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Genotype by environment (location) interaction (GEI) is essential for iden-
tifying environment-specific and widely adapted genotypes of wheat. The
experiment was carried out across five locations (Shyampur and Godagari
under Rajshahi district, Nachole at Chapainawabganj, Sapahar at Naogaon
and Lalpur at Natore district in north-west Bangladesh) to assess GEI effects
on grain yield and its components and to identify high yielding and stable
genotypes of wheat for grain yield in the year of 2020-21. Combined analyses
of variance for G and GEI were significant for almost all traits. Significant
GEI suggested that the performance of genotypes was not consistent across
locations, revealing strong influence of environments on the expression of
phenotype for all traits. Average over five locations, genotypes G84 (3647
kg ha~!) and G76 (3576 kg ha~!) exhibited maximum values for grain yield
and also produced similar tillers m~2 (SPM) and grains spike~! (GPS) where
difference between them was statistically insignificant thus appeared as lead-
ing genotypes for yield and production traits. Again, the genotypes G84
and G76 produced statistically insignificant maximum yield in all locations
indicating that they are high yielding and wide adapted genotypes. The
genotype G80 produced insignificant yield and other yield traits with G76
and G84 across the locations indicating its wide adaptability. However, G26,
G69 and G77 with higher grain yield in Shyampur, G53 and G59 in Goda-
gari, G20 in Lalpur, G3 in Nachole and G8 in Sapahar proved their specific
adaptability in particular locations. Among locations, Shyampur and Goda-
gari were identified as highly productive locations in terms of grain yield
and positive environmental index. Correlation analysis showed that grain
yield had strong positive association with spikes m~2 (r = 0.92**), grains
spike_1 (r=0.72**) and TGW (r = 0.89**). On the basis of mean grain yield
and higher positive phenotypic index for SPM, GPS, TGW and GY, G76, the
genotypes G84,G76 and G80 were found as high yielding genotypes and
thus could be recommended as important breeding materials in upcoming
specific breeding program for drought prone north-west part of Bangladesh.
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1 Introduction

Wheat is among the world’s major food crops in terms
of area under cultivation, production volume and the

proportion of the global population depend on it as
a main diet (Alexandratos and Bruinsma, 2012). It
contains about 55% starch that contributes up to 20%
of the energy demand of world, about 12.1% protein,
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as well as some dietary fats, vitamin B, zinc, calcium,
and iron (Sramkova et al., 2009). Around 95% of
the world’s wheat crop is hexaploid (Genomic consti-
tution, AABBDD) bread wheat (Triticum aestivum L.
aestivum,), while the rest are tetraploid (AABB) du-
rum wheat (Triticum turgidum L. durum,) and other
types of minor economic important wheat (Peng et al.,
2011). Present wheat production is about 1.1 mil-
lion tons from 0.31 million hectare of land area in
the year 2021-22 against the annual demand of about
8.5 million tons (Alexandratos and Bruinsma, 2022)
in Bangladesh. Thus, the difference between annual
wheat production and consumption is about 7.4 mil-
lion tons. Demand for wheat being a staple food crop,
would rise with the increase in population. Now, the
climate change especially drought is the biggest is-
sue for wheat production in Bangladesh (Rahman
and Miah, 2017). Farmers are looking forward for
technological and adaptation measures to continue
or in increase wheat production by facing the climate
change issues. Wheat production could be increased
either by developing high yielding cultivars or grow-
ing more area under cultivation. The scope for wheat
cultivation on larger area is limited in Bangladesh;
however, development of high yielding drought tol-
erant wheat cultivars with wider adaptability would
play significant role.

Cultivars performance largely depends on their
genetic makeup (G), environment (E) and their in-
teraction (GEI). Fluctuating response of genotypes
across test environments is a usual phenomenon,
known as GEI (Akcura et al., 2009; Mohammadi et al.,
2012). Yield potential of a cultivar is the result of
its performance over locations. Therefore, stability
analysis of genotypes is required in the presence
of GEI to ascertain high yielding and relatively sta-
ble genotypes. For several test environments, the
GEI governs the credentials of the most stable geno-
types that are suitable for specific environment (An-
nicchiarico, 2002). Thus, the genotypes possessing
genetic homeostasis are essential to increase average
yield. Wheat production can boost up through culti-
vars having broader genetic base and better perfor-
mance under various agro-climatic conditions. In
wheat, genetic improvement is slow process in nature
however, the selective process of man can speed it up
through appropriate management of environmental
factors. Improvement gets complicated when a trait
is environment-driven and selection gets more com-
plex (Mohammad et al., 2011). Keeping in view the
importance of GEI in reference to its application for
identifying stable genotypes, the present experiment
was conducted using 14 wheat genotypes. The exper-
iment was carried out across five locations to assess
GEI effects on grain yield and its components and to
identify high yielding and stable genotypes for grain
yield.
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2 Materials and Methods

2.1 Experimental sites

The five experimental sites were situated in four dif-
ferent districts of Bangladesh, viz., Shyampur (Field
station of on-farm research division, Bangladesh Agri-
cultural Research Institute, Rajshahi) and Godagari
under Rajshahi district, Nachole at Chapainawabganj,
Sapahar at Naogaon and Lalpur at Natore district.
The locations Godagari, Nachole and Sapahar are
under AEZ-26. The locations Shyampur and Lalpur
are under AEZ-11. The Geo-references of test sites
are shown in Table 1. Before seeding of wheat, soil
samples were taken from each experimental field
and were sent to the laboratory for chemical anal-
ysis. The chemical properties of the soil samples were
presented in the Table 2. Wheat grows only in winter
season in Bangladesh. In Bangladesh, rainfall pat-
tern is uneven round the year and rainfall mostly
concentrated in summer and winter is rainless. The
rainfall in the wheat growing season in different sites
is shown in Table 3.

2.2 Breeding history of planting material

Fourteen wheat genotypes were taken in this trial in
2020-21 wheat growing season for multi-location eval-
uation across the locations. The pedigrees of these
genotypes are presented in Table 4.

2.3 Experimental design

The field trials were laid out in randomized complete
block design (RCBD) with three replications. The plot
size was 5 m x 1 m with 5 rows. The row length was
5 m long and 20 cm distances from rows and rows,
respectively. Within a replication, the genotypes were
distributed at random to each of the plots. The seed
rate was 12 g m? and was sown continuously in rows.
Experimental seeds were sown on different locations
under non-irrigated conditions. The trial was wa-
tered one time at 18-21 days after seeding in different
locations for better establishment of crops and then al-
lowed the crops to grow under non-irrigated drought
stressed condition. Hand weeding was used to keep
the research fields free of weeds and no pest control
measures were taken due to absence of pest incidence.
Recommended doses of fertilizers and manures were
applied at or before during final preparation of the
land @ 100-27-50-20-1-4.5-5000 kg ha~! as N-P-K-S-B-
Zn-cow dung, respectively. Two third of urea were
used as a basal dose and remaining urea was applied
at 18-21 days after sowing (after the first irrigation).

2.4 Measurement of traits

The number of spikes m~2 (SPM) was counted at
physiological maturity of crops. After the central
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Location Name AEZ Altitude (m) Latitude (°) N Longitude (°) E
Shyampur 11 19 24.368688 88.662078
Godagari 26 36 24.40691 88.43403
Sapahar 26 31 25.108744 88.622367
Nachole 26 34 24.62471 88.421605
Lalpur 11 17 24.261477 89.013842
Table 2. Soil properties of each location of experimental sites
Soil properties Location

Shyampur Godagari Nachole Sapahar Lalpur
Soil pH 7.6 6.6 5.4 4.8 8.1
Organic matter (%) 1.27 (L) 1.45 (L) 1.59 (L) 1.88 (M) 1.84
Total nitrogen (%) 0.07 (VL) 0.08 (VL) 0.09 (VL) 0.11 (L) 0.14 (L)
P (ng/g soil) 32.0 (H) 14.3 (L) 7.4 (VL) 28.8 (Opt) 9.0 (L)
K(meq/100g soil) 0.28 (M) 0.13 (L) 0.22 (M) 0.14 (L) 0.27 (M)
S (ng/g soil) 24.1(Opt) 64.75(VH) 22.41(M) 26.5(Opt) 24 (Opt)
Zn (pg/ g soil) 1.25(M) 1.12 (M) 2.60(VH) 0.86 (L) 0.80 (L)
B (ng/g soil) 0.84 (VH) 0.44(M) 0.28(L) 0.26(L) 0.17 (L)

P = Phosphorus, K = Potassium, Zn = Zinc, S = Sulphur, B =Boron, VL = Very Low, L = Low, M = Medium, H =
High, Opt = Optimum and VH = Very High

Table 3. Rainfall (mm) in experimental sites during wheat season of June 2020 - May 2021

Rainfall (mm)

Months

Shyampur Godagari Nachole Sapahar Lalpur
Jun-20 248 326 445 503 132
Jul-20 412 230 292 504 263
Aug-20 144 219 275 227 90
Sep-20 217 236 390 448 255
Oct-20 339 146 95 259 103
Nov-20 0 0 0 0 0
Dec-20 0 0 0 0 0
Jan-21 0 0 0 0 0
Feb-21 0 0 0 0 0
Mar-21 0 2 0 0 0
Apr-21 13 16 20 15 48
May-21 191 136 229 158 168
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Table 4. Pedigree of previously selected drought tolerant genotypes of wheat were used in the molecular study

SL no Code Variety / Pedigree

1 G3 BARI Gom 30

2 G8 KACHU*2/PANDORA

3 G15 BAJ #1/6/WBLL1*2/4/YACO/PBW65/3/KAUZ*2/TRAP//KAUZ/5/KACHU #1
4 G20 SUP152*2 /PFUNYE #1

5 G26 SUP152/BAJ #1

6 G53 Sourav

7 G59 BARI Gom 33

8 G69 SUP152/AKURI/ /SUP152

9 G71 Prodip /BARI Gom 25

10 G76 BARI Gom 26/AKR/3/URES/JUN//KAUZ

11 G77 BARI Gom 26/SW89-5124*2 /FASAN

12 G79 SOURAV / CHEN//AE.SQ(TAUS)//BCN/3/2*PASTOR

13 G80 Shatabdi /BOW/VEE/5/ND/VG9144//KAL/BB/3/YACO/4/CHIL/6/CASKOR
14 G84 Bijoy/W15.92/4/PASTOR/ /HXL7573/2*BAU/3/WBLL1*2/5/WHEAR/SOKOLL

spikes of five randomly chosen plants were harvested,
the number of grains per spike (GPS) was counted.
Thousand grains were counted randomly from bulk
sample and weighed using a sensitive balance to de-
termine thousand grain weight (TGW). Three mid-
dle rows from each plot were collected at maturity
to determine the grain yield. Plants were threshed
to collect grain yield data after several days of sun
drying. Grain moisture was taken by grain moisture
meter and adjusted the yield at 12% moisture content.

2.5 Statistical analysis
2.5.1 Analysis of variance

Data collected on grain yield and various yield related
characters were analyzed statistically across five lo-
cations suitable for RCBD using Genstat 17th edition
computer software. At the 1% level of probability, the
LSD test was used to differentiate means when there
were significant differences.

2.5.2 Correlation analysis

Correlations for yield and different morphological
characters were calculated using the following for-
mula:

CoV,
Txy = (x) (1)
Vo) Vi)

where 7y, = correlation coefficient between x and y;
CoV|y,) = covariance between x and y; V/, = vari-
ance of x; and V(,) = variance of y.

3 Results

3.1 Combined analysis of variance

Combined analysis of variance illustrated that all
traits differed significant higher among genotypes,
environments (locations) and genotype by environ-
ment interactions (GEI) in the present study (Table 5).
Significant GEI revealed that the genotypes were not
completely stable across diverse environments (loca-
tions).

3.2 Mean performances
3.2.1 Number of spikes m~2 (SPM)

Combined analysis of variance shown significant dif-
ferences (P<0.01) among genotypes, environments
(locations), and their genotypes by environments for
spike m~2 (SPM). Genotypes, environment and GEI
contributed 23.45%, 36.99% and 28.10% to the total
sum of squares (TSS), respectively (Table 5). The loca-
tion effects occurred as vital source of variation due
to its higher influence (36.99%) to the TSS. Higher
involvement due to location concluded that mean
performance and ranking of genotypes across loca-
tions were mainly influenced by locations followed
by their genotypes by environments interaction and
genotypes. Similarly, higher contribution due to loca-
tions indicated strong effect of locations on the pheno-
typic appearance of each genotype (Table 5). Spikes
m~2 ranged from 247 to 297 spikes on average across
five locations, with a mean value of 273 spikes and
desirable genotypes are selected on the basis of mean
performances of genotypes in each location (Table 6).
Maximum number of spikes was produced by G76
(297 spikes), G84 (295 spikes) and G80 (294 spikes) as
their difference was insignificant, whereas minimum
number of spikes were observed for G77 (247 spikes)
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Table 5. Combined analysis of variances (ANOVA) for different traits of 14 wheat genotypes on five locations

SOV Traits
SPM GPS TGW GY
Genotype (G) (df=13) SS 44879.8 949.8 446.1 11612837
MS 3452.3** 73.1%* 34.3** 893295**
%TSS 23.45 25.37 20.08 21.85
Location (E) (df=4) SS 70809.2 563.9 548.6 22504513
MS 17702.3** 141.0** 137.2** 5626128**
%TSS 36.99 15.06 24.7 42.33
G x E (df=52) SS 53800.1 1309.1 770.6 15610725
MS 1034.6** 25.2%* 14.8%* 300206**
%TSS 28.1 34.97 34.69 29.37
Residual (df=138) SS 21531.2 917.9 451.9 3386214
MS 156 6.7 3.3 24538
Total (df=209) SS 191425.4 3743.4 2221.1 53158328

SPM = Spikes m 2 ; GPS = Grains per spike ; TGW = 1000-grain weight; GY= Grain yield; SS = Sum of Square;
MS = Mean of Square; %TSS = Percent of total sum of square (% variation explained), **: Significant at 1%

probability level

and G15 (256 spikes) which were statistically insignif-
icant (Table 8). Among locations, spikes m~2 ranged
from 271 to 327 in Godagari; 227 to 302 in Lalpur; 224
to 299 in Nachole; 199 to 293 in Sapahar and 272 to 303
in Shyampur (Table 6). The mean performance of the
genotypes, environments, phenotypic index and envi-
ronmental index are presented in Table 7. Genotypes
G53 (327 spikes), G76 (322 spikes), G59 (318 spikes)
and G8 (316 spikes) produced maximum spikes m 2
in Godagari; G84 (302 spikes), G76 (301 spikes), G80
(292 spikes) and G8 (291 spikes) in Lalpur; G80 (299
spikes), G84 (294 spikes), G59 (285 spikes), G76 (283
spikes) in Nachole; G84 (293 spikes), G8 (287 spikes),
G80 (284 spikes) and G76 (292 spikes) in Sapahar and
G26 (303 spikes), G77 (296 spikes), G80, G76 (294
spikes each), G69 (293 spikes), G20 (291 spikes) and
G84 (290 spikes) in Shyampur where the difference
among all the genotypes in each location were statis-
tically significant (Table 7). From the environmental
mean, it was revealed that Godagari and Shyampur
were the most favourable environments for SPM due
to their positive environmental index. The genotypes
G76, G80, G84 and G8 are desirable for SPM due to
their positive phenotypic index. At all environments,
none of the genotypes fully dominated rest of the
genotypes showing location specific performance for
spikes m 2. Location Godagari (299 spikes) and Sapa-
har (248 spikes) were confirmed as highly productive
and less productive location in terms of spikes m~2,
respectively (Table 9).

3.2.2 Number of grains spike~! (GPS)

Significant differences (P<0.01) were found across
genotypes, environment, and GEI in the combined

analysis of variance for GPS. Genotypes and envi-
ronments accounted for 25.37% and 15.06% of the to-
tal variation respectively, whereas the GEI explained
34.97% of it (Table 5). Significant genotypic differ-
ences for GPS allow for the option to choose the
suitable genotype. However, selection should be
environment-specific due to the strong GEI effect (Ta-
ble 5). GPS had a mean value of 44.5 grains across
five locations, ranging from 41.5 to 47.9 grains and the
desirable genotypes are selected on the basis of mean
performances of genotypes in each location (Table 6).
The mean performance of the genotypes, environ-
ments, phenotypic index and environmental index
are presented in Table 7. From the environmental
mean, it was revealed that Godagari and Shyampur
were the most favourable environments for GPS due
to their positive environmental index. The genotypes
G84, G76, G53, G8, G3, G59 and G80 had positive
phenotypic index for GPS indicating that they are de-
sirable for overall environments. The highest number
of GPS was noticed for G84 (47.9 grains), followed by
genotypes G53 (47 grains), G8 (46.6 grains), G3 (45.9
grains), and G76 (45.8 grains) and G59 (45.7 grains),
while minimum number of GPS was produced for
G77 (39.9 grains) (Table 8). The GPS ranged from
40.1 to 50.1 grains in Godagari; 35.9 to 47.5 grains in
Lalpur; 37.1 to 50.9 grains in Nachole; 34.5 to 48.5
grains in Sapahar and 44 to 49.3 grains in Shyam-
pur (Table 6).Overall, G84 showed consistent perfor-
mance across different environments, as evident from
its higher GPS, superiority and stability at all test
environments (locations). Moreover, G3, G8, G15,
G26, G53, G59, G69, G71, and G77 produced higher
GPS in some locations while producing less in others,
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Table 6. Descriptive statistics of different traits of 14 wheat genotypes under five environments (locations)

Environments Parameter SPM GPS TGW GY
Across 5 Range 247-297 41.5-47.9 41.8-46.6 2887-3647
environments Mean 273 445 43.8 3232
DG G76, G84, G80 G84, G8 G76, G80, G71 G84, G76
Godagari Range 271-327 40.1-50.1 42-49.1 3340-3853
Mean 299 46.1 454 3634
DG G53, G76, G59 G53, G8, G76, G26, GH9, G79, G8O Gb53, G59, G&4
G5h9, G84
Lalpur Range 227-302 35.9-47.5 38.5-46 2457-3599
Mean 268 43.6 42.3 3108
DG G84, G76, G8O G84, G53, G59 G76, G80, G3 G84, G76, G8O
Nachole Range 224-299 37.1-50.9 41.6-49.4 2300-3600
Mean 260 439 455 3056
DG G80, G84, G59 G53, G3 G71, G76, G8 G84, G76, G80
Sapahar Range 199-293 34.5-48.5 37.6-47.1 2002-3575
Mean 248 42.3 41.6 2779
DG G84, G8, G80 G84, G8, G59 G71, G84, G8 G84, G8, G76
Shyampur Range 272-303 44-49.3 39.9-48.3 3306-3803
Mean 287 46.7 443 3582
DG G26, G77,G80,G76  G69, G77,G84, G79, G76, G79, G8O G26, G77, G69

G8, G15, G59

DG=Desirable genotype(s), SPM= Spikes m~2; GPS= Grains spike ! ; TGW= Thousand grain weight(g) and

GY= Grain yield (kg ha~!)

showing the specific adaptability of these genotypes
to corresponding locations (Table 7).

3.2.3 Thousand grain weight (TGW)

Significant differences (P<0.01) were found across
genotypes, environments, and their genotype by en-
vironment interactions (GEI) in the combined anal-
ysis of variance for TGW. Generally, genotypes, en-
vironment and GEI contributed 20.08%, 24.70% and
34.69% to the total sum of squares (TSS), respectively
(Table 5). Effects of the genotype by environment
interaction appeared as a significant source of vari-
ation due to its greater contribution (34.69%) to the
total sum of squares. However, the participation of
location (24.07%) was greater than the influence of
genotypes (20.08%). Higher contribution due to GEI
concluded that mean performance and ranking of
genotypes across locations were mainly affected by
their interaction with locations. Similar to this, a
greater contribution from the location suggested a
significant impact of the location on the phenotypic
expression of the genotypes (Table 5).

Mean TGW (Table 9) over 14 wheat genotypes
showed that the highest TGW was observed in Na-
chole (45.5 g) and Godagari (45.4 g) where differ-
ence between them was statistically insignificant. The
smaller TGW and seed was observed in Sapahar (41.6
g) followed by Lalpur (42.3 g) and Shyampur (44.3 g).

Location Sapahar (41.6 g) and Nachole (45.5 g) were
confirmed as least productive and highly productive
location, respectively for of TGW. Based on mean over
five environments (Locations), TGW ranged from 41.8
to 46.6 with the mean value of 43.8 g and the desirable
genotypes are selected on the basis of mean perfor-
mances of genotypes in each location (Table 6). The
mean performance of the genotypes, environments,
phenotypic index and environmental index are pre-
sented in Table 7. From the environmental mean, it
was revealed that Godagari , Shyampur and Nachole
were the most favourable environments for TGW due
to their positive environmental index. The genotypes
G76,G71, G80, G84, G8 and G3 are desirable for TGW
due to their positive phenotypic index. Overall, 6 out
of 14 genotypes produced bolder grain than mean
TGW (Table 8). The heaviest TGW was observed for
genotypes G76 (46.6 g) followed by G80 (45.8 g) and
G71 (45.7 g), whereas minimum TGW were observed
for genotypes G77 (41.8 g) followed by G53 (42.1 g),
G26 (42.3 g), G15 (42.8 g) and G20 (42.9 g). The geno-
types G84 (44.9 g), G8 (44.8 g), G3 (44 g), G79 (43.7 g),
G69 (43.1 g) and G59 (43 g) produced intermediate
TGW in respect of 14 wheat genotypes (Table 8). TGW
ranged from 42 to 49.1 g in Godagari; 38.5 to 46 g in
Lalpur; 41.6 to 49.4 g in Nachole; 37.6 to 47.1 g in Sapa-
har and 39.9 to 48.3 g in Shyampur (Table 6). Across
all locations, none of the genotypes completely ex-
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Table 7. Mean values of Genotype x Environment (Location) interaction for number of spikes m~2 (SPM),
number of grains spike ™! (GPS), thousand grain weight (TGW) and grain yield (GY) traits of 14 wheat
genotypes across five environments (locations)

Genotypes Godagari Lalpur Nachole Sapahar Shyampur
SPM

G3 271 253 268 266 282
G8 316 291 259 287 281
G15 310 240 246 200 284
G20 303 278 244 209 291
G26 308 235 243 236 303
G53 327 264 254 241 272
G59 318 255 285 241 276
G69 277 257 242 239 293
G71 288 276 262 253 277
G76 322 301 283 282 294
G77 273 227 242 199 296
G79 280 282 224 246 287
G80 301 292 299 284 294
G84 297 302 294 293 290
CV (%) 4.6

LSD 20.2

GPS

G3 46.3 44.8 48.8 45 443
G8 49.7 425 46.3 47 47.7
G15 435 45.6 44.1 40.7 472
G20 46.3 443 40.7 38.1 459
G26 49.1 4.7 393 37.8 475
G53 50.1 46.7 50.9 42 45.2
G59 49.1 46.4 39.7 46.7 46.7
G69 442 40.6 43.6 38 49.3
G71 414 44.2 47.1 442 44
G76 495 43.8 459 44.5 45.6
G77 40.7 35.9 39.3 34.5 49.2
G79 40.1 423 37.1 40.5 477
G80 46.6 43.7 45 452 46.2
G84 48.9 47.5 47 485 47.7
CV (%) 5.8

LSD 4.16

TGW (g)

G3 43.1 445 46.3 422 43.8
G8 46.2 414 48.1 44.4 437
G15 46.6 39.5 444 426 41.1
G20 455 435 43.3 37.8 444
G26 46.8 38.5 422 39.6 44.4
G53 42 43.8 457 39.2 39.9
G59 49.1 403 453 38.7 419
G69 422 40.1 473 41 44.7
G71 452 41 494 471 46.1
G76 46.4 46 48.1 44.3 483
G77 425 403 452 37.6 434
G79 48.2 43.4 41.6 382 47
G80 46.9 45.7 46.2 437 46.4
G84 45.1 443 44.5 459 45
CV (%) 41

LSD 2.92

GY (kg/ha)

G3 3340 3249 3350 3292 3340
G8 3620 3316 3250 3550 3561
G15 3670 2709 3050 2002 3547
G20 3590 3373 2800 2090 3710
G26 3667 2649 2700 2355 3803
G53 3853 2897 2850 2690 3306
G59 3823 3041 2750 2410 3446
G69 3353 2770 3150 2390 3764
G71 3577 3367 3300 3265 3358
G76 3713 3522 3533 3495 3616
G77 3510 2457 2700 1990 3780
G79 3580 3164 2300 2458 3632
G80 3773 3403 3450 3338 3627
G84 3800 3599 3600 3575 3662
CV (%) 4.8

LSD 2529

CV (%)= Percent coefficient of variation and LSD = Least significant difference at 1% level of probability
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Table 8. Mean performance of different traits of 14 wheat genotypes under five locations

Genotypes SPM GPS TGW GY
G3 268 45.9 44 3314
G8 287 46.6 44.8 3459
G15 256 44.2 42.8 2995
G20 265 43.1 429 3113
G26 265 43.3 423 3035
G53 272 47 42.1 3119
G59 275 45.7 43 3094
G69 262 43.1 43.1 3085
G71 271 44.2 45.7 3373
G76 297 45.8 46.6 3576
G77 247 39.9 41.8 2887
G79 264 41.5 43.7 3027
G80 294 45.3 45.8 3518
G84 295 47.9 44.9 3647
LSD 9 1.86 1.31 113.1
LSD = Least significant difference at 1% level of probability

Table 9. Effect of Environments (locations) on the performance of different traits of 14 wheat genotypes
Environments (locations) SPM GPS TGW GY
Godagari 299 46.1 45.4 3634
Lalpur 268 43.6 423 3108
Nachole 260 43.9 45.5 3056
Sapahar 248 423 41.6 2779
Shyampur 287 46.7 443 3582
LSD(0.05) 5.4 1.11 0.78 67.6
LSD = Least significant difference at 1% level of probability

Table 10. Correlation among different traits of 14 wheat genotypes across five environments (locations)
Parameters SPM GPS TGW GY
SPM 1

GPS 0.76**

TGW 0.80** 0.45ns 1

GY 0.92** 0.72%* 0.89** 1

SPM = spikes m~2; GPS = grains spike ™! ; TGW = thousand grain weight (g) and GY = grain yield (kg/ha); *,
**: Significant correlation at 5% and 1% level of probability, where ns = non-significant

ceeded the other genotypes showing location-specific
performance for TGW. However, G80, G76 and G71
performed well in most of the locations (Table 7).

3.2.4 Grain Yield (GY)

Significant differences (P<0.01) were found across
genotypes, environments (Locations), and their geno-
type by environment interactions (GEI) in the com-
bined analysis of variance for GY. Generally, geno-
types, environment and GEI contributed 21.85%,
42.33% and 29.37% to the total sum of squares (TSS),
respectively (Table 5). The Location effects occurred
as vital source of variation due to its higher influ-

ence (42.33%) to the TSS. However, the participation
of GEI (29.37%) was higher than the effect of geno-
type (21.85%). Higher involvement due to location
concluded that mean performance and ranking of
genotypes across locations were mainly affected by
locations followed by genotypes by locations interac-
tion and genotypes. Similar to this, a greater contribu-
tion from the location suggested a significant impact
of the location on the phenotypic expression of the
genotypes (Table 5).

Mean GY (Table 9) over 14 wheat genotypes
showed that maximum GY was found in Godagari
(3634 kg ha~!) and Shyampur (3582 kg ha~!) where
there was statistically no difference between them.
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The lowest GY was observed in Sapahar (2779 kg
ha~1) followed by Nachole (3056 kg ha~—!) and Lalpur
(3108 kg ha~1). Location Sapahar (2779 kg ha—1) and
Godagari (3634 kg ha~!) were established as least pro-
ductive and highly productive location, respectively
for of GY. Grain yield varied from 2887 to 3647 kg
ha~! based on the average over five environments
(Locations), with a mean value of 3232 kg ha~! and
desirable genotypes are selected on the basis of mean
performances of genotypes in each location (Table 6).
The mean performance of the genotypes, environ-
ments, phenotypic index and environmental index
are presented in Table 7. From the environmental
mean, it was revealed that Godagari and Shyampur
were the most favourable environments for GY due
to their positive environmental index. The genotypes
G84, G76, G80, G71, G8 and G3 also produced pos-
itive phenotypic index for GY indicating that they
are desirable for overall environments. Six out of
14 genotypes produced more GY than mean GY (Ta-
ble 8). The highest GY was observed for genotypes
G84 (3647 kg ha~!) and G76 (3576 kg ha~!) where
difference between them was statistically insignifi-
cant. The lowest GY were observed for genotypes
G77 (2887 kg ha—!) and G15 (2995 kg ha~!) where dif-
ference between them was statistically insignificant.
The genotypes G80 (3518 kg ha~!), G8 (3459 kg ha~!)
and G3 (44 g) and G71 (3373 kg ha!), produced inter-
mediate GY and the rest genotypes produced lower
GY (Table 8). GY ranged from 3340 to 3853 kg ha~!
in Godagari; 2457 to 3599 kg ha=1in Lalpur; 2300
to 3600 kg ha~! in Nachole; 2002 to 3575 kg ha! in
Sapahar and 3306 to 3803 kg ha~! in Shyampur (Ta-
ble 6). Overall, G84, G80 and G76 showed consistent
GY performance across different environments, as
evident from its higher GY, superiority and stability
at all test environments (Locations). Likewise, G3,
G8, G15, G20, G26, G53, G59, G69, G71 and G79 pro-
duced higher GY in some environments, while less in
the other, indicating the specific suitability of these
genotypes to respective environments (Table 7).

3.3 Correlation analysis

Correlation coefficients among spikes m~2, grains
spike™!, TGW and grain yield were calculated using
mean data of 14 genotypes over five locations. Corre-
lation analysis showed that grain yield had strong
positive association with spikes m~2 (r = 0.92*%),
grains spike ™! (r = 0.72**) and TGW (r = 0.89**). Posi-
tive association of these above-mentioned traits with
grain yield (kg ha~!) showed that these characters
had major influence to wheat grain yield (Table 10).
Spikes m~2 showed strong positive association
with grains spike ™! (r = 0.76**), TGW (r = 0.80**) and
Grain yield (r = 0.92**). Higher number of spikes
m~2 which increased grains per spike and TGW of
wheat showed positive impact on grain yield (Ta-
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ble 10). Grains spike™! had strong positive associa-
tions with Grain yield (r =072**) while non-significant
relationship with TGW.

Strong positive relationship of thousand grain
weight (TGW) with grain yield (r = 0. 89**) suggested
that TGW was also a vital contributor towards grain
yield besides grains spike 'and spikes m 2. In the
present study, spikes m~2, TGW and grains spike !
was identified as direct contributors to grain yield in
wheat. Therefore, these traits needs due weightage
during selection of high yielding wheat genotypes.

4 Discussion

4.1 G x E (location) interaction

The results of a combined analysis of variance re-
vealed considerable variations in genotypes, environ-
ments, and their interactions for spike m~2 (SPM),
grains spike ! (GPS), thousand grain weight (TGW)
and grain yield (GY). Earlier, Dodig et al. (2008); Ali
et al. (1997); Shankarrao et al. (2010); Mohammadi
et al. (2012); Mehari et al. (2014); Ebrahimnejad and
Rameeh (2016); Khan et al. (2010) and Nehe et al.
(2019) also stated similar findings in wheat. On the
other hand, for tillers m~2 and for thousand grain
weight (TGW) in wheat, Khan et al. (2010) and Mo-
tamedi et al. (2013) revealed non-significant vari-
ations among genotypes, environments, and their
genotypes by environment interaction. Divergent
genotypes used in the study, as well as environmen-
tal factors or both, could be the cause of these di-
visive outcomes. Favorable flowering and pollina-
tion conditions produce more spikes m 2 and grains
spike ™! (Agoston and Pepo, 2005). Genotype G84
showed consistent performance across different envi-
ronments, as evident from its higher GPS, superior-
ity and stability at all test environments (Locations).
These results corroborated those of other researchers,
who found that the number of grains spike™! in-
creased wheat crop grain productivity (Sakuma and
Schnurbusch, 2019; Wolde et al., 2018). Three cru-
cial traits that directly influence grain yield in wheat
are spike m~2 (Mian et al., 2020), grains spike!,
and thousand grain weight. As a result, stability of
these traits results in stability of grain yield (Drec-
cer et al., 2008). Yield is directly influenced by the
number of effective tillers per plant (spikes m~2).
None of the genotypes in the study completely dom-
inated the other genotypes. However, Genotypes
G76, G80 and G84 produced highest spikes m~2 in
most of the locations. Several researchers studied
wheat crops and reported that increasing more ef-
fective tillers together with other yield-enhancing
components boosted wheat crops’ grain yield (Ab-
delkhalik, 2019; Liu et al., 2019). Grain yield was
directly improved by an increase in thousand grain
weight. In present study, genotypes G80, G76 and G71
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performed well in most of the locations in respect of
TGW and had yield advantage also. These results sup-
ported the statements made by several researchers
that TGW increases wheat crop grain production (Bil-
grami et al., 2018; Kamaran et al., 2019). In all plant
breeding program high yielding line/cultivar devel-
opment is the essential constituent that governs the
crop and its grower’s future (Miflin, 2000). The ideal
way for plant breeders to maintain high production
and effective practices is to subject prospective lines
to a wide range of environmental conditions and then
choose the stable genotypes with the highest yield
(Kaya et al., 2002; Roozeboom et al., 2001; Loffler et al.,
2005; Blecha, 2019). In the majority of the locations,
genotypes G84, G80, and G76 had the highest spikes
m 2, grains spike !, and grain yield and may be re-
garded as the highest yielding, most stable genotype
for adoption.

4.2 Correlation analysis

According to correlation study, spikes m~2, grains
spike~! and TGW were strong positively correlated
with grain yield. Ullah et al. (2021) showed that grain
spike ! and TGW had a strong correlation with grain
yield. Mohsen et al. (2012) also described that grain
yield had positively high correlations with above
stated characters and they recommended that plant
breeders take these characters into account when
breeding wheat to improve grain production.

5 Conclusion

All evaluated variables exhibited significant genetic
variation among genotypes, indicating there was ade-
quate variation to allow for efficient selection. Like-
wise, significant genotype x location interactions
(GEI) suggested unpredictable performance for al-
most all traits of genotypes across locations. The GEI
occupied a considerable portion of sum of squares
demonstrating its greater effects on all characters for
phenotypic expression. Significant positive correla-
tions between grain yield with spikes m~2, grains
spike’l, and TGW were found using correlation anal-
ysis, demonstrating that these characters significantly
influenced grain yield in wheat. Genotypes G84,
G80 and G76 showed the highest spikes m 2, grains
spike !, TGW and grain yield in most of the locations,
and were thus selected as high yielding genotypes.
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