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Analysis of genotype x environment interaction for seed yield of promising
Kabuli type chickpea (Cicer arietinum L.) promising lines
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Table 1. Name and origin of chickpea genotypes

- 35 slacs 85 sl = 35 slags 55 i
Code  Chickpea genotypes Origin Code Chickpea genotypes Origin
Gl  TDS-Maragheh90-92 Iran G10 ICCV 10307 ICRISAT
G2  TDS-Maragheh90-164 Iran G11 ICCV 10313 ICRISAT
G3  TDS-Maragheh90-281 Iran Gl12 ICCV 10315 ICRISAT
G4  TDS-Maragheh90-333 Iran G13  FLIP 86-5C ICARDA
G5  TDS-Maragheh90-400 Iran G14  FLIP 09-235C ICARDA
G6  TDS-Maragheh90-427 Iran G15 FLIP 03-50C ICARDA
G7  TDS-Maragheh90-453 Iran G16  FLIP 88-85C ICARDA
G8  FLIP 86-6C ICARDA G117 Sameen Iran
G9 ICCV 10306 ICRISAT G18 Jam Iran
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Table 2. Geographical and climatic information of experimental locations (2018-2020)
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Temperature
SR Slase (°C) V5
o Nl Geographical s s i gyl Bl Sl Precipitation
Location Year Jl Code  coordinates Altitude (m)  Min  Max (mm)
&l 2018-2019 rav-ar  E1 37°24'N 1720 -145 374 496.6
Maragheh  2019-2020 1vaA-44  E2 47°15'E -25 32.6 326.8
Oliws S 2018-2019 rav-ar  Es 35°40'N 2120 -126 30 495
Kurdistan  2019-2020 \var-aa  Es 47°07'E -181 325 395.6
an g, 2018-2019 \wav-ar  Es 37°32'N 1880 -106 33 577.5
Urmia 2019-2020  yraA-a4 Es 45°05'E -154 32 351.7
Oldes 2018-2019 rav-ar  Ez 37°79'N 1610 -154 343 506.1
Hamedan  2019-2020 1vaA-44  Es 48°51'E -15.9 34.6 389.2
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Fig. 1. Biplot of first principle component of AMMI against mean seed yield of chickpea genotypes

- L sAMMI Jue i (Tiwari et al., 2018) O,
Lo 53 555 HSer 2 (b5l 6l GGE
Iy daoes <855 aw 503 S oslial 5 o (glas 55 o
Seslawl b S AMMIZ SN 6l 5 s S el
3 (IPCL) Uyl ol add 3o 93 ood 65 5 ood 85 (Sloo 0l
55 Ay S50k g ey (IPC2) 53

(Y S8 555 0 2 25 Lo

&S 350 Ols5 o AMMIL SO 6L Sl oalial U

(5 525 &) 2 3) |, (Mega-environment) La Lo >es
= beT s (Yaghoutipour et al., 2009) 5 gei s 55
Olye 4 1, EL E7 E8 E4 glalamms Ol 5 oo ool
£33 Laromn &85 s lamms 4k 5 Jame 5755 &S5

Oy aoe L5 Ol e 0 B5 Laoms 28 8 a0
R PG I PP NG ¢l a3 (Outlier)

AMMI Biplot for YLD

PC1=62.4%; PC2=20.5%

-10

PC1

r).&}d}‘g}p\Aﬂjﬁjbu;&jjjb.k?;ﬁ}.}}w‘SLA%');}JJ‘}’_AMMQ C)}MLS\;—YJQ.'L

Fig. 2. AMMI2 biplot for distribution of chickpea genotypes and environments in the interaction of first and

second principle components

YOA


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.5.3
https://agrobreedjournal.ir/article-1-1175-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-29 |

[ DOR: 20.1001.1.15625540.1400.23.3.5.3 ]

B 1 T2 AL SR FCOUNPRPR [ W AR B GUSTN IR 1

Uil e o 28 glyls 5 54, GB 5 G18 (G
OL&i s g Sl ol op b 503 (ol SUILL
@u\{ﬁré)a}&éaﬁjbwgé)}k{.x;b
Sl oS © b (e s SV b S
EPBIIY_SPs (RTEIW

Slaci sy ool oo pd o a5 5ba
slacmY s ol ol o)l b s e ]
b 3 Sl e g g - Shes L
(Purchase et al., wlodsT Cuws 4 55 b jiulajT
o=l s A 2 .2000; Zeleke and Berhanu, 2016)
G5 3G3 Ul Jyame p Gla S g5 oy
S 15 o b e

e ;2 55 Ol S o () Py S eslil Ly
Sl ) ool 5 5, Ses b5 51 5, gl 55
G5 ) aS sl plis S (Fdsda) 55
WJsl i3S Olyiea E8 5 E7 E4 EL gladomes 53
E3 Loss 53 5 p 5 2235 Olpioas B2 Jooms 5o
5363 5 55 h oLl psler 58 Olsee
2393 ol 55 B3 9 E2 salases 55 Jl Ol
E6 .latou):r)L@.?gL;;ﬁ\):)EBJE7 la o
2366 o)l oLl 5 oS5 Ole 4
C}_wui.gj'f)uEG)ES Slalaoa j5 Jol S S
B2 Lo se 53 ooz 2055 53 5EB Laoe
ot S b as s e 5 Ol e
L o5 54s Gl7 5616 (sLacs 55 coms 55
NP3l o5 o 955 Ol ey LSl 5L 95 5 4w
Asls 0L | Hu L slacs 55 sy 5o 5,8
Y Jgu>)

slacs sl ALS Sliv (Sike 4 by o b
)Jo&&gj)\vq-jaajv\.ﬁu rS)j)L{O‘JMJ‘};:s
oks €1, F Jador 53 oly) Jlu g5 b oKawl Hle
5 AL clS 5l g, sl Sl .l
S BTIL\ QT NI PUFPES S PP Sk Wy
G15 5G12 (G10 G6 G5 (slasY c plwl 'l 1

Yo4

23 SOl S e 0 il Sl 55 ¢ S sk
o=l S s sl Lo a—wlie
1 (5 a8 S 1 03 4 130 55 (S ey
2> Lag 55 bl 55 lul - (Gauch, 1992)
eA 534S 355 s Ledie AMMI2 S L
S5 Slatbes 55 0 o5 45 4 Gl1 5G4 Lile
) Ll Ladama b (5 a8 2Sion il &
FS N o sl (Hy il SV
=5 53 (G17 53G13 (G10 Gl Asl) M sl
Las e Ol L;Mﬁbéa?utgumﬁ
(Al (6,568 5 2iSan s 5 maS (55l
oba | (lams Lol 5 L Lacs 55 hiSes -
SLAOLSe (535 G 55 2 gl i 3y 1 5 o
Ol e (Purchase et al., 2000) 5 5  Saze Joes
Sen 0 51,15 G14 5613 G16 slacs 55 Il
Lo (Il polal sk 503 5 B6 Lme b ot
5G12 G5 glacs 55 48 I 5 e 45 L0
SIE8 3E7 5 s, b ¢S SIEL 3E4 slakesns L G15
Y Jis)uj\awjﬁd,\f;uuﬁ*aa,b
53 0l D EB 5 (pys dlv 53 421 50) E2 (slalams
cils g gllas Loyl 5 e g5 el sl (Ul Il
3035 o il Ly 85 LAOTPCA o i |5
3 Sas Lmes 55 ol 55 5,50 glac5 5
OHLSan 5 (o s i dls (5l s s
GGE &My b s AMMI Jue 51 (Tiwari et al., 2018)
b 53 S S o 2 S
a3l A0 S eslaul 5 s 3 sla S8 6l =
S AMMI iy, 5l eslewl U (Erdemci, 2012)
JJJQ&»););\);)_%&]_..L:;’%}J}”};L_;
slacs s gesls 8 oL 5,05 y5e Jle 95 Ol
|, X03TH130 sFLIP  03-28C «FLIP  03-128C
D (S e B 55 op oL Ol sea
ol sl Sl eslil b e 55 (g dbad,
SLag 55 bl (¥ ) A5 il (ASV)


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.5.3
https://agrobreedjournal.ir/article-1-1175-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15625540.1400.23.3.5.3 ]

\\G..}ﬁli‘\“e)uar}.»}w&?L"Q\fllg\)j(:}l;qf‘:d"

AMMI o5 slon p (alesT ladaome 533 g (slac 55 455 5 (ool oMl 3500 eGESa 53 p S 5kS) wls 5 Shee ¥ J gt

Table 3. Seed yield (kg.ha'), ASV and rank of chickpea genotypes at experimental environments based on AMMI method

555 gl 55 Environments Lo
Chickpea 4,
genotypes El E2 E3 E4 E5 E6 E7 E8 LSMean IPC1 1PC2 ASV Rank
G1 608.7 10653 991.6 392.6 15004  743.7 602.6  530.9 804.5 -9.61637  -11.5377 3149 16
G2 633.5 1007.3 899.4  403.4 13900 690.3 616.3  550.8 777.6 0.51528 -5.56536 5.78 4
G3 782.6 11672 988.7 504.0 15936  852.1 7414  658.9 911.1 -5.36985 -4.30369 16.92 7
G4 7179 1026.7 893.1 429.0 14320 7148 583.3 5124 788.7 -2.07012 -0.3244 6.31 6
G5 904.4 11695 10314 640.3 15195 800.9 7755  690.0 941.4 6.39352 1.3498 19.52 8
G6 783.8 11164 9924  496.8 1630.6 857.1 7256  627.7 903.4 -8.59767 -0.88157 2621 13
G7 789.1 10587 967.3 4428 14751 7545 6773 575.8 842.6 -0.67979 -2.75594 3.45
G8 746.2 10984  929.8 4721 14942  770.2 680.0  600.7 848.9 -1.61304 -2.89261 5.70
G9 687.3 1031.3 861.1 4555 13409 6704 6454  581.7 784.2 6.79929 -3.76517 21.05 11
G10 612.5 7844  679.0 368.8 11473 536.5 533.6 4420 638.0 13.14098 6.81339 4061 18
Gl1 612.5 8724  788.0 321.7 12477 588.2 4473  400.6 660.1 1.97128 0.31941 6.01 5
G12 543.8 820.7 665.5 2027 11615 5412 4435  395.6 608.1 6.37653 2.02729 19.53 9
G13 659.8 963.1  839.7 4257 1516.1  757.1 505.3 436.6 762.9 -11.8654 7.62139 36.94 17
Gl4 7835 1028.2 899.7 5373 15796  814.0 667.9  565.2 859.4 -5.91232 9.63145 2042 10
G15 7773 1019.2 8477 465.0 13342 657.2 636.1 542.8 784.9 8.76133 1.8639 26.76 14
G16 770.0 10412 919.8 501.9 15914  805.5 659.8 584.8 859.3 -7.32404 5.77654 23.05 12
G17 696.7 10423 879.0 433.7 13006 6459 658.8  549.7 775.8 8.83274 -6.75002 2774 15
G18 720.6 10529 904.9 546.3 14428 752.6 608.2 5545 822.9 0.25762 3.37326 3.46 2
Mean 710.6 1030.6 8918 4357 14567 715.8 614.6 532.8 798.5 - - - -
Sel. 1 G5 G3 G3 G5 G6 G6 G5 G5 - - - - -
Sel. 2 Gl4 Gl Gl G14 G13 G14 G3 G3 - - - - -
Sel. 3 G15 G5 G6 G15 G16 G16 G17 G17 - - - - -
Sel. 4 G18 G6 G5 G16 G14 G3 G9 G9 - - - - -
Y&
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Thale 4. Mean of plant traits of chickpea genotypes at eight experimental environments

G5 i &3V O 615 5 Sles
S5 s g5 AW s, Sy b3y Plant height 100 Seed weight  Seed yield
Chickpea genotypes  Days to flowering  Days to maturity (cm) (9) (kg.hah)
Gl 61.15 98.38 23.87 43.22 804.52
G2 60.66 97.47 23.19 37.97 777.68
G3 60.50 97.38 21.91 37.37 911.13
G4 61.13 98.03 22.25 39.78 788.71
G5 60.67 96.31 21.88 35.08 941.49
G6 61.25 96.94 23.50 37.72 903.48
G7 61.21 98.00 22.38 37.48 842.63
G8 61.19 98.16 25.15 37.63 848.98
G9 59.34 97.47 21.04 31.88 784.25
G10 55.94 95.63 18.72 39.59 638.05
Gi11 58.97 97.69 20.22 41.45 660.10
G12 57.71 96.53 19.41 39.79 608.12
G13 61.22 98.97 25.00 38.72 762.97
G14 60.34 98.03 23.25 32.48 859.47
G15 59.63 97.06 22.72 36.08 785.00
G16 60.09 97.94 22.50 30.98 859.35
G17 60.03 96.78 21.38 30.38 775.88
G18 60.34 97.66 21.94 29.93 822.91
Mean 60.09 97.47 22.26 36.53 798.60
LSDso% 0.81 0.44 0.58 1.38 75.05
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Analysis of genotype x environment interaction for seed yield of promising
Kabuli type chickpea (Cicer arietinum L.) promising lines

Farayedi, Y.}, H. Kanouni?, A.E. Nosrati®, M. HajiHasani* H.R. PourAlibaba®,
Sh. HomaeiNejad® and V. ShirAlizadeh’

ABSTRACT

Farayedi, Y., H. Kanouni, A.E. Nosrati, M. HajiHasani, H.R. PourAlibaba, Sh. HomaeiNejad and V. ShirAlizadeh. 2021.
Analysis of genotype x environment interaction for seed yield of promising Kabuli type chickpea (Cicer arietinum L.)
promising lines. Iranian Journal of Crop Sciences. 23(3): 253-264. (In Persian).

One of the most complicated issues in plant breeding programs is genotype by environment interaction. To
evaluate seed yield stability of 18 chickpea promising lines, a field experiment was conducted using randomized
complete block design with four replications in two cropping seasons (2018-19 and 2019-2020) in four research
stations (Maragheh, Kurdistan West Azerbaijan and Hamedan), Iran. Combined analysis of variance (ANOVA)
as well as additive main effects and multiplicative interaction (AMMI) were performed to evaluate the genotype
x environment interactions. Combined ANOVA showed that of the total variation, 35.62% were explained by
"location™ and 36.1% by the interaction effect of "year x location™. Whereas, "year" explained only 13.06% of
the total sum of squares. Based on AMMI analysis, chickpea seed yield was affected by genotype (7.10%),
environment (84.8%) and genotype x environment interaction efect (8.04%). The significance of GEI showed
that both the performance and ranking of genotypes fluctuated under the influence of GEI. On the other hand, the
sum of squares of GEI showed the existence of cross-interaction between genotype and environment. AMMI
analysis divided the GEI sum of squares into two main components. These two main components (IPC1 and
IPC2) were significant and collectively accounted for 82.9% of the total variation and are, therefore, sufficient to
explain the complex patterns of GE interaction. Genotypes were ranked based on AMMI stability value (ASV),
and G3 line was designated as the genotype with highest seed yield stabilty. The AMMI1 model also identified
the G5 line with high seed yield stability and performance. On the other hand, the AMMI2 bioplot identified the
G11 line as a genotype with high general adaptability and seed yield stability. Among the experimental
environments, the highest and lowest seed yields were obtained in E5 and E4 environments (Kurdistan in second
year and West Azerbaijan in first year), respectively. According to the results of this study, G5 and G3 lines with
seed yield of 941.4 and 911.1 kg.ha't, respectively, were identified as high yielding with yield stability in all
environments.

Key words: AMMI analysis, Chickpea, Environment, Genotype, Multi-environment trials and Yield stability

Received: February, 2021 Accepted: July, 2021

1. Researcher, Dryland Agricultural Research Institute, Agricultural Research, Education and Extension Organization (AREEO),
Maragheh, Iran

2. Associate Prof., Agricultural and Natural Research and Education Center of Kurdistan, Agricultural Research, Education and
Extension Organization (AREEO), Sanandaj, Iran (Corresponding author) (Email: hkanouni@gmail.com)

3. Researcher, Agricultural and Natural Research and Education Center of Hamedan, Agricultural Research, Education and
Extension Organization (AREEQO), Hamedan, Iran

4. Researcher, Agricultural and Natural Research and Education Center of West Azerbaijan, Agricultural Research, Education and
Extension Organization (AREEO), Urmia, Iran

5. Assistant Prof., Dryland Agricultural Research Institute, Agricultural Research, Education and Extension Organization (AREEO),
Maragheh, Iran

6. Researcher, Agricultural and Natural Research and Education Center of Hamedan, Agricultural Research, Education and
Extension Organization (AREEO), Hamedan, Iran

7. Researcher, Agricultural and Natural Research and Education Center of West Azerbaijan, Agricultural Research, Education and
Extension Organization (AREEO), Urmia, Iran

Y7¥


http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Farayedi
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Kanouni
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Nosrati
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=HajiHasani
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=PourAli+baba
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=PourAli+baba
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=ShirAlizadeh
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Farayedi
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Kanouni
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Nosrati
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=HajiHasani
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=PourAli+baba
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=PourAli+baba
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=ShirAlizadeh
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.5.3
https://agrobreedjournal.ir/article-1-1175-en.html
http://www.tcpdf.org

