OPEN a Access Sarhad Journal of Agriculture

Check for

Research Article inkie

Genetic Variability Among Advanced Wheat Lines for Yield and Yield
Related Traits

Aizaz Akbar', Ijaz Ahmad?, Aftab Jehan?, Imtiaz Ali* and Muhammad Haris®

IDepan‘mem‘ of Plant Breeding and Genetics, Faculty of Crop Production, The University of Agriculture, Peshawar, Pakistan;
’Department of Plant Breeding and Genetics, Faculty of Crop Production, Amir Muhammad Khan Campus, Mardan, The
Uniwversity of Agriculture, Peshawar, Pakistan; 3Deparfment of Agriculture Extension, District Kobat, Pakistan; *Department
of Agriculture research, District Swabi, Pakistan; 5Depan‘ment of Plant Breeding and Genetics, Faculty of Crop Production, The
Uniwversity of Agriculture, Peshawar, Pakistan.

Abstract | Wheat, a staple crop in Pakistan is vital for food security and economic stability. A set of 49
advanced wheat lines and one commercial cultivar (Swabi-1) were tested for the estimation of different
genetic parameters and association of yield with yield components. Randomized complete block design with
triple replications was conducted at the Agriculture Research Station, Swabi during 2021-22. Mean Square
values showed substantial variation (p<0.01) among genotypes for the studied traits. Genotype CIM-47
was observed for early heading, while CIM-39 showed early maturity. Genotype CIM-37 had the longest
grain filling duration, while CIM-18 showed the shortest plants. Genotype CIM-10 produced the most
productive tillers plant™, while CIM-36 revealed the longest spikes. Genotype CIM-48 had the highest
1000-grain weight, while CIM-10 and CIM-36 showed the highest grain yield. Heritability and genetic
advance as a percentage of the mean were observed to be high for grain filling duration (h*= 0.76, GAM%=
29.20) and grain yield (h?= 0.80, GAM%= 30.21). Grain yield showed substantial positive phenotypic and
genotypic association with productive tillers plant™ and a significant positive phenotypic relationship with
days to heading. Wheat genotypes CIM-10 and CIM-36 performed well for grain yield and recommended
for future breeding programs.
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Introduction worldwide food systems, agricultural economies, and
ecosystem services (Gurvinder ez a/., 2024). Wheat’s

iticum aestivum, a leading species within the contribution to global food security is manifold, as
Poaceae family, occupies a preeminent position evidenced by its share (28%) of the world’s edible crop

as the most extensively cultivated and economically biomass. Moreover, in resource-constrained regions,
dominant crop globally, having a profound impact on this crop serves as a vital caloric source, providing up
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to 60% of daily energy requirements, thus highlight-
ing its significance in addressing the persistent issue

of global food insecurity (Shoaib ez al., 2024).

Globally, 2022-23 wheat production was 788 million
tons from 220.60 million hectares, while achieving an
average yield of 3574 kg ha (USDA, 2023). In Paki-
stan, during cropping season 2022-23, wheat produc-
tion was 27.634 million tons from 9.04 million hec-

tares with an average yield of 3056 kg ha™ (GoP,2023).

Selection by breeders that only favors high yield and
early maturation in wheat genotypes has limited ge-
netic diversity found in the current wheat cultivar.
Therefore, the productivity of this essential crop is
impacted by a number of stresses (Singh ez al., 2024).
It is therefore desperately needed to expand this im-
portant crop’s genetic base by introducing genes from
other sources. For successful breeding programs, the
presence of genetic variability is of prime importance
to overcome this problem. More variability governed
by genetic makeup serve as a gene pool for selecting
genotypes with desirable traits from the population
(Tanveer ez al., 2022). Breeding for new genotypes is
based upon the existing genetic variability or induced
variations. These variations are quantified in terms of
heritability which provides a quantitative measure of
the genetic contribution of parental lines to the phe-
notypic expression of their hybrid offspring (Demeke
et al.,2024).

Correlation reveals the direction and extent of asso-
ciation between two traits. Understanding these re-
lationships is crucial for combining desirable charac-
teristics to boost yield (Baye ez al., 2020). Yield is a
polygenic trait that depends upon component varia-
bles and their interaction with environment (Sumit ez
al.,2024). Therefore, direct selection may not be fruit-
ful, rather breeders have to go for indirect selection
via contributing traits to get high yielding genotypes.
So, the knowledge of correlation will enable precise
breeding, improving yield and speeding genetic pro-
gress (Meyari e al., 2013).

Pakistan’s wheat production is significantly impact-
ed by challenges related to climate change, mainly
erratic rainfall and temperature variations (Belay ez
al., 2017; Senbeta and Worku 2023). These factors
have led to fluctuating wheat yields, making it diffi-
cult to meet the rising demand of this staple crop for
the inhabitants of Pakistan. The changing climate has

intensified the need for adaptive strategies in agricul-
tural practices to ensure food security in the region
(Barma ez al., 2019). Additionally, outdated agricul-
tural practices and poor farm management contribute
to lower yields per hectare compared to other major
wheat-producing nations.

'This research focused on breeding program to deter-
mine genetic variability among advanced wheat lines
for yield components, and to identify yield associated
traits for indirect enhancement in wheat productivity
to contribute to food security.

Materials and Methods

Experimental Site, Materials and Design

This experiment was carried out at Agriculture Re-
search Station, (ARS) of Swabi, Khyber Pakhtunkh-
wa, Pakistan during the growing season 2021-22.The
experiment was located at 72° 30’ 22” E and 34° 07’
30” N longitude and latitude, elevation is 370 meter
while it has sub-tropical humid climate. Summers are
hot and humid while winters are too cold. A set of 49
wheat advanced lines were tested against one com-
mercial check ‘Swabi-1". Details of advanced lines are
given in (Table 1). The experiment was designed in
randomized complete block design with three replica-
tions. Each plot comprised six rows and each row was
three meters long. The space between two rows and
plants were 30 cm and 15 cm, respectively. Irrigation
was limited to sustain the normal growth of wheat
plants. Other cultural practices were meticulously
implemented throughout the crop cycle to minimize
experimental variability and ensure the overall health
and vigor of crop, thereby maximizing the accuracy
and reliability of the results of experiment.

Data collection

'The observations were recorded on days to heading
(DH), maturity (DM), grain filling duration (GFD),
plant height (PH), productive tillers plant? (PTP),
spike length (SL), thousand seed weight (TSW) and
grain yield (GY).

Statistical analysis

The collected data for different parameters were
subjected to statistical Software Statistix 8.1 (2006)
as outlined for randomized complete block design
(RCBD). The ANOVA procedure of Gomez and
Gomez (1984) was used for the computation of all
studied traits. Significance differences among geno
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Table 1: Summary of CIMMYT wheat lines used in the research.

S.NO PARENTAGE

CIM-1 NADI#1

CIM-2 WADDER# 1

CIM- 3 BORIL14*2 // BEACARD/QAUAIU/ #1

CIM- 4 NDI63/2*/WBL1//VILLAJUAREZ, /F209/KACHU//KARITAI/2*TRACH

CIM-5 KAURD/BORLA14

CIM- 6 KAKURU// SUP15//BA]J #1

CIM- 7 KACHUA*2/ SUPA152/ 3/WABLL1*2/BRAMB//LING*2//BAVIS

CIM- 8 FRANCOLIN #1//NELOKI1//3//PRL//2*PASTOR// KACHU

CIM-9 KACHUWHEAR/SHARMA/3//C801//3*WBALL1/5/CIRIO16/WBLA1*2//BRAMB//LING*2//BAVISA
CIM- 10 TOHA # 1//2/KFAA/2/* KACHA

CIM- 11 HARTOG/SUMAI3/2*NAVAJ07/4/MUTAUS//KIRITA/2*TRACH/3/WHEAI/KRON/2/STAD/F2004
CIM- 12 BECARAD/2/FRNCLAN//BAJA2/#1/TECUEI #1

CIM- 13 BORLA14*2/3//WBLLA1*2/BRAMBDA//LAING*2//BAVIS

CIM- 14 KACHUA//DAN/PHE*2//MATUS*2/HARILA#1

CIM- 15 BAJI#1/3/KIRATATIT//HUWA234+1.R34/PRINIA/4/KIRATI//HUWA24+LRA34/PRINIA/2/MATUS*2/HARI-
LA#1/6/BAJI#1*2/TINAKIO#1

CIM- 16 BAJI#1/3/KIRAITATT//HUWA234+1.R34/PARINIA2/4/KIRTA/TATIA.//HUWA24/LRA

CIM- 17 BAJI#1/3/KIRATATIT//HUWA234//L.LR34/PRINIA/4/KIRIATAT1//HARILA#1

CIM- 18 BAJI#1/3/KIRATATIT//HUWA234//1.R34//PRINIA/4/KIRIATATI//HUWA34+LRA34/PRINIAK
CIM- 19 WBLL1A*2//BRAMBA/LING//BAVIAS*2/3/SUPER152/BA]JI #1

CIM- 20 PFAU/MILANA/3/BABAZ. /LRA42//BABAZ/1/CROCA/1/AESQUARA//ROSAIL//PGO/10/AT TILLA*2/9/
KAT/BAGEI//FNA/U/3/BZAR

CIM- 21 WHEARI//KUKUNAI#1/5/KACHUA//KIRITAT1//2*TRACH/6/KACHUI//KIRA/2*TRC

CIM- 22 PFAU//WEAVERI*2//TRANSFERI#//12P8/3/WHEARI//2*PRLI/2*PASTORI/4/2*WBLL1A*2//BRAMBA/
LING

CIM- 23 SUPER152//BA]JI #1//KIDEADI

CIM- 24 SUPER152/KENYA//SUNBIRD/3/KAHUI//KIRITATI/2*TRCHA

CIM- 25 SOKOL/3/PASTORI/2/HXL75/2*BAURI/4/SOKOLLIA/WBLL1A/5/MUCY]I

CIM- 26 KISKA#1/5//KAZ*2/MNV1//KAUZ1/3/MILANA/WHEAR//2*PRLI//2*PASTORI/KACHUA//2*TRCHA
CIM- 27 DANPHEE/3/ROLF07/YANACIA//TACUPETOFR2001//BRAMBA/LING/4//ROBINKA

CIM- 28 TOH#1/2/MUTUS*2//TECUEA #1

CIM- 29 PFAU//MILANA/3/BA/BAZI/LR42//BABAX*2/4/PAST1//2*TUI/3/2*PASTOR//4/BERKUT/5/PFAU//MILA-
NA

CIM- 30 HDT29673/SWASR/2/TBA//2*BLOCK /#1//WBLL1A*2/KURUKUI
CIM- 31 KACHUA//BECARDI//WBLL1A*2/BRAMA//BALING*2/3/ABLEUI

CIM- 32 WBLL1A*2/KIRAITATIT//FRNCLNI/3/BECARDI/4/2*KACHUA/DANPHER(MXIA2021\\M42EAS2\9\
SA20H\162)

CIM- 33 WBLL1A*2//KIRAITATI//FRNCLNI/3/BECARDI/4/2*KACHUA/DANPHEI(MXIA2021\M42EN\S29S\
A20HI\163)

CIM- 34 WBLL1A*2/KIRAITATI//FRNCZCXZ/3/BECARDI/4/2* KACHU/DANPHE(MXI20H21\\BNM42ES-
29SA20H\164)

CIM- 35 TAM20/PAISTOR//TOBAI197/3/HEILLO/4/PAURAQI/5/BRBT1/1*2/KIRAITATT*2//KINGBIRD#1

CIM- 36 BAJ#1//KISKADEEI#1/3//WBLL1A*2/BRAMBALING*2//BAVISA//4/BAJ#1/KISKADEE#1/ (MX12021//
M42ES/29SA20H/171)

CIM- 37 BAJ#1/KISKADEEI#1/3/WBLL1A*2/BRAMABLING*2//BAVISA

CIM- 38 PRLI/2*PASTORI/4/CHOIX/STAR/3/HEA/3*CNOA79//2*SERIA/5/2*PAURIAQUE#1
CIM- 39 SHORTI//ENEDSRI2/6/TRANSLOCATIONS//2*WBLL1A*2/KAKATS/3//BECARDIA/4/2*BOR-
LA14(MXI12021\M142ES29SA20H\179)
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CIM- 40 SHORT/ENDSR/2/1/6 TRANSLOCATIONS//2*WBLL1A*2/KAKTS/3/BECARDI/4//2*BORLIA14(MX12021\

M142ES29SA20H\180)

CIM- 41 MUTUSI//KIRAITATI/2*TRCHI/3/WHEARI/KRONI/1/STADF1/2004/4/2*WBLLA1*/2/BRAMBLINGS*2//

BAVISA

CIM- 42 MUNAL*2/CHONTE*2/3/SAWSR/22TB/2*BLOUK#1
CIM- 43 MUNALIA#1*2/4/HUWA24+1.LR341//PRIANIA//PBW343*2/KUKUNAI/3/ROLF07*2/5/WBLLA1
CIM- 44 KACHU#1*2/6/KINGBIRD#1/7/COPIOA/8/WBLLA1*2/4/YACOI/PBW65/3/KAUZI*2/TRAPA//KAUZI/5//

KACHU#1

CIM- 45 ORION./ 5/2*FRNCLNI/4/WHEARI//KUKUNAI/3/C801/3*BAT1//AVIA
CIM- 46 ESTOC/7/2*KISKADEEL#1/5/KLAUZ*2/MINV//KAUUZ/3/MIHLAN/4/BAV92/WHEARI/2*PRLA/2*PAS-

TORI

CIM- 47 CROC1/AESQAROSAI(205)//BORLI95/3/PRLA//SARAL//TSIA/VEE#5/4/FRETA2/5//CIROI16*2/6/

SUPA152*2//TECUE #1
CIM- 48 NADI#2/MUACUY
CIM- 49 MUNAL #1/SUJATA//CHIPAKI

Local Swabi-1
Check

CIMMYT= International Maize and Wheat Improvement Center.

types justified genetic analysis. The means for individ-
ual traits were additionally separated and related by
using the least significant difference (LSD) test 5%
probability. Heritability was calculated from the var-
iance components derived from the ANOVA mean
squares, providing insights into the genetic and envi-
ronmental contributions to trait variation. Addition-
ally, genotypic and phenotypic associations among all
traits were calculated using the method described by

Kwon and Torrie (1964).

Heritability (h?) was estimated by the method de-
scribed by Singh and Chaudhary (1985). The formula

for calculating h? in broad sense is:
Vg

h*(b.s) = —
(2.5) =5

: GMS5 —EMS

Genotypic variance (Vg) = ————

Environmental variance (Ve) = EMS
Phenotypic variance (Vp) = Vg + Ve

According to Allard (1964), Heritability estimates
were grouped as follow:
Low: up to 30%, moderate: from 30 to 60%, high:
equal to or above 60%.
Genetic advance (GA) and genetic advance as per-

centage of mean (GAM %), as described by Khan e#
al. (2001).

Genetic advance (GA) = k x h? x \[Vp

Where;

k = Selection Intensity, Vp= Phenotypic variances, h?
(b.s)=Broad sense heritability

GAM =% % 100

Where;

x= Mean value of trait.

Johnson ez al. (1955) classified genetic advance (as
percent of mean) into groups as mentioned below:
Low = up to 10%, moderate = from 10 to 20%, high =
equal to or above 20%.

Phenotypic and genotypic correlations were comput-

ed by formula of Kwon and Torrie (1964).

, , COVp (. x,)
Phenotypic correlation = ———2-2—
i W ¥p (x, WWp (e, )

Where;

COV  (x,.x,) is phenotypic covariance between traits
x, and x,

Vp (x,) and Vp (x,) are the phenotypic variances of
trait x, and x,, respectively.

, , COVe (., )
Genotypic correlation = &
) v ¥ '._.r-_:'.':-"G g )

Where,

COV,, (x,x,) is genotypic covariance between traits
x, and x,

V, (x,) and V, (x,) are the genotypic variances of trait
x, and x, respectively.
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Table 2: ANOVA for agro morphological traits in wheat

lines.
Traits Replications Genotypes Error CV (%)
2 49 98
DH 4.17 23.14* 1.07 0.859
DM  31.94 77.39* 3.23 1.26
GFD 14.61 43.02* 3.95 8.90
PH 40.26 90.86™* 26.27 6.21
PTP 0.72 1.74* 0.61 13.97
SL 1.50 477 1.34 11.15
TSW  20.60 47.16* 5.84 5.90
GY 75617.3 866604.3**  68294.9 8.32

™ = Significant at 1% probability level; Note: DH: Days
to heading; DM: Days to maturity; GFD: Grain fill-
ing duration; PH: Plant height; PTP: Productive tiller
plam“l; SL: Spike length; TSW: 1000-seed weight; GY:
Grain yield

" Variables
@
E - DH
o
>

— DM

FODOr NOTOONDHO-NOTNOMHD0DH0 =
“““““““““““““““ i 0
o

GOC000C0C00000000000000000000000000000000cn
$34
8
b=

Genotypes

Figure 1: Mean values for days to heading (DH) and
days to maturity (DM) at ARS Swabi, during. 2021-22.
Results and Discussion

Analysis of variance, range values, heritability and ge-
netic advance (%)

Days to heading (DH): DH is main physiological
phenotype directly related to maturity, grain filling
duration and strongly dependent upon day length
and light (Salma ez al, 2022). Analysis of variance
revealed highly significant (P< 0.01) differences
among advanced wheat lines for DH (Table 2). This
indicates the existence of genetic differences among
wheat genotypes for heading. Early DH (113 days)
was noted for genotype CIM-47 followed by CIM-
12 and CIM-16 (115 days). Earliness can be exploit-
ed by selecting early heading genotypes. Genotypes
CIM-25 and CIM-30 were found late for DH (126
days), while mean across genotypes for DH was 120.5
days (Figure 1). Heritability estimates were observed
high (0.87) while genetic advance as percent of mean
was low (4.34%) in case of DH, which indicates the

role of non-additive gene action in controlling the ex-
pression of the trait (Table 3). Previously, Hassani ez
al. (2022) also reported highly significant differences
among 44 wheat genotypes during 2020-21. Similar-
ly, Sheera e al. (2022) reported high heritability and

low genetic advance for DH.

Days to maturity (DM): DM is important trait as early
maturity helps to create room for the next crop, resid-
ual moisture and may escape biotic and abiotic stress-
es at harvest maturity (Charan ez 4/, 2024). Wheat
genotypes showed differential in performance (P<
0.01) for DM shown by mean square values for DM
(Table 2). Genotypes CIM-39 and CIM-16 were
noticed early maturing (135 days), while late matu-
rity was recorded for genotype CIM-20 (157 days)
followed by genotype CIM-37 (155 days). Mean of
142.8 days were recorded across wheat genotypes for
DM (Figure 1). Heritability estimate for DM was
high (0.88) as evidenced by significant genetic differ-
ences for maturity, while genetic advance as percent
of mean was low (6.76) (Table 3). High heritability
indicates strong genetic influence with non-additive
gene action. Sugandh ez a/. (2022) in their previous
study also reported highly significant differences
among 49 wheat genotypes for DM during 2019-20.
Results of heritability for DM are in accordance with
Sawant ez al. (2023), who also reported high heritabil-

ity with low genetic advance (%).

Grain filling duration (GFD): GFD is a key determi-
nant of cereal yield affected by days to heading and
maturity, availability of water and nutrients (Zhen-
ning e¢ al., 2023). Analysis of variance showed sig-
nificant (P< 0.01) differences among advanced wheat
lines for GFD (Table 2). Longest GFD was recorded
for genotype, CIM-37 (34 days), followed by geno-
type, CIM-20 (32 days). Shortest GFD of 18 days
was recorded for wheat genotypes, CIM-45, CIM-
15 and CIM-39. Majority of the genotypes were at
par for GFD by taking 22.3 days for the period of
grains filling (Figure 2). High heritability and genet-
ic advance of 0.76 and of 29.20%, respectively was
noticed for GFD (Table 3). It indicates that the trait
controlled by additive gene action, could be substan-
tially considered for making selection. In the previous
study, Sharma ez a/. (2023) also reported significant
variation among 102 wheat genotypes for grain filling
duration. High heritability (0.89) coupled with low
genetic advance (10.56%) was noticed for aforemen-
tioned trait and confirm genetic role in regulation of

variation for GFD.
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Table 3: Estimation of genetic parameters for traits of wheat lines.

Traits. Vg \A
Days to heading 7.36 1.07
Days to maturity 24.72 3.23
Grain filling duration. 13.02 3.95
Plant height 21.53 26.27
Productive tiller plant™ 0.37 0.61
Spike length 1.14 1.34
1000-seed weight 13.77 5.84
Grain yield 266103.1 68294.9

VP h? G.A G.A.M%
8.42 0.87 522 4.34
27.95 0.88 9.65 6.76
16.97 0.76 6.52 29.20
47.80 0.45 6.42 7.79

0.99 0.38 0.78 13.89
2.48 0.46 1.49 14.38
19.65 0.70 6.41 15.66
334398.0 0.80 947.33 30.21

V Genetic variance; V Environmental variance; V Phenotypic Variance; H: Heritability; GA: Genetic Advance;

GAM Genetic aa’fvance as percent of mean.

Table 4: Phenotypic (above) and genotypic (below) cor-

relation among traits of dijﬁrenz‘ advanced wheat lines.

DH DM GFD PH PTP SL TSW GY
DH - 0.63**0.11 -0.22"0.04 -0.13 -0.1 0.16*
DM 0.71* - 0.84* -0.18* 0.08 -0.06 0.01 0.07
GFD 0.22 0.85™ - -0.07 0.07 0.01 0.09 -0.03
PH -0.31*0.28" -0.16 - -0.03 0.35* 0.13 0.03
PTP'0.13 0.17 0.14 -0.02 - -0.07 -0.01 0.21*
SL -0.17 -0.09 -0.002 0.40™ -0.03 - 0.04 -0.001
TSW -0.13 -0.01 0.08 0.31* -0.04 0.13 - 0.03
GY 0.15 0.09 0.01 0.1 0.44*0.03 0.12 -

= Significant at 1% and 5% probability level; Note:
DH: Days to heading; DM.: Days to maturity; GFD:
Grain filling duration; PH: Plant height; PTP: Pro-
ductive tiller plant™; SL: Spike length; TSW: 1000-seed
weight; GY: Grain yield.

Plant height (PH): PH express the performance of a
crop related to vertical growth followed by plant bio-
mass. Desirability for plant height in wheat depends
upon the area of plantation as tallness is preferred
in rainfed areas, while semi dwarf and short stature
plants are the key feature of irrigated varieties (Hong
et al., 2022). Analysis of variance revealed significant
(P< 0.01) differences for PH among genotypes of
wheat (Table 3). Short stature plants were noticed in
genotypes, CIM-18 and CIM-25 (each with 72 cm),
while tallest genotype was CIM-39 (93 cm) followed
by CIM-43 (92 ¢m), CIM-7 and CIM-47 (both 91
cm). Mean across 50 wheat genotypes for the afore-
mentioned trait was 82.5 cm (Figure 2). Moderate
heritability estimate and low genetic advance of 0.45
and 7.79%, respectively was discerned for PH (Ta-
ble 3). Highly significant variations among 21 wheat
genotypes were previously reported by Tanveer ez al.

(2022) for plant height. Moderate heritability and

low genetic advance (0.32 and 3.78%, respectively)
was also reported by Amitava ez a/. (2021) for PH.

. ISR RN TN RN

Variables

—— cFD

Values
o

AR

Genotypes

Figure 2: Mean values for grain filling duration (GFD)
and plant height (PH) at ARS Swabi, during 2021-22.

Productive tiller plant” (PTP): PTP is a key yield
determinant, directly linked to spike density and
ultimately with grains per plant and grain yield per
unit area. More tillering variety is the prime goal of
any wheat breeding program (Yundong ez a/., 2024).
Mean square of the data showed significant (P< 0.01)
differential in performance among wheat genotypes
for PTP (Table 2). This revealed considerable inher-
ent variation for PTP. Maximum PTP were recorded
for genotypes CIM-10 and CIM-36 (8 and 7 till-
ers, respectively), while least PTP were observed for
genotypes CIM-4, CIM-13, CIM-16, CIM-20 and
CIM-35 (each with 4 tillers). Grand mean of geno-
types for PTP among genotypes was 5.6 (Figure 2).
PTP exhibited moderate heritability (0.38) and ge-
netic advance (13.89%) indicating non-additive gene
regulation for this trait (Table 3). Additive genes
moderately control the trait making simple selection
not a viable breeding strategy. The results of Cheth-
an and Gurjar (2023) and Patil ez a/. (2023) showing
highly significant differences among wheat genotypes
are coherent with our research findings. Similarly,
Patil ez al. (2023) also reported moderate heritability

and low genetic advance as percent of mean for PTP.
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Spike length (SL): SL is an important trait for wheat
breeders to be considered as it contribute to yield
via grains per spike and grains per plant (Mingxiu
et al., 2023). However, this may not be true for all
genotypes. Long spike with more and heavy grains
are desirable. Data analysis for spike length displayed
significant (P< 0.01) genetic differences among 50
wheat genotypes (Table 3). Genotypes CIM-36 and
CIM-39 produced long spikes (each with 12.9 c¢m),
followed by CIM-41 (12.7 cm). Genotype CIM-20
had shortest spikes (8.4 cm), while average across the
studied wheat lines was 10.4 cm (Figure 3). Moderate
heritability and genetic advance of 0.46 and 14.38%,
respectively was noticed for SL (Table 3). Results
of the current study are supported by Sugandh ez a/.
(2022) who had also reported significant difference
with moderate heritability (0.59) and genetic advance
(11.66%) estimates for SL in their study.

Variables
— PTP
- sL

Genotypes

Figure 3: Mean values for productive tillers plant™
(PTP) and spike length (SL) at ARS Swabi, during
2021-22.

Thousand seed weight (TSW): TSW is a critical yield
determinant as it contribute to yield directly and de-
pends upon proper grain filling duration, spike length
and plant height (Tao ez a/., 2022). Mean square val-
ue showed significant (P< 0.01) differences among
wheat genotypes for TSW (Table 3). Maximum
TSW was recorded for genotype CIM-48 (51.4 g)
followed CIM-31 (49.9 g) and CIM-1 (47.2 g). Least
TSW was recorded for line CIM-11 (33.6 g), while
mean across genotypes was 41.0 g (Figure 4). TSW
revealed high heritability of 0.70 and moderate ge-
netic advance of 15.66%. (Table 3). This indicated
that additive genes control the trait and can go for
direct selection for improvement. Considerable
variations among wheat genotypes for TSW were
observed by Choudhary ez a/. (2020). Likewise,
Sawant ez al. (2023) also reported high heritabili-
ty coupled with low genetic advance as percent of

mean for TSW.

CIM-1-
ol )

Genotypes

Figure 4: Mean values for thousand seed weight (TSW)
at ARS Swabi, during 2021-22.

Grain yield (GY): GY is the key target on which all
breeding strategies are focused to drive food securi-
ty in terms of quantity and quality (Philomin ez al.,
2020). Analysis of data displayed significance (P<
0.01) differences among wheat genotypes for GY (Ta-
ble 3). Highest GY was noted for genotypes CIM-10,
CIM-36 and CIM-25 (3930.6,3916.7 and 3888.9 kg
ha', respectively) with average GY of 3142.2 kg ha™
among 50 wheat genotypes (Figure 5). High herita-
bility (0.80) and high genetic advance (30.21%) were
observed for GY (Table 3). It indicated that the trait
controlled by non-additive genes is less responsive to
selection. Sharma ez a/. (2023) supported our results
by reporting highly significant variations in wheat
genotypes, high heritability (0.98) and genetic ad-
vance (27.68%) for GY.
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Figure 5: Mean wvalues for grain yield (GY) at ARS
Swabi, during 2021-22.

Genotypic and phenotypic correlations

Days to heading (DH): DH exhibited positive pheno-
typic relationship with DM and GY, while negatively
correlated with PH. Genotypically, DH exhibited a
substantial positive correlation with DM and nega-
tively correlated with PH (Table 4). This correlation
study shows that breeding for early maturity can be
ensured by selecting genotypes with early heading.
Moreover, earliness result in short stature plants due
to time factor and photosynthetic units diversion. In
the previous study, Sawant ez a/. (2023) also reported
significant positive phenotypic and genotypic associ-

ation between DH and DM.
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Days to maturity (DM): DM exhibited a strong sub-
stantial positive relationship with DH and GFD at
both phenotypic and genotypic levels. This confirm
the association of early heading with early maturity.
Furthermore, genotypes took more days to matu-
rity helps in proper filling of grains due to available
time. DM showed a substantial negative relationship
with PH at the phenotypic level (Table 4). Previously,
Sawant ez al. (2023) ; Sheera ez al. (2022) also reported
negative association of DM with PH at the pheno-
typic level.

Grain filling duration (GFD): GFD exhibited a strong
positive significant relationship with DM at both
phenotypic and genotypic levels (Table 4). Delay in
maturity provide ample time for grain filling. Due
consideration is given to wheat lines with proper-
ly filled grains in optimum time and mature time-
ly. Study by Sharma ez a/. (2023) noticed that GFD
revealed a substantial negative genotypic correlation
with DH. Early heading will provide enough time for
genotypes to fill grains appropriately.

Plant height (PH): PH exhibited a strong positive as-
sociation with SL and negative relationship with DH
and DM at the phenotypic level. Spike length con-
tribute to plant height in positive way. At the gen-
otypic level, plant height displayed significant posi-
tive relationships with SL and TSW, while negative
connection with DH (Table 4). Notably, Sawant ez
al. (2023) also described similar findings, observing
substantial positive phenotypic and genotypic corre-

lations between PH and SL as well as with TSW.

Productive tiller plant™ (PTP): PTP exhibited a posi-
tive phenotypic and genotypic relationship with GY,
indicating strong relationship between these traits
(Table 4). PTP is major yield component and contrib-
ute to grain yield directly. More the productive tillers,
more will be the spikes and thus grain yield. Previous-
ly, Sugandh ez al. (2022) reported a significant positive
phenotypic correlation between PTP and GY, which

supported our results.

Spike length (SL): Highly significant positive associa-
tion of SL was detected with PH at both phenotypic
and genotypic levels (Table 4). Plant height include
spike excluding awns and contribute to plant height
directly. Longer spike is desirable as longer spike often
bear more spikelets and thus grains. Previous study by

Sugandh ez al. (2022); Sawant ez al. (2023) both re-

ported a substantial positive relationship between SL
and PH at phenotypic and genotypic levels, which is

in accordance with our research findings.

Thousand seed weight (TSW): A significant positive re-
lationship of TSW was displayed with PH at the gen-
otypic level (Table 4). Similarly, Sheera ez a/. (2022) in
their previous study also reported similar results for
1000-grain weight. They founded significant posi-
tive genotypic correlation of TSW with plant height.
‘Thousand grain weight is also important yield related
trait. Heavier grains result in more thousand kernel
weight and thus more grain yield.

Grain yield (GY): GY exhibited highly significant
positive phenotypic and genotypic associations with
PTP, while significant positive phenotypic association
with DH (Table 4). More tillers per unit area con-
tribute to seed yield via more spikes and more seeds.
Our results are also supported by Pawan ez al. (2024),
who had reported significant positive genotypic cor-

relation of GY with PTP.
Conclusions and Recommendations

Considerable genetic variability was observed among
50 wheat lines for yield components as evidenced by
ANOVA. This provide chances of genetic improve-
ment of wheat lines for yield and yield components
through direct and indirect selection. GFD and GY
displayed high broad sense heritability and genetic
advance as a percentage of the mean, predicting role
of non-additive gene action. Therefore, for yield im-
provement, indirect selection through association
study would be rewarding. GY displayed a strong
positive relationship with PTP at both phenotypic
and genotypic levels. Lines with more tillers per plant
must be selected to increase grain yield and meet the
challenges of food security. Notably, CIMMYT lines
CIM-10 and CIM-36 demonstrated excellent results
in terms of yield and could be commercialized to en-
hance wheat productivity.
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