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1. INTRODUCTION 

 

Barley (Hordeum vulgare L; 2n=14) is the first domesticated crop and ancient 

among cereals. Barley is currently the fourth most important cereal of India and the 

World, both in area and tonnage harvested, after rice, wheat and maize. In India, 

barley is cultivated on about 737 thousand ha area with production of 1986 thousand 

tonnes and productivity of 26.95 q/ha (Anonymous, 2018). The major barley growing 

states in India are Rajasthan, Uttar Pradesh, Haryana, Punjab, Madhya Pradesh, 

Uttrakhand, Himachal Pradesh, Bihar, Jammu and Kashmir, West Bengal, 

Chhattisgarh and Sikkim. In Himachal Pradesh, next to wheat, barley is the most 

important winter cereal with respect to area and production, cultivated on about 20.40 

thousand ha. area with a production of approximately 35.80 thousand tonnes having 

productivity of 17.55 q/ha (Anonymous 2018). Since time immemorial, barley is 

considered as a crop of rainfed situation and problematic soil conditions i.e. saline-

alkaline, drought and diara (marginal/coastal area of river). It is the main crop of 

higher elevation under rainfed conditions and of high hill dry temperature zone, 

generally grown on marginal land and has several use for the hilly people food, feed, 

fodder and local beverages (Al-Tabbal and Al Fraihat 2012).  

Barley was domesticated about 10,000 years ago in the fertile crescent of the 

Near-East. It is a staple food in several regions of the world i.e. in some areas of 

North Africa and the Near East, highlands of Central Asia, Horn of Africa, Andean 

countries and Baltic States. These regions are characterized by harsh living conditions 

and home to some of the poorest farmers in the world who depend on the low 

productive systems. It is considered as the first cereal domesticated for use by man as 

food and feed (Potla et al., 2013). It is one of the widely grown Rabi cereals in the 

temperate and tropical regions of the world. The major barley producing countries of 

world are Canada, USA, Germany, France, Spain, Turkey, UK, Denmark, Russia, 

Central Asian countries and Australia. 

 Barley belongs to genus Hordeum of Poaceae family and tribe Triticeae along 

with wheat and rye. The genus Hordeum comprises of 32 species and 45 taxa. 
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Hordeum vulgare is the most intensively studied species in barley consisting of both 

cultivated and wild forms, which are easily crossable and closely related (Fedak 

1985). The cultivated form is referred to as subspecies vulgare, while the wild form is 

referred as subspecies spontaneum C. Koch. Both subspecies are diploids with 2n = 

2x = 14 chromosomes. The subspecies vulgare may be two or six-rowed spikes, 

whereas spontaneum is of two-rowed type with brittle rachis. 

Barley can grow in a wide range of environments than any other cereal, 

including extremes of latitude, longitude and high altitude (Kishore et al. 2016). 

Around 55-60 per cent of barley is used for feed, 30-40 per cent for malt, 2-3 per cent 

for food and 5 per cent for seed (Ullrich 2010). 

From nutritional point of view, barley grain is considered as superior over 

other cereals due to its higher biological value and rich source of β-glucans, 

acetylcholine, thiamin, riboflavin, total dietary and water soluble digestible fibre. 

Recent research regarding dietary composition in food barley has renewed the interest 

confirming the health benefits of barley in human diets (Brockman et al. 2013; 

Sullivan et al. 2013). In comparison to other cereal crops, barley has a better fodder 

value including grain and straw. In most of the developed countries, barley straw is 

used for animal bedding, whereas it is used as animal feed in the developing 

countries. Even under variable climate within the growing season, barley gives 

comparably better yield than wheat and other small grain cereals. Being  one  of  the  

most  widely  adapted crops,  the  barley germplasm  pool  has  the  potential  to  

contain  enough  genetic diversity  to  breed  for  adaptation  to  different  

environmental conditions. Owing to its vast morphological and environmental 

adaptability, various types of barley (winter, spring, two rowed, six rowed, awned, 

awnless, hooded, covered, naked, malting, feed and food types) are grown throughout 

the world. Moreover, the ample barley germplasm resources available worldwide 

(Bockelman and Valkoun 2010) likely contain beneficial allelic variation that new 

genomic and breeding technologies can exploit (Newton et al. 2011).  

The production of barley can be increased either by increasing cultivated area 

or by increasing yield per unit area. Currently, it is nearly impossible to increase area 

under barley crop due to competition with other crops and restricted supply of 
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irrigation water. Therefore, one of the alternatives is to increase yield per unit area 

through better crop management techniques and enhancing cultivation of high 

yielding varieties with adequate resistance against biotic and abiotic stresses. 

Expansion of the cultivated area of barley in India somehow seems difficult. 

The breeding method in any crop depends upon its genetic architecture and the 

pattern possible only in rainfed areas. A thorough understanding of the genetics and 

related aspects of a crop is necessary for improvement of yield and quality parameters 

of inheritance of characters. Therefore, proper understanding of the nature of 

inheritance of yield and its components by estimation of genetic parameters like 

heterosis and combining ability is required to put such a breeding programme on 

sound footing. To evolve an effective breeding programme, combining ability 

analysis is used to test the performance of parents in different cross combinations and 

characterize the nature and magnitude of gene effects in the expression of yield and 

associated traits. The study of heterosis helps the plant breeder in eliminating the less 

productive crosses in early generations. 

Barley crop growth is governed by morphological and genetic factors which 

directly or indirectly influences the yield of the crop. Identification of genetically 

superior parents is an important pre-requisite for developing promising strains for 

effective transfer of targeted genes controlling both quantitative and qualitative traits 

in the resultant progenies. In order to launch a sound breeding programme, it is 

essential to have an idea of the nature and magnitude of variability, heritability and 

expected genetic advance in respect of breeding materials at hand. The choice of such 

parents would have to be done on some criteria since it become often difficult to 

predict on the basis of yield per se performance and whether any two given cultivars 

would combine well to produce desirable genotypes. Thus, information concerning 

the breeding behavior of the parents to be used is of fundamental importance in 

planning such a programme.  Line x tester mating design is one of the powerful tools 

available to estimate combining ability effect and aids in exploitation of heterosis. 

The system permits the estimation of the effects of the general combining ability 

(GCA) of the parents and specific combining ability (SCA) of the hybrids to 

discriminate for their genetic worth as breeding materials. Thus, there is urgent need 
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of preliminary assessment of barley varieties for breeding work, which would 

presumably broaden the genetic variability through various breeding tools. 

 Moderate to high incidence of yellow rust is also responsible for the low 

production and productivity of the crop. It is a well-known fact that the Central 

Himalayan region is the foci for infection of yellow rust which causes disease spread 

in the adjoining North Indian Plains. Therefore, sources of resistance to yellow rust as 

well as other diseases is required to be introgressed into the barley genetic 

background to prevent inoculum buildup of the pathogen.  

 Keeping in consideration the importance of barley as a feed and fodder crop 

under the rainfed situations of hilly areas, the productivity of barley has to be 

increased. The barley upgradation programme requires development of high yielding, 

disease resistant, nutritionally superior varieties to cater the demand of product-

specific domestic and international market. Therefore, the present investigation has 

been proposed to employ line x tester design to screen lines and crosses for their 

combining abilities and usefulness of heterosis in crop improvement with the 

following objectives: 

To 

 assess the general and specific combining ability contributing to yield and 

related traits in barley, and 

 study the genotypic and phenotypic associations among different 

morphological traits. 
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2.  REVIEW OF LITERATURE 

 

Plant breeder is mainly concerned with quantitative traits showing continuous 

variation such as yield. Therefore, it is imperative for a breeder to have the 

information on the complexity of yield and its component traits for an effective 

genetic improvement programme in various crop species. Among the different 

biometrical methods available to determine the genetic information from the 

performance of hybrids and for the identification of appropriate cross-combinations, 

“Line × Tester” mating design (Kempthorne 1957) gives comparable estimates of the 

genetic make-up of genotype(s). Further, it is also useful to identify the best general 

combiners amongst large number of parent lines by attempting relatively less number 

of crosses as compared to other mating design. 

2.1 Variability, heritability and genetic advance 

2.2 Correlation coefficient and path analysis  

2.3 Combining ability studies 

2.4 Heterosis 

2.1 Variability, heritability and genetic advance 

The observed variability is a combined estimate of genomic content and 

environmental causes. The magnitude of heritable portion of variability and more 

particularly its genomic contents is clearly the most important aspect of the breeding 

material, which have a close bearing on its response to selection. It was necessary to 

separate the total variation into heritable and non-heritable components with the help 

of genetic parameters i.e. genotypic and phenotypic coefficients of variation, 

heritability and genetic advance. Heritability indicates relative degree to which, a 

character (phenotypic variability) is transmitted from parent to offspring, while the 

genetic advance provide information on the extent of genetic gain in the population 

mean. However, the estimates of heritability alone does not provide an idea about the 

expected gain in the next generation but have to be considered in conjunction with 

estimates of genetic advance (Shukla et al. 2006; Atta et al. 2008). Therefore, an 

assessment to the extent of genetic variability, heritability and genetic advance were 

previously reviewed by following authors: 
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Singh et al. (2006) observed high heritability coupled with high genetic 

advance for plant height, ear length, number of grains/spike, 1000-grain weight and 

grain yield/plant, whereas genetic advance for days to flowering and days to maturity 

was comparatively low. 

Nanak et al. (2008) found higher phenotypic coefficient of variability (PCV) 

than genotypic coefficient of variability (GCV). Highest estimates of heritability in 

broad sense were recorded for 1000-grain weight and number of grains/spike 

followed by biological yield/plant and grain yield/plant. High heritability coupled 

with higher estimates of genetic advance reflecting additive gene action were 

registered for grain yield/plant and number of grains/spike followed by biological 

yield/ plant. 

Eshghi et al. (2010) observed highest heritability for number of grain/spike, 

number of tillers/plant and 1000 grain weight, indicating that these traits are 

controlled by additive effect, while low heritability and genetic gain were observed 

for grain yield/plant. 

Jalata et al. (2011) studies on variability, heritability and genetic advance for 

yield and yield related traits in barley revealed that significant (p<0.01) variation was 

observed among materials tested for quantitative traits indicating the presence of 

variability. Genotypic coefficient of variation (GCV) and phenotypic coefficient of 

variation (PCV) was relatively higher for grain yield/plant, number of kernels/spike 

and spike weight. High heritability was obtained for spike length and grain yield/plant 

showing better condition for effective selection in these characters. 

Singh (2011) showed significant differences among the genotypes for all the 

characters. Estimates of heritability ranged from 71.64% for days to maturity to 

97.58% for peduncle length, while grain yield/plant showed 84.28% heritability. 

Heritability coupled with high genetic advance was observed for number of 

grains/spike, grain yield/plant, peduncle length, flag leaf length, flag leaf width and 

second leaf width indicating the importance of these traits in selection and crop 

improvement. 
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Verma and Verma (2011) revealed high mean, wide range, GCV, PCV, 

heritability and genetic advance for grain weight, days to heading, biological yield, 

tillers/metre and harvest index. Correlation coefficients showed significant positive 

association of grain yield with harvest index, biological yield and days to maturity. 

Jalal and Ahmad (2012) revealed significant differences among barley entries 

for all the characters.  

Al-Tabbal and Al-Fraihat (2012) reported that the analysis of variance 

revealed significant differences among genotypes for all the characters. Estimates of 

GCV and PCV were high for grain yield/plant, biological yield/plant and number of 

kernels/main spike. Broad sense heritability estimates for various traits ranged from 

68 to 99.7%. Grain yield/plant showed highly significant positive genotypic and 

phenotypic correlation with only number of kernels/main spike. Multiple correlations 

of characters via tiller number/plant and number of kernels/main spike were 

significant and positive with grain yield/plant. 

Vir and Sultan (2013) studied the genetic variability in thirty-four accessions 

of barley. Results showed that there were significant genotypic differences for seed 

yield per plant, 100-seed weight and grains per spike, number of seeds per spike, 

spike length, plant height and days to 50% flowering. Broad sense heritability 

estimates were high and ranged from 0.55 (days to 50% flowering) to 0.73 (100-seed 

weight). 

Kumar et al. (2013) observed significant differences among the genotypes for 

all the characters. The characters viz., number of grains/spike, number of tillers/metre 

row, ear length and harvest index showed high range of PCV and GCV. Estimates of 

heritability ranged from 54% (biological yield/plant) to 98% (number of grains/spike), 

while 57% for grain yield/plant. High heritability coupled with high genetic advance 

as percent of mean was observed for number of grains/spike, number of tillers/metre 

row, ear length, harvest index and 1000-grain weight. 

Kumar et al. (2013) estimated the variability, heritability and genetic advance 

for yield and its component traits in barley. Mean squares due to treatments were 
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positive and highly significant for all the characters. High PCV and GCV were 

recorded for grains/spike and number of grains/ear. High heritability coupled with 

high genetic advance was noted for biological yield /plant and number of tillers/plant. 

High heritability along with moderate genetic advance was recorded for plant height, 

harvest index and 1000 grain weight.  

Derbew et al. (2013) found that analysis of variance showed highly significant 

differences among the tested genotypes for all traits considered in the study, 

indicating the presence of genetic variability in the traits. Grain yield varied between 

436 and 375.5 kg/ha, plant height ranged from 44.95 to 94.1 cm, days to maturity 

between 92 and 131 days, and days to heading ranged between 57 and 94. Low PCV 

and GCV were observed for days to maturity. High heritability and high genetic 

advance was observed for flag leaf width, spikelets/spike and grain yield/plant. 

Kumar and Shekhawat (2013a) evaluated twenty two barley genotypes for 

grain yield/plant and related morphological characters. Genotypes were significantly 

different for all the characters indicating sufficient variability in the experimental 

material. The characters viz., plant height, spike length, peduncle length, number of 

tillers/plant, 1000 grain weight, biological yield/plant and grain yield/plant showed 

high GCV and PCV. High estimates of heritability along with high genetic advance 

(% of mean) were observed for plant height, spike length, peduncle length, number of 

tillers/plant, 1000 grain weight, biological yield/plant and grain yield/plant. 

Raikwar et al. (2014) in a study of 10 genetically diverse varieties of barley 

indicated that heritability percentage ranged from 5.19 h²n (plant height) to 99.75 h²b 

(number of grains per spike).  

Yadav et al. (2014) evaluated 52 genotypes of barley and recorded high 

estimates broad sense heritability for all traits except days to maturity, number of 

tillers per plant and grain yield per plant. High heritability estimates coupled with 

moderate GA were recorded for biological yield per plant, grains per spike, plant 

height and days to 50 per cent flowering. 
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Singh et al. (2014) reported high GCV and PCV for number of effective 

tillers/plant (29.86, 28.97), peduncle length (30.96, 30.67) and grain yield/plant 

(21.82, 20.72), respectively. High heritability coupled with high genetic advance were 

also observed for days to heading, grains/spike, biological yield/plant and grain 

yield/plant. 

Addisu and Shumet (2015) evaluated 36 barley landraces in Southern Ethiopia 

and revealed significant differences among the landraces for the thirteen quantitative 

characters studied, except spike length. The phenotypic coefficients of variability 

were higher than genotypic coefficients of variability for all the characters. The 

greater difference between GCV and PCV was observed for spike and peduncle 

length, whereas high heritability coupled with high genetic advance was observed for 

biomass per plant, grain yield and number of tillers per plant indicating that selection 

for these characters could be more effective due to additive gene action. 

Kaur et al. (2016) evaluated 45 genotypes comprising of hulled and hulless 

type barley from ICARDA along with six check varieties (DWRUB 52, DWRUB 64, 

DWRB 73, BH 902, RD 2035 and RD 2552) in an augmented design for grain protein 

content, starch content and agronomic traits. High heritability along with high genetic 

advance for grain yield, thousand grain weight, ear length and grain filling period 

showed that these traits were under control of additive genes and hence, can be 

improved by selection based on phenotypic performance. 

Kumar et al. (2018) exhibited high PCV and GCV (>20%) along with high 

heritability coupled with high genetic advance for number of grains per spike, 

biological yield per plant and seed yield per plant which indicated the predominance 

of additive gene action.  

2.2 Correlation coefficient and path analysis 

Correlation study indicates the degree of interdependence of plant characters, 

which is an important tool in selection of a pertinent genotype. Therefore, information 

on association between characters is quite useful to plant breeders to formulate their 

breeding and selection strategies. The genetic architecture of seed yield can be better 

resolved through component traits rather than yield per se, as yield is the end product 
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of multiplicative interactions between various yield components (Grafius, 1959). The 

correlations provide information about inter-relationship among yield and its 

components. The information on character association may be used in the prediction 

of correlated response to directional selection, construction of selection indices and 

identification of some characters which may have no value by themselves, but are 

useful as indicators of the more important ones under consideration (Johnson et al. 

1955).  

Path coefficient analysis permits partitioning of the correlation coefficients 

into direct and indirect effects of a set of independence variables on the dependent 

variable and gives more realistic contribution. This technique was originally 

developed by Wright (1921) but was first used for plant selection by Dewey and Lu 

(1959). To use this path coefficient analysis, it required cause and effect situation 

among the variables in any crop. Grain yield has been associated with a number of 

yield contributing characters and these characters themselves are inter-related. The 

available literature on path analysis for seed yield with their component traits in 

barley is briefly reviewed below. 

Sethi and Singh (1971) recorded significant positive correlation among grain 

yield and number of spikes/plant. Positive correlation of grain yield with number of 

tillers/plant, nodes/tiller, plant height and days to 70% heading and maturity was 

observed. 

Sethi et al. (1972) working in hulled barley reported that yield/plant, plant 

height, number of tillers/plant, grains/plant, days to flowering and test weight showed 

high heritability, GCV, PCV and GA. The regression analysis indicated that 

tillers/plant contributed about 75% of total variability for yield. 

Naik et al. (1988) studied twenty genotypes of six-rowed barley and found that 

yield was positively correlated with productive tillers per plant. Path coefficient 

analysis indicated that direct selection for productive tillers/m and grains/spike against 

plant height could improve yield 

Irfan-ul-Haq et al. (1997) carried out correlation analysis of grain yield and its 

components in twelve husked barley lines and observed positive association of grain 
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yield with 1000-grain weight and number of spikelets per spike. However, grain yield 

was negatively associated with days to heading. 

 Hennawy (1997) in an interrelationship study found positive and significant 

phenotypic and genotypic correlations between grain yield per plant, grains/spike, 

100-grain weight and harvest index. 

Kishore et al. (2000) showed that grain yield/plant exhibited significant and 

positive association with plant height, number of tillers/plant, number of grains/ear 

and 1000-grain weight. The 1000-grain weight was also positively and significantly 

associated with plant height and number of tillers/plant. 

Kumar and Prasad (2002) revealed that grain yield per plant showed 

significant positive genotypic correlation with grain number per ear, number of tillers, 

biological yield, harvest index and chlorophyll content. On the other hand, grain 

number per ear showed significant positive correlation with number of tillers per plant 

and biological yield per plant. 

Yadav et al. (2002) observed that grain yield was significantly and positively 

correlated with number of grains/spike, biological yield, harvest index, grain weight 

and husk content, while 1000 grain weight, protein content and whole nitrogen 

content were significantly and negatively correlated with grain yield in the parents, F1 

and F2 generations. 

Najeeb and Wani (2004) studied the relationships of important characters of 

10 barley cultivars. The magnitude of genotypic correlation was significant and 

positive for spike length, grains per spike, 1000-grain weight and biological yield per 

plant with grain yield per plant. Similarly, significant and positive correlation was 

observed for biological yield per plant with 1000 grain weight. Test weight also 

displayed significant, positive correlations with spike length, number of tillers per 

plant and grains per spike. Grains per spike showed positive correlations with spike 

length and number of tillers per plant. Spike length exhibited significant positive 

correlations with days to flowering, days to maturity and plant height. Significant and 

positive correlation was also exhibited by plant height with days to flowering and 

days to maturity. Days to maturity showed significant positive correlation with days 

to flowering. Path analysis indicated high and positive direct effects of number of 
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tillers per plant, plant height, grains per spike, days to flowering and 1000 grain 

weight on grain yield per plant. Spike length and days to maturity had high direct 

negative influence on grain yield per plant. 

Shahinnia et al. (2005) found highly significant positive phenotypic and 

genotypic correlations between grain yield per plant and harvest index, biological 

yield per plant, test weight, kernel weight per spike and kernel number per spike. Path 

analysis showed highest direct effect of kernel number/spike and indirect effect of 

kernel weight/spike via kernel number/spike on grain yield. 

Bhatta et al. (2005) observed higher genotypic correlation coefficients than 

their respective phenotypic ones. Data revealed significant positive correlations of 

grain yield with 1000-grain weight and number of grains per spike. Grain yield was 

negatively correlated with days to heading. 

Ataei (2006) studied correlations among some yield related charaters for 20 

advanced lines. Result showed positive significant correlation coefficient of grain 

number per spike and 1000-grain weight with grain yield per plant. The direct effects 

of 1000-kernel weight and number of grain yield per plant were positive. 

Singh et al. (2006) observed that the grain yield per plant had positive and 

significant correlation with the number of tillers per plant, number of grains per spike, 

grain weight per spike and 1000-grain weight at both genotypic and phenotypic 

levels. Path analysis showed that grain weight per plant and number of tillers per plant 

had the highest direct effects on the grain yield per plant. 1000-grain weight showed 

negative direct effect on yield. The positive indirect effect of grain weight per spike 

on grain yield through the number of grains per spike, 1000-grain weight, ear length 

and plant height was also considerable. 

Singh et al. (2008) found that grain yield per plant exhibited positive 

association with spikes per plant followed by 100-grain weight and tillers per plant. 

Path analysis exhibited high positive and direct influence of 100-grain weight towards 

grains yield per plant followed by spikes per plant and tillers per plant. Spikes per 

plant also contributed to grain yield mainly through indirect effect via tillers per plant. 

The results indicated that selection for spikes per plant, 1000 seed weight and tillers 

per plant would lead to higher yield. 
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Yang et al. (2008) studied the partial correlation and showed that the 

coefficient of 1000 grain weight to yield was highest and most correlations were 

found negative among the yield components. He also noted positive direct effect of 

three yield components to yield per plant. Among them, the contribution of the 1000 

grain weight was the largest indicating that increase of 1000 grain was the efficient 

way to increase grain yield during the late growing stage of barley. The indirect path 

coefficients were positive only between grains per spike and 1000 grain weight, the 

others were negative. 

Dadashi (2010) observed that number of grains per spike, 1000 grain weight 

and number of fertile tillers per plant had significant positive correlation with grain 

yield per plant. The results derived from path analysis indicated that almost 70% of 

the yield increase was due to the direct effect of 1000 kernel weight. Number of 

kernels per spike was positively significant and tillers per plant were also found to 

have positive and significant direct effect on yield, but number of fertile tillers was 

indirectly affected by higher 1000 kernel weight. 

Pal et al. (2010) revealed that grain yield per plant was correlated positively 

with tillers/plant, flag leaf area, spike length, spikelets/spike, fertile spikelets/spike 

and biological yield per plant. Path coefficient analysis indicated that grains/spike and 

fertile spikelets/spike had positive direct effect on grain yield per plant. 

Drikvand (2011) showed that grain yield had positive significant correlation 

with number of spikes per square meter, harvest index, biological yield and straw 

yield per square meter, and negatively correlated with spike length and awn length. 

Using stepwise regression, 1000 grain weight, number of spikes per square meter, 

grains per spike and harvest index were the most important yield components. Path 

analysis showed that the number of spike per square metre and harvest index had 

positive direct effect on grain yield per plant. 

Zaefizadeh et al. (2011) studied 22 hulless barley genotypes in a randomized 

complete block design with 3 replications. Correlation analysis showed that the trait 

number of seeds per spike was most effective which meant that to achieve high 

performance this attribute could be used. The maximum direct effect was related to 

harvest index. The maximum direct negative effect on yield performance was related 

to the days to heading. 
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Carpc and Celk (2012) indicated that grain yield was positively and 

significantly associated with all the yield components except 1000-kernel weight. The 

highest correlation coefficients were found between grain yield and kernel number per 

spike, and between grain yield and harvest index. Path analysis indicated that harvest 

index had the highest direct effect on grain yield followed by spike number and kernel 

number per spike. Percentages of their direct effect were 71.97, 48.47 and 28.22, 

respectively. On the other hand, most of the indirect effects of yield components on 

grain yield were found to be significant and positive. 

Singh et al. (2014) revealed significant positive association of grain yield/plant 

with 1000 grain weight, peduncle length, number of effective tillers/plant and plant 

height. Path coefficient analysis exhibited high positive direct effect of 1000 grain 

weight followed by number of effective tillers/plant, number of grains/ear and plant 

height. 

Kumar et al. (2018) showed significant and positive correlation of biological 

yield per plant, number of grains per spike and number of tiller per plant with seed 

yield per plant. Path coefficient analysis also exhibited high positive direct and 

indirect contribution of these traits towards seed yield per plant indicating further 

selection based on these traits for effective improvement in barley.  

2.3 Combining ability studies 

Combining ability can be defined as the ability of a genotype to transmit 

superior attributes to its crosses. General combining ability (GCA) indicates the 

average performance of a line in a series of cross combination, whereas specific 

combining ability (SCA) shows those effects in some definite combinations which 

significantly departed from what would be expected on the basis of the average 

performance of the lines involved (Sprague and Tatum, 1942). The significance of 

combining ability was first revealed by Davis (1927). Combining ability studies are 

useful in assessing the nicking ability of parents and thus, help in selecting parents 

that would give rise to more desirable segregants during hybridization programme. It 

also helps to characterize the nature and magnitude of a pragmatic breeding approach. 
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Spargue and Tatum (1942) initially defined combining ability as the relative 

ability of a biotype to transmit desirable performance to the crosses. According to 

them general combining ability (GCA) is the performance of a variety when crossed 

to many other lines or varieties. Specific combining ability (SCA) was similarly 

defined as the performance of a variety or line when crossed to another specific 

variety or line, do relatively better or worse than would be expected on the basis of 

average performance of parental lines involved. The general combining ability is 

primarily due to additive as well as additive × additive effects of genes and specific 

combining ability is due to non-additive (i.e. Intra-allelic and/or inter-allelic 

interaction) effects of genes. 

Griffing (1956), Carnahm et al. (1960) and others suggested that GCA include 

both additive as well as additive × additive interaction. It has also been realized that 

high yielding lines may not necessarily be able to transmit their superiority to their 

hybrids (Allard, 1960). Hence, an estimate of GCA and SCA effects may be more 

reliable test rather than their per se performance. 

Hayman (1957) explained general combining ability and reported that general 

combining ability was composed of additive and dominance portion, while specific 

combining ability involved dominance alone. However, when epistasis was present, 

both general and specific combining ability contained epistasis portion. 

Riggs and Hayter (1972) reported that the large effects of general and specific 

combining ability both for early and late heading were detected. They further reported 

small effects for general and specific combining ability both for high and low grain 

number per ear, but significant positive correlations were found between the general 

combining ability effects and the corresponding parental expression of the characters. 

Significant interactions were detected between additive and non-additive effects at the 

F1 and F2 years in analysis conducted over both seasons. 

Choudhary et al. (1974) reported that high SCA effects for plant height, ear 

length, grain yield, 100 grain weight and number of grains per ear were the results of 

crosses between high and low GCA parents line, indicating additive x dominant type 

of interaction for number of effective tillers. High SCA was produced by low x low 

general combiners, indicating dominant x dominant gene interaction. 
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Sharma (1978) studies on the parents, F1‟s and F2‟s at two plant desired 

densities revealed significant effects of years on yield, ears per plant, 1000 grain 

weight, height and of plant density on yield and ears per plant in F1 and F2 and 1000 

grain weight in F1. GCA effects were found to be no less affected by environmental 

interaction than SCA effects. A general decrease in the relative magnitude of SCA 

variance was observed in F2. 

Abdulamonov (1984) reported significant differences in GCA between 

varieties for all the characters except 1000-grain weight. Significant differences in 

SCA, indicative of the involvement of non-additive gene effect were found for plant 

height, grain weight, number (from the main ear) and 1000-grain weight. 

Chauhan (1985) observed that significant genotype differences were found 

among the parental lines and F1 population in all these characters except 250 grain 

weight. The variances of GCA were greater than those of SCA in all characters except 

number of spikelet per ear and of grains per ear, the highest SCA for grain yield and a 

high positive SCA value for 250 grain weight also. In a few cases in which both lines 

had high GCA but SCA was low, it was found that there was only silent genetic 

diversity between the lines. The highest heterosis was obtained for yield (60.84% 

above the better parent), though the parental lines had low and negative GCA. 

Singh and Singh (1990) reported that the GCA and SCA effects were highly 

significant, indicating that both additive and non-additive effects were controlling 

days to heading and days to maturity. Significant GCA and SCA for 1000-grain 

weight were also reported. 

Arabi et al. (1992) observed high genetic variability for the traits studied. 

Significant GCA and SCA were observed for all traits and the values were, in some 

cases, significantly modified by net blotch of barley. 

Phogat et al. (1995) reported additive gene action for grain yield and some 

important associated traits.  

Singh et al. (1996) reported that GCA effects were significant for most of the 

characters. Variance of GCA was significant for all the examined traits, whereas 

variance of SCA was important only for spikes per plant and lodging grade. 
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Madic (1996) reported that highest GCA value was observed for spike length. 

High heritability values were obtained for spike length (63.3%) and grain weight per 

plant (70%). 

El-Seidy (1997a&b) reported additive gene action for grain yield and some 

important associated traits.  

Bhatnagar and Sharma (1997) reported that the GCA and SCA components of 

variance were highly significant for all the characters evaluated in both F1 and F2 

generations except variances due to SCA for grain yield. The GCA component of 

variance was higher than SCA in both F1 and F2 generations, indicating the 

predominance of additive gene effects. However, both GCA and SCA effects were 

highly influenced by the environment. 

Bouzerzour and Djakoune (1998) reported additive gene action for grain yield 

and some important associated traits.  

Bhatnagar and Sharma (1998) studied 45 crosses of barley grown under three 

environments (early, normal and late) and indicated that both GCA and SCA 

variances were important in controlling the inheritance grain yield and harvest index. 

However, GCA variances were predominant. 

Martinez and Foster (1998a) reported additive gene action for grain yield and 

some important associated traits. 

Manmohan et al. (2003) reported that the GCA and SCA variances were 

significant for spike per plant, grains per spike, spikelets per spike, grain yield and 

1000 grain weight in both the environments (normal and heat stress). Only SCA for 

grains per spike was found non-significant under heat stress environment. 

Ajmal et al. (2004) depicted greater proportion of variance components due to 

specific combining ability than that of general combining ability for days to maturity, 

spike length, spikelet per spike, 100-grain weight and grain yield which denoted the 

preponderance of non-additive type of gene-action for these characters. However the 

inheritance of plant height was shown to be conditioned by genes acting additively. 
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Singh et al. (2005) observed highly significant GCA and SCA for days to 

maturity, days to reproductive phase, peduncle length, number of grains/spike, 

biological yield/plant, harvest index, 1000 grain weight and protein content. 

Dhadhal and Dobariya (2006) analyzed combining ability of 14 parents and 

their 33 F1s under timely and late sowing conditions. Estimates of general combining 

ability effects revealed that none of the parents was a good general combiner 

simultaneously for days to heading, days to maturity, number of tillers per plant, 

length of main spike, number of spikelets per spike, number of grains per spike, grain 

yield per plant, harvest index, 1000-grain weight and protein content. 

Singh et al. (2007) reported that the variance due to parents was significant for 

days to 50% flowering, plant height, spike length, grain per spike, 1000 grain weight 

and grain yield per plant indicating that parents possess good amount of variability. 

Variation due to hybrids was also highly significant for the all traits, suggesting that 

good amount of variability was generated among the hybrids. The relative estimates 

of variance due to SCA were higher than variance due to GCA for the all traits studied 

except for days to the flowering indicating the predominance of non-additive gene 

action. 

Kakani et al. (2007) studies on diverse parents in barley and their F1 and F2 

progenies indicated significant difference among the parents for GCA and among 

crosses for SCA for all characters studied. The GCA and SCA components for 

variance were significant for all the traits. The GCA/SCA ratio showed preponderance 

of non-additive gene action for characters, namely days to maturity, plant height, 

effective tillers per plant, biological age per plant, grain yield per plant, and harvest 

index. However, the additive gene action was predominant for days to heading and 

test weight. 

Amiruzzaman et al. (2008) observed that variance due to GCA and SCA 

showed additive gene action for all the characters except spikes per plant. Significant 

mean sum of squares due to lines and testers for all the characters indicated enough 

variability among the lines and testers. Most of the crosses involving low x low or low 

x high general combiners produced high GCA effects for yield. Cross combinations 

between general combiners of high x low and high x high for spikes per plant, low x 
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low and low x average for spike length, low x low and high x high for grain weight 

and low x low and low x average for grain number also revealed high SCA. The mode 

of genetic interaction varied from character to character ranging from epistatic to 

dominant type of gene action. 

Singh et al. (2012) conducted an experiment to find out combining ability for 

high temperature tolerance. The observations were recorded in parents, F1s and F2s for 

14 morphological parameters. The experimental results manifested significant 

differences among the parents for GCA and crosses for SCA for all the characters 

studied. The GCA and SCA components of variance were significant for all the traits. 

The GCA/SCA variance ratio below unity in both the generations showed the 

preponderance of non-additive gene effects for all the characters. 

Potla et al. (2013) reported significant differences among the parents for GCA, 

among crosses for SCA for all the quantitative traits. It is therefore, the selective 

parents and crosses could be utilized for developing desirable genotypes/hybrids/ 

varieties with better yielding towards exploiting the hybrid vigour or other associated 

traits under crop improvement. 

Bornare et al. (2013) revealed that the variance due to GCA and SCA were 

highly significant for most of the traits studied. The relative magnitude of these two 

variances indicated the predominance of additive gene action for plant height and 

thousand seed weight, while rest of the traits showed preponderance of non-additive 

gene action. 

Zhang et al. (2015) showed that GCA and SCA was significantly different 

among parents and crosses.The performance of hybrid was significantly correlated 

with the sum of female and male GCA (TGCA), SCA and heterosis. 

Shendy (2015a) reported that variances due to both general and specific 

combining ability were highly significant for all studied traits in both F1 and F2 

generations. High ratios of GCA/SCA mean squares were detected for all traits 

studied in both F1 and F2 generations except for number of spike per plant in the F1, 

spike length in F2, number of grain per spike in F2, plant height and 100-grain weight 

in the F1 and F2 generations, indicating the predominant role of additive gene action in 

the inheritance of these characters.  
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Patial et al. (2016) reported significant differences among parents, crosses and 

parent vs. crossed for all the traits studied indicating the presence of sufficient 

variability. Variance of specific combining ability (SCA) were higher than the general 

combining ability (GCA) for all the traits, which indicated the predominance of non-

additive (dominance, over-dominance and epistasis) type of gene action in the 

inheritance of the traits. Hence, selection of superior plants should be deferred to later 

generation. Two crosses were found to be good specific cross combinations for grain 

yield and its related traits having high significant SCA. 

Pesaraklu et al. (2016a) estimated the combining ability and heterosis in barley 

for a number of qualitative traits. Results of variance analysis showed that there were 

significant differences between genotypes for all the measured traits. General 

combining ability effect was significant for all traits, whereas specific combining 

ability effect was also significant for all traits except for plant height, days to 

physiologic maturity and spikelet density. Moreover, dominance variance was the 

most effective factor in genetic control of traits. 

Rathore and Chauhan (2017) studied the GCA and SCA effects of ten parents 

and 45 F1 hybrids of six-rowed barley and revealed that Ritambhara, Gitanjali, Jagrati 

and Lakhan were good general combiners for grain yield per plant and crosses 

Narmada x Haritima, Narmada x Jagrati, Gitanjali x Azad, Ritambhara x Lakhan, 

Jyoti x Ritambhara, Azad x Gitanjali, Gitanjali x Lakhan, Prajapati x Azad, 

Ritambhara x Prajapati, Azad x Jagrati and Haritima x Manjula expressed positive 

and highly significant desirable SCA effect for seed yield per plant.  

Abdel-Moneam and Leilah (2018) observed that specific combining abilities 

(GCA and SCA) mean squares were highly significant for all studied traits. 

2.4 Heterosis 

The phenomenon of hybrid vigour in artificial plant hybrid was first studied by 

Koelreuter in 1776. Bruce (1910) explained heterosis on the combined action of 

favourable dominant or partial dominant factors. Shull (1914) first coined the term 

heterosis while defining it as the superiority of heterozygous genotypes with respect 

to one or more characters. Hull (1945) explained this phenomenon based upon over 

dominance. Hayes (1964) from his studies concluded that heterosis is normal 
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expression of complex character when the genes are in highly heterozygous condition 

with dominance or partial dominance. Heterosis represents percentage increase or 

decrease in the mean value of F1 hybrid over its mid parental value. Barley being a 

highly self-pollinated crop has been largely neglected in hybrid breeding research of 

autogamous cereals. Thus, scope for exploitation of hybrid vigour depends on the 

direction and magnitude of heterosis, biological feasibility of crop and nature of gene 

action. The phenomenon of heterosis has been observed to manifest for yield and its 

component traits by several workers.  

Nasar and Khayrallah (1976) studied the F1 hybrids of barley involving 5 

parents. Significant heterosis was detected for grain yield in two of the ten crosses for 

number of tillers per plant in one cross, for number of grains per plant in two crosses, 

for plant height in three crosses and for grain weight in none of the crosses.  

Garkavyi et al. (1980) reported that all the F1 showed heterosis for number of 

productive tillers, but heritability for this trait was not high. Heritability for ear length 

was 10.51 to 58.5%. Over dominance was generally found for number of grains per 

plant, yield per plant, heritability being about 50% or higher. 

Zhao et al. (1983) observed heterosis for height, grain weight per plant and 

grain weight per spike. Transgressive heterosis for all characters was less than 10%. 

Heading date and height were positively correlated with those of the male parents and 

spike numbers per plant and grain weight per plant were also positively correlated 

with those of the male parent, but less closely. 

Huang (1984) observed the highest heterosis exceeding the mid parental 

values by 25-30%. Additive effects were important, so general combing ability values 

were high for most characters (76-96 %). Heritability eastimates were also high (61-

89 %).  

Burgazova and Burgasova (1985) observed heterosis in relation to the better 

barley parent for grain weight per plant and 1000 grain weight and plant height. 

Sethi et al. (1987) reported that heterosis over the better parent was 26.54% 

for harvest index and 159.38% for grain yield per plant. Parents and crosses with good 
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combining ability for both traits were identified and recommended for use in breeding 

programme. 

Ulker and Ozgen (1993) studies on eight barley genotypes and their F1 hybrids 

observed favorable heterosis for tiller number per plant and grain yield per spike and 

same for plant height, spike length and 1000-grain weight. Traits 1000-grain weight 

and grains per spike also contributed to yield heterosis (Guo and Xu 1994). 

El-Seidy (1997a) observed significant heterotic effects over the mid parents 

detected for all traits except for 1000 kernel weight. Significant heterosis over better 

parents was noted for all the traits studied except for heading date in the second cross, 

while heterotic effect for 1000 kernel weight were absent.  

Martinez and Foster (1998a) observed heterosis over the mid parent which 

was quite similar among crosses for heading date, but there was no heterosis over the 

high parent.  

Singh et al. (1999) observed significant and positive heterosis for days to 

heading and plant height. It was noteworthy that significant and positive inbreeding 

depression was observed for days to heading indicating a possibility for selection of 

early maturing genotypes in advanced generation. 

Subhani et al. (2000) reported significant average heterosis and heterobeltiosis 

values in barley for flag leaf area, tillers per plant, plant height, grains per spike, 

1000-grain weight, biomass per plant and grain yield per plant under irrigated and 

drought stress conditions. The maximum heterosis was reported for grain yield per 

plant (36.39%), tillers per plant (15.71%) and spike length (12.54%) in cross LU 265 

x Roh 90 under irrigated conditions, whereas cross combination Inq. 91 x 4072 

exhibited maximum heterosis and heterobeltiosis for 1000-grain weight under 

irrigated and drought stress conditions. 

Singh et al. (2002) noted the positive heterosis for plant height, number of 

spikes/plant and grain yield/plant except 1000 grain weight. 

Daya et al. (2009) estimated highest economic heterosis for grain yield 

(48.82%) followed by number of productive tillers per plant (38.09%), 1000-grain 
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weight (21.43%), length of spike (19.05%), number of grains per spike (11.63%) and 

plant height (11.72) indicating estimates of inbreeding depression due to additive x 

additive and additive x dominance types of epistatic gene action. Non-additive gene 

action was predominantly responsible for the expression of grain yield. 

Abd El-Aty et al. (2011) reported that positive heterotic effects relative to the 

mid-parent were found for most of the traits in the five crosses, except for heading 

and maturity dates that showed negative heterotic effects. Also positive heterotic 

effects relative to the better parent were found for the most of crosses. 

Vishwakarma et al. (2011) reported that considerable amount of heterosis over 

better parent was observed for almost all the characters. Highest heterobeltiosis (better 

parent heterosis) were observed for days to heading as well as days to maturity. 

Amer et al. (2012) observed that variance due to lines, testers and line x testers 

were highly significant for most of the traits studied. Positive and negative heterosis 

over better parent and mid parent were detected for most traits. 

Muhleisen et al. (2013) reported that mid-parent heterosis averaged 11.3% and 

ranged from 0.7 to 19.9%. Better-parent heterosis was slightly lower with an average 

of 9.2%. Maximum commercial heterosis (i.e., the difference between the hybrid 

performance and the performance of the best line variety) was 7.6%, which clearly 

underlines the significance of hybrid barley breeding. Accuracy to predict hybrid 

performance was only moderate based on mid-parent values (r=0.46; P<0.001) and 

GCA effects (r=0.38; P<0.001).  

Shendy (2015b) studied heterosis and combining ability for grain yield and its 

contributing characters. Percentages of heterotic effects of the F1 hybrids over their 

respective mid and better parents for grain yield ranged from 13.77 to 41.28 per cent 

and from 9.91 to 38.69 per cent, respectively.  

Mansour (2016) reported positive heterotic effects relative to the mid parent 

and better parent for most of the studied traits. Generally, the most promising crosses 

were found to be higher in magnitude, which had high genetic advance associated 

with high heritability and would be of interest in breeding programs for improving the 

most studied traits in barley under saline conditions. 
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Pesaraklu et al. (2016) observed highest values of heterosis for grain number 

per spike, grain weight per spike and 1000-grain weight. 

Ram and Shekhawat (2017c) observed sufficient degree of heterosis and 

heterobeltiosis for all the studied characters. Among top three crosses for grain yield 

per plant in all the environments, two crosses showed desirable heterosis and 

heterobeltiosis for one or more characters in all the environments. Significant 

inbreeding depression was reported for different traits in all the three environments. 

However, few crosses for grain yield per plant in E2 and E3 exhibited significant 

negative inbreeding depression. 

Bernhard et al. (2017) studied that heterosis for biomass and grain yield 

facilitated breeding of productive dual-purpose winter barley hybrids and revealed 

that the average best-parent heterosis of grain yield was 7.7%, whereas average best-

parent heterosis of dry matter yield was 9.1%. The higher grain yield of hybrids was 

mainly caused by the higher kernel number per ear. 

Madhukar et al. (2018) carried out an experiment to study the heterosis in 

barley and found that the expression of heterosis varied with the crosses as well yield 

attributing traits. For grain yield, the maximum per cent heterosis over standard check 

was observed in Lakhan×K-551, Lakhan×Geetanjali and Lakhan×Harmal while the 

crosses RD-2552×K-551 followed by Lakhan×K-551 and Lakhan×Geetanjali showed 

positive significant heterosis over better parent. 
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3.  MATERIALS AND METHODS 

 

The present investigation entitled “Estimation of morphological and genetic 

aspects for yield and yield contributing traits in barley (Hordeum vulgare L.)” was 

carried out at Experimental Farm of Hill Agricultural Research and Extension Centre, 

Bajaura, Kullu-175125, HP. The details of the materials used and methods employed 

in the present investigation are described in this chapter under the following headings: 

3.1 Experimental site  

3.2 Experimental material 

3.3 Layout of the experiment  

3.4 Observations recorded 

3.5 Biometrical analysis 

3.5.1 Analysis of variance 

3.5.2 Genetic parameters of variation 

3.5.3 Estimation of correlation coefficients 

3.5.4 Path analysis 

3.5.5 Line x tester analysis 

3.5.6 Estimation of heterosis 

3.1  Experimental site 

 The Experimental Farm is situated at an elevation of 1090 m above mean sea 

level with 31
0
48‟ N latitude and 77

0
9‟ E longitude. Agro-climatically, the location 

represents the mid-hill zone of Himachal Pradesh (zone-II) and is characterized by 

humid sub-temperate climate with high rainfall (944 mm). The soil is neutral in 

nature with pH ranging from 6.5 to 7.0 and soil texture is silty clay loam.  

3.2 Experimental material 

 The experimental material used for the present investigation consisted of F1 

population of 28 crosses developed (Table 3.1) by crossing 7 lines/genotypes viz., 
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HBL 713, HBL 722, HBL 723, HBL 738, HBL 748, HBL 751 and Local Sudhrani 

with four testers viz., HBL 113, HBL 276, DWRUB 64 and Atahualpa. All the lines 

used as female parents were crossed to each of the testers by hand pollination using 

the standard procedure as per line x tester model and thus true to type seeds were 

produced during Rabi, 2015-16. 

Table 3.1  List of barley genotypes used in making crosses in line x tester 

mating design 

S. 

No. 

Lines Pedigree Type Source 

1 HBL 713 HBL 276 × HBL 364                                  6R, Hulled CSKHPKV, 

Palampur 

2 HBL 722 IBYT-LRAC-17(2010-

2011)                      

2R, Hulled CSKHPKV, 

Palampur 

3 HBL 723 IBYT-LRAC-18(2010-

2011)                      

6R, Hulled CSKHPKV, 

Palampur 

4 HBL 738 IBOHI-65 (EIBGN 2012-

2013)                  

2R, Hulled CSKHPKV, 

Palampur 

5 HBL 748 P.STO/3/LBIRAN/UNA8

0/LIGNEE640/4/BLLU15

/PETUNIA1/6/LEGAGU/

PENCO/CHEVRON-

BAR 

6R, Hulless CSKHPKV, 

Palampur 

6 HBL 751 ZIGZIG/4/TOCTE//HIOG

/LINO/3/ PETUN18 A 1                                             

6R, Hulless CSKHPKV, 

Palampur 

7 Local 

Sudhrani 

Local collection 6R, Hulled Local collection, 

vill. Sudhrani, 

Kullu 

 Testers    

8 Atahualpa Selection from Ecuador 2R, Hulless Ecuador 

9 DWRUB 64 DL472/PL705 6R, Hulled  IIWBR,Karnal 

10 HBL 113 Selection from Zephyre                              2R, Hulled CSKHPKV, 

Palampur 

11 HBL 276 HBL 233 × HBL 238                                  6R, Hulless CSKHPKV, 

Palampur 
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3.3 Layout of the experiment  

 The experimental material comprising of parents (seven lines and four 

testers) and the resultant 28 F1s were evaluated in Randomized Block Design with 

three replications at the Experimental Farm, Hill Agricultural Research and Extension 

Centre, Bajaura, Kullu-175125, HP during Rabi 2016-17. Parents and F1s were 

grown in single row of 1 m length. The row to row distance was 30 cm apart. 

Recommended package of practices were followed for raising the crop. 

3.4 Observations recorded 

The data were recorded on five random competitive plants for parents (lines 

and testers) and individual plants were sampled for F1s in each replication for all the 

traits, whereas days to 50% flowering and days to maturity were recorded on plot 

basis. 

1.   Days to 50 per cent flowering 

  The number of days taken from the date of sowing to 50 per cent blooming of 

the plants was recorded on plot basis.  

2.  Number of effective tillers/plant 

 The number of effective tillers per plant were counted at the time of harvest. 

3.  Peduncle length (cm) 

  Length from the base of the spike to the first node was measured in 

centimetre. 

4.  Spike length (cm) 

 It was recorded from the base of spike to tip of the spike (excluding awns) in 

centimetre. 

5.  Number of grains/spike 

Total number of seeds in each spike per plant in each plot were counted and 

then averaged. 
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6.  Plant height (cm) 

  The height of plant from the base to the tip of the spike on the main stem was 

recorded in centimetres and mean value was obtained. 

7.  Days to maturity 

The number of days taken from the date of sowing to maturity of the plants 

was recorded on plot basis.  

8.  Biological yield/plant (g) 

             Five randomly taken sun dried plants were weighed (g) and average weight 

per plant was calculated. 

9.  1000-grain weight (g) 

A random sample of 1000 dry seeds of each genotype was taken and weight 

was recorded in grams.  

10.   Seed yield/plant (g) 

 Total seed weight of five randomly selected plants in each plot were 

recorded and averaged. 

11. Harvest index (%)  

 Harvest index was estimated as per cent of seed yield per plant and 

biological yield per plant. 

        Seed yield per plant (g) 

HI (%) =                        X 100 

    Biological yield per plant (g) 

3.5  Biometrical analysis  

            The data recorded on 28 crosses along with seven lines and four testers for 

different characters were analyzed as per the design i.e. line x tester for working out 

the following values. 

3.5.1  Analysis of variance  

For working out the analysis of variance the data was analyzed by using the 

following model as suggested by Panse and Sukhatme (1984). 
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Yij = µ + gi + rj + eij 

Where,  

              Yij = phenotypic observation of i
th

 entry in j
th 

replication, 

               µ = general mean, 

   gi = effect of i
th

 entry, 

                     rj = effect of j
th

 replication, and 

             eij = error component 

Analysis of variance 

Sources of variation           df Mean sum of  

squares 

Expected  

mean sum                                                                                                  

of  squares 

Replications (r-1) Mr σ
2
e + gσ

2
r 

Genotypes  (g-1) Mg σ
2
e + rσ

2
g 

Error                              (r-1)(g-1) Me σ
2
e 

Where, 

 r = number of replications, 

 g= number of genotypes, 

 σ
2
g = variance due to entries, 

 σ
2
r = variance due to replications, and 

 σ
2
e = error variance. 

          The replications and entries mean squares  for entries were tested against error 

mean squares by „F‟ test for (r-1), (g-1) and (r-1)(g-1) degrees of freedom at P=0.05. 

From this analysis the following standard errors were calculated where the „F‟ test 

was significant.  
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Standard error for the entry mean 

SE(m) = ± √ Me ∕ r   

Standard error for the difference of entry mean  

SE(d) = ± √ 2Me ∕ r   

The critical difference (CD) at 5% level of probability was obtained by multiplying 

SE(d) ± by the table value of „t‟ for error degree of freedom at P = 0.05. 

CD = SE(d) ± x „t‟ value for error degree of freedom at P = 0.05. 

3.5.2 Genetic parameters of variation 

3.5.2.1 Phenotypic and Genotypic coefficient of variance 

The genotypic, phenotypic and environmental coefficients of variation were 

estimated following Burton and De Vane (1953):  

 

         
2

g 

 Genotypic coefficient of variation (GCV %) =                ––––––––  × 100  

         × 

 

         
2

p 

 Phenotypic coefficient of variation (PCV %) =                ––––––––   × 100  

         × 

where,  

  
2

g   = Genotypic standard deviation 

  
2

p   = Phenotypic standard deviation 

  × = Grand mean 

For categorizing the magnitude of PCV and GCV, the following limits were used: 

PCV and GCV   > 25%  - High 

     20% - 25% - Moderate 

     < 20%  - Low 
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3.5.2.2    Estimation of heritability (%) 

  Heritability in broad sense (h
2

ns) was calculated as per the following 

formula 

                         σ
2
g 

Heritability (h
2

bs)  =  

                                    σ
2
p  

Where, 

 h
2

bs     =  estimated heritability 

              σ
2
g   =  genotypic variance 

 σ
2
p    =  phenotypic variance 

For categorizing the magnitude of heritability, the following limits were used: 

Heritability (h
2

bs) =    > 60%                  High 

                         30% - 60%          Moderate  

                         <30%                  Low 

3.5.2.3 Genetic advance (%) 

The expected genetic advance (GA) resulting from the selection of 5 per cent 

superior individuals was calculated as per Burton and De Vane (1953) and Johnson et 

al. (1955).  

 GA    = K × p × h
2

 (bs) 

where,  

K   = 2.06 (selection differential at 5 per cent selection intensity) 

h
2

 (bs)   = heritability (broad sense)  

 p   = phenotypic standard deviation 

         Expected GA 

Genetic advance as percentage of mean (GA %) =    –––––––––––  × 100 

              X 
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3.5.3 Estimation of correlation coefficients 

Phenotypic and genotypic coefficients of correlation were worked out 

following the procedure of Al-Jibouri et al. (1958) and Dewey and Lu (1959). 

Analysis of covariance 

Source  Degree of 

freedom 

Mean sum of 

product 

Expected mean sum of 

product 

Replication  (r–1) Mr×y e×y + g. r×y 

Genotypes (g–1) Mg×y e×y + r. g×y 

Error  (r-1)(g-1) Me×y e×y 

where, 

 r = number of replications 

 g = number of genotypes 

g×y = genotypic covariance between traits × and y = (Mg×y – Me×y)/r 

e×y    = environmental covariance between traits × and y = Me×y 

p×y    = phenotypic  covariance between traits × and y = σg×y + σe×y 

Mg×y = mean sum of squares due to genotypes from the analysis of 

covariance between traits × and y 

Me×y = mean sum of squares due to error from the analysis of covariance  

between traits × and y 

Phenotypic coefficient of correlation (rp×y) 

            p×y 

                                     rp×y     = ––––––––––––––– 

              (
2
p× × 

2
py)

 ½
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where,  

 p×y =        phenotypic covariance between two traits „×‟ and „y‟ 

 
2
p× = phenotypic variance of trait „×‟ 

 
2
py = phenotypic variance of trait „y‟ 

Genotypic coefficient of correlation (rg×y) 

    g×y 

                                      rg×y    =     –––––––––––––– 

            (
2
g× × 

2
gy)

 ½
 

where,  

 g×y = genotypic covariance between two traits „×‟ and „y‟ 

 
2
g× = genotypic variance of trait „×‟ 

 
2
gy = genotypic variance of trait „y‟ 

Test of significance 

The significance of phenotypic coefficient of correlation at (g–2) degrees of 

freedom, where g stand for number of genotypes, was tested at 5 per cent level of 

significance against the table values of correlation coefficient (Fisher and Yates 

1963).  

To test the significance of genotypic coefficient of correlation, the F value was 

calculated using:  

F = [(g–2) r
2
]/ (1–r

2
) 

It was compared with the F-distribution at 1 and (g–2) degrees of freedom, where g 

and r stand for number of genotypes and genotypic coefficient of correlation, 

respectively (Mead and Curnow 1983). 

3.5.4 Path analysis 

Path coefficient is a standardized partial regression coefficient, which permits 

the partitioning of the correlation coefficients into direct and indirect effects. The path 

analysis of important component traits and quality traits with green forage yield was 

done following Dewey and Lu (1959) as under:  
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Py1 + Py2.r12 + Py3.r13 + ……………………………….. + Pyn.r1n = ry1 

Py1.r12 + Py2 + Py3.r23 + ……………………………….. + Pyn.r2n = ry2 

Py1.r13 + Py2.r23 + Py3 + ……………………………….. + Pyn.r3n = ry3 

: 

: 

Py1.r1n + Py2.r2n + Py3.r3n + ……………………………….. + Pyn = ryn 

where,  

Py1, Py2, Py3 ………….. Pyn are the direct path effects of 1, 2, 3, ………….., n 

variables on the dependent variable „y‟.  

r12, r13, ………….. r (n-1) n are the coefficients of correlation between various 

independent variables and ry1, ry2, ry3, …………… ryn are the correlation coefficients 

of independent variables with dependent variable „y‟.  

The variation in the dependent variable which remained undetermined by included 

variables was assumed to be due to variables (s) not included in the present 

investigation. The degree of determination of such variables was calculated as 

follows:  

 Residual effect    = 1 – R
2
  

where,  

 R
2
 = 

n

1i
 piy riy 

where,  

R
2
 is the squared multiple correlation coefficient and is the amount of 

variation in the yield that can be accounted for any yield component characters 

included in the present investigation. For performing path analysis, adjusted treatment 

means have been used. 
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3.5.5      Line x tester analysis 

 In this case the replication wise mean values of F1 generation of 28 crosses for 

each trait were subjected to statistical analysis using following model given by 

Kempthorne (1957). 

Yijk = µ + gi + gj + sij + eijk 

Where, 

Yijk =  value of the ijk
th

 observation of the cross involving i
th

 line and j
th 

tester 

in k
th 

  replication, 

µ = general mean (an effect common to all hybrids in all replications), 

gi = general combining ability (gca) effect of i
th

 line, 

gj = general combining ability (gca) effect of j
th

 tester, 

sij = specific combining ability (sca) effect of the cross involving i
th

 line and  

j
th

 tester, 

eijk = error associated with ijkth observation , 

i  =  i
th

 line (1, 2, 3........10) 

j  =  j
th

 tester (1, 2, 3), and 

k = k
th

 replication (1, 2, 3) 

Analysis of variance for combining ability 

Source of variation df Mean square Expected mean square 

Replication (r-1) - - 

Crosses  (fm-1) - - 

Lines  (f-1) M(f) σ
2
e + r   σ

2
fm + rm σ

2
f 

Testers  (m-1) M(m) σ
2
e + r   σ

2
fm + rf σ

2
m 

Line x Tester (f-1)(m-1) M(f x m) σ
2
e + r   σ

2
fm 

Error  (fm-1)(r-1) Me σ
2
e 

Total  (fmr-1)  - 
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Where,  

f        = number of lines, 

 m       = number of testers, 

 M(f)  = mean squares due to lines, 

 M(m)  = mean squares due to testers, 

 M(fm) = mean squares due to line x tester interactions, 

        Me      = error mean squares, 

       σ
2
f   = variance due to lines/progeny variance arising from differences among 

female parents/lines, 

         σ
2
m  = variance due to testers/progeny variance arising from differences 

among male parents/testers, 

 σ
2
f x m = variance due to lines x testers/progeny variance arising from 

interaction of   the contribution of female and male parents, and 

         σ
2
e =  environmental variance per error variance among individuals from same 

mating. 

3.5.5.1    Estimation of general and specific combining ability effects 

 GCA and SCA effects were obtained from the two way table of female parents 

vs. male parents in which each figures was total over replications. The individual 

effects were estimated as follows: 

i) gca effects of i
th

 line  

                Xi..        X... 

gi =                  - 

                mr        fmr 

where, 

                 X... =  sum total of all crosses, 

                 Xi.. =  total of i
th

 female parent over all males and replications, 

                  r     =  number of replications, 
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                  f     =  number of lines/female parents, and 

                  m   =  number of testers/male parents. 

Check,    ∑gi = 0 

gca effects of j
th

 tester   

             Xj..        X... 

  gj =            - 

             fr         fmr 

where, 

                Xj.. = total of j
th

 male parent overall females and replications. 

Check,    ∑gi = 0 

 

ii) sca effects of ij
th

 cross 

                     xi j.    xi..    xj..      x... 

    sij     =      -         -         + 

                      r       mr      fr       fmr 

where, 

 xij. =  ij
th

 combination total over all replications. 

Check,    ∑ Sij = ∑ Sij = ∑∑ Sij = 0 

                i            j           i  j 

Standard errors for different combining ability effects 

   SE (gi) lines = ( Me / mr)
½
 

   SE (gj) testers = ( Me / fr)
½

 

   SE (si j) crosses = ( Me / r)
½
 

   SE (gi - gj) lines = ( 2Me / mr)
½

 

   SE (gj - gj) testers = ( 2Me / fr)
½

 

   SE (si j - skl) crosses = ( 2Me / r)
½
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Where, 

                 Me = mean sum of squares due to error. 

                 Critical difference (CD) = SE (difference) x „t‟ table value for error degree 

of freedom at P = 0.05 

Test of significance for gca and sca effects 

                                                       gi - 0 

For gca of lines (females) =  ti =  

                                                      SE (gi) 

 

                                                          gj - 0 

For gca of testers (males) =  tj =  

                                                          SE (gj) 

             

                                    sij – 0                                                         

For sca of crosses  =  tij =    

                                              SE (si j) 

Where, 

 ti, tj and tij are the calculated „t‟ values, 

 gi = gca effect of ith line,     

 gj = gca effect of jth tester, and 

 sij = sca effect of i jth cross. 

Calculated „t‟ values were compared with the tabulated „t‟ values for error degree of 

freedom at P= 0.05. 

3.5.5.2   Estimation of variance components 

               The co variances were calculated as suggested by Singh and Chaudhary 

(1977).  

                                                                 Mf - Mfm 

                Cov (HS)  =  σ
2
f (females)  =   

                                                                       mr 
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                                                                   Mm  -  Mfm 

                Cov (HS)  =  σ
2
m (males)  =      

                                                                          fr 

 

               Mfm - Me 

          σ
2
fm (females x males)     =                           =   σ

2
sca 

                                                                         r 

 

Estimation of Cov HS (Average) and Cov (FS) 

 

 These were calculated as: 

                                                     (m σ
2
f + f σ

2
m) 

                 Cov HS (average)  = 

                                                          (f + m) 

 

                 Cov (FS)                 =  σ
2
fm + 2 Cov (HS) 

This can also be calculated from the expection of mean squares as: 

                                                      Mf + Mm – 2Mfm 

                 Cov HS (average)  = 

                                                               2 (f + m) 

 

                           Mf + Mm + Mfm – 3Me              6r Cov (HS) – r (f + m) Cov (HS) 

   Cov (FS)  =                                                  + 

                                              3r                                        3r 

Estimation of gca and sca variances 

                 From the estimates of Cov (HS) and Cov (FS), variances due to general 

combining ability and specific combining ability were calculated as:                                                                            

                                                            Mf + Mm – 2 Mfm 

         σ
2
gca  =  Cov (HS)  =  

                                                                      r (f + m) 
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                                                                               Mfm – Me 

       σ
2
sca  =  Cov (FS)  -  2Cov (HS)  =     

                                                                                      r 

 

Estimation of additive (σ
2
A) and dominance (σ

2
D) components of variances 

                 For computing the additive and dominance components of variances 

following formulae have been used (Singh and Chaudhary, 1977). 

 σ
2
gca  =  [ 1 + F / 4]  σ

2
a     =  ½ σ

2
A   

 σ
2
sca  =  [ 1 + F / 2]

2
  σ

2
D  =   σ

2
D 

where, 

                 F   = inbreeding coefficient, 

                σ
2
A = additive variance, and 

                σ
2
D = dominance variance. 

3.5.5.3     Percent contribution of lines, testers and their interactions 

 There were computed as per the formulae suggested by Singh and Chaudhary 

(1977). 

                            

Percent contribution of  lines  =   
SS (lines)

SS (crosses)
  X 100  

                                                                                   

Percent contribution of  testers =  
SS  (testers ) 

SS  (crosses )
   X 100                                                                                                                                                       

 

Percent contribution of  lines x  testers  =   
SS  (lines  x testers )

SS  (crosses )
  X 100                    

 

 



41 
 

 

4
1

 

3.5.6   Estimation of heterosis 

The estimates of heterosis were calculated as the deviation of F1 mean from 

the mid parent (MP). 

        F1 – MP    

Heterosis over mid parent (%) =                            X 100 

                                                                      MP             

                                                                                                                                                      

   (i)      Calculations of standard errors 

       SE for testing heterosis over MP  =  ± √ 2Me ∕ r  =  SE (H1) 

 

    (ii)    Test of significance for heterosis       

 

                                                 F1 – MP   

    Heterosis over MP  =                   =  „t1‟ Calculated value 

                                                     SE (H1)    

 

The „t‟ calculated values (t1) for heterosis over mid parent (MP) were 

compared with „t‟ tabulated values for error degree of freedom at P = 0.05. 
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4.  RESULTS AND DISCUSSION 

 

The results obtained from the present investigation are presented under 

following heads. 

4.1 Analysis of variance 

4.2 Mean performance 

4.3 Genetic parameter of variation 

4.4 Correlation coefficient analysis 

4.5 Path coefficient analysis 

4.6 Line x tester analysis 

4.7 Heterosis 

4.1 Analysis of variance 

The results of analysis of variance for 11 traits were carried out to partition the 

total variation into the variation due to genotypes and other sources. The analysis of 

variance revealed highly significant differences amongst the genotypes for all the 

traits studied. The analysis of variance for seed yield and its component traits are 

presented in Table 4.1. 

4.2 Mean performance of barley genotypes 

The variation in different traits under study revealed the measure of free 

variability in the population of different genotypes which would reflect the unforeseen 

impact of potential variability on yield. The mean performance for grain yield and its 

contributing characters are presented in Table 4.2.  

4.2.1 Days to 50% flowering 

Days to 50% flowering ranged from 117 days for the cross HBL 738 × 

Atahualpa to 139 days for the parent Local Sudhrani. Two crosses, namely HBL 738 

× Atahualpa  (117 days) and HBL 738 × DWRUB 64 (118 days) followed by parent 

HBL 738 (118 days) were significantly early in flowering than the best check, 

Atahualpa (121 days). 
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Table 4.1 Analysis of variance for seed yield and its component traits in barley 

S.No. Characters 

 Mean Squares 

Source Replication Genotypes Error 

  df 2 38 76 

1. Days to 50% flowering  27.27 90.70
**

 5.78 

2. Days to maturity  79.09 101.72
**

 4.92 

3. Plant height (cm)  316.48 340.99
**

 52.93 

4. No. of tillers/plant  8.24 20.69
**

 3.76 

5. No. of grains/spike  29.60 738.47
**

 10.64 

6. Spike length (cm)  11.89 4.67
**

 1.07 

7. Peduncle length (cm)  7.54 65.79
**

 17.38 

8. 1000 grain weight (g)  2.65 349.20
**

 5.42 

9. Biological yield/plant (g)  76.21 1021.28
**

 104.00 

10. Seed yield/plant (g)  6.57 155.25
**

 11.50 

11. Harvest index (%)  3.06 47.19
**

 7.06 

* Significant at 5 per cent level; **Significant at 1 per cent level 
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Table 4.2   Genetic parameters of variability for seed yield and related traits 

in barley 

S. 

No. 

Character Mean ± SE(m) Range PCV 

(%) 

GCV 

(%) 

h²bs 

(%) 

Genetic 

advance 

(% of Mean) 

1. Days to 50% flowering 5.78±1.39 117- 139 4.51 4.11 83.04 7.72 

2. Days to maturity 4.92±1.28 154-175 3.72 3.47 86.77 6.66 

3. Plant height (cm) 52.93±4.20 84-124 11.45 9.19 64.46 15.20 

4. No of tillers/plant 3.76±1.12 4-14 31.75 24.60 60.04 39.27 

5. No. of grains/spike 10.64±1.88 22-67 37.81 37.00 95.80 74.61 

6. Spike length (cm) 1.07±0.60 6.65-11.55 16.92 12.31 52.95 18.46 

7. Peduncle length (cm) 17.38±2.41 18.13-42.40 18.29 12.69 48.15 18.14 

8. 1000 grain weight (g) 5.42±1.34 32-68 20.63 20.16 95.48 40.58 

9. Biological yield/plant (g) 104.00±5.89 31.28-115.64 33.26 28.73 74.62 51.13 

10. Seed yield/plant (g) 11.50±1.96 8.85-38.36 36.51 32.79 80.65 60.65 

11. Harvest index (%) 7.06±1.53 27.65-42 13.10 10.60 65.44 17.66 

PCV: Phenotypic Coefficient of Variation; GCV: Genotypic Coefficient of Variation; h²bs (%): heritability in broad sense 

4.2.2 Days to maturity 

Days to maturity ranged from 154 days for the parent Local Sudhrani to 175 

days for the cross HBL 723 × HBL 113. None of the parents/crosses were 

significantly early in maturity than the best check, Atahualpa (155 days). However, 

parent Local Sudhrani (154 days) was at par with the best check. 

4.2.3 Plant height (cm) 

Plant height ranged from 84 cm for parent HBL 723 to 124 cm for the cross 

HBL 748 × Atahualpa. None of the parents/crosses were significantly lower in plant 

height than the best check, DWRUB 64 (94cm). Less plant height is desirable in 

barley to prevent losses due to lodging.  



45 
 

 

4
5

 

4.2.4 Number of tillers per plant 

Numbers of tillers per plant ranged from 4 to 14 for the parents DWRUB 64 

and HBL 113, respectively. None of the parents/crosses were significant for number 

of tillers per plant than the best check, HBL 113 (14). However, cross HBL 738 × 

HBL 113 (14) was at par with the best check.  

4.2.6 Number of grains per spike 

Number of grains per spike ranged from 22 to 67 for the crosses HBL 723 × 

Atahualpa and HBL 713 × HBL 276, respectively. However, none of the 

parents/crosses were significant for number of grains per spike than the best check, 

HBL 276 (66). However, crosses HBL 713 × HBL 276 and HBL 751 × HBL 276 

were at par with the best check. 

4.2.5 Spike length (cm) 

Spike length ranged from 6.65 cm to 11.65 cm for the crosses HBL 748 × 

DWRUB 64 and Local Sudhrani × HBL 113, respectively.  None of the 

parents/crosses showed significant values for spike length than the best check, HBL 

113 (11.07cm). However, cross Local Sudhrani × HBL 113 (11.55cm) was found at 

par with the best check.  

4.2.7 Peduncle length (cm) 

Peduncle length ranged from 18.13 cm to 42.40 cm for the parent HBL 113 

and cross HBL 738 × HBL 276, respectively. None of the parents/crosses were 

significant for peduncle length than the best check, HBL 276 (35.73). However, seven 

crosses viz., HBL 738 × HBL 276 (42.40cm), HBL 713 × Atahualpa (40.13cm), Local 

Sudhrani × Atahualpa (38.93cm), HBL 748 × Atahualpa (38.45cm), HBL 738 × 

Atahualpa (37cm), HBL 748 × HBL 276 (36.27cm) and HBL 751 × Atahualpa 

(36.27cm) were at par with the best check.  

4.2.8 1000 grain weight (g) 

The range of 1000 grain weight was observed from 32g for the parent HBL 

276 to 68g the parent HBL 748 and crosses HBL 722 × DWRUB 64 and HBL 738 × 

HBL 276. Sixteen crosses, namely HBL 722 × DWRUB 64 (68g), HBL 738 × HBL 

276 (68g), HBL 723 × HBL 113 (67g), HBL 722 × HBL 276 (66g),                      
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HBL 723 × Atahualpa (66g), HBL 723 × Atahualpa (66g), HBL 738 × DWRUB 64 

(65g), Local Sudhrani × Atahualpa (65g), HBL 748 × Atahualpa (64g), HBL 748 × 

HBL 113 (62g), HBL 722 × HBL 113 (60g), HBL 738 × Atahualpa (59g), HBL 751 × 

HBL 113 (59g), Local Sudhrani × HBL 113 (59g), HBL 723 × DWRUB 64 (58g), 

HBL 751 × Atahualpa (56g) and one parent HBL 748 (68g) were significant than the 

best check, Atahualpa (51g). 

4.2.9 Biological yield per plant (g) 

Biological yield per plant ranged from 31.28 g for the cross HBL 751 × 

Atahualpa to 64g for parent HBL 723 (115.64g). None of the crosses were significant 

for biological yield per plant. However, crosses Local Sudhrani × HBL 276 (95.92g) 

and HBL 722 × DWRUB 64 (88.34g) were at par with the best check HBL 276 

(84.05g). 

4.2.10 Seed yield per plant (g) 

Seed yield per plant ranged from 8.85 to 38.36g for the crosses HBL 751 × 

Atahualpa and Local Sudhrani × HBL 276. Only one cross Local Sudhrani × HBL 

276 (38.36g) significantly outyielded the best check, HBL 276 (32.34). However, 

parents HBL 723 (36.83g) and HBL 713 (34.75g) were found at par with the best 

check.   

4.2.11 Harvest index (%) 

Harvest index ranged from 27.67% for the cross HBL 722 × HBL to 42% for 

parent Atahualpa. None of the parents/crosses were significant and at par for harvest 

index than the best check, Atahualpa (42%).  

4.3 Genetic parameters of variation 

The extent of phenotypic and genotypic coefficient of variability, heritability 

in broad sense and genetic advance as percent of mean recorded for various seed yield 

and component traits per plant in the present study are presented in Table 4.2. 

4.3.1 Phenotypic and Genotypic coefficient of variance 

It was observed that phenotypic coefficient of variability (PCV) and genotypic 

coefficient of variability (GCV) for most of the traits were either high or moderate. 
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High values of PCV and GCV were observed for number of grains per spike (37.81, 

37.0) and seed yield per plant (36.51, 32.79), respectively. Moderate estimates of 

PCV and GCV were observed for 1000 grain weight (20.63, 20.16), respectively. 

High PCV with moderate GCV were recorded for biological yield (33.26, 28.73) and 

number of tillers per plant (31.75, 24.60), respectively. Moderate PCV with low GCV 

was exhibited for peduncle length (18.29, 12.64) and spike length (16.92, 12.31), 

respectively. Low PCV and GCV were observed for days to 50% flowering (4.51, 

4.11), days to maturity (3.72, 3.47), plant height (11.4, 9.19) and harvest index (13.10, 

10.60), respectively. 

4.3.2 Heritability 

Heritability is a measure of the extent of phenotypic variation caused by the 

additive gene action. A perusal of the data presented in Table 4.2 revealed that the 

estimates of heritability in broad sense for all the 11 characters under study ranged 

from 48 to 95 per cent. High heritability estimates (above 80%) were observed for 

number of grains per spike (95.80%) followed by 1000 grain weight (95.48%), days 

to maturity (86.77%), days to 50% flowering  (83.04%) and seed yield per plant 

(80.65%). Moderate estimates (30% to 80%) were obtained for biological yield per 

plant (74.62%) followed by harvest index (65.44%), plant height (64.46%), number of 

tillers per plant (60.04%), spike length (52.95%) and peduncle length (48.15%).  

4.3.3 Genetic advance  

Genetic advance as percent of mean varied from 6.66 to 74.61 per cent. 

Highest genetic advance as percentage of mean (above 50%) was observed for 

number of grains per spike (74.61%) followed by seed yield (60.65%) and biological 

yield per plant (51.13%), whereas moderate estimates (30% to 50%)  of genetic 

advance were obtained for 1000 grain weight (40.58%) and number of tillers per plant 

(39.27%). Similarly, lower values of genetic advance were observed for spike length 

(18.46%), followed by peduncle length (18.14%), harvest index (17.66%), plant 

height (15.20%), days to 50% flowering (7.72%) and days to maturity (6.66%). High 

heritability coupled with high genetic advance was observed for number of grains per 

spike and seed yield per plant. 1000 grain weight recorded high heritability coupled 

with moderate genetic advance, whereas moderate heritability coupled with high 
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genetic advance was observed for biological yield per plant. Therefore, the traits 

having high values for heritability and genetic advance are under the influence of 

additive gene action and selection would be more operational for their improvement.  

The above studies for all the parameters of variability are in conformity with 

the findings of the earlier workers viz. Eshghi et al. (2010), Jalata et al. (2011), Singh 

et al. (2014) and Kumar et al. (2018). 

4.4 Correlation coefficient analysis 

  The grain yield or economic yield, in almost all the crops, is referred to as 

super character which results from the multiplicative interactions of several 

component characters that are termed as yield components. Thus, genetic architecture 

of grain yield in barley as well as in other crops is based on the balance or overall net 

effect produced by various yield components directly or indirectly by interacting with 

one another. Therefore, identification of important yield components and information 

about their association with yield and also with each other is very useful for 

developing efficient selection criteria for evolving high yielding varieties. In this 

respect, the correlation coefficient which provides symmetrical measurement of 

degree of association between two variables or characters, help us in understanding 

the nature and magnitude of association among yield and yield components. 

  The phenotypic and genotypic correlation coefficients between studied 

characters are presented in Table 4.3. The genotypic correlation coefficients between 

different characters were generally similar in sign or nature to the corresponding 

phenotypic correlation coefficients in the experiment. However, genotypic 

correlations were higher in magnitude than the corresponding phenotypic correlations.  

 In the present study, high significant positive correlation of days to 50% 

flowering was observed with days to maturity, spike length, number of grains/spike 

and biological yield/plant, whereas it showed significant and negative correlation with 

peduncle length. Days to maturity showed significant and positive association with 

spike length, whereas significantly negative correlation was observed with peduncle 

length and harvest index.  
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Plant height was significantly and positively correlated with number of 

tillers/plant, spike length, peduncle length and harvest index, whereas significant 

negative association was observed with biological yield/plant. Number of tillers per 

plant was observed to be significantly and positively correlated with spike length, 

biological yield per plant, harvest index and seed yield per plant, whereas it was 

negatively correlated with number of grains per spike i.e. with increase in tiller 

number, there was reduction in grain number.  

Number of grains per spike also showed significant positive association with 

biological yield per plant and seed yield per plant besides being negatively correlated 

with spike length and 1000 grain weight.  

Biological yield per plant also showed negative correlation with peduncle 

length but it was positively correlated with harvest index. Harvest index was also 

positively correlated with spike and peduncle length. Therefore, harvest index could 

be increased with longer spikes and peduncle resulting in higher biomass of the plant.  

Similarly, seed yield per plant showed significant and positive association 

with biological yield and harvest index. It was also observed that none of the traits 

exhibited significant negative association with seed yield. Therefore, the traits viz. 

number of tillers/plant, number of grains/spike, biological yield/plant and harvest 

index with significant positive associations with seed yield/plant emerged as yield 

contributing traits to be further selected for future breeding programme for higher 

grain yield in barley. 

Similar correlations between yield and yield components in barley has also 

been reported by Yadav et al. (2002), Najeeb and Wani (2004), Singh et al. (2014), 

Kumar et al. (2018). 

4.5 Path coefficient analysis 

Path-coefficient analysis is a tool to partition the observed correlation 

coefficient into direct and indirect effects of yield components on seed yield to 

provide clear cut picture of character associations for formulating efficient selection 

criteria. Path analysis differs from simple correlations because it point out the causes 

and their relative importance, whereas correlation measures simply the mutual 



50 
 

 

5
0

 

association ignoring the causation. The results of path analysis were given in the 

Table 4.4. 

4.5.1 Direct effects of various characters on seed yield per plant 

Four characters viz., biological yield per plant followed by harvest index, 

number of tillers per plant and number of grains per spike exerted positive direct 

effects on seed yield per plant at both genotypic and phenotypic levels, whereas the 

direct effects of other traits on seed yield/plant were negligible. The results from the 

present study indicated that the biological yield per plant and harvest index alongwith 

number of tillers/plant and grains/spike could be considered as the best selection 

indices for improvement of seed yield in barley. 

4.5.2 Indirect effects of various characters on seed yield per plant 

(i)  Days to 50% flowering 

Days to 50% flowering showed positive indirect effects on seed yield/plant 

through biological yield/plant followed by number of grains per spike and days to 

maturity, whereas negative indirect effects were exerted via harvest index.  

(ii)   Days to maturity 

Days to maturity reported positive indirect effects on seed yield per plant 

through biological yield/plant, whereas negative indirect effects were observed via 

harvest index. 

(iii)  Plant height 

Plant height exerted positive indirect effects on seed yield/plant through 

harvest index. The negative indirect effects via other traits were negligible. 

(iv) Number of tillers per plant 

Positive indirect effects of number of tillers per plant was observed on seed 

yield per plant via biological yield/plant and harvest index, whereas negative indirect 

effects were observed through number of grains per spike. 
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Table 4.3 Estimates of correlation coefficients at phenotypic (P) and genotypic (G) levels among different traits in barley 

 

Traits 

 Days to  

maturity 

Plant  

height  

(cm) 

No. of  

tillers/ 

plant 

No. of  

grains/ 

spike 

Spike  

length 

(cm)  

Peduncle 

 length  

(cm) 

1000 grain 

 weight  

(g) 

Biological  

yield/plant  

(g) 

Harvest  

index  

(%) 

Seed yield/ 

plant (g) 

Days to 50% 

flowering 

P 0.4499
**

 0.0206 -0.0012 0.2774
**

 0.2578
**

 -0.3013
**

 -0.1526 0.1761 -0.1285 0.1278 

G 0.5089
**

 0.0331 0.0027 0.3233
**

 0.3371
**

 -0.4625
**

 -0.1679 0.2103
*
 -0.1589 0.1500 

Days to maturity 
P 

 
-0.0568 0.0066 -0.0102 0.1885

*
 -0.1540 0.0343 0.0120 -0.2934

**
 -0.0660 

G 
 

-0.0403 0.0173 -0.0228 0.2490
**

 -0.2224
*
 0.0322 -0.0230 -0.3648

**
 -0.1046 

Plant height (cm) 
P 

  
0.1936

*
 -0.0515 0.4636

**
 0.5599

**
 -0.1015 -0.0047 0.4533

**
 0.1540 

G 
  

0.1121 -0.0896 0.5924
**

 0.6934
**

 -0.1185 -0.1986
*
 0.6935

**
 0.0529 

No of tillers/plant 
P 

   
-0.2468

**
 0.2499

**
 0.0135 0.0763 0.4725

**
 0.4205

**
 0.5805

**
 

G 
   

-0.3149
**

 0.2418
**

 -0.0122 0.0828 0.4557
**

 0.6254
**

 0.5838
**

 

No. of grains/spike 
P 

    
-0.1901

*
 -0.1086 -0.6466

**
 0.3961

**
 0.0205 0.3642

**
 

G 
    

-0.3564
**

 -0.1682 -0.6785
**

 0.4399
**

 0.0260 0.3918
**

 

Spike length (cm) 
P 

     
0.0877 0.0893 0.0323 0.1690 0.0933 

G 
     

0.1734 0.1215 -0.0946 0.2383
**

 -0.0130 

Peduncle length 

(cm) 

P 
      

-0.0070 -0.1389 0.3278
**

 -0.0085 

G 
      

0.0103 -0.3171
**

 0.4718
**

 -0.1141 

1000-grain weight 

(g) 

P 
       

0.0334 -0.1234 -0.0194 

G 
       

0.0373 -0.1764 -0.0280 

Biological 

yield/plant (g) 

P 
        

0.1283 0.9329
**

 

G 
        

0.3315
**

 0.9529
**

 

Harvest index (%) 
P 

         
0.4610

**
 

G 
         

0.5928
**

 
* Significant at 5 per cent level; **Significant at 1 per cent level 
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Table 4.4 Estimates of direct and indirect effects of different traits on seed yield/plant at phenotypic (P) and genotypic (G) level in barley 

Characters 

Days  

to  

flowering 

Days  

to 

maturity 

Plant 

height  

(cm) 

No. of 

tillers/ 

plant 

No. of  

grains/ 

spike 

Spike  

length  

(cm) 

Peduncle 

length  

(cm) 

1000 grain 

weight  

(g) 

Biological 

yield/plant 

(g) 

Harvest 

Index 

(%) 

Correlation with 

seed yield/plant 

(g) 

            

Days to 50% flowering 
P 0.0066 0.0098 -0.0001 -0.0001 0.0119 -0.0002 -0.0032 -0.0028 0.1497 -0.0438 0.1278 

G 0.0019 0.0056 0.0017 0.0003 0.0429 -0.0081 -0.0033 -0.0129 0.1613 -0.0395 0.1500 

Days to maturity 
P 0.0030 0.0217 0.0003 0.0003 -0.0004 -0.0001 -0.0016 0.0006 0.0102 -0.0999 -0.0660 

G 0.0010 0.0110 -0.0020 0.0020 -0.0030 -0.0060 -0.0016 0.0025 -0.0176 -0.0907 -0.1046 

Plant height (cm) 
P 0.0001 -0.0012 -0.0056 0.0089 -0.0022 -0.0004 0.0060 -0.0019 -0.0040 0.1543 0.1540 

G 0.0001 -0.0004 0.0506 0.0128 -0.0119 -0.0142 0.0050 -0.0091 -0.1524 0.1725 0.0529 

No of tillers/plant 
P 0.0000 0.0001 -0.0011 0.0460 -0.0106 -0.0002 0.0001 0.0014 0.4016 0.1431 0.5805** 

G 0.0000 0.0002 0.0057 0.1141 -0.0418 -0.0058 -0.0001 0.0063 0.3496 0.1555 0.5838** 

No. of grains/spike 
P 0.0018 -0.0002 0.0003 -0.0113 0.0428 0.0001 -0.0012 -0.0118 0.3367 0.0070 0.3642** 

G 0.0006 -0.0003 -0.0045 -0.0359 0.1327 0.0085 -0.0012 -0.0520 0.3374 0.0065 0.3918** 

Spike length (cm) 
P 0.0017 0.0041 -0.0026 0.0115 -0.0081 -0.0008 0.0009 0.0016 0.0275 0.0575 0.0933 

G 0.0007 0.0027 0.0300 0.0276 -0.0473 -0.0239 0.0012 0.0093 -0.0726 0.0593 -0.0130 

Peduncle length (cm) 
P -0.0020 -0.0033 -0.0032 0.0006 -0.0047 -0.0001 0.0106 -0.0001 -0.1180 0.1116 -0.0085 

G -0.0009 -0.0024 0.0351 -0.0014 -0.0223 -0.0041 0.0071 0.0008 -0.2432 0.1174 -0.1141 

1000 grain weight (g) 
P -0.0010 0.0007 0.0006 0.0035 -0.0277 -0.0001 -0.0001 0.0182 0.0284 -0.0420 -0.0194 

G -0.0003 0.0004 -0.0060 0.0095 -0.0900 -0.0029 0.0001 0.0767 0.0286 -0.0439 -0.0280 

Biological yield/plant (g) 
P 0.0012 0.0003 0.0000 0.0217 0.0170 0.0000 -0.0015 0.0006 0.8499 0.0437 0.9329** 

G 0.0004 -0.0003 -0.0100 0.0520 0.0584 0.0023 -0.0023 0.0029 0.7671 0.0825 0.9529** 

Harvest index (%) 
P -0.0009 -0.0064 -0.0026 0.0193 0.0009 -0.0001 0.0035 -0.0023 0.1090 0.3404 0.4610** 

G -0.0003 -0.0040 0.0351 0.0714 0.0035 -0.0057 0.0034 -0.0135 0.2543 0.2487 0.5928** 

Note: Values in bold depict the direct effects 
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(v)  Number of grains per spike 

Number of grains per spike exhibited positive indirect effects on seed yield per 

plant through biological yield per plant and harvest index, whereas negative indirect 

effects were exhibited via 1000 grain weight and number of tillers per plant. 

(vi) Spike length   

Spike length revealed positive indirect effects on seed yield per plant through 

harvest index (0.0575) followed by biological yield per plant and number of tillers per 

plant. The negative indirect effects via other traits were negligible. 

(vii) Peduncle length 

Peduncle length exerted positive indirect effects on seed yield per plant 

through harvest index, whereas negative indirect effects were reported via biological 

yield/plant.  

(viii)  1000 grain weight 

The indirect effects of 1000 grain weight on seed yield per plant were positive 

through biological yield per plant, whereas negative indirect effects were exhibited 

via harvest index and number of grains per spike. 

(ix)  Biological yield per plant 

Biological yield per plant exhibited positive indirect effects on seed yield per 

plant through harvest index followed by number of tillers per plant and number of 

grains per spike, whereas the indirect effects via other traits were negligible. 

(x)  Harvest index 

Positive indirect effects of harvest index on seed yield/plant were exerted via 

biological yield per plant and number of tillers per plant.  The negative indirect effects 

via other traits were negligible. 

The traits biological yield/plant and harvest index proved to be of high 

significance through which all the characters exerted positive indirect effects on seed 

yield/plant. Besides, the traits plant height, spike length and harvest index also 

exhibited positive indirect effects on seed yield/plant via number of tillers/plant, 

whereas biological yield/plant showed positive indirect effects both via number of 
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tillers/plant and number of grains/spike. However, negative indirect effects on seed 

yield/plant were also exerted by days to 50% flowering, days to maturity and 1000 

grain weight via harvest index. 1000 grain weight and tillers/plant also exerted 

negative effects via grains/spike. To sum up, it was evident from the study that the 

traits number of tillers/plant, number of grains/spike, biological yield/plant and 

harvest index directly or indirectly influenced seed yield/plant and these may be 

selected for further improvement in seed yield of barley.  

4.6  Line x tester analysis 

4.6.1 Analysis of variance for parents and crosses 

Analysis of variance for combining ability for yield and yield contributing 

traits are presented in Table 4.5. Significant differences among the parents and crosses 

were observed for all the traits studied. The mean squares due to testers (males) were 

recorded to be significant for all characters except for days to maturity and number of 

tillers per plant, which were found to be non-significant. The mean squares due to 

lines (females) were highly significant for all the traits except spike length. The mean 

squares due to line vs. tester were highly significant for all the characters except 

peduncle length. The mean squares for parents vs. crosses were found to be 

significant for all characters except days to 50% flowering and number of tillers/plant 

and revealed good scope for manifestation of heterosis in the significant traits. The 

genotypes were also found to be significant for all the traits studied.  

 Larger mean square values for four characters viz., days to 50% flowering, 

1000 grain weight, biological yield/plant and seed yield/plant in lines and high mean 

square values for the remaining seven traits in testers indicated enough diversity for 

combining ability in lines and testers for the respective traits. Therefore, both lines 

and testers were more or less equally responsible for combining ability of the crosses 

and indicated prevalence of additive variances for the traits studied. The mean squares 

due to line × tester interactions were found to be significant for seed yield and related 

traits except peduncle length suggesting that lines may have different combining 

ability patterns and performed differently in crosses depending on type of testers used. 
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Table 4.5 Analysis of variance for yield and yield attributing traits for lines, testers and crosses in barley 

Traits 

 

 

Source of variation 

 

 

 

df 

Days 

to 

flowering 

Days 

to 

maturity 

Plant 

height 

(cm) 

No. of 

tillers/ 

plant 

No. of 

grains 

/spike 

Spike 

length 

(cm) 

Peduncle 

length 

(cm) 

1000 grain 

weight 

(g) 

Biological 

yield/plant 

(g) 

Seed yield/ 

plant (g) 

Harvest 

index 

(%) 

Replications 2 27.29
*
 79.09

**
 316.47

**
 8.24 29.60 11.89

**
 7.54 2.64 76.02 6.56 3.04 

Treatments 38 90.70
**

 101.72
**

 340.99
**

 20.69
**

 738.47
**

 4.67
**

 65.79
**

 349.20
**

 1021.27
**

 155.25
**

 47.18
**

 

Parents 10 138.19
**

 149.02
**

 190.65
**

 34.63
**

 848.45
**

 4.19
**

 74.31
**

 311.03
**

 2014.74
**

 255.21
**

 42.14
**

 

Crosses 27 76.42
**

 83.56
**

 299.85
**

 16.13
**

 625.90
**

 4.47
**

 47.35
**

 332.47
**

 604.42
**

 115.97
**

 50.60
**

 

Parents vs crosses 1 1.47 119.02
**

 2954.87
**

 4.46 2678.18
**

 15.09
**

 478.52
**

 1182.56
**

 2341.51
**

 216.25
**

 5.26
**

 

Lines 6 151.16
**

 155.16
**

 161.86
**

 21.60
**

 824.22
**

 2.29 42.16
**

 325.19
**

 2844.85
**

 328.93
**

 15.75
**

 

Testers 3 104.00
**

 172.00 171.33
*
 65.56 1162.75

**
 5.47

**
 162.96

**
 242.75

**
 793.27

**
 189.41

**
 90.13

**
 

Line × tester 18 18.58
**

 42.34
**

 149.47
**

 16.75
**

 269.04
**

 2.59
**

 20.71 242.77
**

 605.61
**

 107.19
**

 25.03
**

 

Error 76 5.78 4.92 52.94 3.76 10.64 1.07 17.38 5.42 104.01 11.50 7.06 

Contribution of lines (%) - 66.40 65.35 49.77 26.01 34.93 7.98 26.24 30.58 20.00 32.21 56.52 

Contribution of testers (%) - 17.39 0.87 17.00 4.75 36.41 53.36 44.60 20.74 13.20 6.17 10.50 

Contribution of crosses (%) - 16.21 33.78 33.23 69.23 28.66 38.66 29.16 48.68 66.80 61.62 32.98 

* Significant at 5 per cent level; **Significant at 1 per cent level 
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It also indicated that specific combining ability (SCA) attributed heavily in expression 

of these traits and suggest importance of dominance or non-additive variances. 

Therefore, significant differences for lines, testers and lines x testers indicated wide 

genetic variability among the genotypes and prevalence of additive variance for the 

significant traits. 

4.6.2 Contribution of lines, testers and crosses 

The proportional contribution of lines, testers and crosses for different 

characters are shown in Table 4.5. Highest percent contribution due to lines was 

observed in days to 50% flowering (66.4%) followed by days to maturity (65.35%), 

harvest index (56.52%), plant height (49.77%), number of grains per spike (34.93%), 

seed yield per plant (32.21%), 1000 grain weight (30.58%), peduncle length 

(26.24%), number of tillers per plant (26.01%), biological yield/plant (20%) and spike 

length (7.98%). Maximum percent contribution due to testers was observed for the 

trait spike length (53.36 %) followed by peduncle length (44.6%), number of grains 

per spike (36.41%), 1000 grain weight (20.74%), days to 50 % flowering (17.39%), 

plant height (17.0%), biological yield per plant (13.2%), harvest index (10.5%), seed 

yield per plant (6.17%), number of tillers per plant (4.75%) and days to maturity 

(0.87%). Similarly, percent contribution due to crosses was observed in number of 

tillers per plant (69.23%) followed by biological yield per plant (66.8%), seed yield 

per plant (61.62%), 1000 grain weight (48.68%), spike length (38.66%), days to 

maturity (33.78%), harvest index (32.98%), peduncle length (29.16%), number of 

grains per spike (28.66%) and days to 50% flowering (16. 21%). Though there was 

predominance of lines contribution for days to flowering, days to maturity, plant 

height and harvest index; testers also showed maximum influence for number of 

grains/spike, spike length and peduncle length. Similarly, line x tester interaction was 

observed more for number of tillers/plant, biological yield/plant, seed yield/plant and 

1000 grain weight than lines and testers indicating higher estimates of SCA variances 

for interaction.  

4.6.3 Estimation of genetic variances 

The estimates of genetic variances, namely additive and dominance were 

computed for the various traits studied (Table 4.6). The dominance variance recorded 
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larger values than additive variance for all characters indicating that the gene effect 

was predominantly of non-additive type which showed that most of the characters 

were controlled by non-additive type of gene action. Higher values of variance due to 

SCA than the GCA variance suggested the major role of non-additive effects in the 

manifestation of all the traits. The ratio of GCA and SCA was also less than one for 

all the traits studied indicating predominance of non-additive gene effects. Narrow 

sense heritability was observed to be very low (0.02% to 20.68%) for all the traits 

studied also indicating that non-additive effects play an important role in controlling 

the traits. Therefore, it suggests greater importance of non-additive gene action and 

hence, hybridization may be choice for utilizing the putative heterosis in specific 

crosses to exploit the non-additive genetic variation.  

4.6.4 Combining ability studies 

The success of any breeding program largely depends on the choice of parents 

and breeding procedure adopted. Combining ability is a powerful tool to discriminate 

good as well as poor combiners and for crossing suitable parents in the hybridization 

program. It also provides information of promising specific combiners to exploit 

heterosis. Knowledge of relative importance of additive and non-additive gene action 

is essential to plant breeder for the development of an efficient hybridization program. 

General combining ability (GCA) is primarily additive genetic variance. On the other 

side, specific combining ability (SCA) is mainly a function of dominance variance. 

The detection of suitable parents with desirable characters having good general 

combining ability effects for yield and its component characters and superior cross 

combinations having high estimates of specific combining ability effects are essential 

for commercial exploitation of heterosis.  

Results presented earlier by Singh and Singh (1990), Ajmal et al. (2004), 

Singh et al. (2007), Potla et al. (2013), Zhang et al. (2015) and Rathore and Chauhan 

(2017) also indicated preponderance of non-additive gene effects in the expression of 

various quantitative traits. 
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Table 4.6: Estimates of genetic components of variance, degree of dominance and heritability for various agro-morphological traits in barley 

Components 

of 

variance 

Days to 

flowering 

Days to 

maturity 

Plant 

height 

(cm) 

No. of 

tillers/plant 

No. of 

grains/spike 

Spike 

length 

(cm) 

Peduncle 

length 

(cm) 

1000 grain 

weight 

(g) 

Biological 

yield/plant 

(g) 

Seed yield/ 

plant 

(g) 

Harvest index 

(%) 

σ
2
lines 17.48

**
 16.95

**
 43.50

**
 0.18

**
 59.57

**
 -0.08

**
 2.93

**
 17.90

**
 -5.13

**
 5.08

**
 8.64

**
 

σ
2
testers 4.81

** 
-1.70

**
 14.73

**
 -0.47

**
 84.86

**
 0.90

**
 8.06

**
 17.99

**
 5.35

**
 -2.04

**
 1.09

**
 

σ
2
GCA 1.29

**
 0.92

**
 3.34

**
 -0.01

**
 7.93

**
 0.04

**
 0.59

**
 1.99

**
 -0.03

**
 0.20

**
 0.57

**
 

σ
2
SCA 4.11

**
 12.62

**
 34.03

**
 4.45

**
 86.83

**
 0.50

**
 1.82

**
 78.93

**
 168.15

**
 33.85

**
 6.30

**
 

σ
2
E 5.78 4.92 52.93 3.76 10.64 1.07 17.38 5.42 104.0 11.50 7.06 

Variance ratio 

(σ
2
GCA/σ

2
SCA) 

0.31 0.07 1.0 0.00 0.09 0.08 0.32 0.03 0.00 0.00 0.09 

Additive variance (σ
2

A) 2.57 1.83 6.68 -0.03 15.86 0.08 1.18 3.99 -0.05 0.39 1.14 

Dominance variance 

(σ
2

D) 

4.11 12.62 34.03 4.45 86.83 0.50 1.82 78.94 168.15 32.16 6.30 

Degree of dominance 

(σ
2
A/ σ

2
D)

1/2
 

0.79 0.38 0.44 0.08 0.43 0.42 0.81 0.22 0.02 0.11 0.43 

Heritability 

(h
2
ns) (%) 

20.68 9.44 7.13 0.36 14.00 4.84 5.78 4.51 0.02 0.89 7.86 

**Significance at P ≤ 0.01 
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4.6.4.1 Estimates of general combining ability (GCA)    

 Various estimates of general combining ability for seed yield and its 

component traits are presented in Table 4.7. 

i) Days to 50% flowering 

 Among seven lines, four lines exhibited significant and positive GCA effects, 

whereas one line showed significant negative effects. As negative significant effects 

are desirable for early flowering, parent HBL 738 (-9.11) was negatively significant 

for GCA effect. Among the testers, negative significant GCA effects were observed 

for Atahualpa (-2.74). Therefore, among lines and testers, line HBL 738 and tester 

Atahualpa were identified as the best general combiners for days to 50% flowering. 

ii)  Days to maturity  

Significantly negative GCA effects were exhibited by three lines, namely                 

HBL 748 (-5.81), HBL 713 (-4.23) and HBL 738 (-4.06). These lines were found 

good general combiner for days to maturity. None of the testers showed significant 

GCA effects.  

iii) Plant height 

 GCA effects were significant and positive for lines HBL 751 (7.31) followed 

by Local Sudhrani (6.31), HBL 713 (5.56) and tester Atahualpa (4.75), which were 

the best general combiners for increased plant height. Significantly negative GCA 

effects were exhibited by two lines, namely HBL 723 (-12.69) and HBL 722 (-5.94) 

and tester DWRUB 64 (-6.44), which were good general combiners for reduced plant 

height.  

iv) Number of tillers per plant 

Significantly positive GCA effects were exhibited by two lines which were 

Local Sudhrani (1.71) and HBL 738 (1.63), and negatively significant GCA was 

observed for lines HBL 751 (-1.29) and HBL 748 (-1.29). Line Local Sudhrani and 

HBL 738 were good general combiners for this trait. 
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v)  Number of grains per spike 

  Highly significant and positive GCA effects were recorded for lines HBL 

751 (9.32), Local Sudhrani (6.82), HBL 713 (6.32) and HBL 748 (6.32), whereas 

testers HBL 276 (11.14) and DWRUB 64 (5.24) also showed positive GCA effects 

and were regarded as good general combiners.  

vi) Spike length  

 None of the lines showed significant positive GCA for this trait. Among the 

testers HBL 113 (0.97) recorded positively significant GCA and was considered good 

general combiner for spike length. 

vii) Peduncle length 

 Highly significant positive GCA effects were exhibited by line HBL 738 

(3.00) and testers Atahualpa (3.17) and HBL 276 (1.97) which proved as good general 

combiners, whereas line HBL 723 (-3.59) and testers HBL 113 (-2.74) and DWRUB 

64 (-2.40) exhibited negatively significant GCA effects and acted as poor general 

combiners.   

 viii) 1000 grain weight 

 Lines HBL 722 (7.32) followed by HBL 738 (6.15) and HBL 723 (5.40) were 

positively significant for GCA effects, while testers Atahualpa (4.57) and HBL 113 

(3.76) also showed similar response and were good general combiners for 1000 grain 

weight. 

ix) Biological yield per plant 

Significantly positive GCA effects were exhibited only by one line i.e. Local 

Sudhrani (12.58) and one tester HBL 276 (4.86) which were found to be the best 

general combiners for this trait. 

x) Seed yield per plant 

 Line Local Sudhrani (6.37) and tester HBL 276 (1.81) were the only 

genotypes which showed positive significant GCA effects and were found to be the 

best general combiners for seed yield/plant.  However, lines HBL 723 (-5.46), HBL 

722 (-2.00), HBL 751 (-2.20) and tester Atahualpa (-2.25) were poor general 

combiners for this trait. 
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xi) Harvest index 

Four lines viz., HBL 713 (4.13), Local Sudhrani (2.39), HBL 748 (1.86) and 

HBL 738 (1.80) exhibited significantly positive GCA effects and were found to be a 

good general combiners. Tester HBL 113 (1.09) also proved to be a good general 

combiner for this trait.  

4.6.4.2 Estimates of specific combining ability (SCA) effects 

Specific combining ability (SCA) was used to designate those cases in which 

certain combinations do relatively better or worse  than  would  be  expected  on  the  

basis  of  the  average  performance  of  the  lines involved. Specific combining ability 

is due to dominance and epistasis. Trait-wise description of specific combining ability 

(SCA) effects are presented for grain yield and related traits in Table 4.8. 

i)  Days to 50 per cent flowering 

Out of 28 crosses, three crosses exhibited the desired significant negative SCA 

effects. These were HBL 722 × HBL 113, HBL 723 × HBL 276 and Local Sudhrani × 

DWRUB 64 which were also good specific cross combinations for this trait. 

ii) Days to maturity 

Six crosses viz., HBL 722 × HBL 113, HBL 723 × DWRUB 64, HBL 722 × 

Atahualpa, HBL 748 × DWRUB 64, Local Sudhrani × HBL 113 and HBL 723 × HBL 

276 exhibited the desired significant negative SCA effects.  

iii) Plant height 

Two crosses, HBL 723 x Atahualpa (-11.83) and HBL 723 x HBL 113                   

(-11.74) recorded negative SCA effects. These crosses were found to be good specific 

cross combinations for reduced plant height. 
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Table 4.7 Estimates of general combining ability (GCA) for different traits in barley 

Trait Days  

to  

flowering 

Days  

to  

maturity 

Plant  

height 

 (cm) 

No. of  

tillers/ 

plant 

No. of  

grains/ 

spike 

Spike  

length  

(cm) 

Peduncle  

length 

(cm) 

1000 grain  

weight 

(g) 

Biological  

yield/plant 

(g) 

Seed yield/ 

plant  

(g) 

Harvest 

index 

(%) 

Lines 

HBL 713 -0.86 -4.23
**

 5.56
**

 -0.54 6.32
**

 -0.08 1.25 -5.93
**

 -0.91 1.64 4.13
**

 

HBL 722 2.06
**

 3.27
**

 -5.94
**

 0.21 -8.85
**

 0.44 -1.90 7.32
**

 1.05 -2.00
*
 -3.70

**
 

HBL 723 1.48
*
 4.94

**
 -12.69

**
 -0.45 -10.85

**
 -0.39 -3.59

**
 5.40

**
 -10.20

**
 -5.46

**
 -3.65

**
 

HBL 738 -9.11
**

 -4.06
**

 -3.02 1.63
**

 -9.10
**

 -0.52 3.00
**

 6.15
**

 1.12 1.43 1.80
*
 

HBL 748 -0.27 -5.81
**

 2.48 -1.29
*
 6.32

**
 0.06 0.62 -2.01

**
 -1.73 0.20 1.86

*
 

HBL 751 2.48
**

 1.86
**

 7.31
**

 -1.29
*
 9.32

**
 0.09 -0.12 -7.60

**
 -1.91 -2.20

*
 -2.82

**
 

Local Sudhrani 4.23
**

 4.02
**

 6.31
**

 1.71
**

 6.82
**

 0.41 0.74 -3.35
**

 12.58
**

 6.37
**

 2.39
**

 

SE (gi) ± 0.72 0.61 1.99 0.53 0.84 0.30 1.13 0.71 2.90 0.94 0.71 

SE (gi-gj) ± 1.02 0.86 2.81 0.75 1.19 0.43 1.60 1.00 4.11 1.34 1.01 

Testers 

Atahualpa -2.74
**

 -0.63 4.75
**

 0.23 -10.10
**

 0.05 3.17
**

 4.57
**

 -8.37
**

 -2.25
**

 1.06 

DWRUB 64 -1.02 0.56 -6.44
**

 -0.54 5.24
**

 -1.41
**

 -2.40
**

 -1.10
*
 2.92 -0.41 -2.13

**
 

HBL 113 2.74
**

 0.37 0.65 0.70 -6.29
**

 0.97
**

 -2.74
**

 3.76
**

 0.59 0.85 1.09
*
 

HBL 276 1.02 -0.30 1.04 -0.39 11.14
**

 0.39 1.97
*
 -7.24

**
 4.86

*
 1.81

*
 -0.01 

SE (gi) ± 0.55 0.46 1.50 0.40 0.64 0.23 0.85 0.53 2.19 0.71 0.54 

SE (gi-gj) ± 0.77 0.65 2.12 0.57 0.90 0.32 1.21 0.75 3.10 1.01 0.76 

*Significance at P ≤ 0.05 ; **Significance at P ≤ 0.01 
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Table 4.8 Estimates of specific combining ability (SCA) for different traits in barley 

Trait 

 

Cross 

Days  

to flowering 

Days  

to  

maturity 

Plant 

height (cm) 

No of 

tillers/plant 

No. of grains/ 

spike 

Spike 

length 

(cm) 

Peduncle 

length 

(cm) 

1000 grain 

weight (g) 

Biological 

yield/plant 

(g) 

Seed 

yield/ 

plant (g) 

Harvest 

index (%) 

HBL 713 X  Atahualpa  -2.10 0.46 1.92 2.11 -4.99
**

 0.17 2.80 -1.74 4.00 2.29 1.87 

HBL 713 X DWRUB 64 1.19 0.27 -1.56 -0.13 1.01 -0.04 0.37 5.93
**

 5.16 1.58 -1.00 

HBL 713 X  HBL 113 0.10 0.80 0.01 0.30 -6.80
**

 0.05 0.04 -1.60 -6.93 -1.91 1.15 

HBL 713 X  HBL 276 0.81 -1.54 -0.37 -2.27
*
 10.77

**
 -0.17 -3.20 -2.60 -2.23 -1.96 -2.02 

HBL 722 X Atahualpa -0.68 -3.70
**

 3.42 0.69 9.51
**

 -0.04 -0.47 -10.99
**

 -0.19 1.36 3.00
*
 

HBL 722 X DWRUB 64  2.27 5.77
**

 2.94 4.12
**

 -6.15
**

 0.57 1.91 6.35
**

 26.33
**

 9.48
**

 2.27 

HBL 722 X HBL 113  -4.15
**

 -6.70
**

 -4.15 -2.45
*
 7.04

**
 -1.27

*
 -1.42 -6.18

**
 -10.15 -4.15

*
 -2.02 

HBL 722 X HBL 276  2.56 4.63
**

 -2.20 -2.36
*
 -10.39

**
 0.74 -0.02 10.82

**
 -15.99

**
 -6.69

**
 -3.25

*
 

HBL 723 X Atahualpa  2.24 2.30 -11.83
**

 0.36 4.18
*
 -1.58

**
 -4.40 0.93 -1.44 -0.89 -1.30 

HBL 723 X DWRUB 64 0.52 -4.56
**

 10.69
**

 1.45 -7.49
**

 0.35 2.00 -1.40 -8.63 -1.09 2.94 

HBL 723 X HBL 113 0.10 5.30
**

 -11.74
**

 -2.79
*
 8.37

**
 -0.16 -0.69 2.74 4.28 -0.71 -3.70

*
 

 HBL 723 X HBL 276  -2.86
**

 -3.04
*
 12.88

**
 0.98 -5.06

**
 1.39

*
 3.08 -2.26 5.79 2.68 2.05 

HBL 738 X Atahualpa  -0.51 -1.04 -1.50 0.27 9.76
**

 -0.15 -2.08 -7.15
**

 4.87 1.97 1.15 

HBL 738 X DWRUB 64 -1.23 0.11 -4.31 -2.30
*
 -8.57

**
 0.27 -3.58 4.85

**
 -15.25

*
 -6.85

**
 -3.23

*
 

HBL 738 X HBL 113 4.35
**

 1.96 1.26 1.80 10.95
**

 0.01 1.15 -11.35
**

 5.44 2.27 0.48 

HBL 738X HBL 276 -2.61 -1.04 4.55 0.23 -12.14
**

 -0.13 4.51
*
 13.65

**
 4.94 2.62 1.60 

HBL 748 X Atahualpa 0.32 -1.95 6.67 -1.14 -5.65
**

 0.86 1.75 6.35
**

 0.14 -0.74 -1.27 

HBL 748 X DWRUB 64 0.94 -3.48
**

 -5.48 1.29 8.01
**

 -1.13 -1.97 2.35 15.46
**

 6.36
**

 1.04 

HBL 748 X HBL 113 -1.15 2.05 2.76 -0.62 -6.80
**

 0.78 -0.54 5.15
**

 0.67 0.50 0.26 

HBL 748 X HBL 276 -0.11 3.38
**

 -3.95 0.48 4.44
**

 -0.51 0.76 -13.85
**

 -16.26
**

 -6.11
**

 -0.03 

HBL 751 X Atahualpa 1.90 2.38 -1.17 -2.81
**

 -10.32
**

 -0.27 0.30 3.93
**

 -16.49
**

 -6.96
**

 -3.88
**

 

HBL 751 X DWRUB 64 -0.48 -1.48 -0.64 -1.05 9.01
**

 0.46 0.87 -4.40
**

 1.14 2.01 2.87
*
 

HBL 751 X HBL 113 0.10 0.05 5.26 3.38
**

 -6.13
**

 -0.45 0.94 7.74
**

 12.02
*
 5.41

**
 2.35 

HBL 751 X HBL 276 -1.52 -0.95 -3.45 0.48 7.44
**

 0.26 -2.10 -7.26
**

 3.33 -0.46 -1.34 

Local Sudhrani X Atahualpa -1.18 1.55 2.50 0.52 -2.49 1.01 2.11 8.68
**

 9.11 2.97 0.42 

Local Sudhrani x DWRUB 64 -3.23
*
 3.36

**
 -1.64 -3.38

**
 4.18

*
 -0.47 0.41 -13.65

**
 -24.21

**
 -11.49

**
 -4.90

**
 

Local Sudhrani x HBL 113  0.68 -3.45
**

 6.60 0.38 -6.63
**

 1.05 0.52 3.49
*
 -5.33 -1.41 1.49 

Local Sudhrani x HBL 276  3.73
*
 -1.45 -7.45 2.48

*
 4.94

**
 -1.59

**
 -3.03 1.49 20.42

**
 9.92

**
 2.99

*
 

S.E. ± (Sij) 1.44 1.22 3.97 1.07 1.69 0.60 2.26 1.41 5.81 1.89 1.43 

S.E. ± (Sij-Skl) 2.04 1.73 5.62 1.51 2.39 0.85 3.19 1.99 8.21 2.67 2.02 

*Significance at P ≤ 0.05 ; **Significance at P ≤ 0.01 
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iv) Number of tillers per plant 

Three crosses viz. HBL 722 × DWRUB 64 (4.12), HBL 751 × HBL 113 (3.38) 

and Local Sudhrani × HBL 276 (2.48) showed positive and significant SCA effects 

for number of tillers/plant..  

v) Number of grains per spike 

Thirteen crosses showed positive and significant SCA effects for number of 

grains per spike. These were HBL 738 × HBL 113, HBL 713 × HBL 276, HBL 738 × 

Atahualpa, HBL 722 × Atahualpa, HBL 751 × DWRUB 64, HBL 723 × HBL 113, 

HBL 748 × DWRUB 64, HBL 751 × HBL 276, HBL 722 × HBL 113, Local Sudhrani 

× HBL 276, HBL 748 × HBL 276, HBL 723 × Atahualpa and Local Sudhrani × 

DWRUB 64. The SCA effects ranged from 10.95 (HBL 738 × HBL 113) to  -12.14 

(HBL 738 × HBL 276) for this trait. 

vi) Spike length  

Only one cross i.e. HBL 723 × HBL 276 (1.39) showed positive and 

significant SCA effect for spike length and also proved to be a good specific cross 

combination for this trait. 

vii) Peduncle length 

Only a single cross i.e. HBL 738 × HBL 276 (4.51) showed positive 

significant SCA effect and also found good for specific cross combination. 

viii) 1000 grain weight 

Significantly positive SCA effects were exhibited by eleven crosses for 1000 

grain weight. Out of these, crosses HBL 738 × HBL 276, HBL 722 × HBL 276, Local 

Sudhrani × Atahualpa, HBL 751 × HBL 113, HBL 722 × DWRUB 64, HBL 748 × 

Atahualpa, HBL 713 × DWRUB 64, HBL 748 × HBL 113, HBL 738 × DWRUB 64, 

HBL 751 × Atahualpa and Local Sudhrani × HBL 113 were the top ranking ones and 

the SCA effects ranged from 13.65 ( HBL 738 HBL × 276 ) to -13.65 (Local Sudhrani 

× DWRUB 64). 
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ix) Biological yield per plant 

Four crosses, namely HBL 722 × DWRUB 64 (26.33), Local Sudhrani × HBL 

276 (20.42), HBL 748 × DWRUB 64 (15.46) and HBL 751 × HBL 113 (12.02) were 

found to be good specific cross combinations as exhibited by the positive and 

significant SCA effects.   

x) Seed yield per plant 

Four crosses out of twenty eight recorded significantly positive SCA effects 

for seed yield/plant. These were Local Sudhrani × HBL 276 (9.92), HBL 722 × 

DWRUB 64 (9.48), HBL 748 × DWRUB 64 (6.36) and HBL 751 × HBL113 (5.41) 

and were found good specific cross combinations. The SCA effects ranged from 9.92 

(Local Sudhrani × HBL 276) to -11.49 (Local Sudhrani × DWRUB 64). 

xi) Harvest index 

Three crosses, namely HBL 722 × Atahualpa (3.00), Local Sudhrani × HBL 

276 (2.99) and HBL 751 × DWRUB 64 (2.87) showed positive and significant SCA 

effects and were found good specific cross combinations for harvest index. 

4.6.4.3 Top ranking parents 

Table 4.9 shows the best good general combiners (parents) based on 

significant GCA effects and three best parents on per se performance for different 

traits. Parents HBL 738 (118 days) and Atahualpa (121 days) were the best general 

combiners coupled with desirable (negative) mean values for days to 50% flowering. 

Similarly, parents HBL 723, DWRUB 64 and HBL 722 for plant height; HBL 276, 

HBL 713 and DWRUB 64 for number of grains/spike; HBL 113 for spike length; 

HBL 738 for peduncle length; HBL 722 and HBL 723 for 1000 grain weight; HBL 

713 for harvest index and HBL 276 for seed yield/plant showed significant GCA 

effects alongwith high per se performance. Hence, these parents being good general 

combiners having high mean performance can directly be used in the crossing 

programme for getting substantial increase for the respective traits.  

4.6.4.4 Top ranking specific cross combinations  

Table 4.10 shows the top ranking cross combinations based on significant 

SCA effects, three best crosses on per se performance and the type of combiners 
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(High/Low/Average) involved on the basis of GCA effects. As evident from the 

perusal of Table 4.10, most of the cross combinations involved Low x Low (10) 

followed by Low x Average (8), High x Low (7) and High x High (5) type of 

combiners. The cross HBL 748 x DWRUB 64 (High x Average) showed significant 

SCA effects and high per se performance for days to maturity. Similarly, crosses HBL 

723 x HBL 113 (High x Low) and HBL 723 x Atahualpa (High x Low) for plant 

height; HBL 722 x DWRUB 64 (Average x Low) and Local Sudhrani x HBL 276 

(High x Low) for number of tillers/plant; HBL 751 x DWRUB 64 (High x High) for 

number of grains/spike; HBL 738 x HBL 276 (High x High) for peduncle length; 

HBL 722 x DWRUB 64 (High x Low) and HBL 738 x HBL 276 (High x Low) for 

1000 grain weight were the best cross combinations for obtaining higher performance 

for the respective traits.  

 Cross combinations Local Sudhrani x HBL 276 and HBL 722 x DWRUB 64 

involved High x High and Low x Low combiners for seed yield/plant, respectively, 

whereas for biological yield/plant, the same set of crosses involved High x High and 

Average x Average combiners with significant SCA effects and high per se 

performance.  

The occurrence of High/Low or Average/Low gene interactions in the crosses 

indicate the operation of non-additive gene action. However, High x Low good 

performance may be attributed to the interaction between dominance alleles from 

good combiners and recessive alleles from poor combiners. Such cross combinations 

involving at least one low general combiner suggests both additive and non-additive 

gene action which allows for the exploitation of heterosis in F1 generation. It was also 

observed that involvement of poor combiners (Low x Low) also produced most 

number of superior specific combining hybrids and this involvement of combiners 

with low GCA has been attributed to dominance x dominance interaction.  

The High x High cross combinations show interaction between positive alleles 

which can be fixed in subsequent generations for effective selection with the 

assumption that no repulsion phase linkages are involved and can be advanced to the 

next generation to derive superior segregants.     
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Table 4.9 Best good general combiners (parents) on the basis of GCA and per se 

performance for different traits in barley  

Trait GCA effects of parents Parents per se performance 

   

Days to flowering HBL 738 (118)   

Atahualpa (121) 

-9.11 

-2.74 

HBL 738 

Atahualpa  

DWRUB 64 

118 

121 

125 

Days to maturity HBL 748 (166) 

HBL 713 (168) 

HBL 738 (155) 

-5.81 

-4.23 

-4.06 

Local Sudhrani 

Atahualpa 

DWRUB 64 

154 

155 

159 

Plant height (cm) HBL 723 (84) 

DWRUB 64 (94) 

HBL 722 (88) 

-

12.69 

-6.44 

-5.94 

HBL 723 

HBL 722  

DWRUB 64 

84 

88 

94 

Number of tillers/plant Local Sudhrani (10)  

HBL 738 (9) 

1.71 

1.63 

HBL 113 

HBL 276 

HBL 722 

14 

13 

13 

Number of grains/spike HBL 276 (66) 

HBL 751 (62) 

Local Sudhrani (58)  

HBL 713 (63) 

HBL 748 (60) 

DWRUB 64 (64) 

11.14 

9.32 

6.82 

6.32 

6.32 

5.32 

HBL 276 

DWRUB 64 

HBL 713 

66 

64 

63 

Spike length (cm) HBL 113 (11.07) 0.97 HBL 113 

HBL 722 

HBL 276 

11.07 

9.32 

9.00 

Peduncle length (cm) Atahualpa (30.40)  

HBL 738 (33.65) 

HBL 276 (35.73) 

3.17 

3.00 

1.97 

HBL 276  

HBL 738  

HBL 751 

35.73 

33.65 

32.47 

1000 grain weight (g) HBL 722 (58) 

HBL 738 (46)  

HBL 723 (56)  

Atahualpa (51)  

HBL 113 (40) 

7.32 

6.15 

5.40 

4.57 

3.76 

HBL 748 

HBL 722 

HBL 723 

68 

58 

56 

Biological yield/plant (g) Local Sudhrani (65.61) 

HBL 276 (84.05) 

12.58 

4.86 

HBL 723 

HBL 748 

HBL 713 

115.64 

95.16 

93.68 

Seed yield/plant (g) Local Sudhrani (22.60) 

HBL 276 (32.34) 

6.37 

1.81 

HBL 723 

HBL 713 

HBL 276 

36.83 

34.75 

32.34 

Harvest Index (%) HBL 713 (37.0) 

Local Sudhrani (34.79) 

HBL 748 (32.0)  

HBL 738 (32.48) 

HBL 113 (33.83) 

4.13 

2.39 

1.86 

1.80 

1.09 

Atahualpa 

HBL 276 

HBL 713 

42.00 

38.39 

37.00 

Note: Values in the parenthesis are the mean values 
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Table 4.10  Top ranking of specific cross combinations for different traits on 

the basis of SCA, per se performance and GCA effects involved in 

barley  

Trait per se performance Significant SCA effects GCA effects of 

parents 

Days to flowering HBL 738 x Atahualpa (117) 

HBL 738 x DWRUB 64 (118) 

HBL 738 HBL 276 (119) 

 

HBL 722 x HBL 113 

Local Sudhrani x DWRUB 64  

HBL 723 x HBL 276 

Low x Low 

Low x Average 

Low x Low 

Days to maturity HBL 748 x Atahualpa (156) 

HBL 748 x DWRUB 64 (156) 

HBL 713 x HBK 276 (158) 

HBL 722 x HBL 113 

HBL 723 x DWRUB 64 

HBL 722 x Atahualpa 

HBL 748 x DWRUB 64 

Local Sudhrani x HBL 113 

 

Low x Low 

Low x Low 

Low x Average 

High x Average 

Low x Low 

Plant height (cm) HBL 723 x HBL 113 (86) 

HBL 723 x Atahualpa (90) 

HBL 738 x DWRUB 64 (96) 

 

HBL 723 x Atahualpa 

HBL 723 x HBL 113 

High x Low 

High x Low 

Number of tillers/plant HBL 738 x HBL 113 (14) 

HBL 722 x DWRUB 64 (14) 

Local Sudhrani x HBL 276 (13) 

 

HBL 722 x DWRUB 64 

HBL 751 x HBL 113 

Local Sudhrani x HBL 276 

Average x Low 

Low x Average 

High x Low 

Number of grains/spike HBL 113 x HBL 276 (67) 

HBL 751 x HBL 276 (67) 

HBL 751 x DWRUB 64 (63) 

HBL 738 x HBL 113 

HBL 713 x HBL 276 

HBL 738 x Atahualpa 

HBL 722 x Atahualpa 

HBL 751 x DWRUB 64 

 

Low x Low 

High x High 

Low x Low 

Low x Low 

High x High 

Spike length (cm) Local Sudhrani x HBL 113 (11.55) 

HBL 748 x HBL 113 (10.93) 

HBL 722 x HBL 276 (10.7) 

 

HBL 723 x HBL 276 Low x Average 

Peduncle length (cm) HBL 738 x HBL 276 (42.4) 

HBL 113 x Atahualpa (40.13) 

Local Sudhrani x Atahualpa 

(38.93) 

 

HBL 738 x HBL 276 High x High 

1000 grain weight (g) HBL 722 x DWRUB 64 (68) 

HBL 738 x HBL 276 (68) 

HBL 723 x HBL 113 (67) 

 

HBL 738 x HBL 276 

HBL 722 x HBL 276 

Local Sudhrani x Atahualpa 

HBL 751 x HBL 113 

HBL 722 x DWRUB 64 

 

High x Low 

High x Low 

Low x High 

Low x High 

High x Low 

Biological yield/plant (g) Local Sudhrani x HBL 276 (95.92) 

HBL 722 x DWRUB 64 (88.34) 

HBL 748 x DWRUB 64 (74.69) 

 

HBL 722 x DWRUB 64 

Local Sudhrani x HBL 276 

HBL 748 x DWRUB 64 

HBL 751 x HBL 113 

Average x 

Average 

High x High 

Low x Average 

Low x Average 

 

Harvest Index (%) HBL 713 x Atahualpa (41.7) 

HBL 713 x HBL 113 (41.0) 

Local Sudhrani x HBL 276 (40.0) 

HBL 722 x Atahualpa 

Local Sudhrani x HBL 276 

HBL 751 x DWRUB 64 

Low x Average 

High x Low 

Low x Low 

 

Seed yield/plant (g) Local Sudhrani x HBL 276 (38.36) 

Local Sudhrani x Atahualpa 

(27.36) 

HBL 722 x DWRUB 64 (27.34) 

Local Sudhrani x HBL 276 

HBL 722 x DWRUB 64 

HBL 748 x DWRUB 64 

HBL 751 x HBL 113 

High x High 

Low x Low 

Average x Low 

Low x Average 

Note: Values in the parenthesis are the mean values 
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4.7 Heterosis 

The aim of estimation of heterosis in the present investigation was to find out 

the superior cross combinations giving high degree of useful heterosis and characters 

of parents for their prospectus for future use in breeding programme. For successful 

heterosis breeding programme in any crop, there must be presence of significant 

heterotic effect in the cross combinations that can be exploited easily. 

The magnitude of heterosis for grain yield and component characters have 

been cited below with significant values shown in Table 4.11. 

i) Days to 50 % flowering 

Three crosses showed negative significant heterosis which was desirable for 

early flowering. These were HBL 713 × Atahualpa (-3.57%) followed by HBL 713 × 

HBL 113 (-2.84%) and HBL 738 × DWRUB 64 (-2.61%).  

ii)  Days to maturity: Seven crosses viz., HBL 713 x HBL 276 followed by HBL 

713 x HBL 113, HBL 748 x HBL 113, HBL 748 x DWRUB 64, HBL 748 HBL 276, 

HBL 751 x HBL 276, HBL 751 x HBL 113 and HBL 748 x Atahualpa exhibited 

significant negative heterosis desirable for early maturity.  

iii) Plant height: Negative heterosis is desirable for plant height. Though, 

significantly positive heterosis was observed for fifteen crosses, none of the crosses 

showed significant negative heterosis for plant height.  

iv) Number of tillers per plant  

Four crosses viz., HBL 722 × DWRUB 64 (60.0%) followed by HBL 723 × 

DWRUB 64 (53.85%), HBL 748 × DWRUB 64 (45.95%) and HBL 751 × HBL 113 

(34.55%) showed positive significant heterosis.  

v) Number of grains per spike 

Only one cross i.e. HBL 738 x HBL 113 (15.56%) exhibited significant 

positive heterosis, whereas eighteen crosses were negatively significant. The 

negatively significant heterosis ranged from Local Sudhrani × DWRUB 64 (-9.54%) 

to HBL 723 × DWRUB 64 (-57.84%). 
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vi) Spike length  

Seven crosses observed positive significant heterosis. These were Local 

Sudhrani × Atahualpa (30.17%) followed by HBL 723 × HBL 276 (27.9%), HBL 748 

× Atahualpa (27.71%), HBL 751 × HBL 276 (20.82%), Local Sudhrani × HBL 276 

(20.64%), HBL 748 × HBL 113 (17.04%) and HBL 722 × HBL 276 (16.83%).   

vii) Peduncle length  

Eight crosses showed positive significant heterosis for crosses HBL 713 × 

HBL 113 (45.23%) followed by HBL 713 × Atahualpa (44.36%), HBL 748 × HBL 

113 (39.69%), HBL 748 × Atahualpa (38.31%), HBL 738 × HBL 113 (32.60%), 

Local Sudhrani × HBL 113 (29.46%), Local Sudhrani × Atahualpa (27.98%) and 

HBL 738 x HBL 276 (22.22%).  

viii) 1000 grain weight  

Twenty one crosses recorded positive significant heterosis and two crosses 

were negatively significant for heterosis. The significant heterosis for this trait ranged 

from 73.50% for cross HBL 738 × HBL 276) to -20.43% for cross Local Sudhrani × 

DWRUB 64.  

ix) Biological yield per plant 

Out of twenty eight crosses, five crosses showed positive significant mid 

parent heterosis. The highest positive significant heterosis was exhibited by cross 

HBL 722 × DWRUB 64 (73.39%) followed by HBL 751 × DWRUB 64 (52.90%), 

HBL 751 × HBL 113 (52.32%), HBL 738 × HBL 113 (29.51%) and Local Sudhrani × 

HBL 276 (28.18%).  

x) Seed yield per plant 

The most important trait of a plant from agronomic point of view is its 

yielding ability. In the present study, the significant positive heterosis is desirable for 

this character as it indicates increased yield. Five crosses recorded positively 

significant heterosis over the mid parent value, and 11 crosses were showed 

significantly negative heterosis. Positive significant heterosis was observed for 

crosses HBL 722 × DWRUB 64 (81.86%) followed by HBL 751 × DWRUB 64 

(59.55 %), HBL 751 × HBL 113 (52.32 %), HBL 738 × HBL 113 (48.64 %) and 

Local Sudhrani x HBL 276 (39.64%). The negatively significant heterosis ranged 

from HBL 713 × HBL 113 (-24.55% ) to HBL 723 × Atahualpa (-61.70%). 
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Table 4.11 Estimation of heterosis over mid parent for seed yield and related traits in barley 

Traits 

 

Cross 

Days 

to 

flowering 

Days 

to 

maturity 

Plant height 

(cm) 

No of tillers/ 

plant 

No. of 

grains/ 

Spike 

Spike 

length 

(cm) 

Peduncle 

length 

(cm) 

1000 grain 

weight 

(g) 

Biological 

yield/plant 

(g) 

Seed yield/ 

plant 

(g) 

Harvest   

index 

(%) 

HBL 713 x  Atahualpa -3.51** -1.03 14.38** -11.69 -33.33** 10.32 44.36** 7.22* -30.19** -25.44** 5.56 

HBL 713 x DWRUB 64 -1.15 -1.63 9.71 2.04 -18.42** -9.61 19.90 12.50** -5.99 -3.80 7.38 

HBL 713 x  HBL 113 -2.84* -4.91** 13.91** -23.08* -33.10** 2.37 45.23** 19.38** -34.29** -24.55** 15.76** 

HBL 713 x  HBL 276 -0.64 -5.94** 11.18* -50.00** 4.66 5.30 8.10 0.85 -32.73** -35.14** -2.56 

HBL 722 x Atahualpa 1.45 4.59** 12.19* -17.95 7.23 9.42 14.26 2.44 -11.62 -15.16 -2.63 

HBL 722 x DWRUB 64 3.51** 10.01** 10.26 60.00** -35.53** -0.38 7.10 24.92** 73.39** 81.86** 4.86 

HBL 722 x HBL 113 -2.38 -1.73 5.61 -39.24** 1.64 -9.08 14.94 22.03** -15.87 -19.85 -5.85 

HBL 722 x HBL 276 4.52** 5.63** 5.30 -45.45** -33.33** 16.83* 2.46 46.13** -31.89** -45.58** -18.94** 

HBL 723 x Atahualpa 4.69** 9.62** -8.01 -13.43 -49.05** -8.44 2.50 23.36** -56.07** -61.70** -17.05** 

HBL 723 x DWRUB 64 3.03* 4.64** 13.86* 53.85* -57.84** -2.49 9.53 9.43** -47.56** -46.85** 3.36 

HBL 723 x HBL 113 1.65 6.71** -7.53 -38.24** -35.00** 2.63 21.74 39.58** -40.29** -47.87** -13.98* 

HBL 723 x HBL 276 1.18 2.05* 16.23** -12.12 -45.21** 27.09** 14.29 15.91** -41.40** -44.21** -6.34 

HBL 738 x Atahualpa -1.82 2.15* 6.97 4.48 9.20 14.48 15.53 20.96** 14.47 15.78 3.75 

HBL 738 x DWRUB 64 -2.61* 2.33* 2.13 28.21 -40.74** 0.34 -3.52 35.42** 10.45 10.57 0.47 

HBL 738 x HBL 113 0.92 -0.41 10.88* 20.59 15.56* 8.08 32.60** 24.81** 29.51* 48.64** 14.60* 

HBL 738 x HBL 276 -2.86 -1.85 11.77* 0.00 -36.96** 13.19 22.22* 73.50** 11.45 15.51 7.31 

HBL 748 x Atahualpa 1.06 -2.90** 18.72** -32.31* -32.58** 27.71** 38.31** 7.56** -37.01** -36.12** -1.93 

HBL 748 x DWRUB 64 1.31 -4.30** 5.24 45.95* -5.12 -16.00 8.83 -7.91** 6.52 20.60 15.37* 

HBL 748 x HBL 113 -1.26 -4.55** 16.44** -24.24 -30.96** 17.04* 39.69** 14.81** -26.23** -14.63 14.97* 

HBL 748 x HBL 276 1.30 -3.39** 7.36 -21.88 -2.92 9.13 19.04 -36.00** -49.86** -48.65** 3.60 

HBL 751 x Atahualpa 1.68 2.65** 12.95** -37.04* -37.78** 15.88 15.38 25.84** -31.41* -50.17** -23.63** 

HBL 751 x DWRUB 64 -0.38 -0.20 12.24* 53.85 -0.27 6.32 2.74 -4.55 52.90** 59.55** 2.83 

HBL 751 x HBL 113 -0.86 -2.91** 20.59** 34.55* -24.74** 5.80 22.53 51.28** 45.31** 52.32** 4.06 

HBL 751 x HBL 276 -0.38 -3.13** 9.73 -5.66 4.96 20.82* -4.20 -5.71 9.30 -11.29 -15.75** 

Local Sudhrani x Atahualpa 0.00 9.48** 15.09** 4.35 -23.08** 30.17** 27.98** 38.30** 15.91 17.15 0.30 

Local Sudhrani x DWRUB 64 -1.77 10.00** 9.83 7.32 -9.54* -5.95 7.63 -20.43** -10.86 -17.70 -6.50 

Local Sudhrani x HBL 113 0.24 1.64 20.52** 5.71 -28.52** 20.64** 29.46* 42.17** 4.11 21.00 15.42** 

Local Sudhrani x HBL 276 4.27** 3.31** 4.61 17.65 -0.27 -2.46 -1.48 22.67** 28.18** 39.64** 9.33 

*Significance at P ≤ 0.05 ; **Significance at P ≤ 0.01 
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xi) Harvest index 

Five crosses showed the positive and significant heterosis over the mid parent 

value. These were HBL 713 x HBL 113 (15.76%) followed by Local Sudhrani x HBL 

113 (15.42%), HBL 748 x DWRUB 64 (15.37%), HBL 748 x HBL 113 (14.97%) and 

HBL 738 x HBL 113 (14.60%).  

 Table 4.12 shows that crosses HBL 722 x DWRUB 64, HBL 751 x DWRUB 

64, HBL 751 x HBL 113, HBL 738 x HBL 113 and Local Sudhrani x HBL 276 were 

the most promising crosses exhibiting significant mid-parent heterosis for seed 

yield/plant and other characters associated with seed yield.  

The above results on heterosis studies are in line with the findings of Daya et 

al. (2009), Vishwakarma et al. (2011) Mansour (2016), Bernhart et al. (2017) and 

Madhukar et al. (2018)  

Table 4.12 Promising crosses having significant mid parent heterosis for yield 

and related traits in barley 

Cross Characters having significant heterosis  

HBL 722 x DWRUB 64 Seed yield/plant (27.34g), biological yield/plant (88.34g),  

No. of tillers/plant (14) and 1000 grain weight (68g) 

HBL 751 x DWRUB 64 Seed yield/plant (19.67g) and biological yield/plant 

(60.20g) 

HBL 751 x HBL 113 Seed yield/plant (24.32g), 1000 grain weight (59g),        

biological yield/plant (68.76g), No. of tillers/plant (12) 

and    days to maturity (167 days) 

HBL 738 x HBL 113 Seed yield/plant (24.81g), peduncle length (34.33cm),                   

1000 grain weight (54g), biological yield/plant (65.21g),         

No. of grains/spike (35) and harvest index (38%) 

Local Sudhrani x HBL 276 Seed yield/plant (38.36g), biological yield/plant (95.92g) 

and 1000 grain weight (46g) 

Note: Values in parenthesis are the mean values 
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5. SUMMARY AND CONCLUSIONS 

 

The present investigation entitled, “Estimation of morphological and genetic 

aspects for yield and yield contributing traits in barley (Hordeum vulgare L.)” was 

undertaken at the Experimental Farm of Hill Agricultural Research and Extension 

Centre, Bajaura, Kullu, HP during Rabi season 2016-2017. The experimental material 

comprising of F1 population of 28 crosses developed by crossing 7 lines/genotypes 

viz., HBL 713, HBL 722, HBL 723, HBL 738, HBL 748, HBL 751 and Local 

Sudhrani with four testers viz., HBL 113, HBL 276, DWRUB 64 and Atahualpa were 

evaluated in randomized block design over three replications to assess the general and 

specific combining ability contributing to yield and related traits, association among 

different morphological traits and their direct and indirect effects on seed yield for 

effective selection. All the lines used as female parents were crossed to each of the 

testers by hand pollination using the standard procedure as per line x tester model. 

Data were recorded on eleven characters viz., days to 50% flowering, days to 

maturity, plant height (cm), number of effective tillers/plant, number of grains/spike, 

spike length (cm), peduncle length (cm), 1000 grain   weight (g), biological 

yield/plant (g), seed yield/plant (g) and harvest index (%).The observations were 

recorded on five random competitive plants for parents (lines and testers) and 

individual plants were sampled for F1s in each replication for all the traits, whereas 

days to 50% flowering and days to maturity were recorded on plot basis. Data 

analysis were done as per the standard procedures for parameters of genetic 

variability, correlation, path coefficient, line x tester and heterosis. 

The analysis of variance revealed highly significant differences among the 

genotypes for all the traits studied. On the basis of mean performance, none of the 

parents/crosses were significantly better than the best check for days to maturity, 

number of tillers/plant, number of grains/spike, spike length, peduncle length, 

biological yield/plant and harvest index. However, two crosses, HBL 738 x Atahualpa 

(117 days) and HBL 738 x DWRUB 64 (118 days) and one parent HBL 738 (118 

days) were significantly early in flowering than the best check, Atahualpa (121 days). 

Similarly, for 1000 grain weight, 16 crosses and one parent (HBL 748) were 
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significantly higher than the best check, Atahualpa (68g). For seed yield/plant, only 

one cross Local Sudhrani x HBL 276 (38.36g) outyielded the best check, HBL 276 

(32.34g) 

The estimates of PCV and GCV indicated substantial variability and ensured 

ample scope for improvement for the studied traits. The traits, number of grain per 

spike and seed yield per plant showed high values of PCV and GCV. Moderate value 

of PCV and GCV were observed for 1000 grain weight which suggests cautioned 

approach while following direct selection for this trait. High PCV with moderate 

GCV were recorded for biological yield and number of tillers per plant. Low values of 

PCV and GCV were observed for days to flowering, days to maturity, plant height 

and harvest index. 

High heritability coupled with high genetic advance was observed for number 

of grain per spike and seed yield per plant indicating the inheritance of these traits 

under the control of additive gene action and selection would be more effective for 

their improvement. High heritability coupled with moderate genetic advance was 

observed for 1000 grain weight, whereas moderate heritability coupled with high 

genetic advance was shown by biological yield/plant which indicated the 

preponderance of additive and non-additive gene effects in their inheritance. 

Correlation studies revealed that seed yield per plant had a positive and 

significant correlation at both phenotypic and genotypic levels with biological 

yield/plant, number of effective tillers/plant, harvest index and number of 

grains/spike. It was also observed that none of the traits exhibited significant negative 

association with seed yield. This reflects that selection on the basis of the above traits 

can lead to higher yield in barley.  

Path coefficient analysis indicated that biological yield/plant followed by 

harvest index, number of tillers/plant and number of grains/spike at both phenotypic 

and genotypic levels exerted maximum positive direct effects on seed yield/plant 

suggesting the importance of these traits towards seed yield. The traits biological 

yield/plant and harvest index also proved to be of high significance through which all 

the other traits exerted positive indirect effects on seed yield/plant. Besides, the traits 

plant height, spike length and harvest index also exhibited positive indirect effects on 
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seed yield/plant via number of tillers/plant, whereas biological yield/plant showed 

positive indirect effects both via number of tillers/plant and number of grains/spike. 

However, negative indirect effects on seed yield/plant were also exerted by days to 

50% flowering, days to maturity and 1000 grain weight via harvest index. 1000 grain 

weight and number of tillers/plant also exerted negative effects via grains/spike. This 

implies that these traits would be of great significance for indirect selection for 

achieving enhanced seed yield in barley. 

Combining ability studies revealed that there was predominance of 

contribution of lines for days to flowering, days to maturity, plant height and harvest 

index. Testers also showed maximum contribution for number of grains/spike, spike 

length and peduncle length. Line x tester interaction was observed more for number of 

tillers/plant, biological yield/plant, seed yield/plant and 1000 grain weight than lines 

and testers indicating higher estimates of SCA variances for interaction.  

The estimates of genetic variances exhibited larger values of dominance 

variance than additive variance for all characters indicating non-additive type of gene 

action. Higher values of variance due to SCA than the GCA and the ratio of GCA and 

SCA being less than one suggested the major role of non-additive effects in the 

manifestation of all the traits.  

General combining ability for the parents revealed that among the lines, Local 

Sudhrani was good general combiner for most of the traits viz., seed yield/plant, 

biological yield/plant, number of tillers per plant, number of grains/spike and harvest 

index. The other lines, namely HBL 722 and HBL 723 for plant height; HBL 751 for 

number of tillers/plant, number of grains/spike, biological yield/plant and harvest 

index; HBL 738 and HBL 713 for early maturity and  HBL 738 also for peduncle 

length were recorded as good general combiners. Among the testers, HBL 276 was a 

good general combiner for seed yield/plant, biological yield/plant, number of 

grains/spike and peduncle length. Tester Atahualpa for peduncle length, 1000 grain 

weight and days to flowering, HBL113 for spike length and harvest index and 

DWRUB 64 for plant height showed desirable GCA effects and were good general 

combiners for the respective traits. 
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Specific combining ability among the parents exhibited that most of the cross 

combinations involved Low x Low (10) followed by Low x Average (8), High x Low 

(7) and High x High (5) type of combiners.  Cross combinations Local Sudhrani x 

HBL 276 (High x High) followed by HBL 722 x DWRUB 64 (Low x Low), HBL 748 

x DWRUB 64 (Average x Low) and HBL 751 x HBL 113 (low x Average) were 

highly significant for seed yield/plant and the first two cross combinations also 

showed high per se performance. Similarly, crosses HBL 748 x DWRUB 64 (High x 

Average) for days to maturity; HBL 723 x HBL 113 (High x Low) and HBL 723 x 

Atahualpa (High x Low) for plant height; HBL 722 x DWRUB 64 (Average x Low) 

and Local Sudhrani x HBL 276 (High x Low) for number of tillers/plant; HBL 751 x 

DWRUB 64 (High x High) for number of grains/spike; HBL 738 x HBL 276 (High x 

High) for peduncle length; HBL 722 x DWRUB 64 (High x Low) and HBL 738 x 

HBL 276 (High x Low) for 1000 grain weight were the best cross combinations for 

obtaining higher performance for the respective traits.  

Heterosis breeding programme in any crop can only be successful with the 

presence of significant heterotic effects in the cross combinations which can be 

exploited easily. A wide range of mid parent heterosis was observed for grain yield 

and other traits in twenty eight crosses. Five crosses viz., HBL 722 × DWRUB 64, 

Local Sudhrani × HBL 276, HBL 751 × DWRUB 64, HBL 751 × HBL 113 and HBL 

738 × HBL 113 exhibited significant and positive heterosis for seed yield over the 

mid parent. The cross combinations HBL 713 x Atahualpa for days to 50% flowering, 

HBL 713 x HBL 276 for days to maturity, HBL 722 x DWRUB 64 for number of 

tillers/plant and biological yield/plant, HBL 738 x HBL 113 for number of 

grains/spike, Local Sudhrani x Atahualpa for spike length, HBL 713 x HBL 113 for 

peduncle length, HBL 738 x HBL 276 were the most heterotic for the respective 

traits.   

Conclusions 

• The analysis of variance revealed highly significant differences among the 

genotypes for all the traits studied. 

• High values of PCV and GCV and high heritability coupled with high genetic 

advance was observed for number of grain per spike and seed yield per plant.  
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• Seed yield per plant had a positive and significant correlation with biological 

yield/plant, number of effective tillers/plant, harvest index and number of 

grains/spike. The traits biological yield/plant, harvest index, number of 

tillers/plant and number of grains/spike directly or indirectly influenced seed 

yield/plant and these may be selected for further improvement in seed yield of 

barley.  

• Combining ability analysis revealed significant differences for lines, testers 

and lines x testers indicating wide genetic variability among the genotypes and 

prevalence of additive variance for the significant traits.  

• Predominance of contribution of lines was observed for days to flowering, 

days to maturity, plant height and harvest index, whereas testers showed 

maximum contribution for number of grains/spike, spike length and peduncle 

length. Line x tester contribution was more for number of tillers/plant, 

biological yield/plant, seed yield/plant and 1000 grain weight than lines and 

testers indicating higher estimates of SCA variances for interaction.  

• The estimates of genetic variances exhibited the major role of non-additive 

effects in the manifestation of all the traits as suggested by larger values of 

dominance variance than additive variance; higher values of variance due to 

SCA than the GCA and ratio of GCA and SCA being less than one.  

• Line Local Sudhrani for seed yield/plant alongwith HBL 713, HBL 738 were 

good general combiners for most number of yield contributing characters. 

Tester HBL 276 was a good general combiner for seed yield and associated 

traits. 

• Four cross combinations viz., Local Sudhrani × HBL 276, HBL 722 × 

DWRUB 64, HBL 748 × DWRUB 64 and HBL 751 x HBL 113 were 

identified as the best on the basis of seed yield and component traits. 

• On the basis of mid parent heterosis five crosses viz., HBL 722 x DWRUB 64, 

HBL 751 x DWRUB 64, HBL 751 x HBL 113, HBL 738 x HBL 113 and 

Local Sudhrani x HBL 276 were identified as promising for seed yield and 

related traits.  
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Appendix I 

Mean values of parents and crosses for seed yield and related traits in barley 

Trait 

 

 

Days 

to 

flowering 

Days 

to 

 maturity 

Plant  

height  

(cm) 

No of  

tillers/ 

plant 

No. of  

grains/ 

spike 

Spike  

length  

(cm) 

Peduncle 

 length  

(cm) 

1000 grain  

weight 

 (g) 

Biological 

yield/plant 

(g) 

Seed yield/ 

plant  

(g) 

Harvest  

index  

(%) 

Line            

HBL 713 136 168 102 12 63 8.60 25.20 46 93.68 34.75 37.00 

HBL 722 132 157 88 13 27 9.32 28.62 58 56.82 16.84 29.89 

HBL 723 128 157 84 9 59 7.55 24.43 56 115.64 36.83 32.15 

HBL 738 118 155 94 9 26 6.67 33.65 46 39.74 12.88 32.48 

HBL 748 130 166 97 8 60 7.62 25.20 68 95.16 30.59 32.00 

HBL 751 137 172 102 5 62 7.33 32.47 38 33.67 11.43 33.94 

Local Sudhrani 139 154 103 10 58 8.09 30.44 43 65.61 22.60 34.79 

Tester            

Atahualpa 121 155 111 13 28 8.20 30.40 51 57.54 24.11 42.00 

DWRUB 64 125 159 94 4 64 8.22 28.40 50 45.08 13.22 29.38 

HBL 113 135 171 102 14 34 11.07 18.13 40 60.97 20.50 33.83 

HBL 276 127 169 107 13 66 9.00 35.73 32 84.05 32.34 38.39 

Line x tester            

HBL 713 X  Atahualpa 124 160 122 11 30 9.27 40.13 52 52.78 21.95 41.70 

HBL 713 X DWRUB 64 129 161 107 8 52 7.60 32.13 54 65.22 23.08 35.64 

HBL 713 X  HBL 113 131 161 116 10 32 10.07 31.47 51 50.81 20.84 41.00 

HBL 713 X  HBL 276 130 158 116 6 67 9.27 32.93 39 59.78 21.76 36.73 

HBL 722 X Atahualpa 128 163 112 11 30 9.58 33.72 56 50.54 17.37 35.00 

HBL 722 X DWRUB 64 133 174 100 13 29 8.73 30.53 68 88.34 27.34 31.08 

HBL 722 X HBL 113 130 161 100 8 31 9.27 26.87 60 49.55 14.96 30.00 
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 Days 

to 

flowering 

Days 

to 

 maturity 

Plant  

height  

(cm) 

No of  

tillers/ 

plant 

No. of  

grains/ 

spike 

Spike  

length  

(cm) 

Peduncle 

 length  

(cm) 

1000 grain  

weight 

 (g) 

Biological 

yield/plant 

(g) 

Seed yield/ 

plant  

(g) 

Harvest  

index  

(%) 

HBL 722 X HBL 276 135 172 103 7 31 10.70 32.97 66 47.97 13.38 27.67 

HBL 723 X Atahualpa 130 171 90 10 22 7.21 28.10 66 38.04 11.67 30.75 

HBL 723 X DWRUB 64 130 165 101 10 26 7.69 28.93 58 42.14 13.30 31.80 

HBL 723 X HBL 113 134 175 86 7 30 9.55 25.91 67 52.72 14.94 28.38 

HBL 723 X HBL 276 129 166 111 10 34 10.52 34.38 51 58.51 19.29 33.03 

HBL 738 X Atahualpa 117 159 110 12 30 8.51 37.00 59 55.68 21.42 38.64 

HBL 738 X DWRUB 64 118 161 96 8 27 7.47 29.93 65 46.84 14.43 31.08 

HBL 738 X HBL 113 127 163 109 14 35 9.58 34.33 54 65.21 24.81 38.00 

HBL 738X HBL 276 119 159 112 11 29 8.87 42.40 68 68.98 26.12 38.03 

HBL 748 X Atahualpa 127 156 124 7 30 10.10 38.45 64 48.09 17.47 36.29 

HBL 748 X DWRUB 64 129 156 100 9 59 6.65 29.17 54 74.69 26.42 35.41 

HBL 748 X HBL 113 131 161 116 8 32 10.93 30.27 62 57.58 21.81 37.84 

HBL 748 X HBL 276 130 162 109 8 61 9.07 36.27 32 44.92 16.16 36.46 

HBL 751 X Atahualpa 131 168 121 6 28 9.00 36.27 56 31.28 8.86 29.00 

HBL 751 X DWRUB 64 130 165 110 7 63 8.27 31.27 42 60.20 19.67 32.56 

HBL 751 X HBL 113 135 167 123 12 36 9.73 31.00 59 68.76 24.32 35.26 

HBL 751 X HBL 276 131 165 115 8 67 9.87 32.67 33 64.33 19.41 30.47 

Local Sudhrani X Atahualpa 130 169 123 12 33 10.60 38.93 65 71.37 27.36 38.51 

Local Sudhrani x DWRUB 

64 

129 172 108 7 55 7.67 31.67 37 49.34 14.74 30.00 

Local Sudhrani x HBL 113 137 165 123 12 33 11.55 31.44 59 65.89 26.08 39.60 

Local Sudhrani x HBL 276 138 167 109 13 62 8.33 32.60 46 95.92 38.36 40.00 

Mean 129.48 163.71 106.56 9.61 42.07 8.91 31.65 53.1 60.86 21.11 34.51 

C.V. (%) 1.86 1.35 6.82 20.07 7.75 11.6 13.17 4.38 16.76 16.06 7.7 

C.D. @ 5% 3.91 3.61 11.83 3.15 5.3 1.68 6.78 3.79 16.58 5.51 4.32 

S.E. 1.39 1.28 4.20 1.12 1.88 0.60 2.41 1.34 5.89 1.96 1.53 
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