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s is to produce varieties
with high yield potential‘increas ts. Due to the differences
in the adaptabili‘of g\)types ts, the yield of genotypes fluctuates in
differgnt environm which is kn environment interaction (GEI) and is

the res i es to environmental changes. It is of
particular i pe and nature of the interaction and to obtain the figures
that show the raction. To account for GEI, breeders evaluate genotypes in
multiple environm genotypes with high yield and stability and genotypes that have
a non-significa nsidered stable genotypes. There are various methods, such as
parametric and nonparametric methods, to evaluate interaction effects but the best result is
achieved when a genotyge shows similar results of stability with different evaluation methods.
Therefore, identifying anel introducing stable cultivars with high grain yield in different
environmental conditions I8\one of the priorities of breeding programs for this crop. For this

purpose, this study was conducted to investigate the stability of 13 pinto bean genotypes using
multivariate methods.

Materials and methods: In order to compare the yield and study the compatibility of bean

genotypes, 12 bean genotypes along with the Kosha cultivar (check) were studied in a randomized
complete block design with three replications in four regions: Khomein, Boroujerd, Shahrekord,
and Zanjan for 2 years. The F-test of sources of variation was performed based on the arithmetic

mean square expectation, assuming randomness of years and locations (environments) and fixed
genotypes. To determine the stability and compatibility of genotypes, AMMI multivariate methods



and BLUP-based linear mixed model were used, and WAASBI and WAASBY i stability quantities
were calculated to quantify stability.

Results: A combined analysis of variance was performed assuming randomness of years and

locations (environments) and fixed genotypes and it showed that the interaction effects of genotype
x location, year x location and genotype x year x location were significant. The main effect of

genotype, the main effect of environment (sum of main effects and interaction effect), and the
interaction effect of genotype x environment (sum of dual and triple effects) explained 15, 39, and
40 percent of the total sum of squares, respectively. AMMI analysis of variance showed that the

first to seventh principal components were significant and together explained nearly 100% of the
variation in the genotype x environment interaction. Jhe first and seé@nd principal components

explained nearly 76% of the sum of squares of the GEI. e‘types G11, d G6 had the lowest
values of the IPCA1, and among them, only genotype G9had a yield n the average total

yield, which was introduced a stable genotype with highy ge daptability to all
i the %d principal
component of IPCA2; therefore, con

n alsoentr ced as a
stable genotype in all environments. A bility of genotype G12 with
Shahl and Zan2, genotypes G2, G3 a&;4 i nd G13 with Khom1 and

Khom2 and genotypes G . simultaneous selection
criterion based on averag(:ﬂ i ility i pes G7, G9, G8, G6, G1
and G3 with the highest AS i h grain yield. Based on

the biplot of grain ylel i lute scores (WAASB), genotypes G7, G8,
and G9 Iocated i i than the average yield of genotypes and

G11 an i , G7, G8 and G9 are stable and high-
yielding g unstable and high-yielding genotypes, and finally G10,

Conclusion: Due
index, it seems.tha
compatibility of

mixed model and all components in calculating the WAASBY
X is better than other indices for calculating the stability and
¥ Therefore, using this index, genotypes G9, G7, G8, and G6 were
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Table 2. Meteorological statistics of the studied stations in the two crop years studied

y¥aA-44 (2020-2021) \¥a4-1¥ -+ (2021-2022)
Sk La-a J.5|J,> Lo )-.’;SL).> Lo Lawgie Sk Le-o J.sba Lo )JL).> Lo bwgie
Moon Location Rain Minimum Maximum average Rain Minimum Maximum average
(mm) teerrature tempﬂerature tempﬂerature (mm) teerratu re tempﬂeratu re tempqeratu re
(S ()] ()] (E9) (E9) (&)

Sz Borojerd 0 10.2 36.6 23.2 5.3 9 41.4 23.6
ols > obs; Zanjan 6.9 8.1 29.4 18.7 12.4 9.0 30.8 30.8
June e Khomein 0 16.5 31 24.7 85 17.3 32.6 25.9
sSx%  Shahre kord 0 9.8 30.9 20.3 0.8 11 325 21.7
Syop Borojerd 0 12.8 38.8 26 0 12.6 41 27.2
5 ok Zanjan 5.2 13.5 27.9 20.7 6.7 12.6 335 17.0
July e Khomein 0 19.1 329 \ 26.8 0 34.9 28.6
>S5 %% Shahre kord 0.3 135 322 \38 0.1 34.2 243
Sy Borojerd 0 12.6 40.4 7.1 41.6 27.3
sl e ol; Zanjan 6.4 14.3 27.9 21.8 30.9 224
August (o Khomein 0 35.1 33.9 28.1
sSxs  Shahre kord 0.2 35.2 24

o Borojerd 5 8 ........................ YR
9 R ol; Zanjan 0.0 8.7 28.6 19.6
September Lo Khomein 255
oS %% Shahre kord 21.1
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Table 3. Variance of experime
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to evaluate the uniformity of variances

53k g byl Fmax slosyge;l ol ed 4 calisce glalaxe jo ialosl slas wib,lg -V Jgao
error in different environments along with the Fmnax Hartley and Bartlett’s tests

Year Khomein Borojerd Zanjan Shahre kord
Ju s S ey ) S5 RS
Yearl 55945.83 47991.45 96804.7 50627.46
Year2 52911.86 55511.85 92694.3 52939.74
Bartlets test 31.039™
F max Hartley 2.02ns
ns and ™*: Non significant and significant at 1% probability levels, respectively
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kol Ol gg0me) Lama Lol 1 (Jafari and Farshadfar, 2018) sl o calizxs (slala,

st oualics JS Slayo

X G g53) Gl x Jlo X gl 5 Gl x g ke (2 yinS
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WLy 2 >
inyi otypes
-
Source of variation ?:fgggg:: Sum of square Mean square Percentage of sum of square
35 gl Slayye ggome Slayye (nSiks Sl yo ggome do s

Year 70956.70 0.12
location 9402.89 0.17
i . 1563.32™ 0.10
2110631.64 131914.48 0.01
39005923.08 3250493.59 0.15
9587554.43 798962.87 0.04
64202448.53 1783401.35™ 0.25
26951173.08 748643.70™ 0.11
12130253 61378.4 0.05

10.37

*and ™ Significant at 5% an robability levels, respectively
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Table 5- AMMI analysis for grain yield of promising bean genotypes

Source of Degree of M Percentage of sum of Acumulative percentage of sum of
L ean square
variation Freedom ) - square square
S gl EIRESD Slare 0 Slas o fgane o) Sl fyeme re S0y
ENV 7 14634917.85™
REP(ENV) 16 131904.4
GEN 12 3250351.14™
GEN:ENV 84 1199306.21™
PC1 18 3152809.23" 56.3 56.3
pPC2 16 1236961.31™ 19.6 76
PC3 14 837710.93™ 11.6 87.6
pC4 12 523106.94™ 6.2 93.9
PC5 10 320207.07* 3.2 97
PC6 8 221996.51" 1.8 98.8
pPC7 6 202749.29™ 1.2 100
Residuals 192 63174.78
Total 395 904233.19
“and ™: Significant at 5% and 1% probability levels, respectively. \
(Jis 5 sings bama b 2Vl it 51 shls (IPCAL) s Lol ailga (i L o S gl
Ao polas sl)lo G6 4 GY G111 slasss ol s ol Pk ) SGO sl
N3 o a5 39y JS 5 Shes wxu S YL s Sles 955 s oy T  yho 4 S8 (IPCAL) Jsf Lol
bz X5 S5k 510 S5k bl g Glyea

Wog Jasre x il hlae il g al & ; nl s Khom2 Khoml Shah2
& yidans 0 Shae . Kle Shah2
ps° (shol adlge 5l 05" i |,
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S5l )90 &5 QBRSPS g B 31 slonl Jomillty am3 g0 oL 45 widgy Sl lae & o335 pgo 5 Jsl
shlo (Jg 039 )10 95 » : by 518 g )13 OVl (aldaiz ol 53 45 o] o2 aites 3L
el plo ((Gauch and Wl Ml jo gl Jlop L) asgly o e 4 s ooy Ko b cogas 5,550
5 GO slacigss Borol L. LG4 5 G3 G2 slacwiyy Zan2 4 Shahl slalee L G12 sy 6,55l 4 o)ls oo
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Table 6- First to seventh principal components for bean genotypes

Code Y PC1 PC2 PC3 PC4 PC5 PC6 PC7
Gl 2651 -19.8 -7.59 -8.04 -7.02 -9.51 2.8 -4.55
G2 2129 -13.2 14.42 -2.05 -3.06 -11.15 -6.88 -9.35
G3 2345 -9.2 9.68 9.08 5.05 16.13 -5.74 -8.75
G4 2079 -1.6 7.59 -14.5 8.08 4.34 -1.7 -5.08
G5 2270 -10.54 3.55 -20.25 -10.46 -4.58 -2.95 6.99
G6 2343 -3.31 7.2 13.94 -10.48 -4.98 -3.98 12.01
G7 3154 -8.79 -15.6 22.78 -14.91 7.73 -2.88 -2.56
G8 2737 -13.51 -1.49 -1.73 4.61 5.67 21.55 -1.06
G9 2711 -3.16 -21.08 5.28 6.79 -5.54 5.53 5.37
G10 2724 44.21 -19.13 -14.34 -10.57 4.91 -1.78 -5.19
G11 1755 0.99 7.48 -8.74 8.1 13.97 -4.82 13.02

G12 2461 34.8 28.26 11.17 -0.84 -6.56 8.31 -0.57



G13 2143 9.1 -13.29 741 24.7 -10.43 -7.44 -0.28
Borol 2533 -28.41 30.73 19.27 -4.27 -4.56 -8.17 -3.03
Boro2 3278 -46.13 -9.63 -24.39 0.62 0.368 5.62 2.19
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Fig 1. Scatter plot of genotypes and environments tested using mean yield and IPCA1 (A) and tIPCAL and IPCA2
(B) based on the AMMI model
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