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( ABSTRACT

The present study was conducted to determine variability for complex traits of yield and yield attributes by measuring different
morphologically related metric traits and evaluation of the traits that are closely related to yield. Grain yield showed high
heritability along with high genetic advance yield and the characters which high heritability along with high genetic advance and
genetic gain were spike length, 1000-grain weight, spikelet per spike, grains per spike, seed size, awn length, peduncle length, and
stem weight would be effective for selection in the breeding programme. However, highest estimates of heritability (b.s.)
accompanied by high genetic advance as per cent of mean were recorded for grain yield/ ha. The estimates of genotypic coefficient of
variation (GCV) were highest for grain yield (35.24%) followed by 1000 grain weight (23.42%), grains per spike (19. 34%) and a
number of spikelet spike (19.32%).1t is obvious that yield is a polygenic trait that results from the contribution of many interacting
factors. The phenotypic and genotypic correlations for yield and yield attributing traits revealed that grain yield exhibited positive
and highly significant genotypic and phenotypic correlation with 1000 grain weight, grains per spike, and spikelets per spike but
exhibited negative and significant genotypic and phenotypic correlation with days to flowering and days to maturity. The highest
indirect positive effects of a number of grains per spike on grain yield was recorded via a number of spikelets per spike (0.368)
followed by spike length (0.136) and flag leaf length (0.123) whereas grains per spike recorded a moderate negative indirect effect
via length breadth ratio (-0.014), awn length (-0.011) and peduncle length (-0.145) on grain yield. This study offers treasured
acumens for breeders and researchers working on enhancing wheat productivity to meet the mounting demands of increasing
human population

Keywords: Genetic variability, genotypic and phenotypic coefficients of variation, heritability, genetic advance, correlation path
coefficients, advanced breeding lines and temperate ecology
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INTRODUCTION

Wheat (Triticum sp.) known as king of cereals is a self-
pollinating annual crop belonging to the family Poaceae. The
wheat crop is grown all around the globe for its food, feed and
fuel (Singhania et al, 2014). Wheat contributes about 55% of
carbohydrates and 20% calories to the global population. Wheat
unlike other cereal crops contains gluten in high amount, the
protein thatis necessary for the elasticity of dough and excellent
bread-making quality, and is a major source of essential
micronutrients such as Fe and Zn (Veluet al., 2017). As per area
and production globally, wheat ranks first among cereals and
third in terms of productivity after maize and rice, with a total
production of 731.55 million metric tonnes and productivity of
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3.39 metric tonnes per hectare grown on about 215.87 million
hectares of land (Anonymous, 2019). With 106.21 million
tonnes, India ranks second in wheat production grown over an
area of 29.319 million hectares (Anonymous, 2019). The
northern Indian states like Uttar Pradesh has largest share in
area with 9.75 million hectares (32%) followed by Madhya
Pradesh (18.75%), Punjab (11.48%), Rajasthan (9.74%),
Haryana (8.36%), Bihar (6.82%) contribute about 87.15
percent of the total wheat production in the country
(Anonymous, 2017). Moreover, wheat ranks third both in area
and production after rice and maize in the UT of J&K where it is
cultivated on an area of 368 lakh hectares with a production of
5.40 million tonnes and productivity of 1.94 tonnes per
hectare(Anonymous, 2018). Major area under wheat cultivation
is in Jammu region (273 thousand ha), as compared to Kashmir
valley (96 thousand ha), because of the climatic constraints and
lack of early maturing varieties that could fit in rice-wheat
rotation in Kashmirvalley.

To meet the food requirements of the growing world population
which is expected to reach 9.8 billion by 2050, we need to
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continuously increase the yield. We need to develop such
varieties that can withstand all such stresses that hamper the
yield. During freedom Indian agriculture situation was terrible,
as only 6.46 million tonnes of wheat was produced which was
not ample to bring about the food necessities forthe prevailing
population. With the mutual exertions of multidisciplinary
research, India became the second-largest wheat producer in
the world (Dronamraju, 2008). Still, there is need to increase
wheat productivity to feedever increasing population of the
country.

Characterization of genetic variation within natural populations
and among breeding lines is considered very important and
crucial for effective conservation and exploitation of genetic
resources for crop improvement programs. To improve the
genetic diversity in the germplasm it is important to know the
extent of already existing genetic variability in the germplasm.
To increase the productivity of wheat, the breeding programme
should be potent and develop climate resilient crop especially
forbioticand abioticresistant. A successful selection depends
LIST OF GENOTYPES USED UNDER STUDY

upon the information on the genetic variability and association
of morpho-agronomic traits. Correlation studies along with
path analysis provide a better understanding of the association
of different characters. Path coefficient analysis separates the
direct effects from the indirect effects through other related
characters by partitioning the correlation coefficient
(Dixet&Dubey, 1984).

MATERIALS AND METHODS

The research was conducted during rabi season (2018-2019)
over two locations one at research farm of the Division of
Genetics and Plant Breeding, Faculty of Agriculture, Wadura
SKUAST-K, Sopore and at Mountain Research Centre for Field
Crops (MRCFC), Khudwani. The research was carried out to
obtain information on the genetic variability related to lodging
and yield and yield attributing traits. Among 23 genotypes, 21
genotypes were advance wheat breeding lines from I[IWR and 2
genotypes were Shalimar Wheat -1 and Shalimar Wheat -2 from
SKUAST-K.

S. No. Code Genotype Source

1 G1 NHIVT-1 [IWR Karnal
2 G2 NHIVT-2 [IWR, Karnal
3 G3 NHIVT-3 IIWR,Karnal
4 G4 NHIVT 1804 [IWR, Karnal
5 G5 NHIVT 1805 IIWR, Karnal
6 G6 NHIVT 1806 IIWR, Karnal
7 G7 NHIVT 1807 [IWR, Karnal
8 G8 NHIVT 1808 [IWR, Karnal
9 G9 NHIVT 1809 [IWR, Karnal
10 G10 NHIVT 1810 [IWR, Karnal
11 G11 NHIVT 1811 [IWR, Karnal
12 G12 NHIVT 1812 [IWR, Karnal
13 G13 NHIVT 1813 [IWR, Karnal
14 G14 NHIVT 1814 [IWR, Karnal
15 G15 NHIVT 1815 [IWR, Karnal
16 G16 NHIVT 1816 [IWR, Karnal
17 G17 NHAVT 1817 [IWR, Karnal
18 G18 NHAVT 1818 ITWR, Karnal
19 G19 NHAVT 1819 IIWR, Karnal
20 G20 NHAVT 1820 [IWR, Karnal
21 G21 NHAVT 1821 [IWR, Karnal
22 G22 Shalimar Wheat-1 SKUAST-K

23 G23 Shalimar Wheat-2 SKUAST-K

The experimental set up was laid out in RBD with four
replications at each location with land dimensions of 4.5 m”. On
plot basis the data was collected for different morphological
quantitative traits. From central rows five plants were selected
from each plot on a random basis at each genotype during
different stages of vegetative and reproductive growth.
Observations were recorded for the characters includes Plant
height (cm), Stem height (cm), Days to 50 % flowering, Flag leaf
length (cm),Flag leaf width (cm), Peduncle length (cm) ,Awn
length (cm),Spike length (cm) , Number of spikelet spike', Days
to maturity , Grains spike-', Seed size (L:B ratio) , Grain yield,
1000 - Grain weight, Protein content (%).

STATISTICAL ANALYSIS

Though the study was taken over two locations, the GxE
interaction was non-significant as calculated by F- test of
homogeneity. The pooled data of the two locations was
subjected to further statistical analysis using software like

R, Window stat version 9.0. To get a reliable estimation of
heritability pooled data of the two locations was subjected to
further statistical analysis using softwareslike R,Window stat
version 9.0. Theanalysis was based on the statistical model as
per the standard procedure by Panse andSukhatme (1978). The
coefficient of variation for different characters was estimated by
a formula as suggested by Burton and De-Vane (1953).
Heritability for the present study was calculated in a broad
sense by adopting the formula as suggested by Hanson et al.
(1956). The genetic advance (GA) for selection intensity (K) at
5% was calculated by the formula suggested by Allard.

Genetic advance (R)
Genetic gain = ----==-==-=m=mmmmmmmmeeeee e x 100

Where,
X = Mean of character. Estimation of genotypic and phenotypic
variance and covariance’s were substituted in the following
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formula suggested by Johnson et al. (1955) to calculate the
correlation coefficient between possible pairs of characters.
Path coefficient analysis separates the direct effects from the
indirect effects through other related characters by partitioning
the correlation coefficient (Dixet&Dubey, 1984).

RESULT AND DISCUSSION

The pooled analysis of variance (Table 1) revealed the existence
of significant variability among the genotype for morphological
and yield-related traits viz., grain yield per hectare, 1000 grain
weight, grain per spike, days to 50% flowering, days to maturity,
length /breadth ratio, plant height, stem height, spike length,
spikelets per spike, flag leaf length, flag leaf width, peduncle
length and awn length. Significant differences have been
reported among wheat genotypes for yield and yield attributing
traits (Baranwalet al. 2012.,Cifci 2012., Khan et al, 2013; Singh
and Upadhyay, 2013). The estimates of genotypic coefficient of
variability (GCV) and phenotypic coefficient of variability (PCV)
(Table 2) for morphological and yield-attributing traits studied
showed that PCV was higher than GCV thus indicating that the
variability existing in these characters was not only due to
genetic factors but also due to environmental factors. The
estimates of the genotypic coefficient of variation (GCV) were
highest for grain yield (35.24%) followed by 1000 grain weight
(23.42%), grains per spike (19. 34%) and number of spikelet
spike (19.32%).

Moreover, high heritability estimates (broad sense) were
observed to be high (= or >80%) for maximum traits (Table 2)
except spike length (42.25 %) and peduncle length (77.92%).
However, highest estimates of heritability (b.s.) accompanied by
high genetic advance as per cent of mean were recorded for
grain yield/ ha followed by 1000 - grain weight, number of
grains / spike, number of spikelet/ spike, awn length, seed size
(I/b ratio), peduncle length, stem weight, flag leaf width, and
plant height. These results are following the findings of Singh
and Upadhyay (2013), Amin et al. (2015) and Khiabaniet al.
(2015).The high heritability accompanied with moderate
genetic advance for plant height in wheat is desired for selection
of short plant height because taller plants are likely to lodge and
need more energy to transport photosynthates to the grains in
wheat (Cifci, 2012., Degewioneet al., 2013). Spikelets per spike
and number of grains per spike also need to be considered for
selection due to high heritability with high genetic gain to
increase grain yield in wheat (Mohammadiet al,, 2011). Though
grain yield exhibited high heritability and high genetic advance
but direct selection for this trait would not be effective due to its
quantitative nature (Yadavetal.,2014; Ibrahimetal, 2012).

The phenotypic and genotypic correlations for yield and yield
attributing traits (Table 3) revealed that grain yield exhibited
positive and highly significant genotypic and phenotypic
correlation with 1000 grain weight, grains per spike, spikelets
per spike but exhibited negative and significant genotypic and
phenotypic correlation with days to flowering and days to
maturity. Grain yield is a complex trait and can be improved by

selecting traits significantly related to this trait. Grain yield has
recorded a highly significant positive association with grains
per spike and with thousand kernel weight (Surmaetal, 2012).
According to Kearsey and Pooni (1996), the positive correlation
of these characters with grain yield resulted from the presence
of strong coupling linkage of genes or the characters may be the
result of pleiotropic genes that control these characters in the
same direction. The grain yield also showed negative non-
significant association with plant height and protein content.
The non-significant association of grain yield with plant height
was also reported by Singh (2014).

Grain yield exhibited a significant but negative association with
days to maturity. In field crops at physiological maturity, the
crop attains the maximum seed dry weight. However, 1000-
grain weight showed a highly significant and negative
correlation with days to maturity and days to 50% flowering.
The physiological maturity of the crop is very important as at
maturity the crop is subjected to different stresses like lodging,
pre-harvest sprouting, hail and biological stresses which results
in reductions in yield (Calderiniet al, 2000). These stresses
resultinayieldlossup to 10% (Bauder, 2001).

The path analysis allows the partitioning of the genotypic
association into direct and indirect effects with the grain yield as
a_dependent variable. The direct and indirect effects of seven
different traits on grain yield (Table 4) revealed that number of
grains per spike had highest direct effect (0.521) on grain
yield/ha followed by number of spikelets per spike (0.483).
These direct effects are mainly responsible for the positive
association of these characters with grain yield/ha. The high
indirect positive effects of number of grains per spike on grain
yield was recorded via a number of spikelets per spike (0.368)
followed by spike length (0.136) and flag leaf length (0.123)
whereas grains per spike recorded a moderate negative indirect
effect via length breadth ratio (-0.014), awn length (-0.011) and
peduncle length (-0.145) on grain yield. The results revealed
that number of grains per spike may be used as direct selection
criteria in any breeding program aimed to increase grain yield.
The number of spikelets per spike had high a direct effect
(0.483) on grain yield /ha and indirect positive effects via a
number of grains per spike (0.201) followed by flag leaf length
(0.156) and spike length (0.136) whereas number of spikelets
per spike recorded a moderate negative indirect effect vialength
breadth ratio (-0.007), awn length (-0.005) and peduncle length
(-0.072) on grain yield. The results revealed that a number of
spikelets per spike may also be used as direct selection criteria
in any breeding program aimed to increase grain yield. Mechaet
al. (2016) reported spike length, number of spikelets per spike,
grains per spike, thousand seed weight and biomass yield had a
positive direct effect on grain yield. Fellahiet al. (2013) and
Gelalcha and Hanchinal (2013) also reported similar
results.The direct effects of the remaining characters viz., flag
leaflength, awn length, spike length, peduncle length, and length
breadth ratio were very low and non-significant indicating their
negligible direct contribution towards grain.

109.

© 2025 AATCC Review. All Rights Reserved.



Asra Rashid et al,, / AATCC Review (2025)

Table 1: Analysis of Variance (NOVA) for yield andyield attributing traits in wheat

D. | GP | 1000
Source | | ow GPS | DTF | DTM | LB PH SH | SPS | FLL | FLW | PL | AL | SL | PTN
Replica 0.00 5.42 492 | 076 931
o 3 | 10 | 28 2.82 34 1o | . | 486 | 183 | 070 | 7% | oosr | U7 Pl |
Genoty 742 | 2272 | 1283 . | 021 | 1451 | 177. | 568 | 839 | 007 | 823 | 561 | 322 | 141
pes 22 sk 378 Jhx sk 146 * 0* 1* 1%* sk 6** Q¥ sk sk sk
2817 | 1480. | 4423. 90.44 | 345 0.02 | 645 0.10
ENV 1| 09 | 599+ : gor e | 020 ” e | 7047 | 158 | Jee | 066 | T7 | 088
. 32¢ | 41.6* | 2542 | 1185 | 000 | 1199 | 823* | 6.36* | 895 | 002 | 377 | 079 | 168 | 1.72
G*E 22 * * s,k sk 158 8 6** * * s,k 4 Jk* sk s,k sk
Pooled | 13 0.00 0.01
00 56 | 59 479 1.9 4.0 60.3 70 | 120 | 243 545 | 021 | 082 | 0.70
error 5 06 1

* **significant at 0.05 and 0.01 per cent level respectively

Table 2: Selection par

Traits Range Variance Coefficient of variance Selection parameters
Mean Min Max Ev GV PV GCV PCV H (bs) (%) | GA(5%) | GA as (%) of mean

GPH 38.47 29.41 55.85 5.6 184.1 189.7 35.24 35.79 97.04 27.52 71.55
1000gw 41.16 33.51 53.51 5.9 93.02 98.92 23.42 24.14 94.03 19.25 46.78
GPS 38.51 33 48.51 4.79 55.61 60.4 19.34 20.17 92.06 14.73 38.26
SPS 19.25 17.06 24.25 1.21 139 15.11 19.32 20.15 91.99 7.35 38.19
SL 9.84 8.76 10.86 0.82 0.6 1.42 7.82 12.09 42.25 1.03 10.52
L/b 1.77 1.31 291 0.0006 0.05 0.05 12.99 12.99 98.91 0.46 26.47
DTF 185.92 173.12 188 19 31.6 335 3.02 3.10 94.32 11.23 6.04
DTM 245.66 232.75 248.88 4 355 39.5 2.42 2.55 89.87 11.62 4.73
PH 90.14 81.38 96.25 6.51 34.65 41.16 6.52 7.11 84.18 11.11 12.33
SH 80.06 74.13 88.63 7 42.52 49.52 8.14 8.78 85.86 12.43 15.53
PL 37.01 31.25 41 5.45 19.23 24.68 11.83 13.40 77.92 7.96 21.51
FLL 2191 20.61 23.81 2.43 1.49 3.92 5.56 8.99 38.01 1.54 7.04
FLW 1.58 1.41 1.77 0.011 0.016 0.02 7.59 10.12 59.63 0.19 12.43
AL 6.04 4.52 7.79 0.21 1.35 1.56 19.20 20.52 86.53 2.21 36.59
Ptn 10.31 9.36 11.09 0.71 0.17 0.88 3.97 9.11 19.77 0.38 3.71

* **significant at 0.05 and 0.01 per cent level respectively
Table 3: Genetic Correlations (above diagonal) and phenotypic correlation (below diagonal) for yield andyield attributing traits of Wheat

Traits GPH 1000gw GPS SPS SL LB DTF DTM PH SH PL FLL FLW AL PTN
GPH 1 0.992** 0.989** | 0.989** -0.248 -0.28 0 55_5** 0 Siz** -0.304 -0.305 0.167 -0.127 0.292 -0.176 -0.102
1000Gw | 0.985** 1 0.998** | 0.998** -0.191 -0.29 -0.513* | -0.471* 0.264 -0.295 0.120 -0.118 0.287 -0.164 0.015
GPS 0.983** 0.996%* 1 0.999** -0.169 -0.32 -0.513* | -0.475* -0.247 -0.286 0.130 -0.101 0.280 -0.212 0.015
SPS 0.983** 0.996** 1.00%* 1 -0.169 0.321 -0.513* | -0.473* -0.247 -0.286 0.130 -0.101 0.280 -0.212 0.015
SL -0.249 -0.202 -0.184 -0.184 1 0.254 | 0.803** | 0.870** -0.157 -0.188 0.520* 0.764* 0 5;0** -0.015 0.122
LB -0.176 -0.138 -0.158 -0.158 0.379 1 0.210 0.187 -0.059 0.056 -0.260 0.010 0.060 0.172 -0.396
- _ * _ * _ * * % - * _ *
DTF 0.540% 0.493 0.495 0.495 0.649 0.211 1 0.978 0.139 0.063 0.540% 0.420 0.415 0.174 0.193
DTM 0 5(;2** -0.458* -0.461*% | -0.461* 0.705* 0.211 | 0.966** 1 0.121 0.027 0 5&5** 0.473* | -0.415* 0.124 0.192
PH -0.292 -0.253 -0.235 -0.235 -0.094 0 1-35 0.125 0.106 1 0.999** 0.257 0.267 -0.011 0.040 0.454
SH -0.267 -0.254 -0.236 -0.236 -0.142 0 1—04 0.042 0.017 0.954** 1 0.357 0.193 0.066 0.042 0.197
PL 0.195 0.160 0.173 0.173 0.584* ) . R 0.238 0.318 1 0.153 0.685** | -0.216 -0.223
0.466 | 0.530** | 0.527**
FLL -0.129 -0.102 -0.093 -0.093 0.529* 0.151 0.373* 0.411* 0.210 0.211 0.190 1 -0.245 04-13* 0.202
FLW 0.374 0.408 0.403 0.403 . ) -0.394* | -0.389* -0.059 -0.013 0.537** | -0.004 1 0.362 -0.216
0.37018** | 0.360
AL -0.114 -0.089 -0.125 -0.125 -0.01017 0.006 0.147 0.103 0.018 -0.014 -0.231 0 2_66* 0.141 1 0.213
PTN -0.182 -0.124 -0.130 -0.130 -0.02877 0.076 0.199 0.208 0.429 0.272 -0.116 -0.040 -0.034 0.305 1

* **significant at 0.05 and 0.01 per centlevel respectivel
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Table 4:Direct (diagonal) and indirect (off diagonal) effect of seven variable traits on grainyield in wheat

Traits GPS SPS L/B FLL AL SL PL Genotypic correlation coefficient of grain yield q/ha

GPS 0.521 0.368 -0.014 0.123 -0.011 0.136 -0.145 0.989**
SPS 0.201 0.483 -0.007 0.156 -0.005 0.068 -0.072 0.989**
L/B -0.079 -0.110 -0.001 0.027 -0.001 0.012 -0.013 -0.288
FLL 0.120 0.001 -0.091 0.091 -0.170 0.028 -0.045 -0.127
AL -0.160 -0.038 0.000 -0.031 0.025 0.001 0.007 -0.176
SL -0.078 0.168 0.000 -0.026 -0.200 -0.049 0.046 -0.248
PL 0.012 0.120 -0.002 0.149 -0.008 0.160 -0.321 0.167

Residual effect=0.0132
**significant at 0.01 percentlevel respectively

Where asGPPa=grains per plant, GPPo=grains per plot, GPH=grains per hectare, 1000gw=1000 grain weight, GPS=grain per spike, DTF=days

CONCLUSION

The results obtained from diverse genotypes and their
combination exhibited. The analysis of variance revealed the
existence of significant variance among 23 genotypes of traits
related to lodging and yield and yield attributing traits. The PCV
values were higher than GCV values for all the traits which
reflect the influence of environment on the expression of traits
in all traits except seed size ratio (12%) showed equal PCV &
GCV. High heritability with high genetic advance indicates
maximum contribution of additive gene action in the expression
of character and improvement would be possible for direct
selection in grain yield per hectare. 1000 grain weight, grains
per spike, spikelet per spike, flag leaflength, stem weight per cm
showed a highly significant and positive correlation with grain
yield. Genotypic and phenotypic correlation coefficients
revealed that the grain yield had a positive and highly significant
association with 1000-grain weight, grains per spike, spikelets
per spike. Path coefficient analysis resultindicated spikelets per
spike followed by seed size revealed direct, positive and
significant association with grain yield at molecular level. The
best genotypes possessing good yield among tested materials
areNHIVT 1804, NHIVT 1813, NHIVT 1810. It isassumed that
these traits can increase the yield of bread wheat. It is proved by
study that these characters and their combination may improve
the yield further to meet the growing demand of rising
populationin India.
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