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Abstract 
A study was conducted for estimating genetic variability and characters association for 
eleven yield components using 169 genotypes (13 parents, 78 F1 and 78 F2) of bread 
wheat through half-diallel mating design during rabi season 2012-13 and 2013-14. The 
genetic variability, heritability in broad sense, genetic advance, correlation coefficients 
and path analysis were carried out for the assessment of genotypes through eleven yield 
component traits namely; days to 50% flowering, days to maturity, plant height, spike 
length, number of effective tillers per plant, number of grains per spikelet, number of 
grains per spike, 1000-grain weight, biological yield per plant, harvest index and grain 
yield per plant. Analysis of variance showed significant differences (at1% level of signifi-
cance) for all the traits under study in both the generations (F1 and F2). The phenotypic 
coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were high for plant 
height followed by number of effective tillers per plant, biological yield per plant, grain yield 
per plant, while high heritability coupled with high genetic advance were recorded for plant 
height and spike length in both F1 and F2 generations, respectively. Grain yield per plant was  
positively and significantly associated with number of effective tillers per plant, spike length, 
number of grains per spike, 1000-grain weight, biological yield per plant and harvest index 
while significantly but negatively associated with plant height. Path analysis revealed that the 
traits namely biological yield per plant, number of effective tillers per plant, number of grains 
per spike, plant height and harvest index exhibited positive direct effects on grain yield at both 
phenotypic and genotypic level in both generation (F1 and F2). These results, thereby  
suggests that yield improvement in breads wheats could be possible by emphasizing these 
traits while making selections in early generations. 
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INTRODUCTION 

Bread wheat (Triticum aestivum L.) is an  
important cereal crop having major share in food 
and nutritional security of the country. It stands 
second next to rice in production among cultivated 
crops and has been considered as “versatile  
cereal food”. India`s share in world wheat area is 
about 12.5%, whereas it also contributes 12% in 
total world wheat production (Anonymous, 2016). 
In India, wheat crop is planted to an area of 30.23 
million hectares and with production amounting to 
93.50 million tons (Anonymous, 2017). Wheat is 

grown under diverse agro-climatic conditions  
leading to wide fluctuation in productivity from  
region to region. There are three major wheat  
producing regions, these are North-Western 
Plains Zone (NWPZ), North-Eastern Plains Zone 
(NEPZ) and Central Zone (CZ) where, the prevail-
ing conditions are highly suitable for wheat cultiva-
tion. Since the growing period of the crop  
becomes restricted due to sudden increase in the 
temperature after winter; the sowing time has an 
important bearing on production potential of a 
genotype. Moreover, in intensive production  
system, farmers have to adjust the sowing time to 
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suit different crops (Banerjee et al., 2006). Yield 
increases may be effectively tackled on the basis 
of performance of yield components and other 
closely related traits (Singh et al., 2008). Manifes-
tation of wheat yield fluctuates widely as a result 
of its interaction with the environment, because 
grain yield in wheat is a complexly inherited char-
acter and is the product of several contributing 
factors that affect it directly or indirectly (Hristov et 
al., 2011). The traits for which variability present 
should be highly heritable as the progress through 
selection depend on heritability, selection intensity 
and genetic advance of the trait. An estimate of 
genetic advance along with heritability is helpful in 
assessing the reliability of character for selection. 
Yield is complexly inherited character and it is 
dependent on several contributing traits, generally 
inherited quantitatively (Yadav et al., 2011). With 
respect to their magnitude and nature, various 
morphological characters differ in their  
inter-relationship with yield, though they show a 
continuous variation and are influenced by  
environment. The traits with high heritability exhib-
iting positive association with yield can be used 
for indirect selection for yield and will serve as an 
alternate mode of selection for yield improvement. 
When the indirect associations become complex, 
path coefficient analysis is the most effective 
mean to find out direct and indirect causes of  
association among the different variables. Path 
coefficient analysis can discriminate between the 
realistic (genetic effects) and inflated 
(environmental effects) correlations (Yadav et al. 
2011). Hence, the knowledge of direct and indirect 
effects of different components on yield is of prime 
importance in selection of high yielding geno-
types. Hence, in the context of yield improvement, 
when selecting desirable genotypes it is very  
important to know the nature and extent of  
variation present within a set of breeding material 
as well as the interrelationship between each yield 
component and grain yield and the exact contribu-
tion of each component to yield via direct and  
indirect effects. It is known that the improvement 
of the genetic architecture of yield must be based 
on a more intensive study of individual yield  
components. Among the mating designs, diallel 
mating is most effective for ascertaining the sys-
tematic genetic architecture of metric traits within 
short periods. Therefore the main objective here, 
was to study the extent of genetic variability, herit-
ability, genetic advance, correlation coefficient 
and path analysis of yield components and their 
implications in the early generation selection of 
better genotypes for improving grain yield in 
wheat. 

MATERIALS AND METHODS 

The material for the present investigation was 
comprised of 13 strains/varieties of bread wheat 

selected on the basis of wide variability for various 
yield components. The salient features of these 
parental lines are presented in (Table 1). The  
experimental material consisted 13 diverse  
genotypes (NW 1014, NW 2036, PBW 502, PBW 
343, K 8962, HI 1563, DBW 14, RAJ 3765, RAJ 
4120, HP 1744, UP 2490, UP 2425 and CBW 38) 
of bread wheat were planted at Main Experiment 
Station of Narendra Deva University of Agriculture 
& Technology, Kumarganj, Faizabad (U.P.) during 
rabi 2012-2013 for attempting crosses following 
13 × 13 half diallel system. During off season in 
the year of 2013, F1 seed of 78 crosses was plant-
ed at IARI Regional Research Station, Wellington, 
Tamil Nadu for generation advancement. In the 
next crop season (rabi 2013-2014), the final set of 
experimental material comprising 13 parents 
along with their 78 F1s and 78 F2s were evaluated 
in a randomized block design having three replica-
tions. Each genotype was planted in a single row 
plot of 3 m length with a spacing of 23 cm and 10 
cm between rows and between plants in a row, 
respectively. All the recommended agronomic 
practices (recommended dose of fertilizers, irriga-
tion, roughing) were followed to raise a good crop.  
The observations were recorded on five randomly 
selected plants in parents, 10 plants in F1 genera-
tion and 20 plants in F2 generation for days to 50 
% flowering, days to maturity, plant height (cm), 
spike length (cm), number of effective tillers per 
plant, number of spikelets per spike, number of 
grains per spike, 1000- grain weight (g), biological 
yield per plant (g), harvest index (%) and grain 
yield per plant (g).  
The analysis of variance (ANOVA) was carried out 
following Panse and Sukhatme, (1967). Heritabil-
ity (in narrow sense) in F1and F2 generation was 
calculated as proposed by Crumpacker and Al-
lard, (1962). The genetic advance as percent of 
mean was estimated as proposed by Robinson et 
al., (1949). Genotypic and phenotypic coefficient 
of variation was calculated by the formula given by 
Burton and De vane, (1953). The phenotypic cor-
relation coefficients were calculated as suggested 
by Al-Jibouri et al., (1958). In path analysis; direct, 
indirect as well as residual effects were calculat-
ed. All the analysis work was done in Microsoft 
Excel as per the procedure given by Singh and 
Chaudhary, (1985). 

RESULTS AND DISCUSSION 

Genetic variability: Analysis of variance 
(ANOVA) showed high significant differences 
(at1% level of significance) among the treatments, 
parents, hybrids and parents vs. hybrids for days 
to 50 % flowering, days to maturity, plant height, 
spike length, number of effective tillers per plant, 
number of spikelets per spike, number of grains 
per spike, 1000- grain weight, biological yield per 
plant, harvest index and grain yield per plant  
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indicating the presence of considerable amount of 
genetic variability in the present set of material 
and further study would be meaningful (Table 2). 
The general mean of F1 and F2 crosses (Table 3) 
were greater than their corresponding parents for 
(spike length, number of effective tillers per plant, 
number of spikelets per spike, number of grains 
per spike, 1000-grain weight, biological yield per 
plant, harvest index and grain yield per plant) 
while lower for days to 50% flowering, days to 
maturity and plant height. Phenotypic coefficient 
of variation for all the traits studied was higher 
than the genotypic coefficient of variation (Table 
3) which indicated the influence of environment in 
the expression of these metric traits. The highest 
value of phenotypic coefficient of variation (PCV) 
and genotypic coefficient of variation (GCV) were 
recorded for plant height, number of effective till-
ers per plant, number of grains per spike, biologi-
cal yield per plant, harvest index and grain yield 
per plant in both F1and F2 generations. The pre-
sent result are supported by the findings reported 
by Singh et al. (2013) for days to maturityand 
plant height; Meena et al. (2014) for grains num-
ber per spike; Kumar et al. (2016) for harvest in-
dex; Singh et al., (2018) for grain yield and biolog-
ical yield in wheat crop. Present results revealed 
that useful variability in progenies may be utilized 
while making selection of suitable genotypes on 
the basis of different selection parameters to im-
prove grain yield in wheat. 
Heritability and genetic advance: In the present 
study (Table 3), high heritability in narrow sense 
(more than 30 %) was observed for days to 50% 
flowering (49.60), days to maturity (30.80), plant 
height (48.82), spike length (32.80) and number of 
effective tillers per plant (42.06) in F1 generation 
whereas for days to 50% flowering (38.63), plant 
height (47.30) and spike length (32.30) in F2 gen-
eration. Similar findings were also reported by 
Singh et al. (2012) for days to maturity; Singh et 
al. (2013) and Meena et al. (2014) for plant height; 
Singh et al. (2014) for tillers per meter, 1000 grain 
weight and grain yield in wheat. Highest genetic 
advance (mare than 20 %) was recorded for plant 

height (26.04), spike length (20.08), number of 
effective tillers per plant (41.05), number of per 
spike (30.99), biological yield (56.08), harvest in-
dex (54.51) and grain yield (21.73) in F1 genera-
tion whereas for plant height (26.62), spike length 
(20.86), effective tillers per plant (50.07), number 
of grains per spike (23.57), biological yield per 
plant (58.37), harvest index (54.11) and grain yield 
per plant (23.36) in F2 generation, indicating that 
selection based on these traits would be effective 
for improvement of wheat crop. Similar findings 
were also reported by Singh et al. (2014) for tillers 
per meter, 1000 grain weight and grain yield; 
Singh et al., 2018 for biological yield and harvest 
index in wheat. 
Estimates of high heritability coupled with high 
genetic advance of a character are more effective 
for making selection due to the fact that expression 
of these traits is controlled by additive gene action. 
Highest heritability along with highest genetic ad-
vance was recorded for plant height and spike 
length in both F1 and F2 generations, revealing the 
presence of additive and additive x additive type of 
gene effects in the expression of above traits. 
Highest heritability along with highest genetic ad-
vance for plant height and spike length was also 
reported by Singh et al. (2018). Therefore, present 
results indicated that useful variability in progenies 
developed through hybridization can be properly 
utilized and selection of suitable genotypes on the 
basis of different genetic parameters can be done 
to get high yield in bread wheat.  
Genotypic and phenotypic correlation  
coefficient: The improvement of yield components 
and the knowledge of their association with its 
main component are beneficial in formulating the 
breeding programme. Genotypic correlation coeffi-
cients were, in general, slightly higher than the 
corresponding phenotypic correlation coefficient 
for almost all the traits and a close relationship 
between genotypic and phenotypic correlations for 
most of the traits indicating low environmental  
effects on the degree of association between vari-
ous yield components (Table 4a and 4b). The cor-
relation coefficients were estimated between grain 
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Table 1. Details of genotypes used as base material for present study. 

Genotype Pedigree Developed by 
NW-1014 HAHN’S’ NDUA&T, Faizabad 
NW-2036 BOW/CROW/BUC/PUN NDUA&T, Faizabad 
PBW-502 W-485/PBW-343/RAJ-482 PAU, Ludhiana 
PBW-343 ND/1945/RAL/BB/3/YACO’S’/4/VEE#5’S’ PAU, Ludhiana 
K-8962 K 7401 /HD 2160 CSAUAT, Kanpur 
HI-1563 MACS2496*2/MC10 IARI, Regional Station, Indore 
DBW-14 RAJ 3765/PBW 343 IIW and BR, Karnal 
RAJ-3765 HD2402/VL631 RAU, Durgapura 
RAJ-4120 PBW343/V1 RAU, Durgapura 
HP-1744 Ciano/Paruta/Chilero/Garuda IARI-PUSA, Bihar 
UP-2490 Not available in record GBPUA&T, Pantnagar 
UP-2425 HD2320/UP2262 Pantnagar 
CBW-38 CNDO,VSA/R-143/ENTE/MEXICALI IIWBR, Karnal 
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yield and its contributing traits revealed that grain 
yield was positively and significantly associated 
with number of effective tillers per plant, number 
of grains per spikelet, number of grains per spike, 
1000-grain weight, biological yield per plant and 
harvest index at both genotypic and phenotypic 
level in both F1 and F2 generations while it was 
significantly but negatively associated with plant 
height in F1 generation and with plant height and 
days to maturity F2 generation at both genotypic 
and phenotypic levels. The positive and significant 
association of number of productive tillers per 
plant and 1000 grain weight (Singh et al., 2014); 
number of productive tillers per plant, 1000 grain 
weight, number of grains per spike, biological 
yield per plant, harvest index and number of 
spikelets per spike with grain yield at both geno-
typic and phenotypic level were also earlier report-
ed (Kumar et al., 2016) in wheat crop. 
It has been observed that positive and significant 
association was found among number of grains 
per spike; biological yield per plant, spike length, 
number of effective tillers per plant; 1000-grain 
weight and biological yield per plant at both geno-
typic and phenotypic level in both F1 and F2 gen-
erations. Hence, selection for these traits would 
also help in improving the grain yield in this crop 
because these are the major components for 
yield.  
Path coefficient analysis: The results of path 
coefficient indicated that biological yield per plant, 
harvest index, number of effective tillers per plant, 
number of grains per spike and plant height in F1 
generation while biological yield per plant, harvest 
index, number of effective tillers per plant, number 
of grains per spike, number of spikelet’s per spike, 
plant height and 1000 grain weight in F2  
generation exhibited positive phenotypic and gen-
otypic direct effects on grain yield per plant (Table 
5a and 5b). The number of effective tillers per 
plant, number of grains per spike, number of 
spikelet’s per spike, biological yield per plant and 
harvest index had higher phenotypic and  
genotypic direct effects on grain yield per plant, 
thus, the correlation coefficient between grain 
yield and these contributing traits is real one, re-
vealing that indirect selection for these traits 
would be effective in improving grain yield. The 
findings are in accordance with the earlier reports 
where direct positive effects for number of grains 
per spike (Khan and Dar 2010); number of tillers 
per plant (Narwal et al. 1999); number of grains 
per spike and number of tillers per plant (Meena 
et al., 2014); biological yield per plant and harvest 
index (Kumar et al., 2015); number of grains per 
spike and plant height (Kumar et al., 2017) has 
been reported in wheat. 
The data indicated that different component traits 
had their indirect effect on grain yield per plant. 
Indirect contribution towards grain yield was  

exhibited by biological yield per plant via number 
of spikelets per spike, number of effective tillers 
per plant, 1000-grain weight and number of grains 
per spike in both F1 and F2 generations. Path  
coefficient analysis revealed that biological yield 
per plant had higher direct and indirect positive 
contributions towards grain yield. Hence, indirect 
selection for this trait would be effective in  
improving the grain yield. Thus, the material  
studied is of diverse nature and information  
emanated would help in designing the selection 
methodology which can further be used in the 
breeding programme for improvement of grain 
yield. 

Conclusion 

In conclusion, the present study reveals that wide 
genetic variability exists in wheat genotypes creat-
ed through hybridization programme by half-diallel 
mating design. The phenotypic coefficient of varia-
tion (PCV) and genotypic coefficient of variation 
(GCV) were high for plant height, number of effec-
tive tillers per plant, biological yield per plant, grain 
yield per plant. Plant height and spike length 
showed a high heritability with high genetic ad-
vance in both F1 and F2 generations used here, 
indicating a significant scope for improving grain 
yield through selection. The high significant and 
positive correlations of grain yield per plant (at 
<1% level of significance) with number of effective 
tillers per plant, number of grains per spikelet, 
number of grains per spike, 1000-grain weight, 
biological yield per plant and harvest index while 
significantly but negatively associated with plant 
height. The traits viz., biological yield per plant, 
number of effective tillers per plant, number of 
grains per spike, plant height and harvest index 
exhibited positive direct effects on grain yield per 
plant at both phenotypic and genotypic level in 
both generation (F1 and F2), will help in improving 
grain yield through early generation selection. It is 
evident that genotypes developed might serve as 
good source of material for further breeding  
programme.  
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