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Abstract

Development of new and high yielding cultivars is the main goal of plant breeders. This research was conducted to
determine genetic diversity, heritability, genetic advance and correlations among various traits in wheat advance lines
under rainfed and irrigated conditions. A set of 20 wheat genotypes was evaluated in a randomized complete block design
(RCBD) with three replications at The University of Agriculture, Peshawar, during 2020-21. Pooled analysis showed
highly significant diversity among genotypes for all the studied parameters. Genotypes by environment (G x E) interaction
was also highly significant for all the studied traits except spike length and grain weight spike™!. The best performing
genotype for yield related attributes was G202 for spikes m=? (385.0), grain weight spike™! (3.2 g), grains spike™! (68.0g)
and G149 for 1000-grain weight (55.1 g) under irrigated condition, while under rainfed condition the best genotype was
G131 for spikes m (303.3), grain weight spike™' (2.5 g) and grains spike™' (59.7) and genotype G148 for 1000-grain weight
(51.1g). High heritability and expected genetic advance were observed for all the traits except plant height, spike length and
grain weight spike! which showed low to moderate broad sense heritability under irrigated and rainfed conditions. Grain
yield showed highly significant positive genotypic and phenotypic correlations under irrigated condition with spikelets
spike™! (r;=0.80**, r,=0.60**), grains spike™ (ry=0.83**, r,=0.59**), grain weight spike™ (ry=0.99**, r,=0.62**) and
1000-grain weight (rg=0.81%%, r,=0.59**). Similarly, the genotypic and phenotypic correlations of grain yield were highly
significant and positive with spikes m= (r,=0.71%*, r,=0.69%*), spikelets spike™! (r,=0.64**, r,=0.59**), biological yield
(rg=0.74%*, 1,=0.66**) and harvest index (r,=0.83**, r,=0.72*%*) under rainfed condition. These characters having high
correlations with grain yield could be utilized for development of high yielding wheat cultivars. The promising genotypes
under irrigated condition were G202, PS-15 and G106 while under rainfed condition the promising genotypes were G131,
G148 and G116. Thus, these genotypes could be used in the future breeding programs.
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Introduction one of the most important species in Graminae family.

It was the first domesticated cereal crop from prehistoric
Wheat is the leading cereal crops cultivated all over the  time. Flour is the important produce of wheat from which
world under different environmental conditions. Wheat is  other kinds of food products are made such as nans, pas-
tries, chapattis and roti. Wheat straw is the important source
of animal’s feed. Wheat usually takes 140-170 days from
planting till its harvest, depending upon soil, quality of the
seeds and climatic conditions. Globally 36% of the pop-
ulation directly depends on wheat (Singh and Chaudhary
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Peshawar, Peshawar, Pakistan Pakistan is ranked 4th high producer country in the Asia
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Research (PCSIR), Peshawar, Pakistan wheat was cultivated on an area of (9168.2ha) with total
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cultivated on an area (0.73m ha') with the production of
(1.3m tons) (CSKP 2019). Low yield of wheat is due to
poor quality seed, late sowing, low yielding varieties and
low water (Fatima et al. 2018).

For predicting the performance of wheat genotypes plant
breeders focus on high heritable traits (Khan et al. 2008;
Mangi et al. 2008). Higher heritability makes selection pro-
cess simple for the plant breeders. Efficient progress in
the breeding approaches is made due to high heritability
and genetic advance (Gite et al. 2018). To gain high yield
the breeders developed improved wheat varieties (Abdullah
et al. 2002). Genetic and environmental factors highly in-
fluence wheat grain yield. Environment plays a major role
in low heritability of wheat grain yield. High yielding va-
rieties development is the major goal for Pakistani plant
breeders (Magbool et al. 2010).

For effective crop breeding progress, it is important to
know the association between various components with
yield and yield related traits. Genotypic and phenotypic
correlations provide opportunity to plant breeders to mea-
sure the associations of one trait with another. Correlation
coefficient helps the plant breeders to determine the selec-
tion criteria for progress of various traits with yield. The
yield was increased by understanding the associations of
yield with other traits. Some breeders showed positive as-
sociation between yield and other traits that contribute to
yield such as grains spike™' (Kashif and Khaliq 2004), 1000-
grain weight (Anjum et al. 2022), harvest index (%) (Ali
and Shakor 2012) and plant height (Anjum et al. 2022).

The inheritance of grain yield is very complex in wheat
and is related to other yield contributing traits (Sajjad et al.
2011). Genotypes perform differently in different environ-
ments which indicate the impact of various environmental
factors on the expression of traits (Aucamp et al. 2006). De-
veloping high yielding and stable varieties can reduce the
gap of yield under both irrigated and rainfed areas. The most
important aspect of plant breeding is to find out genetic dif-
ferences among the genotypes for population improvement.
The current study was conducted to achieve the following
objectives to; (i) estimate heritability and expected genetic
advance for grain yield and other yield related traits un-
der irrigated and rainfed conditions (ii) find out association
of yield and yield contributing traits under the two envi-
ronments (iii) identify the best performing genotypes for
irrigated and rainfed conditions.

Materials and Methods

This research was performed at The University of Agricul-
ture, Peshawar, during 2020-21. The experimental material
comprised 18 advance wheat lines procured from Interna-
tional Maize and Wheat Improvement Center (CIMMYT)
along with two local check cultivars (Table 1). A total of
20 genotypes were sown under irrigated and rainfed condi-
tions independently. The experiment was conducted using
RCB design with three replications. All the genotypes were
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Table 2 Physico-chemical properties of soil (15-30cm) of the
experimental site

Properties Values
pH(H20) 8.01
Electrical conductivity (dSm™") 0.86
Bulk density (g cm?) 1.67
Sand (%) 8.67
Silt (%) 52.43
Clay (%) 41.32
Textural class Silty clay loam
CaCOs (%) 14.2
Toral organic C (gkg™) 8.21
Total N (gkg™) 0.52
Field Capacity (%) 32
Permanent Wilting Point (%) 18
AB-DTPA extractible nutrients

P (mgkg™) 3.78
K (mg kg™) 104
Zn (mg kg™) 0.84
Mg (mg kg™) 22
Na (mg kg™) 2.3

assigned to a plot of 4 rows by keeping a row to row dis-
tance of 30cm with a row length of 3m.

Procedure for Recording Parameters

Phenological Attributes

Days to heading in each genotype was recorded from date
of sowing till the emergence of spike from flag leaf sheath

in 50% of the plants. The data for days to physiological
maturity was recorded from date of sowing till the loss of

green pigment from peduncle bearing the spike in 50% of
the plants (Khan et al. 2022).

Growth Parameters

Flag leaf area was recorded in each genotype on 10 ran-
domly selected plants by using the following formula
(Muller 1991):

Flag leaf area = leaf length x leaf width x 0.75

Plant height was taken after physiological maturity. The
plant height was measured by selecting ten randomly plants
in each genotype from the soil surface to the tip of spike
excluding awns. Spike length was recorded on ten randomly
selected spikes from the base to the tip of last spikelet
excluding awns in each genotype (Anjum et al. 2022; Khan
et al. 2023).

Yield and Yield Attributes

Productive tillers were counted in one m? area in three
central rows in each genotype randomly. Data on spikelets
spike™! was noted by counting productive spikelets on ten
randomly selected spikes in each genotype at physiological
maturity. Data on grains spike™' was recorded by counting
total number of grains in ten randomly selected spikes by
threshing each genotype individually. Grains of ten ran-
domly selected spikes were threshed separately in each
genotype and weighed on electric balance. Data on thou-
sand grains weight was taken from the bulk grains of the
selected plants in each genotype with the help of electric
balance. Each plot was harvested individually at maturity
and the whole bundle after sun drying was weighed with

Table 3 Mean squares for various traits of 20 wheat lines across two environments (irrigated and rainfed)

Source of variation with degree of freedom

Environments Reps (E) Genotypes GxE Error Ccv
Traits 1 ()] 19) (19) (76) (%)
Days to heading 313.63%* 0.61 54.25%% 15.70%%* 1.59 1.13
Flag leaf area 437, 7% 0.71 18.51%* 8.16%* 1.08 6.23
Days to maturity 2.41" 2.08 8.30%* 10.44%%* 0.94 0.66
Plant height 832.13%* 43.15 34.40%* 15.75%* 6.91 3.15
Spike length 21.11%%* 0.54 2.08%* 0.32" 0.41 6.15
Spikelets spike™! 29.407% 0.25 9.9 4.471%* 0.86 5.04
Spikes m™ 122000.51%* 164.44 4926.03%* 2267.57%* 79.26 3.05
Grains spike™! 311.37%%* 2.92 98.697# 32.26%* 7.56 5.20
Grains weight spike™! 7.09%* 0.11 0.27%%* 0.10™ 0.10 13.6
1000-grain weight 276.2% 0.38 26.5%%* 8.47+* 1.13 22
Biological yield 230050182.3** 56246.29 2258921%* 592842.7%* 176942.3 8.1
Grain yield 12867475.2%* 43896.16 407152.8%* 168459.6%* 76674.91 13.6
Harvest index (%) 2029.497% 1.01 146.13%* 100.3%: 333 14

*, **Significant at 5% and 1% probability level; ns non-significant
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an electric balance before threshing to record biological
yield. For the analysis the biological yield was converted
to kg ha!. Grain yield was determined from weight of the
grains obtained after threshing the whole produce in each
plot. Harvest index was calculated by using the following
formula (Anjum et al. 2022):

Grain yield (kgha™)
Biological yield (kgha™")

Harvest index (%) = 100

Statistical Analysis
The data recorded for the traits was subjected to pooled

analysis (Gomez and Gomez 1984) to analyze the genetic
diversity among 20 wheat genotypes (Fig. 1, Table 2).

Results and Discussion
Days to Heading

Pooled analysis of heading showed highly significant di-
versity among the genotypes, environments and genotype

by environment (Gx E) interaction (Table 3). Khan et al.
(2020) and Kumar et al. (2017) also observed significant
diversity among wheat genotypes for days to heading.
Coefficient of variation across the two environments was
1.13% for days to heading (Table 3). Mean values of the
genotypes for heading ranged from 104.7-116.3 days un-
der irrigated conditions, while under rainfed condition it
ranged from 106.0-117.0 days (Table 4). Under irrigated
conditions maximum days were recorded for genotype PS-
15 (116.3 days), followed by G202 (113.7 days), while
minimum days were recorded for G197 (104.7 days),
followed by G155 (105.0 days). In contrast, under rain-
fed condition maximum mean value of days to heading
was observed for Wadan (117.0 days), followed by G202
(116.3 days), while minimum days were recorded for G155
(106.0 days), followed by G130 (108.0 days). The mean
values across the two environments for heading ranged from
105.5-115.8 days (Table 4). Genetic variance for days to
heading was recorded higher (10.98) than the environ-
mental variance (1.51) under irrigated condition. Similarly,
the genetic variance under rainfed condition was higher
(11.30) than the environmental variance (1.56) (Table 5).
For days to heading high heritability was recorded both
under irrigated (0.88) and rainfed (0.88) condition. Genetic

Table 4 Means for various traits of 20 wheat lines under irrigated and rainfed conditions

Traits Environments Ranges Means Best Genotypes
Days to heading Irrigated 104-116 109 G197, G145, G155
Rainfed 106-117 112 G155, G130, G144
Flag leaf area (cm?) Trrigated 13.9-22.7 18.6 PS-15, G159, G125
Rainfed 10-18.9 14.8 G131, G130, PS-15
Days to maturity Irrigated 141-150 145 G145, G131, G125
Rainfed 142-147 144 G163, G160, G155
Plant height (cm) Trrigated 82-87 86 PS-15, G131, G134
Rainfed 73-85 81 PS-15, G160, G206
Spikes (m2) Irrigated 220-385 323 G202, G131, G149
Rainfed 188-303 259 G131, G116, G206
Spike length (cm) Irrigated 10-12.5 10.7 G106, G155, G160
Rainfed 9.3-11.2 10.2 G159, PS-15, G163
Spikelets spike™! Irrigated 16-24 18 G202, G149, G148
Rainfed 16-21 17 G131, G148, PS-15
Grains spike™! Irrigated 47-68 54 G202, G149, G148
Rainfed 45-59 51 G131, G148, G116
Grains weight spike™! (g) Irrigated 2-3.2 25 G202, G131, PS-15
Rainfed 1.7-2.5 2.1 G131, G116, G159
1000-grain weight (g) Trrigated 45-55.1 49 G149, G160, G125
Rainfed 43.1-51.1 46.4 G148, G155, G131
Biological yield (kg ha™!) Irrigated 4388.3-8101.1 6521.4 G148, G149, G163
Rainfed 3038.2-4706.7 3752.2 G148, G155, G131
Grain yield (kg ha™) Irrigated 1816.5-2942.5 2349.4 G202, G149, G131
Rainfed 1172.3-2250 1694.5 G131, G116, PS-15
Harvest index (%) Irrigated 24.8-54.9 36.9 G106, G125, G131
Rainfed 36.8-57.3 45.1 G131, PS-15, G116
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Table 5 Genetic advance, heritability and variance components for various traits of 20 wheat lines evaluated under irrigated and rainfed

conditions
Traits Envir Vg Ve h? GA
Flag leaf area (cm?) Irrigated 5.04 0.90 0.85 2.90
Rainfed 3.15 1.15 0.73 2.13
Days to heading Irrigated 10.98 1.51 0.88 4.35
Rainfed 11.30 1.56 0.88 4.41
Plant height (cm) Irrigated 1.43 4.58 0.24 0.82
Rainfed 11.57 6.55 0.64 3.80
Days to maturity Irrigated 3.78 1.15 0.77 2.38
Rainfed 1.85 0.68 0.73 1.63
Spike length (cm) Trrigated 0.21 0.64 0.25 0.32
Rainfed 0.23 0.43 0.35 0.40
Spikelets spike™! Irrigated 2.59 0.96 0.73 1.92
Rainfed 1.64 0.66 0.71 1.51
Spikes (m2) Irrigated 1260.83 112.77 0.92 47.63
Rainfed 1085.97 40.41 0.96 45.30
Grains spike™! Irrigated 25.97 8.46 0.75 6.20
Rainfed 12.66 6.56 0.66 4.04
Grain weight spike™! (g) Irrigated 0.02 0.14 0.13 0.07
Rainfed 0.02 0.10 0.20 0.10
1000-grain weight (g) Irrigated 5.28 1.71 0.76 2.80
Rainfed 5.10 2.32 0.69 2.62
Biological yield (kg ha™') Irrigated 845576.99 291339.77 0.74 1110.24
Rainfed 108214.79 59048.57 0.65 370.44
Grain yield (kg ha™) Irrigated 56813.28 142146.71 0.29 178.32
Rainfed 84253.57 10265.14 0.89 383.67
Harvest index (%) Irrigated 32.13 49.86 0.39 4.97
Rainfed 27.98 16.24 0.63 5.89

Table 6 Genotypic (above diagonal) and phenotypic correlation (below diagonal) under irrigated condition among various traits in wheat

Traits FLA DTH PH DTM  SL SM SPS GPS GWPS TGW GY BY HI
FLA - 0.19 -0.54*  0.10 0.41 -0.02 -0.05 -0.13 0.60%* 0.16 0.09 -0.25 0.21
DTH 0.18 - -0.42 0.42 -0.07  0.58*%%  0.46* 0.43 0.73%%* 0.24 0.61%* 0.39 0.01
PH -035 -028 - 0.09 0.08 -0.54*  -0.30 -0.29 -0.99%*  -0.14 -0.99%*  —0.14 -0.31
DTM 0.07 0.44*  0.00 - 0.18 0.00 0.16 0.22 0.06 0.03 0.13 0.35 -0.16
SL 0.35 -0.07  0.02 -0.05 - -0.36 -0.40 -0.38 -0.99%*  —0.48*%* -0.19 -0.54%  0.49%
SM 0.00 0.58*  -0.32 0.04 -0.04 - 0.68**  0.67*%%  0.99%* 0.42 0.42 0.64**  -0.39
SPS -0.03 041 -0.19 0.18 -0.21  0.62%* - 0.99%*  0.99%* 0.71%%  0.80%* 0.60**  —0.00
GPS -0.11  0.39 -0.12 0.22 -0.21  0.61%*  0.97*%% - 0.99%* 0.73**  (0.83%%* 0.70%*  —0.09
GWPS  0.36 0.39 -0.32 0.09 -0.06  0.61%*  0.72%%  0.63** — 0.99%*  0.99%%* 0.80**  —0.12
TGW 0.18 0.21 -0.04 0.10 -0.17 030 0.66*%*  0.64%*  0.65%* - 0.817%%* 0.36 0.09
GY 0.08 0.42 -0.39 0.09 -0.06  0.30 0.60%*  0.59%*  0.62%* 0.59%*%  — 0.39 0.30
BY -0.27 036 -0.04 0.47%  -0.01  0.50% 0.57*%%  0.57**  0.24 0.18 0.28 - —0.72%%*
HI 0.21 0.06 -0.27 -024 -0.16 -0.16 0.10 0.08 0.30 0.36 0.63%* -0.50* -

advances were 4.35 in irrigated and 4.41 under rainfed
conditions. In accordance to our results, high heritability
for the mentioned parameter was also justified by Dave
et al. (2021) in wheat lines. Correlation data exhibited sig-
nificant positive associations of days to heading with days
to maturity (r,=0.44*) and spikes m= (r,=0.58**) under

@ Springer

irrigated condition (Table 6). Similarly, days to 50% head-
ing revealed significant positive genotypic correlations with
grain yield (r,=0.61%%), spike m?2 (r,=0.58%%), spikelets
per spike (r,=0.46*) and grain weight spike™! (r,=0.73%%)
under irrigated conditions (Table 6). Heidari et al. (2020)
also justified highly significant correlation of days to 50%
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Table 7 Genotypic (above diagonal) and phenotypic correlation (below diagonal) under rainfed condition among various traits in wheat

Traits FLA DTH PH DTM  SL SM SPS GPS GWPS TGW GY BY HI
FLA - -0.01 -0.05 -0.14 0.25 0.02 0.46* 0.35 0.07 -0.03 0.14 —-0.01 0.31
DTH -0.01 - -0.28 028 0.01 0.38 0.16 0.13 0.11 -0.05 0.25 0.39 0.31
PH -0.04 -025 - -027 -032 -0.20 0.02 0.31 0.45% 0.24 0.08 0.27 -0.12
DTM -0.12  0.28 -025 - 0.36 0.20 0.34 0.42% 0.53**  0.33 0.18 0.03 0.47*
SL 0.21 -0.02 -028 0.23 - 0.38 0.08 -0.17 -0.07 -043*  0.36 -0.25 0.26
SM 0.03 0.36 -0.19 020 0.29 - 0.43* 0.28 0.50* -0.17 0.71%*  0.48%* 0.63%**
SPS 0.40 0.16 0.00 0.28 0.16 0.42 - 0.98**  0.99%*%  0.41 0.64%*  0.41 0.97%*
GPS 0.32 0.12 0.22 0.33 -0.17  0.26 0.84%*  — 0.99%*  0.55%%  0.40 0.44* 0.64%*
GWPS  0.08 0.06 0.62 0.35 0.01 0.31 0.59%*  0.71%%  — 0.60**  0.48* 0.45* 0.36
TGW -0.07 -0.02 0.27 0.27 -0.39  -0.17 0.26 0.42 0.33 - 0.20 0.47* 0.15
GY 0.16 0.22 0.04 0.16 0.29 0.69%*  0.59*%*%  0.38 0.34 0.15 - 0.74%*  (.83%*
BY 0.04 0.35 0.21 0.05 -0.23  0.44* 0.33 0.38 0.33 0.36 0.66%*  — 0.38
HI 0.25 0.23 -0.12 029 0.33 0.52%%  0.71%*%  0.49* 0.16 0.06 0.72%%  0.22 -

FLA Flag leaf area, DTH Days to heading, PH Plant height, DTM Days to maturity, SL Spike length, SM Spikes (m~2), SPS Spikelets spike™,
GPS Grains spike™!, GWPS Grain weight spike™!, TGW 1000-grain weight, GY Grain yield, BY Biological yield, HI Harvest index

heading with days to maturity under irrigated condition in
different wheat lines.

Flag Leaf Area (cm?)

Combined analysis across the environments revealed highly
significant variations among the genotypes, environments
and GxE interaction for flag leaf area (Table 3). Ullah
et al. (2021) and Sohail et al. (2018) also justified same
results for flag leaf among wheat lines. Across the two
environments coefficient of variation was (6.23%) for flag
leaf area (Table 3). Mean values of the genotypes for flag
leaf area under irrigated condition and 10-18.9cm? was
observed for rainfed condition (Table 4). Under irrigated
condition maximum leaf area was justified for genotype
PS-15 (22.7cm?), followed by G159 (22cm?), while min-
imum values recorded for G116 (13.9cm?), followed by
G206 (15.9cm?). In contrast, under rainfed condition max-
imum mean value of flag leaf area was observed for G131
(18.9cm?), followed by G130 (18.7cm?), while minimum
leaf area was noted for G116 (10.0cm?), followed by
G206 (13.1cm?). Leaf area across the environments ranged
from 12.0-19.6 cm? Maximum mean value across environ-
ments were recorded for genotype G131 (19.6cm?), while
minimum mean value was recorded for genotype G116
(20.0cm?) (Table 4) for flag leaf area. Genetic variance
for flag leaf area was higher (5.04) than the environmental
variance (0.90) under irrigated condition. Similarly, the
genetic variance under rainfed condition was higher (3.15)
than the environmental variance (1.15) (Table 5). The anal-
ysis revealed high heritability for flag leaf area both under
irrigated (0.85) and rainfed (0.73) condition (Table 5). The
genetic advances for flag leaf area under irrigated were 2.90
and under rainfed were 2.13, respectively. Khan and Hassan
(2017) also found high heritability (0.89) for flag leaf area

in different wheat lines. Flag leaf area show significant
positive genotypic associations with grain weight spike™
(ry=0.60%*) but negatively correlated with plant height
(ryg=-0.54*) under irrigated condition (Table 6). How-
ever, under rainfed condition leaf area showed significant
and positive association with spikelets spike™! (r,=0.46%)
(Table 7). Chowdhry et al. (2000) and Saleem et al. (2006)
also reported significant positive genotypic correlation of
the mentioned parameter with the spikelets spike™! and
other yield related traits.

Days to Physiological Maturity

Analysis showed highly significant diversity among the can-
didate wheat lines and G x E interaction (Table 3) for days
to maturity. Baloch et al. (2013) also recorded significant
variation among different wheat lines for days to physio-
logical maturity. Coefficient of variation days to maturity
across the two environments was 0.66% (Table 3). Mean for
days taken to maturity among the genotypes ranged from
141-150 days under irrigated and 142-147 days in rain-
fed condition (Table 4). Maximum number of days were
recorded for genotype G148 (150 days), followed by check
cultivar PS-15 (148.0 days), while minimum days were
recorded for genotype G145 (141 days) under irrigated con-
ditions. In contrast, under rainfed condition maximum mean
value of days to maturity was observed for genotype G206
(147 days), while minimum days were recorded for G163
(142 days), followed by G160 (142.3 days). Across the two
environments the mean values ranged from143-148 days
among the genotypes. Maximum mean value across two en-
vironments (irrigated and rainfed) was recorded for geno-
type G148 (148 days), while minimum was recorded for
genotype G163 (143 days) (Table 4). Higher genetic vari-
ance was observed for days to maturity than environmental
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variance across the two environments (Table 5). The genetic
and environmental differences in irrigated condition were
3.78 and 1.15, and under rainfed conditions were 1.85 and
0.68, respectively. High heritability was observed for both
irrigated (0.77) and rainfed (0.73) conditions (Table 5). The
genetic advances for days to maturity were 2.38 and 1.63,
respectively, under irrigated and rainfed conditions. Kumar
et al. (2018) and Rajput (2018) also estimated high heri-
tability for maturity among different lines in wheat. Days
to maturity revealed significant and positive phenotypic as-
sociations with biological yield (r,=0.47*) under irrigated
condition (Table 6). Under rainfed conditions, it justified
positive significant genotypic associations with grain spike™!
(ry=0.42%), grain weight spike™! (r,=0.53*%*) and with har-
vest index (r,=0.47*) (Table 7). In contrast to our results,
Ali et al. (2007) justified positive genotypic associations of
grain yield with days taken to physiological maturity.

Plant Height (cm)

The ANOVA revealed highly significant variations across
environments, among the genotypes and G x E relations for
plant height (Table 3). Our results get support from those
of Tomar et al. (2019) who also found significant diversity
among wheat lines for plant height. Degewione et al. (2013)
also justified significant diversity in wheat genotypes across
different environment. Coefficient of variation across the
two environments was 3.15% for plant height (Table 3).
Mean of the wheat genotypes for plant height ranged from
81.5-88.6cm under irrigated and under rainfed conditions
it ranged from 73.4-85.3cm (Table 4). Maximum height
was recorded for genotype G148 (88.6 cm), while minimum
was recorded for genotype PS-15 (81.5cm), followed by
G131 (83.9cm) in irrigated condition. In contrast, under
rainfed condition maximum mean value of plant height
was observed for genotype G163 (85.3cm), while mini-
mum was recorded for PS-15 (73.4cm), followed by G160
(75.2cm). Plant height across environments in wheat lines
ranged from 77.5-85.9cm. Maximum mean values across
two environments was recorded for genotype G163 and
G197 (85.9cm), while minimum was recorded for geno-
type PS-15 (77.5cm) (Table 4). Genetic variance (1.43) for
plant height was found to be lower than the environmen-
tal variance (4.58) under irrigated condition. In contrast,
the genetic variance for plant height in rainfed condition
was higher (11.57) than the environmental variance (6.55)
(Table 5). For plant height low heritability (0.24) was
recorded under irrigated conditions, while high heritability
(0.64) was observed for rainfed condition. For plant height
high heritability was also reported by Gerema (2020).
Resultant genetic advance under irrigated and rainfed envi-
ronment was 0.82 and 3.80, respectively for plant height.
Plant height revealed highly significant but negative geno-
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typic correlations with grain weight per spike (r,=-0.99%%)
and grain yield (r,=-0.99%*) and significant negative cor-
relations with flag leaf area and spikes m? (r,=-0.54%)
under irrigated condition (Table 6). Plant height under
rainfed condition justified significant genotypic correlation
with grain weight spike™ (ry=0.45%) (Table 7). Zeeshan
et al. (2014) also recorded significant negative correlation
of plant height with grain yield.

Spike Length (cm)

Spike length exhibited highly significant diversity among
the genotypes and the two environments. The data showed
non-significant differences for Gx E interaction for spike
length (Table 3). Similar to our finding Sabit et al. (2017)
and Hussain et al. (2012) also found significant vari-
ations among wheat lines for spike length. Coefficient
of variation across the two environments was 6.15% for
spike length (Table 3). Means values of the genotypes for
spike length were ranged from 9.9-12.5 cm under irrigated
and 9.3-11.2cm in rainfed condition (Table 4). Maxi-
mum length of spike was noted for G106 (12.5cm) and
G155 (11.6cm), whereas minimum was observed for G116
(9.9cm) in irrigated condition. In contrast, under rainfed
condition maximum mean value of spike length was ob-
served for genotype G159 (11.2cm) followed by check
cultivar PS-15 (11.1cm), while minimum was recorded
for G116 (9.3cm). Across the environments mean val-
ues among the genotypes for spike length were ranged
from 9.6-11.5cm. Maximum mean value across the two
environments (irrigated and rainfed) was noted for G106
(11.5cm), and minimum value was justified for G116
(9.6cm) (Table 4). The genetic variance recorded was less
than the environmental variance under both the irrigated
and rainfed environments for spike length (Table 5). The
genetic and environmental variance in irrigated condition
for spike length was 0.21 and 0.64, while under rainfed con-
dition 0.23 and 0.43, respectively. Low heritability (0.25)
was recorded in irrigated and moderate heritability (0.35)
was observed for spike length under rainfed condition.
The genetic advance for spike length was 0.32 in irrigated
condition and it was 0.40 under rainfed conditions. In accor-
dance to our results (Mohsin et al. 2009; Sohail et al. 2018)
also noted moderate heritability for the mentioned traits
in wheat lines. Highly significant but negative genotypic
correlations of spike length was observed with grain weight
spike™! (r,=—0.99%*) and significant negative associations
with 1000-grain weight (r,=-0.48%) and biomass yield
(ry=-0.54%*), while it had positive correlation with harvest
index (ry=049%) under irrigated condition (Table 6). How-
ever, under rainfed condition spike length was negatively
correlated with 1000-grain weight (r,=-0.43) (Table 7).
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Patel et al. (2021) also recorded negative genotypic corre-
lation of spike length with thousand grain weights.

Spikelets Spike™

Mean square values revealed highly significant diversity
among genotypes, across environments and Gx E interac-
tion for spikelets spike~! (Table 3). Tomar et al. (2019) also
justified significant variation for spikelets per spike among
wheat lines. Significant variation among the wheat line was
also reported by Khan et al. (2020). Coefficient of varia-
tion across the two environments was 2.41% for spikelets
per spike (Table 3). The means of genotypes for spikelets
spike™! ranged from 16.7-24.0 under irrigated condition,
while under rainfed conditions the mean values ranged
from 16.0-21.7 (Table 4). Maximum spikelets spike™' were
recorded for G202 (24.0), while minimum were recorded
for genotype G197 (16.7) in irrigated condition. In contrast,
under rainfed the genotype G131 (21.7) showed maximum
mean value for spikelets spike™!, whereas minimum was
recorded for G197 (16.0). Mean values across the envi-
ronments among the genotypes for spikelets spike™ ranged
from 16.3-20.8. Maximum mean value across two envi-
ronments was observed for G202 (20.8) while, minimum
was recorded for genotype G197 (16.3) (Table 4). Genetic
variance was recorded higher than the environmental vari-
ance in both irrigated and rainfed environments (Table 5).
For spikelets spike™! heritability recorded was high under
irrigated (0.73) as well as under rainfed condition. The
genetic advance computed for spikelets spike™! was 1.92 in
irrigated and 1.51 under rainfed condition (Table 5). Simi-
lar to our results across environments high heritability for
spikelets spike~! was also reported by Mwadzingeni et al.
(2017). Spikelets spike™! under irrigated conditions justified
strong positive phenotypic associations with grain spike™!
(r,=0.97%%), grain weight per spike (r,=0.72*%*), thousand
grain weight (r,=0.66**), grain yield (r,=0.60**) and bi-
ological yield (r,=0.57%%) (Table 6). Similarly, under rain-
fed condition it exhibited highly significant strong positive
phenotypic associations with grain per spike (r,=0.84%%),
grains weight spike™! (r,=0.59%%), grain yield (r,=0.59%%)
and harvest index (r,=0.71*%%*) (Table 7). Spikelets spike™!
also indicated highly significant genotypic correlations
with grain per spike (r,=0.99%%*), grains weight spike™!
(r;=0.99%%), thousand grain weight (r,=0.71%%*), grain
yield (r,=0.80**) and biological yield (r,=0.60%*) under
irrigated conditions (Table 6). In contrast under rainfed
condition the mentioned parameter showed highly signif-
icant positive genotypic associations with grain per spike
(ry=0.98%%), grains weight spike™! (r,=0.99**), grain yield
(r;=0.64*%) and harvest index (r,=0.97%*) (Table 7). Sim-
ilar to our finding (Ghafoor et al. 2013; Baloch et al. 2013)

also observed significant association of spikelets spike™!
with grain yield.

Spikes (m-?)

Spikes (m) analysis revealed highly significant variations
between the two environments, genotypes and for Gx E in-
teraction (Table 3). Tahmasebi et al. (2013), Ali and Shakor
(2012) also found similar results among wheat genotypes
for spikes (m2). Coefficient of variation across the two envi-
ronments was 3.05% for spikes (m2) (Table 3). The mean
values for spikes (m=) under irrigated condition ranged
from 220.0-385.0, while under rainfed condition it ranged
from 188.7-303.3 among the genotypes (Table 4). Maxi-
mum spikes (m2) under irrigated condition were recorded
for genotype G202 (385.0), followed by G131 (376.7),
while minimum were recorded for genotype G197 (220.0).
In contrast, under rainfed condition maximum mean value
of spikes (m=) was observed for genotype G131 (303.3),
while minimum was recorded for G155 (188.7). Across
the two environments the mean values among the geno-
types ranged from 223.8-340.0 for spikes (m2?). Maximum
mean values for spikes (m™) across two environments
was observed for genotype G131 (340.0), while minimum
was recorded for genotype G197 (223.8) (Table 4). Genetic
variance for spikes (m=2) was recorded to be higher than the
environmental variance in both irrigated and rainfed condi-
tions (Table 5). The genetic and environmental variance in
irrigated condition for spikes (m2) was 1260.8 and 112.7,
while, under rainfed conditions were 1085 and 40.4, re-
spectively. For spikes (m2) high heritability were computed
under irrigated (0.92) and rainfed (0.96) conditions. The
genetic advance for spikes (m2) was 47.6 under irrigated
condition and 45.30 in rainfed condition (Table 5). Alemu
and Molla (2015) also reported moderate broad sense her-
itability for spikes (m=2) among the local wheat cultivar
in Ethopia. Correlation analysis showed highly signifi-
cant positive phenotypic associations of spikes (m2) with
spikelets per spike (r,=0.62%*), grains spike™ (r,=0.61%%),
grain weight spike™! (r,=0.61**) and significant phenotypic
correlation with biological yield (r,=0.50%) under irrigated
condition (Table 6), while under rainfed condition spikes
m~ revealed significant positive phenotypic correlations
with grain yield (r,=0.69*%%*), biomass yield (r,=0.44%)
and harvest index (r,=0.52**) (Table 7). The mentioned
parameter showed significant positive genotypic correla-
tions with spikelets per spike (r,=0.68**), grains spike™
(rg=0.67%%), grain weight spike™! (r,=0.99%*) and biologi-
cal yield (r,=0.64%*) in irrigated condition (Table 6), while
under rainfed condition it showed significant positive geno-
typic correlations with spikelets per spike (r,=0.43%*), grain
weight spike™! (r,=0.50*), grain yield (r,=0.71%*), biolog-
ical yield (r,=0.48*) and with harvest index (r,=0.63%)
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(Table 7). Thus, increase in number of spike (m2) results
in high economic yield. Aydin and Mut Ozecan (2010) also
reported similar results of spikes (m2) with the mentioned
traits. Chowdhry et al. (2000) and Singh et al. (2018)
also revealed phenotypic correlations of spikes (m=2) with
spikelets spike™' and grain spike~!. Similar to our finding
Kashif and Khaliq (2004) also justified significant relations
of grain yield with spikes (m2).

Grains Spike-

The combined analysis revealed significant variations
across the two environments and genotype by environment
(GxE) interaction for grains spike™! (Table 3). Also, sig-
nificant diversity was detected among the genotypes across
the environments (irrigated and rainfed). Mollasadeghi
et al. (2011) also recorded significant variation for GX E
interaction. Coefficient of variation across the two environ-
ments was 5.2% for grains spike™! (Table 3). Mean values
among the wheat lines for grain spike™ ranged from 47-68
under irrigated and from 45.3-59.7 under rainfed condition
(Table 4). Maximum grains per spike was recorded for
G202 (68) while, minimum were recorded for genotype
G197 (47), followed by G160 (48.3) in irrigated condition.
In contrast, under rainfed condition maximum mean values
of grains spike”! was computed for G131 (59.7), while
minimum was recorded for genotypes G163 (45.3). Across
the two environments the mean value for the mentioned
trait among the genotypes ranged from 46.3-60.9. Maxi-
mum mean value across two environments was recorded for
G149 (60.9), while minimum was recorded for genotype
G197 (46.3) (Table 7). For grains per spike the genetic vari-
ance across both the environments (irrigated and rainfed)
were observed to be higher than the environmental vari-
ance (Table 5). Genetic and environmental variances under
irrigated were 25.97 and 8.46, while in rainfed were 12.66
and 6.56, respectively. Analysis revealed high heritability
in irrigated (0.75) and rainfed (0.66) condition (Table 5).
Resultant genetic advance for grains spike™ recorded was
6.20 in irrigated and 4.04 under rainfed condition (Table 5).
Similar to our finding Dave et al. (2021) and Rathwa et al.
(2018) also recorded similar result of heritability for grains
per spike among wheat lines. Grain spike™! revealed highly
significant strong positive phenotypic correlations with
grain weight per spike (r,=0.63**), 1000-grain weight
(rp=0.64%%*), grain yield (r,=0.59%*) and biological yield
(r,=0.57%*) under irrigated condition (Table 6). In contrast
grain per spike under rainfed condition showed signifi-
cant phenotypic associations with grain weight per spike
(r,=0.71%%) and harvest index (r,=0.49%) (Table 7). Like-
wise, grain spike™!' justified highly significant genotypic
correlations with grain weight spike™ (r,=0.99%%*), 1000-
grain weight (r,=0.73*%), grain yield (r,=0.83**) and bi-
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ological yield (r,=0.70**) in irrigated condition (Table 6),
while under rainfed condition the mentioned parameter
indicated highly significant positive genotypic correlations
with grain weigh per spike (r,=0.99%%*), harvest index
(ry=0.64%%), 1000-grain weight (r,=0.55%*) and signifi-
cant association with biological yield (r,=0.44*) (Table 7).
Iftikhar et al. (2013) and Ghafoor et al. (2013) also ob-
served strong positive correlations of grain yield with grain
spike!.

Grain Weight Spike" (g)

Grain weight spike™ justified highly significant diver-
sity among the genotypes and across the environments
(Table 3). The GxE interaction was non-significantly
different across the environments (Table 3). Khan et al.
(2012b) also recorded considerable diversity in wheat
lines. For grain weight spike™! coefficient of variation
was 13.6% (Table 3). Mean values among the genotypes
ranged from 2.0-3.2g under irrigated and from 1.7-2.5g
for rainfed condition for grain weight spike™! (Table 4).
Maximum weight was recorded for genotype G202 (3.2 g),
followed by G131 (2.8 g), whereas minimum was recorded
for genotype G106 (2.0 g) in irrigated condition. In contrast,
under rainfed maximum mean value of grain weight spike™!
was noted for G131 (2.5g), while minimum was recorded
for genotype G160 (1.7g). Across the environments the
mean for grain weight spike™! among genotypes ranged
from 2.0-2.7g. Maximum value across two environments
was recorded for G131 (2.7g), while the minimum was
recorded for genotype G106 (2.0g) (Table 4). For grain
weight spike™! genetic variances across both the environ-
ments were observed to be lower than the environmental
variances (Table 5). The genetic and environmental vari-
ance under the irrigated environment was 0.02 and 0.14,
while under rainfed environment were 0.02 and 0.10, re-
spectively. For grain weight spike™! low heritability was
recorded under both irrigated (0.13) and rainfed (0.20)
conditions. Resultant genetic gain for grain weight spike™
was 0.07 in irrigated and 0.10 under rainfed condition
(Table 5). Highly significant phenotypic associations of
grain weight spike™ were observed with 1000-grain weight
(r,=0.65%*) and with grain yield (r,=0.62*%*) under irri-
gated condition (Table 6). The mentioned parameter under
irrigated condition also revealed highly significant pos-
itive genotypic correlations with thousand grain weight
(rg=0.99%%), grain yield (r;=0.99**) and with biological
yield (r,=0.80*%*) (Table 6), while under rainfed grain
weight per spike showed significant positive genotypic
correlations with 1000-grain weight (r,=0.60%%), grain
yield (r,=0.48*) and biological yield (r,=0.45%) (Table 7).
Similar to our finding, Khan et al. (2012) also testified
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significant genotypic as well as phenotypic associations of
grain weight spike™! with grain yield.

1000-Grain Weight (g)

The mean square analysis for 1000-grain weight justi-
fied highly significant variations across the environments,
among genotypes and for G x E interaction (Table 3). Sim-
ilar to our results among the genotypes was also recorded
by Bhutto et al. (2016) for 1000-grain weight. Across
the environments the observed coefficient of variation for
thousand grain weight was 2.2% (Table 3). Mean values
under irrigated condition for thousand grain weight ranged
from 45.0-55.1g and 43.1-51.1 g under rainfed condition
(Table 4). 1000-grains weight was maximum for geno-
type G149 (55.1g) followed by G202 (53.5g), while it
was minimum for G163 (45.0¢g) in irrigated condition.
In contrast, maximum 1000-grain weight under rainfed
condition was recorded for genotype G148 (51.1g), while
minimum for genotype G130 (43.1g). Mean values across
the two environments for thousand grain weight ranged
from 44.1-50.9g (Table 4). Maximum value across the
environments was justified for G202 (50.9 g), while mini-
mum was recorded for genotype G163 (44.1g) (Table 4).
Genetic variances across both conditions were found higher
than the environmental variances for 1000-grain weight.
The genetic and environmental variances were 5.28 and
1.71 under irrigated and 5.10 and 2.32 under rainfed condi-
tions, respectively (Table 5). High heritability for thousand
grain weight was recorded under both, irrigated (0.76)
and rainfed (0.69) conditions. The genetic advances for
1000-grain weight were 2.80 and 2.62 under irrigated and
rainfed conditions, respectively. Gerema (2020) also found
high heritability for 1000-grain weight. Similarly, Khan
and Hassan (2017) also found high heritability (0.79) for
thousand kernel weights. Similarly, high heritability was
also noted by Khan et al. (2012a) and Farshadfar et al.
(2013). Thousand grain weight revealed highly significant
strong positive phenotypic correlation with grain yield
(r,=0.59%*) (Table 6). Similarly, the mentioned trait in-
dicated positive genotypic association with grain yield
(r,=0.81%*) under irrigated condition (Table 6), while it
also revealed positive genotypic association with biological
yield (r;=0.47*) under rainfed condition (Table 7). Similar
to our results, Waqas et al. (2014) and Mohibullah et al.
(2011) also testified significant positive association of grain
yield with thousand grain weight.

Biological Yield (kg ha-")
Biological yield revealed significant diversity among geno-

types. The data also exhibited highly significant varia-
tion across environments and GxE interaction (Table 3).

Similar result across the two environments was also jus-
tified by Saleem et al. (2017). Coefficient of variation
across the two environments was 8.1% for biological yield
(Table 3). The mean for biological yield ranged from
4388.3-8101.1kg ha! in irrigated condition, while under
rainfed condition it ranged from 3028.2-4706.7kg ha~!
(Table 4). Under irrigated conditions maximum biologi-
cal yield was noted for genotype G148 (8101.1kg ha™')
which is statistically followed by G149 (7988.3kg ha™),
while minimum for genotype G106 (4388.3 kg ha™!). Under
rainfed condition biological yield was recorded maximum
for genotype G148 (4706.7kg ha™') and minimum for
genotype G159 (3038.2kg ha™). The mean value across
the two environments ranged from 3987.1-6403.9kg ha.
Across the two environments maximum mean values was
observed for genotype G148 (6403.9kg ha'), while min-
imum was recorded for genotype G106 (3987.1kg ha™')
(Table 4). Analysis revealed that genetic variances both
under irrigated and rainfed conditions were higher than the
environmental variance for biological yield (Table 5). The
observed genetic and environmental variance components
were 845576.99 and 291339.77 under irrigated environ-
ment, while in rainfed conditions they were 108214.79
and 59048.57, respectively (Table 5). The analysis revealed
high heritability for biological yield under both irrigated
(0.74) and rainfed (0.65) conditions. Similar to our results,
Kumar and Kumar (2021) also estimated high heritability
among the wheat genotypes for biological yield. For bi-
ological yield the genetic advance in irrigated condition
was 1110.24, while under rainfed condition it was 370.44
(Table 5). Biological yield revealed significant negative
phenotypic associations with harvest index (r,=-0.50%%)
under irrigated condition (Table 6). The mentioned param-
eter also indicated highly significant but negative genotypic
association with harvest index (r,=-0.72**) under irrigated
condition (Table 6). Biological yield showed highly signif-
icant and positive genotypic correlations with spikelets per
spike (rg=0.60%%*), grains per spike (r,=0.70%%*), spikes m2
(ry=0.64**) and grain weight per spike (r,=0.80**) under
irrigated and rainfed conditions (Tables 6 and 7). Similar
association of biological yield with spikes m2 was also
justified by Abd-Allah et al. (2018).

Grain Yield (kg ha-")

Grain yield analysis exhibited highly significant diversity
among genotypes, the environment and Gx E interaction
(Table 3). Heidari et al. (2020) also reported sufficient di-
versity among the genotypes across different environments
in wheat. Coefficient of variation for the two environ-
ments was 13.6% for grain yield (Table 3). Mean values
of grain yield were ranged from 1816.5-2942.5kg ha™!
in irrigated conditions and from 1172.3-2250.0kg ha™!
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under rainfed condition (Table 4). The genotype G202
(2942.5kg ha') showed maximum yield, while minimum
yield was recorded for genotype G159 (1816.5kg ha™)
under irrigated condition. In contrast, under rainfed con-
dition biological yield was maximum for genotype G131
(2250.0kg ha') and was minimum for genotype G159
(1172.3kg ha™'). The mean value across the two environ-
ments ranged from 1494.4-2516.7kg ha"!. Maximum mean
value across the two environments was noted for genotype
G131 (2516.7kg ha™'), while minimum was recorded for
genotype G159 (1494.4kg ha') (Table 4). The environ-
mental variance for grain yield was recorded higher than
the genetic variance under irrigated conditions, while it
was higher under rainfed condition (Table 5). The genetic
and environmental variances were respectively 56813.28
and 142146.71 under irrigated conditions while, under
rainfed conditions genetic and environmental variances
were 84253.57 and 10265.14, respectively (Table 5). Low
heritability (0.29) was observed in irrigated, while high
heritability (0.89) was recorded under rainfed condition.
Similar to our finding, Zhang et al. (2019) also testified
high heritability for grain yield. The genetic advances for
grain yield recorded were 178.32 and 383.67 in irrigated
and rainfed conditions, respectively (Table 5). Correlation
analysis under irrigated condition revealed highly signif-
icant phenotypic association of grain yield with harvest
index (r,=0.63**) (Table 6), while under rainfed condi-
tion the mentioned parameter revealed highly significant
phenotypic correlations with biological yield (r,=0.66%%*)
and with harvest index (r,=0.72%%*) (Table 7). Similarly
grain yield revealed highly significant genotypic correla-
tions with biological yield (r,=0.74**) and harvest index
(r,=0.83**) under rainfed environment (Table 7). Sial et al.
(2013) also recorded significant associations of grain yield
with biomass yield. Khan et al. (2011) also revealed signif-
icant associations of grain yield with harvest index both at
phenotypic and genetic level.

Harvest Index (%)

The pooled ANOVA for harvest index indicated highly
significant variations among genotypes, across the en-
vironments (irrigated and rainfed) and GxE interaction
(Table 3). Ikramullah et al. (2011) and Afridi and Khalil
(2007) and also observed significant Gx E interaction in
wheat lines for the mentioned traits. Mohsin et al. (2009)
also recorded sufficient variability for harvest index among
genotypes in wheat. Coefficient of variation across the en-
vironments for harvest index observed was 14% (Table 3).
Mean values for harvest index among genotypes under irri-
gated condition ranged from 24.8-54.9% and under rainfed
condition the range was from 36.8-57.3% (Table 4). Un-
der irrigated conditions, harvest index was maximum for
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genotype G106 (54.9%), followed by G125 (44.9%), while
it was minimum for genotype G163 (24.8%). Under rain-
fed condition harvest index was maximum for genotype
G131 (57.3%) and minimum for genotype G149 (36.8%).
The mean values across the two environments ranged from
34.9-51.3%. Maximum mean value across the two environ-
mental conditions was noted for genotype G106 (51.3%),
while minimum was recorded for genotype G159 (34.9%)
(Table 4). Genetic variance under irrigated condition was
recorded lower than the corresponding environmental vari-
ance, while it was found higher under rainfed condition
for harvest index (Table 5). Genetic and environmental
variances under irrigated condition were 32.13 and 49.86,
similarly under rainfed conditions they were 27.98 and
16.24, respectively (Table 5). Moderate heritability (0.39)
was observed in irrigated and high heritability (0.63) was
recorded under rainfed condition for harvest index. The
observed genetic advances for harvest index under irrigated
were 4.97 and 5.89 under rainfed conditions (Table 5).
Similar to our results, Mohsin et al. (2009) also noted high
heritability among the wheat lines for harvest index.

Conclusions and Recommendations

Highly significant diversity among the genotypes was ob-
served for all the traits revealed the presence of sufficient
variability among the genotypes for improvement. Highly
significant genotype by environment interaction (GXE)
for most of the traits revealed differential performance of
the genotypes under the two environments. The promising
genotypes under irrigated condition observed were G202,
PS-15 and G106, while under rainfed condition the promis-
ing genotypes were G131, G148 and G116. Thus, for yield
improvement these genotypes could be utilized in the future
breeding research. High heritability and expected genetic
advance were noted for grain yield and most of the yield
related traits under irrigated and rainfed conditions. Grain
yield showed positive correlations with days to heading,
spikelets spike!, grains spike™!, grains weight spike™! and
thousand grain weight under irrigated while, with spikes
(m2), spikelets spike™!, grain spike™!, biological yield and
with harvest index under rainfed conditions. These traits
could be used as indirect selection criteria for improving
grain yield in wheat.
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