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INTRODUCTION 



Chapter-I 

INTRODUCTION 

Maize (Zea mays L,), is the third leading cereal in the world and is 

cultivated widely either for domestic use or commercial purposes on varied 

climatic conditions up to 3800 m above mean sea level and 58 0 N to 40° S 

latitude (Hallauer and Miranda, 1988). Predominantly, it is a crop of tropical and 

subtropical areas but can be cultivated successfully under temperate climatic 

conditions. One such example js its cultivation in dry temperate regions of 

Himachal Pradesh. Maize grains and/or stalk are used for food, feed. fodder 

and even fuel. Apart from domestic consumption, it also provides raw materlal 

for the production of several industrial products. 

In India the average yield of maize is very low (17.21 q/ha) in 

comparison to developed countries like New Zealand and Jtafy where its average 

yield is as hig h as 96 q/ha (Anonymous 19999
). Though, several factors 

contribute to higher yield s in developed countries, cultivation of hybr~ds is one of 

the most important factors in enhancing the yield per unit area of maize in these 

countries (Anonymous. 1990). 

In Himachal Pradesh, maize is a principal food crop occupying an 

area of 0.31 million hectare with a total production of 0.62 million tonnes. 

Although average maize yield in H. P. is higher (19.90 q/ha) than the national 

average (17 .21 q/ha) (Anonymou s, 1999b ), yet there is a con siderable scope for 

yield improvement in this crop keeping in view ~ts yield potential. Major 



2 

constraint for realization of full yield potential in the state is the lack of the 

availabHity of high yielding varieties/hybrids suitable for cultivation in diverse 

agroclimatic conditions of H.P. Due to availability of large genetic _9iversity of 

maize jn the state, the farmers are used to cultivate its 'ocal composites. Of 

late, the private companies have initiated cultivation of high yielding and drsease 

resistant hybrids in the state, however, the release of these hybrids for 

cultivation without adequate testing for their adaptability in its· diverse 

agroclimatic conditions have inhibited the realization of desired high yieJds. On 

the other hand the larger use of such hybrids may lead to the depletion of 

valuable local germplasm available in the state, which represents high genetic 

variability for different characters. Maize growing areas of the state have thei r 

own composites developed naturally since ages and represents separate gene 

pools. Unfortunately limited efforts have been made to use this germplasm for 

maize 'mprovement programme and no high yielding hybrid has been developed 

till date through the exploitation of this local gene pool. 

Selection of the parents is the most important factor in the initiation 

of any hybrid breeding programme aimed at the development of hrgh-yielding 

hybrids/varieties. Combining ability analysis js one of the most important 

concepts in quantitative genetics which aids in the selection of desirable inbreds 

to be used for the development of superior hybrids/varieties. Further, the 

knowledge of gene action helps in the formulation of an efficient breeding 

programme armed at improving yield potential through its components. Extensive 

utilization of heterosis in maize has resulted in the deve'opment of superior 

hybrids throughout the worJd. but in H.P~> a large part of the locally adapted 

germplasm remains to be exploited for the development of high yielding hybrids 

with adaptability to 'ocal conditions. 
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Seed vigour determines the potential revel of activity and performance 

of the seed or seed lot during germination and seedling emergence in the 

establishment of plant stand. Among many seed vigour tests t accelerated aging 

and osmotic stress test that determi ne the capability of seeds to germ inate 

under stress conditions which reflect high field emergence ultimately leading to 

high yields. However, results on different vigour tests can be combined together 

to have better prediction of field emergence under varied sowing conditions. 

Keeping these factors in view. the present study was proposed to be 

undertaken with the following objectives: 

i) to determine combining ability effects and gene action for some seed 

quality and yield parameters, 

ii) to estimate the extent of heterosrs and identify the most promising hybrid 

combfnation(s) for commercial exploitation, and~ 

iii) to determine the association of different seed quality traits with field 

emergence. 
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Chapter-II 

REVIEW OF LITERATURE 

The relevant reports pertaini ng to various aspects of the present 

study, are briefly reviewed under the following sub heads: 

2.1 Combining ability 

2.2 Gene action 

2-3 Heterosts 

2.4 Seed vigour and correlations 

2.1 Combining ability 

Identification of superior parents is of paramount importa nce for the 

development of superior varieties/hybrids_ Dh ilion (1975) stated that the wrong 

choice of parents might undo an efficiently planned and well executed 

programme. In the past quarter century, quantitative genetics and advanced 

biometrical mOdels like dialle!, partial dialleJ and line X tester have played a 

leading roJe in providing basic Information regarding the genetic make-up of 

different polygenic traits .. 

Sprague and Tatum (1942) were the first to give clear-cut explanation 

of the concept of combining ability. They defined general combjning ability "as 

the average performance of a line in a number of hybrid combinations't and 

specific combining abjlity "as the cases in which certain combinations did 

relatively better or worse than would be expected on the basis of average 

performance of the lines involved". 
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Diallel system provides reliable information on the components of 

variance, and on gca and sea variances and effects. Thus, it helps in the 

selection of suitable parents for hybridization as well as in the choice of 

appropnate breeding procedures. Griffjng (1956~) has given four different 

methods for diallel analysis depending upon the material used in the 

expe rimentation. 

Matzinger and Kempthorne (1956) showed that estimates of general 

comb'ning ability (gca) include additive genetic variance and portion of the 

additive based higher order epistatic variance and the estimates of specific 

combining ability (sea) variance include dominance and other portion of epistatiC 

variance. Estimation of additive and dominance genetic varIances can be 

obtained from a diarlel cross only in the absence of epistasts. 

The gca and sea have been reported to be important for agronomic 

and yield characters. Khristova (1975) reported both gca and sea to be high 

and important for ear length jn maize. Dhillon and Singh (1976) and Mason and 

Zuber (1976) concJuded that gca was more important than sea for days to 75 

per cent silk, plant height, ear placement height, ear length, ear girth, grainsl 

ear and leaf area/plant. 

Shalla and Khehra (1977) in a 10 X 10 diaUel reported that gca and 

sea were signrficant for grarn yield, 500-grain weight, ear length, ear g;rth, ear 

placement height. plant height and days to 75 per cent silk. All the characters 

exh i bi led add i ti ve genet i c effects. 

Singh el al. (1979) reported higher gca effects than that of sea for 

early silking, dwarfness. ear length, 500-grain weight and grain yield/plant. De 

Loughery and Crookstone (1979) reported both gca and sea effects to be 

important for harvest index. 
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Debnath et al. (1983 a , 1983b ) registered inbred 857 Ht (V8A) as the 

best combiner for yield and yield contributing traits studied followed by line 382 

SynB and Aust25. The hybrid A2077 X CM400: Tenn 29 showed desirable 

significant sea effect for grain yield and days to 75 per cent silk. Qadh et al. 

(1983) observed that gca and sea effects were highly significant for ear length. 

ear girth. ear placement height and grains/ear under drought conditions. 

Nawar and EI- Hosary (1984) reported high gca effects for ear girth 

and sea effects for grain yield per plant, days to 75 per cent silking. ear length, 

grains per ear, ear height and plant height. Oebnath and Sa rkar (1987<1) in a 10 

inbreds diallel observed that 849 was the best general combiner for yield and 

other characters, followed by 382SynB. The crosses, Aust25 X 849 and Kmr25 

X 382Syn B showed high sea effects for yieJd. 

CM500 was found to be good general combiner for grain yield and 

other yield components followed by CM105 and CM110, whereas CM500 X 

CM4QO and CM111 X CM400 were good specific combinations (Prasad et a/., 

1988). Debnath et al. (1988) in half diallel found inbred P9 as a good general 

combiner for most of the characters like grain yield, ear girth, grains/row, ear 

length exce pi 9 ra i n rows/ea rand 1000-9 rai n weight. The crosses P 1 X P 7, P 2 

X P8, P3 X P4 and P8 X pg showed desirable significant sea effects for grain 

yield and some other characters viz., ear girth. grains/row and ear length. 

Singh et at. (1989) reported the parents, R7 and Kanpur 54-79 as the 

best generat combiners for yield and dry teaf weight under two different 

environmental conditions. Beck et a/. (1990) in a djallel analysis involving 10 

parents found significant gca for grain yield, plant heightt ear height a nd days 

to silking while sea was significant only for ear height. 'n another study high 
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sea effects for yield per plant in the hybrids of Rg II with M36, M25 and M30 

and K64 with M54 and M36 were observed by EI-Hosary and Sedhom (1990). 

Perez et al. (1991) in a diallel experjment involving a set of crosses 

concluded that AG 103. XL670 and Tucma85 had highest gca for yield, whereas 

highest sea effects were shown by the hybrids XL670 X GS510s, AG 1 03 X 

Tropico327, 4F37 X BG012 and BG012 X XL670, indicating the involvement of 

one high yielding parent with high gca. Ivanov (1991) concluded that the lines 

Sh 14402 and C 10302 had high gca for grain yield in a 7 parental diallel cross. 

Mahajan at al. (1991) found parental strains J54, CM202, J617 and 857 as 

good general combiners for plant growth/day and leaf increase/day. M ustyatsa 

at al. (1991) reported lines viz., MKR30, MKR40, MKR38, MKR46, MKR41 and 

1866/80 to be good general combiners for grain yield, green matter yield and 

low grain moisture in a diallel study. 

Dass at a/. (1992) reported the parents K-719 t L-709, K-710 and K-

725 to be good general combiners for harvest rndex. Sharma and Bhalla (1993) 

in a diaUel study reported that parents H98 t CM205, V55-B and V57-B were 

mostly good general combiners for grain yield/plant, leaf area/plant, germinatfon 

and poHen shed period and best specific comb.nations found were V50-8 X 

CM205. V20-B X V50-B. V57-B X A-654, V20-B X V57-B and H-98 X CM-205. 

Jha (1993) in 12 parental diallel observed Phil DMR Comp4, M12(W), 

Suwan 2(W) and Jogia Local as the good general combiners for yield. Ferrao 

et al. (1994) evaluated 20 inbred fines in a partial diafleJ manner (100 hybrids), 

using a single 10 X 10 lattice design with two replications over three locations. 

The combined analysis showed sjgnificance for the interactions of hybrids and 

for gca and sea with locations. 
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Villanueva et al. (1994) reported the lines P3288, M355, 8810, P5G7 

and 883 as good general combiners and the crosses viz .. 883 X PSO?, P3288 

X 0356 and P3288 X HV313 as good combinations for yield. Sedhom (1994a) 

found that parental line M R4 was the best combiner for grain yield/plant, ear 

length and s1lking date. The highest sea effects were recorded in the crosses. 

K64 X G224D for grain yield/plant and ear diameter; G224 0 X MR5 for ear 

rength; GSO? X MR5 for number of rows/ear; G251 B X MRS for plant height; 

GSO? A X K64 for ear height: and GS07A X G251 B for silking date. Sed hom 

(,994b) in a diallel study reported that Moshtohor (M)26 was the best combiner 

for silking dale; M24 for plant height, ear height and number of rows/ear; and 

M13 for grain yield/plant. The good specific combinations were observed in the 

crosses M32 X M99 for silking date and plant height; M 13 X M24 for ear length, 

number of grains/row and grain yield/plant~ M12 X M26 for ear diameter~ M13 X 

M32 for number of rows/ear; and M 12 X M32 for 1 CO-grain weig ht. 

AIt.nbas (1995) in a half-diallel study involving 6 inbred lines, 

suggested that the best crosses would be obtained from combinations of 

parents w~th negative and high gca effects for days to silking and ear height. 

Kalita at a/. (1995) tou nd good genera I comb in er parents as L 1 for 

days to 50 per cent tasselling and leaf area; E2 for days to 50 per cent silking. 

ear height and leaf area I and Ageti-76 for days to 50 per cent silking and plant 

height. Pratap X Ageti-76 was good specific combination for fresh weight of 

cobs, E2 X Ageti-76 for fresh weight of cobs and days to 50 per cent silkjng 

and L 19 X Ageti-76 for days to 50 per cent tasselling. leaf area and total 

number of cobs, Thus parents with high gca estimates did not always give rise 

to offspring with high sea. 
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Nagda et al. (1995) in a 6 X 6 diaUel cross reported that parents 

SL T - 52 and S L T - 54 were good gen eral combiners for days to 50 pe r cent silk. 

ear length. number of grains/row and .,OO-grain weight; and SLT-56 for days to 

50 per cent silk, number of grains/row and 1 DO-grain weight. Good specific 

crosses identified were SLT-51 X SLT-52, SLT-51 X SLT-55, SLT-S1 X SLT-56 

and SL T ~52 X SL T -53. Mathur and Bhatnagar (1995) in a partia1 diallef study 

involving 20 inbred lines evaluated in 11 X 11 single lattice design reported that 

inbred 17 had high gca effects for grain yield/plant, ear length, ear girth and 

100-kernel weight and was also early in silking. lnbreds 13. 17, 111, 118 and 119 

were good general combiners for earliness in silking. 

I smail (1996) wh ile studyi ng combining a bitity for days to ta sselling. 

days to silking and grain yield/plant reveaied differences between genotypes 

and. genotype X sowing date interaction for aU traits like maturity. grain yieJd, 

protandrOU5 interval etc. Spaner et al. (1996) found that gca was significant for 

time to silking. p~ant height, grain yield J ear size and sea was significant for all 

traits except ear size. 

Sinha and Mishra (1997) in a dianel mating design indicated that the 

crosses Navin X Populat;on 26 showed highest sea effect for ear height, and 

Suwan 1 x Pool 18 for plant height and ear 1ength. and 0765 X Kiran for ear 

height, ear length ear diameter and plant height. Popu1ation 26 gave high gca 

effects for ear height. Oass et al. (1997) through dialler analysis in two different 

situation s, viz.. winte rand summer sea sons revealed that K-729 an d K- 725 

were the best general combiners for gra~n yield and 1 aO-seed weight and K~613 

and K-720 for grain yield in both the seasons. Studies on sea effects indicated 

that most of the superior crosses were between parents with high X low, high 

X high and high X medium combining parents suggesting that the involvement 
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of one good general combiner appears to be essential to get the beUer specific 

com b i nation. 

Mathur at aJ. (199B) revealed significant gca variance for days to 

silking. ear length, ear girth, number of rows/ear, number of kernels/row, shelling 

per cent and grain yield/plant in normal and stress environments and significant 

sea variance for ear length and shelling per cent in normal environment and 

grain yield/plant in stress environment. Singh at a/. (1998) in a half diallel 

crosses of 10 X 10 maize inbred lines reported that parents MS1 DR-20, TEM­

DMR Pool 3-(57) and eM 400 had high negative gca effects; TEW-OMR Pool 

C3(S6) X TEW-DMR PooI3-(S7) and MS1DR-30 X TEM-DMR Pool 3-(87) had 

high negative sea effects for days to tasselling I silking, husk browning and 

plant and ear heights. Tulu and Ramachandrappa (1998) based on estimates of 

gca effects revealed that Abo-Bako and A-511 were best parents for earliness, 

low ear placement and short plant height, Abo-Bako was also appropriate parent 

for grain yield. KCB X Abo-8ako and 8ako composite X A-511 were best 

combinations for earliness I low ear placement. short plant height and 9 rai n 

yield. Joshi et a/. (1998) reported that inbred line X
2 
W-3232-1-1-1-1 was good 

general combiner for grain yield, oil content. protein and starch, while inbred 

Pop. 30-5029 for all except oil content, inbred X. W-1527 -2-2-1-1 for quality and 

1 OO-grain weight~ and inbreds CD (W)-113-2-1 ~2-1 and X
2 
W-3527 -2-2-1-1 for oil 

content along with grain yield and 1 aD-grain weight. Cross Pop. 30-5044-2 X 

CD(W)-113-2-1-2-1 exhibited significant sea effects for oil content, grain yield 

and 1 DO-grain weight. Gul et al. (1998) on the basis of gca effects, kisan was 

the best general combiner for earliness and low grain moisture content. Sarhad 

White X Toxpino C6 was' the best combination for grain yield (5927 kg/ha). 
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2.2 Gene action 

Knowledge of gene action and relative importance of genes in 

determining different agromorphological characteristics is important for the 

success of any breeding programme. Hereditary variance is partitioned into three 

components viz., additive, dominance and epistatic. which results from average 

effects of genes and intra and inter~alleUc interactions. Wright (1935) defined 

these three components as additive genetic variance, variance due to 

dominance and variance due to deviation from the additive which is due to the 

interaction of non-allelic genes. Johnson (1973) reported that genetic variability 

for grain yield in single ear plant is attributable to additive and non-additive 

genetic variances, expressed through yield components. The role of epistasis in 

controlling grain yield/plant was reported by Pollak et a/. (1957). 

Both additive and non-additive gene action have been reported by 

different workers for important characters in maize. For example Bhalla and 

Khehra (1977) for ea r ci rcumference; Bonaparte (1977) fo r days to 50 per cent 

siJking; Krolikowski (1977) for ear placement height and grain yield/plant; Pal st 

a/. (1986) and Vedeneev and Zhuzhukin (1986) for 100-seed weight: Ramesha 

(1988) for days to sHktng and days to tasselling. 

Bhalla and Khehra (1980) reported both additive and non-addftive gene 

action for days to 50 per cent silking and ear length and non-additive for grain 

yield/plant. Rood and Major (1980) reported additive gene action for days to 50 

per cent tasselling; and Verma and Singh (1980) for grain yield/plant. Ahuja 

(1980) re po rted no n- ad d itive gene actio n for kerne I s/row_ 

Murthy et al_ (1981) reported additive gene action for days to 50 per 

cent tasselling and silking, and non-additive for grain yield/plant. Martin (1981) 

reported both additive and non-additive gene action for grain yield/plant and 
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Saha (1981) for ear length, ear diameter and epistasis for days to 50 per cent 

silking_ 

Sanghi et al. (1982) reported additive gene action for number of kernel 

rows/ear and grain yield/plant. Yang (1982) reported both additive and non­

additive gene action for grain yield/plant. Ahuja at al. (1983) reported both 

additive and non-additive gene action for ear diameter and epistasis for days to 

50 per cent silking, 1 DO-seed weight, ear length ear diameter, kernel rows/ear, 

kernels/row and grain yield/plant. Qadri at a/. (1983) reported additive gene 

action for ear placement height, ear diameter, number of kernel rows/ear and 

both additive and non-addiBve effects for ear length. Singh et al. (1983) 

observed additive type of gene action for plant height. 

Non-additive gene action was reported by Genowa (1984), Pinto at al. 

(1985) and Stuber at al. (1987) for ear length and 100-seed weight. Kimani 

(1984) had also observed non-additive gene action for 100 seed weight and 

significant gca variance but nonsignificant sea variance for graiin yield/plant. 

Similar results were also reported by Kubecova and Vozda (1985) for grain 

yield/plant. 

Guo at a/. (1986) reported non-additive gene action for days to 50 per 

cent tasselling and grain yieJd/plant. Hemalatha (1986) reported additive gene 

action for ear placement height and both additive and non-additive gene action 

for plant height and days to 50 per cent tasselling. Nawar (1986) reported 

additive type of gene action for plant height, ear placement height, ear length, 

ear diameter. kernel rows/ear. grain yield/plant. Additive gene action was also 

reported by Pal et a/. (1986) for days to 50 per cent silking, ear length, ear 

drameter, kernel rows/ear and grain yield/plant; and Zambezi et a/. (1986) for 

ear placement height. 
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Genov (1987), Liao at al. (1987) and Wu (1987) reported non-additive 

gene action for grain yield/plant. Complete dominance to over dominance was 

reported by De bnat hand Sarka r (1987) for ear d iamete rand Kerne I rows/ea r. 

Debnath et a/. (1988) observed both additive and non-additive gene 

action for kernel rows/ear and kernels/row. Hallauer and Miranda (1988) reported 

additive gene action for plant height, ear length, ear diameter and grain yield! 

plant. 

J ha and Si n h a (1989) reported th at add itive and non-ad d iti ve gen e 

effects were important for grain yield, germination percentage and reaf yellowing. 

Leon at al. (1989) reported additive gene action for 1 aD-seed weight. Beck et 

a/. (1990, 1991) observed additive gene a ction for p tant he ig ht a nd days to 50 

per cent tasselling. Crossa et a/. (1990) reported additjve gene action for plant 

height and non-additive for grain yield/plant. Debnath and Sarkar (1990) reported 

non-additive gene action for 1 aD-seed weight and additive for grain yield/plant. 

Additive gene action for ear length, gra~n yield/plant and additive as well as 

non-additive gene action for ear diameter were reported by Sanjay Swarup (1990). 

M ahaj an and Kh ehra (1991) repo rted additive gen e acti on for p I ant 

height and ear placement height. Cosmin at a/. (1991) while evaluating 45 single 

cross hy brids derived from a 10 pa rents d iall el, re ported additive gen e acti 0 n 

for grain yield and grain moisture content at harvest. 

Addjtive type of gene action for plant height, days to 50 per cent 

tasselling was reported by Vasal at al. (1992, 1993a, 1993b). Jha and Khehra 

(1992) emphasized the role ot non-additive genetic variance in the inheritance 

of grain yield. Damborsky et a/. (1994) reported that grain yield, grain moisture 

content and stalk strength were conditioned by additive as well as non-additive 

gene action. 
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Kal ita et a/. (1995) reported that gca/sca ratio was 1.48 for days to 

50 per cent silking, suggesting additive components were more important, but 

non-additive components appeared to be more important for days to 50 per 

cent tasselling, leaf area, ear height, plant height etc. in the lines L 1, L 19, E1, 

E2 and Ageti-76. Mathur and Bhatnagar (1995) revealed a major role for additive 

gene effects for days to tasselling and silkin9. Magnitudes of additjve and 

dominance variances were nearly equal for days to brown husk and leaves! 

plant. 

Turgut at at. (1995) reported that dominance as well as additive gene 

effects were important for grain yield, ear diameter. ear length, number of grain 

rows and 1 aD-grain weight. However, dominance component of genetiC variance 

was more important for all traits studied except 1 aD-grain weight. On the other 

hand Altinbas (1995) found add itive effects to be more' important than non­

additive ones for days to silking and ear he~ght. 

Ismail (1996) reported that lines Rg21, Rg24 and G251 B appeared to 

possess dominant genes for grain yield. Narrow-sense heritability was low for 

days to tasselting and silking, protandrous interval and grain yreld/plant. 

Dass at al. (1997) through diallel analySiS in two different situations, 

viz.. winter and summer seasons revealed that higher magnitude of gca 

variances in both the seasons indicated the predominance of additive and 

additive X additive epistatic components, which were fixable. 

Mathur et a/. (1998) reported preponderance of additive gene effects 

in the expression of days to silking, ear length, ear girth, rows/ear, kernels/row, 

shelling per cent and grain yield/plant. Tulu and Ramachandrappa (1998) were 

observed no significant sea effects for ear height and pia nt height indicating 

lack of non-additive gene action for these traits. Further, gca variance was 



15 

higher than sea variance indicating the importance of additive gene actran in 

controrling grain yield, ear height, plant height and days to 50 per cent silking. 

j oshi et a/. (1998) revealed that the ratio of additive/non-additive 

genetic variance was preponderance of non-additive gene action in the 

expression of yield per plant, protein and starch content, while for oil content 

and 100-gr:ain weight there was preponderance of additive gene action. 

2.3 Heterosis 

Heterosis, usually considered to be synonymous with hybrid vigour, is 

one of the most important factors for the success of the maize industry. Hybrid 

vigour is known since the concept of hybridization came into existence. 

Koelreuter (1766) was the first to describe hybrid vigour in plants. Later on, 

Beal (1880) made extensive use of controfJed cross pollination in breeding corn 

and gave the concept of "varietal hybrid". East (1909) gave genetic nature of 

hybridization. Shull (1909) gave genetic explanation of hybrid vigour in maize 

and laid the foundations for a more comprehensive understanding of heterosis. 

Bru ce (1910) reported th at hybrid vi gou r is due to the pre sen ce of dom in ant 

genes in the hybrid. Jones (1917) extended this concept of dominant favourable 

factors to include linkage. The concept of divergent alleles was given by East 

(1936). Stuber et a'. (1973) reported that interaction of non alleles may be an 

important factor in the type of heterosis found in many maize single crosses. 

Khanna et al. (1993) reported that for yield, heterosis is dependent on the 

environment and hybrid vigour help in efficient utilization of environmental factor. 

Heterosis in maize has been described extensively for several agromorphologicaJ 

characters such as yield, grain weight, flowering, tasselling, ear length etc. Literature 

available on heterosis for various characters js reviewed as under: 
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High heterosis for early tasselling was reported by Hassaballa at aJ. 

(1980L for ear length, 100-grain weight and grain yield by Verma and Singh 

(1980); for ear placement height a nd plant height by Paterniani (1980): for ear 

length and plant height by Moreno-Gongalez and Dudley (1981); and for plant 

height and bioJogical yield by Simeonov (1983). 

Akhtar and Singh (1981) reported average heterotic response over 

better parent was 8 per cent for grain yield with the extent of 40.93 per cent, 

whereas, 3 per cent with a range of -4 t011 per cent for days to silk. Todorov 

(1981) reported 137 to 157 per cent heterosis for plant height. 

It has also been concluded that heterosis for dry matter production 

usually associate with corresponding positive heterosis for plant height (Doistra, 

1984). Co he nand G a Ii nt (1984) observed both pos i1ive and neg ative hete ro si s 

for kernel rows/ear (-30 to 45.64 %). plant height and ear length. Mukherjee 

and Saha (1984) had reported 1.4 to 10.1 per cent heterosis for ear length 

over better parent and 0.82 to 17.27 per cent heterosis for kernels/row. Further, 

low heterosis for plant height was found by Miranda Filho and Vencovsky (1984); 

whereas, positive heterosis for kernel rows/ear and plant height was observed 

by Kimani (1984). Gupta et af. (1986) reported high heterosis for ear length and 

kerne I rows/ea r. 

Debnath (1987) reported highest heterosis for grains/row followed by 

ear length and 1000-grain weight. Prasad (1987) reported -16.16 to 28.23 per 

cent heterosis for harvest index, 25.0 to 30.0 per cent for 1 DO-grain weight, -

18.58 to 31.71 per cent for ear length and -35.2 to 62.7 per cent for grain yield 

per plant over the better parent. Abdul Shakoor (1988) had reported heterosis 

range from -12.5 to 27.4 per cent for plant height. 
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Ganguli at a/. (1989) reported high heterosis for ear height and grain 

yie~d over check variety. The extent of heterosis over better parent for ear 

height was 33.8 to 42.5 per cent and for grain yield 23.8 to 27.5 per cent. 

Tomov et al. (1990) reported high heterosis for ear length, grain yield/unit area 

and grain rows/ear. Beck at al. (1990) reported low heteros~s over better parent 

for yield, plant height, ear height and days to silking. 

Walter et a/. (1991) observed high heterosis for grain yield in a cross 

C 3 X ego Alvarez et al. (1993) observed positive heterosis for internode number, 

plant height, ear height, kernels/rows and grain weight and negative heterosis 

for days to silking and tasselling. Gomes e Gama at al. (1993) reported high 

heterosis for grain yield in a number of crosses. 

Altinbas (1995) reported high heterosis for grain yield and days to 

silkjng. However, the heterosis was positive for grain yield and negative for 

days to silking. The range of heterosis was 72 to 140.7 per cent for grain yield 

and -2.4 to -18 per cent for days to silking. In another study mean heterotic 

effects were highest for grain yield/plant followed by 1 aD-grain weight, ear 

length t ear thickness and kernel rows/ear (Chen-Ling et al., 1996). Ismail (1996) 

observed 16.2 per cent increase in grain yield in F 1 hybrid. The hybrid showed 

earliness for silking and protandrous interval than that of F1 mean. The earliness 

was -3.45 per cent for silking and -3.13 per cent for protandrous interval. 

Aguerre et at. (1997) reported significant heterosis for grain yield in 

twelve crosses. The best cross combrnations were COB X P29, CDB X C8SP 

and M 17 X PB9. Sinha and Mishra (1997) reported that the cross Navin X 

Population 26 gave the highest grain yield (about 15 per cent more) than the 

best yield among varieties. This cross had the highest BP heterosis and 

therefore. the most heterotic combination. Dass et a/. (1997) through diaUel 
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analysis revealed that the cross K-725 X K-644 in summer and K-725 X K-622 

in winter produced the highest yielding hybrids. 

Tulu and Ramachandrappa (1998) observed that the Abo-8ako was 

the ideal parent for initiating intra-population interline hybrid programme due to 

its good general combining ability for grain yield. 

2.4 Correlation coefficient 

Correlation coefficient is a measure of the degree of association 

between the two traits worked out at the same time (Hays st aI., 1995). It is 

a well known fact that majority of the traits of economic importance are 

complex in nature and involve several reJated traits. Therefore, the knowledge 

of degree of phenotypiC and genotypic correlation between the traits is important 

for increasing the yield potential through direct or indirect selection as these 

traits give estimates of performance of lines/hybrids In field (Robinson et a/., 

1951). 

In maize vigour test like accelerated aging test, osmotic stress test 

and germination percentage have been standardised for prediction of field 

emergence. 

Seedling vigour in corn, is measured either by cold test (Funk et a/., 

1962 and Burris and Navratil. 1979) or seedling dry weight (Burris. 1975). Both 

the tests are considered to provide prior information about vigour differences 

a mong seed lots. Burris (1975), howeve r, con cJ uded that the corre I ation 

between corn seedling emergence and vigour of plant was not consistent in 

conventional planti ng system. Johnson and Wax (1981) reported that high vi gaur 

seed lots showed faster emergence and increased final stands compared to 

low-vigour seed lots. 



19 

The accelerated aging test has also been correlated with field 

emergence. The test gave accurate estimates of emergence of genotypes of 

sugary (su) sweet corn (Kulik and Schoen, 1982). The soil cold test have also 

been reported to correlate with field emergence of dent corn genotypes (Hunter 

et a/., 1987 and Martin et a/., 1988) .. 

Garcia and Lasa (1989) analysed different viability tests and reported 

that germjnation in saline solutions at osmotic potentials of -2 or -6 bar were 

the best predictor of field emergence. Wang at al. (1989) found cold test to be 

the best indicator of field emergence performance. Bohlmann (1989) reported 

that major discrepancies for germination between paper roll and cold test 

indicated low seed vigour and low fierd emergence. 

Odi ema h (1991) re ported the correlation of all seed tra its viz., 

seedling emergence, seed vigour, grain yield/plant and concluded that these 

were good predictors of field performance. Venter and Lock (1991) studied 

relationship between vigour tests and field emergence under 4 different 

environmental conditions. He concluded that high correlation between seed traits 

and emergence could not be established under very hot and dry climatic 

conditions. 

Dronavalli and Kang (1992) found that physical parameters such as 

weight of seed influence the performance of a variety under field conditions. He 

found significant correlations between seed weight and dry matter (0.89); seed 

weight and vigour index (0.84); and dry matter and vigour index (0.90). The 

results highlight the importance of heavier seed in obtaining improved seedling 

vigour. Wilson et al. (1992) reported that seed vigour tests have high correlation 

with final stand count. 
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Mazur (1994) observed high variability in seedling emergence from 

seeds having variable shape, size and sowing dates. Early hybrids showed 

better field emergence. It was suggested to grade seedS each within the same 

lot for consistency in emergence of seeds. Milosevic €It a/. (1994) reported that 

field emergence was most closely correlated with the results of the cold test 

(r=0.94 to 0.95) and the accelerated aging test (r ;:: 0.89 to 0.90). 

Kurdikeri sf al. (1995) reported that seed soaking treatments such as 

soaking in water or PEG 6000 etc. enhanced field emergence and grain yield 

compared to dry seed. Highest yield has been observed from seeds soaked in 

wate r prior to sowi ng. 

Lovato and Balboni (1997) questioned the use of standard germination 

tests for -estimation of emergence. He was of the view that standard germination 

test was not a good ind icator of fieJd emergence, except for standa rd sowing 

date. 
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Chapter-III 

MATERIAL AND METHODS 

3.1 Experimental material 

The experimental material consisted of 12 maize inbred lines which 

were derived from local germplasm collected from different parts of Himachal 

Pradesh and developed composite varieties, Early Composit. Parvati and Naveen 

through sib mating (Table 3-1). The lines were selected on the basis of their 

combining ability through top crosses. 

Table 3.1 Pedigree and sou rce of maize inbred lines 

Inbred Code No. Pedigree 

p., HPMS·91-Kum S -2-8-3-5-#-# 9 

HPMS-91-Mal S -3-5-3-4-#-# 
'0 

H PM S-91- N av 5 3-2-5-4-1-#-# 

H PMS-91-Hat S5-3-5-4-1-#-# 

HPMS-91-Eco S,0-3-5-3-3-#-# 

H PMS-91-Par 8,-1-3-4-2-#-# 

HPMS-91-Par S5-8-3-5-2-#-# 

HPMS-91·Ber S -1-4-3-2-#-# 1 

H PMS-91-Sa I S -4-4-5-2 -#-# 12 

Source 

Chadhiar Local 

Kumarsen Local 

Malan Local 

Naveen composite 

Hatwas Local 

Early Composite 

Parvati composite 

Parvati com posite 

Berthin Local 

Parvati composite 

Saliana Local 

Early Composite 
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3.2 Field experimentation 

These lines were crossed in diallel mating system excluding 

reciprocals during kharjf 1997 at the experimental farm of Seed Production 

Unit. PalampuL The experimental material consisting of 66 crosses
l 

12 inbred 

parents and three hybrids as checks vjz" E H 8-1520, KH-1 01 T PSCL-3436, was 

evaluated in a 9 X 9 simple lattice design repljcated twice at 2 locations 

representing different agroclimatic and ecological conditions i.e. H PKV, 

PaJampur, environment I (EI) and RRS, Bajaura, environment II (Ell) during kharif 

1998. The details of environmental conditions of these two locations are given 

in Appendix-I. Inter and intra-row distances were kept 75 and 20cm, respectively. 

Each plot comprised 5 rows of 5m length. 

3.3 Record ing of observations 

The data were recorded on plot basis for days to sjlking, matu rity 

and pollen shed, whereas, for the remaining phenological and yield traits the 

data were recorded from ten tagged plants in each plot. 

3.3.1 PhenologicaJ and structural traits 

i) Days to sil king 

Days to silking were recorded as days taken from sowing to silk 

emergence in 75 per cent plants in the plot. 

ii) Days to pollen shedding 

Days to pollen shedding were recorded as days taken from sowing to 

75 per cent pollen shedding in a plot. 

iii) Days to maturity 

The number of days from sowing date to the stage when 75 per cent 

plants had brown husk, were counted. 
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iv) Plant height (em) 

For 10 plants tagged at random, the height in cm from the base of 

the plant above the ground to the point where the tassel starts to branch was 

recorded using a measuring rod and averaged. 

v) Ear height (em) 

The height from the plant base to the node bearing the upper ear 

was determined for recording ear height. 

vi) Leaf area/plant (em") 

Leaf area for the 10 tagged plants was determined from the leaves 

subtending top ear (ELA) as per the method suggested by Montgomery (1911). 

ELA = 0.75 X length X maximum width 

Leaf area per plant was estimated as suggested by Perce et al. (1975). 

Leaf area/plant ::: E LA X 9.39. 

3.3.2 Yield and yield components 

i) Grain yield (g) 

Fresh ear weight was recorded at the time of harvest. The moisture 

was determined in grains using ··Universal Moisture Meter". The ear weight was 

first converted into grain weight assuming shelling percentage as 80 per cent. 

This grain weight was adjusted at 15 per cent moisture content and grain yield 

per plant was calculated. 

ii) Biological yield (g) 

After sun drying the plants, total weight of the tagged plants was 

calculated and biological yield per plant was measured by dividing total 

biological yield by number of tagged plants. 
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j i i) Shelling percentage 

Shelling prcentage was calculated as the ratio of grain weight over 

ear weight and multiplied by hundred. 

iv) Harvest index (%) 

This was calculated by expressing grain yield as per unit of biological 

yield by following below given formula 

Grain yield 
Harvest Index (0/0) = X 100 

Biological yield 

v) Kernel rows per ear 

The number of kernel rows in each ear of ten plants were counted 

and the average was worked out. 

vi) Kernels per row 

The number of kernels in one row of an ear were counted and the 

avera ge of ten plants was worked 0 ut. 

vii) Ear length (em) 

The ear length of 10 plants was measured from butt to tip of the ear 

and average was worked out. 

viii) Ear circumference (em) 

Ear circumference was measured from the centre of each ear for the 

tagged plants and the average was worked out. 

3.3.3 Seed quality traits 

i) 100-seed weight (g) 

From the composited sample of 10 plants, 1 aD-seeds were counted, 

sun dried and weight was recorded. 
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ii) 100-seed volume (mr) 

In the measured volume of spirit solution, 1 aD-seeds which were 

weighed earlier, immersed. The amount of solution displaced was equal to the 

100·seed volume. 

iii) Seed density (g/ml) 

It was calculated as weight per unit volume based upon 100-seed 

we'ght. The 100-seed weight was divided by 1 aO-seed volume to give seed 

density. 

iv) Seed vigour indices 

a) Accelerated aging test The test was conducted as suggested by 

Byrd and Oelouche (1971). One hundred seeds of each genotype in 2 

replications were wrapped in muslin croth and kept in desiccator having water 

In the bottom. The desiccator was sealed to maintain 9S±5 per cent relative 

humidity and kept in incubator at 40±1°C temperature for 96 hours. Thereafter, 

the seeds were dried to normal moisture conditions and then usual germination 

test was performed. Germination count was recorded after five days. 

b) Osmotic stress test : This test was performed as per the method 

suggested by Langer-Werff (1961) using polyethylene glycol (PEG). The sofution 

was prepared by dissolving 19.6 9 PEG in 100 ml of water to create - 5.0 bar 

pressure. 

c) Germination percentage: Standard germination test was carded out 

using top of paper method in seed germinator at 2S±1°C temperature and 8S±S 

per cent RH, as per the method of ISTA (1985). Final count was recorded on 

5th day. 
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d) Field emergence: Counted number of seeds were sown in plots and 

the number of seedlings emerged on plot basis were counted and the per cent 

emergence was worked out. 

e) Coleoptile length: The coleopble length was measured in em upto ttle base 

of first leaflet from the seedltngs emerged of normal germ~nation test. 

f) Seedling vigour index: Seedling vigour index was calculated by following 

formula: 

Seedling vigour index = 
Coleoptile length X· Standard germination 

100 

3~3.4 Reaction to leaf blight 

The incidence of leaf blights (Helminthospor;um maydis and H. 

turcicum) and brown spot (Physoderma zeae mBydis) was observed under field 

conditions. The observation were recorded as 0 (no), 1 (slight), 2 (light), 3 

(moderate), 4 (heavy) and 5 (very heavy) infection (Chenulu and Hora t 1962). 

3.4 Statistical analysis 

The experimental data were subjected to the following analyses: 

3.4.1 Analysis of variance for the experimental design 

3.4.2 Diallel analysis 

3.4.2.1 Combining ability analysis for individual environment 

3.4.2.2 Com bining ability analysis pooled over environments 

3.4.2.3 Estimation of components of genetiC variance 

3.4_3 Estimation of heterosjs over standard check 

3.4.4 Estimation of correlation coefficients 
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3_4.1 AnaJysis of var-iance for the experimental design 

Analysis of variance for simple lattice design was done using method 

given by Federer (1963)_ The simple lattice design is applicable when the 

number of varieties, 'v' is a perfect square. Simple lattices are unlikely to be 

more accurate than randomized blocks unless the variation among incomplete 

blocks is greater than the variation within incomplete blocks. The mathematical 

model of analysis of variance leads to the following break-up of the variance 

components_ 

Analysis of var.ance table 
-----~~-~-----~-~------------------------------------------~------------------------------- _________ w __ 

Source of variation df MS Expected MS 

-------------------------------------------------------------------------------------------------------
Replication (r-1 ) 

Treatments (KZ-1 ) 

Block (Rep.) r(K-1 ) Eb 0 2 + r-1 Ko ZJ3 e 
r 

~ntra block-Error (K-1 ) (rK-K-1 ) Ee 0 2 
e 

----------------~--------------------------------------------------------------------------------------
Total rk2-1 

Where r = Number of replication, 

K = Number of blocks, 

0
2 

... = Population variance assocjated with the random error deviations_ 

cr
2 j3=Population variance associated with the incomplete block deviations 

If Eb is greater than Ee, proceed to calculate }l. • the weighting factor' 

to be used for adjusti ng the varietal totals for the block effects. 

Eb - Ee 
}.1 = 

K (r-1) Eb 

Where, Eb and Ee are, respectively, the mean squares for blocks and intra-

block error. If Eb is less than Ee, the factor is taken as zero and no 
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adjustments are made for block effects, the experiment being analysed as in 

randomized blocks, 

3.4.2 Diallel cross analysis 

A set of all possible matings among a set of genotypes is designated 

as a dialtel mating system and analysts of such a crossing programme is 

known as diallel analysis. The analysis provides information on general and 

specific combining ability of parents and their crosses and also on the nature 

and magnitude of genetic parameters. The diallel analysis is based on the 

validity of the following assumptions 

i) Normal diploid segregation. 

Ii) No differences between reciprocal crosses, Le., no maternal effects. 

iii) Independent action of non-allelic genes. 

iv) No multiple allelism. 

v) Homozygous parents. 

vi} Genes independently distributed between the parents. 

vii) No genotype - environment interactions. 

The validity of various assumptions was tested by applying t2 test as 

follow 

Where, 

n-2 

4 

n = nu mber of parent~ 

(Var Vr - Var Wr)2 

Var Vr X Var Wr - Cov2 (Vr, Wr) 

It is a simple ·F' test with n-2 degrees of freedom. The nonsignificant 

values of F confi rms the validtty of the hypothesis postulated. 
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The regression coefficient (b) provides another test for testing 

the hypothesjs, Here, the regression of covariance on the variance is 

calculated as: 

b= Cov (Wr, Vr)/Var Vr. 

Standard error of regression coefficient [SE(b)] : 

SE (b) = ± ~[(Var Wr-b COy Wr, Vr)Nar Vr(n-2)J. 

The significance of °b' from zero and unity was tested as follows: 

Hob = 0 = (b-O)/SE(b) 

Ho b = 1 = (1-b)/SE(b) 

The significance of regression coefficient against tabulated value (t) 

for n~2 degrees of freedom indicates the failure of hypothes's. 

3.4.2.1 Combining ability analysis for individual environment 

The data obtained from F, population was subjected to combining 

abiJity analysis Griffjng's (1956b) experimental method 2 model , was considered 

to be the most appropriate for the material under study. Method 2 (half diallel) 

was applicable to the present investigation as parents and one set of F
1

1 s were 

included without reci procals. Model j is the fixed model i. e. tt assumes that the 

variety and block effects are constant but the environmentat effect (error) is a 

random vartable such that e l1kl are normally and independently distributed with 

mean zero and variance one. 

When the IF' test for genotypes revealed significant differences among 

the genotypes, combining ability analysis was done. A linear mathematical model 

for an observation made of if'" genotype could be expressed as : 

u+g +g +s +1 r I r II 

be 



Where. 

~ = poputalion mean. 

i.j = 1, ------. p. 

k = 1. b, 

1 = 1, c. 

g, = genera' combining ability effect of jth parent. 

9. = general combining ability effect of jlh parent, 
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s = specific combining ability effect of the cross between the jlh 
IJ 

parent such that s'J :::: SJI' and 

e,~~j = envlronmenta' effect associated with ijkph observation. 

The restrictions I:l g, = O. and l:J S'J + S~j :::: 0 (for each i) 

are imposed_ The structure of the ANOVA for combining ability is given in the 

table below : 

ANOVA for combining ability: 

Source df SS MS Expectation F-ratio 

General combining (p-1) Sg Mg 0'2 + (p+2) L.I g,2 Mg/Me' 
ill' 

ability (gca) (p-1 ) 

Specifrc cmobining p(p-1) s,& Ms a Z + 2 LtLJ 
S 2 Ms/Me' e IJ 

ability (sea) 2 p(p-1) 

Error m se M' e 
0'2 

e 

(=Me/r) 

Where. 

SI;l = 1 (:E, (Y~ + Y )~ -u 
4 y2 .. ]~ and 

p+2 P 

S§_ = L l: y:l 1 :E (Y. + y..)2 + 2 y2._ 
OJ • 

i .::: j p+2 (p+1 ) (p+2) 

m = p(p-1) 12+p-1 (r-1) 
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Where the mean squares for gca and sea were found siognificant their 

1\ 
res pe cti ve effects and s ta nd a rd errors were ca Icul ated. Thu s, 9 I the e stirn ates 

Of gca effects of itll inbred rine was as: 

9, = -p-1-2 
[ (Y. + Y,,) ~ 2 y .. ] 

Standard errors required to test significance of gca effects and 

difference between gca effects were obtained as: 

p-1 ~ 

S-E. gl = 0 2 
e and 

p(p+2) 

2 Y2 
SE (9,-9) = 0'2 

e 
p+2 

Estimates of S"I the specific combinrng ability effect of ij'h cross 

IS computed as: 

;; y 
'I 

1 [Y~ + YII + Y! + Y
JJ 

(p+2) 
+ 2 Y .. } 

(p+1)(p+2) 

Various standard errors required to test the significance of gca effects 

and differences between sea effects. are calculated as: 

p.z+ p+2 ~ 

S.E, S = 
I ~ 

0'.2 
e 

(p+ 1) (p+2) 

2(p+1 ) % 
(}'2 

e and 
p+2 

2p % 
0'2 

e 
p+2 
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Critical differences were calculated by multiplying the corresponding 

standard error of difference SE(d) with 't' value at error degrees of freedom. 

Each gca and sea value was tested against zero for its significance 

by 't' test, 

g-o , 
t = and t = 

SE (gJ SE(s.) 

The 'e value obtained was tested against tabulated value at P<O.OS at 

error degrees of freedom. 

3.4.2.2 Combining ability analysis pooled over environments 

The pooled analysis over environments for combining ability for 

experimental Method 2 Model J (Griffing, 1956,a) was carried out by following 

method of Singh (1973) and notations used by him are: 

P(number of parents), b (number of blocks), c(number of observations for 

each of the ptot) and I(number of envrronments). 

The summation notations followed by Griffing (1956a) method 2 were 

as follows: 

where, = X . 
I'k ' 

x, = S, X = Sk X, k 
'I 

Where, X = X,. I) 
, 

X :::::; S < S. X k , - I.k 

X ... = SI! X 

The model used is: 



33 

Where, 

~::: population mean. 

9,(9 1) == gca effect of JIIlU U") parent, 

S = sea effect of the crosses between the ph and jth parents, 
'I 

II( = effect of k!1l environments, 

(gl),~ or (gl»)k = interaction between gca effects of the jlh and jth parent 

with k!h environment, 

(SI).,k = inatraction between sea effects of the ijth cross and the kth 

environment, 

H = 0 for fixed effect model (Model I). 

Least square estimates of effects and their interaction with environmenUyear: 

The e sti mates are: 

A 
~ = 2 X, .. /p(p+1)1. 

/\_ 

9, := [XI .. +X I1 · - (2Jp)X ... ] I (p+2)L 
/\ 

SI] = (XI)·II) - [X ... +X ... +X, .. +X'I.)/(p+2)1) +2 X /(p+1)(p+2)L 
1\ 

Ik = [2X .. ./p (p+ 1 )]-2X ... /p(p+ 1)1. 

/\ 

gl = ([X, k +X lLk-(2Jp)X. 'l<J/(p+2)} - {X, -(2/p)X }/(p+2)1. 
/\ 

SI = X'Jk ~ (XI'jo; +Xllk +X].Jo: +X.1k)/(p+2) +[2X .. /(p+ 1 )(p+2)] -Xij"/1 +[(Xi ·· 

+X" +XJ +X'J )/(p+2)1] + [2X J(p+ 1 )(p+2)1] 

The SV m of squares were calculated as follows: 

SS(~) = 2X2 Ip(p+ 1)1 

SS('g) = [S,(XI .. +X'I.)2J(p+2)1] _[4X2 /p(p+2)t] 

SS('$-) = S~ < SJ (X\./I) -[SI (Xj._+Xil )2/(p+2)I)J + £2X2 .. ./(p+1)(p+2)1] 

SSm = [2 Sk X 2 
.. /p(p+ 1)] - [2X2 .. .Ip(p+ 1 )1] 

;'\. 

5S(g 1) = [Sk S 1 (X, k + X 11k )2/{ p+ 2)]- [4SkX:Z /p (p+ 2)]- [S, (XI' . + Xli' )2/(p+ 2) I] +4X 2 .. . /p( p+ 2) I]. 

SS('s'I)::;;;;; Sk SI < S] X'J/ -[Sk 8
1 

(XI·k:+ X •• k)2/(p+2)1 + [2 Sk X:t .. /(p+1 )(p+2)J 

-[S,.:s. s. x\-/l] + [SI (XI .. +X,..)2/(p+2)11 - [2X2 .. .I(p+1)(p+2)1] 



Where, 

SS{g) = Sum of squares due to gca 

SS(s) = Sum of squares due to sea 

SS(I) = Sum of squares due to location 

SS(gi) = Sum of squares due to gca X 

SS(~I) = Sum of squares due to sea X 

X = Arrays total of jth parent 

X = Mean values of the i'" parent 
" 

location 

location 

X .. = G rand total of p(p-1) progenies and parental values. 

Analysi s of variance for the design of experiment 
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_______ . __________________________ ~--9---------~-~~-~-----------------------------------------------~-
Source df MS Expectation of MS 

--------~~-~--------------------------------------------~-----------------------~---------~~----------

(p+2)1 
gca p-1 a 2 + e 

(p-1) 

21 
sea p(p-1)/2 0 2 + e 

p(p-1 ) 

p(p+ 1) 
Location (1-1 ) 0-2 + e 

2(1-1 ) 

p+2 
gca X location (p-1 )(1-1) 

(p-1 )(1-1) 

2 
sea X loca tio n p(p-1 )(1-1 )/2 0

2 e + SkSj < Sj( S 1)2 ~L 
p(p-1 )(1-1 ) 

Eerror J(p-1)(b-1} 
-------------~-~~~-~------------------------------------------------------------------------------~-~--

Variance of the difference between any two mean values is : 

Var, (X - X ) = 2 cr 2 jl 
I~ I<;m ... 
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Variance of effects and their difference 

i) Var ( ~l } = [2/p(p+ 1 )1] 0 2 

'" 
II) Var (g ) = [(p-1 )/p(p+2)1) 0 2 

Ie' 

II j ) Var (g -g ) = f2/(p+2)1] 0 2 
e (i~j) 

IV) Var (S ) =:: [(p2+ p+ 2}/(p+ 1) (p+2)f] 0 2 
e 

(i;t;j) 

v) VaL (S'I~S.i.) = [2(p+ 1 )/(p+2)1] 0 2 
e (i;t;j, k) 

vi) Var. (S'I-Skm) = [2p/(p+2)1] 0'2 
eo 

(i:;t:j,k,m) 

Where. 
;. 

0",\. is the estimate of 0-\ and is given by 0\ = Me 

SE of an estimate: S E = (Var. of that estimate) y, 

CD of the estimates: Applicable to differences between any two mean values 

and to the differences between estimates involved in (it) to (vi): 

CD = SE X 't'; where t is the tabulated value at error degree of 

freedom at p < 0 05. 

Estimation of genetic parameters According to model as suggested by 

Griffing (1956b) : 

Where, 

x = phenotypic value of the ijlh observation and i, = 1, 2 .... p, (i<j) 

.1.1::;; population mean 

9, (g) = gca effect of the jtM Utt') inbred line 

S :::. sea effect a ssoc,ate with the cross of the ith and jlh inbreds a nd such that 

s = 5 

error ::: envi ronm ental error effects associated with the ijth observation. 

The estimation of the components of va riance is acco·m plished 

by equating the observed to the expected mean square and solving. Thus, 



For individual analysis gca components of variance 

Additve vartance (02 
) = 40'2 A gca 

sea component of variance (0 2~) 

and dominance variance (0'2D) = 

(For open pollinated crops) 

= 

4a.2 
sea 

Mg - Ms 
For pooled analysis: 

Where, 

oJ! ::::; 
g 

(p-2)1 

::: number of locations 

Mean degree of dominance = 

2Si Sj Sij2 

p(p-1) 

and 

0.2 = 
g 

Mg - Ms 

p-2 

::::J;; Ms -Me' 

Ms - Me' 
= 

3.4.2.3 Esti mation of components of genetic variance 
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The following genetic components of variation were calculated as per 

the method proposed by Hayman (1954): 

0 = VoLo - E 

F = 2VoLo - 4 WoLD, -2 (p-2) E/p 

H, = VoLa - 4 WoLo, + 4 V,L, - (3p-2) E/p 

H:o = 4V 1 L 1 - 4VoL, -2E 

h: = 4(MLr- MLo)2 -4(p-1 )E/p2 

Where, 

o = measure of additive genetic variance 

F = the mean of 'F r' over the arrays 



--------- -
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H. ;:::: measure of dominance variance 

H., = measure of non-additive effects for gene distribut~on, 

= H. [1_(U-V)2] where, 'u' is the proportion of positive genes in the 

parents, 'y' is the proportion of negative genes in the parents and u+v =1, 

h:' = dominance effect (as the algebraic sum over aU loci in 

heterozygous phase in an crosses) 

E ;:::: the expected environmental component of variation which is 

same as observed in the analysis of variance for the design. 

To test each of these components standard error for each is 

calculated. For thjs first of all common multiplier of variance (=S2) is calculated. 

$2 = [Var (Wr- Vr)]/2 

SE (O) = $2: 
p5 

p5 + 41p4 -12 p3 + 4p2 }'2 

S2 
p5 

36p<l Va 
S2 

pS 

16p4 + 16p2 -32p + 16 % 
S2 

p5 

4p5- + 20p4 -16 p3 + 16pz Y2 
S E (F) ::: $2 

pS 

p<l Y2 
SE (E) = 8 2 

p5 

Where p is the number of inbred I;nes. When the estimates of D, H" 

H" F. h=' and E were found to be significant, the following ratios were obtained, 
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which furnish useful information on various aspects of inheritance pattern of the 

metric traits being investigated 

1_ (H .ID) Y2 provided information regardi ng average degree of dominance 

involved In the action of genes. 

2. H/4H. determined the proportion of genes with positive and negative 

effects in the parents. 

(4DH,)~ + F 
3. = KD/KR gave information regarding the proportion of 

(4DHl)~ - F 

dominant and recessive genes in the parents. 

4. h2/Hl gave information about the number of gene groups exhibiting 

dominance 

5. The coefficient of correlation (r) between the parental order of 

dominance (Wr +Vr) and parental measurement (Yr) was calculated 

to get an idea about the dominance of genes with positive and 

negative effects. 

3.4.3 Estimation of heterosis over best check 

The magnitude of heterosis was estimated over the best check (BC) 

as follow: 

Heterosis over best check (0/0) ::: X 100 

Calculation of standard error [SE(d)] 

S. E. (d) for testing heterosis over Be = ± ..J2Me/r 

Test of sig nificance for heterosis : 

F - Be , 
Calculated 't' := 

SE 
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Calculated value of 't' 'was compared with 't' tabulated at error degrees of 

freedom at P< 0.05. 

3>4.4 Estimation of cor ... elation coefficients 

Phenotypic (r p). genotyp~c (r g) and environmental (r e) correlation 

coefficients were calculated by analysIs of variance-covariance technique. as 

suggested by AI-J ibouri et al. (1958). 

Phenotypic coeff~cient of correlation 

apxy 

rPr;'1 = 

Where, 

O"P.~ = Phenotypic covariance between two characters x and y, 

o:lP. = Phenotypic variance of character x, and 

(J'Olp y = PhenotypiC variance of character y. 

Similarly, correlation coefficients at genotypic and environmental levels 

were worked out using the respective covariance and variance. 

The significance of phenotypic coefficients of correlation was tested 

against Or' va1ues as given by Fisher and Yates (1963) at n-2 degrees of 

freedom. 



EXPERIMENTAL 
RESULTS 



Chapter-IV 

RESULTS 

Data collected on various traits in the present investigation were 

subjected to the followi ng analyses: 

4.1 Analysis of variance for the experimental design 

4.2 Diallel analysis 

4.2.1 Combining ability analysis 

4.2.2 Genetic component analysis 

4.3 HeterOSis on the best check, and 

4.4 Correlation coeffrcient analysis 

4.1 Analysis of variance for the experimental design 

Data obtained from the experiments conducted, were subjected to the 

analysis of variance. Separate analysis was done for the data from Palampur 

and 8ajaura Jocations a nd pooled over both the locations. Perusal of results 

revealed sIgnificant differences among the genotypes for all the traits under 

study except, days to maturity at Palampur (Table 4.1 and 4.2). The trait had 

been excluded from the further statistical analysis. Whereas, in case of Bajaura, 

analysis of variance revealed significant differences among the genotypes for 

all the traits under study. 

The pooled analysis over the locations was also found to have 

significant genotype X environment interaction for all the traits under study 

except, days to maturity. The mean values for yield and different yield 



Table 4.1 Analysis of variance for experimental design for yield and yield components 

at Palampur (E,) and Bajaura (E) 

• _____________________________ y ____ ftW_-_-_.-._--------------------------------------------~.--~~------~-----------------

Source: Reps. 
Character df: 1 ---,_....-

~2 

Days 10 75% silk~ng 

Days to 75 % pollen 

shedding 

0.89 

0.03 

5-19'"' 

0.75 

Mean squares due to 

4.63* 1.31 * 3.19* 1.57" 

4.14" 1.719* 2.79>1- 2.04* 

Error 
64 

1.08 

0.66 

0.77 

Leaf area/plant 97 04 1367271.81' 338821.68" 131623.99· 386179.89- 244466.30· 1 62137.09 ~ 04708_47 

Plant height 21 -48 25-44 195.68" 88.68* 243.05* 187.32'* 57.B7 43.77 

Ear heIght 0.07 9.49 108.05'"' 48.80 144.02" 88.42* 33.36 30.25 

Days to 75% maturity 4.84 0.15 6.75'"' 
~'.- ..... 

1.46 3.29 1.sr 2.66 0.86 

Ear length 1.56 2.85 1.31 1.CP.5 1.~* 1.94* 0.93 0.75 

Ear circumference 0.001 1.26* 0.34 0.40 0.61· 0.76* 0.22 0.24 

Kernel rCNIsi ear 0.05 0.05 0.18 0.32 1.67'"' 1.73* 0.28 0.35 

Kernels/row 3.37 0.68 4.08 3.61 10.15* 9.85· 3.74 3.61 

Shelling percentage 8.52 6.99 2_84 4.72* 6.86* 7.18'"' 3.76 2.49 

1 OO-seed Weight 0.38 6.06 3.94* 2.64 5.37* 6.26* 2.05 2.21 

Grain yield 1.01 7.14 17.10 16.52 324.51* 187.9a-" 14.08 13.99 

BiokJg icaf yield 25.06 15.51 114.44 84.94 944.40'" 977.29* 101.86 89.39 

Harvest index 1.80 0.70 1.02* 0.46 17.54* 15.50* 0.49 0.38 

" Significant a1 P ~ 0.05 



Table 4.2 Anatysis of variance for yield and yield components in maize pooled over 
2 environments 

Source: Loc 
Character df: 1 

Mean squares due to 
Rep 81k (Rep) Trt 

1 16 BO 
Loc X Trt 

80 
Error 
145 

-------------------________________ M. ______________________________ ~--------_____________ ~------~-_~ __ • _______ ~ ________ _ 

Days to 75% silking 233.34* 0.89 1.83 3.35* 1.77* 1.28 

Da ys to 75 % pollen 388.97* 0.52 2-68· 3.18" 1.99· 1.17 
shedding 

Leaf area/plant 732883949.4 7* 672165.86·· 166470.91 389561.32· 347134.76- 156116.65 

Plant height 182351.30· 46.84 139.13· 302.46· 173.65· 60.89 

Ear height 28749.27'" 5.60 33.29 169.05· 88.12· 41.74 

Days to 75% maturity 124.69· 1.63 3.30 3.07· 2.43 2.12 

Ear length 228.21· 0.10 1.63'" 2.36* 1.82· 0.85 

Ear circumference 4.54* 0.60 0.51· 1.06'- 0.42'" 0.23 

Kemel rows/ear 82.12- 0.10 0.16 2.74· 0.69· 0.32 

Kemels/row 7085.15* 3.54 3.81 12.93'" 8.46* 3.68 

Shelling percentage 2391.86'" 15.47* 3.41 9.47* 5.19'* 3.66 

1 DO-seed weight 53.44* 4.75 2.27 8.81* 3.88· 2.37 

Grain yie~d 30532.71* 6.75 20.95 433.89* 107.83* 13.80 

Biological yield 160910.18· 0.57 104.40 1486.37* 551.66· 95.17 

HaNest index 6.09* 2.37'" 0.88'* 31.45· 1.97~ 0.45 
---~---------~-~---------------------~-----------~--------~-------------------------~~----------------~----------------~ 

.. Significant at P ~ 0.05 
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components obtained in the two environments and their pooled means are 

presented rn Appendix- I L Analysis of variance for seed quality traits is 

presented in (Table 4.3). The differences among the treatments were significant 

for all the traits studied. The mean values for different seed quality traits are 

presented in Appendix-I r I. 

4.2 Diallel analysis 

4.2.1 Combining ability analysis 

The analysis of variance for combining ability at Palampur and Bajaura 

for different characters IS presented in Table 4.4 and for pooled over the 

environments in Table 4.5 and for seed quality trairs in Table 4.6. 

The mean sum of squares due to general combining ability (gca) 

were sjgn ificant for days to silking, days to pollen shedding, leaf area/plant, 

plant height, ear height, ear length, ear circumference, kernel rows/ear. kerneisl 

row, shelling percentage, 1 DO-seed weight, grain yield, biological yield and 

harvest index In both the environments as well as pooled basis and for days 

to maturity at 8ajaura only. 

The mean sum of squares due to specific combining ability (sea) 

were found to be sig nificant for all the traits studied at Palampur~ BaJaura as 

well as on pooled basis except for days to maturity in both the environments. 

The magnitude of gca variance was higher than the corresponding 

sea variance for all the traits in both the environments as well as on pooled 

basis except for grain yield, harvest index and biological yield at PaJampur; for 

grain yield, harvest index and kernels/row at Bajaura; and for grain y;eld and 

harvest index on pooled basis. The gca X e interaction in pooled analysis was 

significant for days to silking, days to poUen shedding, days to maturity, plant 



Table 4.3 Analysis of variance for experimental design for seed quality traits 

Character 
Source: 

df: 

1 DO-seed weight 

100-seed volume 

Seed density 

Accelerated aging test 

Osmotic st ress test 

Germination percentage 

Seed vigour index 

Field emergence 

Rep. 

1 

11.16* 

2.47 

0.003* 

0.01 

4.17 

26.08* 

82.76· 

5.56 

Mean squares due to 
Btk (Rep) Trt 

16 80 

3.14* 4.46* 

1.37 2.96t1o 

0.0004 0.002'" 

9.22 51.25* 

10.94 57.49* 

5.91 12.44-

4.14 7.12* 

14.36 74.31* 

Error 
64 

1.64 

0.82 

0.0005 

9.91 

15.11 

6.28 

4.79 

16.98 

-------------------------------------.... ---------- ........ __ _,..---------....- ..... --...... _---------------

.. Significant at P :s 0.05 



Table 4.4 Analysis of variance for combining ability for yield and yield components 
at Palampur (Eo) and Bajaura (E2) 

~---------------------------~--.---.----------------------~~--------------------------------------------------~----~~ 

M~gn ~g!Jare~ du~ tQ 
Source: GCA seA Error 

Character df: 1 1 66 77 
E1 1::2 E, E2 E1 E~ 

_____________________________________________ ~ ___ ~ _ _. __ ~~_¥~ _____ ~ ________________________ • ___ _.~w_~~~-_..----------

Days to 75% silking 2.34- 1.69- 1.8S* 0.66* 0.93 0.41 

Days to 75 0
/ 0 pollen 1.96* 1.80* 1.56" 0.9S* 0.86 0.50 

shedding 

Leaf area/plant 337878.49· 376000.20· 227457.42* 118827.14* 100889.82 54286.68 

Plant height 281.41 ,. 156.48"" 145.54'" 97.61- 42.92 27.29 

Ear height 268.66* 92.55- 76.86- 47.05* 24.01 17.11 

Days to 75% maturity 2.23 2.77* 1.69 0.48 1.74 0.51 

Ear length 0.9S· 1.58* 0.97'" 1.04* 0.50 0.42 

Ear circumference 0.44- 0.40· 0.29* 0.27* 0.13 0.13 

Kernel rows/ear 3.08* 2.04* 0.47''' 0.66* 0.13 0.18 

Kernels/row 6.30* 3.66'" 5.91* 6.31 ,. 1.89 1.76 

Shelling percentage 5.19* 10.25- 4.08- 3.95* 2.15 1.48 

1 OO-seed weight 6.56* 4.67* 3.35- 3.40* 1.21 1.13 

Grain yield 185.32* 129.71'" 285.64· 141.44* 7.37 7.39 

Biological yield 524.91· 944.46· 629.23'" 524.14* 51.12 45.23 

Harvest index 7.99· 6.40'" 15.23'" 12.58" 0.29 0.20 

----~-~-~------------~~-------~-~~~-----------~~~-----~~~-~~~------------~----------------------------------------------

or Significant at P 5_ 0.05 
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Table 4.6 Analysis of variance for combining ability for seed quality traits 

Character 
Source: 

df: 

1 DO-seed weight 

1 DO-seed va tu m e 

Seed den sHy 

Accelerated aging test 

Osmotic stress test 

Germ ination percentage 

Seed vigour index 

Field emergence 

GCA 

1 1 

4.78'"' 

4.15" 

0.0009* 

22.18* 

44.01'"' 

8.82· 

4.71· 

74.98* 

Mean squares due to 
seA Error 

66 77 

2.44· 0.99 

1.45· 0.46 

0.0009- 0.0002 

23.01· 4.98 

28.49w 6.47 

5.57· 3.17 

3.56- 2.35 

32.97· 8.21 

---------------------_ ... -- ....... _-------------- .. __ .. _-----------_ .. _--------------- ................................... _..._-----------

... Significant at P ~ 0.05 
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height, ear height. kernel rows/ear, grain yield, biological yield and harvest index. 

Further sea X e interaction was significant for leaf area/plant, plant height, ear 

height, ear length, ear circumference, kernel rows/ear, kernels/row; shelling 

percentage, 1 aD-seed weight, grain yield, biological yield and harvest index. 

1 n case of seed quality traits, the mean sum of squares due to 

general and specific combining abiJities were found to be significant for 100-

seed weig ht, 1 DO-seed volume seed density, accelerated aging test. osmotic 

stress test, germ inatjon percentage, seed vigour index and field emergence. 

4.2.1.1 Estimation of mean degree of dominance 

Overdominance was recorded for all the yield components at both the 

locations and in pooled analysis. The mean degree of dominance was greater 

the unity for days to sHking, pollen shedding t leaf area per plant, plant height, 

ear height, ear length, ear Circumference, kernel rows per ear, shelling 

percentage and 1 DO-seed weight. In addition to these traits overdominance was 

also reported for kernels per row at Palampur; biological yieJd at Bajaura; and 

days to maturity. kernels per row and biological yield in pooled analysis (Table 

4.7). 

Overdominance was exhibited for seed quality traits viz., 1 aD-seed 

weight, 1 DO-seed volume, osmotic stress test, seed vigour index and field 

emergence (Table 4.8). 

4.2.1.2 Estimates of genera I combining ability (gca) effects 

The estimates of gca effects associated with parental ljnes for 

different characters in both the environments as well as pooled over the 

environments were Significant (Table 4.9, 4.10 and 4.11) and are described 

below: 
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Table 4.8 Estimates of mean degree of dominance along with variance component of 

gca and sea tor seed quality traits 

---------------------------------------------------------------------------p----------~---------------------------------

Character 

"1 ~O-seed weight 0.23 1,45 2.49 

1 ~O-seed volume 0.27 0.99 1.91 

Seed density 0.001 

Accelerated aging test 18.03 

Osmotic stress test 1.55 22,03 3.77 

Germination percentage 0.33 2.41 2.72 

Seed vigour index 0.12 1.21 3.24 

Field emergence 4.20 24.76 2.43 

- Not calculated 
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Days to silking 

Negative gca effects for days to silking were exhibited by the parents 

P:. Pi.; and p~ at Bajaura; and by Pot and P s at Palampur and on pooled basis, 

Positive gca effects were observed for P f at Palampur; P 1 and P 9 at 8ajaura; 

and P, and P? on pooled basis. 

Days to pollen shedding 

Negative gca effects were observed for P 4 at Palampur: P;> and P 6 at 

Bajaura; and P4 and P_: on pooled basis. Positive effects were exhibited by P7 

and P12 at Palampur; P1' P g and P:;, at Bajaura; and P7 on pool basis. 

Leaf area per plant 

GCA effects were positive for the parents P_2 and P7 at Palampur; for 

P;, P" P a and P g at 8ajaura; and P2 an~ P7 on pooled basis. Negative gca 

effects were observed for P5 at Palampur; and P3 and P s at Bajaura and on 

pooled basis. 

Plant height 

Combined analysis over the two environments showed negative gca 

effects for P J' P 4' P:. and P 8 whereas, these effects were positive for P 9 and 

P". Negative gca effects were observed for parents P 5' P a at Palampur; and for 

P" P J' P.,. P 1-' at Bajau ra t however, positive gca effects were also observed in P l' 

P,o at Palampur; and Pi;' P r , P91 P n and P'2 at Bajaura. 

Ear height 

A na lysis of pooled data from the two environments revealed negative 

gca effects for the parents P 4' P 5' P 7' P 8 and P 9 and positive for P" P 3' P 10 
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and P 12' The effects for the parents P 5' P 6 and P 8 at Palampu r; and P.c' p 5' P 7 

and P s at Bajaura were found to be negative. However, positive gca in P l' P3 

and P 10 at Palampur; and P TO and P 12 at 8ajaura were also observed. 

Days to matu rity 

At 8ajaura. negative gca effects were observed for the parents P5 

and P t2; and positive for P 1 only. Pooled analysis for the trait could not be 

carried out due to non-significant variance at Palampur. 

Ear length 

Positive gca effects were observed for P", and P12; and negative for 

P3 at Palampur. Whereas, at 8ajaura, positive effects for P4 and P7; and 

negative for P 3 and P 5 were observed. In pooled analysis also P 4 and P 7 

exhibited positive; and P 1 and P3 negative gca effects for this trait. 

Ear circumference 

Positive gca effects were found for P to in both the environments, and 

for P 7' P a and P 10 in poc Jed analysis. The effects were negative tor P 6' P 9 and 

P12 at Palampur; P5 and P6 at Bajaura; and P:;. Pel P g and P12 in pooled 

analysis. 

Kernel rows/ear 

For this trait, positive gca effects were observed for P 11 P2
1 

P3
1 

P4 and P7 at Palampur, P2' P3t P7 and P a at Bajaura; and P1t P2' P3' P4' 

P7 and P a in pooled analYSis. Negative gea effects were observed for P5
t 

Ps ' P g and P 12 at Palampur and on pooled basis. and P5' P g and P'2 at 

8ajau ra. 
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Kernels/row 

At Palampur parent P6; at Bajaura P s and P 9 ; and on pooled basis P 4 

and P6 exhibited posittve gca, whereas, P3 and P10 showed negative gea in both 

the environments. 

Shelling percentage 

Positive gca effects were found for the inbred P 6 at Palampur; P 3' P 6 

and P11 at Bajaura~ and P6 and P" in pooled analysis. Negative gea effects were 

observed for parents P1 and P2 at Palampur; P11 P2* P7 and Pl0 at 8ajaura; and P1 j 

p 2 and P 10 in pooled analysis. 

100-seed weight 

G CA was pos itive for P 9 and P 10 at Pala mpur; P 8 and P 10 at Baja ura; 

and P 8' P 9 and P 10 on pooled basis. Negative effects were obse rved for P 6 an d 

Pi' at Palampur; P2 and P5 at 8ajaura; and P2' Pe and P7 on pooled basis. 

Gra in yield/plant 

At Palampur, parents P,o' P7 t P4 were good general combiners, 

whereas P1' P6' P5 and P2 were poor generat combiners. SimilarlYt at Bajaura, 

P4' P7 and P11 were good general combiners~ and p s • P6 • P, and P2 poor 

genera' combiners. In pooted over analysis P71 P 4' P 10 and P 11 were good 

general combiners; and P'5' P v P6 > P 2 and P a poor general combiners. The rest 

of the parents at each of the location were found to be average combiners. 

Biologicaf yield 

I n pooled analysis, the parents P 4' P7 and P 11 showed positive gca 

effects, whereas, P2' P5 and P s had negative effects. At Palampur~ parents P7 

and P 10 exhibited positive and P 2' P 5' P 6 and P 12 showed negative gca effects. 
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At 8ajaura. parents P1' P4' P? and Pl1 showed positive and P2' P5; P s and P10 

negative gca effects. 

Harvest index 

Pos i tive gca effects were fo u nd for the pa rents P 2' P 3' P 4' P 10 and 

P12 at Palampur; for P3' P s ' PtO and Pl2 at Bajaura; and for P21 P3' p'P P10 and 

P, 2 on poa led ba sis. Neg ative gca effects were fou nd for parents P l' P 6 and P e 

at Palampur; for Pl' P7 and P a at Bajaura; and for Pl' P6' P7 and P e on pooled 

basis. 

Estimates of general combining ability (gca) effects for seed quality 

traits have been presented in Table 4.12 and only significant results are 

described below : 

100-seed we ig ht 

Positive gca effects were obtained for parents P 11 and P 12. However, 

significant negative effects were observed for P2; p 4 and P7 for this trait. 

1 aO-seed vol ume 

Positive 9 ca efta cts were obta i n ed for parents P 11 and P 12; and 

negative effects were observed for P 2' P 3' P>i and P 7 for 1 aD-seed vol ume. 

Seed density 

Positive gca effects were obtained for the inbreds P 21 P 3 and Pol· 

Negative effects were observed for P s ' P7 1 P g and P 12 inbreds. 

Accelerated aging test 

Positive gca effects were observed for P 4 and P 6 whereas, gca 

effects were n e gati ve fo r inb re ds P 2' P 10 and P 12. 



Table 4.12 Estimates of general combining ability effects for seed quality traits 

~---.-----------------------------------------------------------------------------------~ .. ~¥.~.-----------------------
ParentaJ Character:s 
Line 100-seed 100-see:j Seed AcceIeraIed Osmotk:: Genninatbn Seed Field 

weight volume dens tty aging stress percentage vigour emergence 
lest test index 

----------------------------~--------------------------------------------------------------------------------------------

P1 -0.40 -0.29 0.00 0.12 -0.79 0.39 -0.07 -2.95* 

p ... -0.63· -0.75· 0.01- -1.20- ~2.93* -0.33 -0.31 1.55· 

P s -0.39 -0.46'" 0.01- 0.94 0.61 0.49 ..Q.10 3.33-

P4 -0.56 .... -0.64· 0.Q1- 1.30· ..0.25 1.39* ~O.80* 3.76* 

P s 0.27 0.21 0.00 0.33 1.39* -0.83 0.43 O~48 

P6 -0.10 0.00 -0.01 * 1.87* 1.50* 0.89 -0.34 0.98 

P7 -0.82* -O.54~ -0.01" -0.60 2.36* -1.26* 0.63 -2.38* 

Pg 0.18 0.18 0.00 1.05 3.00* 0.10 0.40 0.76 

PQ 0.12 0.29 -0.01· -0.38 -0.82 0.17 0.32 -3.52* 

Pw 0.48 0.32 0.00 -1.95* -1.46- -0.33 ~1.07· -0.95 

P" 0.87· 0.71· 0.00 0.55 -1.32* 0.39 0.91- 0.26 

P12 0.97* 0.96" -0.01· -2.02* -1.29 -1~08" -0.01 -1.31 

----_ ..... _ - - - - - - - - - - - - - - - - - - - - - ~ - _ _ W ft V • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

SE(gi) 0.25 0.17 0.004- 0.57 0.65 0.46 0.39 0.73 

SE(gi-gj) 0.38 0.26 0.005 0.B4 0.96 0.67 0.58 1.08 

CO(gi) at 5% 0.50 0.34- 0.008 1.14 1.29 0.91 0.78 1.46 

~~~--------------------~-------------~ ..... ~~~----------------------------------------------------------------------~-------

• Significant at P _$ 0.05 
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Osmotic stress test 

Pos itive 9 ca effects were di splayed by P 51 P 6' P 7 an d P 8 0 n th e 

contrary negative 9 ca effects were observed for P 2' P 10 and P 1,-

Germination percentage 

Positive gca effects were observed for P4!j and negative for P7 and P1Z-

Seed vigour index 

Posit~ve gca effects were observed for P11 and negative for p .. and P10' 

Field emergence 

Parents P2 1 P3 and P 4 had positive gca effects, whereas, negative 

9 ca effects were ob served fo r P l' P 7 and P g' 

4.2.1.3 Estimates of specific combining ability (sea) effects 

The estimates of specific combining ability (sea) effects for different 

yield and yield components at Palampur. Bajaura and in pooled analysis are 

presented in Tables 4.13, 4.14. and 4.15, respectively_ The significant sea 

effects obtained for different characters are described below: 

Days to silking 

The cross combinations P2 x Pel P2 X P12; P3XPS' P4X P a• P X P g and 

Ps x P10 at Pa(ampur: P2 x P7' P4 X P10 and P5 x P10 at Bajaura; and P2 x P12' 

P 4 X P, 2' P 5 X P 10 and P 8 X P 11 rn pooled analysis exh i bited negative sea effects. 

H owever, posi ti va sea effects were al so 0 bse rved for P:2 X P 5' P 4 X P 6' P e X 

PlOt P a X P12 and P1, x P12 at Pa~ampur; P,o X P12 at Bajaura; and P2 x P5> P4 

X P6' P s X P,o. P w X Pl1 and P11 x P'2 in pooled analysis. 
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Days to pollen sheddin g 

Negative sea effects were observed for the cross combinations P2 x 

P n • P s X PSI P s X PS'P P5 X P'D and P s x P n at Palampur; P, x P 31 P 3 X P111 P4 

X P10 and Ps, x P,o at Bajaura; and P r X P2' P1 X P3' P z X P1Z' P5 X P s • P5 X 

PlO' P5 X P'2 and P e x P'1 in poored analysis for this trait. Positive sea effects 

were found for P z x P5' P6 X Ps• P 6 X P9' P s X P101 Ps X P 12 and P11 x P'2 at 

Palampur: for P10 x Pl2 at 8ajaura; and for P2 x PSI P4 X P s ' P a X P10' P,o X P11 

and Pi 1 X P 12 on pooled basis. 

Leaf areaJpl ant 

Positive sea effects were observed for P2 x P9
1 

Bajau ra; and for P 2 X P 9' P 5 X P., and PBX P 12 on pooled basis. Negative sea 

effects were observed for P, x P11 at Pa'ampur; for P1 x P7' P1 X Pa~ P2 X P1" 

poa led an alys is. 

Plant height 

Combined analysis over the two environments showed negative sea 

effects for P 1 X P 7 and P 5 X P'1 whereas, these effects we re pos itive for P 1 X 

P,.. P1 X p s . P 2 X P5' P3 X P51 P3 X P s ' P3 X P s ' P 3 X Pel P3 X P11. P s X P g • 

Ps X P 12' and P 11 X P 12· Negative sea effects were exhibited by the cross 

combinations P4 x P s' Pe X P11' P g X P" and P g x P12 at Palampur and by P, 

x Pi' P3 X P71 P4 X Pa and P6 x P'2 at Bajaura, howevert positive sea in P1 x 

P10' P2 X P10~ P3 X P5 1 P3 X P g1 P 4 X P9' P5 X P gJ P 5 X P11 and P" x P12 at 

Pa!ampur and in P1 x PSt P2 X P5' P3 X P4' P3 X P a, P3 X P~:P P3 X P11' P4 X 

P7' P5 X P6 an P B x P12 at 8ajaura were also observed. 
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Ear height 

The cross combinations P g x P 12 at Palampur; P 1 X P7t P 1 X P 1P P2 

X Pl' P4 X P a and PEl x P12 at 8ajaura; and P2 x P3 and P s x P12 in pooled 

analysis were found to have negative sea effects for thIs tra~t+ However; 

positive sea effects for P1 x P8' P1 X Pto. P2 X P s. P 2 X P6' P3 X P51 P3 X 

Pe and P3 x P s at Palampur; for P, x P4' P, X PSI P2 X P51 P3 X P"P P3 X p s• 

P4 X P s, P 4 X P7' P7 X P12' Pa X P1Q and P a X P12 at Bajaura; and for P1 x P4 1 

P1 X P s , P, X P g , P 2 X P5; P2 X P6' P2 X P a, P l X P5' P 3 X Pet P 3 x Pal P4 

X P 7' P 7 X P 12 and P 8 X P 12 in pooled analysis were al so observed. 

Ear length 

Positive sea effects were 0 bse rved for P 1 X P 3' P 1 X P '2' P 2 X P 6' P 2 

X P7' P2 X Pgl p .. X P9l P s X P s and Pg x P 12 and negative for P2 x P10 at 

Palampur. Whereas, at Bajaura positive sea effects for P, x P 4' P 1 X P 9' P ~ X 

PiC; P 3 X PSI P3 X P g • P 5 X P TO ' P,o X P'1 and P10 x P12' and negative effects for 

P1 x P7' PO? X P10' P3 X P7l P3 X P10' P4 X P,l' P5 X P e and P a X P11 were 

observed. In pooJed analysis P1 x P gl P 1 X P10t P2 X P 61 P 2 X P7 1 P2 X P g , P3 

X PSI p .. X PSI P s X P 10 and P10X P12 showed positive and P2 x P10 and P>II x P" 

negati va sea effects. 

Ear circumference 

Positive sea effects for ear circumference were exhibited by the cross 

combinations P1 x P2' P3 X Pe• Ps X P9' P s X P,,; P s X P12 and Pe x P
7 

at 

Palampur; by P2 X P J ; P 2 x P tP P 3 x PSI P s X P10~ P7 X P111 Pa X P10 and P11 

x P u at Bajaura; and by Pi x P9> P2 X P31 P2 X PSI P5 X P11' Ps X P 7 and Ps 

x P 10 on pooled bas is. Negative sea effects we re observed for P 3 X P 5 and P 6 
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X Pa at Palampur; P1 x P'I' P5 X P g , P 5 X P'2 and P6 x P g at 8ajaura; and P2 

x P" and P 6 X P g on pooled basts. 

Kernel rows/ear 

Positive sea effects we re observed for P 1 X P 2' P 1 X P 12' P 2' X P 7' P:2 

x P 10' P3 X P 11' P4 X P s· P4 X P S ' P 4 X PSt Ps X P g , Ps X P 11' P s X P'2 and P7 

x P n cross com b i nations at Palampur; for P, x PSI P, X Pa, p 1 X P12' P2 X P 4~ 

P:2 X P6 1 P3 X P 10t P3 X P'l' P.Ij X P5 1 P5 X P'1 ' P s X P g • Ps X Pg and Ps x P,o 

at Bajaura; and for P1 x Pa' P, x P12 l P z X P4' Pz X PSt P2 X P7 1 P;2' X P IO ' P3 

X P7' P3 X Pl0' P3 X PI1' P4 X P5J P4 X PSt Poll X P9 t P s X P ~~ and P7 x P 11 in 

pooled analysis. 10 cross combinations each at Palampurl 8ajaura and in 

pooled analys"is exhibited negative sea effects. 

Kernels/row 

Analysis of pooled data from the two environments revealed positive 

sea effects for P2 x P5' P2 X P7' P 3 X PSt P4 X P5t P4 X Pgt P.II X P12' P s X P7' 

P 5- X P 10' P 7 X Pi l' P 7 X P, 2' P 9 X P 10' P 9 X P 11 and P 10 X P 12 and negati ve for 

p 2 X P 4" P 2" X P 10' P 6 X P 7 and P 6 X P '0' The effects for the cross combj nation s 

p~ x P u , P2 X P s , P 4 X P g , P s X P7' P7 X P"I P7 X P'21 P g X P,o and P,o x P'2 

at P a I amp u ran d fo r P, x P 91 P 1 X P, o. P 2 X P 12' P 3 X P 51 P 3 X P 8' P 3 X P 9' P 4 

X PSI P" X P9' P.04 X P12' P5 X P10' P1 X P12 1 P g X P11 and P IO x P n at Bajaura 

were found to be positive. However. negative sea in P, x P51 P2 X P10~ P3 X P g, 

p a X P 1 2 ' P 9 X P 12 and P" x P':2 at P a I amp u rand [n P 1 X P 12' P 2 X P 31 P 2 X P 4' 

P,1 X P'O' P s X Ps and Pij x P10 at Bajaura were also observed. 
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She Iii ng pe.-centage 

At Bajaura. positive sea effects were found for the cross combinations 

P, x P s . P2 X p .. , P3 X P41 P3 X P1O~ P5 X p~,; P s X P n • P 6 X P7' P6 X P g and P9 x p~~; 

and negative for P, x P9' Pe X Pl2 t P r X P11 and P e x P12. Pooled analysis for 

this trait could not be carried out due to nonsignificant variance at Palampur. 

1 aD-seed weight 

Positive sea effects were observed for P 2 X P -4' P 5 X P 10' P 5 X P 11' P 5 

X P'21 P s X P 1 and P" x P9 cross combinations at PaJampur; for P1 x P 4' P2 X 

Pg , P 3 X P5' P3 X P11t P s X Pl' P5 X P s - P e X P7' P e X Pm. P8 X P121 P9 X P12 1 

P 10 X P 11 and P 11 X P,:<, at Bajaura; and for P 1 X P 41 p. x P 9" P 2: X Poll' P 2 X P 6. 

P2 X PSI P3 X P1P P s X PSI P5 X P11' P5 X P12' P6 X P1' P s X P10~ P e x P12 and 

Pl1 X P 12 on poa led ba sis. Negative sea effects were fou nd for P 2 X P 5' P 6 X 

P1P Pe. x P'2 and P g x P12 at Palampur; for P2 x P11' P5 X P91 Pe X PSI P s X P11 

and P s x P'2 at Bajaura; and for P1 x P121 P2 X P11' P3 X p.P P-411 X P g1 P G X Pal 

p 6 X P 11 and P 6 X P 12 in pooled analysis. 

Grain yield 

The number of cross combinations showing positive sea effects for 

this trait was relatively high. As many as 38 crosses at Palampur, 29 at Bajaura 

and 39 in pooled analysis revealed positive sea effects. Positive sea effects 

were exhibited by P1 X P10' P, X Pi,. P 2 X P7' P2 X Pel P2 X P gt P3 X p s • P3 X 

P\Ol P3 X P nl P 4 X P S ' Poll X P 61 Poll X PSI P4 X P9' P5 X P n • Ps X P'21 Pe X P7' 

P7 X PSI P7 X P,o, P7 X P j2 and P'l x P'2 in all the environments Le. at Palampur. 

8ajaura and in pooled analysis. A total of 3, 10 and 8 cross combinations were 

found negative sea effects at Palampur. Bajaura and in pooted anatysis
1 

re s pee ti ve I y. 
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Biological yield 

Most of the cross combinations showing positive sea effects for grain 

yield were also found to have positive sea effects for biological yield. Eighteen 

cross combinations at PaJampur, 22 at Bajaura and 26 in pooled analysis 

revealed positive sea effects. The common crosses which exhibited positive 

sea effects in all conditions were P1 x PS1 P1 X P111 P2 X P s. P3 X P5~ p. X P6' 

Ps X P7' P s X P1P P5 X P'2' P7 X P12' P8 X P10' P10 X P12 and P11 x P12" Negative 

sea effects were found in 6 crosses at Palampur. 14 crosses at Bajaura and 12 

crosses in pooled analysis. 

Harvest index 

Cross combinations P1 x p..;, P1 X p s• P 1 X P12' P2 X P Sj P 2 X P7' P2 

X P'2' P3 X P6' P3 X P7; P3 X Pel P3 X P9' P3 X P101 P3 X P11' P3 X P121 P4 X P7~ P4 

X P10' P" X P'2' Ps X Pal P5 X Pg1 P s X P121 P s X P7' Pe X Pal P6 x p s• P 7 X PSl P7 

X P 9' P 7 X P,o and P 9 X P 10 were com mon and showed positive sea effects and 

P1 x P2' P T X Po' P3 X P4t P3 X P s. P s X P6' P s X P11 and P s x P u were common 

and showed negative sea effects at both the environments. Whereas, in case 

of pooled analysis 41 cross combinations exhibited pos~tive sea effects. 

The estjmates of specific combining ability (sea) effects for different 

seed quality traits are presented in Table 4.16. The significant sea effects 

observed for different characters are given below: 

10D-seed weight 

Analysis for sea effects showed that 9 cross combfnations P 2 X P 3
1 

P2 X P4 l P3 X P11' Ps X P10' P s X P111 P5 X P12' Pe x P7, P7 X P g and P9 x P'2 had 

consistent positive sea effects and two P 3 X P 12 and P 6 X P 9 had negative sea 

effects for th is trait. 



Table 4.16 Estimates of specific combin~ng ability (sea) effects for seed quality traits 
-------------...- ........ ______________________________________ -.....-... __ ...... ____ ......... _ ............. ..._ .......... .w-. ................................... -....'1111 

Combination , Cbaracters 
100-seed 100-seed Seed l\ccek3rated ()sm)tjc Garrnllation Seed F~ 
weight vo'ume density aging stress percentage vigour emergence 

test test index 
--------------------------------------.......... - ......... _--------------_...._---------------------

1 2 3 4 5 6 7 8 9 
---... -------------......----~ ....... -...._----------------.............. ._.... .................. --...... --_.,..----_,.---------...---~ ......... -..... ------
Pi X P:;, 1.63 1.00 0.02 5.79* 4.41 3.51* ~1 ~48 0.61 

P1 X P3 -0.63 -0.29 ~.02 5.65'" 1.87 2.69 -5.21'" -0.18 

p~ X p .. 0.58 -0.11 0.03* 0.29 1.73 -1.20 .0.81 0.40 

P1 X P s -0.69 -O~97 0.02 2.25 0.09 0.01 -0.11 1.68 

P, X Pe -0.33 -0.25 ~O.O1 -2~28 1.98 -3.70* O~65 -6.82* 

P1 X P7 -0.73 ·1.22 0.03* -8.32* 3.12 -2.56 3.6S* -5.46* 

P, X Ps 1.72 1.57* -0.02 3.54 -2.52 3.00 2.24 9.40~ 

P, X Po 0.92 0.96 -0.02 1.97 3.30 1.01 -1.47 1.68 

P, X P1Q -0.76 -1.07 0.02 -3.46 -0.06 -2.49 -1.85 1.11 

PI X Pi1 1.11 0.03 0.04· 3~04 -4.20 0.80 2.25 1.90 

P, X P'2 -1.77 -0.72 -O.OS* -1.39 -6.24* -2.74 1.18 -0.53 

Pz X P3 2~17· 2.68* -O.OS· 1.97 1.01 1.40 2.37 -0.68 
P;lXP. 2.05- 1.35- 0.02 -8.39- -9.13* -3.49· 1.25 -6.10· 

P2 X P s -0.91 -0.50 -0.01 -5.93'" 2.23 -1.27 -0.95 ...Q.82 

P2 X Ps 1.64 1.21 0.01 -3.98 -9.88· -2.99 -2.61 -21.32· 

P2 X P7 . -1.04 -1.25 0.03- 3.50 4.26 0.15 1.72 6.04-

P:;> X Ps 1.40 0.53 0.04· -3.14 -0.38 -0.20 -0.63 2.90 

p~ X P g -1.01 -1.07 0.01 6.29* -1 ~56 3.73· 2.15 8.18· 

P:;> X P IO 0.23 -0.11 -0.01 5.86* 3.09 2.23 -0.51 2.61 

Pz X Po -1.59 -1.50" 0.02 2.36 5.94" 2.51 0.78 3.40 

P2 X P'2 0.54 0.75 -0.02 -1.57 0_91 -0.02 -0.05 4.97 

P3 X P4 -0.34 0.07 -0.03- 2.47 6.84" 1.69 3~62- -1.89 

P3 X Ps 0.62 0.21 0.02 4.43'"' -3.31 3.90· -0.10 2.40 
Ps X P s 0.86 0.43 0.01 0.90 -2.41 -0.81 -1.13 0.90 

Contd .. ~ 



~----------------------------------------------------..._ ....... ~---- ... ....-...---------------_ .. ---_ .. ...- ........ 
1 2 3 4 5 6 7 8 9 

---------------------------------_...._...-......... --.... ........ ...- .. ...-------------------_ ............................... -------

P3 X P7 -1.05 -1.04 0.01 2.36 L73 0.33 O~58 3.25 

P3 X Pa 0.77 1.25 -0.03- 2.28 1.09 -3.02 1.67 ~1.B9 

P
J 

X P
Q 

1.75 1-14 0.01 1.15 -3.09 -1.10 0.28 3.40 

P3 X P10 1-38 1.10 0.00 1.72 1.55 -1.60 2.15 1.82 

P3 X P'1 1.98- 0.71 0.05- -14.78- -14.59* -5.31 * -1.72 -1.39 

P3 X P12 -2.21· -2.04- 0.01 2.79 4.37 -1 ~35 -0.39 1.18 

P"X P s -0.75 -0.61 0.00 3.07 7.55* 3.01 -1.07 1.97 

P"X P6 -1.76 -1.40- -1.01 • 0.54 -2.56 -0.70 -2.02 1.47 

P"X P 7 -0.94 -0.86 0.01 5.50· -0.41 1.44 -0.11 3.82 

p~ X Pg 1.29 0.43 0.03· -2.64 -0.06 -1.92 1.04- -0.32 

p~ X PQ -0.99 -0.68 0.04'* 0.29 5.76* 2.01 -1.02 3.97 

P" X Pta 0.54 -0.22 0.04- -14.64* -6.59* -1.49 -2.49 0.40 

P"X P11 0.09 -0.11 0.01 0.86 -10.74· -4.20· -2.07 1.18 

P"X P12 0.83 1.64· -0.06· 6.43· -10.77- 3.28 -0.58 -O.2S 

P5- X P6 -0.27 -0.25 0.00 -3.50 -0.70 2.51 2.97* 1.75 

PsX P7 0.89 0.28 0.03- 0.97 -1.06 1.65 1.73 1.11 

P6 X Pa 1.48 1.07 0.01 2.82 -1.70 -1.70 0.58 0.03 

P5 X Po 0.65 0.46 0.00 -3.25 3.12 -1.77 0.60 8.25" 

P5 X P w 2.50· 2.43- -O~O2 4.32* 4.76· 0.73 0.94 B.68'" 

PsX P11 1.93· 1.03 0.03- -9.68* -3.38 -1.99 2.32 -5.53* 

P5 X P12 2.25'" 1.78* 0.00 2.40 .. 1.41 -1~52 0.67 -7.96* 

P6 X P 7 2.73-- 1.50· 0.04- 2.43 3.84- 1.94 -1.60 6.61'" 

P6 X Ps 0.60 -0.22 0.04" -0.21 2.19 -O~42 ~1.04 -2.53 

PsX Po -2.07* -2.32'" 0.04- 0.22 4 .. 01 -1.49 -1.23 0.75 

PsX P10 0.66 0.64 0.00 2.79 4_66 3.01 0.25 5.18 

PsX Pil -0.03 0.25 -0.01 3.29 10.01 '" 3.30'* -1.68 3.97 

p 6 X P 12 O~41 -0.50 0.05- 5.86" 1.48 3.76* 2.87· 7.54* 

ConM ... 



---------------------------------------------------~---------------------------------------------------------------------

1 2 3 4 5 6 7 8 9 
-------------------------------------------------------------------------------------------

P7 X Pe 0.21 0.32 -1.01· 2.25 -0.66 0.73 -3.47· -11.18-

P7 X PQ 2.09· 1.71 * 0.00 -8.821t -2.84 -1.35 -1.73 -12.89* 

P7 X P,o 0.61 0.68 -0.01 3.25 -0.20 -1.85 1.64 -9.46* 

P7 X Pll 0.12 -0.22 0.02 0.75 0.66 -0.56 -1.06 3.32 

P7 X P'1 0.16 0.03 0.01 -5.68· 1.62 -0.10 0.39 2.90 

P8 X Po 0.09 -0.50 0.03· -2.96 -5.49* -2.70 -1.14 5.97-

P8 X P,o -1.70 -1.04 -0.02 5.61· -0.84 3.80· 1.36 0.40 

Pa X Pll -0.80 0.07 -0.04· 2.11 4.01 1.08 -0.64 -1.82 

PBX P12 -0.57 -0.68 0.02 -2.32 4.98· 0.55 -1.68 -0.25 

P9 XP W -0.21 -0.15 -0.01 -3.46 -11.52* -2.27 -0.71 3.68 

Po-X PH 1.21 0.96 0.00 6.54'" 6.84* 3.01 0.17 5.471t 

PQ X P12 2.08· 1.71 * O_()O -2.89 -5.20* 0.48 -0.20 -2.96 

P1QX P'1 1.45 1.43* --0.01 3.11 -5.52* 1.51 2.00 4.10 

P w X P'2 -0.42 -0.32 0.00 -4.32~ 3.44 -0.02 -0.08 5.47· 

P n X P12 0.02 0.28 -0.02 -0.82 -3.70 2.26 -1.34 -3.75 

------ .. - - ~ - - - - - - - - - - - - - - • - - - - - - - - - - - - - - - - - - - - - ~ _ _ v _ _ _ _ _ _ _ _ _ ~ _ 

SE(sij) 0.93 0.63 0.01 2.08 2.37 1.66 1.43 2.67 

SE(gjj-sj~) 1.35 0.93 0.02 3.04 3.47 2.43 2.09 3.91 
SE (sij-skJ) 1.30 0.89 0.02 2.92 3.33 2.33 2.01 3.75 

CD(sij) at 50/0 1.84 1.26 0.03 4.14 4.71 3.30 2.B4 5.31 

----------~-------------~w.ft _____________ ~~ ____________ ----------------------------------------------_---¥.Vr H ___________ 

Significant at P 5. 0.05 
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100-seed volume 

F or seed vol urns. positive sea effects were obtained for P 1 X P 8' P 2 

X p~, P2 X P4' P4 X P12t P5 X P'O' P5 X P~2' P e X P7' P7 X Pg. P9 X P'2 and P10 

x P11 cross combinations. However, negative sea effects were observed for P2 

x P11 j P,) X P12' P4 X P6 and P6 x P9' 

Seed density 

Positive sea effects were observed for the cross combinations P 1 X 

p. t P1 X P71 P1 X P'1' P2 X Pr. P2 X P fP P 3 X P1,t P4 X P S • p. X P gI p. X P'Ot 

Ps X P7' P s X P'1' P e X P7' Ps X PSt P6 X P9* Ps X P12 and P s x P g and negative 

in P, x P u , P 2 X P3' P3 X P4' P 3 X PSI P4 X Pet Poll x P121 P7 X P B and Pe x P'1' 

Accelerated .ging te.t 

Eleven crosses viz .. P1 x P2' P, X P li P2 X Po. P2 X PlOt P3 X P~. 

P4 X P7' p~ X P12' P3 X P10' P e X P'2t P a X P,o and P g x P 1 , had positive. 

whereas, 9 crosses P, x P7' P:2 X P4~ P2 X P~t P3 X Pl11 P4 X P'Ot p!) X P n • P7 

x P 9' P 7 X P l2 and P 10 X P 12 had negati ve sea effects to r accelerated ag ing test. 

Osmotic stress test 

The estimates of sea effects for osmotic stress test were positive for 

P2 x P11' P3 X P4' P4 X P51 P4 X P g , P 5 X P101 P6 X Pi1' Pe X P12 and P g x P11 

and negative for P1 x P12' P2 X P4t P2 X P61 P J X P,p P4 X P,o' P-4 X P,,~ P4 X 

P12' P8 X P9' P g X P,o. P g X P u and P,o x P'1 cross combinations. 

Germination percentage 

Positive sea effects were observed for P, x P2' P2 X P9' P3 X P5~ 

P6 X P11' P s X P'2 and P8 x P,o and negative for P , x Pel P2 x P~I P3 X P'1 and 

p~ x P 11 for this trait. 
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Seed vigour index 

The estimates of sea for seed vigour index were and positive for P1 

x P7' P3 X P4' P5 X P6 and P6 x P12 and negative for P, x P 3 and P7 x P8 cross 

com bi nations. 

Field emergence 

- Cross combinations P, x PSI P2 X P71 P2 X Pe, P s X P9~ P5 X P10' Ps 

X P l > P G X P12' P6 X Pg , P 9 X P11 and P,o x P12 had positive sea effects j 

wherea s, negative sea effects were observed for P 1 X P 6' P 1 X P 7t P 2 X P 4' 

P2 X P S ' P 5 X P11' P s X Pf2t P7 X P S' P 7 X P g and P7 x P10. 

4.2.2 Genetic component analysis 

4.2.2.1 Estimates of components of genetic variance 

Estimates of genetic components of variation and other estimates 

derived from them for different yield and yield contributing traits at both the 

locations and on pooled basis are presented in Table 4.17. 4.18 and 4.19 for 

Palampur, Bajaura and on pooled basis t respectively. 

E: Environmental component of variance was found to be nonsignificant for 

grain yield .... biological yield and harvest index at both the locations and on pooled 

basis and significnat for remaining traits. 

0: Additive component of variance was found to be significant for leaf areal 

plant, plant height~ ear height, ear length. kernel rows/ear. shelling percentage, 

biological yie.ld and harvest index at Pafampur and on pooled basis; 1 aO-seed 

weight on poored basis; and for days to pollen shedding, leaf area/plant
j 

plant 

height, ear height, days to maturity, kernel rows/ear, biological yield and harvest 

index at Bajaura. 
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F: The F value was signincantly positive for ear height, biological yield and 

harvest index at Palampur; for plant height, ear height and harvest index at 

8ajaura; and for harvest index, biological yield. leaf area/plant, plant height, ear 

height and ear length on pooled basis. 

H1 & H 2 : The dominance components (H 1 ) and (H 2) were significant for all the 

characters i.e. days to silking, days to p-ollen shedding t days to maturity~ leaf 

area/plant, pfant height> ear height, ear length. ear circumference, kernel rows/ 

ear, kernels/row, shelling percentage, 1 ~O-seed wetght, grain yield, biological 

yield and harvest index at both the locations and on pooled basis. 

h 2
: The net dominance effect was positive and significant for all the characters 

except days to pollen shedding, days to maturity and kernel rows/ear in 

Palampur; for ear length in 8ajaura; and for biological yield on pooled basis. 

..JH, 10: The mean degree of dominance <vH/D) was calculated only for those 

traits in which both D and H, components were significant. For the characters 

under present study viz., leaf area/plant, plant height, ear height, ear length
j 

kernel rows/ear, shelling percentage, biological yield and harvest index at 

Palampur; for days to pollen shedding. days to maturity, leaf area/plant~ plant 

height, ear height, kernel rows/ear, biological yield and harvest index at Bajaura; 

and for leaf area/plant, plant height. ear height. ear length, kernel rows/ear, 

shelling percentage. biological yield, 1 DO-seed weight and harvest index on 

pooled basis, the varues for degree of dominance was more than unity 

indicating over dominance. 

h"'ns= Estimates of heritability in narrow sense (h\s) were grouped in three 

categories i.e. low «150/0), medium (15-300/0) and high (>30%). Estimates of 

heritability were high for ear height at Palampur; plant height and ear height at 

8ajaura; and leaf area/plant. plant herght and ear height on the pooled basis. 
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Medium heritability was observed for ear length, kernel rows/ear) shelling 

percentage, biologica' yield and harvest index on pooled basis; for plant height, 

leaf area/plant. ear length, kernel rows/earj shelling percentage, biological yield 

and harvest index at Pa'ampur; and for days to pollen shedding, days to 

maturity, leaf area/plant, bjoJogical yield and harvest index at Bajaura. Low 

heritability was observed for days to pollen shedding, days to maturity, ear 

circumference, kernels/row. 100-seed weight and grain yield at Palampur and 

on pooled basis. SimHarly for ear length, ear circumference, kernel rows/ear, 

kernels/row, shelfing percentage, 1 DO-seed weight and grain yield the herrtability 

was low at Bajaura. 

Ko/KR: The ratio exh ibiting the relative frequencies of dominant and recessive 

alteles in the pa rents was observed to be 9 reate r than one at both the locati ons 

and on pooled basis for all characters except, days to pollen shedding at 

Palampur. 

r: The coefficient of correlation between the parental order of dominance 

(Wr + Vr) and parental measurement (Yr) was found to be positive and 

significant only for days to silking, pollen shedding and leaf area/plant at 

Bajaura; and for days to maturity in pooled analysrs. However, signif;cantly 

negative for leaf area/plant, plant height, ear length, ear height. kernels/ 

row, 1 DO-seed weight, grain yieJd, biological yield. harvest index and 

sherling percentage at Palampur; for· plant height, kernels/row, 1 aO-seed 

weight, grain yield and harvest index at Bajaura; and for plant height, ear 

height, kerneJs/row. 1 aD-seed wejght~ grain yield, harvest index, shelling 

percentage and biological yield on poofed basis. 

Considering the practical knowledge of the material under 

investigation, some of the assumptions like diploid segregation and 
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homozygosity of the parents were safely assumed to be fulfilled. For rest of 

the assumptions Hayman (1954) proposed F~test to examine the independent 

distributton of genes among the parents and regression coefficient (b) as a test 

for non-aUehc interactions. 

P-test: I n the present investigation the t 2
_ values were nonsignificant for plant 

height, ear height, days to maturity, ear circumference, kernels/row, shelling 

percentage and biological yield at Palampur; for days to pollen shedding, leaf 

area/plant, plant hejght, ear height, days to maturity, kernel rows/ear, shelling 

percentage, 100-seed weight and harvest index at 8ajaura; and for days to 

pollen shedding, days to maturity, leaf area/plant, plant height, ear height, ear 

length, kernels/row, sheUi ng percentage, 1 DO-seed wejght, biological yield and 

harvest index over pooled analysts. 

b: Both the regression coefficient (b) and its deviation from unit (1-b) were 

significant for kernel rows/ear, kerneis/rowl 100-seed weight and biological yield 

at Palampur; for ear height and days to maturrty at Bajaura; and for ear height, 

kernel rows/ear and 1 aO-seed weight over the pooled analysis. Whereas, in 

addition to this deviation from unity (1-b) were also significant for days to 

sHking, pollen shedding, leaf area/piant 1 plant height. ear length, ear 

circumference, grain yield and harvest index at Pa'ampur; for days to silking
j 

leaf areas/plant, ear length, ear circumference, kernel rows/ear. kerneis/row
l 

shelling percentage, 1 aD-seed weight, grain yield. biological yield and harvest 

index at Bajaura; and for days to silking, poUen shedding, leaf area/plant, days 

to maturity. ear length, ear circumference j kernels/row, grain yield, biological 

yield and harvest jndex in pooled ana!aysis. 
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The estimates of genetic components of variation and various 

esti mates derived from them for different seed qual ity traits are presented in 

Table 4.20 and are described below: 

E: Environmental component of variance (E) was found to be significant for 

1 aD-seed weight, 1 DO-seed volume t accelerated aging, test, germination 

percentage and seed vigour index. 

D: The addittve component of variance (0) was found to be significant for 

1 aD-seed weight, 10D seed volume, germination percentage and field emergence. 

F: None of the characters exhibited significant F value for seed traits. 

H1 & H 2 : The dominance components (H 1 ) and (H 2) were significant for 100-

seed weight, 1 aD-seed volume, accelerated aging test. osmotic stress test, 

germination percentage, seed vigour index and field emergence. 

h.2: The net dominance effect (h2 ) was positive and significant for 1 aO-seed 

weight and 1 DO-seed volume. 

("HiD): The mean degree of dominance (-.JH,ID) was calculated where both D 

and H1 were signiHcant. For the characters viz .• i00-seed weightt 100-seed 

volume, germination percentage and field emergence. the values for degree of 

dominance was more than unity indicating over dominance. 

h2 
ns= The heritability was found high (>30 0/0) for seed density; and medium 

(1S-30%) for 1 aD-seed volume and field emergence. Low heritability « 15%) 

was observed for 1 OO-seed weight~ accelerated aging test, osmotic stress test, 

germination percentage and seed vigour index. 

Kp/KR: The component Ko/KR that measures the relative frequencies for 

dominant and recessive alleles in the parents was observed to be greater than 

one and positive for all characters except seed density indicating excess of 

dominant a Ileles in the parents. 
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r. Coeff1cient of correlation between the parental order of dominance (Wr + 

Vr) and parental measurement (Yr) was found to be negative and significant for 

1 ~O-seed weight and seed density. None of the characters exhibited positive 

and significant value. 

P - test: In the present investigation the values of fl were nonsignificant for 

1 DO-seed weight, seed density, germination percentage, seed vigour index and 

field emergence. 

b: The regression coefficient (b) and its deviation from unity (1-b) were 

significant for iOO-seed weight and 100-seed volume. Whereas. in addition to 

this (1-b) were also significant for accelerated aging test, osmotic stress test, 

seed vigour ,ndex and field emergence. 

4.3 Heterosis on the best check 

Out of three hybrids (EHB - 1520, KH-101 and PSCL-3436) used as 

check, hybrid PSCL - 3436 excelled in grain yield and many other trarts at both 

the locations and hence the heteros~s had been estimated over this hybrid and 

the estimates so obtaine:d have been presented in Table 4.21 and 4.22 for 

Palampur and Bajaura, respectively. The significant heterotic effects observed 

for different characters are given below: 

Days to siJking 

Negative heterosis was exhibited by 34 crosses at Palampur and by 

16 crosses at Bajaura. The crosses showing negative heterosis in both the 

environments were p ... x P12' P3 X Pl1' P X P P x P P x P P x P P " . 4 10' 4 11'''' 12' 5 8' 5 

x P to and P 5 X P 12' 
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Days to pailen shedding 

Out of sixty six, 38 crosses at Palampur and 20 crosses at Bajaura 

were depicting negative heterosis. The crosses showing heterosis in the 

des ira b led ire c t i on were P, x P 2' P 1 X P 3' P 2 X P 12 I P 3 X P n' p 4 X P 1 0' P 4 X P 11' 

P4 X P'2' P 5 X Pal P5 X p,o. P s X P'1 and P s x P12 in both the environments. 

Leaf area/plant 

Twelve crosses at Palampur and 17 crosses at 8ajaura displayed 

positive heterosis. Positive heterosts in both the environments was observed 

for only 3 crosses viz., P, x P'OI P2 X P7 and P2 x P9-

Plant height 

Negative heterosis was exhibited by 15 crosses at Palampur and by 

5 crosses at Bajaura_ Whereas t out of these none of the cross combination 

exhibited desi rable heterosis in both the environments. 

Ear height 

Twenty eight crosses at PaJampur and 21 crosses at 8ajaura were 

depIcting negative heterosis. The crosses showing desirable heterosis in both 

the environments were Pi x P s' P 2 X P31 P2 X P4~ P2 X P7J P4 X P61 P4 X P Sj 

P-4 X P~;l' P5 X P7' P 5 X Pal P e X P s' Pe X P'2' P7 X P g1 P a X Pl1 and P9 x P11' 

Days to maturity 

Heterosis over best check was found to be negative in 15 crosses at 

Palampur and almost a" crosses i.e. 59 at Bajaura_ The crosses showing 

negative heterosis in both the environments were P t X P s ) P 2 X P3' P2 X p~, P2 

X Pl' P4 X P e, P 4 X P8' P4 X P g1 P5 X P~p P 6 X PSI P6 X P 12 , P 7 X P9' P s X P11 

and P g x P q . 



UJ 
.... 
:::::I 
a.. 
E 
ro 
tt1 

Q_ 

(ti 
(J) 

c 
Q) 
c 
o 
a. 
E 
o 
U 
"0 
03 
":;;., 

'0 c: 
~ 

"0 
Q) 
":;.. .... 
.E 
G co 

...-

j 

. , , , , , , , 
: 
: , , 
: , · · • ; , 
: , , , 
: , , , 
: 
: , 
: , , , , , · , · · , , , , , , , , 
: , , , , , 
: , 

._ 
0, 

cci 

.. 
a; 
N 
...­, 

to 

a:> 
l.() 

(") 

........ 

to 

~ 
LO . 

N 

a... 
x 
0... 

~ , 

to ,...... 
~ 

to 

C"'l 
C) 

-.:i-, 
.., 

(l... 

X 

0... 

(0 
Lf') 

<0 , 

.......­, 

Ll) 
0) 

d • 

to-

O> 
l"-
I.{) , 

<of" 

0... 
X 

0... 

. 
I.{) 
0-
c.O ,..... , 

...­
I 

C) 
o 
o 

N 
(J') 

U") 

".... 

• 
I< 
O· 
C\J 
d -­• 

0-'" 

X 
a..-

• 
L() 
o 
~ 
,.­. 

.. v 
C') 

cD 

co 
0> 
N 

._ , 

to-

O> ,.._ 
U") 
• 

<0 

0.. 
X 

0... 

• o 
N 
ci 
,.-

a co 
c::) 

._ 
I 

.. 
C') 
o 
"r 

0:­
x 
a 

.. 

..---
co 
C':i ...... 
• 

L.() 
o 
cci 

.. o 
co 
a:i 

t 

o 
<D 
,....: 

• C\I 
C\J 
a:i 

LO 
.....-
d 

t 

to 
0... 

X 

a... 

to 
r-..... 
r....: 

• 

co .,..... 
m 

ll) 
CJ) 

o 

o 
C\J ....: 

LO o 
C\.i • 

0... .... 

X 
D.... 

0, 
U1 
........ -. 

so 
0-
X 
a... 

to 
0) 
00 
cO 

I< a 
M 
cO 

a... 
x 
a... 

I< 
(") 
CD 
00 

• 

..--­
I 

a ...... 
<D 

8 
c.i 

.,.... . 
........ 
<D 
.....-­
• 

(O 
l() 

d , 

('). 

[L 

X 
N 

0.. 

• 
C\J 
(0 

ci ...... , 

.. 
a... 
x 

...... . 

• o 
r-
r' , 

0') 
co 
LO , 

8 o 
<on 

a... 
x 

to 
a 
r-
ei ._ . 

8 
d 

,.­
t 

C\J 
CD 
ci , 

iO 
0... 
X 

co 
~ 
C\J 

to 
l.{') 

to 
V 
...-

a 
0-
d 

LO co 
...­, 

p-. 

a... 
>< 
0...'" 



I.!) 

a 

co 

o 
to 
co 

o 
N 
,.....: 

o 
(J) 
,........ 

I 

a:l 

0.. 
X 

...­
I 

<.0 
r-
<D 

I 

o 
C") 

d 

0> 

... 
co 
c:o 
cci 

l{') 
0, 

o , 

co 
OJ 
N 

o 

..­, 

• N 
C') 

M , 

T""" . 
.....-
co 
d 

0... 0.... a.... 
X X X 

(">.{ ~ N t'i 

a... a... 0... Q_ 

'" co 
N 
,....: 

I 

CL 

>< 

• o 
U"') 

v 
......­, 

C\I 
<Xl 
.....-­

I 

@ 
d , 

v- U'J 

D.... a.... 
X X 

~ 
It') 

I 

co 
(.0 

9 

o 
o 
'f 

C") 
o 
.....-­

I 

0:0 ~ 

a.... 0.... 
X X 

8 
o 

LO 

ci 

• .....-
<.0 
cD 

I 

en 0> 
Q_ Q_ 

X X 

.,...... 
I 

....... 
C\J 
ci 

t 

!2 
Q_ 

X 

<:) 
Ll) 

LJ') 

'" C.b 

ai 

0.... 

X 

~ 
ci 

; 

...-

~ 
0.... 

X 

C") 

C\J 

...... 
C\J 
N 
.....­

I 

co 
co 
ci 

I< 
.....--
<D 
c.6 

I 

Ul 
Q_ 

X 

-co 
C'> 
ci 
."... 

I 

co 
C\J 
M 

I 

co ..... 

<D 
[L 

X 

a a 
~ 

" l..() 
en 
cO 

..---
f'..: 
C\I 

; 

l'-. 

0.... 
X ... 
0... 

4< 

co 
N 
ex) 

I 

.... .,..... 
'ott' 
cci 

l.{) 
l..() 

o 
I 

l.() 
en 
9 

'" co 
CD 
0) 

t 

w 
0... 

X 

o co 
v 

T""" 
..-­

I 

a a 
C\J 

!~ _. :: 
C") (:) 

~u 
"'=t 

I 

• (Y) 
a 
-..:i 

<0 o 
l{) 

......­
I 

.. 
eo 
O'J 
r-..: 

« 
N ..,.... 
r-...: 

I 

..,.... 
co 
C\J 

'? a...0> a.... 
X X .., ... 
c... a.... 



o 

co 

a co 
c:) 

I 

..--

..q-
cri 

I 

00 
o 
9' 

Q_ 

X 

a 
c.q 
.....-­, 

a 
C'! 
a 

... 
1.O 

c.ci 

LO m 
c5 

I 

N 

0.. 
X 

...t 

0... 

~ 
co 

I 

U) 

(L 

X ...., 
n.. 

... 
<0 
cq 
L!) 

... co a 
co 

N 
t-
o 

too 
0) 
a 
l"-

I 

cr:J 
co 
d 

~ 

..--
CD 

<;' 

L() 
en 
a 

-I< 

r-­
Q) 

l{) 
..-­

I 

~ 
0) 

I 

aJ 

0.... 

X 

too 

a c.o 
c.ri 

(0 
o 
Lri 

0> 

a... 
x 

<D 

a.. 

l.(') 
(J) 

ci 

N co 
cO 

I 

... 
c:c 
co 
c5 , 

o 

(J) 
OJ 
0-

o 
N 

9 

C!; 
d 

I 

.. 
Q') 
l"'­
I.,() 

I 

... 
0) 
.....--
cci 

co 
~ 
l[) 

N 

a..."- 0...."- a._-­

X X X 

.. 
N 
00 
c.ri 

,..._ 
[l_ 

X 
rD 

0.... 

too ...... 
0') 

cD 
I 

~ 
N 

I 

1O 
oo::t' 
ui , 

C"'1 co 
d 

I 

co 
a... 
X 

(0 

a... 

.. 
rn 
l.{) 

oj 
I 

o 
~ 
..-­

I 

8 
ci 

-to 
(]) 
1O 
cO ,... 
• .. 

.....--
00 
oi 

I 

L.t) 

d 
I 

M co 
d 

I 

ao 
a.. 
X 

o 
co 
r-.: 

a ..--
c:r.i 

-to 
('-I 
0-
d ,... 
• 

a> 
l() 

tri 
I 

~ 
0.... 

X 

.....-­
; 

,... 
...... 

I 

" m 
l"­
Ll') 

I 

~ 
lI) 
• 

a... 
X 

.....-­
I 

,....­
......­

I 

l() 
a 
~ 

~ 
I 

N 

0.... 

X 
((] 

CL 

-I< 
0> 
CD 
0) 

I 

co 
.....--
~ , 

<.0 
C\I 
~ 

00 
t-
o ...-

«l 

0.... 

X 
r-. 

c... 

..--­
I 

0> a... 
X 

t,{) 
CJ') 

d 

too 

C'\J 
('I') 

M 
I 

..-­
I 

o 

a... 
X 

..-­
I 

N 

o 
T""" 

(.Ci 
I 

c.o 
LO 
N 

I 



co 

o 
Ll) 

c..o 
...---

co co 
d 

._ . 

......­
• 

• 
C"? 
C> 
-c:i , 

a_a> 

>< 
0...."'" 

r-
0') 

0) 

........­
• 

C"') 
l.() 

U") 

:2 
0.... 
X 
D.....= 

.... 
r-­
<.0 
oo::t" ,........ , 

co 
co 
r-

... 
CD 
N 
cO 

f 

0.. 
X 

C":I 
L.l) 

ui , 

8 
d 

...---
co 
9 
Q_ 

x 
D..... 

>< 

co 
N 
N , 

<.0 
1.O 
d 

[l_ 

x 

......­, 

• r-
C'\J 
ci -­I 

~ 
D..... 

X 

g 
cri 

I 

• o 
CD 
d ......-

LO cc-
ci 

co 
N 
c) 

~ 
Lri 

I 

[l_ 

>< 
= 

a... 

-.-­
I 

co 
LO 

~ 

N 

[l_ 

x 
a 

a... 

8 
ci 

8 
d 

N 

a.... 
x 
a_ 

......-

...---

t.D o 

--(.) 
CO ._.. 
w 
en 

~ 
: 
I 
I 
I 
I 

: , , 
• I 
I 
I 
I 
I • 
~ 
I · , 
I , 
I 
I 
I 
I 
I , 
I 

~ · • 
~ · I 
I 
I • t 
~ • I 
I • , , 
I 
I 
I 
I 
I 
I 

: 
I 
I 

~ 
t 

~ 
I 
I 
I 

: 
~ 
t 
I 
I 

: 
I 
I 

: 
I 

: 
: , 
! 
: 
I 
I , 
: 
: 
t 
• • • : 
I 
I 
I 
I 

: 
I 
I 
I 

: • • • • • • • 

L.!') 
C) 

o 
VI 

Q_ -en -c: 
ro 
o -c: 
CD 
(f) 



96 

Ear length 

Out of sixty six, 14 crosses at Palampur and 16 at Bajaura had 

positive heterosis over the best check, with the common cross combinat~ons at 

both the locatjons as P2 x P7' P 4 X PSI P5 X P w and PlO x P'2' 

Ear circumference 

Twenty three crosses at Palampur and 2 at Bajaura exhibited positive 

heterosis; and 4 crosses at Bajaura had negative heterosis. The crosses 

showing positive heterosis in both the environments were P7 x P10 and P s x P10' 

Kernel rows/ear 

Positive heterosis was exhibited by 12 crosses at Palampur and 20 

crosses at Bajaura; and heterosis in negative direction by 4 crosses at 

Palampur and 1 at 8ajaura. The crosses showing heterosis in the desirable 

direction were P, x P e, P, X P'2' P2 X P31 P2 X Pl' P2 X PfO' P3 X Pl' P3 X P11 1 

P4 X P lT P 4 X P 8 and P7 x Pl1 in both the envjronments, 

Kernel strow 

Twenty eight crosses at Palampur and 30 at 8ajaura had positive 

heterosis over the best check. Positive heterosis in both the environments 

was observed for P1 x PSt P2 X P6l p~ X P7' P4 X P5' Po:! X P 6t p .. X P7 t p .. X 

P g • P s X Pel Ps X P7' Pe X P8l P s X P g , P s X P11' P6 X P t2 , P7 X P12' Ps X P g and P 10 

x P12' 

Shelling percentage 

Twenty one crosses at Palampur and 32 crosses at Bajaura were 

depicting positive heterosis. The crosses showing heterosis in desirable 

direction in both the environments were P, x P111 P2 X p ... P3 X P5' P3 X P12' 
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P4 X PSI P-,\ X P'2' P s X P10' P5 X P121 P e x P7' P 6 X PSI P6 X P g , P 6 X P11 1 P7 

X P12 and P g x P". 

1 aO-seed weight 

Positive heterosis was observed for P1 x Pg • Pi X P 10' P2 X P4' P3 X 

P g , P3 X P to' P4 X P,o· Ps. X P g • Ps X P10' P s X P 11' P5 X P 12' P7 X P g and P9 

x P,o at Palampur, and for P1 x P4' P3 X P 11' P 5 X P s· P(l X P7 1 Pe X P10> Pa X 

Grain yield 

Nine crosses at Palampur and 21 crosses at 8ajaura were depicting 

heterosis in posjtive direction, whereas, heterosis was negative for 23 crosses 

at Palampur and for 6 crosses at Bajaura. Positive heterosis in both the 

environments was observed for P1 x P n . P2 X P" P3 X P101 P3 X P1P P4 X P7> 

P-4 X p,o. P s X P'2 and P7 x P,o· 

Biological yield 

Heterosis estimates for biological yield over the best check were 

positive in 41 crosses at Palampur and 21 crosses at Bajaura, whereas, it was 

In negative direction for 6 crosses at Bajaura. The crosses showing heterosis 

in the deSirable direction were P1 x P s . P 1 X P11' P2 X Pe.. P4 x P6' P4 X Pl' P4 

X P s , P,4 X P g , P 5 X P7' P 5 X P,,. P s X P12' P s X P7' P 7 X PSI P7 X P111 P7 X P12 1 

Ps X P'2' P9 X P'2 and P" x P12 in both the environments. 

Harvest index 

Compared to the best check, heterosis was positive for 1 cross at 

Palampur and for 22 at 8ajaura; and negative for 61 crosses at Palampur and 

for 20 cross combinations at Bajaura. 
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Es ti mates of heteros is over best check fo r different seed qua I ity traits 

have been presented in Table 4.23. The heterotic effects observed or different 

characters are given below : 

1 aO-seed weight 

Ten cross combinations exhibited negaUve heterosis over best checks 

were P, x P3' Pi X P7' P 2 X Pl' P2 X P g , P 3 X P7' P J X P 12 • P 4 X P6; P4 X Pl' 

P 4 X P 9 and P 6 X P g' 

100-seed vol ume 

Heterosis in negative direction was exhibited by P1 X P3' P1 X P4; 

P, X P5' P, X P 7 • P, X P10' P2 X P s , P 2 X P 7 • P 2 X P g1 P 2 X P11' P3 X P,t' P3 

X P12t P4 X P5 j P4 X Ps' P-4 X P7 t P4 X P s and P e X P g and in positive direction 

was exhibited by P') X P7; P s X PlOt P5 X P'2 and P g x P'2 for 100-seed volume, 

Seed density 

Seed density was found to have positive heterosts for P1 x P.r;. P, X P11; 

P2 X P4' P2 X P s , P:} X Pl1> P4 X Pg • P4 X P s and P4 x P10 cross combinations, and 

negative heterosis for P, x P 12' P 4 X P 12 and P 6 X P 11' 

Accelerated aging test 

A II cross com b i nati on s except P 4 X P 10 for accelerated ag in 9 test had 

positive heterosis over the best check, 

Osmotic stress test 

Positive heterosis over the best check was observed for 60 crosses, 

except P2 x P41 P2 X Pe' P3 X P11' P4 X P111 P4 X P'2 and P9 x P,o for osmotic 

stre s s test. 



Tab~e 4.23 Estimates of heterosis over best check (Be) for seed quality traits 

----------------~---~---------------------------------------------------------------~------------------------------------

Hybrid Tr i 

100-seed 100-seed Seed Accelerated Osmotic Germination Seed Rek:t 
we~ght volume densi1y aging stress percetage vigour emergerw:::e 

test test index 

-------------------------------------------------------------~-------------------------------.---------------------------
1 2 3 4 5 6 7 8 9 

-------------------------------------------------------------------------------~-~~-------------------------------------

P, X P2 -2.10 -4.44 2.40 36.30'" 29.03- 8.79* -4.48 35.48* 

P, X P
3 

-9.27"- -8.89· -0.80 39.26· 30.65* 8.79* -17.42* 37.10'" 

p. X P4 -5.60 -8.89* 3.20· 31.85- 29.03* 5.49 -3.82 38.71-

PI X P s -7.17 -8.89* 1.60 33.33-- 29.03* 4.40 3.27 35.48'" 

P, X PEl -7.17 -6.67 -0.80 28.89- 32.26- 2.20 3.23 22.58'" 

Pi X P7 -11. 16"* -13.33'" 1.60 16.30* 35.48'" 1.10 17.97'" 19.35'" 

p~ X P8 1.14 2.22 -1.60 36.30'" 27.42* 8.79* 11.80 48.39* 

P1 X PQ -1.96 0.00 -1.60 31.85'" 30.65* 6.59- -2.13 29.03-

P, X Pl0 -6.63 -8.89- 1.60 21.48- 24.19"- 2.20 -8.67 32.26-

P1 X Pl1 1.39 -2.22 3.20· 34.81 * 17.74* 6.59'" 13.71 35.48* 

P, X P'2 -8.49 -4.44 -4.80'" 24.44* 14.52* 1.10 6.39 29.03* 

P2 X P3 
~O.11 2.22 -2.24 31.85* 25.81* 6.59'" 9.63 43.55-

P2 X Pol -1.14 --4.44 3.20* 17.04'" 8.06 2.20 2.87 35.48· 

P, X P5 -8.70 -8.89- 0.00 19.26* 29.03* 2.20 -0.66 38.71· 

p. X P6 -0.96 -2.22 0.80 24.44* 9.68 2.20 -9_59 6.45 

P2 X P7 -13.09* -15.56'" 2.40 31.8511< 33.87* 3.30 9.89 45.16 .... 

P2 X P s -0.78 -4.44 3.20· 24.44* 27.42* 4.40 0,,37 45.16* 

P;: X P \I -9.66· -11.11* 0.80 36.30· 19.35 .... 8.79· 10.36 46.77* 

P2 X P10 -3.92 ~6.67 0.00 33.33- 25.81* 6.59* -4.56 41.94* 

P2 X p., -9.22 -1 L 11'" 1.60 31.85* 30.65* 7.69· 7.49 45.16· 

P" X P ~2 -1.07 0.00 -1.60 22.22* 22.58- 3.30 1.03 45.16* 

P
J 

X P
A -8.81 -8.89" 0.00 36.30* 39.52* 8.79· 12.39 45.16'" 

P3 X P 5 -2.39 -4.44 1.60 37.78"' 25.81* 8.79* 3.20 46.77'" 
Contd._. 



-------------------------------------------------------------------------------------------------------------------------, 2 3 4 5 6 7 8 9 

------------------------------------------------------------~--------.~-~~~--------~---~.--------------------------------

P3 X P s -2.85 -4.44 0.80 34.81 * 27.42* 5.49 -3.34 45.16* 

P;j X P7 -12.27* 13_33" 0.80 33.33- 35.48* 4.40 6.47 43.55-

P3 X P s -2.21 0.00 -2.40 28.89- 35.48· 2.20 9.59 40.32-

P3 X Po 1.07 0-00 0.80 31.85· 22.58'" 4.40 4.19 41.94* 

P3 X P w 1.03 0.00 0.80 30.37· 29.03· 3.30 5.95 43.55· 

P3 X P n 4.56 0.00 4.00· 9~63· 3.23 0.00 -0-99 40.32'" 

P3 X Pl2' -10.02" -11.11'" 0.80 31.85'" 33.87* 2.75 0.55 41.94-

P4 X Pr, -7.92 -8.89* 0.80 36.30'" 41.94* 8.79* -2.90 46.77-

p~ X P6 -12.84"* ~13.33* 0.00 34.81* 25.81* 6.59- -9.22 46.77~ 

P" X p?, -12.52* -13.33· 0.80 38.52- 30.65- 6.59* 1.32 45.16-

P4 X Ps ~O.96" -4.44 3.20· 28.89* 32.26'" 4.40 4.70 43.55* 

P4 X Pg. -9.34· -8.89* 3_20- 31.11· 35.48· 8.79* -3.16 43.55-

P<I; X P,o -2.60 -6.67 4.00· 6.67 14_52* 4.40 -13.67 41.94-

P 4- X P'1 -2.82 -4.44 1.60 33.33- 8.06 2.20 -4.85 45.16'" 

P'I X Pl2 -0.21 4.44 -4.80'" 37.78· 8-06 8.79* -2.72 40.32* 

Ps X Ps 4.56 -4.44 0.00 27.41* 31.45* 7.69* 13.63 41.94* 

Ps X P7 -2.99 -4.44 0.80 30.37* 32.26* 4.40 12.64 35.48* 

Ps X P
B 2.71 4.44 0.00 35.56* 32.26* 2.20 7.53 38.71* 

Ps X Po -0.50 0.00 -0.80 24.44* 33.87- 2.20 7.35 45.16'" 

Ps X P,o 7.38 8.89· -1.60 33.33'" 35.48* 4.40 3.45 50.00· 

PsX P n 6.70 4.44 1.60 16.30* 22.58· 2.20 15.84 29.03· 

Ps X P12 8.24 8.89· O.BO 30.37'" 25.81 - 1.10 6.36 22.58* 

P6 X P" 2.25 0.00 1.60 34.81'" 40~32* 6.59* ~2.43 45.16· 

Ps X P s -1.75 -4.44 2.40 33.33* 38.71* 5.49 -1.21 35.48* 

P6 X Pg -11.52 -13.33· 1.60 31.85* 35.48- 4.40 -2.21 33.87* 

P6 X P w -0.46 0.00 -0.80 33.33* 35.48'" 8.79* -1.87 45.16* 

PoX PH -1.57 0.00 -1.60 37.78"'" 44.35* 9.89* -1.69 45.16* 
ConkL .. 



_________________ ~ ___________________________________________________ ~ _______ ~.w.~~ ___________________________________ -

1 2 3 4 5 6 7 8 9 

~-----------------------------------------------------~----~-~-~-----------~--------------------------------------~---

P 6 X p~:? 0.39 -2.22 2.40 37.78- 30.65- 8.79- 11.65 48.39-

P, X P e -5.74 -4.44 -1.60 33.33" 35.48· 4.40 -13.97 16.13'" 

P 7 X Po 0.75 2.22 -1.60 14.81- 25.81 '* 2.20 -0.48 6.45 

P7 X PIO -3.25 -2.22 -0.80 30.37· 29.03- 1.10 6.80 16.13· 

P; X P" -3.64 -4.44 0.00 30.37· 30,65* 3.30 4.15 38.71 * 

P7 X P'2 -3.10 -2.22 -0.80 17.04" 32.26· 2~20 6.10 35.48'"' 

Pa X Po -2.85 -4.44 0.80 25.93- 22.58- 2.20 0.81 41.94· 

P8 X P lO -7.88 -6.67 -1.60 36.30~ 29.03-- 8.79- 4.89 37.10'" 

Ps X Pl1 -3.32 0.00 -3.20· 34.81· 37.10* 6.59'" 4.81 35.48· 

Pa X PI' -2.14 -2.22 0.00 24.44'" 38.71* 4.40 9.96 35.48· 

Pg X P IO 2.85 -2.22 -0.80 20.74- 5.65 2.20 -2.98 35.48· 

Pg X Pl\ 3.64 4.44 -0.80 39.26· 35.48* 8.79'" 7.53 40.32· 

Pg X p,? 7.06 8.89- -1.60 21.48'" 16.13- 4.40 2.79 24.19* 

Pl0 X P" 5.74 6.67 -0.80 31.85- 14.52· 6.5911- 9.15 29.03'" 

P to X P'2- ·0.50 0.0 -0.80 17.04" 29.03- 3.30 -1.91 41.94* 

Pl1 X PT:2 2.43 4.44 -2.40 25.93'" 17.74* 6.59" 0.77 29.03* 

... -- - ..... - . - - - - - - - -- ~ - - - - - - - ~ - -- ...... - - - - ------- - - - - - - - - - ------ - - - - - - - - -

SE (BC) 1.28 0.91 0.02 3.15 3.89 2.51 2~19 4.12 
------- •• --- •••• ------------.~.------------.------------------_____ M _______________ ~ ___ W _____ M ___________ ~ _________ M ___ 

Significant at P < 0.05 
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Germination percentage 

Twenty six crosses depicting positive heterosis were P1 x P2' P1 X P3 1 

P, X P8' P1 X P g • P l X P11' P2 X P
3

, P2 X P9' P2 X P10' P2 X P 11' P3 X P4' P3 

X P s • P4 X P S ' P4 X Po' P4 X P7' P4 X P g , P 4 X P'2' P s X Pel P s x P7 1 P a X p 10' 

P6 X P11 1 P
6 

X P 12' P s X P,Q' Pe X P11 I P9 X P n • P,o X P 11 and P n x P 12 for 

germination percentage~ 

Seed vigour index 

Positive as well as negative heterosis over the best check for seed 

vigour index was found in P1 x P7 and P1 x P3' respectively_ 

Field emergence 

At! crosses except P 2 X P sand P7 x P 9 for field emergence exhibited 

positive heterosis over the best check. 

4.4 Correlation studies in seed quality traits 

All possible correlations among the seed Quality traits were computed 

at phenotypic (P) and genotypic (G) levels and presented in Table 4.24. The 

phenotypic correlation coefficients observed for different characters are g.ven 

below: 

1 aD-seed weight had positive and significant correlation with 1 CO-seed 

volume_ Simi larly, osmotic stress test was positive and significant7 correlated 

with accelerated aging test. 

Germination percentage also exhibited positive and significant 

correlation with accelerated aging and osmotic stress test. Field emergence 

was positive and significant correlated with accelerated aging, osmotic stress 

test and germination percentage. 
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4.5 Performance of maize inbreds and hybrids to blight and 

brown spot diseases 

The parents and hybrids of maize in the present investigation were 

also evaluated under natural epiphytotic conditions during kharif 1998 at 

Palampur and 8ajaura for reaction to leaf blight (Helminthosporium maydis and 

H. turcicum) and brown spot (Physoderma zeae maydis). The parents P l' P2' 

p) and P6 had light leaf blight infection at Palampur and slight at 8ajaura. The 

parents Pal P5' P7' p s • P91 p,o. P'1 and P12 showed light leaf blight infection at 

8ajaura whereas the disease reaction on these parents was moderate under 

P ala m pu r con ditio n s except P 12' The pa rents P 5 and P 8 had nob rown spot 

infection at 8ajaura whereas infection on these parents was slight at Palampur_ 

The parents P 2' P 6' P 9 and P 10 had slight brown spot jnfection at 8ajaura but 

light at Palampur. The parents P1$ P3' P4' P7' PH and P'2 also showed light 

infection at 8ajaura. 

Thirty six crosses viz., P1 x P3' P, X P5' P1 X Pg. P1 X P 10' P, X P 11' 

P2 X P)1 P2 X P4' P:z X P6' P2 X P7 1 P2 X P a• P2 x P g • P2 X P
lO

, P3 X P4' P3 

X P S ' P
3 X P7' P3 X P e ; P3 X P g • p) X P 10' P3 X P'1' P J X P'2' P 4 X P 5 • P4 X 

P;. P4 X P'O' P5 X P6' P s X Pg. Ps x p~O' P5 X P 111 P s X P7' P s X PSI P6 X P ", 

P, X PB' p? X P 10 , P a x P 10' P s X P,1' P9 X P 10 and P 10 X P l' had light leaf bJight 

infection at Palampur whereas it was slight at Bajaura. 

The crosses P2 x P10' P2 X P1P P3 X P g , P 3 X P10' P3 X P1t' P4 X P5' 

P4 X P,o' P5 X P7' P5 X PSI P5 X P'21 P6 X P81 P s X P g • P s X p,o. P7 X P a and 

P10 x P'1 showed slight brown spot infection at Palampur and no infection at 

Bajaura. The crosses P3 x PSI P4 X P gt P s X P s and P s x P11 showed slight 

infection for brown spot at both the locations. Light infection was observed at 

Palampur F 1 's P 1 x P3' P, X P4' P1 X PSI P1 X P gl P 1 X P n , P2 X P:,v P2 X P4' 
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P;, X P s . P 2 X P6' P2 X P s . P2 X PSt P3 X P4' P3 X P e. P 3 x P'2' P4 X P6~ P-4 

X P". P s X P gT P 5 X P10' P s X P7' P6 X P12' P7 X P g • P 7 X P10' P8 X P9' P a x 

P'J1 P s. X P,o, P g X Pi1' P g X P12 and P10 x P12 whereas. all these crosses 

showed slight infection at Bajaura. Other crosses had moderate and high 

infection for both the diseases at both the locations. 

Among the checks, EHB-1520 showed moderate leaf blight infection 

at Palampur and light infection at Bajaura~ KH-101 s~ight at Palampur and no 

infection at Bajaura; and PSCL-3436 light infection at Palampur and slight at 

8ajaura. However. all the three checks showed light brown spot infection at 

Palampur and slight infection at Bajaura. 



DISCUSSION 



Chapter-V 

DISCUSSION 

Maize (Zea mays L.) is one of the most important cereals of the 

world~ grown in a wide range of climatic conditions and covering an area of 

about 140.17 m ha with average yield of 43.16 q/ha (Anonymous. 1999"). In 

India, the area under maize is spread over 6.31 m ha with average yield of 

17.21 q/ha. Uttar Pradesh covers the largest area (1.07 m ha) followed by 

Rajasthan (D.96 m ha), Madhya' Pradesh (0.83 m ha), Bihar (0.69 m ha), 

Karnataka (0.56 m ha), Andhra Pradesh. Gujarat (0.40 m ha) and Himachal 

Prade sh (0.31 m ha). Althou 9 h the average yield of maize in H. P. is 19.90 q/ 

ha which is slightly above the National average, yet with respect to State-wise 

ranking it stands fifth after West Bengal (29.98 q/ha). Karnataka (29.84 q/ha) 

Andhra Pradesh (27.37 q/ha) and Punjab (20.95 q/ha) (Anonymous, 199:1 b). 

Maize grain and stalk is used for food, feed, oil ~ fodder and even fuel. Apart 

from domestic consumption, it also provides raw material for the production of 

several industrial products. Presently most of the area under maize in the state 

is covered with local cultivars and composite varieties. Increase in demand for 

food has encouraged its cultivation to expand in marginal areas forcing more 

and more maize to be grown under various stresses. Non availability of suitable 

high yieldjng hybrids/varieties and maize production under stress/rainfed 

conditions are the main reasons for its [ow production. Therefore
J 

there is a 

potential to bring break ~ through in the yield level which can be brought about 

by the development of suitable high yielding hybrids for commercial cultivation. 
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Various breeding technologies have already been developed and 

successfully utihzed in maize improvement programme (Russell. 1991). But 

according to Donald (1963) ~ack of sufficient knowledge of physiological and 

morphologicaJ characters related to yield and their exploitation have kept the 

current breeding approaches quite empirical. Till date no rapid, inexpensive, 

simple and precise assay is available to develop physiological/genetic 

parameters that can accelerate the rate of crop improvement t and thus 

selection and evaluation of the breeding materials have to be conducted 

following the current available methodologies. 

o iaHel ap proa ch (J inks a rid Hayman r 1953 an d Griffing t 1956 b ) was 

foJlowed in the present study to understand the nature of gene action involved 

in the rnbreds for different traits. The importance of such an analysis lies in the 

fact that it provides a systematic approach in formulating further breeding 

programmes in order to get maximum possible information within minimum time 

period. Johnson (1963) described diallel analysis experimentally as a systematic 

approach and analytically it provides an overall genetic evaluation that would be 

useful in identifying the crosses with best potential in early generations. While 

the diallel analysis of Jinks and Hayman (1953) is useful for evaluating the 

mode of inheritance* yet the analysis of Griffing (1956 b ) is particularly useful to 

the breeders as gca are calculated for each inbred parent and sea for hybrids. 

From this analysis the performance of each specific genotype can be evaluated. 

From the combining ability analysis we can also predict the relative magnitude 

of additive and non-addrtjve genetic variances. The variance due to gca contains 

only additive variance and epistatic interactions of similar type while the sea 

contains dominance variance and at! types of epistatic interactions including 

additive X additive types also (Griffing, 1956a and 1956b; Arunachalam~ 1976). 
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Hence, higher gca variance indicates mainly the i"mportance of additive portion 

while the higher sea variance ;s an indication of the predominant rore of non­

additive portion or dominance portion of genetic variance. 

Heterosis will not only facilitate the easy creation of new and more 

productive F, hybrids but also help the initial component of all plant breeding 

work, that is the creation of usefu' genetic variability prior to the second part, 

that of evaluation of the different genotypes (through their phenotypes) and 

selection of the superior ones (Tsaftaris t 1995). Since the first attempt to explain 

heterosis as due to union of unlike gametes by Shull (1910) and due to 

'heterozygos~s' by East and Hayes (1912L tm today several theories have been 

proposed based on different disciplines like genetics. physJology. biochemistry 

and molecular genetics. Extensive utilization of heterosis in maize has resulted 

in the development of superior hybrids throughout the world, but in our state, 

a large part of more divergent loca~ germplasm remains to be exploited for the 

development of high yielding hybrids having focal adaptability. 

To gather the information on combining ability. gene action and 

heterosis in maize, the present study was undertaken at two locations viz., 

Palampur (high rainfarl) and Bajaura (low rainfall) of the state and the results 

obtained have been discussed hereunder: 

Ana1ysis of variance for the experimental design 

The analysis of variance for the experimental design revealed 

significant differences among the genotypes for aU traits under study at both 

the locations, except for days to maturity at Palampur. and hence pooling of 

data was not done for this trait. PooJed analysis over the two environments 

revealed significant differences due to locations for all the traits viz., days to 
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silking, pollen shedding, maturity, leaf area/plant, plant height t ear height, ear 

length. ear c.rcumference j kernel rows/ear, kernels/row, shelling percentage, 

1 DO-seed weight, grain yield, biological yield and harvest index. This indicates 

that the performance of material under study was inconsistent in two 

environments for these traits. The differences due to treatments and 9 x e 

interactions were significant for all the traits except for days to maturity. This 

showed that sufficient genetic variability existed in the material for yield 

contributing traits under study. The presence of g x e interaction might have 

resulted in the differential performance of these traits at the two lo-cations. The 

seed quality traits also showed the presence of sufficient genetjc variability in 

the material. These results are in agreement with the findings of Jha and Sinha 

(1989); Vozda and Kubecova (1989); Odiemah (1991): Cosmin ef a/. (1991); 

Sharma and Bhalta (1993); Sedhom (1994b); Vasal et al. (1995); Chen-Ling et 

a/. (1996) and Ismaif (1996). 

Combining ability analysis 

The combining ability analysis facilitates the partitioning of genotypic 

variation of the crosses into variation due to general combining ability (main 

effects) and specific combining ability (interactions), which indicates about a 

measure of additive and non-additive gene action. In the present study 

significance of gca and sea variances revealed the presence of both additive 

and non-additive components of variation for different traits. 

The gca differences recorded were significant at both the locations 

for aU the economic and seed quality traits except for days to maturity at 

Palampur. Specific combining ability (sea) effects were arso significant for aU 

the traits studied except .for days to maturity at both the locations. In the pooled 
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analysis, the significant differences due to gea, sea and locations indicated the 

presence of sufficient genetic variability for combining ability in the material for 

aU the traits studied at both the locations. Similar results have also been 

reported by Shalla and Khehra (1977); Qadri et al. (1983); Jha and Sinha 

(1989), Debnath et a/. (1988); Beck et al. (1990); Mahajan et al. (1991); AUinbas 

(1995); Spaner et al. (1996); Josh i et al. (199B) and Math ur et a/. (1998). 

Significant gca x location and sea x location interaction for plant 

height, ea r heig ht, kerneJ rows/ear. grain yield, biological yield and harvest index; 

alone gca x location interaction for days to silking. pollen shedding and maturity; 

and sea x location interaction for leaf area/plant, ear length* ear circumference. 

shelling percentage and 1 DO-seed weFght indicated that the generaJ and specific 

combining abifities for these traits were location specific, which implies that 

with the change in the environment the combining abilities for these traits did 

not remain same. These resuUs are in agreement with the findings of Jha and 

Sin ha (1989); Mahajan et 8/. (1 991); Sed hom (1994b) ; Ferrao et al. (1994); and 

Ismail (1996). 

Non~additive gene action predominated for days to silking. pollen 

shedding, leaf area/plant. plant height. ear height, ear length. ear circumference, 

kernel rows/ear, shelling percentage and 100-seed weight at both the locations 

and in pooled analysis. Non-additive gene action also predominated for kernels/ 

row at Pa~ampur; biological yield at Bajaura; and kernels/row, bioJogical yield 

and days to maturrty in pooled analysis. Hybrid variet;es are the demand of the 

present era to boost the agricuJtural production. The vigour of the hybrid 

varieties are determined by the degree of dominance. In the present study, for 

most of the yield components, non .. additive gene action predominated, which 

further authenticates exploitation of non-additive gene action through the 
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development of hybrids in matze. Non-additive gene action also predominated 

for see d qua Itty cha ra cters 1 vi z., 1 DO-se ed we ig ht, 100-seed vol u me, os motic 

stress test, seed vigour index and field emergence which js desirable from 

breeding point of view as these traits can also be improved along with econom~c 

traits following exploitation of non-additive gene action through hybrid 

develop ment. 

These results are in close agreement with the findings of Mathur and 

Bhatnagar (1995), who reported both additive and non-additive gene action for 

days to pollen shed t days to silking t plant height, ear heighC kernet rows/ear, 

kernels/row, ear length, ear circumference, 1 aD-seed weight , sheUing percentage 

and btological yield, Confirmatory reports on preponderance of non-additive gene 

action for kernels/row (EI-Hosary and Sedhom, 1990); ear length and ear 

circumference (Satyanarayanan et al. 1990) are arso available. 

General combining ability effects 

The gca effects are of direct utility to decide the next phase of the 

breeding programme i.e. to locate the parents which can be commercjally 

exploited for development of suitable hybrids. 

In the present study, the parents were classified as good, 

average and poor combiners based on the gca effects. Parents with the 

desirable gca effects significantly differing from zero were considered as 

good combiners. whtle those with nonsignificant estimates were calted as 

average combiners. Poor combiners had significant but undeSirable gca effects. 

It rs revealed from the resufts that the parents P 4 and P 7 were good 

general combiners for grai n yield at both the locations. In addition I P 10 was 

good general combiner at Palampur and P 11 at Bajaura conditions. Whereas on 
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pool basis, the parents P4; P7 1 P10 and P n were good general combiners. These 

parents were a~so simultaneously better combiners for few other yield 

components. The per se performance of all these parents was also high in the 

respective locations. It wourd be interesting to find the behaviour of these good 

generaf combiners in various cross combinations exhibiting significant sea 

effects in both the locations. In view of this, these parents appeared to be worthy of 

exploiting in practical plant breeding for utilizing the fixable component of variation. 

For seed quality traits the parent P 4 was good general combiner for 

field emergence, germination percentage, seed density and accelerated aging 

test, whereas P level was so for 1 DO-seed weight and germination, and can be 

exptoited in breeding superior genotypes having good seed quality. 

Earlier many workers had also reported different parents as good 

average and poor general combiner for different yield, yield contributing and 

seed quality traits viz., Khristova (1975), Shalla and Khehra (1977), Singh et at. 

(1979), Qadri et al., (1983), Debnath et air (1983a. b), Nawar and EI-Hosary 

(1984), Prasad et al. (1988), Singh et a/. (1989), Beck et 8/. (1990), Sharma 

and Shalla (1993), Jha (1993), Villanueva et at. (1994), $edhom (1994 a. b) 

Nagda et al. (1995), Spaner et al. (1996) and Mathur et al. (1998). 

Specific combining ability effects 

The sea effects are associated with dominance and epistatic 

components of variation i.e. mainly non-fixable components of variation. 

Nonsignificant sea mean squares indicate that the performance of sjngle cross 

progeny can be predjcted adequately on the basis of gca. Significant sea is the 

indication of relative importance of interactions jn determining the performance 

of single cross. 
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A comparison of the combining abiHty effects of the parents and their 

corresponding crosses indicated that in most of the cases gca effects of the 

parents were not renected in the sea effects of the crosses for most of the 

traits studied. Thus T in most cases, crossing the two good general combiners 

did not necessarily result in a good specitrc combination and the same was 

true for poor combiners. In some cases, however, good hybrid combinations 

involved one good combiner while in very few cases both good combiners CQuid 

produce superior combinations. In some cases. when two poor combiners were 

crossed, best combinations were observed to be produced. Thrs indicated wide 

diversity in nicking to produce hybrid vigour. In general, there was no 

generalized order of nicking among the parents to produce desirable 

combinations. Any sort of combination among the parents could give hybrid 

vigour over the parents which might be due to favourable dominant genes, 

Qverdominance or epistatic action of genes (Matzinger and Kempthorne 1956). 

Based on the present results it could be concluded that the production of 

hybrids based on the parental performance was not practically true. 

At Palampur, the hybrid combination P1 x P11 was the superior most in 

terms of grain yield and could be utilized for exploiting its high sea effects for 

grain yield, biological yield and harvest index. It was interesting to note that the 

parents of this hybrid were poor (P) and average (A) general combiners. The 

other best combination in respect to yield was P5 x P 12 where P s was poor 

combiner and P 12 average combiner. The high sea of this hybrid appears to 

have resulted from the contribution of traits like 1 aD-seed we~ght, biological 

yield ~ harvest index, ear circumference and kernel rows/ear. Combination P 4 X 

P 6' (GxP) is also one of the promising hybrid for grain yield at Palampur. 
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At Bajaura, the hybrid combination P 5 X P 12 (PxA) was the superior 

most in terms of grain yield and also reflected good performance for shelling 

percentage, biological yield and harvest index. Other best hybrid combination 

was p .. x P g (GXA). Besides grain yield, the hybrid P4 x Pg was also desirable 

for kernels/row and biological yield. Other hybrids like P 4 X P 8 was desirable for 

plant heig ht, ear heig ht I g rai n yield and biological yi eld and P 5 X P 10 for s i I king I 

pollen shedding~ ear length, kernels/row and grain yield. 

Across the two I ocati on s. th e cross co mb ination s P 5 X P, 2 (P XA) P l' 

X P 11 (PxG) and p .. x P 9 (GxA) were found to be promising for yietd. The cross 

p 5 X P 12 also behaved consistently better for biological yield, harvest index, 

pollen sh ed din 9 and 100-seed weight. whereas P 4 X P 9 was so for kernel rowsl 

ear, kernels/row, 1 DO-seed weight, biological yie~d and harvest index. The cross 

Ps x P 11 gave consistently beUer performance across the two locations for 

silking, pollen shedding and plant height: PaX p 12 for leaf area/plant and 100-

seed weighC P2 x PJ, for ear height and ear cjrcumference; P a X P12 for plant 

height and ear height; Pl x Pg for ear length and grain yierd; PI x P11 for ear 

height and grain yield; and P 5 X P 11 for plant height. 

The resultant high per se performance of crosses involving poor x 

poor parents indrcated that a high magnitude of non-additive component was 

responsible for conferrjng the highest rank to these cross - combinations. A 

high degree of non-allelic interaction of the complementary type might be 

involved in the new genetic combination. These results are supported by the 

findings of Debnath (1981) and Mehta (1987). 

J n case of the seed quality traits. the hybrrd combination P 1 X P 8 

(PxA) wa s fou n d to be the superior most in term s of fj eld emerge nee and 100-

seed weight. P 5 X P 10 (AxA) is the next best hybrid combination with respect to 



119 

field emergence. Beside th is, it appears significant for osmotic stress test, 

accelerated aging test, 1 aO-seed weight and 1 aD-seed volume. The cross P 5 X 

P 9 gave consistent performance for field emergence; P2 x Pg for field emergence, 

germination percentage and accelerated aging test; and P 6 X P 12 for field 

emergence, seed vigourl germination percentage, accelerated aging test and 

1 aO-seed density. 

A number of studies conducted earlier have also reported 

contradictory and conformatory reports about the relative importance of parents 

for general and specific combining ability effects. Dhillon and Singh (1976) and 

Mason and Zuber (1976) concluded that gca was more important than sea for 

days to silking, plant height; ear placement height, ear length, ear girth, grains! 

ear and leaf area/plant; Beck ef a/. (1990) reported importance of gca for grain 

yield, plant height, ear herght and days to silking while sea for ear height; 

Qadri et al. (1983) reported importance of sea for ear length, ear girth, ear 

placement height and 9 rai ns/ear; and Barla et a/. (1990) for seed vigour. Perez 

et a/. (1991) concluded that the involvement of one high yielding parent with 

high gca resulted into highest sea effects. Dronavalli and Kang (1992) reported 

that sea was more important than gea for all seed quality traits except shoot 

length. For shoot length both gca and sea were equaUy important. Sedhom 

(1994 a, b) repo rted im partance of sea to r grai n yield/pi a nt, ea r len 9th, kernel 

rows/ear, plant height, ear height and silking date. Altinbas (1995) concluded 

that negative and high 9ca effects for days to silking and ear height resulted 

into best crosses. Kalita et aJ. (1995) reported that parents with high gea 

estimates did not always give rise to offspring with high sea. Dass et at. (1997) 

revealed good general combiners for grain yield and 1 aD-seed weight and 

suggesting that the involvement of one good general combiner appears to be 
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essential to get the better specific combination. Mathur et al. (1998) found 

significant sea for ear length, shelling per cent and grain yield. 

Genetic component analysis 

Hayman's (1954) diaHel analysis is carried out if the assumptions 

underlying the analysis are fulfHled to show the validity of additive - dominance 

model. To employ the validity of such assumptions the t2- values were 

computed. The nonsignificant F-values for majority of the traits at both 

the locations indicated the validity of most of the assumptions underlying dialiel 

analysis. 

The non-allelic interactions as indicated by the significant values of 

(1-b) were present for grain yield t biological yield, harvest index, 1 aD-seed 

weight, days to silking, leaf area/plant t ear length, ear circumference, kernel 

rows/ear and kernels/row at Palampur, Bajaura and in pooled analysis. These 

interactions also prevailed for days to pollen shedding and plant height at 

Palampur for ear height, days. to maturity and shelling percentage at 8ajaura; 

and for days to pollen shedding, ear height and days to maturity in pooled 

analysis, Characters viz., kernel rows/ear, kernels/row; 1 OO~seed weight and 

biological yield at PaJampur; ear height and days to maturity at 8ajaura; and 

ear height, kernel rows/ear and 100-seed weight in pooled analysis exhibiting 

significant regression coefficient values (b) coupled with significant values of 

(1-b), indicated the presence of probably complementary type of tnteractions. 

In the present study, both additive (D) and dominance (H
1

) 

components were important for leaf area/plant, plant height, ear height, kernel 

rows/ear, biological yield and harvest index at Palampur, 8ajaura and over 

pooled analysis; for ear length and shelling percentage at Palampur; days to 
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pollen shedding and days to maturity at Bajaura; and ear length. shelling 

percentage and 1 DO-seed weight in pooled analysis. Since the magnitude of 

dominance variance was more than additive variance, this showed the 

predominance of dominance effects. Dominance component (H
1

) was observed 

to be significant for aU the traits under study in all environments. 

A number of workers have earlier reported regarding the type of gene 

action governing the inheritance of various characters. 80th additive and non­

additive gene action were reported by Shalla and Khehra (1977) for ear 

circumference; Bonaparte (1977) for days to 50 per cent silking; Krolikowskii 

(1977) for ear placement height and grain yield/plant; Bhalla and Khehra (1980) 

for days to 50 per cent silking and ear length; Martin (1981) and Yang (1982) 

for gra i n yie Jd/pJa nt; Sa ha (1981) fo r ea r length and ear diameter; Ah uj a et al. 

(1 983) and Sanjay Swa ru p (1 990) for ear d ia meter; Qad ri et al. (1 983) for ear 

length; Hema~atha (1986) for plant height and days to 50 per cent tasseHing; 

Pal et aJ. (1986) and Vedeneev and Zhuzhukjn (1986) for 1 aD-seed weight; 

Ramesha (1988) for days to silking and tasselling; Debnath et af. (1988) for 

kernel rows/ear and kernels/row; and Jha and Sinha (1989) for grain yierd, 

germination percentage and leaf yellowing. However, additive gene action was 

found to be more important by Rood and Major (1980) for days to 50 per cent 

tasselling; Verma and Singh (1980) and Cosmin et aJ. (1991) for grain Yleldl 

pi a nt; Murthy et at. (1 981) and Mathur and Bhatnagar (1995) for days to 50 per 

cent tasselling and sHking: Sanghr et al. (1982) for number of kernel rows/ear 

and grain yieldJp1ant; Qadri et al. (1983) for ear placement height, ear diameter, 

kernel rows/ear; Singh et al. (1983) for plant height; Hemalatha (1986) and 

Zambezi et al. (1986) for ear placement height; Nawar (1986) for plant height, 

ear placement height, ear length, ear diameter. kernel rows/ear and grain yieldl 
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plant; Hallauer and Miranda (1988) for plant height~ ear length t ear diameter and 

9 rai n y ield/p la nt; Leon et a/. (1989) for 1 aO-seed we~g ht; Sanjay Swa rup (1 990) 

for ear length and grain yield/plant; and Turgut et al. (1995) for grain yield, ear 

diameter, ear length. number of grain rows and 1 aD-grain weight. Importance of 

non-additive gene action has been reported by various workers e.g. Bhalla and 

Khehra (1980), Murthy et al. (1981), Genov (1987), Liao et a/. (1987) and Wu 

(1987) for grain yie Id/pl ant; Ahuja (1980) for ke rnels/row; Genowa (1984)1 Pinto 

et al. (1 985) an d Stuber et al. (1987) for ea r length and 1 DO-seed weig ht; and 

Guo et a/. (1986) for days to 50 per cent tasselling and grain yield/plant. 

The relative distribution of dominant and recessive genes in the 

parents was noted from the significant values of F and the ratio KD/K
R

" When 

the value of KD/KR is greater than unity it shows the preponderance of dominant 

genes. In the present study, dominant genes predominated for leaf area/plant, 

plant height, ear height, ear length, kernels/raw, shelling percentage~ 1 DO-seed 

weight, grain yield t biological yield and harvest index at Palampur. 8ajaura and 

over pooled anafysrs, whereas recessive genes predominated for days to porren 

shedding at Palampur. Earlier studies reported by Sokorov et at. (1971) for 

grain yield. ear length and kernels/row; by Barriga and Vencovsky (1973) for 

leaf area/plant and plant height; and by Krivoshoya and ZozuJaya (1974) for 

1000-grain weight, days to maturity and ear length also indicated the 

preponderance of dominant genes for these characters, 

The posjtive and negative genes in the parents were distributed 

unequaJly for alJ the traits as was evident from the ratio H/4H
1

• which was less 

than 0<25, except for days to silking at Bajaura where equal distribution of 

genes with positive and negative effects were noticed, 
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For the characters exhibiting significant additive (0) and dominance 

(H
1

) component of variance, the average degree of dominance t (H/D)~ was 

calculated. which reveals overdominance for leaf area/prant, plant height~ ear 

height, kernel rows/per, biological yield and harvest index at both the locations; 

for ear length and shelling percentage at Palampur; for days to pollen shedding 

and days to maturity at Bajaura; and for ear length. shelling percentage and 

1 aD-seed weight over pooled analysis. 

Earlier workers have also reported the varying levels of dominance 

for different characters studied. Khristova (1975) observed overdominance for 

grains/cob and Nesticky (1976) for plant height. Krolikowsk~i (1977) observed 

partiaJ dominance for ear height but overdominance for ear length and grain 

yield. Vedeneev and Zhuzhukin (1986) observed partial to overdominance for 

1 DOO-grain weight and Debnath and Sarkar (1987a) reported complete 

dominance to overdominance for grain yield; whereas Oebnath and Sarkar 

(1987b) reported partial to complete dominance for ear height. 

The correlation coefficient between the parentaf order of dominance 

and parental measurement indicates about the dominance of positive and 

negative genes. If the correlation coefficient fs significant and positive, it 

indicates that negative genes are dominant and vice-versa. In the present study, 

the correlation coefficient was negative and significant indicating the dominance 

of positive genes for pia nt height, kernels/row, 1 aO-seed weight, g rain yield and 

harvest index at both the locations and ~n pooled analysls~ for leaf area/plant, 

ear height, ear length, shelling percentage and biological yield at Palampur; and 

for ear heightt shelling percentage and biological yieid over pooled analysis. 

Genes with negative effects dominated for days to sj1king~ pollen shedding and 

leaf area/plant at Bajaura; and for days to maturity in pooled analysis. For the 
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remaining traits in different locations, values of correlation coefficients was 

nonsignificant, thus revealing that dominant genes in the parental strains with 

positive and negative effects are equalJy distributed. 

Direction of dominance can be ascertained from the values of ha'. If 

it is significantly positive, it indicates the positive direction of dominance and 

vice-versa. Positive direction of dominance for almost aU the traits was recorded 

in the present study+ Positive direction of dominance was a'80 reported for 

grain yield by Wessels (1967) and for 1000-grain weight by Vedeneev and 

Zhuzhukin (1986). 

Besides getting information on gene action, the other advantage of 

Hayman approach over combining ability is that, one can get information on 

heritability estimates (narrow sense). fn the present investigat;on high heritability 

(> 30 0/0 ) was observed for ear height at Palampur; for plant height and ear 

height at 8ajaura; and leaf area/plant t plant height and ear height in pooled 

analysis. Medium heritability (15-30 0/0 ) was observed for leaf area/plant. plant 

height. ear length, kernel rows/earl shelling percentage, biological yield and 

harvest index at Palampur; for days to pollen shedding, leaf area/plant, days to 

maturity, biological yield and harvest index at Bajaura; and for ear length, kerner 

rows/ear, shelling percentage. biological yieJd and harvest index on pooled basis. 

For remaining traits including grain yield low heritability « 15 %) was observed. 

It may be concluded in the light of above discussion that the 

characters like plant height and ear height have high heritabifity. ConsequenUy, 

any selection method adopted could lead to desirable improvement in the above 

me ntio ned tra its. Ear[jer workers also reported the wide range of heritabi lity for 

different characters studied. High heritability has been reported by Mu~amba and 

Mock (1978) for days to silking. pollen shed period, plant height. cob placement 
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height and grain yieJd. Regazzi et al. (1980) reported high heritability for plant 

height, cob placement height, 500-grain weight and grain yield; and Cosmin et 

al. (1984) for ~eaf area/plant. However, Dhillon and Si[1gh (1976) reported 

heritability to be low for grain yield/plant and high for plant height, cob placement 

height, grains/cob and days to silking and low for cob length and cob girth 

which is in agreement with the findings of the present study. McIntosh and 

Miller (1980) reported low heritability for germination under high osmotic 

pres sure; Is ma;1 (1 996) for days to tasselling and sitki ng, protandrous interval 

and grain yield/plant. Chen-Ling et al. (1996) reported narrow sense heritability 

for ear length, ear thickness and kernel rows/ear. 

For seed quality traits; the t2 -values were nonsignificant for most of 

the traits except 1 aD-seed volume, accelerated aging test and osmotic stress 

test, which indicated the validity of most of the assumptions underlying diallel 

analysis. Non-allelic interactions as ind~cated by the significant values of (1-b) 

were present for 1 DO-seed Weight, 100-seed volume, accelerated aging test, 

osmotic stress test. seed vigour index and field emergence. Significant 

re 9 res s ion coeffici e nt va lues ( b) co upl ad with sign Ificant val ues of (1-b), 

indicated the presence of probably complementary type of interaction for 100-

seed weight and 1 aD-seed volume. 

Significance of both additive (0) and domjnance (H,) components for 

1 aO-seed weight, 1 DO-seed volume, germination percentage and field emergence 

indicated the importance of both type of gene actions, however, since the 

magnitude of dominance variance was more than additive variance. this showed 

the preponderance of dominance effects. Dominance component (H
1

) was 

observed to be significant for all the traits except for seed density. Domrnant 

genes predominated for 1 DO-seed weight, 1 DO-seed volume, accelerated aging 
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test, osmotic stress test, germination percentage, seed vigour index and field 

emergence. 

The positive and negative genes in the parents were distributed 

unequally for all the seed qual ity traits as was evident from the ratio H/4H p 

which was less than 0.25, except for germination percentage where equal 

distribution of genes with positive and negative effects were noticed_ 

The investigation reveals overdominance for 1 aO-seed weight. 100-

seed volume, germination percentage and field emergence_ Negative and 

significant correlation coefficient for 100-seed weight indicated the dominance 

of positive genes. Due to nonsignificant value of correlation coefficients in the 

remaining traits , it can be concluded that dominant genes in the parental strains 

are equally positive and negative. Positive direction of dominance for 100-seed 

weight and 1 aD-seed volume was also recorded. Low heritability was observed 

for 1 aD-seed weight, accelerated aging test, osmotic stress test, germination 

percentage and seed vigour index: medium for 1 DO-seed volume, and field 

emergence; and high for seed density. This indicated that the simpre selecUon 

for these traits will not be useful for their improvement. 

Heterosis 

The objective of heterosis breeding is to identify the best cross 

combinations whIch perform significantly better than the better parent/best 

check. It may, however, be borne in mind that while selecting the best cross 

combinations on the basis of heterotic response, the per se performance of the 

crosses should also be 9tven due consideration _ 

The economic heterOSis was worked over the hybrid PSCL-3436 as it 

excelled the other two checks EH 8-1520 and KH-101 for many of the traits at 
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both the locations_ N ~ ne crosses at Palampur and 21 at 8ajaura out yielded the 

best check PSCL-3436. Though the mean yield at Parampur was observed 

higher in dFfferent cross combinations and best check than at Bajaura
t 

the 

range of heterosis at 8ajaura was observed three times more than at Pafampur 

which indicate that the cross combinations had better performing ability than 

best check under water stress conditions which were experienced at 8ajaura 

during the cropping season. The cross P 2 X P 7 at PaJampur and P -4 X P 9 at 

Bajaura exhibited the highest magnitude of heterosis over the best check to the 

tune of 9.88 and 28.06 per cent. respectively_ The other promising crosses 

wh ich exhi bited heterosi s for grain yield at P alampur were po4 x P 10' P 1 X P 11' P 7 

X P W ' P3, X P,o and P4 x P7: and at Bajaura P4 x P12' P5 X P'2' Pe x P7; P3 X P10' 

P3 X P" and P'1 x P'2- However, the crosses PJ, x P10. Ps X P12' P3 X P11' P4 X 

P7 and P11 x P12 gave heterosis for grain yield and other contributing traits over 

the best check at both the locations. 

The top most combinations exhibiting significant heterosis over the 

best check also showed high per se performance. At PaJampur in addition to 

yield, the cross combinations P2 x P7 and P4 x P10 showed significant heterosis 

for as many as eight yield contributing traits followed by P 7 X P 10 for five and 

P1 x P11 and P3 x P10 for four such traits. High heterosis in the cross P2 X P7 

might have resulted due to the simultaneous heterosis for leaf area/plant, ear 

height, ear length, ear circumference, kernel rows/ear, kernels/row and biological 

yield wh i Ie, in P 4 X P 10 ero ss si mu Itan eous heterosi s wa s aJ so observed for 

days to silking, days to pollen shedding, plant height, days to maturity. ear 

circumference. 1 aO-seed weight and biological yield. 

At Bajaura in addition to yield the cross combinations P 4 X Pgl 

P 5 X P 12 and P 6 X P 7 exh i bited sj 9 nifica nt heterosis for as rna ny as five yield 
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contributing traits; P 4 X P 12 for six; and for P 3 X P w for four traits. The cross 

p x P showed simultaneous heterosis for ear height, days to maturily* kernels/ 
4 9 

row, shelling percentage and biological yield and cross P 04 X P 12 for days to 

silking, days to pollen shedding, days to maturtty, shelling percentage, biological 

yield and harvest index. 

From the pooled analysis of sea and heterosis tt is revealed that the 

five crosses viz., P3 x P'OI P s X P'2' P3 X P11' P4 X P7 and P11 x P12 exhibited 

high sea, high heterosis over the best check and pre se performance. Keeping 

these factors in view, these crosses can be exploited commercially. 

Most of the cross combinations showed high rate of field emergence 

(except P 2 X P 6 and P 7 X p 9) than the best check. P 5 X P 10 revealed the highest 

heterosis percentage over the best check for field emergence. Cross P 6 X P 11 

expressed the htghest magnitude of heterosis for osmotic stress test and 

germination percentage; P, x P 7 for seed vigour index; P3 x P7 for seed volume; 

p 3 X P 11 and P 4 X P 10 for seed density; and P 1 X P 3 and P 9 X P 11 for accelerated 

aging test. 

There are numerous reports on heterosis for different characters in 

the Jiterature. Earlier workers have reported high heterosis in respect of different 

characters, Hassabala et al. (1980) for early tasselling; Verma et a/. (1980) for 

ear length, 100-grain weight and grain yield; Paterniani (1980) for ear placement 

height and prant height; Todorov (1981) for plant height; Simeonov (1983) for 

plant height and biological yield; Gupta et al. (1986) for ear length and kernel 

rows/ear; Debnath (19B7) for grains/row, ear length and 1000-grain weight; 

Ganguli et at. (1989) ear height and grain yield: Tomov ef al. (1990) for ear 

len gth, 9 raj n yiel diu n it a rea and ke rnal rows/ear; Alvarez et al. (1993) positive 

for plant height, ear height, kernels/row and grain weight; Altinbas (1995) and Sinha 
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and M iSh ra (1997) for grain yreld; and Chen-Ling et al. (1996) for 9 ra i n yield/p la nt, 

1 DO-grain weight, ear length, ear thickness and kernel rows/ear. 

Low heterosis was reported by Miranda Filho and Vencovsky (1984) 

for plant he~ght and for yield, plant height, ear height and days to silking by 

Beck et a/_ (1990); Alvarez et at. (1993) reported negative heterosis for days to 

silktng and tasselling; and it was reported negative for days to silking by 

AUinbas (1995) . 

Correlation studies 

From breeder~s pOint of view the knowledge of interrelationships 

amongst different traits serve two main purposes. FirstJy, these are highly 

usefuJ in selecting for those characters, which are highly influenced by the 

environmental effects and can not be selected upon visually. Secondly, 

interrelationships between characters make available to the breeders sources of 

information as to the nature. extent and direction of selection pressure among 

characters. 

The estimates of phenotypic and genotypic correlation coefficient 

amongst seed qua lity traits reveal that genotypic correlation coefficients were 

In general. higher than the corresponding phenotypic ones, indicating the 

inherent association among various seed quality traits studied. 

From the correlation studies it was found that the acceJerated agrng 

test, osmotic stress test and germinatjon percentage are the best predictors of 

field emergence as reflected by positive correlation of field emergence with 

these traits, whereas, there was no association in 1 aO-seed weight, 1 aD-seed 

volume, seed density and seed vigour index with field emergence. These results 

are in close conformrty with the findings of Milosevfc et al. (1994) who reported 
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a very high positive correlation of field emergence with accelerated aging test. 

However, to the present contrary, Lovato and Balboni (1997) reported 

germination test not to be a good indicator of field emergence. 

Performance of maize inbreds and hybrids to bJight and brown spot 

diseases 

Nineteen crosses viz., Pi x P3' P1 X P9' P1 X Pill P2' X P3' P2 X P4' 

P: X Pro' P2 X P e• P 2 X P9' P:} X P4' P J X P5t P3 X P12' P5 X P e, Ps X P9' P5 X 

P' C P5 X p~" P6 X P7' P7 X P'O' P s X p'G and P g x P IO showed light to slight 

infection of leaf blight and brown spot djseases at Palampur as well as at 

8ajaura indicating that these crosses possess resistance to both the disease. 

However. none of the crosses was completely free from leaf blight infection at 

bot h the toe a t ion s. The era 5 s e s viz., P 2 X P 10' P 2 X P 1 ~. P 3 X P 9' P 3 X P, 0' P 3 

X P n , P A X p s• P 4 X PIO' P5 X P7' P s X P S' P 5 X P12' P e X Pet P6 X P9; P G X P
lO

, 

P - X P e and P! X P n showed no brown spot infection at 8ajaura. The results 

show that severity of both the diseases was slightly more under PaJampur 

conditions that of Bajaura. The reason for low disease severity at Bajaura may 

be the drought conditions prevalent during crop growing season at Bajaura. 

Among the crosses, showing slight to light infection to both the 

diseases at Palampur and Bajaura. the crosses P, x P 1,. P 1 X Pat p 2 X P 9' P 5 

X P, l' P 6 X P 7 and P 7 X P 10 exhibited high sea effects and crosses P, x P '1' and 

p_ x P'o high heterosis for grain yield .n both the environments. These hybrids, 

th usa p p ea r to be 5 uita ble for cultiv atio n in ma ize 9 rowing ar~a 5 of H. P. whe fe 

bfrght and brown spot are the prominent drseases. The results of experiments 

cond ucted at Baja u ra ind i ca te th at the eros scorn bi nations such as P 5 X P, 2' P 3 
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X P .. :. P, X p~ .. P4 X P
Sc

, P;, X p~ and Pj. x P g • which had hjgh sea effects (21.60 

to 6 57) and crosses P s x P12' P3 X P,o. P 3 X P'1' P7 X P s , P 4 X Pl0 and P3 X 

P,,: had high heterosis (18.88 to 8.67) for grain yield! can be utilized under 

drought prone areas of H. P. because of high sea effects, heterosis for grain 

yield and high degree of resistance to brown spot. 



SUMMARY 



Chapter-VI 

SUMMARY 

The present study was undertaken with the objectives to estimate the 

general and specific combini ng ability. gene action and information on heterosis 

for different yield contributing and seed quality traits in maize. Correlation 

coefficients of different seed quality traits with field emergence were also 

studied. 

Twelve parental inbred lines along with their 66 crosses developed 

through diatlel mating system (excluding reciprocals) with three hybrid checks 

were evaluated in a simple lattice design with two replications at two locations 

VIZ., Palampur and Bajaura, during kharif 1998. The data were recorded on 

yield and yield contributing traits viz., days to silking, days to pollen shedding, 

leaf area/pia nt, plant height, ear height~ days to maturjty~ ear length, ear 

circumference, kernel rows/ear, kernels/row, shelling percentage, 1 aD-seed 

weight grain yield, biological yield and harvest index. Reaction to leaf blight 

and brown spot were observed under field conditions. The data on seed quality 

traits viz. I 1 DO-seed weight, 1 aD-seed vol ... me, seed density, accelerated aging 

test, osmotic stress test, germination percentage, seed yigour index and field 

emergence. were also computed. The analysis was carried out following the 

Griffing's (1956b) and Hayman's (1954) approaches. 

Analysis of variance revealed ample genetic variability for all yield and 

yield components (except for days to maturity at Palampur) and seed quality 
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traits The pooled analysis revealed the wide variability among the locations, 9 

x e interaction and the treatments for an yield and yield contributing traits. 

The combining ability analysis revealed significant gca and sea 

variances for all yield and yield contributing traits (except days to maturity) at 

both the locations and for seed quality traits. Whereas, pooled analysis revealed 

significant variances for gca, sea, locations and the interactions of gca and sea 

with the focation tor almost alf the yield and yield contributing traits. 

Estimates of general combining ability effects revealed the parents P4 

and P ~ to be good general combiners for yield and other important traits at both 

the locations, whereas on pooled basis P 4' P 7' P 10 and P 1 ~ were found to be 

good general combiners. The parent P 4 was the best combiner for field 

emergence and other seed quality traits. The estimates of sea effects revealed 

that 38 cross combinations at Palampur. 29 at 8ajaura and 39 on pooled basis 

were best combiners for 9 rain yield and its contri butory traits_ The top ranking 

five combinations across the two locations for yiel~d and yiel=:d contributing 

traits P,: X P,:;:. P, X PI"~ P4 X P~:I' p .. X P s and P11 x P'2 The crosses P1 x P8' 

P'5 X P 10' P 5 X P 9 and P:2 X P 9 showed high sea for field emergence, 1 GO-seed 

wejght and 1 DO-seed volume. 

Combining ability approach indicated the preponderance of non-

additive genetic variance (O' 2 s) for all the seed and yiel;:;d traits at both the 

locations and in the pooled analysis. 

Hayman's genet;c component analysis indicated significant dominance 

and additive components with the preponderance of dominance component for 

leaf area/plant, plant height, ear height, kernel rows/ear. biological yield and 

harvest index at both the locations and on pooled basis, for ear length and 

shelling percentage at Palampur and on pooled basis~ for days to pollen shed 
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and maturity at 8ajaura; and for 1 aD-seed weight on pooled basis. For the 

remaining traits like grain yield, kernel rows/ear and ear circumference only 

dominance component was significant. 

The ratio of H/4H, indicated asymmetrical distribution of dominant 

a nd recessive genes among the parents for aU the tratts
l 

except for days to 

siliking at 8ajaura. The KD/KR ratio showed high preponderance of dominant 

genes for a If traits, except for days to pollen shedding at PaJampur whereas r 

value endicated the genes w~th positive effects to be dominant among parents 

for majority of the traits. 

Nonsignificant values of tZ 
+ band 1-b for majority of the traits 

indIcated that the assumption underlying the analysis are fulfilled, however, 

significant band 1-b for ear height. kernel rows/ear and 1 aD-seed weight in 

pooted analysts indicated the presence of epistasis. Low and medium heritability 

was found for majority of the traits, except for leaf area/plant, plant height and 

ear height En pooled analysis which showed high heritability. 

In seed quality traits overdominance was found for 1 DO-seed weight, 

1 aO-seed volume, germination percentage and field emergence. The ratio of Hi 

4H, was less than 0.25 for all the traits except germination percentage indicating 

the asymmetrical distribution of dominant and recessive genes. The KD/KR ratio 

showed the excess of dominant alleles among parents. The significant va~ue of 

band 1-b indicated the presence of epistasis for 1 DO-seed weight and 1 OO~ 

seed volume. High herita bility was found for seed density and row for other 

traits. 

Desirable and h;gh heterosis was observed over the best check 

PSCL-3436 for grain yreld in 9 crosses at Palampur and 21 at Bajaura, The 

cross P:? X P 7 (9.880/0) at Palampur and P-4 x P9 (28.06 %) at 8ajaura had the 
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highest magnitude of heterosis for yield over the best check. The cross P 2 X 

P-;- also showed significant heterosis for leaf area/plant, ear height, ear length j 

ear circumference, kernel rows/ear, kernels/rows and biological yield; and the 

cross p ~ x P 9 for ear height, days to maturity, kernels/rows, shelling percentage 

at biological Yield. The top ranking crosses viz., P 3 X P 1Qt P 5 X P 12t P 3 X P 11' P 4 

X P 7 and P 11 X P 12 showed the desirable heterosis over the best check, high sea 

and per se performance across the two environments. The hybrids P 3 X P \0 and 

p 3 X P 11 showed light and slight infection for leaf blight; and slight and no 

infection for brown spot diseases at Palampur and Bajaura, respectively. 

For seed quality parameters the crosses P 5 X P 10' P 1 X P 8 and P 6 X 

Pi;:> showed high heterosis for field emergence and other quality parameters. 

Field emergence was correlated with germination percentage, osmotic stress 

test and accelerated agi ng test. 

Conclusions 

• Wide range of genetic variability was observed in the material. 

• 

Based on general combining ability effects P4 t P7' P,o and P11 were found to 

be good genera! combiners over the locations for yield and yield contributing traits. 

p 4 was the good combiner for seed quality parameters viz., field emergence, 

seed density, accelerated aging test, germination percentage. 

A few top ranking cross combinations viz., P 5 X P ~2' P 1 X P 11' p .. x P 9' P 4 

x P 6 and P" x P 12 across the locatioins exhi bited high sea effects for grain 

yield and its cont ri b uting tra its . For seed qua lity traits, crosses P 1 X P s' P 5 

X P 10' P 5 X P 9 and P2 x P 9 showed high sea for field emergence~ 1 aD-seed 

weight and 100- seed volume. 
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• Both additive and dominance components were important with the 

predominance of dominance component and showing medium to low 

herltabrHty for leaf area/plant, plant height. ear hejght~ ear 'ength~ kernel 

rows/ear, shelling percentage, biological yield, harvest index, 100-seed 

weight, , aD-seed voJume, germination percentage and field emergence. 

However, only dominance component was important for the remaining traits 

and the heritability for these traits was also low. 

• 

• 

The crosses P3 x P10' P5 X P12' P3 X P'1' P4 X P7 and P'1 x P'2 across the 

two environments showed high heterosis, high sea and per se 

performance~ thus can be expJoited commerciaHy. 

For seed quaJity parameters the crosses P5 x P10' P1 X Pa and P6 x P12 

showed high heterosis for field emergence and other quality parameters. 

Field emergence was correlated with germination percentage. osmotic 

stress test and accelerated aging test. 

The hybrids P:3 x P 10 and P 3 X P n with desirable heterosis, high sea and 

per se performance showed light and slight infection for leaf blight; and 

slight and no infection for brown spot diseases at PaJampur and Bajaura, 

respectively. 
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APPENDIX -/ a 

Mean weekly wea the r data of Palampu r for the year 1998 
______________ ~ __ ~~----------~---------~~~~----------- _____________ .~~--------------------~-----------------______ ~Vftft-

Standard Temperature (<lG) R.H. BSS Rainfall Evaporation 

weeks Max. Min. (O/o) (Hrs) (mm) (mm) 
__ ~ ___ ~ _____________ + __________ ~~~+------------------- ____________ ~w~--------------------------------------- M __________ 

11-17 June 26.5 18.1 66 5.4 111.4 4.4 

18-24 31.4 19.5 57 11.0 13.6 6.0 

25-1 July 28.9 20.7 70 4.6 69.8 3.3 

2~8 26.8 20.3 82 4.6 123.1 1.7 

9·15 27.8 21.0 82 3.5 75.4 1.8 

16-22 26.9 20.2 83 5.1 40.7 2.0 

23-29 28.2 19.4 76 5.7 51.5 2.7 

30-5 Aug. 26.4 20.5 84 2.3 115.5 2.4 

6-12 27.6 21.1 83 3.3 216.4 1.8 

13-19 26.1 20.2 84 1.9 119.0 2.0 

20-26 25.4 19.7 86 2.9 236.4 1.8 

27-2 Sept. 26.9 19.1 73 6.5 63.2 2.6 

3-9 27.7 18.8 74 7.2 30.2 3.0 

10-16 26.0 18.3 72 5.1 72.2 3.0 

17-23 24.7 17.7 80 2.1 137.5 2.4 

24-30 26.4 17.9 78 7.3 51.0 2.0 

1-7 Oct. 26.3 16.1 67 8.3 10.6 2.2 

8-14 27.4 16.1 58 10.7 0.0 2.3 

15-21 22.0 14.5 75 5.2 86.5 2.1 

____________ ~-~_--------------------------------------__________________________ • ____ ~ ____ MM ___ ~ _____________ _______ •• --



156 

APPENDIX- I b 

Mean weekly weather data of Bajaura for the year 1998 

-~---~-~~----~~---~.-~~~---~~-~--¥~-~-~y---~-----~y--~-----.---.---------------------------------------------------~~.~ 

Standard Temperature (OC) R.H. BSS Rainfall Evaporation 

weeks Max. Min. (%) (Hrs) (mm) (mm) 

-------------------------------------------------------------~-~--------------------~--~-~-----------------------------

11-17june 25.8 14.9 76.5 5.3 126.2 2.7 

18-24 32.2 19.3 66.5 9.5 5.5 4.9 

25-1 July 33.0 21.4 72.5 7.1 7.6 4.7 

2-8 30.6 22.2 74.5 6.4 23.3 4.2 

9-15 32.8 22.6 73.0 8.7 5.4 5.5 

16-22 32.1 21.3 74.5 7.7 17.5 5.3 

23-29 33.5 21.S 67.5 8.6 0.0 5.5 

30·5 Aug. 32.4 21.8 72.5 7.0 2.9 5.3 

6 ... 12 33.6 22.7 71.5 6.0 B.O 5.7 

13-19 29.9 21.6 79.5 3.6 23.6 3.6 

20-26 31.3 21.4 79.0 6.4 12.3 4.3 

27-2 Sept. 30.4 19.5 71.5 6.5 25.6 4.2 

3-9 31.5 19.8 70.0 7.1 28.1 4.5 

1 ()... 16 27.2 17.9 79.5 4.9 59.3 3.4 

17-23 26.7 17.9 81.5 3.6 123.3 2.9 

24-30 28.5 17.6 71.5 6.2 40.0 2_9 

1-7 Oct. 29.5 13.8 67.0 8.7 3.4 3.1 

8-14 31.0 11.2 57.5 9.6 0.0 3.1 

15-21 23.4 12.8 77.5 4.6 165.9 1.7 

----------------------------~-------------------------~--~~~~-----------------------~----------------------------.-----
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APPENDIX -1/1 

Mean values of seed quality traits 
____ ~~ ______ ~~~ __ ~ ________ ~ _________________ +~~------- _____ ~_. __________ .~~-~-----------.-----------~--~-rl-----------~~-
Inbred.! 100-seed 100-seed Seed Acce1erated Osmotic Germination Seed Field 
hybrid weight volume density aging test stress percentage Vigour emer-

(g) (ml) (glml) test index gence 
----------~~--~----------~-------~---------------~----------------.-~--------------~~------------~~~-~------ ------------

1 2 3 4 5 6 7 8 

----------------~---------------------~-------------~-~~~-~-~-------------------------------~------------------~--------

P. 25.51 21.50 1.23 84.00 76.00 97.00 28.17 77.00 

P2 23.04 18.50 1.25 83.50 73.00 92.00 26.22 88.00 

p~ 23.42 18.50 1.26 86.00 83.00 98.00 26.60 8B.OO 

Pol 25.44 20.50 1.24 93.00 88.00 99.00 28.38 90.00 

p~ 23.55 19.50 1.21 89.00 79.00 92_00 24.94 80.00 

P s 25.44 22.00 1.15 88.00 76.00 95.00 29.47 88.00 

P7 23.70 20.50 1.15 87.00 79.00 93.00 28.24 86.00 

p& 24.97 20.50 1.22 88.00 85.00 96.00 27.83 86.00 

p,", 24.84 21.00 1.'8 89.00 81.00 96.00 30.65 65.00 

P '0 25.68 20.50 1.25 83.00 80.00 94.00 24.35 75.00 

P 25.84 21.50 1.20 90.00 84.00 95.00 30.18 84.00 

P'2 28.15 22.50 1.25 84.00 82.00 91.00 25.76 79.00 

P, X P2 27.45 21.50 1.28 92.00 80.00 99.00 25.99 84.00 

P, X P3 25.44 20.50 1.24 94.00 81.00 99.00 22.47 85.00 

P. X Pol 26.47 20.50 1.29 89.00 80.00 96.00 26.17 86.00 

P. X P5 26.03 20.50 1.27 90.00 80.00 95.00 28.10 84.00 

p. X P6 26.03 21.00 1.24 87"00 82.00 93.00 28.09 76.00 

P, X P, 24.91 19.50 1.27 78.50 84.00 92.00 32.10 74.00 

P. X P s 28.36 23.00 1.23 92.00 79.00 99.00 30.42 92.00 

P, X P g 27.49 22.50 1.23 89.00 81.00 97.00 26.63 80.00 

P. X P ~c 26.18 20.50 1.27 82.00 77.00 93.00 24_85 82.00 

P. X p.
t 28.43 22.00 1.29 91.00 73.00 97.00 30.94 84.00 

P, X P<:? 25.66 21.50 1.19 84.00 71.00 92.00 28.95 80.00 

P2 X P:- 28.01 23.0 1.22 89.00 78.00 97.00 29.83 89.00 

P" X P.s 27.72 21.50 1.29 79.00 67.00 93.00 27.99 84.00 

P .. X p_ 
" ::> 

25.60 20.50 1.25 80.50 80.00 93.00 27.03 86.00 

P;> X p& 27.77 22.00 1.26 84.00 68.00 93.00 24.60 66.00 

P; X P, 24.37 19.00 1.28 89.00 83_00 94.00 29.90 90.00 

p] X p& 27.82 21.50 1.29 84.00 79.00 95.00 27.31 90.00 
Contd .... 
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-~~----~------------------------------------_~-.~W_ft_Ww~w~ ____ ~_w ___ ~ ____________________________ w ___ w __ ~_~_~~w.~ ____ ~~_ 
1 2 3 4 5 6 7 8 

----------~~ __ ~ ___ ~~_M ___________________ ~ __ •• ________ ---------------------------------__ -ft _____________________________ 

P2 X Pg 25.33 20.00 1.26 92.00 74.00 99.00 30.03 91.00 

P2 X P 10 26.94 21.00 1.25 90.00 78.00 97.00 25.97 88.00 

P2 X P1' 25.51 20.00 1.27 89.00 81.00 98.00 29.24 90.00 

P2 X P12 27.74 22.50 1.23 82.50 76.00 94.00 27.49 90.00 

P,3. X P" 25.57 20.50 1.25 92.00 86.50 99.00 30.58 90.00 
P:J, X P s 27.37 21.50 1.27 93.00 78.00 99.00 28.08 91.00 
P3 X P6 27.24 21.50 1.26 91.00 79.00 96.00 26.30 90.00 
P3 X P7 24.60 19.50 1.26 90.00 84.00 95.00 28.97 89.00 
P3 X Pa 27.42 22.50 1.22 87.00 84.00 93.00 29.82 B7.00 
P3 X p~ 28.34 22.50 1.26 89.00 76.00 95.00 28.35 88.00 
Pj,X P10 28.33 22.50 1.26 88.00 80.00 94.00 28.83 89.00 
P.3 X PH 29.32 22.50 1.30 74.00 64.00 91.00 26.94 87.00 
P 3 X P12 25.23 20.00 1.26 89.00 83.00 93.50 27.36 88.00 

P" X P s 25.82 20.50 1.26 92.00 88~OO 99.00 26.42 91.00 
P" X Ps. 24.44 19.50 1.25 91.00 78.00 97.00 24.70 91.00 
P" X P;, 24.53 19.50 1.26 93.50 81.00 97.00 27.57 90.00 
P", X P s 27.77 21.50 1.29 87.00 82.00 95.00 28.49 89.00 
P" X Pg 25.42 20.50 1.29 88.50 84.00 99.00 26.35 89.00 
P", X P,o 27.31 21.00 1.30 72.00 71.00 95.00 23.49 88.00 
P",X P,t 27.25 21.50 1.27 90.00 67.00 93.00 25.89 90.00 

Pol X P'2 28.10 23.50 1.19 93.00 67.00 99.00 26.47 87.00 

P s X PI;. 26.76 21.50 1.25 86.00 81.50 98.00 30.92 88.00 
PsX P7 27.20 21.50 1.26 88.00 82.00 95.00 30.65 84.00 
P s X Pe 28.80 23.00 1.25 91.50 82.00 93.00 29.26 86.00 
P s X P g 27.90 22.50 1.24 84.00 83.00 93.00 29.21 90.00 
P 5 X P10 30.11 24.50 1.23 90.00 84.00 95.00 28.15 93.00 
P 5 X PH 29.92 23.50 1.27 78.50 76.00 93.00 31.52 80.00 
P s X Pl2 30.35 24.50 1.24 88.00 78.00 92.00 28.94 76.00 

P6 X PI 28.67 22.50 1.27 91.00 87.00 97.00 26.55 90.00 
P6 X P8 27.55 21.50 1.28 90~OO 86.00 96.00 26.88 84.00 
P6 X Pq 24.81 19.50 1.27 89.00 84.00 95.00 26.61 83.00 
p 6. X P ~o 27.91 22.50 1.24 90.00 84.00 99.00 26.70 90.00 
PG X P'l 27.60 22.50 1.23 93.00 89.50 100.00 26.75 90.00 
Ps X P'2 28.15 22.00 1.28 93.00 81.00 99.00 30.38 92.00 

Contd .... 
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_~ ________ ~. ___ ~~~~ ___________________________________________________ ~ __ 4_M ____ ~ __ • ___________________________________ ~ 

1 2 3 4 5 6 7 8 

-----------------------------------------~~~~----------~---------------------------------------------------------~~---~~ 

P 7 X Ps 26.43 21.50 1.23 90.00 84.00 95.00 25.41 72.00 

P7 XP Q- 28.25 23.00 1.23 77.50 78.00 93.00 27.08 66.00 

P7 X P'o 27.13 22.00 1.24 88.00 80.00 92.00 29.06 72.00 

Pi' X P" 27.02 21.50 1A25 88.00 81AOO 94.00 28.34 86.00 

P7 X P'2 27.17 22.00 1.24 79.00 82.00 93.00 28.87 84.00 

P e X Po;) 27.24 21.50 1.26 85.00 76.00 93.00 27.43 88.00 

Pa X P,o 25.83 21.00 1.23 92.00 80.00 99.00 28.54 85.00 

P e X P" 27.11 22.50 1.21 91.00 85.00 97.00 28.52 84.00 

Ps X P12 27.44 22.00 1.25 84.00 86~OO 95.00 29.92 84.00 

PI} X P10 27.24 22.00 1.24 81.50 65.50 93.00 26.40 84.00 

P g X P" 29.06 23.50 1.24 94.00 84.00 99.00 29.26 87.00 

Pg X P12 30.02 24.50 1.23 82.00 72.00 95.00 27.97 77.00 

P,o X PI' 29.65 24.00 1.24 89.00 71.00 97.00 29.70 80.00 

P,oX P12 27.90 22.50 1.24 79.00 80.00 94.00 26.69 88.00 

P" X P'2 28.72 23.50 1.22 85.00 73.00 97.00 27.42 80.00 

EHB-152Q 26.58 22.00 1.21 87.00 79.00 93.00 27.76 82~OO 

KH~1 01 27.52 21.50 1.28 80.00 77.00 91.00 28.86 86.00 

PSCL~ 28.03 22.50 1.25 67.50 62.00 91.00 27.21 62.00 
-----~*------------------~~-----------------------~9~ __________________________________ ~ ____________________ ____________ 




