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Climate change leads to increase in temperature of wheat growing regions with adverse effects on its yield. Breeding wheat
genotypes for high temperature tolerance and yield related characters is a dire need of the day. This study was designed to
evaluate eleven accessions of wheat including seven heat tolerant lines and four heat susceptible testers and they were crossed
in line into tester mating design. The resultants F1 hybrids and their parents were assessed for heat tolerance in open field and
field covered with plastic sheet tunnel (to artificially induce heat stress). At maturity, data were taken on morphological and
physiological factors for estimation of genetic variation and combining ability effects. Highly significant variability was
detected among genotypes for all studied parameters. Existing genetic variability among genotypes, under natural and heat
stress treatments, showed the potential of present breeding material. These entries may be used in future to develop heat tolerant
genotypes. Combining ability analysis showed the variable trend of general combining effects between lines and testers, and
specific combining effects among combinations. In lines HTSBWON-15-0079, HTSBWON-15-0040 and HTSBWON-15-
0089 and testers HTSBWON-15-0014 and Millat-11 were best general combiners in both circumstances. Outcomes of specific
combining ability showed that crosses HTSBWON-15-0079 x HTSBWON-15-0014, HTSBWON-15-0079 x Millat-11 and
HTSBWON-15-0040 x Millat-11 were best specific combiners for heat related traits like canopy temperature and electrolyte

leakage. Non additive type of genetic effect was exhibited by almost all characters.
Keywords: Triticum aestivum, heat stress, canopy temperature, leaf relative water content and gene action

INTRODUCTION

Increasing population in any country is a major challenge to
fulfill dietary demands of the country followed by climate
change. Climate change is main cause of abiotic stresses.
High temperature coupled with drought is most detrimental
stress declining yield in many crop plants. High temperature
damages the plant growth because of diverse physiological
and morphological changes, among them most important one
is plasma membrane disruption (Wahid and Close, 2007;
Lipiec et al., 2013). In plants source activity is adversely
affected by high temperature, which may be due to reduction
in leaf size and process of photosynthesis (Katakpara et al.,
2016; Tiwari et al., 2017).

Among cereals wheat is very responsive to elevated
temperatures (Alexander et al., 2006; Hennessy et al., 2008;
Habeeb et al., 2015) and undergoes heat stress to varying
extent depending on the phenological stages, but stress is
more detrimental at reproductive and grain filling stage than
vegetative stage because of its direct effect on the dry weight
and No. of seeds (Tiwari et al., 2017; Bala and Sikder, 2017).
According to estimations it is concluded that for every single
degree increase in temperature during the wheat developing
period may reduce its yield about 3 to 10% (Khan et al., 2007,

Mishra, 2007). High temperature at reproductive and grain
development stages is problematic issue in about 40% of
wheat growing areas results in less seed formation (Kumari et
al., 2015; Akter and Islam, 2017), which is the most decisive
stage of grain development. Temperature higher than 35 °C
can significantly reduce yield and quality of grain (Sial et al.,
2005; Mondal et al., 2016).

Knowledge about genetic background of heat stress related
characters would help in choosing parents for breeding
programs. Consequently, evaluation of genetic material will
be important in selection of high temperature tolerant lines as
well as for improvement of seed yield at elevated
temperatures. For adaptation of new cultivars in future
climatic conditions, information about response of crops
toward rise in temperature and improvement in heat tolerance
related traits is necessary (Halford, 2009; Senapati et al.,
2019).

For evaluation of combining ability and gene action, line in to
tester is an effective method which aids desirable parental
selection and cross combinations for breeding programs of
wheat. Correspondingly it provide knowledge of genetic
mechanisms that control different traits (Rashid et al., 2007;
Akula et al., 2016). General combining ability effects are
constantly fixable and related to additive genetic effects. But
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non-additive gene action is non-fixable and attributed to
specific combining ability (Bagheri and Jelodar, 2010).
Incidence of non-additive gene action is the key purpose for
induction of heterosis breeding (Pradhan et al., 2006;
Fujimoto et al., 2018).

Four wheat accessions comprising one tolerant and three
susceptible were crossed and evaluated by Irshad et al. (2012)
under open field and heat stressed conditions. Mean square
values under both conditions indicated additive genetic
effects with incomplete dominance. Similarly Farooq et al.
(2011) utilized several high yielding genotypes having
tolerance, moderate tolerance and susceptibility toward heat.
Genetic component analysis showed significant variability for
all investigated parameters. There were significant
differences between lines and testers for spike related
characters under stress (Bibi et al., 2013). Determination of
gene effects for physiological characters in stress conditions
showed significant difference among genotypes and non-
additive gene effect for relative water content. (Golparvar,
2012; Rad et al., 2013).

Keeping in view the above facts, this research was planned to
identify better performing genotypes and superior cross
combinations along with identification of most suitable traits
to be used as selection criteria under normal and high
temperature.

MATERIALS AND METHOD

Source material consisting of 98 lines from international
Maize and wheat improvement centre (CIMMYT)’s heat
nurseries and three local checks was collected from Wheat
Research Institute, Ayub Agricultural Research Institute,
Faisalabad. After screening of the whole material, eleven
genotypes were selected on the basis of heat tolerance and
grown under normal field conditions for making crosses in
line x tester mating design (Kempthrone, 1957).

Seven high temperature tolerant genotypes viz; HTSBWON-
15-0002, HTSBWON-15-0029, HTSBWON-15-0040,
HTSBWON-15-0079, HTSBWON-15-0087, HTSBWON-
15-0089 and Faisalabad-08 were used as lines (female parent)
whereas four high temperature sensitive genotypes viz;
HTSBWON-15-0014, HTSBWON-15-0016, HTSBWON-
15-0073 and Millat-11 were used as testers (male parent).
After hybridization, Fo seed of these 28 crosses was collected
and sown in next crop season, to raise and evaluate Fi;
generation.

This experiment was conducted in field of Department of
Plant Breeding and Genetics, University of Agriculture,
Faisalabad situated at 31° 26' N latitude and 73° 06' E
longitude with an altitude of 184.4 m. Monthly average
maximum and minimum temperatures during the research
period as measured by Meteorological Unit, Crop Physiology
Department, University of Agriculture, Faisalabad is
presented in Figure 1.
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Figure 1. Monthly average max. and mini. temperature
(°C) during crop season 2016-17.

Twenty-eight crosses and their parents were grown in the field
using two factors Factorial under Randomized Complete
Block Design (RCBD) with three replications in two different
growing environments (tunnel and open field) during Rabi
season 2016-17. A dibbler was used for sowing 2-3 seeds
were sown in one hole to attain uniformity in plant population.
All agronomic practices were performed routinely for both
treatments. One set of genotypes was covered with plastic
sheet tunnel during grain-filling stage to expose the genotypes
to high temperature stress throughout the sensitive crop
development phases. Second set was remained in open field
condition as control to allow the crop to grow in natural
temperature. The temperature in the tunnel was maintained
between 5-10°C higher than the ambient temperature.

Data for some physiological and morphological parameters
i.e., canopy temperature, cell membrane thermostability, plant
height, flag leaf area, leaf relative water content, electrolyte
leakage, tillers per plant, spike length, spikelets per spike,
grains per spike, grain weight per spike, 1000-grain weight
and grain vyield per plant was measured on five selected
guarded plants from each entry per repeat from both
experimental units.

Statistical analysis was done on data measured for different
characters through mean square analysis method as defined
by Steel et al. 1997 for computation of significant genotypic
variances between cross combinations along with their
parents. Plant characters showing significant genotypic
differences were further divided by using line x tester analysis
(Kempthorne, 1957). The estimations of GCA for lines and
testers while SCA for cross combinations were attained.
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RESULTS

Mean square analysis exhibited highly significant differences
among studied genotypes for various morphological and
physiological characters for both experimental units and
presented in the Table 1 (bold values for normal temperature
and unbold values for heat stress). Under normal temperature,
the mean square of lines was highly significant for all
parameters excluding spikelets per spike which was non-
significant. Whereas variances due to testers and line x testers
all parameters were highly significant except for spike length
and spikelets per spike. In tunnel, among lines, significant
variances were detected for all traits except spikelets per
spike, while in case of testers highly significant mean squares
were observed for all parameters except plant height, tillers
per plant, spike length and spikelets per spike. Interaction of
line with tester significantly varies for all components except
for spike length and spikelets per spike.

General combining ability effects: General combining ability
effects for some morphological as well as physiological
characters under open field and heat stress conditions are

displayed in Table 2. In open field conditions, lines
HTSBWON-15-0040, HTSBWON-15-0079 and
HTSBWON-15-0089 had significant and positive GCA
effects for most of yield and heat stress related traits. Between
testers, positive and significant GCA effects were observed in
HTSBWON-15-0073 for cell membrane thermo stability,
electrolyte leakage, flag leaf area and 1000 grain weight.
Parents revealed different degree and magnitude of general
combining ability effects under heat stress for studied traits.
Among lines, HTSBWON-15-0029, HTSBWON-15-0040,
HTSBWON-15-0079 and Faisalabad-08 had positive and
significant GCA effects for heat tolerance related traits along
with yield attributes. Among testers, HTSBWON-15-0014,
HTSBWON-15-0016 and Millat-11 had positive and
significant GCA effects for most of high temperature
tolerance and yield related traits.

Specific combining ability effects: Specific combining ability
effects of cross combination for plant characters in natural
temperature are shown in Table 3. The cross combination
HTSBWON-15-0079 x Millat-11 displayed significant and
positive SCA effects for maximum parameters. Combination

Table 1. Variances for some physiological and morphological characters in normal temperature (bold) and heat

stress.
Source of variation Treatments Parents Parentsvs  Crosses Lines Testers Line x Error
Crosses Testers
df 38 10 1 27 6 3 18 76

Canopy 24.69™ 42.31" 1277 18.60™" 18.99™ 16.07" 18.90™ 0.25
temperature 77.63" 139.19" 49.30™ 55.87" 94.67" 6.79™ 51.12™ 0.26
Cell membrane 507.49™ 986.11™ 526.70™ 329.52™ 222.70™ 234.95™ 380.89™ 1.86
thermostability 890.43™ 1352.72"  2612.04™ 655.46™ 914.14™ 86.89™ 657.32"™ 3.09
Leaf relative water  275.15™ 617.15™ 17.117 158.14™ 43.82™ 195.32™ 189.89™ 3.28
content 203.38™ 334.10" 68.08™ 159.98™ 180.63™ 275.72™ 133.81™ 1.74
Electrolyte leakage  888.93"  1911.58™ 70.69™  540.47" 258.75™ 191.88™ 692.47™ 2.23
1031.41™  1973.41* 210.44™ 712.93™ 866.06™ 381.76™ 717.09™ 2.73
Plant height 49.88™ 89.43™ 405.49™ 22.06™ 20.22™ 29.55™ 21.43™ 3.11
108.21™ 333.21" 5.06" 28.69™ 44 .46™ 1.11m 28.03™ 2.48
Flag leaf area 261.04™ 462.78™ 201.73™ 188.52™ 175.75™ 120.97™ 204.04™ 1.88
216.65™ 419.36™ 68.23" 147.07" 82.55™ 212.72™ 157.63™ 1.96
Tillers per plant 16.63" 37.35™ 35.74™ 8.24™ 14.49™ 5.66" 6.59™ 1.57
10.88™ 21.68™ 16.07™" 6.69™ 474" 5.34" 757" 1.97
Spike length 8.66™ 19.79™ 1.36M 4.81" 9.61™ 3.34" 3.45™ 2.47
9.31™ 23.90™ 5.60" 4.04™ 7.99™ 2.14" 3.04" 1.77
Spikelets per spike 6.37" 19.85™ 0.16" 1.61m 1.71m 0.57" 1.75M 2.45
5.29" 12.65™ 4.13" 2.61M 2.60" 3.34" 2.49" 2.98
Grains per spike 332.46™ 995.05™ 0.26™ 99.37™ 116.08™ 42.23™ 103.32™ 2.67
285.34™ 701.27™ 6.60" 141.62™ 160.16™ 145.93™ 134.72™ 3.09
Grain weight per 1.81™ 5.26™ 3.20™ 0.48™ 0.06™ 0.12" 0.68™  0.01
spike 1.12™ 2.81" 0.52™ 0.51™ 0.25™ 0.44™ 0.61™ 0.01
1000 grain weight 192.30™ 396.40™ 326.25™ 111.74™ 100.72™ 63.77 123.41™ 3.51
145.69™ 282.00" 13.59™" 100.09™ 72.90" 73.76™ 113.55™ 2.89
Grain yield per 228.23™ 309.32™ 53.84™ 204.66™ 226.26™ 102.32™ 214.51™ 2.73
plant 167.44™ 287.51™ 45.26™ 127.49™ 38.84™ 93.24™ 162.75™ 1.86

**=Highly significant; *=Significant; n.s= Non significant
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Table. 2. General combining ability effects of lines and testers for some physiological and morphological traits of
wheat under normal temperature (Bold) and heat stress conditions

Canopy  Cell Leaf Electro- Flagleaf Plant Tillers Spike Spikelets Grains Grain 1000 Grain

tempe- memb- relative  lyte area height per length per per weight  grain vyield per

rature rane water leakage plant spike spike per weight  plant

thermost content spike
ability

Lines
HTSBWON-15- -0.15" -6.70°" -0.92° 479" 0.17 1.45° -1.14" 045 -0.02 -3.41° 005" -0.63" -7.45
0002 -1.06" 7.0 -361° 6.08° -3.18° 1.89" -1.29° 042" 0.69° -595" -0.27 -2.16" -3.70"
HTSBWON-15- -0.60" 1.22° -229° -297" 579" -1.62" -0.22 -0.41 0.47° 266" -0.03" -3.09° 458"
0029 -2.41" 574" -0.15 421" 218" -164" 011 -024 -0.47 2.04" 0.04" 074 0.9
HTSBWON-15- -2.17" -0.07 255" -6.2" -0.55"  1.07" 035 071" 031 516" 0.01 2.87° 268"
0040 -4.44" -19.15* 399" -17.85° 3.82" -3.48" -0.29 1.2* 0.35 5.63" 0.03 230" 220"
HTSBWON-15- 1.12" -4.95° 167" -5.07" 226" 0.36 185 141" -0.19 -1.16" 0107 4177 162"
0079 1.41% 125" 540" 163" -049° 131" 053" 072" 0.19 171 013" 374" 081"
HTSBWON-15- -0.54" 2.05° 1.64°~ 378" -462° 008 -0.05 -0.43 0.31 025 -0.11" -1.03" 293"
0087 0.64* 3.60" -141" 66" -0.52* 118" 036 -0.62" -0.14 -2.03° -0.08" -0.40 -0.009
HTSBWON-15- 0.92" 4.80° -0.97° 4.01" -4.89° 058" 0.60° -1.21" -0.35 -0.16 0.0004 1.19" -0.11
0089 224" 184" -536" 219" -3.09° 180" 028 -1.13" -0.64° -0.11 -0.0001 -0.93" 0.31
Faisalabad-08 1.42° 364" -168° 166" 1.85° -1.92" -1.39" -052" -0.52" -3.33° -0.02 -3.49° -4.26"

3.62" -0.31 115 -2.88" 127" -0.06 0.28 -0.34 0.02 -1.28° 014" 329" 0.18
Testers
HTSBWON-15- -0.28" -0.49" -1.43° -1.27" -1.87" -0.03 0.67° -0.22 0.04 -0.64 0.09" -215° 166"
0014 0.22" -2.98" -4.04" -524" -461" -011 -0.34" -0.12 054" 223" 013" -0.97° 193"
HTSBWON-15- -0.60" -4.54" 121" -3.67" -2.1 0.36 0.10 -0.39" 0.14 0.45° -0.07" -055" 1.93"
0016 -0.62° 048" -001 -155"° 262" -026 -020 -021 -0.02 -0.38 0.05* 0.89" 1.28"
HTSBWON-15- -0.41" 248" -337° 23" 2.82" -158" -051" 0.11 0.04 -154" -0.04~ 184" -0.89"
0073 -0.27  0.96° -0.68" 254" 065" 013 -0.20 0.47° -0.40" -357"7 -0.2 -2.06" -2.77"
Millat-11 1.29* 255" 36" 2.64° 115" 125" -0.27° 050" -0.23 173 0.02" 085 -270"

0.67" 153" 474" 426" 132" 0.24 075" -013° -0.11 1.7 0.02 213" -0.44"
HTSBWON-15-0040 x Millat-11 and Faisalabad-06 x DISCUSSION

HTSBWON-15-0016 showed highest significant and positive
SCA effects for electrolyte leakage presented maximum
positive and significant SCA effects for heat related
characters.

SCA effects for studied characters of genotypes in tunnel are
presented in Table 4. The cross combination HTSBWON-15-
0079 x Millat-11 showed significant and positive SCA effects
for number of characters under high temperature treatment
i.e., leaf relative water content, flag leaf area, tillers per plant,
spike length, spikelets per spike, grain weight per spike, 1000
grain weight and grain yield. For heat related characters like
canopy temperature as well as cell membrane thermostability
the cross combination HTSBWON-15-0040 x Millat-11
showed maximum SCA effects. For electrolyte leakage the
cross HTSBWON-15-0079 x HTSBWON-15-0014 showed
maximum significant and positive SCA effects.

Gene action: Gene action monitoring the hereditary of
various physiological as well as morphological characters in
wheat was estimated by combining ability analysis. Mean
squares due to GCA, SCA along with their potence ratio for
all studied traits are given in Table 5. SCA variances were
greater than GCA variances for most studied parameters
under both treatments indicating non-additive gene action.

Main objective of this research was selection of genotypes to
be exploited as parental lines in hybridization programme.
The varying extent of general combining ability in parents
proposed that these genotypes could widely be used for
improvement of economically important characters (i.e., grain
yield and its related traits) in crossing programs. Significant
and positive GCA effects has also been reported by different
scientist for canopy temperature, cell membrane
thermostability, leaf relative water content, electrolyte
leakage (Ibrahim and Quick, 2001), plant height, flag leaf
area, spike length, spikelets per spike, grains per spike, grain
weight per spike (Majeed et al., 2011; Shabbir et al., 2012),
1000 grain weight (Oettler et al., 2008) and grain yield per
plant (Kapoor et al., 2011). Greater effects of general
combining ability suggests that characters are more linked to
genotype’s basic genetic makeup and less affected by its mean
(Cifci and Yagdi, 2010; Elbnna et al., 2020) and selection in
early generations could be beneficial (Yao et al., 2011; Rashid
et al., 2012; Ahmad and Khalig, 2016). The occurrence of a
great general combining ability, indicated the incidence of
additive genetic effects proposed a wider adaptability and
great potential of the lines used as parents in development of
crosses having
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Table 3. Specific combining ability effects of cross combinations for some physiological and morphological traits of
wheat under normal temperature

Sr Crosses Canopy Cell Leaf Electro- Flag Plant Tillers Spike Spike- Grains Grain 1000 Grain
tempe- mem- relative lyte leaf  height per length letsper per weight grain yield
rature brane water leakage area plant spike  spike per  weight  per

thermos content spike plant
tability

1 HTSBWON-15-0002 x  1.73" 107" -115" -12.29" -486" 06 -1.09"  -0.17 011 277" -049° -046  -8.61"
HTSBWON-15-0014

2 HTSBWON-15-0002x  -0.11 6.12° 294" 13.00° 530" -549° 114" -0.04 0.69 -4.2° 024" 36" 3.86"
HTSBWON-15-0016

3 HTSBWON-15-0002x  -0.80" -2.23" -0.03 -10.68" 332" 352" 076" 0.80 0.11 413" 010" 076 -1.3"
HTSBWON-15-0073

4 HTSBWON-15-0002x  -0.81" -4.97° -176" 9.97° -3.76" 135" -0.80" -057 -092° 284" 0.14° -3.89" 6.05
Millat-11

5 HTSBWON-15-0029 x 051" -4.5 6.39" 522" 095 -124° -001 -0.08 028 -352° 041" 191" -0.89
HTSBWON-15-0014

6 HTSBWON-15-0029x  -1.96" 153" 6.82° -9.81" 442" -0.47 055 -045 -0.47 9.38" 0.05" 553" 377
HTSBWON-15-0016

7  HTSBWON-15-0029x  -2.28° 951" -3.95" 17.36" -4.37° 1277 017 0.56 028 -6.28" -0.13° -2.26" -7.63"
HTSBWON-15-0073

8  HTSBWON-15-0029% 373" -6.55" -9.26" -12.77° -1.00" 044 -0.72° -0.02 -0.09 042 -0.33° -519° 475
Millat-11

9 HTSBWON-15-0040 x  -157" -2.88" 015 -2.84" 517" -327" 04 -024  -021  -0.02 0.67" 218" 484
HTSBWON-15-0014

10 HTSBWON-15-0040 x  -0.75" -1.82" 26" -0.52 0.41 228" -1.02" -0.01 1.02° -445° -012" 165 1.75
HTSBWON-15-0016

11 HTSBWON-15-0040 x  -2.01" -15.30" -2.6 -8.00" 7.81" -1.42° 192" 107" -154" 454" 029" 6.05  7.61"
HTSBWON-15-0073

12 HTSBWON-15-0040 x ~ 4.34" 20.06" -0.14 1137
Millat-11

13 HTSBWON-15-0079 x 059" -0.01 -1547" 483" -821° 3.06° -1.09" -1.2 -1.04" 03 -0.33" -8.68" -1.02"
HTSBWON-15-0014

14 HTSBWON-15-0079 x ~ 1.35" -3.62" -4.88" -1.89" 0.2 0.03 0.14 0.32 -047  -6.78" -0.13" -4.8 4.78"
HTSBWON-15-0016

15 HTSBWON-15-0079x 379" 1435" 799" 1673 -599° -151° -2.23" -168" 095 -478" -0.6 -2.04" -15.7"
HTSBWON-15-0073

16 HTSBWON-15-0079 x  -5.74" -10.7° 12.36" -19.67° 1399 -1.58° 3.19° 256" 057 1126 107" 1553 11.94
Millat-11

17 HTSBWON-15-0087 x  -0.4" -0.34 527" -35 -8.93" -2.95" 048 107" 045 -244" -0277 -1.18" -3.49°
HTSBWON-15-0014

18 HTSBWON-15-0087 x  0.14  -529" 219" -10.31" -0.46 251" 105" -0.16 -0.3 313" 024" -1747 232
HTSBWON-15-0016

19 HTSBWON-15-0087 x -0.61° -3.98" 209" -327° 433 -039 -165" -017 -0.21 046 -004 -0.14 6.33"
HTSBWON-15-0073

20 HTSBWON-15-0087 x  0.87" 9.61° -957° 17.08"° 505" 0.83 010 -0.72 0.07 -1.15" 007" 3.07° -5.16"
Millat-11

21 HTSBWON-15-0089 x  -0.5" -6.75" 442" -165° 502" 108" 0.82° 0.38 0.45 6.3 -0.29" 781" 29
HTSBWON-15-0014

22 HTSBWON-15-0089 x  1.61" -9.37° 162" -14.82° -9.99° 148" -160° 132° 035 -145° 0.04 -141" -1048"
HTSBWON-15-0016

23 HTSBWON-15-0089 x ~ 0.29" 9.26° -956° 321" -346" -2.22° 167" -086 -0.21 354" 014" -7.006" 8.63"
HTSBWON-15-0073

24 HTSBWON-15-0089 x -1.41" 6.86° 351" 13.26° 842" -033 -089° -084 -059 -84" 0.1" 059  -1.05"

13.39" 24" -1.3" -0.81 073  -0.07 -0.84" -9.89" -14.21"

Millat-11

25 Faisalabad-08 x -0.36" 13.4" 037 10.24" 10.85° 272" 048 026  -0.04 214" 031" -158" 6.26
HTSBWON-15-0014

26 Faisalabad-08 x -0.28 1245 -11.31" 2437° 010 -0.34" -027 -097° -0.8 438" -0.33° -2.84" -6.01"
HTSBWON-15-0016

27 Faisalabad-08 x 162" -115 6.07" -1535" -163" 074 -0.65 0.28 061 -1.61" 023" 464" 206

HTSBWON-15-0073
28 Faisalabad-08 x Millat-  -0.98" -14.3" 487" -19.26" -9.32° -3.12° 044 0.42 023 -49° -0.21"  -0.21 -2.32"
11
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Table 4. Specific combining ability effects of cross combinations for some physiological and morphological characters
of wheat under heat stress.

Sr. Crosses Canopy Cell Leaf Electrol Flag Plant  Tillers Spike Spikelet Grains Grain 1000gra Grain
temper membr relative yte leaf  height per length sper per  weight in yield
ature ane water leakage area plant spike  spike per  weight  per

thermos content spike plant
tability

1  HTSBWON-15-0002 x 151" -10.34" -2.12"° -7.46" 0.36 214" 0.01 023 -021 523" -054" -153" -7.27"
HTSBWON-15-0014

2 HTSBWON-15-0002x 229" 651" 579" 7277 378" -4577 086 -081" 035 -0.28 071" 0.86 3.35"
HTSBWON-15-0016

3 HTSBWON-15-0002x  -1.47° 236" 0.57 -3.63° -7.31" 272" -0.79 0.86" 0.73 7.9 0.04 3.16" 1.38"
HTSBWON-15-0073

4  HTSBWON-15-0002x  -2.33" 146" -424 381" 316" -028 -0.08° -0.28 -0.88 -2.38" -022° -249"° 252"
Millat-11

5 HTSBWON-15-0029 x -1.03" -4.74" 107" 135 -265" 251" 059 0.16 095 -657" 025" -131" -217"
HTSBWON-15-0014

6  HTSBWON-15-0029x  -2.95" -19.28" 942" -22.76° 7.76" -15 145" 0.28 0.19 12.38" 0.08 417" 11.607
HTSBWON-15-0016

7  HTSBWON-15-0029x  -1.32° 113" -10.24" 1252" -3.69° -1.1" -1.88" 046 -009 -242° -023" -0.31 -6.60
HTSBWON-15-0073

8  HTSBWON-15-0029x 531" 1273" -0.25 8.88" -1.41" 009 -0.16" -0.92° -1.04" -3.38° -0.1" -2.54"  -2.82"
Millat-11

9  HTSBWON-15-0040 x -2.44"  0.14 202" -8.84" 843" -664° 101" -0.14 0.78 217" 039" 338  7.94
HTSBWON-15-0014

10 HTSBWON-15-0040 x -1.39" -6.64" -2.83" 7.84" -6.8" 33" -146° 058 -1.30° -0.86 -057" -8.13" -0.89
HTSBWON-15-0016

11 HTSBWON-15-0040 x  -3.07° -12.80" 3.19" -12.05° 444" 16" 253" 095" -0.26 765" 044" 11077 5427
HTSBWON-15-0073

12 HTSBWON-15-0040 x ~ 6.91° 19.30" -2.38" 13.05° -6.17" 173" -2.08" -139° 078 -8.96" -0.26" -6.32" -12.47"
Millat-11

13 HTSBWON-15-0079 x  0.86° 16.08" -4.07" 23.89" -4.28" 185" -1.82° -099° 028 -023 -005 -210° -3.10
HTSBWON-15-0014

14 HTSBWON-15-0079 x 541" -0.71  -523" -3.13° -577° -0.36 003 -047 -047 -261" -0.26" -4.89" -1.47
HTSBWON-15-0016

15 HTSBWON-15-0079x 260" 19.12" -356° 1845 -4.84" -1.36° -1.63" -076 -0.76 -8.42" -0.61" -5.60" -8.64
HTSBWON-15-0073

16 HTSBWON-15-0079 x -8.88" -34.48" 12.87" -39.21° 14.90° -0.13 341" 223" 095 11.28° 092" 1259° 13.21"
Millat-11

17 HTSBWON-15-0087 x  -1.90" -7.93" 4.61" -11.02" 292" -0.67 0.67 015 -0.71 351" -0.3° -1.59"  -0.39
HTSBWON-15-0014

18 HTSBWON-15-0087 x -0.41"  6.27" 479" 948" -816" 377" -0.79 020 -0.14 -6.86° 031" 266" 059
HTSBWON-15-0016

19 HTSBWON-15-0087 x -1.02" -11.88" -4.34" -9.55° 3.68" -0.76 0.86" 0.21 023 -267° 023" -335° 371"
HTSBWON-15-0073

20 HTSBWON-15-0087 x  3.35" 13.54" -5.06" 11.09° 155" -233" -0.75 -0.57 0.61 6.03" -0.24" 228" -39
Millat-11

21 HTSBWON-15-0089 x  1.96° 214" -3.48" -093 -155" 039 -09 034 -021 526" 004 -0.73 0.07
HTSBWON-15-0014

22 HTSBWON-15-0089 x -4.25° 501" -3.92° -218" 522" 164" 095 048 169" -3.11" 001 446" -7.40
HTSBWON-15-0016

23 HTSBWON-15-0089 x  2.10"  0.20 581" -0.04 -074 -405° -004 -030 -059 -092 -017° 268  6.85"
HTSBWON-15-0073

24 HTSBWON-15-0089 x  0.18  -7.36" 159" 316" -292° 201" 000 -052 -0.88 -1.21" 0.12° -640" 0.46

Millat-11

25 Faisalabad-08 x 105" 465" 1977 301" -3.23° 040 0.42 023  -0.88 109" 021" 391" 492
HTSBWON-15-0014

26  Faisalabad-08 x 130" 885" -8.01" 346" 398 -227" -1.04" -027 -0.30 138" -0.29" 085 -5.78"
HTSBWON-15-0016

27 Faisalabad-08 x 219" -830" 856" -5.68" 847" 295 095 -143° 073 -1.09° 029" -7.64" -213"

HTSBWON-15-0073
28 Faisalabad-08 x Millat- -4.55" -520" -252° -0.79 -921° -1.08" -0.33 147" 045 -1.38" -0.20° 2.88" 299"
11
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Table 5. Dominance variance, additive variance and potence ratio for some physiological and morphological traits

under normal temperature and heat stress.

Traits Normal temperature Heat Stress
o°GCA 6’SCA  Potenceratio  ¢°GCA 6°SCA Potence ratio

Canopy temperature -0.0065 6.210 -0.0010 0.1050 16.950 0.0062
Cell membrane thermostability -1.1400 126.340 -0.0090 -0.0410 218.070 -0.0002
Leaf relative water content -0.7080 62.200 -0.0114 0.5820 44.020 0.0132
Electrolyte leakage -3.3700 230.080 -0.0146 -0.0920 238.110 -0.0004
Flag leaf area -0.3450 67.380 -0.0051 -0.2350 51.880 -0.0045
Plant height 0.0140 6.100 0.0023 0.0146 8.510 0.0017
Tillers per plant 0.0360 1.670 0.0216 -0.0190 1.860 -0.0102
Spike length 0.0301 0.328 0.0918 0.0220 0.423 0.0520
Spikelets per spike -0.0031 -0.234 0.0132 0.0026 -0.161 -0.0161
Grains per spike -0.0880 33.550 -0.0026 0.1530 43.870 0.0035
Grain weight per spike -0.0044 0.226 -0.0195 -0.0022 0.198 -0.0112
1000 grain weight -0.2590 39.960 -0.0065 -0.2990 36.880 -0.0081
Grain yield per plant -0.2190 70.590 -0.0031 -0.7840 53.630 -0.0146

high temperature tolerance with high seed yield (Dhandhal et
al., 2008; Pimentel et al., 2013). Lines HTSBWON-15-0040
and HTSBWON-15-0079 under both environments and
testers HTSBWON-15-0014 and Millat-11 under heat stress
with highest GCA effects were the best general combiners for
few morphological and physiological traits and may be
consumed in crossing schemes directing to increase seed yield
and characters related to heat tolerance.

Effects of specific combining ability solely are insufficient for
selection of parents to initiate a breeding programme,
consequently, specific combining ability effects may be used
along with general combining ability of the relevant parental
line (Bagheri and Jelodar, 2010; Montazeri et al., 2014).
Crosses HTSBWON-15-0079 xMillat-11 and HTSBWON-
15-0040 x Millat-11 had significant and positive SCA effects
for many characters in genotypes of open field as well as
covered with plastic sheet. Crosses with maximum values of
specific combining ability effects and including one of the
parent having high general combining ability, will increase
the frequency of desirable genes (Mahmood and Chowdhry,
2002; Mahpara et al., 2017). According to results we can
conclude that crosses having positive and significant specific
combing ability effects can be attained by combining high x
high general combiners such as HTSBWON-15-0079 x
Millat-11 and HTSBWON-15-0040 x Millat-11 (high x high)
for different characters in open field and in tunnels. In our
research crosses achieved by combining general combiners in
high x high manner, exhibited great specific combining
ability effects, it may be because of interactions of dominant
genes from best combiners (Saeed et al., 2016; Kanwal et al.,
2019).

Relative estimates of GCA and SCA variances showed the
variances due to SCA effect were predominant for all traits
and in turn it disclosed the manifestation of non-additive and
non-fixable gene action (Fasahat et al., 2016). Characters
governed by non-additive genetic effect indicated the scope

of improvement in these traits though hybrid development
(Pradhan et al., 2006; Singh et al., 2013; Dash et al., 2020).
Additive gene effects are accredited to general combining
ability and are constant (Irshad et al., 2012; Bello and
Olawuyi, 2015).

Conclusion: Genetic variability existing between the
genotypes can be used for enhancement of seed vyield
contributing characters under heat stress conditions in wheat.
All morphological and physiological traits at maturity with
non-additive type of genetic effects might be upgraded via
selection in segregating generations. Cross combinations like
HTSBWON-15-0079 x Millat-11 and HTSBWON-15-0040
x Millat-11 may be further evaluated in warm areas for
checking their potential under different agro climatic
conditions.

REFERENCES

Ahmad, M.S. and I. Khalig. 2016. Estimation of genetic
components in bread wheat (Triticum aestivum L.) using
line x tester mating design. J. Agric. Res. 54:605-614.

Akter, N., and M.R. Islam. 2017. Heat stress effects and
management in wheat: A review. Agron. Sustain. Dev.
37:1-17.

Akula, D., A.P. Patil, P.H. Zaidi, P.H. Kuchanur, M.T.V.
Nayan and K. Seethara. 2016. Line x testers analysis of
tropical maize inbred lines under heat stress for grain
yield and secondary traits. Maydic. 61:1-4.

Alexander, L.V., X. Zhang, T.C. Peterson, J. Caesar, B.
Gleason, A. Tank, M. Haylock, D. Collins, B. Trewin, F.
Rahimzadeh, A. Tagipour, K.R. Kumar, J. Revadekar, G.
Griffiths, L. Vincent, D.B. Stephenson, J. Burn, E.
Aguilar, M. Brunet, M. Taylor, M. New, P. Zhai, M.
Rusticucci and J.L.V. Aguirre. 2006. Global observed

595



Hassan, Kashif, Khan & Awan

changes in daily climate extremes of temperature and
precipitation. J. Geophys. Res. Atmos. 111: 1-22.

Bagheri, N. and N.B. Jelodar. 2010. Heterosis and combining
ability analysis for yield and related yield traits in hybrid
rice. Int. J. Biol. 2:222-231.

Bala, P. and S. Sikder. 2017. Growth of Wheat Genotypes
Influenced by Heat Stress. Int. J. Environ. Agri.
Biotechnol. 2: 1863-1878.

Bello, O.B. and O.J. Olawuyi. 2015. Gene action, heterosis,
correlation and regression estimates in developing hybrid
cultivars in maize. Tropical Agri. 92:102-117.

Bibi, R., S.B. Hussain, A.S. Khan and |. Raza. 2013.
Assessment of combining ability in bread wheat by using
line x tester analysis under moisture stress conditions.
Pakistan J. Agri. Sci. 50:111-115.

Cifci, E.A. and K. Yagdi. 2010. The research of the
combining ability of agronomic traits of bread wheat in
F1 and F, generations. J. Agric. Fac. 24:85-92.

Dash, M., S. Naik and B. Pradhan. 2020. Genetics of anther
culture capability traits and its association with seed yield
traits in sesame. Indian J. Genet. 80:419-426.

Dhadhal, B., K. Dobariya, H. Ponkia and L. Jivani. 2008.
Gene action and combining ability over environments for
grain yield and its attributes in bread wheat (Triticum
aestivum L.). Int. J. Agric. Sci. 4:66-72.

Elbnna, M.N., G.A. Elsorady and M.E.A. Nofal. 2020. Yield
and its components of some half diallel bread wheat
crosses. Egyptian Academic J. Biol. Sci. 11:21-33.

Faroog, M., H. Bramley, J.A. Palta and K.H.M. Siddique.
2011. Heat stress in wheat during reproductive and grain-
filling phases. Crit. Rev. Plant Sci. 30:491-507.

Fasahat, P., A. Rajabi, JM. Rad and J. Derera. 2016.
Principles and Utilization of combining ability in plant
breeding. Biomet. Biostat. Int. J. 4:1-24.

Fujimoto, R.,U. Kosuke, S. Ishikura, K. Osabe, W.J.
Peacock and E.S. Dennis. 2018. Recent research on the
mechanism of heterosis is important for crop and
vegetable breeding systems. Breed. Sci. 68:145-158.

Golparvar, A.R. 2012. Heritability and mode of gene action
determination for grain filling rate and relative water
content in hexaploid wheat. Genet. 44:25-32.

Habeeb, D., J. Vargo and J.B. Stone. 2015. Rising heat wave
trends in large US cities. Nat. Haz. 76:1651-1665.

Halford, N.G. 2009. New insights on the effects of heat stress
on crops. J. Exp. Bot. 60: 4215-4216.

Hennessy, K., R. Fawcett, D. Kironoa, F. Mpelasokaa, D.
Jones and J. Bathols. 2008. An Assessment of the Impact
of Climate Change on the Nature and Frequency of
Exceptional Climatic Events, A Consultancy Report by
CSIRO and the Australian Bureau of Meteorology for the
Australian Bureau of Rural Sciences, Department of
Agriculture. Fisheries and Forestry, Canberra.

Ibrahim, A.M. and J.S. Quick. 2001. Genetic control of high
temperature tolerance in wheat as measured by
membrane thermal stability. Crop Sci. 41:1405-1407.

Irshad, M., I. Khalig, A.S. Khan and A. Ali. 2012. Genetic
studies for some agronomic traits in spring wheat under
heat stress. Pak. J. Agric. Sci. 49:11-20.

Kanwal, S., M.H.N. Tahir, H.A. Sadaqat and B. Sadia. 2019.
Development of high yielding types of Brassica napus L.
under salinity stress. Pak. J. Bot. 51:1185-1190.

Kapoor, E., S. Mondal and T. Dey. 2011. Combining ability
analysis for yield and yield contributing traits in winter
and spring wheat combinations. J. Wheat Res. 3:52-58.

Katakpara, Z.A., H.P. Gajera, K.N. Vaja, K.H. Dabhi and
B.A. Golakiya. 2016. Evaluation of heat tolerance
indices in bread wheat (Triticum aestivum L.)
genotypes based on physiological, biochemical and
molecular markers. Indian J. Plant Physiol. 21:197-
207.

Kempthorne, O. 1957. An Introduction to Genetic Statistics.
John Willey and Sons Inc., New York.

Khan, M.l., T. Mohammad, F. Subhan, M. Amin and S.T.
Shah. 2007. Agronomic evaluation of different bread
wheat (Triticum aestivum L.) genotypes for terminal heat
stress. Pak. J. Bot. 39:2415-2425.

Kumari, J., B.S. Phogat, T.P. Singh, S. Kumar, V. Kaur, S.
Kumar, R. Bansal and Y.S. Rathi. 2015. Correlated
Response of Component Traits towards Grain Yield in
Cultivated Wheat Germplasm under Late Sown
Condition. J. Agroecol. Nat. Resour. Manage. 2:110-112.

Lipiec, J., C. Doussan and A. Nosalewicz. 2013. Effect of
drought and heat stresses on plant growth and yield: a
review. Int. Agrophys. 27:463-477.

Mahmood, N. and M. Chowdhry. 2002. Ability of bread
wheat genotypes to combine for high yield under varying
sowing conditions. J. Genet. Breed. 56:119-126.

Mahpara, S., Z. Ali, M.l. A. Rehmani, J. Igbal and M.R.
Shafig. 2017. Studies of genetic and combining ability
analysis for some physio-morphological traits in spring
wheat using 7x7 diallel crosses. Int. J. Agric. Appl. Sci.
9:33-40.

Majeed, S., M. Sajjad and S.H. Khan. 2011. Exploitation of
non-additive gene actions of yield traits for hybrid
breeding in spring wheat. J. Agric. Soc. Sci. 7:131-135.

Mishra, B. 2007. Challenges and preparendness for increasing
wheat production in India. J. Wheat Res. 1:1-12.

Mondal, S., R. Singh, E. Mason, J.H. Espino, E. Autrique and
A. Joshi. 2016. Grain yield, adaptation and progress in
breeding for early-maturing and heat-tolerant wheat lines
in South Asia. Field Crops Res. 192:78-85.

Montazeri, Z., N.B. Jelodar and N. Bagheri. 2014. Genetic
dissection of some important agronomic traits in rice
using line x tester method. Int. J. Adv. Biol. Biom. Res.
2:181-191.

596



Evaluation of wheat genotypes against heat stress

Oettler, G., H. Burger and A.E. Melchinger. 2008. Heterosis
and combining ability for grain yield and other
agronomic traits in winter triticale. Plant breed. 122:318-
321.

Pimentel, A.J.B., M.A.D. Souza, P.C.S. Carneiro, J.R.D.AS.
Rocha, J.C. Machado and G. Ribeiro. 2013. Partial diallel
analysis in advanced generations for selection of wheat
segregating populations. Pesq. Agro. Brasileira. 48:1555-
1561.

Pradhan, S.K., L.K. Boss and J. Meher. 2006. Studies on gene
action and combining ability analysis in basmati rice. J.
Cent. Eur. Agric. 7:267-272.

Rad, M.R.N., M.A. Kadir, M.R. Yusop, H.Z. Jaafar and M.
Danaee. 2013. Gene action for physiological parameters
and use of relative water content (RWC) for selection of
tolerant and high yield genotypes in F2 population of
wheat. Aust. J. Crop Sci. 7:407.

Rashid, M., A.A. Cheema and M. Ashraf. 2007. Line x tester
analysis in basmati rice. Pak. J. Bot. 39:2035-2042.
Rashid, M.A.R., A.S. Khan and R. Iftikhar. 2012. Genetic
Studies for Yield and Yield Related Parameters in Bread
Wheat. Am. Euras. J. Agric. Environ. Sci. 12:1579-1583.

Saeed, M., I.H. Khalil, D. Nayab, S.A. Anjum and M.
Tanveer. 2016. Combining ability and heritability for
yield traits in wheat (Triticum aestivum L.). Pak. J. Agric.
Sci. 53:577-583.

Senapati, N., H.E. Brown and M.A. Semenov. 2019. Raising
genetic yield potential in high productive countries:
Designing wheat ideotypes under climate change. Agric.
Forest. Meteorol. 271:33-45.

Shabbir, G., T. Kiran, Z. Akram, M.l. Tabassum and K.N.
Shah. 2012. genetics of some biometric traits in bread
wheat (Triticum aestivum L.). J. Agric. Res. 50:457-468.

Sial, M.A., M.A. Arain, S. Khanzada, M.H. Naqvi, M.U.
Dahot and N.A. Nizamani. 2005. Yield and quality
parameters of wheat genotypes as affected by sowing
dates and high temperature stress. Pak. J. Bot. 37:575-
584.

Singh, K., U.B. Singh and S.N. Sharma. 2013. Combining
ability analysis for yield and its components in bread
wheat (Triticum aestivum L. em. Thell.). J. Wheat Res.
5:63-67.

Steel, R.G.D., J. H. Torrie and D.A. Dickey. 1997. Principles
and Procedure of Statistics: A biometrical approach (3™
Ed.). McGraw-Hill, New York, USA. 336-352.

Tiwari, A., S. Prasad, B. Jaiswal, K. Gyanendra, S. Singh and
K.N. Singh. 2017. Effect of Heat Stress on Yield
Attributing Traits in Wheat (Triticum aestivum L.). Int. J.
Curr. Microbiol. App. Sci. 6:2738-2744.

Wahid, A. and T.J. Close. 2007. Expression of dehydrins
under heat stress and their relationship with water
relations of sugarcane leaves. Plant Biol. 51:104-109.

Yao, J.B., H.X. Ma, L.J. Ren, P.P Zhang, X.M. Yang, G.C.
Yao, P. Zhang and M.P. Zhou. 2011. Genetic analysis of
plant height and its components in diallel crosses of bread
wheat (Triticum aestivum L.). Aust. J. Crop Sci. 5:1408-
1418.

[Received 10 Feb 2020; Accepted 14 Feb 2021; Published
(online) 18 April 2021]

597



