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Abstract

Introduction: Soybean (Glycine max L.) is the most important oil crop in the world. Soybean yield
and its geographical distribution in the country can be severely limited by abiotic stress such as
drought. There is a constant need to improve soybean cultivars with stable yields in different
environments. The main goal of the mostly soybean breeding programs is the selection of desirable
genotypes with high yield and stability. Genotype x environment interactions for quantitative traits
such as grain yield cause genotypes to have different relative yields in different environments. In many
statistical methods that have been used to determine yield stability and adaptability of cultivars, some
basic assumptions of stability analysis, such as the nonlinear response of genotype and environment
and dependence of environmental index on the mean of genotypes, are not true.

The soybean genotype's stability and high performance are essential factors for long-term
development and food security. That the occurrence of various stresses, including drought stress, can
cause high losses in the production and supply of this product. This factor has caused the wide attention
of researchers to evaluate the stable and tolerant genotypes to drought stress in different environments
to introduce the best variety. For grain yield stability analysis, genotype by environment interactions
are crucial in properly identifying and discriminating between varieties.

Materials and Methods: To investigate the effect of drought stress on the stability of soybean yield,
an experiment with 19 soybean genotypes was conducted in two environments without stress (weekly
irrigation) and drought stress (biweekly irrigation) in a randomized complete block design with three
replications in two consecutive years in Khorramabad.

Results and Discussion: The results of the combined analysis of variance of grain yield in two
experiments in two years showed that grain yield was significantly affected by the simple and
interaction effects of year and genotype (p<0.01). The percentage contribution of the variance of
environment, genotype, and genotype-environment interaction was 58.3, 20.7, and 16.04%,
respectively, and for this reason, the stability of the grain yield of the genotypes was evaluated through
two graphical methods, AMMI and GGE-biplot. The results of the comparison of the means showed
that the highest grain yield was obtained in non-stress conditions in genotypes G2, G3, G4, and G13,
and in drought stress conditions in genotypes G5, G9, G11, and G13. According to the biplot diagram
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of the two principal components, IPC1 and IPC2 in the AMMI analysis method, the genotypes G2,
G3, G4, and G16 were distributed in the center of the biplot, in addition to high yield, and had general
stability in all environments. In this method, the genotypes with specific stability to non-stressed and
stressed environments were also identified. In the GGE-Biplot method using a polygonal diagram
display, genotypes 9G, 11G, and 13G had specific stability to the stress environment, and genotypes
G2, G3, and G4 were compatible with the natural environment. Also, to simultaneously select the
branch yield and stability of the genotypes, the display of the average environmental coordinate (AEC)
line that passes through the coordinate axis was used, and genotypes G2, G3, G4, and G13, which
were located near the ATC line, in addition to having high yield, had stable performance in all
environments.

Conclusion: The soybean genotypes' stability and high performance are essential factors for long-
term development and food security. Therefore, based on both methods, genotypes 2G, 3G, 4G, and
13G were identified as high-yielding and stable genotypes in both stress-free and drought stress
conditions. Among them, genotype G13 in drought stress conditions and genotype G7 with special
stability in normal irrigation are recommended for subtropical climates such as Khorramabad and can
be used in future breeding programs.
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Table 1- Names of genotypes tested
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Genotype code Genotype Handling group
Gl L504-14 Intimidate
G2 L504-6 Intimidate
G3 Collombus x Fora (L.6) Intimidate
G4 Clean Intimidate
G5 DellsoyxWillo82 (L.2) Intimidate
G6 LH 2500 Intimidate
G7 DellsoyxWillo82 (L.5) Intimidate
G8 Stress Land Intimidate
G9 AVRDC-25 Intimidate
G10 AVRDC-21 Intimidate
Gl1 Collombus x Fora (L.13) Intimidate
G12 Cheleston xMustang (L.1) Intimidate
G13 AVRDC-15 Intimidate
Gl4 Cheleston xMustang (L.5) Intimidate
G15 AVRDC-3 Intimidate
G16 Collombus x Fora (L.3) Intimidate
G17 Kuthar Intimidate

G18(Control,) T™MS Intimidate

G19(Controly) Habitt Intimidate
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Table 2- Physical and chemical characteristics of the research field soil sample
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N K P pH Electrical conductivity Cultivation
(ppm) (ppm) (ppm) (dS.m) year
0.31 332 12.1 7.6 1.27 2017
0.42 361 135 7.5 1.25 2018
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Table 3- Combined ANOVA for grain yield across four environments
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Source Degree of Freedom Variance Mean of Square Sum of Square S% Cumulative%
Environment (E) 3 154648083 51549361™ 58.37%

Error 1 8 517790 64724

Genotype (G) 18 54860621 3047812 20.71%
GXE 54 42498208 787004™ 16.04%
IPCA1 20 39840153 1992008 93.78% 93.8%
IPCA2 18 2576597 143144 6.06% 99.8%
IPCA3 16 67162 4198 0.16% 100%
Error 2 144 12412177 86196 4.68%
Total 227 264936880

™, Significant at 1% probability level. sy Jlssl mhaw 4o o gxe
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Table 4- Mean of grain yield of genotypes under natural irrigation and drought stress conditions, separated into the first and second
years and the first two PC1to IPC2 scores of (AMMI) and PC1 and PC2 of (GGE) of 19 genotypes at four environments

Jloy st S S N ol 42525 @Sl sk 4520
Lt Normal Irrigation Drought stress Total AMMI GGE
Line#  JWw Jo ok Jle Jlo oKk (nRle Jgl dBlge  pgd adlge  Joladlge g0 adlge
Yearl Yearl Mean Yearl Yearl Mean Mean PC1 PC2 PC1 PC2
Gl 2336.5 2021.9 2179.2  1299.7*¢  1154.7% 1227.2* 1704 -13.51 -2.15 451 545
G2 3538.02 3497.9° 3518.0° 1925.0° 1633.3* 1779.2% 2649° 1.21 3.89 949 35
G3 3598.6 3213.9° 3406.3* 1694.5* 1558.7* 1626.6% 25178 1.66 -5.70 908 55
G4 3686.1* 3663.9° 3675.0° 1839.7° 1558.8° 1699.3% 2687° 5.57 3.80 839 149
G5 3193.8% 2841.7*¢ 3017.8° 2037.4* 1922.3* 1979.9% 24992 -11.96 -3.42 671 321
G6 3885.4* 3855.7%¢ 3870.6° 1141.8* 884.1*  1013.0° 24422 21.77 1.67 88 910
G7 4496.1*  4005.4* 4250.8% 919.3 765.8 842.6 2547 31.54 -11.69 70 904
G8 2796.1  3418.9* 3107.5* 1359.0° 1087.6* 1223.3% 2166* 4.32 20.27 1 180
G9 3083.6* 27335 2908.6° 2276.1* 2172.9° 2224.5° 25672 -18.47 -2.69 557 440
G10 2489.0 2403.4 2446.2 909.4 656.1 782.8 1614 -0.22 2.69 979 18
Gl1 294458  2591.0 27678  2111.4* 2013.9° 2062.7° 2415% -18.09 -2.86 369 627
G12 2706.4 2638.8 26726  1570.5* 1289.0° 1429.8° 20512 -7.94 4.20 56 877
G13 3462.3* 3097.5* 3279.9° 2349.7% 2253.6*° 2301.7¢ 27912 -13.09 -3.69 865 132
Gl4 27134 2642.6 2678.0 797.6 569.6 683.6 1681 5.85 2.28 957 41
G15 2541.6 2213.9 23778  1122.6*° 961.7*  1042.2° 1710 -6.46 -3.20 752 237
G16 3146.7¢  3097.6* 3122.2° 1402.6* 1135.8* 1269.2° 2196* 3.29 3.30 98 723
G17 2839.6*  2487.7 2663.7  1007.3% 833.7 920.5 1792 1.03 -4.60 966 2
G18C  2678.0 26089 26435 556.2 333.0 444.6 1544 9.62 1.86 923 76
G19C 23346  2016.8 2175.7 376.8 182.2 279.5 1228 3.88 -3.95 995 3

Mean 3017.1 2889.6 2953.4 1386.4 1237.7 1312.1 2132.7
Qb o 0ol b oo 0 O gl 5o o cime S g1l LSD (yge3T bl 0l ooy aseiie @ By b 5t 0 )0 aSla Sile
Means followed by letter a in each column are significantly different from the control at the 5% level based on the LSD test.
Gl ol Y Jgaz 10 b cosgiy clasin ¢ oL #

# The names and characteristics of the genotypes are given in Table 1
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Figure 1- AMMI biplot of the IPC1 and DM yield for 19 genotypes Glycine max across four environments. E1=N.yr1, E2=N.yr2
E3=S.yrl, E4=S.yr2

Ot 9 o adlge 99 pa ululp blie S ol5ee n y2eS
5G4 53 G2 LT o 45 sl s | agas 6,5
55l oS laie 4 Ggllae o Shae ils L G16
S atlon e B 5 conlio o Sha syt Jausliy (sl
L GT gy 5 ) Jlws Jlay 5,1 1 GB 5 GB o0 3,
e 4y vy molaisl (g 55 o ¥ Sl Jbsj sk
oS byl 5 L G13 5 G11 (GY G5 slacsgs sy
90 doslie ;o (VY JSi) ccils ogmas 6,8 50L0 Sois
a4 azg b ol ailhe 90 5l plojen ool sl AMMI i,

Sl gante wjlo ol 6 ,dels Sledbl asiy)

arpgs 9 Jol sloadlie O sl Jloged drazgi Liaslel o

@ gyt 3Slee &5 placadss; loges cul o (Y Jguz g
9 9l (6t 5ylaly s S SGe 5 SNk S e
3 ey Rl Jlasi s 190 3550 5l a5 placasss
Lolosee 35 505 poe b azg Lad)ls oYL b
B O slhddhine Sy o alflar plaS a0 caw
G10 G4 G3 G2 slocsg; cplply oa il gl
Gl SNyl S0 0 8 5 15 Lsel i 3 G17 G16



& ol

Scatterplot of PC2 vs PC1
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Figure 2- AMMI IPC1 and IPC2 biplot of GE interaction for 19 genotypes Glycine max across four environments.
Ny1=Normal irrigation/yearl, Ny2=Normal irrigation/year2, Syl=Drought stress/yearl, Sy2=Drought stress/year2
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Figure 3- Polygonal biplot diagram for determining superior soybean genotypes under both natural and drought stress conditions
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