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ABSTRACT

The current study was carried out to genetic variability and coefficient analysis.
Out of the morpho physiologic features, the highest grain yield was recorded in
MPGO9 at 5784 kg ha-1, followed by MPG39 at 5777 kg ha-1 and MPG24 at
5496 kg ha-1. All these features of spring wheat show high positive correlations
with each other, as demonstrated by the results of this study. Moreover, days to
maturity were closely related to plant height, with rg = 0.30, P = 0.05, and flag
leaf area, with rg = 0.31, P = 0.05. Plant height showed very strong correlations
with flag leaf area, spikelets spike-1, and thousand-grain weight with values of
rp = 0.33, P =0.01; rp = 0.35, P = 0.01; and rp = 0.31, P = 0.05, respectively.
Similar positive genetic correlations were recorded for peduncle length with rg =
0.40, P = 0.01, for spikelets spike-1 with rg = 0.75, P = 0.01, and for thousand-
grain weight with rg = 0.69, P = 0. 01. As a statistical method, the path coefficient
analysis is used. However, plant height, biological yield, and flag leaf area
showed decent indirect effect on grain production. Besides, days to maturity and
1000-grain weight variables had positive indirect effects on the time taken till
heading. Similarly, indirect pathways through days to maturity were positive for
grain yield: 1000-grain weight added 0.30, tillers per square meter added 0.10,
and days to heading added 0.08. Thus, wheat genotypes MPG09 and MPG39
with higher production can be considered for use in future breeding programs to
increase wheat productivity.

INTRODUCTION

Wheat is a cereal grain and is known as Triticum
aestivum L. Also, it belongs to the family Poaceae
and the genus Triticum. It occupies the second
position in the hierarchy of the necessity for edible
staple grains in the global market after rice [1].
Triticum aestivum, originating from Southwest
Asia, is a self-pollinated crop and is often referred
to as the "king of cereals” [1]. It covers the largest
surface area among food crops globally and
accounts for approximately 20% of human calorie
consumption. Durum wheat, a variety of Triticum
aestivum, is cultivated in about 218 million ha of
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fertile land globally, with an average vyield
increasing from 2.3 to 4.6 tonnes [2].

Wheat stands in a vital position not only as a
valuable cash crop on a global scale but also as a
key crop for food security ([3]. The significance of
wheat is revealed the importance as a global trade
volume. Wheat is typically sown, in October,
November, and December, and collected in May
and June. In Pakistan, during the last growing
season, 24.946 million tonnes of wheat were
produced on a cultivated area of 8,825 thousand
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hectares. However, there was a 2.1% decrease in
the sown area compared to the previous year,
leading to a drop in production from 27.464 to
26.394 million tonnes due to various factors like
reduced sowing land, dry conditions, lack of
irrigation water, heat waves, and lower nutrient
output [4].

Grain yield is one of the complex quantitative
traits and it is influenced by environmental
conditions as well as different yield-contributing
traits. The use of genotypic selection is not
efficient; selection should be done based on yield
components and morphological and physiological
traits. Exploiting current genomic variability in
wheat is essential for developing high-yielding
varieties adaptable to changing climates. Better
heredity of wheat genotypes is necessary for higher
yields under different agro ecological conditions
[5]. Genetic diversity is crucial for breeding
varieties with increased yield, wider adaptation,
documented traits on high quality and the ability
for pest and illness resistance. Further, correlation
and path coefficient analysis have fully informed
the relationship of selection of desired yield and
various yield features to the researchers. This
information is important in developing selection
criteria for crop production enhancement, as [6].
Multi-trait path analysis shows the indirect, direct,
positive, and negative impacts of certain yield
attributes on the total yield helping plant breeders
to find potential traits for enhancing the yield of
crops [7].

MATERIALS AND METHODS

Experimental Materials and Design

The present studies were conducted at the Cereal
Crop Research Institute (CCRI), Pirsabak

RESULT AND DISCUSSION
Table 1

Nowshera from 2022 to 2024. The climate of CCRI
is humid and sub-tropical type with hot summers
and cold winters and total rainfall is 322 mm. The
highest average temperature in Pirsabak Nowshera
is 42° centigrade in June and the lowest is 10 °
centigrade in January. The material and design
comprised 64 wheat genotypes, arranged in an
alpha lattice design with two replications in this
experiment. Each replication involved sowing 64
advanced wheat lines in four rows, keeping a
consistent row-to-row distance of 0.25 cm. Data
collection occurred at both the plot level and on a
per-sample plant basis, encompassing twelve
phenological and morphological parameters,
following parameters were studied; days to
heading, days to maturity, plant height in
centimeters, flag leaf area in square centimeters,
tillers per square meter, spikelets per spike, spike
length, chlorophyll content, 1000-grain weight,
biological yield, and grain yield.

Statistical Analysis

Statistical analysis involved variance analysis as
per the method proposed by Steel and Torri (1980).
Mean separation was conducted using the least
significant difference (LSD) test, and ANOVA for
all studied traits was determined by using the
MSTATC. Genotypic and phenotypic correlations
for various morphological, physiological, and
biochemical traits were computed for both
genotypic and phenotypic correlations using
TNAUSTAT software, following the procedure
outlined by Singh and Chaudhry (1997).
TNAUSTAT software was used for genotypic and
phenotypic correlations. The procedure described
by Singh and Chaudry (1997) was used for
measuring different morphological, physiological
and biochemical traits.

Mean square of 64 advanced bread wheat lines regarding days to heading, days to maturity, plant height,

flag leaf area, peduncle length, tiller meter-2.

Source of Variance Df Days to Days to Plant Flag Leaf Peduncle Tillers
Heading Maturity Height Area Length meter?
REPS 1 2.67 3.78 105.13* 10.52 2.25 1.13
GENO.(unadjusted) 63 15.18** 3.15** 52.28** 19.03** 9.53** 2390.97**
Blocks within Reps/ Block 14 3.12 2.78 39.73 6.77 1.76 1037.41
GENO. (adjusted) 63 15.13** 3.10* 51.56** 19.15* 9.57** 2355.02**
RCB 63 3.12 1.97 25.32 9.53 2.47 705.53
Intra block error 49 2.73 1.74 21.20 9.02 2.34 534.37
cVv 1.40 0.80 4.60 11.60 3.60 8.39
**= 1% significant and *=5% significant.
Page | 525

IJBR Vol.2 Issue.2 2024

Copyright © 2024. IIBR Published by Indus Publishers
I This work is licensed under a Creative Common Attribution 4.0 International License.



Genetic Variability and Path Coefficient Analysis in ...
Haseeba et al., y ¥

Table 2
Mean square of 64 advanced bread wheat lines regarding chlorophyll content, spike length, spikelets per
spike, 1000-grains weight, grain yield, biological yield.

Chlorophyll Spike Spikelets  1000-grain

Source of Variance Df Grain yield Biological yield

Content Length Spike™ Weight

REPS 1 48.16** 6.36** 12.76* 72.08** 506521.125 96141.125
GENO. (unadjusted) 63 13.88** 1.25** 3.21*%* 21.75** 772070.5536** 3488545.649**
S:gﬁ:ﬁs within Reps/ 14 6.28 0.47 1.86 6.35 266429.2679 1900483.625
GENO. (adjusted) 63 13.25** 1.23** 3.15** 21.61** 746287.6336** 3374600.526**
RCB 63 453 0.39 1.50 4,79 183139.3115 1054938.629
Intra block error 49 3.53 0.32 1.22 3.81 159342.1811 711685.0513
CV 4.04 4.94 5.95 4.25 8.98 6.88

*** significant at 1% and 5% respectively.

Table 3

Correlation of phenotypic characteristics (Above Diagonal) and correlation of genotypic characteristics
(Below diagonal) for different traits of wheats

DH DM PH PDL FLA ™ SPK SL CcC TGW GY BY

DH 00.26*  -00.05 -00.12 00.08 -00.14 00.02 -00.21  -00.05 00.12 -00.17  -00.27*
DM 00.35** 00.10 -00.04 00.16 -00.06 -00.02 -00.03  -00.16 00.13 00.00 00.01
PH -00.02  00.30* 00.24  00.33** -00.14 00.20  00.35**  00.08 00.31* 00.10 00.14
PDL  -00.28* -00.11 00.40** 00.07 00.03 00.13  00.34**  00.09 00.01 00.07 00.15
FLA 00.08  00.31* 00.29* 00.18 -00.07 00.20 00.15 -00.11 00.17 00.11 00.01
TM| -00.13 00.09  -00.15 00.05 -00.06 -00.02 -00.12  -00.19 -00.34**  00.07 00.20
SPK 00.13 -00.02  00.10 00.10 00.07 -00.03 00.45 00.11 -00.05 -00.07 -00.06
SL -00.26* -00.08 00.75** 00.72**  00.13 -00.22 00.42** 00.10 00.21 00.12 00.11
CcC -00.06  -00.23  -00.07 00.17 -00.17 -00.25* 00.18 00.25* -00.01 00.06 00.22
TGW  00.09 00.14  00.69**  -00.03  00.44**  -00.52** 00.15  00.48**  00.05 00.16 00.01
GY -00.16  -00.04  00.01 00.17 00.00 00.12 -00.14 00.13 00.04 00.19 00.62**
BY -00.25* -00.03  -00.02  00.25*  -00.17 00.31 -00.22 00.10  00.25* 00.03 00.67**

DH = days-to-heading, DM = days-to-maturity, PH = plant-height, FLA = flag-leaf-area, TM = tiller-per-meter, SL = spike-length,
SPKS = spikelets-per-spike, CC = chlorophyll-content, TGW = 1000-grains-weight, GY = grain-yield and BY = biological-yield.
** * significance at 1% and 5%, respectively.

Table 4

Path coefficient analysis for various traits

Total Total
DH DM PH PDL FLA ™ SL SPKS CcC TGW BY Indirect direct
Effect Effect
DH 0.21 0.19 0.04 -0.28 -0.07 -0.15 -0.08 -0.10 -0.01 0.9 0.02 -0.25 -0.04
DM 0.08 0.54 -056 -0.10 -0.26 0.10 0.01 -0.03 -0.03  0.30 0.01 -0.49 0.05
PH 0.00 0.16 -1.89  0.39 -0.24 -0.17 -0.06 0.30 -0.01  1.49 0.00 1.87 -0.02
PDL -0.06 -0.06 -0.75 0.99 -0.15 0.06 -0.06  0.29 0.02 -0.06 -0.03 -0.80 0.19
FLA 0.02 0.17 -056  0.17 -0.82 -0.06 -0.04 0.05 -0.02 094 0.00 0.67 -0.15
™ -0.03 0.05 0.28 0.05 0.05 1.14 0.02 -0.09 -0.03 -1.13 -0.02 -0.86 0.28
SL 0.03 -0.01 -0.18 0.10 -0.06 -0.03 -058 0.17 0.02 0.33 0.02 0.39 -0.19
SPK -0.06 -0.04 -141 071 -0.10 -0.25 -0.24 0.40 0.03 1.03 -0.02 -0.36 0.04
ccC -0.01 -0.13  0.14 0.17 0.14 -0.28 -0.10 0.10 0.12 0.10 -0.01  0.12 0.24
TGW 0.02 0.07 -1.30 -003 -036 -060 -0.09 0.19 0.01 2.16 -0.03 -211 0.05
BY -0.04 -0.02  -001 0.17 0.00 0.13 0.08 0.05 0.00 0.41 -0.15 0.78 0.63

DH =days-to-heading, DM = days-to-maturity, PH = plant-height, FLA = flag-leaf-area, TM = tiller-per-meter, SL = spike-length,
SPS= spikelets-per-spike, CC = chlorophyll-content, TGW = 1000-grains-weight, GY = grain-yield and BY = biological-yield

This investigation was performed to study the maturity, plant height in centimeters, flag leaf area
genotypic  variation, correlation, and path in square centimeters, tillers per square meter,
coefficient analysis for some important traits of 64 spikelets per spike, spike length, chlorophyll
bread wheat genotypes. Days to heading, days to
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content, 1000-grain weight, biological yield, and
grain yield were the variables recorded.

The collection heading date of the 64
genotypes was between 111-121 days with an
average of 117 days. The shortest lifetime of 111
days characterized the MPG11 line, while the
longest lifetime was 121 days that of the MPG27
genotype. The least significant difference (LSD
5%) for heading was 3.30 days. Previously, [8]
studied 180 genotypes with days to heading
ranging from 60 to 96 days in Alpha lattice design
during 2017-18. Days to heading was observed
with significantly negative phenotypic association
for biological yield (rp=-0.27, P=0.05). Same
association of heading with maturity (rc = 0.42**)
and (re = 0.39**) were reported by [8].

Maturity period for a set of 64 diverse
genotypes spanned 160-167 days, with an average
of 163 days. MPG31 was shortest at a minimum of
160 days while the longest at a maximum period
was MPG26 at 167 days LSD 5% for the minimum
detectable difference in maturity was 2.70 days. [9]
evaluated 49 wheat genotypes with maturity
ranging from 126 to 143 days in simple lattice
design during 2016-17. The days taken for a plant
to reach maturity had a strong positive correlation
with both the plant height, (rc = 0.30; P = 0.05), and
the FLA (flag leaf area), (rc = 0.31; P = 0.05. Plant
height presented a strong association with peduncle
length (at re 0.40 and P 0.01), flag leaf area (at rg
0.29 and P 0.05), number of spikelets per spike (at
rc 0.75 and P 0.01), and 1000-grain.

The height of the plant of all genotypes of
wheat varied from 80.9 cm to 109.9 cm, with an
average of 99.3 cm. The lowest height of plant
(80.9 cm) was recorded for MPG62, while the
highest plant height of 109.9 cm belonged to both
cases of MPG27 and MPG41. [10] observed plant
height ranged from 88.70 to 110 cm for a set of 54
genotypes evaluated in randomized block design
during 2014-15. The least significant difference
(LSD 5%) for plant height was 9.3 cm. Plant height
presented a strong association with peduncle length
(atrg 0.40 and P 0.01), flag leaf area (at rg 0.29 and
P 0.05), number of spikelets per spike (at re 0.75
and P 0.01), and 1000-grain weigh. similar
association i.e., positive significant genotypic
correlation of plant height with peduncle length
(rc=0.88**) was reported by [5].

IJBR Vol.2 Issue.2 2024

Leaf flag area ranged from 19.4 to 33.8 cm in
terms of flag leaf area, with a mean of 26.0 cm and
a coefficient of variation of 1.60%. Moreover, the
smallest flag leaf area was noted in the variety
MPG31-19.4 cm, and the largest one was that of
the variety MPG42, with 33.8 cm. The LSD 5% for
flag leaf area was 6.0 cm?. [11] noted flag leaf area
for 10 wheat genotypes varied from 21.29 to 36.41
cm? in randomized block design during 2018-19.
Leaf -area showed significant positive correlation
with 1000-grains weight (rs=00.44, P=0.01). only,
same association of flag leaf area with 1000-grain
weight (re =0.37**) was recorded by [12].

The range observed for peduncle length of
wheat genotypes was between 36.85 and 49.05 cm,
with an average of 42.11 cm. The shortest peduncle
length recorded was 36.85 cm for MPG22, while
the longest peduncle length was 49.05 cm reported
for MPG41[13] noted peduncle length for 28 wheat
genotypes varied from 21.37 to 49.33 cm in
randomized complete block design during 2020-
2022.The least significant difference (LSD 5%) for
peduncle length was 3.10 cm. peduncle-length
showed significant positive genotypic inter-
relation with biological yield (rec = 0.25, P = 0.05).
Same result of peduncle length with spikelets
spike? (rs = 0.78**) was reported by [5] in their
research work.

The tillers m? ranged from 205.36 to 353.36
with an average of 276.11. However, the highest
number of tiller m? (353.36) was recorded for
MPG43, and the minimum number of tiller m
(353.36) was noted for MPG29 (Table-4).
Similarly, the least significant difference (LSD
5%) for tillers m? was 46.31. tiller meter? had
significant  positive association (based on
genotypes) with biological-yield (rs = 0.31, P =
0.05. Contradictory link of tiller meter? with
chlorophyll content (re = 0.36*) was reported by
[14] for set of 16 wheat genotypes.

The average chlorophyll content ranged
between 38.67 to 53.38 p mol meter? (Table 4)
with an average of 46.44 u mol meter?. The
maximum value for chlorophyll content (53.38 p
mol meter?) was recorded for MPGO05, while the
minimum value for chlorophyll content (38.67
mol meter?) was recorded for MPG29. The least
significant difference (LSD 5%) for chlorophyll
content was 3.76 p mol meter. Patil et al. (2023)
observed a chlorophyll content range of 41.52 to
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48.23 umol™ for a set of 21 genotypes evaluated in
randomized block design during 2021-22.
chlorophyll concentration had a strong positive
relationship with bio-yield (rc=0.25, P=0.05).

Length of spike ranged between 9.93 cm to
13.52 cm with a mean length of 11.51 cm. shortest
spike length recorded was 9.93 cm was in MPG31,
while longest spike length of 13.52 cm was
observed in MPGO7. The LSD 5% (least significant
difference) regarding spike length was 1.14 cm.
[13] noted spike length for 28 wheat genotypes
ranged from 7.97 to 14.00 in randomized complete
block design during two consecutive years (2020-
2022). spike length had significant positive
phenotypic relationship with spikelets spike™
(rr=0.45, P=0.01). Similar association of spike
length with spikelet spike?® (re=0.44**) was
reported [1] in their experiment.

The values for spikelet length of spike-1 varied
from 16.13 to 21.17, with an average of 18.50 for
the different genotypes. The highest number of
spikelets per spike was 21.17 in MPGO06, and the
lowest spikelets per spike with a value of 16.13 was
in MPG32. The LSD 5% value was 2.21. [15] noted
spikelets spike* ranged from 12.86 to 25.43 for 114
pre-breeding lines in randomized block design
during 2010-11. For spikelets spike™, which
represented the smallest difference considered
statistically significant. Likewise, Varsha et al
(2019) showed significant positive genotypic
relationship of spikelets spike? with 1000-grain
weight (rc=0.56*%*).

with a mean 1000 grain-weight of wheat
advance lines ranged between 39.18 to 52.93 g with
a mean of 45.97 g. The maximum weight was 1000
grains corresponding to 52.93g for MPG29, and a
minimum weight of 1000 grains corresponding to
39.18g for MPG26, The LSD 5% (least significant
difference) for 1000 grain-weight was 3.91g. [15]
noted 1000 grain weight ranged from 26.94 to
69.11g for 114 pre-breeding lines in randomize
block design during 2010-11.

Average values for wheat grain-yield were
recorded between 2916 to 5784 kg ha?, with a
mean of 4457 kg ha?. Similarly, the maximum
grain yield was recorded for wheat advance line
MPGO09, which amounted to 784 kg hal. The

IJBR Vol.2 Issue.2 2024

minimum amount of grain-yield of 2916 kg ha-1
was observed in MPG27. The least significant
difference (LSD 5%) for grain yield was 802.18 Kg
ha. A statistically significant positive association
was also noted between grain-yield and biological-
yield. [16] recorded grain yield for 55 wheat lines
with a check cultivar which varied from 2835 to
7125 under a Randomized Complete Block Design.
[6] revealed significant positive genotypic
correlation of grain yield with biological yield (re
= 0.62**).

The range from the mean values of biological
yield was from 9131 to 1503 kg ha as indicated in
Table 5. The overall mean for the biological
production was 12319 kg ha. The wheat advance
line MPG45 showed the minimum value of
biological yield that was 9131 kg ha? with the
highest value of biological yield recorded for MPG
40 was 15031 kg ha. recorded value for LSD 5%
(least significant difference) of biological-yield
(Kg ha') was 1690 Kg ha?. [17] recorded
biological yields ranging from 13750 to 18945 for
64 wheat lines tested in a simple lattice design.

CONCLUSIONS

This study examined 64 genotypes of wheat,
showing statistically significant variations in
different phenotypic and morphologic features.
Genotypes of interest were assigned specific traits,
MPG31 for early-maturity, MPGO05 for high
chlorophyll content, MPG43 for highest-tillers-
per-square meter, MPG29 for highest amount of
1000-grains-weight, MPG09 (5784 kg/ha),
MPG39 (5777 kg/ha) and MPG24 (5496 kg/ha)
noted for highest-grain-yield, and MPG40 for
highest biological-yield. Statistically positive
genetic correlations were examined in various key
traits included in this study, including plant height
as well as peduncle length with spikelets spike
and biological yield, highlighting the coordinated
genetics control and potential for simultaneous
improvement through breeding efforts. Path
coefficient analysis highlighted the cause-and-
effect relationships between traits, with features
like 1000-grains-weight, tillers and peduncle-
length showing direct effects on grain yield.
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