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Heat stress and drought are the major problems for wheat production. Heat stress
and drought causes a significant yield reduction of wheat in Nepal. To evaluate the
stability, and adaptability of wheat genotypes, a field experiment was conducted
using 20 elite wheat genotypes at the Institute of Agriculture and Animal Science
(IAAS), Paklihawa Campus, Nepal in an alpha lattice design with two replication.
AMMI model revealed that environment had a significant effect on grain yield of
wheat and explained 55.22% of the total variation in grain yield. Which-Won-Where
model showed that NL 1404 and NL 1386 were the most stable genotypes across
late sown and drought under late sown conditions whereas, NL 1368 and Bhirkuti
were specifically adapted genotypes under late sown and drought under late sown
conditions, respectively. Thus, these genotypes can be used for yield improvement

wheat under combined heat-drought conditions.
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1. Introduction

product and covers 19% of the total cereal cultivating area
of Nepal contributing (Bhatta et al., 2020).

Wheat (Triticum aestivum L.) is a highly nutritious cereal
that is consumed as a major staple food by 2.5 billion
people in the world. (Poudel et al., 2021; Sendhil et al.,
2022). It provides more than 50% calorie requirement in
West and Central Asia (Sendhil et al., 2022). In Nepal,
wheat serves as a staple food crop for 25% of the
population providing 19% of the total calorie requirement
in the diet. Wheat is the third most important cereal in
Nepal in terms of production (Bhandari et al., 2021;
Djanaguiraman et al., 2020). It is cultivated on 219.01
million hectares of land with the production of 760.92
million metric tons. It shares 10% value addition in
agriculture, 7.14% to the agriculture's gross domestic

Globally, heat stress and drought stress are the major
abiotic factors for lower production of wheat (Poudel et al.,
2019). Climate change induced heat and drought stress
causes wheat crop routinely subjected to the
simultaneous effect of both heat and drought stress.
Therefore, heat stress and heat-drought conditions have
been the major subject of intense research (Lamelas et
al., 2023). Only 48% crop growing area of Nepal is under
irrigated facilities and rest fully depend on natural rainfall
for irrigation. About 25% of the total area under wheat
production is under heat stress in Nepal. Furthermore,
climate change is leading to a rise in temperature at the
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rate of 0.06°C per year with an annual decline in
precipitation of 16.09 mm (Paudel et al., 2020). Lack of
irrigation reduces the annual productivity of wheat by
12000 kg ha? to 800 kg ha? (Dorostkar et al., 2015)
whereas heat stress reduces the productivity up to 240 kg
ha -1 to 1380 kg ha ! (Poudel et al., 2020). Wheat suffers
from heat stress when the temperature exceeds 22 °C and
causes the loss up to 6% for each degree rise in
temperature above it (Djanaguiraman et al., 2020). Not
only the wheat vyield is decreasing now but also it will
decline more in future (Abhinandan et al., 2018; Lesk et
al., 2016; Liu et al., 2016). Since the combined effect of
this major two factors had not been studied yet, therefore,
there is a prerequisite to study on the combine effect of
heat stress and drought stress.

In the world about 16.67% of the total population suffers
from malnutrition and 6% suffering from chronic
micronutrient deficiency (MoF, 2022). Climate change and
lower crop productivity would be the major subject matters
for food and nutritional security of the world (Carraro et al.,
2015). Increasing crop production through increasing
cropping area is almost impossible since the population of
the world had been increasing in drastically higher rates
as compared to the area under cultivation which is only
increased by 12-13% (FAOSTAT, 2022).. Therefore,
identification of stable, adaptable genotypes of wheat is a
prerequisite step for the overall improvement and food
security of the world through plant breeding programs.

2. Materials and Methods

An experiment was carried out at the Agronomy farm of
the Institute of Agriculture and Animal Science (IAAS),
Paklihawa campus, Bhairahawa, Rupandehi from
December 2021 to April 2022.

The agrometeorological parameters during the wheat
growing season were obtained from the Department of
Hydrology and Meteorology (DHM), Bhairahawa (Figure
1).

There were 20 elite wheat lines including 15 Nepal Lines
(NL), three Bhairahawa lines (BL), and two commercial
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check viz; Bhrikuti and Gautam. These are the emerging
lines of wheat provided by the National Wheat Research
Program (NWRP), Bhairahawa (

Table 1).

Genotypes were evaluated under late sown and drought
under late sown conditions in an alpha lattice design
having five blocks and four plots replicated twice with the
plot dimension of 4 m x 2.5 m (10 m?). The inter-block
space was maintained at one meter, and the intra-block
space was 50 centimeters. Inter-replication space was
maintained at one meter. Wheat genotypes were sown on
25t December for both late sown and drought under late
sown conditions. Six doses of irrigation were provided at
crown root initiation (CRI), tillering, heading, flowering,
milking, and soft dough stage for late sown condition while
irrigation was restricted for drought under late sown
condition. One-meter square area of the crop was
harvested with a serrated sickle at harvestable maturity
and yield data were collected for both conditions.

Microsoft Excel- 2016 was used for data entry and
processing. Combined analysis of variance across
genotypes and condition was performed through IBM
SPSS statistics V.26. The stability and adaptability
analysis of the genotypes was done through additive main
effect and multiplicative interaction (AMMI) and Genotype,
Genotype* Environment (GGE) biplot analysis was
performed using GEAR (Version 4.0, provided by
CIMMYT, Mexico). The AMMI model equation:

Yiju + ai + Bj + XN_, Anyindjn + 0ij + <ij (Aktas, 2016a)

Where: Yij = the mean yield of elite line i in environment j,
J = the grand mean of the yield, ai = the deviation of the
elite lines mean from the grand mean, 3j = the deviation of
the environment mean from the grand mean, An = the
singular value for the PCA; n, N = the number of PCA axis
retained in the model, yin = the PCA score of an elite line
for PCA axis n, djn = the environmental PCA score for
PCA axis n, 6ij = the AMMI residual and ¢ij = the residuals.
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Figure 1. Agrometeorological Parameters during the wheat growing season 2021.
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Table 1. Plant material used in the experiment.

SI. No Genotypes* Source SI. No Genotypes* Source

1 Bhrikuti CIMMYT, Mexico 11 NL 1376 CIMMYT, Mexico
2 BL 4407 Nepal 12 NL 1381 CIMMYT, Mexico
3 BL 4669 Nepal 13 NL1384 CIMMYT, Mexico
4 BL 4919 Nepal 14 NL 1386 CIMMYT, Mexico
5 Gautam Nepal 15 NL 1387 CIMMYT, Mexico
6 NL 1179 CIMMYT, Mexico 16 NL 1404 CIMMYT, Mexico
7 NL 1346 CIMMYT, Mexico 17 NL 1412 CIMMYT, Mexico
8 NL1350 CIMMYT, Mexico 18 NL 1413 CIMMYT, Mexico
9 NL 1368 CIMMYT, Mexico 19 NL 1417 CIMMYT, Mexico
10 NL 1369 CIMMYT, Mexico 20 NL 1420 CIMMYT, Mexico

3. Result and Discussion
3.1. AMMI Model ANOVA

The result of AMMI model revealed that environment had
a significant effect on grain yield of wheat. Environment
explained 55.22% of the total variation in grain yield (Table
2). The first principal component (PC1) explained 100% of
the total variation in grain yield (Table 2).

Table 2. AMMI Model ANOVA

The Biplot of AMMI model consists grain yield on abscissa
and principle component 1 (PC1) on ordinates. Genotypes
with same yield same vertical line while the environments
with similar interaction pattern lies on same horizontal line.
PC scores denotes the adaptability of genotypes that is,
higher the PC scores of genotypes higher would be the
adaptability and vice-versa and zero PC scores or the
genotypes close to origin are most stable across all tested
environments (El-salam & Asran, 2018).

SS PORCENT PORCENAC DF MS F PROBF
ENV 12951083.21 55.22 55.22 1.00 12951083.21 36.11%** 0.00
GEN 6808277.99 29.03 84.25 19.00 358330.42 1.00 0.48
ENV*GEN 3694826.60 15.75 100.00 19.00 194464.56 0.54 0.92
PC1 3694826.60 100.00 100.00 19.00 194464.56 0.59 0.87
Residuals 14345578.63 0 0 40 358639.47 NA NA

Environment (ENV); Genotype (GEN); Principal Component of AMMI (PC); PORCENT= Percentage; PORCENAC= Percentage
accumulated; Degree of Freedom (DF); Sum of Squares (SS); Mean sum of Squares (MS); F= F-value; PROBF= Probability of F.

NL 1404 and NL 1386 were the most stable genotypes
across both late sown and drought under late sown
conditions and NL 1368 and NL 1387 were the most
adaptable genotypes under late sown and drought under
late sown conditions, respectively (Figure 2).

AMMI PCA1 Score vs GY from a Lattice

Factor 1 (100 %)
0

2400 2600 2800 3000 3200 3400

Gy

Figure 2. AMMI biplot showing PC1 vs GY of twenty wheat
genotypes under late sown (HS) and drought under late sown
condition (HD).

3.2. Which-Won-Where Model

It is the polygon view created by joining the vertex
genotypes. The genotypes lying away from the origin and
on the vertex of polygon were specifically adapted to their
respective segments (Gupta & Kumar, 2019) whereas,
those lying close to origin were stable across all tested
conditions.

Environments fall under two sectors whereas genotypes
fallunder four sectors in polygon view of WWW model
(Figure 3). NL 1404 and NL 1386 were the most stable
genotypes across late sown and drought under late sown
conditions whereas, NL 1368 and Bhirkuti were
specifically adapted genotypes under HS and HD
conditions, respectively (Figure 3). The polygon view of
the GGE biplot (which-win-where model) was used for the
evaluation and identification of winning genotypes to a
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corresponding environment by Adil et al., 2022; Kendal,
2019; Neisse et al., 2018; Thungo et al., 2020).
3.3. Mean vs. Stability Model

Mean performance and stability of genotypes were the
major criteria for the selection decision. GGE biplot of
Mean vs. Stability model visualizes both performance and
stability of genotypes using Average environment
coordinates (AEC) method (Poudel, 2019). AEC passes
through the origin perpendicularly and a line passing
perpendicularly to the AEC was ordinates. Genotypes lies
towards the direction of arrowhead were high yielding and
vice-versa. Stable genotypes were located on the AEC
abscissa (horizontal axis) and had a no projection on AEC
(vertical axis)(Jat et al., 2017). Mean Vs stability model
identifies the high-yielding and stable, high-yielding and
unstable, low-yielding and stable and low-yielding
genotypes across all tested environment. The best
genotype has high mean yield and high stability with in
mega-environment (Aktas, 2016b).

BL 4919 was the high yielding and stable genotype,
Bhirkuti was the high yielding and less stable genotype,
Gautam was the low yielding and stable under both
conditions, and NL 1387 was the low yielding and less
stable genotype across both HS and HD conditions (
Figure 4).

Which Won WhereWhat

T

AXIS2 33 468%
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AXIS166.52 %
Figure 3. Which-Won-Where Model showing genotype x
environment of twenty wheat genotypes under HS and HD

conditions.
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Figure 4. Mean vs. stability view of genotype showing genotype
X environment interaction effect (GGY) biplot of late sown and
drought under late sown condition.

3.4. Ranking Genotypes

The genotype that lies close to the arrowhead joined
through a line to the origin is the ideal genotype (Khan et
al., 2021). The ranking was done based on the distance of
the genotypes from the arrowhead (Bishwas et al., 2021).

BL 1949 was the most ideal genotype across both
conditions (Figure 5). The ranking of genotypes was in the

order of, BL 4919>Bhirkuti>NL1350>NL 1412>NL
1376>NL  1417>NL 1346>NL 1386>NL 1404>NL
1413>NL 1384>NL 1368>NL 1369>BL 4669>NL

1381>BL 4407>NL 1420>Gautam>NL 1179>NL 1387.

Ranking Genotypes

7

HD |

30
L

AXIS233.48%

AXIS166.52 %

Figure 5. Ranking genotypes GGE biplot under late sown and
drought under late sown conditions.

4. Conclusion

Heat stress and heat-drought conditions are the major
yield limiting factor for wheat production. Identification of
stable, adaptable, and heat drought tolerant genotype
would help to achieve optimum yield under stressed
condition. The result showed, NL 1404 and NL 1386 were
the most stable genotypes across late sown and drought
under late sown conditions whereas, NL 1368 and Bhirkuti
were specifically adapted genotypes under HS and HD
conditions, respectively and had a high yield potential
under both late sown and late sown drought condition.
Hence, these genotypes can be used as genetic materials
for yield improvement in wheat.
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