
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



. . . 
• I "\ 

A 

?.! t l' 

L) 

<1010 

e 

t 



I r :.i . ot 

l 07 , · ti .. i. the 

at ... :..· ~· c_ - .":!.' !n 

yi l ..,, :..: 

-· t I 

Q 

l. C 

1 

,. t 

1 

• 

on .,.c. .'lo -er procluc 1 n, the r 

:r, ~ '-· 

.n ' ,. l.i"'lt , 

• 
i t 

n , 

t rr. nt 

e ' ted. 

t 

d to 

, 

t t 

l 

r J ·, • 

h o 

0-v 

.. 

0 

on 

• 

• •• 

nt 

tbe 

f 

r 

tho 

r 



iii 

1 the ro tt st • 01' 

In t ' , t g,.,~~.-..ia.._. l;V,i,aQ.,l~•u 1n hi o 

~or :vroxl' tel.¥ 5 to 6 m;~'1~.=:u with 11tt1c id noe or O'lt>f~'.h 

activity. T. en.~ o~ r .. • in -£ t found to 

•1 

i.l-\,j~.;,,r;;;;..,.s;;;r t efta 

f ld • 
i;vit n .e<i 'I: • LAI 

,n °"' littl 

i l t r N 

• ~ore r, 1n a i t nt t t N1 1 

, evident but otber , en L.AI 

JOnont 

1gb. ed yte 

uu,nrvw no uch relationship. 

""'-~~ nor sow"' r t 

c t T1ablllty. 

ont nt , ··-·lf§.lil- flt 2 - 2 ~ - w O 

41 · :t t at, •• 

~ui.v, 1 

crp1mJl1"1;e It 1• OOllr,.o,JLU(lteel ~b~src>m 

r aruiftlillP 

• 



/ 

11 
List of table Ti 
List of ~1gurea viii 
l?fl'~ODU~I~ 1 
.;;a;:...z-...:~~ C!::.:;r;.;~ - LITERATURE ICVLJ .. ' 2 

Lafi"lower - Dee.:criptive 2 
1.11 History 2 
1 .1 2 Ql'lY' 2 
1.13 Varieties 3 
1.14 Climate 5 

1. 141 'temperature 5 
1.142 aa1nrau 7 
1 • 143 ·:-ind a 

1.2 C~r..crcl .Jro h P -ttern 8 
1 • 3 ~ir o1::th • .nolysi 9 
1.4 ·,ro-.;:th ui velopment 11 

1.5 

1 . 4 1 . .?uctors Affecting Growth and 11 
Development 

::-:,eed 
1.51 
1 . 52 
1. 53 
1.54 

1. 41 1 Geeding R t s 13 
1.412 T Effect o Population 15 

Density and Sp cing on Growth 
and Develop nt 

Seed Yield 
Composition 
Viability 
Utilization 

18 
18 
19 
21 
22 

23 
23 
25 2, 
26 
26 

cid Co o 1tion 27 
aplJ1" (GLC ) 

2.3 ~,,__., 27 
2.4 28 

a Indox 
L1sht lnteroe ion 
. .n lysis 

op rowth Rte 
elative Growth ate 

.32 

.32 
32 
35 ,, 
si 
38 
41 
43 
4.3 
43 



3. 53 i et A a1ail ion te 
3.54 ar • to 
,ii .....w<ul;J..L' ing 
, .. 61 D a to .50.% Flowel'1ng 
3. E'.2 D to 90,~ l r ing 

onehing 
t cod Yield. r Pl t 
Com::xnmnta or Seed Yield 
:, • 91 Sc P.:e 8 ?er Plant 
3. 92 I-fumbei- ~ 8 Ji a .t r Unit A & 
3•S3 . eight o£ 0 ee4 He 
3. 94 :iUml,er or s ec1. r Iead. 
.: . 95 . eight 0~ Se i- H 
. .,.96 1000 ~,e1ib,t 
, ocd. : "'iet\Jftl Con ent 
Ocr tion rcent 
011 ercent 

l unl1ty 

fMII 
~ 
47 
47 
47 
49 
49 
51 
5 
52 
55 
55 
59 

1 
3 

I 
67 

69 
&.) 
70 
75 n n 
7lJ 
79 
7<J 

81 
11 
1 

s, 
A1 

V 



vi 

1 y C or roil 19 

T ,0 

'l'O 41 
otu~ea 

Tb .'Sb 

4 47 

·o 9 ,/ 49 
( ) 52 

7 

r o 

:.-- oz 54 

•b l r p:.. ) 57 

ab 11 · ho ) 

l> 12 ) 

) 

) 

1 

1 

1 



vii 

'1' bli· 25 1000 t i '3 ho ( ) 

T l>le 26 r C tent (,.~) 

'l' bl ~.7: ( .,.) 

T ::t t . (. ) 

,.; b ., 67 

~ b 

,1 73 

3 71' 
.. ~t.J. ea 

Trb"" -· 7 

76 



viii 

1 an ,, 
1 34 

F , 3 

4 l r 1 31 

l 

) 40 

7 ) 

<- ) 

1 ( ) 46 
10 1 

11 ~ t 

1 • 
rt 



1 

oom ell, o;fbean has 

•op in 100&1 agr1C\tlture. 

Thie i evi~cnt by the ubstdial ~a 1n soybean aero -:-o 

(2000 - · .3000) .m ti», G1 bome th1 .vem-. Int Oouth 

Island, oil. co er.op Ch ounfl ~ hoo also be n grOlftl 

rmt!retsn in 01~~ ci- p pr uotlon io 

U~l:.U.,~,U0 lJl 

h 

1 1 · olestorol prq, J • In the p • 

n m nl.V or --...•it:s l ehOl.c t o 

nt lnte · ot 

in oasy - · ro buttei- an4 the 41 c 1!l/' by re ar-ch sc1cnt1sto 

o~ c.s.r.R.o. ln r in thut f'ood.1 oc 1th 

le oils con ................ lU pol:,-t11t.sa~u!~a u · a 

l otorol lcv1 l. fl 

1.'1 011 

Pr1Qcl\lCC 011 u.;n;)~u•.m~ UA~- -~P~L.Y,;tnaat1!.D'111114 

( L..,_H'CJ.:il) • 



(~~-­ L)• OM oft 

or14 •• olde crop, 1e ~RJgJl'.R to ha'fe ar1 lna1~ 

L ( ... ~,.._ __ thletl.e) ~ ~l:ID!l!IYl 

B1eb ( wU4 aattlower) ·( le 1958). 1t1 tw 

o 1s1n ria. t mowr4atnoue st ot 

,., lee 1955 195 J e1aa 

1971 ). or :turiea lta cult wa cont1 1. 

India e1 1 

t (Ooblq 19571 ~- 1955 1958; 

Dor 1965; ·. 1u 1971 ). In recent t a ea1'tl 

been 1ntrod to tbe Uni St rica 

(Be4!t0h 1969 ; n los 195.5), • i\h ad tr 1 

( on. 1 } ; ;!oi- 1t 1n1a 19 J lee 1955 

1971). 

1.12 

an1 Ill 

1 J 

s 19 I 

J •1 

1 7 ). .. 
• 

-1 

• 
·1-. 

• 



~im,:~,a. 'by 1n41Y1duel. ncnrert.os 1'llPIS. conatl4 r4 

20 - 1:50 t•b'Clm- nermapbttociih n~e am the extent r:d. 

varie with om1Nm.ntat, ieV ;p18:llt apeiCJ.J:tge 

The ltHlfle S1'e s1mpl • uauaii,, 4an. 8J"Cel'l and Oft eplme 

OP not be eent depend1tlg D t!tc -rar1et,-. '?be 

n r stle w oep1,u1ua p"'6ctect. by aeft:nl. eeriea 

19o1uoral brnoh. T .uuaer trm,1-...- bP e are 

1abr1 tea 1n ~-~ e oum at ceapleteJ.7 

l! t he unope · . t1orna. 

?J. O'Pi "'Vil..,.~ 1Jl \be boa4 

ma.ta u.ta (pri • v ?isat) or u., plant X"OCeeGe bUl-

all, with the up b:NUUtllea f'l.OIIIBirll':m ~int 

las~. The flOlfOft Gt iYi4U.al heed 

pen ra J.od(d-3\o64ay nthe dn 

the heal open tint. ard s ce r1petalJ¥. 

• eoloar vertee vltb •ut.ettee tNm ~ c:. Pmwm 

#Twi,...,..IV to te.. --- f'1 , 

an ~ 1th ) 

:b · nt. 

~ ... ,.... 1-... ~ 
0 1---. ... olbtd~I&. 

&rOlfll 'ietle ae to 

r-:._..1a ..... ..11.1C 1 M:t•P OOl•lPOSelJ, 111))01-181'& ftft tie 

-10 --..- t965). 



1 

1970a 

(U ;e 

t, 

( 

1 7) 

4 

1 66 19681 u 

t97 ). . tt 

.D-l!me.CI fflu!l'P&C!'tl.lZ- (Eb4~ 1968; 

• 

· 11 r 196') 

Zi r 19 . ). 

The Y 1et 1 Pet rred to 

' 1n-bul1 be~~M't it 

b:Pa11mJ.. ah 1n Col 

no l.e 19 ). 

1'.'h • l t le 1 t 

be:01lllfl8 

bl-own et.ripe. 

Dal_., tb.ln 

.... ~ ..... ,, 19 5). 

t'tml'.l~NrtaJ. 

• 

rr n .... ot 

tudie on. t 

r 

t 

scl~:rttnch.nm 1 ra rd 

~lUCl!G•..J'm:ll. 12.nea 

u.t 1e us.-10. a 

195 J 

OU COZ:~JR 

COJl'tflllt • 1~•-f~A ~- 1 21 • 



In .AU&vali ( HaJ."OWits ·and ,inter 19!l7). be ounae 1 'Ule 

~1 , f oleie 16,Ul,#.ll,JQ.te ac14 maices the OU. fNl1A 

thia nr1ety ehem1cal.ly eJ.allar to o.liw oU.. Tbe Tariety 

u · 1 hae an o.vcr o il cont.es of '6% and 1 1ne •al.u.e or 

90. 

The 1ffiriab1llt7 la U. oaittan ~ the oil 
( 

u ti. 1ntm.llltn a.SlMHS tor tutue -'lil--'ID won. 
IIOldes am. HU1 (t,S.) in tbe1• - . :Lgatlon f'GQD&t t!ult 

.... -.. _ an latrod ctlon. fNJD the AatPhlll. 

ail \Ji ,-.,.,.., Talue ~aJ:18118 fNHI 109 

Am~Dml;r ODD allele 

reiRM:Jna1bJLe f or the fatty act4 cmm)Ol:11\i 'lhta 

aot:.,pai,au w1'th 'tbe 'nBNaa1.. ' 1o41ae ue of &:P1mt1r4 1!a(). ~ 

oU 001m>e~1t1on Yataa in UT1ng a linolelo ac14 content 

ll'ttt"PJIB '48",li ole1o acid caatent or • 

eattionr ...... --• a .tairl.T trS4e 

aptabill ith.tn rt D DCm-t!IP - UJdh ( el 1971 )• 

aee not fcavour xtn•• etthe'P ~ bed or co14 ( !BCISCA 

1960 1969 ; ffOJ.IMn 196,J PhSJlu 1961 

). 

bel:IM!lm 1, 0 .S YJ°; 
.._ ff811able aMQII 

5 



at 

1 

tor 

(Cl 

lo1>mc-m o~ r pl 

19501 ' 1955 

-: 1 1971 ). In 

1~s str.~ , t aartl 

cl.~:n to -f'c { \#4aLl,HK',IU 

, plant.a appear 

~ .l.(l~UI ( 1954) abtlA'l."'llffld t 

.t'l. 0 be 

tdUl:tae 

rbiaon 1968; J. 

t pl 

1ea 1955J 

St ate 

2). 

8 geur.:,ez~ '1.1!\0llla&IIB t 

( l 19 I 

1 197 ). · 

1"t 

1 

1 

• 

6 

0 



7 

a to 

0 oil. 

Al.t,.t.1.01,~ r 1 co 1d d o 

( ch 1969; 

1955 1958. r 1t1 Zani 1953; 1 1971). 

0 

~ pn 

111 p 1971). Safflower 

pt1 l to !h 11 

( ch 196') ; 1955; 1971). h Nl1n 

dur1 t' C rioualy pol.1 1 ( ch 

1969 

17 lt oil coatent. 

ta 

to ( • 1955 

1971). 

1 · 

• 
; 

1 ; 1 

). 

• 
- 1 71) 



8 

t lrO ~ 1an1. 18 xt 

eftn tn lo flt 1 

or e · ten ( ·et 1971 ) . l.ler ( 1965) renftWrlt~ 

t 1n Ca111'om1 a£ 24 Jm per --- no Q.CI.IIIMlft.v 

er, etiolated pl ta . ue to ftl'7 cloee 

a.mi:~sa b7 w1nd ( ie 1971). 

p t rno1' r 

nwlbe~ or WO'.lt-1al!:Pa. or t?atae. atu41 

ch ( 1965) 1n --~r ( 1965) 1 

nlo 

•nt or earn CJe]L"mJ.Jlll' lapJDW;I~ or 881"1"10 

1 UP at r. 

t1• t n tor e<'U.1 G to enmL'lle 

e411nga e rge r J_, idl,Y (~ 

t • .-.tr 

t.o (~o t ) 

leffi .. t 

1na 

- 5 • r pl 

• • 
1 

to 7 •• 

te 

r pl 

• tbe 

am. p 

~ 

• 

• 

1 

t 

~ 

ka. 

) when oil 

1n 

• 

1 111 

1 

• (BLHtCh 

• 
r-



19 

1.3 

In 

1 

-
0 

onmn.· 1966» owl.ea 1955 

19711• 

. . l 

(. 

,. 

• 

DBRARY 

• 

t • 

a 

1 

8.CClJUall.a1r-eG »-..... Wll:t'4.UI,,. ( ), 

M EY UNIV~. SITY 

9 

71 



plant or 

an ( e·COZJ.oa1,c 

end ot a \1 

d. to C cal the 

SU aa ROR, 

88UN8 

10 

z•ioua C:OIIQ~IOD.t o:r gro 1 

• I • LAD• HI 

rt'icien 

or A SUJ;IPOll"ti 

DIKJI.Cflllllrtr.l!Bl.10 eai;1ac:i ty' per unit. of 

wlit 

1 •• • t. 

1n t 

(RG • X I.Ji.~ ) . 

CHD"a1~7 tert111 

... ao,'be 

• 
60 -

ton 

• 

r tre ., 
ct.oplnt 

.,..,,, ......... h COJIIIDCl!l-

w~~JIQMN with J.l11:J.re·WUWK 

1n all tre tu::un;u -.ua:-uw,~ia,ut, t 

linear]¥ •1th t 

lee~ ae ocia 

rt.111 

ol 

1 

(1 . .. 
I 



't 

per plant. They 

lbl,- due to 

flanr.bg 

1.4 

In 

at 

aoU 

tert11e. 

t 

100 t ~- al 

• 

e&ot1 t.be vuri t cto att'e~ 

• tait 

• .. . 
't 

~ t:rNran. on a 

1955; ,et 1971 ), 

ll CU"lllUllOCl 

• 
I 1 ). 

ea&enii 

1971 ). 

J 

11 

• 

loa 



12 

1 ';\l aoU l 

( ; J 1 ' and Ul.v 1 1965). 

t sou 'f. rt111 • p iou the 

&Tail ble ( 196.3J 1960; an4 1• 

1966; 1971 ). 

1t ext 17 

1 17 • 
( • 1965; 1,11). ff7 

at 1 

1 1965; 

1•• 1971). t to :p 

7 l4a t 1 

COD11t1 

..l 1955; 3 

1971 ). 

1 1 

• 1961; 

1 ). 1 

1 le • 
1 1 

1971). 

rlor 

• 
( 19 5 1 1 

• 
1 ,. 11 



13 

1967 1 7 )~ Tl.O . ( 19 2. 1956. 19 19 C,) Zl-r 

(1961, 1962 963, 1965, 1967 1968} U•ie 

(1 1. 1967 1l)6<;. 1969 1970). 

1 .8 • • 1-

• 1961J 1 1961; nn1 Ma 

1966; 1960 1965; 

1'7 ot t 

1 1; 1971). 

1970). 

• • ( lea 

1955 1 1971). ..1. be ~ 

>~ 
). • 19-61J 

19 .. 19 , 1"8J • 
196 i 1 71). 

t ) 



14 

1971 ). 1 

ot. 

• • 
1 

1 61 rt :ble• 

). 

11w ave 
( 19$). 

tea 

(19 

1 63)1 • 
(1 (1 

(1971) ·· 1U1 I . ). 

1 ••• 

1lle ·• "14th • 
0: ( 

1 I '! ' 1971 ). 

-

1 



I • 
~o C (7 - 10 

25 

1 o, 
196.5.., . 

• but la:1c 

l 

t 

1. 

3 

11 

t. 

4 -
1 

1 

1 

15 

lb 

2 -
1; 1960; 

1 

1 55). 

14 w 

• 

a..,...~4e~LQ 

1 »--· 



The main effect of increasing plant density was to reduce 

e1 • P1· t, 

thlJll'le.r tema or • 

amseeptl'ble to 1nL1. 

Tllo 

,, - 91 ... 

..... bod et 

41 1n 

•• 

1 

i 

rt1o1al root rq • 001:~ma 
ora 4ama.til8 ( 'e1 1971 ). 

Norman 1965 1966). 

1n w14er pl.ant. apa-.... 8 

lPA1!'1ftlllA8• IJl t 

• 

1.op•mll COC~OJNO to vac:,ae 

•• ,_...,.. .. ,lliil 1n 91 

;; t turit. 17 l.ittle 

-
• et on 

• ) 

• • 
~ 

• 

16 



17 

t. 1eaat ranci:nu1a. 

ppear to 'bloo 

1centl7 e•li r t han vu,ae 1n •1 • uaceG row: ( Hoeg et al 

19'8). (1966) o eened t hat • 1th 1ncre .. .w:.1,K 

plant, flOJUlJ.ty ot ti.a cmtr wMcb tlom«!!lPIL bl.00111ed 

4ecre...i. v./1111 , {1962) b.olfeY'u9 1n41cated t, 

pl - .. ~ d i d not 1n:fluen: U. 4 rtns. 
1th opoct io 71el4 attr1au..ea9 

·iat nwliber of' 

7114 unit. 114.000 

l'ell llbJD"D 

11 edll, with inm:ia.•~111--··~·-·-· 

r ha n1er _,_ 

row ( Hoag et al. 19 ) . 1m1l 

• 1n narrow 

re obta1 b7 

Ull ( 1962) 1n h1 pl. ap 

19 ). 

1o4ine 

011 CQll~~ 

COlliteJ1' 1 \ 

UlCIN88eG ( 

., 

1a 

• 



with 

( 

to 

r 

t 

8 

U • • A . · 'I! \1 1750 - 2750 l 

~~IMI 71 or 4000 llV' ( w.1,U.gug1u, 

1 

14 r 

~ 

1955 

1 

th t 

350 to 1500 l.b/ 

• 1n 

19 

1). 

• 

n 

1 

1 ~). 

• T 

( 1969). 

ho '80 to 

( 19 

• i 

in t 

, 

J 

at 

• 

• 
Y1elA• 

35 -

1 ~, 

7) 

18 



Pe'l:.ftltjl!lan1 ; s rn e 

J.ee .t'leC::JQl 1 

aoil 1-ttll y (~tCll and o 

rn Betleh 1965). eoil a 

1964 1961). 

Ph1111a 1961). 

1.52 

co1:mc1~-c1nll,y 

oonmoia1t1 of on 36 -

40 - -
el.T 

o:il. C 

n 

an ~ 27 - 2 

1952; . ! CJ 1952 

.1 p 1· the oU 

rr I 

l 

rne1 

1965). i 

1 J 

19671 " 
1 ty ( 

rne1 5-5 - 65, .1 

wt ' 

• 

( 

11d'at 1on 

1 >. 
et t al 1'62J 

1 

( 

1"Ute 

i• 1 65 

1955). 

33 -

~ u 

12. - 13. ' 

1 3). 

1 I 

19 



20 

01' G l r ifl't!ea. 

t OIIDOJ'JC'Dt O 18 in le nt1n'li!'!'A 

2 .3 - 22. 5 . ra xpert.,,., ....... 

~ 15.4 -

o1s 19 7). 

T oil e o • p 

attl. r i 

Ch Norman 196.) 1967; 

Pnt~!10l\ 1865) J aoll Hlln1t7 ( fut:1:0In1DYl!l:n 

Mel 1 YeJ!"J:18l!lOO et al 1964) J p ~1,J•-&-vion 

( a1 19 • P11, !t.ft·1"m:m 19 5 and 

. 1111 1 o.ucn::;u 19 I 

19 >• 'lAV-lioU.AV ( .-. .... M l ,.... 

al. 1 ) ; 4 1eeceo 

195-6). 

195 f 

t an oil _,..,.,_ .... 

1 

1955). 

cy 

C 

t 

1 J 

1964; 

pone 

ot 

~ 

( 

1 

1 71). 

• l. in 

•• Thie 

r a1n 

1 ) J 

1 J 

(1 ) 



21 

COD! 1 oil Uni t 

yiel4 0 0 1 oil 

C ~ GO • baa1•• 011 

yi lc1 de 

Olla f: X t 1 :noro pt1ble 'to con41 1ona 

t 1 £10. It 1 p 1ble to e tabU t 

1 or 1 oil 

CbEU:B1•ea:J. ~~~,n~1•1t1on 

t al 1 

1964). 

rtll.1 "r pl.10 1 

ta 1n t a.ein-eiaBe 1n 011 content 

• ( 1968J wm~kbc:wen 

1 

t 011 la t 

1 ). 
1.,, 

• 

., 



22 

1. 54 

or 011. ol1 

1 in 

d 

co1 ta. I't 1a 

oil 

11. 1 lea 

1971). 

1n • , v1 

~ 1a' 

1951 195 ). 

1 f'ul te . tle. 

o 11; 1951 

1959J J 1 1953; 

1 7). 1 •• 
,. 1 ) . 




