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With the object of identifyin~ superior cross 

combinations and evolving breeding strategies 'for 

enhancement of seed yield in sesame (Sesamum indicum L.), a 

set of 15 x 15 diallel crosses was attempted. A comparative 

study of performance of hybrids and their parents was made 

in two seasons viz., kharif, 1980 and summer, 1981. Six 

characters namely plant height. days to first flower. number 

of capsules on the main stem, number of capsules on the 

branches. number of capsules per plant and seed yield per 

plant were studied. Studies on combining ability, genetical 

and graphical analyses were done to bring out the 

information needed. 



The geno~ype x season interaction was signficant 

for all the characters except days to first flower, thereby 

necessitating that the test has to be carried out in multi­

environments for obtaining reliable and precise estimates of 

seed yield and its components. 

The GCA variance was in greater magnitude for all 

the characters studied in both the kharif and summer 

seasons. 

The proportion of GCA : SCA variance ratio varied 

among the characters studied. Seed yield per plant had the 

narrowest ratio. Thus, the yield components were found to be 

governed comparatively "ith more of additive genes than seed 

yield per plant. 

Among the seasons, the phenotypic expression of 

the charac~ers was in higher magnitude during summer season 

than in the kharif season. The parents KRR 2, TMV 6 and 

s.i. 2277 were found to perform better than the remaining 

parents. 

The higher magnitude of additive components 

variation (D), the less than unity ratio of (H1/D)1/2, the 

intercept of regression line above the origin in Wr-Vr graph 

for all the characters indicated the preponderance 

influence of additive gene action for seed yield and yield 

components in the parents investigated. 



The genetical and 0raphical analys~s in the 

present investigation revealed the genetic architecture of 

the parents. The ratio ofH
2
/4H l was less than 0.25 for most 

of the characters in both situations pointing to the 

asymmetry of positive and negative alleles. The <jene 

distribution among the parents was observed to be unequal 

with greater frequencies of dominant alleles. 

Based on per se ~erformance and gca effects score 

values, six cross combinations involviny two cross 

combinatioM each for Hi~h x High, Hi<jh x Low and Lo," x LOW 

viz., KRR 2 x Trw 6, KRR 2 x S.i.2277 (H x H), KRR 2 x 

S.i.2631, TMV 6 x S.i.2631 (H xL), S.i.2141 x s.i.2631 and 

s.i.2340 x s.i.2631 (L x L) were selected and advanced for F2 

generation. 

Among the six crOSS combinations studied, four 

invol ving High x Hiyh and Hi<jh x Low per se an'd gca effects 

score values exhibited high mean, high GCV, high 

heritability (BS) coupled with high genetic advance. 
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1. INTRODUCTION 

Sesame (Sesamum indicum L.) is one of the ancient 

oilseed crops k~J¢n to man. The crop is grown both under 

rainfed and irrigated conditions. It ranks third in acreage 

next only to groundnut and rape-mustard in India. The area 

under the crop is fluctuating depending on monsoon rains. 

The productivity also varies widely. 

India ranks first in area as well as production of 

sesame among the sesame producing countries (Sharma, 1985). 

The crop is predominantly grmYn in the states of Uttar 

Pradesh, Rajasthan, Madhya Pradesh, Andhra Pradesh, 

Karnataka, Tamil Nadu, West Bengal and Gujarat. Ir. Tamil 

Nadu, it is raised in 1.20 lakh hectares. The productivity 

is very low in Tamil Nadu (289 kg/hal compared to other 

countries like USA, China, Sudan and Yugoslavia. The low 

productivity in India could be improved by evolving better 

varieties with high yield through genetic improvement. 

Therefore, a thorough knowledge of the genetic base of the 

varieties as well as the nature of gene action for yield and 

yield contributing factors becomes essential for achieving 

the goal. 

Sesame is generally considered to be a self 

pollinated crop in spite of varying amounts of natural cross 

pollination reported by many investigators. The prevalence 



of considerable amount of heterosis has also been reported 

by few scientists. Riccelli and Mazzani (1964) stated that 

heterosis in sesame is more conspicuous in the hybrids of 

cultivars from different localities. But, the information 

gathered so far is very limited and the few estimates of 

heterosis available have not been related to any specific 

type of gene action. Therefore, various tools of crop 

improvement which have been instrumental for the genetic 

improvement of several self and cross pollinated crops does 

not seem to have found application in sesame breediny. The 

major constraint in sesame breeding is its 

photosensitiveness. Hence, there is need to study the crop 

under varied environments/seasons. 

estimate 

in the 

Different techniques have been employed to 

the genetic potential of the genotypes to be used 

hybridization programme to enhance the yield 

potential of crop plants. Combining ability analysis is one 

such tool widely used by plant breeders. Of the different 

techniques, the diallel method (Griffing, 1956 and Hayman, 

1954) is an appropriate biometrical method which provides a 

precise estimate of the combining ability of the parents and 

enables the breeder to eliminate the undersirable hybrid 

combinations at the early stage itself, besides assessing 

heterosis, specific combining ability of the hY9rids, nature 

of gene action governing the yield and yield related 
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characteristics. Further, the study of diallel analysis 

over different seasons/environments allows the breeder for 

prediction of the genetic components and their interaction 

across the seasons. 

The gene action of a given trait (Daljit Singh 

1973 and 1979) and Arunachalam (1976) is another important 

factor which decides the breeding methodology and selection 

procedure of the breeder. A quantitative assessment of the 

proportion of additive and non-additive genetic components 

also assumes importance. The extension of the analysis of 

selected cross combinations involving parents with high and 

low per se performance and/or gca effects or their 

combinations will provide further information for pursuing 
.bel.. ;r4l/"-1J;."">t, 

selection in latter generations (Rathnaswamy, 1984). 

The present investigation is, therefore, aimed fo1; 

understanding the following objectives 

i. to obtain information on the magnitude of general and 

specific combining ability variances besides the 

reciprocal effects in the hybrids. 

ii. to gather the extent of heterosis in the direct and 

reciprocal crosses for exploitation. 

iii. to understand the nature of gene action governing 

yield and components of yield, 
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iv. to analyse the stability of the parental genotypes and 

hybrids over the seasons, 

v. to assess the performance of parents with high or low 

per se performance and/or gca effects individually or 

in combination vith the respective hybrids and 

vi. to suggest suitable breeding strate~y for improving 

seed yield and its related traits of sesame. 
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2. REVIEW OF LITERATURE 

Investi~ations carried out on heterosis, cornhininy 

ability and genetic analysis of sesa~e (Sesamum indicum L.) 

arc reviewed hereunder. 

2.1.HETEROSIS 

Heterosis is the increased or decreased vi~our of 

Fl over its better parent or the mid parent value. The 

floral bioloy! of sesame is such that it is not full! 

amenable for exploitation of heterosis breeding and so far 

no hybrid has been released for commercial cultivation. Lack 

of appropriate and viable methodoloSY for lar~c scale 

production of hybrid seeds with less cost on labour is the 

major constraint in the exploitation of hybrid viyour. 

Sesamum is classified as an often-cross pollinated crop and 

the percentaye of cross pollination varied from 3.61 to 

lS.32 by Martinez and Quilantan (1964), 1.00 to 17.62 by 

Muhammad et al. (196S), 3.S0 to 9.60 by Rheenen (1968), 3.10 

to 6.70 by Khidir (1972) and 60.00 to 6S.00 by Uzo (1977). 

In the present review the investiyations on 

heterosis is presented with a view to find out the 

percentage of heterosis realised by different workers and 

the feasibility of commercial exploitation of hybrid vigour. 

Pal (1945) made crosses between certain of the 

Pusa types and studied eight FIS along with their parent 
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cultivars. The hybrid T 26 x T 20 showed a marked increased 

in number of branches, ~reatly surpassin~ the better parent. 

The cross T 26 x T 28 and its reciprocal were as early as 

the early parent. In rest'ect of field, the best cross was T 

26 x T 3 which exceeded the better parent by 121.0 per cent. 

Negative heterosis was observed for plant height. 

Ricce11i and Mazzani (1964) studied 510 hybrids 

from diallel crosses between 32 cu1tivars of \lide 

geo~raphical ori~in and found that heterosis in sesame was 

more conspicuous in the hybrids of cultivars from distant 

localities. Srivastava and Singh (1968) studied heterosis 

for different morphological traits. The characters such as 

yield per plant, plant height, number of branches, number of 

leaves, number of capsules, length and breadth of capsules 

and 1000 seed weight showed increases ranging from 2.13 to 

44.13 per eent over the superior parent and increases 

ranging from 4.22 to 42.11 per cent ove'r mid parent value, 

number of leaves and yield per plant recording the maximum 

heterosis in the cross between Meghna x local. The other 

cross, Meghna x wild, expressed a relative heterosis of 

132.79 per cent and heterobeltiosis of 46.8 per cent for 

yield. The relative heterosis ranged from 2.05 to 66.57 per 

cent for other characters. In the third cross, local x wild. 

the heterosis was 27.46 per cent for yield. 14.26 per cent 

for plant height. 33.26 per cent for number of branches. 

57.02 per cent for DUmber of leaves. 53.30 per cent to 
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number of capsules. 44.20 per cent for breadth of capsules 

and 34.22 per cent for iOOO seed weight. 

Murthy (19~5j in a dial leI cross of 10 varieties 

of sesame of diverse eco-geographical origin involving 90 

hjbrids along with 10 parents reported on six agronomic and 

two chemical characters. Seed yield recorded the highest 

heterosis of 33.00 per cent, followed bj number of cQPsules 

per plant with 16.00 per cent. The mean percentage of 

heterosis was significant and positive in earliness, plant 

height and number of primary branches while it was 

insignificant for number of secondary b~anches and oil 

content. Protein content recorded significantlj negative 

heterosis. Indian x Exotic crosses in general, recorded 

higher heterosis than the Indian x Indian and Exotic x 

Exotic crosses. The exotic lines were useful in improving 

thE' earliness, numter of secondary br2.nches, seed jield and 

protein content. 

Dixit (1976) studied six parents, six Fls and six 

F2S of sesame. The cross C 35 x TC 62 recorded 118.75 and 

83.81 per cent of heterosis and heterobeltiosis respectively 

for number of primary branches. For number of capsules on 

the main fruiting branch, T 4 x C 35 and KL x C 1036 showed 

19.59 and 25.51 per cent of heterosis respectively. The 

cross C 35 x TC 62 expressed 9.84 per cent heterosis for 

plant height. For capsules per plant, in the cross T4 x ,:::35 
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115.18 and 114.73 per cent heterosis and heterobe1tiosis 

respectively and in C 1036 x JL 55.01 per cent 

heterobeltiosis were observed. Heterosis to the extent of 

33.99 per cent was recorded for seed yield bj TC 62 x KL. 

Hybrids T4 x C 35 and KL x C 136 registered 78.33 and 115.68 

per cent of heterosis and 29.11 and 77.39 per 

heterobeltiosis for seed yield respectively. 

Srivastava and Prakash (1977) effected 

cent 

six 

possible direct crosses using four white seed varieties of 

indigenous origin. Among them, one hjbrid involving the best 

parent recorded 6.20 per cent increased Eeed jield and 25.75 

per cent increased capsule number over the best parent. None 

other hybrids exhibited significant deviations over the best 

and better parents. 

Uzo (1977) studied 75 Fl hybrids involving 21 

parents of diverse origin and detected a high degree of 

hjbrid vigour in nine plant characters. All of them were 

shown to be significantly correlated with seed yield. It "as 

found that the interrelationships of these characters were 

different among parental lines as contrasted >lith FI 

population. The yield components carried separately in 

different parents combined in Fl to give rise to a 

geometrical rather than additive effect accounting for the 

high magnitude of hybrid vigour as measured on yield. 
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Shrivas and Singh (1978) in a study of hybrids of 

10 x 10 dial leI crosses (45 direct crosses without 

reciprocals) observed maximum heterosis (7.25 per cent) for 

seed yield and 6.75 per cent for plant height over the 

better parents. Alternatively. branches and capsule per 

plant exhibited 36.34 and 18.52 per cent maximum heterosis 

towards the positive direction. In general. the magnitude of 

negative heterosis was higher than positive heterosis for 

all characters. Similarly. the number of crosses below the 

lower parent were more than the number of Crosses above the 

better parents. 

Ashok Kotecha and Yermanos (1978) in an 8 x 8 

dia11e1 cross estimated the heterosis percentage over its 

better parent to range from -28.0 to 237.8. 

12.5. -28.8 to 122.6 and -25.7 to 10.6 per cent respectively 

for seed yield. plant height. capsule number and capsule 

length. 

In crosses between 13 varieties and D 7-11-1. 

Chaudhari et al. (1979) reported significant heterosis in 

ten hybrids and significant heterobeltiosis in eight hybrids 

for seed yield per plant. The cross D 7-11-1 x Dhamera-l 

recorded 116.78 per cent heterosis for seed yield and 25.61 

per cent for number of nodes. For number of branches. five 

hybrids expressed significant heterosis and two showed 

heterobeltiosis. Eleven and two hybrids respectively 
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exhibited heterosis and heterobeltiosis for number of 

capsules. 

In a 9 x ~ dial leI cross in Sesame. Rathnaswamy 

(1980) studied heterosis for five characters. A maximum 

heterosis of 24.91 per cent for plant height. 63.64 per cent 

for branches per plant. 45.57 per cent for capsules per 

plant. 19.72 per cent for capsule length and 67.94 per cent 

for seed yield per plant was reported. 

Nafie (1980, reported si~nificant heterosis for 

number of capsules. seed weight per capsule and seed yield 

per plant in a dial leI cross involvin~ six non-dehiscent 

parep~s. 

In a dial leI cross involving ten sesame varieties. 

Shrivas and Singh (1981) observed the magnitude of negative 

heterosis to be higher than positive heterosis for all the 

characters. Heterosis over mid parent was found to range 

from -13.76 to 9.26 per cent for plant height. -10.74 to 

17.98 per cent for height for first capsule. -24.18 to 47.68 

per cent for number of branches per plant. -26.10 to 19.34 

per cent for number of capsule per plant and -25.21 to 15.22 

per cent for seed yield per plant. Heterosis Over better 

parent was found to range from -19.07 to 6.57 per cent for 

plant height. -14.82 to 18.89 per cent for height to first 

capsule. -47.07 to 36.34 per cent for number of branches per 
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plant. -31.92 to 18.52 per cent for number of capsules per 

plant and -27.Q) to 7.5~ per cent for seed yield per plant. 

Tyagi and Singh (1981) studied 60 Fl hybrids along 

with their parents. Heterobeltiosis of -4.90 to 20.7Q per 

cent for days to first flO\<ering and -11.50 to 22.89 per 

cent for days to maturity was recorded. Heterosis over the 

better parent was 166.66 per cent for number of branches. 

151.36 per cent for seed yield. 81.70 per cent for test 

weight. 39.13 per cent for capsules per plant and 32.76 per 

cent for plant height. 

Chavan et al. (1982) studied heterosis for plant 

heiyht. capsules per plant. number of days to maturity and 

jield per plant in Fl and F2 of six intervatietal crosses 

derived from eight varieties. Significant positive heterosis 

was observed in several crosses for capsules per plant. 

number of days to maturity and yield per plant. 

In a study involving 12 varieties and their 

hybrids. Paramasivan et al. (1982) had recorded a minimum of 

5.85 per cent and a maximum of 16.42 per cent of 

heterobeltiosis for plant height in the crosses Si 2181 x IC 

14120 and Si 1845 x IC 14178 respectively. Heterobeltiosis 

of 41.23 per cent was recorded by the hybrid Si 245 x IC 

14120 for number of capsules. Heterobeltiosis of 36.42 per 

cent and 45.77 per cent was recorded in Si 850 x IC 14178 
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and Si 1845 x IC 14178 respectively for number of seeds per 

capsule. For seed jield per plant and 1000 seed weiyht, 

19.91 and 50.66 per cent respectively were recorded by the 

hybrid YMW x KRR 2. 

In a study of nine crosses involviny eight parents 

at three localities bj Godawat and Gupta (1983) revealed 

that heterosis and in breediny depression were observed in 

all the crosses for most of the characters in different 

environments. They concluded that hi9hest heterosis for 

jield over the mid parent (87.20 per cent) and better parent 

(65.46 per cent) recorded by the cross RSE I x JT 7 was due 

to simultaneous heterosis for a number of yield component 

traits. 

Sharma and Chauhan (1983) in a study of heterosis 

and inbreeding depression involving ten varieties of Sesame, 

observed heterosis for seed jield and eight other component 

characters. The mid parent and better parent heterosis for 

seed yield ranged from -16.76 to 105.70 per cent, -36.99 to 

60.27 per cent respectively. The heterosis for seed yield 

appeared to be due to high manifestation of heterosis for 

number of capsules per plant which in turn \laS due to 

additive action of number of primary and secondary branches. 

Since, majority of the hybrids showed inbreeding depression 

in F2 , it was recommended to exploit heterosis in Fl itself. 
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Desai et al. (1984) in a study of hybrids 

involving 15 varieties reported that the crosS B 45 x MT 67-

52 recorded the highest yield and was most heterotic for 

field and oil content. They also reported that heterosis was 

attributable mainlf to increases in number of branches, 

plant height and 100 seed weight. 

Chaudhari et al. 

incomplete diallel analysis, 

plant and eight field related 

Krishnaswami and 

(1984a) reported from N B x 

heterosis for seed field 

qualitf traits. 

8 

per 

Appadurai (1984) studied 

heterosis in thirty six hybrids derived from crossing 12 

female and three male parents and reported that the extent 

of heterosis was high for number of capsules and seed yield. 

In another study, Krishnaswami et al. (1985 ) 

involving 84 hybrids derived from two sets of crosses, one 

set using CO 1 and another TMV 3 as ovule parent. the hybrid 

Si 2327 x CO 1 and Si 2241 x TMV 3 were considered worth 

exploiting as they showed significant heterosls both for 

capsule number and seed yield. Heterosis in both 

combinations ranged from -59.00 to 58.00 per cent for 

capsule number and -50.00 to 263.00 per cent for seed yield. 

Godawat and Gupta (1985) observed from a study of 

the parents. Fl , F 2 , BCl and,BC2 of five crOsses grown in 

four localities, that heterosis for seed yield was 
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attributable to heterosis for hei':lht and number of capsules 

per plant. Heterosis was followed by inbreeding depression 

in all the crosses indicating the involvement of non­

additive gene action in the control of seed yield per plant. 

number of capsules per plant and plant height. 

Dora and Kamala (1986) studied a 4 x 4 corr·plete 

diallel cross and stated that heterosis over the mid parent 

value was most pronounced for branches per plant. capsules 

per plant. number of seeds per capsule and seed jield per 

plant and positive and significant for primary branches per 

plant and seed length. The magnitude of positive and 

negative heterosis for different characters in Fl over the 

parental means indicated overall dominance of positively 

acting genes. The hiyher magnitude of negative heterosis 

than that of the positive heterosis for secondary branChes. 

capsules length and width. seed thickness. days to first 

days to maturity. seed yield per plant and seed 

yield per plot over the better parents indicated partial 

dominance. Heterobeltiosis for oil content in the cross B 67 

x IS 103 was the maxi_urn (27.20 per cent) with a per se oil. 

content of 55.80 per cent. This hybrid along with Madhavi x 

B 67 with 58.00 per cent oil content were recommended for 

commercial exploitation. 

Singh et al. (1986) studied heterosis in respect 

of 13 traits in 30 hybrids of white seeded sesame. High 



heterotic values were observed for primary 

secondary branches. c?~sules. harvest index. field. 

15 

branches# 

protein 

and oil content. Til x Pb 1 showed the highest heterosis 

for seed field (327.74 per cent) over the better parent. It 

also recorded the highest yield superiority 108.36 per cent 

over the standard variety T 12. 

Four crosses of Sesame were studied for heterosis 

in respect of seed field. oil yield and oil content per 

plant by Reddy et al. (1986). The relative heterosis ranged 

from 23.40 to 113.00 per cent and heterobeltiosis from nil 

to 71.40 per cent for seed yield. In respect of oil content. 

the heterosis was 13.00 to 65.50 per cent and 

heterobeltiosis from nil to 41.20 per cent. 

Krishnadoss et al. (1987) studied heterosis in 

(20 x 5, line x tester) 100 hybrids along with their 

parents. Relative heterosis, heterobeltiosis and standard 

heterosis were estimated. Relative heterosis alone was 

significant. that too, in four hybrids. Among them. the 

hybrid L 15 x T 3 recorded a maximum of 174.47 per cent 

relative heterosis but recorded negative standard heterosis. 

They concluded that the possibility of exploiting hybrid 

vigour for commercial purpose for boosting the seed yield in 

sesame was not bright in the materials studied. 

Padmavathi (1987) in a study of 15 x 5 line x 

tester analysis in sesame for 15 characters. reported that 
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maximum heterosis of 48.86 per cent was recorded for number 

of primaries, 36.36 per cent for number of seeds per 

capsule, 10.49 per cent for capsule length and 49.25 

cent for seed yield per plant. Maximum heterobeltiosis 

per 

of 

18.41 per cent was registered for number of primaries, 15.29 

per cent for number of seeds per capsule, 5.29 per cent for 

capsule length and 14.61 per cent for seed field. Negative 

heterosis was observed in many hybrids for characters like 

plant height, height to first capsule, internodal length, 

number of secondaries, capsules on branches, first capsule 

bearing node, capsule breadth and days to maturity. 

parents 

Anitha (1988) studied 56 hybrids along with their 

(8 x 8 diallel) for 20 morphological and economic 

traits. Three hybrids viz., Si 1484 x Si. 1003, Si 1225 x 

Si. 1484 and CO 1 x Si 1003 exhibited significant positive 

heterobeltiosis for seed yield while positive standard 

heterosis "las seen in four hybrids, namely CO 1 x Si 1003. 

TSS 5 x TSS 4, TSS 4 x TSS 5 and Si 1225 x TSS 4. The 

maximum heterosis of 44.02 per cent for seed yield was 

registered by the cross Si 1484 x Si 1003 and the maximum 

standard heterosis of 26.84 per cent by the cross CO 1 x Si 

1003. 

Subbalakshmi (1989) after a study of 6 x 6 diallel 

crosses for two seasons on six characters observed that 

heterosis for number of branches, capsule length and seed 
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jield was higher in summer compared to the expression in 

kharif. The hjbrids CO 1 x TMV 3. Si 964 x si 1653 and CO 

x Si 964 were identified as suitable for heterosis breedin~ 

since they possessed significantly positive heterosis in 

both summer and kharif seasons. 

Dharmalingam (1990) in a study of 6 x 6 diallel 

analysis reported significant and positive heterosis in the 

crosses TMV 6 x S 0549. S 0549 x AT 11. TMV 6 x ACV 2 ann 

s 0549 x ACV 2 for seed jield. plant height. number of 

branches. number of capsules on main stem. number of 

capsules on branches. number of capsules per plant and 

number of seeds per capsule. 

Tu et al. (1991) in their study of 6 x 6 diallel 

cross. observed heterosis for seed yield. plant height. 

first capsule position. length of main fruit axis. number of 

branches. number of capsules per plant. seeds per capsule. 

1000 seed weight but not for flowerin~ period duration. 

2.2. COMBINING ABILITY 

The abilitj of an inbred to transmit its desirable 

performance to its hybrid progenies is called combining 

ability. The concept of combining ability in terms of 

genetic variations was put forward by Sprague and Tatum 

(1942) using single .crosses !n maize. They defined the 

general combining ability (GCA) as the average performance 
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of a line in several hybrid combinations. The specific 

combinin~ ability \SeA) was designated to the effects in 

certain combinations which si~nifi~antly deviated from what 

would be expected on the basis of average performance of the 

lines involved. Sprague and Federer (1951) and Rojas and 

Spra~ue (1952) found that GCA involved additive effect of 

genes as well as additive x additive interactions. which was 

later confirmed by Carnaham et al. (1960). They attributed 

SCA not only involved dominance and ep;~asis but also 

considerable amount of genotype x environment interactions. 

Griffing (1956) expressed that GCA involved both additive 

effects as well as additive additive interactions. 

Kempthorne (1957) precisely defined SCA and r,CA in terms of 

covariances of half sibs and full sibs in random mating 

population. The inheritance of combining ability is governed 

primarily by many genes with small individual effects. Lines 

high in combining ability are high in heritability 

presumably because of large proportion of favourable genes 

which they carrj (Lonnquist. 1951). 

Studies on combining ability carried out so far on 

sesame are discussed hereunder. 

Murthy (1975) studied combining ability and 

reciprocal effects in 10 x 10 diallel analysis. The GCA 

variances were larger t~an SCA variances for all the traits 

except for oil content indicating the predominance of 
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additive gene action. The seA variances were considerable 

for seed yield and protein content. The variances due to 

reciprocal effects were also significant for all characters 

except seed yield. percentage of oil and protein content. 

The variety TMV 2 and Si 770 \"ere good general combiners for 

plant hei9ht. number of primary and secondary branches. 

number of capsules per plant and seed yield. For oil 

content. Sel-R was a better general combiner while TMV 2 for 

protein content and Si 1783 for earliness. 

Dixit (1978) studied combining ability analysis in 

a 5 x 5 dial leI excluding reciprocals and concluded that 

both additive and non additive gene action were responsible 

for the inheritance of protein content while additive gene 

action. was predominant for test weight. Jhansi local. TC 62 

and Kanpur local were the good general combiners for protein 

content and T4 and Kanpur local for test weight. The hybrids 

Kanpur local x T4 and TC 62 x Kanpur local were the best 

combiners for protein content. while Jhansi local x Kanpur 

local was for test weight. 

Shrivas and Singh (1978) reported from a study of 

10 x 10 diallel cross that GCA and SCA variances were 

significant for plant height. height from base to first 

capsule. number of branches per plant. number of capsules 

per plant and seed yield. The GCA variances was higher than' 
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the SCA variances for ail the characters indicating additive 

yene action for all the characters except plant height. 

Ashok Kotecha and Yermanos (1978) after a st.udy of 

8 ~ 8 dial leI mating found that the C,CA variance for seed 

yield. plant height. capsule number and capsule lenyth was 

highly siynificant and much laryer than the SCA variance 

indicating additive yene action for these characters. 

Reciprocal differences were also seen for seed yield. plant 

heiyht. capsule number and capsule lenyth. The same authors 

(1979) also reported that the average and mean deyree of 

dominance indicated over dominance which was in the 

direction of seed yield. Reciprocal effects of hybrids was 

significant indicating also the maternal effects. 

Rathnas\Vamy (1980) in a study of diallel analysis 

involving nine parents and their 36 hybrid combinations 

(excluding reciprocals) reported that the GCA variance was 

greater than the SCA variance for all the characters. The 

analysis revealed that the varieties 5i 2511 and TMV 4 were 

good general combiners for branches per plant, capsule 

length and yield per plant. KRR 2 was a good general 

combiner for plant height, capsules per plant and yield per 

plant. The types 5i 2316 and 5i 2300 were good combiners for 

capsule length. The hybrid 5i 1761 ~ 5i 2316. TMV 4 y. 5i 

1782, KRR 2 x 5i 2511. Si 1761 x 5i 1277 and KRR 2 x Si 2511 

were identified to be the best hybrids for plant height. 
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branches per plant. capsules per plant. capsule length and 

yield per plant respectively. 

Nafie (1980) reported that yca effects were higher 

than SCA effects for yield components. The sca effects were 

significant for all characters except plant height. 

Gupta (1981, studied four characters in a 6 x 6 

dial lei analysis. The GCA. SCA and reciprocal variances were 

highly significant for all the four characters. The GCA had 

higher magnitude than the SCA variance for yield and yield 

components. The SCA estimates ,cere high for numter of 

branches, capsules per plant and seed yield. Bahadurpur II 

was the best general combiner for all the traits studied. 

Bahadurpur II x TS 15.72. Kalang x Til black, Shahabad x Til 

black and Shahabad x TS 15-72 showed significant sca effects 

for plant height, Pb Til No.1 x Kalang, Shahabad x Til black 

and Shahabad x TS 15-72, for number of branches, Til black x 

TS 15-72, Shahabad x Til black, Kalang x Bahadurpur II, 

Kalang x TS 15-72, Shahabad x TS 15-72 and Bahadurpur II x 

TS 15-72 for capsules per plant and Til black x TS 15-72, Pb 

Til No 1 x Kalang, Bahadurpur II x TS-15-72, Kalang x TS 

15-72, Pb Til No 1. x Bahadurpur II, Pb Til No 1 x Til black 

and Bahadurpur II x Til black for seed yield. 

Both gca and sca effects were highly significant 

for all the characters in a 6 x 6 dial leI mating study by 

Fatteh et aI. (I982j. The variances due to GCA were high for 
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all the characters compared to those of c:\'~ suyyesting 

additive type of yene action to govern the traits such as 

days to flowering, plant height, number of capsules per 

plant, capsule length to breadth ratio, days to maturity, 

yield per plant and 1000 seed weight. The non-additive type 

of gene act jon appeared to have been involved for oil 

content and number of effective branches. The types Mrug-l 

and MT 67-52 were the best general combiners for all the 

characters. The type T-85-N \las a good general combiner for 

oil content only. Among the hybrids, Mrug-l x MT 67-52, Mrug 

1 x 1-17-2 and Purva x T-85-N were found to be high yielding 

combinations. Reciprocal effects were observed for all the 

characters. Hiyhest reciprocal effect was observed for 

number of capsules per plant folloued by plant height and 

seed yield. 

Redd)t' et al. (1982) in their combining ability 

analysis in sesame by line x tester (10 x 5) analysis 

reported that the proportion of GCA to SCA estimates of 

variances was more than unity for plant height and oil 

content indicating the predominance of additive gene action. 

In respect of other characters viz., days to flowering. 

effective stern length, number of branches, capsules on the 

main stern, capsules per plant and seed yield per plant, the 

influence of non-additive gene action was high since the 

ratio of GCA/SCA \~as less than one. The variety si 851 was 
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found to be a good general combi ner for days to flO\,er. 

plant height. effectivQ stem length. capsules per plant. 

seed and oil jield per plant. The hybrids Till x Si 851 and 

Suwan x Si 851 gave high seed and oil yield. The hybrids ~s 22 

x x 5i 851 and MT 67-38 x C 50 were the next best for seed 

jield and oil yield per plant. 

Singh et al. (1983) in a study of 12 x 12 partial 

diallel mating of white seeded sesame reported that the eCA 

variance was significant for all the characters in F] but 

was not significant in F2 for days to reproductive phase. 

days to maturity. harvest index. 1000 seed weight and 

protein content. seA variance was Significant for dajs to 

reproductive phase and oil content in F
2

· This was confirmed 

bj over dominance observed in F] and partial 

F
2

. Yield and its important components 

dominance in 

have shown 

preponderance of both non-additive and additive genetic 

variance. 

Chaudhari et al. (1984a) in a study of 8 x 8 

incomplete diallel analysis for combining ability of yield 

per plant and eight yield related characters reported that 

biparental mating follo\'led by recurrent selection in 

segregating generation will be useful for improving sesame. 

Chaudhari et al. (1984b) studied combining ability 

for yield per p'lant and six yield related traits from a 6 x 

6 diallel mating excluding reciprocals. The results 
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indicated that the variances due to GCA were significant for 

all the characters except length of the capsules and the 

variances due to SCA were significant for yield per plant, 

number of branches, length of the capsule, number of nodes 

per plant and number of grains per capsule_ The significant 

GCA and SCA variances indicated that both additive and non­

additive components are influencing the expression of yield 

per plant and its contributin~ traits, viz .. number of 

branches per plant, number of nodes per plant and number of 

seeds per capsule whereas the number of capsules per plant, 

height of plant and length of capsule have non-additive 

components. 

Djigma (1984) after analysing the hybrids of five 

varieties from different countries crossed in a dial lei 

model reported 'hat additive effects predominated capsule 

length and 1000 seed weight and interactions pre dominated 

for seed yield, length of main stem and number of capsules_ 

The varieties Yendev 55 (Nigeria) and J~algfn 128 (India) 

were identified as the best combiners for 1000 seed weight_ 

Krishnaswami and Appadurai (1984) after a study of 

36 hybrids obtained by crossing 12 lines with three testers, 

reported that the gca values were high in N 62-34/3 

and Jt 62-34/1 among females and in co 1 among males for the 

four characters studied_ Hybrids involving co 1 and N 62-
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34/3 as parents besides showin~ high sea. expressed 

increased values over the best parent CO I. 

Rathnaswamy and Jagathesan (1984) in their 

combining abilitj studies involving nine parents and their 

36 hybrids. indicated that the Cr.~ VarIance was greater than 

SCA variance for all the characters viz .. seed yield per 

plant and four yield related traits. GCA x environment 

variance was greater than seA x environment variance. 

Reddy et al. (1984i studied combining ability in a 

10 x 10 dialle1 cross. They reported that the parents Anand 

747. N 62-38 and C 50 exhibited negative gca effects for 

days to flower, plant height, effective stem len~th and 

number of branches. 5i 851 and 5i 1551 had positive gca 

effects for days to flmler, plant height and number of 

branches. T 85 was a desirable combiner for many of the 

characters studied viz .. days to flower, total capsules, 

seed yield, oil yield and oil content. 5i 1854/1 \~as good 

~eneral combiner for seed yield. 5i 1854/1 " Anand 74 x 91-

9-9-9 x Anand 74, N 86 x 5i 1854/1 and N 62-38 x T 85 

crosses recorded significant sea effects with high mean 

yield of oil per plant in that order. 

Sharma and Chauhan (1985) studied the nature of 

combining ability in a 10 x 10 diallel and found that the 

variance for GCA. SCA and reciprocal effects were 

significant. The magnitude of GCA variances was higher than 
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that of the SCA variances. Good yeneral combiners for seed 

jield. oil per cent. dais to first flower. days to maturity 

and number of capsules per plant were JT 7. T 13. B local. 

T 12. SH 50 and SH 62. The crosses T 12 x N 32. Patan 64 x 

SH 62 and Patan 64 x T 13 had the hiyhest ~c~ effects for 

seed yield. JT 66-173 x SH 62 and SH 62 x T 12 were the 

crosses with high sea effects for capsules per plant and N 

32 x SH 62 for 1000 seed weiyht. For days to flower B local 

x T 12 had the highest positive effect. while T 12 x SH 50 

had the maximum negative effect. 

Dora and Kamala (1987) studied combining ab.ility 

in Sesame from a 4 x 4 diallel mating for 16 characters. 

Gowri was observed to be a good general combiner for many 

characters as it had high yca effect. Madhavi was ranked the 

next best general combiner. Gowri x Madhavi was the best 

combination for seed yield per plant while Madhavi x Gowri 

for oil content. The estimates of SCA variances were 

generally much higher than that of the GCA variances 

suygesting the influence of both additive and non-additive 

gene action. The high GCA/SCA ratio. however confirmed the 

predominance of non-additive gene influence. 

Anand kumar and Sree Rangaswamy (1987) studied 

combining ability of sesame in a line x tester analysis. SCA 

variances were higher than GCA indicating influence of non­

additive alleles for seed yield. 
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Krishna doss et al. (1987) in a (20 x 5) line x 

tester study reported predominance of non-additive over 

additive gene action for yield per plant and six yield 

related and other developmental traits. 5i 244/2 was a good 

general combiner for height and number of capsules per plant 

whereas 68/20 for height and yield per plant. 

Padmavathi (1987) evaluated l~ lines and five 

testers in a line Y. tester analysis for estimating combininy 

ability and found that GCA variances wer~ greater lhan seA 

variances in respect of yield. plant height. height to first 

capsule. capsule length. days to maturity indicating the 

predominance of additive gene action for these traits. For 

1000 seed weight and oil content. high SeA variances were 

recorded revealing that nonadditivity control these traits. 

Combining ability was studied in 8 x 3 line tester 

analysis by Khorgade et al. (1988) for yield and ten other 

yield related traits. The analysis of variance indicated 

significant variation for all the characters except oil 

content and hence excluded from further study. Both GCA and 

SCA variances were significant for days to maturity. capsule 

length. number of branches per plant. number of capsules per 

plant and 1000 seed weight. indicating the preponderance of 

both additive and non-additive types of gene action in 

controlling these traits. IC 252 was identified to be the 

best general combiner for plant height. number of branches 
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per plant and seed yield per plant and IS 620 for earliness. 

capsule lenyth. capsule width and number of seeds per 

capsule. The best cross combination was Ie 252 x N 128. 

Anitha (19881 studied combining ability in Sesame 

from 8 x 8 full dial leI and reported that reciprocal 

differences were significant for plant height. number of 

tJrimaries. ]000 seed weight and oil content. TSS S. TSS 4. 

CO 1 and Si 1484 are identified as better general combiners 

whereas CO 1 x Si 1003 was adjusted to be the best hybrid 

combination. Based on the per se performance.heterobeltiosis 

and sca effects for yield and other economic traits the 

crosses CO 1 x Si 1003. TSS 4 x TSS ~ and Si 1125 x TSS 4 

,,,ere reported to be Horthy of exploitation for field 

improvement. 

Subbalakshmi (1989) from a study of 6 x 6 dial leI 

analysis for t\Vo seasons reported that mean performance of 

parents was the indicator of their gca effects for all the 

traits. Predominance of GCA over SCA variances for all 

traits were observed. The relationship between gca effects 

of parents and the sea effects of hybrids were discussed and 

brought out. 

Dharmalingam (1990) studied a 6 x 6 dial1el 

analysis and observed that the variances due to GCA were 

highly significant for all the traits while the variances 

due to seA were significant for all characters except length 
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of capsules. The reciprocal variances were also significant 

for all the traits except len~th of capsule which was less 

significant. 

Narkhede and Sudir kumar (1991a) reported from 8 x 

8 dial leI studies. that the performance of the parents "ere 

generally more stable than those of the hybrids over 

environments. The type RSE 1 was the best combiner for oil 

and protein content and other characters. 

Kandaswami (1992) from a study of 27 x 1 i ne 

tester analysis. reported that the magnitude of seA 

variances was higher than GCA variances for all the trials 

in individual season. 

2.3. GENETIC ANALYSIS 

In a 10 x 10 dial leI analysis study in Sesame. 

Murthy and Hashim (1974) observed significant a and b 

components for plant height. branches per plant. capsules 

per plant and plot yield indicating the presence of both 

additive and dominance genetic effects. The additive 

variance (0) and dominance components HI and H2 were 

significant [or both the above characters. The HI was larger 

in magnitudf2 than the 0 component for branches per plant. 

capsules per plant and plot yield "hile H2 was larger for 

plant height. Partial dominance was observed for plant 

height while over dominance for branches per plant capsules 
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per plant and plot yield. The heritability in narrow sense 

was in the order of 77.50. 40.15. 11.81 and 13.08 per cent 

respectively for plant height. branches per plant. 

per plant and plot yield. 

capsules 

Rathnaswamy (1980) from his study of 9 x 9 diallel 

reported a higher magnitude of additive component variation 

than dominance component for plant height. number of 

branches and number of capsules per plant and thereby 

indicated the predominance of additive gene effects for 

yield components. However. the degree of dominance ranged 

from partial dominance in one environment to overdominance 

in five other environments. This indicated that seed field 

per plant though shewed some degree of additivity was 

strongly influenced by dominance and non allelic 

interactions in most environments. Heritability ranged from 

40.3 to 70.65 per cent for plant height. 55.83 to 84.9 per 

cent for branches per plant. 54.07 to 77.91 per cent for 

capsules per plant and 02.22 to 62.12 per cent for yield per 

plant. 

Narkhede and Sudir kumar (199lb) in a study of 8 x 

8 diallel analysis for seven traits. reported that number of 

primary branches per plant. capsules per plant. length of 

capsules. seeds per capsule and yield per plant were 

generally controlled b¥ dominant gene action. Length of main 
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reproductive stem was under additive and test weight under 

both additive and dominant gene action. 

2.4. GRAPHICAL ANALYSIS 

Murthy and Hashim (1974) in their study indicated 

that the regression coefficient of Wr. Vr was practically 

egual to un~ty for plant height. number of branches per 

plant but deviated significantly from unity for capsule 

number and plot j'ield. Thus. epistasis "as either a minor or 

major feature of genetic system for different characters and 

probably p~ays a role in inflating the dominance ratio. 

mating. 

regression 

Rathnaswamy (1980) after a stud/ of 9 x 9 dial lei 

reported through graphical anal/sis that the 

line of Wr on Vr intercepted the 'yo ordinate 

above the point of origin in most environments. The parent 

S.i.1761 clustered mostly near the origin for branches per 

plant and capsules length while the position of others were 

inconsistent indicating the presence of dominant alleles for 

the above two characters. 

Subbalakshmi (1989) after study of 6 x 6 diallel 

analysis reported through graphical analysis significant 

values of Wr, Vr for number of branches and two of the 

parents possessed more of dominant alleles since they were 

nearer the origin on the regression line. 
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3. MATERIALS AND METHODS 

3.1. MATERIALS 

The experimental material consisted of fifteen 

genotypes of Sesame. Sesamum indicum (L.) maintained at 

School of Genetics. Tamil Nadu Agricultural University. 

Coimbatore. The origin/source and other particulars of the 

genotypes are presented in the Table 3.1. 

3.2. METHODS 

A total of 147 genotypes was collected from 

oilseeds unit. School of Genetics. Tamil Nadu Agricultural 

University. Coimbatore. All these genotypes vere raised at 

the Millet Breeding Station. Tamil Nadu A'oJricultural 

Universitj. Coimbatore during rabi. 1978. Fifteen genotjpes 

were selected at random from these 147 genotypes and selfed 

seeds of these 15 types were again so\m during summer. 1979. 

These types were again selfed by follO\<ing the method of 

holding the petals by tying threads in the afternoon. before 

the flower opening. The selfed capsules were collected and 

dried seeds obtained from the selfed capSUles utilised as 

parental seeds. The parental seeds of 15 genotypes were sO\m 

during kharif. 1979 and crosses were made in all possible 

\<ays in 

parental 

selfing. 

a dial leI of 15 x 15 inGluding 

genotypes were continued to 

reciprocals. The 

be maintained by 
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Seeds collected from each of these 210 hybrid 

combinations 1105 direct crosses and 105 reciprocal crosses) 

were divided into three parts for use in further study. one 

part for study during ~~~£!f 1980. another part for study 

during summer. 1981 and remaining for study along with the 

selected F2 generations. The 210 hybrid combinations along 

with their parents (15) were raised and studied during 

kh;u.if. 1980. Randomised block design with three 

replications was the laf out adopted. The studf was repeated 

during summer. 1981 adopting the same design of lafout and 

number of replications. 

The normal cultural. agronomic. plant protection 

and management practices were adopted as per the recommended 

schedule. Each entrj was raised on the sides of ridges 

formed 45 cm apart. A spacing of 20 cm was adopted bet\leen 

plants in the row. Irrigation \las provided \"lhenever 

necessary during the crop grm1th. The list of parents and 

their code numbers are presented in Table 3.1. 

3.3. CHARACTERS STUDIED 

Five plants were selected at random in each of the 

replications (excluding the border plants) in both the 

parents and hybrid combinations (Panse and Sukatme (1961). 

The mean values of each replication were utilized for 

statistical analysis. The characters studied are given 
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hereunder. The characters selected are directly related to 

selid yield. 

(1) Plant height - Plant height measured from ground level 

to the tip of the main stem of the plants in 

centimetres at the time of harvest. 

(2) Days for first flower - Number of days taken from 

sowing to the appearance of the first flower on the 

selected plant. 

(3) Capsules on the main stem - The number of fully 

developed capsules at the time of harvest on the main 

axis or main stem of the plant. 

(4 ) 

(5 ) 

Capsules On the branches The number of fully 

developed capsules at the time of harvest on the 

branches of the plant. 

Capsules per plant The total number of fully 

developed capsules at the time of harvest on the 

plant. 

(6) Seed yield - All the capsules collected from each of 

the plant ,·,ere dried. threshed. cleaned. 'ieighed and 

expressed in grams. 

3.4. STATISTICAL ANALYSIS 

3.4.1. Analysis of variance 

The analysis of variance in individual seasons was 

carried out and presented as follows 



Source D.F. 

Blocks (b) (b-l) 

Genotypes (g) (g-l) 

Error (b-l) (g-l) 

3.4.2. Pooled analysis of variance 

Expectations of mean 
squares 

6"' 2 tr' ?b + 9 
e 

~ + b ~2g 
e 

0'2 
" 

The anova \;as performed as detailed below. 

Source D.F. M.S. 

Replications (r) (r-l) 

Seasons (5/ 

Genotype (g) 

Genotype x 
seasons 
(g x s) 

Error 

(5-1) ~ls 

(g-l) Mg 

(g-l) (s-l) Mgs 

s(g-l) (r-l) Me 

E"pectations of mean 
square 

~ 2 brr ;> 
gs bgo' 

e 

0' + bo-' 2 gs+bSo' 
e 

0- 2 + bo' 2 gs 
e 

0'2 
e 
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2 s 

2 
9 

The genotypic component ~ 2g and genotype x 

season interaction (0' 2 gS ) estimates were obtained as 

follows 

Mg - Mgs 

rs 

Mgs - Me 
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Where. r number ~f blocks 

5 number ~f seasons 

3.5. ESTIMATION OF HEPEROSIS 

Heterosis over mid parent and better parent 

Heterosis over mid parent value (d
i

) and better 

parent value Idii ) were calculated and expressed as 

p~rcentage of increase as detailed below 

'lhere. 

di 

d .. 
II 

F I - MP x 100 
---------------

MP 

FI - BP 
----------- x 100 

BP 

Fl mean value of the hybrid 

MP mid parent value 

(PI and P2 are the mean values of the first and 

second parent respectively) 

BP better parent value 

3.6. COMBINING ABILITY ANALYSIS 

3.6.1. Analysis of variance for combining ability in 

individual seasons 

The procedure outlined by Griffing (1956) for 

method I and model I was followed 



Source D.F. M.S. Expectations of mean 
sguares 
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------- -----------------------------------------------------

cr 2 
2p l. .2 GCA (p-l) Mg + (------) 1 9 1 

;:>-1 

2 
2 ~i <,ij 2 SCA p(p-l)/2 Ms cr + s ij p(p-l) 

2 2 z. . .::.t 2 Reciprocal p(p-I)/2 Mr () 1. J r ij p(p-l) 

Error Me (f'" 2 m 

Where 

p number of parents 

Me 
Me where Me is the error mean square for 

b 
the randomised block design and 'b' is the 

number of blocks 

Estimation of general combining ability (gi)' specific 

combinin~ ability (Sij) and reciprocal (r ij ) effacts and 

their standard errors in individual seasons. 

These were estimated as follows 

i 
gi (x. + x . ) --2- x .......... 

2p 1.. .1 
P 

1 1 1 
sij (x ij + x

ji
) (x. + x . i + x. + x .) + -2- x ..... 

2 2p 1. J. • J 
P 



r .. 
1) 

The variance of effects were estimated as follows 

Variance (gi) 

Variance 

2 
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BI taking square root of the variances. the 

corresponding standard errors required for testing were 

obtained. 

3.6.2. Pooled analysis over seasons 

Since the experiment was repeated under two 

seasons, the combining ability analysis of the dial Ie) data 

over different seasons was performed following the 

procedures developed by Daljit Singh (1973, 1979) for ~ethod 

I Model I of Griffing (1956). The model used for this 

analysis ,,,as 

Xijkm 

where, 

}L population mean 

v. the effect of the ith variety 
1 



lj the effect of the jth season 40 
(vl}ij the interaction of the ith variety "ith 

jth season 

(lb) jk the effect of kth block .. ithin 
,th 
J season 

(Vlb}ijk the interaction of the 
,th 

variety in the J. 

kth block of the jth season 

e ijkm the effect of the ,th variety in kth block J. 

in jth associated with 
th 

season m 

ind i vidual. 

3.6.3. Combining ability analysis pooled over seasons 

The form of analysis of variance for combining 

ability and expectations of mean square are given belO\< 

Source D.F. M.S. Expectations of mean squares 

eCA (e) (p-l) tr2 2 pI £ ,2 
Ay + (------) i yl 

p-1 

0 2 
21 

f t 2 
seA (S) ,,(p-1}/2 As + s i r. 

p(p-l) Ij 

t)2 
41 i £ 2 

Reciprocal p(p-l}/2 Ar + i <. j r ij 
(R) p(p-l} 

2 
f._ rJ'2 P 

12 Seasons (L) (1-1) Al + 
( 1-1) k 'k 

~2 
2p Z. i 

g1 2 ik Interaction (p-l) ( 1-1) A gl + -------------- k i 
(e x L) p(p-l} (1-1 ) 

0' 2 2 
~ ~~ 2 

Interaction p(p-l} (1-1) A 51 +-------------- k i j (sl) ij, 
(S x L) ------------ p(p-1) (I-I) 

2 

d" 
4 i fz. 2 

Interaction p(p-l) (1-1 ) A rl 

2+ _____________ 
k i j (rl) ijk 

(R x L) ------------ p(p-I} (I-I) 
2 

Error Ae 0- 2 

-------------------------------------------------------------------
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Where 

Ae Me/b where Me is the error variance for 

the pooled analysis of variance and b is 

the number of blocks 

3.6.4. Effects 

The models for the calculation of combining 

ability over different seasons are as follows 

Yi (xi·· + X. i .)/2 pI - (x ... /p2 1) 
x ..• 

'" s .. (X ij + x ji )/21 -(xi .. +x.l.+x
J 
.. + x. j .)/2 pl+ --'2---

10 
1J 

The variance of effects and their interactions 

with seasons were \1orked out as detailed below 

A 
(p-1)/ 2p 21 ) 0'2 Var. Yi 

Var. S . . 
1J 

(10 
2 -2p+2)/2p2 l ) 0' 

"- 1/21) 0'2 Var. r .. 
1J 

The effects \V'ere tested for their significance 

with the standard errors obtained by takiny square root of 

the corresponding variances 

3.7. GENETIC ANALYSIS 

3.7.1. Test of hypothesis 

The validity of the assumptions for graphic and 

genetic analysis as postulated by Hayman (1954) was tested 

by 
(n-2) 

4 

(Var. Vr. - Var. wr)2 
x (--------------------'2----------) 

Var.Vr-Var.Wr - COV (Vr, Wr) 

Which is F with 4 and (n-2) deyrees of freedom. Siynificant 

t 2 indicated failure of at least one of the assumptions 

postulated. 



42 

Deviations of reyression coefficient (b) from zero and 

unity- The re~ression of covariance on variance and its SE 

were calculated as 

(Wr. Vr) 
b Cov. ------------

Var. (Vr) 

(Var.Wr - b cov.wr.vr)2 
Standard error (b) 

Var. Vr (n-2) 

The si~nificance of 'b' from zero and unitt were tested as 

follo\1s 
b - a ( I-b) 

and 
SE(b) SE(b) 

These were tested a~ainst table value of 't' for n-2 degrees 

of freedom. 

3.7.2. Estimation of variance components 

partitioning of the total variance was carried out 

by genetic analysis proposed by Hayman (1954) to estimate 
A. ,..... ...... 2 

the genetic parameters D, HI' H2 , F. and h . 
A 
D Component of variation due to additive effects 

of the genes 

Component of variation due to dominance 

effects of the ~enes 

2 Hl(l-(u-v) , where u proportion of positive 
alleles 

v Proportion of negative 
alleles 

u+v = 1 

dominance effects (as the algebric sum over 

all loci in heterozy~ous phase in all crosses) 

and 



,.'\. 
F rowan valuQ of Fr over arrays I 

covariancQ of additive and 

effects in the rth array 

F 
r 
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bein'J 

non-additivQ 

A 

E expected seasonal variation obtained from 

error variance divided by numb~r of 

replications 

" (0) 

r-
(F) 

/'-
4V 1L1 4VOLl - 2 E 

4 (ML
I

-ML
O

)2 - 4 (n-l) ~/n2 

The si~nificance of the ~enetic components was 

tested by usin'J the standard errors of respective ~enetic 

parameters. The stand errors ware calculated by usin~ the 

equation S21 = 1/2 Var. (Wr - Vr) as the common multiplier 

and terms of main diagonal of the covariance matrix given by 

Hayman (1954) as corresponding multipliers. 

3.7.3. Ratios of genetic components 

The genetic parameters were used for the 

computation of the followiny genetic ratios 

(~ /;)1/2 
1 

(~2/4Hl) 

M~an deyree of dominance over all loci 

proportion of senes \,ith ?ositive and ne",ative 
effects in the parents 
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,._ proportion of dominant and 
(IW/kR) 

recessive yenes in the parents 

number of groups of factors controlling the 

characters and exhibit dominance 

~ 

1/2D + 1/2 Hl - 1/2 H 2 - 1/2 F 
heritability estimates 
in the narrO\-J sense 

----~-------~------~--------A-~-
1/2 D + 1/2 Hl -l/4 H2 - 1/2 F+E 

3.8. GRAPHIC ANALYSIS 

The yra~hic analysis was donr by the method of 

Jinks and Hayman (1953) and Hayman (1954) and drawn as pcr 

reyular procedure (Sinyh and Chaudhary, 1979).~ I~ 

Thc followny variances were calculated 

Vr 

Wr' 

VOLo 

VOI O 

VIII 

WOLOI 

E 

Variance of rth array 

Covariance between the non-recurring parent 

and the off-spring of the rth array 

Covariance between the array mean and the off­

spring of the rth array 

Variance of the parent 

Variance of the means of the arrays 

mean variance of the arrays 

mean covariance between the parent and the 
arrays 

differences between the mean of the parents 

and the mean of their n 2 progeny 

expected seasonal component of variation 
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The Wr, Vr and Wr. Wr' were calculated and used in 

constructing of Wr, Vr graph for each character. The 

limiting parabola for the \~r, Vr graph was drawn with the 

formula, 

3.9. STUDY OF F2 GENERATION ALONG WITH PARENTS AND HYBRIDS 

Based on per se performance score of the parents 

and gca effects estimated during summer. 1981, the following 

six hybrids representing High x High, High x Low and Low x 

Low combinations were selected for study in F2 generation. 

High x high KRR 2 x TMV 6 

KRR 2 x S.L 2277 

Hiyh x low ' KRR 2 x S.L 2631 

TMV 6 x s.L 2631 

LoVl x low S.L 2141 x S.L 2631 

S.L 2340 x s.L 2631 

The above said combinations were for.,arded to F 2 

generation in order to study and estimate the extent of 

variability generated through recombination. 

The six F2 cross combinations along with parents 

and hybrids \1ere raised in randomised block design 

replicated three times during summer. 1982 season. The plant 

populations studied are given hereunder. 



Generation Number of plants selected at 
random and studied 

30 

30 

30 

240 
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Spacing, agronomic practices and plant protection 

measures adopted etc., were same as in the study of Fl 

seneration. The characters studied ",ere also the same, except 

the character "days to first flower". 

3.9.1. Statistical analysis 

The mean, range, phenotypic coefficient of 

variation (PCV), genotypic coefficient of variation (GCV), 

GCV/PVC, Heritability (h) (broad sense), genetic advance 

(GA) and genetic advance expressed as percentage of mean 

were calculated as detailed belO\~. The above genetical 

parameters ",ere estimated for F 2 generation only. 

3.9.2. Variability analysis 

The following formulae were utilized for the 

calculations as suggested by Panse and Sukatme (1961). 

Total of all values 
General mean 

n 

where n number of observations 



47 

SS - CF 
Variance where 

d.f 

SS sum of squares of all the observations 

the characters 

(grand total)2 
CF ---------------------

n 

d.f deyrees of freedom 

Standard deviation (SD) / Variance 

SD 
Standard error 

/--n-

SD 
Coefficient of variation x 100 

Mean 

3.9.3. Phenotypic and genotypic variance 

The phenoty~ic and genotypic variances 

computed as suygested by Johnson et al., (1955). 

Genotypic variance, ~ 2g 
r 

Where, 

Ml Mean sum of squares for genotypes 

M2 Mean sum of squares for error or error 
variance 

r number of replications 

Phenotypic variance, ~ 2p 

\~here error variance 
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3.9.4.Heritability and genetic advance as ~ercentage of mean 

Heritability in the broad sense (h 2 ) was derived 

based on the formulae by Lush (1940) and expressed as 

percenta<je 

genotypic variance 
-------------------- x 100 

phenotypic variance 

Genetic advance for each individual character was 

obtained by following the formula of Johnson et al., (1955). 

Genetic advance (GA) / 
/ p2 x h 2 x k where 

p2 phenotypic variance 

h
2 heritability 

k selection differential,the value of which is 

2.06 at 5 per cent selection intensity 

(Falconer, 1967). 

Genetic advance expressed as percentaye of mean 

GA 
x 100 

General mean 

3.9.5. Phenotypic and genotypic coefficient of variation 

The method suggested by Burton (1952) was used to 

calculate these parameters 

Phenotypic standard deviation 
PCV ----------------------------- x 100 

General mean 

Genotypic standard deviation 
GCV x 100 

General mean 
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4. EXPERIMENTAL RESULTS 

The fifteen parents and 210 hybrids were evaluated 

during kharif, 1980 and summer, 1981 seasons. Six characters 

viz., hei~ht of the plant, days to first flower, capsules on 

the main stem, capsules on the branches, capsules per plant 

a~G seed yield were recorded from five randomly selected 

plants in each parent/nybrid, in eacn replication and the 

mean values were utilized tor statistical analysls. 

4.1.1. Analysis of variance in individual seasons 

The analysis of variance for all tne six 

characters were carried OUt for both the seasons and 

presented in Table 4.1. The differences amony the genocypes 

were statistically signiflcant at one per cent level for 

plant height, days to first flower, capsules on the main 

stem, capsules on the brancnes and seed yield and at 5 per 

cent level only for total capsules during kharir, 1980 

season. In summer, 1981 season, the differences between the 

genotypes were statistlcally significant at one per cent 

level for all the characters. 

4.1.2. Analysis of variance for pooled data over seasons 

Tne analysis of variance for poolea data over the 

seasons are presented in Table 4.2. The differences between 

the genotype~ were statistically significant at one per cent 

level for days to first flower, number of capsuies on main 
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stem, number of capsules on the branches and seed yield per 

plant. The differences between the parents and hybr1ds were 

statistically significant at five per cent level for number 

of capsules per plant. In respect of height ot the plants, 

the differences were not statistically significant. 

To obta1n further infonr,ation, estlmateS of ~ 2g 

(estimate of genotypic component)ana ~ 291 (estimate of 

genotype x environment interaction component) were computed 

utilizing the expectations mean squares. The ~ 2g1 estimate 

\Vas lar<jer than 0-' 2g component for all lOhe characters 

except for days to first flower. 'rhe ratio of ~ 2g 

ranged from 0.14:1 for seed yield to 11.9 for days to first 

flower (Table 4.2 and Fig.A). 

4.2. Performance of the parents and hybrids 

The performance of the parents and hybrids in bOlOh 

the seasons and over all mean values for lOne six characters 

is presented in the '!'aoles 4.3 to 4. a. The results are 

presented character\Vise. 

4.2.1. Performance of the parents 

Height of the plant The variety S.i. L325 (Mexico) 

expressed maximum he1<jht during kharif, 1980 while the 

variety KRR 2 shO\~ed the maximum he1ght duriny summer, 19B1. 

However, the variety S.i. 2325 (Mexico) was found to be 

tallest in the mean value for both the ;easons. 
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Days to first flower: The parent S.i. 2325 (Mexico) was 

found to be late in both the seasons as well as in the mean 

value for over the seasons. The parent S. i. 2141 (Canada) 

was the earliest to flower in both the seasons as well as in 

the mean value for the two seasons. 

Capsules on the main stem : Maximum number of capsules on 

the main stem was observed in the parent K.79-307 (AP) 

during kharif, 1980 while the parent S.i. 2325 (Mexico) was 

found to record the maximum number of capsules in summe~ 

1981. The parent S.i. 2325 (Mexico) recorded the maximum 

number of capsules on the main stern in the mean value for 

both the seasons. 

Capsules on the branches, The parent S.i. 1783 (US~) 

recorded the maximum number of capsules on the branches in 

kharif, 1980 whereas KRR 2 (TN) was found to possess the 

hi~hest number in summer, 1981. In the mean value also, the 

variety KRR 2 was found to record the hi~hest number of 

capsules. 

Capsules per plant: The parent K.79-307 (AP) was found to 

possess the maximum number of capsules per plant durin~ 

kharif, 1980 while the variety KRR 2 (TN) was found to have 

the hiyhest number in summer, 1981. In the mean value for 

both the seasons, the variety KRR 2 (TN) recorded the 

maximum number of ca~sules per plant. 
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Seed yield: In kharif, 1980, the seed yield was found to be 

hiyhest in the variety S.i. 1783 (Texas) but in summer. 1981 

the variety KRR 2 (TN) was found to record the hi~hest seed 

yield. In the mean for both the seasons. hiyhest seed yield 

was recorded by the parent X 91-9-9 (AP) followed by the 

variety KRR 2 (TN). 

4.2.2. Performance of hybrids - The results are presented 

below character wise (vide Tables 3.4 to 4.8). 

* Plant height - Hybrid P7 . 1S had the highest value (116.S4 

em) duriny kharif, 1980 season followed by P2 . 7 (111.04 em). 

In summer. 1981 the highest value was observed in P
l

.
8 

(12S.16 em) followed by Pl . ll . In the mean value for the 

both the seasons, the hybrid Pl . 7 (106.18 em) was found to 

be the tallest. followed by P2 . 7 . 

Days to first flower - None of the hybrid combinations was 

earlier than the earliest parent in both the seaSOns as well 

as based on the pooled performance (34.8, 33.23 and 34.01 

days). Hybrid P9 •IO was found to be earliest in both the 

seasons as well as in the mean performance (3S.09, 33.S1 and 

34.30 days). The hybrid P6• 7 was found to be late for first 

flower in both the seasons as well as based on the pooled 

values (48.36, 4S.60 and 46.40 days). 

* (Px •y indicates hence:Jorth parent [X]crossed with parent [' 
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Capsules in the main stem - In ~arif, 1980, the hybrid P 5 . 9 

recorded the maximum number of capsules on the main stem 

(54.56) followed by P7 . 12 (49.03). However, in summer, 1981, 

the latter hybrid viz., P7 . 12 recorded the maximum number 

(48.5) followed by P 2 . 14 (35.3). In the mean value for both 

the seasons, the hybrid P7 . 12 was found to register the 

hiyhest values (48.76) followed by P5 . 9 (43.34). 

Capsules on the branches - In 1980 kharif season, the hybrid 

P6 . 11 was found to record the maximum number of capsules in 

the branches (49.23) followed by hybrid P2 . 4 (46.68). In 

summer, 1981, the hybrid Pl . 9 registered the maximum number 

of capsules (80.33) followed by the hybrid PI . Il (79.29). In 

the mean performance for the two seasons, the hybrid P2.11 

was found to possess the highest capsules number of 57.97 

followed by the hybrid Pl . ll with 57.04. 

Capsules per plant - The hybrid P7 . 15 was found to register 

the hi9hest number of capsules per plant (81.86) followed by 

the hybrid P4 •10 (73.93) during kharif, 1980 season. In 

summer, 1981, the hybrid Pl . ll was found to record the 

maximum number of capsules per plant (112.56) followed by 

the hybrid PI . 9 (110.56). In the mean value for the two 

seasons, the hybrid Pl . 4 had the maximum number of 82.87 

capsules per plant followed by the hybrid P
l

.
ll 

(82.64). 
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Seed yield - The maximum seed yield during the kharif. 1980 

season was seen in the hybrid P7 • 15 (11.76) followed by 

P7 . 11 (11.69). In summer, 1981, the highest seed yield was 

observed in the hybrid Pl . 6 (13.41) followed by P2 . 8 

(12.31). In the mean for the two seasons, the highest value 

was seen in the hybrid PIO . ll (10.27) followed by the hybrid 

PIO.13 (10.13). 

4.3. Herterotic expression over mid parent and better parent 

values 

The estimates of heterosis are presented in Tables 

4.9 to 4.14 and graphically presented in Fi~.B and Fig.C. 

4.3.1. Heterosis over mid parent value 

Plant heiyht : 

Kharif. 1980 - Eighteen hybrids exhibited significant and 

positive heterosis over mid parent value. Hybrids P2 . 11, 

PS . 8 and P5 . 11 recorded 23.87, 25.58 and 39.14 per cent 

respectively over the mid parent value. The hybrids P4 . 9, 

P 6 . 13 and PIO . 14 showed negative heterosis of-16.86, -30.95 

and -12.51 per cent respectively over the mid parent value. 

The range of heterosis observed varied from -30.95 to 39.14 

per cent. 

Summer. 1981 - The heterosis ranged from -26.55 to 69.07 per 

cent over the mid parent value. A total of 16 hybrids 

registered positive and significant heterosis, particularly 

Pll . 12 Pll •1S and P12 •15 whiCh recorded 38.49, 69.07 and 
J 
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30.69 per cent respectively. The hybrid P5 . 9 alone showed 

negative and significant heterosis viz., -26.55 per cent 

over the mid parent value. 

pooled - The range of heterosis over the mid parent value 

was -9.02 to 30.02 per cent. Positive and significant 

heterosis was observed in 16 hybrids. Maximum heterosis of 

30.02 per cent was observed in P5 . 11 followed by P5 . 11 

(29.47)/ Pll.12 (27.24), P2 . 5 (24.04) and P 5 . 6 (20.98). 

Hybrids Pl . ll , P2.5~ P5.6, P5 . 11 and Pll . 12 showed positive 

heterosis in both kharif, 1980 and summer, 1981 seasons with 

a range of 15.91 to 38.49 per cent. 

Days to first flower : 

Kharif, 1980 : Eleven hybrids exhibited significant and 

positive heterosis over the mid parent value. The hybrids 

Pl . 9 / P5 . 14 and P 5 . 15 exhibited 12.80, 8.30 and 8.15 per 

cent heterosis over the mid parent value. Fourteen hybrids 

showed significant negative heterosis ranging from -5.16 to 

-8.07 per cent. The hybrids P3 . 14 , P 4 . 5 and P 4 . 10 registered 

-8.07, -7.77 and -8.GO per cent respectively. The range of 

heterosis was seen to vary from -8.07 to 12.80 per cent. The 

high negative heterosis was an indication of earliness in 

days to first flowering. 

Summer, 1981 : The range of heterosis during the season 

varied from -8.30 to 13.26 per cent. While twelve hybrids 
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showed positive and significant heterosis over the mid 

~arent value, another 10 showed significant and negative 

heterosis. The hybrids which showed positive heterosis were 

Pl . 9 , PS . 6 and PS . 14 with 11.48, 8.42 and 13.26 per cent 

respectively over their respective mid parent values. Among 

the hybrids which recorded ne~ative heterosis were Pl • 2 

(-8 . 07) P 1. 4 (-8.07) and P 4. 10 t-8. 30) . 

Pooled The ran~e of heterosis varied from -8.1S to 12.14 

per cent in the mean value for the two seasons. While 

twelve hybrids exhibited significant and positive heterosis 

over their mid parent value, fourteen showed significant and 

negative heterosis. The promising hybrids with negative 

heterosis showing earliness in flowering were P4 . 10 ~.15), 

P1.4 (-7.79) and P1. 2 (-7.62). The hybrids which showed 

lateness in flowering were PS• 6 (8.12), PS . 14 (10.7S) and 

PS1.9 (12.14). 

The behaviour of the hybrids Pl . 2 / Pl . 4 , P 2 . 1S , 

P3 . 14 , P4 •10 etc. was found to be almost similar in both the 

seasons, showing a little earliness while the hybrids P
l

.
9

, 

PS . 14 , PS . lS etc. exhibited delay in the first flowering. 

Capsules - Main stem 

Kharif. 1980: Fourteen hybrids registered significant and 

positive heterosis while 26 showed negative and significant 

heterosis over the mid parent value. The range of heterosis 

observed was -S6.71 to 72.18 per cent. The prominent hybrids 
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which showed positive heterosis were Pl . 3 , P 3 •11 , P5 . 9 and 

with 35.6B, 33.52 72.1B and 39.B5 per cent 

respectively. The hybrids which showed negative heterosis 

were P2 . 14 P6 . 14 and P9 . 14 with -4B.40, -56.71 and -53.35 

per cent respectively over the mid parent value. 

Summer. 1981 Significant and positive heterosis was 

observed in 26 hybrids while significant and negative 

heterosis was observed in 14 hybrids. The range observed 

varied from -65.11 to 4B.76 per cent over the mid parent 

value. The hybrids Pl . ll P2 . 14 and P 3 . 6 showed heterosis of , 
39.57, 4B.76 and 41.73 per cent respectively. Among the 

hybrids which showed negative heterosis, P2 . 9 P 4 . 9 / P5 . 9 

P6 . 9 , P7 . 9 , PB. 9 , P9 . 10 and P9 . 15 were conspicuous 

-50.50, -50.B9, -45.46; -40.55, -41.49, -43.53, -57.Bl 

-65.11 per cent respectively over the mid parent value. 

with 

and 

The 

combinations involving the parent (P 9 ) S.i. 2340 (Morocco) 

were conspicuous in having less number of capsules on the 

main stem. 

Pooled : Thirteen hybrid combinations showed positive and 

significant heterosis over the mid parent value while twenty 

exhibited significant, negative heterosis. The range of 

variation in heterosis observed was from -46.69 to 33.24 per 

cent. 

29.12, 

Among the hybrids, Pl . ll, P6 •11 and P7 . 12 exhibited 

32.37 and 33.24 per cent heterosis on the positive 

side while the hybrids Pl . 9 P9 •14 and P9 •15 on the negative 
I 
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side. In both the seasons, the hybrids P3 . 10, P4 . 9 , P9 . 14 , 

and PIO . 14 showed negative heterosis consistently 

while the hybrids PI . Il registered 

positive heterosis. 

Capsules - branches 

Kharif, 1980: positive and significant heterosis was seen 

in 41 hybrid combinations, especially in the hybrids P5 . 11, 

P9 . 12 and P9 •14 with 207.45, 174.17, 171.21 and P 9 . 11, 

168.75 per cent respectively over the mid parent value. 

Negative and significant heterosis was observed in five 

hybrid combinations, particularly in P3 . 14 / P7 . 12 and P14 . 15 

with -29.0, -30.89 and -61.19 per cent respectively over the 

mid parent value. The range of heterosis varied from -61.19 

to 207.45 per cent over the mid parent value. 

Summer, 1981 : The range of heterosis varied from -23.01 to 

244.66 per cent over the mid parent value. Positive and 

significant heterosis was seen in 53 combinations, prominent 

among them being P 4 . 5, P4 . 9 and P5 . 10 with 192.71, 182.75 

and 244.66 per cent respectively over the mid parent value. 

The hybrids PI 3 P 3 • 12 / P8 . 13 and P8 •15 though exhibited 
• I 

negative hetprosis of-23.01, -16.02,-13.50 and-12.96 per cent 

respectively were not significant over the mid parent value. 

Pooled: Forty two hybrid combinations eXhibited positive 

and significant heterosis over the mid parent value, 
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particularly the combinations PS , ll, P9 •10 and P9.11 with 

175.19, 144.03 and 171.94 per cent over the mid parent 

value. Negative but non significant heterosis was observed 

in hybrids Pl • 7 Pl •8 P7 . 12 P8 •1S and P13 . 14 with -18.S0, 
I I 

-13.2S, -11.47, -13.18 and-16.18 parent respectively over the 

mid parent value. The range of heterosis varied from -18.S0 

to 17S.19 per cent. 

Capsules - plant 

Kharif, 1980 - The heterosis for this character ranged from 

-38.28 to 72.18 per cent over the mid parent value. Thirty 

seven hybrids exhibited positive and significant heterosis 

over the mid parent value, particularly PS • 9 PIO . ll PIO . 12 
/ 

and P
3

• 9 with 72.18, 68.79, 69.17 and 6S.01 per cent 

respectively. The hybrids viz., P2 . 14 and P6 •14 recorded 

significantly negative heterosis of -30.S7 and -38.28 per 

cent respectively. 

Summer, 1981 - Thirty two hybrids registered significant 

and positive heterosis over the mid parent value while two 

recorded significant and negative heterosis. The hybrids 

which recorded positive heterosis were P4 . S, P4 •14 , 

and PS . lS with S9.88, S2.81, 56.10, 64.19 and 

PS • 6, 

54.17 

per cent respectively while the hybrids seen with negative 

heterosis were PS . 9 and P9 •1S with -4S.46 and -27.98 per 

c~nt respectively over the mid parent value. Six hybrids 

which showed positive heterosis during kharif, 1980 
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exhibited the same during summer. 1981 season. But, three 

hybrids were found to be at variance between the seasons 

viz., P2.l4, P8.l4 and P14 • 5 · The range in heterosis was 

found to vary from -45.46 to 64.19 per cent. 

Pooled A total of 19 hybrids was found to register 

significant and positive heterosis, particularly P 
2.11, 

P
5

•
ll 

and Pll . 12 with 51.59, 53.34 and 57.20 per cent 

respectively over the mid parent value. None of the hybrids 

exhibited significant negative heterosis. The range of 

heterosis varied from -16.31 to 57.20 per cent. 

Seed yield 

Kharif, 1980 : The range ~t heterosis observed was from 

-45.98 to 91.83 per cent over the mid parent value. Twenty 

four hybrids exhibited significant positive heterosis over 

the mid parent value, particularly the hybrids Pl . 5 (67.50), 

P3 . 10 (49.88), P8 . l0 (50.00) and PIO . ll (91.83) while ten 

hybrids showed significant negative heterosis. The hybrids 

with negative heterosis were Pl . 7, P4 • 6 and P6 •14 with 

-37.04, -38.10 and -45.98 per cent respectively. 

Summer, 1981: Nineteen hybrids eXhibited significant and 

positive heterosis over the mid parent value. the prominent 

hybrids among them being P3 • 4 , P5 •11 , P5 •12 and PlO . ll with 

48.58. 52.85. 49.42 and 51.70 per cent .respectively. Eleven 

hybrids registered significant negative heterosis viz., 

P~,~ and P~ ,~ with -54.44. -38.91 and -45.40 per 
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cent respectively over the mid parent value. TwO hybrids 

viz., P5.15 and P IO . ll was found to be consistently positive 

in seed yield heterosis in both the seasons, while one 

hybrid P13 . 14 was negative in both kharif, 1980 and summer, 

1981. The range of variation in heterosis observed was from 

-54.44 to 52.85 per cent. 

Pooled - The range in heterosis varied from -29.67 to 71.76 

per cent over the mid parent value. Two hybrids exhibited 

negative but significant heterosis over the mid parent value 

viz., PI . 7 and P13 . 14 with -28.75 and -29.67 respectively. A 

total of 19 hybrids was found to record significant and 

positive heterosis, particularly the hybrids P5 . ll , P5 . 15 

and PIO . ll with 37.53, 42.07 and 71.76 per cent 

respectively. The latter two hybrids were also found to be 

consistent in both the seasons. 

4.3.2. Heterotic expression over better parent 

Plant height 

Kharif, 1980 : The heterosis range varied from -30.54 to 

25.85 per cent over the better parent value. Six hybrids 

registered positive and significant heterosis particularly 

P2 . 8 and P5 . 11 with 17.42 and 25.85 per cent over the better 

parent. A total of 14 hybrids recorded significant and 

negative heterosis, particularly the hybrids P4 •9, P5 • 7, 

PIO . 14 and Pll . 15 with -30.54, -24.60, -25.71 and -21.09 

per cent respectively. 
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Summer. 1981 Eight hybrids eXhibited significant and 

positive heterosis particularly P1.12 , PS.12, Pll . 12 and 

P12 . 14 with lS.14. lS.13, 31. 02 and 29.92 per cent 

respectively over the better parent. Thirteen hybrids showed 

significant but negative heterosis, prominent among them 

being P3 . 8 , PS.9, PS. 13 and P6 . 10 with -22.23. -36.35, 

-20.77 and -20.44 per cent respectively over the better 

parent value. The range in heterosis varied from -36.3S to 

31.02 per cent. 

Pooled Four hybrids with positive and significant 

heterosis and eight hybrids with negative and significant 

heterosis were seen over the better parent. The hybrids 

Ps 11 P10 . 11 and P11 . 12 were found to record 10.37, . / 

16.59, 10.87 and 21.27 per cent positive heterosis while the 

hybrids PS . 7 , P7 . 8 and P9 . 1S registered -16.80, 

-17.39 per cent respectively. The range in 

observed varied from -17.39 to 21.27 per cent. 

Days to first flower : 

-lS.79 and 

heterosis 

Kharif. 1980 : The range of heterosis varied from -16.96 to 

4.27 per cent over the better parent value. Ten hybrids 

showed significant and negative heterosis particularly P
3

•
S

, 

P3 • 9, P 4 • S and P4 . l0 with -14.20, -14.16, -16.96 and -16.11 

per cent respectively. 
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Summer, 1981 : The range of heterosis observed ",as fran 16.73 to 

5.76 per cent over better parent value. Two hybrids with 

significant and positive heterosis, especially PS . 9 and 

PS . lO with S.76 and 5.73 per cent respectively and twelve 

hybrids with negative and significant heterosis, 

particularly P 3 . 9 (-14.70), P4 . S (-15.49) P 4 • 10 (-16.73) and 

P12 . l5 (lS.16) were observed during the season. 

pooled : The heterosis ranged from -16.42 to 8.23 per cent 

over better parent value. Two hybrids exhibited positive 

significant heterosis viz., Pl . 4 and PS • IO with 8.23 and 

S.OO per cent respectively over the better parent value. 

sixteen hybrids showed negative and significant heterosis 

over the better parent, prominent among them being 

P3.9, P4 . 5 and P4 . 10 with -14.42, -14.43, -16.23 and 

per cent respectively. 

Four hybrids were.found to be consistent in both 

the season for hybrid vigour towards the negative side. 

Capsule - main stem 

Kharif, 1980 The range of heterosis was found to vary 

between -70.62 to 49.08 per cent Over the better parent. 

Eight hybrids showed positive and significant heterosis 

particularly PS.9 and Pl . 3 with 49.08 and 28.39 per cent 

respectively. A total of 41 hybrids exhibited significant 

and negative heterosis, especiallY the hybrids P
Z

•14 P6 • l4 , 
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P
S

. 14 and P9 •14 with -65.74. -70.62. 57.16 and -64.51 per 

cent respectively. 

summer. 1981 : Two hybrids viz .• P2 • 14 and PIO.15 were found 

to record siynificant positive heterosis of 40.64 and 

33.12 per cent over the better parent value. A total of 31 

hybrids showed significant and negative 

especially the hybrids P2 . 9, P3 . 9 P4 . 9 P 9 . 10 , 

P9 . 15 with -67.87. -67.00. -67.00. -65.55. -65.89 

heterosis. 

P 9 •11 and 

and -78.63 

per cent respectively. The ranye cf heterosis varied 

between -7S.63 to 40.64 per cent. 

pooled Five hybrids expressed significant and positive 

heterosis while 29 showed negative and significant 

heterosis. The range of heterosis observed was from -63.2B 

to IB.14 per cent. The hybrids which exhibited negative 

heterosis 

-51.69. 

were Pl . 9 , P9 . ll , P9 . 14 and P9 . 15 with 

-63.2B and -52.17 per cent respectively. 

-54.1B. 

Eleven 

hybrids showed significant and negative heterosis in both 

kharif. 19BO and summer. 19B1 seasons viz., 

P2 . 9 P3 . 10 , P4 . 9 I P5 . 14 I P6 . 9 , PB. IO , P9 . ll , P9 . 14 and 

P10 •14 . 

Capsule - branches 

Kharif. 1980 : Sixteen hybrids showed heterosis in positive 

direction with significance of which P7 . 11 ,. PI0 . 11 and 

P11 . 12 are outstanding with 91. 60. 138.51 and 115.42 per 

cent respectively. A total of 16 hybrids showed negative but 
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significant heterosis over better parent especially 

P4.5, P4 . 9 and P7 . 12 with -39.21, -47.73, -42.81 and 

per cent respectively. The range in heterosis observed was 

from -47.73 to 138.51 per cent. 

summer, 1981 : The range of heterosis varied from -46.28 to 

81.52 per cent. Twenty hybrids showed positive and 

siynificant heterosis, prominent among them being P4 • 14, 

73.21 P5 . 10 , P7 . l4 and PlO . 14 with 81.52, 72.33, 67.30 and 

per cent respectively. A total of 14 hybrids were found to 

express negative and significant heterosis, particularly the 

hybrids Pl.7, Pl • 12 , P5 . l3 and P6 . l0 with -39.96, -39.13, 

-46.28 and -39.73 per cent respectively over the better 

parent. 

Pooled A total of 15 hybrids showed positive and 

significant heterosis while 14 expressed significant and 

negative- heterosis over the better parent. Those hybrids 

with positive heterosis were P7 . ll , PlO . ll and Pll . 12 with 

58.76, 87.86 and 81.24 per cent respectively and the hybrids 

which were with negative heterosis being Pl • 7 , 

with -39.59, -37.55 and -37.33 

Pl •12 and 

per cent 

respectively. The range in heterosis was found to vary from 

-39.59 to 87.76 per cent. Six hybrids viz., 

P7 . 11/ P9 •ll/ Pll •12 and Pll . 13 expressed positive heterosis 

in both the seasons while three viz., Pl • 7 , Pl •12 and P
6

•
l0 

exhibited negative heterosis both in kharif, 1980 and 
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Capsules - plant 

Kharif, 1980 - The range observed was found to vary between 

-49.61 to 72.18 per cent. Prominent hybrids among the 12 

which expressed positive significant heterosis were 

P 5 . 9 and Pll . 12 with 36.51. 49.08 and 50.14 per cent 

respectively over the better parent. Likewise. prominent 

among the hybrids which showed negative heterosis were 

P 2 . 14 , P 4 . 9 and P6 . 14 with -45.14. -39.12 and -49.61 per 

cent respectively. 

Summer, 1981 The range of heterosis observed varied 

between-61.69 and 45.07 per cent. While 18 hybrids expressed 

positive and significant heterosis over the better parent,26 

exhibited negative and significant heterosis. Prominent 

hybrids with positive expressions were P4.14, Pll . 14 • Pll . 15 

and P14 . 15 with 45.07, 39.89. 38.89 and 38.81 per cent and 

those with negative were P 5 . 9 P 9 . 14 and P9 . 15 with -61.69. 

-36.61 and -42.48 per cent respectively. 

Pooled - positive and significant heterosis was observed in 

twenlve hybrids particularly in the hybrids P 2 . 11, P5 . 11, 

P6.1~ PIO . ll and Pll . 12 with 23.66, 36.75. 20.37, 30.12 and 

39.59 per cent respectively over the better parent. Eleven 

hybrids exhibited significant negative heterosis 

particularly Pl . 7, P4 . 9 and P 9 . 14 with -31.13, -29.95 and 

-32.45 per cent respectively. Four hybrids expressed 
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positive heterosis consistently in both the seasons viz., 

seed yield 

Kharif. 1980 - The range of heterosis varied from -53.42 to 

42.28 per cent. Twelve hybrids exhibited significant 

positive heterosis particularly the hybrids Pl . 5 P
2

• 12 and 

PIO . ll with 37.05, 40.00 and 42.28 per cent respectively. A 

total of 33 hybrids exhibited significant negative 

heterosis, especially Pl • 7, 

-53.30, -49.17, -48.53, 

P 4 . 6 , P4.9,P6.14 and P13 . I4 with 

-53.42 and -43.06 per cent 

respectively over the better parent. 

Summer. 1981 - The range of heterosis observed was from 

-63.99 to 43.73 per cent. Nine hybrids expressed positive 

and significant heterosis over the better parent, prominent 

among them being P3 •4 PIO . Il and P12 •15 with 43.73, 39.37 
I 

and 40.29 per cent. respectively. Among the 33 hybrids which 

exhibited siynificant negative heterosis, three viz., P5 .
9

, 

P 5 . 13 and P7 •13 were conspicuous with -63.99, -57.87 and 

-54.84 per cent respectively. 

pooled - The range in heterosis observed varied from -44.59 

to 41.12 per cent. The hybrids viz., P 3.12 and PIO . 11 were 

found to register positive and significant heterosis of 

20.81 and 41.12 per cent respectively. Twenty eight hybrids 

recorded significant negative heterosis, prominent among 

them being Pl.7, P4 . 13, PS . 9 and P13 •14 with -38.68, 38.29, 



68 

-39.98 and -44.59 per cent respectively over the better 

parent. The hybrid PIO . ll alone exhibited consistency in 

both the seasons. 

4.4. Combining ability analysis 

4.4.1. Analysis of variance for combining ability (GCA and 

SCA) in individual seasons and pooled analysis 

The characterwise analysis of variance for 

combining ability in individual seasons as well as the 

pooled analysis are presented in Tables 4.15 to 4.21. 

plant height : The variance due to GCA alone was significant 

at one per cent level in both the seasons as well as in the 

pooled data. The magnitude of GCA variance was higher- than 

that of the SCA variance and the GCA:SCA ratio was greater 

in kharif 25.75 : 1 than in summer 11.05 : 1. The SCA and 

reciprocal variances were significant at one and five per 

cent levels respectively in the pooled analysis only. 

Days to first flower The GCA variance alone was 

significant in both the seasons. The proportion of GCA:SCA 

was almost similar in both the seasons namely 24.51 1.00 

(kharif) and 24.98: 1 (summer). Both SCA and reciprocal 

variances were significant at one per cent level in pooled 

analysis. 

Capsules main st_ The GCA variances in both kharif, 

1980, summer, 1981 and in the pooled analysis were 
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significant at one per cent level. The GCA variance was 

higher in kharif, 1980 than in summer, 1981. The GCA:SCA 

ratio was higher in kharif (15.76 : 1) than in summer, 1981 

(2.55 1). The SCA and reciprocal variances were 

significant in the pooled analysis only. 

Capsules - branches : The GCA variance was greater in summer 

and is highly significant in both the seasons. The GCA:SCA 

ratio was higher in summer, 1981 (11.43 : 1) than in kharif, 

1980 (6.62 1). The SCA and reciprocal variances were 

highly significant in the pooled analysis. 

Capsules - Plant : The GCA variances were significant at one 

per cent level in kharif, 1980, summer, 1981 and in the 

pooled data. The'GCA variance was greater in summer, 1981 

than in kharif, 1980. The GCA:SCA ratio was found to be 

similar in both kharif, 1980 and summer, 1981 seasons. In 

the pooled analysis, both the sca and the reciprocal 

variances were significant at five per cent level. 

Seed yield : The GCA variance in both kharif, 1980 and 

summer, 1981 seasons were found to be almost similar. The 

proportion of GCA to SCA ratio was found to be sligh~ly 

higher in kharif (9.39 : 1) than in summer (7.18 : 1). The 

SCA variance and the reciprocal variance in the pooled 

analysis were found to be significant at five per cent level 

only. The GCA variances were highly significant at one per 
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cent level in both kharif, 1980, summer, 1981 and in the 

pooled analysis. 

4.4.2. Combining ability effects 

The season wise combining ability effects (gca) 

specific combining effects (sea) and the reciprocal effects 

(rca) for all the six characters are presented in Tables 

4.22 to 4.27. 

Plant height 

General combining ability effects : Parents P2 P7 P8 and 

P14 exhibited significant and positive gca effects during 

kharif, 1980 while P2 P6 and P8 in summer, 1981. Only P2 

was consistent in both the Seasons in its gca effect. The 

parents P3 Ps and PIa expressed significant negative gca 

effects in both the seasons. The gca effects of the parents 

PL P7 and P14 were found to vary in magnitude. In the 

pooled analysis, 11 parents (PI P2 P3 Ps P6 P7 P8 P9 

PIa P12 and P13 ) were found to show significant positive 

(S) or negative (6) effects. 

Specific combining ability effects: The hybrids P
S

.
lS

, 

P9 . l2 and P13 . l4 exhibited positive sea effects while P
4

.
9

, 

P7 • S and Pll • lS expressed negative effects in kharif, 1980. 

In the pooled analysis significant positive effects were 

seen in Pl.9 (8.70), PS . 6 (7.75) and '8.9 (7.74) and 

significant and negative effects in PS • 9 ~12.20), P
6

. 10 

(~.Sl) and P9 . 1S ~.4S). In 1981, summer, the hybrids Pl • 9, 



71 

P 2 . 5 and P 3 . 9 were found to show positive effects while 

P 5 • 9 and P 9 . S were seen with negative effects. The 

sca effects were found to be consistent in both the seasons 

positive magnitude while in Pl . 2 , P6 • 10 and P9 . lS 

negative. 

it was 

Reciprocal effects: The hybrids P7 . 9, P7 . 10 and P7 . l2 

found to shO\J positive effects and the hybrids P
3

. 12 , 

and P5 . 7 negative effects in kharif, 1980. In the 

were 

P3 . l4 

pooled 

value, hybrids showed significant 

positive effects while P5 . 7 alone expressed significant 

negative effect. The sca and reciprocal effects were 

positive in P7 . 9 and negative in P S . 7 in both the seasons. 

In the pooled analysis, the sca effect of the hybrid P6 . 10 

varied with that of the reciprocal effect in magnitude. 

Days to first flower 

General combining ability effects : The parents P2 P6 P7 

and P14 expressed significant positive gca effects towards 

lateness in both the seasons while the parents Ps and Pg 

expressed negative gca effects towards earliness. The gca 

effects were found to vary between -2.65 (PIa) to 2.63 (P
7

) 

over the seasons. 

Specific combining ability effects : None of the hybrids 

expressed significant sca effects during kharif, 1980. In 
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summer ~ 1981 the hybrids Pl . 9 , P 2 . 9 and PS• 14 expressed 

positive and significant effects. In the mean over the 

seasons, the hybrids Pl . 9 , PS . 14 and PS . lS exhibited 

siynificant positive effects while the hybrids Pl . 2 , P4 . 7 

and PS . 12 expressed significant negative effects. 

Reciprocal effects: Siynificant and positive effects were 

observed in 12 hybrids during kharif, 1980 and significant 

and negative effects in four hybrids. In summer, 1981, 

significant positive effects were seen in eiyht hybrids and 

negative effects in nine hybrids. In both the seasons, 

hybrids P6 . 9 / P6 . 10 , P7 • 9 , P7 . 10 / P7 . 12 and P8 . 9 
exhibited 

positive effects while PI. 9/ PS . 6 and P5 . 7 showed neyative 

effects. In the mean over the season~, 23 hybrids were found 

to show positive effects and 10 negative effects. The hybrid 

P
l

.
9 

was found to express positive sea effects and negative 

reciprocal effects in summer, 1981 as well as in the mean 

over the seasons. Similarly the hybrids Pl . 9 and PS . 14 were 

found to show positive sea effects in summer, 1981 whereas 

negative reciprocal effects in the mean over the seasons. 

Capsules - main stem 

General combining ability effects: Parents PI P2 P4 P8 

and P11 showed significant and negative gca effects 

indicating less number of capsules in the main stern during 

kharif, 1980. Only two parents, P3 and showed 

significant gca effects in summer, 1981, the former negative 
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and the latter positive side. The mean over the seasons 

indicated significant gca effects ex?ressed by all the 

parents except P13. Of the 14 parents, six expressed 

positive and significant effects while the remaining eight 

negative effects. 

Specific combining ability effects: The hybrid PS . 9 showed 

significant positive effect during kharif, 1980 and the 

hybrid P7 . 12 during summer, 1981. The hybrid P9 . 14 and P9 . 1S 

expressed significant negative sca effects in kharif, 1980 

and summer, 1981 season respectively. In the mean over the 

seasons, four hybrids expressed positive and six hybrids 

negati ve sca effects. 

Reciprocal effects: Three hybrids during kharif, 1980 were 

found to show significant and positive recipiocal effects 

while four others registered negative effects. During 

summer, 1981, only one hybrid, P 9 . 13 was observed to have 

significant and positive reciprocal effect. None of the 105 

hybrids exhibited any negative effects during the summer, 

1981 season. In the mean value over the seasons, five 

hybrids with significant and positive reciprocal effects and 

nine with significant and negative effects were observed. Of 

these 14 hybrids, the hybrid P7 . 12 was found to exhibit both 

positive and significant sea and reciprocal effects. 
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Capsules - branches 

General combining ability effects: Positive and significant 

gca effects were observed in P2 P4 

negative and significant effects in Ps P9 

during kharif. 1980. In summer. 1981. siynificant positive 

gca effects were seen in PI P2 P6 and Pll and negative 

effects in Ps P7 P9 and PIS' The magnitude of the gca 

effects were at variance between the seasons in the parent 

PIS' Consistency over the seasons was observed in the 

parents P2 Ps Pg Pll and P12 . 

Specific combining ability effects 

None of the hybrids expressed significant and 

positive sca effects during kharif. 1980. but the hybrid 

P8 . 9 exhibited the sca effect in summer. 1981. The hybrid 

PS . 9 was found to register significant. negative heterosis 

during kharif. 1980. In the mean over the seasons. eight 

hybrids were seen with positive, significant sca effects and 

seven with negative effects. 

Reciprocal effects Only significant and negative 

reciprocal effects were seen in two hybrids in kharif. 1980 

as well as in summer. 1981. Positive and significant 

reciprocal effects were not observed during kharif. 1980. 

while two hybrids expressed the effects in summer. 1981. In 

the pooled data, six hybrids exhibited positive and 

significant reciprocal effects and six with negative 
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effects. None of the hybrids which exhibited significant sca 

effects expressed reciprocal effect of any magnitude. 

Capsules - plant 

General combining ability effects: The parents PI P4 Ps 
P13 and PIS expressed significant effects during 

surnmer* in 

summer, 1981. Consistency 'vas observed in the parent Ps 
only. The effects were at variance in the parents PI P6 and 

PIS' In the t_)ooled data, the t_)arents PI P 2 P 4 
P 6 

and P 7 

\"ere seen with positive and sisnificant effects while P s 
P 9 

P12 and P13 were observed to have negative and 

significant gca effects. 

Specific combining ability effects : None of the hybrids 

expressed sca effects of any magnitude during the kharif, 

1980 season while during summer, 1981, the hybrid 

exhibited significant negative sca effect. In the mean 

values, five hybrids were seen with positive and significant 

sca effect and four with negative effects. 

Reciprocal effects: The reciprocal effects of the hybrids 

were not positive and significant during the kharif, 1980 

season. However. significant and negative reciprocal effects 

were seen in three hybrids i.e .• Pl. 4 , Pl. 3 and P 6 . 12 . Two 

hybrids Pl . 9 and P2 . 9 were found to show positive and 

significant reciprocal effects and three hybrids viz., 

PS • 1S P 6 • 7 and Pll . 1S negative effects during summer. 1981. 
I 
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In the mean value over the seasons. three and seven hybrids 

expressed significant positive and negative effects 

respectively. Of the 105 hybrids. the hybrid Pl.9 alone was 

found to exhibit significant and positive sea and reciprocal 

effect in the mean value for the two seasons. 

Seed yield 

General combining ability effects: The parents P4 and P7 

were found to express positive and significant gca effects 

while PI and Ps negative effects in kharif. 1980. In summer. 

the parents PI P2 and P6 exhibited significant and positive 

gca effects while the parents Ps and Pg negative effects. 

consistency over the seasons. was observed only in the 

2arent PS ' In the mean value for the two seasons, 

significant positive effects were seen in P2 P4 P6 P7 and 

Pli and negative effects in P3 Ps P9 and PIO' 

Specific combining ability effects : None of the hybrids 

expressed significant sca effect during kharif. 1980 season. 

In summer. 1981. the hybrid P7 . l2 expressed significant 

positive effect while P3 • l negative effect. In the mean 

value over the seasoDS. five hybrids i.e .• PI 6 P2 • 4 P3 • 4 . / 

P7 . IS and PIO . II was found to show significant positive 

effects while P2 . 6, P4.6 and PS . 9 negative effects. 

Reciprocal effects : Positive and significant reciprocal 

effect was not seen in any hybrids studied but negative 
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effect was observed in two hybrids viz., P2 . 4 and P7 . 1S 

during kharif, 1980. The hybrid P6 . 9 was found to exhibit 

positive and significant effect while the hybrids Pl . 2 and 

P2 . 4 negative effects during summer, 1981. In the pooled 

value for the two seasons, two hybrids viz., P2 . 9 and P4 . 8 

were seen with positive and significant reciprocal effects 

while seven others showed negative effects. None of these 

hybrids was found to behave similarly in both sca and 

reciprocal effects. 

4.5.1. Per se performance score 

Assuming 'm' to be the mean value of 15 parents in 

a season for a character and's' the standard error of the 

mean based on the analysis of variance, three classes viz., 

(i) mean falling above m + s (ii) mean falling between m + s 

and m-s and (iii) mean falling below m-s were formed and 

respective per se score of +1, 0 and -1 was allotted. The 

above procedure was followed for each character, thus 

providing a score for each character of a variety. The 

scores totalled over for all the characters separately for 

each season and presented in Tables 4.28 and 4.29. The 

parents with a final score greater than or equal to the 

general mean were allotted to high (H) and the rest were 

~ssigned to low (L) phenotypic status. 

Parents PI P.4 P 6 P7 P14 and PIS attained 

phenotypic status during kharif, 1980. In summer, 

high 

1981, 
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season the parents which attained high status were Pl P 2 

P6 P7 P8 and P12 while others were low. While the parents 

PI P6 and P7 attained high phenot/pic status in both the 

seasons, the parents P2 P8 and P13 attained low status in 

kharif, 1980 but high status in summer. 1981- Parents P 3 

Ps P9 PIO Pll and P12 attained low status in both the 

seasons. The parents P 4 P14 and PIS were found to attain 

hiSh status in kharif, 1980 and low status in summer, 1981. 

4.5.2. gca effects score: Three classes viz., (i) varieties 

having positive and significant gca effects (ii) varieties 

having non-significant (positive or negative) effects and 

(iii) varieties with significant but nesative gea effects 

were srouped and scores equal to +1, 0 and -1 were assigned 

for individual character. The same procedure was followed 

for each character, thus providing a score for each 

character and the parent. The score is totalled over for all 

the characters and presented for individual season in Table 

4.30 and 4.31. Those parents getting a final score ~reater 

than or equal to general mean were allotted to a high status 

and others to low status for the gca effects. The total 

score for the six characters revealed that the parent P
2 

was 

found to be high in both the Seasons. The parents P
l 

P
6 

and 

P8 expressed low status in kharif, 1980 but high status in 

summer, 1981. Those parents which attained high status in 

kharif, 1980 and low status in summer, '1981 were P 4 P7 P
14 
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and PIS' The rest viz., P3 Ps P9 PIO PII Pl2 and Pl3 

attained low status in both the seasons. 

4.5.3. Ranking of the parents on ~ performance and gca 

effects 

Ranks were given to individual parents based on 

the per se performance and gca effects. The parent which had 

the hishest per se performance was given the rank one and 

the i?arent which expressed the 100,est phenotypic value was 

~iven the rank fifteen. Similarly, scores were given for gca 

effects also. These scares for individual character were 

totalled over for all the characters of a variety. The 

character wise ranks and the rank total for each parent are 

given in Tables 4.32 and 4.33. The parent P7 P4 P14 PIS 

and P2 attained ranks 1. 2, 3, 4 and 5 respectively during 

kharif, 1980 and PIO P13 P12 P8 and Ps attained the ranks 

11 to 15. In summer, 1981, the parents PI P6 P2 Pa and P7 

attained ranks from 1 to 5 while P14 P12 PIO and Ps ranked 

from 11 to 15. The performance of other parents were at 

variance between the two seaSOns. 

4.6. Genetical analysis 

4.6.1. Validity of the hypothesis 

The estimate of t 2 values for individual seasons 

are presented in Table 4.34. The t 2 estimates were not 

significant for all the characters in both the seasons, 
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except for plant height in summer, 1981 and capsules on main 

stem in kharif, 1980. 

The estimates of regression coefficient for Wr and 

Vr (bl, t values of deviation of 'b' from zero and unity are 

presented in Table 4.35. Excepting plant height and capsule 

per plant in summer, 1981 and capsules on main stem and seed 

yield in kharif, 1980 all the 'b' values did not deviate 

significantly from unity. 

4.6.2. Estimates of genetic parameters and genetic ratios 

The estimates of genetic parameters and the 

genetic ratio are presented in Tables 4.36 to 4.41. 

Plant height The additive component of variation (D) was 

significant in both the seasons when tested against their 

respective S.E. The additive variance in kharif, 1980 was 

higher than in summer, 1981. Both HI and H2 components were 

significant in both the seasons as well as in the pooled 

analysis. The h 2 component was also significant in both the 

seasons as well as in the pooled data. 

The ratio of (H1/D)1/2 was less than one (0.986) 

in kharif, 1980 and (0.744) in summer, 1981 (Fig.D). The 

estimates of H2/4H1 was found to be around 0.25 in summer, 

1981 (0.244) and less in kharif, 1980 (0.123) and in the 

pooled analysis (0.180). The ratio of KD/KR varied from 

1.244 (summer, 1981) to 2.407 (kharif, 1980). The genetic 
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ratio h2/H2 ranged from 0.653 to 2.407. The percentage of 

narrow sense heritability estimates were 69.6 in kharif, 

1980, 56.1 in summer, 1981 and 66.7 in the pooled analysis 

(Table 4.36 and Fig.E). 

Days to first flower The variance of the additive 

component (D) was significant at one per cent level in 

kharif, 1980, summer, 1981 and in the pooled analysis. The F 

values were also significant in both the seasons and in the 

pooled data. The HI and H2 components of variance were 

significant in kharif, 1980, summer, 1981 and in the pooled 

analysis as well. The h 2 component was not significant in 

both the seasons. 

The (H /D)1/2 
1 ratio was below unitj in both the 

seasons as well as in the pooled analysis (Fig .D). The 

H2/4Hl was below 0.25 in the two seasons and in the pooled 

data. The KD/KR ratio was above unity in kharif , 1980, 

summer. 1981 2 and in the pooled data. The h /H2 ratio was 

higher in summer, 1981 than in kharif, 1980. The narrow 

sense heritability estimates (Fi9.E) were 73.7, 73.9 and 

74.5 per cent respectively during kharif, 1980, summer, 1981 

and pooled analysis (Table 4.37). 

Capsule-main stem: The additive component of variance (D) 

was highly significant in kharif, 1980, summer, 1981 and in 

the pooled analysis. However, the F, HI H2 and h 2 and error 

variance components were not significant in kharif, 1980 but 
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hi~hly significant in summer, Ig81 and in the pooled 

analysis, 

The ratio of (H1/D)1/2 ratio was near unity in the 

summer, 1981 and less than unity in kharif, 1980 and in the 

pooled data (Fig.D). The H2/4Hl ratio was almost equal to 

0.25 in kharif, 1980 but deviated hiyhly in summer, 1981 and 

in the pooled analysis. The KD/KR ratio ranged from 0.80 

(kharif, 1980) to 11.10 (summer, 1981). The range observed 

for h2/H2 varied from 0.11 (kharif, 1980) to 0.94 (summer, 

1981). The narrow sense heritability estimate (Fig.E) was 

moderate in kharif, 1980 (62.3 per cent), low in summer, 

1981 (31.1 per cent) and moderate in the pooled analysis 

(60.5 per cent) (Table 4.38). 

Capsules-branches : The components 0, HI' H2 , h 2 and E were 

significant at one per cent level in kharif, 1980, summer, 

1981 and in the pooled analysis. The F component was 

significant in both kharif, 1980 and in the pooled data but 

not significant during summer, 1981 when tested against the 

respective SE values. 

The (H /0)1/2 ratio was less than unity in both 
1 

the seasons (Fig.D). The H2/4Hl ratio was less than 0.25 in 

both the seasons. The KD/KR ratio was higher than unity in 

both khari~, 1980 and in summer, 1981 seasons. The range 

observed for h2/H2 vas 2.26 (kharif, 1980) 2.81 (summer, 



83 

1981) and 3.03 (pooled). The heritability in narrow sense 

(Fig.E) was low in kharif, 1980 (39.8 per cent) and medium 

in summer, 1981 (61.0 per cent) and in pooled analysis (65.6 

per cent) (Table 4.39). 

Capsules-plant The additive component of variance was 

significant in both kharif, 1980, summer, 1981 and in the 

pooled analysis. The component F was not significant in both 

the seasons. The error (E) component was significant at one 

per cent level in both the seasons as well as in the pooled 

data. The HI 

kharif, 1980. 

H2 and h 2 components were not significant 

The HI and h 2 components were found to 

in 

be 

significant at one per cent level while H2 component of 

variance was significant at five per cent level in the 

,woled analysis. 

The (H l /D)1/2 ratio was near unity in summer, 1981 

and in the pooled analysis but very less than unity in 

kharif, 1980 (Fig.D). The ratio of H2/4Hl was Im<er than 

0.25 in kharif, 1980, summer, 1981 and in the pooled 

analysis. The KD/KR ratio was almost at unity in summer, 

1981 but deviated highly during kharif, 1980 and in the 

pooled analysis. The h2/H2 component ranged from 0.96 

(summer, 1981) to 4.14 (kharif, 1980). The narrow sense 

heritability estimates (Fig.E) were found to be Im< viz., 

34.6 (kharif, 1980) 49.8 (summer, 1981) and 33.5 per cent 

(pooled) (Table 4.4Q). 
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Seed yield : The additive component of variance (0) "as 

found to be significant in both kharif, 1980, summer, 1981 

and in the pooled analysis. The F component was significant 

at five per cent level in summer, 1981 only. The HI 

component was significant at one per cent level in summer, 

1981 and at five per cent level in the pooled analysis, 

while H2 component was significant at one per cent level in 

summer, 1981 only. The h 2 component did not attain the level 

of significance in both the seasons as well as in the pooled 

analysis whereas the error (E) component showed significance 

at one per cent level in both summer, 1981 and in the pooled 

analysis. 

The (H /0)1/2 
1 was very lower than unity in kharif, 

1980 but near the unity in summer, 1981 and lower than unity 

in the pooled analysis (Fig .0). The H2/4Hl ratio was found 

to be very high in kharif, 1980 and less than 0.25 in 

summer, 1981 and in the pooled analysis. The KO/KR ratio was 

higher than unity in both the seasons and in the pooled 

analysis. The h2/H2 ratio ranged from 0.19 in summer, 1981 

to 2.32 in kharif, 1980. The heritability estimate in narrow 

sense (Fig.E) was found to be very low viz., 37.7 (kharif, 

1980), 41.9 (summer, 1981) and 33.6 per cent (pooled) (Table 

4.41) . 



4.7. Graphical analysis 

The assumptions of the dial leI desiSn and the 

nature of gene action were verified by the Wr, Vr and Wr_Wr' 

graphs. The estimated value of array variances (Vr) and the 

covariances between the parents and their progenies in each 

array (Wr) and the covariances between the array means and 

off spring in each array (Wr') were computed from the 

diallel tables with the reciproca~ averaged. 
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The deviations of the regression slope of Wr on Vr 

from unity as well as from zero were tested. The results are 

presented in Table 4.3S. 

On examination of the results, it could be 

observed that the tHO characters namely days to first flower 

and capsules in main stem were only found to satisfy both 

the tests namely (i) significant deviation from zero and 

(ii) no deviation from unity. In plant height and capsules 

per plant there were siSnificant deviations from zero as 

well as from unity during summer, 1981 season whereas, in 

capsules on main stem and seed yield there were significant 

deviations from zero and unity during kharif, 1980. 

Graphic analysis (Wr-Vr, Wr-Wr' and the 

standardised deviation graph) of the data was carried out 

for all the six characters in both kharif, 1980, summer, 

1981 and the pooled data over the seasons and discussed. 
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Plant height : The regression line of Wr and Vr intercepted 

the Y ordinate above the point of origin in kharif, 1980, 

summer, 1981 seasons and in the pooled analysis (Fig. 1, 2 

and 3, 

In kharif, 1980 the parents P 2 P 6 P 7 P8 and P14 

were located near the points of origin whereas the parents 

summer, 

P9 Pll and P12 were away from the origin. In 

1981 the parents P2 P4 P6 and Ps were located near 

the origin. 

In the pooled analysis the parents P2 P6 Ps and 

PIO are located towards the origin and Ps and Pg away 

the origin. The array points of parents P 2 P6 Ps and 

during kharif, 1980, P2 P4 P6 and P12 duriny summer, 

and PI P2 P6 and P8 in the pooled analysis were below 

from 

PIO 

1981 

the 

re~ression line in Wr, Vr graph. Interchange of positions of 

parental arrays waS observed in Wr, Wr' graph (Fig.4, Sand 

6). In the standardised deviation graph, the parents PI P
2 

P6 P 7 and Ps were found to be consistently confined to 

dominant high quadrant and Ps and Pll to the recessive low 

quadrant (Fig.7, Sand 9). 

Days to first flower : The regression line of Wr on Vr 

intercept the Y axis above the point of origin in both the 

seasons as well as in the pooled analysis. 
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In both the seasons as well as in the pooled 

analysis, the parents PI P 2 P14 and PIS Were located near 

the origin and P4 Ps and P9 were located away from the 

oriyin consistently (Fi~.9, 10 and 11). The position of 

these parents were located below the regression line and 

there were interchange in the position of the parents in 

relation to the regression line in Wr-Wr' graphs (Fig.13, 14 

and 15). The parents PI P2 P3 P6 and Ps occupied the 

dominant high quadrant while the parents Ps P9 and PIa 

occupied the recessive low quadrant consistently in the 

standardised deviation graph (Fig.l6, 17 and IS). 

capsules-main stem: While the Wr-Vr regression line crossed 

the Y ordinate above the point of origin in kharif. 19S0 and 

in the pooled analysis it crossed at the point of origin 

during summer, 1981 season. The parents PI and P2 were found 

to occupy positions near the point of origin and Ps a\.ay 

from the point of origin in both the seasons as well as in 

the pooled analysis (Fig.19, 20 and 21). The positions of 

these parents were below the regression line in Wr-Vr graph 

and there were interchanges in the position of parents in 

relation to the regression line in Wr-Wr' graphs (Fig.22, 23 

and 24). 

In the standardised deviation graph, the parents 

PI P2 P 3 P6 and Ps occupied dominant low quadrant and P
7 

and PIa occupied recessive high quadrant consistently in 
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kharif, 1980, summer, 1981 and in the pooled analysis 

(Fi9.25, 26 and 27). 

capsules-branches The regression line of Wr on Vr 

intercepted the Y ordinate above the point of ori~in in both 

kharif, 1980 and summer, 1981 seasons, as well as in the 

pooled analysis. The parents P2 and P8 were found to occupy 

positions near the origin and P5 away from the origin 

consistently through the seasons and in the ?ooled analysis 

(Fig.28, 29 and 30). The location of these parents were 

below the regression line in Wr-Vr graphs and there were 

exchanges in the position of parents in relation to the 

regression line in Wr-Wr' graphs (Fig.3l, 32 and 33). 

The parents PI P6 and P8 occupied 

dominant high quadrant while the parents P9 PIO 

P12 positioned in the recessive low quadrant consistently in 

the standardised deviation graphs of kharif, 1980, summer, 

1981 and in the pooled analysis (Fig.34,35 and 36). 

Capsules-plant : The Wr-Vr regression line intercepted the Y 

axis above the point of origin in both the seasons as well 

as in the pooled analysis. The parents P2 and P 7 were found 

to be located near the point of origin and P9 and PII away 

from it consistently in both seasons and in the pooled 

analysis (Fig.37, 38 and 39). The positions of the parents 

P2 and P7 were located below the regression line in Wr-Vr 

graph and there were interchanges in the position in 
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relation to the regression line in Wr-Wr' graph in both 

seasons as well as in the pooled analysis (FiS.40, 41 and 

42). While parent P9 and Pll exchansed positions in relation 

to the regression in Wr-Wr' graph in 1980, they didn't 

during the summer, 1981 season. In the pooled analysis, only 

the parent Pll exchanged position in relation to the 

re~ression line while the parent P9 did not. 

In the standardised deviation graph, the parents 

P
l 

and P8 occupied the dominant high quadrant while Ps P9 

and Pll the recessive low quadrant consistently during the 

kharif, 1980, summer, 1981 and in the pooled analysis 

(Fi~.43, 44 and 45). 

Seed yield : The regression line of Wr on Vr intercepted the 

Y ordinate above the origin in kharif, 1980 and in the 

pooled analysis and at the point of origin in summer, 1981. 

The parents P 3 P6 and P14 were near the origin while P4 and 

P
15 

were located away from the origin in kharif, 1980. 

However, in summer, 1981, the parents P4 P6 and P7 were 

near and P9 away from the origin. In contrast, the parents 

Pl P6 P7 P14 and PIS were located near and P9 away from 

the origin in the pooled analysis (Fig.46, 47 and 48). 

The parents listed above in both the seasons and 

in the pooled analysis which were located below the 

regression line in Wr-Vr graph were found to have changed 
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their positions in relation to the regression line in Wr-Wr' 

graphs (Fig.49, 50 and 51). 

The parent P
8 

was found to occupy consistently the 

dominant high suadrant in the standardised deviation graph 

"hile the parents P 9 and PIO the recessive low quadrant in 

both the seasons and in the pooled data (Fig.52, 53 and 54). 

4.8. Study of F2 generation 

Based on the per se performance score of the 

parents and gca effects score observed during summer, 1981 

the following six hybrid combinations "ere selected for 

study of the F2 generation during the summer, 1982 season. 

1- High x High 1- KRR 2 x TMV 6 

2. KRR 2 x S. i. 2277 

2. High x low 1- KRR 2 x S. i. 2631 

2. TMV 6 x S. i. 2631 

3. Low x low 1- S. i. 2141 x s.L 2631 

2. S.i. 2340 x s. i. 2631 

From each hybrid, 5 plants were selected at random in each 

of the replications totalling 15 plants for each 

combination. For study of F2 each hybrids combination formed 

a unit consisting of PI P2 Fl and F 2 · The parents and 

hybrids were raised in a single row while the F2 in four 

rows. Ridges were formed at 45 cm apart and the seeds 

dibbled on one side at a distance of 20 cm. The length of 

the ridge was 6 meters. Randomised blocks design of layout 
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with three replications was the design adopted. Ten plants 

per replication for the parents and hybrids and 20 plants 

for F2 were selected at random per row forming 30 plants for 

parents and Fl and 240 plants for F2 for recording the 

observations. The crop was raised in summer, 1982 adopting 

the recommended agronomic practices. Five characters were 

studied when the plants attained maturity. 

The data collected were tabulated and the 

followins parameters estimated for each character for each 

combination. 

i) Mean and (ii) Range 

For the F2 data, the phenotypic coefficient of 

variation, genotypic coefficient of variation, heritability 

(broad sense) genetic advance and genetic advance expressed 

as percentage of mean were computed and presented in Tables 

4.42 to 4.46. 

Plant height: The mean value of the hybrid was found to be 

higher than the parents as well as the F2 progeny. However, 

the range of the F2 population was found to be wider than 

that of the Fl or hybrids (Fig.55-60). The genetic advance 

in the hiSh x high cocbinations were found to be in general 

higher in high x high combinations than in low x low 

combinations. 
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Capsule-main stem : The hybrids were found to express higher 

mean value than the parents and F
2

. The range was observed 

to be widened in F2 compared to the hybrids and parents 

(Fiy.6l-66). The genetic advance involving the parent TMV 6 

as female was higher than the other parent KRR 2 . 

Capsule-branChes : The hybrid exhibited higher mean value 

than that of the segregating population. Besides, the range 

was found to wider in F2 than in the Fl and parents (Fi~.67 

to 72). The heritability in broad sense was higher in high x 

high combinations. Similar trend was also noticed in genetic 

advance with higher values for high x high than low x low 

combinations~ 

capsules-plant : The hybrids expressed higher mean values 

than the parents and the hybrids. However, the range was 

wider in the segregating generation than the hybrid and 

parents (Fig. 73-78). Genetic advance was found to be on 

higher side in high x high than in high x low and low x low 

combinations. The GCv/PCV ratio was found to be higher in 

KRR2 x s. i. 2277 (high x high) and S .i. 2340 x S.i. 2631 

(low x low) combinations. 

Seed yield: The hybrids expressed better than the parents 

and F 2 in mean seed yield. HO\~ever, wide range was observed 

in the segregating populations compared to the parents and 

the hybrids (Fig. 79-84). Heritability in broad sense was 

found to be highest in KRR2 x S.i. 2277, a high x high 

combination. 
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DISCUSSION 



5. DISCUSSION 

Sesame is one of the oldes~ ancient and 

traditional oilseed cro~of India. productivity in terms 

seed as well as oil is low comjOared to yroundnut and 

soybean. Therefore. crop improvement for increasiny the 

productivity of seed of sesame was found to be a necessity 

under the present situation. A thorouyh understanding of the 

yenetics of yield and components of yield forms the basis 

for crop improvement. The present investiyation was oriented 

towards elucidatiny the basic and applied information which 

can thrm; lic;ht on the breediny methodology to be adopted by 

a breeder for improviny the yield potential of sesame. The 

information obtained in this study is discussed in detail in 

this chapter to obtain a comprehensive structure of the 

yenetic make up of the parents and suygest suitable breediny 

technique for adoption with particular reference to the 

materials handled in the present study. 

5.1. Selection of Biometrical Techniques 

In sesame. numerous genotypes from different ayro-

climatic or eco-geographical reyions have been collected and 

maintained for use in hybridization programme with a view to 

generate new variability for effecting selection of suitable 

types. In the hybridization programme. a breeder often 

encounter,s problem in the choice of sui table parents. A 
~ .It. 

thorough knowledge of the genetic archtecutre of the parents • r ~ 
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for yield and the contributing characters would be of help 

in identifying superior cross combinations, avoiding the 

undesirable ones in the early generations. 

Recent developments in the biometrical yenetics 

have led to the formulation of a number of statistical 

procedures for genetic analysis of quantitative traits. The 

diallel analysis is one such procedure which provides all 

the necessary information in the early generation itself 

(Hayman, 1954, Jinks, 1954, Griffing, 1956, lSj~!, Mather 

and Jinks, 1977) was adopted for the present study. 

5.2. Selection of Environment 

Sesame is cultivated in Tamil Nadu in different 

seasons under different a~ricultural situations. They are 

(i) rainfed south west mon'soon (June-July), (ii) rainfed 

north east monsoon or cold weather (Nov. -January) , (iii) 

irrigated summer (Dec - May) and (iv) rainfed summer (April­

June). predicting the gain in selection is the ultimate aim 

of estimatin~ all the genetic parameters. The accuracy of 

the prediction depends on the consistency over the 

environments. The de\jree to \~hich the estimate represents 

the relevance of the genetic parameters and depends largely 

in the genotype x environment/season interaction bias in the 

estimates. Therefore, in the present investigation, two 

distinct major sesame growing seasons viz, Kharif/monsoon 
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(June-Se?tember) and summer (February-May) were selected for 

effective evaluation of the breeding materials. 

5.3. Test for Differences Among the Genotypes and Their 

Interaction with Environments 

Fifteen parents belonging to six countries namely 

India, Australia, Sudan, Mexico, USA and Canada having wide 

mor~hological and yield dissimilarities were selected 

randomly from the gene pool and 210 hybrids (direct and 

reciprocal) obtained from 15 x 15 diallel cross formed the 

testing material for this study under two 

environmental/seasonal conditions. 

A perusal of the analysis of variance for 

individual seasons and the pooled analysis indicated that 

hybrids and parents differed among themselves f.or all the 

characters. This led the way for further analysis and 

interpretations so as to arrive at meaningful conclusions. 

5.4. Combining Ability Analysis 

5.4.1. Combining ability variance 

The combining ability analysis in Method I, Model 

I, as suggested by Griffing (1956) for individual seasons 

and by Daljit Singh (1973, 1979) for pooled data was carried 

out and discussed hereunder. 

The GCA variances were significant for plant 

height in both the seasons while the SCA variances were not 
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significant. However, the GCA variances were greater in 

magnitUde than the SCA variances in both seasons as seen by 

the GCA:SCA ratios (25.75:1 and 11.05:1). This indicated the 

siynificant and predominant role of additive ~ene action in 

determining the expression of plant height in the present 

study. The findinys of Murthy (1975), Shrivas and Singh 

(1978), Ashok Kotecha and Yermanos (1978), Gupta (1981), 

Fatteh et al. (1982) Rathnaswamy and Jagathesan (1984), 

Padmavathi (1987), Anitha (1988), Subbalakshmi (1989) and 

Dharmalingam (1990) are in agreement with the present 

results. However, it is pertinent to mention that the 

findings of the above authors were from a Etudy at a single 

location compared to the present study at two seasons. 

In respect of days to first flower, the GCA 

variances were significant in both the seasons and in the 

pooled analysis. The SCA variances were not significant in 

both the seasons but significant in the pooled analysis. The 

GCA variances in both the seasons as well as in the pooled 

analysis were greater than the SCA variances as indicated by 

high GCA:SCA ratio of 24.51:1, 24.98:1 and 30.23:1. This 

indicates the hiyh and preponderance of additive genes in 

controlling the expression of the days to first flower. 

The GCA variances for the capsules on the main 

stem were significant in both the seasons as well as in the 

pooled analysis. The SCA variances were not significant in 
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either of the seasons but siynificant in the pooled 

analysis. The magnitude of GCA variances was higher than 

that of SCA variances as observed by GCA:SCA ratio of 

15.76:1 in kharif, 1980 and 2.55:1 in summer, 1981. This 

indicates the predominant role of additive genes in 

determining the character. Murthy (1975), Ashok Kotecha and 

Yermanos (1978), Gupta (1981), Anitha (1988) and 

Dharmalingam (1990) reported similar observations for this 

character. However, non-additivity was observed to be 

predominant for the trait by Shrivas and Sin~h (1981), Reddy 

et al. (1982), Djigma (1984), Dora and Kamala (1987) and 

Krishnadoss et al. (1987). 

The GCA variances for capsules on branches were 

significant in both the seasons as well as in the pooled 

analysis. The variance for SCA is Significant only in the 

pooled analysis. The GCA:SCA ratio was found to be 6.62:1 in 

khariL 1980 compared to 11.43:1 in summer, 1981. The higher 

magnitude of GCA variance than the SCA variance indicated 

the presence of additive gene action 

character. This was in agreement with 

Anitha (1988). 

in determining 

that expressed 

the 

by 

The siynificant GCA variances for capsules per 

plant in both the kharif, 1980 and summer, 1981 seasons and 

in the pooled analysis and the higher magnitude of GCA 

variance over the SCA variance revealed the significant role 
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of additive ~ene action in determinin~ the character. 

Similar results were reported by other workers in their 

study at single environment (Murthy, 1975; Shrivas and 

Sin~h, 1978; Ashok Kotecha and Yermanos, 1978) and in multi 

environments (Rathnaswamy, 1980, Subbalakshmi, 1989 and 

Dharmalingam, 1990). 

The GCA variances for seed yield, the most 

im~ortant trait were significant in both the seasons as well 

as in the pooled analysis. The magnitude of GCA:SCA 

variances were higher as seen by GCA:SCA ratio 9.39:1 in 

kharif and 7.18:1 in Summer. This indicated the role of 

additive sene action in governing the expression of the 

character. The results were in agreement with those reported 

by Murthy (1975), Shrivas and Sin~h (1978), Ashok Kotecha 

and Yermanos (1978), Rathnaswamy (1980), Chaudhari et al. 

(1984), Padmavathi (1987), Anitha (1988), 

(1989) and Dharmalingam (1990). 

Subbalakshmi 

An overall ranking of the characters possessing 

relatively more fixable additive variations was possible by 

using different criteria viz., (i) comparison of GCA:SCA 

variances ratio and (ii) least deviation of the ratios and 

estimates across the environments. Thus ranking of the 

characters based on these criteria enables the breeder for 

applying selection in succeeding generation based on one or 

more characters. In the present study, all the six 
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characters had high magnitude of GCA variance (fixable 

genetic portion) compared to SCA variance (non fixable 

genetic portion) and thus respond to selection conferring 

rapid improvement of these traits. 

The genotype x environment interaction is a major 

source of bias that affects the general and specific 

combining ability testing. In the present study, the 

combined analysis of combining ability over the 

seasons revealed that the interaction variance GCA x season 

was significant for all the characters except for days to 

first flower. The sca x season variances were si~nificant 

for plant height and capsules on the main stem. Both the 

interaction variances were not significant for days to first 

flower indicating the consistency of the average level of 

dominance/epistatic or additive effects for each parent in 

this character. The magnitude of GCA x seasons variance was 

more for all the characters except for days to first flower 

in which the SCA x seasons variance was high. 

Thus, the present study indicated the unstable and 

sensitive nature of the GCA variance (additive) compared to 

the SCA variance (non additive and epistatic) over the 

seasons for five out of six characters. Matzinger et al. 

(1959) in corn, Liang (1967) and Palaniswamy (1981) in 

sorghum, Paroda and Joshi (1970), Kumar et al. (1983) and 
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Nanda et al. (1983a) in wheat. Paroda and Hayes (1971) and 

Hayes and Paroda (1974) in barley. Singh and Singh (1976) in 

chilli and Ayyamperumal (1981) in soybean also observed 

similar viz .• higher interaction of GCA with environment. 

Hovever. Malhotra et al. (1980) in green 9ram. Rathnaswamy 

(1980) in Sesame. Sukanya Subramanian (1981) in rice. Gupta 

and Lodi (1985). Ven~ateswarlu and Singh (1981) in Pea and 

Narkhede and Sudir Kumar. (199la) in Sesame obtained sreater 

SCA x season interaction variance than GCA x season 

interaction variance for the characters studied and 

concluded that SCA or dominance and epistatic effets ,,,ere 

more unstable than GCA or additive effects. 

Reciprocal variances were not sisnificant in both 

the seasons for all the six characters under study but 

si~nificant in the pooled analysis. The reciprocal x season 

interaction variance was significant for all the character~ 

except days to first flower. Reciprocal differences for 

plant height. capsules on branches. capsule per plant and 

seed yield were "lell pronounced in summer than days to first 

flower and capsules on main stem. This may be due to the 

fact that in this crop, temperature and long day conditions 

of SUmmer might have influenced these characters in Summer. 

Pal (1945) and Murthy (1975) observed several instances of 

reciproca~ differences in Sesame. 
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5.5 Genetical and Graphical Analyses 

Mather and Jinks (1977) discussed the im~lications 

of genetical and graphical analysis of Wr and Vr statistics. 

The essential points to be gained from the graphical 

analysis are (a) average degree of dominance from the 

distance from the origin and Wr intercept of the regression 

line. (b) the relative proportion of dominant and recessive 

genes in the parents from the distribution of their 

respective array points along the regression line and (c) a 

measure of genetic diversity among the parents from the 

distance between array points. 

The genetical analysis provides certain additional 

information such as (a) the mean~gree of dominance. (b) the 

proportion of genes with positive and negative effects in 

the parents. (c) the proportion of dominant and recessive 

genes in the parents and (d) heritability estimates in the 

narrow sense. 

According to Arunachalam (1976) and Baker (1978) 

the diallel approach of Hayman is restricted to one gene­

model and based on several assumptions like (i) the 

inheritance is wholly diploid, (ii) the parents are 

homozygous, (iii) there are no maternal effects (iv) each 

locus is represented by not more than two alleles. (v) non­

correlated gene distribution and (vi) absence of genic 

interactions (no epistatis). 
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In the present study. the sesame varieties 

selected are secondarily derived balanced polyploids 

behaving like diploids (2n=26) and the inheritance is 

disomic. The parents involved are homozygous as they are 

self pollinated. There are no reports of multiple allelism 

in this crop. Hence. most of the requirements are satisfied 

in the materials selected for an effective genetical 

analjsis. 

The t 2 values and the regression coefficients of 

Wr on Vr values were used for testing the validity of the 

assumptions. The t 2 estimates were nonsi~nificant for all 

the characters durins kharif. 1980 except capsules on main 

axis and significant for plant height alone in summer. 1981. 

In the pooled analysis. the t 2 estimate was not significant 

for any of the characters studied. Similarly, the estimates 

of regression coefficient 'b' did not deviate significantly 

from unity excepting for plant height in summer, 1981 and 

capsules on main stem in kharif, 1980, thus indicating the 

adequacy of the simple additive-dominance model and 

fulfilment of the assumptions. HO\1eVer, siynificant t 2 

values and significant deviations of 'b' from unity for one 

or more characters indicated the non-fulfilment of certain 

assumptions. In such cases, estimates are not as reliable as 

they will be, had all the assumptions being fulfilled. The 

results of the present investiyations must be considered in 

the light of the limitations pointed out earlier. 
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The position of array points in Wr, Vr graph was 

highly sensitive to environmental alterations for all the 

characters. When tests are conducted at different 

environments, such changes in position of array points do 

occur commonly (Jana, 1975; Suresh Kumar et al., 1980; 

Rathnaswamy, 1980; Ayyamperuma1, 1981 and Mohamed Sheriff, 

1985) indicating the influence of seasons/environments. 

Though reversal in the ~osition of array points may be 

interpreted as different loci being active in different 

environments, a more likely explanation would be reversal of 

dominance effects at that loci which control the character 

in different environment (Jana, 1975). 

The results of graphical and ~enetical analysis of 

the ~resent investigation are discussed below. 

5.5.I. Plant height 

Kharif. 1980 --The genetic parameter D was significant and 

numerically high compared to HI and H2 indicating the 

preponderance of additive gene action in governing the 

character, plant height. Similarly, the combining ability 

studies in the present investigation also confirms the above 

findiny. 

The deyree of dominance was partial as indicated 

by (H l /D)l/2 ratio. The H2/4 HI ratio vias less than 0.25 and 

may be attributed to asymmetry of positive and negative 
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alleles. The ratio of KO/KR was observed to be greater than 

unity indicatin~ the preponderance of dominant alleles than 

the recessive ones in the parents. The narrow sense 

heritability of 69.6 per cent indicates the preponderance of 

hi~h amount of fixable additive gene action in the parents 

utilized in the study. This was in asreement with Murthy and 

Hasim (1974) and Rathnaswamy (1980). 

The regression line intercepts the Y-ordinate 

above the origin in Wr-Vr graph indicatins the dominance as 

partial. The parents P 8,6,14,2,7,1 and 3 are near the 

origin indicating the presence of mOre of dominant alleles 

while the parents P 13,15,4,5,11 and 9 are away from the 

ori~in indicating the presence of more of recessive alleles. 

This was also confirmed by the standardised deviation sraph. 

Non allelic interaction was inferred by the interchan~e of 

array points from Wr-Vr graph to Wr-Wr' graph. 

Summer 1991 - The preponderance of additive gene action in 

governin~ this character could be deduced from the 

significant and numerically high genetic parameter o 

compared to HI and H2· 

The degree of dominance was also partial, similar 

to Kharif, 1980 as indicated by the (H /0)1/2 
1 ratio. The 

H2/4Hl ratio is nearer to the expected 0.25 and indicates 

symmetry in gene distribution in respect of positive and 

negative genes in the parents. Preponderance of dominant 
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alleles in the parents was evident from the KD/KR ratio 

which was greater than unity. The narrow sense heritability 

of 56.1 per cent indicates the preponderance of additive 

gene action utilized in the present study. This result is 

concurrent with those of Murthy and Hasim (1974) and 

Rathnaswamy (1980). 

The regression line intercepts the Y-ordinate 

above the origin in the Wr-Vr graph indicating the dominance 

to be partial. The parents P 2,6,7,8,1 and 12 are nearer the 

origin indicating the presence of more of dominant alleles 

while the parents P 3,5,9,11,13 and 15 are away from the 

ori~in pointing to the presence of more of recessive 

alleles. This was confirmed by the standardised deviation 

graph. Inter change of positions from Wr-Vr to Wr-Wr' graph 

indicates the presence of non-allelic interaction. 

Pooled - The significant and numerically higher mangnitude 

of the parameter D compared to HI and H2 indicates the 

presence of additive gene action in governing this character 

in the parents under study. The (Hl /D)l/2 ratio was less 

than unity confirming the partial dominance observed in both 

the seasons. The H2/4Hl ratio was less than 0.25 and 

indicates the presence of asymmetry in the distribution of 

positive and neyative genes in the parents. The 

preponderance of dominant alleles in the parents was evident 
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from the KD/KR ratio which was greater than unity. The 

narrow sense heritability (66.7 per cent) indicates the 

preponderance of high amount of fixable additive genes in 

the parents. 

The Y-ordinate was intercepted by the regression 

line above the origin in Wr-Vr graph indicating the partial 

dominance of this trait. The parents P 2,8,6,1,14 and 7 are 

positioned near the origin. a feature for presence of 

dominant alleles, while the parents P 10,11,12,9 and 5 were 

seen away from the origin indicating the presence of 

recessive alleles. This distribution is confirmed by these 

parents occupying dominant high and recessive low quadrants 

respectively in the standardised deviation graph. Inter 

change of the position of the array points by the parents 

above and below the regression line from Wr-Vr to Wr-Wr' 

graph indicated the presence of non allelic interaction. 

5.5.2. Days to first flower 

Kharif, 1980 - The genetic parameter D was observed to be 

significant and numerically higher than the parameters HI 

and H2 indicating the preponderance of additive gene action 

governing this character in the parents under study. The 

degree of dominance was partial as observed by the (H /D)1/2 
1 

ratio which was less than unity. The asymmetry of gene 

distribution with regard to positive and negative alleles in 

the parents could be seen by the lower values of H2/4Hl 
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compared to the expected 0.25. Preponderance of dominant 

alleles in the parents was evident from the KD/KR ratio 

which was greater than unity. The high narrow sense 

heritability value of 73.7 per cent indicates the presence 

of high amount of fixable additive genes in the parents used 

in the study. 

The regression line intercepts the Y-ordinate 

above the origin in Wr-Vr graph indicatiny partial 

dominance. The parents P 14.11.2.6,15.1.8.7 and are 

located near the oriyin indicating the presence of more of 

dominant alleles while the parents P 10,12,4,5 and 9 are 

away from the origin indicatiny the presence of more of 

recessive alleles. This distribution was confirmed by the 

2arents occupyiny the dominant hiSh and recessive low 

quadrants in the standardised deviation graph. Non allelic 

interaction could be inferred by the interchange of array 

points of the parents positioned above and below the 

regression line from Wr-Vr graph to Wr-vlr' graph. 

Summer, 1981 The parameter 0 "as significant and 

numerically high compared to HI and H2 indicating the 

preponderance of additive gene action in yoverning the 

character, days to first flower. The combining ability 

studies in the present investigation also confirms the above 

point. The degree of dominance was observed to be partial as 

seen from the (H I /D)1/2 ratio. The H2/4HI ratio was less 
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than 0.25 which could be attributed to the asymmetry in the 

"­distribution of positive and neyative alleles.' The higher 

magnitude of the KO/KR ratio above the unity indicates to 

the preponderance of dominant alleles than the recessive 

alleles in the parents. The narrow sense heritability of 

73.9 per cent indicates to the preponderance of high amount 

of fixable additive gene action in the parents. 

The Y ordinate was intercepted by the regression 

line above the origin in the Wr-Vr graph indicating the 

partial dominance. The parents P 14,15,2,1,11,6 and 8 are 

located near the origin and indicates presence of more of 

dominant alleles while the parents P 10,12,9,4 and 5 are 

positioned away from the oriyin pointiny to the presence of 

more of recessive alleles. This was also confirmed by the 

parents occupying dominant hiyh and recessive Iml quadrants 

respectively in the standardised deviation graph. The 

interchange of positions above and below the regression line 

bi these parents from Wr-Vr to Wr-Wr' graph indicated the 

non-allelic interaction. 

Pooled The preponderance of additive gene action in 

governing the character could be inferred by the significant 

and numerically high genetic parameter 0 compared to the HI 

and H2 . This was confirmed by the results of the combining 

ability studies in the present investigation. The degree of 

dominance was partial as seen from the (H /0)1/2 ratio, 
1 
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which is less than unity. The H2/4Hl ratio estimate was 

lower than 0.25 and indicated asymmetry in the distribution 

of genes in respect of positive and negative -alleles. 

Preponderance of dominant alleles in the parents was evident 

from the KD/KR ratio which was high and greater than unity. 

The high heritability (NS) estimate of 74.5 per cent 

indicates to the preponderance of additive gene action in 

the parents. 

The regression line intercepts the Y-ordinate 

above the origin in the Wr-Vr graph indicating the dominance 

as partial. The parents P 14.2.15.1.6.8.11.7 and 3 are found 

to be located near the origin while P 5.9 and 4 away from 

the origin. The former indicates the ~resence of more of 

dominant alleles while the latter more of recessive 

alleles. This was also confirmed by the standardised 

deviation graph. The inter change of positions by the 

parents below and_above the regression line in the Wr-Vr 

graph to Wr-Wr' graph indicates to presence of non-allele 

interaction. 

5.5.3. capsules-main stem 

Kharif, 1980 The significant and numerically higher 

value of the parameter D compared to HI and H2 indicates the 

presence of additive gene action in governing this character 

in the parents studied. This was in confirmity with the 

present combining ability studies. 
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The degree of dominance was partial as indicated 

by the (H l /D)1/2 ratio. The H2/4Hl ratio was found to be 

0.25 indicating symmetry in gene distribution with respect 

to positive and negative alleles in the parents. The KD-KR 

ratio was found to be less than unity indicating 

preponderance of recessive alleles than dominant alleles in 

the parents. The high narrow sense heritability of 62.3 

per cent indicates the preponderance of high amount fixable 

additive genes in the parents studied. 

The regression line intercepts the Y ordinate 

above the oriyin in Wr-Vr graph indicating the partial 

dominance for the character under study. The parents 

P 2,1,6,8,11,3 and 15 are near the origin indicating the 

presence of more of dominant alleles while the parents 

P 5,9.14.12 and 13 are away from the oriyin su~gesting the 

presence of recessive alleles. This was also confirmed by 

the standardised deviation graph. The exchange of positions 

of the array points above and below the regression line from 

Wr-Vr to Wr-Wr' graph indicates the presence of non-allelic 

interaction. 

Summer, 1981 The genetic parameter D was observed to be 

significant and numerically higher than HI and H2 suggesting 

the presence of additive genes in governing this character. 

This result was found to be in confirmity with the combining 

ability analysis. 
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The degree of dominance was complete as indicated 

by the (H l /D)l/2 ratio. The H2/4Hl ratio was found to be far 

less than 0.25 indicating asymmetrical distribution of 

positive and negative alleles in the parents. The KD/KR 

ratio was observed to be numerically very high than unity 

indicatiny more of dominant alleles than recessive alleles 

in the parents. The medium narrow sense heritability 

(31.1 per cent) observed indicates the presence of medium 

amount of additive genes in the parents studied. 

The regression line intercepts the Y-ordinate 

almost at the point of origin indicating complete dominance 

for the character. All the parents except P 9 are located 

near the origin indicating the presence of more of dominant 

alleles in these parents. The parent P 9 alone was found to 

be located far away from the origin suggesting the presence 

of more of recessive alleles. The standardised deviation 

graph also confirms this by locating these parents in 

dominant low and recessive high quadrants. The interchange 

of positions of the parents below and above the regression 

line from Wr-Vr to Wr-Wr' graph indicates to the presence of 

non-allelic interaction. 

The D parameter was significant and numerically 

greater than HI and H2 indicating the presence of additive 

genes in governing this character in the parents. The 

combining ability studies also confirmed this conclusion. 
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The (H /D)1/2 ratio was found to be less than 
1 

unity and indicates partial dominance. The H2/4Hl ratio was 

found to be less than 0.25 suggestiny asymmetry in the 

distribution of positive and negative alleles in the 

parents. The preponderance of dominant alleles than 

recessive alleles in the parents could be seen from the 

KD/KR value which was more than unity. The high narrow sense 

heritability (60.5 per cent) indicates the preponderance of 

high amount of fixable additive genes in the parents. 

The regression line intercepts the Y-ordinate 

above the origin in the Wr-Vr graph indicating ?artial 

dominance for the character. The parents P 1,2,14,15,6, 8, 3 

and 11 are located towards the origin of regression line 

suggesting the presence of more of dominant alleles, while 

the parents P 10,7,12,5 and 9 are located away from the 

origin indicating the presence of more of recessive alleles. 

This was confirmed in the standardised deviation graph 

wherein they are located in dominant low and recessive high 

quadrants respectiVely. The position of the array points of 

the parents located above and below the regression line in 

Wr-Vr graph got changed in Wr-Wr' graph indicating the 

presence of non-allelic interaction. 

5.5.4. Capsules-branches 

Kharif 1980 The genetic parameter D is significant and 

higher than the HI and H2 indicating preponderance of the 
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additive yenes in ~overniny the character. This result is in 

confirrnity with the cornbininy ability analysis. 

The degree of dominance was partial as indicated 

by the (H /D)1/2 
1 ratio which was less than unity. The 

H2/4Hl ratio was found to be less than 0.25 which indicates 

the asymmetrical distribution of genes with respect to 

positive and negative alleles in the parents. The KD/KR 

ratio was more than unity indicating the preponderance of 

dominant alleles than recessive alleles in the parents. The 

narrow sense heritability was found to be medium 

(39.8 per cent) indicatin~ the presence of moderate amount 

fixable additive genes in the parents. 

The regression line intercepts the Y-ordinate 

above the origin in Wr-Vr graph indicating the presence of 

partial dominance. The parents P 15,14,6,8,3,2 and I are 

situated near the origin suggesting the presence of more of 

dominant alleles while the parents P 5,9,10 and 12 are 

located away from the origin implying the OCcurence of 

recessive alleles. This was confirmed by the standardised 

deviation graph wherein the former parents are located in 

dominant high and the latter parents in recessive low 

quadrants. The existence of non-allelic interaction is 

indicated by the exchange of position of the parents above 

and below the regression line from Wr-Vr to Wr-Wr' graph. 
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summer. 1981 The significant and numerically high value 

of the genetic parameter D. compared to HI and H2 indicates 

the presence of additive gene action in governing this 

trait. This confirms the combining ability studies carried 

out in the present investigation. 

The 1/2 (HI/D) value was observed to be less than 

unity indicating the partial dominance. The H2/4Hl ratio was 

found to be less than 0.25 suggesting asymmetrical 

distribution of genes in respect of positive and negative 

alleles in the parents. The KD/KR ratio was more than unity 

indicating the presence of more of dominant alleles than 

recessive ones. The narrow sense heritability was found to 

be high (61.0 per cent) suggesting the presence of more 

fixable additive genes in the parents. 

The regression line intercepts the Y ordinate 

above the origin suggesting the presence of partial 

dominance. The parents P 1.2.8.6.3 are located near the 

origin indicating the presence of more of dominant alleles 

while the parents P 13.11.10.5 and 9 are positioned away 

from origin suggesting the presence of more of recessive 

alleles. This finding is confirmed by the standardised 

deviation graph. The change in position of parents. located 

above and below the regression of line from Wr-Vr graph to 

Wr-Wr' graph leads to the inference that non-allelic 

interaction exists in the parents. 
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The genetic parameters D is significant and 

numerically higher compared to Hl and H2 indicating the 

presence of partial dominance. The combining ability 

analysis of this investigation also confirms the above 

result. 

The (H /D)1/2 ratio was observed to be less than 
I 

unity and indicates that dominance was partial. The H2/4HI 

ratio was found to be less than 0.25 and hence it could be 

stated that distribution of genes was asymmetrical in 

respect of the positive and negative alleles in the parents. 

The KD/KR was more than unity indicating preponderance of 

dominant alleles than recessive ones. The high narrow sense 

heritability of 65.6 per cent indicates the presence of more 

of fixable additive genes in the parents. 

The regression line intercepts the Y ordinate 

above the origin in Wr-Vr graph suggesting the presence of 

partial dominance. The parents P 2,15,8,6,1,3 and 14 are 

located near the origin indicating the presence of more of 

dominant alleles while the parents P 10,12,5 and 9 are 

located away from the origin suggesting the occurence of 

more number of recessive alleles in the parents. This was 

confirmed by the standardised deviation graph wherein these 

parents are located in dominant high and recessive low 

quadrants respectively. The presence of non-allelic 

interaction is indicated by the eXChange of position of the 
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array ~oints of the parents above and below the re~ression 

line from Wr-Vr to Wr-Wr' graph. 

5.5.5. Capsules/plant 

Kharif. 1980 The genetic parameter D was significant and 

numerically hiyher compared to the HI and H2 susgesting 

partial dominance. This finding agrees with that observed in 

the combining ability analysis. 

The (HI /D)1/2 ratio was less than unity suggesting 

the presence of partial dominance. The H2/4HI ratio was 

observed to be less than 0.25 indicating the asymmetrical 

distribution of the ~enes in res~ect of positive and 

negative alleles in the parents. The KD/KR ratio was higher 

than unity indicating preponderance of dominant alleles than 

necessive ones. The medium narrow senSe heritability 

(34.6 per cent) indicated the presence of moderate amount of 

fixable additive genes in the parents. 

The regresSion line intercepts the Y-ordinate 

above the origin which sugyests the presence of partial 

dominance. The parents P 2,6,3,8,13 and 7 are located near 

the origin suggesting the presence of more of dominant 

alleles while the parents P 9,4,5.14.15,10,12 and 11 are 

positioned away from the origin indicating the presence of 

more of recessive alleles in the parents. This was confirmed 

by the standardised deviation graph. The existence of non-
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allelic interaction is inferred from the exchange of 

position of the array points of the parents above and below 

the regression line from Wr-Vr to Wr-Wr' graph. 

Summer. 1981 The Dlgenetic) parameter is significant and 

numerically higher than the HI and H2 indicating partial 

dominance. This result is in confirmity with that observed 

in combinin~ ability analysis. 

The (HI/D)I/2 ratio is nearer the unity indicating 

the dominance for the character under study. The H2/4HI 

ratio is less than 0.25 suggesting asymmetrical distribution 

of ~enes in respect of positive and negative alleles in the 

parents. The KD/KR ratio was nearer to unity indicating 

equal distribution of dominant and recessive alleles. The 

narrow sense heritability was observed to be medium 

(49.8 per cent) indicating the presence of moderate amount 

of fixable additive genes in the parents. 

The Y-ordinate is intercepted by the regression 

line above origin suggesting the presence of partial 

dominance. The parents P 2,6,3,8,7 and 12 are located near 

the origin indicating the presence of more number of 

dominant alleles while the parents P 9 and 11 are located 

away from the origin suggesting the occurence of more number 

of recessive alleles in the parents. This is confirmed by 

the standardised deviation graph. Non-allelic interaction is 
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parents above and below the regression line from Wr-Vr graph 

to Wr-Wr' graph. 

pooled The genetic parameter D is significant. Also 

higher in magnitude compared to Hl and H2 indicating 

additive gene action. This is in confirmity with the result 

of combining ability analysis. 

The (H l /D)1/2 ratio is around unity and suggests 

the presence of dominance. The H2/4Hl ratio is less than 

0.25. This indicates that the distribution of genes is 

asymmetrical in respect of positive and negative allele in 

the parents. The KD/KR ratio is more than unity which 

indicates the preponderance of dominant alleles than 

recessives. The narrow sense heritability is medium 

(33.5 per cent) suggestins the presence of medium amount of 

fixable additive genes in the parents. 

The regression line intercepts the Y-ordinate 

above the origin which indicates the presence of partial 

dominance. The parents P 2,7,13,8,6,14 and 15 are positioned 

near the origin indicating the presence of more of number of 

dominant alleles while the parents P 5,9 & 11 are located away 

from the origin suggesting the occurence of more number of 

recessive alleles. This is confirmed by the standardised 

deviation graph. The existence of non-allelic interaction is 

inferred by the exchange of position of the array points of 
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the ~arents below and above the regression line from Wr-Vr 

to Wr-Wr' graph. 

5.5.6. Seed yield 

Kharif. 1980 The parameter (Genetic) 0 is significant 

and numerically greater compared to HI and H2 which 

indicates the presence of additive gene action. This agrees 

with the result obtained in the combining ability analysis 

of this investigation. 

The (H /0)1/2 
1 ratio was less than the unity and 

indicates the presence of partial dominance. The H2/4Hl 

ratio was less than 0.25 which suygests the unequal 

distribution of yenes in respect of positive and negative 

alleles in the parents. The KO/KR ratio was more than unity 

and indicates the preponderance of dominant alleles than 

recessive ones. The narrow sense heritability \1as observed 

to be medium (37.7 per cent) and sU9gests the presence of 

moderate amount of fixable additive genes in the parents. 

The interception of Y ordinate by the regression 

line above the point of origin indicates partial dominance. 

The parents P 3.6.14.13 and 8 are located nearer the origin 

indicating the presence of more number of dominant alleles 

while the positioning of parents P 15.4.7 and 10 away from 

the origin suggests the occurrenCe of more of recessive 

alleles in the parents. This fact is confirmed by the 
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standardised deviation graph. The exchange of positions of 

the array points by the parents below and above the 

regression line from Wr-Vr to Wr-Wr' ~raph indicates the 

existence of non-allelic interaction. 

Swmner, 1981 The D (genetic) statistic was found to be 

significant and also numerically hi9her than HI and H2 . This 

indicates the preponderance of additive gene action for the 

trait. The fact was confirmed by the combininy ability 

analysis under the present study. 

The (H /D)1/2 ratio is less than unity 
1 and 

sU9gests the presence of partial dominance. The H2/4Hl ratio 

observed is less than 0.25 "hich indicates the asymmetrical 

distribution of genes in respect of positive and negative 

alleles in the parents. The KD/KR ratio is more than unity 

which leads to the inference that the dominant alleles are 

more than the recessive ones. The narrow sense heritability 

of 41.9 per cent suggests the existence of moderate number 

of fixable additive genes in the parents. 

The regression line intercepts the Y ordinate 

above the origin indicating the preponderance of partial 

dominance. The parents P 2,12,4,6 and 7 are located nearer 

the origin and hence suggests the presence of more number of 

dominant alleles while the parents P 9 and 13 are positioned 

away from the origin indicatil'ly the occurencecf more number 

of recessive alleles. This is confirmed by the standardised 
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deviation sraph. The non-allelic interaction was inferred by 

the exchange of positions of the array points of the parents 

from Wr/Vr to Wr/Wr' graph. 

Pooled The genetic parameter D is significant and 

numerically higher than HI and H2 indicating the additive 

gene action which is confirmed by the combining ability 

analysis in the present study. 

The (H /D)1/2 
1 ratio is less than unity and 

suggests the presence of partial dominance. The H2/4Hl ratio 

observed is less than 0.25. This might be due to unequal 

distribution of the genes "lith respect to positive aCId 

negative alleles. Tbe KD/KR ratio is more than unity 

indicatin<;j the preponderance of dominant allels than 

recessive ones. The narrow sense heritability of 33.6 per 

cent suggests the presence of moderate number of fixable 

additive genes in. the parents. 

The regression line of Wr on Vr intercepted the Y 

ordinate above the origin in kharif, 1980 and in the pooled 

data while it cuts it at the point of origin during summer, 

1981 which indicated the preponderance of partial dominance 

for the character, seed yield. The parents P 1,3,6,7 and 

P 14 are located near the origin while P 9 and P 10 away 

from the origin indicating the presence of more number of 

dominant alleles in the former and recessive alleles in the 
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latter. This is confirmed by the standardised deviation 

sraph. The non-allelic interaction was inferred by the 

exchange of position of the array points of the parents 

below and above the regression line from Wr-Vr graph to 

Wr-Wr' graph. 

5.6. Combining Ability Effects 

5.6.1. Breeding value of parents 

The estimates of general combining ability effects 

and the mean performance of parents hclps the plant breeder 

to gain an in depth knoVlledge of the genetic architecture of 

the selected parent over a wide range of environment. These 

information may help the breeder in choosing the appropriate 

parent for exploitation of heterosis and in recombination 

breeding programmes. The objectivc is feasible only when 

these parameters are evaluated for their potentialities 

viz., stability over environments and combining ability 

attributes. 

Among the parents P 2,6 and 8 '-Iere found to 

exhibit significant and positive gca effects for plant 

height while the parents P 3,4,5,9,10,11,12,13 and 15 

significant and negative 99a·effects both in kharif, 1980, 

summer, 1981 and in the pooled analysis. The expression was 

at variance in the different seasons by the parents P 1,7 

and 14 while the parent P 1 showed significant and high 

positive gca effects in the summer, 1981 and pooled 
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analjsis, the ~arent P 7 showed the same trend in kharif, 

1980 and in the pooled analysis. The parent P 14 expressed 

contradictory effects in season viz., significant and highly 

positive gca effects in kharif, 1980 and less significant 

and negative effects in summer, 1981, with non significant 

very low positive effects in the pooled analysis. 

The present day concept of breeding for earliness, 

short duration and high yield needs no emphasis. Parents 

with positive gca effects for long duration viz., long days 

to flower coupled with tall stature may not be proper choice 

for such circumstances. The desired parent should exert gca 

effects towards earliness and dwarfness i.e. should show 

negative gca effects. As observed for plant hei~ht, six out 

of nine parents viz., P 5,9,10,12,13 and 15 exhibited 

significant and negative effects for days to first flower 

(an indication to earliness). Therefore,these six parents 

serve as good combiners for breeding for earliness and 

dwarfness. 

with reference to the character, number of 

capsules on the main stem, the long and medium duration 

plants with more number of primary and secondary branches in 

general possessed less number of capsules in contrast to the 

early types vlith less duration ana short stature with nil or 

1 or 2 branches. The parents P 2,3,4,8,11,13 and 15 had 

negative gea effects (either significant or non-significant) 
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while the parentS P 5.7.9.10 and 12 registered positive 

effects in both the seasons as well as in the pooled data. 

The expression of the character was at variance in other 

parents in the different seasons and in pooled analysis. 

As discussed in the preceeding paragraphs. the 

long and medium duration types exhibited higher number of 

capsules on the branches while short duration ones with 

lesser number. The parents P 2 and 11 registered significant 

and positive gca effects while the parents P 5,7.9.10,12.13 

and 14 exhibited significant and negative yca effects in 

both the seasons and in the pooled analysis. Other parents 

ie .• P 3.4 and 15 were found to express positive and 

negative effects in different seasons. The parents P 1,6 and 

8 were found to exhibit positive gca effects in both the 

seasons and in the pooled analysis. but the significance 

could be seen only in summer, 1981 and in the pooled 

analysis. 

The expression of the character capsules per plant 

was found to be at variance in the two seasons. While the 

parent P 5 expressed significant and negative gca effects in 

both the seasons and in the pooled analysis. all others 

exhibited either positive or negative effects in kharif, 

1980 and vice versa in summer. 1981. In the pooled analysis, 

the parents P 1,2,6 and 7 exhibi~ed significant and positive 

gca effects while the parents P 5,9,12 and 13 expressed 

significant negative effects. 
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In respect of seed yield, the parent P 5 alone 

exhibited significant and negative gca effects in both thE 

seasons as well as in the pooled analysis. The parents whict 

expressed positive and significant gca effect in summer. 

1981 and pooled analysis were P 2 and 6 and those which werl 

negative and significant being P 9 and 10. 

Since there were inconsistencies in the expressiol 

the gca effects, during kharif, 1980 and summer. 1981 

reliable selection couldn't be made based on gca effects 

However, the parents which exhibited high gca effects durin 

summer. 1981 could be considered appropriate since maximu 

expression was seen in SUmmer than kharif (Rathnaswamy 

1980; Shanmugasundaram, 1989; Subbalakshmi. 1989 an 

Dharmalingam. 1990). 

Per se performance 

There \-rere also good correspondence bet\,een per 

performance of the parents and their gca effects in tt 

_i)resent study. Studies made by Rathnas\iamy, (1980) 

sesame. Ayyamperumal (1981) in soybean, Mohamed Sherij 

(1985) in sorghum, Shanrnugasundararn (1989) in blackyrarn 

recent past also exhibited such positive 

between per se performance and gca effects. 

relationsh: 

Ranks were given to individual parents basro, 

per se performance and gca efrects for each character a' 

ranks totalled over the six characters revealed that t' 
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parents. P 1.2 and 6 attained high ranks of I. II & III in the 

pooled data. 

Based in gca effects score over the six 

characters. parents P 1.2 and 6 attained high (H) status in 

the pooled data and P 5.9 and 10 low (L) status. 

Breeding value of hybrids 

Heterosis Number of hybrids which exhibited heterosis 

over mid parent (dij and better parent (dii) and their range 

in percentage are presented below in a tabular form. 

Range of heterosis (di and dii) in Sesame (Surrrner. 1981) 

Characters 

Plant height 

Days to first flower' 

Capsules/main stem 

Capsules/branches 

Capsules/plant 

Seed yield 

Number of hybrids 

di 
(Mid parent) 

16 

-26.55-69.07 

12 

-8.30-13.26 

26 

-65.11-48.76 

53 

-23.01-244.66 

32 

-45.46-64.19 

19 

-54.44-52.85 

dii 
(Better parent) 

8 

-36.35-31. 02 

2 

-16.73-5.76 

2 

-78.63-40.64 

20 

-46.28-81. 52 

18 

-61.69-45.07 

9 

-63.99-43.73 
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Rathnaswamy (1980) reported heterosis for seed 

yield and number of capsules in the crop. Subbalakshmi 

(1989), Dharmalingam (1990) also reported heterosis for seed 

yield in this crop and Shanmuyasundaram (1989) in black 

gram. 

The scope for exploitation of hybrid vigour in 

any crop wull depend on (i) the high mean performance of the 

hybrids over a wide range of environments (ii) magnitude of 

heterosis and (iii) the biological feasibility of large 

scale production of hybrid seeds. Although many hybrids 

exhibited a high mean performance over the better parent in 

the present investigation, the immediate utility for 

commercial exploitation as hybrids is not feasible due to 

biolo~ical hindrances such as the lack of high natural cross 

pollination, but feasible if genic or cytoplasmic or 

cytoplasmic-genic male sterility could be identified. In 

grain legumes and other crops like redgram, the exploitation 

of heterosis is successful oVling to the cross pollination 

and availability of genic male sterility (Reddy and Rao, 

1981, Rathnasl~amy, 1980 and Shanmuyasundaram, 1989) . Any 

hOly, non availability of male sterile lines and feasibility 

of realising hybrids for commercial exploitation in this 

crop is rather remote at present. Alternatively, 

recombination breeding in order to obtain superior 
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seggregants with desirable attributes is suggested based on 

the results obtained in the present investigation. 

It seemS that rankiny on the basis of heterotic 

response and sea effects is not reflected by the ranking 

based on performance. Heterosis being F1-P can more or 

less depend on the mean of the concerned parents. Similarly, 

the sca effects are merely a deviation of the 

performance. There is every possibility of gettiny a cross 

with high per se performance but with low heterosis, if 

parental performance is also high. Certainly, there can also 

be a cross with poor per se performance but high heterotic 

response if parental performance is poor. 

The choice of the best cross combinations on the 

basis of sca effects need not necessarily be one \vhich could 

give highest per se performance. Moreover, the sca effects 

was much influenced by the seasons in the present study 1« 
most of the characters. Similar results Vlere also reported 

by Bhullar et al. (1979) in wheat, Rathnaswamy (1980) in 

Sesam·e, Ayyamperumal (1981) in soybean and Shanmugasundararo 

(1989) in black gram. For breeding a hybrid of High x lIigh 

(HII) or High x Low (ilL), single cross which is highly 

heterotic on the strength of sca effects can be tested over 
.aS~ 

time for stability of performance (Arunachalam, 1980). 
" 
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The per se performance beiny the realised value, 

but heterotic response and sea effects being an estimate, 

the per se performance should be given preferance while 

making selection among cross combinations. Similar views 

were expressed by others in recent past (Khangura et al. 

(1980) , Rathnaswamy (1980), Ayyamperumal (1981) and 

Shanmugasundaram (1989). 

Based on per se performance of the hybrids in 

s urnrner , 1981, viz., P 1. 2, P 1. 6, PI. 10, p2 . 4, p2. 10, P 2 . 11 , 

P2.12, P2.13, P2.14, P2.1S, P3.4 ,P3.13 and p6.1S .. ere found 

superior for seed yield. These hybrids also ranked high for 

capsules per plant. The per se performance of the hybrids 

involving good general combiners (parents P 1, 2 and 6) was 

generally high indicating that the combining ability of the 

parents was related to the performance of hybrids than the 

sea effects. This view confirms with that expressed by 

Lodhi et al. (1978), Khangura et al. (1980), Rathnaswamy 

(1980), Th"ari and Pandey (1986) and Shanmugasundararn (1989) 

in different crops. 

The hybrids, Pl • 6 P2 . 4 P 2 . 6 P 4 . 6 and PS . 9 were 
I ' , 

superior in sea effects. The parents involved particularly 

P 1, 2 and 6 were H x Hand P.9 L x L group. The high sea 
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effects of the Pl.6 involving parents with H x H gca 

indicated the presence of additive and additive x additive 

type of fixable gene effects. The increase in yield in such 

crosses may also be due to the combined effects of other 

important traits. Such crosses were desirable and expected 

to produce outstanding seggregants, Singh et al. (1987) and 

Shanmugasundaram (1989). 

The crosses which involved high combining parents 

and exhibited high mean performance and sca effects can be 

exploited by following conventional breeding procedures 

which aims at increasing the frequency of desirable alleles 

in the population (Mohinder Singh et al., 1987). 

5.6.4. Study of F2 progenies 

Based on per se performance for seed yield during 

summer, 1981 and the gca effects, six crosses were selected 

two each for High x High, (H x"H), High x Low (H x L) and 

Low x Low (L x L) combinations. The parents selected were 

1,2,5,6,9 and 10 and combinations being Pl • 2 , Pl . 6 (H x H) 

P l • lO , P2 •10 (H x L) P5 •10 and P9 •10 (L xL). 

These combinations were studied in F2 along with 

their parents and FIS in randomised block design with three 

replications. The results realised are given hereunder. 
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Study of F2 progenies: Summer, 1982 (seed yield) 

Details of cross 
combinations 

High x High 

KRR 2 x TMV 6 (P1. 2) 

KRR 2 x S;i.2277 (P
loC

) 

High x Low 

KRR 2 x s,i.2631 (P
lo10

) 

TMV 6 x S.i.2631 (P 2 . 10 ) 

Low x Low 

s.i.2141 x s,i.2631 (1'5.10) 

S.i.2340 x s.i.2631 (1' 9.10) 

Mean Range 

9.74 1.15-14.00 

9.13 1.50-13.15 

6.78 1.35-9.50 

7.54 0.55-10.20 

4.86 0.30-9.10 

5.06 0.80-9.30 

GCA G.A.as % 
of mean 

15.64 19.29 

18.93 30.26 

6.09 13.97 

14.25 18.98 

11.68 11. 02 

16.16 22.50 

------------------------------------------------------------

The six F2 populations studied exhibited high 

mean, "ide variability, high GCV coupled with high genetic 

adyance in respect of High x High combinations, compared to 

High x Low and Low x Low combinations. Thus, consideration 

of the parental and F1 per se values and the gca effects of 

the parents for further selection is a progressive and 

viable method of advancing the materials for a given set of 

cross combinations to effectively maintain the superior 

crosses in the recombination breeding, is emergect from the 

present investigation, if the characters are under the 

control of additive gene action. Therefor·e, the present 
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study indicated that per se performance of the parents and 

gca effects could be used as tool- for maintaining the 

suprior crosses in the recombination breeding (Nass, 1979), 

Rathnaswamy and Jagathesan (1984) and 

(1989). 

shanmugasundaram 

5.6.5. Suggestions for genetic improvement of yield 

From the foregoing discussion" it would appear 

that yield improvement in sesame is possible by selectiny 

appropriate parents based on heterotic viyour. combining 

ability and per se performance throuyh suitable breeding 

strategies. 

In the present study most of the yielc 

contributing traits are governed by both additive and non· 

additive gene effects with moderate to high heritabi1itj 

values. Hence, to harness the above gene actions, it wou1e 

be more appropriate to exploit and realise high yieldin~ 

superior recombinants in latter generations. Intermating 0 

desirable seggregants by adopting the dial leI selectiv 

mating system is suggested as proposed by Jensen (1970) 

This will be a useful and viable approach for rapid geneti 

improvement in this ancient oilseed crop of India. 



SUMMARY 



6. SUMMARY 

The present investigation was designed to identify 

potential parents and superior cross combinations, and to 

conceptualise breeding strategies for yield improvement in 

sesame. The required information of genetic components 

governing inher i tance wQ'3.~ obtained by 

established biometrical approaches such 

ability, genetical and graphical analyses. 

adopting well 

as combining 

Fifteen genotypes of sesame, (Sesamum indicum L.) 

belonging to diverse eco-geographical centres were chosen 

from the germplasm and crosses in all possible ways with 

reciprocals were made. The 15 parents and 210 hybrids were 

studied in two seasons namely kharif and summer. Six 

characters viz., height of the plant, days to first flower, 

number of capsules on the main stem, number of capsules on 

the branches, number of capsules per plant and seed yield 

were taken into consideration. Among the 210 cross 

combinations studied, six cross combinations ~ere selected 

based on per se performance and the gca effects of the 

parents and studied in F2 generation. 

The results obtained in the present investigation 

are summarised below : 

The genotype x season interaction was significant 

for all the characters except for days to first flower. 
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Among the characters. cr' 2 9 : cr-' 2 gl ratio was widest for 

capsules on branches followed by capsules per plant. Days to 

first flower had the narrowest ratio followed by seed yield 

per plant thereby necessitatiny that the test be carried -out in multi environments for obtaining reliable and precise 

estimates of seed yield. 

The GCA variance was greater in magnitude than the 

SCA variance for all the characters studied in both the 
I 

kharif and summer seasons. 

The proportion of GCA: SCA variance (ratio) 

varied among the characters studied. Days to first flower 

had the widest ratio followed by plant height. Seed yield 

per plant had the narrowest GCA : SCA ratio. Thus, the yield 

components were found to be governed comparatively with more 

additive genes than seed yield per plant. 

The pooled analysis of variance over seasons· for 

combining ability indicated that GCA x seasons v,ere highly 

significant for all the characters,except for days to first 

flower indicating the sensitiveness of GCA variance for 

seasonal fluctuations. The SCA x seasons variance was 

significant for plant height and capsules on main stem. 

Other characters did not exhibit significant differences. 

The range of heterosis over the mid parent varied 

between -30.95 to 39.14 for plant height, -8.07 to 12.80 for 
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KRR 2, TMV 6 and S.i. 2277 were found to perform better than 

other parents during summer and hence suggested for further 

investigation. 

The gca effects score values were also found to be 

in the order of the per se performance. There seems to exist 

a fair correspondence between the per se performance and gea 

effects. 

The higher magnitude of additive component (D) of 

variation than the dominance component (HI)' the less than 

unity ratio (H l /D)I/2, the intercept of regression line 

above the origin in Wr-Vr graph for all the characters 

indicated the predominant influence of additive gene action 

on yield and yield components. 

The yield components exhibited higher heritability 

estimates than seed yield in both kharif and summer seasons 

confirming the conclusions drawn through· combining ability 

analysis. 

The ratio of H2/4HI was less than the theoretical 

expectation of 0.25 for all the characters in most 

situations and pointed to the asymmetry of positive and 

negative alleles expressed by the parents. 

The gene distribution among the parents was 

observed to be unequal with greater frequencies of dominant 

alleles for all the characters both in kharif and summer 
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days to first flower, -56.71 to 72.18 for capsules on main 

stem. -61.19 to 207.45 for capsules on branches. -38.28 to 

72.18 for capsules per plant and -45.98 to 91.83 per cent 

for seed yield during kharif, 1980. 

The range of heterosis over the better parent was 

from -30.54 to 25.B5 for plant height, -16.96 to 4.27 for 

days to first flower, -70.62 to 49.0B for capsules on main 

stem, -47.7, to 13B.51 for capsules on branches, -49.61 to 

50.14 for capsules per plant and -55.30 to 42.2B per cent 

for seed yield during kharif, 19BO. 

In summer 1981, the heterosis ranged from -26.55 

to 69.07 for plant height, -8.30 to 13.26 for days to first 

flower, -65.11 to 48.76 for capsules on main stem, -23.01 to 

244.66 for capsules on branches, -45.46 to 64.19 for 

capsules per plant and -54.44 to 52.85 per cent for seed 

yield over the mid parent value. 

The range of heterosis over the better parent was 

found to vary from -36.35 to 31.02 for plant height. -16.73 

to 5.76 for days to first flower. -78.63 to 40.64 for 

capsules on main stem, -46.28 to 81.52 for capsules on 

branches. -61.69 to 45.07 for capsules per plant and -63.99 

to 43.73 per cent for seed yield during summer, 19B1. 

Among the two, seasons, the phenotypic expression 

of the characters was high during summer season. The parents 
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KRR 2, TMV 6 and S.i. 2277 were found to perform beteer tl~an 

other parents during summer "nd hence suggested for further 

lnvestigation. 

The gca effects score values ~ere also found to be 

in the order of the per se perfoL'lIance. There se",mds Lo 

exist a fair correspo!1dence between the per se performance 

and gca effects. 

The higher magl!itude of addi:::ive component (D) of 

'Ja:r'iation than the dominance component (til)" the 1'2s5 t~an 

~lnity ratio (H1 /D)1/2, the irltercept of regression line 

;:;bo·.Te the origin in '?-lr- Vr 9t'ap~ tor all the char·-~cte~s 

indicated the predominant j.nf lu(',nce 0' "ddi t ive gene act ion 

on yield and yield components. 

The yield components exhibitE~r:l higher heric.ability 

2stimates than seed yield in both kharjf and summer seasons 

confiring the conclusions drawn th.c·ougl1 combining ability 

analysis. 

The ratio of H2 /4H1 were less than the theoreticcl 

expectation of 0.25 for all the characters in most 

situations and pointed to the asyrmnetry of positive and 

negative alleles expressed by the parents. 

The gene distribution among the parents was 

observed to be unequal. with greate~· frequenceis of dominant 
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seasons except for the character capsules on main stem in 

kharif season. 

Based on the per se performance J score of the 

parents and the gca effects, six cross combinations were 

advanced for study under F2 generation. They are: 

1- KRR2 x TMV 6 

2. KRR2 x S. i. 2277 

3. KRR2 x S. i. 2631 

4. TMV 6 x S. i. 2631 

5. s.L 2141 x S. i. 2631 and 

6. S.i. 2340 x S. i. 2631 

The six selected F2 populations studied exhibited 

high mean, wide variability and high GCV coupled with high 

genetic advance as percentage of mean in respect of high x 

high combinations followed by high x low compared to and low 

x low combinations. Thus, consideration of the parental and 

Fl per se values and the gca effects of the parents for 

further selection as a progressive and viable method of 

advancing the materials for recombination breeding has 

emerged from the present investigation. 

Yield components were largely governed by additive 

gene action thereby providing high heritability estimates in 

narrow sense. Therefore, selection based on yield components 

is preferable in early generations of hybrids instead of 

yield per se. 
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The F2 studies indicated that selection of hiyh x 

high followed by high x low combinations instead of low x 

low combinations may be adopted for discrimination of FI 

cross combinations. 

The above investigation has advanced the knowledge 

on breeding improved varieties of sesame) and provided 

further refinements therein. 
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TABLES 



Table 4.1 Analysis of variance for individual season 

Characters 

Plant heiyht 

Day to first 
flower 

Capsules -
main stern 

CaJ_Jsules -
branches 

Capsules/plant 

Seed yield 

Seasons 

kharif 1980 
summer 1981 

kharif 1980 
summer 1981 

kharif 1980 
summer 1981 

kharif 1980 
summer 1981 

kharif 1980 
summer 1981 

kharif 1980 
summer 1981 

*Significant at 5% level 
**Significant at 1% level 

Variance due to 

Genotypes Error SE 

** 481.924** 117.540 6.259 
569.405 180.064 7.743 

** 28.527** 5.200 1.316 
25.865 4.493 1.224 

309.216:: 88.902 5.444 
128.364 47.516 3.980 

** 363.595** 149.066 7.049 
837.414 238.9576 8.925 

** 488.363** 254.263 9.206 
952.686 347.604 10. 764 

** 14.929** 6.245 1.443 
17.052 6.967 1.524 
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Table 4.3. Mean performance of parents and h;brids in the tw 

Parents/ 
Hybrids 

P
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

PI x P3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

P2 x P~ 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

seasons 

1980 
kharif 

83.80 
88.66 
78.13 
94.86 
54.83 
88.73 

122.20 
86.06 
63.13 
75.46 
67.76 
73.43 
78.16 

108.06 
92.20 

90.01 
80.41 
93.64 
85.56 
84.94 

103.28 
88.83 
78.41 
84.34 
87.84 
79.76 
86.58 
97.51 
84.43 

98.44 
96.~9 

88.36 
101.09 
111.04 
104.11 

87.01 
95.98 
96.88 
89.59 
89.96 
97.70 
88.65 

Plant height 

1981 
summer 

115.30 
102.40 

72.66 
83.73 
63.13 

103.83 
93.46 

113.16 
89.43 
85.36 
79.73 
71.13 
97.43 
70.30 
87.13 

103.43 
97.40 

112.46 
99.18 

115.76 
109.09 
110.73 
125.16 
111. 33 
117.93 

97.84 
119.04 

92.74 
120.01 

94.85 
100.39 
103.39 
102.73 

96.46 
93.25 
95.38 
95.85 
93.65 
96 .06 

100.40 
97.03 
97.54 

Pooled 

99.55 
95.53 
75.39 
89.29 
58.98 
96.28 

107.83 
99.61 
76.28 
80.41 
73.74 
72.28 
87.79 
89.18 
89.66 

96.72 
88.90 

103.05 
92.37 

100.35 
106.18 

99.78 
101. 78 

97.83 
102.88 

88.80 
102.81 

95.12 
102.22 

96.64 
98.69 
95.87 

101.91 
103.75 

98.68 
91.19 
95.91 
95.26 
92.82 
95.18 
97.36 
93.09 

Contd. , 



Table 4.3 Contd. , 

------------------------~---------------------------------------
plant height 

Parents/ _---------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
------------------------_---------------------------------------

P3 x P~ 79.48 94.96 87.22 
73.98 72.00 72.99 

6 87.88 98.91 93.39 
7 99.14 82.91 91. 02 
8 90.86 87.66 89.26 
9 75.56 101.46 88.51 

10 82.93 81. 93 82.43 
11 87.56 86.01 86.78 
12 81. 83 80.79 81.31 
13 77.78 89.36 83.57 
14 92.83 77.83 85.33 
15 79.43 82.41 80.92 

P4 x P
6 

71. 96 91. 78 81. 87 
92 .91 92.68 92.79 

7 103.23 86.81 95.02 
8 95.26 95.93 95.59 
9 65.89 97.53 81.71 

10 82.21 79.64 80.92 
11 88.26 80.38 84.32 
12 85.81 94.15 89.98 
13 86.53 89.08 87.80 
14 91.66 92.96 92.31 
15 88.01 90.38 89.19 

P 5 x P~ 87.09 100.71 93.90 
92.14 85.05 88.59 

8 88.46 98.83 93.64 
9 72.89 56.03 64.46 

10 77.01 86.16 81.58 
11 85.28 85.58 85.43 
12 69.44 81. 89 75.66 
13 81.01 77 .19 79.10 
14 91. 41 67.94 79.67 
15 88.26 83.96 86.71 

P 6 x Pe 106.43 99.81 103.12 
91. 75 100.24 95.99 

9 83.39 100.21 91. 80 
10 82.63 :02.61 82.62 
11 90.18 103.81 96.99 
12 87.21 95.96 91. 58 
13 90.99 96.66 93.82 
14 86.58 99.63 93.10 
15 84.76 94.68 89.72 



Table 4.3 Contd. , 

--------------------------------------------------------------_. 
Plant height 

Parents/ ---------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
---------------------------------------------------------------

P7 x P~ 105.41 92.98 99.19 
103.66 92.93 98.29 

10 105.06 87.81 96.43 
11 108.03 87.61 97.82 
12 105.58 97.09 101.33 
13 107.08 81.74 94.41 
14 103.46 86.15 94.80 
15 116.64 82.81 99.72 

P8 x 
~3 86.45 106.16 96.30 

91. 66 102.66 97.16 
11 88.44 109.03 98.93 
12 89.90 90.49 90.14 
13 88.50 102.98 95.44 
14 92.81 96.16 94.48 
15 89.98 96.31 93.14 

P9 x PH 78.81 79.31 79.06 
80.68 93.11 82.39 

12 80.93 77.96 79.44 
13 68.34 89.26 78.80 
14 86.73 89.49 88.11 
15 77.23 72 .85 75.04 

PI0 x 
~F 86.36 91. 60 88.98 

73.45 85.83 79.64 
13 69.56 BB.58 79.07 
14 80.28 94.11 87.19 
15 85.16 81. 98 83.57 

P11 x 
~F 81.89 104.46 93.17 

78.84 94.09 86.46 
14 93.29 82.99 88.14 
15 72.76 99.34 86.05 

P12 x 
ip 

75.44 90.08 82.76 
89.63 92.41 91. 02 

15 76.94 92.08 84.51 

P13 x i~4 96.96 81. 53 89.24 
85.81 92.26 89.03 

P
I4 

x PIS 90.64 86.21 93.92 

SE 6.25 7.47 5.00 
--------------------------------------------------------------_. 



Table 4.4. Mean performance of paronts and hyhrids in the two 

Parents/ 
Hybrids 

PI 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

PI x P3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

P2 x P~ 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

seasons 

1980 
kharif 

43.53 
45.16 
46.26 
43.46 
34.80 
45.56 
46.30 
42.06 
35.83 
35.80 
42.20 
38.10 
42.00 
45.46 
41. 56 

41.16 
43.76 
40.23 
38.75 
44.46 
45.48 
42.11 
44.76 
39.01 
40.09 
40.83 
42.33 
42.23 
41. 04 

43.35 
43.33 
42.13 
44.38 
44.91 
44.16 
41. 66 
38.93 
44.15 
42.64 
43.93 
43.69 
40.66 

Days to first flower 

1981 
summer 

42.63 
43.60 
44.70 
41. 90 
33.23 
44.00 
45.03 
40.50 
34.23 
34.20 
40.60 
37.03 
40.40 
42.20 
39.96 

39.63 
40.43 
38.85 
37.18 
42.89 
43.81 
40.65 
42.84 
38.19 
38.53 
39.24 
40.66 
40.61 
39.61 

41.79 
41. 78 
40.58 
42.81 
43.33 
42.59 
39.93 
39.75 
42.56 
41. 06 
42.26 
42.09 
39.08 

Pooled 

43.08 
44.38 
45.48 
42.68 
34.01 
44.78 
45.66 
41. 28 
35.03 
35.00 
41. 40 
37.56 
41. 20 
43.83 
40.76 

40.39 
42.09 
39.54 
37.96 
43.67 
44.64 
41. 38 
43.80 
38.60 
39.31 
40.03 
41. 49 
41. 42 
40.32 

42.57 
42.55 
41. 35 
43.59 
44.12 
43.37 
40.79 
39.34 
43.35 
41.85 
43.09 
42.89 
39.87 



Table 4.4 Contd. I 

----------------------------------------------------------------
Days to first flower 

Parents! ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P 3 x Pg 42.24 40.70 41.47 
39.69 38.16 38.92 

6 43.53 41.96 42.74 
7 44.86 42.53 43.69 
8 42.58 41. 01 41.79 
9 39.71 38.13 38.92 

10 41.74 39.79 40.76 
11 43.19 41. 58 42.38 
12 41.53 39.94 40.73 
13 41. 51 39.73 40.62 
14 42.16 40.58 41. 37 
15 41. 30 39.71 40.50 

P 4 x P~ 36.09 35.41 35.75 
43.03 41. 96 42.49 

7 46.38 44.75 45.56 
8 41. 88 40.31 41. 09 
9 39.96 38.23 39.09 

10 36.46 34.89 35.67 
11 41. 73 40.14 40.93 
12 40.29 38.64 39.46 
13 40.93 39.34 40.13 
14 41. 69 40.49 41.09 
15 40.40 38.81 39.60 

P
5 x P~ 43.40 41. 86 42.63 

41. 28 39.66 40.47 
8 39.04 38.31 38.67 
9 36.80 36.20 36.50 

10 37.33 36.16 36.74 
11 40.65 39.06 39.85 
12 35.09 33.51 34.30 
13 40.01 38.43 39.22 
14 43.46 42.71 43.08 
15 41. 29 39.54 40.41 

P6 x Pa 47.36 45.60 46.48 
44.39 42.84 43.61 

9 42.71 41. 20 41.95 
10 41.04 39.46 40.25 
11 43.83 42.21 43.02 
12 41.31 39.73 40.52 
13 45.33 43.64 44.48 
14 45.09 43.49 44.29 
15 46.89 41.84 44.36 



Table 4.4 Contd. , 

----------------------------------------------------------------
Days to first flower 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P 7 x P~ 45.05 42.08 43.56 
42.96 41. 46 42.21 

10 42.59 40.99 41. 79 
11 44.73 43.16 43.94 
12 42.13 40.54 41. 33 
13 44.26 42.68 43.47 
14 44.76 43.19 43.97 
15 43.56 41.98 42.77 

P8 x iCl 40.06 38.49 39.27 
41. 20 39.60 40.40 

11 41. 83 40.20 40.51 
12 41. 76 40.14 40.95 
13 42.68 41.10 41. 79 
14 42.53 40.94 41. 73 
15 42.69 41. 06 41. 87 

P
9 x PH 34.78 34.03 34.40 

41. 96 40.36 41.16 
12 38.04 36.44 37.24 
13 39.24 37.68 38.46 
14 40.93 39.33 40.13 
15 40.83 39.21 40.02 

P
10 x ip 38.48 37.04 37.76 

37.06 35.48 36.27 
13 37.79 36.04 36.91 
14 40.96 39.53 40.24 
15 38.69 37.09 37.89 

P11 x iF 41. 86 40.01 40.93 
41. 54 39.94 40.24 

14 42.81 41. 33 42.07 
15 40.90 39.31 40.10 

P
12 x 

ip 
40.36 39.03 39.69 
40.14 38.43 39.28 

15 39.00 37.70 38.35 

P13 x i~4 42.06 40.46 41.26 
41. 09 39.49 40.29 

P14 x P15 
42.06 40.48 41. 27 

SE 1.31 1. 22 1.22 



Table 4.5. Mean performance of parents and hi'brids in the two 
seasons 

Parents/ 
Hybrids 

PI 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

PI x P
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

P2 x P~ 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

1980 
kharif 

16.60 
16.80 
18.60 
35.23 
36.53 
18.33 
42.40 
16.53 
26.73 
35.60 
13.80 
27.73 
25.33 
51.26 
29.46 

18.96 
23.88 
21.79 
17.73 
16.36 
20.83 
16.18 
14.89 
17.75 
18.04 
16.51 
16.99 
26.58 
19.06 

22.43 
18.65 
16.93 
16.29 
23.73 
16.83 
18.26 
27.36 
17.26 
20.08 
15.95 
17.56 
17.70 

Capsules-main stem 

1981 
summer 

30.53 
25.10 
25.93 
28.93 
34.06 
31.06 
36.40 
27.93 
84.13 
53.26 
17.13 
40.20 
27.03 
22.36 
18.96 

31.16 
25.81 
34.36 
26.00 
31. 43 
29.39 
23.73 
30.23 
33.25 
33.26 
29.73 
29.98 
29.03 
29.53 

27.69 
28.61 
29.21 
29.05 
30.19 
29.59 
27.03 
26.19 
28.93 
28.01 
29.96 
35.30 
26.93 

Pooled 

23.56 
20.95 
22.26 
32.08 
35.29 
24.69 
39.40 
22.23 
55.43 
44.43 
15.46 
33.96 
26.18 
36.76 
24.21 

25.06 
24.84 
28.07 
21. 86 
23.89 
25.11 
19.95 
22.56 
25.50 
25.65 
23.12 
23.48 
27.80 
24.29 

25.06 
23.63 
23.07 
22.67 
26.96 
23.21 
22.64 
26.77 
23.09 
24.04 
22.95 
26.43 
22.31 



Table 4.5 Contd. , 

----------------------------------------------------------------
Capsules-main stem 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P3 x Pg 27.51 30.43 28.97 
25.23 25.34 25.28 

6 19.16 29.04 24.10 
7 32.83 30.13 31. 48 
8 16.04 26.63 21. 33 
9 29.14 27.76 28.45 

10 18.46 25.33 21. 89 
11 21. 63 20.89 21. 24 
12 23.13 28.68 25.90 
13 20.89 27.60 24.24 
14 37.73 26.73 32.23 
15 25.80 24.43 25.11 

P4 x P~ 35.79 30.48 33.13 
17.38 28.13 22.75 

7 42.16 31. 36 36.76 
8 24.76 28.19 26.47 
9 22.93 27.76 25.34 

10 39.96 32.83 36.39 
11 27.21 22.03 24.62 
12 34.38 32.29 33.33 
13 26.29 26.60 26.44 
14 33.36 30.09 31. 72 
15 28.39 23.76 26.07 

P5 x P~ 19.03 31. 33 25.18 
36.99 32.13 34.56 

8 15.69 30.73 23.21 
9 54.46 32.23 43.34 

10 29.20 32.09 30.64 
11 20.13 27.06 23.59 
12 34.59 31. 86 33.32 
13 29.04 31. 89 30.46 
14 27.63 23.26 25.44 
15 22.93 25.53 24.23 

P 6 x Pe 29.66 29.08 29.37 
13.78 29.69 21. 73 

9 18.06 34.24 26.15 
10 25.28 28.53 26.90 
11 20.63 32.83 26.73 
12 18.51 32.53 25.52 
13 14.74 27.49 21.11 
14 15.06 30.09 22.57 
15 15.90 29.;>n ;>'.'i'i 



Table 4.5 Contd. , 

----------------------------------------------------------------
Capsules-main stem 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P7 x P~ 34.29 26.43 30.36 
42.43 35.26 38.84 

10 43.00 28.28 35.64 
11 30.26 27.49 28.87 
12 49.03 48.50 48.76 
13 37.76 28.06 32.91 
14 39.73 26.23 32.98 
15 37.26 32.26 34.76 

P8 x ~8 20.76 31. 64 26.20 
22.83 28.38 2S.60 

11 16.88 29.80 23.34 
12 20.33 26.50 23.41 
13 19.04 30.43 24.73 
14 21.96 34.49 28.22 
IS 22.79 24.78 23.78 

P 9 x PH 39.08 28.98 34.03 
16.71 28.70 22.70 

12 29.68 33.49 31.58 
13 26.19 33.21 29.70 
14 18.19 31. 93 25.06 
15 21. 89 17.98 19.93 

PIO x PH 27.21 33.36 30.28 
31. 81 28.10 29.95 

13 31.20 32.69 31.94 
14 32.53 26.98 29.75 
15 32.29 25.24 28.76 

Pl1 :x PH 22.59 34.66 28.62 
16.79 29.53 23.16 

14 28.59 25.90 27.24 
15 17.20 24.01 20.60 

P
12 x PH 28.09 29.76 28.92 

41. 86 29.00 3S.43 
IS 27 .53 27.69 27.61 

P13 x PH 38.60 24.38 31.69 
24.34 2S.35 24.84 

P14 x PIS 29.49 28.13 28.81 

SE 5.44 3.97 3.40 



Table 4.6. Mean performance of parents and hybrids in the two 
seasons 

Parents/ 
Hybrids 

P
1 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

PI x P3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

P 2 x P~ 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

1980 
kharif 

38.00 
31. 70 
29.33 
49.53 

0.00 
34.60 
22.96 
37.73 
0.00 

17.66 
19.06 
14.66 
24.27 
32.33 
41.16 

36.83 
35.44 
44.79 
29.73 
41. 66 
23.10 
32.24 
28.29 
31. 48 
34.79 
24.33 
26.98 
28.91 
33.60 

41. 08 
46.68 
31. 45 
33.89 
39.76 
34.23 
31. 20 
33.13 
45.81 
41. 71 
28.63 
28.40 
40.93 

Capsules-branches 

1981 
summer 

75.33 
59.30 
47.00 
29.93 
0.00 

52.73 
28.40 
52.80 
0.00 
9.94 

32.70 
23.93 
46.46 
30.46 
31. 30 

64.38 
47.09 
64.79 
48.49 
67.78 
45.23 
56.59 
80.33 
63.39 
79.29 
45.85 
62.11 
65.33 
54.81 

54.19 
56.53 
52.71 
62.73 
53.09 
62.80 
59.76 
58.24 
70.13 
55.23 
60.64 
59.81 
46.26 

Pooled 

56.66 
45.50 
38.16 
39.73 

0.00 
43.66 
25.68 
45.26 

0.00 
13.80 
25.88 
19.29 
35.36 
31. 39 
36.23 

50.60 
41. 26 
54.79 
39.11 
54.72 
34.16 
44.41 
54.31 
47.43 
57.04 
35.09 
44.54 
47.12 
44.20 

47.63 
51. 60 
42.08 
48.31 
46.42 
48.51 
45.48 
45.68 
57.97 
48.47 
44.63 
44.10 
43.59 



Table 4.6 Contd. , 

----------------------------------------------------------------
Capsules-branches 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P
3 x P~ 44.16 63.06 53.61 

25.75 33.64 29.69 
6 32.73 53.05 42.89 
7 33.09 40.64 36.86 
8 28.33 48.90 38.61 
9 33.69 48.65 41.17 

10 39.79 33.86 36.82 
11 43.79 42.96 43.37 
12 29.36 29.78 29.57 
13 29.53 49.96 39.74 
14 21. 89 41. 75 31. 82 
15 34.59 37.09 35.84 

P4 x P
6 

25.89 43.79 34.84 
34.18 52.09 43.13 

7 35.58 41.10 38.34 
8 43.30 43.96 43.63 
9 2B.33 42.30 35.31 

10 38.56 35.65 37.10 
11 45.13 33.86 39.49 
12 35.06 34.39 34.72 
13 31. 73 36.31 34.02 
14 31. 93 55.29 43.61 
15 45.46 38.31 41.88 

Ps x P~ 38.59 55.73 47.16 
30.95 30.71 30.83 

8 23.13 43.46 33.29 
9 0.00 0.00 0.00 

10 22.81 37.13 29.97 
11 29.30 41. 93 35.61 
12 13.73 24.00 18.86 
13 22.11 24.96 23.53 
14 37.33 30.53 33.93 
15 39.39 39.46 39.42 

P 6 x Pe 29.70 62.83 46.26 
34.49 62.09 48.29 

9 31. 43 54.74 43.08 
10 22.24 31. 78 27.01 
11 49.23 58.26 53.74 
12 41. 34 50.99 46.16 
13 29.28 62.86 46.07 
14 27.06 53.49 40.27 
15 35.28 55.79 45.53 



Table 4.6 Contd. , 

----------------------------------------------------------------
Capsules-branches 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P 7 x P~ 26.83 42.71 34.77 
25.03 32.86 28.94 

10 20.83 28.78 24.80 
11 43.99 41.18 42.58 
12 13.00 28.24 20.62 
13 34.53 36.60 35.56 
14 30.19 50.96 40.57 
15 44.26 41.51 42.88 

P8 
x 

~8 
36.33 64.89 50.61 
41. 33 50.72 46.04 

11 40.73 56.69 48.71 
12 33.68 49.66 41. 67 
13 30.24 42.93 36.58 
14 31. 06 55.59 43.32 
15 34.16 36.60 35.38 

P 9 x PH 17.48 33.63 25.55 
26.18 44.20 35.19 

12 19.88 22.43 21.15 
13 19.66 31.61 25.63 
14 43.43 21. 40 32.41 
15 40.59 30.41 35.50 

P10 x ~p 45.46 44.86 45.16 
13.39 24.83 19.11 

13 19.59 37.26 28.42 
14 24.76 52.76 38.76 
15 45.96 27.69 36.82 

P11 x 
~F 41. 06 48.09 44.57 

34.46 59.46 46.96 
14 39.23 48.23 43.73 
15 31. 99 45.79 38.89 

P12 
x ~p 30.01 32.26 31.13 

29.79 33.23 31. 51 
15 36.93 43.83 40.38 

P13 x ~~4 21.63 35.08 28.35 
28.56 39.75 34.15 

P14 x PIS 32.63 45.21 38.92 

SE 7.04 8.92 5.70 



Table 4.7. Mean performance of parents and hybric1s in the tW0 
seasons 

----------------------------------------------------------------
Capsules plant 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

p~ 44.60 105.86 75.23 
48.50 84.40 66.45 

3 47.93 72.93 60.43 
4 84.70 58.86 71. 81 
5 36.53 34.06 35.29 
6 52.93 83.80 68.36 
7 65.36 64.80 65.08 
8 54.26 80.73 67.49 
9 25.73 84.13 55.43 

10 53.26 63.20 58.23 
11 32.86 49.83 41. 34 
12 42.40 64.13 53.26 
13 49.60 73.50 61. 55 
14 83.60 52.90 68.25 
15 70.63 50.26 60.44 

PI x P~ 55.79 95.54 75.66 
59.33 72.90 66.11 

4 66.60 99.15 82.87 
5 47.46 74.49 60.97 
6 58.03 99.21 78.62 
7 43.95 74.63 59.29 
8 48.43 80.33 64.38 
9 41. 60 110.56 76.08 

10 49.23 96.64 72.93 
11 52.73 112.56 82.64 
12 40.86 78.58 59.72 
13 43.93 92.09 68.01 
14 55.49 94.36 74.92 
15 52.63 84.35 68.49 

P 2 x P~ 63.01 81. 89 72.45 
65.33 85.14 75.23 

5 48.38 81. 93 65.15 
6 50.20 91.78 70.99 
7 63.49 83.29 73.39 
8 51. 06 92.39 71. 72 
9 47.99 86.79 67.29 

10 60.50 84.52 72.50 
11 63.08 99.40 81.24 
12 61. 80 83.24 72.52 
13 44.58 91. 61 68.09 
14 45.86 95.11 70.48 
15 58.63 73.20 65.91 



Tabl" 4.7 Contd .• 

----------------------------------------------------------------
Capsules plant 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P3 x Pg 71. 51 93.49 82.50 
50.98 58.99 54.98 

6 50.69 82.09 66.39 
7 68.36 72.45 70.40 
8 45.53 75.53 60.53 
9 61. 60 76.41 69.00 

10 58.26 59.20 58.73 
11 65.43 68.86 64.64 
12 52.49 58.98 55.73 
13 49.59 77.61 63.60 
14 59.63 68.53 64.08 
15 60.73 61. 53 61.13 

P4 x P~ 59.38 74.28 66.83 
51. 90 80.73 66.31 

7 77.74 72.46 75.10 
8 68.06 72.04 70.05 
9 51. 60 66.66 59.13 

10 78.53 68.48 73.50 
11 72.34 55.98 64.16 
12 69.63 66.70 68.16 
13 58.01 6.91 60.46 
14 69.99 85.39 77.69 
15 73.93 62.08 68.00 

P 5 x P 52.63 91. 99 72.31 
~ 68.08 62.84 65.46 
8 38.83 74.20 56.51 
9 54.46 32.23 43.34 

10 52.01 69.23 60.62 
11 49.43 68.86 59.14 
12 48.33 55.86 52.09 
13 45.83 56.86 51. 34 
14 64.96 53.80 59.38 
15 62.33 65.00 63.66 

P 6 x P~ 59.26 91. 88 75.57 
48.28 91. 93 70.10 

9 49.49 90.79 60.14 
10 47.83 60.31 54.07 
11 69.86 91.13 80.49 
12 59.86 83.53 71. 69 
13 44.03 90.36 67.19 
14 42.13 85.43 63.78 
15 51.18 84.99 68.08 



'T'ahJc 4.7 Contn. , 

----------------------------------------------------------------
Capsules plant 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P 7 x P~ 61.13 69.14 65.13 
67.46 68.13 67.79 

10 68.83 56.96 62.89 
11 74.26 68.83 71. 54 
12 62.03 76.74 69.28 
13 72.30 58.36 65.33 
14 69.93 78.86 74.39 
15 81. 86 73.78 77.82 

P8 x 
~3 

55.43 96.54 75.98 
64.16 79.19 71. 67 

11 57.63 86.49 72.06 
12 54.03 76.16 65.09 
13 49.20 73.80 61. 50 
14 53.03 89.60 71.31 
15 56.96 61. 38 59.17 

P9 x PH 
56.53 62.59 59.56 
42.90 73.00 57.95 

12 49.56 55.93 52.74 
13 46.49 64.83 55.66 
14 59.96 53.33 56.64 
15 62.49 48.39 55.44 

P10 x PH 
72.68 78.23 75.45 
50.56 52.93 51. 74 

13 46.39 57.61 52.00 
14 57.26 80.08 68.67 
15 7.13 48.19 63.16 

Pll x PH 
63.66 82.76 73.21 
51. 29 88.99 70.14 

14 67.83 74.00 70.91 
15 49.19 69.81 59.50 

P12 x PH 
58.11 62.03 60.07 
71. 66 71. 23 71. 44 

15 64.50 71. 53 68.01 

P13 x Pl4 
56.19 59.46 57.82 

15 52.96 65.10 59.03 

Pl4 x PIS 62.20 73.43 67.81 

c:" Q .,,, 
1 " 

.,~ ., ~1 



Table 4.8. Mean performance of parents and hybrids in the two 
seasons 

----------------------------------------------------------------
Seed yield 

Parents! ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P
2 

4.40 9.73 7.06 
5.50 14.13 9.81 

3 5.10 7.16 6.13 
4 10.90 7.66 9.28 
5 2.80 5.13 3.96 
6 7.00 9.96 8.48 
7 9.10 8.86 8.98 
8 6.33 12.96 9.64 
9 5.86 8.83 7.34 

10 3.36 7.63 5.49 
11 6.93 6.46 6.69 
12 5.70 6.90 6.30 
13 6.30 13.53 9.91 
14 9.66 6.80 8.23 
15 8.43 6.86 7.64 

PI x P
j 

6.38 11.16 8.77 
6.68 8.80 7.74 

4 7.16 9.64 8.40 
5 6.03 7.38 6.70 
6 5.56 13.41 9.48 
7 4.25 7.39 5.82 
8 4.15 9.93 7.04 
9 3.50 10.89 7.19 

10 4.53 11. 59 8.06 
11 5.38 11. 03 8.20 
12 4.88 8.08 6.48 
13 4.78 11. 04 7.91 
14 6.81 9.10 7.95 
15 6.39 10.91 8.65 

P2 x P~ 6.93 10.19 8.56 
11. 33 11. 84 11. 58 

5 4.50 9.88 7.19 
6 6.01 9.38 7.69 
7 8.01 10.06 9.03 
8 6.54 12.31 9.42 
9 7.61 10.64 9.12 

10 6.19 11. 44 8.81 
11 7.48 11. 41 9.44 
12 7.98 11.79 9.88 
13 4.61 11. 65 8.13 
14 6.04 11.76 8.90 
15 5.09 11. 73 8.41 



Table 4.8 Contd. , 

----------------------------------------------------------------
Seed yield 

Parents/ ----------------------------------------
Hybrids 19BO 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P 3 x Pg 8.08 11. 01 9.54 
4.74 6.85 5.79 

6 5.13 9.74 7.43 
7 7.36 9.01 8.18 
8 5.41 8.38 6.89 
9 5.94 8.33 7.13 

10 6.34 7.84 7.09 
11 6.26 8.34 7.30 
12 7.26 8.18 7.72 
13 5.06 11.14 8.10 
14 6.38 5.88 6.13 
15 5.19 6.91 6.05 

P4 x P~ 6.11 7.33 6.72 
5.54 8.48 7.01 

7 10.11 7.93 9.02 
8 7.75 7.36 7.55 
9 5.61 8.24 6.92 

10 8.00 7.13 7.56 
11 8.19 7.88 B.03 
12 8.01 10.48 9.24 
13 7.58 7.29 7.43 
14 7.85 10.06 8.95 
15 10.79 6.76 8.77 

P5 x P~ 4.84 9.23 7.03 
7.81 8.70 8.25 

8 5.64 8.58 7.11 
9 5.51 3.18 4.34 

10 4.23 7.78 6.00 
11 5.94 8.85 7.39 
12 4.89 8.98 6.93 
13 5.33 5.70 5.51 
14 7.69 6.11 6.90 
15 8.13 8.34 8.23 

P6 x Ps 7.91 10.81 9.36 
5.53 9.55 7.54 

9 4.68 9.43 7.05 
10 4.76 7.03 5.89 
11 B.4B 9.91 9.19 
12 4.81 9.74 7.27 
13 5.28 10.89 8.08 
14 4.50 9.66 7.0B 
15 5.23 11.06 8.14 



Table 4.8 Contd. , 

----------------------------------------------------------------
Seed yield 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P7 x P~ 8.78 6.96 7.87 
9.50 7.29 8.39 

10 8.56 6.13 7.34 
11 11. 69 8.58 10.13 
12 8.31 8.80 8.55 
13 8.23 6.11 7.17 
14 8.03 10.29 9.16 
15 11.76 8.10 9.93 

P8 x 
~8 

6.54 10.68 8.61 
7.26 9.71 8.48 

11 7.36 9.70 8.53 
12 5.49 8.65 7.07 
13 6.96 8.93 7.94 
14 6.23 10.39 8.31 
15 5.93 7.63 6.78 

P9 x PH 4.56 7.18 5.87 
5.48 7.96 6.72 

12 5.81 7.69 6.75 
13 6.51 7.93 7.22 
14 7.54 6.31 6.92 
15 8.28 5.26 6.77 

P10 x PH 9.86 10.68 10.27 
5.61 7.41 6.51 

13 5.26 6.88 6.07 
14 6.71 8.99 7.85 
15 7.70 5.69 6.69 

Pu x PH 9.06 7.64 8.35 
6.43 9.61 8.02 

14 8.24 8.60 8.42 
15 7.06 8.03 7.54 

P12 x PH 5.30 9.08 7.19 
8.36 7.86 8.ll 

15 5.53 9.68 7.60 

P13 x PH 5.50 7.29 6.39 
6.15 8.91 7.53 

PH x PIS 6.53 7.76 7.14 

SE 1. 44 1. 52 1.04 



Table 4.9. Heterosis over mid parent val u(' .Jncf heterClhcl tio.:;is o\~er 

better parent \~al ue (Plant hciyht) 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------
P

1 x~ 4.38 -4.98 1.52 -10.39 -0.30 -4.39 
-0;'68 3.64 -4.05 -15.52 1.48 -9.79 

p3 4:82 .. 13.01 -1.09 -2.46 8.91. -1. 78 
p4 23.44 11.18 2.10 -13.9B 17.31 -5.94 
p5 -1.54 5.66 -4.28 0.40 2.06 -1.'94 
p6 0.27 4.51 -15.49 -5.39 2.39 -10;44 
p7 4.59 -3.'06. 3.21 -3.94 0.76 -0.38 
p8 6.73 22.27 -6.44 8.55 14.50 1:05 

9 
5.91. 10.76. 0.64 -3.62 8.33. -1.49 P

10 
P
ll 

15.91 20.94 4.82 2.28. 1B.42 3.55 
P

12 
1;'46 4.97 4.83 15.14 3.21 -9.99 

P
13 

6.91 11.92 3.21 3.24 9.41 3.27 
P

14 
1.64 O.BO -9.77 -19.57 1.22 -14.67 

PIS -4.06 1B.58 -B.43 4.0B 7.26 -2.18 . 
P

2 
X P

3 
IB.04 8.36 11. 03 -7.37 13.20 1.83 

P
4 5.69 •• 7.B8. 2.24 -1. 96 6:78 •• 0.14 

P
5 

23.'16 24.93 -0:34. 0.97 24.04 0.31 
P

6 
13.98 -0.37 13.92 -1.06 6.80 6.43 

P
7 

5;'32. -1.50 -9.14. -5.80 1. 91 -7.'47 
P

8 
19.17 -13.4B 17.42 -17.59 2.B4 -0.'09 

P
9 14:65. 6.65 -1.B7 -6.86 10.65 -4.37 

PI0 16;96 •• 2.10 2.25 -6.40 9.53 -2.08 
P

11 
23.B7 2.84 9;27 -B;54 13.35 0.36 

P12 10.55 10.72 1. 04 -6.19 10.63 -2.58 
P

13 
7.85 0; 49 1;46 -1.95 4.17 -0.25 

P
14 

-0;6B 12.37 -9.59 -5.24 -5.84 -7;42 
P

15 
-1.97 2.93 -3.86 -4.75 0.48 -4.31 . . 

P
3 

x P
4 

-B.ll 21.14 -16.22 13.41 6.51 -1. 41 
P

5 
11.2B 6;'05 -5.32 -0.91 8.66 -3.12 

P
6 

5.33 12;'09 0.96 -4.74 B.71 -1.89 
P

7 
-1. 02 -0;18 -lB;87 -11.29 -0.'60 -15;08 

P
8 

10.6B -5.65. 5.57 -22.53. 2.51 -8.48 
P9 

6.9B 25.20 -3.29 13.45 16.09 5.08 
P

10 7.99. 3; 70 6.14. -4;02 5.84. 1.06. 
P

11 
20.04 12;89 12.87 7.88 16.46 10.37 

P
12 

7;98 12;38 4.73 11; 19 10.18 7.96 
P

13 
-0.46 5.0B -0.49 -8.28 2.31 -4.39 

P
14 

-0.2B 8.89 -14.10 7;12 4.30 -3;49 

P15 -6; 73 3.15 -13;85 -5.42 -1. 79 -9;64 

Contd. , 



Table 4.9 Contd .• 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP SP 
1980 1981 1980 1981 Pooled Pooled 

khar!f summer khar! f summer 
-----------------------------*---------------------------------------------
P4 x P5 -3.85 24.99 -24.15 9.61 10.57 -7.27 

P6 
1.22 -1; 17 -2.06 -10.74 0.02 -6.40 

P7 
-4.88 -2.01 -15;53 -7.12 -3.45 -11. 33 

P8 5.30 -2.55 0.42 -15.23 1.37 -7.41 
P9 -16.86 12.65 -30.54 9.06 -2.11 10.74 
P

I0 
-3.47 -5.80 -13.34 -6.70 -4.64 -10.02 

P
11 

8.54 -1.65_ -6.'96 -4.00_ 3.44 -5.48 
P

12 1.98 21.59 -9;54 12;44 11.78 1.45 
P

13 
0.02 -1.66. -8.78 -8.57 -0.'82 -8.68 

PH -9.66 20; 71 -15.18 11.02 5.52 -2.08 
P

15 
-5.91 5.79 -7.22 3.73 -0.06 -1. 75 . . 

P
5 

x P6 21.32 20.64 -1.85 -3.01 20.98 -2.43 
P7 4.10. 8;63 -24.60 -9.00 6.36. -16.80 
P8 25.58. 12.'13. 2.79. -12.66 18.85 -4;'94 
P9 23.58_ -26.55 15;46 -36.35 -1. 49. -10.95 
P

I0 18.22 .. 16.06. 2.05. 0.93 17.14 •• 1.'49. 
P

11 
39;14 19.81. 25.85 7.34. 29.47_ 16.59 

P12 8.28. 21.99 -5.44 15.13 15.13 4.84 
P13 

21.84 -3.85 3.64 -20.77 8.99 -8.57 
P

14 
12.24 -1.84 -15.41 -3.36 7.04. -9.39 

P
15 

20.'06 11. 75 -4;28 -3.64 15.90 -3.96 

P6 x P
7 0.92 1.19 -12.91 -3.87 1.05 -8.39 

P8 4.99 -7;'60 3.40 -11. 42 -1. 31 -4.01 
P9 9.82 3; 70 -6.02 -3.49 6.76 -4.76 
P

10 
0.66 -12.'67 -6.88 -20.44 -6.01. -13;66 

P
l1 

15.26 13.11 1.63 -0.02 14.18 0.80 
P12 

7;56 9.69 -1. 72 -7.58 8.62 -4.65 
P

13 
-30.95 -3.95 2;55 -6.91 -17.45 -2;18 

P
14 

-12;01 14.44 -19.88 -4.05 1.21 -11.97 
P

15 
-6;30 -0.84 -8.07 -8.81 -3.57 -8.44 

P7 x P8 1.23 -10.00 -13.74 -17.83 -4.39 -15.79 
P9 11.87 1;63 -15.17 -0.57 6.75 -7.87 
P

10 
1.30 -1. 79 -14.03 -6.05 0.24 -10.04 

P
ll 

13; 74 1;18 -11;60 -6;26 7.46 -8.93 
P

12 
7.94 17.98 -13.60 3.88 12.96 -4;'86 

P
13 

6.89 -14;35 -12;38 -16.10 -3.73 -14.24 
P

14 
-10.14 5;21 -15.44 -7.82 -2.47 -11. 58 

P
15 

8.80 -8.28 -4.55 -11.40 0.26 -7.98 

Contd .• 



Table 4.9 Contd., 

MP 
Hybrids 

1980 1981 
kharif summer 

BP 

1980 1981 
kharif summer 

MP 
Poolf!d 

BP 
Pooled 

---------------------------------------------------------------------------
15.90 
13.50 
14.99 
12.62 

· 4.81 
3.43 

13.05 
-1. 79 
-2.76 

0.45 
6.51 
2.76 
4.00 
2.35 7.78 

-4.38 
0.95 

4.83 
-3.83 

-14.11 

13.74 
9.53. 

18.53 
-3.26 
1.33 

-0.55 

20.60 
-1. 33 
-9.44 

-12.51 
1.58 

16.00 
8.06 
6.12 

-9.03 

-0.46 
-1.23 
-7.09 

4.13 
0.74 

· 

· 

-9.25 
10.08 
-2.89 
-4.46 
12.06 

-17.48 

10.98 
9.70 

-3.07. 
20.92 
-4.94 . 
38.49 
6.22 

10.64 .. 
69.07 

-2.41 

4.44 
5.78 

10.21 
-12.57 
-19.74 
-16.24 

14.44 
-2.66 

-11.01 
-25.71 
-7.64 

11.52 
0.87 

-13.67 
-21.09 

6.88.. -3.48 
30.69 -17.06 
16.37 -16.55 

-2.78 -10.27 
-0.02 -6.93 

MP - Mid parent value 
BP - Better parent value 

. 

- Significant at 5 per cent level 
- Significant at 1 per cent level 

-6.19 
-9.28 
-3.65 
-0.03 
-9.53 

-15.02 
-14.89 

-11. 32 
4.11 

-12.83 
-8.39 
0.07 

-18.54 

7.31 
0.55 

-9.08 
10.25 
-5.91 .. 
31.02 
-3.43 
4.09. 

14.01 

-7.56 •• 
29.92 
5.68 

-16.32 
-1. 31 

10.35 
8.46. 

14.02 
5.41 
2.51 
0.22 

-1.44 

2.24 
9.80 
7.82 

-3.86 
6.69 

-9.02 

15.79 
4.18 

-6.26 
4.20 

-1.68 . 
27.24 

7.14 
8.38** 

30.02 

3.21. 
14.73 
4.64 

0.67 
0.36 

-2.87 
-1.39 
-0.45 
1.98 

-3.59 
-14.56 
-8.65 

-3.44 
4.94 

-1. 31 
-10.48 
-9.84 

-17.39 

10.87 
-1. 06 

-10.05 
-7.73 
-6.78 

21.27 
-1.28 
-4.79 
-3.54 

-5.52 
6.43 

-5.44 

-13.30 
-4.12 

. 

* 



Table 4.10. Heterosis over mid parent value and heterobelt.iosis over 
better parent value (Days to first flower) 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------
PI x ~ 

-7.17' -8.07* -8.86 -9.11 -7.62' -8.99 
-2.52 -7.40 -5.41 -9.55 -4.96 -7.48 

p3 -7.50' -8.07' -7.58 -8.87. -7. 79* 8.23 
p4 -1.05 -1. 98 -10.97* -12.78 -1.52 -11.88' 
p5 -0.18 -0.97 -2.42 -2.52 -0.58 -2.47 
p6 1.27 -0.05 -1.77 -2.71 0.61 -2.24 
pI -1. 59. -2.19. -3.26 -4.64 -1.89. -3.95 
p8 12.80 11. 48 2.82. O./,g 12.14 1.66 

9 
P

I0 
-1.64 -0.57 -10.38 -10.42 -1.11 -10.40' 

P11 
-6.46' -7.40' -7.90 -9.62 -6.93' -8.76 

P12 
0.05 -1.4S -6.20 -7.95 0.72 -7.08 

P
13 

-1. 01 -2.05 -2.76 -4.62 -1.53 -3.69 
P14 

-5.91' -4.24 -6.S9 -4.74 -5.0S' -5.S2 

PIS -3.53 -4.07 -5.72 -7.08 -3.80 -6.40 

P2 X P3 -5.16' -5.35 -6.29 -6.51 -5.26' -6.40 
P4 

-2.21 -2.27 -4.05 -4.17 -2.24 -4.11 
P5 

5.38' 5.65' -6.71 -6.93 5.51' -6.82 
Ps -2.16 -2.26 -2.59 -2.70 -2.21 -2.65 
P7 -1.79 -2.21 -3.00 -3. 78 -2.00 -3.39 
Ps 1.26 1.28 -2.22 -2.32 1.27 -2.27 
P9 

2.89 2.62 -7.75. -8.45 2.75 -8.10. 
P

I0 
-3.83 2.18 -13.80 -8.83 -0.83 -11. 32 

P
l1 

1.07 1. 09 -2.24 -2.39 1. 08 -2.32 
P

12 
2.42 1. 86 -5.58 -5.83 2.14 -5.71 

P
13 

0.80 0.62 -2.72 -3.07 0.71 -2.90 

PH -3.58 -1. S9 -3.89 -3.46 -2.74 -3.68 

PIS -6.23' -6.47' -9.97 -10.37 -6.35' -10.17' 

P3 x P
4 

-5.84 • -6.01' -8.69, -8.95 ** -5.93' -8.82. 
P5 

-2.07 -2.05 -14.20 14.63 -2.06 -14.42 
P6 

-5.18' -5.39 -5.90 -6.13 -5.29' -6.02 
P7 

-3.06 -5.19 -3.11 -4.85 -4.13 -3.98 
Pa -3.58 -3.73 -7.96. -8.16. -3.66 -8.11, 
P

9 
-3.24 -3.37 -14.16 -14.70, -3.31 -14.43, 

P
10 

1.73 0.86 -9.77 -10.98 1.29 -10.38 
P
ll 

-2.35 -2.51 -6.64 -6.98 -2.43 -6.81, 
P

12 
-1.54 -2.25 -10.23 -10.65, -1.90 -10.44* 

P
13 

5.94! -6.63' -10.27 -11.12 -6.29' -10.70 
P14 

-8.07 -6.61 * -8.86. -9.22. -7.34 • -9.04 

PIS -5.94' -6.19' -10.72 -11.16 -6.07' -10.94 

Contd. , 



Table 4.10 Contd. , 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
----------------------------------------;----------;---------------------;-
P

4 x P5 
-7.77' -5.72' -16.96 -15.49 -6.75' -16.23 

P
6 

-3.33 -2.31 -5.55 -4.64 -2.82 -5.10 
P

7 
3.34 2.97 1.17 -0.62 3.15 0.90 

P8 -2.06 -2.16 -3.64 -3.79 -2.11 -3.72 
P9 

1.B1 0.45 -B.06. -8.76. 1.13 -8.41, 
P

10 
-8.00' -B.30' -16.11 -16.73 -B.15' -16.42 

Pll 
-2.57 -2.69 -3.98 -4.20 -2.63 -4.09 

P
12 

-1.20 -2.08 -7.29 -7.78 -1. 64 -7.54 
P

13 
-4.21 -4.40 -5.82 -6.11 -4.31 -5.97 

PH -6.23' -3.71 -8.29 -4.05 -4.97 -6.17 
P

15 
-4.96 -5.18 -7.04 -7.37 -5.07' -7.21 

, . 
P

5 
x P

6 
8.01 8.42 -4.74. -4.86. 8.21 ' -4.80, 

P7 1. BO 1.35 -10.B4 -11.93 1.57 -11. 39 
Pa 1.59 3.93 -7.18 -5.41 2.76 -6.30 
P

9 
4.22 7.32' 2.71 5.76 5.77' 4.23 

P10 5.75' 7.27' 4.27 5.73 6.51' 5.00 
P

11 
5.58' 5.82' -3.67 -3.79 5.70' -3.73 

P12 
-3.73 -4.61 -7.90 -9.51 -4.71 -8.71 

P13 4.19. 4.40. -4.74 -4.88 4.29, -4.81 
P14 8.30. 13.26 -4.40 1. 21 10.78. -1.60 

PIS 8.15 8.06' -0.65 -1. 05 8.10 -0.85 

Ps x P
7 

3.11 2.45 2.29 1.27 2.78 1. 78 
P

8 
1.32 1. 40 -2.57 -4.64 1.36 -3.61 

P
9 

4.96 5.34' -6.26 -6.36. 5.15' -6.31 * 
PI0 

0.88 0.92 -9.92 -10.32 0.90 -10.12 
P

11 
-0.12 -0.21 -3.80 -4.07 -0.17 -3.94 

P
12 

-1.24 -1.93 -9.33 -9.70 -1.59 -9.52 
P13 

3.94 3.01 -0.51 -0.82 3.47 -0.67 
P14 

-0.92 0.90 -1.03 -1.16 -0.01 -1.10 

PIS 7.64' -0.33 2.92 -4.91 3.65 -1. 00 

P
7 

x P
8 

1.97 -1.59 -2.70 -6.55 0.19 -4.63 
Pg 4.63 4.62 -7.22 -7.93 4.62 -7.58 
P

IO 
3.75 3.48 -8.01 -8.97 3.61 -8.49 

P
I1 

1. 08 0.82 -3.39 -4.15 0.95 -3.77 
P

12 
-0.17 -1.19 -9.01 -9.97 -0.68 -9.49 

P
13 

0.25 -0.07 -4.41 -5.22 0.09 -4.82 

PH -2.44 -0.97 -3.33 -4.09 -1. 71 -3.71 

PIS -0.84 -1.20 -5.92 -6.77 -1. 02 -6.35 

Contd., 



Table 4.10 Contd. , 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
19BO 19B1 19BO 19B1 Pooled Pooled 

kharif summer khari f summer 
---------------------------------------------------------------------------
P8 x P

9 
2.B5 3.02 -4.75 -4.96 -2.94 -4.B6 

PIO 5.B3* 6.02* -2.05 -2.22 5.92' -2.14 
Pll -0.71 -0.86 -0.88 -0.98 -0.79 -0.93 
P12 

4.19 3.56 -0.71 -0.B9 3. B7 -O.BO 
P13 1.55 1. 61 1.47 1.4B 1. 58 1.47 

PH -2.81 -0.99 -1.45 -1.99 -1.90 -1.72 
P15 

2.10 2.06 1.50 1.3B 2.0B 1. 44 

P
9 x P10 

-2.BB -0.53 -2.93 -1.5B -1. 71 -2.26 
Pll 7.56' 7.B9' -0.57 -0.59 7.72' -0.58 
P12 2.92 2.27 -0.16 -1.59 2.59 -O.BB 
P13 0.B5 0.99 -6.57 -6.73 0.92 -6.65 

PH 0.71 2.93 -9.96 -6.BO 1.B2 -B.38 

PIS 5.53' 5.72' -1. 76 -1.8B 5.62' -1.82 

P10 x P11 
-1. 34 -0.96 -B.3B -B.77 -1.15 -B.5B 

P12 
0.30 -0.37 -2.73 -4.19. -0.04 -3.46. 

P13 
-2.85 -3.38 -10.02 -10.79 -3.12 -10.41 

PH 0.81 3.4B -9.90 -6.33 2.14 -8.12 

PIS 0.02 0.03 -6.91 -7.18 0.02 -7.05 

P11 x P12 4.26 3.09 -O.Bl -1. 45 3.67 -1.13 
P13 -1.33 -1.38 -1.56 -1.63 -1.36 -1.60 
P14 -2.33 -0.17 -5.83 -2.06 -1. 25 -3.95 

PIS -2.34 -2.41 -3.08 -3.1B -2.3B -3.13 

P12 x P13 0.77 0.B3 -3.91. -3.39 O.BO -3.65. 

PH -3.93 -2.98 -11.70 -8.93 -3.46 -10.32 

PIS -2.08 -2.05 -6.16 -15.66' -2.07 -10.91' 

P13 x PH -3.B2 -2.03 -7.48 -4.12 -2.93 -5.80 

PIS -1.65 -1.72 -2.17 -2.25 -1.69 -2.21 

Pl4 x PIS -3.33 -1.46 -7.48 -4.08 -2.40 -5.78 

---------------------------------------------------------------------------

MP Mid parent value 
BP Better parent value 

Significant at 5 per cent level 
Significant at I per cent level 



Table 4.11. Heterosis over mid parental value and heterobeltiosis over 
better parental value (Capsules-main stem) 

Hybrids 
19BO 

kharif 

MP 

19B1 
summer 

19BO 
khari f 

BP 

1981 
summer 

MP 
Pooled 

BP 
Pooled 

------------------;----------;----------;----------------------------------
PI x P2 13.53.. 12.05 12.B6.. 2.06 12.79. 7.46 

P3 35.6B -8.57. 2B.39 -15.46. 13.55 6.46 
P

4 
-15.90 15.57 -38.15 12.55 -0.17 -12.80 

P
5 

-33.25 -19.48 -51.47 -23.66 -26.37 -37.57 
P

6 
-6.30 2.0B -10.75 1.09 -2.11 -4.83 

P
7 

-29.39 -12.16 -50.87 -19.26 -20.78 -35.07 
P8 -2.30 -18.82 -2.53 -22.27 -10.56 -12.40 
P

9 
-31.26 -47.27 -H.29 -64.07 -39.27 -54.18 

P
10 

-31.99. -20.63.. -50.14 -37.57 -26.31.. -43.85 
P

11 
18.68 39.57 8.67 8.94 29.12 8.80 

P
12 

-25 . .50 -14.92 -.50.46 -26.04 -20.21 -3B.25 
P

13 
-18.94 4.17 -32.93 -1.80 -7.39 -17.37 

P
14 

-21.66 9.80. -48.15 -4.91 -5.93 -26.53 
P

15 
-17.24 19.36 -35.30 -3.28 1.06 -19.29 

26.72 
-2B.30 
-36.50 
-7.23 

-19.83 

.. 

1.02 
-16.09 

4.43. 
12.81 
-9.79 

-24.26 
-4B.40 
-23.4B 

2.23 
-B.45 
3.79 
7.64 

-B. 66 •• 
2B.60 

-31.B8 •• 
33.52 
-0.13 
-4.B7 
8.02 
7.37 

B . .55 
5.92 

-1.25 
3.45 

-1. B2. 
11.62 

-50.50 
-33.15 •• 
37.04 

-14.21. 
14.97 •• 
4B.76. 
22.24 . 
10.94 

-15.51 •• 
41.73 
-3.31 
-1.11 

-49.BO 
-36.02 
-2.97 

-13.25 
4.23. 

10.73 
B.B7 

20.57 
-47.06 
-53.65 
-11.13 
-44.03 

0.18 
-31. 69 
-23.15 

2.74 
-27.59 
-37.03 
-65.74 
-39.92 

-21.91 
-30.93 

3.01 
-22.57 
-13.77 

9.02 
-4B.15. 
16.29 

-16.59 
-17.53 
-26.39 
-12.43 

6.79 
-1.11 

-14.24 
-6.47 

-17.06 
5.94 

-67.87 
-50.B3. 
15.26 

-30.32 
10.84 •• 
40.64 

7.29 

5.18 
-25.61 
-6.50 

-17.23 
-4.65 

-67.00 
-52.44 
-19.44 
-28.66 

2.11 
3.09 

-5.78 

17.63 
-11.19 
-18.86 
-1.89 

-10.B3 
6.32 

-33.30 

. 

-14.36. 
24.92 

-12.00 
-4.65 
O.lB 

-0.62 

6.58 
-11.98 •• 
22.76 
2.16 

-4.89 
-10.60 
-33.95* 
15.27 
-6.69 
-0.32 
9.37 
8.12 

13.68 
-24.09 
-33.95 
-8.80 

-30.55 
3.06 

-49.78 

. 

-36.99. 
9.00 

-28.96 
-13.10 
-12.55 
-16.32 

-8.37 
-28.27 
-1. 75 

-19.90 
-9.21 

-28.99 
-50.30 
-1.58 

-22.63 
-7.71 

-11. 65 
-9.11 

Contd. , 



Table 4.11 Contd. , 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------
P4 x P5 -0.25 -3.21 -2.03 -10.51 -1.73 -16.27 

P6 -35.10 -6.20 -50.67 -10.98 -20.65 -30.83 
P7 8.63 -3.98 -0.57 -13.85 2.32 -7.21 
F8 -4.33 -0.84 -29.72 -2.56 -2.59 -6.14 
P9 -25.98. -50.89 -34.91. -67.00 -38.44 -50.96 
PI0 

12.85 -21.10 12.25 -38.36 -4.13 -13.06 
Pll 1. 68 -4.34 -22.76 -23.85 -1.33 -23.31 
P12 

9.21 -6.57 -2.41 -19.68 1. 32 -11. 05 
P13 

-13.18 -4.93. -25.38 -8.05 -9.06 -16.72 
P

14 
-22.85 17.36 -34.92 4.01 -2.75 -15.46 

P15 -12.21 -0.75 -19.42 -17.87 -6.48 -18.65 

P
5 

x P6 -30.62 -3.78 -47.91 -8.02 -17.20 -27.97 
P7 -6.26 -8.80 -12.76 -11.73 -7.53 -12.25 
P8 -40.86 .. -0.84 -57.05 •• -9.78 -20.85. -33.42 
P9 

72.18 -45.46 49.08 -61.69 13.36 -6.31 
P

I0 
-19.02 -26.50 -20.07 -39.75 -22.76 -29.91 

P11 
-19.99 5.74 -44.89 -20.55 -7.13 -32.72 

P12 
7.66 -14.19 -5.31 -20.75 -3.27 -13.03 

P13 
-6.11 4.56 -20.50 -6.37 -0.78 -13.44 

P14 
-37.05 -17.55 -46.10 -31.71 -27.30 -38.91 

P15 
-30.49 -3.70 -37.23 -25.04 -17.10 -31.14 

P5 x P7 
-2.31 -13.79 -30.05 -20.11 -8.05 -25.08 

P8 
-20.94 0.68 -24.82 -4.41 -10.13 -14.62 

P9 
-19.84 -40.55 -32.44 -59.30 -30.20 -45.87 

PI0 -6.23 •• -32.33 .. -28.99. -46.43 -19.28 •• -37.71. 
P
l1 

28.46 36.28 12.55 5.70 32.37 9.12 
P12 

-19.63 -8.70 -33.25 -19.08 -14.16 -26.17 
P13 

-32.48 -5.34. -41.81 -11.49 -18.91 -26.65 
P14 

-56.71 12.65. -70.62 -3.12 -22.03 -36.87 
P15 

-33.44 16.75 -46.03 -5.99 -8.35 -26.01 

* P7 x P
B 

15.40. -17. B2 -19.13 -27.39 -0.71 -23.26 
P9 

22.77 -41.49 0.07 -58.03 -9.36 -2B.98 
P10 

10.26 -36.92 1. 41 -46.90 -13.33 -22.74 
Pu 7.69. 2.73 .. -28.63. -24.48 •• 5.21. -26.56 __ 

P12 
39.85 26.63 15.64 20.65 33.24 18.14 

P
13 

11.52 -11. 51 -10.94 -22.91 0.00 -16.93 
P

14 
-15.16 -10.72_ -22.49 -27.94 -12.94. -25.22 

PI5 3.70 16.55 -12.12 -11.37 10.12 -11. 75 

Contd., 



Table 4.11 Contd., 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------
P8 x P

9 
-4.02 -43.53 -22.33 -62.39 -23.78 -42.36 

P10 -12.39 -30.08._ -35.87 -46. 71 -21.24 __ -41.29 

P11 11.35 33.27 2.12 6.70 22.31 4.41 
P12 

-8.13 -22.20. -26.68 -34.08 -15.17 -30.38 
P13 

-9.03 10.74 .. -24.83 8.95_. 0.85 -7.94 
PH -35.20 37.19 -57.16 23.49 0.99 -16.84 
P15 

-0.70 5.72 -22.64 -11.28 2.51 -16.96 . 
P9 x P

lO 
25.42 -57.81 9.77 -65.55 -16.20 -27.89 

P11 
-17.52 -43.31 -37.49 -65.89 -30.42 -51.69 

P12 
9.00 -46.12 7.03 -60.19 -18.56 -26.58 

P13 
0.51 -40.25 -2.02 -60.53 -19.82 -31.28 

PH -53.35 -40.03 -64.51 -62.05 -45.69 -63.28 
P

15 
-22.07 -65.11 -25.70 -78.63 -43.59 -52.17 

P10 x P
11 

10.16 -5.20 -23.58 -37.36 2.48 -30.47 
P

12 
0.47 -39.87 -10.65 -47.24 -19.70 -28.95 

P13 
2.43 -18.56 -12.36 -38.62 -8.07 -25.49 

P14 
-25.10 -28.64 -36.54 -49.34 __ -26.87 -42.94. 

PIS -0.74 -30.10 -9.30 33.12 -15.42 11.91 

* * P
ll 

x P12 
8.82 20.94._ -18.54 -13.78 14.88 -16.16 

P13 
-14.16 33.74._ -33.71 9.25. 9.79_ -12.23 

P14 
-12.11 31. 21 ** -44.23 15.83 .. 9.55 -14.20 

P15 
-20.48 33.09 -41.62 26.64 6.30 7.49 

P
12 x P

13 
5.88 -11. 45 1. 30 -25.97 -2.79 -12.34 

P14 
6.00 -7.29 -18.34 -27.86 -0.65 -23.10 

PIS -3.71 -6.39 -6.55 -31.12 -5.05 -18.83 

P
13 

x P
14 

0.81 -1.26 -24.70 -9.80 -0.23 -17.25 
P15 

-11.14 10.27 -17.58 -6.22 -0.44 -11. 90 .. 
P

14 
x PIS -26.93 36.16 -42.47 25.81 4.61 -8.33 

----------------------------------------------------------------------------
MP Mid parent value 
BP Better parent value 

Significant at 5 per cent level _. 
Significant at 1 per cent level 



Table 4.12. Heterosis over mid parental value and heterobeltiosls over 
better parental value (Capsules-branches) 

---------------------------------------------------------------------------
I1P BP 

Hybrids ------------------- ------------------ I1P BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------
PI x P2 5.68 -4.35 -3.08 -14.54 0.66 -8.81 

P3 5.29 23.01 -6.74 -37.49 -8.86 -22.12 
P4 2.35. 3.45 -9.57 -13.99 2.90. -11. 78 
P5 56.47 28.75 -21. 77 -35.71 38.05 -30.98 
P

6 
14.77 5.86 9.63 -10.02 10.31 -0.20 

P7 -24.21 -12.78 -39.21 -39.96 -18.50 -39.59 
P8 -14.84. -11. 66 -15.16 -24.88 -13.25 -20.02 

P9 48.89 113.30. -25.56 6.64 81.10. -4.15 
P

10 
13.12 48.70. -17.16 -15.85 30.91. -16.51 

P
l1 

21.94 46.81 -8.45 5.26 34.37 -]. 60 
P12 

-7.60 -7.62 -35.97 -39.13 -7.6.1 -37.55 

P13 -13.33 2.00 -29.00 -17.55 -5.67 -23.28 
P14 -17.78 23.52 -23.92 -13.27 2.87 -18.60 

PIS -15.11 2.81 -18.37 -27.24 -6.15 -22.81 . * P2 X P3 34.64 1.96 29.59 -8.62 18.30 10.48 
P4 14.95. 26.72 •• -5.75 -4.67 20.83 -5.21 
P5 98.42 77.77 -0.79 -11.12 84.96 -7.52 
P6 2.23 11. 99 -2.05 5.78 7.11 1. 86 
P7 45.48 21. 07 25.43 -10.47 33.27 7.48 
P8 -1. 313. 12.15 .. -9.28 6.00 5.38 •• -1.64 
P9 96.84. 101.55. -1.58 0.77 99.91 * -0.40 
PI0 34.24 •• 68.23. 4.51. -1. 79. 51.23 •• 1. 36. 
Pl1 86.50 •• 52.46. 44.51. 18.26 66.48. 31.38 
P12 

79.94 32.73 31.58 -6.86 56.33 12.36 
P13 

2.32 14.67. -9.68 2.26 8.49 -3.71 
P

14 
-11. 28 33.27. -12.16 0.99 10.99. -5.59 

P15 12.35 47.80 -0.56 -21. 99 30.07 -11.28 .. . . 
P3 x P4 11. 99 •• 63.96. -10.84 34.17 37.97. 11.66 

P5 75.64 43.14 -12.11 -28.43 55.60 -22.20 
P6 2.41 6.40 -5.41 0.61 4.40 -2.40 
P7 26.59 7.80 12.82 -13.53 17.19 -0.36 
P8 -15.51 .. -2.00 •• -24.91 -7.39 -8.76 .. -16.15 
P9 129.80 •• 107.02 14.86. 3.51 115.77. 7.88 
PI0 69.39 •• 18.93 35.66. -27.96 44.16 3.85. 
P

l1 
81.03 7.80 49.30 -8.60 44.41 20.35 

P
12 

33.52 -16.02 0.10 -36.64 8.75 -18.27 
P13 

10.19 6.91 0.68 6.30 8.55 3.49 
P14 

-29.00 7.80 -32.29 -11.17 -10.60 -21. 73 
P

15 
-1. 84 -5.26 -15.96 -21.09 -3.55 -18.53 

Contd. , 



Table 4.12 Contd .• 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

khari f summer kharif summer 
-----------------------------;;--------------------;;---------;;-----------
P

4 
x P

5 
4.98 192.71 -47.73 46.35 75.42 -12.29 

P
6 

-18.74 26.03. -30.99 -1.21** 3.64 -16 .. 10 
P

7 
-1.82 40.95 -28.16 37.32 19.56 4.58 

P
8 

-0.76 6.29 •• -12.58 -16.74 •• 2.76 •• -14.66 
P

9 
14.41 182.75 -42.81 41. 37 77.99. -11.11 

P10 14.80 78.63 -22.15 18.94 46.71 -1.61 
Pll 

31.61 8.14 -8.88 3.55 19.87 -2.67 
P12 

9.26 27.70 -29.21 14.90 18.48 -7.16 
P13 -14.01 -4.92** -35.94 -21.85 .. -9.47. -28.90. 
P

14 
-22.00 83.14 -35.53 81.52 30.57 22.99 

P15 
3.70 25.16 -8.22 22.40 14.43 7.09 .. .. .. 

P
5 

x P
6 

123.06 •• 111.41 •• 11. 53. 5.70 115.34 •• 8.61. 
P

7 
169.59 116.26 34.79 8.13 139.92. 20.05 

P8 22.64 64.24 -38.70 -17.87 47.10 -28.28 
P

9 
0 .. 0 

** 
0 . 0 .. 0 .. 0 . . 

PI0 158.32** 244.66 •• 29.16** 72.33. 90.73 •• 44.71. 
P

l1 
207.45 .. 156.45 •• 53.72 28.22 175.19 37.59 

P
12 87.31 •• 100.66 -6.35 0.33 -2.23. -10.83 

P13 82.19 •• 7.44 •• -8.91 -46.28 43.18 •• -27.19 
P14 131.00 •• 100.45 •• 15.00 0.22. 118.90 •• 8.09 

PIS 91.39 152.14 -4.31 26.07 118.03 8.80 . 
P

6 
x P

7 
3.20 54.91 -14.16 19.15 29.05 2.49 

P
8 -4.62** 17.68 •• -8.59 17.59 6.53 •• 4.50 

P
9 

81.67 107.66 -9.17 3.83 96.71 -1.33 
P

10 
-14.89. 1.37. -35.72. -39.73 -6.76. -37.73. 

P
11 

83.49. 36.41, 42.28 10.49 59.95. 26.38 
P

12 
67.84 33.03 19.48 -3.30 50.43 8.09 

P
13 

-0.51 26.76 -15.86 -18.72 13.12 -17.29 

PH -19.13 25.61. -21.79 1.44 3.24 -10.18 
P

15 
-6.86 32.80 -14.29 5.80 12.97 -4.25 

P
7 

x P
8 

-11.57 •• 5.20 •• -28.89 -19.11 -3.19 •• -24.00 
P

9 
118.03 131. 40. 13.77 15.70 125.21 12.69 

P
10 2.56 •• 50.13. -9.28 •• 1.34. 26.34 •• -3.97 •• 

P
l1 

108.58 34.80 91.60 25.93 71.69 58.76 
P
12 

-30.89. 7.95 -43.38. -0.56 -11.47 -21.97 

P
13 

46.25 -2.22 •• 42.27 -21.22 •• 22.01. 10.52 
PI4 9.23. 73.16. -6.62 67.30. 41.19. 30.34. 

PIS 38.05 39.06 7.53 32.62 38.55 20.07 
Contd .• 



?a::'lc ~ . 1:: Contd., 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Poolod Poolod 

kharif summer kharif summer 
------------------;;---------;;--------------------;----------;;-----------
P8 x P9 92.62. 145.79. -3.69 

PI0 50.45. 61.68. 9.54 
P
l1 

43.47 32.61 7.95 
P12 

28.60 29.46 -10.73 
P13 

-2.45 -13.50* -19.85 
PH -11. 33 32.81 -17.68 
P

15 
-13.39 -12.96 -17.01 

*. ** P9 x P
10 97.96 •• 174.24 •• -1.02. 

P
11 174.17 •• 170.33 •• 37.08. 

P
12 171.21. 87.54. 35.60 

P
13 62.07 •• 36.07. -18.97. 

P
14 

167.09 40.51 •• 34.17 
P

15 
97.23 94.31 -1.39 .. .. ** P

10 
x P

ll 
147.60 110.41. 138.51 

P
12 

-17.14 46.66 -24.18 
P

13 
-6.54 4.98 •• -19.28 

P
14 

-0.53, 91.92, -23.42 
P15 

56.27 34.29 11. 66 .. .. 
P

11 x P
12 

143.53, 69.87. 115.42. 
P

13 59.09. 50.23. 41.99 
P14 

52.71 53.72. 21.34 
P

15 
6.24 43.09 -22.28 . 

P12 x P13 54.21 -8.33 23.65 
P14 

26.82 22.21. -7.86 
P

15 
32.32 58.75 -10.28 

P
13 

x P14 -23.57 -8.79 -2.17 
P

15 
-12.69 2.21 -30.61 

P
14 

x P15 -61.19 46.40 -20.72 

MP Mid parent value 
BP Better parent value 

Significant at 5 per cent level 
Significant at 1 per cent level 

22.89 123.64 11. 82 
-3.94 56.06. 2.80 

7.37 38.04 7.66 
-5.95 29.03 -8.34 

-18.69 -7.98 -19.27 
4.72 10.74 -6.48 

-30.68 -13.18 -23.85 

*. .. .. 
37.12. 144.03 •• 18.05 •• 
35.16 171.94 35.97 
-6.23 129.64 14.00 

-31.97 49.07 -26.90 
-29.75 104.10 •• 3.24 
-2.85 96.66 -2.02 .. 
37.02 129.00 87.76 
3.76 14.76 -10.21 

-19.80 •• -0.78 . -19.54. 
73.21 45.70, 24.89 

-11.53 45.28 0.06 .. .. 
47.06. 106.70. 81.24. 
27.98 •• 54.66 34.98. 
41. 49 •• 53.21 31.41 
40.03 24.66 8.87 

-30.56 22.94 -3.46 
9.09 •• 24.51. 0.61 

40.03 45.53 14.87 

-24.49 -16.18 -13.33 
-14.44 5.23 -22.53 

44.44 7.40 11. 86 



Table 4.13. Heterosis over mid parent value and hctcrobel tl osi.[. over 
better parent value (capsules/plant) 

_--------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ NP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------. 
PI x P2 19.85. 0.43 15.03. -9.75 10.14 2.64 

P3 28.25 -18.45. 23.78 -31.14 4.91) -3.68 
P

4 2.97 20.39 -23.69 -6.34 11.68 -15.02 
P

5 17.01. 5.48 6.41 -29.63 11. 74 -11.61 
P6 19.01 4.62 9.64 -6.28 11. 81 1.68 
P

7 
-20.07 -12.54 -32.76 -29.50 -16.31 -31.13 

P
8 -2.03 -13.89 -10.74 -24.12 -7.96 -17.43 

P
9 

16.66 16.39 -6.73 4.44 16.52 -1.15 
P

I0 0.61. 14.33 -7.57 -8.71 7.47,* -8.14. 
P
ll 

36.15 44.60 18.23 6.33 40.37 12.28 
P

12 
-6.07 -7.54 -8.39 -25.77 -6.81 -17.08 

P
13 

-6.73 2.69 -11.43 -13.01 -2.02 -12.22 
P

14 
-13.44 18.87 -33.62 -10.86 2.71 -22.24 

PIS -8.64 8.06 -25.48 -20.32 -0.29 -22.90 . . 
P

2 
X P

3 
30.70 4.11 29.92 -2.97 17.40 13.47 

P
4 

-1.95 18.86. -22.92 0.88 8. 1*5* -11. 02 
P

5 
13.81 38.33 -0.25 -2.93 26.07 -1.59 

P
6 

-1.01 9.13 -5.16 8.74 4.06 1. 79 
P

7 
11.52 11.65 -2.86 -1.32 11. 58 -2.09 

P
8 

-0.62. 11. 91 -5.90 9.47 5.64 1. 78 
P9 

27. 07 3.00 -1.46 2.83 15.03 0.68 
P

10 18.91 •• 14.51 .. 13.59 •• 0.13. 16.71. 6.86. 
P

11 55.06. 48.12 30.06 17.27 51.59 23.66. 
P

12 
35.97 12.09 27.42' -1.37 24.03 13.02 

P
13 

-9.11 16.04. -10.12 8.94* 3.46 -0.59 
P14 

-30.57 38.54 -45.14 12.69 3.98 -16.23 

PIS -1. 56 8.72 -16.99 -13.27 3.58 -15.13 

** . 
P3 x P

4 0.79. 41.89 -15.63 28.19 21.34 6.28 
P

5 
20.72 10.28 6.36 -10.11 15.50 -1.88 

P
6 0.52. 4.76 -4.23 -2.04 2.64 -3.14 

P7 
20.69 5.21 4.59 -0.66 12.95 1.96 

P
8 -10.88 •• -1. 69 -16.09. -6.44 -6.29. -11.27 

P
9 

65.01 -2.70 28.52 -9.18 31.15 9.67 

PIa 15.16 •• -13.02 9.39. -18.83 1.07. -4.78. 
P

11 
62.00 4.04 36.51 -12.44 33.02 12.03 

P
12 

16.23 -13.94 9.51 -19.13 1.14 -4.81 
P

I3 
1.70 6.01 -0.02 5.59 3.85 2.78 

PH -9.J2 8.9.3 -28.67 -C.OJ -0.20 -17.J5 
P

15 
2.45 -0.10 -14.02 -15.63 1.17 -14.83 

~~ 
Contd. , 



Table 4.13 Contd .• 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
-----------------------------;;--------------------;----------;------------
P

4 
x P

5 
-2.08 59.88 -29.94 26.20 28.90 -1.87 

P6 
-24.61 13.18 -38.77 -3.66 -5.72 -21.22 

P7 
3.57 17.19 -8.28 11.82 10.38 1.77 

P
8 

-2.09 3.22 -19.70 -10. 76 0.56 -15.23 
P

9 
-7.43 -6.76 -39.12 -20.77 -7.09 -29.95 

P
10 13.80. 12.21 -7.35 8.35 13.00 0.50 

P
11 

23.03 3.02 -14.65 -4.89 13.02 -9.77 
P

12 
9.52 8.47 -17.85 4.01 9.00 -6.92 

P
13 

-13.65 -4.94** -31.56 -14.41 .. -9.30 -22.98. 
P

14 
-16.86 52.81 -17.3 45.07 17.97 13.82 

P
15 

-4.84 -13.78 -12.78 5.47 4.47 -3.66 .. . 
P

5 
x P

6 17.66. 56.10. -0.57 9.77 36.88. 4.60 
P

7 
33.65 27.13. 4.16 -3.02 30.39 0.57 

P
8 -14.45 •• 29.29 -28.44. -8.09 7.42 -18.27 

P
9 

72.18 -45.46 •• 49.08 -61.69 13.36. -6.31 
P

10 15.86 .. 42.36 •• -2.35. 9.54** 29.11 •• 3.59 •• 
P

11 
42.49. 64.19 35.31 38.19 53.34 36.75 

P12 22.48 13.79 13.99 -12.90 18.13 0.54 
P13 

6.43 5.73. -7.60 -22.64 6.08 -15.12 
P

14 
8.16 23.74 •• -22.30 1.70. 15.95. -10.30 

P
15 

16.33 54.17 -11.75 29.33 35.25 8.79 . 
P

6 
x P7 0.20 23.66 -9.33 9.64 11. 93 0.15 

P
8 

-9.91. 11.76 -11. 02 9.70 0.92 -0.66 
P

9 
24.25 8.13 -6.50 7.92 16.19 0.71 

P
I0 -9.91 •• -17.95. -10.20. -28.03 -13.93. -19.12. 

P
ll 

62.88. 36.40 31.99 8.75 49.64 20.37 
P

12 
25.60 12.94 13.09 -0.32 19.27 6.38 

P13 
-14.10 14.89. -16.81 7.83 0.39 -4.49 

P
14 

-38.28 24.99. -49.61 1.95 -6.64 -23.83 

PIS -17.16 26.79 -27.54 1.42 4.81 -13.06 

P
7 

x P
8 2.21 •• -4.98 -6.47 -14.36 -1.39 -10.42 

P
9 

46.52 -8.50 3.21 -19.02 19.01 -7.91 
P

10 16. OS •• -11. OS. 5.31 -12.10 2.52* -3.40 
P

11 
51.21 20.08 13.62 6.22. 35.64 9.92 

P
12 15.13. 19.05 -5.09 18.43 17.09 6.68 

P
13 

25.78 -15.60. 10.62 -20.60. 5.09 -4.99 
P14 

-6.11. 34.00. -16.35 26.70. 13.94 5.17. 
P

15 
20.40 28.25 15.90 13.86 24.32 14.88 

Contd •• 



Table 4.13 Contd., 

Hybrids 
19BO 

kharif 

MP 

19B1 
summer 

1980 
kharif 

8P 

1981 
summer 

MP 
Pooled 

BP 
Pooled 

;:-:-;~------;~~~~:-----;;~;;-------;~;~------;~~;;.-----;;~~;.------;~~;--
P
l0 

19.35, 10.05, lB.25 -1.91 14.70, B.17 
P

11 
32.30 32.49 6.21 7.13 32.39 6.67 

P
12 

11.79 5.15 -0.42 -5.66 B.47 -3.04 
P

13 
-5.26 -4.29, -9.33 -B.58 -4.78 -8.96 

P
14 

-23.07 34.11 -36.57 10.99 5.52 -12.79 
P

15 
-8.78 -6.28 -19.35 -23.97 -7.53 -21.66 

P
13 

x P
14 P
15 

P
14 

x P
15 

.. 
41.36 .. 
44.00 .. 
43.40, 
21.B3 

B.70, 
28.37 

68.79 
5.71 

-9.80 

.. 
-16.32, 
26.14 .. 
69.17, 
24.40 
16.49 
-4.93 

26.33 
13.75 
14.14 

-15.63 
-11. 89 

-19.34 

, 

-15.03 
8.99 

-24.55 
-17.74 
-22.16 
-27.98 

38.44 
-16.85 

, 

-15.71, 
37.95 

-15.05 .. 
45.24 .. 
44.32 .. 
44.0B, 
39.51 

-9.85, 
21. 74, 
25.07 

-5.92 
5.20 

42.36 
.. 

MP Mid parent value 
BP Better parent value 

6.14, 
30.55 
16.87 
-6.27 

-28.28 
-11. 52 

36.46 
-5.07 

-12.90 
-31.51 

10.62 

50.14 
3.41 

-18.86 
-30.36 

17.16 
-14.28 

-8.68 

-32.79 
-25.02 

-25.60 

, 

Significant at 5 per cent level 
5ignificant at 1 per cent level 

-25.60 
-13.23 
-33.52 
-22.94 
-36.61 
-42.48 

23.78 
-17.46 

, 

-21. 62 .. 
26.71 

-23.75 .. 
29.05, 
21.07 .. 
39.89 .. 
38.89 

-15.61 
10.07 
11. 54 

-19.10 
-11. 43 

38.81 
.. 

13.16, 
26.49 

9.42 
2.04 

-6.73 
0.19 

53.61 
-5.57 

-12.76 
10.81 
5.54 

.. 

.. 
57.20, 
34.36, 
30.28 
17.29 

8.24 
17.74 
19.60 

-10.78 
-3.35 

11.51 

-9.73 
8.66 

-8.33 
-14.61 
-32.45 
-27.00 

30.12 
-11.27 
-17.26 
-2.40 

.. 

-6.57 
, 

39.59, 
12.24 
10.51 
4.26 

0.77 
-2.11 
1.43 

-25.95 
-18.23 

6.60 



Table £,.14. Heterosis over mid parent value and heterobeltiosis over 
better parent value (Seed yield) 

---------------------------------------------------------------------------
I1P BP 

Hybrids ------------------- ------------------ I1P BP 
1980 1981 1980 1981 Poolod Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------. 
P1 x~ 28.89 -6.45 16.00. -21. 02 11.22 -2.51 

40.63 4.27 30.98 -9.56 22.45 10.71 
p3 -6.4 

** 
10.93 -34.31. -0.92 2.26. -17.62 

p4 67.50 -0,67. 37.05 -24.15. 33.41. 6.45 
p5 -2.46 36.28 -20.57 34.64 16.91 7.03 
p6 -37.04 -20.45 -53.30 -24.05 -28.i5 -38.68 
p7 22.57 -12.43 -34.44 -23.38 -17.50 -28.91 
pB -31.77 17.35. -40.07 11.92 -7.21. -14.08. 

9 
PI0 16.75 33.53. 2.95 19.11 25.14 11. 03 
P

11 
-4.95 36.34 -22.37 13.36 15.69 -4.51 

P
12 

-3.37 -2.77 -14.39 -16.96 -3.07 -15.68 

P13 -10.65 -5.07 -24.13 -18.40 -7.86 -21.27 
P

14 
-3.13 10.17. -29.50 -6.47 3.52 -17.99 

P15 -0.31 31.60 -24.20 12.13 15.64 -6.04 . . 
P2 X P3 30.75. -4.23 26.00 -27.88 13.26. -0.94 

P4 
38.17 8.72 3.94 -16.21 23.44 -6.14 

P5 
8.43 2.60 -18.18 -30.08 5.51 -24.13 

P6 
-3.84 -22.09 -14.14 -33.62 -12.97 -23.88 

P7 
9.93 -12.45 -11. 98 -28.80 -1. 26 -20.39 

P
8 

10.66. -9.08 3.32. -12.88 0.79 -4.78 
Pg 33.98. -7.32 29.86 -24.70 13.33 2.58 
P

I0 
39.73 5.15 12.55 -19.04 22.44 -3.25 

P
11 

20.45. 10.88 7.94. -19.25 15.66, -5.66. 
P

12 
42.50 12.18 40.00 -16.56 27.34 11. 72 

P
13 

-21.86 -15.76 -26.83 -17.55 -18.81 -22.19 
P

14 
-20.32 12.43 -37.47 -16.77 -3.95 -27.12 

PIS 
-26.87 11.82 -39.62 -16.99 -7.53 -28.31 

., . , 
P3 x P4 1. 00 48.58 -25.87 43.73 24.79 8.93 

Ps 20.00 11.56 -7.06 -4.33 15.78 -5.70 
P6 

-15.21 13.79 -26.71 -2.21 -0.71 -14.46 
P7 

3.66 12.48 -19.12 1.69 8.07 -8.72 
P8 

-5.25 -16.70 -14.53 -35.34 -10.98 -24.94 
P9 8.39 •• 4.26 1. 37, -5.67 6.32. -2.15, 
P

10 
49.88 6.09. 24.31 2.75 27.98 13.53 

P
ll 

4.16. 22.47 -9.67. 16.48 13.31 * 3.40, 
P

12 
34.44 16.36 27.37 14.25 25.40 20.81 

P
13 

-24.48 7.74 -19.68 -17.66 -8.37 -18.67 
P

14 
-13.55 -15.76 -33.95 -17.88 -14.66 -25.92 

P
15 

-23.22 -1.43 -38.43 -3.49 -12.33 -20.96 

Contd. , 



Table 4.14 Contd. , 

--.-------------------------------------------------------------------------
111' 81' 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------
P

4 x P5 -10.80 14.71 -43.94 -4.31 1. 95 -24.13 
1'6 -38.10 -3.75 -49.17 -14.86 -20.93 -32.02 
P7 1.10 -4.00 -7.25 -10.50 -1.45 -8.88 
P8 -9.99 -28.61 -28.90 -43.21 -19.30 -36.06 
P9 -33.05 0.00 -48.53 -6.68 -16.53 -27.61 
PI0 

12.20 -6.68 -26.61 -6.92 2.76 -16.77 
P

11 
-8.08 11.61, -24.86 2.87, 1.76, -11- 00 

P12 
-3.49 43.96 -26.51 36.81 20.23 5.15 

P13 
-11.86 -31.16, -30.46 -46.12, -21.51 -38.29 

PH -23.64 39.14 -27.98 31.33 7.75 1. 67 

PIS 11,70 -6.89 -1. 01 -11. 75 2.40 -6.38 
, 

1'5 x 1'6 -1.22. 22.41, -30.86 -7.33 10.59, -19.10 
P7 31.26, 24.46 -14.18 -1. 81 27.86 -8.00 

1'8 23.68, -5.09 -10.90 -33.80 9.29 -22.35 

1'9 27.25, -54.44 -15.97, -63.99 -13.60, -39.98. 

1'10 37.34 21. 94 ** 25.89 1.97, 29.64, 13.93. 

1'11 22.22 52.85" -14.29 36.99, 37.53, 11.35 

1'12 15.06 49.42 -14.21 30.14 32.24 7.96 
P13 

17.14, -38.91 -15.40 -57.87 -.10.89 -36.64 
PH 23,43. 2.52, -20.39 -10.15 12.97, -15.27 

PIS 44.92 39,23 -3.56 21,57 42.07 9.00 

P6 x P7 
-]. 74 14.88 -13.08 8.53 6.57 -2.28 

P8 
-16.97 -16.67 -21.00 -26.31 -16.82 -23.66 

P9 
-27.22 0.43 -33.14 -5.32 -13.40 -19.23 

P
10 

-8.11 -20.02 -32.00 -29.42 -14.07. -30.71 
P

11 
21.84 20.71 21.14 -0.50 21.27 10.32 

1'12 -24.25 15.54 -31. 29 -2.21 -4.36 -16.75 
P13 

-20.60 -7.24 -24.57 -19.51 -13.92 -22.04 
P14 

-45.98 15.27. -53.42 -3.01 -15.36 -28.22 

PIS -32.17 31.51 -37.96 11.04 -0.33 -13.46 

P 7 x 1'8 13.88. -36.21 -3.52 -46.30 -11.17 -24.91 
P9 27.01. -17.53 4.40 -17.73 4.74 -6.67 

1'10 37.40, -25.61 -5.93. -30.81 5.89. -18.37, 
P11 

45.94 12.01 28.46 -3.16 28.97 12.65 

1'12 13.38 18.68 -7.80 -0.68 16.03 -4.24 
P

13 
6.88 -45.40, -9.56 -54.84 -19.26 -32.20 

1'14 -14.39. 31.42 -16.87. 16.14 8.50, -0.37 
P15 

34.25 3.05 29.23 -8.58 18.65 10.32 

Contd. , 



Table 4.14 Contd. , 

---------------------------------------------------------------------------
MP BP 

Hybrids ------------------- ------------------ MP BP 
1980 1981 1980 1981 Pooled Pooled 

kharif summer kharif summer 
---------------------------------------------------------------------------
P

8 
x P

9 7.39** -1. 93 3.32 -17.59 2.73 -7.14 
PI0 50.00 -5.64 JJ,.69 -25.08 22.18 -5.20 
P
ll 

11.01 -0.10 6.20 -25.15 5.45 -9.48 
P

12 
-8.65 -12.89 -13.27 -33.26 -10.77 -23.27 

P13 
10.30 -32.56 9.95 -34.00 -11.13 -12.03 

P
14 

-22.03 5.16 -35.51 -19.83 -8.44 -27.67 
P15 

-24.75 -23.01 -29.66 -41.13 -23.88 -35.40 

P
9 

x P
I0 

-1.08 -12.76 -22.18 -18.69 -6.92 -20.44 
P
ll 

-14.24 4.19 -20.92 -9.85 -5.03 -15.39 
P12 

0.52 -2.16 -8.85 -12.91 0.82 -10.88 
P13 

7.07 -29.07 3.33 -41.39 -11.00 -19.03 
PH -2.84 -19.21 -21.95 -28.54 -11.03 -25.25 

PIS 15.97 -32.91 -1.78 -40.43 -8.47 -21.11 

** , . 
P

I0 
x ~11 91. 83. 51.70 42.28 39.97 71.76 41.12 

. 12 23.84 2.07 -1.58 -2.88 12.95 -2.23 
P

13 
8.90 -34.97. -16.51 -49.15 -13.04 -32.83 

P
14 3.07. 24.69 -30.54 17.82 13.88 -6.36 

PIS 30.73 -21.41 -8.66 -25.43 4.66 -17.05 . . . . 
Pll x P

12 
43.58 14.37 30.74 10.72 28.97 20.73 

P
13 

-2.72 -3.80. -7.22 -28.97* -3.26 -18.10 
P

14 
-0.60 29.71 -14.70 26.47 14.55 5.88 

P
15 

-8.07 20.57 -16.26 17.06 6.25 0.40 

P
12 

x P
13 

-11. 67 -11. 07 -15.87 -32.89 -11.37 24.38 
P

14 
8.85 14.74. -13.46 13.91. 11. 79 0.22 

PIS -21. 67 40.70 -34.40 40.29 9.51 2.94 

P13 x P
14 

-31.08 -28.25 -43.06 -46.12 -29.67 -44.59 

PIS -16.44 -12.56 -27.05 -34.15 -14.50 -30.60 

P
14 

x PIS -27.77 13.38 -32.40 13.20 -7.18 -9.60 

----------------------------------------------------------------------------
MP - Mid parent value 
BP Better parent value 

Significant at 5 per cent level 
Significant at 1 per cent level 



Table 4.15. Analysis of variance 
ability in individual 
height) 

for combining 
seasons (plant 

Mean square 
SourCe D.F. 

GCA 14 

SCA 105 

1980 
kharif 

1393.7899 

54.1172 

Reciprocal 105 102.7301 

Error 

GCA : SCA 

** 

448 117.5403 

25.75:1 

Significant at 5% level 
Significant at 1% level 

** 

1981 
summer 

1254.7250 

113.5357 

124.0471 

180.0640 

11.05:1 

** 



Table 4.16. Analysis of variance for combinina 
ability in individual seasons (Days to 
first flower) 

Mean square 
Source 

GCA 

SCA 

Reciprocal 

Error 

GCA : SCA 

D.P. 

14 

105 

105 

448 

1980 
kharif 

75.4923 

3.0387 

6.8693 

5.1998 

24.51:1 

Si~nificant at 5% level 
** Si~nificant at 1% level 

** 

1981 
sununer 

69.4792 

2.7807 

6.3493 

4.4930 

24.98:1 

** 



Table 4.17. Analysis of variance for combininy 
ability in individual seasons (Capsules­
main stem) 

Source D.F. 

GCA 14 

SCA 105 

Mean square 

1980 
kharif 

821. 2629 

52.0838 

** 

1981 
summer 

126.3545 

49.5066 

Reciprocal 105 62.7819 24.9272 

Error 

GCA : SCA 

448 88.9021 

15.76:1 

Significant at 5% level 
Significant at 1% level 

47.5159 

2.55:1 

** 



Table 4.18. Analysis of variance for 
ability in individual seasons 
- branches) 

combining 
(Capsules 

Source D.F. 

GCA 14 

SCA 105 

Mean square 

1980 
kharif 

627.3779 

94.7479 

** 

1981 
summer 

2034.2137 

177.856 

Reciprocal 105 80.4552 155.3710 

Error 

GCA : SCA 

448 149.0662 

6.62:1 

Si~nificant at 5% level 
Significant at 1% level 

238.9575 

11.43:1 

** 



Table 4.19. Analysis of variance for combining 
seasons 

Source 

GCA 

SCA 

ability in individual 
(Capsules/plant) 

Mean square 
D.F. 

14 

105 

1980 
kharif 

** 972.388 

105.6115 

1981 
summer 

1976.1263 

201.6275 

Rec i • .>rocal 105 134.3837 212.3441 

Error 

GCA : seA 

448 254.2631 

9.20:1 

Significant at 5% level 
Significant at 1% level 

347.6043 

9.80:1 

** 



Table 4.20. Analysis 
ability 
yield) 

of variance 
in individual 

for combining 
seasons (Seed 

Mean square 
Source D.F. 

GCA 14 

SCA 105 

1980 
kharif 

25.4875 

2.7137 

Reciprocal 105 4.4757 

Error 

GCA : SCA 

** 

448 6.2447 

9.39:1 

Significant at 5% level 
Siynificant at 1% level 

** 

1981 
summer 

27.4625 

3.8198 

4.6458 

6.9671 

7.18:1 

** 



· · · · · · · · · · "-Q) Q) ,., Q) 0 <:> <0 
"tJ CO '" ~ '" "- ,., <0 Q) 

Q) "tJ~ <:> <0 <:> <:> \D CO "- <0 .. '" <:> <:> '" "- '" <0 Q) <:> ": '" .~ .,; 
'"' 

e) .; c " e) " V> '" a N 
"-

· · · · · · · ...... a \!) 0 0 - Q) Q) '" '" '" <0 " '" " <::> CO <0 "' ..... <0 ~ "- '" N CO <0 Q) co 
~ " 

.., "- Q) " <0 <0 "- cry 

" '" en en cO " oi Q) .,; .n "'~ ~ 

"-"- '" '" <0 '" <D " '" ~ 

'" co ~ .... ,., oS .... '" ~ 

LJ ...., -,., 

· · · · * · · * * · '" I <0 CO <0 * "- " " <::> 

" '" '" co '" co "- <'") ,., 
'" '" a '" .. '"' '" Q) .., OJ .., co '" 0 

VJ ~"" 
.., a '" <::> .., CO (» (» "-

'" " co 0 r-.: en oj ui en .. VJ " ~ .... -VJ "-'" ~ 
.., ~ <::> 0 "- '" "- .... 

'" L., .... "- "- ~ ... LJ .Q <::> 

'" '" "-a 

'" · · · * · . .~ I E * * · * · '" VJ '" ~ '" 
,., 

'" 0 lI) .... Q) 

~ '" ..... co .... <0 (» 0 '" 
,., co 

~ VJ .., 
~ .... <::> I[) lI) <::> <0 <'") 

'" " Q) ...., <::> <'") .., lI) "-

" '" " en en cO .,; r-.: 
'"' 

...: ...: '" "- .~ N 

'" '" "- .., I[) lI) .... .., .., 
'" "t LJ E '"' ()) ~, .. 

'C: 
a 
"'- * * * * * · * · 2 a "- '" <0 ~ '" lI) .., 

..... L., "- '" "- '"' '"' '" '"' t- '" '" '"' ~ 
.., lr\ .... ()) .., 

'" (') 

Vi L., ~ <0 <0 (» 1!1 lI) <0 N 
::." • ..., 0 oj .; " .; " C ",,,-<~ .... . ~ 
"" "-< '"' .... <0 (') 

.Q '" '" 
0; 
c: * * * * · . ., * * * * * * 
" lI) co ID lI) .., 

'"' 
.., lI) 

.~ ..... ...., "- "- co .... "- ()) ()) 

.Q ..... .c; ()) (» ID ID OJ '" 0 .... " E " to> lI) '" "- '" 
,., .., "- .., 

a '" .~ ui en cO e) N .n oj LJ ~ '" .... ~ CI..c; "- '" '" ~ N <:0 ... lI) 
L., .., .... <:> '" ~ 

a 
"-< 

.... ,., 

'" ~~ 

co '" '" " "- "-
'" '" '" .~ ~ ...., 
4 

'" ~ 
0\°0\0 

"- lI) lI) ::\ lI) lI) ID lI) .... 

c:i <:> <:> <:> <:> ()) 
"-< .... co ..... .u 
a '" '" 
VJ .......... 
.~ " " '" 

., ., 
.:;. CO LJ ......... 
'" "-<"-< 

" II) 
......... 

<t V) " " " " >< """" 0 0 ''''' ''"'I .... ...., II) V! ...., "'''' '" '" 10 '" '" '" LJ OJ OJ LJ 
* * u a '" '" co 0 '" « ... 4 ~ 4 " U * e, " .~ x >< ,,-0 L., Vl 

:;:: a '" .~ '" a 
en " <t U '" « <t u '" L., « 

'" LJ LJ OJ OJ V LJ Il> OJ L., U 
h 1O V, '" '" 19 '" '" V) "-l 19 



Table 4.22. yea. sea and reei~rueal effects 

Parents/ 
Hybrids 1980 

kharif 

Plant height 

1981 
summer 

Pooled 

----------------------------------------------------------------
gca effects of parents ** ** 1 -0.5117** 16.7375* 8.1332** 

2 7.1635* 5.1418** 6.1465** 
3 -3.3864 -6.3464 -4.8446 
4 -0.2004** -0.8991** -0.7101** 
5 -7.2840 -9.4381** -8.2301** 
6 1.9692** 6.1272 3.9031** 
7 18.3565* -2.2414** 8.0810** 
8 3.9095** 6.6418 5.3398** 
9 -9.1274* -2.0041* -5.5901** 

10 -4.4094 -4.1061 -4.2429 
11 -2.1317** 0.9555 -0.6390** 
12 -5.0830* -3.2074* -4.1390* 
l3 -3.6900** -0.4787* -2.0057 
14 5.5005 -5.1901 0.1287 
15 -1.0750 -1.6924 -1.3912 

SE (gi) 1.6] 6 2.000 0.8820 

sea effects of hybrids 

* PI. 2 -4.4409 -11.5405 -7.2609 
1.3 -3.4909 -6.0822 -4.9198 
1.4 6.5530 3.5354 5.0457 
1.5 5.5567 -1.2l05 1. 9323 
1.6 -4.3165 -0.1908 -2.1676 
1.7 -2.3689 1.5077 -0.5787 
1.8 -2.3719 -5.7405 -4.2376* 
1.9 0.2500 17.3354 8.7090 
1.10 1.4620 5.6074 3.4112 
1.11 2.6844 7.1457 4.8579 
1.12 -2.4492 -8.7762 -5.7420 
1.13 2.9777 9.6951 6.6245 
1.14 4.7220 -11.8935 -3.6598 
1.15 -1. 7872 11.8737 4.9434 
2.3 6.8637 2.9634 4.8601 
2.4 2.2277 3.0611 2.7923** 
2.5 0.6764 15.2001 7.7957 
2.6 4.1580 -1. 6302 1.3957 
2.7 -2.2792 0.4734 -0.9487 
2.8 5.2377 -11.6248 -3.3576 

Contd .• 



Table 4.22 Contd., 

Parents/ 
Hybrids 

2.9 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14 
4.15 
5.6 
5.7 
5.8 
5.9 
5.10 
5.11 
5.12 
5.3 
5.14 
5.15 
6.7 
6.8 
6.9 
6.10 
6.11 

1980 
kharif 

1.1747 
5.4217 
4.0440 

-0.2895 
-1. 3125 
-2.7682 
-5.2425 
-4.7372 
-3.1535 
1.4930 

-3.6292 
2.5377 
0.2747 
2.9217 
5.2740 
2.4954 

-2.9475 
2.911 7 

-3.9125 
-8.3545 

3.3420 
-2.7302 
1.0517 

12.5812 
-0.9792 

2.7930 
3.2944 
2.6164 

-1.4392 
1.4864 
4.6057 

-6.7315 
4.0304 
1. 5024 
0.8994 
6.8917 

-5.9919 
4.2650 
5.3894 
8.8200 

-1. 6999 
-1. 9329 

2.7490 
-2.7339 

2.5384 

Plant height 

1981 
summer 

-0.8488 
1. 7231 

-5.5385 
1.0344 
2.7107 
3.9871 
1. 0044 
9.1144 

-5.3065 
6.0431 

-1.5882 
-5.7215 
16.7194 
-0.7085 
-1.6902 
-2.7422 

3.0991 
-3.7245 
-2.6372 

9.0261 
-5.6392 
-3.1405 
-2.9038 

7.3421 
-8.4408 

-12.7675 
5.1654 

-2.6332 
5.9631 

-0.1195 
10.9297 

3.6384 
8.5351 

-25.6188 
6.6131 
2.3214 
1. 4494 

-5.9792 
-10.5178 

2.0044 
2.8381 

-5.6152 
3.0007 

-12.4972 
3.6411 

Pooled 

0.1557 
3.5745 

-1.1120 
0.3545 
0.5879 
0.6034 

-2.1431 
2.2501 

-2.0298 
3.8534 

-2.6742 
-1.6498 

6.8801 
1.0490 
1.7957 

-0.1876 
-0.0709 
-0.4387 
-3.3020 

0.3190 
-2.6309 
-2.8087 
-1.1089 
-2.4709 
-4.0520 
-4.8220 

4.3612 
0.0445 
1.9934 
0.8301 
7.7557 

-1. 7220 
6.0690 

-12.2009 
3.5845 
4.4979 

-2.4354 
-1. 0854 
-2.7031 

5.2668 
0.6612 

-3.7309 
3.0323** 

-7.5154 
3.2645 

Contd. , 



Table 4.22 Contd., 

Parents/ 
Hy'brids 

6.12 
6.13 
6.14 
6.15 
7.8 
7.9 
7.10 
7.11 
7.12 
7.13 
7.14 
7.15 
8.9 
8.10 
8.11 
8.12 
8.13 
8.14 
8.15 
9.10 
9.11 
9.12 
9.13 
9.14 
9.15 
10.11 
10.12 
10.13 
10.14 
10.15 
11.12 
11.13 
11.14 
11.15 
12.13 
12.14 
12.15 
13.14 
13 .15 
14.15 

SE(Sij) 

1980 
kharif 

2.5247 
4.9117 

-8.6939 
-3.9332 
-4.6552 

6.6317 
3.3087 
4.0010 
4.5024 
4.6094 

-8.2012 
-11.5594 

3.8637 
4.3557 

-1.1369 
3.1694 
0.4764 

-4. 4082 
-0.6585 

4.5427 
-4.8649 

7.3364 
-6.6415 

2.5527 
-0.3715 

5.1020 
-4.8615 

-10.1395 
-8.6152 

2.8404 
1.3057 

-3.1372 
2.1220 

-11.8372 
-3.5359 
1.4084 

-4.7009 
7.3454 
2.7760 

-1. 5845 

7.49 

Plant heiyht 

1981 
summer 

-0.0458 
-2.0745 

5.6017 
-2.8458 
-4.5115 

4.0844 
1.0664 

-4.1902 
9.4527 

-8.6258 
0.4904 

-6.3472 
8.4361 
7.0331 
8.3414 

-6.0305 
3.1257 
1. 6221 

-1.7305 
-7.6658 
1.0724 

-9.9145 
-1.3432 

3.5981 
-16.5445 

1.6594 
0.0524 
0.0737 

10.3151 
-5.3125 
13.6207 

0.5271 
-5.8615 

6.9907 
0.6751 
7.7164 
3.8887 

-5.8922 
1.3451 

11. 0064 

9.27 

Pooled 

1.3145 
1. 4645 

-1.4198 
-3.2665 
-4.6928 

5.3212 
2.1068 

-0.1131 
6.9201 

-1.3131 
-3.8976 

2.5390 
7.7457 
5.5812 
3.5445 

-1.5387 
1. 6445 

-1. 4565 
-1.2698 
-1. 5887 
-1. 8420 
-1. 2920 
-4.0920 

3.0901 
-8.4565 

3.4434 
-2.4231 
-5.1565 

0.8423 
-1. 2709 

7.5068 
-1.3431 
-1. 8276 
-2.3909 
-1. 5765 

5.0723 
-0.4409 

0.6390 
2.2923 
4.7245 

3.5359 

Contd. , 



Tahlc 4.22 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Reciprocal effects of hybrids 

P1. 2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.10 
loll 
1.12 
1.13 
1.14 
1.15 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
4.5 
4.6 
4.7 

2.9850 
1. 2850 

-3.6150 
4.6350 

-6.5150 
-3.7500 
-0.5000 

3.4850 
-3.4850 

0.4850 
1.6000 

-3.1800 
-9.5150 
-3.5000 

5.3150 
-7.4650 

7.8000 
-5.0650 

2.3150 
6.5150* 

14.0850 
4.2500 
7.9200 
0.1650 
6.6650 

-0.4000 
12.0500 

0.2500 
0.6800 

-9.0200 
-12.7150 
-7.6350 

0.0350 
3.5700 
2.2000* 

-12.7700 
7.5200* 

-15.2700 
0.3700 
5.3350 
0.8150 

-10.6300 

Plant height 

1981 
summer 

-1.7000* 
16.2000 

5.0650 
14.3800 

5.6650 
1.1350 

-2.2300 
0.8000 

10.1000 
6.6000* 

15.7850 
9.6850 

-9.8150 
-5.9500 
1. 6500 

-0.5650 
-6.8350 

1.9700 
10.0350 

-13.1500 
8.4200 

-10.4500 
-2.2500 
-7.9000 
1. 0350 

]0.7300 
4.3850 

-2.5000 
-13.2000 

-3.0850 
-8.1150 
-0.9650 

3.1000 
-11.0700 
10.1500 
1. 0350 

-11.5650 
2.2300 
4.3850 

-9.1500 
1. 8500 

-3.1500 

Pooled 

1.4500 
8.7333 
0.7000 
9.5000 

-0.4000 
-1. 3000 
-1.3666 

2.1500 
3.3000 
3.5500 
8.6833 
2.8833 

-9.6666 
-4.7166 

3.4666 
-4.0000 

0.4833 
-1. 5500 

6.1833 
-3.4000 
11. 2500 
-3.0500 

3.2666 
-3.8666 

3.8666 
5.1500 
8.2166 

-1.1666 
-3.9000 
-6.0500 

-10.4333 
-4.2500 

3.1500 
-3.7333 

6.1833 
-5.8666 
-2.0166 
-6.5166 

2.3666 
-1.9166 
-0.4333 
-6.9000 

Contd. , 



Table 4.22 Contd., 

Parents/ 
Hybrids 

4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14 
4.15 
5.6 
5.7 
5.8 
5.9 
5.10 
5.ll 
5.12 
5.13 
5.14 
5.15 
6.7 
6.8 
6.9 
6.10 
6.11 
6.12 
6.13 
6.14 
6.15 
7.8 
7.9 
7.10 
7.11 
7.12 
7.13 
7.14 
7.15 
8.9 
8.10 
8.11 
8.12 
8.13 
8.14 
8.15 
9.10 
9.11 
9.12 

1980 
kharif 

2.9350 
-2.6650 
-4.4850 
-2.3350 
-2.8850 
-0.6300 

0.6350 
3.0850 
0.9650. 

-16.1850 
-9.0000 
-2.8350 

0.6500 
1.3500 

-0.6850 
1.8350 

-6.8500 
4.1350 

-5.2300 
1.5500 
4.3650 
5.3000 

-3.5500 
-3.9150 
10.7650 
-0.5200 
1.0350 

11.5850. 
22.2350 •• 
25.6000 
-4.5700 •• 
22.3800. 
14.2500 
-8.6000 

9.2850 
9.8500 
4.1000 
2.5150 
7.4000 
3.0000 

-1.2500 
-2.0500 
-4.1500 
-2.1500 

3.8000 

Plant height 

1981 
summer 

10.4000 
-10.1300 

-0.3850 
0.9800 

-9.5500 
-10.0800 

-8.8350 
0.8800 

-1.4500 
-11.0500 

1. 0000 
-12.8700 
-10.5000 
-11. 6300 
-3.5350 

-15.1350 
-0.8150 

-14.7650 
-3.3850 
-3.9850 

0.5850. 
19.4850 
-1. 8150 

1.0650 
5.5650 
4.5300 
4.8200 
0.1200 

-0.2000 
9.2500 
5.5150 

-1.0350 
2.3850 

-1.1500 
16.2500 

4.4650 
5.8000 

-0.9000 
4.1650 

-2.5800 
4.0650 
4.5500 
0.4850 
4.2150 

-11. 2350 

Pooled 

6.9000 
-6.4000 
-2.0000 
-0.6666 
-3.3166 
-5.3666 
-3.6833 

2.0000 
-0.2333* 

-13.6000 
-4.0166 
-7.8500 
-4.9166 
-5.1666 
-2.1000 
-6.6500 
-3.8333 
-5.3166 
-4.3166 
-1. 2166 

2.4833* 
12.4166 
-2.7000 
-1.4500 

8.1666 
2.0166 
2.9166 
5.8666 

11.0166*. 
17.4166 

0.4666 
10.6666 

9.1666 
-4.8833* 
12.7666 

8.8333 
4.9500 
0.8166 
5.7666 
0.2166 
1.4166 
1.2500 

-1.8166 
1.0333 

-3.7166 

Contd. , 



Table 4.22 Contd., 

Parents/ 
Hybrids 

9.13 
9.14 
9.15 
10.11 
10.12 
10.13 
10.14 
10.15 
11.12 
11.13 
11.14 
11.15 
12.13 
12.14 
12.15 
13 .14 
13.15 
14.15 

SE(rij) 

1980 
kharif 

0.9850 
-5.1000 
-9.3000 
-2.4350 

0.4500 
-3.5650 
-5.7800 

3.3000 
-1.6350 
-5.8850 
-7.9650 
-0.9000 

0.8350 
-2.0000 
-3.0150 
-8.1000 
-8.0150 

5.3850 

6.25 

* Significant at 5 per cent level 

** Significant at 1 per cent level 

Plant height 

1981 
summer 

-1.5350 
-5.1350 
-2.0500 

-14.5000 
7.0000 
3.6500 

-3.4500 
-4.3500 
-3.7000 
-8.7650 

2.4650* 
-17.9150 

1.1200 
10.4500 

5.0200 
13.6000 

0.4650 
14.4150 

7.74 

Pooled 

-0.2833 
-5.1000 
-5.6666 
-8.4333 

3.6666 
0.0333 

-4.6333 
-0.5333 
-2.6666 
-7.3166 
-2.7666 
-9.4166 

0.9500 
4.7333 
1.0000 
2.7333 

-3.4666 
9.9000 

5.9867 



Table 4.23. gca, sca and reciprocal effects 

--------------------------------------------------------------_. 
Days to first flower 

Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------
gca effects of parents 

1 0.2407 •• 0.2686 •• 0.2772 •• 
2 1. 3653 •• 1.4080 1.3905*. 
3 0.7500 0.6146 0.6628 
4 -0.4839 -0.3987 •• -0.4482** 
5 -2.1346 •• -2.1084 •• -2.1849** 
6 2.4123 •• 2.2190 •• 2.3094.* 
7 2.6957 2.6045 2.6339* 
8 0.5240 •• 0.5150 •• 0.5528*. 
9 -1. 7279 -1.5977.* -1. 6338*. 

10 -2.7662 -2.6314 -2.6538 
11 0.2523 0.2846.* 0.2717.* 
12 -1.7209 -1.6524 -1.6827 
13 -0.0732. -0.0424. -0.0582** 
14 0.9257 0.9433 0.9161 
15 -0.2592 -0.4537 -0.3527 

SE (gil 0.3398 0.3159 0.2163 

sca effects of hybrids 

** PI. 2 -2.1870 -2.1633 -2.2294 
1.3 1.0282 -0.5695 0.2149 
1.4 -1.2727 -1.1366 -1. 2405 
1.5 -1.1020 -1.8969 -1. 0705 
1.6 0.0659 0.2987 0.1516 
1.7 0.7976 0.8288 0.7938 
1.8 -0.4007 -0.2773* -0.3417** 
1.9 4.5062 4.0573 4.2282 
1.10 -0.2103 0.4410 0.4649** 
loll -2.1440 -2.1399 -2.1772 
1.12 0.5642 0.5120 0.5105 
1.13 0.4166 0.3220 0.3527 
1.14 -0.6323 -0.7136 -0.7050 
1.15 -0.5823 -0.3216 -0.5361 
2.3 -0.5113 -0.3422 -0.4317 
2.4 0.7036 -0.6540 0.6794 
2.5 -1.1532 1.1637 1.1994 
2.6 -1.1437 -0.9286 -1.0450 
2.7 -0.8970 -0.7992 -0.8361 

Contd. , 



Tublc 4.23 Contd., 

Parents/ 
Hybrids 

P2.8 
2.9 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14 
4.15 
5.6 
5.7 
5.8 
5.9 
5.10 
5.11 
5.12 
5.13 
5.14 
5.15 
6.7 
6.8 

1980 
kharif 

0.5296 
0.2816 
0.9849 
0.7862 
1.2546 
0.8919 

-0.3420 
-2.1870 

0.2329 
-0.6663 
-1.3783 
-0.3317 
-0.4400 
-1.0580 

2.0152 
0.4466 
0.7549 

-0.9127 
-1.2567 
-0.9367 
-2.1323 
-0.6443 

2.4222 
0.0939 
0.4309 

-2.0307 
0.2156 
0.6539 

-0.2587 
-0.4927 
-0.6027 
1.4062 

-1. 0270 
-1. 0903 
-1. 0833 

0.8849 
0.7862 

-2.7953 
0.4769 
2.9229 
1.9429 
0.5109 

-0.2873 

Days to first flower 

1981 
summer 

0.5283. 
3.0444 
0.8567 
0.7557 
1.1927 
0.7777 

-0.3729 
-1.9909 

0.3673 
-0.4579 
-0.9852 
-0.8059 
-0.2632 
-1.0036 
1.6958 
0.5640 
0.8660 

-0.7589 
-1.0946 
-0.5626 
-2.1146 
-0.4719 

2.4273 
0.0500 
0.1097 

-2.1916 
0.0923 
0.5793 

-0.3306 
-0.1662 
-0.4492 
1. 6377 

-0.9479 
-0.2402 
-0.2106 

0.7880 
0.7720 

-2.8409 
0.4640 •• 
3.7633 
1. 990 3 
0.6597 

-0.0326 

Pooled 

0.4949 
0.1816 
0.8682 
0.7594 
1. 2138 
0.8394 

-0.3350* 
-2.0161 

0.3071 
-0.5061 
-1.1672 
-0.5417 
-0.3605 
-1.0405. 
1. 6627 
0.5205 
0.8249 

-0.8161 
-1.1405 
-0.7383. 
-2.0617 
-0.5561 •• 
-2.4360 

0.0338 
0.2371** 

-2.1594 
0.1649 
0.6360 

-2.2883 
-0.2961 
-0.5272 
1. 5805 

-1. 0772 
-0.2128 
-0.6094 

0.8438 
0.8349*. 

-2.7605 
0.5316*. 
3.8405* 
2.0260 
0.5949 

-0.1905 

Contd •• 



Table 4.23 Contd., 

Parents! 
Hybrids 

P6.9 
6.10 
6.11 
6.12 
6.13 
6.14 
6.15 
7.8 
7.9 
7.10 
7.11 
7.12 
7.13 
7.14 
7.15 
8.9 
8.10 
8.11 
8.12 
8.13 
8.14 
8.15 
9.10 
9.11 
9.12 
9.13 
9.14 
9.15 
10.11 
10.12 
10.13 
10.14 
10.15 
11.12 
11.13 
11.14 
11.15 
12.13 
12.14 
12.15 
13.14 
13.15 
14.15 

SE(sij) 

1980 
kharif 

0.2846 
-0.3470 
-0.5807 
-1.1273 

1.2449 
0.0109 
2.9959 
0.0842 
0.2512 
0.9196 
0.0359 

-0.5907 
-0.1083 
-0.6073 
-0.6223 
-0.4770 
1.6962 

-0.6923 
1. 2159 
0.4832 

-0.6657 
0.6842 

-2.4717 
1.6896 

-0.2520 
-0.6997 
-0.0137 
1.0712 

-0.7520 
-0.1987 
-1.1113 
1. 0596 

-0.0253 
1. 5876 

-0.3800 
-0.1090 
-0.8390 

0.4082 
-0.8057 
-0.4657 
-0.5333 
-0.3183 
-0.3473 

1.57 

Days to first flower 

1981 
summer 

0.4620 
-0.2442 
-0.4102 
-0.9532 
1. 3517 
0.2610 

-0.0369 
-1.1832 

0.3413 
0.9050 
0.1590 
0.5239 
1.0444 
1.4696 

-0.2876 
-0.5659 
1.5727 

-0.7432 
1.1387 
0.4837 

-0.6569 
0.8900 

-1.8576 
1.5563 

-0.4216 
-0.7966 
-0.1322 
1.1497 

-0.7249 
-0.3529 
-1. 3979 
1.1013 
0.0633 
1.2660 

-0.4139 
-0.0146 
-0.6326 

0.6080 
-0.9776 
-0.3106 
-0.5526 
-0.1256 
-0.1262 

1. 467 

Pooled 

0.3468 
-0.3339 
-0.4928 
-1. 0383 

1.3038 
0.1460 
1.4816 

-0.5650 
0.2716 
0.8916 
0.0994 

-0.5461 
-0.0372 

o. 511 7 
-0.4428 
-0.5805 
1.5727 

-0.7361 
1.1516 
0.4271 

-0.6639 
0.7382* 

-1. 8239 
1. 5671 

-0.3617 
0.7861 

-0.0772 
1.0749 

-0.7794 
-0.3250 
-1. 2994 
1.0594 

-0.0217 
1.4160 

-0.3917 
0.0338 

-0.7472 
0.5127 

-0.8450 
-0.3928 
-0.5194 
-0.2172 
-0.2250 

0.8116 

Contd. , 



Table 4.23 Contd., 

P6rents/ 
Hybrids 1980 

kharif 

Days to first flower 

1981 
summer 

Pooled 

----------------------------------------------------------------
Reciprocal ·a;fjjiacts of hybrids 

1.2 0.3650 0.3700 0.3666 
1.3 -0.7650 -2.4000 -1.5833. 
1.4 1.7700 1.9500 I. 8 ~,OO 
1.5 1.0500 1.0500 1.0500 
1.6 -0.7350 -0.7350 -0.7333 
1.7 -0.0500 -0.1500 -0.1000 
1.8 0.0500. 0.1500. 0.1500. 
1.9 -3.4350 -3.1150 -3.266(, 
1.10 0.1500 0.9650 0.9813 
1.11 0.7650 0.7700 0.7666 
1.12 0.3700 0.3850. 0.3666 •• 
1.13 2.5300 2.4650 2.5000 
1.14 -0.1000 -0.1150 -0.1166 
1.15 -0.2850 -0.4500 -0.3833 
2.3 1.0500 1.0650 1.0500 
2.4 1.2700 1.3200 1.2833 •• 
2.5 2.5300 2.5200 2.5333 
2.6 0.3200 0.3150 0.3166 
2.7 -0.2500 -0.2700 -0.2500 
2.8 0.4350 0.4350 -0.4333** 
2.9 2.4650* 2.3000 2.4666** 
2.10 2.6300 2.6500 2.6333 
2. 11 0.5500 O.S6S0 0.5500._ 
2.12 2.3150 2.3350 2.3166 
2.13 0'.3300 0.4000 0.3666 
2.14 1.0350* 1.0350 1.0333** 
2.15 1.6650 2.6800 7.5833* 
3.4 2.1150. 2.1000 2.1166** 
3.5 2.9650 2.9350 2.9666.* 
3.6 -2.0700 -2.0650 -2.0666 
3.7 -1.8000 -1.1000 -1.4500 
3.8 0.6500 -0.6500 0.6500 
3.9 0.6500 0.6700 0.6500 
3.10 1.4850 1.8350 1.8333 
3.11 -0.0650 -0.0500 -0.0500 
3.12 1. 4000 1. 4150 1. 4000 
3.13 0.9500 0.9700 0.9500 
3.14 -0.1650 -0.1500 -0.1666 
3.15 1.1000 1.1150 1.1000 
4.5 0.5350 0.4650 0.5000 
4.6 -1.4300 -1.4350 -1.4333 
4.7 -1.3200 -1.2500 -1.2833 

r'ontri. , 



Table 4.23 Contd., 

Parents/ 
Hybrids 

P4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14 
4.15 
5.6 
5.7 
5.8 
5.9 
5.10 
5.11 
5.12 
5.13 
5.14 
5.15 
6.7 
6.8 
6.9 
6.10 
6.ll 
6.12 
6.13 
6.14 
6.15 
7.8 
7.9 
7.10 
7.ll 
7.12 
7.13 
7.14 
7.15 
8.9 
8.10 
8.ll 
8.12 
8.13 
8.14 
8.15 
9.10 

1980 
kharif 

-0.5500 
-0.3650 
1.4650 

-0.6000 
-1.8650 

0.4700 
-0.8350 
-0.6000* 
-2.6300** 
-4.7200* 
-2.6850 

0.0000 
1.8700 

-1.0500 
-0.4350 
-2.2850 
-2.4000 

0.9650 
-0.3650 
1.6650** 
4.3150** 
4.5850 

-0.2300 
2.0500* 
3.0700 
0.6350** 
5.7650 
1. 9500* 
2.6350** 
4.0650 
0.5300* 
3.0700 
1.2000 
1.5000 
1.7000* 
3.5350 
2.2000 
0.6300 
2.4350 

-0.1200 
-0.2000 
-0.7650 
1.2800 

Days to first flower 

1981 
summer 

-0.5500 
-0.2000 
1.4650 

-0.5650 
-1. 8150 

0.4850 
-1.2350 
-0.5850* 
-2.6350* 
-4.6650 
-1.8500 

1.0000 
1.8650 

-1.0350 
-0.4150 
-2.2700* 
-3.2150 

0.8150 
-0.5000 
1.6850* 
4.2000* 
4.6000 

-0.2500 
2.0700* 
2.9850 
0.6350 
2.3150 
0.5500* 
2.5650* 
4.0650 
0.5350* 
3.0850 
1.2200 
1.5350 
1.6800* 
3.5350 
2.2000 
0.6000 
2.4150 

-0.1000 
-0.1850 
-0.7650 
-0.4300 

Pooled 

-0.5333 
-0.2833 
1. 4666 

-0.5833 
-1.8333 

0.4666 
-1.0333 
-0.6000** 
-2.6333** 
-4.5333 
-1.8500 

0.5000* 
1. 8666 

-1.0500 
-0.4333** 
-2.2833** 
-3.2333 

0.8833 
-0.4333 
1.6666** 
4.2500** 
4.5833 

-0.2500* 
2.0500** 
3.0166 
0.6333** 
4.0333 
1.2500** 
2.6000** 
4.0666** 
0.5333** 
3.0666 
1.2000 
1.5000 
1.7000** 
3.5333* 
2.2000 
0.6166** 
2.4166 

-0.1500 
-0.2000 
-0.8000 

0.4500 

Contd. , 



Table 4.23 Contd., 

Days to first flower 
Parents/ 
Hybrids 

P9.11 
9.12 
9.13 
9.14 
9.15 

10.11 
10.12 
10.13 
10.14 
10.15 
11.12 
11.13 
11.14 
11.15 
12.13 
12.14 
12.15 
13.14 
13 .15 
14 .15 

SE(rij) 

1980 
kharif 

0.3000 
+1. 8150* 
-3.3150 
-1. 6700 
-0.3000 
-0.8500 
-2.5000 
-2.5650 
-0.3650 

2.2350 
-0.3350 
-0.7150 

0.0150 
0.7000 
1.5000 

-2.4150 
-0.7000 
-0.7350 
-1. 0350 
-0.5350 

1. 31 

Significant at 5 per cent level 
** Significant at 1 per cent level 

1981 
summer 

0.3000 
1.8150* 

-3.3200 
-1. 6700 
-0.3150 
-0.6850* 
-2.4800* 
-2.7150 
-0.5300 

2.2350 
0.1850 

-0.7150 
-0.2000 

0.7150 
1.7700** 

-2.6300 
-0.7000 
-0.7350 
-1.0350 
-0.5200 

1.223 

pooled 

0.3333* 
1.8166** 

-3.3166 
-1.6666 
-0.3166 
-0.7666** 
-2.5000** 
-2.6500 
-0.0450* 

2.2333 
-0.0666 
-0.7166 
-0.1833 

0.7000 
1. 6333** 

-2.5500 
-0.7000 
-0.7333 
-1. 0333 
-0.5333 

0.8673 



Table 4.24. gca. sca and reciprocal effects 

Parents/ 
Hybrids 1980 

kharif 

Capsules-main stem 

1981 
summer 

Pooled 

----------------------------------------------------------------
gca effects of parents .. .. 

1 -6.6504 •• 0.4015 -3.0473 •• 
2 -6.3754 -0.5621* -3.4906.* 
3 -1.1971. -2.5944 -1.9195* 
4 3.6535 -0.3691 1.6215. 
5 2.7985 .. 0.1205 1.4582.* 
6 -6.7827 •• 0.8218 -2.8440** 
7 10.8295*. 1. 9872 6.4437** 
8 -5.4411 -0.8634 -3.0928** 
9 1.2995** 4.2122 2.5982 •• 

10 4.8822** 1.4595 3.2371** 
11 -4.3321. -1.7214* -2.9906** 
12 3.0632 2.6402 2.8515 
13 -0.5737** -0.4951 -0.6840 u 
14 5.3478 -1.1967 1.9360** 
15 -0.5217 -3.8407 -2.0773 

SE (gi) 1.4055 1. 0275 0.6013 

sca effects of hybrids 

PI. 2 6.6611 1.8975 4.2517 
1.3 6.3971 -1.4198 2.4806 
1.4 -0.5378 4.9047 2.1562 
1.5 -3.7478 -3.9498 -3.8971 
1.6 4.4684 0.7787 2.8551* 
1.7 -8.6788 -2.4215 -5.6326 
1.8 2.9417 -5.2358 -1.2460 
1.9 -5.0838 -3.8115 -4.3371 
1.10 -5.8115 1. 9611 -1.8093 
1.11 3.6977 5.1521 4.3517 
1.12 -5'.2275 -2.7395 -4.0237 
1.13 -1.1105 0.6457 -0.1048 
1.14 2.5527 0.3974 1. 5751 
1.15 0.9074 3.5414 2.0717 
2.3 1.1727 1.4237 2.8740 
2.4 -3.9578 0.1134 -1. 8337 
2.5 -4.8228 0.2287 -2.2371 
2.6 4.1234 -0.6375 1.6651 
2 '. 7 -6.0538 -0.6578 -3'.3226 
2.8 3.3167 1.5927 2.4473 

Contd •• 



Table 4.24 Contd., 

Parents/ 
Hybrids 

P2.9 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14 
4.15 
5.6 
5.7 
5.8 
5.9 
5 '.10 
5.11 
5.12 
5.13 
5.14 
5.15 
6.7 
6.8 
6.9 

1980 
kharif 

-1.9888 
3.5234 
2.6427 

-1.9375 
-2.4305 
-6.7372 
-0.7325 
-0.2712 
-1.7012 
1.8151 

-2.1322 
-2.6465 

3.7127 
-10.5498 

1.8294 
-4.0658 
-2.6638 

8.2494 
2.1891 
4.0331 

-4.8205 
2.3521 
1.2227 

-7.3528 
6.0994 
2.5587 
2.3484 

-2.1145 
-0.9662 
-0.0665 
-2.3155 
-1.9628 
-6.9922** 
25.0321 
-3.8105 
-3.6662 
3.4034 
1.4904 
-5~8462 

-4.6765 
0.2884 
0.6741 

-1.7815 

CapSUles-main stem 

1981 
summer 

-6.0478 
-4.1302 
1.7857 

-3.4958 
1.5945 
7.6311 
1.9051 
3.9657 

-1.6088 
1. 3897 
1.3094 
0.6601 

-3.2805 
-2.9628 
-4.2168 
-0.7935 
1. 261 7 
1.1434 
1.4374 
1.3007 

-1. 7505 
0.3191 

-2.2222 
-5.5108 

2.3117 
-5.3072 

0.5961 
-1. 9635 

2.2331 
-1. 4528 

0.9597 
0.5944 
2.0451 

-1. 5305 
1.0871 

-0.7668 
-0.3235 

2.8417 
-5.0915 
-0.1775 
-3.1568 

0.3007 
-0.2168 

Pooled 

-3.8604 
-0.2993 

2.2284 
-3.4804 
0.2115 
0.6351 
0.5484 
1.9284 

-1.5915 
1. 5273 

-1. 2437 
-0.9904 

0.4351** 
-6.7704 
-1.1760 
-2.3682 

0.4993* 
4.8806 
1. 7606 
2.7340 

-3.3637 
1. 3651 
0.6017** 

-6.2226 
4.1884 

-1.3504 
1.5240 

-1. 8404 
-0.0104 
-0.8137 
-0.7671 
-0.6215 
-2.5015** 
11. 9406 
-1. 3815 
-2.2204 
1.6206 
2.3562* 

-5.9637 
-2.5004 
-1.5693 

0.3340 
-0.9404 

Contd. , 



Table 4.24 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Capsules-main stem 

1981 Pooled 
summer 

----------------------------------------------------------------
P6.10 1.8507 -3.1792 -0.8293* 
6.ll 6.4151 4.3017 5.2151 
6.12 -3.0952 -0.3598 -1. 5771 
6.13 -3.2282 -2.2595 -2.6915 
6.14 -8.8348 1. 0421 -3.8615 
6.15 -2.1252 2.7911 0.9684 
7.8 3.5767 -4.1215 -0.3371 
7.9 4.9711 -0.3622 2.4551 
7.10 1. 9584 -4.5915 -1.4504 
7.11 -1. 5622 -2.1985** -1.9060** 
7.12 9.8074 14.4447 12.1184 
7.13 2.1744 -2.8588 -0.1960 
7.14 -1.7772 -3.9882 -1.8993 
7.15 1'.6274 4.6907 3.0473 
8.9 -0.4232 -1.1315 -0.6415 
8.10 -2.3408 -1.6438 -1.847J 
8.ll 1.3234 2.9571 2.0806 
8.12 -2.6218 -4.7045 -3.6948 
8.13 -0.2698 2.3607 1.2240 
8.14 -3.2715 6.6274 1.7873 
8.15 -3.4281 0.0564 1. 61 73 
9.10 7.5684 -6.ll95 0.8284 
9.ll -5.5872 -3.2185 -4.2437 
9.12 -0.0125 -2.7852 -1.2026 
9.13 0.1394** 0.0701 -0.3837** 
9.14 -13.7822 0.5132* -6.8204** 
9.15 -4.2125 -11.8192 -7.9237 
10.11 1.3351 4.1941 2.7006 
10.12 -1. 4652 -5.4275 -3.4748 
10.13 1. 5617 2.3027 2.0440 
10.14 -3.0298 -2.7105 -2.7593 
10.15 2.6047 -1. 8015 0.3539 
11.12 -1.4658 4.3134 1. 4362 
11.13 -3.6288 2.3187 -0.5115 
11.14 2.2494 -0.6095 0.9517 
11.15 -3.2758 0.1494 -1.6515 
12.13 0.2757 -1. 8128 -0.5871 
12.14 0.1241 -1.8712 3.2928 
12.15 -0.3412 -0.5322 -0.4937 
13.14 8.4961 -3.3558 0.8951 
13.15 0.1607 0.2581 0'.2917 
14.15 -0.6608 3.7397 1.6884 

SE(sijl 6.5173 4.7646 2.2557 

Contd., 



Table 4.24 Contd., 

Parents/ 
Hybrids 

Reciprocal effects of 

P1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
4.5 
4.6 
4:7 

1980 
kharif 

hybrids 

1.1650 
6.0200 

-7.9350 
-1. 2000 
-0.1650 
-5.3700 
1.3500 

-1.7650 
-1. 5500 
-3.0150 
-1. 8850 
-4.5350 

-12.7200 
-0.6650 
-0.3670 
-2.8500 
-1.2000 
-0.3350 
-2.6000 
1. 3000 

-0.0650* 
-11.3000 

0.9350 
-2.1800 
-0.9500 
-3.0350 
-3.7000 
-7.6850 
-2.9000 
-4.4350 

0.9700 
-0.6150 
-2.5150 

4.4650 
4.1000 

-5.0000 
-0.7650* 

-15.6700 
-1. 8000 
-3.5350 

4.0200 
-0.5350 

Ca?sules-main stem 

1981 
summer 

-6.8350 
1.2850 

-0.2350 
5.6000 
3.1700 

-1.9350 
-1.4000 
1. 7700 
3.7500 

-5.0000 
2.2000 
0.0200 

-6.3700 
0.8700 

-0.6350 
-0.0500 
-2.7150 
-1.1500 

0.9350 
-6.4650 
1.3000 
0.0650 

-2.4000 
2.1500 

-4.7350 
0.7000 
5.2300 

-2.2300 
-6.3850 
-0.5850 
-2.7300 
-1. 3700 
-1.3650 
-1. 0700 

0.6350 
2.4500 

-2.2000 
0.7800 
0.1700 

-1.4800 
0.4700 

-1.9650 

Pooled 

-2.8333 
3.6666 

-4.0833 
2.2000 
1.0833 

-3.6500 
-0.0333 

0.0000 
0.9000 

-4.0000 
0.1666 

-2.2833 
-9.5500 

0.1000 
-2.1500 
-1. 4500 
-1. 9833 
-0.7500 
-0.8500 
-2.5833 

0.6666* 
-5.6000 
-0.7333 
-0.8333 
-2.8333 
-1.1666 

0.7666* 
-4.9500 
-4.6333 

1.9166 
-1.7000 
-0.9833 
-1. 9333 

1.7000 
2.3666 

-1. 2833 
-1. 4833** 
-7.4500 
-0.8166 
-2.5000 

2.2333 
-1.2500 

Contd. , 



Table 4.24 Contd., 

Parents! 
Hybrids 

P4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14 
4.15 
5.6 
5.7 
5.8 
5.9 
5.10 
5.11 
5.12 
5.13 
5.14 
5.15 
6.7 
6.8 
6.9 
6.10 
6.11 
6.12 
6.13 
6.14 
6.15 
7.8 
7.9 
7.10 
7.11 
7.12 
7.13 
7.14 
7.15 
8.9 
8.10 
8.11 
8.12 
8.13 
8.14 
8.15 
9.10 
9.11 

Capsules-main stem 

1980 
kharif 

2.7650 
-6.6700 
-4.4350 

3.9500 
-0.0650 
-3.1650 
-5.1650 

2.2650 
2.7000 

-9.8650 
3.2350 

-5.8000 
-0.7000 

3.5300 
-4.6650 
-2.1850 

8.3700 
4.6000 

-7.6650 
-2.2500 
-4.8650* 

-12.5200 
0.9700 

-5.0850 
-2.2000 
-1. 4000** 
17.4350 ** 
17.4350* 
15.3700 
-3.8000 
-3.0650* 
11. 8300 

4.7000 
-1.5300 
-1. 0650 
-3.8350 
-4.4300 

2.7800 
-4.9300 
-2.2850 
1.8350 

-3.3350 
7.7200 

-5.5500 

1981 
summer 

4.5350 
-0.9000 
-0.1700 

3.7000 
-2.4350 
-1. 8000 
-4.5650 
1. 7650 

-0.0300 
-4.6000 
-1.2000 

4.7000 
-4.5650 
-3.8000 
-5.1350 
1.4350 
0.8000 

-2.4000 
-5.5800 
-6.1650 

3.1850 
2.0000 
2.1000 

-4.4700 
0.6350 

-0.2000 
2.4300 
2.4300 
1.4650 
0.2800 

-0.0350 
7.1000 
0.9350 

-0.9000 
6.6650 
1.8850 
1.5500 
0.6000 

-2.1000 
-3.8300 

5.9350 
1. 4500 

-4.0500 
4.9000 

Pooled 

3.6500 
-3.7833 
-2.3000 

3.8333 
-1. 2500 
-2.4833 
-4.0333 

2.0166 
1.3333** 

-7.3000 
1.0166 

-0.5500 
-2.6333 
-0.1333* 
-4.8500 
-0.3833* 

5.2500 
1.1000* 

-6.6166 
-4.2166 
-0.8333* 
-5.2500 
1.5333 

-4.5166 
1.5333 

-0.7833 
-1.6333** 

9.9333** 
8.4166 

-1.8166 
-1.5666** 

9.4666 
2.8166 

-2.0333 
2.8000 

-0.9833 
-1.2166 

1.6833 
-3.5166 
-3.1000 

3.8833 
-0.9333 
1.8500 

-0.3166 

Contd. , 



Table 4.24 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Ca?sules-main stem 

1981 
summer 

Pooled 

-------------------------------------------------------------;;-
p9.12 -7.4200 -7.3650* -7.4000** 

9.13 3.6650 8.1850 6.7500 
9.14 -0.7350 3.2000 1.2333 
9.15 0.5650 0.1800 0.3833 

10.11 0.2850 -3.5000 -1.6000 
10.12 5.2500 3.7000 4.4666 
10.13 -7.6000 6.7650 -0.4166 
10.14 4.6700 -4.3800 0.1333 
10.15 -8.5650 3.3150 -2.7000 
11.12 -0.9350 -6.6000 -3.7833 
11.13 -1.9350 -3.2700 -2.6000 
11.14 -6.5350 1.7000 -2.4166* 
11.15 -3.0000 -8.3150 -5.6666 
12.13 0.6350 -0.9000 -0.1333 
12.14 -6.5350 4.2000 -1.1666 
12.15 2.1300** 4.3650 3.2666** 
13.14 -19.4000 2.3500 -6.5333 
13.15 2.0650 0.7500 1.4166 
14.15 3.3650 5.1300 4.3333 

SE(rij) 5.4437 

Siynificant at 5 per cent level 
Significant at 1 per cent level 

3.9797 2.4106 



Table 4.25. gca, sca and reciprocal effects 

gca 

sca 

Parents/ 
Hybrids 

effects 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SE (giJ 

effects 

PI. 2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
2.3 
2.4 
2.5 
2.6 
2.7 

of lJarents 

of hybrids 

Capsules-branches 

1980 
kharif 

0.6443* 
4.3276 
1.4706** 
6.6513** 

-7.3570 
2.3466 

-1.7806 
1. 8199** 

-6.5996 
-3.0893** 

5.9803* 
-4.1713* 
-4.5800 
-1.3290 •• 

5.6663 

1.8200 

-0.1776 
1.2943 
5.4636 
4.4070 
6.6383 

-7.7993 
-2.2549 

2.2146 
1.8893 

-3.8653 
-4.1786 
-1.1199 
-2.4409 
-4.7463 

3.2460 
3.6653 
2.4436 

-4.8149 
5.1823 

1981 
summer 

** 15.7592* 
12.7665 
-0.8461 
-0.8301** 

-10.6758** 
9.8042* 

-4.6954* 
5.4425** 

-8.5118** 
-7.9771* 

5.7488** 
-8.6941 
-2.1531 
-0.0951. 
-5.0424 

2.3043 

-9.7685 
-13.4408 

4.2431 
-2.2112 
-3.5062 

-11. 4565 
-10.2295 

27.4598 
9.9901 

12.1641 
-6.8378 

2.8861 
4.0431 

-1.5245 
-3.3482 
-1.0292 

5.0014 
-5.4635 
-0.5988 

Pooled 

** 
8.0570** 
8.7281 
0.5437** 
3.1392** 

-9.2874** 
6.3970** 

-3.7429** 
3.2292** 

-7.5129** 
-5.2951** 

5.3659** 
-6.4185** 
-3.1162 
-0.8085 

0.7214 

1. 0065 

-4.8381 
-5.9870 

4.9340 
1.6774 
1.5596* 

-8.8170 
-5.5225** 
14.3862 

6.0351 
4.9574 

-5.2081 
0.9562 
1. 2151 

-3.2314 
-0.2914 
1.0796 
3.9896 

-5.4781 
2.7785 

Contd. , 



Table 4.25 Contd., 

Capsules-branches 
parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P2.8 -3.9533 -1.0318 -2.1103 
2.9 1.4363 9.8874 5.7318 
2.10 -0.1439 7.8328 3.6474 
2.11 3.4713 5.9918 5.2196* 
2.12 9.5230 5.5348 7.5040 
2.13 -3.1553 4.4088 0.3685 
2.14 -6.6343 1.5208 -2.4892 
2.15 -1. 0996 -7.0818 -4.5192** 
3.4 4.0073 19.1134 11.2640 
3.5 -0.3993 -0.4558 -0.2092 
3.6 -3.1229 -1.5308 -3.1270 
3.7 1.3693 0.5638 1.4129 
3.8 -6.9963 -1.3192 -3.8092** 
3.9 6.7883 12.3851 11. 0162 
3.10 9.3780 -2.9345 2.9151 
3.11 4.3083 -7.5655 -1.1959 
3.12 0.0300 -6.3025 -3.2281 
3.13 0.60311 7.3364 3.6529 
3.14 -10.2823 -2.9315 -6.7381 
3.15 -4.5776 -2.6392 -4.0848 
4.5 -5.4349 9.6781 2.3451 
4.6 -6.8536 -2.0018 -4.8059 
4.7 -1.3263 1.0028 0.2840 
4.8 2.7930 -6.2752 -1. 4048 
4.9 -3.7573 6.0192 1.5040 
4.10 2.9623 -1.1655 0.6029* 
4.11 0.4626 -16.676.5 -7.6748 
4.12 0.5493 -1.7035 -0.2403 
4.13 -2.3769 -6.3295 -4.6592 
4.14 -5.4279 10.5974 2.6162 
4.15 1.1116 -1.4482 -0.6303** 
5.6 11.5696 15.9778 11. 4040 
5.7 0.0520 0.4634 5.2107 
5.8 -3.3686* 3.0704* 0.5218** 
5.9 -18.0789 -26.4352 -19.5025 
5.10 1. 2206 10.1601 5.8962 
5.11 -1. 3589 18.8691 0.8685 
5.12 -6.7773 -2.2528 -4.0970 
5.13 2.0163 -7.8288 -2.7159 
5.14 13.9803 -9.3218 5.3596* 
5.15 9.0500 9.5554 9.3462 
6.7 -2.9016 12.0984 4.9262 
6.8 -1. 7073 1.2254 0.0707 
6.9 3.6473 7.8298 5.2296 



Table 4.25 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Ca?sules-branches 

1981 Pooled 
summer 

-------------------------------------------------------------;i-
P6.10 -9.0479 -15.6698 -12.7381 

6.11 8.8673 -13.8808 3.3174* 
6.12 11.1348 4.2621 7.5018 
6.13 -0.5223 9.5861 4.1329 
6.14 -5.9883 -1.8368 -3.9748 
6.15 -4.7686 5.4104 -0.2214 
7.8 -5.2449 -3.6598 -3.4059 
7.9 1.3746 0.4494 -0.7470 
7.10 -6.3356 -4.1702 -4.8148 
7.11 7.7596 3.5388 2.2407* 
7.12 -13.0836 -3.9882 -7.8748 
7.13 8.8550 -2.1742 0.5729 
7.14 1.2690 10.1328 6.4651 
7.15 8.3436 5.6301* 7.2518 
8.9 9.0740 22.3414 7.1307* 
8.10 10.5636 7.6568 9.4462 
8.11 0.8940 -4.5842 1.4518 
8.12 3.9956 7.2938 6.2029 
8.13 0.9693 -5.9822 -2.1325 
8.14 -1.4616 4.6248 0.6596 
8.15 -5.3569 -9.4228 -7.2370 
9.10 -4.8666 4.4961 0.1051 
9.11 5.2363 -9.2298 0.2607 
9.12 -1.3846 -5.9868 -5.9548 
9.13 -1.1909* -3.3428 -1.1570 
9.14 19.3230 -15.6158 1.7851 
9.15 9.4926 1.6585 3.8551 

10.11 10.5333 0.5854 6.4262* 
10.12 -11.3799 -4.1215 -7.8392 
10.13 -4.7713 1.7724 -1.8248 
10.14 -2.8523 15.2144 6.2007 
10.15 11.3473 -9.9082 0.2540 
11.12 7.2153 12.5824 6.9329 
11.13 1.0290 4.0114 6.0474 
11.14 2.5430 5.7184 0.5062 
11.15 -11.6873 -0.5342 -5.8570 
12.13 6.7306 -2.5155 2.0151 
12.14 3.2596 -3.6035 0.0740** 
12.15 3.9993 11.9438 10.7440 
13.14 -4.4966 -8.2945 -6.3781 
13.15 -4.5569 1.3228 -2.1081 
14.15 -3.7429 4.7248 0.3507 

SE(Sij} 8.4392 10.6849 3.7756 

Contd., 



Table 4.25 Contd., 

Capsules-branches 
Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------
Reciprocal effects of hybrids 

PI. 2 11.1700 -14.6500 -1.7500 
1.3 1.5150* 3.9650 2.7500 
1.4 -15.0650 1.1350 -6.9666 
1.5 1.8000 11. 8350 6.8166 
1.6 -0.4650 3.0500 1.2833 
1.7 0.9000 -0.5000 0.2000 
1.8 3.2150 10.2650** 6.7333** 
1.9 -1.0350 29.4700 14.9333 
1.10 -3.2200 -5.1350 -4.1666 
1.11 0.0650 -13.5650 -6.7500 
1.12 1.3300 7.1500 2.9000 
1.13 -4.4800 9.6150 2.5666 
1.14 1.4500 12.0700 5.3000 
1.15 -0.2000 2.6850 1.2500 
2.3 7.6500 -1.9350 2.8500 
2.4 1.1200 -5.4700 -2.1833 
2.5 2.7500 -6.4150 -1. 8333 
2.6 -3.3650 -0.6000 -1. 9833 
2.7 1.9650 10.0350 6.0000 
2.8 3.9700 -3.80 00 0.0833** 
2.9 7.4000 20.635 13.3833 
2.10 6.3000 -9.0150 -]. 3833 
2.11 11.4850 -4.8700 3.3166 
2.12 1.9850 7.7700 4.8853* 
2.13 -3.6300 -12.4150 -8.0166 
2.14 1.0000 -12.7850 -5.9000 
2.15 -10.8700 5.9650 -2.4333 
3.4 -2.8350 -1.4000 -2.1166 
3.5 -0.7500 -8.0850 -4.4166 
3.6 7.7300 -2.6500 2.1166 
3.7 6.6350 -12.6850 -3.0166 
3.8 0.0700 -7.1000 -3.5333 
3.9 6.9650 4.4500 4.1833 
3.10 -6.4650 ],8650 -2.3000 
3.11 3.8650 -3.9000 -0.0166 
3.12 -3.9650 2.1500 -0.9000 
3.13 -5.5300 -5.1000 -5.3166 
3.14 3.4350 0.9500 2.3666 
3.15 0.0650 4.9650 2.5166 
4.5 6.2350 1.1650 3.7000 
4.6 3.8200 2.6650 3.2333 
4.7 -0.8500 15.0000 7.3166 



Table 4.25 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Capsules-branches 

1981 Pooled 
summer 

-------------------------------------------------------------;--
P4.8 9.1000 7.9000 8.5000 

4.9 -5.8700 -5.3000 -6.0666 
4.10 4.9000 -2.5500 1.1833 
4.11 -0.1300 2.4650 1.1666 •• 
4.12 8.2650 12.5350 10.8166 
4.13 -2.3300 1.7500 -0.3000 
4.14 8.3300 1.6350 4.9833 
4.15 1.5350 0.0500 0.8000 
5.6 12.8650 -0.9700 3.4500 
5.7 -3.6500 -1.3150 -2.4833 
5.8 -0.2000 -6.0000 -2.9333 
5.9 0.0000 0.0000 -2.3666 
5.10 -3.5500 -15.3300 -9.4500 
5.11 0.9000 8.8350 -3.9500 
5.12 1.4700 0.0000 0.7333 
5.13 2.0850 -15.5650* -6.7500** 
5.14 -8.3300 -19.6000* -11.4666 
5.15 9.5350 -22.0000 -6.2166 
6.7 9.5000 -16.6300 -3.5500 
6.8 -8.6350 -1.2350 -4.8666 
6.9 -5.7000 12.0150 3.6166* 
6.10 1.9850 14.9500 8.4666 
6.11 -4.5700* -0.8350 2.7833 
6.12 -15.7850 7.065 -4.3166 
6.13 5.6200 4.2000 4.9166 
6.14 -2.8650 8.4350 2.7833 
6.15 -2.8800 1.7350 -0.5666 
7.8 -10.1700 6.5500 -1.8500.* 
7.9 -16.1000 -13.6550 -12.6000 
7.10 3.1000 14.3800 8.7500 
7.11 -10.1350 14.3150 -2.5000 
7.12 -9.4000 -3.7150 -6.5666 
7.13 6.0000 -0.6000 5.8833* 
7.14 -8.9350 -7.3650 -8.1500 
7.15 -12.6650 2.3850 -5.1333 
8.9 1.2700 0.2350 -3.9833 
8.10 -5.8700 5.3150 -0.2833 
8.11 3.2000 3.3700 5.5166 
8.12 2.2500 1.2650 1.7500 
8.13 4.3850 8.2700 6.2833 
8.14 10.4650 1.6650 4.3166 
8.15 -10.6350 1.2000 -4.7166 
9.10 -2.4200 5.9000 2.1333 
9.11 -5.9500 0.8300 4.3166 

Contd., 



Table 4.25 Contd., 

Capsules-branches 
Parents/ 
Hybrids 

P9.12 
9.13 
9.14 
9.15 

10.11 
10.12 
10.13 
10.14 
10.15 
11.12 
11.13 
11.14 
11.15 
12.13 
12.14 
12.15 
13 .14 
13.15 
14.15 

SE(rij) 

1980 
kharif 

12.3200 
-2.4650 

-12.3000 
0.0650 

-13.0000 
-3.7350 
-7.2650 
-2.2350 

5.3000 
2.6000 

-1. 9350 
-0.8300 
-1. 4650 

2.9150 
5.1350 

-0.8700 
-0.1000 
-7.2350 
-3.2300 

7.0490 

* Significant at 5 per cent level 
** Significant at 1 per cent level 

1981 
summer 

-4.4300 
5.1150 

-9.0000 
-2.6500 

-11. 2800 
-6.1700 

6.8650 
-2.7650 
-0.7350 
-5.2000 

5.2300 
-8.5350* 

-19.7350 
-2.8000 
-9.4300 

6.2300 
-5.6800 
-0.6500 

6.5500 

8.9248 

Pooled 

1. 5500 
2.5166** 

-10.9333 
-1.0666** 

-11.7000 
-4.9500 
-0.2000 
-2.5000 

2.2833 
2.2500 

-1. 4666 
-0.3000** 

-10.6000 
0.0500 

-2.1500 
-0.6500 
-2.9000 
-3.9333 
1.6666 

4.0350 



Table 4.26. gca. sca and reciprocal effects 

Capsules/plant 
Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif ~ summer 
----------------------------------------------------------------
gca effects of parents 

1 ** ** ** -7.5017 16.2638** 4.3894** 
2 -1. 9777 12.3944 5.2105 
3 0.3598** -3.1645 -1.3172** 
4 10.7768* -1.3005** 4.8305** 
5 -4.8714 -11.2828** -8.0883* 
6 -4.1684** 11.7388 3.5860* 
7 9.7645 -3.3805 3.1405 
8 -3.5727* 5.0391 0.7327** 
9 -4.9584 -3.5698* -4.1928 

10 2.4295 -7.0975 -2.3594 
11 1. 8318 2.6574* 2.2571* 
12 -0.5464* -5.7695 -3.1072** 
13 -6.6307 -3.2462 -4.4494 
14 4.1368* -0.5578** 1.1194 
15 5.3782 -8.7242 1. 7517 

SE (gil 2.3770 2.7792 1. 2905 

sca effects of hybrids 

PI. 2 8.0947 -8.4898 -0.2660 
1.3 9.2921 -15.1158 -2.2549 
1.4 6.1451 9.2702 7.8472 
1.5 2.6534 -5.4124 -1.4338 
1.6 12.9704 -3.7141 4.5417** 
1.7 -15.4925 -13.1798 -14.3460 
1.8 2.3247 -15.8994 -6.8549* 
1.9 -3.1195 22.9445 9.7705 
1.10 -2.8775 12.5522 4.8539* 
1.11 1.2201 18.7172 9.8872 
1.12 -8.2715 -9.8408 -7.4982 
1.13 -14.6172 4.1508 1. 9605 
1.14 1.6801 3.7275 -6.2916 
1.15 -2.4262 1.8838 -0.2538 

2.3 7.4531 -2.2614 2.4572 
2.4 -0.6488 -0.8754 -0.9071 
2.5 -1.9505 5.8918 1.9283 
2.6 -0.3835 -7.2798 -3.9127 
2.7 -1.4715 -0.6454 -1.0505 
2.8 -0.5642 0.0348 -0.3260 

Contd .• 



Table 4.26 Contd., 

Capsules/plant 
Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P2.9 -2.4485 3.0438 0.1661 
2.10 2.8684 4. 2915 3.5661 
2.11 6.0461 9.4215 8.4828 
2.12 7.1444 1.6935 4.3139 
2.13 -3.9912 7.5352 1.2228 
2.14 -13.4738 8.3518 -1. 9460 
2.15 -1.9502 -5.3968 -3.6582** 
3.4 3.1934 23.0335 12.8872** 
3.5 -1. 6882 -1.4841 -1. 7105 
3.6 -2.2262 -1. 4058 -1.9849 
3.7 1.0607 4.0685 2.4772 
3.8 -10.4368 -1. 2711 -5.9482 
3.9 9.0187 8.2228 8.4105 
3.10 -1. 7092 -5.4644 -3.7060 
3.11 6.0584 -10.5544 -2.4060 
3.12 -4.4982 -7.0124 -5.9416 
3.13 1.3138 9.0942 3.6839 
3.14 -2.0465 -2.6741 -1. 0016 
3.15 -2.1878 -1.5878 -1.9138 
4.5 -3.7052 11. 9368 3.9750 
4.6 -11.4382 -4.6348 -7.6160 
4.7 0.0237 2.2195 1. 0294 
4.8 3.6811 -6.6281 -1. 5627 
4.9 -11. 3982 -3.3911 -6.7538 
4.10 8.1437 1. 9515 5.3794 
4.11 2.5564 -20.3034 -9.0205 
4.12 2.2197 -1.1564 0.2439 
4.13 -3.2958 -7.4698 -6.0138 
4.14 -2.0985 12.3268 5.6339 
4.15 0.5951 -2.8218 -1.1782* 
5.6 4.9401 16.6125 11.3528 
5.7 6.0071 2.5818 4.3150 
5.8 -9.9055 5.5172* -2.2438* 
5.9 7.1101 -27.8438 -10.4849 
5.10 -2.7278 12.6838 4.9817 
5.11 -4.7102 2.5638 -0.9849 
5.12 -3.4318 -2.0091 -2.8205 
5.13 5.1524 -3.5324 0.2717 
5.14 8.5197 -9.2858 0.0861 
5.15 4.6434 10.0805 7.4072 
6.7 -2.9608 8.5952 2.7905 
6.8 -0.7085 0.2255 -0.3182 
6.9 1. 8921 7.6995 4.6405** 
6.10 -7.1608 -19.2578 -13.2594 

Contd. , 



Table 4.26 Contd., 

Capsules/plant 
Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P6.11 15.4667 1.8872 8.5239 
6.12 7.8501 2.6342 5.1050 
6.13 -1.9005 6.9458 1.9472 
6.14 -14.5682 -0.6774 -7.0382 
6.15 -6.7595 7.0538 0.1494 
7.8 -2.2415 -7.4481 -4.8394 
7.9 5.4791 0.1538 2.7361 
7.10 -0.5438 -7.4834 -3.9971 
7.11 5.4837 -5.3734 0.0528 
7.12 -4.3678 10.9685 3.2505 
7.13 11.9864 -9.9348 0.5261 
7.14 -1.1512 7.8768 4.0239* 
7.15 9.5374 10.9582 10.3283* 
8.9 6.7814 20.1492 14.1772 
8.10 8.1234 6.3268 7.1105 
8.11 2.1911 3.8718 2.9605 
8.12 0.9694 1.9688 1.3583 
8.13 2.4237 -2.9194 -0.7994 
8.14 -4.7118 10.1922 3.3483 
8.15 -2.0202 -9.8614 -5.9138 
9.10 1.8791 -1. 6641 -0.0305 
9.11 -11.1532 -1. 0141 -6.2805 
9.12 -2.1148 -9.6571 -6.0660 
9.13 0.9044 -3.2804 -1.8071 
9.14 3.6067 -17.4688 -6.3927 
9.15 4.8954 -14.2374 -4.7216 
10.11 11. 2387 7.7436 9.4528 
10.12 -8.4978 -9.1294 -8.8827 
10.13 -6.5835 -6.9178 -7.2738 
10.14 -6.4862 12.8088 3.8072 
10.15 13.1424 -10.9098 1.1617 
11.12 5.1997 10.9505 7.9672 
11.13 -1.1008 14.6572 6.2261 
11.14 4.6814 -3.0261 1.4905 
11.15 -15.1948 0.9582 -7.0882 
12.13 8.1074 -3.8808 1.5239 
12.14 10.8897 2.6308 7.3217 
12.15 2.4884 11. 0972 6.7594 
13.14 1.5091 -11.6574 -4.9527 
13.15 -2.9622 7.7855 1'.9994 
14.15 -4.4948 2.1438 -0.8649 

SE(sij) 11. 0218 12.8871 4.8409 

Contd. , 



Table 4.26 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Reciprocal effects of hybrids 

PI. 2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
4.5 
4.6 
4.7 

12.3350 
7.5300* 

-23.0000 
0.6000 

-0.6300 
-4.4500 

4.5700 
-4.4000 
-4.7700 
-3.0700 
-3.2000* 

-24.5700 
-14.1650 
-0.9000 

3.9850 
-1. 7300 
1.5500 

-3.7000 
-0.6350 

5.2650 
5.6650 

-5.0000 
12.4200 
-0.2000 
-4.5800 
-2.1350 

-14.5700 
-10.3500 

-3.6500 
11.6350 
10.0350 
-1.4000 

3.2000 
-2.0000 

7.9700 
-8.9650 
-7.4650 

-12.2300 
-2.0700 

5.0200 
7.5000 

-1. 3850 

Capsules/plant 

1981 
summer 

-21. 0350 
5.2500 
0.9000 

17.4350 
6.ll50 

-2.4300 
8.8700* 

31.2350 
-1.3850 

-18.5650 
9.3500 
9.6350 
5.7000 
3.5500 

-2.5650 
-5.5150 
-9.1300 
-1.7500 
10.9650 

-10.2650* 
21.9350 
-9.0150 
-7.6000 

9.9150 
-16.1500 
-12.0850 
11. 2000 
-3.6350 

-14.4650 
-3.2350 

-13.7500 
-8.4700 

3.0850 
0.8000 

-3.2650 
5.1200 

-7.3500 
1.7300 
5.1300 

-0.3200 
3.1300 

13.5350 

Pooled 

-4.3500 
6.6000* 

-ll.3500 
9.0166 
2.7333 

-3.4333 
6.7166** 

13.4166 
-3.1000 

-10.8166 
1.4000 
0.2833** 

-13.8333 
1.3333 
0.7000 

-3.6166 
-3.8000 
-2.7333 

5.1500 
-2.5000** 
13.8000 
-7.0000 

3.2666 
4.8666 

-10.3666 
-7.1000 
-1. 6833 
-6.9833 
-9.0666 

4.2000 
-1.8500 
-4.9833 

3.1500 
-0.6000 

2.3500 
-1. 9166 
-7.8333 
-6.0833 
1.5333 
2.3333 
4.7166 
6.0833 

Contd. , 



Table 4.26 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Capsul~s/plant 

1981 Pooled 
summer 

-------------------------------------------------------------;--
P4.8 11.8650 12.5550 12.1500 

4.9 -12.2000 -2.9350 -6.7000 
4.10 0.4700 -2.7200 -1.5666 
4.11 3.8150 6.0800 4.9500 
4.12 8.3700 10.1000 9.1500 
4.13 -5.5000 -0.0500 -2.7833 
4.14 -1.5350 -2.9350 -2.2333 
4.15 3.8700 1.8200 2.8500 
5.6 10.5700 -1.0650 5.4000 
5.7 -13.6500 -5.9150 -9.7833 
5.8 3~0300 -7.2000 -2.0833 
5.9 -5.8000 4.7000 -0.5500* 
5.10 -4.2500 -19.9000 -12.0833 
5.11 4.4300 -12.7350 -4.0000 
5.12 -3.2000 -5.1350 -4.1666 
5.13 -0.4300 -14.1350 -7.2833 
5.14 0.0350 -13.8000* -6.7333 
5.15 14.1300 -24.4000* -5.1166* 
6.7 1.8350 -22.1800 -10.1666 
6.8 -10.8800 -7.2700 -9.0833 
6.9 -10.8650 13.6650 1.5500 
6.10 -10.8300 16.9500 3.0500 
6.11 -3.6000* 12.2000 4.3166 
6.12 -20.8650 2.6000 -9.1333 
6.13 6.3000 6.5650 6.4333 
6.14 -5.0700 7.2300 1.0833 
6.15 -4.2800 1.5350 -1.3666 
7.8 7.2700 8.9850 8.1166 
7.9 -0.7350 -12.2000 -6.4666 
7.10 4.3000 14.5650 9.4333 
7.11 -13.2000 4.8300 -4.2000 
7.12 2.4300 3.3850 2.9000 
7.13 10.7000 6.7650 8.7333* 
7.14 -10.4700 -9.9350 -10.2000 
7.15 -13.4000 9.0500 -2.1666 
8.9 -4.2300 10.1150 3.7666 
8.10 -9.9000 6.9350 -1.4000 
8.11 5.9700 8.4350 7.2000 
8.12 -2.7000 -0.8350 -1.7666 
8.13 2.0000 4.0000 3.0000 
8.14 12.3000 7.6000 9.9500 
8.15 -13.9650 2.6500 -5.6500 
9.10 5.2700 1.8650 3.5333 

Contd., 



Table 4.26 Contd., 

Parents/ 
Hybrids 

P9.11 
9.12 
9.13 
9.14 
9.15 

10.11 
10.12 
10.13 
10.14 
10.15 
11.12 
11.13 
11.14 
11.15 
12.13 
12.14 
12.15 
13 .14 
13.15 
14.15 

SE(rij) 

1980 
kharif 

-11. 5000 
4.9000 
1.8350 

-11.3650 
0.6350 

-12.7200 
6.8650 

-10.4650 
2.4000 

-3.4000 
1.6650 

-3.8500 
-7.3700 
-4.4650 

3.5500 
-1. 4000 
1.3000 

-15.5350 
-5.1650 

0.2000 

9.2062 

* Significant at 5 per cent level 
** Significant at 1 per cent level 

Capsules/l'lant 

1981 
summer 

16.2000 
-11.8000 
13.3000 
-5.8000 
-2.4650 

-13.9000 
-2.4700 
1.3350 

-7.4800 
2.3350 

-4.6350 
-4.2650 
1. 8000* 

-28.0500 
-3.7000 

3.7700 
10.6000 
-3.3350 

0.1000 
11.7700 

10.7642 

Pooled 

2.4000 
-3.4500 

7.5666 
-8.5833 
-0.9166* 

-13.3000 
2.2000 

-4.5666 
-2.5500 
-0.5333 
-1. 5000 
-4.0500 
-2.7166** 

-16.2666 
-0.0833 
1.1833 
5.9500 

-9.4333 
-2.6500 

5.6500 

5.1735 



Table 4.27. gca, sca and reciprocal effects 

Seed yield 
Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------
gca effects of parents 

1 ** * -1. 4318 1.1210** -0.0694** 
2 0.0971 2.4113 1.1849* 
3 -0.3081** -0.3640 -0.4383** 
4 1.5751* -0.2750** 0.6671** 
5 -1.1965 -1.4150* -1.1972** 
6 -0.7231** 1.0040 4.9629** 
7 1. 7468 -0.5500 0.7294 
8 -0.1411 0.5663* 0.1794** 
9 -0.3985 -0.8916 -0.6483 .. 

10 -0.4295 -0.6736 -0.5105 .. 
11 0.9118 0.0970 0.5294 
12 -0.1438 -0.1510 -0.1461 
13 -0.6565 0.1836 -0.2417 
14 0.5104 -0.4236 0.0177 
15 0.5878 -0.6393 -0.0611 

SE (gi) 0.4561 0.3934 0.1838 

sca effects of hybrids 

P1.2 1.0898 -1.2506 -0.0882 
1.3 0.7951 -0.8403 0.5017 
1.4 0.3968 -0.0843 0.0794 
1.5 2.0335 -1.2093 0.2272** 
1.6 1. 0901 2.4016 1.9250 
1.7 -2.6898 -2.1093 -2.6160 
1.8 -0.9018 -0.6406 -0.8160 
1.9 -1.2944 1.7823 0.1783 
1.10 -0.2334 2.2643 0.8905 
1.11 -0.7248 0.9286 -0.0327 
1.12 -0.1691 -1.7733 -1. 0405 
1.13 0.2435 0.8570 0.4883 
1.14 1.1115 -0.4806 0.2662 
1.15 0.6141 1.5500 1. 0411 
2.3 0.5161 -0.7356 -0.1527 .. * 
2.4 3.0338 0.8253 2.0083 
2.5 -1. 0254 3.3333 -0.5105",* 
2.6 0.0161 -2.9186 -1. 9460 
2.7 -0.4588 -0.6796 -0.6205 
2.8 -0.0358 0.4540 0.3294 

Contd. , 



Table 4.27 Contd., 

Seed yield 
Parents/ ----------------------------------------
Hybrids 1980 1981 Pooled 

kharif summer 
----------------------------------------------------------------

P2.9 1.2915 0.2420 0.8739 
2.10 -0.0974 0.8240 0.3861 
2.11 -0.1538 0.0233 -0.0205 
2.12 1.4018 0.6513 1.0883 
2.13 -1.4554 0.1716 -0.5494 
2.14 -1.1874 0.8940 -0.0421 
2.15 -1.6148 1. 0746 -0.4466* 
3.4 0.1881 2.7706 1.5983 
3.5 -0.3751 -0.2543 -0.3038 
3.6 -0.4634 0.2216 0.1105 
3.7 -0.7534 1. 0406 0.1361 
3.8 -0.7604 -0.7056 -0.5971 
3.9 0.0268 0.7023** 0.4805 
3.10 0.4578 -6.6666 0.3094 
3.11 -0.9634 -0.2713 -0.5471 
3.12 1.0921 -0.1883 0.5617 
3.13 -0.5951 2.4420 1.0239 
3.14 -0.4471 -2.2156 -1. 2021 
3.15 1.1985 -0.9700 -1.1566 
4.5 -0.8934 0.1366 -0.4927* 
4.6 -1. 9318 -1.1323 -1.3949 
4.7 0.1631 -0.1283 -0.1527 
4.8 -0.3088 -1.8096 -1.0194 
4.9 -2.1914 0.5283 -0.8416 
4.10 0.2295 -0.8046 -0.3294 
4.11 -0.9168 -0.8253 -0.9027 
4.12 -0.0411 2.0226 0.9894 
4.13 0.0365 -1. 4970 -0.7316 
4.14 -0.8604 1.8753 0.5255 
4.15 1.9721 -1. 2840 0.4378 
5.6 0.1398 0.7576 0.5028 
5.7 0.6398 1. 7816 0.9783 
5.8 0.3578 0.5453 0.3783* 
5.9 0.4801 -3.3966 -1.5438 
5.10 -0.7688 0.9853 0.3850 
5.11 -0.3951 1.2846 0.3117 
5.12 -0.3894 1.6626 0.5539 
5.13 0.5581 -1.9520 -0.7838 
5.14 1. 7561 -0.9346 0.3400 
5.15 0.6861 1.5160 1.3355 
6.7 0.2665 1. 4776 0.8928 
6.8 -0.2304 -0.9036 -0.3905 
6.9 -0.8231 0.4343 -0.0627 

Contd. , 



Table 4.27 Cantd., 

Seed yield 
Parents/ -------------------------.--.~.------~-----
Hybrids 1980 1981 Pooled 

kharif .3Urlmcr 
--------------------------------------------------_._------------

P6.10 -0.7071 -:>.181(, -1.3318 
6.11 1.6665 -0.0693 •• 0.9094 
6.12 -0.9428 8.6666 -0.3316 
6.13 0.0348 0.8240 0.5972 
6.14 -1.9121 0.1963 -0.6955 
6.15 1.9755 1.8170 0.4667 
7.8 0.5495 -1.9346 -0.7816 
7.9 1.5268 -0.1466 0.5794 
7.10 0.6228 -1.5296 -0.6249 
7.11 2.4115 0.L496 1.1350 
7.12 0.0871 0.6176 0.2272 
7.13 0.5148 -2.4870 -1.0605 
7.14 0.8521 2.3853 0.6133. 
7.15 -1.0094 0.4060 1.5255 
8.9 0.4598 2.1220 1.3461 
8.10 1. 21 08 0.9390 1.0750 
8.11 -0.0304 0.1533 0.0683 
8.12 -0.8448 -0.6486 -0.7227 
8.13 1.1378 -0.7\33 0.2561 
8.14 -0.7641 1.3690 0.3800 
8.15 0.1735 -1.1803 -1.0744 
9.10 -1.2368 -0.1380 -0.7138 
9.11 -1. 6581 -0.1236 -0.9038 
9.12 -0.2674 -0.1456 -0.1949 
9.13 0.9451 -0.2453 0.3672 
9.14 0.8081 -1.2530 -0.1921 
9.15 1. 9008 -2.0923 -0.2632** 
10.11 2.7578 2.3733 2.5250 
10.12 -0.4364 -0.6436 -0.5660 
10.13 -0.2788 -1.5133 -0.9205 
10.14 4.1777 1.2090 0.6200 
10.15 0.8818 -1.8753 -0.4844 
11.12 1. 6721 -1.1843 0.2272 
11.13 -0.4501 0.4460 -0.143e 
11.14 0.1978 0.0433 0.1300 
11.15 -1. 8944 -0.3110 -0.6577 
12.13 -0.5244 0.1640 -0.1682 
12.14 1.3685 -0.4486 0.4889 
12.15 -1.3688 1.5870 0.0678 
13.14 -0.9788 -1.3483 -1.1155 
13.15 -0.1761 0.4823 0.0967 
14.15 -0.2581 -0.0553 -0.5710 

SE(Sij) 2.1154 1.8244 0.6896 



Table 4.27 Contd., 

Parents/ 
Hybrids 1980 

kharif 

Reciprocal effects of hybrids 

P1. 2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.10 
loll 
1.12 
1.13 
1.14 
1.15 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
4.5 
4.6 
4.7 

1.8200 
2.3800 

-3.0350 
0.7300 

-0.3000 
-0.3500 

0.4500 
-1. 0000 
-0.6300 
-0.5500 
-0.5800 
-1.1500 
-2.3850 
-0.3350 
-1.1300* 
-4.2700 
-0.4000 

0.1850 
-1.6500 
1. 8150 
2.6150 
0.3350 
0.9500 

-1. 2800 
0.6500 

-0.4850 
0.3350 

-2.5500 
-0.7850 

0.9000 
0.2500 

-0.7850 
-0.2850 

0.9850 
0.8650 

-2.6350 
-0.8650 
-1.1200 

2.7350 
0.9500 
1. 2850 
0.0500 

Seed yield 

1981 
summer 

-4.4650 
0.0000 

-1.3850 
0.0500 
2.1500 

-0.6150 
1.5000 
1. 2650 
1.5350 

-1. 5700 
0.0800 
1.9850 
0.4000 
2.0150 

* 

-1.6350* 
-3.1150 
-2.2500 
-0.6800 
-0.1350 

0.1150 
2.7850 

-1.8150 
-1. 4850 
-1.5350 
-1.8500 
-2.1350 
-1. 0700 

0.0150 
-2.0500 
-1. 2150 
-1.7500 
-1. 4200 
1.9700 

-0.4150 
1. 6150 
1.5500 

-3.0150 
-0.0200 

0.4500 
-1.3300 

0.1500 
1.5700 

Pooled 

-1.3333 
1.1666** 

-2.2166 
0.4000 
0.8000 

-0.4833 
0.9666 
0.1333 
0.4500 

-1. 0000 
-0.2500 

0.4166 
-0.9833 

0.8500* 
-1.6000** 
-3.7000 
-1. 2833 

0.4833 
-0.9000 

0.9666** 
2.7500 

-0.7333 
-0.2666** 
-1. 9000 
-0.6000 
-1. 3000 
-0.6500 
-1. 2666 
-1.4000 
-0.1500 
-0.7666 
-1. 0833 

0.8666 
0.3000 
1.2500 

-0.5500** 
-1. 9500 
-0.5500 

0.1500 
-0.1833 

0.7166 
0.7833 

Contd. , 



Table 4.27 Contd., 

Parents! 
Hybrids 1980 

kharif 

Seed yield 

1981 Pooled 
summer 

-------------------------------------------------------------;--
P4.8 2.3500 0.5650 1.4666 

4.9 -1.1500 1.3850 0.1166 
4.10 -1.1000 -0.9300 -1.0000 
4.11 1.1650 1.6200 1.4000 
4.12 2.6150 0.5800 1.6166 
4.13 -0.0200 -0.1650 -0.1000 
4.14 0.2500 -0.2000 0.0166 
4.15 0.0000 0.0350 0.0166 
5.6 2.4850 0.4300 1.4166** 
5.7 -2.7150 -2.3000 -2.5166 
5.8 2.7850 -0.1200 1.3333 
5.9 -1.1500 -0.2500 -0.7166* 
5.10 -0.1300 -1.9500 -1.4500 
5.11 -0.6150 -1.9500 -1.2833 
5.12 0.2350 0.5800 0.4166 
5.13 0.0700 -1.4000 -0.6500 
5.14 0.8650 -1.7500 -0.4333 
5.15 -0.1700 -2.9850 -0.5833 
6.7 0.0150 -1.5150 -0.7666 
6.8 -1.4000 -1.3500* -1.3666 
6.9 -0.5800 3.4700 1.4333 
6.10 -0.8650 2.6000 0.8666 
6.11 -0.2200 1.7850 0.7833 
6.12 -0.1850 -1.5850 -0.9000 
6.13 1.2500 -1.0650 0.1000 
6.14 -1.2000 0.4000 -0.4000 
6.15 3.1650 0.7650 0.3500 
7.8 0.4500 1.3350 0.9000 
7.9 2.0000 -0.7350 0.6333 
7.10 1.5350 0.5000 1.0333 
7.11 -2.9350 0.7500 -1.1000 
7.12 2.0150 1.2000 1.6166 
7.13 3.2700 -0.0500 1.6000 
7.14 0.1300* -1.8650 -0.8000 
7.15 -3.9500 1.8000 0.8333 
8.9 1.1150 -0.0800 0.5166 
8.10 -0.8350 -0.9150 -0.8833 
8.11 0.7350 0.0000 0.3500 
8.12 -0.8350 -0.5500 -0.6833 
8.13 1.5650 0.2300 0.9000 
8.14 2.2300 -0.0650 1.0833 
8.15 -0.6150 0.7700 -0.7666 
9.10 -0.7000 1.4800 0.4000 
9.11 -2.1800 1.6300 -0.2833 

Contd., 



Table 4.27 Contd., 

Parents! 
Hybrids 

9.12 
9.13 
9.14 
9.15 

10.11 
10.12 
10.13 
10.14 
10.15 
11.12 
11.13 
11.14 
11.15 
12.13 
12.14 
12.15 
13 .14 
13 .15 
14.15 

SE(rij) 

1980 
kharif 

2.2150 
-0.5850 
-1.8850 
-1. 2150 
-0.4350 
-1. 4850 
-1.0000 
-0.2500 

0.2350 
-0.7000 
-0.5300 
-1. 8150 
-0.4700 

0.3000 
-1.3000 
-0.4700 
-1.5000 

0.1800 
0.9650 

1. 7670 

Siynificnat at 5 per cent level 
*. Significant at 1 per cent level 

Seed yield 

1981 
summer 

-2.3350 
1.9300 

-0.3150 
0.1000 
1.2200 

-1. 0150 
1.1500 

-1. 6350 
-0.7350 
-0.4850 
-0.1500 

0.1000 
-1.1700 
-1. 4000 
1. 4000 

-1.2800 
0.7350 
0.8500 
1.3650 

1. 5239 

Pooled 

-0.0500 
0.6833 

-1.0833 
-0.7666 
-1. 3166 
-0.2500 

0.1000 
-1. 2000 

0.2833 
0.1500 

-0.1166 
0.8500 

-0.3833 
-1. 3500 
1. 3333 
0.7666 

-0.4000 
0.4000 
0.7083 

0.7370 
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Table 4.34. Test of wr. Vr by t 2 test 

--------------------------------------------------?---------
Character Season t- value 

Plant heiyht kharif 
summer 
pooled 

Days to first flower kharif 
summer 
pooled 

Capsules on main axis kharif 
summer 
pooled 

Capsules on branches kharif 
summer 
pooled 

Capsules/plant kharif 
summer 
pooled 

Seed yield kharif 
summer 
pooled 

Siynificant at 5% level 
** Significant at 1% level 

1980 0.0486** 
1981 10.0176 

2.1308 

1980 0.0428 
1981 0.0219 

0.0243 

** 1980 5.7035 
1981 0.0205 

0.1748 

1980 0.7941 
1981 0.6848 

0.011 7 

1980 2.5460 
1981 2.9411 

0.11 76 

1980 2.0641 
1981 0.7089 

1.2678 
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Table 4.36. Estimate of genetic parameters (Plant height) 

Parameter 

D 

F 

HI 

H2 

h 2 

E 

(H ID)1/2 
1 

H2/4Hl 

KD/KR 

2 
h IH2 

Heritability 
(NS) (% ) 

r(Wr .:t Vr), Yr 

!. 

1980 
kharif 

251.557 
.:t 7.755 

101.083 
.:t 17.233 

59.527 
.:t 14.407 

29.541 
11.633 

57.536 
!. 7.770 

39.421 
.:t 1. 938 

0.486 

0.123 

2.407 

1. 953 

69.6 

0.545 

** 

** 

** 

* 

** 

** 

* 

Significant at 5% level 
** Significant at 1% level 

1981 Pooled 
summer 

** ** 187.628 145.001 
.:t 19.360 + 6.344 

** 30.385 NS 49.193 
.!:. 43.022 .:t 14.098 

** * * 103.924 31.803 
!. 35.967 !. ] 1. 786 

** ** 
101.650* 22.958 

!. 29.041 !. 9.517 

** ** 66.424 68.714 
2: 19.398 2: 6.357 

** ** 62.275 26.030 
.:t 4.840 + 1.586 

0.744 0.468 

0.244 0.180 

1. 244 2.135 

0.653 2.992 

56.1 66.7 

** 0.418 0.794 



Table 4.37. Estimate of genetic parameters (Days to first f10wel 

Parameter 

D 

F 

HI 

H2 

h
2 

E 

(H /D)1/2 
1 

H/4Hl 

KD/KR 

h 2/H 2 

fIeri tabili ty 
(NS) (% ) 

r(Wr .:!: Vr), 

.:!: 

.:!: 

.:!: 

.:!: 

.:!: 

.:!: 

Yr 

1980 
kharif 

** 13.826 
0.700 

** 4.453 
1. 555 

** 3.661 
1. 300 

** 2.708 
1. 050 

0.383 NS 
0.701 

** 1.836 
0.175 

0.514 

0.184 

1.911 

0.141 

73.7 

** 0.735 

Significant at 5% level 
** Significant at 1% level 

.:!: 

.:!: 

.:!: 

.:!: 

.:!: 

.:!: 

1981 
summer 

** 13.609 
0.712 

** 5.874 
1. 582 

** 3.714 
1. 322 

* 2.366 
1. 068 

0.294 NS 
0.713 

** 1. 597 
0.178 

0.522 

0.159 

2.407 

0.124 

73.9 

* 0.673 

.:!: 

... 

.:!: 

.:!: 

.:!: 

.:!: 

Pooled 

** 13.466 
0.727 

** 5.257 
1. 616 

** 3.646 
1. 351 

* 2.473 
1. 091 

0.369 NS 
0.728 

** 1. 605 
0.181 

0.520 

0.169 

2.200 

0.149 

74.5 

** 0.704 



Table 4.38. Estimate of genetic parameters (Capsules-main stem) 

Parameter 

D 

F 

HI 

H2 

h 2 

E 

(H /D)1/2 
1 

H2/4Hl 

KD/KR 

h
2
/H 2 

Heritability 
(NS) (% ) 

r(Wr :!:. vr), 

* 
** 

:!:. 

:!:. 

:!:. 

:!:. 

.:!::. 

:!:. 

Yr 

1980 
kharif 

** 92.363 
18.333 

13.263 NS 
40.739 

40.259 NS 
34.059 

40.767 NS 
27.500 

6.349 NS 
18.369 

** 31. 752 
4.583 

0.660 

0.253 

0.803 

0.155 

62.3 

** 0.702 

:!:. 

:!:. 

:!:. 

:!:. 

.:!::. 

Significant at 5% level 
Significant at 1% level 

1981 
summer 

** 258.052 
10.363 

** 408.126 
23.029 

** 231. 603 
19.253 

** 66.874 
15.545 

** 62.866 
10.383 

** 16.197 
2.590 

0.947 

0.072 

11.100 

0.940 

31.1 

** 0.899 

Pooled 

** 93.904 

:!:. 5.513 

** 85.587 
:!:. 1 2.252 

** 56.458 
+lO.243 

** n.652 
:!:. 8.270 

** 30.410 
:!:. 5.524 

** 11. 778 
:!:. 1.378 

0.775 

0.126 

3.851 

1.061 

60.5 

** 0.823 



Table 4.39. Estimate of genetic parameters (Capsules-branches) 

Parameter 

0 
.±. 

F 

.±. 

HI 
.±. 

H2 
.±. 

h 2 

.±. 

E 

1980 
kharif 

** 145.149 
19.178 

* 92.272 
42.617 

** 97.970 
35.728 

** 74.843 
28.768 

** 119.680 
19.215 

** 
57.316 

.±. 

.±. 

.±. 

.±. 

.±. 

1981 
summer 

** 375.100 
33.001 

136.565 NS 
73.333 

** 184.825 
61.307 

** 159.435 
49.502 

** 49.125 
33.065 

** 84.362 
.±. 4.794 .±. 8.250 

(H /0)1/2 
1 

0.831 

H2/4H1 0.190 

KO/KR 1. 599 

h
2
/H 2 2.262 

Heritability 39.8 
(NS) (% ) 

** 
r(Wr .±. Vr), Yr 0.807 

* Significant at 5% level 
** Significant at 1% level 

0.701 

0.215 

1. 700 

2.816 

61. 0 

** 
0.771 

Pooled 

** 224.872 
.±. 10.060 

** 
136.375 

.±. 22.355 

** 
132.671 

.±. 18.689 

* 91.898 
.±. 15.090 

** 278.673 
.±. 10.079 

** 33.811 
+ 2.515 

0.768 

0.173 

2.304 

3.032 

65.6 

** 
0.912 



Table 4.40. Estimate of genetic parameters (Capsules/plant) 

Parameter 

0 

F 

HI 

H2 

h 2 

E 

(H /0)1/2 
1 

H2/4Hl 

KO/KR 

h2/H2 

Heritability 
(NS) (% ) 

r(Wr :!: Vr) , 

* 

Yr 

:!: 

:!: 

:!: 

:!: 

:!: 

1980 
kharif 

** 
154.558 

22.028 

79.455 NS 
48.949 

27.331 NS 
40.992 

7.482 NS 
33.042 

31.613 NS 
22.070 

** 
103.614 
:!: 5.507 

0.420 

0.068 

4.225 

4.144 

34.6 

0.032 

:!: 

:!: 

:!: 

:!: 

:!: 

Significant at 5% level 
Significant at 1% level 

1981 
summer 

** 203.130 
26.399 

4.674 NS 
58.661 

** 193.645 
49.042 

** 154.585 
39.598 

** 
148.814 

26.450 

** 
124.339 
:!: 6.599 

0.976 

0.199 

0.976 

0.962 

49.8 

0.150 

:!: 

:!: 

:!: 

:!: 

:!: 

Pooled 

** 60.941 
11.035 

24.825 NS 
24.521 

** 
61.849 
20.500 

* 
41.880 
16.552 

** 94.655 
11. 056 

** 55.472 

=-
2.758 

1. 007 

0.169 

1. 506 

2.260 

33.5 

** 
0.726 



Table 4.41. Estimate of yenetic parameters (Seed yield) 

-------------------------------------------------------------
Parameter 1980 1981 Pooled 

kharif summer 
-------------------------------------------------------------

** ** ** D 3.880 5.252 1. 875 
.:t 0.481 .:t 0.727 .:t 0.315 

* 
F 0.441 3.334 1. 052 

.:t 1. 069 .:t 1.616 .:t 0.700 

** * 
HI 0.079 4.429 1. 236 

.:t 0.894 = 1. 351 = 0.581 

** 0.151 H2 2.996 0.774 
.:t 0.721 = 1.091 = 0.472 

h 2 0.253 0.569 0.246 
.:!:. 0.482 = 0.728 = 0.315 

** ** E 2.779 2.315 1. 265 
.:t 0.120 .:t 0.181 .:t 0.078 

(H /D)1/2 
1 0.142 0.918 0.811 

H2/4Hl 0.477 0.169 0.159 

KD/KR 1.677 2.056 2.055 

h2/H 
2 2.324 0.190 0.318 

Heri tabili ty 37.7 41. 9 33.6 
(NS) (% ) 

r(Wr .:!:. Vr) , Yr 0.048 0.150 0.260 

-------------------------------------------------------------

* 
** 

Siynificant at 5% level 
Siynificant at 1% level 
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CAPSULES / MAIN STEM 1981 SUMMER 

I.... 

~ 

240~ 
200 

160 

120 

80 

40 

Wr Vr Graph 

b; 0·973t 0·074 

Q-::0·188 

/ 

/ 
/ 

/ 

/ . 
/ 9 

40 80 120 160 200 240 
Vr 



Fig.21. 

CAPSULES / MAIN STEM POOLED 

Wr Vr Graph 

L.... 

~ 

100 ,-
/ 

80 

60 

b,.0·896 t 0·095 
40 Q:·6·199 

20 

20 40 60 80 100 
Vr 



Fig.22. 
CAPSULES / MAIN STEM 1980 KHARfF 

Wr Wr' Graph 

b: 0 ·465" 0·030 

80 

60 

40 

20 

o 20 40 60 80 100 120 
\11/ r 



Fig.23. 

CAPSULES / MAIN STEM 1981 SUM MER 

Wr Wr' Graph 

b" 0·095±0·008 

.. 
!..... 

S 

40 

30 '12 ,II 
'7 

20 
5, 

010 
·4 '13 

10 
,3 

. , 
'14 'I~ 

• 8 
,2 

---r--'~--

_; 10 20 30 40 50 60 
Wr 



fig.24.CAPSULES / MAIN STEM POOLED 

Wr Wr' Graph 

l-

S b= 0·229tO· 021 

40 

30 

20 
.~ 

' .. 
10 

o 10 20 30 40 50 60 70 
Wr 



Fig.25. 
CAPSULES / MAIN STEM 1980 KHARIF 

Standard ised deviation graph r (Wr+ VrL Yr .. 0.702· 
1·0r-----------------~~------------~--

R 
. l 9 ,I • ,. 

0·8 

0·6 

0·4 

02 
..... 
> 
+ 0 
'-

~ 

-0·2 

-0·4 

-0·6 

•• 
-0·8 

• 2 

-1· 0 

ecesslve ow Recessive high 

·s 

,Dominant low 

-o·a -0-6 -0-4 -02 o 
Yr 

" . 

·,s 

Dominant high 

0·2 0·4 0-6 0-8 

., 



1·0 

0·8 

0·6 

0·4 

02 
.... 
~ 0 
s 
~ 0·2 

-0·4 

~0·6 

~0·8 

Fig 26. 
CAPSU LES / MAIN STEM 1981 SUMM ER 

Standardisec1 deviation graph r (Wr+ Vr)~ Yr ·0·899 • 

Recessive low Recessive high 
, 

" 

. " _ 7 

·12 

.oj 
·5 

.I~ .. 
.J -, ., 

·1 

• If .I 

Dominant low Dominant high 

-1· 0 -O·S -0·6 -0·4 -0·2 0 02 0·4 OB 0·8 1" 
. Yr 



fig.27. CAPSULES / MAIN STEM POOLED 

Standardised deviation graph r (Wr+Vr), Yr .. 0·0823·· 
',0 

0·8 

0·6 

0·4 

0-2 
..... 
> 
~ 0 
~ 

-02 

-0'4 

-0'6 

-OB 

" 

2 • 

Recessive (ow 

• 13 

• 3 

• 8 . I' 

, , 
Dominani (ow 

I 

-1·0 -0-8 -0-6 -0'4 -0,2 

• • Recessive high 
•• 2 

? • 

10 

" 

,0 

." 

Dominant high 

o 02 0·4 0-6 De 1 ·0 
Yr 



Fig.28. 

CAPSULES / BRANCHES 1980 KHARIF 

Wr Vr Graph 
L.. 

~ 

160 
b", 0·9771: 0·158 

140 a:: 13·401 
/ 

• 5 
/ 

/ 
/ 

120 / 
/ 

/ 
/ 

,I 

100 / 
/ 

/ 12 ' / 
/ 

/ 

80 ,I 

• 4 / 
/ 

/ 

/ 

60 / 
/ 

/ • II 
/ 

/ 

40 
/ 

/ '7 ,I., .... 
• 13 / 

/ 
/ •• t 

20 / 9 '3 
/ 

.r; .6 

0 20 40 60 80 100 120 



Fig.29. 

CAPSULES / BRANCHES 1981 SUMMER 

Wr Vr Graph 

L b; 0·838 t 0·100 
~ 

a= 33·249 

480 " / 

/ 

40 

320 

240 

160 

80 
• 1 

r-' 

0 80 160 320 400 480 560 



Fig.30. 

CAPSULES / BRANCHES POOLED 

240 

200 

160 

120 

80 

40 

Wr Vr Graph 

b:: 0·981 ~ 0·062 

a:: 8· 635 

40 80 120 160 200 240 



80 

60 

40 

20 

Fig.31. 

CAPSULES / BRANCHES 1980 Kharif 

I 
Wr Wr Graph 

b:: Q'258:!: 0-024 

f"i -.. . , 

o 20 40 60 80 100 



Fig.32. 

CAPSULES/BRANCHES 1981 SUMMER 

I 

Wr Wr Graph 

b= 0328! 0·029 

400 

320 

240 

. 
9 160 

80 

--,,--'---,---'-.----r---.-------,-

o 80 160 240 320 400 480 



Fig.33. 

CAPSULES/ BRANCHES POOLED· 

I 
Wr Wr Graph 

b = 0·319! 0·029 
... 

120 

80 

40 

40 80 120 160 200 240 



I.... 

> 

1·0 

0-8 

0.(3 

0·4 

02 

~ 0 
~ 

~0·2 

~0·4 

-0·6 

-o'S 

Fig.34. 

CAPSULES / BRANCHES 1980 KHARIF 

Standardised deviation graph r (Wr"Vr).1 Yr.O·a07·' 
6, , 10 

12 Recessive [ow Recessive high 

·11 4 

"7 

·t 

·z 

·3 

·tJ ., 
Dominant low Dominant high ., I. ,. 

+0 -o·a -0-6 -O·L. -0,2 0 0·2 0'4 015 0-8 1· 
Yr 



Fig.35. 

CAPSULES / BRANCHES 1981 SUMMER 

Standardised deviation graph r(Wr .. Vr) Yr·0·771· 
7 

1·0 " , 
Recessive low Recessive high 

0-8 

0·6 

0·4 
10 

II , • 13 

0-2 
'II, ... 

> 
t 0 ' 12 

~ 

-02 
'4 

'7 

-0,4 

-0,6 , I~ 

'J " 
-0·8 

Dominant low Dominant high 
8' 

-1'0 -0-8 -0·6 -0'4 -0'2 0 0·2 0'4 0·6 0·8 
Yr 



Fig.36. 

CAPSULES / BRANCHES POOLED 

stan dard ised deviation graph r (Wr+ Vr), Yr.0·912·" 
1-0 9 • 

Recessive low -II Recessive high 
0·8 -.t 

0·6 

0·4 

02 
I.... 

> 
+ a I-

~ I) • 7 

-02 

-0,4 

-0,6 
I~ , . 

-0-8 8-

Dominant low Dominant high 
,.f 2. 

-1-0 -0-8 -0,6 -0'4 -0-6 0 0-2 0·4 0-6 0-8 
Yr 



';)·vl. 

CAPSULES PER PLANT 1980 KHARIF 
L. 

S 
20 Wr Vr Graph 

180 b=0·907:t 0·291 

160 
0=9·075 

/ 
/ 

/ 140 / 
/ 

/ 

'" / 

120 
/ 

'" 
'" II -

/ 

011 / 
/ 100 "-

'5 h 

80 '4 9- '15 ·10 

60 '14 

'7 

40 

20 
-2 

a 20 40 60 80 100 120 
Vr 



Fig.38. 

CAPSULES PER PLANT 1981 SU MMER 

Wr Vr Graph 

b: 0·777 ± 0·086 

I- a ·18·626 
3= 

420 
, 

t' 
/ 

/ 
/ 

360 / 

300-

240 

180 

120 . , 

60 

----,-

240 300 360 
\ 1-



120 

100 

80 

60 

40 

20 

Fig.39. 

CAPSULES PER PLANT POOLED 

" I 
" ,Iii 

/ 13 .. 14 
• a ." 

/( .1 
~ - ·r~ _ .. --;--

'1,. 

Wr Vr Graph 

• 11 

" .10 

b'" 0·803 t 0·140 

Q,,15'494 

• II 

/ 
/ 

Q 20 40 80 80 100 120 
Vr 



Fig.40. 

CAPSULES PER PLANT 1980 KHARIF 

Wr Wr' Graph 

b .. O·183tO·0159 

, 
!..... 

S 

80 

60 

40 
"1 . " 

20 

-. --__.,.. \ ""--'--" I .--.~.-. 

o 20 40 50 80 100 120 



Fig. 41. 
CAPSULES PER PLANT 1981 SUMME 

Wr Wr' Gra ph 

b.: 0 ·3251 0·031 

.. 
s.... 

~ 

200 

150 . 
9 

100-
·11 

.12-

50 

-,..----r----r-"--r-------..---

o 50 100 150 200 250 300 
Wr 



Fig.42. 

CAPSULES PER PLANT POOLED 

Wr Wr'Graph 

b::: 0·194tO·018 

40 

30 
.12 9" 

20 " 10 

l~ 
13' • '1 

10 ·2 

0 10 20 30 40 50 60 
Wr 



Fig. 43. 

CAPSULES PER PLANT 1980 KHARIF 

Standardised deviation graph r( Wr-tVr),Yr.O·032 
1'O~II~----------------~~~------~-------

Reces s ive low Recessive high 

0·8 10 • 

• 12 

0·6 
~ 

0·4-

0·2 
9 

I.-

> 
• 0 l.-s: 
- 0·2 

-04 

-0-6 

-0·8 

.13 

Dom i nant low 
f 

., 
•• 

Dominant. high 

-1' 0 -0,8 -0,6 -0'4 -0-2 0 02 0'4 O'S O·S 
Yr 



Fig.44. 

CAPSULES PER PLANT 1981 SUMMER 

Standardised deviation graph r(Wr+ Vr)J Yr·O-150 
1'0r-~--------------~~~------~------

n • Recess ive low Recessive high 
0-8 

0·6 

0·4 - J~ 

_ J~ 

0·2 
'-
> -, 
+ 0 .... . J. 
~ 

-02 

-0'4 
It 

- 3 

-0·6 ., 
-11 

-0-8 ·7 

Dominant low Dominant high .j 

-1·0 -0'8 -0'6 -0-4 -0'2 0 02 0-4 0-6 0-8 

Yr 



Fjg.45. 

CAPSULES PER PLANT POOLED 

Standard i sed deviation graph r( Wr+ Vr), Yr·O· 72 
1·0 J, • , 

Recessive high Recessive low 
0·8 

o·s-

0·4 
.(1 

J' 

0·2 
I.... '0' > 0 ... 
~ 

~ 
-0·2 

-0·4 

. ,~ 
-O'S . , , . 

.,i 
-0-8 

Dominan~ low Oom i na nt high 
7' I " 

+0 -0-8 -0-6 -0'4 -02 0 02 0-4 0-6 0·8 
Yr 



Fig.46. 

SEED YIELD 1980 KHARIF 

Wr Vr Graph 

b= 0·538± 0·148 
l..... 

a:: 0·744 S' 

6·0 /" 

" " " 
5'0 " / 

/ 
/ 

4'0 
/ 

/ 
/ 

/ 

" 10 

3'0 / 
/ • 7 

• I~ 

2·0 '11 

1·0 • lit 
" 

f) 
20 30 40 50 60 \ 1 ' 

'" 
I ,,) 

Vr 



L... 

S 

5 

3 

2 

o 

t-I9.47. 

SEED YIELD 1981 SUMMER 

Wr Vr Graph 

b:: 0,749 + 0·259 

a :: 0 ·169 

/ 
/ 

/,,.. 
J. ' •• 

II. ,/ 8 
/ 

/ 
/ 

12,. ,. ·1 

,,-
/ , 

/ 

/ 
/ 

'9 

,. 
/ 

/ 

• 13 

,. ,. 

,. ,. 

2'/ '10 ,. 
/ 

2 3 4 5 6 



3·0 

2,5 

2·0 

1·5 

1·0 

0·5 
/ 

Flg.48. 

SEED YIELD - POOLED 

Wr Vr Graph 

b ·0-377 ~ 0 019 
Cl: 0·782 

/ 

" " • 9 

• 'Z • 4 

" 
14 • .15 • II • 10 

• I 

/ 6' • 7 

/ , , 

/ 
./ 

" / 

, 
" 

/ 

" 

/ 
/ 

o L_ ... _-, -.. --I 

1 0 '20 30 
\J .. 



Fig.4Q. 

SEED yrELD 1980 KHARIF 

/ 
Wr Wr Graph 

b= 0·328 f 0 -029 

3·0 

2·5 

2'0 

1·5 

',0 

05 

05 10 15 20 25 30 35 
Wr 



1-19. ~u. 

SEED YIELD 1981 SUMMER 

Wr Wr' Graph 

b= 0·231 :!: 0·021 

i 

JOl 
I 

2·0 

. 
13 

.10 

lO ." 
'8 

'4 
" 

... l· 

2· ',2 

- 0 - ~-~~~--~~-~ ~-------,---~--.-----

1· 0 2·0 3·0 
\A1r 



Fig.51. 

SEED YIELD - POOLED 

Wr Wr' Graph 

b: 0'183! 0·016 

0·8 

0·6 

0·4 

0·2 

o 4-0 8·0 1 ·2 
\Alr 



Fig.52. SEED YIELD 1980 KHARIF 

standardised deviation graph r (Wr+ Vr), Yr .. OO{).41 
I. 

" Recessive low Recessive high 
Q·8 

0·6 

0·4 -2 

_II 

. , 
0·2 

~ ~ 

> ,l 

+ 0 '-
~ 

-02 

-0,4 

-0·6 

-0'8 
Domi nant low ·8 Dominant high 

Ii ;J 

-1-0 -o·e -0'6 -0'4 -0-2 0-2 0-.4 0-6 o-e 
Yr 



F19.53 
SEED YIELD 1981 SUMMER 

Standard ised deviation graph r (Wr+Vr).1 Yr:: 0·158 

,,0 ~9 ---------.,.-----------: 

Recessive low Re:essive high 

08 

0·6 

04 

02 
._ • 10 

> 
~ 0+----------------4-----------
3: ., 

-02 , 
.11 

-0·4 

• I~ 

-0·6 . (f 
• It 

-0-8 ... 
Dominant low Dominant high , 

-I· 0 -o·e -0-6 -0'4 -02 0 0-2 0·4 O·S OB 
Yr 



Fig.54. SEED YIE LD - POOLED 

Standardised deviation graph r (Wr+ Vr) Yr· 0,261 , 
t·o 9 

Recessive low Recessive high 

OB .. 

0·6 

0·4 
-3 

0·2 
'-
> 
+ a I.... 

3: 

-02 

-0'4 
'11 

.1/ 

-0·6 

-0·8 
Dominant low -,. Dominant high .. ,_, -7 

-1·0 
-0 S -0 6 -0 J. -02 0 0·2 0'4 Cl'6 O~ 

Yr 



FREQUENCY DISTRIBUTION 
OF F2 SEGREGANTS FOR 

FIVE CHARACTERS 



Fig.55. 

PLANT HEIGHT 
KRR2 x TMV6 

700f~-O'P-
600 

600 

300 

200 

42-48 70-'" 88-104 128-82 

Height (em) 

188-74 



Fig.56. 

PLANT HEIGHT 
KRR2 x S.i.2277 

Number of plante 
1000~----~---------------------. 

800 

600 

Height(cm) 



Fig.57. 

PLANT HEIGHT 
KRR2 x S.i.2631 

Number Df plants 
1000~----~----------------____ ~ 

800 

600 

400 

200 

Height(cm} 



Fig.56 

PLANT HEIGHT 
TMV6 x S.i.2631 

Number of plaat8 
800r-----------------------------~ 

600 

400 

200 

68-82 In-8T 

Height(cm) 

128-32 181-87 



Fig.59. 

PLANT HEIGHT 
SJ.2141 x S.i.2631 

Number of planta 
700 

600 

600 

400 

300 

200 

100 _ .... 

o 
1-4-20 

._ ...... _.-

._ 

_.1 
42-48 77-83 

Height(cm) 

1.-
ft2-ft8 1-47-163 



Fig.50. 

PLANT HEIGHT 
Sj.2340 x S.i.2631 

Number of plante 
700~----~------------------------' 

600 

500 

400 .......... . 

300 f·· 

200 

100 

Height(cm) 



Fig.61. 

CAPSULES-MAINSTEM 
KRR2 X TMV6 

Number of plants 
1200~----~------------------~ 

1000 

800 

800 ..... 

400 

200 

o -
0-6 

1.-
21-26 48-60 71-76 88-100 

Capsules number 



Fig.62. 

CAPSULE MAINSTEM 
KRR2 X S.i.2277 

Number of plant a 
1200~----~-----------------' 

1000 

71-76 86-100 

Capsules number 



Fig.53. 

CAPSULES MAINSTEM 
KRR2 x S.i.2631 

Number of plants 
2000r-----~--------------------~ 

1500 

1000 

500 

o 
0-1 21-26 48-60 71-76 

Capsules number 



Fig.54. 

CAPSULES MAINSTEM 
TMV6 x S.i.2631 

Number of plants 
1400~----~----------------~ 

1200 

1000 

800 

600 

400 

200 

0-6 21-26 

Capsules number 

46-60 



Fig.65. 

CAPSULES MAINSTEM 
S.i.2141 x SJ.2631 

Number of plants 
500~-------------------------' 

400 

300 

200 ........ . 

100 .... 

0
1
-

0-6 
: .... _---

21-26 ~e-60 71-76 88-100 

Capsules number 



Fig.66. 

CAPSULES MAINSTEM 
S.i.2340 x S.i.2631 

N .. ~um~b~e~r_of~p_la_m_a ________________ _ 
500~ 

400 

300 

200 

100 

21-26 71-76 88-100 

Capsules number 



Fig.57. 

CAPSULES branches 
KRR2 x TMV6 

Number of planta 
1200~----~------------------~ 

138-160 

Capsules number 



Fig.56 

CAPSULES branches 
KRR2 x S.i.2277 

Number of plants 
1000~-----------------------' 

138-160 

Capsules number 



Fig.69. 

CAPSULES branches 
KRR2 x S.i.2631 

N __ =um=b~e~r~O~f~pl~an_t_. ______________ ~ 
1400~ 

1200 

1-115 81-715 

Capsules number 
188-1150 



Fig.70 

CAPSULES branches 
TMV6 x SJ.2631 

Number of plants 
1200~----~------------------, 

1000 

800 

81-76 

Capsules number 

138-160 



Fig.71. 

CAPSULES branches 
S.i.2141 x S.i.2631 

N .. u=m=b~e_r~Of~p~la=n~tB ________________ ~ 
2600r-

2000 

1-16 81-76 

Capsules number 

138-160 



Fig.72. 

CAPSULES branches 
S.i.2340 x S.i.2631 

Number of plantB 
2000~~--~-----------------' 

81-76 138-160 

Capsules number 



Fig.73. 

CAPSULES plant 
KRR2 x TMV 6 

Number of plants 
700,-----~------------------__, 

600 

500 

400 

300 

200 

100 

1-20 101-120 

Capsules number 



Fig.74. 

CAPSULES plant 
KRR2 x S.i.2277 

Number of plants 
600r-----~------------------_, 

500 

400 

300 

200 

1-20 101-120 

Capsules number 



Fig.75. 

CAPSULES plant 
KRR2 x S.i.2631 

Number of plants 
1000~~~~--------------

Capsules number 



Fig.76 

CAPSULES plant 
TMV6 x S.i.2631 

Number of plants 
1200~----~----------------~ 

1000 

800 

600 

400 

200 

o 
1-20 101-120 

Capsules number 



c-. """7 
I Ig.1 . 

CAPSULES plant 
S.i.2141 x S.i.2631 

Number of plants 
1600,-----~--------------------

1-20 

Capsules number 



Fig.7B. 

CAPSULES plant 
S.i.2340 x S.i.2141 

Number of plants 
1800,--------------------------~_, 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

o 
1-20 101-120 

Capsules number 



Fig.79. 

SEED YIELD 
KRR2 x S.i.2277 

Number of planta 
1000~----~-----------------, 

800 

600 

400 

200 

o 
0-1.6 .01.61-8.0 

Seed yield(g) 



Fig.SQ. 

SEED YIELD 
KRR2 x TMV 6 

Number of plants 
1200~----~-------------------, 

1000 

800 

600 

0-1.6 4.61-8.0 

Seed yield(g) 



Fig.81. 

SEED YIELD 
KRR2 x S.i.2631 

Number of plants 
1400.-----~------------------_, 

1200 

1000 

800 

600 

400 

200 

0-1.6 4.61-8.0 10.61-12.00 

Seed yield(g) 



Fig.82. 

SEED YIELD 
TMV6 x S.i.2631 

Number of plants 
1400,--------------------------

1200 

1000 

800 

600 

0-1.6 -4.61-8.0 

Seed yie\d(g) 



Fig.83. 

SEED YIELD 
S.i.2141 x S.i.2631 

Number of plants 
2000~----~-----------------, 

1500 

1000 

0-1.6 4.61-6.0 10.61-12.00 

Seed yield(g) 



Fig.Sit. 

SEED YIELD 
Sj.2340 x Sj.2631 

Number of plants 
2000.-----~------------------

1500 

1000 

500 

0-1.6 4.61-8.0 10.61-12.00 

Seed yield(g) 


	00001.tif
	00002.tif
	00003.tif
	00004.tif
	00005.tif
	00006.tif
	00007.tif
	00008.tif
	00009.tif
	00010.tif
	00011.tif
	00012.tif
	00013.tif
	00014.tif
	00015.tif
	00016.tif
	00017.tif
	00018.tif
	00019.tif
	00020.tif
	00021.tif
	00022.tif
	00023.tif
	00024.tif
	00025.tif
	00026.tif
	00027.tif
	00028.tif
	00029.tif
	00030.tif
	00031.tif
	00032.tif
	00033.tif
	00034.tif
	00035.tif
	00036.tif
	00037.tif
	00038.tif
	00039.tif
	00040.tif
	00041.tif
	00042.tif
	00043.tif
	00044.tif
	00045.tif
	00046.tif
	00047.tif
	00048.tif
	00049.tif
	00050.tif
	00051.tif
	00052.tif
	00053.tif
	00054.tif
	00055.tif
	00056.tif
	00057.tif
	00058.tif
	00059.tif
	00060.tif
	00061.tif
	00062.tif
	00063.tif
	00064.tif
	00065.tif
	00066.tif
	00067.tif
	00068.tif
	00069.tif
	00070.tif
	00071.tif
	00072.tif
	00073.tif
	00074.tif
	00075.tif
	00076.tif
	00077.tif
	00078.tif
	00079.tif
	00080.tif
	00081.tif
	00082.tif
	00083.tif
	00084.tif
	00085.tif
	00086.tif
	00087.tif
	00088.tif
	00089.tif
	00090.tif
	00091.tif
	00092.tif
	00093.tif
	00094.tif
	00095.tif
	00096.tif
	00097.tif
	00098.tif
	00099.tif
	00100.tif
	00101.tif
	00102.tif
	00103.tif
	00104.tif
	00105.tif
	00106.tif
	00107.tif
	00108.tif
	00109.tif
	00110.tif
	00111.tif
	00112.tif
	00113.tif
	00114.tif
	00115.tif
	00116.tif
	00117.tif
	00118.tif
	00119.tif
	00120.tif
	00121.tif
	00122.tif
	00123.tif
	00124.tif
	00125.tif
	00126.tif
	00127.tif
	00128.tif
	00129.tif
	00130.tif
	00131.tif
	00132.tif
	00133.tif
	00134.tif
	00135.tif
	00136.tif
	00137.tif
	00138.tif
	00139.tif
	00140.tif
	00141.tif
	00142.tif
	00143.tif
	00144.tif
	00145.tif
	00146.tif
	00147.tif
	00148.tif
	00149.tif
	00150.tif
	00151.tif
	00152.tif
	00153.tif
	00154.tif
	00155.tif
	00156.tif
	00157.tif
	00158.tif
	00159.tif
	00160.tif
	00161.tif
	00162.tif
	00163.tif
	00164.tif
	00165.tif
	00166.tif
	00167.tif
	00168.tif
	00169.tif
	00170.tif
	00171.tif
	00172.tif
	00173.tif
	00174.tif
	00175.tif
	00176.tif
	00177.tif
	00178.tif
	00179.tif
	00180.tif
	00181.tif
	00182.tif
	00183.tif
	00184.tif
	00185.tif
	00186.tif
	00187.tif
	00188.tif
	00189.tif
	00190.tif
	00191.tif
	00192.tif
	00193.tif
	00194.tif
	00195.tif
	00196.tif
	00197.tif
	00198.tif
	00199.tif
	00200.tif
	00201.tif
	00202.tif
	00203.tif
	00204.tif
	00205.tif
	00206.tif
	00207.tif
	00208.tif
	00209.tif
	00210.tif
	00211.tif
	00212.tif
	00213.tif
	00214.tif
	00215.tif
	00216.tif
	00217.tif
	00218.tif
	00219.tif
	00220.tif
	00221.tif
	00222.tif
	00223.tif
	00224.tif
	00225.tif
	00226.tif
	00227.tif
	00228.tif
	00229.tif
	00230.tif
	00231.tif
	00232.tif
	00233.tif
	00234.tif
	00235.tif
	00236.tif
	00237.tif
	00238.tif
	00239.tif
	00240.tif
	00241.tif
	00242.tif
	00243.tif
	00244.tif
	00245.tif
	00246.tif
	00247.tif
	00248.tif
	00249.tif
	00250.tif
	00251.tif
	00252.tif
	00253.tif
	00254.tif
	00255.tif
	00256.tif
	00257.tif
	00258.tif
	00259.tif
	00260.tif
	00261.tif
	00262.tif
	00263.tif
	00264.tif
	00265.tif
	00266.tif
	00267.tif
	00268.tif
	00269.tif
	00270.tif
	00271.tif
	00272.tif
	00273.tif
	00274.tif
	00275.tif
	00276.tif
	00277.tif
	00278.tif
	00279.tif
	00280.tif
	00281.tif
	00282.tif
	00283.tif
	00284.tif
	00285.tif
	00286.tif
	00287.tif
	00288.tif
	00289.tif
	00290.tif
	00291.tif
	00292.tif
	00293.tif
	00294.tif
	00295.tif
	00296.tif
	00297.tif
	00298.tif
	00299.tif
	00300.tif
	00301.tif
	00302.tif
	00303.tif
	00304.tif
	00305.tif
	00306.tif
	00307.tif
	00308.tif
	00309.tif
	00310.tif
	00311.tif
	00312.tif
	00313.tif
	00314.tif
	00315.tif
	00316.tif
	00317.tif
	00318.tif
	00319.tif
	00320.tif
	00321.tif
	00322.tif
	00323.tif
	00324.tif
	00325.tif
	00326.tif
	00327.tif
	00328.tif
	00329.tif
	00330.tif
	00331.tif
	00332.tif
	00333.tif
	00334.tif
	00335.tif
	00336.tif
	00337.tif
	00338.tif
	00339.tif
	00340.tif
	00341.tif
	00342.tif
	00343.tif
	00344.tif
	00345.tif
	00346.tif
	00347.tif
	00348.tif
	00349.tif
	00350.tif
	00351.tif
	00352.tif
	00353.tif
	00354.tif
	00355.tif
	00356.tif
	00357.tif
	00358.tif
	00359.tif
	00360.tif
	00361.tif
	00362.tif
	00363.tif
	00364.tif
	00365.tif
	00366.tif
	00367.tif
	00368.tif
	00369.tif



