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ABSTRACT 

GENETIC STUDIES IN SAFFLQWER 

( C a r t h a m u s t i n e t o r i u s , L . ) 

By 

K.K. Bar hate 

Mahatma Phule Kris hi. Vidyapeeth 

Rahuri 413 722 , Dis t. Ahmednagar 

1992 

Research Guide : Dr .B .N. Narkhede 
Depar tment : A g r i c u l t u r a l Botany 
Major f i Q It J i C y t o g e n e t i c s arid plnril b r e e d i n g . 

The p r e s e n t i n v e s t i g a t i o n s e n t i t l e d " Gene t i c 
s t u d i e s in s a f f l o w e r ( Corthqmus t i n e t o r i u s , L. )" were 
c o n d u c t e d a t C e n t r a l Campus, Maha tma Phule K r i s h i Vidynp^oth 
HahurJ , d u r i n g O c t o b e r , 1990 to March, 1992. 

The o b j e c t i v e s of the p r e s e n t i n v e s t i g a t i o n s on 
s a f f lower were to know the n a t u r e of gene a c t i o n on v a r i o u s 
c h a r a c t e r s of s a f f lower and to s t u d y the m a g n i t u d e of 
h e t e r o s i s f o r g r a i n y i e l d , I t s components and o i l c o n t e n t . 
The p a r e n t s v a z . SSF-3 , N S - 1 0 2 1 - 1 , GMU-2375, GMU-2497, 
N-62-B, JLSF-1Q3, t h e i r f o u r F s , F ? s , and f o u r UC s and 
BC s were s u b j e c t e d to g e n e t i c a n a l y s i s so as t o g e n e r a t e 
i n f o r m a t i o n on h e t e r o s i s and e s t i m a t e s of gene e f f e c t s 
were d e t e r m i n e d th rough g e n e r a t i o n moan a n a l y s i s . 

H i g h e r magni tud > of dominance was o b s e r v e d f o r £ 
the c h a r a c t e r s v i z . pri / ruuy b r a n c h e s pe r p l a n t , p l a n t 
h e i g h t , days to f l o w e r i n g , s e e d s p e r c a p i t u l u m , o i l 
c o n t e n t , c a p i t u l a p e r p l a n t and y i e l d p e r p l a n t which 
cou ld be made use by the s e l e c t i o n f o r t h e c h a r a c t e r s 
shou ld be pos tponed to l a t e r g e n e r a t i o n . F u r t h e r i t 
I n d i c a t e s t h a t the chances of f i x i n g those t r . i i t s have 
a 1imi ted scope . 



K.K. BARHATE ABSTRACT(Contd/-) B . S c . ( A g r i . ) 

The magni tude of a d d i t i v e gene e f f e c t s were 

e x h i b i t e d h i g h e r i n d i a m e t e r of c a p i t u l u r n , two c r o s s e s of 

days to 50 p e r c e n t f l o w e r i n g and pr imary b r a n c h e s p e r 

p l a n t s u g g e s t e d t h a t e x p l o i t a t i o n of t h e s e t r a i t s in 

p e d i g r e e b r e e d i n g . I t may g i v e r a p i d improvement by 

s e l e c t i o n '$ a p p l i e d w i t h i n the s e g r e g a t i n g g e n e r a t i o n 

l e a d i n g t o i s o l a t i o n of homozygous l i n e s -

D u p l i c a t e type of e p i s t a s i s was found to be 

o p e r a t i v e i n most of the c r o s s e s . S i g n i f i c a n t o p i s t a t i c 

gene e f f e c t s c o u p l e d wi th d u p l i c a t e e p i s t a s i s i n d i c a t e d 

t h a t , t h rough e f f e c t i v e s e l e c t i o n t r a n s g r e s s i v e segregeunts 

couJd be o b t a i n e d in subsequen t g e n e r a t i o n s . 

While c o n s i d e r i n g h e t e r o s i s ^ s i x p a r a m e t e r a n a l y s i s , 
n o n ^ a d d i t i v e gene a c t i o n s were o p e r a t e d in most of the 
c r o s s e s , w h i l e both a d d i t i v e and n o n - a d d i t i v e were p r e s e n t 
f o r d i a m e t e r of c a p i t u t u m & o i l c o n t e n t . S imu taneous ly 
e x p l o i t a d d i t i v e and n o n - a d d i t i v e gene a c t i o n r e c i p r o c a l 
r e c c u r e n t s e l e c t i o n method maybeused. 

High d e g r e e of h e t e r o s i s was obse rved f o r the p l a n t 
h e i g h t , s e c o n d a r y b ranches p e r p l a n t , c a p i t u l a p e r p l a n t , 
diam#4;#-*: ®f ctapttvriUam, seeds p e r c ap i t u lu rn , y i e l d p e r 
cap i tu lu rn and y i e l d per p l a n t ove r SP and MP i n the combina­
t i o n JLSF-103 x N'S-1021-1. S i m i l a r l y , the c o m b i n a t i o n 
N-62-8 x GMU-2497 had the h i g h e s t e s t i m a t e s of h e t e r o s i s 
f o r p r imary b r a n c h e s p e r p l a n t and o i l c o n t e n t ove r SP and MP, 

The g e n e t i c a n a l y s i s of v a r i o u s a s p e c t s r e v e a l e d 

t h a t the c o m b i n a t i o n s JLSF-103xNS-1021-1 and N-62-8xGMU-2497 

a r e wor th e x p l o i t i n g i n f u r t h e r s a f f l o w e r b r e e d i n g programmes, 

Tota l Pages : 1 to 91 
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1. INTRODUCTION 

O i l s e e d s p lay a v i t a l r o l e i n t h e a g r i c u l t u r a l 

economy of I nd i a from the t imes immemoria l . The improved 

v a r i e t i e s of o i l s e e d s were s e l e c t e d and bred from germ-

plasm c o l l e c t e d in v a r i o u s c e n t r e s of c u l t i v a t i o n 

( Knowles, 1955}1958) . 

Sa f f lower i s main ly grown in I n d i a , the U . S . A . , 

Mexico, E t h i o p i a , S p a i n , A u s t r a l i a , P o r t u g a l and the 

U . S . S . R . India ranks f i r s t i n the world in term of 

a rea and c o n t r i b u t e s more than 50 p e r c e n t of the wor lds 

a a f f l o w e r a c r e a g e . However, y i e l d p o t e n t i a l s of 

s a f f l o w e r in I nd i a a r e the lowes t i n t h e w o r l d . This 

i s b e c a u s e of fo l l owing r e a s o n s . 

1) I t i s main ly grown as a r a i n f e d c r o p . ' 

2) About 60 p e r c e n t a rea i s i n d r o u g h t prone 
zone . 

3 ) I t i s grown on marg ina l and submarg ina l s o i l s . 

4 ) I n a d e q u a t e supp ly of seeds of improved 

v a r i e t i e s . 

5 ) Lack of use of f e r t i l i z e r s * 

6) Minimum use of p l a n t p r o t e c t i o n m e a s u r e s . 

7 ) Non-adopt ion of improved technology by 

c u l t i v a t o r s . 
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Safflower i s a minor o i l seed crop In Ind ia . 

However, i t i s an important o i l seed crop in Maharashtra 

and s tands second to groundnut so fa r as area is 

concerned. 

The Maharashtra S ta t e s tands f i r s t in area under 

saff lower in Ind ia . About 73 per cen t of t o t a l area 

under t h i s crop i s in Maharashtra. Out of 8.60 lakh 

hec ta res area in Ind ia , (TAO, 1990), Maharashtra S ta t e 

has 6.28 lakh hec ta res (Anonymous, 1990). The annual 

production (FAO, 1990) of safflower in India was 9.22 

mi l l ion tonnes , out of which Maharashtra S t a t e produce^ 

2.55 l a k h Q g K i i f t ^ tonnes (Anonymous, 1990). The 

average y i e ld of t h i s in India was 491 kg/ha, while 

Maharashtra Sta te had 406 kg/ha. 

In the pa s t , i t was grown as a source of dye 

for c l o t h and food. The leaves of young p l an t s of s a f f l o ­

wer are a l so used as a vege t ab l e . In the recen t yea r s , 

saff lower i s grown mainly for ed ib le o i l . Safflower 

o i l i s considered to be the bes t for hea r t p a t i e n t s 

as i t con ta ins a high degree of po lyunsa tura ted f a t t y 

a c i d s . 

Safflower i s said to be drought t o l e r e n t crop 

because of i t s strong and deep pene t ra t ing tap roo t 
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system about 7 feet ( Knowles, 1958). This has f a c i l i ­

tated i t s cu l t iva t ion in scarci ty zone receiving annual 

precipi ta t ion in the range of 300-500 mm. 

In any crop, the major scope for enhancing the 

yield po ten t i a l i ty is improved v a r i e t i e s . The primary 

aim of any plant breeder i s , therefore, to improve both 

yield and quali ty by evolving superior c u l t i v a r s . This 

may be achieved e i ther by select ing promising types from 

natural ly exist ing variat ion or by hybridizat ion. 

Yield is a complex metric t r a i t and is governed 

by a number of quant i ta t ive components. Hence, i t is 

necessary to get a c lear picture of the genetic a rch i tec­

ture involved in the control of yield "tir>r6ngW the applica­

tion of pr inciples of biometrical genetics. . 

Although, a lot of information on the nature of 

gene actions based on combining ab i l i ty studies is avai lable , 

the information regarding gene effects and ep i s ta t i c 

interact ions based on six parameter model is very limited 

in safflower. The present invest igat ion was, therefore, 

undertaken to study the nature of gene actions involved, 

and magnitude of he te ros is . The resul ts of these invest iga­

tions are presented in this d i sser ta t ion and discussed for 

their breeding implicat ions. 
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Although, the hybrid vigour in safflower a t 

present is not commercially exploited, the performance 

of F. hybrids on the basis of heterosis can help in 

the rejection of the large number of crosses in F. 

generation i t s e l f . 

In designing an e f f i c i en t breeding programme, 

the knowledge of re la t ive importance of addit ive and 

non-additive gene effects would be useful. 

Hence the present invest igat ions wore carried 

out with the following object ives . 

1) To know the nature of gene actions involved in 
the inheri tance of various characters in safflower. 

( Carthamus t i n c t o r i u s , L . ) . 

2) To study the magnitude of heterosis for grain yield, 
i t s components and o i l content. 

The above information is thought to be useful 

to the safflower workers in the i r attempts to Evolve- > 

improved varieties-"the material so developed could be 

advanced to release be t te r variety based on the nature 

and magnitude of gene action and heterosis determined 

in the present study. 
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2. REVIEW OF LITERATURE 

Safflower ( Carthamus tine torius . L. ) was 

brought into cultivation in the Near East, probably from 

an ancenstral type that gave rise to all closely related 

X = 12 diploids. An archeological record of safflower 

known from Egypt is dated about 1600 B.C. and by the 

early nineteenth century, it had become one of the most 

important plant sources of dye stuff but this use was 

subsequently declined. Safflower is said to be originated 

from Arabia ( Candolle, 1982). However Vavilov (1951), 

suggested three centres of origin for cultivated safflower, 

India on the basis of variability and ancient culture, 

Afganistan on the basis of variability and proximity 

of wild species and Ethiopia primarly on the basis of 

wild safflower species present in that area. In Russia, 

Kupzow (1932), following detailed study of various 

collections made in many areas, reached the same conclusion 

as that of Vavilov. One of the earliest references to 

safflower in the U.S.A is contained in a research report 

of the University of California submitted at the beginning 

of this century (Shinn, 1903 and Conners, 1943). The 

recent breeding efforts have been much devoted in improving 

disease resistance and the other breeding aims including 

the improvement in oil content of seed and lysine content 

of meal. ( Knowles, 1955). 
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The present view is an attempt to bring together 

some of the prominant findings on heterosis and nature of 

gene action involved in safflower. 

Gene action : 

Ehdaie and Ghaderi (1978) collected data on 

yield/plant, heads/plant, seeds/head, seed weight, 

flowering time and height from six generations of a 

cross N-10 x Arak 2811, which were planted at Safiabad 

and Ahraz in Iran. Site effects were significant for 

all traits except heads/plant. Generation differences 

were significant for all traits except heads/plant and 

seeds/head. At safiabad dominance influenced yield/ 

plant and seeds/head, for other traits and other site, 

additive and other dominance and significant interallelic 

interactions were found. Analysis of seed weight showed 

additive and dominance effects and a significant additive x 

site interaction. 

Kotecha (1979) Observed in the crosses between 

C. tinetorius and C. palaestinus that gene action was 

additive for plant height and non additive for days to 

flowering, days to maturity and days from flowering to 

maturity. 
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Channeshappa (1980) s tudied 4 c rosses in the 

F.J , F2 and backcrosses fo r 11 charac t e r s , seed y ie ld was 

con t ro l l ed by dominance and dominance x dominance e f f e c t s , 

o i l content by add i t ive e f fec t^ 100 seed weight by add i t i ve 

e f f e c t s , nn. of seeds per head by dominance e f f e c t , head 

diameter by a d d i t i v e and dominance e f f ec t and number of 

secondary branches by a d d i t i v e e f f e c t . I t is suggested 

tha t the b e s t breeding methods for the crop are hyb r id i za ­

t ion and mass s e l e c t i o n . 

Channeshwarappa e_t a_l_. (1984) s tud ied 4 d ive rse 

p a r e n t s , 4 F. S amongs them and t h e i r F2 and BC progenies . 

Seed y i e l d / p l a n t was governed by dominance and dominant x 

dominant gene e f f ec t s o i l i s governed by a d d i t i v e and 

add i t i ve x dominant gene e f f e c t s . I t i s concluded t h a t 

d i r e c t s e l e c t i o n for o i l con ten t is not e f f e c t i v e but 

i t could be achieved i n d i r e c t l y through s e l e c t i o n for 

reduced h u l l c o n t e n t . 

Deokar and P a t i l (1980) s tudied combining 

a b i l i t y e f f e c t s in a d i a l l e l c r o s s involving s ix c u l t u r e s 

v i z . B-263 - 2A, 638, IC 11972, 162-2-1, C-11 A and 

EC-32012 and found t h a t the c h a r a c t e r s v i z . seed weight , 

p lant he igh t , diameter of the c a p i t u l a , seeds /cap i tu lum, 

seed y ie ld and c a p i t u l a / p l a n t were governed by add i t i ve 

and or a d d i t i v e x add i t i ve i n t e r a c t i o n of genes , while 

number of primary branches were governed by non-addi t ive 

gene e f f e c t s . 
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Makne and Chaudhnrv (1980) observed combining 

a b i l i t y e f f e c t s in a d i a l l e l c ross involving f ive parents 

v i z . N-62-8, T a ra , N-7, PVT-74 and No.168. I t was repor ted 

tha t the p l a n t height and seed weight were governed by 

add i t ive gene e f f e c t s , whereas days to 50 per cen t f lowering, 

c a p i t u l a / p l a n t , weight of seed/capi tu lum and seed y i e l d / 

p l an t were predominantly governed by non-add i t ive gene 

e f f e c t s . 

Vijayakumar and G i r i r a j (1980) repor ted in a 

d i a l l e l c ross involving four indigonous and four exotic 

parents t h a t both general and spec i f i c combining a b i l i t y 

var iances were s i g n i f i c a n t . The two exotic paren ts 

( Royal and Rio) showed high gca e f f e c t s , while a l l the 

indigenous parents were nega t ive combiners. Indigenous x 

exot ic pa ren t combinations ( S-141 x Royal and A-300 x Rio) 

showed high spec i f i c e f f e c t s . The study showed t h a t the 

o i l content of p resen t ly c u l t i v a t e d v a r i e t i e s 3s mainly 

governed by a d d i t i v e gene a c t i o n s . 

P a t i l (1982) repor ted add i t ive gone act ion for 

diameter of capitulum and o i l c o n t e n t . 

Ramachandram and Goud (1982 b) observed dominance 

e f f ec t in dwarf x t a l l , a d d i t i v e e f f ec t in medium x t a l l 
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combinations predominated for plant height. Dominance 

as well as non—allelic interactions, particularly 

dominance x dominance and additive x additive were impor­

tant for total capitula. Additive, dominance and interac­

tion parameters were important in yield/capitulum. The 

additive effects and additive x additive interaction 

in majority of crosses suggested the possible improvement 

of seed weight by selection. Dominance component was 

significant in seven crosses for seed number but negative 

in four of them. Dominance effects followed by inter­

actions and additive component were all found to play 

significant role in the inheritance of seed yield. 

Breeding methods which utilize both additive and non-

additive gene action such as reciprocal recurrent selection 

are suggested for improvement of seed yield. 

Ramachandram and Goud (1982 ft) studied the 

gene action for seed yield and its principal components 

in eight intervarietal crosses of safflower. Simple 

additive dominance model could not explain the inheritance 

of all the eight characters. The significance of one or 

more digenic interaction in almost all crosses further 

confirmed the involvement of epistasis. Additive effects 

were predominent for diameter of capitulum and primary 

capitula, while dominance effects formed major fraction 
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for height of brandies , branch length , h igher order 

c a p i t u l a and seed y i e l d . Higher magnitude of dominance 

for he ight of branching,branch length . 

Ranga Hao (1982 b) recorded the na tu re of 

gene ac t ion f o r p lan t he igh t , number of primary branches, 

days to f i r s t flowering and f u l l matur i ty in F d i a l l e l 

s e t involving 11 d ive rse pa r en t a l l i n e s . Variance component 

ana lys i s showed a predominance of add i t i ve gene e f fec t s 

coupled with incomplete dominance for f ive out of seven 

c h a r a c t e r s . Genes governing a l l t r a i t s except branch 

number and t h e i r angle to main axis showed d i r e c t i o n a l 

dominance. The d i s t r i b u t i o n of p o s i t i v e and negat ive 

a l l e l e s in the pa ren ta l popula t ions was ocsywymetYiGa). > for 

a majori ty of the v a r i a b l e s . Narrow sense es t imates 

of h e r i t a b i l i t y were high to very high for most of the 

a t t r i b u t e s . There seemed to be cons iderable scope for 

e f fec t ing des i red improvement in a number of c h a r a c t e r s 

through the use of convent ional s e l ec t i on methods adopted 

for se l f p o l l i n a t e d c rops . 

Narkhede e_t aj^. (1984) in 15 c rosses observed 

t h a t the var iances due to s p e c i f i c combining a b i l i t y 

were la rge for the cha rac t e r s v i z . , seed y i e l d / p l a n t , 

c a p i t u l a / p l a n t , s e e d / p l a n t , 100 seed weight , c a p i t u l a 

s i ze and h u l l con ten t i n d i c a t i n g predominance of non-addi t ive 
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gene a c t i o n . Additive gene act ion was important for 

p lant he igh t , primary branches per p l a n t . 

Ramachandram (1985) repor ted non-add i t ive gene 

act ion in the i nhe r i t ance of seed y ie ld and c a p i t u l a / 

p l an t , while a d d i t i v e component predominated in case 

of seed number, seed weight and proport ion of h u l l . 

Based on the na ture of gene ac t ion and a v a i l a b l e v a r i a ­

b i l i t y in breeding behaviour of the c rop , breeding 

s t r a t e g i e s aimed a t br inging simultaneous improvement 

in seed y ie ld and o i l con ten t are suggested. 

Gupta and Singh (1988) s tudied data from 

10 parents incomplete d i a l l e l c ro s s were taken to indicateot 

non-addi t ive gene action for seed o i l per c e n t , seed 

y i e l d , 100 seed weight and number of bo l l s per p l a n t 

in F1 and F ? f o r number of primary branches in F . 

Additive gene ac t i on was ind ica ted for p lan t height 

in both genera t ions and number of primary branches in F . 

Gupta and Singh (1990) showed, a d d i t i v e dominance 

and e p i s t a t i c gene e f fec t s for days to flowering and days 

to ma tu r i t y . 

Heteros is s 

Commercial e x p l o i t a t i o n of hybrid vigour in 

recent years has led to remarkable increase in y ie ld in 
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several crops i r respect ive of the i r breeding system. 

Safflower, however, though predominantly a self poll inated 

crop, is also reported as a cross poll inated crop. 

Several invest igators from various parts of the world 

have demonstrated the existence of s ignif icant 

heterosis for yield and o i l per cent in the crop. 

Information available on the extent of heterosis in the 

crop has been c i ted below. 

Smith and Claassen (1963) recorded heterosis 

for yield with increase of 10 per cent above the highest 

yielding parent . 

Rubis (1969) reported that out of 800 hybrids 

tested, 30 per cent exceeded the yield of commercial 

v a r i e t i e s . 

Urie and Zimmer (1969) in Six F hybrids 

produced by hand pol l inat ion observed 24 per cent higher 

yields than the highest parent. 

Yazdi - Samadi ejt ,aj_. (19/2) obtained heterosis 

for yield and for amount of o i l / p l o t in the hybrids 

studied but no heterosis for o i l per cent . Hybrids 

between Iranian and American va r i e t i e s were more 

heterotic than hybrids between American v a r i e t i e s . 
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In another experiment, two third of hybrids displayed 

heterosis for yield, one third for oil per- oent and two 

third for amount of oil/plot. 

Yazdi - Samadi ejt a_l_. (1973) while comparing 

fifteen varieties, inbreds and hybrids derived from the 

varieties showed that heterosis occurred. ,v"> p\^^\ hô nt,, 

Yazdi - Samadi e_t jal. (1975) estimated heterosis 

for seven traits. The hybrids were significantly superior 

to their better ^parents for height, yield, seed weight 

and oil per cent in first experiment, whereas in second 

experiment significant heterotic effects were observed 

for flowering time, height, seed weight and oil per cent. 

Karve ejt a_l. (1977) noted heterosis in regard 

to seed yield/plant to the extent of 300per cent over 

better parent. 

Deokar and Patil (1979) in a 6 x 6 diallel 

cross observed significant heterosis for seed yield/ 

plant, primary and secondary branches, capitula/plant, 

capitulum diameter, seed number/capitulum and 1000 seed 

weight. While the nega tive heterosis for hulling out 

turn and no significant heterosis for plant spread. They 

observed the highest heterotic effects (115.8 per cent) 
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for the cross 038 x IV-119/2 ovei bet ter parent '638' 

for seed y ie ld /p lan t . They further noted that none of 

the hybrids gave s ignif icant ly higher yields than the best 

( B-263-'->A) for a l l the parents used in the studies but 

the best combination gave 23.5 per cent increase in yield 

over the best parent. 

Pa t i l (1982) recorded the high degree of heterosis 

for number of primary branches, capitula per plant , 1000 

seed weight, seed yield per plant . The parent EC-42467 

was found to be the best combiner for seed yield per plant , 

while the parent 116-4-2 for o i l content. The cross A-No-1 x 

122-6-2 had the best specific combination for seed yield 

and o i l content . Additive gene action was observed for 

diameter of capitulum and o i l content . 

Hamachandram and Goud (l982 c) estimated 

heterosis in a 11 x 11 d i a l l e l se t and observed that 

overall heterosis was the highest for seed yield(86.6 per 

cen t ) . I t was mostly owing to heterotic effects of to ta l 

capitula (47.5 per cent) and yield/capitulurn (21.2 per cen t ) . 

Height of branching, days to flowering and o i l content 

showed s igni f icant ly negative he teros is . The overal l 

heterosis ranged from 4.7 per cent for length of outer 

involucral bract to 19.9 per cent for spine index. The 

highest heterosis over be t te r parent and commercial variety 
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(S-144) for seed yield was 270.1 per cent ( MS-49 x AC-1) 

and 177.3 per cent (A-1 x G-1157), respect ively. Heterosis 

over commercial variety for oj I content was posi t ive but 

low. 

Range* Rao (1982<$ in a set of 8 x 8 d i a l l e l in 

1978 and 1 0 x 1 0 d i a l l e l in 1979 observed tha t heterosis 

was high for yield (55 per cent) and capitulum weight 

(26 per cent) and moderato for capitulum number (19.5 

per cent) and primary branch number/plant d'S-S'^ per cen t ) . 

Hybrids out yielded their superior parents in 76 crosses 

and the best adopted control in 28 crosses . The yielding 

hybrid excelled i t s superior parent by 119 per cent 

and the best control by 70 per cent . Heterosis for yield 

was usually associated with heterosis for number and / 

or weight of cap i tu la . Hybrids between genet ical ly 

diverse parents manifested more hybrid vigour than those 

cloely related ones. But no desi rable heterot ic responce 

in days to maturity, plant height and o i l per cent were 

detected in crosses that manifested s ignif icant posit ive 

heterosis for y ie ld . The r e su l t suggested tremendous 

potent ia l of hybrids for ra is ing per hectare yield and 

o i l out turn. 

Ranga Rao (1983) recorded that crosses between 

genet ical ly diverse parents manifested subs tant ia l heterosis 

associated with tho large posi t ive specific effects for 
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yield ond its components. The most productive and 

heterotic hybrids in the material out yielded the best 

standard check by as much as 42 per cent in experiment 

1 and 70 per cent in experiment 2. The studies highligh-

tened the utility of population breeding approach and 

development of hybrid for attaining rapid and sustained 

genetic improvement in the yield potential. 

Deokar e_t &K (1984) studied heterosis and 

heterobeltiosis for different characters among the 

sixteen cross combinations. A combination U-263- 2 A x 

JLA - 1259A showed significant and positive heterosis 

for all the characters except 100 seed weight and hulling 

per cent, one hybrid for diameter of capitulum and seeds/ 

capitulum, two hybrids each for yield/plant, plant height 

and primary branches, three hybrids for 100 seed weight 

and four hybrids for capitula/plant have manifested 

highly significant and positive heterobeltaosis in 

characters. 

Narkhede 2_t ̂ 1. (1904) studied heterosis over 

the mean parental value and over the better parent for 

yield/plant and 7 yield related characters in 16 

Carthamus tinctorius ̂ hybrids derived by crossing 2 female 

parents with 8 different males. B-262-2A(f) x JLA 125 g(A) 

(o) showed significant heterosis over the mean parental 
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value for y ie ld and 5 of the 7 cha rac t e r s s t u d i e d . Some 

hybrids showed s i g n i f i c a n t h e t e r o s i s over the b e t t e r 

parent for one or more c h a r a c t e r s . 

Ramachandram and Goud (1984) noted t h a t sea 

e f f ec t s and h e t e r o s i s were h ighes t for seed y ie ld <*•£ 

compared t o any o ther component c h a r a c t e r . They observed 

tha t h e t e r o b e l t i o s i s was h ighes t (270.1 per c e n t ) for 

MS - 40 x A-1. 

Narkhede e_t a_l. (1986) studied h e t e r o s i s for 

y i e l d / p l a n t and 8 r e l a t e d c h a r a c t e r s was s tud ied in 

crosses between 3 females and 5 males . Heteros is was 

s i g n i f i c a n t for a l l c h a r a c t e r s but h e t e r o s i s over the 

con t ro l v a r i e t y S-4 was grga'tes't for number of seed / 

c a p i t u l a . The h ighes t y i e ld ing hybrid was Tara x FT-2 

which was s i g n i f i c a n t l y super io r t o S-4. Tara x EC-32012 

shpws high y i e l d s and N-7 x I3LY - 10220 and N-7 x NS-1016 

had high o i l c o n t e n t . Most of the parents of these 

On&ssfes had only poor or avarage general combining a b i l i t y . 

Narkhede and P a t i l (1987) s tudied h e t e r o s i s 

in 17 c rosses of saff lower . Overal l h e t e r o s i s - was 

h ighes t for seed y ie ld (157.9 per c e n t ) due to mainly 

to the h e t e r o t i c e f fec t s of number of c a p i t u l a / p e r p l an t 

and number of primary and secondary branches /per p l ^ n t . 
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The c rosses S-4 x JLA-900 and A-1 x JLA 1963 were 

found useful for fu r the r e x p l o i t a t i o n through s e l e c t i o n . 

Yadav e_t a_l. (1987) s tudied seed y i e l d / p l a n t 

and 9 r e l a t e d cha rac t e r s in a h a l f - d i a l l e l c ros s of 6 

Carthamus t i n e t o r i u s , L. v a r i e t i e s . He te ros i s was the 

g r e a t e s t for number of c a p i t u l a / p l a n t , fol lowed by y i e ld 

and number of secondary branches and was l e a s t for o i l 

con ten t . Crosses between paren t s with low mean values 

tended to show large h e t e r o t i c e f fec t s for most c h a r a c t e r s . 

Heterosis for y ie ld was assoc ia ted with h e t e r o s i s f o r 

number of c a p i t u l a . 

Malleshappa gjt aj . . (1989) s tudied seed yie ld 

in the F to F„ genera t ions of 2 Indian x Indian and 2 

Indian x exot ic c rosses grown during 1980-82. Midparent 

he t e ros i s in the F was 38.8 and 36.9 % for Indian x 

Indian c ro s se s and 127 and 182.9 % for Indian x exotic 

c r o s s e s . In F^ r e spec t ive values were* 18.1 and 23.9 % 

and 21 .9 and 42.7 % . 

Gupta and Singh (1990) s tudied 5 pa ren t s from 

a h a l f - d i a l l e l c ross and t h e i r F , F and back c ross 

genera t ions were evaluated for days to f lowering (D.F.) 

and days to matur i ty (D.M.). Data on h e t e r o s i s , inbreeding 

depression and genet ic var iance w&te tabula ted . Negative 

he t e ros i s values were g r e a t e s t in EC- 31367 x l o c a l 
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(-2.28%) for D.F. and in EC-31367 x l£C-2/249 (-2.29%) 

for D.M. Addi t ive , dominance and e p i s t a t i c gene e f f ec t s 

were noted. 

Pandya e_t a_l. (1990) s tudied the parents and 

t h e i r 50 F. hybrids from 5 l ine x 10 t e s t e r mating design 

were evaluated for 8 y ie ld r e l a t e d c h a r a c t e r s . The 

t e s t e r s Anniger i , Bhima, JLSF-88 and NS-1016 were bes t 

general combiners for seed y i e l d / p l a n t . The hybrids 

MS-104 x BSF-9-97, MS-101 x Bhima and MS-101 x Annigeri 

had mean y i e l d of 720 g / p l a n t and showed 51.b , 48 and 

46.7% h e t e r o s i s for seed y i e l d , r e s p e c t i v e l y over Bhima. 

Judging from the r e s u l t s d iscussed in the 

foregoing paragraphs and a v a i l a b l e evidences , hybrids 

in saff lower seem to of fer v a s t p o t e n t i a l as a means 

of r a i s i n g per hec ta re p roduc t i v i t y of both seed and 

o i l . 



 
 
 
 
 
 
 
 

 



Material and Methods 



3. MATERIAL: AND METHODS 

The present investigation was undertaken to elicit 

information on the magnitude and nature of gene actions, 

heterosis for yield and oil per cent in the set of six 

generations viz. P1 , P2 , F^, F , B and B , at Central 

Campus, Mahatma Phule Krishi Vidyapeeth, Rahuri during 

the year 1990 to 1992. 

The material used and statistical procedure followed 

during the course of present investigation are described 

hereafter. 

Material® s 

Ihe ma te r i a lxp re sen t study involved s ix paren ts 

and t h e i r four F .S . These were s e l ec t ed on the bas i s 

of genet ic d ivergence . These v a r i e t i e s were obta ined 

from the germplasm c o l l e c t i o n maintained a t saff lower 

iiesearch P r o j e c t , Mahatma Pliule Krishi Vidyapeeth, Jolgaon. 

Methods : 

Experimental t r i a l s were connducted dur ing the 

rabi seasons of 1990-91 and 1991-92. 

Hybr id iza t ion Programme : 

The seeds of the pa ren t s and t h e i r four F s 

were obtained from saff lower Research P ro j ec t , M.P.K.V. 



Ped\f3ree of pa jrej \I s_ 

P a r e n t P e d i g r e e 

J L S F - 1 0 3 B-263-2A x JLA-65 

N - 6 2 - 8 be l e c t i o n from 

l o c a l 

SSF-3 S e l e c t i o n i n F 6 

g e n e r a t i o n d u r i n g 

1980 -81 

S e l . H o = 2 7 - 7 - 1 1 -

2 . 

GMU 2375 JLA-40 4 - P I - 6 6 5 

- MAUI P h a l t a n 

( S a t a r a ) 

G",U-2497 JLA-689 

K'S-1021-1 Th i s g e n o t y p e is^Vom 

Nirnbkar pha l t a n 

°1 

file:///f3ree
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seeds were obta ined by doing hand emasculat ion and 

p o l l i n a t i o n . 

Design and Layout : 

The experiment was conducted In a Handomized 

Block Design with three r e p J i c n t i o n s . The oxperimontnl 

m a t e r i a l c o n s i s t . i n g of 22 t rea tments involving six 

parents and t h e i r four F,s , F?e , B and B2 was grown 

a t the P o s t g r a d u a t e I n s t r u c t i o n a l Farm, Department 

of Botany, M.P.K.V., Rnhuri during rabi_ season of 1991-92. 

The row of 15 p l a n t s , spaced a t 45 crn between 

rows and 20 cm wi th in row. Two rows of each p a r e n t s , 

s i ng l e row of F .S , 6 rows of F s and two rows of each 

B_ and B. were sown. The border row was p lan ted to 1 2 
avoid the border e f f e c t . 

Cul tura l p r a c t i c e s : 

Sowing Sowing was done on 2nd Oct, 1991. The sowing 

was done by d ibb l ing and subsequent ly thinned 

to keep s i n g l e p lan t per h i l l a f t e r ten days 

of germinat ion to maintain a uniform p l a n t 

popu la t ion . The gap f i l l i n g was a l so done ten 

days a f t e r sowing. 



Fertilizers The recommended dose of fertilizers i.e. 

50 kg- N 4 25 Kg of P?0^ was given to 

the experimental material. 

Irrigation First irrigation was given immidiatly 

after sowing to assure good germination. 

Second irrigation i.e.30 days after sowing 

and third irrigation at the time of 

flowering. 

PI a n t 
In order to c o n t r o l saf f lower aphid 

p ro tec t ion (Dactynotus ca r thami , H.R.L.) two 

sprays of recommended i n s e c t i c i d e s were 

g iven . 

Weeding T0 reduce the competi t ion of weeds with 

p lan t s a weeding was done. 

Observations In each r e p l i c a t i o n , for each en t ry ten 

recorded p lan t s of non segrega t ing and twenty 

p l an t s of seqreqat ing gene ra t i ons were 

se lec ted a t random for recording observa­

t ions of following c h a r a c t e r s and average 

were c a l c u l a t e d . 

23 . 
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Characters s tud ied : 

The d e t a i l s of the twelve c h a r a c t e r s s tud ied 

are given below. 

1) Days to 50 per cen t f lowering : 

The number of days requi red to f lowering a t 

l e a s t 50 per c e n t of t o t a l p l an t s per t rea tment in each 

r e p l i c a t i o n was recorded. 

2) Days to Maturity 

Number of days required to mature at least 50 

per cent of total plant population in a particular 

progeny in a replication was recorded. 

3) Height at Maturity 

Plant he ight ." s (cm) measured from ground l eve l 

to the h ighes t growing po in t a t the time of matur i ty of 

the obse rva t iona l p lan ts .was recorded and averages 

were worked ou t . 

4) Primary branches per p l an t 

Branches a r i s i n g from main stem were considered 

as primary branches and those were recorded a t the 

time of h a r v e s t . 

5) Secondary branches per p l a n t 

The number of secondary branches borne on 

primary branches were recorded a t the time of h a r v e s t . 



6) Capi tula per plant 

Number of cap i tu l a on each obse rva t iona l p l a n t 

was counted a t the time of h a r v e s t . 

7) Diameter of capitulum (cm) 

Diameter of capi tulum y (cm) of the observa t io 

p lan t w>os • measured and average* uias> worked ou t . 

8) Seeds per capitulum 

The number of seeds per main capi tulum of 

the obse rva t iona l p lan t was counted and averages to<vs 

workdout to have the number of seeds per cap i tu lum. 

9) Seed y ie ld per capi tulum The weight of t o t a l 

seed obtained from a l l obse rva t i ona l capi tulum was 

recorded in gramme and the averages were c a l c u l a t e d . 

10) Seed y ie ld per p l an t (g) 

The weight of t o t a l seed obtained from a l l the 

obse rva t iona l p l an t s was recorded in gramme and the 

averages was c a l c u l a t e d . 

11 ) 100 seed weight (g) 

This was recorded by taking the weight of 100 

seeds in gramme. 7^'SL&32> 

ABSTRACT DIGITIZED ?, 



12) Oil c o n t e n t - The o i l c o n t e n t was e s t i m a t e d on 

NMR ( N u c l e a r magnet ic r e s o n a n c e ) spec t ome te r , o i l 

seed r e s e a r c h p r o j e c t , P .K .V . , Ako la . 

Biornetr ic a n a l y s i s 

Ana lys i s of v a r i a n c e -

The d a t a were c o l l e c t e d on randomely s e l e c t e d 

ten p l n n t s per^from n o n - s e g r e g a t i n g g e n e r a t i o n s and 

twenty p l a n t s from s e g r e g a t i n g g e n e r a t i o n s i n each 

r e p l i c a t i o n f o r each c h a r a c t e r . A n a l y s i s of v a r i a n c e 

was c a r r i e d o u t by s u b j e c t i n g the mean d a t a s e p a r a t l y 

f o r each c h a r a c t e r and the ANOVA was c o n s t r u c t e d as 

f o l l o w s ( Panse and Sukhatme, 196?-). 

ANOVA 

Source D.F S.S. M.S .S . F r a t i o 

R e p l i c a t i o n s ( r - 1 ) RSS Mr Mr/E 

Trea tments ( t - l ) TSS Mt Mt/E 

E r r o r s ( r - l ) ( t - l ) ESS Me(E) 

Where, 

r = Number of r e p l i c a t i o n s 

t = Number of t r e a t m e n t s . 

J o i n t s c a l i n g t e s t : 

The J o i n t s c a l i n g t e s t proposed by C a v a l l i ( 1 9 5 2 ) 

was a p p l i e d to t e s t adequacy of a d d i t i v e dominance niodol. 
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Estimation of gene e f f e c t s 

To provide information on the na tu re of gene 

ac t ion governing the t r a i t s under s tudy, a l l the s ix 

components of genera t ion means were c a l c u l a t e d by 

following the method ou t l i ned by Hayman (1958) . 

The no ta t ions for tho var ious gene e f f e c t s 

used in t h i s study were those adopted by Hayman (1958) 

and they are as under : 

Gene e f f e c t Notation of Hayman 
(1958) 

Mean m 

Addit ive d 

dominance h 

Addit ive x Addi t ive i 

Additive x dominance j 

Dominance x dominance 1, 

The es t ima tes of m, d, h, i , j and 1 were 

worked out using the fol lowing equations suggested 

by Hayman (1958). 
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m = F 2 

" = ! 1 ' \ 
h = F1 + 2 B1 - 1/2 P1 - 1/2 P2 - 4 F 2 + 2 B2 

i = 2 ^ + 2B2 - 4 F 2 

j = !§1 "J1" f2 + \ 
1 = P, + P 2 + 2 F l + 4 F 2 - 4B, - 4 B2 

2) The v a r i a n c e s of t h e s e e s t i m a t e s of gene 

e f f e c t s were o b t a i n e d as -

Vm = VF~2 

Vd = VB + VB2 

Vh = VF1 + 4 VB + 1/4 VRJ + 1 / 4 VP~2 + l6 ,VF ?+4 VB~? 

Vi = 4 VB + 4 VB + 1 6 VF2 

Vj = 4 VBj + VP.J + 4 VB2 + VP0 

VI = VP^ + VP~2 + 4 VF + 16 VF2+ 16 VB^ + 16 VB"2 

Where, 

Vm = V a r i a n c e of mean 

Vd = V.nri anc o of d . 

Vh = V a r i a n c e of h . 

Vi = V a r i a n c e of i 

Vj = V a r i a n c e of j 

VI = V a r i a n c e of 1 . 
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VP = V a r i a n c e of mean of P.. 

Vp - V a r i a n c e of mean of P 

VF, = V a r i a n c e of mean of F. 

VFp = V a r i a n c e of mean of F 

VB2 = V a r i a n c e of mean of B? 

VB.J = V a r i a n c e of mean of B. . 

S t andard e r r o r s 

S t a n d a r d e r r o r s of Vm, Vd, Vh, Vi , Vj and VI 

were c a l c u l a t e d f o r t e s t i n g the s ign i f i cance* of c o r r e s ­

ponding e s t i m a t e s as -

S.E. o f m = y Vm 

S.E. of d = /Vd 

S.E. of h = {Vh" 

S.E. of i = / v l ~ 

S.E. of j = /Vj" 

S.E. of 1 - / v T 

Where, 

Vm = V a r i a n c e of in 

Vd = V a r i a n c e of d. 

Vh = V a r i a n c e of h 

Vi = V a r i a n c e of i 

Vj = V a r i a n c e of j 

VI = V a r i a n c e of 1 
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5) t value for scaling test 

It is the ratio of value of scaling test to 

the S.E. of that scaling test. 

t(m) = |L_ 
5 . E. (m) 

t(d) = _J! 
S.E. (d) 

t ( h ) = h 

S.E. (h) 

t ( i ) = i , . 
S .E. ( i ) 

t(j) = -1-—-
S.E. ( j ) 

1 
t ( l ) = 

S,B. (1) 

Where, 

S .E . (m) = S tandard e r r o r of (in) 

S . E . ( d ) = S tanda rd e r r o r of (d) 

S . E . ( h ) = S tanda rd e r r o r of (h) 

S.E. ( i ) = S tanda rd e r r o r of ( i ) 

S . E . ( j ) = S tanda rd e r r o r of ( j ) 

S . E . ( l ) = S tanda rd e r r o r o f ( l ) 

H e t e r o s i s 

The F. values were averaged over replications 

and used in estimating heterosis percentage over their 
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respective midparent (m.p.) and better parent (B.P. ) 

values by following the method given by Turner (1953) 

and Hayes et al. (1955). 

Estimation of values of F over mid parent and better 
parent . 

The values of heterotic effects over mid parents 

and better parents were calculated for each character 

by using the following formulae. 
T, - MTP. 1 

Per cent h e t e r o s i s over =• zzzz x 100 
. . . M.P. 

mid paren t 
T - BTP. 

Per cent heterosis over = = x 100 
B.P. 

better parent 

Where, 

F. = mean of F, hybr id . 

M.P. = Mean of two paren ts of t h a t p a r t i c u l a r 
c ross 

B.P. = Mean of b e t t e r parent of t h a t p a r t i c u l a r 

c r o s s . 

Test of significance 

Heterosis was tested by least significance 

difference after 'F' test as follows. 

L.S.D. for M.P. = ,/— 22§__ x t value at 5# or 1% 
y 2 r 

L.S.D. f o r B .P . = ^ X^_ x t v g l u e a t 5,v Q r v/o 

Where, 
me = Error mean sum ol square 

r = r e p l i c a t i o n s . 
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Experimental Results 



4 . EXPERIMENTAL RESULTS 

The p r e s e n t i n v e s t i g a t i o n of " Gene t i c a n a l y s i s 

of sa f f lower ( Carthamus t m c t o r i o u s , L. ) " was unde r t aken 

wi th a view to a n a l y s e the n a t u r e of gene a c t i o n and 

h e t e r o s i s f o r v a r i o u s c h a r a c t e r s . The e x p e r i m e n t a l m a t e r i a l 

c o n s i s t s of s i x g e n e r a t i o n s v i z . P . , P„, F , F_ , B and 

V 

4 .1 Mean per formance of p a r e n t s , F S, B 3 , B S and F~S. 

4 . 1 . 1 Days to 50 p e r c e n t f l o w e r i n g 

From t h e d a t a p r e s e n t e d in Tab le 1, i t w i l l be 

seen t h a t , the p a r e n t NS-1021-1 was the e a r l i e s t ( 7 9 . 6 7 d a y s ) 

among a l l t h e p a r e n t s , Whereas the p a r e n t GMU-2497 was 

f lowered l a t e (91 .67 d a y s ) . The r ange of days to 50 p e r 

c e n t f l o w e r i n g i n the p a r e n t s was from 79 .67 to 91 .67 d a y s . 

Amongst t h e h y b r i d s , JLSF--103 x NS-1021-1 and 

N-C2-8 x GMU-2497 was the e a r l i e s t and l a t e , r e s p e c t i v e l y . 

The range of days to 50 p e r c e n t f l o w e r i n g in the h y b r i d s 

was from 75 to 85 .67 d a y s . 

In t h e B s t h e e a r l y f l o w e r i n g was o b s e r v e d in 

(JLSF-103 x NS-1021-1) x JLSF-103 (74 .33 d a y s ) and the 

r ange was from 7 4 . 3 3 to 8 5 . 3 3 . Amongst B 2 e , the e a r l y 

f l o w e r i n g was obse rved in (JLSF 103 x NS-1021-1) x 
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NS-1021-1 ( 8 0 . 3 3 d a y s ) , l a t e f l ower ing in (N-62-8 x 

GMU-2497) x GMU 2497 (89 .00 d a y s ) . 

C o n s i d e r i n g F . s , B s and B^s, c r o s s e s i n v o l v i n g 

NS-1021-1 f l owered e a r l i e r . Amongst F &, the F of 

(JLSF-103 x NS-1021-1) showed e a r l i n e s s ( 8 1 . 0 0 d a y s ) , 

wh i l e the F 2 of N-62-8 x GMU-2497 f lowered l a t e (90 .33 d a y s ) 

4.1.2 Plant height 

In r e s p e c t of t h e p l a n t h e i g h t of t h e p a r e n t s , 

SSF-3 was found to be the d w a r f e s t (65 .55 cm) and JLSF-103 

and GMU-2375 were the t a l l e s t (99.51 crn). A c o n s i d e r a b l e 

i n c r e a s e i n the p l a n t h e i g h t was observed i n F . s . The 

c r o s s , N-62-8 x GMU-2497 showed maximum h e i g h t (108 .58 cm) 

fo l lowed by t h e c r o s s (JLSF-103 x GMU-2497) (106 .12 cm) . 

None of the hybrids; was found to be d w a r f e r than p a r e n t a l 

l i n e s . The B ^ . of JLSF-103 x NS-1021-1 and SSF-3 x GMU-

2375 e x h i b i t e d maximum and minimum p l a n t h e i g h t , r e s p e c ­

t i v e l y . In B & p l a n t h e i g h t ranged from 105 .62 to {-'1.43 cm. 

In B 2 , t he c r o s s N-62-8 x GMU-2497 was the t a l l e s t 

(107.52 cm) and was ranged from 95 .33 to 107.52 cm in 

c r o s s SSF-3 x GMU-2375. 

C o n s i d e r i n g a l l F e, f Bs and B s , the combina t ions 

of SSF-3 produced dwarf h y b r i d s . The F of SSF-3 x GMU-

2375 was t h e d w a r f e s t among a l l F 2 p o p u l a t i o n s . The F 2 

of JLSF-103 x GMU-2497 showed maximum h e i g h t of 99 .67 cm. 
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4 . 1 . 3 Dny°» Lo Matu r i ty 

From the d a t a i t w i l l be seen t h a t , t h e p a r e n t 

SSF-3 has ma tu red e a r l i e r ( 1 1 1 . 3 3 d a y s ) among a l l t he 

p a r e n t s . The days to m a t u r i t y r anges from 111 .33 to 

128.00 d a y s . 

Amongst the h y b r i d s , SSF-3 x GMU-2375 and 

N-62-8 x GMU-2497 was the e a r l i e s t and l a t e in mcrHmi*. 

r e s p e c t i v e l y . The range of days to m a t u r i t y was from 

111.33 to 122 .33 d a y s . 

In t h e B . s , t h e e a r l y m a t u r i t y was obse rved i n 

(SSF-3 x GMU-2375) x SSF-3 ( 109.00 d a y s ) and t h e r ange 

was 109.00 to 116.67 days i n (N-62-8 x GMU-2497) x 

N - 6 2 - 8 . Amongst B_^, t h e e a r l y m a t u r i t y was o b s e r v e d 

in (SSF-3 x GMU-2375) x GMU-2375 (110 .33 d a y s ) and l a t e 

i n (N-62-8 x GMU-2497) x GMU-2497 (117 .67 d a y s ) . 

4 . 1 . 4 Pr imary b ranches p e r p l a n t 

The p a r e n t s , GMU-2375 and JLSF-103 had the 

h i g h e s t number of pr imary b r a n c h e s p e r p l a n t ( 1 5 . 5 ) , w h i l e 

the l owes t number was obse rved i n SSF-3 ( 1 4 . 7 ) . Amongst 

F S, the c o m b i n a t i o n N-62-8 x GMU-2497 and JLSF-103 x 

NS-1021-1 Wad the h i g h e s t ( 1 9 . 0 0 ) and the l o w e s t ( 1 6 . 2 0 ) 
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number of p r i m a r i e s pe r p l a n t , r e s p e c t i v e l y . A c o n s i d e r ­

a b l e i n c r e a s e in the number of primarj? , p e r p l a n t was 

observed in t h e B ( 1 9 . 6 0 ) a nd B ( 1 8 . 0 0 ) of N-62-8 x 

GMU-2497^ Whi le t h e B of (JLSF-103 x NS-1021-1) x 

JLSF-103 ( 1 6 . 7 0 ) and B2 of (SSF-3 x GMU-2375) x GMU-2375 

(15 .85 ) had the l o w e s t numbdr of p r imary j p e r p l a n t . 

Amongst F 2 * , the number of p r imary ,3 b ranches 

was t h e h i g h e s t i n ?2 of N-62-8 x GMU-2497 ( 1 / . 0 5 ) , 

whereas i t was the l o w e s t i n t h e F of SSF-3 x GMU-2375 

( 1 5 . 3 3 ) . 

4 . 1 . 5 Secondary b r a n c h e s p e r p l a n t 

The p a r e n t N-62-8 had t h e h i g h e s t number of 

s e c o n d a r i e s p e r p l a n t ( 2 4 . 7 5 ) amongst the p a r e n t a l 

l i n e s , while3 the lowes t number was obse rved in NS-1021-1* 

Amongst F ^ , the c o m b i n a t i o n N-62-8 x GMU-2497 and 

JLSF-103 x GMU-2497 had the h i g h e s t ( 3 0 . 1 7 ) and t h e 

l owes t ( 1 8 . 2 5 ) number of s e c o n d a r i e s p e r p l a n t ' ^ r e s p e -

c t i v e l y . Number of s e c o n d a r i e s p e r p l a n t was obse rved 

i n the B ( 2 8 . 5 7 ) and B 2 ( 2 8 . 4 5 ) of N-62-8 x GMU-2497, 

w h i l e B and B2 of JLSF-103 x GMU-2497 was the l o w e s t 

number of s e c o n d a r i e s p e r p l a n t ( 1 8 . 2 ) and ( 1 8 . 7 5 ) , 

r e spec t i v e l y . 
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Amongst F,,3, the number of secondar ies per p lan t 

was the h i g h e s t i n the ?2 of N-62-8 x GMU-2497(27.7) 

Whereas, i t was the lowest in the F 2 of JLSF-103 x GMU-

2497 (15 .37 ) . There was cons ide rab le dec rea se i n ' t h e 

number of secondar ies per p l a n t from F to F genera t ions 

of a l l the c r o s s e s . 

4 . 1 . 6 Capi tu la per p lan t 

The c a p i t u l a per p l an t ranged from 26.85 ( NS~ 

1021-1) to 46.10 (N-62-8). The combination N-62-8 x 

GMU-2497 produced the maximum number of c a p i t u l a 

(51.17K followed by SSF-3 x GMU-2375 ( 4 3 . 0 0 ) ? t h e 

lowest was recorded by JLSF-103 x GMU-2497. The B 

and B of the c ros s N-62-8 x GMU-2497 produced maximum 

number of c a p i t u l a with the mean values 52.17 and 

49 .45 , r e s p e c t i v e l y . The combinations involv ing N-62-8 

as the parents gene ra l ly produced more number of c a p i t u l a . 

Amongst F 3, F of N-62-8 x GMU-2497 showed high 

number of c a p i t u l a per p l an t (47 .55) , whi le the F9 of 

JLSF-I03 x GMU-2497 showed l e s s number of c a p i t u l a per 

p l an t (35 .12 ) . There was a decrease in number of 

c a p i t u l a per p l a n t from F to F genera t ions of a l l 

c r o s s e s . 
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4 . 1 . 7 D iameter o f c a p i t u l u m 

A range f o r the d iame te r of c a p i t u l u m was c fvow 

2 .43 cm ( N - 6 2 - 8 ) to 1.53 cm (NS-1021) i n the p a r e n t a l 

m a t e r i a l . The c o m b i n a t i o n N-62-8 x GMU-2497 had the 

b i g g e s t s i z e of c a p i t u l u m ( 2 . 5 l cm), w h i l e the l o w e s t 

d i ame te r of c a p i t u l u m was n o t i c e d i n the c r o s s JLSF-

103 x NS-1021-1 (2 .12 cm) . The B and B2 o f the 

c ross N-62-8 x GMU-2497 reco rded the h i g h e s t d i a m e t e r 

of c a p i t u l u m . Whi le i n B 1 , (JLSF-103 x NS-1021-1) x 

JLSF-103 had s m a l l c a p i t u l u m s i z e (2 .22 cm) and B 

the l owes t d i a m e t e r of c a p i t u l u m was observed i n 

c ross (JLSF-103 x GMU-2497) x JLSF-103 ( 2 .01 cm ) . 

The F of N-62-8 x GMU-2497 reco rded maximum 

d iame te r ( 2 . 32 cm) and was the l owes t i n JLSF-103 x GMU-

2497 (2 .00 cm) . A l l the F2S had less d i a m e t e r of 

c a p i t u l u m as compared to F . s . 

4 . 1 . 8 Seeds per c a p i t u l u m 

The seeds per c a p i t u l u m ranged f rom 6 .89 

(NS-1021-1) to 26 .00 ( N - 6 2 - 8 ) . The c o m b i n a t i o n N-62-8 

x GMU-2497 produced more seed number ( 3 2 . 0 7 ) and JLSF-

103 x GMU-2497 had less number of seeds per c a p i t u l u m 

( 1 7 . 4 0 ) . Both the backcrossesof c ross N-62-8 x GMU-2497 

produced more number of seeds per c a p i t u l u m i . e 31.07 
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and 29 .45 , respocLiveJy. While the lowest number of 

seeds in both backcrosses of JLSF-103 x GMU-2497 

(18.00 and 16.55, r e s p e c t i v e l y ) were n o t i c e d . The F 

of N-62-8 x GMU-2497 recorded more number of seed 

(27 .45) , Whereas ?2 of SSF-3 x GMU-2375 showed l e s s 

number of seeds (12 .85) . 

4 . 1 . 9 Yield per capi tulum 

In the pa ren ta l l i n e s , y ie ld per capi tulum 

ranged from 0.28 g (NS-1021-1) to 1.49 g (N-62-8) 

The h ighes t seed y ie ld per capi tulum (1.81 g) was 

obtained in the combination N-62-8 x GMU-249 7. Amongst 

the B.s , the B, of (N-62-8 x GMU-2497) x N-62-8 had the 

h ighes t y i e ld of 1.71 g, whereas amongst the B 5, the 

B of (N-62-8 x GMU-2497) x GMU-2497 gave the h ighes t 

y ie ld of 1.62 g per cap i tu lum. The back c r o s s e s of 

JLSF-103 x GMU-2497 with i t s both the pa ren t s were the 

low y i e l d e r s (0.94 g and 0.86 g , r e s p e c t i v e l y ) . 

The F of N-62-8 x GMU-2497 showed maximum 

yie ld per capi tulum (1.46 g ) , Whereas F„ of S3F-3 x 

GMU-2375 (0.65 g) had lower l eve l of g ra in y i e ld per 

capi tu lum. A s i g n i f i c a n t decrease in the y i e ld l e v e l 

from F to F„ was observed in n i l the c r o s s e s . In gone ra l , 

the combinations involving N-62-8 as one of the parent 

showed high y i e l d s . 
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4 . 1 . 1 0 Y i e l d p e r p l a n t 

In y i e l d p e r p l a n t f o r the p a r e n t a l l i n e s ranged 

from 8.92 g (NS-1021-1) to 28 .12 g( N - 6 2 - 8 ) . The 

h i g h e s t g r a i n y i e l d pe r p l a n t (22 .72 g ) was o b t a i n e d 

in the c o m b i n a t i o n N-62-8 x GMU-2497. Amongst the 

B l S , the B of (N-62-8 x GMU-2497) x N-62-8 gave the 

h i g h e s t y i e l d ef (21.27 g ) , whereas amongst B 2 s , the 

B2 of (N-62-8 x GMU-2497) x GMU-2497 gave t h e h i g h e s t 

y i e l d ©# ( 2 0 . 1 3 g ) . In the B of (JLSF-103 x GMU-2497) x 

JLSF-103 was low y i l d e r ( 1 6 . 1 3 q ) and i n B2 of (JLSF-

103 x NS-1021-1) x NS-1021-1 was low y i e l d e r (15 .72 g ) . 

The F of N-62-8 x GMU-2497 showed maximum 

y i e l d p e r p l a n t (10.82 g ) . While t h e F 2 s of JLSF-103 x 

NS-1021-1 ( 1 6 . 4 5 g ) had lower l e v e l of y i e l d p e r p l a n t . 

There w » s s i g n i f i c a n t d e c r e a s e i n the l e v e l of y i e l d 

from F, to Fp i n a l l c r o s s e s . 

4.1 .11 100 seed weight 

Amongst t he p a r e n t a l m a t e r i a l , N-62-8 r eco rded 

the h i g h e s t 100 g r a i n we igh t ( 5 . 7 3 g ) and i the l o w e s t 

100 g r a i n w e i g h t (4.11 g) by NS-1021-1 . In t h e h y b r i d s , 

i t ranged from 5.7S g (N-62-8x GMU-2497) t o 5 . 2 1 g 

(JLSF-103 x NS-1021-1) . The maximum 100 g r a i n we igh t 
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was observed in the B, ond B of the c ros s N-62-8 x 

GMU-2497 ^ 5.51 g and 5.49 g, r e s p e c t i v e l y . Both 

in B and B0 genera t ions the lowest y ie ld was observed 

**>the c ross (JLSF-103 x NS-1021-1). 

The F of N-62-8 x GMU-2497 had the h ighes t 

(5.32 g ) , while the lowest (4.71 g) in F of JLSF-103 x 

NS-1021-1. 

The combinations involving the p a r e n t a l l i n e 

N-62-8 had h igher seed weight in d i f f e r e n t gene ra t ions 

and a l so in F . . 

4 .1 .12 Oi l con t en t 

Amongst the p a r e n t a l m a t e r i a l , o i l con ten t 

was from 20.5% (SSF-3) to 30.28% (N-62-8), Whereas, 

i t ranged from 32.49% (JLSF-103 x NS-1021-1) to 

39.17% (SSF-3 x GMU-2375) In hybr ids . In B and B , 

maximum o i l con ten t s were 38.44% and 30.7B%, r e spec t ive 

in the c ross (N-62-8 x GMU-2497) and lower in c ross 

JLSF-103 x NS-1021-1 (30.39% nnd 29.85% r e s p o c t i v o J y ) . 

The F2 of N-62-8 x GMU-2497 with the h ighes t 

o i l con ten t (30.39%) . ' c\^d the lowest in cross 

JLSF-103 x NS-1021-1 ( 29.85%). 
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Gene e f f e c t s : 

The data of j o i n t sca l ing t e s t s a re presented 

in Table c5 . J o i n t sca l ing t e s t was s i g n i f i c a n t for 

most of the c h a r a c t e r s s t u d i e d , i n d i c a t i n g the presence 

of non-add i t ive gene a c t i o n s . 

The es t ima tes of var ious gene e f f e c t s s tudied 

for 12 chnrnc Lars are p re i en tnd in Tnblp '*> . 

The parameter m was s i g n i f i c a n t in a l l the 

combinations of almost a l l the c h a r a c t e r s s t u d i e d . 

Days to 50 per cent f lowering 

As regards the gene e f fec t s a d d i t i v e (d) and 

dominance (h) gene e f f e c t s were important in a l l the 

combinat ions . 

The e p l s t a t i c gene e f f e c t s ( i , j , and l ) were 

found to be s i g n i f i c a n t in a l l combinations excdpt 

in N-62-8 x GMU-2497 and S3F-3 x GMU - 2375 combina­

t ions which v 4><J : not show the add i t i ve x dominance (j ) 

i n t e r a c t i o n . The combinat ion, JLSF-103 x NS-1021-1 

exhib i ted maximum i n t e r a c t i o n e f fec t s and possessed 

the h ighes t dominance x dominance gene e f f e c t s . The 

dominance gene e f f ec t s were nega t ive and s i g n i f i c a n t 

4 8 . 
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in a l l combinations except in the JLSF-103 x NS-1021-1, 

while dominance x dominance gene i n t e r a c t i o n was 

p o s i t i v e and s i g n i f i c a n t in a l l combination except 

JLSF-103 x NS-1021-1, which i nd i ca t ed predominance of 

dup l i ca t e type of i n t e r a c t i o n . 

Days to ma tu r i ty 

The only combination 5SF-3 x GMU-2375 exh ib i t ed 

the negat ive s i g n i f i c a n t dominance gene e f f e c t . i t-ohich 

was n o n - s i g n i f i c a n t in r e s t of the c r o s s e s . S i m i l a r l y , 

add i t i ve gene e f f e c t was n o n - s i g n i f i c a n t in a l l the 

combina t i o n s . 

The a d d i t i v e x dominance gene i n t e r a c t i o n was 

found to be s i g n i f i c a n t in the combinations of JLSF-103 x 

NS-1021-1 and SSF-3 x GMU-2375. Whereas dominance x 

dominance gene i n t e r a c t i o n was s i g n i f i c a n t in the th ree 

combinat ions . The parameter (h) was s i g n i f i c a n t and 

negat ive and the ( l ) was s i g n i f i c a n t and p o s i t i v e in 

the combination SSF-3 x GMU-2375 which was an i n d i c a ­

t ion of d u p l i c a t e type of i n t e r a c t i o n . 

Plant he igh t 

The es t ima tes of a d d i t i v e (d) and dominance 

(h) gene e f f e c t s were s i g n i f i c a n t in a l l the combina­

t ions except in JLSF-103 x GMU-2497, for a d d i t i v e 
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gene e f f o c t o . The dominant gene e f f e c t were h igher 

than a d d i t i v e gene e f f e c t s in a l l the combinat ions . 

The i n t e r a c t i o n e f f e c t s ( i , j and l ) were 

found to be s i g n i f i c a n t in a l l the combination*except 

a d d i t i v e x dominance gene e f f e c t in the c r o s s ; JLSF-

103 x GMU-2497. The r e l a t i v e magnitude of a d d i t i v e x 

add i t i ve was more followed by dominance x dominonce 

e f f e c t . The parameter (h) was p o s i t i v e and s i g n i f i c a n t , 

while the ( l ) was negat ive and s i g n i f i c a n t in a l l the 

combinations i n d i c a t i n g the predominance of d u p l i c a t e 

type of i n t e r a c t i o n . 

Primary branches per p lan t 

The a d d i t i v e gene e f f e c t , WQS s i g n i f i c a n t in 

N-62-8 x GMU-2497 and JLSF-103 x GMU-2497 combina t ions . 

The dominance (h) gene e f f e c t was s i g n i f i c a n t only in 

the combination SSF-3 x GMU-2375 only. 

S i m i l a r l y , the i n t e r a c t i o n s a d d i t i v e x add i t ive 

( i ) , dominance x dominance ( l ) were only s i g n i f i c a n t 

in the combinations SSF-3 x GMU-2375 and JLSF-103 x 

NS-1021-1, r e s p e c t i v e l y . 
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Secondary branches per p lan t 

The es t imates of dominance gene e f f e c t were 

s i g n i f i c a n t in a l l the combinat ions . The a d d i t i v e 

gene e f f e c t s were s i g n i f i c a n t in only one combination 

i . e JLSF-103 x NS-1021-1. Out of the e p i s t a t i c gene 

e f fec t s ( i , j and l ) , a d d i t i v e x a d d i t i v e ( i ) was 

s i g n i f i c a n t in combinations JLSF-103 x NS-1021-1 and 

JLSF-103 x GMU-2497, a d d i t i v e x dominance ( j ) was non­

s i g n i f i c a n t in the combinat ion, JLSF-103 x GMU-2497 

only and dominance x dominance ( l ) gene e f f e c t s were 

s i g n i f i c a n t in a l l the combinat ions . 

Capi tula per p l a n t 

The e s t ima tes of dominant gene e f f e c t were 

s i g n i f i c a n t in a l l the combinat ions . The a d d i t i v e 

gene e f f e c t was n o n - s i g n i f i c a n t in only one combination, 

JLSF-103 x NS-1021-1. 

The i n t e r a c t i o n , a d d i t i v e x a d d i t i v e was non­

s i g n i f i c a n t only in one combination i . e JLSF-103 x 

NS-1021-1. While the a d d i t i v e x dominance ( j ) e f f e c t s 

were s i g n i f i c a n t in the combinations N-62-8 x GMU-2497 

nu$ JLSF-103 x GMU-2497 and JLSF-103 x GMU-2497. Trie 

in te rac t ionsdominance x dominance ( l ) were s i g n i f i c a n t 

in a l l the combinat ions . The r e l a t i v e c o n t r i b u t i o n of 
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dominance was more than a d d i t i v e e f f e c t s . The dominance 

gene e f f e c t s were s i g n i f i c a n t and p o s i t i v e , while 

dominance x dominance gene i n t e r a c t i o n was s i g n i f i c a n t 

and negat ive in a l l combinat ions , i n d i c a t i n g t h a t there 

was predominance of dup l i c a t e type of gene ac t ion in 

the combinat ions . 

Diameter of capi tulum 

, _ Addi t ive gene e f f e c t s were s i g n i f i c a n t 

in a l l the combinations exept JLSF-103 x NS-1021-1. The 

dominance gene e f f e c t s were s i g n i f i c a n t in the combina­

t ions N-62-8 x GMU-2497 and SSF-3 x GMU-2375. The e p i s t a t i c 

gene e f f e c t s ( i , j and i ) were found to be n o n - s i g n i f i c a n t 

in a l l the combinations except a d d i t i v e x a d d i t i v e ( i ) 

was s i g n i f i c a n t in the combination SSF-3 x GMU-2375. 

Seeds per capi tulum 

The ostim.ilo of dominant, a qono of foe I wni 

s i g n i f i c a n t in a l l the combina t ions . The a d d i t i v e gene 

e f f e c t was s i g n i f i c a n t in only one combination i . e 

JLSF-103 x GMU-2497. 

The e p i s t a t i c gene e f f e c t s ( i , j and l ) were 

found to be s i g n i f i c a n t in a l l the combinations except 

' j ' in the combinations JLSF-103 x MS-1021-1 and JLSF-103 x 

GMU - 2497. 
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The magnitude of dominance e f f e c t was r e l a t i v e l y 

more. The dominance gene e f f e c t s were s i g n i f i c a n t and 

p o s i t i v e , while dominance x dominance gene i n t e r a c t i o n 

was s i g n i f i c a n t and negat ive in a l l the combinations 

i nd i ca t i ng the predominance of d u p l i c a t e type of gene 

ac t i on . 

Yield per capi tu lum 

The es t ima tes of a d d i t i v e and dominance gene 

e f f ec t s were s i g n i f i c a n t in a l l the combination except 

SSF-3 x GMU-2375. The combination JLSF-103 x NS-1021-1 

exhib i ted the h ighes t magnitude of a d d i t i v e and dominance 

gene e f f e c t s . Dominance gene e f f e c t s were more than 

a d d i t i v e e f f e c t s . 

The e p i s t a t i c gene e f f e c t s showed t h a t , the 

add i t i ve x a d d i t i v e ( i ) and dominance x dominance ( l ) 

e f f ec t s were s i g n i f i c a n t in a l l combinations except 

SSF-3 x GMU-2375. The a d d i t i v e x dominance (j ) i n t e r a c ­

t ion were s i g n i f i c a n t in the combinations N-62-8 x GMU-

2497 and SSF-3 x GMU-2375. The parameter (h) was 

p o s i t i v e , while ( l ) was nega t ive and s i g n i f i c a n t in a l l 

the combinations except SSF-3 x GMU-2375 e x h i b i t i n g 

prependerence d u p l i c a t e type of gene a c t i o n . 
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Yield per plant 

The estimates of addi t ive and dominance gene 

effects were s ignif icant in a l l the combinations except 

addit ive effects in the combinations JLSF-103 x M5-1021-1 

and SSF-3 x GMU-2375. The magnitude of dominance effects 

were comparatively more than addit ive e f fec t s . 

The ep i s t a t i c gene effects showed that a l l the 

interact ions ( i , j and l ) were s ignif icant for a l l 

the crosses except dominance x dominance ( l ) in the 

combination SSF-3 x GMU-2375. The addit ive x dominance(j) 

gene effect was the highest . The parameters, 'h* and 

' 1' were s igni f icant with pos i t ive and negative direction^, 

respect ively in a l l combinations except SSF-3 x GMU-2375> 

indicating the predominance of duplicate type of in t e rac ­

t ion. 

100 seed w e i g h t 

As regards the gene e f fec ts , both addi t ive (d) 

and dominance (h), were non-significant in a l l the 

combinations. The in terac t ions were also non-s ignif icant . 

Oil content 

The estimates of addit ive and dominance gene 

effedts were s igni f icant in a l l the combina tionj- except 

additive effect in the combination, JLSF-103 x NS-1021-1. 
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The e p i s t a t i c gene e f f e c t s showed t h a t add i t i ve x 

a d d i t i v e ( i ) e f f e c t s were s i g n i f i c a n t in a l l combinat ions . 

Dominance x dominance e f f e c t s were s i g n i f i c a n t in the 

two combinat ions , N-62-8 x GMU-2497 and JLSF-103 x GMU-

2497. The i n t e r a c t i o n , a d d i t i v e x dominance ( j ) were 

s i g n i f i c a n t i n a l l the combinat ions , except JLSF-103 x 

NS-1021-1. The es t imates of dominance (h) e f f e c t were 

s i g n i f i c a n t and p o s i t i v e and dominance x dominance ( l ) 

were s i g n i f i c a n t and negat ive in the two combinat ions , 

N-62-8 x GMU-2497 and JLSF-103 x GMU-2497, i n d i c a t i n g 

t h a t the predominance of d u p l i c a t e type of i n t e r a c t i o n . 

Heteros is 

The mean performance of p a r e n t s , F G is given 

in Table ^ and the e s t ima te of h e t e r o s i s c a l c u l a t e d 

over the mid-parent and b e t t e r pa r en t . 

Days to bO per cen t flowering 

The range of h e t e r o b e l t i o s i s was from -2 .36 to 

-5 .86 per cent and he t e ros i s was from -4 .99 to -M.7? 

per c en t . The highly s i g n i f i c a n t h e t e r o s i s and h e t e r o ­

b e l t i o s i s was observed in the c ros s JLSF-103 x N'J-1 021-1 , 

i nd i ca t ing the p o s s i b i l i t y of developing hybrids with 

e a r l i n e s s . The avarage h e t e r o s i s and h e t e r o b e l t i o s i s 



T a b l e 4 H e t e r o s i s f o r 12 q u a n t i t a t i v e c h a r a c t e r ' s i n 
s a f f l o w e r . 

H e t e r o s i s % o v e r  
C h a r a c t e r and c r o s s M p • p 

D^ys t o 50 p e r c e n t f l o w e r i n g 

1) J L S F - 1 0 3 x NS-1021-1 - 8 . *2* - b . 5 £ 

2) M-62-8 x GMU-2497 -5.1*6 - 3 . 3 1 
3 ) J L S F - 1 0 3 x GMU-2497 - 6 . 2 3 - 2 . 3 5 

4 ) SSF-3 x GMU-2375 - 4 . 9 9 - 3 . 6 4 

DnYs f o r mgj;u.ri jy 

1) J L S F - 1 0 3 x NS-1021-1 - 3 . M -1.7*3 

2 ) N - 6 2 - 8 x GMU-2497 - 6 . 3 7 - 4 . 4 2 

3) JLSF-103 x GMU-2497 -0.41 0.00 

4. SSF-3 x GM'J-2375 -1.47 0.00 

P l a n t h e i g h t 

1) J L S F - 1 0 3 x NS-1021-1 +6,9*3 - 6 . 3 5 

? ) N - 6 2 - 8 x GMU-2497 H*.?* 1 3 . 6 8 

3 ) J L S F - 1 0 3 x GMU-2497 8 . 8 2 6 . <D4 

4 ) SSF-3 x GMU-2375 %Ao - 1 S - 1 S 

P r i m a r y b r a n c h e s p e r p l a n t 

1) J L S F - 1 0 3 x NS-1021-1 6 . 2 2 4 . 5 1 

2 ) M-62-8 x GMU-2497 2 4 . 3 8 2 3 . 3 7 

3 ) J L S F - 1 0 3 x GMU-249 7 1 6 . 2 8 15.1*2 

4 ) SSF-3 x GMU-2375 9 . 2 7 6 . 4 5 

5 6 . 



Character and c ros s H a t e ros l s_ove r 

M.P. B.P. 

Secondary branches per p l an t 

1) JLSF-103 x N5-1021-1 1 2 1 . $ * 1 1 3 . 6 / 

2 ) N-62-8 x GMU-2497 53 .34 21 .89 

3) JLSF-103 x GMU-2497 44 . 6*4 2b . 00 

4 ) SSF-3 x GMU-2375 69.49 42 .58 

C a p i t u l a per p l a n t 

1) J ISF-103 x N.S-1021-1 4().4? Vi.'A 

2) N-62-8 x GMU-2497 34 .83 9.33 

3) JL.SF-103 x GMU-2497 27.41* 2 6 . f* 

4) SSF-3 x GMU-2375 1 2 . 6 * 23 .20 

Diameter of capitulum 

1) JLSF-103 x NS-1021-1 10.12 - 8 . 6 2 

2 ) N-62-8 x GMU-249 7 15.93 3.29 

3) JLSF-103 x GMU-2497 4.26 -5.17 
4) S°,F-3 x GMU-2375 5.19 0.08 

Seeds per capi tulum 

1) JLSF-103 x NS-10O1-1 ro'j.1K1 113.72 

2 ) N-62-8 x GMU-2497 78.?*- 2 3 . 3 1 
3) J I S r - K U x GM1I-2 19/ / 9 . 1 * /6 .4? 

4) SSF-3 x GMU-2375 103.0? 69.59 
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C h a r a c t e r and c r o s s H e t e r o s i s over 

M.P. B .P . 

Yie ld por c a p l t u l u m 

1) JLSF-103 x MS-1021-1 167 .S* 105.7& 

2) N-62-8 x GMU-2497 85.64 21.4"? 

3) JLSF-103 x GMU-2497 0 3 . I f 73.07 

4) S5F-3 x GMU-2375 103.*0 59 .75 

Y i e l d per p l a n t 

1) JLSF-103 x MS-1021-1 20.20* +10.84 
2) N-62-8 x GMU-2497 15 .85 - 1 9 . 2 0 

3) JLSF-103 x GMU-2497 15 .93 - 7 .*5 
4) SoF-3 x GMU-2375 - 0 .05 - 2 8 . 6 5 

100 seed w e i g h t 

1) JLSF-103 x NS-1 021-1 ,^/4-oJ* a.73^ 

2 ) N-62-8 x GMU-2497 ''ia»&s? + o . j * * 
3) JLSF-103 x GMU-2497 8.31 1.75 

4) SSF-3 x GMU-2375 1.21 -U.6U 

Oil c o n t e n t 

1) JLSF-103 x NS-1021-1 10. b l 10.13 

2 ) N-62-8 x GMU-2497 16. Sf 16.1*6 

3 ) JLSF-103 x GMU-2497 13.75 1 1 . 9 * 

4) SSF-3 x GMU-2375 3 2 . 5 5 2 8 . 0 * 

* = S i g n i f i c a n t a t 5% l e v e l 

** = S i g n i f i c a n t a t 1% l e v e l . 

5 8 . 
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was -6.28 and -3.90 per cen t , respect ively . There was 

s igni f icant negative heterosis for this charac te r . 

Davs to maturity 

The value of heterosis and he te robe l t ios i s was 

found to be s igni f icant ly neyative for this t r a i t . The 

range of heterosis was from -0.41 to -6.37 per cent 

and the range of he terobel t ios is was from 0.00 to -4.42 

p e r c e n t . Significant he te robe l t ios i s was observed in 

only one c ross , N-62-8 x GMU-2497, and the heterosis 

was s ign i f ican t in the c rosses , JLSF-103 x NS-1021-1 and 

N-62-8 x GMU-2497. Tho avftmqp heterosis was -3.02 per 

cent , while he terobel t ios i s was -1.54 per cent . 

Plant height. 

The range of heterosis and he te robe l t ios i s was 

as Z>3Q to Ik-ju and -ISIS" to 13.68 per cent , respect ively . 

Heterosis and he terobel t ios i s were found to be s ignif icant 

except in two crosses in which negative he te robe l t ios i s 

was observed. The average heterosis and he te robe l t ios i s 

was S \gv and o 2^ per cent , respect ively . 

Primary branches per plant 

Only, two crosses showed a posi t ive heterosis 

and he t e robe l t i o s i s . The range of heterosis was from 
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6.22 to 24.38 per cent and h e t e r o b e l t i o s i s was from 

4.51 to 23.37 per c e n t . The high magnitude of h e t e r o s i s 

and h e t e r o b e l t i o s i s was observed in the c ros s M-62-8 x 

GMU-2497. The average h e t e r o s i s and h e t e r o b e l t i o s i s 

was 14.04 and 12.38 per c e n t , r e s p e c t i v e l y . 

Secondary branches per p l an t 

All the four c r o s s e s , exh ib i t ed p o s i t i v e 

h e t e r o s i s and h e t e r o b e l t i o s i s . The range of h e t e r o s i s 

was from 44.84 to 121.91 per cen t and h e t e r o b e l t i o s i s 

was from 21.89 to 113.67 per c e n t . The c ro s s JLSF-103 x 

NS-1021-1 showed higher magnitude of h e t e r o s i s and 

h e t e r o b e l t i o s i s . The average h e t e r o s i s and h e t e r o b e l ­

t i o s i s was 72.39 and 50.79 per c e n t , r e s p e c t i v e l y . 

Capi tula Pdr p lgn t 

The value of h e t e r o s i s and h e t e r o b e l t i o s i s was 

found to be p o s i t i v e l y s i g n i f i c a n t in a l l the four 

c r o s s e s . The values of h e t e r o s i s and h e t e r o b e l t i o s i s 

were high in the c ross JLSF-103 x NS-1021-1. The 

range of h e t e r o s i s and h e t e r o b e l t i o s i s was from 27.41 to 

46.97 and 9.33 to 39.03 per c e n t , r e s p e c t i v e l y . The 

average h e t e r o s i s for th i s a t t r i b u t e war 3 5 . 4 / and 

24.59 per cen t for h e t e r o b e l t i o s i s . 
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Diameter of capitulum 

The range of heterosis was from 4.26 to 15.93 

per cent and he te robe l t ios i s was from -8.62 to 3.29 

p e r c e n t . The heterosis was pos i t ive ly A s ign i f ican t , 

while he te robe l t ios i s f*-v an crosses showed negatively non 

si gnif icant . 

The average heterosis and he te robe l t ios i s 

was 8.81 and 4.29 per cent , respect ive ly . 

Seeds per capitulum 

The range of heterosis and he te robe l t ios i s for 

this t r a i t was from 78.66 to 155.11 and 23.24 to 

113.72 per cent , respect ively . Highest degree of 

heterosis and he terobel t ios is was observed in the 

cross JLSF-103 x NS-1021-1. The magnitude of heterosis 

for this cha rac te r was comparatively high. The average 

heterosis and he terobel t ios is were 103.99 and 70. /8 per 

cent , respec t ive ly . 

Yield per capitulum 

Highly s ignif icant increase in the grain yield 

per capitulum heterosis and he terobel t ios is was observed 

in a l l the hybrids, the maximum being in the combination 

JLSF-103 x NS-1021-1 and minimum in N-62-8 x GMU-2497. 

7"-2*33 
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The range of h e t e r o s i s was from 83.67 to 167.5 per cen t 

while h e t e r o b e l t i o s i s was from 21.47 to 10b.76 per c e n t . 

The average h e t e r o s i s was 109.97 per c e n t , while 

ho l(* ml >n I 11 o<j t«i wan ^'j.O^ pci c e n t . 

Yield per p l a n t 

The range of h e t e r o s i s was from - 0 . 0 5 to 20.20 

per cent and h e t e r o b e l t i o s i s was from -7 .15 to -28 .65 

per c e n t . Negative n o n - s i g n i f i c a n t h e t e r o s i s was 

observed in c ros s SSF-3 x GMU-2375. 

Negative s i g n i f i c a n t h e t e r o b e l t i o s i s was observed 

in a l l the c r o s s e s . The average h e t e r o s i s and h e t e r o b e l ­

t i o s i s was 13.02 and-16.46 per c e n t , r e s p e c t i v e l y . 

100 seed weight 

He te ros i s fo r th i s t r a i t was s i g n i f i c a n t l y 

p o s i t i v e , whi le h e t e r o b e l t i o s i s was s i g n i f i c a n t l y 

negat ive except in the c ro s s JLSF-103 x GMU-2497. 

The range of h e t e r o s i s was from 1.21 to 14-.07 por c e n t , 

while h e t e r o b e l t i o s i s was from -5 .60 to 1.73 per c e n t . 

Average h e t e r o s i s was 5.10. per c e n t , while h e t e r o b e l ­

t i o s i s was 2..V4 per cen t , which ind ica t ed the p o s s i b i l i t y 

of inc reas ing y i e ld by inc reas ing 100 g ra in weight . 
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Oil content 

Heterosis and he te robe l t ios i s was s igni f icant 

in a l l the c rosses . The range of heterosis and 

he terobel t ios is was from 13.75 to 32.56 and 10,14 to 

28.01 per cent , respect ively . The average heterosis 

and he te robe l t ios i s was 18,35 and 16,55 per cen t , 

respect ively . The cross SSF-3 x GMU-2375, showed 

higher magnitude of heterosis and he te robe l t ios i s for 

this t r a i t . 



 
 
 
 
 
 
 
 

 



Discussion 



DISCUSSION 

The e s t i m a t i o n of d i f f e r e n t t ypes of gene e f f c t s 

a n d / o r t h e i r c o n t r i b u t i o n to h e t e r o s i s i s an i m p o r t a n t 

s t e p in e x p l o i t i n g hybr id v i g o u r c o m m e r c i a l l y . The 

p r e s e n t s t u d y , was t h e r e f o r e , u n d e r t a k e n t o e s t i m a t e 

the gene e f f e c t s and h e t e r o s i s . 

Yie ld i s a complex c h a r a c t e r be ing d e t e r m i n e d by 

s e v e r a l c o n t r i b u t i n g t r a i t s . To b r i n g abou t s u b s t a n t i a l 

improvement in the y i e l d , the knowledge of i t s g e n e t i c 

c o n t r o l i s a must f o r the b r e e d e r t o d e c i d e an a p p r o ­

p r i a t e b r e e d i n g methodo logy . T h e r e f o r e , an a t t e m p t has 

been made i n t h e p r e s e n t i n v e s t i g a t i o n to e s t i m a t e gene 

e f f e c t s and h e t e r o s i s , t h a t would e n l i g h t e n t h e b r e e d e r 

abou t the g e n e t i c p o t e n t i a l i t y of p o p u l a t i o n u n d e r s t u d y . 

In the model to e s t i m a t e g e n e t i c p a i a m e t e r n and 

v a r i o u s gene a c t i o n s , used i n t h e p r e s e n t s tudy c e r t a i n 

a s sumpt ions a r e made. 1) Mo m u l t i p l e a l l e l i s m 2) Linkage 

a b s e n t 3 ) L e t h a l gene a b s e n t 4 ) C o n s t a n t v a r i a b i l i t y 

f o r a l l g e n o t y p e s and (5) Env io rmen ta l e f f e c t a d d i t i v e 

wi th the g e n o t y p i c v a l u e s . 

ANOVA as a whole 

Ihe a n a l y s i s of var ia rxre of d i f f e r e n t p r o g e n i e s 

(Table 2.) showed h i g h l y s i g n i f i c a n t d i f f e r e n c e s fo r 

a l l the c h a r a c t e r s , i n d i c a t i n g a high d e g r e e of v a r i a b i l i t y 
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among gene t ic s tocks of saff lower ( Carthamus t i n e t o r i u s . L . ) 

s e l ec t ed for these s t u d i e s . 

While examining the o v e r a l l performance of 

d i f f e r e n t p o p u l a t i o n s , p a r e n t s , F.s , B s , B„s and F s 

(Table 1 ) , i t was revealed t h a t , among the p a r e n t s , 

N-62-8 was higher f o r secondary branches pe r p l a n t , 

c a p i t u l a per p l a n t , diameter of cnpi tulum, seed per 

capitulurn, y ie ld per capi tu lum, y i e l d / p l a n t and 100 seed 

weight . Although the parent NS-1021-1 was the e a r l i e s t , 

had l e s s o i l c o n t e n t . The pa ren t GMU-2375 was higher 

f o r p lan t h e i g h t , primary branches per p l an t and o i l 

c o n t e n t . 

Among the c r o s s e s , N-62-8 x GMU-2497, stood 

f i r s t fo r p l a n t he igh t , primary branches per p l a n t , 

secondary branches per p l a n t , c a p i t u l a per p l a n t , diameter 

of capi tu lum, seeds per cap i tu lum, y ie ld per capitulum 

and y i e l d / p l a n t . The c r o s s , JLSF-103 x NS-1021-1 was 

the e a r l i e s t among a l l the c r o s s e s . The hybr id , Sr>r-3, x 

GMU-2375 had more amount of o i l con t en t among a l l the 

hybr ids . 

Among the F2 p rogen ies , N-62-3 x GMU-249 7 

was the h ighes t y i e l d e r with the h ighes t number of primary 

branches per p l a n t , secondery branches , c a p i t u l a per 

p l a n t , d iameter of caoi tu lum, seeds per cap i tu lum, y ie ld 
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per capi tulum and 100 seed weight . The F2 of a c r o s s , 

JLSF-103 x NS-1021-1 was the o n r l i e 3 t and the c ross 

SSF-3 x GMU-23 75 was the dwar fes t . 

The e a r l i e s t B s and B~s of the c r o s s , JLSF-103 x 

NS-1021-1. The c r o s s , N-62-8 x GMU-2497 y ie lded the 

h ighes t among a l l the backcrosses and had the h ighes t 

number of p r i m a r i e s , s econda r i e s , capi tu lum, seeds per 

capi tulum, diameter of capi tu lum y ie ld per cap i tu lum, 

100 seed weight and o i l c o n t e n t . The backcrosses of 

SSF-3 x GMU-2375 were the dwarfes t among a l l the c r o s s e s . 

A conclus ion can t he r e fo re be drown t h a t , the 

parent N-62-8 appeared to be the be s t for y i e l d and 

y ie ld components, While, NS-1021-1 for e a r l i n e s s 

and parent SSF-3 was for dwarfness. 

Scaling t e s t and gene ac t i ons 

The s i g n i f i c a n t va lues of j o i n t s ca l i ng t e s t s 

given in the chap te r 4 i n d i c a t e d t h a t , i n t e r a c t i o n s might 

have been involved in the express ion of t he c h a r a c t e r s 

s t u d i e d . This was confirmed by s i g n i f i c a n t e s t ima tes 

of i , j and 1 obtained by f i t t i n g a s ix parameters model. 
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Days to 50 per cen t f lowering 

The es t ima tes of s ix parameter showed t h a t 

in the c r o s s , JLSF-103 x NS-1021-1 and JLSF-103 x GMU-

2497, a d d i t i v e , dominonce and e p i s t a t i c i n t e r a c t i o n s 

played a s i g n i f i c a n t r o l e in express ion of t h i s t r a i t , 

while a d d i t i v e , a d d i t i v e x a d d i t i v e and dominance x 

dominance gene ac t ions played a predominant ro le in 

the c rosses N-62-8 x GMU-2497 and SSF-3 x GMU-23/5. 

Dominance and dominance x dominance gene e f f e c t s 

were of g r e a t e r in magnitude than o ther e f f e c t s . 

Duplicate gene ac t ions were observed in a l l the c r o s s e s . 

Edhaie and Ghaderi (1978) and Gupta and Singh (1990) 

repor ted t h a t , a d d i t i v e , dominance and i n t e r a c t i o n s 

governed this t r a i t . While Kotecha (1979); Makne and 

Chaudhary (1980) observed non -add i t i ve gene a c t i o n , 

while Ranga Hao ( l982,b) r epor t ed t h a t , a d d i t i v e gene 

e f f e c t was important for t h i s t r a i t . 

Days to ma tu r i ty 

The es t ima tes of s ix parameters revea led the 

highly s i g n i f i c a n t dominance, a d d i t i v e x dominance 

and dominance x dominance gene e f f ec t s in the c ross 

SSF-3 x GMU-2375 and a d d i t i v e x dominance, d o m i n a n t x 

dominance and dominance x dominance in the c r o s s e s 
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JLSF-103 x NS-1021-1 and N-62-8 x GMU-2497, r e s p e c t i v e l y . 

Duplicate gene ac t ion was observed in the c ros s SSF-3 x 

GMU-2375. 

Kotecha (1979) observed t h a t , the days to 

matur i ty was c o n t r o l l e d by non-add i t ive gene a c t i o n . , 

While, Hanga Kao ( l982 ,b) r epor ted t h a t , a d d i t i v e gene 

ac t ion governing th i s t r a i t . Gupta and Singh (1990) 

showed, a d d i t i v e , dominance and e p i s t a t i c gene e f f e c t 

for this c h a r a c t e r . 

Plant he ight 

In the c r o s s e s , JLSF-103 x NS-1021-1, N-62-8 x 

GMU-2497 and SSF-3 x GMU-2375 a d d i t i v e , dominance and 

e p i s t a t i c i n t e r a c t i o n s played a s i g n i f i c a n t r o l e in 

express ion of t h i s t r a i l , while dominance, a d d i t i v e x 

a d d i t i v e and dominance x dominance played predominant 

ro l e in the c ros s JLSF-103 x GMU-2497. Dominance and 

dominance x dominance gene e f f e c t s were of g r e a t e r 

magnitude. Dupl icate gene ac t i ons were observed in 

a l l the c r o s s e s . The gene ac t ion observed in the 

present s tudy i s inconformity of the r e p o r t s of Ehdaie 

and Ghaderi (1978), However, a d d i t i v e gene e f f e c t mainly 

governing t h i s t r a i t was repor ted by Kotecha (19 79), 
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Makne and Chaudhary (1980), Uamachandram and Goud (1982,b) 

Hanga Rao ( l 9 8 2 , b ) , Narkhede et_ aj,. (1984), Gupta and 

Singh (1988). While a d d i t i v e and a d d i t i v e x a d d i t i v e 

e f fec t s were repor ted by Deokar and P a t i l (1980). 

Ramachandram and Goud ( l 982 ; d) repor ted t h a t , dominance 

gene ac t ion governed t h i s c h a r a c t e r . 

Primary branches per p l a n t 

S i g n i f i c a n t a d d i t i v e gene e f f ec t s were p r e sen t 

in the c ro s se s N-62-8 x GMU-2497 and JLSF-103 x GMU-

2497, While dominance x dominance and dominance, a d d i t i v e x 

a d d i t i v e gene e f f e c t s played predominant r o l e in the 

c rosses JLSF-103 x NS-1021-1 and SSF-3 x GMU-2375, 

r e s p e c t i v e l y . Similar gene ac t ion is r epor ted by 

Deokar and Pa t i l (1980), While, Narkhede ejt aj^. (1984) 

and Hanga Rao ( l982 ,b ) and Gupta and Singh (1908) 

observed t h a t , a d d i t i v e gene e f f e c t s were more impor tant . 

Secondary branches per p lan t 

Dominance, add i t i ve x dominance and dominance x 

dominance gene e f f ec t s were p reva len t in the c ros s 

N-62-8 x GMU-2497 and SSF-3 x GMU-2375, Whereas dominance, 

a d d i t i v e x a d d i t i v e and dominance x dominance gene 

e f f ec t s were p resen t in the c ros s JLSF-103 x GMU-2497. AM effects 

were p resen t in the c ross JLSF-103 x NS-1021-1. Duplicate 

gene ac t i ons were observed in a l l the c r o s s e s . Whereas, 
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Channeshappa (1980) repor ted t h a t predominance of 

add i t i ve gene e f f e c t for th i s t r a i t . 

Capi tula per p l a n t 

Signjf l e an t a d d i t i v e , dominance and epj s t a t i c 

gene e f f e c t s were present in the c rosses N-62-8 x 

GMU-2497 and JLSF-103 x GMU-2497. While a d d i t i v e and 

dominance x dominance was predominant in the c ro s s 

JLSF-103 x NS-1021-1. Addi t ive , dominance, a d d i t i v e x 

a d d i t i v e and dominance x dominance gene e f f e c t s were 

important in express ion of t h i s t r a i t in the c ros s 

SSF-3 x GMU-2375. Duplicate type of gene i n t e r a c t i o n s 

wor^ p resen t in a l l the c r o s s e s . Edhaie and Ghaderi 

(1978) found t h a t , a d d i t i v e , dominance gene ac t ions 

wero r e spons ib l e for th i s t r a i t , While Deoknr and Pa t i l 

(1980) r e p o r t e d , a d d i t i v e and a d d i t i v e x a d d i t i v e 

gene e f f e c t s fo r th i s t r a i t . 'The a d d i t i v e gene e f f e c t s 

fo r t h i s t r a i t . The a d d i t i v e gene e f f ec t s were repor ted 

by Ramachandram and Goud ( l982?d) . However, importance 

of non-add i t ive gene e f f ec t s was repor ted by Makne and 

Chaudhary (1980), Narkhede et_ aj_. (1984), and Ramachandram 

(l985)*»dGupta and Singh (1988). 

Diameter of capi tu |um 

Add i t i ve , dominance and add i t i ve gene e f f e c t s 

were found for t h i s t r a i t in the c rosses N-62-8 x GMU-

2497 and JLSF-103 x GMU-249 7, r e s p e c t i v e l y , whlJe 
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a d d i t i v e , dominance and a d d i t i v e x a d d i t i v e gene e f fec t s 

p resen t in the c ross SSF-3 x GMU-2375. However, Deokar 

and P a t i l 0 980), P a t i l (1982) and Ramachandram and 

Goud ( l982 ,d ) repor ted an a d d i t i v e gene ac t i on for 

diameter of cap i tu lum. Channeshappa (1980) r epor ted t h a t , 

a d d i t i v e and dominance was important for t h i s t r a i t . 

Narkhede e t ja_l. (1984), however, repor ted t h a t non-add i t ive 

gene ac t ion was governed t h i s t r a i t . Kamachandram and 

Goud (1982 d ) , however, r epor ted add i t i ve gene ac t i on 

for t h i s t r a i t . 

Seeds per capi tulum_ 

Doininance and e p i s t a t i c gene e f f e c t s were 

present in the c r o s s e s , N-62-8 x GMU-2497 and SSF-3 x 

GMU-2375, wh i l e , dominance, i , 1 and a d d i t i v e dominance 

l i and 1 were s i g n i f i c a n t in the c r o s s e s , JLSF-103 x 

NS-1021-1 and JLSF-103 x GMU-2497, r e s p e c t i v e l y . However, 

the of h and 1 were high. Duplicate type of gene i n t e r ­

ac t ions were presen t in a l l the c r o s s e s . Channeshappa 

(1980) and Ramachandram & Goud (1982, b) s t r e s s e d the 

importance of dominance gene e f f e c t s for seeds per 

capi tu tum. Predominance of a d d i t i v e gene e f f e c t s were 

repor ted by Deokar and P a t i l (1980) and Ramachandram 

(1985). Narkhede e t a l . (1984) however, observed t h a t , 

non-add i t ive gene ac t ion was governing t h i s t r a i t . 
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Yield per capitujum 

All gene e f f ec t s were s i g n i f i c a n t in the c r o s s , 

N-62-8 x GMU-2497 while in the c r o s s e s , JLSF-103 x 

NS-1021-1 and JLSF-103 x GMU-2497 i t was observed tha t 

a d d i t i v e , dominance and e p i s t a t i c gene e f f e c t s except 

a d d i t i v e x dominance gene e f f e c t were p r e s e n t . Addit ive x 

dominance gene e f f e c t was p r e v a i l i n g in the c ro s s 

SSF-3 x GMU-2370, . Dominance and dominance x dominance 

gene e f f e c t s had higher magnitude. Duplicate gene 

i n t e r a c t i o n p re sen t in a l l c r o s s e s except SSF-3 x GMU-

2375. 

Yield per p l an t 

Dominance and e p i s t a t i c gene e f f e c t s were highly 

s i g n i f i c a n t in a l l the c r o s s e s except dominance x 

dominance in the c ross SSF-3 x GMU-2375, however, a d d i t i v e 

gene e f f ec t s were p resen t in the c r o s s e s , M-62-8 x GMU-

2497 and JLSF-103 x GMU-2497. The magnitude of a d d i t i v e 

x dominance was h igher than o the r e p i s t a t i c components. 

Duplicates gene act ion was a l so observed in a l l the 

c rosses except SSF-3 x GMU-23/5. Ehdaie and Ghaderi 

(1978), Harnachandram and Goud ( l982 ,d) Channeshappa 

(19801 *nri vr&k repor ted t h a t , the y ie ld per p l an t was 

mainly c o n t r o l l e d by dominance gene e f f e c t s . Addit ive 

and a d d i t i v e x a d d i t i v e gene e f f e c t s were p r e v a i l i n g for 
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t h i s t r a i t , as repor ted by Deokar and P a t i l (1980) . 

However, Hamachandram and Goud (1982 b) r epor t ed t h a t , 

a d d i t i v e , dominance wero p resen t for th is t r a i t . However, 

Nnrkhoda et_ rU. (1984), Knm.ichnndrnin (190D) nnd Guptn 

Singh ( l 9 8 8 ) , repor ted tha t y i e ld per p l an t was governed 

by non-add i t ive gene a c t i o n . 

100 seed weight 

None of the gene a c t i o n s was p resen t in a l l 

the crosses* 

Addi t ive gene ac t ions governed by th i s t r a i t 

were observed by Deokar and P a t i l (1980), Makne and 

Chaudhary (1980), flame hand ram and Goud (1982 b ) , 

Channeshappa (1980), Hamachandram (1985), while non 

add i t i ve gene e f f e c t s were predominant were repor ted 

by Narkhedp e t aJU (1984) and Gupta and Singh (1988). 

Oil content 

The r e s u l t revealed the presence of dominance 

and a d d i t i v e x a d d i t i v e gene e f f e c t s governing th i s 

t r a i t in the c r o s s , JLSF-103 x NS-1021-1, while a l l 

the types of gene e f fec t s except dominance x dominance 

in the c ros s SSF-3 x GiMU-2375 were presen t in remaining 

c r o s s e s . Dupl ica te gene i n t e r a c t i o n s were p re sen t in 

the c rosses N-62-8 x GMU-2497 and JLSf-103 x GMU-2497. 
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Vijayakumar and Gir i ra j (1980), ChanneshWarappa 

(1984) and Pa t i l (1982) observed that o i l content was 

governed by addit ive gene e f fec t s , while Gupta and Singh 

(1988) reported non-additive gene action governing this 

t r a i t . 

Heterosis 

The r e su l t s of heterosis for dif ferent charac te rs , 

revealed that consis tent ly higher amount of posi t ive 

heterosis was present for plant height, primary branches 

per plant , secondary branches per plant , capi tu la per 

plant , seeds per capitulum, yield per capitulum, diameter 

of capitulum, yield per p lant , 100 seed weight ,-jnd o i l 

content. This suggests that the posi t ive heterosis in 

these characters had r e l a t i ve ly more influence for 

heterosis in y ie ld . All the crosses exhibited negative 

heterosis and he terobel t ios is for days to 50 per cent 

flowering and days for maturi ty. 

For days to 50 per cent, flowering a l l the 

combinations exhibited s ign i f i can t negative he te ros i s . 

As ear l iness i s regarded as beneficial, the above 

combinations for ear l iness heterosis and he te robe l t ios i s 

posses considerable promise for exploit ing this t r a i t 
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in saff lower breeding programme. These f ind ings are 

in conformity with those repor ted by Yazdi-Samadi ê t a l . 

(1973) Narkhede e t ail. (1986) noted t he s i g n i f i c a n t 

h e t e r o t i c e f f e c t for flowering t ime, however, Hamachandram 

and Goud (1982) and Gupta and Singh repor ted the negat ive 

h e t e r o s i s . 

In r e s p e c t of days for ma tu r i t y , only one combina­

t ion (N-62-8 x GMU-2497) showed the s i g n i f i c a n t negat ive 

h e t e r o s i s and h e t e r o b o l t i o s i s and iln the combination 

JLSF-103 x NS-1021-1, the re was only s i g n i f i c a n t negat ive 

did 

h e t e r o s i s and another combinntionsAnot s h o w ^ any h e t e r o ­

t i c e f f e c t s . Yazdi-Samadi e t a l . (1973) no t iced the 

h e t e r o t i c e f f e c t for matur i ty wh i l e , Ranga Hao (^9&2a) 

noticed t h a t t he re was no d e s i r a b l e h e t e r o t i c responce 

for m a t u r i t y , . However, Gupta and Singh (19°-U) repor ted 

t h a t , there was negat ive h e t e r o s i s governed th i s t r a i t . 

For p l a n t he igh t , a l l t he combinations showed 

s i g n i f i c a n t p o s i t i v e h e t e r o s i s , however, the combinat ions , 

JLSF-103 x NS-1021-1 and SSF-3 x GMU-2375 exh ib i t ed 

s i g n i f i c a n t nega t ive h e t e r o b e l t i o s i s , while other 

two combinations showed s i g n i f i c a n t p o s i t i v e h e t e r o ­

b e l t i o s i s . I t c l e a r l y i nd i ca t ed t h a t there was dom­

inance gene ac t ion predomirient over mid p a r e n t s , while 

for b e t t e r pa ren t two combinations showed dominance 
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gene ac t ion and remaining two showed a d d i t i v e gene 

a c t i o n . The p o s i t i v e h e t e r o s i s for p lan t he igh t was 

a l s o repor ted by Yazdi-Samadi e t a_l. (1975), Deokar 

e j f l l . (1984) Narkhodo £ t j j l . (1986), While nega t ive 

h e t e r o s i s repor ted by Ramachandram and Gaud (1982, c ) . 

However, Ranga Rao (1982°$ repor ted t h a t there was no 

d e s i r a b l e h e t e r o t i c e f f e c t . 

finly. jbwo combinations expressed h ighly s i g n i f i c a n t 

p o s i t i v e h e t e r o s i s and h e t e r o b e l t i o s i s for number of 

primary branches i nd i ca t i ng the dominance. Maximum 

p o s i t i v e h e t e r o s i s was shown by the combination N-62-8 x 

GMU-2497. Number of primary branches i s one of the 

important comporTants c o n t r i b u t i n g to yieLd in t h i s crop,-

a l l these paren t s could be used in the improvement of 

t h i s c h a r a c t e r . 

These f ind ings are in agreement with those 

observed by Deokar and P a t i l (1979), Hang a Hao (1982°), 

Deokar e t _ a l . (1984) and Narkhede and P a t i l (1987). 

For numbdr of secondary branches per p l a n t , 

a l l the combinat ions showed highly s i g n i f i c a n t p o s i t i v e 

h e t e r o s i s and h e t e r o b e l t i o s i s showing dominance, 

^ s p e c i a l l y the combination JLSF-103 x K'S-1021-1 expressed 

very high h e t e r o s i s which could be exp lo i t ed in develop­

ment of h y b r i d s , p o s i t i v e and s i g n i f i c a n t h e t e r o s i s was 
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previous ly observed by Deokar and P a t i l (1979), 

Narkhede e_t a_l. 0 9 8 f ) and Yadav e t _a_l. (19B7). 

For the number of c a p i t u l a per p l a n t , a l l 

the four combinations exh ib i t ed highly s i g n i f i c a n t 

p o s i t i v e h e t e r o s i s as well as h e t e r o b e l t i o s i s . The 

combination, JLSF-103 x NS-1021-1, showed maximum 

p o s i t i v e h e t e r o s i s and h e t e r o b e l t i o s i s . However, 

the per se. performance of o the r combinations wa^ a l so 

high, which the paren ts could be used in o the r breeding 

programme. P o s i t i v e and s i g n i f i c a n t h e t e r o s i s war. 

p rev ious ly observed by Deokar and P a t i l (1979), 

Ramachandram and Goud (1982, c ) , Ranga Rao (1982$, 

Deokar e t a_l. (1984). Narkhede e__t a_l. (1987) and 

Yadav e t a l . (1987). 

In r e s p e c t of diameter of capi tulum, a l l the 
T\0T\ 

combinations expressedAsignificant positive heterosis. 

All- combinations showed .significant negative hetero-

beltiosis. s. 

The combination IM-62-8 x Gh\U~249 / showed maximum 

heterosis (15.93%) and helterobeltiosis (3.29^). Both 

the parents seemed to contribute substantially to this 

trait and could find place in the breeding programme 

of hybrids. But the previous studies of Jaokar ind Patil 

f197r') and Deokar art al. (19UA) raported thit, chir, trjit 

ghoued positive significant heterosis. 
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All the combinations exh ib i t ed highly s i g n i f i c a n t 

p o s i t i v e h e t e r o s i s for seeds per capituJLum. Although 

maximum h e t e r o s i s was expressed by the combination 

JLSF-103 x NS-1021-1 (l55.11?o). S imi la r r e s u l t s were 

a l s o repor ted by Deokar and P a t i l (1979) Deokar j*_t a l . 

(1984). Narkhede e t a l . (1986). 

For y i e ld per capi tu lum, a l l the combinations 

showed s i g n i f i c a n t h e t e r o s i s and h e t e r o b e l t i o s i s . The 

combination JLSF-103 x NS-1021-1 showed maximum h e t e r o s i s 

(167.5%) and h e t e r o b e l t i o s i s (105.76%). The p o s i t i v e 

h e t e r o s i s for t h i s c h a r a c t e r was repor ted by Hamaohandram 

and Goud (1982 , c ) . 

In r e s p e c t of yield per p l a n t , s i g n i f i c a n t 

p o s i t i v e h e t e r o s i s was observed in a l l combinations 

except SSF-3 x GMU-2375 and s i g n i f i c a n t nega t ive 

h e t e r o b e l t i o s i s was observed in a l l the combina t ions . 

The pa ren t , NS-1021-1 having the lowest mean y i e l d 

gave the h ighes t s i g n i f i c a n t p o s i t i v e h e t e r o s i s , 

i nd i ca t i ng t h a t , high y i e ld ing hybrids may not 

n e c e s s a r i l y be from high y ie ld ing pa ren t s , t h u s , 

y i e ld performance per s_e should not be the only c r i t e r i a 

f o r i d e n t i f i c a t i o n of p a r e n t s . However, the divergence 

of parents c o n t r i b u t e d to h e t e r o s i s . 
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The h e t e r o s i s for seed y ie ld was mostly a s soc ia t ed 

with the h e t e r o s i s for the number of primary and secondaiy 

branches and number of c a p i t u l a per p l a n t . The expression 

of he t e ros i s for o the r yieJd components l ike 100 seed 

weight , diameter of capt tulum, <;i>*»dn per cnpltulwm did 

not seem to have a d i rec t bearing on h e t e r o s i s f o r yield 

though y i e ld i s an end product of the mul t ip le i n t e r a c ­

t ion of y ie ld components. The h e t e r o t i c e f f e c t s for t h i s 

c h a r a c t e r were a l so observed in previous s t u d i e s conducted 

by Smith and Claassen (1963), Rubis (1969), Urie and 

Zimmer (1969), Yazdi-Samadi e t a l . (1972 and 1975), 

Karve e t al. (1977), Hamachandram and Goud (1982, c ) , 

Ranga Rao (l982,Qand 1983), Deokar e t a l . (1984), 

Narkhede e t a l . (1984) and Ramachandram and Goud (1984), 

Markhede & P a t i l (1997 ) Yadav ojt a l . (1987), Mnlleshappa 

e t a l . (1989) and Pandya e t a l . (1990). 

For 100 seed weight , Only, 'two; combinations 

showed s i g n i f i c a n t p o s i t i v e h e t e r o s i s , but only one 

combination exh ib i t ed s i g n i f i c a n t negat ive h e t e r o b e l -

t i o s i s . In the previous s t u d i e s , Yazdi-Samadi e t a l .0 9 733 

(1975) Karve- e t a l . (1977) and Deokar and P a t i l (1979) 

not iced p o s i t i v e h e t e r o s i s . While, there was no h e t e r o t i c 

e f f e c t fo r seed weight was repor ted by Deokar e_t aJU (1984). 

All the combinations exh ib i t ed highly s i g n i f i c a n t 

p o s i t i v e h e t e r o s i s and h e t e r o b e l t i o s i s for o i l c o n t e n t . 

Although, maximum he te ros i s was observed in the combination 
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SSF-3 x GUM-2375. 

These f ind ings are in conformity with those 
1373, 

reported by Yazdi-Samadi e t al . (1975) and Yadnv 

e t a l . (1987), however, nega t ive h e t e r o s i s was 

repor ted by Harnachandram and Goud (1982, c ) and no 

d e s i r a b l e h e t e r o s i s by Yazdi-samadi e t a l . (1972) and 

Kanga Hao (1982^. S aff lower being a often c ross 

p o l l i n t e d c rop , the hybrid v igour for th i s crop can 

be exp lo i t ed . However, s e l e c t i o n on the bas i s of 

t r a n s g r e s s i v e type df seg rega t ion in the succeeding 

genera t ions can bring about improvement. 

Study of he t e ros i s and e s t ima te s of s ix parameters 

i nd ica t ed t h a t the c h a r a c t e r s , days to 50 per c e n t 

f lower ing , days to ma tu r i t y , p l a n t he igh t , primary and 

secondary branches per p l a n t , capi tulum per p l a n t , seeds 

per capi tulum, y i e ld per cap i tu lum, yie ld per p l an t would 

be c o n t r o l l e d by the non-add i t ive gene ac t ion whereas 

the presence of both a d d i t i v e and non-add i t ive gene 

ac t ions would be respons ib le for the express ion of the 

c h a r a c t e r s , d iameter of capi tulum and o i l con t e n t . 

Thus, the improvement of seed yie ld depends 

on the u t i l i z a t i o n of a d d i t i v e and non-add i t ive gene 

a c t i o n . The ex t en t of h e t e r o s i s was high for seed y ie ld 
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in case of JLSF-103 x N'S-1021-1 indicated the possible 

use of hybrid vigour. In the absence of usable male 

s t e r i l i t y system to produce hybrids, breeding method 

such as reciprocal reccurent select ion which simultaneously 

exploit addit ive and non addit ive gene action are expected 

to break the cons t ra in ts to achieve higher yields in 

safflower. 



 
 
 
 
 
 
 
 

 



Summary and Conclusions 



SUMMARY AND CONCLUSION 

The knowledge of gene action is essential to 

plan appropriate breeding programmes. The relative 

magnitude of gene effects and heterosis are the 

helpful ingredients to judge the genetic potential 

of the crosses. With this view, the present investigation 

was undertaken. Six generations viz. P., P0, F. , F . 

1 2. 1 2 

BC , and BC of four c rosses of saff lower (Carthamus 

t i n e t o r iu s L.) were s tudied to know the gene t i c 

a r c h i t e c t u r e involved in the c o n t r o l of y ie ld and y i e l d 

c o n t r i b u t i n g c h a r a c t e r s . 

The pa ren t s v i z . SSF-3, NS-1021-1, GMU-2375, 

GMU-P497, N-62-8 and JLSF-103 and four o£ each F , F"2, 

B . and B»"J2 were subjected to gene t i c a n a l y s i s . 

The s t u d i e s were conducted by laying out 

r e p l i c a t e d t r i a l in R.B.D. in the Pos t Graduate I n s t r u c ­

t i o n a l Farm of Mahatrna Phule Kr i sh i Vidyapeeth, Hahuri 

during the year 1991-92. 

Gene e f f e c t s : 

Tine magnitude of a d d i t i v e qene e f f ec t s were 

exh ib i t ed higher than dominance gene e f f ec t s in diameter 

of capitutum except JLSF-103 x NS-1021-1, in days to 

50 per cen t flowering except N-62-8 x GMU-2497 and 
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SSF-3 x GMU-2375, Primary, branches per p lan t in 

N-62-8 x GMU-2497 and JLSF-103 x GMU-2497 and 100 seed 

weight in the combination SSF-3 x GMU-2375. These 

r e s u l t n suqgosted t h a i , Lbeoe c onibln/itl on could bo 

exp lo i t ed in e a r l y gem r a t i o n s through s e l e c t i o n . 

Se lec t ion may be appl ied wi th in the segrega t ing genera ­

t ions leading to i s o l a t i o n of homozygous l i n e with 

inc rease in mean v a l u e s . 

The predominance of( dominant gene e f f e c t s was 

observed in the c o n t r o l of the c h a r a c t e r s l i k e o j1 

c o n t e n t , y ie ld per p l a n t , secondary branches per p l an t , 

c ap i t u V) oer p l a n t , secondary branches per p l a n t , 

e a p i t u l urn mnr p 1 aret, seeds per capi tulunci, p l an t he igh t 

days to matur i ty except JLSF-103 x GMU-2497 and P-62-8 x 

GMU-2497. The s e l e c t i o n for these c h a r a c t e r s should be 

post-poned to l a t e r g e n e r a t i o n s . Fur ther i t i n d i c a t e s 

t h a t the chances of f ix ing the p a r t i c u l a r t r a i t have 

a l imi ted scope. 

E p i s t a t i c i n t e r a c t i o n s were predominant for most 

of a l l c h a r a c t e r s except 100 seed weight , w h e r e i n 

dominance x dominance gene i n t e r a c t i o n s were of h igher 

magnitude as comnared to o the r gene e f f e c t s . DupLicate 

e p i s t a s i s was observed fo r most of the c h a r a c t e r s 
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s i g n i f i c a n t e p i s t a t i c gene e f f e c t s coupled w i t h 

d u p l i c a t e e p i s t a s i s i n d i c a t e d t h a t , through e f f e c t i v e 

s e l e c t i o n , t r n n s g r e s s i v e s e g r e g a n t s cou ld be o b t a i n e d 

i n s u b s e q u e n t g e n e r a t i o n s . 

H e t e r o s i s 

The s i g n i f i c a n t l y n e g a t i v e h e t e r o s i s and 

h e t e r o b e l t i o s i s f o r days to 50 p e r c e n t f l o w e r i n g and 

days to m a t u r i t y was observed and was d e s i r a b l e . 

Highly p o s i t i v e and s i g n i f i c a n t h e t e r o s i s and h e t e r o ­

b e l t i o s i s f o r p l a n t h e i g h t , p r i m a r y b ranches p e r p l a n t , 

s econda ry b r a n c h e s p e r p l a n t , capi tul~a per p l a n t , 

of <&vp±£u£Bm, s e e d s p e r c a p i t u l u m , y i e l d pe r c a p t t u l u r n , 
Wa3 observed-

y i e l d p e r p l a n t and o i l c o n t e n t ^ For t h e s e c h a r a c t e r s 

sample s e l e c t i o n i n s e g r e g a t i n g g e n e r a t i o n s on t h e 

b a s i s of h e t e r o s i s e s t i m a t e would be of more i m p o r t a n t . 

The combina t ion JL5F-101 x NS-1021-1 showed a c o n s i s t e n l y 

h igh magni tude of p o s i t i v e h e t e r o s i s fo r y i o l d and y i e l d 

c o n t r i b u t i n g c h a r a c t e r s e x c e p t p r imary b ranches p e r p l a n t , 

p l a n t h e i g h t , o i l c o n t e n t , days to 50 p e r c e n t f l o w e r i n g 

and m a t u r i t y d a y s . The p a r e n t s v i z . JL5F-10.'J and NG-1021-1 

cou ld be u t i l i z e d in the h y b r i d i z a t i o n programme f o r 

d e v e l o p i n g new h y b r i d c o m b i n a t i o n s . 
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