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Graphical Analysis of Seed Yield Stability of Low Tannin Faba Bean
(Vicia faba L.) Genotypes Using GGE Biplot Method
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Table 1. Code, name, origin and pedigree of studied faba bean genotypes

G5 el TSy <S55 b o e slise
Genotype no.  Genotype code  Genotype name Pedigree Origin
G1 G-Faba-256 S 2008,033 WRB 2-7 x Giza blanca ICARDA
G2 G-Faba-249 S 2009,167 ILB 1266-L.28/05 x Triple while-Quality ICARDA
G3 G-Faba-433 9027-3-1-2 12TER-099-S2008, 034-3 ICARDA
G4 G-Faba-504 7069-1-4-2 Icarus x WRB 1-5 Gorgan
G5 G-faba-100 WRB 1-5 White flower x ILB1270-BC ICARDA
G6 G-Faba-479 7048-1-3-7-1 Leofrontu x WRB 1-5 Gorgan
G7 G-Faba-531 5005-2-3-1-2 ILB3554 x WRB1-5 Gorgan
G8 G-Faba-650 6058-1-1-6 ILB1266 x ZV1269-1509-39 Gorgan
G9 G-Faba-377 9008-2-2-2 12TER-009/12-02010,48-1 ICARDA
G10 G-faba-247 S2008-96 R. Blanka (ILB 1270) x WRB 1-4 ICARDA
Gl1 G-Faba-471 7030-2-7-1-1 FLIP03-34FB x WRB 1-5 Gorgan
G12 G-faba-95 Mahta (check) White flower x ILB1270-BC ICARDA

u:"'.’.l‘“JT 6‘;’" Jaua LgLAoKI..«.i\ M‘ 9 t.é'i‘)'k 9 uT Sl cd._"Lﬂ.e‘jaa- Olaides =Y d}.l:-
Table 2. Geographical coordinates, weather and climatic information of the field

experiment stations

Li):da.a)'lcu:)\ (j:.ad\:a);-\ijlg dl:JL»L_gLa:J_ill:a
() P Jsb Rainfall (mm) (31 Kl aom )
Altitude above Ul s IR Mean annual
Location o sea level (m) Latitude  Longitude 2021-22 2022-23  temperature (°C)
Gorgan KF 5 36°54'N  54°25'E 420 480 18.6
Dezful Jss 83 32°20'N  48°30°E 275 310 231
Broujerd Spp 1520 33°89'N  48°76'E 340 390 14.6
Iranshahr ) 501 27°15N  60°40°E 104 121 26.5
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Table 3. Combined analysis of variance for seed yield of faba bean genotypes in four locations and two years

Mean squares Sl Sl

‘_g:\)le-); ke OMe Jsb @ g 5o OMe sl DM s il sluw &y do 08 4l s Slase

S.0.V. Sl ok pie Plant%elgh Pod lenght Pod no. plant? Seed n. pod? 100 seed weight  Seed yield
Location (L) R 3 10510.42™ 76.76™ 2853.91™ 15.54™ 11957.24™ 289730899.6™
Year (Y) Ju 1 467417 240 1103.32™ 0.10 1148.00™ 9050.7"
LxY Oex Jl 3 559.91™  7.24™ 331577 0.06 591.18™ 8757347.9™
Error 1 Yol 16 3874.00 0.61 2.87 0.14 9.12 95223.6
Genotype (G) sy 11 469.64™ 61.51™  276.50" 3.00™ 1982.50™ 2251333.2"
LxG O x g 33 520.79"  7.24™  124.40™ 1.60™ 471.89™ 2061824.7"
Y xG Jux s 11 54,52  0.95 24.68™ 0.13 90.31™ 628265.1"
LXYXxG o&xJluxcss; 33 2376.00 0.94 10.90™ 0.16™ 45.79™ 396341.5™
Error 2 Y s 176 18.28 0.70 3.47 0.06 12.05 86702.0

and **: Significant at the 5% and 1% probability levels, respectively. 53 65 5 o ys iy e o 53 ls as o e weyt

Wby sls i 5 415 3 ,Shas 5 ailsdts O35 c0ME 3 ails sluws ol 53 C3Me sl ol gl !y Sbe 4 lae —F J sl
Table 4. Mean comparison for plant height, pods plant™, 100 seed weight and seed yield of faba been genotypes

) oled Gro sl) ol sliyl (e le) e Jsb olE j5 OMe slaw e s 4ils sl Qs Ao 059 O 53 8 S) wls 5 Shes
Genotype no.  Plant height (€m)  Pod length (cm)  Pod no. plant®  Seed no. pod™ 100 seed weight (g) Seed yield (kg ha)
Gl 95.20e 12.40ef 16.22c 3.28fg 118.62e 2890.5de
G2 95.88de 12.09ef 17.77b 3.44ef 121.95e 3005.9cde
G3 101.06¢ 11.92f 18.94b 4.07b 130.36d 3374.5b
G4 99.63cd 13.50d 14.75de 4.09b 134.71c 3568.3a
G5 92.77e 14.67b 14.71de 3.71cd 129.20d 2832.9cde
G6 99.51cd 16.09a 12.87f 4.50a 138.12b 3365.1b
G7 98.89cd 16.05a 11.22g 3.84c 145.62a 3274.4hc
G8 101.27cd 13.03d 13.49cd 3.58cd 131.47d 2886.0bcde
G9 99.75cd 15.90a 14.92cde 3.62d 137.55bc 3266.9¢
G10 101.68e 12.52¢ 17.71b 3.329 121.82e 3576.9a
G11 104.25b 14.14c 13.98ef 3.57de 130.90d 3108.4bcde
G12 109.89a 12.39¢ef 23.89a 3.64cd 113.96f 2850.9e

1 I3 e gl Aoy ety Jlaz! ela 53 Sl (ol el dim O 93T _wbal s didly o &5 2t o 0K Jildm (6113 48T 00 g a3 ¢ ol S0l
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability levlel-using Duncan’s Multiple Range Test.
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Fig. 1. Polygon view of the GGE-biplot based on seed yield data of faba bean genotypes

across eight environments
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El: Gorgan-2022, E2: Iranshahr -2022, E3: Dezful -2022, E4: Broujerd -2022; E5: Gorgan-2023, EG6:

Iranshahr -2023, E7: Dezful -2023, E8: Broujerd -2023
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ABSTRACT
Sheikh, F., Miri, Kh., Sekhavat, R., Asteraki, H. and Feyzbakhsh, M. T. 2024. Graphical analysis of
seed yield stability of low tannin faba bean (Vicia faba L.) Genotypes Using GGE biplot method, Seed and
Plant, 40, pp.271-293 (in Persian).

Faba bean (Vicia faba L.) is an important nitrogen-fixing crop with significant benefits for
soil health, sustainability, and crop rotation. One of the most important quality-determining
traits in faba bean cultivars is their tannin content. To study the magnitude of G x E interaction,
to identify faba bean genotypes with high seed yield with yield stability, and wide adaption to
specific to target environment(s), 12 low tannin faba bean genotypes were evaluated using
randomized complete bloch design waqith three replications at four agricultural research field
stations, Gorgan, Dezful, Broujerd and Iranshahr, in two cropping seasons (2021-22 and
2022-23). Faba bean genotypes were evaluated using multiple traits and genotype x trait
interactions. Combined analysis of variance revealed that simple, double, and triple interaction
effects of genotypex yearx location was significant (p< 0.01) on seed yield. GGE biplot analysis
showed that the PC1 (26.4%) and PC2 (34.5%) explained 60.9% of the total variation for seed
yield. Adapted faba bean genotypes were determined for each mega-environment.
Furthermore, Dezful environment demonstrated excellent differentiation ability. Results of the
GGE biplot and genotype x trait (GT) biplot indicated that G3 (12TER-099-S2008,034-3), G4
(Icarus x WRBL1-5), G6 (Leofrontu x WRB1-5) and G10 (ILB1270 x WRB1-4) genotypes
with high seed yield and yield stability can be considered for being released as new cultivar
release for target environments.

Keywords: Faba bean, genotype xenvironment interaction, genotype x trait interaction,
ideal genotype, seed yield.
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Introduction

Faba bean (Vicia faba L.) is an important nitrogen-fixing crop with significant benefits
for crop rotation. However, their market value depends on their tannin content (Sheikh et
al., 2023). The presence of low-tannin or zero-tannin genotypes in the faba bean gene
pool has provided suitable conditions for the introduction of low-tannin cultivars in Iran.
Faba bean as a cost-effective protein source can be considered as a substitute for soybean
(arich source of amino acids) and corn (a major energy supplier) in feeding livestock and
poultry (Angell et al., 2016). One of the major limitations of traditional faba bean varieties
for feeding poultry is high tannin content. Considering the importance of using faba bean
in poultry diet and diverse climatic conditions of Iran, relying on one or two limited
cultivars would not be sufficient. The aim of this study was to compare different low
tannin faba bean genotypes for several traits and analyze the correlation between their
different traits as well as to select the superior genotypes based on the combination of
agronomic traits and seed yield using biplot GGE and GT biplot methods. The GGE In
recent years, biplot analysis has evolved into an important technique in crop improvement
and agricultural research (Rezene et al., 2019).

Materials and Methods

To understand the magnitude genotype % environment interactions and to compare
genotypes performance over growing seasons and locations, 12 low tannin genotypes To
study the magnitude of G x E interactions, and to identify faba bean genotypes with high
seed yield with yield stability, wide and specific adaptibilty to target environment(s), 12
low tannin faba bean genotypes were evaluated using randomized complete bloch design
with three replications at four agricultural research field stations, Gorgan, Dezful,
Broujerd and Iranshahr, in two cropping seasons (2021-22 and 2022-23). Faba bean
genotypes were evaluated using multiple traits and genotype x trait (GT) interactions.
Plant height, pod no. plant, seed no. pod?, pod no. plant?, 100 seed weight (100SW),
and seed yield were measured. Combined analysis of variance was performed were
analyzed using SAS software. The Duncan’s multiple range test, at the 5% probability
level, was used for mean comparison. GGE-biplot was employed to analyze G x E
interaction (GE) and assessment of yield stability of faba bean genotypes. The GT biplot
method was used to show the genotype x trait interactions. All biplots presented in this
study were generated using the GGE biplot software package.

Results and Discussion

Combined analysis of variance indicated significant (p< 0.01) differences among
genotypes for all traits. The analysis also demonstrated that the test environments,
genotype, and GE interaction significantly contributed by 49.4%, 22.6%, and 22.7% of
the total variation of seed yield, respectively. When the expression of the genetic potential
of the genotype is influenced by the environmental factors, screening of genotypes with
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high yield and higher yield stability is a very important breeding strategy (Sheikh et al.,
203). The yield stability was assessed using the GGE biplot method across two growing
season and four locations (eight environments). The determination of seed yield stability
of genotypes enables breeders for cultivar selection and recommendations despite the
variable environmental conditions (Yan et al., 2007). GGE biplot analysis revealed that
the PC1 and PC2 explained 60.9% of the total variation of seed yield. Based on polygon
view of biplot adapted genotypes were determined for each mega-environment (Rezene
etal., 2019).

In Gorgan and Broujerd, G6 (Leofrontu x WRB 1-5) and G4 (Icarus x WRB 1-5)
genotypes were adapted. The GT biplot showed that PC1 (52.2%) and PC2 (22%)
explained 74.2% of total variation of the standardized data. The biplot vector view
indicated that there was a strong positive correlation between seed yield and plant height,
pods no. plant, seed no. pod, and 100 seed weight. Therefore, these traits can be used
as selection criteria for improving of seed yield in faba bean breeding programs. Results
of the GGE biplot and genotype x trait (GT) biplot indicated that G3 (12TER-099-
S2008,034-3), G4 (Icarus x WRB1-5), G6 (Leofrontu x WRB1-5) and G10 (ILB1270 x
WRB1-4) genotypes with high seed yield and yield stability can be considered for being
released as new cultivar for target environments.
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