 

to  have d i f ferent  abor t i on ra tes in  common bean . Tayo ( 1 98 6 )  and 

Pechan and Webs ter  ( 1986 ) found a s i mi lar resul t ,  mos t of the pods 

whi ch were  r e t ained to maturi ty being formed from early f lowers that  

opened wi t h i n  3 to 4 days of  an thes i s  and were pos i t ioned basally on 

the  raceme . Compe t i t ion for carbon ass i mi lates among pods  and hormonal 

con t rol of older , basally pos i t i oned pods over younger , more api cally 

pos i t ioned pods may be the fac tors in fluenc ing the pa t tern o f  pod 

re ten t i on in all these species . 

4 . 2 . 2 . 3  Reproduct ive abor t i on in soybean plan t s  

i )  Si te  of  flowers produced on soybean plan ts  

The  numbers of flowers produced on ind ividual nodes are 

unequal . Gai 

the blooming 

� al . ( 1 984)  repo r t ed a de tai led descri p t i on o f  

hab i t  of  bo t h  det erminate and inde t ermina t e  

s oybeans . For bo th types , there were approx i ma t e ly 35% o f  

t o tal flowers on the main s tem and 65% on the branches . In 

con t ras t ,  Hansen and Shi bles ( 19 7 8 )  found upto 8 1 . 2% and 72 . 7% 

f lowers on the main s tem o f  two inde termina t e  soybean cul t i vars 

( Hark and Hawkeye , respe c t ively ) . 

In  general , the middle part  of  the plan ts  produced larger 

numbers of flowers than the top  and the bo t tom par t s . For 

example , Wiebold e t  al . ( 1981 ) repo r t ed tha t  i n  de termina t e  
-

soybean cul t ivars , each canopy level of top , middle  and bo t tom 

( de t ermined by node number ) ;  con t r i buted 38 , 48 and 14% of the 

total flower numb�r ,  respec t i vely ( averaged from 11  cul t ivars ) . 

Simi lar results  were found i n  Hark and Hawkeye soybeans 

( i nde termina te ) .  In  these two cul t ivars , nodes beyond number 

1 9  produced very f ew flowers ( less than 10% ) . Maximum flower 

number was produced a t  node 8 for Hark and node 10  for Hawkeye . 

Thi s  d i f ference may be related to  canopy s t ru c t ure i n  that the 

more open 

pene t ra t e  

canopy of  Hark allowed 

the canopy , resul t i ng 

great e r  

i n  greater  

i rrad i ance t o  

pho tosyn tha t e  
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produc t i on a t  lower levels of  the plan t than occurred w i t h  the 

more closed canopy in Hawkeye ( Hansen and Shibles , 1 9 78 ) .  

i i )  S i te of  reproduct ive abor t ion on soybean plan t 

The amoun t of  flower and young pod abor t i on varies f r om node to  

node and even from pos i t i on t o  pos i t i on in  a soybean raceme . 

I n  general , results  from many s tud ies have shown that  flowers 

and pods carried in  the lowes t por t ion of the canopy show the 

greates t  abor tion ( Hansen and Shi b les , 1978 ; W i ebold e t  al . , 

1 9 8 1 ; An tos and Wiebold , 1984 ) . He indl and Brun ( 1 984 ) found 

i n  Evans soybean ( ind e termina t e ,  Maturi ty Group 0 )  t ha t  

reproduc t i ve abor t ion i n  the lowes t par t  ( nodes 3 - 6 )  was 90% 

compared to  28 , 43 and 78% in nodes 7 - 1 1 ,  nodes 12 - 16 and 

nodes 17 upwards , respec t i vely . For determina t e  cul t i vars , 

percen tage reproduc t ive abor t i on was also grea tes t a t  the 

bo t tom o f  the plan t ,  bu t was leas t in  the top rather t han the 

mi ddle ( Wi ebold e t  al . ,  1 9 8 1 ) .  

There are a few repo r t s  i nvolvi ng a compar ison o f  the fat es o f  

flowers located o n  d i f feren t par ts of the soybean raceme . I n  

t he cul t i var Clark i s o l i ne con taining the El t alleles , whi ch 

p roduces long racemes , less than 20% of the flowers locat ed a t  

the proximal ( basa l )  end o f  the raceme abor ted , whereas more 

than 7 5% of the flowers loca ted at  the d i s tal end abor ted ( Hu f f  

and Dyb i ng , 1980 ; Brun and Be t t s ,  1 984 ) . Spollen e t  al . 

( 1986a ) s tudied the compe t i t ive rela t i onshi p  among pods wi thin  

a raceme for f i eld-grown soybeans wi thout the  E l t gene ( cv .  

W i l l i ams ) , and found a simi lar pat tern o f  resu l t s  wi th abor t i on 

as h igh as 99% a t  the d i s tal end . 

Hei thol t  e t  al . .  ( 1986a)  found that early flowers abo r ted less 

frequen t ly than late  flowers . Although the flower ' s  raceme 

pos i t ions could n o t  be determined in  the i r  s tudy , they claimed 

tha t  the early flowers  probably came f rom the basal pos i t ion o f  

t h e  raceme and la t e  flowers could have come f rom the d i s tal 

pos i t ion of the primary raceme or from a secondary raceme . 
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i i i )  The t im i ng o f  reprodu c t ive abor t ion i n  soybean 

The processes tha t ul t ima tely lead to flower abs c i s s i on may 

commence as early as t he day of an thes i s  of t he absc ised 

f lowers . Brun and Be t t s ( 1 984 ) repor ted tha t  the d e t ermina t i on 

o f  soybean reproduc t ive absc i ssion occurred at or  very near the 

day a t  whi ch each flower reached an thes is , whereas H u f f  and 

Dyb i ng ( 1980 ) found many flowers absci sed wi t h i n  3 days 

following an thesis . Dyb i ng e t  al . ( 1986)  and Ghi a s i  e t  al . 

( 1 987 )  repor ted that  processes lead ing to even tual shedd i ng o f  

fer t i li zed ovar ies commence soon af ter an thes is . 

Abo r t ion i s  not res t r i c t ed 

s igni fi can t propor t i on o f  

o f  rap id seed growth (Van 

to flowers , i t  also occurs in  a 

young pods usually be fore t he ons e t  

Schaik  and Probs t ,  1958 b ; W iebold e t  

al . ,  198 1 ) .  Some flowers and young pods were found t o  abor t 

f rom 9 to 1 7  days a f ter  an thes i s  ( Heindl and B run , 1984 ; 

H e i tho l t  e t  al . ,  1986a ) . 

I n  the fi eld , many o f  the early opened flowers t ha t  have 

d eveloped into  imma ture pods can remain as imma ture pods for up 

t o  20 or 25 days wi thou t yellowing or absci s i ng .  However ,  by 

30 days , many of these i mma ture pods may have yellowed and d i ed 

( Hei thol t e t  al . , 1986a ) . The t iming of  flower and young pod 

abor t ion can vary , depending on the cul t ivar o r  env i ronmen tal 

cond i t ions . 

Heind l and Brun ( 19 8 3 )  repo r t ed 35% flower abs c i s s ion in · the 

soybean cul t ivar Evans grown i n  the f i e ld . Thi s  was followed 

by young pod and pod abs c i ss ion in 80% of t he rema i ni ng 

flowers . O ther repo r ts have shown tha t  over 50% o f  the t o tal  

abor t ion in soyb�an can occur a f t er i mma ture pod  forma t i on 

( Hansen and Shi bles , 1 9 7 8 ; McBlain and Hume , 1 9 8 1 ) .  

In con t ras t ,  Hei tho l t  e t  al . ( 1986a) found t hat  the rela t ive 

con t r i but ion of f lower abor t i on to  to tal reproduc t ive abo r t i on 

was grea ter than 50% bo th i n  greenhouse ( us ing cul t ivar McCall ,  

inde t e rminate , Ma t u r i ty Group 00 ) and f ield cond i t i ons ( us ing 

cul t i var Kent , i nd e t ermina t e , Maturi ty Group I V ) . S i m i lar 
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res u l t s  were also reported f o r  other soybean cul t i vars (Van 

Schai k  and Probs t , 1958a ; Huf f  and Dyb ing , 1980 ) . 

Fac t ors aff e c t i ng reproduct iv e  abort ion 

At presen t ,  the mechani sms respons ible  for high reproduc t ive abor t ion 

are unc lear . A number of  hypo theses have been proposed to  explain  t h i s  

effec t . Ava i lable resul ts provide  e v idence that  three pos s i ble factors  

are i nvolved in  reproduc t ive abo r t ion :  i . e .  nu t r i en t  de f i ci en c i es , 

chemi cal cont rol ( o r  hormonal con t rol ) and vascular cons t r i c t ions . 

4 . 2 . 3 . 1  Nu t r i en t  d e f i ci encies 

It has l ong been known that mu tual shadi ng and compe t i t i on for l ight  i s  

espe c i al ly evi den t in soybeans . Under f ield cond i t i ons , the middle and 

bo t t om s oybean leaves do no t reach the i r  pho tosyn the t i c  p o t en t i al ,  

because o f  both shad ing and an overall degene rat i on o f  me t abol i c  

ac t iv i t y  wi th age . Apparen t pho t o syn thes i s  (mg CO
2

. dm- 2 leaf area . h- 1 ) 

can b e  increased by ar t i f i ci ally l igh t ing the bo t tom of  the soybean 

canopy . Johns t on et al . ( 19 6 9 )  revealed that apparen t pho t osyn the t i c  

ra t e  o f  bo t t om leaves increased 7 3% and o f  the middle leaves i ncreased 

41% when f luorescent  lamps were turned on . Plan t s  t rea t ed wi th  

ar t i f i c i al l i gh t , had more seeds , nodes , pods , branches , pods per  node , 

seeds per  pod , and a higher o i l  con tent  than un t reat ed plan t s . Light  

enr i chment  increased seed y i e lds of  bo t tom , middle , and t op canopy 

pos i t i ons o f  plants  by 30 , 2 0  and 2% , respec t ively , compared to  

con t ro l s . Schou e t  al . ( 19 7 8 )  also f ound a 40% yield  increas e ,  mos t ly 

f rom lower nodes , in l igh t-en r i ched plan ts . They i n d i cated that l i gh t  

enr i chmen t increased y ield by i ncreas ing the number o f  pods whi ch were 

formed and r e t ained . Delayed senescence and higher pho t osyn the t i c  rat e  

i n  lower leaves were observed to affect  f i nal pod number . Pod abor t ion 

was found to be lower in .l i gh t -enr i ched plan t s  ( 2 7 % )  compared to  34% i n  

un t reated p lan ts observed dur ing the pod f i ll i ng per i od . 

Research on light reduc t i on or shading i n  soybean provi des 

complemen tary resul t s  t o  l igh t enr i chment s t ud ies . Seed y i eld f rom 

shaded plan t s  was observed to be lower than from normal plan t s  ( Schou 

e t  a l . , 1 9 7 8 ) , espec i a l ly when shad ing occurred during the early seed 

f i ll i ng period (Baharsj ah e t  al . ,  1980 ) . Mann and Jaworski ( 19 7 0 )  
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repor ted t h a t  shad ing to 63% of  ambien t l igh t levels , begun dur i ng 

flowering , caused 58% fewer pods than cont rols due t o  pod abor t io n .  

A l l  the f indings f rom ligh t enri chmen t and shad ing s tud ies  s t rongly 

sugges t the need for more pho toas s i mi lates especially in the middle  and 

bot tom canopy pos i t ions to enhance pod reten t i on and seed developmen t .  

I n  o ther words , y ield increase in soybean i s  l imi ted by the 

availab i l i ty of  pho toass imila tes during reproduc t ive developmen t .  

Compe t i t i on be tween pods on the same raceme may lead to  the abo r t i on o f  

s t ructures unable t o  compe te for avai lable ass i m i lates . S tudi e s  

generally agree t h a t  mos t of  the carbohydra te produced b y  a leaf i s  

used i n  f i l ling the pods whi ch occur a t  the same node as the leaf 

( Blomqui s t  and Kurs t ,  197 1 ; S tephenson and W i lson , 1977a ). Very l i t t le 

carbohyd rate  i s  t ransported to  pods higher or lower on the s tem . Thus , 

a local i sed decrease in pho tosyn thes i s  could cause a local i sed abo r t i on 

increas e . Thi s  could accoun t for the relat ively higher abor t i on wi t h i n  

the lower regions of the canopy ( revi ewed in sec t i on 4 . 2 . 2 . 3 ) . 

Ghi as i  e t  al . ( 1 987 )  found that abo r t ing ovaries appear to  con t inue to  

increase in  f resh weight , mai n t ain  me tabolic  ac t ivi ty ( in t erms of  

pro t e i n  and nucleic  acid syn thes i s )  and con t i nue cell d i v i s i on almos t 

un t i l  the date  o f  the i r  separa t ion from the raceme . However , t he 

grow t h  rates o f  these abor t i ng ovaries were low compared t o  se t t ing 

ova r i es . Al though causes of the slowing in grow th are no t known , i t  i s  

l i ke ly tha t these weaker flowers , being unable t o  compete  for  

nu t r i en t s , degenerated phys i o logi cally and were no longer able  to  

i nh i b i t the i r  absciss ion . 

Changes in reproduc t ive s ink demand may influence f o l i a r  ass i m i la t e  

par t i t ioning . Kollman e t  al . ( 19 7 4 )  observed a 64% decrease i n  leaf 

b l ade carbohydrate concen t ra t ion and a ' 40% decline in s tem plus pe t iole 

carbohydra t e  concen t ra t i on as pod numbers increased from 0 to  2 . 7  per 

node . Increased sink demand ( increased pod number )  by ' l igh t enri chment 

caused a s igni f i can t decrease in  the propo r t ion of label incorporated 

i n t o  the s tarch frac t i on of  soybean leaves and increased the ac t ivi ty  

a ccumula ted in the pod  wall 24  hours a f t e r  exposure o f  the subtendi ng 

leaf to  1 4 C0
2 

( Carlson and Brun , 1985 ) . These resu l t s  ind i ca t e  that 

vari a t i on in  sink demand also regulates ass i m i l a t e  par t i t i on i ng in 

leaves . The possi b i l i ty has also been rai sed that  o ther kinds o f  ' feed 
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operat i ng . 

4 . 2 . 3 . 2  Hormonal con trol 

may 
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b e  

I t  i s  conce ivable that several plan t hormones and the i n terac t ions 

among t hem play very importan t  roles in a series of  morphogene t i c  

even ts  whi ch occur during floral i n i t ia t ion and developmen t .  A great 

number of exper imen tal resul t s  have shown var ious f lower- i nduci ng and 

i nh i b i t i ng act i ons of phy tohormones in d i f feren t plan t s pec i es , but 

some t i mes the data seem to  be incons i s tent or even c on t rad i c tory , 

making the i r  i n t erpre tat ion ra ther d i f f i cul t .  Changes i n  hormone 

concen t ra t ion at the hormone- res pons ive act ive s i te may accoun t for 

many of the hormone-rela ted changes in growth and developmen t in plan ts  

( Dav i es , 1987 ) .  The flex i bi l i ty and d ivers i ty req u i red for  such 

con t rol  are provided by modula t i on of hormonal leve l s , i n t erac t i ons 

be tween d i fferent hormones ( Guern , 1987 ) ,  interconvers i ons o f  d i f feren t 

hormones ( Phar i s  and King , 1 985 ) and sens i t iv i ty of  plant t i ssues t o  

t h e  hormone (Trewavas , 1 9 8 1 ) .  This sec t i on w i l l  deal i n  turn wi th each 

hormone involved in reproduc t i ve developmen t in  plan t sys t ems . 

i )  Auxin 

In polycarp i c  frui t s pecies , the role of hormones in f rui t s e t  

and development has been well recogni sed f o r  many decades . 

Thete is  good evidence tha t frui t developme n t  requires aux i n  

normally produced b y  the young seeds whi ch are r i ch sources o f  

aux i n , as are germi na t i ng pollen grains . Also , the aux i n  

con tent in  t h e  var ious t issues of  the  p i s t i l  some t imes 

i ncreases progress i vely as the pollen tube · grows through i t .  

The re tard i ng e f f e c t  of  s eed removal upon grow t h  of  some frui t s  

can also be overcome by addi ng auxi n  to  t he ovaries ( Sa l is bury 

and Ross , 1985 ) .  

Early work on lupin ( Lupinus luteus L . ) by Van S teveninck 

( 1957 ) revealed by selec t i ve removal experimen ts  that proximal  

f lowers on  an i n florescence exh i b i ted a dominan � effect  over 

pod set  of  more dis tal flowers . The e f fe c t  appeared to opera t e  
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only over a short  d i s t ance in  the inflorescence and  was 

o r i en t ed ver t i cally in  d i re�t ion . Fur ther , a subs tance was 

ex t rac ted from young pods that has tened absc i s s ion of  lupi n  

f lower ped i cels  in  an explant  assay ( Van S t eveni nck , 1 959 ) . I n  

soybean , Huf f  and Dybing ( 1980 ) repo r t ed a s imi lar resul t whi ch 

showed tha t flower shedd i ng was i nduced in  d i s tal f lowers  by 

subs tances f rom the more proxi mal  fer t i l i zed ovar i e s . They 

tes ted chemi cal effec ts  by replacemen t of the three lowermos t 

flowers wi t h  lanolin  p repara t ions con taining tes t chem i cals 

( IAA , ABA , GA3 and Glyc i ne ) . They found that  when lanol i n  

con t aining 1 %  o f  IAA was subs t i tuted for flowers below the 

fou r th f lower , pod set  was markedly reduced . IAA also has t ened 

abs c i s s i on from 5 . 7  days to  2 . 6 days . James et al . ( 1965 ) 

also found more shedd i ng when soybeans were sprayed wi th  NAA a t  

the pod developmen tal  s tage . I t  i s  l i kely that  high aux i n  

concen t ra t i on from se t t ing proxi mal flowers may have a role i n  

flower shedd ing .  

Nooden and Nooden ( 1985 ) s ugge s t ed tha t  auxin ( poss i bly from 

the leaves ) plays a role i n  regulat ing pod numbers in  soybean 

at an early s t age of  developmen t .  The evidence is tha t 

auxi n- t ranspor t i nhi b i tors  such as TIBA ( 2 , 3 , 5- t r i iodobenz o i c  

ac i d )  and morphac t in have  a capac i ty t o  increase pod numbers , 

because they i nh i b i t the t ranspo r t  of auxin f rom i ts produc t i on 

s i tes  to the reproduct i ve buds . However , t he an t i -auxi n  e f fe c t  

o f  these chemi cals may b e  ind i rec t ly rela t ed to  p o d  se t by 

changing the d i s t r i bu t ion of pho tosyn tha t e  between vege t a t ive 

and reproduc t i ve growth  ( e . g .  H i cks et  a l . 1 9 6 7 ; Tanner and 

Ahmed , 1974 ; Pea t and J e f fcoa t , 1982 ) .  

IAA has been sugges t ed as a correlat i ve s ignal from seeds 

i nvolved in the con t rol  of  developmen t o f  o ther o rgans ( Hu f f  

and Dybing , 1 980 ; Tamas et  al . ,  1981 ) .  The presence o f  IAA 

has been demons tra t ed in individual seed par t s  throughou t 

embryogenes i s  by H e i n  e t  al . ( 1984a) . They found that  t he 

concen t ra t i on o f  IAA in  the embryonic  axi s  was h ighes t when the 

pod was i ncreas i ng in  leng th a t  i t s mos t rapi d  rate . I n  t he 

seed coat , IAA con cen t ra t i on was gene rally highe r  than i n  o ther 

par ts  of  the seed . They no ted that  the IAA in the seed coat 
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may serve a s  a pool for t rans p o r t  t o  o t her t i s sues o f  t h e  seed 

embryo or maternal plan t . In fur ther s tudies , they found t ha t  

IAA moved acrope tally toward laminae in  pe t ioles . The highes t 

amoun t of  IAA es ter ( s )  was found in  pe t ioles dur ing the mid­

and late-s tages of  seed fi l l ing . Removal o f  pods reduced the 

amoun t of lAA es ter i n  the  pe t iole , sugges t ing that  f ru i t s  were 

a source of lAA conj uga t e  ( He i n  et al . ,  1984b ) . IAA from seeds 

may also be a correla t i ve s ignal con t rolling leaf senescence 

s i nce removal of seeds from bean fru i ts delays leaf s enescence 

( Wareing and Se th , 1 96 7 ) and reduces chlorophyll  loss in leaves 

(Tamas e t  al . , 1981 ) .  Appl i ca t i on of IAA to deseeded bean 

frui t s  has also been s hown to  increase leaf senescence ( Wareing 

and Se t h ,  1967 ) and induce loss o f  chlorophyll i n  leaves a t  a 

ra t e  equal t o ,  or grea t e r  than , that o f  plan t s  wi th  i n t a c t  

seeds (Tamas e t  a l . , 1 9 8 1 ) .  I t  seems tha t I AA plays an 

i n t errela ted role be tween soybean leaves and frui t s .  IAA from 

leaves may be i nvolved in  the inhi b i t ion of  pod set a t  s ome 

s tages (Nooden and Nooden , 1 985 ) , whereas lAA f rom seeds may be 

i nvolved in  the con trol of  leaf senes cence , chlorophyll  con te n t  

and pod set  at  some s tages . 

i i )  G i bberell ins 

G i bberellins are recogn i s ed as the f i rs t group of  chemi cals  

that  can induce flower forma t i on in many plan t s  under  

noninduc t i ve condi t ions ( Zeevaar t ,  1983 ) . In general , GA 

t reatmen t can overcome the cold or long day requi remen t for  

flower i nduc t i on i n  rose t te plan t s , but  does  no t cause 

flowering i n  mos t  short day plan t s . Thi s ,  t oge ther wi t h  the 

evidence t ha t  developing seeds are sources of gi bberel l ins , has 

sugges t ed tha t t he i nh i b i tory i n f luence of young frui t s  on 

flower forma t io n  in  sho r t  day plan t s  may be due to  g i bberellins  

being released f rom the immature seeds i n  young frui t s .  

Bi rnberg and B renner ( 19 8 7 )  repor ted t ha t ' the maj or e f f ec t  ' o f  

t reat i ng s oybean leaves wi th  GA3 was a decrease i n  pod s e t , a t  

leas t a t  the sub t ending node where developmen t was mon i t ored . 

Th i s  e f fe c t  was mos t pronounced i f  GA3 was app l i ed before 

an thes i s , bu t was no t found on the s oybean geno type T210 whos e  
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vege tat ive par t s  

Accord ingly , they 

s e t , bu t in  

do no t show a growth  res ponse t o  GA3 . 
reasoned that  GA3 has no d i rec t e f fe c t  on pod 

normal geno types the t rea t men t caused 

pho t oass imi la tes to be diver ted from reproduc t i ve s t ruc t ures 

t oward vege tat ive ones and thus led t o  lower pod se t .  

In  monocarp i c  frui t ,  such as tomato , Leonard and Kinet ( 19 8 2 ) 

repo r t ed tha t  abor t ion was assoc i a t ed wi th a low level o f  

cytokinin ac t ivi ty and a high level of  gi bberel l i n  act i v i ty . 

They sugges ted that  although gibberell i ns are requi red for t he 

developmen t of  flowers to  an thes is , i t  i s  poss i b l e  that  h igh 

levels of  g i bberell ins at  tha t  t i me inhib i t developmen t .  Thi s  

i s  supported by the fac t that a reduc t ion in the number o f  

flowers formed in  the f i rs t  inflorescence o f  t omato  was 

associ a t ed wi th  high gi bbe rell in-l ike subs tance ac t ivi ty i n  

d i f fusa tes from young leaves (Abdul and Harris , 1 9 78 ) . 

i i i )  Cy tokinin 

Cy t okinin app l i c a t i on was found to promo t e  flower developmen t 

in  bougainv i l lea ' San Diego Red ' , a short day plan t (Tse e t  

al . , 1974 ) . I t  was sugges ted that the role of sho r t  days i n  

promo t ing inflorescence developmen t in  bougainvi l lea may b e  one 

of  red i rect ing the flow of  ass i m i la t es by i t s influence on 

cy tokinin syn thes i s  and d i s t ri bu t ion . Appl ica t i on of  exogenous 

cy t okinin to the f loral raceme has also resul ted in inc reased 

ma ture pod numbers in soybean ( Crosby et al . ,  1 98 1 ;  

al . ,  1987 ; Dyer e t  al . , 1987 ) .  Carlson e t  

Carlson e t  

a1 . ( 19 8 7 ) 

repo r t ed that a single appl i ca t i on of  

( 6-benzylaminopurine)  when pods appeared 

2 m i l l i molar BA 

in 25  to  50% of the 

proximal floral pos i t i ons resul ted in  a 58% increase in pod s e t  

due primar i ly to  a 33% reduc t i on in  floral abs c i s s i on . 

Appl i ca t ions o f  BA at  later i n te rvals also resul t ed i n  

s i gn i f i can t reduc t i ons in to tal abs c i s s i on .  When app l i ca t i ons 

of  BA were g i ven to the upper f ive nodes of f i eld grown 

soybeans , to tal pod number and seed weigh t were s igni f i can t ly 

increased in  t h i s  sec t i on of  the canopy by 27  and 18% , 

respe c t i vely . These resul t s  sugges t  tha t  endogenous cyt okinins  

play a maj or role  in  the regulat ion o f  pod  set  i n  soybean . 
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Cy tokinins and cy tokin i n- l ike act i v i ty  have been repo r ted t o  

i ncrease o r  a t t a i n  maxi mal levels i n  t he roo t pressure exud a t e s  

o f  several spe c i es a f t e r  floral i nduc t ion ( Devey and Van 

S t aden , 1 97 6 ; 1 9 7 8 ; He i ndl et al . , 1 9 8 2 ) .  Carlson et a l .  

( 1987 ) detec ted zea t i n , d i hydrozea t in ,  zea t i n  r i bos i d e , 

d i hydrozea t in r i boside , and i sopen tenyladenine i n  roo t press u re 

exudate of soybean plan t s  throughou t the flower i ng period . 

They found tha t total cy tokin i n  flux peaked f rom 0 to  9 days 

a f ter flower i ng began , and then dropped to  one-hal f of  t h i s  

level by 1 5  days pos t-an thes i s . The probabi l i ty that a flower 

would ini t i a t e  a pod was d i rec tly related to the concen t ra t i on 

o f  to tal cy tokinins presen t i n  the exudate when the flower 

opened . They d i scussed two mechani sms whi ch may be respons i ble 

for med i a t i ng flower set  and subsequent  reproduc t ive  

developmen t .  Increased abscission  i n  t he lower canopy may be 

med i a ted by decreased i r rad i ance and a defic i t  in  assimi l a t e  

ava i labi l i ty ,  whereas i ncreased abs c i s s i on of  l a t e  flowers and 

pods i n  the mid t o  upper par t of the canopy may be explained by 

a decrease in the concen t ra t i on of  cytokinins in the xylem sap . 

i v )  Ethylene 

E t hylene plays an importan t  role in absciss ion of plan t 

through i t s abi l i ty to i nh i b i t auxi n  t ranspor t  

organs 

and 

concomi tan tly promo te absci s s i on ( Beye r  and Morgan , 1 9 7 1 ) .  

Cons iderable evidence ind i cates that  ethylene regulates  

senescence in  leaf blades and flower pe tals . Morgan ( 19 8 4 ) 

reviewed the recen t work on e t hy lene and explained that no 

maj or d i f ferences are known be tween leaf abscission and 

absc iss ion of  flower buds , flower par t s , and f ru i t s . 

Produc t ion o f  ethylene by cot ton  flowers during , and 

i mmed iat ely a f t e r ,  an t hes i s  reached levels ' which would �xpl a i n  

absciss i on . The dehiscence ' of some frui ts i s  an abs c i s s i on 

process , and ex tens ive evidence i n dicates that e thylene 

regulates deh i s cence . Nut r i t ional and water s t resses also 

increase e t hylene product i on and flower or fru i t  absciss ion . 

Urwiler and S tu t te ( 19 8 6 )  revealed that  ethylene generated f rom 

e thephon i ncreased the ethylene levels wi thin  soybean t is sue 
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and subsequen t ly inc reased flower abs c i ss i on espec i al ly duri ng 

1 to  7 days af ter e thephon appl i c a t i o n . They sugges t ed tha t 

the s t i mu l a t i on of absciss ion may be medi ated by endogenously 

genera ted e thylene . They also no t ed t hat  s t ress can t ri gger 

e t hylene b i osyn thes i s  in  soybeans . 

v )  Abs c i s s i c  acid (ABA ) 

ABA has also  been repor ted to be i nvolved i n  the abs c i s s i on o f  

plan t o rgan s . The evidence i s  s umma r i zed as follows : a )  t he 

presence o f  ABA in  leaves , branches , f lowers , young fru i t s  and 

ma ture fru i t s i s  correla ted wi th  the occurrence o f  abs c i ss ion ; 

b )  appl i c a t i on of ABA promo tes abs c i s s ion ;  and c )  ABA w i l l  

cause abs c i s s i on in  the absence o f  e thylene ( Morgan , 1 9 84 ) . 

In  soybean , however , Huff and Dybi ng ( 1980 ) found that  ABA d i d  

no t s ign i f i can t ly promo te shedd i ng o f  flowers when appl i ed i n  

lano l i n  i n  p lace o f  the three l owermos t flowers o n  a raceme . 

Yarrow e t  a l . ( 1988 ) also found tha t shade- i nduced p rema t u r e  

reprodu c t i ve abs c i s s i on i n  soybean i s  not  s t i mulated b y  h i gh 

levels of  ABA wi t h i n  reproduct i ve s t ruc tures , bu t that  ABA may 

inhi bi t absc i s s ion of reproduc t ive s t ruct ures by play i ng a role  

i n  pre feren t i a l  ass i mi la t e  par t i t i on i ng t o  them . Recen t 

evi dence s ugges ts the poss i ble func t i ons for ABA i n  deve l o p i ng 

soybean seeds i nclud ing , a )  s t i mu l a t io n  of  phloem unload i ng o f  

sucrose i n t o  the seed coat apoplas t ,  b )  suppress i on o f  

precoci ous germinat i on , and c )  promo t i on of  s t o rage pro t e i n  

accumula t i on ( Hein  e t  a l . ,  1984a ) . 

A l though many pos i t ive iden t i f i ca t i ons o f  phy tohormones i n  the f ru i t s  

o f  many plan t spe c i es have been car r i ed ou t ,  conclus ive evidence f o r  

the regulat ion o f  any phase of frui t developme n t  by any group o f  plan t 

hormones i s  lacki ng ( Wang and Sponsel , 1985 ) .  However ,  i t  has been 

emphas i zed that the ne t phys iological e f fe c t i s  probably due to more 

than one regula tory hormones ( Morgan , 1 984 ; Purohi t ,  1985 ) .  

One o f  the d i f f i cu l t i es in  correla t i ng endogenous hormone concen t ra t i on 

wi t h  d i f ferences i n  growth and development  i s  the problem o f  wha t i s  
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measured when the  hormone i s  assayed , even if  this  i s  done by  h i ghly 

accura te physi co-chemi cal means . Quan t i f i ca t i on is normally done by 

meas u r i ng to tal ext rac table hormone . Of ten this is of  l i t tle  relavance 

because the t o tal hormonal amount tells us l i t t le abou t the hormonal 

concen t rat ion i n  the t i ssue i n  ques t i o n , let  alone in the cell  

compar tmen t , or at  the hormone recep t o r  s i te ( Davi es , 1 98 7 ) . 

Fur thermore , changi ng sens i t iv i ty of t i ssues t o  hormones can be j us t  as 

or more i mpor tan t than changes i n  hormone concentrat ion ( Trewavas and 

Clelan d , 1983 ) . 

Add i t i onally , a growing body o f  evi dence showi ng a var i e ty o f  plan t 

responses to small oligosacchar ides s t rongly sugges t s  tha t the 

di vers i ty of chemi cal messages used by plan ts  to  reac t to  e x t e rnal 

s ignals and/or to  i n tegrate the i r  fun c t i ons at  the whole p lan t level i s  

far greater than tha t correspond ing t o  p lan t hormones ( Guern , 1 98 7 ) . 

The e f fects  of  these na tural plan t growth subs t ances s t i l l  need t o  be 

eluc i d a t ed .  

Seeds i n  fru i ts are no t only r i ch sources o f  auxins , but  also  o f  

gi bberellins and cy tok i n i ns ( Zeevaar t ,  1983 ) . Crane ( 19 6 9 )  i n d i c a t ed 

hormones in  developing seeds can act as mob i l i za t i on cen t res , 

i ncrea s i ng the s i nk s t rength and thus d i ver t i ng the flow of  nut r i e n t s  

from vege tat ive organs i n to reproduc t ive organs and tha t , t o  some 

ex ten t , vege t a t i ve growth may be grea t ly depressed by this phenomenon . 

A f t e r  flowers have set  pods , seed growth i s  found to  be impor t an t i n  

the developmen t of  other  reproduc t i ve s t ruc tures . The evidence 

sugges t s  tha t mob i l i za t i on of plan t cons t i t uen t s  i s  also related to 

proces ses such as abs c i ss ion and senescence . 

The i n volvemen t of hormones in  ass i m i la t e  movemen t and par t i t i o n  i s  

eviden t .  Pa t r i ck and �are i ng ( 1 98 1 )  con s i dered the mechani s m  o f  these 

hormonal effects  i n  rela t ion to the load i ng of ass imi l a t es a t  the 

source and to e f fe c t s  at the s i nk end of  the phloem pa thway . In the  

tran s p o r t  sys tem o f  a plan t , the  phloem pa t hway be tween source and  s i nk 

forms a rela t i vely i mpermeable barrier  aga i ns t lateral exchange o f  

ass i m i la tes ; thus the ' permeab i l i ty '  o f  t h i s  barrier  mus t decrease 

wi t h i n  s i nk regi ons . Hormonal con t rol of  pat hway ' permeab i l i ty '  t o  

lateral ass i m i late  movemen t could be exer ted a t  the phloem boundary 

( i . e .  phloem unload ing )  or on uptake i n t o  the surround i ng ground cells  
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( i . e .  s i nk load i ng ) .  The form o f  regula t i on will  depend on whe ther 

ass i m i la t e  trans fer  from the phloem t o  ground t issues is  via t he 

apoplas t i c  or symplas tic  rou t e .  IAA , GA3 and kine tin  are known t o  

promo t e  ass imi l a t e  movemen t to  the hormone- t reated s tem s tumps when 

t hey are applied to decapi ta ted s tems of bean ( Pa t r i ck e t  al . 1 9 79 ) . 

Pat r i ck and Ware i ng ( 198 1 )  sugges ted that  ass i m i late par t i t i on i ng i s  

predominant ly under sink con t rol . S ink produced auxi ns could 

fac i l i t a t e  ass imi la t e  t rans fer by s t i mulat ing some ac t ive mechani s m  

prope l l i ng longi tudinal f low through t he phloem . Fur thermore , the 

e f fec t s  of  s i nk-produced hormones could be fur ther ampl i f ied by 

a t t ra c t i ng roo t - p roduced cy tokinins and gi bberell ins swept  along i n  the 

ass i m i late  s t ream . They proposed that symplas t i c  unload i ng a t  api ces 

may be promo ted by IAA , whereas apoplas t i c  unload ing may s t i mulated by 

kine t i n .  

Finally , the e f fe c t s  o f  plan t hormones canno t be cons i dered 

independen t ly f rom env i ronmen tal i mpac t .  A group of researchers has 

been working on the ef fec t of  ligh t  on reproduc tive abs c i s s i on i n  

soybean and has rai sed the possib i l i ty that reproduc t ive abs c i ss i on i n  

soybean may b e  pho tomorphogene t i cally con t rolled . Heindl and Brun 

( 1983 ) found t ha t  low- i rrad i ance supp lemental l ight in the l ower par t 

of  the canopy decreased reproduc t ive absc i s s ion . The e f fec t was only 

obse rved i f  the supplemental light reached the flowers . I llumi nat i ng 

the leaves whi le blocking light to reproduc t i ve s t ruc tures had no 

e f fec t .  In  add i t i on , they showed tha t  red and whi te supplemen t al 

l i gh t s  increased f ru i t  set  equally , thus i mply i ng tha t  the response d i d  

no t i nvolve pho tosyn thes i s .  They also observed that supplement al 

i lluminat ion o f  soybean flowers increased the i r  impor tat ion o f  1 4 C f rom 

sub t ending leaves . Fur ther expe r i men t s  by Myers et al . ( 1987 ) showed 

that  f lowers rece i ving supplemen tal l igh t were more i n tense s i nks for 
1 4 C-source than were con trols . For ty- two perceht o f  f lowers t reated 

wi t h  supplemen tal  ligh t  set  pods , whi le  only 26% o f  con t rol  f lowers s e t  

pod s . Red supplemen tal l ight produced 5 5 %  fru i t  set , compared t o  4 1% 

s e t  for far-red l ight , and 35% for con t rols ( far-red no t s ta t i s t i cally 

d i f feren t from con trol ) .  They sugges t ed that soybean racemes con t a i n  a 

pho torecep tor , possibly phytochrome , capable o f  regula t i ng sucrose 

accumula t i on .  I t  may be no ted that  secondary messengers  for  

phy tochrome a c t ion may be iden t i cal  t 6  those i n  hormone act ion . The 

emp i r i cal observa t i on that the red/ far-red l ight rat i o  decreases and 
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f lower abs c i s s i on increases in  the lower canopy i s  suppor t ive evidence 

for  this hypo thes i s .  However ,  this hypo thes i s  fai ls to  accoun t for  t he 

h i gh abs c i s s i on rates in  the top par t o f  inde terminate  s oybean 

canopies . 

4 . 2 . 3 . 3  Vascular cons t r i c t ion 

Ga t es and h i s  colleagues have s tudied the ana tomy of  vascular 

development in rela t ion to the reproduc t ive developmen t of  V i d a  faba 
--- ---

L .  (Gates  e t  al . , 1 983 ; "'h i te e t  al . , 1 984 ) . They found t ha t  there 

was a rapi d  and massive increase in vascular developmen t i n  peduncles 

and ped i cels af ter  fer t i l i z a t i on ,  preced i ng pod 

growth . At  an thes i s  the cross-sec t i onal area 

developmen t and seed 

of ped i cel  vascular 

bundles was small  and the ped i cel/peduncle conne c t i on was frag i le . 

Depos i t i on of  s t reng thening t i ssue i n  t he vascular sys t em could be 

d e t ec t ed soon a f ter fer t i l i zat ion where t he developmen t of  ped icel  

vascular bundles was character ised by i nter- fascicular mer i s t ema t i c  

ac t ivi ty genera t i ng a thick annulus o f  l i gn i f i ed xylem , surrounded by a 

t hi nner annulus o f  phloem . Developmen t of  the ou ter parenchyma was 

res t r i c ted to cell expans ion . The vascular and suppo r t i ve t i s sues o f  

the raceme were l i kely t o  be a maj or s i nk for ass imila t e  a t  t h i s  s tage . 

The changes i n  seed dry weight were d ependen t on sequen t ial  vascular 

developmen t in t he suppo r t ing vascular t i ssues of the raceme , and i t  

was observed that  abo r t ed seeds were generally supplied by vascular 

bundles whi ch exhibi t ed arres ted 

t herefore , that  s eed abo r t ion is  a 

developmen t .  I t  was proposed , 

result  of  vascular developmen t 

fai lure , whi ch may in  turn be t he resul t of  d i f ferences i n  t ime o f  

fer t i l i z a t i on of  ind ividual ovules (Gates  e t  al . , 1983 ; "'hi te e t  al . ,  

1984 ) . 

However ,  recen t s tudies . in sunf lowers have fai led t o  suppo r t  t he 

argumen t tha t cen t ral seeds may be i nadequately supp l i ed wi t h  ' nu t ri e n t s  

because of  res t r i c t ed vascula ture . S t eer e t  al . ( 1988 ) , working wi t h  

sunf lower concluded that  the vasculature to  the cen tre  o f  capi tulum can 

adequa tely supply nu t r i en t s  to cen t ral seeds , s i nce there were no 

d i f ferences in single-seed weigh ts  or  nu t r i en t  con t en t s  when cont rolled 

pol lina t i o n  t reatmen ts  allowed only the i nner or  ou t e r  seeds to 

develop , and t hat  outer seeds con t r o l  the growt h  o f  i nner seeds , 
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probably by compe t i t ion for preferen t i al seques t r a t ion o f  nu t r ient s . 

From the i r  conclus ion , i t  i s  likely that  vascular res t r i c t i on may 

merely be a secondary cause of flower and seed abor t i on . 

Aga i n , hormonal con t rol may be involved i n  vas cular d i f feren t i a t ion . 

Auxi n  levels along the t ranspo r t  pa thway can d i c t a t e  t he r a t e  of  

vascular d i f feren t ia t ion ( Pa t rick and �are i n g ,  198 1 ) .  There fore , when 

s i nk ac t iv i ty is reduced , hormone level s  ( i . e .  auxin and/ o r  cy t o k i n i n )  

change resul t ing i n  res t r i c ted vas cular development . 

4 . 2 . 4  The plas t i ci ty o f  y ield component s  

Desp i t e  the w i d e  range of  factors whi ch can affect  d i f feren t componen t s  

o f  crop yi eld , there i s  a tendency , wi thin  l i mi ts ,  f o r  plan t s  t o  

compensa te  f o r  losses a t  one s t age o f  reproduc t ive growth  b y  augmen t ing 

o ther s tages . 

A concep t widely accep ted by plan t breeders was proposed by Grafius 

( 1964 ) , expla i n i ng the yi eld componen t s  o f  barley as  a box o f  xyz cub i c  

volume . The number of  heads per un i t  a rea ( x ) , the average number o f  

kernels per head ( y ) , and the average kernel weigh t ( z ) , mul t i p l i ed 

t oge ther equals w ,  y i eld . Thi s  i s  bas ically a b iologi cal concept  

expressed i n  geome t r i c  form . There i s  no way in  whi ch y i eld can be  

changed wi thou t changing one or more o f  the  componen t s . There can be 

no genes for y i eld wh ich by-pass the componen t s . On the o ther hand , 

changes i n  x ,  y or z may tend to coun terbalance each o ther , giving , i n  

e f fec t , homeos tasis  for yield . Hence , a l l  changes i n  t h e  componen t s  

need not  be expressed a s  changes i n  yield , b u t  all  changes i n  y i e l d  

mus t  b e  accompanied b y  changes i n  o n e  o r  more of  the componen t s . 

Pho toass i m i l a t e s  can be limi t ing t o  one or another o f  the componen t s  a t  

cri t i cal s t ages i n  their developmen t .  I n  soybean , for i ns t ance , 

Laohas i r iwong ( 1982 )  repor ted yield  componen t compensat i on i n  the 

soybean cul t ivar Maple Arrow grown i n  con t rolled cl i ma t e  rooms when 

p lan t s  were affec ted by wa ter s t resses at d i f fe ren t t i mes . �at e r  

s t ress from f i rs t  flowering ( grow t h  s tage R l )  through t o  t he beginning 

o f  matur i ty ( grow th s tage R7 ) severely reduced yield  by deple t i ng the 

number of  pods per plant and a s l ight decrease i n  seed weigh t . I f  

water  s t ress was applied for only par t o f  thi s per i od , y ields were 
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increased ( compared w i th severe s t ress ) e i ther by  i ncreased seed  weight 

when pod and seed numbers were decreased due to  early wa ter s t ress , o r  

by increased pod numbers compensat i ng for  decreased seed numbers p e r  

p o d  and seed we igh t  due to  late  wa ter s t ress . 

I n  add i t i on ,  many s t ud ies have shown tha t removals of flowers or pods 

causes an increase in  seed weigh t in soybean ( McAl i s ter  and Krober ,  

1958 ; Hi cks and Pendle ton , 1969 ; Schonbeck e t  a1 . , 1986 ) .  Pee t 

( 1984 ) s tud i ed soybean plan t s  wi th d i f feren t source-s i nk ra t ios by 

mani pula t i ng the  numbers o f  leaves and pods per plan t to 15 : 1  and 5 : 1  

pod/ leaf ra t i o .  The resul ts showed that  plants wi th a 5 : 1 pod / leaf 

ra t i o  had s i gn i f i can t ly higher to tal pod weigh t ( i ncluding seeds ) t han 

15 : 1  ra t io plan ts . �hen CO2 enri chmen t was g iven to those plan t s , she 

found tha t to tal pod weigh t was signi f i ca n t ly i n c reased only i n  15 : 1  

pod/ leaf ra t i o  plan ts  bu t not  in  5 : 1  pod/ leaf ra t i o  plan t s . Thi s  

sugges ts  tha t plan ts  in  the 5 : 1 ra t i o  enr i ched t rea t men t were 

s i nk-l imi t ed , bu t plan ts  in  15 : 1  r a t i o  were source- limi t ed . All of 

these f i nd ings po i n t  to  the developmen t a l  flexi b i l i ty o f  plan t sys t ems . 

I n  soybean y i eld compensat ion i s  mos t ly effec ted by pod number per  

plan t and seed weigh t , whereas seeds  per pod was found to be a highly 

her i t able charac teris t i c  ( McAlis ter  and Krober ,  1958 ) . 

4 . 2 . 5  The compe t i t ive s i nk reduc t i on concept 

Ne t impor ters  of ass imila tes such as roo ts  and shoo t s , api cal 

mer i s tems , young leaves , axillary branches , f ru i t  and s torage t i ssues , 

e t c .  are compe t i t ive s inks to reproduc t i ve grow t h .  Research has shown 

that  s i nk mani pula t i on can al ter  reproduc t ive developmen t .  Removal of 

axi llary branches , for ins tance , has been found to reduce reproduc t ive 

abor t i on i n  d i fferen t Lupinus s peci es ( Farr ington and P a t e , 198 1 ;  

Por t e r , 1982 ) .  Conversely , r"oo t ini  t i a t i on and par t i cularly roo t 

expan s i on i nh i b i t s  floral ini t ia t ion in  Anagallis  arvens i s  ( a  long day 

plan t ) ,  par t i cularly i f  the ons e t  of rapid  root e longa t i on coincides 

wi th long day induc t i on ( Bi smu t h  � al . ,  1979 ) . 

One of  the  i mpor ters of ass i m i l a t es repo r t ed to  be a s t rong compe t i t ive 

s i nk i s  the young leaf (Thrower , 196 2 ;  Tse e t  al . ,  1 9 7 4 ; Larson e t  

al . ,  1980 ; Turgeon , 1980 ) . Young leaf removal i s  found t o  promo te  

floral i n i t i a t i on and developmen t in toma to ( De Zeeuw , 1956 ) ,  
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Bougainvi l lea ( Tse  e t  al . ,  1974 ) and t obacco ( Wardell , 1976 ) . I t  i s  

l i kely tha t young leaves are sources o f  g i bbere l l ins , auxins , and 

perhaps o ther p romo ters of compe t i ng s i nks . Sachs and , Hacke t t  ( 1983 )  

sugges ted that  GA- induced inhi bi t i on o f  i n f lores cence d i f f e ren t ia t i on 

i n  Bouga i nv i l lea may resul t f rom GA- i nduced ac t i va t i on o f  compe t i ng 

mer i s t ems , par t i cularly o f  the r i b  mer i s t ems ( e . g .  those a c t i ve i n  

s tem elonga t i on and leaf blade elonga t i on ) . 

Amu t i  ( 198 3 )  repor ted that s i ngle removal of  all  reproduc t ive 

s t ruc tures and plan t  apex above the 9 t h t r i fo l i a t e  leaf a t  an early 

reproduc t i ve s tage s ign i f i can t ly i n creased f l ower numbers and pod 

numbers i n  greenhouse and f i eld grown soybeans . The numbe r  of pods 

con taining 3 or more seeds was also increased bu t seed weigh t per p lan t 

was not  cons i s t e n t ly increased . However , this  exper i me n t  d i d  n o t  

d i s t ingu i sh t h e  compe t i t i ve ef fec t o f  the the shoo t apex f rom  o ther 

compe t i t ive s inks ( f lowers and pods ) , s o  no evalua t ion o f  the rela t i ve 

i mpor t an ce o f  vege t a t ive and reprodu c t ive s i nks could be made . I n  

Phaseolus vulgaris , i t  was found t h a t  by removal o f  t h e  shoo t apex 

( above node 2 )  alone , f rui t se t was i ncreased 52  to  100% , whereas 

removal of t he shoo t apex plus axi l lary buds i ncreased f ru i t  set 105 to 

239% over the con t rol ( Benn i e  and C l i f ford , 1 980 ) . Thi s  shows that 

removal of  compe t i t i ve s i nks enhances reproduct ive grow t h  and pos s i b ly 

enhances y i eld . 

Soybeans some t imes p roduce too many leaves a f t e r  reproduc t i ve 

developme n t  has begun . The hypo thes is that par t ial  young leaf removal 

may reduce  compe t i t i ve s ink s t rength and thus enhanc e  y i eld  has 

apparen t ly not  been repor ted in soybean be fore . 

4 . 3  MATERIALS AND METHODS 

4 . 3 . 1  P lant cul ture 

Seeds of Amsoy and Ma tara soybean cul t ivars were sown in the glasshouse 

at the Seed Technology Cen t re , Massey Univers i ty ,  Palmers ton Nor t h , on 

13 Augus t 1986 , us i ng round pots  ( 15 cm in d i ame t e r  and 10  cm i n  
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heigh t ) . Seed l i ngs i n  each pod were th inned a t  1 week a f t e r  sowing to  

l eave one p lan t per  po t .  The  soil  used , plant  cul ture techni ques and 

g lasshouse c l i ma t i c  cond i t i ons were the same as described i n  Chap t e r  3 .  

4 . 3 . 2  Exper i men tal design 

Da ta of Amsoy and Ma tara were analysed separ a t e ly using a Comp l e t e ly 

Randomi zed Des ign wi th 5 r e p l i cates  ( one pot per rep l i ca t e )  . 

Percen tage values were trans formed into  arcsin I values before 

calcula t i ng the ANOVA ( Append i x  1 3 ) . To compare the mean values , 

Duncan ' s  New Mul t i ple Range Tes t was employed . 

t reatmen t s  as fol lows : 

There were s even 

- Con t rol 

- Rl-50 

- R I - I00 

- R3-50 

- R3-100 

- R5-50 

- R5-100 

No young leaf removal 

50% young leaf r emoval , s tar ted at grow t h  s tage R1 

100% young leaf removal , s t ar ted at grow t h  s t age R1 

50% young leaf r emoval , s tar ted at grow t h  s tage R3 

100% young leaf removal , s tar t ed at  grow th  s t age R3 

50% young leaf  r emoval , s tarted at  growt h  s t age R5 

100% young leaf removal , s tar ted a t  grow th s t age R5 

The d e s c r i p t ion o f  reproduc t i ve developme n t  descr i bed  by Fehr and 

Caviness  ( 1 9 7 7 ) i s  gi ven in Append i x  10 . 

4 . 3 . 3  Young leaf removal 

' A  young leaf ' was a vis ible t r i fo l i a t e  folded leaf o r , occas i onally , a 

leaf n o t  l arger t han 5% o f  the f i nal leaf s i ze and/or unfolded but  no t 

more t han one- four th o f  the s i z e  o f  a ful ly unfolded leaf . 

Young l eaves were removed eve ry two 

s tar t i ng f rom growt h  s t age 

throughou t the growing season . 

R l , 

days ( by cu t t i ng the pe t i o le s ) 

R3 or  R5 accord i ng t o  the t re a t men t s  

One hund red percen t young leaf removal 

was done by remov i ng all  young leaves . F i f ty percen t young leaf 

removal was done by removi ng eve ry al t erna te young leaf s ta r t i ng from 

the lowes t node upwards . The remai n i ng coun t ed young l eaves were 

marked by tagg i ng wi th sma l l  and ligh t wi res to  ensure that they would 

ho t be i nc luded i n  the nex t d e f o l iat i on . I f  there was an odd number  of 
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young leaves , t he las t one (normally on the top of  the mai n  s tems ) was 

l e f t  unmarked and was i ncluded in the next s e t  of young leaf remova l s . 

4 . 3 . 4  Reproduct ive s tructure classi f i ca t i on 

Days t o  seedl i ng emergence ( 50% emergence ) were recorded a t  3 and 4 

days a f t e r  plan t ing (OAP ) for Ma tara and Amsoy , respe c t ively . F i r s t  

flowers ( w i t h  corolla exer ted ) appeared 3 0  days a f t e r  emergence i n  bo t h  

cul t ivars . Count i ng ,  marking and observa t i ons f o r  each cul t i var were 

done on a l t erna t e  days where poss ible and at not more t han 5 day 

i n terval s . 

S t a r t i ng f rom f i rs t  flowering ,  f lowers (wi th corolla exe r t ed )  of  each 

cul t ivar were count ed and i den t i f ied by placing acry l i c  pai n t  on the 

calyx . At  6 days af ter  f i r s t  flowe r ing , some young pods were found t o  

have developed d i re c t ly from f lower buds ( wh i ch had n o t  shown corolla 

exer t ion ) . To ensure this  s i tua t ion d i d  no t lead to i naccura t e  

evalu a t i ons of  reprodu c t ive developmen t and abo r t i on ,  f lower bud coun t s  

were a l s o  carried ou t and used for the evaluat i on o f  reprodu c t ive 

abor t i on ra tes . 

To i den t i fy reproduc t i ve s t ruc tures for t h i s  s tudy , t e rms for f lowers  

were d e f i ned as  shown in  F i g .  4 . 2 .  A ' flower bud ' was a flower bud 

wi t hou t apparen t corolla . A ' developed flower ' was a flower w i t h  

v i s i bl e  corolla , e i t her opened ( fo r  Amsoy ) o r  unopened ( fo r  bo t h  Matara 

and Amsoy ) . Because the open i ng of  flower buds was i n fluenced by t he 

glasshouse cond i t ions and was no t affec t ed by young leaf removal ( as 

shown i n  Append i x  1 1 ) , flower buds and developed f lowers were combi ned 

and c o l le c t ively termed ' f lowers ' in t h i s  s tudy . 

Flowers were d i vided i n t9 2 groups : early flowers ( developi ng before 

grow t h  s tage R4 ) and la t e  flowers  (developing subsequen t ly ) . ' .  

Developi ng pods from early f lowers whi ch were longer t han 2 cm were 

coun t ed and marked by placi ng acry l i c  pai n t  at the t i p  of each pod . 

Thes e  were classi f i ed as ' ea r ly pods ' . Pods developed from l a t e  

f lowers were named ' la t e  pods ' . 
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A l l  these ac t ivi t ies were performed f or each node o f  each plan t .  

Reproduc t ive s t ructures occurring on branches were recorded for the 

node a t  wh i ch the branch origina ted . 

During reprodu c t ive development un t i l  seed ma t uri ty ,  numbers of  young 

pods ( 0 . 5-2 . 0  cm ) and large pods ( > 2 . 0  cm)  abs c i s ing were recorded 

every al t e rna t e  day . 

F l o w e r  b u d  

Fig . 4 . 2  

\, ' . ,  
". . \ .'. , :  " ' 

:. ... .: . ' .
'/ " , 

.. ,. \ - . - , 
\ : / . .  ' : 

' . •  , I • 
. , \ . .  , , ' 0  • 

• • 1 \  ,'. I : ' . . 

U n o p e n e d  f l o w e r  

I 
O p e n e d  f lo w e r  

. I 
D e v e lo p e d  f lo w e r  

I 
F l o w e r  

Soybean f l ower iden t i f i ca t ion for this  s tudy 



144 

4 . 3 . 5  Yield and yi eld componen t de terminat ion 

The soybean plan t s  were harve s t ed on 1 Oecember 1986  ( 109 OAP )  for 

Matara and on 14 December ( 1 22  OAP ) for Amsoy . Numbers of  pods per 

p lan t ( early pods per plant and la t e  pods per plant ) were d e t e rm i ned a t  

each node . Number o f  seeds per pod ( exclud ing undeveloped seeds which 

are  desc r i b ed as ves t iges and aborted seeds in Chap ter  3 )  and average 

seed weight  (mg . seed- l ) at 10% seed moi s ture content  ( see Chap t er 1 )  

were d e termined for whole plan t s . Separat ion be tween early and l a t e  

f o r  s e e d s  per pod and seed wei gh t  was done only in the Amsoy cul t ivar . 

Seed y i e l d  ( g . p lan t- l ) was calcula ted from the number of pods per 

plan t , number of  seeds per pod and seed weight . Again  the par t i t ioning 

be tween early and late formed seed y i eld was done only i n  the Amsoy 

cul t i var . 

4 . 4  RESULTS 

The records of the reproduc t i ve developmen t a l  s tages o f  

glasshouse-grown soybean var i e t ies Matara and Amsoy are shown i n  

F i g . 4 . 3 . F i rs t flowers appeared a t  3 3  and 3 4  days a f t e r  plan t ing 

( OAP ) for Ma t ara and Amsoy , respec t i vely . The onse t  of  pod forma t i on 

( grow t h  s t age R3 ) in  Amsoy was 3 days later than i n  Matara , and t o  

reach full ma tur i ty (grow th s tage R8 ) ,  Amsoy plan ts  t ook 1 3  days longer 

t han Matara plan t s . The t o tal  flower produc t i on per i od was also 4 days 

longe r in Amsoy than in Ma t ara . 
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4 . 4 . 1 Effec t o f  YLR on leaf numbers 

The amoun ts  of  young leaf removal ( YLR ) each t i me are also shown in 

Fig . 4 . 3 . The f igures show tha t the leaf ini t i a t i on per iod generally 

ended l a t e r  in Amsoy than in Matara ( abou t 65 and 55 DAP , 

respe c t ively ) .  

Leaf numbers per plan t were recorded a t  growth s tage R6 and are shown 

in Table  4 . 1 .  At this s tage , con t ro l  plan t s  had 1 9 . 8  and 2 1 . 6  leaves 

per p lan t for Matara and Amsoy , respect ively . YLR caused a s igni f i can t 

reduc t ion in  t he number of  remaining leaves . The sever i ty depended on 

the i n tensi ty and t i me of YLR . Al though leaf area was no t measured , 

Amsoy were observed to produce larger leaves than Matara plan t s . 

The number  o f  removed young leaves in  each t reatmen t for  both  var i e t i es 

obvious ly showed that 100% YLR s tar t ing a t  the earl i es t s t age ( R 1 ) was 

the mos t severe t reatmen t followed by 100% YLR s ta r t ing at later  

s tages , i . e .  R3 and R5  (Table 4 . 1 ) .  YLR by 50% s tar t ing a t  var ious 

s tages resul t ed in approximately the same t o tal  amoun ts  of removed 

young leaves . I t  is  in teres t i ng that plan ts responded d i f ferent ly to 

YLR in t erms of to tal numbers of leaves produced per plan t  (Table 4 . 1 ) . 

I n  Mat ara , there were no s ign i f i can t d i f ferences be tween t reatmen t s  

whereas in  AmsQY total numbers o f  leaves produced per p lan t were 

i n c reased by YLR . 100% YLR a t  growth s tage R1  and R3 i n  Amsoy 

i n c reased the numbers of young leaves ini t iated by 30 . 6  and 2 7 . 8% 

respec t ively . 

Young leaf removal ( YLR ) . had no 

( average 1 1 . 8  and 13 . 7  nodes 

respec t ively , data no t shown ) . 

effect  on node number per plant 

per plan t for Matara and Amsoy , 
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Table 4 . 1  E f fe c t of young leaf removal on the rema i n i ng leaf number 

per plan t ( a t  growth  s t age R6 , 66 DAP for Matara and 7S DAP 

for Amsoy ) , number o f  removed leaves and total  number o f  

leaves produced i n  Ma tara and Amsoy soybean 

Trea tmen t 
Remaining 

leaf numbers 
per plant 

Con t rol  19 . 8  
• 

a 
R1 -S0 13 . 6  b 
R1 -100 7 . 2  c 
R3-S0 14 . 6  b 
R3-100 9 . 2  c 
RS-SO 1 6 . 6  b 
R5- 100 15 . 0  b 

Average 1 3 . 7  

CV ( % )  2 1 . S  

Trea tmen t 
Remain i ng 

leaf numbers 
per plan t  

Con t rol  2 1 . 6  a 
R1-S0 14 . 4  c 
Rl- 100 7 . 6  e 
R3-S0 1S . 4  c 
R3- 100 9 . 8  d 
R5-S0 19 . 4  b 
RS- I00 15 . 6  c 

Average 14 . 8  

CV ( % )  1 2 . 5  

Ma t ara 

Number 
of removed 

leaves 

0 . 0  d 
5 . 0  c 

1 6 . 8  a 
5 . 6  c 

10 . 6  b 
3 . 6  c 
9 . 6  b 

7 . 3  

41 . 0  

Amsoy 

Number 
of  removed 

leaves 

0 . 0  d 
6 . 4  bc  

20 . 6  a 
8 . 4  b 

17 . 8  a 
4 . 6  c 
9 . 6  b 

9 . 6  

33 . 2  

To tal number 
o f  leaves 

produced 

1 9 . 8  a 
18 . 6  a 
24 . 0  a 
20 . 2  a 
1 9 . 8  a 
20 . 2  a 
24 . 6  a 

2 1 . 0  

23 . 5  

To tal  number 
of leaves 

produced 

2 1 . 6  b 
20 . 8  b 
28 . 2  a 
23 . 8  ab 
27 . 6  a 
24 . 0  ab 
25 . 2  ab 

24 . S  

15 . 7  

Mean values wi thin  a column followed by the same le t ter are no t 

s i gn i f i can tly d i fferen t a t  probab i l i ty . 10 
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4 . 4 . 2  Effect of YLR on flower numbers 

4 . 4 . 2 . 1  Cumula t ive flower number per plan t 

Only g raphs of  cumulat i ve flower produc t ion of  t reatments R3-S0 , R3-100 

and control have been selec ted to  show i n  Figs . 4 . 4  and 4 . S .  

I n  Matara ( Fi g . 4 . 4 ) , there was a t endency for an i ncrease i n  f lower 

number in t reatmen t R3-100 only during 40 to  SO days af ter plan t i ng 

( OAP ) . Af ter  this  per i od , cumula t ive flower produc t i on slowed down and 

d ropped below the con t ro l . Treatmen ts Rl-50 , RI- IOO , RS-SO and RS- 100 

( da t a  not shown ) fol lowed more or  less the same pat tern as R3-S0 whi ch 

was not  d i fferent from the cont rol . 

I n  Amsoy ( F i g .  4 . 5 ) ,  YLR showed a c learer e f fe c t  on flower produc t ion . 

P lan ts immed iatedly responded to 50% YLR s tar t i ng a t  growth s tage R3 by 

i n cr eas i ng f lower number over the con t rol  un t i l  the end of f lowe r i ng 

when s ta t i s t i cal d i f ferences were found (Table 4 . 2 ) . Trea tmen t s  R3-100 

and others ( data no t shown ) showed the s ame pat tern o f  f lower 

produc t ion as the con t rol . 

4 . 4 . 2 . 2  To tal f lower numbe r per plan t 

As shown i n  Table 4 . 2 ,  the effect  of YLR on to tal f lower number per 

plant was s ta t i s t i ca l ly d i f feren t be tween t rea tmen t s  only i n  Amsoy . 

These d i f ferences were a t tribu table to d i f ferences i n  late  f lower 

produc t ion ( data not shown ) . No d i f ferences i n  total  flower numbers 

per plan t were found i n  Ma tara . In  Amsoy , the average flower number 

per plan t of  the con t r ol p lan ts was s l i gh t l y  higher than in  Ma t ara 

( 89 . 4  vs 83 . 6 ) .  

The remarkable t rea tmen t i n  Amsoy was R3-50 whi ch promo ted  a 

subs tan t i al increase i n  flower number per p lan t ( 44 . 1% over the 

con t rol ) .  Other t rea tments  caused no s i gn i f i can t changes . 
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Fig . 4 . 5  E f fe c t of YLR s ta r t ing a t  g rowth s t age R3 on cumula t ive 

f lower product ion per plan t of  Amsoy . Ver t i cal bars 

represen t SE ' s  of the means . 
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Table 4 . 2  E f fec t o f  YLR on flower number per  plant  in  Ma tara and  Amsoy 

soybean 

Trea tmen t Matara Amsoy 

Con trol  83 . 6  
• 

8 9 . 4  bcd a 

Rl-50 63 . 6  a 101 . 4  abc 

R1- 100 79 . 8  a 69 . 0  d 

R3-50 7 1 . 8  a 128 . 8  a 

R3- 100 65 . 8  a 76 . 4  cd 

R5-50 70 . 8  a 93 . 8  bcd 

R5-100 84 . 6  a 1 16 . 6  ab 

average 74 . 3  96 . 5  

CV ( % )  3 1 . 2  28 . 0  

Mean values wi thin  a column followed by t he same le t ter  are 

no t s i gn i f i can t ly d i f ferent a t  probab i l i ty . 10 
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4 . 4 . 2 . 3  Ver t i cal d i s t r i bu t ion of  flowers on con t rol  plan t s  

F i g .  4 . 6  shows the product ion of flowers at each node on con t rol  plan ts  

o f  Matara and Amsoy var i e t i es . 

Con trol p lants  p roduced flowers up to node 1 1  i n  Ma tara and node 1 5  i n  

Amsoy . The propor t i ons of flowers on branches to  the t o tal f lowers 

were 57% for  Matara and 47% for Amsoy . Branches borne on node 1 

p roduced rel a t i vely h igher flower numbers than branches on upper nodes . 

On the main s t em , nodes 2 to  7 in  Ma tara and nodes 2 to 9 i n  Amsoy were 

the mai n  areas of  flower produc t ion . 

4 . 4 . 2 . 4  Ver t i cal  d i s t r i but ion of  flowers on plan ts  as promo ted by YLR 

in Amsoy 

F i g .  4 . 7  shows the d i s t r i but ion of  reproduc t i ve s t ruc tures on Amsoy 

plants  in the R3-50 trea tmen t .  Compared wi th the con t ro l , flower 

produc t i on was increased 49 . 4% on the main s tem and 38 . 2% on branches . 

I ncreases occurred a t  all nodes , bu t were more pronounced i n  the basal 

region of the plan t s , par t i cularly nodes 2 to  8 on the mai n  s t em and on 

branches borne at  nodes 3 and 4 .  

4 . 4 . 3  Effec t o f  YLR on pod s e t  

There were n o  sign i f i cant d i f ferences i n  young pod numbers p e r  plan t  

be tween t reatmen ts  in  ei ther Mat ara o r  Amsoy (data  no t shown ) . Overall 

averages o f  young pod numbers per plan t were 23 . 6  for Matara and 2 6 . 9  

for Amsoy . 

4 . 4 . 3 . 1  Cumulat ive large pod numbers per plant 

The e f f e c t  of 50% and 100% YLR at  R3 on cumula t ive numbers of large 

pods ( >2 -cm long ) per plan t , is shown in Figs . 4 . 8  and 4 . 9 ,  and was 

found t o  be very s imi lar to tha t of cumulat ive flower numbers . 
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F i g .  4 . 7  Flower produ c t i on at each node on Amsoy plan t s  f rom 
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In Matara ( Fi g .  4 . 8 ) , although YLR showed a trend t owards depress i ng 

f i nal large pod number per plan t , there was an ind i ca t i on that p lan t s  

responded to  100% YLR by increas ing the number o f  large pods produced 

per day over a sho r t  period of  abou t 10  days during 46 to 56 DAP . As 

source s t reng th became exhausted dur ing later  s tages of pod grow t h ,  the 

number of large pods declined to  levels below the con trol . Thi s  t rend 

was also found in Rl-100 and RS- IOO ( da t a  not shown ) . I t  may be n o t ed 

that 50% YLR a t  any s tage in Ma tara caused no t rans i en t  i ncrease i n  

large pod numbers . At  the f inal count ( 9 1  DAP )  there were no 

s igni f i can t ef fec ts  of  any t reatmen t in  Matara ( see ANOVA in Append ix 

1 3 : Table  A13 . 1S ) , although there was a tendency for any leaf removal 

t reatmen t at Rl or  R3 to depress large pod number per plan t . 

In  Amsoy ( Fig . 4 . 9 ) , the tendency of  a shor t-period increase i n  large 

pod produced was not as c lear in  R3- 1 00 as in  Ma tara , whi le all o ther 

t reatmen ts  except  R3-S0 followed the same pa t tern as the con t rol . In 

the case of R3-S0 , the increase in  large pods produced f rom a f t er 60  

DAP was d rama t i c  and 

s igni f i can t ly h igher 

ANOVA in Append ix  1 3  

pers i s ted un t i l  the end of  the exper i men t ,  being 

from 74 DAP onwards compared wi th the con t r o l  ( s e e  

Table A1 3 . 16 ) . 

A f t e r  reaching the large pod s t age , very few pods abor t ed . Mature pod 

se t whi ch was closely related to  yi eld is cons i de red in the nex t 

sec t i on .  

4 . 4 . 3 . 2  Mature pod number per p lan t 

The responses of  plants to YLR in  terms of  ma ture pod numbers per plan t 

d i f fered in the two cul t ivars . In Ma tara , YLR had a generally 

d e l e t e r i ous e f f ec t o n  ma t u r e  p o d  numbe r . Trea t men t s  Rl- IOO a n d  R3- l00 
in par t i cular , showed a sign i f i cant decrease in mature pod numbers by 

39% , a l t hough the other t rea tmen ts  showed no s i gn i f i cant reduc t ion 

compared wi t h  the con t rol . In  Amsoy , treatmen t R3-50 i ncreased ma ture 

pod number by 43 . 6% over the con t rol , but  no s igni f i can t d i f ferences 

were found be tween other t reatmen ts and the con t rol . The increase i n  

mature pod number by R3-S0 was due to  the increase i n  la t e  pod numbers 

( da t a  shown in Table 4 . 3 ) . 
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Table 4 . 3  E f fe c t  of  YLR on mature pod number per plan t i n  Matara and 

Amsoy soybean 

Trea tment  Matara Amsoy 

Con t r o l  1 8 . 8  
* 

lS . 6  bc a 

R1-S0 1 4 . 2  ab  16 . 6  abc 

R1- 100 1 1 .  4 b 13 . 4  c 

R3-50 15 . 0  ab 22 . 4  a 

R3-100 1 1 . 4  b 13 . 0  c 

RS-SO l S . 0  ab 19 . 4  ab 

RS-100 1 8 . 4  a 17 . 6  abc 

average 1 4 . 9  16 . 9  

cv ( % )  30 . 1  29 . S  

Mean values wi thin  a column followed by the same l e t ter  are 

not s ign i f i can t ly d i f feren t at probabi l i ty . 10 
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4 . 4 . 3 . 3  Ver t i cal d i s t r i but ion of ma ture pods on con t rol  plan ts  

Bo th var i e t i es produced abou t half  thei r pods on  branches ( 51 . 1  and 

5 3 . 8% of the to tal ma ture pods for Ma tara and Amsoy , respe c t i vely , 

Fig . 4 . 10 ) . On the main  s tem , the main  area of pod produc t i on i n  

Matara was in  the middle region , especially a t  node 5 .  I n  Amsoy , pods 

were much more equal ly produced throughou t the plant pro f i le . 

4 . 4 . 3 . 4  Ver t i cal d i s t r i but ion of ma ture pods on plan t s  as a f fe c t ed by 

YLR i n  Amsoy 

I t  is obvi ous from F i g .  4 . 1 1 that 50% YLR s t art ing at grow t h  s tage R3 

increased ma ture pod set in the middle par t of the plan ts  ( par t i cularly 

a t  nodes 5 to  8 ) . Increased pod set  on branches was rela t ively 

uni mpor tan t ( an increase of 9 . 5% )  compared to  the 83 . 3% increase i n  pod 

numbers borne on the main  s tem . 

4 . 4 . 4  Effec t  o f  young leaf removal ( YLR) on yield and yield componen ts 

Among the yield componen ts  of both var i e t i es , only the numbers o f  pods 

per plan t were s i gn i f i can t ly affected  by YLR . Seeds per pod and seed 

weigh t were cons i s tent  throughou t the t rea t men ts  ( Table 4 . 4 ) . 

Stat i s t i ca l  analys i s  for t o tal seed y i e ld per p lan t showed d i f ferences 

be tween t rea temen ts in Matara , bu t no t in Amsoy (Table 4 . 4 ) . Seed 

y i eld in soybean was mainly influenced by the numbers of pods per 

plan t . Seed y i e lds of  Matara plan t s  in  t rea tment RI- IOO and R3-100 

were s i gn i f i can t ly decreased due to the reduc t i on i n  pods per plan t . 

The correla t i on coe f f i cien t  be tween pods per plant and y ield i n  Matara 

was h ighly s igni f i can t (r = 0 . 932 ) .  In Amsoy , al though R3-50 was a 
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Table 4 . 4  E f fec t of  YLR o n  y ield and y i e l d  compone n t s  i n  Ma tara and 

Amsoy soybeans 

T r e a t men t 

Con t ro l  
Rl -50 
R 1 - 1 00 
R3-50 
R3- 1 00 
R5-50 
R5- 1 00 

ave r age 

cv ( % )  

Trea t ment  

Con t ro l  
Rl-50 
R 1 - 1 00 
R3-50 
R3-1 00 
R5-50 
R5- 1 00 

average 

CV ( % )  

Pods ler 
plan 

18 . 8  
• 

a 
14 . 2  ab 
11 . 4 b 
15 . 0  ab 
1 1 . 4  b 
15 . 0  ab 
18 . 4  a 

1 4 . 9 

30 . 1  

Pods ler  
plan 

15 . 6  bc 
1 6 . 6  abc 
1 3 . 4  c 
22 . 4  a 
1 3 . 0  c 
1 9 . 4  ab 
17 . 6  abc 

1 6 . 9  

29 . 5  

Mean values wi thin 

Matara 

Y i e ld c omponents  

Seeds per 
pod 

Seed weig� t 
( mg .  seed ) 

2 . 01 a 1 67 . 5  a 
2 . 07 a 1 88 . 2  a 
1 .  9 8  a 180 . 7  a 
2 . 06 a 1 7 3 . 9  a 
2 . 10 a 185 . 4  a 
2 . 1 7 a 1 78 . 8  a 
1 .  9 8  a 1 75 . 4  a 

2 . 05 1 78 . 6  

10 . 0  7 . 6  

Amsoy 

Y i e ld componen t s  

Seeds per 
pod 

Seed wei�hf 
( mg .  see - ) 

1 .  96  a 151 . 7 a 
1 . 88 a 1 6 1 . 0  a 
2 . 29 a 158 . 7  a 
1 .  96 a 151 . 8  a 
2 . 29 a 1 60 . 0  a 
2 . 22 a 157 . 9  a 
2 . 04 a 150 . 2  a 

2 . 09 155 . 9  

20 . 6  8 . 1  

a column followed by the same 

s i gn i f i can t ly d i f feren t a t  probab i l i ty . 10 

Seed 
yield  

( g . plan t- 1 ) 

6 . 2 1 
• 

a 
5 . 46 ab 
3 . 86 c 
5 . 03 abc 
4 . 47 bc  
5 . 7 3 ab 
6 . 33 a 

5 . 3  

2 1 .  7 

Seed 
y ield 

( g . plan t- 1 ) 

4 . 67 a 
5 . 16 a 
4 . 89 a 
6 . 60 a 
4 . 87 a 
6 . 9 1 a 
5 . 55 a 

5 . 52 

38 . 0  

le t ter  are n o t  
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prom i s ing t rea tmen t in increas ing pod  number per plan t , i ts effect  on 

s eed y i eld was not cons i s t e n t ly h igh enough to  cause a s igni f i can t 

i nc rease . However , seed number per pod and seed weight  were n o t  

a l t e r ed by Y LR .  The h i gh coeff i c ient  o f  var i a t i on i n  t h i s  exper imen t  

i s  probably respons ible for masking t he e f fect  o f  t reatmen t o n  seed 

y i e ld per plant . The corre lat i on coe f f icient be tween pods per plan t 

and s e ed yield  in this case was s igni f ican t a t  probab i l i ty < . 05 

( 0 . 866 * ) .  Therefore ,  i t  i s  pos s i ble that  YLR t reatmen t ( especially 

R3-50 ) whi ch caused an increase i n  pod number per plan t has t he 

po t en t i al to  have a bene f i c ial effect  on s eed y ield . 

Yield  and yi eld componen ts of  Amsoy plan ts were par t i t i oned i n t o  two 

groups : that deri ved from early formed f lowers and t ha t  f rom la t e  

formed flowers . The resu l t s  i n  Table 4 . 5  show the flexi bi l i ty of  yield  

components . Seed y i eld and seeds per pod were cons i s ten t i n  both  early 

and l a t e  groups ( data  no t shown ) .  Average values of  seed y i eld for 

early and late  groups were 2 . 82 and 2 . 66 g . plan t - 1 , and seed numbers 

per pod were 2 . 2 3 and 1 . 95 ,  respec t i vely . Plan t s  set  abo u t  the same 

numbers  of  early pods i n  all t reatmen t s , but la t e  pods were 

s i gn i f i can t ly d i f ferent in  t reatmen t R3-50 in par t i cular , whi ch gave a 

s i gn i f i can t ly h i gher la te pod number than the con t rol . 

Da ta on seed we ight showed that seed growth of early formed pods was 

i nfluenced by YLR . Plan ts t reated for  Rl-50 and R3- 100 p roduced 

heav i e r  s eeds than the con t rol plan t s  whereas plan t s  g iven o ther YLR 

t reatmen t s  d i d  not . The seed wei gh t  in  late  formed pods was no t 

a f fec ted by YLR . 
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Table 4 . 5  E f f ect o f  YLR o n  pod number per plan t and seed weigh t  o f  

early and l a t e  fo rmed r eproduct i v e  s t ruc tures i n  Amsoy 

soybean 

T r ea t men t 

Con t rol  

R 1 -50 

R I - 100 

R3-50 

R3-100 

R5-50 

R5- 100 

average 

cv ( % ) 

Number of  pods 

per plan t 

early la t e  

6 . 2  
. 

9 . 4  be a 

6 . 2  a 10 . 4  abc 

8 . 2  a 5 . 2  c 

7 . 2  a 15 . 2  a 

6 . 4  a 6 . 6  be  

8 . 2  a 1 1 .  2 ab 

7 . 8  a 9 . 8  abc 

7 . 2  9 . 7  

46 . 8  4 9 . 6  

Seed weight  

( mg . s eed- 1 ) 

early late  

155 . 8  c 147 . 6  a 

183 . 0  a 1 39 . 1  a 

170 . 2  abc 1 47 . 1  a 

166 . 8  be 1 36 . 8  a 

1 74 . 2  ab 1 45 . 7  a 

160 . 5  be 155 . 3  a 

159 . 8  be 1 40 . 7  a 

167 . 2  1 44 . 6  

7 . 9  9 . 2  

M ean values wi t h i n  a co lumn fol lowed by t h e  same le t te r  are n o t  

s i gn i f i can tly d i f feren t  a t  probab i l i ty . 10 
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4 . 4 . 5  Reproduc t ive  abo r t i on 

4 . 4 . 5 . 1  Reproduc t i ve abo r t ion i n  con t rol  plan t s  

F i g . 4 . 12 shows a d i agram of  t he relat ive  pod s e t  and abor t i on changes 

occu r i ng during each s t age of growth of con t ro l  plan t s . For every 100 

flowe r s , 32 . 1  produced young pods in Ma tara and 29 . 0  in Amsoy . O f  

these young pods , 22 . 7  and 18 . 0  developed i n t o  large pods , 

respec t i vely . Even t ually , large pods reached t he ma t ure pod s t age w i t h  

very l i t t le change i n  the level o f  large pod abo r t ion  ( 0 . 2 and 0 . 0 ,  

respec t ively ) . 

When the percentages o f  t o tal abor t i on were calcula ted , Ma tara and 

Amsoy p lan t s  had 7 7 . 5% and 82 . 0% combined abor t i on , respec t ively . Thi s  

f igure emphas izes t he impo r t ance o f  abor t i on a t  the f lower s t age , 

f lower abor t i on ra tes  ( 6 7 . 9  and 7 1 . 0% )  being t he maj or componen t o f  t h e  

comb i ned abo r t i on i n  b o t h  cul t i vars . 

4 . 4 . 5 . 2  Reproduc t i ve abo r t ion as affected by YLR 

The percen tages of reproduc t i ve abor t i on as a f f e c ted by YLR are shown 

in Tabl e  4 . 6 .  In b o t h  cul t i vars , there was no  s ign i f i can t e f f e c t s  o f  

YLR o n  combi ned reproduc t i ve abo r t ion .  

I n  Ma t ara , YLR only a f fec ted large pod abor t i on , al though the magn i t ud e  

o f  e f f ec t s  was smal l .  La rge pod abor t i on was s i gn i f i can t ly h igher i n  

t rea t men t s  R1 -100 , R3- 100 and R5- 100 than i n  t h e  con t ro l , a l t hough t he 

con t r i bu t i on t o  combined abo r t i on was negl igi ble . 

I n  the Amsoy cul t i var , YLR affec t ed bo th young pod abo r t i on and large 

pod abor t ion , bu t t hese changes  i n  Amsoy plan t s  were d i f feren t f rom t he 

changes i n  large pod abor t i on o f  Ma tara plan t s .  Trea tmen t R1- 100 , 

where plan t s  bear the smalles t number o f  ma t u re l eaves during the la t e r  

s tages o f  reproduc t i ve developmen t ,  showed a sign i f i can t ly l ower 

percen t age o f  young pod abor t i on than the con t ro l . At  the later s t age , 

however , large pod abo r t i on was greater  in  t rea t men ts  R3-S0 and R3-100 . 

However , again abo r t i on of young and large pods was only a small  

componen t o f  t he combined abor t i on . 
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-----------�------------

C o m b i n e d  a b o r t i o n : 7 7 . 5  

A M S O Y  

--------------------------

C o m b i n e d  a b o r t i o n :  8 2 . 0 

F i g .  4 . 12 D i agram showing event s  o f  pod set  and abor t ion a t  

each s t ageof  the con trol p lan ts . S t a r t i ng w i th  

100  f lowers , the d iagram s hows the number o f  s e t  

pods and abor ted pods at  each s tage . 
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Tab l e  4 . 6  E f f e c t  o f  YLR on t h e  percen t age o f  flower abo r t ion , y oung 

pod abor t i on , large pod abor t i on and combi ned abo r t i on ( o f  

t o t al flower number ) i n  Ma t a ra and Amsoy soybean 

Con t rol  
R1-S0  
R1- 1 00 
R3-S0 
R3- 1 00 
R5-S0 
RS- 100 

average 

cv ( % )  

Con t rol  
R1-S0  
R 1 - 1 00 
R3-S0 
R3- 1 00 
RS-SO 
RS- 1 00 

average 

cv ( % )  

% flower 
abo r t i on 

6 7 . 9  a* 
66 . 1  a 
7 1 .  2 a 
6 2 . 3  a 
68 . 9  a 
7 1 . 4 a 
68 . 8  a 

68 . 1  

7 . 3  

% f lower 
abor t i on 

7 1 . 0  a 
78 . 5  a 
7 8 . 4  a 
6 7 . 1  a 
7 2 . 8  a 
7 3 . 1  a 
70 . 8  a 

7 3 . 1 

10 . 3  

% young pod 
abor t I on 

9 . 4  a 
10 . 8  a 
13 . 4  a 
15 . 3  a 

9 . 8  a 
6 . 8  a 
7 . 2  a 

10 . 4  

27 . 8  

% young pod 
abor t I on 

11 . 0  a 
3 . 3  ab 
1 .  S b 

13 . 3  a 
6 . 4  ab 
5 . 0  ab 

13 . 7  a 

7 . 7  

64 . 1  

Ma tara 

% large pod 
abo rt i on 

0 . 2  cd 
0 . 6  bcd 
1 . 8 a 
0 . 0 d 
1 . 2 ab 
0 . 3  cd 
1 . 1 ab 

0 . 7  

103 . 3  

Amsoy 

% large pod 
abort i on 

0 . 0 b 
0 . 5  b 
0 . 6  b 
1 .  9 a 
2 . 3  a 
0 . 2  b 
0 . 0  b 

0 . 8  

1 24 . 8  

% comb i ned  
abo r t i on 

7 7 . S  a 
7 7 . 4  a 
86 . 4  a 
7 7 . 6  a 
7 9 . 9  a 
18 . S  a 
7 7 . 1  a 

7 9 . 2 

6 . 6  

% combi ned  
abor t i on 

82 . 0  a 
82 . 3  a 
80 . 4  a 
8 2 . 3  a 
8 1 . 5 a 
7 8 . 3  a 
84 . S  a 

8 1 . 6 

7 . 3  

* 

Mean values w i t h i n  a column fol lowed by t he same le t te r  are n o t  

s igni f ican t ly d i f feren t a t  probabi l i ty . 10 
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4 . 4 . 5 . 3  Reproduc t i ve abo r t i on o f  early and l a t e  f lowers 

E f f e c t  of YLR on the percen t age o f  rep rodu c t ive abor t i on of early 

f l owers and late f lowers i s  shown in Table 4 . 7 .  Soybean plan t s  showed 

some f lexi b i l i ty i n  reproduc t i ve developmen t f rom early formed f l owers 

and late  formed f l owers . Di f ferences in reproduc t ive abo r t i on of  early 

and late flowers  due to  YLR were found only i n  Mat ara . Treatmen t s  

RI- IOO and R3-100 i ncreased abor t i on r a t e s  o f  ear ly f lowers  and l a t e  

flowers , respe c t i vely , whereas t e a t men t R5- 100 resul ted i n  reduced 

abo r t i on rates in early flowers . 50% YLR did no t change t he 

percen tages o f  reproduc t ive abor t i on i n  e i ther group o f  f lowe r s . 

In Amsoy , plan t s  s howed a higher degree o f  flex i bi li ty  i n  t erms o f  

t he i r  flower produ c t i on than i n  Ma t ara . There were n o  s igni f i can t 

d i f fe rences i n  e i t her early or late  flower abo r t i on in  Amsoy be tween 

t rea t men t s . The average value of reproduc t i ve abo r t i on of early and 

l a t e  f l ower groups was 83% and 7 7 % ,  respec t ively . 

4 . 4 . 5 . 4  Reprodu c t i ve abo r t i on a t  each node 

Ra tes of reproduc t i ve abo r t i on were rela t i vely cons i s t en t  bo t h  on 

b ranches and o n  t he mai n  s t em ( compare F i gs .  4 . 6  and 4 . 10 ) . Based o n  

the number o f  f lowe rs on each par t , t he perce n t age o f  reproduc t i ve 

abo r t i on o f  M a t ara con t rol plan t s  were 7 9 . 7% on branches and 7 4 . 6% on 

the mai n  s tem . In  Amsoy , t he respec t i ve mean values were 80 . 2  and 

84 . 7% .  Abo r t i on on the ma i n  s t em was general ly higher in t he bo t t o m  

reg i o n  than i n  t he m iddle and top  reg i ons , respec t i vely . 

Amsoy p lan t s  t rea t e d  for R3-50 ( compare Figs . 4 . 7  and 4 . 1 1 )  a l s o  

exhi b i t ed abou t t he same ra t es o f  abo r t i on o n  branches and on main  s tem 

( 84 . 3  and 81 . 2% ,  respec t i vely ) . The lower par t o f  the mai n  s tem also  

had t he highe s t  rate  of  reprodu c t ive abor t i on .  
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Table 4 . 7  E f fect  o f  YLR on pe rcen tage o f  reproduc t ive  abor t i on o f  

early and late f lowers i n  Ma tara and Amsoy soybean 

% abort ion for Ma tara % abo r t i on for  Amsoy 

Trea tme n t  

Early La te Early La t e  

Con t ro l  7 7  . 5  b * 76 . 5  bc 84 . 4  a 7 9 . 4  a 

Rl -50 7 9 . 6  b 68 . 8  c 85 . 9  a 68 . 5  a 

R1- 100 88 . 9  a 82 . 5  be 78 . 5  a 7 7 . 5  a 

R3-50 82 . 0  b 74 . 3  be  86 . 3  a 78 . 3  a 

R3- 100 80 . 0  b 92 . 0  a 85 . 6  a 74 . 7  a 

RS-SO 7 7  . 3  b 78 . 7  be 8 1 . 9  a 74 . 7  a 

RS-IOO 68 . 6  c 84 . 9  b 7 7 . 3  a 8 7 . 2  a 

average 79 . 1  79 . 7  82 . 8  7 7  . 2  

CV ( % )  6 . 8  12 . 6  14 . 0  1 9 . 8  

Mean values wi thin  a column followed by the same l e t t e r  are no t 

s ign i f i can t ly d i f f e ren t at  probabi l i ty . 10 
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I t  was c lear in this  s tudy that plan t responses to YLR d i f fe red be tween 

the two cul t ivars . The semidet erminate Matara showed only negat ive 

e f fe c t s  whi le the inde terminate  Amsoy showed pos i t i ve responses i n  

terms o f  pod s e t  and yield po ten t i a l . Responses o f  bo t h  cul t ivars 

depended on the t ime and intens i ty of YLR . 

Thi s  sec t i on will  d i s cuss the fac tors  involved in  the d i f ferences in  

YLR . A mode l  i s  plan t res ponses to  

s impl i fy the rather complica ted plant 

in  hypo thes i s  of  nu t r i en t  def i c i ency 

reproduc t i ve abor t ion are also d i s cussed . 

proposed whi ch i s  i n t ended to  

res ponses 

pod set . 

and t o  t e s t the 

Poss ible  causes o f  

4 . 5 . 1  Effe c t s  o f  YLR on reprodu c t ive development 

I t  i s  wel l  known that  pod number per plan t is  the mos t impo r t an t  

componen t o f  seed yi eld i n  soybean . An i n teres t i ng resu l t i n  t h i s  

s tudy was t h a t  YLR al tered pod number per plan t  in  bo t h  cul t i vars b u t  

i n  oppos i t e  ways . I t  is  impor tan t to  know when Matara plan t s  los t 

the i r  yield  po ten t i a l  as a resul t  o f  YLR and what  caused the increase 

i n  pod set i n  Amsoy plan t s . 

4 . 5 . 1 . 1  Responses of  Ma tara plan t s  

There was a tendency f o r  a trans i en t  increase i n  cumula t ive large pod 

s e t  in all growth s t ages when 1 00% o f  the young leaves were removed 

( da t a  shown only at s tage R3 , Fig . 4 . 8 ) . These t rans i en t  i ncreases 

were probably because compe t i t ion be tween leaf grow t h  and pod growth 

was subs tan t i al ly removed dur ing these s tages . Dur i ng the late s t age 

of pod developmen t ,  however , ' there was a t endency for  a reduc t ion i n  

large pod numbers  per plan t . 50% YLR had l i t t le or  n o  e f fe c t  on 

cumulat ive l arge pod numbe r ,  reflec t i ng the l ow degree of i n t raplant 

compe t i tion  i n  the semideterminat e  Matara . 

A t  harves t ,  t reatmen t s  involving 100% YLR a t  growth s tages R1 and R3 

resu l t ed in a 39 . 4% reduc t i on in  pod numbers per plan t ( Table 4 . 3 ) .  I t  

was clear tha t t h i s  reduc t i on occurred mainly dur ing the late  s tages o f  

pod developmen t as there were no s igni fi cant d i f ferences i n  f l ower  
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produ c t i on ( Table 4 . 2 ) nor i n  young pod s e t  ( data no t shown ) . Lack o f  

pho t oas s imi lates  during la t e  s tages of  pod developmen t due t o  t he small  

number of  remai n i ng leaves was probably respons ible for  this  reduc t ion 

(Table 4 . 1 ) . Bha t tacharj ee and Ghude ( 1985 ) also repor ted  t ha t  s ource 

l imi t a t i on by defoliat ion (ma t u re leaves ) during reprodu c t i ve grow t h  

subs tan t ially reduced pods per plan t . 

4 . 5 . 1 . 2  Responses o f  Amsoy plan t s  

In Amsoy , resul t s  showed that  R3-50 caused a 43 . 6% increase i n  pod 

numbe r , whi l e  o ther t rea tmen ts  d i d  not s ign i f i can tly change pod number 

per p lan t (Table 4 . 3 ) .  This increase was due to the much grea t e r  

number o f  pods on t h e  main s tem ( 83 . 3% more than t h e  cont rol ) ,  mainly 

locat ed i n  the middle region ( nodes 5 to  8 )  ( Fig .  4 . 1 1 ) . Pod growth 

and development has been repo r t ed to  rely mainly on the correspondi ng 

sub tend i ng leaf ( B lomqu i s t  and Kurs t ,  197 1 ;  S tephenson and W i l son , 

1 9 7 7a ) . Therefore , the increased pod s e t  on nodes 5-8 r e f lec t s  no t 

only reduced int raplan t compe t i t i on but  the con t inued e f f i ci ency for 

pho tosynthes i s  o f  leaves at  these nodes duri ng pod developmen t and 

matura t i on .  S tephenson and Wi lson ( 19 7 7 b )  repor ted in soybean tha t  

between pre-f lowe r i ng and early pod developmen t ,  ass im i l a t e  was s tored 

in s t ems and t rans ferred to pods d u r i ng la t e r  developmen t ,  a f i nd i ng 

also no t ed for V i c i a  faba by Isma i l  and Sagar ( 1981 ) . Removal o f  some 

young leaf  ma terial  probably reduces the compe t i t i on for  t h i s  t emporary 

s tore of ass i mi l a t es , allowing more to be avai lable for add i t ional pod 

s e t . Leaves at nodes 5-8 are in the bes t pos i t i on for l igh t 

i n tercep t i on i n  t rea ted plan ts  and are therefore more l i kely to  

main t a i n  the pho t osyn thate supply requi red by add i t ional pods  un t i l  

maturi ty . The improvemen t o f  mai ns t em pod s e t  by branch removal i s  

also found i n  lupins  ( Herber t ,  1 9 7 7 ) .  

On branches , a l though l i t tle  increase in mat u re pods ( 9 . 5% )  was found 

( F i g .  4 . 1 1 ) , young pod number was i ncreased by 30 . 9% compared to t he 

con t rol ( da t a  no t shown ) . Unfor t una t e ly ,  mos t of  these young pods 

abor ted during developmen t .  Mu t ual shadi ng or low l i gh t  i n t ens i ty on 

b ranch leaves may be responsible for  higher young pod abo r t i on on 

b ranches . Hansen and Shibles ( 1 9 7 8 ) also found in unt reat ed p lan ts  

t hat  the h ighe s t  degree o f  abs c i s s i on occurred on  branches and  lower 

s tems . 



1 7 2  

In t e res t i ngly , the changed pa t t e rn o f  f lower produc t i on due t o  YLR does 

no t en t i r ely parallel the resul t i ng changes in  pod numbe r s . 50% YLR a t  

grow t h  s tage R 3  not  only increased pod s e t , but  also i n creased f lower 

number ( by 44 . 1% over the con t rol ) (Table 4 . 2  and F i g .  4 . 5 ) . Unli ke 

the i n crease i n  pod se t ,  t h i s  inc rease in f lower number was con t ri bu t ed 

by a 49 . 4% increase on the ma in  s tem and a 38 . 2% on branches . On t he 

mai n  s tem , R3-50 increased flower number mai n ly a t  nodes 2 t o  8 

( F i g .  4 . 7 ) . 

The i ncrease in  f lower number on branches was loca ted a t  nodes 2-4 

where there were about  2-3  ma t ure leaves on the branches locat ed a t  

these nodes a t  growth s tage R3 . Young leaves were also produced i n  

branches a t  t hese nodes . Th i s  maj or i ncrease i n  f lower numbe r  

( Fi g . 4 . 7 ) may also  b e  because compe t i t i ve s i nks were reduced o n  these 

branches resul t i ng in a local i s ed s urplus o f  pho t oas s i m i l a t e  f o r  

increas i ng flower number and young pods i n  this  

already no ted mos t o f  the f lowers in  th i s  

produc t i ve . 

area . However ,  as  

area were  no t very 

These resul ts s ugges t that a h i gh degree o f  i n t raplan t compe t i t i on 

exi s ted  in Amsoy plan ts  during the early s tages of reproduc t ive 

developmen t and par t i al reduc t i on o f  compe t i t i ve s inks caused a 

red i re c t i o n  o f  pho t oas s i m i l a t es i n  favour o f  f lower i n i t i a t i on and pod 

se t .  YLR seemed to  be e f fec t ive i n  s t i mula t i ng an i ncrease i n  f lower 

number abou t 2-4 days a f t e r  s ta r t ing t reatmen t s ,  but  t he s i gn i f i can t 

e f fe c t  on f lower number was on l a t e  flower produc t ion ( F i g .  4 . 5 ) . As 

migh t  be expec t ed , the t ime before pod numbers i ncreased in response t o  

YLR appeared t o  be much longer than the response o f  f lower i ncrease ( a t  

leas t 1 0  days a f t e r  s tar t ing the t reatmen t s )  ( F i g .  4 . 8  and 4 . 9 ) . 

There i s  o ther evi dence to suppo r t  the i dea that f lowe r s  and young 

leaves are  in compe t i t i on for  pho toas s i m i lates . He i thol t  and Egl i  

( 1985 ) found that floral removal i n  soybean during the early 

reprodu c t i ve phase increased leaf number ,  al though these new l eaves 

were q u i t e  s mall and did not res u l t  in a s igni f i can t change in leaf 

area . Conversely , Gehr iger and Kel ler ( 1980) s tud i e d  the d i s t r i bu t i on 
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o f  1 4 C-Iabelled ass i mi la t es i n t o  f lowers and young pods i n  f aba bean 

(Vi c i a  faba) and revealed t h a t  t opping whi ch reduced the level o f  

i n t raplant compe t i t i on and i ncreased pod se t ,  i nc reased t he 

i ncorporat i on o f  label i n t o  young f l owers . 

I t  i s  i n t eres t i ng that  plan t responses t o  50% YLR a t  grow th  s tage R1  

d i f f e r ed from those a t  R3 . R l -50 d i d  no t s ign i f i can t ly increase f lower 

number , pod se t (Tables 4 . 2  and 4 . 3 ) or  the number o f  l eaves produced 

( Table 4 . 1 ) .  Thi s  sugges t s  tha t at  t h i s  s tage o f  

the reproduc t ive s ink was l i m i t i ng .  Ex tra source 

by t h i s  t rea tmen t wen t to i ncrease only the 

developmen t i n  Amsoy , 

ava i lab i l i t y  caused 

seed weigh t  of early 

s e t t i ng pods (Table 4 . 5 ) , because there was no al terna t i ve add i t i onal 

s i nk ( e . g .  new f l ower number o r  i ncreased pod se t )  for  a s s i m i l a t e  t o  

f low i n t o .  

100% YLR a t  grow th s tages R 1  and R3 d i d  no t s igni f i cant ly change f l ower 

numbe r  and pod number per plan t in Amsoy . In fac t ,  plan t s  g iven these 

t rea t men t s  r e i n i t i a t ed more young leaves resul t ing i n  a s i gn i f ican t ly 

higher numbers o f  leaves produced per plan t ( Table 4 . 1 ) .  Pate  and 

Far r i ng t on ( 198 1 )  s tud i ed ass im i l a t e  d i s t r i bu t ion o f  1 4 C dur i ng 

f l ower i ng in  Lupinus angus t i f o l i us and found that t he i n florescence was 

a minor  s ink for assimi lates  compared wi th roo t ,  mai n  s tem and 

devel o p i ng la t e ral shoo ts . S i m i lar resul t s  were found by Ho ( 1984 ) f o r  

toma t o . Thes e  data  suppor t  the resul t o f  the p resen t s tudy where YLR 

had an e f fe c t  on new leaf i n i t i a t ion ra ther than on f lowe r  p roduc t i on 

at t h i s  s tage . Removal of ac t ive  s i nks duri ng vege t a t i ve grow th  before 

flower i ng i s  also repo r t ed t o  s t imula t e  more vege t a t ive g rowt h  i n  s ome 

plan t s pecies ( Hussey , 1963 ; Roponen and V i r tanen , 1968 ; Aung and 

Byrne , 1 9 78 ) . 

YLR a t  the grow th  s tage R5 appears to be too la t e  to s t i mu l a t e  f lower 

produc t i on the pa t tern of  cumu la t i ve f lower produ c t i on per plant was 

no t a l t e red ( da t a  no t shown ) and t o t al flower numbers were no t 

s igni f i can t ly increased . Grow t h  s tage R5 was the l a t e  f lower i ng peri od 

for bo th  var i e t i es ( F i g .  4 . 3 ) and flower produc t ion ac t iv i ty was low . 

P lan t s  may have already been preprogrammed t o  d e termine f lower numbers  

that  the  p lan t s  are go ing t o  produce a f t e r  the R5 s tage ( see  subs equen t 

d i scus s i on ) . 



4 . 5 . 2  E f f e c t s  o f  YLR on Yield and yield component s  

1 7 4  

I n  bo th  varie t i es , pod number p e r  plan t was the componen t mos t a f f e c t ed 

by YLR , whe reas seeds per pod and seed we igh t  were n o t  a f f e c t ed 

( Table 4 . 4 ) . 

4 . 5 . 2 . 1  Responses of  Ma tara plan t s  

The s igni f i can t reduc t i on i n  seed yi eld by R1- 100 and R3- 100 in Matara 

was due to  the small numbers of  pods per plan t . Yield loss as a resul t 

o f  mature l eaf removal during reproduc t i ve developmen t caus i ng a 

sho r t age i n  ass imilate  supply dur i ng late  s t ages i n  soybean i s  common 

( Johns t on and Pendle ton , 1968 ; Mesa and Feh r ,  1 984 ; Bha t tacharj ee and 

Ghude , 1985 ) . De termina t e  s oybean cul t i vars have been shown to  be more 

a f fec ted in  thi s respe c t  than inde t e rmina t e  soybeans ( Fehr et al . , 

1981 ) .  Thi s  may be due to t he ab i l i ty of  i nde termina te soybeans t o  

f o rm new leaves during the reproduc t ive phas e . However , 50% YLR a t  all  

s tages and 100% YLR at  R5  in  Ma tara d i d  no t s igni f ican t ly reduce seed 

y i eld , a l t hough these t reatmen t s  caused a s ign i f i can t reduc t i on in  the 

number o f  leaves remaining o n  the plan ts  (Table 4 . 1 ) . 

4 . 5 . 2 . 2  Responses of  Amsoy p lan t s  

I n  many plan t species such as Phaseolus vulga r i s  ( Benn i e  and Cl i f ford , 

1980 ) , V i c i a  faba ( Gehr iger and Kel ler ,  1980 ) , toma t o  ( Wien and 

M i no t t i , 1988 ) and soybean ( Amu t i ,  1983 ) ,  i t  was f ound that  crop  

mani pulat i on whi ch reduces i n t raplan t compe t i t ion ( e . g .  decap i t a t i o n )  

i n c reases f ru i t  numbers p e r  plan t . 

I n  Amsoy , al t hough R3-50 sign i f i can t ly increased mature pod number by 

4 3 . 6% ,  s eed y i eld per plan t was no t s igni f i can t ly d i f feren t f rom t he 

con t ro l  (Table 4 . 4 ) .  An incr ease i n  pod numbers per plan t w i thout an 

i n c rease in seed yield is no t uncommon i n  soybean research ( Bu r ton and 

Curley , 1966 ; Bo i ze ,  198 2 ; Nooden and Nooden ,  1985 ) . However , i n  

mos t o f  these cases , yield  compensat i on was due t o  a reduc t i on i n  seed 

weigh t  whi ch was not  found i n  the present s tudy . One explanat ion i s  
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that t h e  coe f f i c ient  of  var i a t ion of  yield  was high ( 38 . 0% ) , poss i b ly 

because var i a t ions o f  s eed number per pod and seed weight  were pooled 

wi th  the  var iat i on of  pods per plan t . The h i gh var i a t i on i n  seed y ield  

the r e fo re masked the ef fec ts  of YLR . However , when correlat io n  

coe f f i c i en t s  whi ch w e r e  s ta t i s t i cally s ign i f i can t were t aken i n t o  

accoun t ,  i t  can b e  concluded that  R3-50 i s  a promis ing t re a t men t i n  

i ncreas i ng pod number per plan t and pos s i b ly seed y i eld i n  the Amsoy 

cul t ivar . 

Data  on the par t i t ioning of yield  and yi eld componen t s  i n to early and 

late groups showed the flexi b i l i ty of  yi eld component  compensa t i on i n  

Amsoy soybean (Table 4 . 5 ) . Among the yield componen t s ,  seed number per  

pod  was the mos t s table variable . 

YLR changed late pod number and early seed weigh t  s i gn i f i can t ly ,  bu t 

d i d  no t a l t e r  early pod number or  late seed weigh t  ( Table 4 . 5 ) .  R3-50 

s ign i f i can tly increased late pod set wh ich appeared to  be s ta t i s t i cally 

s ign i f i can t af ter 74  DAP , 33 days after s ta r t i ng YLR ( Fig . 4 . 9 ) . Early 

seed we igh t was sign i f i can t ly increased i n  Rl-50 and R3-100 t reat men t s  

(Table 4 . 5 ) .  These t reat men t s  d i d  no t increase f lowe r  number and pod 

s e t , bu t R3- 100 s t i mula t ed more new leaf i n i t ia t ion . Thi s  sugge s t s  

tha t  high concen tra t ions o f  ass i m i lates i n  conduc t i ng t i s sues caused  by  

YLR duri ng the ear ly s tages was no t all  used  for leaf i n i t ia t i on 

ac t iv i ty ,  a llowing some source assimilate  to  be avai lable  to  f low i n t o  

seeds o f  s e t t ing pod s . 

4 . 5 . 3  Reprodu c t ive abo r t i on 

I t  i s  e v i d e n t  i n  this exper i men t that flower abo r t ion was far more 

i mpor tan t  than young pod abo r t i on or large pod abor t i on ( Fi g .  4 . 1 2 ) . 

The same f i nd i ngs have also been repor ted by Van Schai k  and Prob s t 

( 1 958b ) and Wi ebold e t  . al .  ( 1981 ) .  Van Schai k  and Probs t ( 1958b)  

found that  the percen tage o f  pod abo r t i on ( from the young pod  s tage to  

the  mature  pod s tage ) was  relat ively cons tant  ( rangi ng f rom 1 7  t o  29% ) 

whi le mos t o f  the var i a t i on i n  t o tal  abor t ion was due t o  vari e tal 

d i f ferences i n  f lower abo r t ion . Wi ebold et  al . ( 1981 ) also repo r ted 

i n  9 d e t erminate  soybean cul t ivars t hat  19-30% o f  young pods ( o r  6- 1 2% 

o f  the t o ta l  flowers ) subsequen t ly aborted , mos t ly when pods were very 

small .  
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The rates of reproduc t ive abor t ion o n  branches and on t he mai n  s tem 

were  abou t the same . On the main s tem , the percen tage o f  reproduc t i ve 

abo r t i on was highes t in the lower par t o f  the plan t i n  bo th var i e t i es . 

Moreover , evidence f rom plan t s  in  t rea tmen t R3-50 i n  the Amsoy cul t ivar  

showed that the  i ncrease in flower number on branches and on the main  

s tem par t i cularly on  nodes 2-4  was a was te ful produc t i on ,  because the 

increase i n  pod set  was found mainly on nodes 5-8 . Th i s  i n c rease i n  

f lower number wi th  h i gh rate o f  flower loss o n  nodes 2-4 o n  the main  

s tem reflects  the  t i me when leaves on  the  lower nodes ( 2-4 ) were 

pho t o synthe t i cally act i ve . Dur i ng the early reproduc t i ve s t age , t hey 

were act ive enough t o  i ncrease flower number in response to YLR b u t  

dur i ng pod developmen t ,  these leaves became o l der and were less able t o  

supply enough pho toass i m i la t es t o  retain  high pod s e t  i n  t h i s  a rea . 

Many researchers have a lso repo r t ed a high abo r t ion rate  i n  the l ower 

region  of  the soybean canopy (Hansen and Shi bles , 1978 ; Wiebold e t  

al . ,  1 981 ; An tos and Wiebold , 1984 ) . Wiebold e t  al . ( 198 1 )  sugges t ed 

that i n  normal cond i t ions , a locali zed decrease in 

cause an i ncrease i n  loca l i z ed abo r t i on because 

avai lable carbohydra t e .  An t os and Wiebold ( 1984 ) 

pho tosyn thes i s  can 

of a reduc t io n  i n  

showed t ha t  h i gh 

abor t i on rates in  the lower one- third o f  the canopy was asso c i a t ed w i t h  

the l ow concen t ra t i ons o f  total  soluble s ugar and s tarch i n  the s tem 

and pe t i oles . He i thol t  et  al . ( 1986 b )  d i sagreed wi th  this  hypo thes i s  

because they found that  the concen trat ions o f  carbohydrates d i d  no t 

change i n  fully o pen f l owers al though the percen tages o f  reproduc t ive 

abor t i on were alt ered by source-s ink mani pula t i ons . Moreover ,  the fac t 

i s  tha t reproduc t i ve abor t i on occurred mai nly at the f lowe r i ng s tage 

when p lant  photosyn the t i c  rate was rela t ively high , and dur i ng the 

f i rs t  days a f ter f l ower open i ng ,  f lowers are s mall s i nks rela t i ve t o  

the s i z e  of  the whole plant a s  i n d i cated by a s l ow absolu t e  d ry mat te r  

accumu l a t ion rate « 5  mg . f lower- 1 . day- l ) ( He i t hol t e t  a l . ,  1986a ) . 

Therefore , i t  seems t ha t  whi le f l ower abor t ion may not  t o  be l i mi t ed by 

the avai lable supply of pho toass i m i la te present during flower grow t h , 

the hormonally con t ro l led s i nk s t reng th o f  the f l owers  may be cruci a l ly 

i mpor t an t  ( see Chap t e r  5 ) . 

When the rates of  reprodu c t ive abo r t ion were par t i t i oned i n t o  early and 

late  f lower catego r i e s , d i f ferences were f ound only in Ma tara 

( Table 4 . 7 ) .  100% YLR at  growth  s tage R1 and R3 caused higher 
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percen tages o f  reproduc t i ve abo r t i on f o r  early f lowers and l a t e  

f l owers , respec t ively . These may be because t o tal YLR a t  these s t ages 

i n c reased i n t raplan t compe t i t i on through new leaf i n i t i a t i on 

and caused a shor tage in pho toas s i m i lates  avai lable t o  

ac t i v i ty 

f lowers  

resul t i ng i n  h i gher rat es o f  flower abor t i on . Limi t i ng ass i m i l a t es a t  

the f lower ing s tage i n  toma to has also been found t o  cause young l eaves 

to develop more for  sus taining grow th and t o  cause increased f l o ral 

abor t i on (Kine t , 1 9 7 7 ) . 

However , YLR by 100% at growth s tage RS r educed the rate  o f  early 

reprodu c t i ve abor t i on . In o ther words , severe reduc t i on in  compe t i t ive 

s i nks a t  this  s t age i n  Matara soybean increased pod set  of  ear ly 

f l owers . Th i s  res u l t  agrees wi th that repor ted i n  toma to by Ho ( 1 984 ) 

who s ugges t ed that  dur i ng the frui t i ng s tage , the prior i ty be tween 

s i nks for  as s im i la tes occurs in  the order of f ru i t  > young leaves > 

f l owers . Howev e r , because o f  plan t plas t i ci ty ,  the e f fect  o f  RS- 1 00 

was harmful t o  late- formed reproduc t i ve s t ructures as can be s een by 

the increase in  the ra te o f  large pod abor t i on ( Table 4 . 6 ) . Ther e f o r e , 

no overall change i n  to tal combi ned abo r t i on occurred as can be seen  i n  

the same Table .  In  the inde termina t e  Amsoy , levels o f  reproduc t iv e  

abo r t i on remained t he same bo th i n  early and late  groups ( Table 4 . 7 ) . 

Thi s  cons i s t ency i n  abo r t i on rate i s  also found i n  highly produc t iv e  

grow i ng cond i t i ons . Morand i e t  al . ( 1 98 8 )  have repo r ted that  sho r t  

days wi th  l i gh t - in t errup ted nigh t s  dur i ng the reproduc t ive phase 

s ign i f i can t ly inc reased pod numbers per plan t because i t  leng thened the 

dura t i on of  the vege tat i ve and reproduc t i ve per i ods , but  did no t reduce 

percen tages of  reproduc t i ve abor t i on . In  o ther words , yield  p o t en t i a l  

( f lower numbe r and young pod numbers ) can b e  i ncreased when source 

capa c i ty i s  i ncreased , wi thou t a f fect ing per cent pod s e t . 

The cons i s tency o f  combi ned reproduc t i ve abo r t ion  in  bo th  var i e t i es 

s ugge s t s  that h i gh reproduc t i ve abo r t i on i n  soybean may be a s p e c i e s  

charac t e r i s t i c  and that  plan t s  have been preprog rammed to  p r oduce a 

large number o f  f lowers and then d rop  a cer t a i n  propor t i on o f  them . 

Th i s  mechan i sm i n  soybean plan t s  may be se t up  as a survival mechan i sm .  
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4 . 5 . 4  A mode l  f o r  explaining assi m i l a t e  flow s  

The obj ec t i ve s  o f  propo s i ng this  model a r e  a s  follows . 

- To fac i l i tate  the explanat i on o f  plan t responses to  YLR . 

- To t e s t the hypo thes i s  of  nu t r i en t  d e f i c i ency i n  pod s e t . 

The model i s  shown in  F i g .  4 . 1 3 .  The sugges t i on is t ha t  ass i m i la te s  

f r o m  a tank produced b y  curren t pho t osyn the t i ca l ly ac t ive leaves ( PAL)  

are f lowing in  a p i pe w i th openings represen t i ng grow t h  o f  d i f fe ren t 

organs . Dur i ng the early reproduc t i ve phas e  ( or f lowe r i ng per i od ) , 

ass im i la tes normal ly flow into  young leaves ( YL) and reproduc t i ve 

growt h  (RG ) . The YL ( represented by T-j oin t s )  were arranged p r i o r  t o  

R G  ( represen t ed b y  an L-j o in t )  because during this  peri od , YL are  

repo r t ed t o  be s t ronger s i nks than f lowers  and pods  ( Pa t e  and 

Far r i ng t on , 198 1 ; Ho , 1 984 ) . At  the reproduc t ive s i te ,  ass i m i la t es 

f low i n to two containers of  early and late formed reproduc t iv e  

s t ru c t ures . Each con taine r  i s  composed o f  three sub-containers  whi ch 

are numbers o f  f lowers produced , 

weigh t  (mg . seed- 1 ) .  These three 

numbers of pods s e t  and mean s e ed 

component s  were found t o  be 

s ign i f i can t ly d i f fe rent between t reatmen ts . Seed number per pod was 

excluded because  i t  was cons i s t en t  among t he t rea t men t s  for bo t h  early 

and l a t e  reproduc t ive s t ructures . Y i t h i n  each containe r ,  ass i m i l a t e s  

can grav i tat i onally flow f rom the top  sub-con t a i ne r  ( flowers ) t o  the  

sub-con tainers undernea th  ( pods and seeds ) .  

The amount  o f  ass i mi la t e  f lowing i n t o  each componen t depends on current 

ass imi late ava i labi li ty ( PAL) , i n tens i ty o f  YLR and t ime o f  YLR ( days 

a f t e r  plan t i ng ,  DAP ) . In con t rol plan t s , PAL i ncreased wi th  t i me and 

produced ass imi l a t e  whi ch was avai lable f o r  bo th  early and l a t e  f ormed 

reprodu c t ive s t ruc t ures throughou t the season . Conversely , new leaves 

were rapidly i n i t i a ted during early f lowering bu t the r a t e  t hen  

decreased wi th t ime in normal plan t s . Th i s  new leaf i n i t i at i o n  ( NLI ) 

was a f fected by YLR whi ch was presen t ed by blank j o ints  i n  the d i agram . 

Clos i ng T-j o i n t s  ( o r  replac ing w i th j o i n t s  as s een in  the d i agram ) can 

i ncrease pressure in the p i pe and cause leakages .  These  leakages can 

be used to explai n  extra new leaf i n i t i a t i o n  caused by YLR ( da t a  were 
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d rawn from the d i f ferences be tween the t o t a l  number of l eaves produced 

in each t rea tmen t and in  t he con t rol  in Tabl e  4 . 1 ) .  The numb e r  o f  

leakages depends l argely on i n t ens i ty of  YLR ,  b u t  can also b e  af f e c ted 

by t ime of YLR . 

Thi s  mod e l  was used t o  explain and s ummar i ze t he resu l t s  for  the  Amsoy 

var i e ty as shown i n  F i g .  4 . 14 . T ime ( days af ter  plan t ing ) was also 

d rawn f rom the resul t s  exce p t  t i me o f  seed grow t h  whi ch was 

approxi ma t ely marked by grow t h  s t ages RS to  R8 . To i n t e rpre t t h i s  

f i gure , t h e  value o f  each parame t e r  a s  a f fec ted by YLR h a s  t o  b e  

compared w i th value o f  the same parame ter f o r  the con t rol . An as t e r i sk 

fol lowing a value or  values ( i n the case of  t he combi ned number o f  

early and la t e  flowers for R3-S0 ) marks t h e  s i gni f i can t d i f f e rences 

f rom the con t rol at probab i l i ty 0 . 10 .  In the case o f  ex t ra NLI , the 

as t e r i sks represen t the s igni f i cance  of the t o t a l  number of leaves 

produced p e r  p lan t from Table 4 . 1 .  

Thus , f rom F i g . 4 . 14 ,  source-s i nk relat i onsh i ps can be l inked and 

d i s cussed t oge ther more clearly . At the source level ,  PAL was really 

i mportant  for the grow th  o f  reproduc t i ve s t ruc tures . Bas i ca l ly , the 

grow t h  of s i nk organs is affe c t ed by ass i m i la te ava i lab i l i ty .  Numbers 

o f  leaves , leaf  pos i t i on and l igh t i n t ercep t i on are factors  that a f fe c t  

t he pho tosyn t h e t i c  capac i ty and consequen t ly affect  s i nk grow t h . At  

the s ink l eve l ,  pod set  and s eed we i gh t  can be increased by c rop 

man i pula t i on . The capaci ty o f  dry-ma t ter  produc t i on in leaves may be , 

a t  any g i ven t i me , e i ther h i ghe r or l ower t han the capaci ty o f  

d ry-ma t t e r  accumula t i on in o t her par t s  of  the  plan t (Ho , 1988 ) . There 

is a dynami c  rela t i onsh i p  be tween these two factors . Ther e f ore , a t  

d i f f eren t t i mes ,  e i ther  source- o r  s i nk-l i m i t i ng s i tua t i ons may exi s t  

i n  crop produ c t i on .  

follows . 

The i n t erpre t a t ion i s  d i vided i n to 3 cases as 

i )  When plan t s  were i n  s tage R1 , clos i ng T-j o i n t s  ( or 

r e plac i ng w i t h  blank j o i n t s  = YLR ) d i d  not  i ns tan t ly increase 

ass i m i late  f low i n to the f i rs t two sub-con t ainers  ( early 

f lowe r s  and early pod numbe r ) . Clos ing hal f of the T-j o i n ts 

( R 1 -S0 ) d i d  not  cause leakage ( new leaf i n i t i a t i on ) , bu t 

i n c r eased t h e  f low i n t o  t he t h i rd sub- con tainer  ( early s eed 

we i gh t ) ,  whereas clos i ng a l l  t he T-j o i n t s  (R1- 100 ) caused h i gh 
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l eakage ( NLI ) . Thi s  means that yield l imi t a t i on was at  t he 

level o f  the f i r s t  and second sub-con tainers ( early f lower 

p roduc t ion and pod se t ) . At  R1 , these plan t s  appear t o  be s ink 

l imi ted , sugges t ing t ha t  the hypo thes i s  o f  nut ri e n t  def i c i en cy 

a lways con t rolling pod s e t  in  soybean i s  no t to tally t rue . 

Plan t s  may have already been preprogrammed f rom t he R1 s tage to  

p roduce a cer tain number of  early flowers and  early pod s . 

Changes  in  hormonal balances by YLR may also be respon s ible  f o r  

new leaf i n i t i a t i on i n  the R1- 100 t rea ted plan t s , but  no t i n  

R1-S0 plan t s . 

i i )  When the flow o f  ass i m i la tes was mani pulated a t  R3 , 

c los ing hal f of  the T-j o i n ts ( R3-S0 ) increased the s i ze o f  la te  

s ub-con tainers ( s igni f i can tly i ncreas ing the  t o tal number of  

f lowers  and late  pod se t ) . Thi s  ind i cates  tha t  dur ing t h i s  

s tage �ource-l imi tat i on plays a role i n  controlli ng seed y i eld , 

because increas ing source avai lab i l i ty by reduc i ng s i nk 

compe t i t i on can now increase pod se t .  However ,  c los i ng all t he 

T-j oin t s  a t  this  s tage ( R3-100 ) caused leakages ( NLI ) w i thou t 

i ncreas ing the ou t pu t  t o  the s ub-con tai ners excep t the  t h i rd 

one o f  the early group ( early seed we igh t ) . Thi s  sugges t s  t h a t  

severe removal of  young l eaves s t imula ted a h i gh NLI , rap i d ly 

i ncreas ing s ink compe t i t i on .  Therefore , a l though a small 

amoun t of surplus ass i m i la te was lef t to  increase early seed 

we igh t ,  s i nk demand from young i ni t ia t i ng leaves preven t ed any 

subsequen t improvement in reprodu c t i ve y ield . 

i i i )  When PAL was reduced to 19  o r  16 a t  growth  s t age R6 as 

seen i n  RS-SO and RS- 100 , respec t i vely , s ink ou t pu t  ( in t he 

containers ) was about the same as in  the con t rol . I t  i s  nOW 

too late  for a. s ign i f i can t i ncrease in po t en t i a l  y i eld , s i nk 

a c t i v i t y  i s  once again  l i m i t i ng reproduc t i ve developmen t .  

Thi s  model shows that mos t ,  but  n o t  all , even t s  can be explained on t he 

bas i s  o f  a nu t r ient  model . In  par t i cular , the s ink l i m i t a t i on i n  cases  

i )  and  i i i ) canno t be  explained o n  a nu t rient  hypo thes i s . At  these  

s t ages ( Rl and RS ) the plan t s  seem unable t o  respond to  i n creased 
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nu t r i en t  supply . This gap i n  the model and the cons i s tency o f  h i gh 

abo r t i on rates poi n t  to  the fac t that o ther mechan i s m( s )  such as 

hormonal con t ro l  may be i nvolved . 

Van Schaik and Probs t ( 1958a ) s t at ed tha t  ' wh i le sheddi ng o f  

reproduc t i ve organs generally i s  con s idered t o  be affec t ed largely by 

env i ronmen t , there are s t rong i nd i ca t i ons that cons i d e rable gene t i c  

con t ro l  i s  presen t also ' . In  the present s tudy , the i mpos i t i on o f  YLR 

e f fec t s  was based on the idea o f  compe t i t ive s ink reduc t i on . Al though 

YLR could i ncrease pod numbers  per plant in Amsoy whi ch p roved the 

bas i c  i d ea o f  ass im i late di vers i o n ,  t he reproduct ive abo r t i on r a t e s  

be tween trea tmen ts  were s t i l l  cons i s t en t . The adverse  e f fe c t s  o f  YLR 

i n  M a tara plan t s  also d i d  no t a l t e r  the percen tages o f  combi ned 

reproduc t i ve abo r t i on even though the plan t s  p roduced f ewer flowers . 

Therefore , the expec tat i on that  YLR could reduce i n t raplan t compe t i t i on 

was correc t ,  bu t the sugges t i on that YLR might  change the percentage o f  

combi ned reprodu c t ive abor t i on was unt rue . YLR could only change the 

percen t ages o f  componen ts  of the combined abo r t ion r a t es , s uch as t he 

percen tage o f  early or late reprodu c t ive  abor t i on i n  M a tara o r  t he 

perce n t ages o f  young pod and large pod abo r t ion i n  Amsoy . Thi s  

sugges t s  tha t t he total exten t o f  reproduc t ive abor t ion for  t he whole  

plan t is  l i kely to be  s t rongly gene t i cally con t rolled , pos s i bly through 

hormone ac t i on .  

4 . 6  CONCLUSION 

The i dea that young leaf removal ( YLR ) may reduce i n t raplan t 

compe t i t ion i s  proved to  be correc t i n  bo th Ma t ara and Amsoy soybeans 

s i nce  YLR was shown to d iver t  ass i m i lates to cause an i n c rease i n  

f lowers  or pods a t  leas t for  a sho r t  per i od duri ng devel opmen t .  The 

d i f f erence be tween these two var i e t i e s  seems to  be the degree ' o f  

i n t raplant compe t i t ion . and pos s i bly the level o f  plas t i c i ty o f  growt h  

responses . In  Matara , severe YLR a t  the early reprodu c t ive s t ages ( R1 

and R3 ) caused a reduc t i on i n  both pod number and seed yield . Evi dence 

f rom the resul t s  for Amsoy at Rl  s tage sugges t s  that h igh reproduc t ive 

abor t i on in soybean seems no t t o  be dependen t on assimi la t e  

ava i l ab i l i ty ,  because man i pu l a t ion t o  reduce i n traplan t compe t i t i o n  

d u r i n g  t he early flower i ng per i od d i d  no t i ncrease pod s e t . I n  Amsoy , 

however ,  YLR by 50% s tar t i ng at growth  s tage R3 increased f l ower and 
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pod  n umbers per  plan t by  44 . 1% and 43 . 6% ,  respec t ively . YLR t oo l a t e  

( R5 )  caused no increase in  yield componen t s  bu t d i d  n o t  s igni f i can t ly 

reduce seed yield or  yield  componen t s  ei the r . 

F lower produc t ion was h i gh i n  the bo t tom half o f  t he mai n  s tem i n  bo t h  

var i e t ies , whereas pod s e t  was s l igh t ly d i f ferent  be tween Ma tara and 

Amsoy . In  Matar a ,  pod s e t  on the mai n  s tem was high i n  t he middle  

reg i o n , but  in Amsoy , pod s e t  was more equally d i s t r i bu t ed amongs t the 

mai n  s tem nodes . YLR changed the pa t t erns o f  ver t i cal f lower 

produ c t i on and pod se t .  

produc t i on by 49 . 4% on 

50% YLR at R3 in Amsoy plan t s  increased f lower 

the  

i n c reased pod  s e t  by  83 . 3% on 

main 

the 

s tem and by 38 . 2% on branches , and 

main s tem but by only 9 . 5% on 

b r anches . The i ncrease in  pod s e t  on the mai n  s tem occurred mai n ly i n  

t he middle  part o f  the plan t s  (nodes 5 t o  8 ) . 

The mos t i n t e res t ing resul t was tha t  YLR d i d  no t change r a t e  o f  

combi ned reprodu c t ive abor t i on i n  both  varie t i es .  M a tara exh i b i t ed 

only a s l i gh t ly lower percen tage o f  reproduct ive abor t i on than Amsoy 

( mean values over all t rea t men ts  7 9 . 2  vs 81 . 6% ) . Reprodu c t ive abo r t i on 

but  par t i cularly and occu rred at all s tages during development  

d rama t i ca l ly dur i ng 

t re a t men t s  68 . 1% and 

the f lowe r i ng 

7 3 . 1% ) . Thi s  

s tage ( mean 

e f fec t was 

values over 

con s i s  t en t i n  

a l l  

a l l  

t rea t men t s . Young pod abo r t i on was 9 . 4% f o r  Matara and 1 1 . 0% f o r  

Amsoy . Bo t h  var i e t ies showed very l ow large pod abo r t i on ( me an values 

over all t reatments  less than 1%) . 

F i t t ing these data i n t o  a model  descri b i ng nut ri e n t  f lows i n t o  

reproduc t ive componen t s  ( s e c t ion 4 . 5 . 4 )  con f i rms that t h i s  da t a  canno t 

be  f u l ly explained on the bas i s  o f  ass im i l a t e  par t i t ioning alone . 



CHAPTER 5 

GENERAL DISCUSSION AND SCOPE FOR FURTHER STUDY 

5 . 1 GENERAL DISCUSSION 

The dom i nant  theme of t h i s  s tudy has been the role o f  reprodu c t i v e  

abor t ion in  affe c t i ng soybean seed y ield . Thi s  high r a t e  o f  

reproduc t i ve abor t i on is  found i n  many crop plant s  and par t i cularly i n  

legumes ( see also sec t i on 4 . 2 . 2 . 2 ) and i s  considered t o  be a maj o r  

agronom i c  d i sadvan tage l imi t i ng the express ion o f  seed y i eld po ten t ial . 

In  the f i e ld s tudy ( Chap ter 2 ) , i t  was clear that the rates  o f  

r e produc t i ve abor t i on in  Matara and Amsoy soybean were both cons i s ten t 

and high , despi te the 10- fold d i f f erence i n  plan t i ng dens i t i es  employed 

( 5 . 8  to  6 1 . 2  plan t s . m- 2 ) .  In the f i eld , flowe r  abor t i on and young pod 

abo r t i on « 2  em-long pod s )  was much more pronounced than large pod 

abor t ion ( �2 cm-long pods ) . Th i s  effect  was suppo r ted by the resul t s  

i n  Chap t e r  4 .  Fa i lure i n  fer t i l i za t i on o f  s oybean f lowers was p roved 

to  be a neg l i g i ble cause  of  the i r  abo r t i on ( Chapter 3 ) . Abo r t i on 

o c curs as a result of  the cur tai lmen t of subsequen t development .  

I n t raplan t compe t i t i on was sus pec t ed to be a key f actor  influenc ing the 

h igh level o f  reprodu c t ive  abor t i on i n  plan ts  grown under  low 

i n t erplan t compe t i t ive  s t ress , especial ly in the Amsoy varie ty ( se c t i on 

2 . 5 . 5 ) .  Resu l t s  f rom the  f inal exper imen t ( Chap t e r  4 )  reveal that  

compe t i t i o n  be tween vege t a t ive '
and reproduc t ive growth i n  each cul t ivar 

cer tainly occurs . YLR CQuld a l t e r  early or l a t e  flower abo r t i on in 

Ma tara depend ing upon plant growth s tage and rate of removal . In 

Amsoy , YLR increased large pod abo r t ion poss i b ly v i a  the increase i n  

s ink  load ( increased in  flower number ,  s e e  Table 4 . 2 ) .  Howeve r , 

compe t i t ive e f fects  do no t appear to  be the sole fac t o r  i nvolved i n  

reproduc t i ve abor t i on .  Desp i t e the fact  that  reduced i n t raplant 

compe t i t i on by young leaf removal (YLR ) should resul t i n  the 

r ed i rec t i on o f  pho t oas s i mi late  t owards reprodu c t ive growth , this d i d  



n o t  reduce the level o f  combi ned reproduc t ive 

con s i s t ency o f  reproduc t ive abor t ion bo th  in t he 

g lasshouse sugges ts  tha t  this  reproduc t ive abor t i on 

regulat ed by ass i m i l a t e  ava i lab i l i t y .  
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abor t i on .  The 

f ield and in the 

i s  no t t o t al ly 

I t  i s  wel l  known tha t  soybean cul t ivars d i f fer i n  thei r  levels o f  

reprodu c t i ve abor t i on ( sec t ion 4 . 2 . 1 ) .  Matara has less plas t i c  grow t h ,  

less  compe t i t i on between vege ta t i ve and reprodu c t ive  growth , h i gher 

seed grow t h  ra t e ,  sho r t er leaf dura t i on and lower rate o f  reproduc t ive 

abo r t i on compared wi th  Amsoy . However , i t  may be wor thwhi le no t i ng 

here tha t Matara wh i ch i s  sugges t ed as a good cul t ivar because o f  i t s 

reproduc t i ve e f f i ci ency ( see sec t i on 2 . 5 . 8 )  may no t per form as wel l  as 

Amsoy i f  unfavourable cond i t ions occur duri ng reproduct i ve developmen t .  

As found i n  Chapter 4 ( Table 4 . 7 ) , adverse cond i t ions that  a f fe c t  

s ource ava i lab i l i ty may i ncrease ra tes o f  reproduc t i ve abo r t i o n  a t  

cer tain s tages and may reduce pod numbers per plan t ( Table 4 . 3 ) ,  

because Matara has less plas t i c i ty in  vege ta t ive growt h  to  compensa t e  

during later  s tages . Amsoy may be a bet ter cul t i var t o  b e  grown i n  

uncer tain  env i ronmen tal cond i t i ons a s  i ts longer leaf dura t i on i s  a key 

fac tor in mai n taining y i eld . However ,  in areas where normal grow th 

w i t h  less s t ress i s  expec ted , Matara s t i ll  has a h i gher po ten t i a l  in 

t e rms o f  i ts reproduc t ive e f f i c i ency wi th  less i nput consump t i on for  

v ege tat i ve grow th . 

F rom the l i terature , however , i t  i s  unclear whether there i s  a 

relat ions h i p  be tween t he type o f  s tem terminat i on and abor t i on leve l s . 

No publi shed papers appear to  have emphas i z ed t h i s  aspec t  e i ther by 

s tudy i ng near i so-geni c  l i nes or related var i e t ies . In t h i s  s tudy , 

resul t s  showed that d i f f erences in  the type o f  s t em term i na t i on and the 

level of i n t raplan t compe t i t i on be t ween the semide term i na t e  cul t i va r  

M a tara and t h e  inde t erminate cul t i var Amsoy a r e  associated w i t h  

d i f ferences i n  reproduc t ive e f f i c i ency . Matara showed a lower 

percen t age of  reproduc t ive abor t ion in the f i eld  s tudy than Amsoy ( 65 

vs  82%)  and a s ligh t ly lower level ( 78 vs 82% ) in the glasshouse 

experimen t .  However ,  Ma tara produced s imi lar pod number s  per plan t and 

s eed yield  as Amsoy ( se c t ion 2 . 4 . 1 . 2 ) .  One factor  whi ch needs to be 

cons idered in  this par t i cular s tudy is that Ma t ara shares a s i m i lar 

gene t i c  background wi th  Amsoy ( ' Ma tara ' ' Amsoy ' x ' Po r t age ' , 

Anderson , 1987 ) . The mai n  di f ferences between t hese two var i e t i e s  
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occur i n  vegeta t i ve growth parame ters , ( e . g .  shoot  d ry weigh t , leaf  

area ) , type of  s tem t ermi na t i on and plan t maturi ty date . The s e  

d i f ferences a r e  evident  i n  the vege tat i ve grow th occur r i ng duri ng the 

late f l ower ing per iod ( Phase I I I  in  Figs . 2 . 19 and 2 . 20 ) . Such d a t a  

s ugges t  there may b e  a rela t i onsh i p  be tween t ype o f  s tem t e rm i na t ion  

and reproduct i ve abor t ion  i n  soybean . 

Despi te conclus i ons from the f ield s tudy , reproduc t ive  abo r t ion can 

occur at  any s t age of developmen t as shown in s e c t ions 3 . 4 . 5  and 4 . 4 . 5 .  

Moreover ,  i t  was found that  compe t i t ion i s  also exe r ted be t ween ovu l e s  

and young seeds a t  d i f ferent pos i t i ons wi thin  a pod ( Chap t e r  3 ) . I t  i s  

eviden t tha t the basal ovule whi ch should have p r ior i ty i n  growth  and 

development  by being neares t to  the ped i cel shows a lower e f f i c i ency o f  

f er t i l i za t ion and h i gher propor t ion o f  subsequen t seed abor t ion . Thi s  

agai n  suppo r t s  the sugges t ion that the hypo thesi s  o f  nut r i e n t  

d e f i c i ency canno t to tally explain reproduc t i ve behaviour i n  s oybean 

plan t s . Grow t h  and development of ovules at  the middle pos i t ion o r  a t  

the api cal end may be t r i ggered and advanced by f er t i l i za t ion  whi ch may 

occur p r i or to  the basal pos i t i on because they a re near to the s t igma . 

Thi s  may enhance the i r  h i gher compe t i t ive abi l i ty whi ch may also be 

medi a t ed through hormonal ac t i on . 

The ra t e  of  abor t i on a t  each s tage may 

cond i t i ons . Resu l t s  from the t h i rd 

al though reproduc t ive abo r t i on i s  

avai lab l i l i ty o f  ass i m i l a t e  supply 

be a f f e c ted by envi ronmen t a l  

expe r imen t clearly show t h a t  

al tered according to  t he 

at  cer ta i n  s tages , plant s  o f  bo t h  

cul t i vars show the i r  flexi bi l i ty in  adj us t ing abo r t i on rates a t  o th e r  

s t ages . Thi s  compensa t i on capaci ty resu l t s  i n  combi ned reprodu c t i v e  

abor t i on rates being cons tan t . A s  d i s cussed i n  s ect ion 4 . 5 . 4 ,  the i dea  

that  ass im i late  supply comple tely con t rols reprod uct ive abor t ion canno t 

be sus tained , and o ther poss i b i l i t ies , includ i ng hormonal con t rol , may 

be sugges ted to  explain .  t he con t rol mechani s ms i nvolved . 

5 . 2  SCOPE FOR FURTHER STUDY 

Fur ther s tud i e s  a i med a t  i mprov i ng soybean s eed y ield through a 

reduc t ion in  reproduct ive  abort i on might  be d i rec t ed to  two mai n  

areas : 



i )  Mechani cal removal o f  compe t i t ive s inks 

i i )  Grow th regula tor app lica t ion 
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Al though inves t igat i ons i n to these areas of  soybean research have been 

ac t ive ly conduc t ed for the pas t few decades [ e . g .  McAl i s t e r  and Krobe , 

1958 ; H i cks and Pendle ton , 1969 ; Amu t i , 1983 for ( i )  and Hume e t  

al . ,  1 97 2 ; McCormi ck and Poll , 1979 ; Nooden and Nooden , 1985 f o r  

( i i ) ] ,  t h e r e  are s t i l l  no sa t i s fac tory resu l t s  in t erms o f  soybean 

yield i mprovemen t .  Th is  may par t ly be because of the d i vers i ty o f  

soybean growth habi t and d i f ferent  cul t ivar responses to  the 

envi ronmen t .  The resul ts f rom the present s t udy sugges t t ha t  plan t 

grow t h  s tage and the exten t  o f  crop mani pula t ion are bo t h  ex t remely 

i mpor t an t  and may well  be speci f i c  i n  the i r  response w i t h i n  a g iven 

soybean vari e t y .  Fu ture s tud i es t hus need to be based on a clear 

unders t anding of grow th morphology . 

5 . 2 . 1  Mechani ca l  mani pulat ion 

Plan t grow th  s tage is  absolu t e ly crucial  i n  mechan i cal man i pula t i on i n  

soybean . Evidence f rom the present  s tudy c learly shows tha t  par t i a l  

redu c t i on i n  compe t i t ive s i nks b y  young leaf removal s tar t i ng a t  growt h  

s tage R 3  i s  mos t  e f fect ive i n  enhancing pod s e t  i n  the i nde t erm i na t e  

Amsoy cul t i var , but not i n  the s emidetermina te  Matara . Fur ther work 

migh t place empha s i s  on s tudies on mechani cal mani pula t i on a t  t h i s  

grow th s tage bo t h  i n  the glasshouse and i n  the f i e ld . Resu l t s  from 

t h i s  s tudy also show tha t al though the level o f  reproduc t ive abo r t i o n  

occu r r i ng at some s tages can b e  a l t e red , the rate  of  combined 

reproduc t ive  abo r t ion is remarkably cons tant between t reat men t s . I n  

Ma tara , f o r  example , the percen t age o f  reproduc t ive abo r t i on i n  early 

formed f lowers ( be fore growth  s tage R4 ) can be reduced by young leaf 

removal s tart ing from growth  s tage R5 ( Table 4 . 7 ) .  Ther efore , i t  may 

be wor th experimen t ing by comp l e t e ly reduci ng compe t i t i ve s i nks a f t e r  

growth  s tage RS . This  may be done b y  mechani cally removing young 

leaves and perhaps flowers produced af t er g rowth  s tage RS t o  encourage 

pho t oass i mi lates  to f low i n t o  reproduc t ive s t ructures f ormed before 

this  s tage . 
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Evidence also shows that leaves produced a f ter  g rowth s tage R5  

con t r i bu t e  very l i t t le to  seed yield , especially i n  Amsoy plan ts . 

Mechani ca l  al tera t i on o f  plan t s t ructure , includ i ng topping ( bo t h  t he 

main s tem and branche s )  of plan t s  once t h i s  s tage i s  reached may also  

be cons i dered useful i n  de termining the  ' source-s i nk '  rela t ionsh i p  

e f fects  o n  reproduc t ive growth in  the f ield s i tuat ion . 

As the fur ther s tud ies  sugges ted above employ fewer t reatmen t s ,  t hey 

should be done wi th more plan t samples in each repli ca t e  ( may be 5 t o  

10  plan t s  per 

present s tudy 

rep l i ca t e ) . Young leaf removal exper i men t s  in the 

employed only one plan t in  each o f  5 repli cates  because 

of the res t r i c t ion in  experimen tal  area and labour , therefore , h i gh 

varia t ions as ind i ca t ed by percen tages o f  coe f f i c i en t  o f  var i a t i on were 

ob tained and the level of probabi l i ty <0 . 10 was used . Al t hough the 

probab i l i ty 0 . 10 i s  acceptable by s t a t i s t i c i ans i n  agr i cul tural  

research , the resul t s  may be more  obvious in  t erms o f  y i eld componen t s  

and , in  par t i cular , y i eld i f  more plan t samples were employed . 

Therefore , fur ther s tudies  migh t  emphas i ze only one o r  two s tages o f  

developmen t (R3 and perhaps R5 ) an� i f  needed. only one rate  o f  YLR , 

i . e .  50% . 

5 . 2 . 2  Chemical man i pulat ion 

As no ted in sect ion 5 . 1 ,  i t  is very l i ke ly that hormones play an 

i mpor tant role in con t roll ing reproduc t i ve abo r t i on . The roles o f  

hormones i n  i n f luencing reprodu c t i ve developme n t  i n  soybean have been 

d i s cussed by Nooden ( 1984 ) , Nooden and Le tham ( 1986 ) and B renner e t  a l . 

( 1986 ) . Hormonal balances i n  t he whole plant sys tem rather  t han 

changes in any s ingle hormone probably con t ro l  reproduc t i ve abo r t i on i n  

s oybean ( see sect ion 4 . 2 . 3 . 2 ) .  I n  the follow i ng sect ion , the role o f  

hormones f rom d i f feren t plan t organs in  rela t i o n  t o  f lower abo r t i on i s  

b r i efly d i s cussed . Two bas ic approaches to  the s tudy o f  hormonal 

e f fec t may be as follows : 

i )  Pure research on hormone levels as affec t ed by p lan t 

mani pula t i on 

i i )  Appl ied research on plant grow t h  regulator appl i ca t i on and 

crop managemen t .  
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5 . 2 . 2 . 1  Hormonal changes as influenced by  young leaf  removal 

Resu l t s  f rom this  s tudy shows that 

s t i mulated  by young leaf removal 

reproduc t ive 

( YLR) . I t  

i n fluence exer ted by the young leaves i s  med i a ted 

and Byrne ( 1978 ) repo r t ed that e i ther TIBA 

developmen t can be  

i s  believed that the 

by hormones . Aung 

( an i nh i b i tor  o f  auxi n  

t ranspor t )  app l i cat ion to s tem , pe t i ole or  hypoco tyl o r  a d i re c t  

appl i ca t i on of  cytoki n i n  o n t o  axi l lary buds gave the same resu l t  as 

young leaf r emoval in  toma t o  seed l i ngs in s t i mula t ing bud developme n t . 

Moreover , there i s  some evi dence that leaf removal i ncreases cy tokinin  

ac t i v i ty i n  the  buds of  Xanthium ( Henson and Warei ng ,  1 97 7 ) and 

abor t ing f lowers have low levels of cy tokinin ac t ivi ty and h i gh leve l s  

o f  g i bberel l i n  ac t ivi ty ( Leonard and Kine t ,  1982 ) .  I n  s oybean , i t  has 

been found that exogenous app l i ca t i ons of cy tokin i ns can promo t e  flower 

d evelopmen t and pod set  ( Crosby et  al . ,  198 1 ; Carlson � al . ,  1 987 ; 

Dyer e t  al . ,  1987 ) .  

Young leaves may be sources o f  auxins  or  g i bbere l l i ns and perhaps o ther 

compounds ( Sachs and Hacket t ,  1 98 3 )  whi ch promo te the i r  own s ink 

ac t iv i ty and may pos s i bly be d e t r i men tal to reproduct ive  growth . Abdul 

and Harri s  ( 1978 ) found that a reduced number of f lower s  formed in the 

f i r s t  inflorescence o f  t oma to  are ass oc ia ted wi th high GA-l ike a c t i v i ty 

in d i f fusat e s  from young leaves . There i s  also some evidence that 

g i bberell ins  may inhi b i t  phloem unload i ng and sucrose accumu la t i on i n  

s to rage s ink t i s sues i n  carrot in  compe t i t i on wi th shoot  grow t h  

( Thomas , 1 986 ) .  Fur the r , auxins may i nh i b i t leaf abs c i s s i o n  depend i ng 

on  the t i m i ng and pos i t i on o f  the auxi n  s ource ( Davies , 1 987 ) .  The s e  

e f fe c t s  o f  gi bberellins and auxins produced by vege t a t i ve s i nks s e e m  t o  

be  d e t rimen tal to reproduc t ive grow th in  s oybean . Thi s  i s  suppo r ted by 

evi dence that exogenous t rea�men t of soybean leaves w i th g i bbere l l i ns 

causes lower pod set  { B i rnberg and Brenner , 1987 ) and exogenous 

app l i c a t i ons  of auxin- t ranspor t  i nh i b i tors  such as TIBA and morphac t i n  

can i ncrease pod s e t  (Nooden and Nooden , 1 985 ) , pos s ibly through the 

d ivers i on of  pho toas s i m i lates  be tween leaf growth and reprodu c t i ve 

g r owth . The i ncrease i n  pod s e t  by YLR beginn i ng a t  grow t h  s t age R3 i n  

Amsoy i n  the p resen t s tudy may thus b e  a result  o f  reduced endogenous 

levels of  g i bberell ins and / o r  auxins  and i ncreased cy t ok i n i ns duri ng 

subsequen t developmen t .  A s tudy on changes in  these hormone l evels i n  
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t reated and un treated Amsoy would be mos t i n teres t ing . Compa r i sons  

u s i ng Ma tara where YLR at  g rowth s t age R3  was i ne f f ec t ive migh t p rove a 

valuable re ference . Resu l t s  f rom this  research may be helpful i n  

unders tand ing hormonal con trol i n  soybean reproduc t ive developmen t and 

also i n  suppo r t ing fur ther applied research on the use of exogenous 

plan t grow th regula tors i n  s oybean produc t ion . 

5 . 2 . 2 . 2  Fur t her work in chemical man i pula t ion 

From the above d i scuss ion , i t  therefore seems l i kely that  two groups o f  

p lan t grow th regulators have po tent ial for enhanc i ng reprodu c t i ve 

developmen t ,  i . e .  auxin- t ranspo r t  i nhibi tors and cy t okinins . TIBA was 

once cons idered prom i s ing in soybean yield improvemen t .  However , i t s 

l ack o f  cons i s tent  e f fec t iveness under f ield cond i t i ons has resu l ted i n  

i t  now not  being used commer c ially ( Pea t and J e f fcoa t ,  1982 ) .  O ther 

aux i n - t ranspo r t  i nhib i t ors have also been i nves t igated ( e . g .  Dyb i ng 

and Lay , 1 98 1 ; Nooden and Nooden , 1 985 ) . S t u t te  and Dav i s  ( 19 8 3 )  

revi ewed the ef fects of  26  plan t growth regula t o rs ( mo s t ly grow th  

re tardan t s )  on soybean seed y ield and no ted a wide range o f  yield  

response from negligi ble amoun ts  ( below 100 kg . ha- 1 ) to  occas i onally 

very i mpress ive increases of over 800 kg . ha- 1 • Once aga i n , t h i s  

r e i n fo rces the sugge s t ion t hat  fu ture success wi th  plant growt h  

regula t ors i n  soybean depends o n  recogn i z i ng d i f f erences i n  the 

envi ronmen tal cond i t ions unde r  which soybeans are g rown , d i f ferences 

be t ween grow th  types and var i e t i es grown in d i f ferent areas and even i n  

t h e  r a t es and t imes for apply i ng given compounds .  

Resul t s  f rom the presen t s tudy sugges t that fur ther research should 

i nves t iga te the 

plant ing dens i ty .  

and plan t dens i ty 

i n terac t i on be tween growth re tardan t appli ca t i o n  and 

McCormi ck and Poll  ( 19 7 9 )  s tudied TIBA appl i ca t i on 

in soybean in New Zealand and found that  y i e ld 

response was related t o  envi ronmental  cond i t ions especi a l ly wat e r  

supply . In years when wa t e r  supply was no t l i mi t ing , y ields  were 

improved 16 to 20% wi th TIBA applied at the flowering s tage at rate o f  

19  g . ha- 1 • When crop grow th was l i m i ted by wat e r  supply , y i eld was 

s im i lar  or  reduced depend i ng upon the s t age of water  d e f i c i t  and the 

rate  o f  TIBA appl icat ion . The i mpo r t ance of  plant dens i ty and plan t i ng 

pa t t ern i n  the yield response to  TIBA was not  wel l  def i ned because o f  

incon s i s t en t  resul ts  be tween years . However , they found that  Amsoy 



soybean , in a high ly produc t i ve 

appl i c a t ion at  the begi nning o f  

low dens i ty ( 20 p lan t s . m- 2 ) .  

increased only in h i gh dens i ty 
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year , gave a y ield increase d u e  t o  T I BA 

f lowering s tage ( 10% f lowe r i ng )  only i n  

In lower produc t ive years , y ie l d  was 

( 40 plan t s . m- 2 ) plan t i ngs . Howev e r , 

they d i d  no t vary the s tage o f  plan t grow th a t  which TIBA was app l i ed . 

Based on the resul t s  of  the present s tudy , TIBA may be e f fec t i ve i n  

low dens i ty ( 20 plan t s . m- 2 ) ,  i f  i t  was app l i ed a t  later  s tages when 

i n t raplan t compe t i t ion  is higher . 

I t  i s  l ikely , aga in from the resu l t s  of the present s tudy , that  soybean 

seed yield from plan t dens i t i es rang ing f rom 5 . 8  to 2 3 . 8  plan t s . m- 2 may 

be i ncreased by grow th re tardan t s  and /or cy tokin ins because a t  these 

dens i t i es , plan t s  exhib i t i n t raplan t compe t i t ion dur ing the  

mid- f lower ing to late-f lowering per i ods ( Phases I I  and III  in  

F igs . 2 . 19 and 2 . 20 ) . T i me of  appl i cat ion may be expec ted to  be at  the  

beginning of  Phase I I ; and a t  the beginning of Phase I I I  i n  medi um 

( 23 . 8  plan t s . m- 2 ) and low ( 5 . 8  plan t s . m- 2 ) dens i t i es , respec t ively . 

Appl icat i on may even be ex tended to plan t s  a t  higher  dens i t ies ( e . g .  

40 plan t s . m- 2 ) ,  bu t a t  very h igh plan t dens i t ies ( i . e .  6 1 . 2  

p lan t s . m- 2 ) ,  yi eld m igh t no t be s igni f i can t ly i ncreased by the use o f  

g rowth  re tardan ts because in t h i s  s t udy , soybean plan t s  showed very low 

i n t raplan t compe t i t i on .  

Fur ther s tudy migh t also concen trate  on  the po t en t i a l  o f  

auxin- t ranspo r t  inhi b i tors  or topping ( o r  young leaf removal ) combi ned  

wi th s ubsequen t exogenous cy toki nin  applica t ion , especially a t  growt h  

s t age R3 i n  Amsoy s oybean , because auxin- t ranspor t i nh i b i tors  a t  t h i s  

s t age migh t reduce the compe t i t ive impac t o f  new vege tat ive grow th due 

t o  new leaf ini t i a t ion and subsequen t cy tok i n i n  appl i ca t i on may enhance  

pod  s e t  ( Crosby , e t  a l . , 198 1 ; Carlson et  al . ,  1987 ; Dye r  et  a l . ,  

1987 ) and prolong leaf dura t i o� (Nood�n and Le tham , 1986 ) . Thi s  might  

enhance soybean seed y ields as a resu l t  o f  reduced reprodu c t i ve 

abo r t ion ,  and take advan tage o f  the longer leaf  dura t ion o f  Amsoy . 

Once agai n ,  i n  bo th t h i s  s t udy and the one sugges ted i n  the previ ous 

paragraph , a compari son be tween Amsoy and the responses of the 

semide terminate Matara may be a valuable approach . 
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APPENDIX 1 SOI L  ANALYSI S OF THE EXPERIMENTAL FIELD ( M  AND H 

LABORATORIES LIMITED AND NEW ZEALAND SOIL TESTING SERVICE 

1 980 LIMITED ) 

E lemen t Figure Ob tai ned Elemen t F i gure O b t a i ned 

pH 5 . 4  

Calc i um 515 . 0  

Magnes ium 3 . 4  

P o t a s s ium 36 . 0  

Ammon i um 0 . 5  

Explana t i on o f  f i gures 

Ni t ra t e  15 . 0  

Phos phorus A 14 . 3  

Phosphorus B 20 . 0  

I ron 5 . 0  

Manganese 5 . 0  

pH . . . .  measured i n  wa t e r , Magne s i um ,  

Po t as s ium , Ammon ia , Ni t ra t e , I ron , 

Manganese . . .  par t s  per m i l l i on measured 

in the so i l  ex t rac t de t e rmi ned accord i ng 

t o  t h e  improved me t hod o f  Mo rgan-Vene ma . 

Phosphorus A . . . . . . . . . . . . . . . . . .  par t s  per mi l l i on measured i n  Sod ium 

B i carbona t e  solut ion of pH  8 . 5  ( ha l f  

. hour O lsen me t hod ) 

Phosphorus B . . . . . . . . . . . . . . . . .  par t s  per m i l l i on soluble i n  d i lu t ed 

Sulph u r i c  Acid  ( me thod Bea t e r )  
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APPENDIX 3 

NELDER' S  SPACING RADIAL DESIGN 

According to Bleasdale ( 1967 ) ,  i t  was taken as an axi om that  t he na ture  

o f  a response t o  a var iable i s  bes t e s t a b l i shed by de termining t he 

e f fe c t  o f  a large number o f  wide-rangi ng values o f  the vari ables , e ven 

though some o f  these values may seem t o  be r i d i culous when v i ewed in 

the l igh t of curren t prac t i ce . Thus , i t  was requi red t o  s tudy t he 

e f f e c t  on y ield o f  a large range o f  plant dens i t i es , each grown a t  a 

large range o f  pat t erns o f  arrangemen t .  Based on t h i s  background , 

NeIder ( 1962 ) subsequen t ly developed a s e r i es o f  des igns for  s pa ci ng 

expe r i men ts , us ing grids  whi ch could be d e f i ned by the i n t erse c t i ons o f  

s e t s  o f  paral le l  o r  concurren t s t raight  l i nes  and the arcs  o f  

concen t r i c  c i rcles . Plan t s  are grown i n  rows whi ch rad i a t e  f rom a 

poin t ,  wi th the d i s t ance be tween plan t s  along a rad ius approx i ma te ly 

equal to  the d i s t ance be tween radi i a t  that poin t , allowing a large 

range o f  plan t dens i t ies t o  be grown i n  a small area ( see Fig . A3 . 1 ) .  

Fur ther , guard plan t s  are only needed around t he ou ter edge and inner 

edge of  a group o f  plan ts arranged in this  sys tema t i c  manner . 

Bleasdale ( 1967 ) presen ted an expanded form o f  calcula t ions t o  enabl e  

a n  experimenter to  l ayou t the des ign i n  the f ield . The f o ll ow i ng 

i n fo rma t i on i s  used to determine the d i s t ance between each plan t along 

the r ad i i  and the d i s tance requi red be tween each radius . 

a .  Number o f  plan t  dens i t i es used 

b .  Area per plan t at the lowes t dens i ty 

c .  Area per plant a t  the highes t dens i ty 

The parame ters used i n  these calculat ions are presented d i agrama t i ca l ly 

i n  F i g . A3 . 2 .  There i s  also a con s t an t , � whi ch takes a values o f  

less t han 1 . 1 1 1 , i f  a should exceed this  value , then the dev i a t i on o f  

squareness o f  the plan t spaci ng w i l l  exceed the  5% allowed by NeIder  

( 1962 ) ahd the range of  spac i ngs should be decreased , or  the number o f  

dens i t i es increased so that the value o f  � i s  made less than 1 . 1 1 1  

aga i n . 
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Fig . A3 . 1  The layou t o f  the NeIder radi al s pacing des ign 
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The sequen t ia l  s teps in  calculat i ng d i mens i ons for the rad i al des ign 

are as follows 

a) Calculate  the value of the cons tant � whi ch governs the 

rate of change of spacing . 

I n  t h i s  exper i men t the cons tant � was derived us ing the 

equa t i on : 

( 2N - 2 )  log � 

b )  Calculate  the angle be tween rad i i ( 9) us ing the equat ion 

below : 

9 r ( �  - 1 ) / 1� 

r is  t he regtangular i ty o f  plan t arrangemen t  s o  that i n  a 
' square ' arrangemen t ,  r = 1 

The value o f  9 i s  conver t ed f rom rad i ans t o  degrees us ing a 

s tandard mathema t i cal table . The angle be tween rad i i  

d etermines the number o f  rad i i  i n  a c i rcle . 

c )  Calculate  spac ings o f  the  plan t s  along a rad i u s  measured 

f rom the cen tre o f  the ci rcle us ing the equa t ions for ro o 

This  measures the d i s tance o f  the f i rs t  plan t s  from the 

cen t re of the c i rcle . 

I 2A/ ( 1 e( �
3 

- �» 

r o is the d i s tance of the f i rs t  plant f rom the cen t re o f  

t he c i rcle . Thi s  i s  a row o f  guard plan t s , and the 

exper i mental plan t s  are in row r 1 • 



Thereaf ter , the d i s t ance o f  the second p lan t f rom t he 

cent re i s  calcula ted us i ng the formula : 

The formula for the third plant i s  

and s o  o n  un t i l  t h e  d i s t ance o f  t h e  l as t plant i s  

calcula ted rn + 1 .  (No t e  that the value ro refers t o  the 

d i s tance from the cen tre o f  the ci rcle t o  the f i r s t  ac tual 

plants i n  the c i rcle . These are guard plan t s  and are no t 

experimental plan t s ) .  

d )  Calcula te the popula t ion dens i t i es per hec tare per arc  o f  

the lowes t and h i ghes t dens i t ies . This  can b e  done by 

calcula t i ng the area per plant us i ng the formula 

A r 2 e ( �2 - 1 ) /2 �  n n 

Las t ly ,  calcula te t he area o f  the expe r i men tal  plo t .  The 

experimen tal plot  is laid out depending on the number o f  

arcs and the spacing be tween them whi ch i s  equi valent  t o  

t h e  length  of  the rad i i . 

the data calculated for the experiment  are g i ven i n  Table 

A3 . 1 .  An � value of 1 . 1 1 1  was used whi ch means t ha t  each 

success ive plan t popula t ion was 14 . 6% h i gher the las t 

popula t ion . 

The rectangulari ty was maintained a t  1 . 0 and the angle 

be tween successive rad i i  was 4 . 5  degrees . 



Table  A3 . 1  Nume r i cal data for 4 . 5  degree rad i a l  layou t 

Arcs 

D i s tance along rad i i  Increment  

( me t re)  ( cm )  

1 1 . 35 
1 1 . 1 3 

2 1 . 47 
12 . 04 

3 1 . 59 
1 3 . 03 

4 1 . 7 1  
14 . 09 

5 1 . 86 
15 . 24 

6 2 . 01 
1 6 . 49 

7 2 . 18 
1 7 . 85 

8 2 . 35 
19 . 3 1 

9 2 . 55 
20 . 90 

10 2 . 7 6 
22 . 6 1 

1 1  2 . 98 
24 . 46 

12  3 . 23 
26 . 46 

1 3  3 . 49 
28 . 63 

14 3 . 78 
30 . 99 

15 4 . 09 
35 . 53 

16  4 . 42 
36 . 27 

1 7  4 . 79 
39 . 24 

18 5 . 18 
42 . 47 

19  5 . 60 

20 6 . 06 
45 .. 95 

Per plant 

( cm2 ) 

1 1 9 . 22 

139 . 6 1 

163 . 48 

191 . 29 

223 . 87 

262 . 06 

306 . 90 

359 . 35 

420 . 70 

492 . 51 

577 . 51 

674 . 89 

7 90 . 05 

925 . 02 

1083 . 01 

1267 . 78 

1484 . 30 

1 7 37 . 65 

2034 . 22 

2381 . 51  

Areas 

I ncremen t 

( cm2 ) 

20 . 3  

23 . 87 

27 . 8 1 

32 . 58 

38 . 19 

44 . 34 

52 . 45 

61 . 35 

7 1 . 81 

84 . 00 

98 . 39 

115 . 16 

1 34 . 97 

158 . 00 

184 . 7 7 

216 . 51 

253 . 35 

296 . 58 

347 . 28 

Plan t per  

m2 

8 3 . 88 

7 1 . 63 

6 1 . 17 

5 2 . 28 

44 . 67 

38 . 16 

32 . 58 

2 7 . 83 

2 3 . 77 

20 . 30 

1 7 . 34 

14 . 82 

1 2 . 66 

10 . 8 1 

9 . 24 

7 . 8 9  

6 . 74 

5 . 75 

4 . 92 

4 . 20 



APPENDIX 4 

CURVE FITTING TECHNIQUE 

Several equa t ions w�re used to tes t thei r f i t ness for explaining the 

rela t i on s h i p  be tween vege tat ive grow t h  and plan t dens i ty of f ield  grown 

soybeans in t he f i r s t  experimen t .  Some of the equa t i ons are shown 

below : 

y l / ( a+bx ) . . . . . . . . . . . . . . . . . . . . .  1 

y = a+bx+cx2 
. . . . . . . . . • . . . . . . • . . . .  2 

y a+b ( logx ) . . . . . . . . . . . . . . . . . . . .  3 

y a+b ( logx ) + c ( logx) 2 
. . • . . . . . . . .  4 

log y 

and In y 

a+bx . . . . . . • . . . . . . . . . . . . . . . . . .  5 

a+bx+cx2 
• • • • • • • • • • • • • • • • • • • • •  6 

The cri t e r i a  used to  select the bes t  rela t ionship  were R2 values and 

v i sual exam i nat ion o f  curve i n  rela t i on t o  the plot ted d a t a . Res i duals 

are also p lo t ted agains t vari able x to tes t the f i tness of the 

equat i ons examined . 

Data on changes i n  shoo t dry wei ght w i th  dens i ty f o r  Amsoy are 

presen ted as an example . Table A4 . 1  shows R2 values of each equa t i on .  



Table A4 . 1  R2 values o f  equa t i ons examined the f i tness for  expl a i n i ng 

the res ponse o f  shoo t dry we ight of  f i e ld grown Amsoy 

soybean to  plan t i ng dens i t i es 

Equa t ion R2 values 

30 DAE 50 DAE 70 DAE 90 DAB 

( 1 )  Y 1/  ( a+bx ) 64 . 9  86 . 5  74 . 2  88 . 2  

( 2 )  y a+bx+cx2 48 . 4  9 2 . 0  83 . 8  7 2 . 3  

( 3 )  y = a+b ( logx ) 43 . 2  9 2 . 4  83 . 7  7 5 . 1  

( 4 )  y a+b( logx ) + c ( logx) 2 47 . 7  9 2 . 6  89 . 0  7 7  . 6  

( 5 )  log y = a+bx 57 . 4  85 . 0  7 4 . 2  7 8 . 2  

( 6 )  I n  y = a+bx+cx 2 57 . 6  9 1 . 7 90 . 9  8 2 . 2  



There are many equa t ions where R2 values are con s i derably h i gh i n  a l l  

growt h  s tages i n  Table A4 . 1 .  Al though , equa t i on ( 1 )  h a s  been 

previ ously used to explain the response of p lan t grow th to p lant 

dens i ty i n  b i rds foot  trefo i l  ( Lotus corni cula tus L . ) ,  usi ng a rad i a l  

s paci ng des ign b y  M cGraw e t  al . ( 1986 ) , this  equat i on was no t the bes t 

to  expla i n  the response in  t h i s  experimen t . Thi s  equat ion i s  a 

asym to t i c  model and may be used s uccessfully i n  radial  s paci ng t rials  

wi th enough border arcs . In  the  s tudy presen ted i n  Chap ter  2 ,  the  

equa t i ons that showed higher R2 values , especially after  p lan t s  reached 

50 DAE are parabol i c  models , such as equa t i ons ( 2 ) , ( 4 ) , and ( 6 ) . 

In  mos t cases , unusual observa t ions i nd i ca ted by regress ion analys i s  

were f ound for plan ts grown a t  7 1 . 6  plants . m- 2 ( see also  f igures i n  

Append i x  5 ) . Agronomically , t h i s  can be explained i n  that p lan t s  grown 

at  t h i s  dens i ty were subj ected to  border e f fects  and had an advant age 

in compe t i t ion for l i gh t  and grow th factors by bei ng near t o  the 

i nnermos t area . I t  was dec i ded that the equa t i on w i th bes t f i tness for  

all  d a t a  should be used , but pred i c ted values o f  plan t s  grown a t  7 1 . 6  

plan t s . m- 2 mus t no t be used i n  i n terpre tat i on .  

All the  equa� ions .  were fur ther plot ted wi t h  observed .data  t o  exam i ne 

the i r  f i tness . Plots  of  res i duals from every equa t i o n  were also  

cons i dered . To  i llus t rate thi s ,  the plo t t ed curves o f  pred i c ted and 

observed values and the plo ts  of res iduals from equa t i on s  ( 1 ) , ( 2 ) , and 

( 6 )  for shoo t dry we igh t  of Amsoy at 70  DAE are shown here f o r  

compa r i son ( F igs . A4 . 1  and A4 . 2 ) . I t  can be seen that equa t i o n  ( 6 )  i s  

the bes t f i t  t o  the observed data ( Fi g .  A4 . 1 c )  and also s hows no 

sys t e ma t i c  var i a t ions in the pl� t of res i duals ( Fi g .  A4 . 2c ) . 

I t  was found that  equa t i on ( 6 )  i s  the bes t equat i on for explai n i ng the 

rela t i onship  between every parame ter  of veget a t i ve growt h  and plan t 

dens i ty for every sampling date  i n  bo th Matara and Amsoy cul t ivars . 
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APPENDIX 5 

GRAPHS SHOVING MODELS , R2 VALUES 

AND THE RESPONSE OF VEGETATIVE GROVTH 

OF 

MATARA AND AHSOY SOYBEAN 

AS AFFECTED BY A VIDE RANGE OF PLANT DENSITIES 

The chosen relat ionshi p is equa t i on ( 6 ) , the quadra t i c exponen t ial 

equa t i on .  Da ta presen t ed in  Figs . 2 . 2 -2 . 3  and Figs . 2 . 6-2 . 10 in 

Chap ter 2 are the values pred i c ted from the curves . 
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APPENDIX 6 PERCENT LIGHT INTERCEPTION OF PLANTS GROWN AT DIFFERENT 

PLANT DENSITIES ( MEASURED BETWEEN PLANTS OF THE SAME 

DENSITY BETWEEN 1 2 : 00 TO 2 PM)  AT 32 , 48 AND ' 6 2  DAE 

FOR MATARA AND AT 30 , 42 AND 56 DAE FOR AM SOY 



APPENDIX 7 POD NUMBER PER NODE AT DIFFERENT PLANT PARTS 

AND BOTTOM ) OF PLANTS GROWN AT 6 1 . 2 , 

PLANTS . W 2 (VAR. AMSOY) 

( TOP , MIDDLE 

23 . 8  AND 5 . 8  

Plan t dens i ty ( plan t s . m- 2 ) 

P lan t par t 

Top 

Middle 

Bo t tom 

6 1 . 2 

1 . 1 4 

1 .  75  

0 . 69 

23 . 8  

1 . 00 

2 . 56 

1 . 00 

5 . 8  

0 . 61 

3 . 1 1 

1 . 91 

Mean values calculated f rom pod number a t  each plan t par t d i v i ded by 

node number of  the same par t based on plan t height ( d a t a  f rom F i g . 2 . 5 ) 
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APPENDIX 9 MODIFIED HALF-STRENGTH HOAGLAND ' S  NUTRIENT SOLUTION ( G I L )  

STOCK SOLUTION A 

Calc i um n i  t ra t e  
Ca(N0 3 ) 2 · 4H2 0 

Seques t rene 330 
10% DTPA NaFe 

STOCK SOLUTION B 

Po t as s i um phospha t e  
KH 2 P04 

Po t as s i um ni t ra t e  
KN03 

Magnes i um sulf a t e  
MgS04 · 7H2 O 

Bori c  acid  
H 3 B03 

Manganese chlor ide 
MnCl 2 · 4H 2 O 

Z i nc sulfa t e  
ZnS04 · 7H 2 O 

Copper sul fate  
CuS04 · 5H2 O 

Sod i um molybdate  
Na2 Mo04 · 2H2 0 

Po t as s i um chloride 
KCl 

Nu trien t  

N 
P 
K 
S 
Ca 
Fe 
Mg 

Molecular Cone . F i nal 
weigh t ( g )  solu t i on 

236 . 1 5 2 95 . 1 9 . 59038 

468 . 20 10 . 4  . 0208 

136 . 08 3 4 . 02 . 06804 

101 . 1 1 1 26 . 39 . 25278  

246 . 5  1 2 3 . 24 . 24648 

61 . 82 0 . 7 15 . 00143  

197 . 92 0 . 4525 . 000905 

287 . 55 0 . 055 . 000110 

249 . 68 0 . 020 . 00004 

241 . 9 3  0 . 0067 . 0000134 

7 4 . 56 1 . 575 . 00315 

ppm Nu t ri en t  

105 . 06 B 
1 5 . 49 Mn 

1 18 . 95 Cu 
32 . 08 Zn 

100 . 20 Mo 
2 . 08 Cl 

24 . 32 Na 

ppm 

Ca 100 . 20 
N 70 . 04 

F e  2 . 08 
Na 1 . 02 

K 1 9 . 55 
P 15 . 49 

K 9 7 . 75 
N 35 . 02 

Mg 2 4 . 32 
S 3 2 . 06 

B 0 . 250 

Mn 0 . 251  
Cl  0 . 3 2 4  

Z n  0 . 025 
S 0 . 012  

Cu  0 . 010 
S 0 . 005 

Na 0 . 003 
Mo 0 . 005 

K 1 . 652  
Cl 1 . 498  

ppm 

0 . 250 
0 . 251  
0 . 010 
0 . 025 
0 . 005 
1 . 822  
1 . 02 3  



APPENDIX 10 REPRODUCTIVE DEVELOPMENTAL STAGES AS DESCRIBED BY FEHR AND 

CAVINESS ( 19 7 7 )  

S t age Abbrevia ted 

No . s tage t i t le 

R1 

R2 

R3 

R4 

R5 

R6 

Begi nn ing bloom 

Ful l  bloom 

Beginning pod 

Ful l pod 

Beginn i ng seed 

Full seed 

Des c r i p t i o n  

One open f lower a t  any node o n  t he mai n  s tem 

One f lower at  one o f  the two uppermos t nodes 

on the main s t em wi th  a fully developed leaf 

Pod 5 mm ( 3 / 1 6  inch) long at  one of the four 

uppermos t nodes on the main s tem wi t h  a fully 

developed leaf 

Pod 2 cm ( 3/ 4  i nch ) long a t  one o f  the four 

uppermos t nodes on the mai n  s t em w i t h  a fully 

developed leaf 

Seed 3 mm ( 1/ 8  inch ) long in a pod at one o f  

the four uppermos t nodes o n  the mai n  s tem 

wi th  a fully developed leaf 

Pod containing a green s eed that  f i lls  the 

pod cavi ty a t  one of  the four uppermos t nodes 

on t he mai n  s tem wi th a fully developed leaf 

R7 Beginning matur i ty One normal pod on the main s tem t ha t  has 

reached i t s mature pod colour 

R8 Full maturi ty N i n e ty- f ive percen t o f  the pods that have 

reached the i r  mature pod colour . 



APPENDIX 1 1  PROPORTIONS OF DEVELOPED FLOWERS TO F LOWER BUDS AS AFFECTED 

BY YOUNG LEAF REMOVAL OBSERVED AT 56 DAP FOR MATARA AND 6 1  

DAP FOR AMSOY 

• 

Matara Amsoy 

Con t rol 0 . 55 
• 

0 . 7 7 a a 

R1-50 0 . 58 a 0 . 80 a 

R1-100 0 . 5 1 a 0 . 68 a 

R3-50 0 . 5 1 a 0 . 85 a 

R3- 100 0 . 62 a 0 . 80 a 

R5-50 0 . 63 a 0 . 8 1 a 

R5-100 0 . 63 a 0 . 83 a 

average 0 . 58 0 . 79 

CV ( % )  1 2 . 3  11 . 4  

Mean values w i t h i n  a column followed by t he same l e t t e r  are no t 

s igni f i can t ly d i f feren t a t  probab i l i ty . 10 



APPENDIX 12  

ANALYSES OF VARIANCE IN SPLIT BLOCK DESIGN 

FOR DATA FROH THE FIELD EXPERIMENT 

TABLE A l 2 . 1  ANOVA FOR FLOIIERING P ER I OD ( DA Y S )  

SOURCE d E  S S  H S  F VALUE PR> F 

HODEL 3 2  1 1, 1,  7 .  1 7  I, S . 2 2 4 . 3 5 0 . 002 
ERROR 1 5  I S 5 . 8 1  1 0 . 39 
CORRECTED TOTAl. I, / I 6UI.. 98 
BLocK ' · · · · · · · · · · · · · " j " · · · · ·  iu):i,u · · · · · · · · · · · · · ·  ' ur . . . .  · 0 : 65 '  . . . .  · · ·  
VARIETY I 5 5 J . 5 2 5 3 . 2 9 0 . 0001 
BLOCK x VAR I ET Y  3 4 9 . 56 1 . 59 0 . 2 3 
DENSITY 5 5 3 1 . 1 0  8 . 6 1 0 . 0005 
OLOCK x DENSITY 1 5  I B q . 98 1 . 1 9 0 . 3 7 
VARIETY x DEN S I T Y  S 2 /, . 60 0 . 4 9 0 . 7 9 

TABLE A 1 2 . 2  ANOVA FOR FLOIlf.R UlIllDER rER PLANT ( SOUARE ROOT TRANSFORHED 
DATA ) 

SOURCE ,I f S S  H S  F VALUE PR) F 

MODEL )2 1 06 1, . 3 2 3 3 . 2 6 2 5 . 56 0 . 0001 
ERIIOR 1 5  1 9 . 5 2  I .  3 0  
CORRECTED TOTAL 1, 7 1 00 3 . R/, 
BLOCK · , , · · , , · · · · · · · ·  j . . . . . . . .  T is · · · · · · · · · · · ·  " 0 : 56 ' ' ' · ·  · 0 : 65 ' · . .  · . . · 
VARIETY 1 3 1. 5 . 4 4 2 6 5 . 4 3  0 . 000 1 
BLOCK x VAR I ETY 3 4 . 3 5 1 . 1 1  0 . 3 7 
UF.NSITY 5 6 9 1 . 03 106 . 1 9 0 . 0001 
O LOCK K UENSITY 1 5  1 7 . 55 0 . 90 0 . 58 
VARIET Y  x DENSITY 5 3 . 78 D . 58 0 . 7 1  

TABLE A 1 2 . 3  ANOVA FOR REt� OlJlICTl VI': ABORTION PERCENTAGE 
TRANSFORflEU DIITII ) 

SOIJRCE d f  SS HS F VALUE PR) F 

. _- - ---._--

( ARCSINE 

MODEL 3 2  1 . 068 0 . 03 3  5 . 2 3 0 . 0007 
ERROR 1 5  ll . O96 0 . 0061, 
CORRECTEIJ TOTAl. 1, / 1 . 1 6 J i1LOCK " . .  · . . . . . . . . . .  j '  . . . . . .  u : oiiJ  . . . . . . . . . . . . . . .  6 :  65 . . . . . .  0 :  76 . . . . . .  . .  
VARiETY 1 0 . 7 1 0  34 . 1 2 0 . 0 1 0  
BLOCK x VARI ETY 3 0 . 06 1  2 . 6 9 0 . 08 
DENSITY 5 0 . 09 1  2 .  1 1  0 . 1 2  
OLOCK x DENSITY 1 5  () . 1 )0 \ .  36 0 . 2 8 
VAR I ETY x ORNS I T Y  5 0 . 046 1 . 4 S 0 . 2 6 

TABLE A I 2 . 1, ANIIVA FOR SERIJ YJ E tu  P E R  rLAN r (G PLANr- l ) 

SOURCE 

HOUEL 
ERROR 
CORRECTED TOTAL 

.- ---------._--

<I f S S  

3 2  . O O96 . 4 B  
1 5  J0 5 . 3 1  
4 7  920 1 . 7 9 

flS F VALUE rR) F 

2 7 8 .  0 2  1 3 . 66 0 . 0001 
20 . 3 S 

iJLoCK '  . . . . . . . . . . . . . . :i '  . . . . . . jU6 :  96 '  . . . . . . . . . . . . .  i :  65 '  . . . .  6 :  35 '  . . . . . . . . 
VARIETY 1 1 7 8 . 3 4  2 . B 7  0 . 1 9 
BLOCK x VAR I ETY 3 1 86 . 1 9 3 . 05 0 . 06 
D�NSITY 5 B 0 1 5 . 8 1  1 52 . 1 7  0 . 0001 
BLOCK K DENSITY 15 1 58 . 0 3 0 . 5 2  0 . 89 
VARIETY x DEN S lT Y  S 5 1 . 2 1  0 . 50 0 . 7 7  

TABLE A 1 2 . 5  ANOVA FOR SEW Yl ELI) PER UNIT AREA (G H- 2 )  

SOURCE d E  SS HS F VALUE P R ) F  

11DDEL 3 2  / 1, 9 3 5 2 . 60 234 1 7 . 2 7  4 . 1 3 0 . 0026 
ERROR 1 5  0 5UOO . I d  56 7 2 . 03 
CORRECTED TOT fIl .  1, 7 lI .J1l / d .I . 1J 1 

BLOCK '  . . . . . . . . . . . . . . 3 . . · · . 6802 9 :  if ' . . . . . . . . . . . .  i : 5 7  . . · . . 0 :  3 4 "  . .  · · · ·  . .  
VARIETY 1 1 1 1 7 6 1 . 1 5 7 . 7 6 0 . 07 
BLOCK x VARl l':TY 3 1, 3 2 1 1 .  7 1  2 . 54 0 . 10 
UENSITY 5 � 1 5 5uJ . 9 1  2 9 . 1 0 0 . 0001 
OLOcK K DENSI T Y 15 1, 2 £1 3 5 . 56 0 . 50 0 . 90 
VAR I ETY x DENS L TY 5 C,1I 1 1 1l9 . 1l fi 2 . 40 0 . 09 

- - _ . _._. --- _._------------

', " . 

: . . 



TABLE A 1 2 . 6  ANOVA FOR rou NUHBER r E R  PLANT 

SOURCE d f  SS I-IS F VALUE PR>F 

----- --- -.- --- - -_._--------------
HODEL 32 3 ) ] 6 3 . 90 1 04 2 . 62 2 3 . 9 7  0 . 0001 
ERROR 1 5  6 5 2 , 39 4 3 . 4 9 
CORRECTED TOTAL 1, 7 3/, 0 1 6 . 3 7  
iJLOCK" · · · · · · · · · · · ·  ':i" . . . . · 2 1 i : iB · · · · · · · , , · · · · ' 0 : B5 ' " . .  0 : 55 . .  · . . . . · ·  

VARIETY 1 7 56 . 05 6 . 9 5 O . OB 
BLOCK )( VARIETY 3 326 , 2 2 2 . 50 0 . 10 
DENSITY 5 3 1 2 5 1 . 48 1 9 5 . 36 0 . 0001 
B LOCK )( DENSITY 1 5 4 7 9 . 90 0 , 74 0 . 7 2  
V A R I ETY )( DEN S I T Y  5 2 1 3 . 1 6 1 . 26 0 . 33 

TABLE 1 2 . 7  AND VA FOR SEW NUI·I BE:R r E R  roo 

--------------_._---------------
SOURCE d f  S S 115 F VALUE PR> F 

HODEL 3 2  3 , 3 6 4  0 . 1 0 5  1 4 . 3 7 0 . 0001 
ERROR 1 5  U . 1 10  0 . 007 
CORRECTED TOTAL A 7  3 . 4 7 '  bLoCK · · · · · · · · ·  . . . . . ' j " " "  ' (. : 69B · · . . . . . . . . . . . . · · 6 : 9B . . . .  · 6 : s i . .  · . . . . · 

VARIET Y 1 1 . 8 2 5  7 . 7 1  0 . 07 
BLOCK )( VARI F.TY 3 U , 7 1 0 32 . 3 7  0 . 000 1  
DENSITY 5 0 . 03 1  1 . 3 1 0 . 3 1 
llLOCK )( DENSITY 1 5  U . U 7 0  0 . 6 4 O . BO 
VAR I ET Y  )( DEN S I T Y  5 U . 03U 0 . B 2 0 . 56 

TABLE A I 2 . 8  ANOVA FOR SEED DRY \/EIGIIT (G 100SEEDS- 1 )  

SOURCE 

HODEL 
ERROR 
CORRF.CTF.1l TOTAl .  

d E  

32 1 5  1, / 

S S  

7 0 . 7 3 3  59 . 1) 1 1  l .1n . (,(lS 

�IS 

2 . 460 3 . 99 1  

f VALUE 

0 . 6 2  

PR>F 

O . BB 

e kR��·� � . . . . 

, . . .  , . , . ' 1 ' 

, . . . .  ; � : w . . . . . , . . . . . . . . . .  2: 1 � . . . . . . g : t� . . . . . . . 
B LOCK )( VARl ETY 3 1 1 . 2 13 0 . 94 0 . 4 5  
DF.NSITY 5 1 0 . 2 35 5 . 2 7  0 . 005 
IILOCK )( DENSJ.TY 1 5  1 0 , 3 1 5  U . 1 7 1 . 00 
VAR IETY )( IlF.N 5 I T Y  5 1 3 , 9 1R  0 . 7 0 0 . 63 

TABLF. 1 2 . 9  ANOVA FOR fl I R - DR I EU SEEU GERHINflTION PERCENTflGE (ARCSIN 
TRANSFIJR�IF.U DAT A )  

SOURCE d E  SS tiS f VALUE PR>F 

HODEL 3 2
5 

() , I 7B 0 , 02 4  2 . 92 0 . 0 1 5  
ERROR I 0 . 1 2 5  O . OOB 
CORRECTED TOTAL 1, 7 I J .  902 ilLOCK " . . . . .  , . " . . .  , :i '  . . . " ' 0 :  06 i . , . . . . . . . . . . . .  ' 8 :  i6 . . . . . . 6: 058 " . . .  . . 
VARIETY 1 U . 3U4 1 2 3 . 4 1  0 . 002 
BLOCK K VAR I F.TY 3 U . U0 7 0 . 30 0 . 82B 
DENSITY 5 0 . 2 36 5 . 4 9  0 . 005 
BLOCK )( DENSITY 1 5  U . 1 2 9  1 . 03 0 . 4 7 4  VflR I ETY x DF.NS I TY 5 0 . 04U 0.96 0 . 470 

TABLE 1 2 . 1 0 MlOVA FOR S � E I I  I I I lHURF: CONTENT PERCENTAGE 

SOURCE ,11 HS F VALUE PR) F 

HODEL 3 2  366 . 7 6 1 1 . 4 6 3 . 2 1 0 . 010 
ERRUR 1 5  5 3 . 5 9  3 . 5 7 CORRECTED TOTAL 1, 7 1, 2 U . 3 7 ilLoCK ' . . . . . . .  , . . . . . .  j '  , . . . . 3 3 :  94 ' . . . . . . . . . . . . . . .  ' :i:i  j '  . . . . .  6 :  655 . . . .  . . VI\RIETY 1 1 0 . 7 5 5 . 2 5 0 . 03 7  BLOCK x VAR I ET Y  3 l U6 . 8 4 10 . 1 6 0 . 0007 
OENSll'Y 5 I U9 . 5 2 6 . 1 3  0 . 003 
BLOCK x DENSI T Y  1 5  6 U . I I  1 . 1 2 0 . 4 1 2 7  VARIETY x DE:NS I TY 5 3 5 . 56 1 . 99 0 . 1 3 9 

.. , .  , 

I. . 



APPENDIX 1 3  

ANALYSES OF VARIANCE I N  COMPLETELY RANDOMIZED DESIGN (CRD) 
FOR DATA FROM TilE YOUNG LEAF REMOVAL EXPERIMENT 

TIIBLE A 1 3 . 1  ANUVA FUR LEAF NUHBER PER PLIINT AT GROIITII STIIGE R6 
OF HATIlRA 

SOURCE 

YLR 
ERROR 
CO RRECT ED TOTA L 

Of 

6 
28 
3/, 

S1> 

5 5 3 . 1 4 
2 4 4 . 00 
7 9 7 . 1 4 

HS 

92 . 19 
8 . 7 1 

f' VIILUE 

10 . 58 

PR > f' 

0 . 0001 

TABLE 11 1 3 . 2  fltlUVII fOR LF.Af NUllOER rER PLANT AT GROIITII STAGE R6 OF AHSOY 

SOURCE 

Y LR 
ERROR 
collRECTEO TUTAL 

Of 

6 
2 8  
3 1, 

5S 

7 2 6 . 9 7 
96 . 00 

9 2 2  • 9 1  

HS 

1 2 1 . 1 6 
3 . 4 3  

f' VIILUE PR > f' 

j5 . 34 0 . 0001 

TIIBLE 11 1 3 . 3  ANOVA fOR NlJ l tn F.ll O f  REllUVED LEAV ES PER PLIINT O F  HATARA 

SOURCE 

YLR 
ERROR 
CORRECTED TOT II I .  

llf 

6 
20 
1/, 

5 S  

9 0 7 . 9 4 
2 5 1 . 60 

1 1 59 . 5/, 

ti S  

1 5 1 . 3 2  
8 . 99 

f' VALUE 

1 6 . 84 

PR > F 

0 . 0001 

TABLE A 1 3 , 1, AllOVII fOR NUI1BER UF REI10VED LEAVES PER PLANT O F  AHSOY 

SOURCE 

Y LR 
ERROR 
CORRECTED '1'0'1'111, 

Of 

6 
28 31, 

S S  

1 58 5 . 3 7 
2 0 6 . 80 

l A 7 2 . 1 7 

H S  

264 . 2 3 
1 0 . 24 

F VALUE 

25 . 80 

TABLE A 1 3 .  5 MIIlVA fUR TUT A L  Nl/fIllER OF LEAVES PRODUCED PER PLANT 
I N  I-lIITARA 

PR > F 

0 . 0001 

------------------ --- --- ------------------

SUURCE 

YLR 
ERROR 
CORRECTED TOTAL 

DF 

6 
2 8  V. 

5S 

1 59 . 3 7  
6 8 5 . 60 
A I, I, . 9 7  

H S  

2 6 . 56 
24 . 49 

f' VALUE 

1 . 08 

TABLE A 1 3 . 6  ANIJVA FOR TIIT A I .  HUHnER OF LEAVES PRODUCED PER PLANT 
IN MISOY 

SOURCE 

YLR 
ERROR 
CURRECTED TOTAL 

Dr 

6 
2 8  
)I, 

S S  

2 3 3 . 09 
4 1 1 . 60 
6 " '' '  6 9  

HS 

38 . 8 5 
1 4 . 70 

F VALUE 

2 . 64 

TABLE A 1 3 . 7 AllOVA FOR NO OF. NUlmER PER PLANT OF HATAIVt 

SOURCE 

YLR 
ERROR 
CORRECTED TUT A I .  

DF 

6 
2 0  .\I, 

55 

7 . 3 7 
6 1 . 60 
14 . 9 1  

H S  

1 .  2 2 9  
2 . 4 1 4  

F VALUE 

0 . 5 1 

TAIILE 11 1 3 . B  ANOVA FOR NUllE NUHBER PER PLANT OF AHSOY 

SOURCE 

YLR 
ERROR 
CORRECTED TOTAL 

IJF 5S 

1 7  . 5 4 
I J 6 . UO 
1 5 3 . 5q 

HS 

2 . 92 
q . 86 

F VALUE 

0 . 60 

PR > F 

0 . 395 

P R  > F 

0 . 037 

PR > F 

0 . 796 

PR > F 

0 . 7 2 

I . '  . 

. . . 



TABLE A 1 3 . 9  ANOVA Fon F ! .I I I/ E n  IHI�IIlRH I'"R PLANT OF HATARA 

_ ... _-----_ .. _-- -

SOURCE DF S5 HS F VALUE 

Y LR 6 2 1 4 U . 3 1, 3 5 6 . 7 2 0 . 67 
ERROR 28 1 5U 1 8 . 8 0 5 3 6 . 39 
CORRECTED TUTAL 31. 1 7 1 59 . \ 4 

TABLE A U .  IU ANOVA FOR F \ ,ollEn IWIIll�R PER PLANT O F  AHSOY 

SOURCE 

Y LR 
BRROR 
CORRECTED TOTAL 

DF 

6 
2 8  JI. 

-------- -- -----

S S 

1 34 4 6 . 3 4 
2 0 4 3 4 . 4 0 
33880 . 7 4  

HS 

2 2 4 1 . 06 
7 2 9 . 80 

F VIILUE 

3 . 07 

PR > F 

0 . 6 7 8  

PR > F 

0 . 0195 

TABLE 11 1 3 .  I I  fltlOVA fOR rRUI'ORT I ONS OF DEVELOPED HOllERS TO FLOIIER BUDS IN HATAnA ( ARCS I N/TRANSFORMED DATA) 

SOURCE 

YLR 
ERROR 
CORRECTED TUTAL 

DF 

6 
2 8  3/, 

55 

0 . 09 3 0  
() . 3 1 7 8 U . I. l08 

H S  

0 . 0 1 5 5  
O .  U l l l, 

F VIILUE PR > F 

1 .  3 7  0 . 26 

TABLE A 1 3 . 1 2  ANIIVA FUR PHOl'lll11 1UNS OF DEVELorED FLOI/ERS TO FLOI/ER BUDS 
IN /\fI SHY ( ARCS l N/TRANSFORflED DIITA) 

SOURCE 

YLR 
ERROR 
CORRECTED TOTAL 

OF 

6 
2 8  31. 

SS 

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

HS 

0 . 02 7 
0 . 0 1 6  

f' VALUE 

1 . 68 

PR > F 

0 . 1 6  

----_._------------

TABLE 11 1 3 . 1 3  ANOVA FOR YOUNG POD NUIIBER PER PLIINT OF HATARA 

SOURCE DI' 55 flS F VALUE PR > F 

-------- ----- --------- -----
-----------

Y LR 
BRRUR 
CORRECTED TOTAL 

6 
2 8  )I. 

3 9 6 . 4 0 
2 2 6 6 . 0U 2662 . /,0  

6 6 . 0 7  
BO . 9 3 

0 . B2 

TABLE A 1 3 . 1 4 ANOVA FOR YoIlNG rOD NUlmER PER PLANT OF AHSOY 

SUURCE IJF . 5 S  H S  F VALUE 

YLR 6 3 3 2 1 . 09 5 5 3 . 5 1 1 . B5 
ERROR 28 8 368 . 80 298 . 89 
CORRECTED TOTAL 31. 1 1 609 . 8 9 

TI\BLE 11 1 3  . 1 5 ANOVA FOil LAH{;F, rOD NIJ11DER PER PLANT OF HAT liRA 

SOURCE DF 55 HS F VALUE 

Y LR 6 2 3 2 . 80 3 8 . 80 1 . 84 
ERROR 28 5 9 1 .  60 2 1 . 1 3 
CORRECTED TOTAL 31, 8 2 4 . 40 

TABLE A 1 3 . 1 6  ANOVA Fon l.AlIl;r, POD 1·I UlIO EII PER PLANT OF AHSOY 

----_ . . .. -. .  _. -. .  - - . .  --.-
SOURCE DF 55 H S  f' VALUE 

-- --_ .. _-_. - --_._- --. 

Y LR 6 4 1 8 .  I 7 6 9 . 70 2 . 3 7 
ERROR 28 8 2 2 . 4 0  2 9 . 3 7 
CURRECTED TOTAL 31, 1 2 1,0 . 5 7 

0 . 57 

PR > F 

0 . 1 25 

PR > F 

0 . 128 

PR > F 

0 . 05 

I ,  • •  

1, , 1 ,  



TIIBLE A 1 3 . 1 7  MJOVA FOR I I"Tlm" rllD NIJl-tnER rER r LANT OF HATARA 

SUURC& 

Y LR 
ERRUR 
CURRECTEU TOTAl. 

- - - - . . -

-

-.-
-

-
DF 

6 
2 0  JI. 

S S  flS F VALUE 

2 6 2 . 3 4 4 3 . 7 2  2 . 1 7  
S 6 3 . 20 2 0 . 1 1 A 7. S .  SI. 

TABLE A 1 3 . 1 8 IINOVA rUR I'IIITIJHE l'OIl NIHIBER PER PLIINT OF AHSOY 

-- -- - --- -- - --

SOURCE DF 5 5  I t S  

YLR 6 3 J 1 . U9 S 5 . 1 9 
ERROR 28 6 9 3 . 2 U 24 . 7 6 
CORRECTEll TUTIII. ) I. 1 0 2 1  • .  2 9  

TABLE 11 1 3 . 1 9  IINOVII FOil SEED U E Harr ( fiG . SEED - I ) OF 

--
-

-
-

_ .. 

_- .-... 
SUURCE 

YLR 
ERRUR 
CURRECTEll TOTIII. 

DF 5 5  

"-_._ . . - . _ _  .. . - - - - --6 1 4 9 3 . 1 7  
2 8  S 1 9 3 . 3 1 
J /. 6 6A 6 . 5/. 

-----, ----
-

H S  

7 4 8 . 4 6 
1 8 S . 4 8 

F VIILUE 

2 . 2 3 

HIIIARA 

F VALUE 

1 .  34 

TAIlLE A 1 3 . 2U ANOVII FOR SEW II E I WIT ( HG . SEEU- I ) OF AHSOY 

SOURCE IJr 5S HS F VALUE 

Y LR 6 6 U 7 . 2 6 J U1 . 2 1 0 . 63 
ERROR 20 ,, 1, 6 2 . 8 8 1 59 . 3 9 
CORRECTED TOTIII. 31. 50 7U . 1 /. 

TIIIlLE 11 1 3 . 2 1  IINOVII FOR SP.F.IJS PER roo OF HIITIIRII 

SOURCE DF 5S HS F VALUE 

YLR 6 l' . 1 3 3  0 . 0 2 2  0 . 52 
ERROR 28 I . 1 8 5  0 . 04 2  
CORRECTF:D TUTfIl. y. 1 . 3 1 8  

TABLE 11 1 3 . 2 2 IINUVA FOR SEEDS fER POll O F  IItISOY 

SOURCE llF SS H S  F VALUE 

Y LR 6 U . 09 3 0 . 1 4 9  0 . 80 
ERROR 2U 5 . 2 1 /, 
CORRECTED TUTII I . y. fi . 10 7 

TABLE A U .  2 3  ANOVII rOR SEEIl Y i ELD ( G .  PLANT- I ) Of flAIARA 

-

-
-

-
.. - -

-- .

--. . 

SOURCE DF 5S HS F VALUE 

Y LR 6 2 " . 7 3 " . 1 2 3 . 1 2 
ERROR 2 8  3 6 . 9 /, 1 .  3 2  
CORREn E\) TIITIIL v. 6 1 . 6 1  

TABL E  A D .  2 4  IINOVII FOR SE,,1l V I E l n  ( G . PLIINT- I ) OF IIHSOY 

. _-_ . . . --, --_ .. " - --
SUURCE DF S5 HS F VALUE 

Y LR 6 2 J . 0 9 3 . 98 0 . 90 
ERROR 2 8  1 2 3 . 2U 4 . I,U 
CORRECTED TOTIIL ]/. 1 /. 1 . 119 

PR > F 

0 . 07 6  

PR > F 

0 . 069 

PR > F 

0 . 2 7 

: , . 
PR > F 

0 . 70 

I • • .  

PR > F 

0 . 7 9  

P R  > F 

0 . 58 

PR > F 

0 . 018 

PR > F 

0 . 5 1  



TIlIlLE 11 1 3 . 2 5 IINIlVIl FOR EliHU S E ED II E IGIIT ( G . SEED- 1 ) 

.. -- ----.�

-
-

-

SOURCF. Ill' SS 
--_ .•. _---_. _-- - . .. -_ .. _ - _ ... _--_. 

YLR 6 2 6 8 9 . 00 
ERIlOR 2 0  4 9 2 9 . 2 6 
CORRECTED TOTAL )/, 7 6 1 8 . 2 6 

TABLP. A I 3 . 2 6 MIIlVA FOil I .An SEW II F.l GilT 

SOURCE 

nR 
ERROR 
CORRECTED TOTIIL 

---- . . .  _--------._-

Dr S S  
-_ .. • - _ .. -- - -

(, 1 1 90 . 4 1  
2 0  4 9 8 0 . 2 0 )/' 6 1 7 8 . 6 \  

TIIBLF. A 1 3 . 2 7  IINUVII FOR E A H L Y  SF.EIlS PER 

SOURCE Dr SS 

" _ ._ -- -- - _ . . . _ -

Y L R  (, 1 .  1 9  
ERROR 28 5 . 4 7  
CORRECTED TOTIIL )/, 6 . 66 

11S 

G 4 B . 1 7  
\ 7 6 . 04 

( HG . SEW- I ) 

HS 

1 98 . G O 
1 7 8 . 1 5  

POD O F  AHSOY 

HS 

0 . 1 9 8 
0 . 1 9 5  

TAilLE 11 1 3 . 2 0 IIN\lVIl FOH I .AT E  SEEDS I'ER roo OF AHSOY 

------------ - - _ .. . -

SOURCE 
--------

Y LR 
EnRUR 
CORRECTED TUTAL 

ur SS 

--_ .. . _- -- ---_._- " 

(, U . 9 2 1  
2 U  6 . U / 2  31, 6 . 9 9 3  

11S 

0 . 1 54 
0 . 2 1 7  

O F  AHSOY 

F VALUE 

2 ._55 

OF AHSOY 

F VALUE 

1 . 1 1  

F VALUE 

1 . 02 

F VIILUE 

0 . 7 1  

TAIlLE A D . 2 9  fIImVA FIJI( EAlU.Y I IATUlm I'ODS rER rLIINT OF AHSOY 

- --- ---- -------- . _ - - _  . .  _.-

SIJUHCE 

--------

Y LR 
ERRUR 
CORRF.CTED TUT A I .  

IJ r  
. _  .. - - - - .-.-- .  

6 20 J I, 
. -- --- ._--_._-" 

5S flS F VALUE 

2 G . 9 7 4 . 1 6 0 . 3 7 
3 \ 6 . 0U 1 1 .  20 J/,1) . 9 7  

TABLE A I 3 . )U ANOVII rllR LATE I IMUHP. rODS P ER PLANT Of AHSOY 

SOURCE 

Y LR 
ERROR 
CURRECTED TOTAl. 

TABLE A 1 3 . 3 1 ANUVA 

SOURCr. 

Y LU 
ERRUR 
CORRECTED TOTAL 

Dr 

6 
2 8  
3 /, 

SS 

3 1 /, . 7 1, 
6 1, 6 . 00 
9 6 1 . 5 1, 

FUR EAHLY S F. EO  Y I ELD 

- .. - ----.---. 

Dr SS 

G 7 . 96 
2 6  7 9 .  )1, ]I, 8 7 . )1) 

T A B ! .F. 1I 1 3 . 3 ? Mln VA FOR LATE S E E D  Y I P.I.O 

HS 

52 4 6  
2 3 . 1 0  

( G .  FLANr I )  

HS 

1 . 33 
2 . 8 3  

( G .  rLANr l ) 

f VALUE 

2 . 2 7  

OF AHSOY 

F VALUE 

0 . 4 7  

O F  AHSOY 

PR > F 

0 . 04 3  

PR > F 

0 . 38 

PR > F 

0 . 4 3 

PR > F 

0 . 65 

PR > F 

0 . 89 

PR > F 

0 . 65 

PR > F 

0 . 8 3  

- - ---- - -------------

SOURCE 

Y LR 
EIWUR 
CORRECTED TlHAL 

Ill' 

6 
? U  
]i, 

ss 

1 6 . 60 
5 5 . 1 1  
1 1 . 9 1 

H S  

2 . 80 
1 . 9 7  

F VALUE 

1 . 4 2  

P R  > F 

0 . 24 

--------------- - ---
--------------

" "  , 



TABLE A 1 3 . 3 3 ANOVA FOR PERCENT FLlll/ER ABORTION OF HATMA 
( ARCSINITRANSfIlHHEO DATA ) 

SOURCE 

YLR 
ERROR 
CORRECTED TOTAL 

OF 

6 
2 8  
31, 

SS 

(J . (1 3 3  
U . 1 4 1  
O .  I l l, 

HS 

0 . 006 
0 . 005 

F VALUE 

1 . 1 2 

TABLE A D .  34 ANOVA FOR rF.RCEilT FI.UIIER ABORTION OF AHSOY 
( ARCS I N/TRIINSFOHtIF'D DAT A )  

SOURCE 

YLR 
ERROR 
CORRECTED TUTAl. 

OF 

6 
28 )1, 

SS 

U . U6 6  
(J . 3 1 5  
U .  )8 1 

HS 

0 . 0 1 1  
O .  U 1 1  

F VALUE 

0 . 98 

TABLE A D .  35 ANOVA FOR rERcEtH YOUNG roo ABORTION OF HATMA 
( ARCS I N/TRANSFORHEU DAT A )  

SOURCE 

YLR 
ERROR 
CORRECTED TOTAL. 

flF 

6 
2 8  
31, 

SS 

(J . 0 7 7  
U . 2 1 8  
U . 2 9 1, 

'·IS 

0 . 013 
0 . 008 

F VALUE 

1 . 64 

TIIBLE 11 1 3 . 36 ANUVA FOR rr.HC EIH' YOUNG roo ABORTION OF AHSOY 
( ARCS .I N/TRANS F(JHftEIJ DAT A )  

P R  > F 

0 . 38 

PR > F 

0 . 46 

PR > F 

0 . 1 7 

-------_. __ . .  ---_. --------------

SUURCE DF SS HS F VALUE PR > F 
._._-_._--------------

Y LR 
ERROR 
CORRECTED TOTAL 

6 
2 8  
34 

U . 2 9 7  
U . 6 5 3  
0 . 950 

0 . 050 
0 . 02 3  

2 . 1 2 

TAO I.E 11 1 3  . .3 7  ANOVA rOH rEHCEIH LAIV.:E POI) ABORTION OF HATARA 
( ARCS I NI TRlIIlSFI lR t'I EU flAT A )  

0 . 082 

... - - --- . . . .  _ .  __ .. _------------

SOURCE 

YLR 
ER/lOR 
CORRECTED TOTAL 

IJF 

6 
2 8  
31, 

0 . 064 
u . t'n 
0 . 1 56 

HS 

0 . 01 1  
0 . 003 

F VALUE 

3 . 22 

TABLE A D .  38 ANOVA FOR rERCF:IIT LAHGE roo ABORTION OF AHSOY 
( IIRCS I N/TRANs rURIlEU DATA ) 

SOURCE 

YLR 
ERROR 
CORRECTED TOTAL 

DF 

6 
2 8  
31, 

S S  

U . 078  U . I 1 1 
0 . 1 8 9  

H S  

0 . 01 3  
0 . 004 

F VALUE 

3 . 2 8  

TABLE A D .  3 9  ANUVA FOR rEHcr.N r COI1t31NED ABORTION OF HATARA 
( AHCSIN/TRANS FORt·t EO OATA ) 

SOURCE 

YLR 
ERROR 
COHRECTEU TOTAL. 

OF 

6 
2 1l  
)1, 

5S 

lI . US 7  
lI . 1 1, 1l 
U . 2U5 

HS 

0 . OU9 
U . OU5 

F VALUE 

1 .  7 9  

TABLE A 1 3 . 4U ANUVA FOil rERcEttT CUIIBINED ABORTION OF AHSOY 
( ARCS IN/TRIII1S FURt·tEO DATA ) 

SUURCE 

YLR 
ERROR 
CORRECTEO TUTAL 

IJF 

6 
2 0  )1, 

5S 

0 . 020 
0 . 1 9 1  
0 . 2  L I 

HS 

0 . 003 
0 . OU 7  

F VALUE 

0 . 4 8  

PR > F 

0 . 016 

PR > F 

0 . 0 1 4  

PR > F 

0 . 28 

PR > F 

0 . 8 2 

" "  , 

', . ' . 

. ' 



TABLE A 1 3 . � 1 ANOVA fOR rERCENT EARLY REPRODUCTIVE ABORTION OF HATARA 
( ARC51NtTRANSFORMEO IJATI\ ) 

SOURCE 

YLR 
ERROR 
CORRECTED TOTAL 

DF 

6 
28 
3/, 

SS 

0 . 1 7 9 
0 . 1 5 7  
0 . 336 

H S  

0 . 030 
0 . 006 

F VALUE PR > F 

5 . 3 1 0 . 0009 

TABLE A 1 3 . � 2  ANOVA fOR PERCENT EI\RLY REPRUDUCTIVE ABORTION OF AHSOY 
( I\RCSIN/TRANSFORMED DATA ) 

SOURCE 

YLR 
ERROR 
CORRECTED TOTI\L 

OF 

6 
28 
3� 

SS 

0 . 06 1  
O .  7 � 0  0 . 801  

MS 

0 . 0 1 0  
0 . 02 6  

F VALUE 

0 . 38 

PR > F 

0 . 88 

TABLE A 1 3 .  43 ANOVA FOR PERCENT LATE REPRODUCTIVE ABORTION OF HATARA 
( I\RCS I NJ 'rRI\NSFllRNEO IJATA )  

SOURCE 

HR 
ERROR 
CORRECTED TOTAL 

OF 

6 
28 
3/, 

5S 

0 . � 2 6  
0 . 566 
0 . 992 

HS 

0 . 0 7 1  
0 . 02 0  

F VALUE PR > F 

3 . 5 1  0 . 0 1 0  

TABLE A 1 3 . 4 4 ANOVA fOR PERCENT LATE REPRODUCTIVE ABORTION OF AHSOY 
( ARCSIN/TRANSFORMED DATA) 

SOURCE 

YLR 
ERROR 
CORRECTED TOTAL 

DF 

6 
2 8  
34 

SS 

0 . 1 6 0  
1 . 2 9 6  
1 .  � 56 

HS 

0 . 02 7  
0 . 04 6  

F VALUE 

0 . 58 

P R > F 

0 . 7 5  

: , . 
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