INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY
ISSN Print: 1560-8530; ISSN Online: 1814-9596
18-0500/2018/20-10-2196-2202

DOI: 10.17957/1JAB/15.0760
http://www.fspublishers.org

Full Length Article

Adaptability and Stability Analysis of Different Soybean Genotypes
using Biplot Model

Ehab H. El-Harty", Salem S. Alghamdi', Muhammad A. Khan', Hussein M. Migdadi‘? and Muhammad Faroog"***

'L egume Research Group, Plant Production Department, College of Food and Agricultural Sciences, King Saud University,
Riyadh 11451, Saudi Arabia

“National Center for Agricultural Research and Extension, P.O Box 639, Bag'a 19381, Jordan

*Department of Crop Sciences, College of Agriculture and Marine Sciences, Sultan Qaboos University, Al-Khoud 123, Oman
“Department of Agronomy, University of Agriculture, Faisalabad-38040, Pakistan

“For correspondence: faroogcp@gmail.com

Abstract

Genotype and environment interaction has always been considered as challenging issue in developing desirable traits.
Therefore, this study was conducted to evaluate the performance of ten soybean genotypes under five different environments
and regions of Saudi Arabia using GGE-Biplot model during 2015 and 2016 growing seasons. There were significant
differences among the tested genotypes, environments, and genotype x environment interactions (GEI) for the plant height,
yield and related traits, and water use efficiency (WUE). However, the difference among environments for plant height and
seeds per pod, and GEI for seeds per pod and seed index was not significant. Giza 21 and Giza 111 produced the highest seed
yield per plant and WUE ranged from 0.40 to 0.60 g L™ in genotypes, respectively. The ideotypes for seed yield per plant were
Giza 22 and Giza 83, whereas the ideal ideotypes for WUE were X2 L12 and X 32. GGE-biplot of the ten genotypes based on
seed yield per plant indicated that Giza 21 and Giza 111 were the best performing genotypes for the eastern region and Giza
111 was the most suitable for the central region. Thus overall, genotype Giza 111 was the most stable, for seed yield, across
regions. Comparison of the tested environments suggested that the western region had the most suitable environment for the

selection of widely adaptable soybean genotypes across the regions. © 2018 Friends Science Publishers
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Introduction

Soybean [Glycine max (L.) Merr.] is one of the most widely
grown leguminous crops in the world. Itis being cultivated
on about 121 million hectares across 104 countries with
total grain production of 334 million MT (FAOSTAT,
2016). It is a pretty good source of proteins and vegetable
oil (Lim, 2012) and is used as human food as well as animal
feed (Lee et al., 2013). Soybean has a wide variability
grouped into 13 maturity classes including both determinate
and indeterminate growth types. Early-maturing groups are
adapted to the short summer growing seasons whereas the
late-maturing groups are suitable for regions with medium
and/or long summer season (Acquaah, 2007).

Water-use efficiency (WUE) refers to the capacity of
plant to convert used water into plant biomass or economic
yield. Optimizing WUE is an urgent need (Hamdy et al.,
2003), and the implementation of several strategies is
required for improving WUE (Wang et al., 2002), among
these breeding new cultivars with high WUE is an important
strategy (Condon et al., 2004). Improving WUE may prove
a useful method of selecting genotypes better able to adapt

under limited water conditions (Bunce, 2016; Hussain et al.,
2018). However, little research had been conducted
measuring the variability in WUE between soybean
genotypes (Naylor and Fritschi, 2015).

Substantial ~ difference exists among soybean
genotypes and genotype X environment interactions (GEI),
suggest that novel genotypes should be evaluated across
diverse environments to select the highest and most stable
yielded genotypes (Alghamdi, 2004). Introduction and
evaluating of novel genotypes under diverse environments
is one of the major breeding methods used to select high
yielding and stable genotypes. Genetic and environmental
variations could explain the phenotypic variation, whereas
the role of GEI is usually small (Yan and Rajcan, 2002),
particularly when it is identified as repeatable (Cooper and
Hammer, 1996). However, high GEI impairs the precision
of trait estimation and reduces the relationship between
phenotypic and genotypic characteristics (Ssemakula and
Dixon, 2007). Significant GEI can reduce the usefulness of
subsequent analysis, restrict the significance of inferences
that would otherwise be valid, and limits the feasibility of
identifying the elite genotypes (Flores et al., 1998).
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Numerous statistical methods have been developed
and applied for analyzing, perception and prediction of IGE
(Malosetti et al., 2013). Additive main effects and
multiplicative interaction (AMMI) proposed by Gauch
(1993) and genotype main effect and genotype-environment
interaction (GGE-biplot) developed by Yan et al. (2000) are
used for analyzing multi-environment trial data. Both
AMMI and GGE-biplot are based on principal component
analysis (PCA) and can be used to fully explore multi-
environment trials, and relationship among the tested
environments, genotypes and the genotype-environment
interactions (G x E interaction). However, the GGE
model was better than AMMI owing to greater retention
of GE and G-GE (Balestre et al., 2009). Several authors
(Yan et al., 2007; Gauch et al., 2008; Balestre et al.,
2009) inferred that the quantity of GE or G + GE
retained is not a good parameter for estimating stability.
Incorporation of uncertainty in biplots is a key tool for
selecting stable genotypes and defining mega-
environments (De Oliveira et al., 2016). GGE-biplot is a
useful tool for evaluating the performance of plants
under diverse environments (Ukalski and Klisz, 2016),
because it helps in the analysis of mega-environment
(e.g., “which-won-where” pattern), that indicates the
suitability of specific genotypes for specific mega-
environments. This also analyzes the mean performance and
stability of genotypes and helps in the evaluation of
environmental variations (the power to discriminate among
genotypes in target environments).

Soybean is a promising crop to introduce it in the
Kingdom of Saudi Arabia crop cultivation. Hence, there is a
need to evaluate the elite genotypes under diverse
environments for adaptability. In this study, different
introduced soybean genotypes were evaluated for their
adaptability under multi-environments in the Kingdom to
select the best-performing soybean genotype related to seed
yield and WUE across different environments and to assess
the IGE in the tested environments.

Materials and Methods

Plant Materials and Trial Protocol

Ten soybean genotypes (Table 1), selected based on pre-
experiments data, were evaluated under different
environmental conditions of the Kingdom of Saudi Arabia.
These genotypes were evaluated at three locations during
the growing seasons of 2015 and 2016 using a randomized
complete block design (RCBD) replicated three times. The
seeds were sown in the first week of April at all locations
during both years of study in 10 cm spaced hills. Each
experimental plot consisted3 m long 50 cm spaced three
rows. Fertilizers were applied at 120:120:60 NPK kg ha™
using di-ammonium phosphate, urea and sulfate of
potash as a source. Whole P was applied before sowing
whereas, N and K was applied in three equal doses at
monthly intervals starting three weeks from seedling
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emergence. For micronutrients, the plants received 3 kg
ha™ Fe, 0.6 kg ha™ each of Zn, Cu, and Mn and 0.2 kg
ha™ Mo. Irrigation was applied, after 50 mm evaporation
of ‘class A pan’. Water meter counters were used to
record the amount of applied water. Just before the
harvesting, plant height was measured with a meter rod.
At the time of harvest, five plants were randomly
selected from each plot to record number of branches
per plant, number of pods per plant and number of seeds
per pod. Number of seeds per plant was recorded as a
product of number of pods per plant and number of
seeds per pod. Ten, randomly selected plants from each
plot, were harvested and threshed to separate seeds from
the straw to record seed yield per plant. Seed samples, of
hundred seeds were taken from each plot and weight to
record seed index. The WUE was calculated as ratio of
seed yield to water applied (Viets, 1962).

Experimental Site

The experiments were conducted at three locations viz.,
Dirab Agriculture Research Station (24°25'49.2"N &
46°22'12.5"E), Riyadh (central Saudi Arabia), Palms and
Dates Research Center (25°17'59.7"N & 49°22'36.8"E), Al-
Ahsa (eastern Saudi Arabia) and a private farm at Al-Aqiq
(20°1624.2"N & 41°41'36.2"E), Al-Baha (western Saudi
Arabia) during 2015 and 2016. Environment code and
summery information related to five environments is
given in the Table 2.

Statistical Analysis

The normality of the collected data, from individual
environments, was estimated following the Anderson-
Darling normality test and the homogeneity of variances for
data from individual environments was assessed by
Levene’s test using statistical software STAR v. 2.0.1
(IRRI, 2013a). Combined analysis of variance was
performed on the original dataset to partition the variation
into environment (E), genotype (G), and their interactions
(GEI). Least significant difference test was used for
mean separation at 5% probability. The seed yield and
WUE data were analyzed by GGE-biplot analysis using
the software PBTools (IRRI, 2013b).

Results
Plant Height, Seed Yield and Related Traits

Analysis of variance indicated that environment
significantly (p<0.01 or p<0.05) affected the branches per
plant, pods per plant, seeds per plant, seed index, seed yield
per plant and WUE; whereas there was no difference,
among the environments, for plant height and number of
seeds per pod (Table 3). Soybean genotypes significantly
(p<0.01) differed for plant height, seed yield, yield related
attributes and WUE. Genotype by environment interaction
effects was also significant for plant height, seed yield and
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Table 1: Name and source of the soybean genotypes used in the study

Genotype code Genotype name Source/origin Genotype code Genotype name Source / origin
Gl X 32 Egypt G6 Giza 35 Egypt
G2 Giza 22 Egypt G7 X 30 Egypt
G3 Giza21 Egypt G8 Giza 111 Egypt
G4 X2L12 Egypt G9 Clark USA
G5 Giza 83 Egypt G10 A3803 Syria
Table 2: Soil and weather information of the experimental sites
Environment code Location
E; E, E; E4 Es
Region Central West Central East West
Season 2015 2015 2016 2016 2016
Soil texture Sandy loam Loam Sandy loam Sandy loam Loam
Latitude 24°25' 20°16' 24°25' 25°17' 20°16'
Longitude 46°22 41°41 46°22 49°22 41°41
Altitude (m) 638 1380 638 9.0 1380
Temperature (°C) Max 40.4 34.2 41.2 43.6 33.75
Min 324 22 238 26.4 215
Humidity (%) Max 16.6 46 19.2 384 50.25
Min 10 8.8 4.4 4.8 11.25

Table 3: Analysis of variance summary for plant height, seed yield, related traits and water use efficiency (WUE) of tested

soybean genotypes across five environments

SOV DF Mean Sum of Squares
Plant height ~ Branches /plant ~ Pods/plant ~ Seeds/plant ~ Seeds/pod  Seed index  Seed yield /plant WUE

Environment (E) 4 87.94ns 0.76* 861.0** 4569.3** 0.1ns 110.2** 245.5%* 0.39**
Error 10 45.07 0.21 76.09 105.56 042 5.0 4.06 0.01
Genotype (G) 9 267.5** 2.4%* 901.1** 2835.3** 1.3** 53.7** 34.7%* 0.06**
GxE 36  86.5** 0.20* 54.1* 200.2** 0.06ns 9.12ns 21.9%* 0.03**
Error 90 2493 0.12 37.74 94.53 0.09 8.87 6.13 0.01
CV (%) 4.6 16.1 13.5 12.9 13.1 19.1 16.0 15.7

SOV =Source of variation; DF =Degree of freedom; CV =Coefficient of variation; ns =Non-significant; * = Significant at P < 0.05; ** = Significant at P <

0.01

yield related traits except number of seeds per pod and seed
index. The highest plant height (119.3 cm) mean values was
recorded for genotype Giza 22 grown under E4 (eastern
region), and under E5 (western region) conditions.
Similarly, genotype Giza 21 produced the highest branches
per plant (3.0) when planted under E1 (central region) and
E2 (western region) conditions, however, the above
genotypes were similar in performance with genotype Giza
111 when grown under E1, E2 and E4 conditions (Table 4).

The highest number of pods per plant (70.3) was
recorded for genotype Giza 111 planted under E3 and E1
conditions. Likewise, genotype X 30 had maximum number
of seeds per plant under E1 conditions (Table 5). Number of
seeds per pod (2.7) was the highest in genotype X 30 and
genotype Giza 83, whereas, genotype A3803 had the highest
seed index (19.2 g). The highest seed index was recorded in
environments E3, E4 and E5 (Table 6). Genotype Giza 21
produced highest seed yield per plant (24 g) when planted
under E4 than other genotypes and environmental
conditions. Similarly, genotypes Giza 21 and Giza 83 had
the highest WUE when grown under E5 (Table 7).

Winning Genotype and Mega-environment

The GGE-biplot figure for seed yield showed that PC1 and
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PC2 accounted for 49.9% and 18.8%, respectively
explaining total of 68.7% of the variation. Following the '
which-wins-where' rule, eight sectors were constructed on
the biplots with genotypes, i.e., G1 (X32), G3 (Giza 21), G4
(X2 L12), G6 (Giza 35), G7 (X30), G8 (Giza 111), G9
(Clark), G10 (A3803), identified as vertex genotypes for
seed yield. The environment E4 (eastern region in 2016
growing season) was in the sector with vertex genotypes G3
and G8 (Giza 21 and Giza 111). The environment E1
(central region in 2015 growing season) was suitable for G8
(Giza 111). No environment fell into sectors where G7
(X30), G9 (Clark), G10 (A3803), and G1(X32) were placed
on the vertices, demonstrating that these genotypes did not
perform well in any of the studied environments. Moreover,
G5 (Giza 83) and G2 (Giza 21), were around the origin,
which were less responsive to the environment (Fig. 1A).
Analysis of GGE-biplot for WUE showed that PC1
and PC2 accounted for 39.0% and 27.9%, respectively
explaining total of 66.9% variation (Fig. 1B). Eight
sectors were present in the biplots with genotypes i.e.,
G2 (Giza 22), G3 (Giza 21), G5 (Giza 83), G6 (Giza
35), G7 (X30), G8 (Giza 111), G9 (Clark), and G10
(A3803). The environment E5 (western region in 2016
growing season) fell into the sector containing
genotypes G3 and G5 (Giza 21 and Giza 83) at the vertex.
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Table 4: Plant height and number of branches per plant of
tested soybean genotypes across five environments

Table 6: Number of seeds per plant and seed index of
tested soybean genotypes across five environments

Genotypes E; E, Es E4 Es Mean

Plant height (cm)
X 32 110.0e-n 1150a-i 1200a 101.30-r 1157a-h 1120B
Giza22  1160a-g 1160a-g 110.3d-n 1193ab 118.7abc 116.1A
Giza2l  1118b-k 111.8b-k 1023n-r 116.2a-f 109.3e-0 110.3BC
X2L12 108.7fp 108.7fp 1040k-r 111.3b-1 107.7h-q 108.1CD
Giza83  104.3k-r 1043 k-r 100.7pgr 113.7a 107.2i-q9 106.0D
Giza35 1005qr 1005qr 100.5qr 108.7fp 97.10r 1015E
X 30 109.0f-0 109.0f-0 116.0a-g 118.3a-d 117.2ae 1139 AB
Gizalll 108.0g-q 1080g-q 115.7a-h 1043 k-r 103.7l-r 107.9CD
Clark 116.0a-g 116.0a-g 96.3r 109.0f0 96.7r 106.8 CD
A3803 110.0e-n 110.0e-n 103.0m-r 110.7c-m 106.8j-q 108.1CD
Mean 109.4 109.9 106.9 111.3 108.0

Branches per plant
X 32 2.2¢cHi 2.2¢cHi 17h-n  23c-h 19fm 21De
Giza22 25ae 25ae 22¢c 22¢c 20e- 23CD
Giza2l 30a 30a 25ae 27abc 26ad 28A
X2L12 13n 13n 16jn 1.7in 1.7in 15F
Giza83 26a-d 26ad 23ch 24bf 23b-g 24BC
Giza 35 25ae 25ae 21dk 28ab 21dk 24BC
X 30 16kn 16kn 15Imn 19fm 14mn 16F
Gizalll 30a 30a 21dk 30a 1.7in 2.6 AB
Clark 2.0e-l 2.0e-l 2.0e-l 2.1ck 18gn 20E
A3803 19fm 19fm 23ch 25ae 24bf 21CDE
Mean 23AB  23AB 20BC 24A 20C

Genotypes E; E, Es Es Es Mean

Seeds per plant
X32 120.3b-f 90.3m-r 757rs  9410k-qg 909m-r 943D
Giza22  121.7b-f 91.3m-r 1033 g-n 100.5h-n 103.3g-n 104.0 BC
Giza2l  111.3d-h 8350 103.7g-n 958h-p 99.7h-n 988CD
X2L12 1330ab 904m-r 1103e-j 1094e-l 1099e-k 110.6 AB
Giza83  111.0e-i 8330 9401 958h-p 949jq 958D
Giza35 106.0fm 795qrs 887n-r 8080 80.7p-s 87.1E
X 30 1393a 1045g-m 117.0c-g 1025g-n 109.8e-l 1146 A
Gizalll 1233b-e 725s 131.3abc 102.3g-n 109.2e-l 107.7 AB
Clark 127.0a-d 953i-g 100.3h-n 110.3e-j 965h-0 1059B
A3803 8130s 390t 723s 720s 722s 674F
Mean 1174 A 830C 99.7B 9%4B 96.7B

Seed index ()
X32 14.0 12.6 18.6 14.6 16.6 15.3 BCD
Giza22 146 132 131 138 134 13.6 DE
Giza2l 145 133 18.7 185 18.6 16.7 BC
X2L12 155 12.2 15.6 124 14.0 14.0 DE
Giza83 127 115 20.8 16.9 18.8 16.2 BC
Giza35 131 11.8 18.7 19.3 19.0 16.4 BC
X30 134 12.0 12.3 141 132 130E
Gizalll 159 143 16.5 20.6 18.6 17.2 AB
Clark 13.0 117 18.8 14.6 14.6 145 CDE
A3803 17.7 159 213 20.3 209 192 A
Mean 14.4b 128¢ 174 a 16.5a 16.8a

E; and Ejrepresent Central and West regions during 2015 whereas Es, E4
and Es represent Central, East and West regions during 2016 growing
season. Figures sharing the same case letter, for a parameter, do not differ
significantly at P <0.05

Table 5: Number of pods per plant and seeds per pod of
tested soybean genotypes across five environments

E; and Erepresent Central and West regions during 2015 whereas Es, E,
and Esrepresent Central, East and West regions during 2016 growing season
Figures sharing the same case letter, for a parameter, do not differ
significantly at P <0.05

Table 7: Seed yield and water use efficiency of tested
soybean genotypes across five environments

Genotypes  E; Ep Es Eq Es Mean Genotypes  E; Ep Es E4 Es Mean

Pods per plant Seed yield per plant (g)
X32 50.7d-h 38.0jr 370kr 463el 448fm 434B X32 16.7e-l 113ps 140iq 138j-q 154g-0 142CD
Giza 22 530c-g 39.8ir 463e-k 47.1ej 480d-i 468B Giza 22 174c-k 1190s 134k-r 193cg 180ci 16.0BC
Giza21 62.0abc 46.5e-k 543cf 548cde 546cf 544A Giza21l 16.0f-n 108qrs 193cg 240a 198bf 180A
X2L12 553cde 3641+ 447fn 474ej 460el 460B X2L12 205a-e 110p-s 17.2d-1 136jq 176cj 16.0BC
Giza 83 418h-p 3l4qrs 348nr+ 424hp 386ir 378C Giza 83 140iq 9.5rst 18.7c-h 160fn 197bf 156C
Giza 35 613abc 46.0e-l 50.7d-h 399ir 403iq 476B Giza 35 138j-q 9.3st 16.3fm 237ab 133ls 153C
X 30 510d-h 383i-r 417hp 434gn 426hp 434B X 30 186¢c-h 126m-s 140iq 144iq 136kqgq 146CD
Gizalll 67.0ab 403ir 70.3a 55.7cde 57.7bcd 582A Gizalll 19.7b-f 104qrs 21.3abc 208a-d 156g-0 17.6 AB
Clark 55.0cde 413h-qg 46.0e-l 478d§j 430h-0 466B Clark 165fm 111p-s 185ch 133Is 123ns 144CD
A3803 3330r 214s 303rs  350m-r 327pgr 306D A3803 143iq 6.2t 153g-0 143i-q 148hp 130D
Mean 530A 379C 456B 460B  448B Mean 16.7AB 104C 168AB 173A 160B

Seeds per pod Water use efficiency (g L™Y)
X32 24 24 2.0 20 20 22C X 32 047fj 0.33] 0439 047fj 0.67bcd 047BC
Giza 22 24 24 23 21 22 23BC Giza 22 050e-i 0.33] 0439 043gj 0.78ab 050B
Giza21 18 18 2.0 18 18 18D Giza21 043gj 057d-g 040hij 060def 0.79a 058A
X2L12 24 25 25 24 24 2.4 AB X2L12 0.63cde 047fj 043gj 040hij 0.77abc 0.54 AB
Giza 83 28 28 2.7 23 25 26 A Giza 83 037ij  053d-h 0.33j 053d-h 079a  053AB
Giza 35 18 18 18 21 19 19D Giza 35 0.33] 043gj 033] 050e-i 053d-h 043CD
X 30 27 2.7 2.8 24 2.6 27A X 30 057d-g 0.37ij 047fj 047fj 053d-h 048BC
Gizal1l 18 18 19 18 18 18D Gizalll 0.60def 0.60def 040hij 0.77abc 0.63cde 0.60 A
Clark 23 23 22 23 21 23BC Clark 047fj 050e-i 040hij 053d-h 047fj 047BC
A3803 24 19 24 22 23 22BC A3803 0.37ij  040hij 013k 047fj 063cde 040D
Mean 2.3 2.2 2.3 2.2 2.2 Mean 047BC 045C 038D 052B 0.68A

E; and E; represents Central and West regions during 2015 whereas Es, E4
and Es represents Central, East and West regions during 2016 growing
season. Figures sharing the same case letter, for a parameter, do not differ
significantly at P <0.05

This indicated that these genotypes were the best
performed genotypes in this environment. No
environment was classified into sectors where genotypes
G7 (X30), G6 (Giza 35), G10 (A3803), and G2 (Giza
22) were placed on the vertices, suggesting that these
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E; and Erepresent Central and West regions during 2015 whereas Ej, E4
and Esrepresent Central, East and West regions during 2016 growing season
Figures sharing the same case letter, for a parameter, do not differ
significantly at P <0.05

genotypes did not perform well in any of the studied
environments. Genotypes G4 (X2 L12) and G1 (X32),
located around the origin, which were less responsive to
the environment.
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Fig. 1: Polygon view of GGE Biplot (which-won—where) showing the GXGXE interaction effect of tested soybean
genotypes across five environments for (A) seed yield and (B) water use efficiency
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Fig. 3: GEE biplot for genotypes ranking relative to the center of the concentric circles based on (A) seed yield and (B)

water use efficiency
Stability and Mean Performance of the Ten Genotypes

Circles at the end of average environment Axes (AEA)
indicate the highest performing genotypes, whereas the
perpendicular line on AEA with a double arrow
represents stability (Fig. 2). On the other hand, genotype
closeness to AEA indicated higher stable genotypes and
the center of the circle points to the ideal genotype
(stable genotype with high mean value). The ideal
genotypes are close to the origin and have the shortest
vector from the average environment axis. The position of
genotypes G3 and G8 on top of AEA suggested that their
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yield was higher than other genotypes; on the other side
G10 (A3803) was down which produced the lowest seed
yield. Stable soybean genotypes for seed yield were
different than for WUE. The position of genotype G8
(Giza 111) on AEA was opposite to that of genotype
G10 (A3803) indicating that genotype G8 had the
highest mean WUE. The position of genotypesG9
(Clark), G8 (Giza 111), and G5 (Giza 83) were away
from AEA indicating that these genotypes were the
most variable (least stable), whereas genotypes G1
(X32), G4 (X2 L12) and G10 (A3803) were highly
stable for WUE (Fig. 2B).
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Comparison Plot for Genotypes based on the Concentric
Circles

To assess the discrimination and representativeness of the
tested environments GGE-biplots were drawn based on seed
yield and WUE (Fig. 3A and B). An ideal environment is
the one that is present in the innermost circle. Thus, E2
(western region in 2015 growing season) was considered an
ideal environment for the selection of adaptable genotypes
and high seed yield for all the whole regions studied;
however, E1 and E4 (central region in 2015 growing season
and East region in 2016 growing season, respectively) could
not be ideal environments. Therefore, genotype G2 (Giza
22) and genotype G5 (Giza 83) were the most stable
genotypes with good seed yield per plant as compared to
other genotypes (Fig. 3A). Regarding WUE, the most and
the least discrimination environments were the western
region during 2015 growing season and 2016 growing
season (E2 and E5), which indicated that the seasonal
variations strongly influence this trait. The genotypes G4
(X2 L12) and G1 (X 32) are the ideal genotypes in terms of
WUE, as shown by their positions.

Discussion

In this study, soybean genotypes were evaluated for
adaptability and stability in different parts of the Kingdom
of Saudi Arabia. The tested genotypes varied in their
performance when planted under different environmental
conditions. The best performance, in terms of seed yield and
WUE, was record from the genotypes Giza 111 and X 30 in
the central Saudi Arabia during 2015 growing season (E1).
Genotype x environment interactions modulate the success
of any breeding programs for development of genetic
materials adapted to diverse set of environments (Alghamdi,
2004). This indicates that general stability, across
regions/environments, should be considered in breeding
programs aimed at developing high yielding genotypes
(Radi et al., 1993). The high yielding genotype may not
necessarily have the highest level of stability. Therefore, the
selection of the best genotypes should be not based upon the
means of the trait alone, but the stability of these genotypes
should be examined and seed yield may not be the only
selection criteria (Alghamdi, 2004). Environments usually
have strong influence than the genotypes alone and the GEI
(Alghamdi, 2004; EL-Harty et al., 2010). However, the
presence of significant GEI may complicate selection for the
selection traits under different environments. In this study,
GEI showed significance for all studied traits except number
of seeds per pod and seed index. Magnitude of the IGE
effect was two and four times more than that of environment
and genotype separately, respectively. Water use efficiency
varied among the ten tested genotypes and the genotype
Giza 21 and Giza 111 had the maximum WUE.
Development of adaptable genotypes, for a wide range
of environments, has been the main goal for breeders;
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however, selecting a genotype for a target environment
could be the best choice in the breeding programs (EL-
Harty, 2016). In this study, GGE-Biplot was effective for
analyzing and visualizing the patterns of IGE with respect to
test environment and genotype evaluations. In this study, the
genotype G10 (A3803) was close to AEA suggesting that it
is the most stable genotype, followed by G5 (Giza 83) and
G2 (Giza 22). The polygon view of GGE Biplot analysis is
the best way to visualize and evaluate the GEI patterns (Yan
and Kang, 2003). This helps in establishing the
presence/absence of cross over interactions and possible
existence of mega environments (Yan and Tinker, 2006).
The concept of ideal test environment is characterized by its
ability to discriminate genotypes and be representative of
other tested environments (Yan and Kang, 2003).
Discrimination ability refers to the ability of an environment
to portray the variance among the tested genotypes in a
study (Blanche and Myers, 2006).

This study indicated that the environments, based on
certain traits may offer an opportunity for effective selection
approach. Identification of mega-environment would help to
reduce the number of total test environments, and may save
the time and resources. GGE biplot was not only efficient in
interpreting GEI but was also helpful in scrutinizing
genotypes in various testing environments. Identification of
ideal genotype is important while testing genotypes across
locations. However, such an ideal genotype may not exist in
reality but it can be used as a reference to identify the most
suitable genotype across environments (Yan and Kang,
2003; Mitrovic et al., 2012). The ideal genotype is expected
to perform well across tested environments and shows
stability as well (Yan et al., 2007).

In this study, the ideotypes for seed yield per plant
were Giza 22 and Giza 83, whereas X2 L12 and X 32 were
the ideal ideotypes for WUE. GGE-Biplot of the ten
soybean genotypes, based on seed yield per plant, indicated
that Giza 21 and Giza 111 were the best performing
genotypes for the eastern region and Giza 111 was the most
suitable for the central region.

Conclusion

In conclusion, genotypes Giza 21 and Giza 111 were best
performing for the eastern region and Giza 111 was the
suitable for the central region. Comparison of the tested
environments suggested that the western region had the
most suitable environment for the selection of widely
adaptable genotypes across the regions.
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