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Global wheat yields are suffering due to differences in regional climatic conditions and soil fertility. Plant
breeders are continuously working to improve the yield per unit area of wheat crop through selecting
superior lines as parents. The screening and field evaluation of available lines allow the selection of supe-
rior ones and subsequently improved varieties. Therefore, heritable distinctions among 33 bread wheat
lines for yield and related attributes were assessed under field conditions. The experiment included thirty
lines and three check varieties. Data relating to different plant characteristics was collected at maturity.
Significant differences were recorded for yield and related traits of tested wheat lines and check varieties.
Wheat lines V6, V12 and V20 proved better with reduced number of days to reach anthesis and other desir-
able traits compared to check varieties. Days to start heading had strong correlation with spike length
and number of spikelets spike-1. Flag leaf area had positive relationship with peduncle length and yield
related traits. The 1000-garin weight and grain yield were also correlated with each other. It is concluded
that V6, V10 and V20 proved better for all studied traits than the rest of the lines. Therefore, these lines
could be used in wheat breeding program as parents to improve yield.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Wheat (Triticum aestivum L.) is regarded as a major crop among
cereals and integral part of daily diet in different geographic
regions of the world. Wheat contains gluten protein available in
the form of bread. In cereal crops, this protein is found in wheat
and to small extent in triticale and rye. Wheat is utilized to make
flour for confectionery foods, bread and brunch cereal. It has
numerous uses, good storage quality and nutritive value; thus,
accepted as a major foodstuff for one third global population
(Sleper and Poehlman, 2006). Wheat yield can be increased by
25% through development of abiotic and biotic stresses tolerant
genotypes (Gill et al., 2004). Genotypes � environment interaction
play a vital role in yield and quality improvement in wheat
(Amanuel et al., 2018; Johansson et al., 2020; Nehe et al., 2019).
Wheat is a strategic and major cereal crop around the globe. Wheat
provides ~55 and 20% carbohydrates and calories, respectively
(Aravind and Prasad, 2005).

Wheat contains proteins, essential minerals, lipids and vita-
mins. Approximately 1.2 billion people rely on wheat for protein
in the developing countries. The demand of wheat will increase
by 60% in these areas by 2050. Wheat is cultivated on 219 million
hectares representing 15.4% of the total arable land in the world.
All other crops have lesser cultivation area than wheat.
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Nonetheless, it is cultivated in all countries of the world where cli-
mate is suitable for its production (Mateo-Sagasta et al., 2018).
Wheat is cultivated as a major cereal crop in Pakistan. Wheat con-
tributes 1.6% towards GDP of Pakistan and shares of 8.9% to the
value added in agriculture. It was cultivated on an area of 8.74 mil-
lion hectares with total production of 25.195 million tons during
2019 (GOP, 2019).

Grain yield is a quantitatively inherited trait readily affected by
environment. Adverse environmental conditions and abiotic stres-
ses negatively affect grain yield, causing serious economic conse-
quences. Hence, better hereditary of wheat genotype is inevitable
for higher yields under favorable and non-favorable agro-
ecological conditions (Baranski, 2015; Mahpara et al., 2012;
Reynolds and Borlaug, 2006). Numerous studies have indicated
that yield can be enhanced through improvement in source-sink
association (Foulkes et al., 2011; Lawlor and Paul, 2014). Adapting
improved varieties and suitable planting dates are compulsory for
improving wheat productivity. Utilizing improved wheat varieties
could significantly enhance yield. Various new varieties of wheat
have been developed in Pakistan; however, there is still space for
the development of more high yielding varieties. About 35 to
50% of wheat yield improvement has been attained through the
introduction of newly-developed genotypes (Sabri et al., 2020).
The yield can be evaluated through its related traits, like number
of productive tillers, spike length, 1000-grain weight and number
of spikelets per spike etc. (Li et al., 2020). Genetic makeup of a vari-
ety is expressed under favorable environmental conditions; how-
ever, could differ in stressful environments (Foulkes et al., 2011;
Li et al., 2020).

Genetic variability in wheat varieties and their F1 hybrids has
been observed for different traits, including flag leaf area, plant
height and increase in leaf area improved grain yield. (Ibrahim,
2019; Mahpara et al., 2018a) found that wheat yield was depen-
dent on plant height, number of tillers per plant and dry weight.
Similarly, increase in number of tillers per plant and other yield
related traits improved wheat yield in different studies observed
hereditary variation in seven wheat parents during an experiment
on RAPD markers for estimation of genetic diversity (Awaad, 2021;
Kiss et al., 2021; Mahpara et al., 2017b). (Tariq et al., 2020) worked
on sixty-three wheat genotypes and found maximum genetic
divergence for anti-oxidant enzymes and phenolic compounds.

An efficient selection of parent material is vital for success of
breeding program. Therefore, this study was conducted to estimate
inherent variability in growth and yield related of different wheat
lines under agro-climatic conditions of Dera Ghazi Khan, Pakistan.
The promising wheat lines sorted during the experiment would be
exploited in advanced wheat breeding programs to improve yield
per unit area in Pakistan.
2. Materials and methods

This experiment was executed at Farmer’s field near Ghazi
University, Dera Ghazi Khan, Pakistan. Experimental materials
were collected from different sources in Punjab province, Pakistan
(Table 1).

Soil pH for the experimental site was 7–7.5. Thirty wheat lines
and three check varieties were sown in randomized compete block
design (RCBD) with three replications. All agronomic practices
were kept optimum for all lines and check varieties. Data relating
to number of days to spike emergence, flag leaf area, peduncle
length and plant height, days taken to maturity, spike length, num-
ber of productive tillers/plant, spikelets/spike, number of grains/-
plant, 1000-grain weight and grain yield/pant were randomly
collected from each line at maturity.
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2.1. Statistical analysis

The collected data on various traits were analyzed by one-way
analysis of variance (ANOVA). The normality and homogeneity of
variance in the data were tested prior to ANOVA. The data were
normally distributed; therefore, the analysis was conducted on
original data. Least significant difference (LSD) test at 5% probabil-
ity was used as post-hoc test to separate the means where ANOVA
indicated significant differences (Steel and Torrie, 1960)..
2.2. Components of variance

Genotypic as well as phenotypic variances were computed
according to (Garbade et al., 2019; Sodini et al., 2018). Correlation
analysis among yield and yield-related traits was performed as
suggested by (Kwon and Torrie, 1964). Heritability was calculated
following (Burton and Devane, 1953). Genetic advance (%) was
assessed through the formula recommended by (Johnson et al.,
1955; Riaz et al., n.d).
3. Results & Discussion

3.1. Analysis for variance

Existence of genetic variation is a crucial step in crop breeding
programs aimed at producing new varieties with improved yield
potential and consistency of yield under diverse climatic condi-
tions. Mean squares for various yield-related traits indicated signif-
icant differences among tested lines and check varieties (Table 2).

The results for genetic variation for grain yield and related traits
is in agreement with the findings of several earlier studies (Cooper
et al., 2013; Hussain et al., 2004; Mahpara et al., 2017b, 2018a).
studied the impact of environment germination and growth of
wheat. They concluded that genotypes significantly altered the
number of days taken for heading, spike length, plant stature, num-
ber of productive tillers per plant and grain yield (Kamaran et al.,
2019). also found presence of genotypic variability in four varieties
and F1 hybrids in wheat following 4 � 4 diallel fashion.
3.2. Mean performance

Days to start heading is an important plant trait to find whether
crop is early maturing. Wheat line V10 and V20 took the lowest
number of days to start anthesis. Likewise, V11, V19, V22 and V23 fol-
lowed V10 and V20 and took comparatively lesser number of days to
spike emergence than the rest of the lines (Table 3). An earlier
study found that wheat variety taking less number of days for
heading is categorized early maturing (Siyal et al., 2020; Takumi
et al., 2020; Tiwari et al., 2019).

Flag leaf area had a key role in photosynthesis; thus, larger leaf
area is desirable in wheat. Mean values for flag leaf area indicated
that V6 (106.4 cm2) and V23 (95.3 cm2) lines had the highest flag
leaf area, whereas the lowest was noted for check varieties
(Table 3). Due to increase in leaf area of these lines, plants had
increased amount of photosynthates, which increased grain yield
per plant. Thus, V6 and V10 lines performed best in this regard.
Some researchers also worked on flag leaf area of wheat and found
that flag leaf area played a key role in improving grain yield of
wheat (Luo et al., 2018; Ma et al., 2020; Zhao et al., 2018).

Significant variation was noted for peduncle length among
tested lines and check varieties. The lines V6, V12 and V20 had
higher peduncle length values than check varieties. Increase in
peduncle length of wheat genotypes has been observed by
(Bilgrami et al., 2018; Farooq et al., 2018; Ojha and Ojha, 2020).



Table 1
List of different wheat lines and check varieties used in the experiment.

Code Line Code Line Code Line

V1 6039 V12 29SAWSN11-12/54 V23 7-63-0944
V2 7-63-0949 V13 ZA1 V24 228
V3 29SAWSN11-12/60 V14 ZA2 V25 WN-2
V4 2 Kco 50 V15 ZA4 V26 7-62-0925
V5 29SAWSN11-12/101 V16 ZA6 V27 8965
V6 29SAWSN11-12/57 V17 Line 2 V28 9268
V7 BK 129 V18 Line 1 V29 7-59-873
V8 7-63-0951 V19 7-56-0806 V30 7-65-0989
V9 7-59-866 V20 9945 V31 Galaxy-13*
V10 7-61-0918 V21 Fsd-82 V32 Ujala-2015*
V11 7-62-0936 V22 WN 153 V33 Lasani-2008*

* Check varieties used in the experiment.

Table 2
Means squares for various plant traits of 33 wheat lines.

Traits Replication Wheat lines Error CV (%)

Number of days to heading 43.97 2.98** 1.83 2.36
Flag leaf area 26.66 1036.21** 0.31 0.69
Peduncle length 0.36 65.35** 0.34 2.00
Plant height 0.87 17.79** 2.65 2.44
Days to reach maturity 15.98 4.11** 2.56 1.35
Spike length 16.95 478.4** 0.01 0.92
Number of productive tillers per plant 66.33 106.76** 0.01 1.71
Number of spikelets per spike 330.06 231.91** 0.06 1.71
Number of grains per spike 114.38 730.56** 0.19 1.00
1000-grain weight 460.8 1156.29** 0.04 0.46
Grain yield per plant 261.33 14517.1** 0.01 0.45
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Semi-dwarf stature is a desirable trait in wheat as it provides
not only resistance to lodging but also develops the mechanism
to utilize nitrogenous fertilizer efficiently. Most of the tested lines
exhibited medium stature like V6, V12 except V11 (70.4), V12

(80.6 cm), V13 (75.4 cm), V15 (72.5 cm), V17 (69.1 cm), V18

(72.5 cm), V19 (76.4 cm), V20 (69.4) and V21 (71.4), whereas mini-
mum value for plant height was observed for V29 (59.9 cm).(Siyal
et al., 2020; Zhao et al., 2018) reported that medium statured geno-
types had higher grain yield than tall statured genotypes.

Early maturity is preferable trait in most crop plants. Data
regarding days to maturity indicated that V20 (114 days) took min-
imum mean days to reach maturity. Similarly, V1 (116 days), V10

and V12 (115 days each) also took lesser number of days to reach
maturity compared with check varieties. Similar findings have
been observed by (Siyal et al., 2020) who confirmed that days to
reach maturity play a role in wheat yield.

Spike length is the most important yield component in wheat as
increased spike length would have more number of spikelets per
spike and subsequently higher grain yield. In this experiment,
the line V20 produced longer spikes than check varieties. Likewise,
genotypes V23 (11.3 cm) and V6 (11.1 cm) also had higher values
for spike length (Table 3). (Mahpara et al., 2017a) also reported
similar results and confirmed that enlarged spike length con-
tributed to increase grain yield in wheat.

Number of productive tillers per plant contributes directly
towards yield. Results indicated that V6 (8 tillers per plant) pro-
duced more productive tillers than check varieties. Likewise, V2

and V20 (7 tillers each) also had higher number of productive tillers
per plant. Many researchers also worked on wheat crop and found
that increased number of productive tillers along with other yield
components increased grain yield of wheat crop (Abdelkhalik,
2019; Liu et al., 2019; Mahpara et al., 2017a, 2018a).

Number of spikelets per spike plays a crucial role in enhancing
grain yield of wheat crop. The line V20 (20) produced maximum
number of spikelets per spike followed by V6, V23 and V25. Many
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researchers have confirmed that increased number of spikelets
increased grain yield (Philipp et al., 2018; Sakuma and
Schnurbusch, 2020; Würschum et al., 2018).

Higher numbers of grains per spike are important trait directly
linked with grain yield of wheat. Data regarding number of grains
per spike indicated that V20 and V6 had the highest number of
grains/spike. Likewise, V23, V25 and V27 also had higher number
of grains/spike. These results coincided with findings of different
researchers who reported that number of grains per spike augment
grain yield of wheat crop (Sakuma and Schnurbusch, 2020; Wolde
et al., 2019)

Mean values of 1000-grain weigh revealed that V20 had the
highest (53.5 g) value. Similarly, V6, V23 and V25 also had maximum
1000-grain weight. (Bilgrami et al., 2018; Kamaran et al., 2019)
concluded that increased 1000-grain weight directly contributed
to enhanced grain yield.

Data pertaining to grain yield/plant indicated that V20 (25.3)
produced maximum grain yield, followed by V6 (24.3 g). Likewise,
V25 (21.7 g), V12 (21.4 g), V26 (19.4 g), V23 (19.4 g), V27 (19.3 g) and
V28 (19.3 g) followed for grain yield. These findings endorsed the
results presented by (Mahpara et al., 2018b, 2017a).
3.3. Interrelationship between grain yield and related components

Association between different traits and grain yield can be
explored by correlation analysis (Table 4). Correlation analysis
indicated that days to start heading had significant positive link
with spike length (0.042*) only. Flag leaf area had significant and
positive genotypic and phenotypic association with peduncle
length (0.899**, 0.883**), spike length (0.699, 0.698), spikelets per
spike (0.724, 0.720), grains per spike (0.699**, 0.697**), 1000-grain
weight (0.693**, 0.691**) and grain yield per plant (0.665**,
0.664**), respectively. Peduncle length had significant genotypic
and phenotypic connection with spike length (0.759**, 0.748**), spi-
kelets/spike (0.787**, 0.773**), grains/spike (0.762**, 0.750**),



Table 3
Mean values for various yield related traits of different wheat lines and check varieties included in the study.

Lines Days to
heading

Flag leaf
area
(cm2)

Peduncle
length
(cm)

Plant
height
(cm)

Days to
maturity

Spike
length
(cm)

Number of
fertile
tillers/plant

Number of
spikelets/
spike

Number of
grains/spike

1000-grain
weight (g)

Grain yield
per plant (g)

V1 57.5 bcd 77.935 j 29.53 ef 66.01 hij 115.5 fgh 7.77 m 6.4 de 12.5 e 36.5 f 39.5 g 9.1 s
V2 57.5 bcd 86.296 g 28.47 fg 64.95 ijk 116.5 efgh 10.17 e 7.15 c 16 c 48 c 47.5 c 13.3 k
V3 60.5 a 85.043 h 29.47 ef 62.32 kl 117.5 defgh 9.46 g 6.5 d 14.5 d 42.5 d 43.5 d 10.5 mn
V4 56.5 cde 90.222 e 30.55 de 60.31 l 116.5 efgh 8.47 j 5.5 fg 14.5 d 42.5 d 43.5 d 11.3 l
V5 57.5 bcd 88.201 f 28.49 fg 64.34 jk 117 defgh 8.85 i 6.3 e 12 e 36 f 39.5 g 9.4 r
V6 56.5 cde 106.439 a 32.58 bc 65.99 hij 119.5 bcde 11.14 bc 8 a 18.5 b 54.5 b 49.5 b 24.3 b
V7 58.5 abc 65.615 o 26.52 hi 62.59 kl 120 bcd 8.22 kl 6.3 e 12.5 e 36.5 f 39.5 g 9.1 s
V8 57.5 bcd 73.375 kl 28.59 fg 60.5 l 116.5 efgh 9.23 h 7.4 b 14 d 41 e 43 e 10.3 op
V9 56.5 cde 53.657 q 24.49 j 65.28 ijk 117 defgh 7.16 n 5.3 hi 10.5 f 30.5 g 35.5 h 7.3 u
V10 54 e 73.975 k 27.47 gh 60.61 l 115 gh 9.25 h 5.3 hi 14.5 d 42 d 43.5 d 10.1 pq
V11 55.5 ed 65.531 o 28.65 fg 70.38 def 116.5 efgh 8.85 i 5.3 hi 12.5 e 36.5 f 39.5 g 9.3 r
V12 57.5 bcd 93.462 d 33.51 b 80.55 a 115 gh 10.15 e 5.35 gh 16.5 c 48.5 c 47.5 c 21.4 d
V13 58.5 abc 69.789 m 25.55 ij 75.4 bc 117.5 defgh 8.28 k 5.3 hi 12.5 e 36.5 f 39.5 g 10.4 no
V14 58.5 abc 72.765 l 26.62 hi 64.5 jk 117.5 defgh 8.29 k 5.35 gh 12.5 e 36.5 f 41 f 10.3 op
V15 59.5 ab 77.718 j 27.62 gh 72.49 cd 123.5 a 8.06 l 5.3 hi 12.5 e 36.5 f 39.5 g 10.2 pq
V16 56.5 cde 52.831 q 21.12 k 64.49 jk 123.5 a 7.1 n 5.25 hi 10.5 f 30.5 g 35 i 7.3 u
V17 55.5 ed 63.985 p 24.59 j 69.07 efgh 121 abc 8.24 k 5.35 gh 12.5 e 36.5 f 39.5 g 10.3 op
V18 57.5 bcd 68.306 n 25.53 ij 72.52 cd 118.5 bcde 9.1 h 5.25 hi 12 e 36.5 f 39.5 g 10.6 m
V19 55.5 ed 81.63 i 28.62 fg 76.38 b 118 cdefg 7.17 n 5.15 i 10.5 f 30.5 g 35.5 h 7.7 t
V20 54.5 e 94.989 bc 36.76 a 69.35 defg 114 h 12.33 a 7.0 c 20.5 a 60.5 a 53.5 a 25.3 a
V21 56 cde 87.646 f 33.74 b 71.43 de 121.5 ab 10.3 e 5.25 hi 16.5 c 48.5 c 47.5 c 21.2 e
V22 55.5 ed 78.013 j 28.44 fg 66.3 ghij 119 bcde 9.43 g 5.5 fg 14.5 d 42.5 d 43.5 d 11.3 l
V23 55.5 ed 95.257 bc 32.7 bc 64.41 jk 118.5 bcde 11.25 b 5.3 hi 18.5 b 54.5 b 49.5 b 19.4 g
V24 56.5 cde 81.818 i 29.51 ef 62.5 kl 118.5 bcde 10.79 d 5.25 hi 16.5 c 48.5 c 47.5 c 16.6 i
V25 58.5 abc 77.514 j 28.43 fg 64.46 jk 120 bcd 11 c 5.3 hi 18.5 b 54.5 b 49.5 b 21.7 c
V26 59.5 ab 81.743 i 29.54 ef 65.2 ijk 120 bcd 10.15 e 5.3 hi 16.5 c 48.5 c 47.5 c 19.4 g
V27 60.5 a 87.579 f 31.52 cd 65.41 ijk 120 bcd 10.98 c 5.35 gh 18.5 b 54.5 b 49.5 b 19.3 g
V28 59.5 ab 94.489 cd 33.55 b 64.47 jk 119.5 bcde 10.25 e 5.15 i 16.5 c 48.5 c 47.5 c 19.3 g
V29 58.5 abc 77.628 j 30.46 de 59.91 l 118.5 bcdef 9.83 f 5.5 fg 16 c 48.5 c 47.5 c 15.3 j
V30 58.5 abc 64.022 p 25.48 ij 62.4 kl 114.5 h 10.26 e 5.3 hi 16.5 c 48.5 c 47.5 c 16.7 i
V31 56.5 cde 94.632 bc 33.28 b 68.03 fghi 117.5 defgh 11.08 bc 5.65 f 18.5 b 54.5 b 49.5 b 20.3 f
V32 55.5 ed 95.63 b 33.7 b 66.46 ghij 115.5 fgh 11.25 b 5.3 hi 18.5 b 55 b 49.5 b 24.3 b
V33 57.5 bcd 86.162 gh 30.58 de 68.27 efghi 117.5 defgh 10.15 e 5.5 fg 16.5 c 36.5 f 39.5 g 10.5 mn

Means sharing the same letter within a column are statistically non-significant.

Table 4
Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficient between various plant traits in different wheat genotypes.

Traits Days to
start
heading

Flag
leaf
area

Peduncle
length

Plant
height

Days to
reach
maturity

Spike
length

Number of
productive
tillers per
plant

Number
of spikelets
per spike

Number
of grains
per spike

1000-
grain
weight

Grain
yield
per
plant

Days to start heading �0.037 �0.154 �0.130 0.176 0.042* 0.179 0.002* �0.009 0.025 �0.025
Flag leaf area �0.03 0.899** 0.085 �0.087 0.699** 0.248* 0.724** 0.699** 0.693** 0.665**

Peduncle length �0.091 0.883** 0.119 �0.084 0.759** 0.059 0.787** 0.762** 0.760** 0.774**

Plant height �0.113 0.079 0.112 0.132 �0.105 �0.304* �0.145 �0.155 �0.180 0.079
Days to reach maturity 0.084 �0.05 �0.04 0.090 �0.028 �0.190 �0.001 0.016 �0.026 0.104
Spike length �0.035 0.698** 0.748** �0.104 �0.006 0.055 0.972** 0.946** 0.940** 0.891**

Number of productive tillers per plant 0.082 0.244* 0.054 �0.284* �0.164 0.052 0.040 0.057 0.066 �0.132
Number of spikelets per spike �0.019 0.720** 0.773** �0.124 0.008 0.965** 0.041 0.968** 0.957** 0.912**

Number of grains per spike �0.012 0.697** 0.750** �0.147 0.016 0.943** 0.058 0.965** 0.991** 0.935**

1000-grain weigh 0.018 0.691** 0.745** �0.170 �0.020 0.938** 0.066 0.953** 0.990** 0.921**

Grain yield per plant �0.015 0.664** 0.763** 0.074 0.083 0.889** �0.131 0.908** 0.933** 0.920**

** Highly significant at P = �0.01
* Significant at P = �.
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1000-grain weight (0.760**, 0.745**) and grain yield per plant
(0.774**, 0.763**), correspondingly. Significant positive relation-
ships at genotypic and phenotypic levels were noted between grain
yield and related traits, including spike length, number of spike-
lets/spike, grains/spike and 1000-grain weight. Genotypic as well
as phenotypic correlation for number of spikelets/spike indicated
that spikelets per spike increased number of grains per spike.

Grain yield/plant had highly significant positive link with 1000-
grains weight. These assessments are in agreement with findings
concluded by several earlier studies (Bede and Petrović, 2006;
Bilgin et al., 2011; Ibrahim, 2019). All of these studies reported sig-
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nificant variation among all parameters of wheat. Similar findings
were reported by (Bilgrami et al., 2018; Khayatnezhad et al., 2010;
Okuyama et al., 2005).

3.4. Components of variability and heritability

Effectiveness of a plant-breeding program depends on genetic
variation in the existing germplasm. Therefore, diverse heritability,
heritable advance, genetic and phenotypic co-efficient of variation
in yield and yield components were found in wheat for most of the
studied traits as listed in Table 5. Days to start heading had med-



Table 5
Genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (%) and genetic advance (%) for various plant traits in wheat.

Traits GCV PCV h2 (%) G.A (%)

Days to start heading 2.35 3.33 49.75 3.42
Flag leaf area 15.84 15.86 99.82 32.61
Peduncle length 11.35 11.52 96.98 23.03
Plant height 7.09 7.5 89.35 13.8
Days to reach maturity 1.68 2.16 60.84 2.71
Spike length 14.27 14.3 99.58 29.33
Number of productive tillers per plant 12.43 12.55 98.14 25.38
Number of spikelets per spike 18.48 18.56 99.14 37.9
Number of grains per spike 19.11 19.14 99.72 39.32
1000-grain weight 11.29 11.3 99.82 23.24
Grain yield per plant 38.45 38.5 99.98 79.21

Here; GCV = genotypic coefficient of variation; PCV = phenotypic coefficient of variation; h2 = broad sense heritability and GA = genetic advance.
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ium heritability (49.75%) and low genetic advance mean (3.42),
GCV (2.35) and PCV (3.33), which exhibited the role of non-
additive heritable effect. Findings of this study are in accordance
with (Kaur et al., 2021; Kumar et al., 2020) who found that days
taken for heading also possessed medium heritability. Direct selec-
tion of wheat variety based on this trait will not be effective; thus,
indirect selection will be effective.

Similarly, days to reach maturity also had medium heritability
(60.84%) and low genetic advance (2.71%), GCV (1.68) and PCV
(2.71). Grain yield/plant showed maximum value of heritability
(99.98%), genetic advance (79.21%), GCV (38.45) and PCV (38.50),
and signifying additive gene act involvement in the constitution
of traits. The elevated value of heritability in grain yield depends
upon selection of those traits having increased heritability.

Many researchers working on heritability of wheat reported dif-
ferent results as they reported low heritability for yield (Arya et al.,
2017; Tripathi et al., 2011), while (Mahpara et al., 2018a) observed
significant heritability. Similarly, high heritability was noticed for
number of grains per spike (99.72%) followed by spike length
(99.58%), spikelets per spike (99.14%) and peduncle length
(96.98%) with genetic advance of 39.32, 29.33, 37.90 and 23.03%,
respectively. Similarly, spike length and plant height are more her-
itable having high to medium genetic advance. Flag leaf area con-
tributed much in yield and possessed high heritability. All the
studied attributes were quantitatively inherited. Mode of their
inheritance is complex due to involvement of many genes for each
trait. Some morphological traits are more heritable than yield com-
ponents. Estimates of heritability were found high for days taken to
heading, relatively elevated in grain weight, plant height and pro-
ductive tillers and low for spikelets/spike, grains/spike and yield
(Mahpara et al., 2008). (Tripathi et al., 2011) also found moderate
genotypic and phenotypic variances for days taken to heading,
while plant height and days taken for maturity possessed high
genotypic and phenotypic variances. Similarly, findings of
(Bartaula et al., 2019; Jamil et al., 2017; Mofokeng et al., 2020;
Uzma et al., 2017) were also in agreement with results in this
manuscript as he found that most of yield related traits possessed
moderate genotypic and phenotypic variances and high heritability
with increased genetic advance .
4. Conclusion

Results indicated that the line V20 proved better for some mor-
phological attributes, grain yield and yield-related traits. Similarly,
V6, V12 and V20 lines seemed suitable on the basis flag leaf area,
plant height, spike length, days to reach maturity, number of spike-
lets/spike, number of productive tillers/plant and grain yield/plant.
Thus, wheat production can be enhanced if these selected lines
could undergo the process yield trials for selection as varieties as
well as further wheat breeding program at national level.
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