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Tabel 1. Geographical and ecological coordinates at the experimental field
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Table 2. Name and pedigree of the studied genotypes
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Table 3. Simple analysis of variance of grain yield of soybean in experimental locations
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Table 4. Combined analysis of variance of grain yield per in experimental locations
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Table 5. Means of grain yield and values of some stability statistics for soybean genotypes in experimental locations

Glpsl i)l ¢ . b byl . . e .
(549 )::w";) J:> J (01) Cypm 5 ) v (Giz)' MUS:.:; ’ (W) 5y pYlgss] Al 5 )Slos ko oY ol
VAVFYY/) VY- .- AVY/Y \FAYOYD YOS5 G1
VAYEY/Y -YY/ey ARV YYFOYYY Yyay/y G2
VYN AN FAYYY/A VYOYYA YY0/0 G3
\RAYid -¥/a¥ Yoo AYIY A3aAYY/A YEY/N G4
VFYY. /Y A7AR NGNS AR\ YYVa/o G5
WhD-/Y VYD YYYYan/o AYAYYA Y5<AA G6
YVY/o Yy VeYOA- YAFACA YVESIA G7
YYVYO/Y y/a5 AYVV/A \arza! Y¥Y. /¥ G8
YV /0 YV/¥A SYYYAY/S \YEOFAD \WYAAY G9
ARRVAY AAARY AAZAREVAN OYEYSVIY YYay/a G10
YO-Y&[0 O/OA Y-OVVF/A DANOYD YVYYE[5 G11
Y0NS SIYA fy-Ya/5 ARATAA7AY YYAV/\ G12
SYYSIY e YVOAVY/¥ FVYELY YAVY/Y G13
YYa-/a VYY AAATAZAS \EYON /0 Y¥YV/\ Gl14
YY/0 —YY/SA AAFYSY VAYYFYY YIVV/Y G15
YYEIA =V /¥¥ YeVVY- Yavasy/s Y500 G16
aa/y AN —\Y¥AA YeA+/A Y&YA/0 G117
£/ —AoY WWFYYY yYVYavs/a Y¥YY/- G18
Y&V ¥/an \YYAv/Y YAAY. /5 Ya-£/Y G19
AYARVAY VWV/EY WWY-YV/Y YOIYYA/N YAYA/\ G20
yYayv./. NYD YOAYY/5 SAVOM /Y YOFY/A G21
FYA-a/4 -\a/vs DADYYA/Y VYYAVA YV-Y/5 G22
S¥IA —AA VFYYVY/Y YAAASY YAAY/d G23
VWYA¥Y/0 YIAN VYoV YYYAAANY YYva/y G24
va¥a/y -0/\A YAYYY/0 A\ARRAVA YAVY/Y G25
VAVEFY/Y YV/¥A Y.YIVAA YYYavYy YFYY Max,:-fl.u
£y -YY/ey —\YYAA/S YeA/A \YAAIY Min J§\A>

dold AEC ba oyl 5l baewissy ao )b (g tin
g ALl (e G iSeny ) Ml andly (e
sy plol ool p il al a8 gl
Csume iz plul s GL7 o G23 G22
s el 5 G168 GIB slacsiy] oeipor sdie
Hgd o Cguine bawgio )l b lacus

b3 o2l G6 5 G2 521 Gl slaciys
s 09,5 93 & |y loguisiy bad cpl 2 dges Lad iy,
S & placss) (Cwl) Com ) gl 095 S (o
P93 09)5 9 Mt Lawgle (ke I 5V 5 Slos (1S0ke
Fomk s (5:Sike b & Lledg (co Cow)
ol B18 cuigy culply ites buwgie (:S0ke
e b bl (Sl 1 VL 5 Slas bawgie b sl
S5 la Lo plagn » 5 (0) hes
Olee & 1y Humera-1uou8 cusgsy oMy sk GGE jlages
53)8 (Byme jluk 9 (Sl Sl VL 5 Sles b oS

SNl @l b bl slogslly mls o s e
90 cpl @ls dlae an 0 g Cuill oy wo Bl
Osize plo bwgi cllae (pl Adg JS0IS pSe Cond
i} o] 1SS pie (5 5 10) sl 00 0,0 3
d> @Msh GGE 3 b X (uigh (iiSeny 4

23 Ses oSl it ) il Jlonl s
e byl 4 cons ol g adlas 590 slalae
S &S (595 Ol (9] o (V1) WL 1,65 0
38es b sl Sl Jbp 59y 2 Jsb o
b )3 ciig) piSenn i Jhe gl 5 YL
32y ot 3 g o 425) ol ok it s
bl sl oy Se e 4 Wy bl o)l
@ & Cwl Jlon] s 055 )8 eolaiwl 5y5e i)
i) el gl culple a8l S5 by ol
2 Sy o hopls (bl Sy gl 4 Sl
S5 o Alclh (SIS slite 4 SDbsl
(¥ JS5) ool oas sl Jloy] aigis b odids dalllas
Sl g 3Sdas plol p owsl glojen (b))
Y JSS cwl @Msb GGE Jso ppe sbrais 5l (S
Gl g b Sles lol gl YO a4l
b b e o ol 1) dlisee sl ;0 5,Sles
) Jlosl dbi 5 eDlsly 50 ) oS il cudle
Je > piSeny Jol adse 9> olps bawgie oales
o 3,8kas bugio s 0,35 o (Cusl @My el GGE
buwgio ks 4 &5 slacuisli (VF) 29 o0 oasel (AEC)
,Sles gyl b il 5oy Jase 3 Slas



LS 5l 9 (28 Jaillal o0 )8l rsbieduns (2l el (3gmma plite c0)y e

va

K (5 ot

Oliee 4 g Sacads) a3 )Slee a5 b (i gl
iy g w)S I8 lae cla)eSl 5L cod (ool
P9y > Oy Gglite il lalae > gy
G18 i sylub oyl wlol p by ol
P oSy 4 g G235 GL6 slcws) S ol
Sl s e e pglate 4y il JIE g 4,
ol Mgl GOE o5 jl laee b s Jilite
ypsis JS 51 aoy A Lo Jgl Lol adlga 93 5 23,5
Mgl GGE wjon s 0)S a1y il 5,Sles
(Sari x Charleston) G18 c.igj 45 35 asuie
YIVY) 0e0ke 5l 5VL 3 Shos bagio b ugi) cnpslil
el 53 s cons ol o a3bo (i )3 255k
8,5 )18 a0l 3)50 5 s)lk

Voo Gl /¥ ojlads /od o Jlo /2l LS oMol aolicags,

(1) ohon 5 bl bl Gl pie ol ol
4 Lo pisudel (YN &b 3)Slee (luk 5 )85l
b GGE apps jl odlaal L 1) jolly sald (5) ol
390 Wles g Glhe (S @) ailate Jox » M
L L85-3059 Y & 18,8 domets gl ols )3 oy
L12 (Chaleston x Y o ,iSa 5 p)SalsSYV-Y
955 onieslhe JiSa )3 p)Sols YV0- L Mostang)
G ly GBS uomen e gyl g ab o Slee bl s
on Rl @8 gl e ol lsie
B B diaie oabled (pye g Lgw lacuss)
Sl g G5l (10) (ylSen 5 Sy agS 0
o b aSy adhats Jlex )3 ) bgw Guigi V¥ 4l 5 Slee
s 33 ksl GOE sy 3 ooizal | el o
sl g &b 5,Se b5 51y BAEM317 g5 5 00 )8
5 GMe gl glis,) gy glis) atle ogllas el lio

203)S QL] )k gl plyie 4 (Sdww 0y93 Job

Scatter plot (Total - 90.07%)

[

+* Sarj

18

==
[T
=t 21
w 6+
Ly
' 10.
o~
> 12-
o & Saba 5,
13 el

mir
2223 * gan
Ie

s
Q A 3eMoghan

15

PC1 - 74.62%

oobly las e (e 5 (55 (gl e ¥ o Lgw slacassss aild 5, Sloe olwl yy &My gl GGE ais win sles =Y S5
M d>o8 (Ao )2 VA/FD) PC2 g (1o )oVF/FY)PCL ) (slaadgs lawgs G+GE
Figure 1. GGE Biplot&slygon based on the performance of soybean genotypes in 3 environments of Sari, Gorgan
00

and Moghan, 9

GGE variance was explained by PC1 (74.62%) and PC2 (15.45%) components

Comparison biplot (Total - 20.07%)

== L
L
~ 6
L
2 qa
. 2.
& : :
o 2 +
aa.'
3 1l

PC1 - 74.62%

2 Jlos) s b oy duslio (sl ool sy 00 55 jote (s wlido bl 2 ©Mgly GBE loges =Y JS
oo 5 58S (o)l e ¥
Figure 2. GGE-biplot based on genotype-focused scaling for comparison of genotypes with the ideal genotype in 3
environments of Sarl, Gorgan and Moghan



LS Jbed 9 2 Jaillapl 93,08l asbiednw (o 2 )58 matlpl ((s3gmmo plytg <505y 3y
A d)l‘-‘ Lglm)bl)b: )‘l odlatwl b caliseo (glalao 5 b,.u d[!bwy) &l )/SJ.Q& Lﬁlg.)')l

Ranking biplot (Total - 80.07%)

*xGorgan

PC2 - 15.45%

5 .:'15 ‘:‘.15":.
=% xMoghan'
W2

PC1-74.62%
Sl g a5 Sloe 1 Sho sl oo g5y 00 1S paie sy (wlie bl p (Jaore 3 Slos bawgie ba glod =V S
_ . e 5 05 gyl baea ¥ )3 bgw (slacaiss _ _
Figure 3. Average environment coordination (AEC) views of the GGE-biplot based on environment-focused scaling
for the means performance and stability of soybean genotypes in 3 environments of Sari, Gorgan and Moghan

FL%)

1. Anda, A, B. Simon, G. Soos, J.A. Teixeira da Silva, Z. Farkas and L. Menyhar. 2020. Assessment of
soybean evapotranspiration andcontrolled water stress using traditional and converted
evapotranspirometers. Atmosphere, doi: 10.3390/atmos11080830.

2. Arega, A., A. Dabessa, M. Tola and C. Dabala. 2018. Genotype and genotype by environment
interactionand grain yield stability of medium maturity groups of soybean [Glycine max (L.) Merrill]
varieties in western Oromia, Ethiopia. African Journal of Plant Science, 12(9): 227-237.

3. Babaei, H.R., N. Razmi, E. Hazarjaribi and M. Hashemijazi. 2020. Study on Adaptability and Grain
Yield Stability ofSoybean Genotypes [Glycine Max (L.) Merril] Through AMMI & GGE Biplot
Analysis. Journal of Crop Breeding, 12(35): 238-250 (In Persian).

4. Babaei, H.R., N. Razmi, S. Raeisi, and H. Sabzi. 2020. Evaluation of adaptability and seed yield
stability of soybean (Glycine max L. Merril) promising lines using GGE biplot analysis. Iranian
Journal of Crop Sciences, 22(2): 183-197(In Persian).

5. Belay, F., H. Meresa and A. Gebreslasie. 2018. Evaluation of the performance of some white seeded
sesame (Sesamum Indicum L.) genotypes using GGE biplot analysis in Northern Ethiopia. Journal of
Cereals and Oilseeds, 9(1): 1-9.

6. Carneiro, A.K., A. Teodoro Bruzi, J.de Andrade Rezende Pereira and E. Vinicius Zambiazzi. 2019.
Stability analysis of pure lines and a multiline of soybean in different locations. Crop Breeding and
Applied Biotechnology, 19(4): 395-401.

7. Dadras, A.R., H. Samizadeh and H. Sabouri. 2017. Evaluation of soybean varieties and advanced lines
yield under drought stress conditions using GGE biplot analysis. Journal of Crop Breeding, 9(23): 18-
26 (In Persian).

8. Deresse, D., M. Malede, A. Amogne and G. Tefera. 2019. Genotype by environment interaction and
yield stability studies on medium maturing soybean genotypes tested in northwest, southern and
western parts of Ethiopia for two consecutive years (2016-2017) across five testing locations. Acta
Scientific Agriculture, 3(9): 104-112.

9. Erdemci, 1. 2018. Investigation of genotype x environment interaction in chickpea genotypes using
AMMI and GGE biplot analysis. Turkish Journal of Field Crop, 23(1): 20-26.

10. Finlay, K.W. and G.N. Wilkinson. 1963. The analysis of adaptation in a plant breeding program.
Australian Journal of Agricultural Research, 14(6): 742-754.

11.Freiria G.H., L.S. Gongalves, F.F. Furlan, N.D.S. Junior, W.F. Lima and C.E.C. Prete. 2018.
Statistical methods to study adaptability and stability in breeding lines of food-type soybeans.
Bragantia, 77(2): 253-264.

12. Ghanbari, S., A. Nooshkam, B.A. Fakheri and N. Mahdinezhad. 2019. Relationship between yield and
its Component in soybean genotypes (Glycine Max L.) using multivariate statistical methods. Journal
of Crop Breeding, 11(1): 85-92 (In Persian).

13.Jorge, G.L., A.P.O. Nogueira, O.T. Hamawaki, B.Q.V. Machado, A.J.O. Santana, B.A.M. Borges,
R.L. Hamawaki and C.D.L. Hamawaki. 2019. Line selection and correlation between traits of soybean
genotypes under high naturally occurring stink bug infestation. Genetics and Molecular Research, 18
(1): gmr18182.



LS ke 9 (28 Jedllgl (98,00 asleds con 250wl (3gmue plits g0y (s
AN V¥ Oll.wo)' /¥ 0,lous /r‘,m)u JL»: /Jc\))‘ Olml,f CM“‘ MM9))

14. Karimizadeh, R., A. Asghari, R. Chinipardaz, O. Sofalian and A. Ghaffari. 2016. Application of GGE
biplot analysis to evaluate grain yield stability of rainfed spring durum wheat genotypes and test
locations by climatic factors in Iran. Crop Breeding Journal, 6(2): 41-49.

15. Kocaturk, M., P. Cubuku, A.T. Goksoy, M. Sincik, E. llke, A. Kadiroglu, Y. Vurarak and M. Sahin.
2019. GGE biplot analysis of genotype x environment interaction in soybean grown as a second crop.
Turkish Journal of Field Crops, 24(2): 145-154.

16.Li, M., Y. Liu, Ch. Wang, X. Yang, D. Li and X. Zhang. 2020. Identification of traits contributing to
high and stable yields in different soybean varieties across three Chinese latitudes. Frontiers in Plant
Science, Doi: 0rg/10.3389/fpls.2019.01642.

17.Morsy, A.R., W.M. Fares, S.B. Ragheb, and M.A. Ibrahim. 2015. Stability analysis of some soybean
genotypes using a simplified statistical model. Journal Plant Production, 6(12): 1975-1990.

18.Mwiinga, B., J. Sibiya, A. Kondwakwenda, C. Musvosvi and G. Chigeza, 2018 .Genotype X
environment interaction analysis of soybean (Glycine max (L.) Merrill) grain yield across production
environments in Southern Africa. Field Crops Research, doi:org/10.1016/j.fcr.2020.107922.

19.Razmi,N., V. Rameeh, E. Hezarjeribi and A. Kalantar Ahmad.2021. nvestigation of Grain Yield,
Number of Pods and PlantHeight of New Soybean Linesin Sari, Gorgan, Moghan and Dezful Regions.
Journal of Crop Breeding. 12(36): 21-29 (In Persian).

20.Shukla, G.K. 1972. Some statistical aspects of partitioning genotype-environmental components of
variability. Heredity, 29(2): 237-245.

21.Wricke, G. 1962. Uber eine methode zur refassung der okologischen streubretite in feldversuchen.
Flazenzuecht, 47: 92-96.

22.Wu, Y., J. Sun, G. Cao, L., Han, Y.P., Zhao, X., Q. Wang. 2015. Protein content stability analysis in
soybean through GGE Biplot. Soybean Science, 34: 172-174. Doi: 10.18805/Ir.v0i084.

23.Yamaguchi, N., Y. Tsuji, H. Suzuki, T. Kitabatake and T. Yoshihira. 2019. Evaluation of high-
yielding Canadian soybean cultivars suited to Japanese growing conditions. Agrosystems,
Geosciences and Environment. Doi:10.2134/age2018.12.0061.

24.Yan, W. and J. Frégeau-Reid. 2018. Genotype by yieldx trait (GYT) biplot: a Novel Approach for
genotype selection based on multiple traits. Scientific Reports, Doi: 10.1038/s41598-018-266.

25.Yahaya, S.U. and E. Ankrumah. 2017. Character association and path coefficient analysis for yield
components and grain yield in soybean [Glycine max (L) Merill.]. Legume Research, 40: 630-634.
doi: 10.1002/9781118688571.



Journal of Crop Breeding Vol. 13, No 40, WiInter 2022 ..........coiuiiniuiinitiii e e et 82

Yield Evaluation of Soybean Genotypes across Diverse Environments by Statistical
Parameters and GGE biplot

Nasrin Razmi', Bahram Masuodi?, Ebrahim hezarjaribi ®, Seyed Abbas Andarkhor?,
Abolfazl Faraji® and Shahriyar Kia®

1- Assistant Professor, Field and Horticultural Crops Sciences Research Department, Ardabil Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Parsabad, Iran, (Corresponding Author: n.razmi@areeo.ac.ir)
2- Assistant Professor, Seed and Plant Improvement Institute, Agricultural Research, Education and Extension
Organization (AREEO), Karaj, Iran
3- Assistant Professor, Field and Horticultural Crops Sciences Research Department, Golestan Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Gorgan, Iran
4- Assistant Professor, Field and Horticultural Crops Sciences Research Department. Mazandaran Agricultural and
Natural Resources Research and Education Center, Agricultural Research, Education and Extension Organization
(AREEO), Sari, Iran
5- Scientific Member, Field and Horticultural Crops Sciences Research Department. Golestan Agricultural and
Natural Resources Research and Education Center, Agricultural Research, Education and Extension Organization
(AREEO), Gorgan, Iran
6- Assistant Professor, Field and Horticultural Crops Sciences Research Department. Golestan Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Gorgan, Iran
Received: 17 July, 2021  Accepted: 23 August, 2021

Extended Abstract

Introduction and Obijective: The compatibility of soybean genotypes in different climates depends on
environmental factors, especially the photoperiod. Genotype and genotype by environment (G x E)
interaction refers to the difference in the response of genotypes to different environment. Assessing the
interaction of genotype x environment improve breeding efficiency programs for wide adaptation and for
high seed yield stability.

Materials and Methods: 23 soybean genotypes with two checks (Saba and Amir) were evaluated in a
completely randomized block design with three replications in three regions (Gorgan, Sari and Moghan)
during 2018-2019. Analysis of variance of seed yield was performed separately for each region and
combined analysis for all regions. Univariate linear regression, deviation of regression coefficient,
Shukla’s stability variance and Wricke’s ecovalence were used to evaluate the seed yield stability of these
genotypes. GGE biplot analysis was used to understand the interaction between genotype and the
environment.

Results: The partitioning of (environment + genotype x environment) mean squares showed that
environments differed significantly and were quite diverse with regards to their effects on the
performance of genotypes. Genotype x environment interaction was also analyzed by GGE biplot. Based
on stability parameters and GGE biplot analysis, G18 had higher seed yield, lower Wricke’s ecovalence
and Shukla’s stability variance values. Also, the regression coefficient was equal to one and deviation
from regression was minimal in G18. Genotypes G16 and G23 were subsequent stable and high yielding.
These results were also confirmed by GGE biplot analysis. The simultaneous studying of the effects of
genotype and genotype x environment interactions by average tester coordinate (AEC) view of biplot
illustrated that G22, G23, G17 are more stable to the tested environments than the other genotypes. G18
and G16 and Amir cultivar are considered as moderate stability. The vector view of GGE biplot indicated
Environments were separated into two group groups and genotypes into three groups. G2, G15 and G18
genotypes had the highest seed yield in the first environmental group (Moghan and Gorgan) and G1
genotype had the highest seed yield in Sari region. G9, G13, G10, and G8 genotypes had the lowest
average yield in all environments

Conclusion: Genotype G18 (CharlestonxSari) with 3421 Kg.ha™ seed yield was desirable and stable

across the environments and could be suggested in future breeding programs.

Keywords: Genotype-environment interaction, Stability parameters, Stable genotypes



