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Abstract

Twenty heat tolerant wheat genotypes were evaluated in three heat stress en-
vironments of Bangladesh such as Wheat Research Center (WRC), Nashipur,
Dinajpur, Regional Wheat Research Center, BARI, Gazipur, Regional Wheat
Research Center, RARS, Jashore in 2015-2016. The experiments were con-
ducted in RCBD with three replications in 2015-2016. The stability and re-
sponse to change of location and sowing time of the genotypes were assessed
through AMMI model and regression coefficient analysis on seven characters,
viz. days to heading, days to maturity, plant height (cm), spikes m™, grains
spike™, 1000-grain weight (g) and yield (kg-ha™'). Among the linear interac-
tions, sowing time alone exerted the maximum sum of square (335,388,000.00**)
and among the non-linear interactions, location x year paid the highest effect
(7,676,490.00**), which was followed by year x location x sowing time inte-
raction (3,956,500.00%*). The highest grain yield (4475.3 kg-ha™) was ob-
tained from the genotype G13, followed by the genotypes G17 (4460.8
kg-ha™') and G19 (4404.7 kg-ha™'). The genotype G8 had the smallest interac-
tion effect, while the genotype G14 followed by G10 responded vigorously to
amelioration. The genotypes G13, G18 and G19 showed averagely high yield
and showed stability over the environmental modifications. The other two
genotypes G20 and G12 exhibited great reduction of yield potential under
unfavorable environment. The environment 121 proceeded by J121 and G131
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appeared as favorable environments. The genotypes G13 and G19 produced
high yield (kg-ha™) in the favorable environments. The genotypes G16 and
G18 high IPCal scores, indicated sensitive to mega-environmental changes.
The best genotype with respect to environment was genotype G13. Genotypes
G17 and G19 were best for site E1; genotypes G14, G16 and G18 were best for
site E2.
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1. Introduction

Wheat (Triticum spp.) [1] is a grass that is cultivated worldwide. Globally, it is
the most important human food grain and ranks second in total production as a
cereal crop behind maize; the third being rice. It is a cereal of the Gramineae
family which includes other important cereals as foods such as rice, maize, oats,
sorghum, etc. It is a source of protein and ranks second after rice as a source of
calories in the diets of consumers in developing countries [2].

Yield and Stability are very important in wheat production. In Bangladesh the
yield fluctuation and yielding pattern of genotypes were highly varied with small
geographic location. Selecting genotypes in diversified testing locations and as-
sessing yield stability of wheat genotypes is a vital issue for the wheat breeders of
our country. G x E interactions are of major importance, because they provide
information about the effect of different environments on cultivar performance
and have a key role in assessment of performance stability of the breeding mate-
rials [3]. Increasing genetic gains in yield is possible in part from narrowing the
adaptation of cultivars, thus maximizing yield in particular areas by exploiting
genotype x environment interaction [4]. Several methods have been proposed to
analyze GEI or phenotypic stability [5].

Plant breeders invariably encounter genotype x environment interactions
(GEIs) when testing varieties across a number of environments. Depending
upon the magnitude of the interactions or the differential genotypic responses to
environments, the varietal rankings can differ greatly across environments. A
combined analysis of variance can quantify the interactions, and describe the
main effects. However, analysis of variance is uninformative for explaining GEI.
Other statistical models for describing GEI such as the additive main effects and
multiplicative interaction (AMMI) model are useful for understanding GEI.

The additive main effects and multiplicative interaction (AMMI) model is a
powerful multivariate method for multi-environmental trials [6]. Various statis-
tical methods (parametric and non-parametric) have been proposed to study
Genotype x environment interactions [5] [7] [8] [9] [10] [11]. Different con-
cepts and definitions of stability have been described over the years.

Sable wheat production is a major concern in rainfed and irrigated areas that
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are affected by different environmental factors. Growing adapted cultivars with
high yield stability is an effective strategy for reducing environmental effects on
wheat production in different areas. To develop suitable cultivars, evaluation of
improved genotypes is a critical phase in wheat breeding programs, because
great numbers of genotypes need to be evaluated across locations over several
years. Studying the response of genotypes under different conditions may signif-
icantly increase their productivity potential and performance. Therefore, plant
breeders aim to develop new wheat cultivars that consistently have high yield in
a variety of environments. The adaptability of a variety is usually tested by the
degree of its interaction with different environments. A variety or genotype is
considered to be more adaptive or stable if it has a high mean yield with low de-
gree of fluctuation in yielding ability grown over diverse climatic conditions.
Considering the above facts, the present study was carried out on adaptation
and genotype x environment interaction of wheat genotypes grown at different
environments in the country to identify the bread wheat genotypes that have
both high mean yield and stable yield performance across different environ-

ments of our country

2. Materials and Methods

A total of 73 advanced generation (F6) were derived from a series of hybridiza-
tion between different pairs of combinations to evolve heat as well as drought
tolerant wheat varieties. Three varieties namely, G1 (Shatabdi), G2 (Pradip) and
G3 (BARI Gom 26) were kept throughout the investigation. At the end of evalu-
ation based on canopy temperature, SPAD value against chlorophyll content and
stress susceptibility index, 20 genetically diverged genotypes including three
check varieties were to select apparently heat as well as drought tolerant lines.
None of the released varieties showed negative stress susceptibility Index (SSI)
but all the 17 genotypes showed negative SSI over the locations. The trials were
conducted in three locations (Dinajpur, Joydebpur and Jashore) and two sowing
times, ITS (irrigated timely sowing) and ILS (irrigated late sowing) were allotted
for each of the genotypes. Finally the 20 genotypes were evaluated in three heat
stress environments.

Locations: The experimental fields were located in three different districts of
Bangladesh. Wheat Research Center (WRC), Nashipur, Dinajpur, Regional
Wheat Research Center, BARI, Gazipur, Regional Wheat Research Center,
RARS, Jashore.

Experimental design and layout

The field experiments were laid out in an alpha lattice design with two repli-
cations. The plot size was 2.5 m x 0.8 m with 5 rows. The row length was 2.5 m
long and 20 cm and 2 cm distances between rows and plants, respectively. The
cultivars were randomly distributed to each of the plots within a block.

Experimental seeds were sown under irrigated timely sown (ITS, 22-24 No-
vember 2015) and irrigated late sown (ILS, 24-25 December 2015) conditions in

each location. The trials were irrigated 3 times at tillering stage, booting stage
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and grain filling stage and kept weed free by hand weeding.

Land preparation

The land was prepared by two ploughings and one cross ploughing with a
tractor mounted disc plough. Three days later the land was again ploughed and
cross ploughed with the country plough followed by laddering to get a good
puddle condition. Weeds and stubbles were removed from the field prior to
sowing of seeds. Manures and fertilizers were applied as per the recommended
doses and irrigation channels were made around each block. Fertilizers were ap-
plied @ 100-27-50-20-1-4.5-5000 kg-ha™ as N-P-K-S-B-Zn-cow dung, respec-
tively. The total cow dung was applied at the beginning of land preparation and
all the fertilizers and two third of urea were applied as basal dose at the time of
final land preparation. Rest one third of urea was applied at 21 days after sowing
as top dressing as recommended by [12].

Seeds sowing

Experimental seeds were sown under irrigated timely sown (ITS, 22-24 No-
vember) and irrigated late sown (ILS, 24-25 December) conditions in each loca-
tion and in each year.

Intercultural operations

The following necessary intercultural operations were taken during entire
cropping period for proper growth and development of the plants and to receive
a good harvest

Harvesting

Maturity of crops was determined when 80% of the seeds became physiologi-
cally mature. The harvested crop of each plot was separately bundled, properly
tagged and then brought to the threshing floor. The yield of grain was recorded
after thoroughly drying in the sun.

Data collection

Plant height (cm), days to heading (Days), days to physiological maturity
(days), number of spikes per square meter, number of grains per spike, spikelet
spike™, 1000 seed wt. and yield.

Analysis of variance

Analysis of variance for each environment, combined analysis of variance
across the tested environments and stability parameters: regression coefficient
(bi) and Mean square deviations (S*di) from linear regression were performed by
using CROPSTAT, version 7.2.

Stability analysis

Stability was determined by regression of the mean grain yield of individual
genotypes on environmental index and calculating the deviation from the re-

gression according to [13] as:
Y; =K, +bilj +52dij

where Yj;was the mean performance of ith variety in jth environment, K;was the
mean of ith variety over all environments; b; is the regression coefficient which

measured the response of ith variety to varying environment; s2dj; was deviation
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from regression of #th variety in the jth environment, and /; was the environ-
mental index of jth environment.

Both AMMI and Eberhart and Russel models were computed using Agrobase
software [14].

Additive main effect and multiplicative interaction (AMMI) model

The additive main effect and multiplicative interaction (AMMI) analysis was

performed using the model suggested by [8] as:
h
Yy =u+0+e+ anlﬁ’naniynj +R;

GGE biplot/PCA using R program [15]

The concept of GGE

The concept of GGE originates from analysis of METSs of crop cultivars. The
yield of a cultivar (or any other measure of cultivar performance) in an envi-
ronment is a mixed effect of genotype main effect (G), environment main effect
(E), and genotype x environment interaction (GE). In normal METs, E accounts
for 80% of the total yield variation, and G and GE each account for about 10%
[16] [17]. For the purpose of cultivar evaluation, however, only G and GE are
relevant [16]. Furthermore, both G and GE must be considered in cultivar eval-
uation, thus the term GGE [17].

3. Result and Discussion

AMMI Analysis

The analysis of variance (ANOVA) and AMMI model of twenty wheat geno-
types for eight characters including yield (kg-ha™) across three environments are
presented in Table 1. Based on the combined analysis of variance, a significant
effect of year (Y) was observed for all characters except plant height but location
(L) was significant for all the characters. The grain yield of wheat genotypes in
the tests was highly significant Y x L interaction effect, possibly due to changes
in environmental conditions, which vary from one environment (year X location
combination) to another. Genotypes demonstrated significant effect, which
could be due to changes in genotype characteristics, varying from one genotype
to another. The interaction effects (G x L) and (G x Y) and the three way inte-
raction of factors (G x L x Y) were significant against all the characters exclud-
ing grains spike™. [18] reported that G x E interaction with location is more
important than G x E interaction with year. However, the partitioning of va-
riance components for environment revealed that both predictable (locations)
and unpredictable (year) components were important sources of variation.
When G x E (ST) interaction was due to variation in predictable factors, a plant
breeder has the choice of either developing specific genotypes for selected envi-
ronments or broadly adapted genotypes that can perform well under variable
conditions [19].

However, the results of combined ANOVA for the yearly datasets were shown
in Table 2 which provided a general picture of the relative magnitudes of effects
of genotype, location and the interaction (G x L) due to G + L + G x L variations.
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Table 1. Combined analysis of variance for different characters of 20 wheat genotypes across location.

Mean sum of squares (MS)

Degree of
Source of freedom
ot Spikelet Grains TGW Yield
variation (d HD MD  PH.(cm) Spikem=? “bo €€ =TS
spike™ spike™?  (gm) (kg-ha™)
REP 1 8.02% 8.67* 106.57**  22,972.9**  0.04ns 16.17ns 0.03ns 2429.47ns
YEAR 1 299.02**  143.11**  10.51ns 543,729.00** 3.76* 76.51 33.72**  8,137,380.00**
LOCATION (L) 2 3655.90** 5063.08** 5841.10** 691,924.00** 168.19** 463.38 361.77** 2,160,390.00**

SEEDING TIME (ST) 2 2738.51** 19,807.20** 3651.91** 15,886.60** 84.71** 5535.07 9810.35** 335,388,000.00**

GENOTYPE (G) 19 206.34**  74.018**  355.14** 34,403.30** 13.18** 391.47 586.57** 1,620,170.00**
YEAR XL 2 119.67** 1347.20** 21.16ns 133,294.00** 15.29** 1173.12 48.76**  7,676,490.00**
YEAR x ST 2 349.44**  30.22*%*  184.09** 25,839.70** 12.26** 49.87  0.19ns 58,626.80*
LxST 4 99.36**  116.86%* 131.23**  6822.44** 13.28%* 85.75 220.11**  839,563.00**
YEAR X G 19 6.6479**  6.4137**  37.95**  1326.57ns 1.42*  34.08  2.27** 202,348.00**
LxG 38 11.58** 8.21%* 29.17%*  2414.93ns  1.93** 65.15 32.59** 355,551**
STxG 38 8.15%* 8.25%* 13.29ns  2073.92ns  1.70** 16.24 15.69** 339,741.00**
YEAR x L x ST 4 39.51%*  365.56%*  183.12*%* 19,228.10%* 31.35%* 23841 7.29** 3,956,500.00**
YEARXLxG 38 5.10%* 4.49*%* 17.52* 3719.22%*  1.74** 23,59  3.56** 108,427.00%*
YEAR X ST x G 38 4.84** 4.78%* 23.92%*  1941.59ns 1.14ns 1834  3.31** 74,789.30**
LxSTxG 76 2.18ns 4.47** 14.02* 2253.29ns  1.07ns 16.47 12.09** 122,911.00**
YEARXLxSTxG 76 3.47%* 3.67% 16.67**  2040.17ns  0.95ns 15.64  3.68** 84,129.40**
RESIDUAL 359 1.86 2.65 10.88 1836.24 0.89 3439.18 1.02 18,130.40

*P < 0.05, **P < 0.01, ns = non-significant. HD = Heading Days, MD = Maturity Days, PH = Plant Height.

Table 2. Genotypes means at three locations (L), three sowing date (D) for grain yield (kg) over two years.

2015 2016

Dinajpur Gazipur Jashore Dinajpur Gazipur Jashore
Genotype Mean
ITS ILS IVLS ITS ILS IVLS ITS ILS 1IVLS ITS ILS IVLS ITS ILS IVLS ITS ILS IVLS

D121 D122 D123 G121 G122 G123 J121 J122 J123 D131 D132 D133 G131 G132 G133 ]J131 ]J132 ]J133

1 5680.0 3598.3 3325.0 5282.0 4416.0 3004.0 5320.0 3755.0 2935.0 4140.0 3590.0 2025.0 5070.0 3730.0 3115.0 5290.7 4048.2 2842.63953.7
2 5766.7 3503.3 2370.0 5096.3 4131.0 3040.0 5435.0 3905.0 3280.0 4750.0 3395.0 2315.0 4800.0 4465.0 2915.0 5607.4 4281.5 3262.44017.7
3 6493.3 3670.0 2986.7 4424.4 3960.5 2875.0 4990.0 4160.0 2995.0 4620.0 3695.0 2740.0 4895.0 4270.5 3540.0 5509.3 3755.6 2905.64027.0
4 6513.3 3730.0 3306.7 4844.0 3924.5 3285.0 4995.0 3760.0 2945.0 4425.0 3420.0 2310.0 5180.0 3635.0 3175.0 5253.7 3587.0 2957.23958.1
5 6430.0 3766.7 3103.3 5285.0 3845.5 2950.0 5745.0 4200.0 3290.0 4640.0 3495.0 2960.0 5220.0 3645.0 3235.0 5944.4 3464.8 3185.24133.6
6 6256.7 4253.3 3473.3 5245.0 4205.0 3100.0 5300.0 4130.0 3436.0 4750.0 3810.0 2705.0 5575.0 4415.0 3520.0 5487.0 3706.5 2846.34234.1
7 6610.0 4213.3 3173.3 5415.0 4116.0 2620.0 5585.0 3955.0 3307.5 4875.0 3610.0 2485.0 5410.0 4180.0 2445.0 5972.2 3165.0 2895.04112.9
8 5735.3 3786.7 3096.7 5212.0 4095.0 3481.0 5135.0 3525.0 3150.0 4530.0 3390.0 2585.0 5440.5 4067.0 3490.0 5381.5 3074.1 2855.64001.7

9 5700.0 4303.3 3333.3 5415.0 4180.0 3405.0 5075.0 3941.5 3071.5 4745.0 3825.0 2835.0 5380.0 4470.0 3335.0 5633.9 3653.7 3010.74184.1
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Continued

10 6453.3 3993.3 2800.0 5790.0 4104.0 3220.5 5135.0 3403.0 2975.5 4915.0 3880.0 3095.0 5880.0 3825.0 3080.0 5927.0 3508.5 2407.44132.9
11 5980.0 3466.7 2940.0 5596.5 3685.0 2920.0 5015.0 2903.5 2065.0 4925.0 3255.0 2460.0 5605.0 3405.0 2765.0 5401.9 2877.8 1772.23724.4
12 5753.3 4206.7 3257.3 4620.0 3500.0 2700.0 4860.0 3955.0 3055.0 4540.0 3525.0 2165.0 4390.0 3405.0 2525.0 5101.9 3316.7 2235.23728.4
13 5886.7 3981.7 3020.0 5780.0 4281.0 3420.0 5230.0 4905.0 4010.0 5505.0 4085.0 2856.0 6000.0 4530.0 3690.0 5972.2 4361.1 3042.64475.3
14 5400.0 3139.2 2932.5 5615.0 3985.5 3131.0 5040.0 4030.0 3235.0 4675.0 3315.0 2895.0 5800.0 4110.0 3130.0 5838.9 3646.3 2829.64041.6
15 5651.7 4213.3 3235.0 4815.0 4280.0 3225.0 4991.5 4100.0 3421.0 4700.0 3550.0 3045.0 4755.0 4210.0 3160.0 5181.5 3502.6 2958.04055.3
16 5730.8 4480.0 3275.0 5866.5 4485.0 3415.0 5795.0 3810.0 3220.0 5005.0 4085.0 3000.0 6085.0 4435.0 3515.0 5642.0 3955.6 2966.74375.9
17 5857.5 4266.5 3315.0 5500.0 4326.5 3500.0 5380.0 4300.0 3443.0 5428.5 4045.0 3166.5 5925.0 4555.0 3520.0 6079.6 4584.3 3101.44460.8
18 5646.0 4082.0 3050.0 5525.0 4200.0 3120.0 5315.0 4300.0 3275.0 4645.0 3645.5 3014.5 5920.0 4110.0 3160.0 5896.3 4006.0 2677.84199.3
19 6004.5 4455.0 3460.0 5609.0 4590.0 3420.0 5357.0 4125.0 3498.5 5125.0 3920.0 3035.0 5736.5 4525.0 3400.0 5689.1 4112.5 3223.34404.7
20 5313.3 3406.7 3060.0 4905.0 4091.0 3170.0 4745.0 3890.0 3207.5 4520.0 3325.0 2595.0 4895.0 3870.0 3275.0 5681.5 3955.6 2730.23924.2

Mean 5943.1 3925.8 3125.7 5292.0 4120.1 3150.1 5222.2 3952.7 3190.8 4772.9 3643.0 2714.4 5398.1 4092.9 3199.5 5624.6 3728.2 2835.24107.3

F-test b

5% LSD 264.767

CvV 3.3

The residual mean sum of squares ranged from 0.89, 1092 (spikelets spike™) to
3439.18 (grains spike™). The highest residual mean sum of square was exagge-
rated due to non-significant effects of all kinds of interactions in combined
analysis for grains spike™.

The presence of main effect variation was observed. However, according to
IPCA1 genotype array, significant G x E interaction occurred. The genotype G8
had the smallest interaction effect, while the genotype G14 followed by G10 re-
sponded vigorously to amelioration. The genotypes G13, G18 and G19 gave
averagely high yield and showed stable over the environmental modifications.
The other two genotypes, G20 and G12 exhibited great reduction of yield poten-
tial under unfavorable environment (Figure 1). A remarkable grain yield varia-
tion explained by environments indicated that environments tested in the study
were diverse, with large differences among environmental effects causing the
most variation in grain yields of wheat genotypes [20].

AMMI biplot analysis

By modeling the above shown AMMII results, the effects of the experiment
locations were removed, and the yields of the genotypes were calculated accord-
ing to the scores of the first principal component (Figure 2). The stations were
presented on the y-axis according to their scores on the principal component of
AMMI], and the nominal yield is represented on the y-axis. The grouping of the
experiment sites is shown.

Genotypes or Location placed in the right side of the midpoint of the perpen-
dicular line have higher yields than genotypes or location placed to the left side
of the perpendicular line (grand mean). The genotypes, G13, G17 and G19 were
higher yielder located to the right of the perpendicular line (grand mean).
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Figure 1. Sensitiveness of the genotypes across the environments for grain yield (kg-ha™).
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Figure 2. AMMI 1 model for grain yield (kg-ha™) showing the means of genotypes and
locations against their respective IPCA 1 scores.
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The genotypes G11 and G12 were lower mean grain yield located to the left of
the perpendicular line (grand mean). The genotypes, which nearly placed to the
origin (G6 and G8) with lower contribution to the magnitude of genotype by
environment interaction implying that the genotypes were stable. The geno-
types, G2, G3, G15, G11 and G12 were located distant from the origin which was
interactive genotypes contributing much to the increasing magnitude of geno-
type by environment interaction and they were the most unstable. The environ-
ment 121 proceeded by J121 and G131 appeared as favorable environments. The
genotypes G13 and G19 produced high yield (kg-ha™) in the favorable environ-
ments. The genotypes G16 and G18 high IPCA1 scores, indicated sensitivity to
mega-environmental changes.

The results in a graph (Figure 3) showed the environmental effect on each
genotype [16] [21] [22] [23]. This bidimensional figure (Figure 3) was divided
into four sections in which cultivars and environments were distributed accord-
ing to the sign of their respective vectors obtained in the analysis [24] [25]. In
general, cultivars exhibit a high degree of yield variability reflected by high dis-
persion in the biplot. Thus, interesting cultivars were those with IPCA1 values
higher than zero and classified as high yield, while those with IPCA1 values low-
er than zero are classified as low yield and low adaptability [25]. Low yielding

genotypes and environments were located in quadrants III and IV while, high

GGE Biplot
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17
Gta1 -
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Figure 3. AMMI 2 model for grain yield (kg-ha™') showing IPCA1 vs IPCA2 scores of
wheat genotypes sown across the locations.
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yielding genotypes are located in quadrants I and II. The genotypes G1, G6 and
G8 had low IPCA scores, indicated low adaptability and the lowest yield. On the
other hand, genotypes that were stable or less sensitive to environmental influ-
ences were found near the biplot point of origin [25]-[30]. Since, the environ-
ments with positive IPCA1 score near zero had small interaction effects indicat-
ing that all the genotypes performed well in that locations. [31] and [32], re-
ported similar pattern of interactions.

Which-Won-Where Pattern of genotypes

One of the smartest facial appearance of a GGE biplot is its facility to show the
which-won-where model of a genotype by environment dataset (Figure 4).
Many researchers find this use of a biplot intriguing, as it graphically addresses
important concepts such as crossover G x E, mega environment differentiation,
particular adaptation, etc. [33]. In Figure 4, the sites fell into four sectors. The
polygon is created by involving the markers of the genotypes that are further
away from the biplot source such that all other genotypes are restricted in the
polygon. Genotypes located on the vertices of the polygon performed either the
best or the poorest in one or more environments since they had the long dis-
tance from the origin of biplot. The perpendicular lines are equality lines be-
tween adjacent genotypes on the polygon, which facilitate visual comparison of

them.
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Figure 4. Polygon views of the GGE biplot based on symmetrical sealing for the
which-won-where pattern of genotypes and environments.
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The best genotype with respect to environment was genotype G13. Genotypes
G17 and G19 were best for site E1; genotypes G14, G16 and G18 were best for
site E2. Genotypes located near the plot origin were less responsive than the ver-
tex genotypes. Genotypes G13 and G15 gave the highest average yield (largest
IPCA 1 scores), but G13 was not stable over the sites, due to the fact that it did
not give small absolute IPCA 2 score. In contrast, the non-adapted genotypes G1
and G8 yielded poorly at all sites, as indicated by their small IPCA1 scores (low
yielding) and relatively small IPCA 2 scores (relatively stable). The average yield
of genotypes G5 was below average (PCAL1 score < 0) and highly unstable (large
absolute PCA 2 score). The biplot showed not only the average yield of a geno-
type (IPCA 1 and IPCA2 effects), but also how it was achieved. That is, the bip-
lot also showed the yield of a genotype at individual sites.

4. Conclusion

The AMMI analysis for the additive main effect and multiplicative interaction
effect revealed significant difference for genotype, testing location and genotype
by testing location and sowing time interaction. The first interaction principal
component (IPCA1) captured higher of the interaction as compared to second
interaction principal component explained. The AMMI model provided fitness
and the wheat genotype by environment interaction were well predicted by this
model. In multi-location adaption trial considering both the stability and mean
grain yield is important. According to the AMMI1 biplot the wheat genotypes
G13, G17 and G19 were stable but responsive to changing environments coupled

with higher mean grain yield greater than the grand mean.

Conflicts of Interest

There were no conflicts of interest.

References

[1] Belderok, B., Mesdag, H. and Dingena, A.D. (2000) Bread-Making Quality of
Wheat. Springer, Berlin, 3. https://doi.org/10.1007/978-94-017-0950-7

[2] Braun, H.J., Atlin, G. and Payne, T. (2010) Multilocation Testing as a Tool to Iden-
tify Plant Response to Global Climate Change. In: Reynolds, C.R.P., Ed., Climate
Change and Crop Production, CABI, London, 115.
https://doi.org/10.1079/9781845936334.0115

[3] Moldovan, V., Moldovan, M. and Kada, R. (2000) Item from Romania. S.C.A.
Agricultural Research Station. Turda, 3350, str. Agriculturii 27 Jud Chuj, Romania.

[4] Peterson, C.J., Johnson, V.A., Schmidt, J.W., Mumm, R.F. and Anderson, J.R.
(1989) Genetic Improvement and the Variability in Wheat Yields in the Great
Plains. In: Anderson, J.R. and Hazell, P.B.R., Eds., Variability in Grain Yields. Im-
plications for Agricultural Research and Policy in Developing Countries, Johns

Hopkins University Press, Baltimore, 175-184.

[5] Becker, H.B. and Leon, J. (1988) Stability Analysis in Plant Breeding. Plant Breed-
ing, 101, 1-23. https://doi.org/10.1111/j.1439-0523.1988.tb00261.x

[6] Romagosa, I. and Fox, P.N. (1994) Genotype-Environment Interactions and Adap-

DOI: 10.4236/ajps.2021.1211114

1643 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.1211114
https://doi.org/10.1007/978-94-017-0950-7
https://doi.org/10.1079/9781845936334.0115
https://doi.org/10.1111/j.1439-0523.1988.tb00261.x

Md. A. Hakim et al.

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

tation. In: Hayward, M.D., Bosenmark, N.O. and Romagosa, Eds., Plant Breeding:
Principles and Prospects, Chapman and Hall, London, 373-390.
https://doi.org/10.1007/978-94-011-1524-7 23

Lin, C.S., Binns, M.R. and Lefkovitch, L.P. (1986) Stability Analysis: Where Do We
Stand? Crop Science, 26, 894-900.
https://doi.org/10.2135/cropscil986.0011183X002600050012x

Crossa, J., Gauch, H.G. and Zobel, R.W. (1990) Additive Main Effect and Multiplic-
ative Interaction Analysis of Two International Maize Cultivar Trials. Crop Science,
30, 493-500. https://doi.org/10.2135/cropscil990.0011183X003000030003x

Lin, C.S. and Binns, M.R. (1988) A Superiority Measure of Cultivar Performance for
Cultivar x Location Data. Canadian Journal of Plant Science, 68, 193-198.
https://doi.org/10.4141/cjps88-018

Hussein, M.A., Bjornstad, A. and Aastveit, A.H. (2000) SASG 3 ESTAB: A SAS Pro-
gram for Computing Genotype 3 Environment Stability Statistics. Agronomy Jour-
nal, 92, 454-459. https://doi.org/10.2134/agronj2000.923454x

Mohammadi, R., Mozaffar, RM., Yousef, A., Mostafa, A. and Amri, A. (2010) Rela-
tionships of Phenotypic Stability Measures for Genotypes of Three Cereal Crops.
Canadian Journal of Plant Science, 90, 819-830. https://doi.org/10.4141/cjps09102

BARC (Bangladesh Agricultural Research Council) (2012) Fertilizer Recommenda-
tion Guide. Farm Gate, Dhaka.

Eberhart, S.A. and Russel, W.A. (1966) Stability Parameters for Comparing Varie-
ties. Crop Science, 6, 36-40.
https://doi.org/10.2135/cropscil966.0011183X000600010011x

Agrobase (2000) Agrobase TM, 71 Waterloo St. Winni-peg, Manitoba R3ANNOS4,
Canada.

R Development Core Team (2017) R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna.

Gauch, G.H. and Zobel, R.W. (1996) AMMI Analysis of Yield Trials. In: Kang, M.S.

and Gauch, H.G., Eds., Genotype by Environment Interaction, CRC Press, Boca
Raton, 85-122. https://doi.org/10.1201/9781420049374.ch4

Yan, W., Hunt, L.A., Sheng, Q. and Szlavnics, Z. (2000) Cultivar Evaluation and
Mega-Environment Investigation Based on the GGE Biplot. Crop Science, 40,
597-605. https://doi.org/10.2135/cropsci2000.403597x

Chandra, S., Sohoo, M.S. and Singh, K.P. (1974) Genotype-Environment Interaction
for Yield in Ram. Journal of Research, 8, 165-168.

Dehghani, H., Ebadi, A. and Yousefi, A. (2006) Biplot Analysis of Genotype by En-
vironment Interaction for Barley Yield in Iran. Agronomy Journal, 98, 388-393.
https://doi.org/10.2134/agronj2004.0310

Dimitrijevi¢, M. and iPetrovi¢, S. (2005) Genetika Populacije. Adaptabilnost i Sta-
bilnost Genotipa. Udzbenik. Izd. Poljoprivredni fakultet i Nau¢ni institute za ra-
tarstvo i povrtarstvo, Novi Sad.

Burguefio, J., Crossa, J. and Vargas, M. (2000) SAS Programs for Graphing GE and
GGE Biplots. Biometrics and Statistics Unit, Centro Internacional de Mejoramiento
de Maiz y Trigo (CIMMYT), México.

Yan, W. and Hunt, L.A. (2001) Interpretation of Genotype x Environment Interac-
tion for Winter Wheat Yield in Ontario. Crop Science, 41, 19-25.
https://doi.org/10.2135/cropsci2001.41119x

Kaya, Y., Palta, E. and Taner, S. (2002) Additive Main Effects and Multiplicative In-

DOI: 10.4236/ajps.2021.1211114

1644 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.1211114
https://doi.org/10.1007/978-94-011-1524-7_23
https://doi.org/10.2135/cropsci1986.0011183X002600050012x
https://doi.org/10.2135/cropsci1990.0011183X003000030003x
https://doi.org/10.4141/cjps88-018
https://doi.org/10.2134/agronj2000.923454x
https://doi.org/10.4141/cjps09102
https://doi.org/10.2135/cropsci1966.0011183X000600010011x
https://doi.org/10.1201/9781420049374.ch4
https://doi.org/10.2135/cropsci2000.403597x
https://doi.org/10.2134/agronj2004.0310
https://doi.org/10.2135/cropsci2001.41119x

Md. A. Hakim et al.

[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

teractions Analysis of Yield Performances in Bread Wheat Genotypes across Envi-
ronments. Turkish Journal of Agriculture, 26, 275-279.

Tarakanovas, P. and Rusgas, V. (2006) Additive Main Effect and Multiplicative In-
teraction Analysis of Grain Yield of Wheat Varieties in Lithuania. Agronomy Re-
search, 4, 91-98.

Kaya, Y., Akcura, M. and Taner, S. (2006) GGE-Biplot Analysis of Multi-Environment
Yield Trials in Bread Wheat. Turkish Journal of Agriculture, 30, 325-337.
Mahalingam, L., Mahendran, S., Chandra, R. and Atlin, G. (2006) AMMI Analysis
for Stability on Grain Yield in Rice (Oryza sativa L.). International Journal of Bota-
ny; 2, 104-106. https://doi.org/10.3923/ijb.2006.104.106

Das, S., Misra, R.C., Patnaik, M.C. and Das, S.R. (2010) GxE Interaction, Adaptabil-

ity and Yield Stability of Mid-Early Rice Genotypes. The Indian Journal of Agricul-
tural Research, 44, 104-111.

Kulsum, M.U., Hasan, M.]., Akter, A., Rahman, H. and Biswas, P. (2013) Geno-
type-Environment Interaction and Stability Analysis in Hybrid Rice: An Applica-
tion of Additive Main Effects and Multiplicative Interaction. Bangladesh Journal of
Botany, 42, 73-81. https://doi.org/10.3329/bjb.v42i1.15867

Matin, M.Q.I., Rasul, M.G., Islam, A.K.M., Mian, M.A.K. and Ahmed, J.U. (2017)
Genotype Environment Interaction in Maturity and Yield of Hybrid Maize (Zea
maysL.). Journal of Agricultural Science, 2, 29-40.

Matin, M.Q.I,, Rasul, M.G., Islam, A.K.M., Mian, M.A.K., Ahmed, J.U. and Ami-
ruzzaman, M. (2017) Stability Analysis for Yield and Yield Contributing Characters
in Hybrid Maize (Zea mays L.). African Journal of Agricultural Research, 12,
2795-2806. https://doi.org/10.5897/AJAR2017.12314

Adugna, A. (2007) Assessment of Yield Stability in Sorghum. African Crop Science
Journal, 15, 83-92. https://doi.org/10.4314/acs].v15i2.54421

Anandan, A., Eswaran, R., Sabesan, T. and Prakash, M. (2009) Additive Main Ef-
fects and Multiplicative Interactions Analysis of Yield Performances in Rice Geno-

types under Coastal Saline Environments. Advances in Biological Research, 3,
43-48.

Yan, W. and Tinker, N.A. (2005) An Integrated Biplot Analysis System for Displaying,
Interpreting, and Exploring Genotype x Environment Interaction. Crop Science, 45,
1004-1016. https://doi.org/10.2135/cropsci2004.0076

DOI: 10.4236/ajps.2021.1211114

1645 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.1211114
https://doi.org/10.3923/ijb.2006.104.106
https://doi.org/10.3329/bjb.v42i1.15867
https://doi.org/10.5897/AJAR2017.12314
https://doi.org/10.4314/acsj.v15i2.54421
https://doi.org/10.2135/cropsci2004.0076

	Genotype Environment Interaction (G × E) of Heat Tolerant Wheat Genotypes over Locations and Years
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Result and Discussion
	4. Conclusion
	Conflicts of Interest
	References

