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ABSTRACT

field experiment was conducted at wheat experimental farm, Post Graduate College of Agriculture, DRPCAU, Pusa, Bihar

to quantify the genetic variability among twenty-nine wheat genotypes under timely and late sowing conditions for tolerance
towards terminal heat stress during rabi 2020-2021. The trial was performed in three replications using Randomized Block
Design. The study included estimates of genetic variability parameters such as mean, range, phenotypic coefficient of variability,
genotypic coefficient of variability, broad-sense heritability, and genetic advance over % of mean. The ANOVA estimations
showed that there’s considerable variation across genotypes for all twelve traits investigated across both environments. Traits
like grains spike™ and harvest index displayed considerable genotypic and phenotypic variances across both environments
indicating the relevance of these traits in stress conditions. Tillers plant™ and grain yield plant™ displayed high genotypic and
phenotypic coefficient of variation in timely and late conditions respectively. High heritability reported for traits like days to
50% flowering, canopy temperature, harvest index, grain yield plant™, tillers plant”, thousand grain weight and grains spike™
in both conditions. Under both conditions, tillers plant™, grains spike™, harvest index and grain yield plant™ reported strong
heritability along with high genetic advance over % of mean. As a result, direct selection may be made using these features for
further genotype improvement under stress conditions for improved heat tolerance.
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1. INTRODUCTION

W-leat (Triticum aestivum L.), a member of the Poaceae
family, is a self-pollinating allohexaploid plant. it is
the paramount significant crop of the world which feeds
almost one third of global population. The global wheat
production for the year 2021-22 is estimated at 780.62
million metric tons (Anonymous, 2022). In India, the wheat
production for the year 2020-21 was estimated at 109.24
million metric tons (Anonymous, 2021).

Various factors, both living (biotic) and non-living (abiotic),
pose a threat to wheat cultivation. Among these challenges,
heat stress is a significant factor affecting the wheat growth
and yield. Due to increased rising temperatures, wheat
terminal heat stress is also expected to rise in the coming
years (Semenov, 2009). Late sown crop usually gets exposed
to terminal heat stress conditions, which occurs during the
reproductive phase of the crop, one of the primary factors
that restricts wheat yield and productivity (Lobell et al.,
2012). Even briefly exposing to elevated temperatures
(>35°C) will severely reduce wheat grain yield (Hawker
and Jenner, 1993). The escalation of temperature beyond
the optimal range may lead to a substantial decline in global
wheat production, as much as 3-6% for every 1°C rise in
temperature (Mishra, 2007), which could ultimately result
in a loss of approximately 120 million tons of wheat by
2050. (Asseng et al., 2020). High temperature stress in
arid or semi-arid regions has had a significant impact on
wheat productivity in recent years. This has become a major
contributor to the decrease in wheat yield worldwide (Rane
and Nagarajan, 2004; Singh et al., 2021). This has emerged
as a major factor in the reduction of wheat yield around the

the heritability of a trait is helpful in devising successful
breeding plans as it aids in measuring the extent of the
trait’s inheritance (Porta et al., 2014). It is highly beneficial
and effective for plant breeder when the selection is based
on high heritability estimates in combination with high
genetic advance for a particular trait (Barman et al., 2020).
These factors play a crucial role in shaping the breeding
outcomes and the development of improved crop varieties
with desirable traits (Bello et al., 2012). Hence, to develop
heat-tolerant wheat varieties, it is important to understand
the genetic variability for important morpho-physiological
traits, including yield, grain number, canopy temperature,
days to 50% flowering, days to maturity, chlorophyll content,
spike length, heat susceptibility index etc.

2. MATERIALS AND METHODS

n investigation was performed at wheat experimental

farm, DRPCAU, Pusa, Bihar to quantify the genetic
variability among twenty-nine wheat genotypes under
timely sown (TS) and late sown (LS) conditions during
rabi 2020-21 (Table 1). The trial was performed in three
replications using one way ANOVA with row-to-row
distance of 23 cm under T'S and 18 cm under LS conditions.
Twelve morpho-physiological characters were evaluated
in the current study i.e., plant height (PH), tillers plant™
(TPP), days to 50% flowering (DFF), canopy temperature
(CT), spike length (SL), grains spike™ (GPS), chlorophyll
content (CC), days to maturity (DM), 1000-grain weight
(TGW), harvest index (HI), grain yield plant™ (GYP), heat

Table 1: List of 29 bread wheat genotypes in the present

experiment

world. As a result, wheat breeding for heat resistance isabig ~ Genotype  Genotype Genotype  Genotype
global priority (Paliwal et al., 2012). Thus, wheat breeding ~_1°- no.
systems must prioritize the production of heat-tolerant  G1 RAUWA401  Glé6 RAUWA416
varieties (Sikder and Paul, 2010). G2 RAUW402 G17 RAUW417
A thorough evaluation of variability is necessary for (3 RAUW403  G18 RAUWA418
successful breeding mthodS. 'The .selectlon of a b.r.eedmg G4 RAUWA404  G19 RAUWA419
method depends on trait relationships and heritability. To
establish a productive breeding program, it is imperative to G5 RAUW405 G20 RAUW420
conduct a thorough investigation into the variability and ~ G6 RAUW406 G21 RAUW421
genetic potentiality of different genotypes. The success in 57 RAUW407  G22 RAUW422
; crop improvement bre.ed1r.1g program FlePends greatly on Gs RAUWA0S  G23 RAUWA23

oth the level of genetic divergence within the crop and
the degree of inheritance. The presence of a higher degree ~ G9 RAUW409  G24 RAUW424
of variability in a given population is likely to enhance the  G10 RAUW410  G25 DBW16
efficacy of selection towards the desired traits (Vavilov, G11 RAUW411 G26 ANKUR
1951)). T}'lff genotypic and‘phenotyplc coefficient 'of variation G12 RAUWA412 Ga7 HUW234
can be utilized to determine the extent of genetic variation
that exists in a population (Mallor et al., 2011). Heritability G13 RAUW413 G28 HD2824
estimates provide a measure of the inheritance of traits from  G15 RAUW415 G29 Rajendra Ghehu
one generation to the next (Saidaiah et al., 2021). Knowing 3 (check)
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susceptibility index (HSI). The approach recommended by
Singh and Chaudhary (1985) was employed to compute
the genotypic coefficient of variation (GCV), phenotypic
coefficient of variation (PCV), broad sense heritability (h?),

genetic advance (GA), and genetic advance as % of mean

(GAM).
3. RESULTS AND DISCUSSION
he ANOVA or MSS estimations revealed significant

variation across genotypes for every trait investigated
across both environments (Table 2). This, in turn, implied
that the material evaluated had adequate variability under
both sowing conditions, which can be used in future crop
improvement programmes. Additional assessment of
variability for heat stress may be relevant, as evidenced

by considerable MSS under late sown conditions, i.e.,
stress conditions. Interestingly, the degree of MSS for
few traits was greater under LS conditions than under T'S
conditions, indicating that the extent of diversity for such
attributes was more preferable under stress conditions. The
results reported considerable differences among all the 12
characters evaluated (Table 3). The study also included
estimates of various genetic variability parameters such as
mean, range, PCV, GCV, h?, and GAM for various traits.
These parameters are crucial biometrical tools employed
for quantifying genetic variability (Table 1). The GCV is
employed to quantify variability across different genotypes
for different traits, which emerges from innate potentiality
of the genotype (Table 2). Both PCV, GCV are required to

comprehend the effect of E (environment) on quantitative

Table 2: ANOVA of quantitative traits in bread wheat under TS and LS conditions

Characters Mean sum of squares
Replications Treatments Error

Timely Late Timely Late Timely Late
PH (cm) 30.2 11.25 225.39 111.82° 41.60 26.96
TPP 0.08 0.14 4.62' 1.644 0.20 0.13
DFF 60.58 7.06 81.26" 50.381° 2.56 2.20
CT (°C) 0.26 0.14 5.39° 6.849 0.66 0.33
SL (cm) 0.84 0.26 0.84 1.56 0.73 0.17
GPS 8.35 25.11 153.07 119.98 18.23 9.59
CC 13.72 20.74 27.42 36.22° 9.38 4.77
DM 55.80 6.06 73.49° 41.28 23.23 7.06
TGW (g) 291 0.66 26.69° 30.82° 4.25 1.43
HI (%) 47.89 0.39 83.71° 156.43° 12.81 8.04
GYP (g) 1.36 4.46 25.57 28.12° 2.26 0.83
HSI 0.00068 0.16 0.07

*: Significance at (p<0.01) level

traits. The disparity amidst the coefficients of variation
(GCV and PCV) provides insights into the role of G
(genotype) and E (environment) in shaping the character.

3.1. Estimates of phenotypic and genotypic variance

Under timely sown conditions, plant height (102.87 and
61.26) exhibited the largest variability estimate (o p? and
o g?) followed by grains spike™ (63.17 and 44.94), days
to maturity (39.99 and 16.75), harvest index (36.44 and
23.63), days to 50% flowering (28.80 and 26.23), chlorophyll
content (15.40 and 6.01) and grain yield plant™ (10.03 and
7.77). Conversely, low variance estimates (o p? and o g?) had
been found for canopy temperature (2.24 and 1.58), tillers
plant™ (1.67 and 1.47) and spike length (1.74 and 0.74).

In case of Late sown scenario, harvest index (57.50 and
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49.46) reported the largest variability estimates (o p? and o
g?) followed by plant height (55.25 and 28.28), grains spike™
(46.39 and 36.79), days to maturity (18.47 and 11.40), days
to 50 % flowering (18.26 and 16.05), chlorophyll content
(15.25 and 10.48), thousand grain weight (11.23 and 9.79)
and grain yield plant™ (9.92 and 9.09). Low variability was
reported in canopy temperature (2.50 and 2.17), tillers
plant™ (0.63 and 0.50) and heat susceptibility index (0.108
and 0.029) (Table 4).

In both conditions, significant amount of variation
(phenotypic and genotypic) were seen in the investigating
material for most traits included in study. Characters like
plant height, grains spike™ and harvest index reported high

phenotypic and genotypic variance which are similar to the
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Table 3: Estimations of different parameters for all the traits

Trait Mean Range CVv olg o’p

T L T L T L T L T L

Min Max Min  Max
PH 96.56  85.87 75.66 109 69.62 9728 6.68 6.04 6126 2828 102.87 5525
TPP 626 532 4.79 10.53 433 753 722 680 147 050 1.67  0.63
DFF 76.93  66.63 69.66 87.76 6160 7541 222 208 2623 16.05 28.80 18.26
CT 2249 2537 20.38 2491 2220 2782 361 229 158 217 224 250
SL 1095  9.53 8.16 13.23 7.60 1090 781 436 0.74 0463 174 0.636
GPS 55.80 47.48 38.45 66.25 3245 58.61 7.65 6.52 4494 36.79 63.17 46.39
CC 3852 3385 33.30 4427 2592 4097 795 6.45 6.01 1048 1540 1525
DM 117.73 109.78  106.53 127.19 101.58 116.66 4.09 2.42 16.75 11.40 39.99 1847
TGW 43.40 37.42 36.85 48.30 3127 4278 475 319 748 9.79 1173 11.23
HI 50.74  44.02 37.68 60.52  30.33 57.62 7.05 6.44 23.63 49.46 36.44 57.50
GYP 19.56  14.50 15.10 2418 1026 21.77 7.68 629 777  9.09 10.03  9.92
HSI 1.01 031 133 14.18 0.029 0.108
Table 4: Estimations of different parameters for all the traits
Traits GCV PCV h? (BS) % GAM
T L T L T L T L

PH 8.10 6.19 10.50 8.65 59.5 51 12.44 9.13
TPP 19.38 13.34 20.68 14.97 87.8 79.3 37.40 24.48
DFF 6.65 6.01 6.97 6.41 91.1 87.9 13.09 11.61
CT 5.58 5.80 6.65 6.24 70.5 86.5 9.66 11.13
SL 7.85 7.13 11.08 8.36 50.3 72.8 11.48 12.54
GPS 12.01 12.77 14.24 14.34 71.1 79.3 20.88 23.43
CC 6.36 9.56 10.18 11.53 39.0 68.7 8.19 16.32
DM 3.47 3.07 5.37 3.91 41.9 61.7 4.63 4.97
TGW 6.30 8.36 7.89 8.95 63.7 87.2 10.36 16.09
HI 9.58 15.97 11.89 17.22 64.8 86 15.89 30.51
GYP 14.25 20.80 16.19 21.73 77.5 91.6 25.83 41.02
HSI 16.77 32.53 26.6 17.81

outcomes of Naik et al. (2015). Under late sown conditions,
grains spike and harvest index displayed substantial
genotypic and phenotypic variances, indicating the relevance
of these characters in stress conditions.

3.2. Phenotypic and genotypic coefficient of variation

In timely sown conditions, the highest PCV was displayed
for traits tillers plant™ (20.68) followed by grain yield plant™
(16.19), grains spike™ (14.24), harvest index (11.89), spike
length (11.08), chlorophyll content (10.18) and plant height
(10.50). Whereas, thousand grain weight (7.89), days to
50% flowering (6.97), canopy temperature (6.65) and days

»
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to maturity (5.37) exhibited low PCV. Maximum GCV
was reported for tillers plant™ (19.38) followed by grain
yield plant™ (14.25), grains spike™ (12.01), harvest index
(9.58), plant height (8.10), spike length (7.85), days to 50%
flowering (6.65), chlorophyll content (6.36) and thousand
grain weight (6.30). While low GCV was exhibited by the
traits like canopy temperature (5.58) and days to maturity
(3.47).

whereas, in case of late sown scenario, all traits exhibited
very low variation between PCV and GCV under late
sown conditions except heat susceptibility index. The
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range of PCV in late sown scenario varied from 3.91 (days
to maturity) to 32.53 (HSI) and it was exhibited highest
for Heat susceptibility index followed by grain yield plant™
(21.73), harvest index (17.22), tillers plant™ (14.97), grains
spike (14.34), chlorophyll content (11.53), thousand grain
weight (8.95), plant height (8.65), spike length (8.36), days
to 50% flowering (6.41), canopy temperature (6.24) and
days to maturity (3.91). The range of GCV in late sown
conditions varied between 3.07 (DM)-20.80 (GYP). Days
to maturity followed by canopy temperature (5.80), days
to 50% flowering (6.01), plant height (6.19), spike length
(7.13), thousand grain weight (8.36), chlorophyll content
(9.56), grains spike™ (12.77), tillers plant? (13.34) and
harvest index (15.97).

Tillers plant™ and grain yield plant™ displayed high GCV
and PCV in TS and LS conditions respectively. These
results were comparable as claimed by Bhushan et al. (2013).
The findings revealed that in LS conditions, grain yield
plant ! and harvest index reported extremely high GCV and
PCV, emphasizing relevance of this feature in evaluating
heat tolerance thereby choosing heat tolerant genotypes.
These results are similar to outcomes of Baranwal et al.
(2012) and Bhushan et al. (2013). These findings showed
that choosing genotypes based on these characters is a
good way to improve heat tolerance. It is worth noting that
the disparity among both GCV and PCV estimates were
minimal, implying that the environment had little influence
and that additive gene effects were minimal, signifying those
genotypes can be enhanced and chosen for these traits under
stress conditions to enhance heat tolerance.

3.3. Heritability and genetic advance

In time sown conditions, heritability in a broad sense
indicated that it was high for every parameter under
investigation, including days to 50 % flowering (91.1), tillers
plant™ (87.8), grain yield plant™ (77.5), grains spike™ (71.1),
canopy temperature (70.5), harvest index (64.8), thousand
grain weight (63.7), plant height (59.5), spike length (50.3),
days to maturity (41.9) and chlorophyll content (39). Tillers
plant™ (37.40), grain yield plant? (25.83), grains spike™
(20.88), had reported high genetic advance (GA) (>20),
whereas, traits like harvest index (15.89), days to 50%
flowering (13.09), plant height (12.44), spike length (11.48)
and thousand grain weight (10.36) reported moderate GA
(10-20%). Low GA (<10) was observed in traits like canopy
temperature (9.66), chlorophyll content (8.19) and days to
maturity (4.63)

In Late sown conditions, all traits reported high heritability
except plant height (51.0) and heat susceptibility index
(26.6) with moderate and low heritability respectively. Grain
yield plant™? (91.6) has shown high heritability followed by
days to 50% flowering (87.9), thousand grain weight (87.2),

V4
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canopy temperature (86.5), harvest index (86). Genetic
advance as % of mean ranged between 4.97-41.02 for days to
maturity and grain yield plant™ respectively. Four characters
viz., grain yield plant™ (41.02), harvest index (30.51), tillers
plant™ (24.48) and grains spike™ (23.43) exhibited high
GAM (>20%) while six traits i.e., heat susceptibility index
(17.81), chlorophyll content (16.32), thousand grain weight
(16.09), spike length (12.54), days to 50% flowering (11.61)
and canopy temperature (11.13) showed medium GAM
(10%-20%) and low GAM (<10%) was reported by plant
height (9.13) and days to maturity (4.97).

Heritability was shown to be high in both conditions for
traits studied, including days to 50% flowering, canopy
temperature, harvest index, grain yield plant™, tillers plant™,
thousand grain weight and grains spike™. High heritability
estimations of these variables suggested that reported
variability was primarily due to genetic influence and little
influenced by environmental conditions. These traits can
be utilized for selecting under stress and can be enhanced
for heat tolerance in accordance with findings of previous
researchers. Sabit et al. (2017) reported high heritability
for grains spike™, Arya et al. (2017) for grain yield plant™.
However, estimations of heritability can help to determine
the efficiency of a trait for selection if they are combined
with the GAM, as given by Panse (1942). Under both
conditions, tillers plant™, grains spike™, harvest index and
grain yield plant™ reported strong heritability along with
high GAM. As a result, direct selection may be made using
these features for further genotype improvement under stress
conditions for improved heat-tolerance and under normal
conditions for greater grain production. Salman et al. (2014)
and Tripathi et al. (2015) were stated similar findings which
supports these findings. The high heritability linked with
the high GA suggested that the variance was primarily
caused by additive gene effects. It suggested that if such
traits are exposed to any selection method for exploitation
of fixable genetic variance, genotypes with a broad adoption
can be produced.

4. CONCLUSION

he 29 genotypes displayed a considerable range of

genetic variability across all traits examined. PCV's
displayed greater predominance than GCV’s across all traits
across both conditions. Notably, traits such as tillers plant™,
grains spike™, harvest index and grain yield plant™ reported
strong heritability along with high GAM coupled with
substantial GA indicating that such traits are controlled
by additive gene effects. Thus, a judicial selection can be
effectively employed in crop improvement programs to
develop heat tolerant wheat varieties.
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