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Evaluation of genotype x environment interaction on seed yield of faba bean
(Vicia faba L.) genotypes using GGE biplot method

Sheikh, F.1, Asteraki, H.2, Miri, Kh.2 and Sekhavat, R.*

ABSTRACT

Sheikh, F., Asteraki, H., Miri, Kh. and Sekhavat, R. 2024. Interaction of genotype x environment on seed yield of faba bean
(Vicia faba L.) genotypes using GGE biplot method. Iranian Journal of Crop Sciences. 26(1): 55-70. (In Persian).

Introduction: Faba bean (Vicia faba L.) is a cool-season and annual seed legume crop used as an important
cheap plant protein source for human food (green or dried, fresh or canned) and livestock feed. It is a very
valuable legume crop that contributes to the sustainability of cropping systems with ability of biological nitrogen
fixation. The aim of this study was to determine genotype x environment interaction on seed yield and to
identify high yielding with yield stability of faba bean genotypes adapted to target environments.

Materials and Methods: Seed yield and yield stability as well as adaptability of 15 faba bean promising lines
were evaluated using randomized complete block design with three replications in four agricultural research field
stations of Gorgan, Dezful, Brojerd and Iranshahr in Iran in 2018-19 and 2019-20 cropping seasons. Plant height
and branch number.plant in each plot was measured before harvesting. Plots were harvested by hand at harvest
maturity stage and seed number.pod?, number of pod.plant?, hundred seed weight and seed yield were
measured. Data were analyzed using SAS software and the means were compared using LSD test. GGE-Biplot
was used to analyse genotype x environment interaction and yield stability of faba bean genotypes.

Results: Combined analysis of variance showed that environment, genotype and genotype X environment
interaction (GEI) were significant with contribution 60.07%, 19.8% and 20.07% to the total variation of seed yield,
respectively. Yiled stability 15 faba bean genotypes was stdied using GGE biplot method across eight
environments. GGE biplot analysis using a genotype x environment interaction (GEI) model explained 76.5% of
the total variation. GGE biplot components PC1 and PC2 explained 58.7% and 17.8% of the total variation,
respectively. The GGE biplot analysis of the tested environments and genotypes revealed that the eight test
environments comprised two mega environments and the adapted genotypes were determined for each mega-
environment. In Gorgan, G10, G12, G13 and G3 genotypes were adapted, and in the second mega-environment, G6
genotype was adapted. The genotypes G6, G10, G7 and G9 with average seed yield of 2905, 2715, 2607 and 2552
kg.ha! had higher seed yield and yield stability, respectively. Based on GEI and GGE biplot analysis, Gorgan
experimental environments had good discrimination ability. The polygon view of biplot indicated genotypes; G1,
G3, G4 and G14 were adapted to the tested environments according to the closest distance from biplot origin. The
simultaneous study of the effect of genotype and GE interaction by average tester coordinate view of Biplot
illustrated that genotypes; G6, G10, G7, G9 and G4, in addition to high seed yield had also higher yield stability
compared with other genotypes. Ideal genotype view of Biplot indicated that G6 and G10 were the closest
genotypes to the ideal genotype and identified as the most desirable genotypes.

Conclusion: Based on the GGE biplot analyses, the G6 (Barkat x New mammoth) genotype with high seed yield
and yield satbilty across all environments. Also G9 (ILB1266), G2 (Barkat x ILB 5284) and G4 (Barkat x Giza
Blanka) genotypes had significantly higher seed yield and yield stability compared to control cv. Barakat (G11),
G12 (Feyz), G13 (Shadan) and G14 (Mahta).
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Table 1. Geographical coordinates and climatic information of the experiment sites
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Altitude PSS LIRS rainfall rainfall Average annual

Location o (m) Latitude  longitude  2016-2017 (mm)  2017-2018 (mm) temperature (°C)
Gorgan Rty 5 36°54'N  54°25'E 420 480 18.6
Dezful Jsss 83 32°20°'N  48°30°E 275 310 231
Broujerd s~s, 1520 33%89°'N  48°76'E 340 390 14.6
Iranshahr sl 591 27°15'N  60°40'E 104 121 26.5
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Table 2. Name, code, origin and pedigree of faba bean genotypes used in the experiment

MWk sl 55 ot HEH o
Faba bean genotypes Entry name Origin Pedigree

Gl G-Faba-515 Gorgan BarkatxILB 1814
G2 G-Faba-522 Gorgan BarkatxILB 5284
G3 G-Faba-523 Gorgan BarkatxILB 4720
G4 G-Faba-521 Gorgan BarkatxGiza Blanka
G5 Giza 717 ICARDA 503/453/83x1LB938
G6 3111IN Gorgan BarkatxNew mammoth
G7 Flip11-090-FB ICARDA F8/7119/06/HBP/DS0/2000
G8 Flip12-027 ICARDA Fam.54-A
G9 Aquadolce ICARDA ILB1266
G10 line 1/46 ICARDA HBP/SOE/99

G11 (check) Barekat Gorgan ILB1269

G12 (check) Feyz Gorgan ILB3621

G13 (check) Shadan Gorgan Latt338/08

G14 (check) Mahta Gorgan WRB2-5
G15 ILB365 ICARDA Rebaya 40
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Table 3. Analysis of variance and mean comparison of seed yield (kg.ha) of faba bean genotypes at eight environments

i e dsl Lams £33 Lo p o Lo poler Lo ey Lms b Lo e s Lo
SOV El E2 E3 E4 E5 E6 E7 E8
MSG S5 Slae o Sle  1019451.2%*  199343.6*%*  817827.6**  1342919.7**  1197845.9**  180227.8** 952941.0** 1567388.2**
MSE ot Slay o 5K Le 32823 11111 16827 20365 17714 12527 19001 15284
CV (%) [ 5.7 7.09 6.09 6.72 3.83 7.55 5.67 6.09
Faba bean genotypes L e 53
Gl 2853 1693 2240 2064 3747 1593 2769 2270
G2 3296 1544 2425 2222 3686 1920 2578 2193
G3 3107 1483 2113 2204 4462 1702 2317 1885
G4 3037 1888 2098 2253 3985 1648 2605 2442
G5 2720 1747 1872 1914 2618 1744 2001 1956
G6 3363 1357 3124 3247 3905 1673 3323 3250
G7 3097 1669 2509 3083 2701 1865 2938 2992
G8 2835 1394 2007 3073 3041 1590 2441 2798
G9 3294 1606 3038 2250 3284 1578 3136 2229
G10 4153 1418 2221 2397 4235 1585 2832 2878
G1l1 3122 1265 1712 1134 3297 1231 1571 1210
G12 4209 1843 1611 2025 4030 1343 1991 1919
G13 3695 1203 1549 1274 3662 1307 2081 1253
G14 3085 1171 2218 1587 3146 1212 2542 1497
G15 1786 1016 1192 1108 2277 1105 1288 1367
Mean Sl 3177 1487 2129 2123 3472 1540 2428 2127
LSDo.0s I3 gxe oMl [l 303.1 176.3 216.9 238.6 222.6 194.5 230.5 216.9
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