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Introduction

Given the projected population of nine billion by the year 2050, and despite the increase in crop yields, concerns about
food security still remain. Among various agricultural crops, legumes play a significant role in providing human food.
These plants have high nutritional value and are the most important food source rich in protein (11 to 32 percent)
(Schoonhoven & Voysest, 1991). An appropriate combination of legume proteins with cereals can alleviate malnutrition
and amino acid deficiencies.

Materials and Methods

To regenerate and evaluate certain traits of the accessions in the bean (Phaseolus vulgaris L.) collection of the Khomein
Bean Research and Education Center, an experiment was conducted over three years. A total of 720 bean accessions of
pinto, red, and white types from the Khomein bean collection were planted using an augmented design. The number of
blocks varied each year depending on the number of planted accessions: in the first year, the accessions were planted in
19 blocks; in the second year, in 14 blocks; and in the third year, in 12 experimental blocks. Each spring, after land
preparation, furrows and ridges were created at 50-cm intervals, and the seeds of each genotype were planted on two rows
of two meters. Plant spacing within the rows was set at 50 cm, and one unplanted row was considered between each
experimental plot. To determine block uniformity during data analysis, three check varieties were used: the pinto bean
cultivar ‘Kousha’, the red bean ‘Ofogh’, and the white bean ‘Dorsa’. All required agronomic practices—including
irrigation, weed control, pest and disease management were applied uniformly across all blocks. Data were recorded for
days to maturity, plant type, yield, and hundred-seed weight. Lines with a visual damage scale of less than 2.5 were
considered resistant; those rated 2.5-3.7 as moderately resistant; 3.7-4.6 as moderately susceptible; and 4.6-6 as
susceptible. For quantitative traits, descriptive statistics, including arithmetic mean, dispersion, range, variance, standard
deviation, and coefficient of variation were estimated. Excel and SPSS software were used for data recording, analysis of
variance, and chart preparation.

Results and Discussion

The results showed that the genotypes under study exhibited variation for the measured traits. The greatest amount of
variation observed during the three years was related to grain yield, followed by hundred-seed weight. One of the main
objectives of establishing gene banks and collections is the conservation of plant genetic resources and the utilization of
storable materials in breeding programs through the use of their desirable genes to increase production, either directly or
indirectly, under various biotic and abiotic stresses. For selecting desirable bean accessions, traits such as yield, earliness,
marketability, and plant growth habit are of great importance. Based on the seed yield and maturity period of the genotypes
over the three years of the experiment, a biplot of these two traits was used (Figures 1 to 3), and the accessions with
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above-average yield and early maturity were selected. The characteristics of the selected genotypes for each year are
presented in Tables 8 to 10. The greatest amount of variation in common bean has been reported for number of pods per
plant, yield, and hundred-seed weight, and this variation contributes the most to the development of high-yielding
cultivars. In addition, pod number per plant has high heritability, and this trait is influenced by factors such as the number
and size of leaves on the plant. Because of its positive correlation with yield, it should be considered a key criterion when
selecting high-yielding plants (Dargahi et al., 2008). Similarly, Ashtari et al. (2020), in their evaluation of the tolerance
of several promising bean lines to the two-spotted spider mite under greenhouse and field conditions, concluded that the
Dadfar cultivar and line 31286 exhibited higher resistance indices compared with the other genotypes, and they
recommended these genotypes for cultivation in the region. These findings indicate that it is possible to identify mite-
tolerant genotypes within bean populations, and that this trait can be utilized to reduce dependence on chemical pesticides.

Conclusions

Based on the results obtained from this project during the restoration and evaluation of part of the accessions in the bean
collection of the Khomein Bean Research and Education Campus, a total of 64 accessions with above-average yield and
early maturity were selected over the three years of the project. These selected accessions will undergo further detailed
evaluations.
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Table 1— Analysis of variance results for block uniformity for the evaluated traits bean genotypes in 2021-2023
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Table 2— Descriptive statistics of the evaluated traits bean genotypes in 2021
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Table 5- Frequency percentage of plant type bean genotypes over the three years of the experiment
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Table 6. Results of factor analysis in bean genotypes for genotype traits
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Table 7. Characteristics of clusters in bean genotypes

) s Y Suwds Y s
o Cluster 1 Cluster 2 Cluster 3
Traits il B Sl o FeSle Bl g 5 0nSle I e
Deviation of total Deviation of total Deviation of total
Mean Mean Mean
average average average
e U)'”_ 90.14 -1.8 91.7 -0.01 92.9 1.2
Days to maturity
©o o 2.4 195 15 -25 2.4 20
Plant type
(%) 4151+ - 0 28.6 -14.3 36.4 8.9 355 6.38
100-seed weight (g)
(03 2 p5) abofles o) o 95 525.1 -1.39 912 713
Seed yield (g.plot™)
Ly scuisij 40 badigd Olaswin -V Joua aoldl
Continuation of Table 7. Characteristics of clusters in bean genotypes
¥ yls O s 5 s
o Cluster 4 Cluster 5 Cluster 6
Traits Sile IS oSSl 51 Gl ol Sile JS (eSle I Byl Sile JS oSle 1 Gyl
Deviation of total Deviation of total Deviation of total
Mean Mean Mean
average average average
e b
) 5y 100.4 9.4 110.1 19.9 96.6 5.2
Days to maturity
Oy o 2.7 35 2.4 20 2.3 15
Plant type
(p5) >3- g 51.7 54.7 39.9 195 30.3 -10.2
100-seed weight ()
(03 2p5) wboslesyeg e -13.9 11535 116.6 2379 346.7

Seed yield (g.plot™)
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Figure 1- Biplot of yield and days to maturity in 2021
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Table 8- Characteristics of selected bean genotypes, in 2021

5 lod &S O les whde o oS s Sy Yoo 038 &13 >, Sl &y

R e &1 93 (5,6 Genotype  “% (o) (eS) ey (eW 3eS) Ly
Row Genotype  Two-spotted spider code Plant Maturity  100-seed Seed yield Bean
No mite damage scale type (days) weight (g) (g.plot™) type

1 56 3 KS31147 1 84 50.8 575 s
Red

2 132 3 KS31119 2 82 26 482 s
Red

3 162 2 KS31110 2 89 28.4 566 s
Red

4 175 4 KS31103 3 84 308 710 s
Red

5 185 4 KS21275 1 87 31.4 599 i
Pinto

6 192 4 KS31114 2 87 25.6 530 »or
Red

7 209 4 KS21270 1 80 29 560 i
Pinto

8 218 3 KS940008 3 86 255 510 s
White

9 224 2 KS940082 3 89 28 592 s
White

10 229 3 KS31233 3 86 26.4 503 s
Red

11 242 4 KS21203 1 86 44 580 o
Pinto

12 246 3 KS21182 3 89 50 510 o
Pinto

13 252 4 KS21233 2 84 34 510 o
Pinto

14 255 3 KS21219 2 87 47 550 i
Pinto

15 259 4 KS21218 3 85 454 520 o
Pinto

16 264 4 KS21212 1 89 32 690 i
Pinto

17 266 4 KS21211 1 85 44 745 i
Pinto

18 268 2 KS31236 2 86 24.5 530 s
Red

19 271 4 KS21214 3 89 44.8 860 i
Pinto

20 280 3 KS31224 2 87 24 520 s
Red

21 306 4 KS21223 2 89 32.8 540 i
Pinto

22 312 3 KS940004 3 89 36.8 780 S
White

23 366 5 KS21188 1 89 38 1130 i

Pinto
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Table 9- Characteristics of selected bean genotypes, in 2022

5 lod S O ylws wlido VS e Sy Yer 039 4l 5 Sdos

3 o SIS 92 o, Genotype  Plant (3,) (pS) &ils (M 2 08) &S
Row  Genotype Tvs:o-spotted spider code type Maturity 10.0-seed Seed yield  Bean type
No. mite damage scale (days) weight (g) (g.plot™)

1 21 3 KS31268 2 81 35.6 815 7
Red
2 61 3 KS21126 3 89 36.8 830 =2
Pinto

3 66 3 KS41122 3 89 352 1000 White i
4 71 4 KS31252 2 82 23.6 850 7
Red
5 84 3 KS31155 2 81 23.4 470 7
Red
6 93 4 KS21112 3 88 4222 920 =2
Pinto
7 134 3 KS31303 3 85 27.8 1000 7
Red
8 142 2 KS31297 2 80 27.4 1050 7
Red
9 155 2 KS31287 2 80 36.7 900 >
Red
10 164 4 KS31275 2 78 20 940 7
Red
11 168 3 KS31294 3 83 28.7 1355 >
Red
12 174 4 KS31289 3 80 25.6 1000 >
Red
13 185 3 KS31310 2 88 26.2 1000 7
Red
14 191 4 KS31298 2 84 29.8 1165 ;"fds

e

15 197 3 KS41147 2 87 326 790 White s

16 204 4 KS31288 1 76 29.2 800 ;"fds
e

17 206 2 KS41142 1 81 34.4 870 White i
18 209 3 KS21408 1 84 29.5 795 =7
Pinto
19 219 3 KS21381 1 82 415 805 =7
Pinto
20 228 3 KS21395 2 88 438 1050 =7
Pinto
21 234 5 KS21376 2 81 372 865 =7
Pinto
22 235 4 KS31295 1 80 273 1175 7
Red
23 254 3 KS31305 2 86 24.8 840 >
Red
24 279 3 KS31293 3 88 256 1140 7

Red
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Table 10— Characteristics of selected bean genotypes, in 2023

8 ylowd &S Oyl wlido g5 S g Yoo o9 4l 5 ,Sdos &9
oy e (3,) (@5)ails (M ppp5) g
Row Genotype Two-spotted spider code Plant  Maturity 100-seed Seed yield Bean

No. mite damage scale type (days) weight (g) (g plot™) type

1 5 4 KS21440 1 87 36 630 i
Pinto

2 30 2 KS21447 1 84 36.8 640 i
Pinto

3 33 4 KS31354 1 88 22 670 s
Red

4 52 3 KS31345 1 86 21 850 s
Red

5 53 3 KS21449 1 89 40.7 660 i
Pinto

6 85 3 KS41249 2 88 28.4 600 oo
White

7 89 3 KS31242 2 87 26.8 1100 s
Red

8 94 2 KS41247 2 88 36.8 900 oo
White

9 97 3 KS31330 1 85 22.8 1000 s
Red

10 107 2 KS31337 3 85 34.6 680 s
Red

11 109 3 KS31331 2 88 27 600 s
Red

12 111 2 KS21457 2 85 446 850 il
Pinto

13 120 3 KS41246 1 89 43 900 e
White

14 121 2 KS31327 2 87 23.6 650 s
Red

15 129 2 KS41251 2 89 32.2 820 s
White

16 143 3 KS41256 2 88 25.6 800 S
White
17 146 3 KS41237 2 87 35 700 S
White
2 gy 55 &S ¢l (Schoonhoven & Voysest, 1991) Co
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Introduction

Despite having a high potential for paddy fields in Northern provinces, unfortunately, most of these paddy fields are left
unused for about 7 months after rice (Oryza sativa L.) harvesting. The presence of fertile soils, a long growing season,
and favorable environmental conditions between rice harvest and planting the following year make these paddy fields
well suited for cultivating a second crop. Faba bean (Vicia faba L.) is one of the most important legumes that is adapted
to the climatic conditions in most Northern regions of Iran. Given the large areas of paddy fields in the North of Iran,
utilizing these areas for faba bean cultivation after rice harvesting can be an effective strategy for increase land
productivity, sustainable rice production, higher paddy farmers' income, achieving self-sufficiency and ensuring food
security. Among legumes, faba bean has one of the highest rates of biological nitrogen fixation, improving soil fertility
by leaving residual nitrogen benefitting subsequent crops. The use of suitable varieties can play an important role in
developmentand sustainability of faba bean cultivationin paddy fields. Therefore, the main objective of the present study
was to examine the yield and economic indices of different faba bean genotypes as a second crop in rotation after rice.

Materials and Methods

This study was conducted based on a randomized complete block design with three replications at the research fields of
Rice Research Institute of Iran in Rasht during two cropping seasons of 2023-2024 and 2024-2025. The experimental
treatments included four varieties (Feyz, Barkat, Shadan and Mahta) and two promising lines of faba bean (332 and
WRB1-5). In this study, traits such as number of pods, number of seeds per pod, 100-seed weight, green pod yield, grain
yield, biological yield, harvest index and protein yield were evaluated. Additionally, gross and net profit, percent of sale
return, and benefit-cost ratio, were assessed to evaluate economic indices. The protein content of samples was determined
by the Kjeldahl method. After measurement of the sample total nitrogen by applying factor 6.25, the seed protein content
was measured. Data was analyzed using SAS 9.2 and mean comparisons were done by least significant difference (LSD)
test at the 5% probability level.

Results and Discussion

The results of combined analysis of variance revealed that genotype had significant effect on all studied traits. Mean
comparison showed that the second year of the experiment had higher green pod yield (24518 kg.ha™), grain yield (5060
kg.ha?) and protein yield (1535 kg.ha*) compared to the first year. Between faba bean genotypes, the highest green pod
yield with an average of 28883 and 27217 kg.ha* and the highest grain yield with an average of 6025 and 5653 kg.ha™,
respectively, were obtained from Feyz and Barkat varieties. The Shadan variety was also in the next position. The lowest
green pod yield (17181 kg.ha) and grain yield (3662 kg.ha) was obtained in Mahta variety. The highest biological yield
(18368 kg.ha) and harvest index (32.8%) was related to the Feyz variety. The Mehta variety also had the lowest
biological yield (11996 kg.ha') and harvest index (29.1%). Among the genotypes of faba bean, Mahta variety had higher
protein content (32.1%). The highest and lowest protein yield was obtained in Feyz variety (1703 kg.ha*) and line WRB1-
5 (1016 kg.hat), respectively. Based on the results of stepwise regression analysis, biological yield, pods per plant, green
pod yield and seeds per pod were entered into the regression model, respectively, and explained 95% of the variation in
grain yield. The analysis of the economic indices showed that the Feyz variety ranked first in terms of gross and net
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profits with 3012500 and 2554650 thousand rials/ha, respectively. Barkat and Shadan varieties were also ranked next.
Mahta variety had the lowest gross (1464800 thousand.rials ha?) and net profits (1043450 thousand rials.ha) among
genotypes of faba bean. Feyz, Barkat and Shadan varieties with percent of sale return and benefit-cost ratio (84.8 and
6.6), (83.6 and 6.1) and (79.7 and 4.9) were ranked first to third, respectively. The lowest amount of percent of sale return
and benefit-cost ratio (71.2 and 3.5, respectively) were assigned to Mahta variety.

Conclusions

Based on the results of this study, the Feyz, Barkat, and Shadan cultivars are recommended, in that order, for faba bean
cultivation as a second crop in the paddy fields of Guilan province due to their superior yield performance and greater
economic returns. These findings indicate that integrating faba bean into rice-based cropping systems has the potential to
enhance farmers' income while promoting the sustainability of rice production.

Keywords: Grain yield, Legumes, Net profit, Paddy field, Protein yield
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Table 2- Combined variance analysis for different traits of faba bean genotypes in the 2023-2025
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< Jlo IS5
Y xR 2 5.86 0.44 56.09 526302 157075 517131 0.47 14774 2.45
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w595
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Table 3- Mean comparison for different traits of faba bean genotypes in the 2023-2025
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plant (kg.hat (kg.ha™t (kg.hah content (%) (kg.ha?) (%)
Jle
Year
sl Jo 17.25* 227725 45840 14931° 30.1° 13540 30.4°
First year
P> Jbo 19.32 245182 50602 158482 30.32 15352 31.82
Second year
)
Genotype
Sy 24.32 272178 56532 173302 29.9« 16912 32.62
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FL;M 22.1% 288837 60252 183682 30.50¢ 17032 32.82
eyz
obls 17.8v° 23723 48410 15687t 31.1° 13720 30.8®
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.
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Figure 2- Mean comparison for seeds per pod of different faba bean genotypes in the 2023-2025
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Figure 3- Mean comparison for 100-seed weight of different faba bean genotypes in the 2023-2025
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Table 4- Pearsons simple correlation coefficients between different traits of faba bean genotypes
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plant per pod weight pod yield yield yield content yield index
gy > A slaw 1
Pods per plant
GMe 3 &l olaa 0.45" 1
Seeds per pod '
b o 058"  0.45° 1
100-seed weight
potheaSles g 2w 9oz 063" 1
Green pod yield
b 2,Slee 080~ 087" 081" 092" 1
Grain yield
Sigemoflesggge ges™ 054 003" 0.86” 1
Biological yield
L’W”’ ol 0.26™ -0.12m -0.08" -0.14" -0.01" -0.10m 1
Protein content
u”’)) > . 0.62™ 0.70™ 0.46" 0.84™ 0.94™ 0.70™ 0.19m™ 1
Protein yield
Caihy pasld 0.58™ 0.49" 0.52™ 0.54™ 0.74™ 0.45" 0.21™ 0.54™ 1

Harvest index

203 K g guy Jlein] pdaw 3 Iy pme i s g % g I dae NS
ns, * and **: non-significant and significant at 5% and 1% probability levels, respectively
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Table 5- Stepwise regression analysis for grain yield and other characteristics in faba bean genotypes
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Step Traits Standard error  Regression coefficients R?
1 S 3,Skes 0.02 0.96 441.98” 0.75
Biological yield
2 Wor > A e 1.83 0.40 103.20™ 0.86
Pods per plant
3 o B 3o 0.6 0.72 173.95" 0.94
Green pod yield
4 GME > &y olaw 4.44 0.61 89.52™ 0.95

Seeds per pod

2oy K Jlain] gdanw )5 o gime e
**: significant at 1% probability level
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Table 6- Production costs of different faba bean genotypes (thousand rials.ha™)

Sy 2

oi S b ohle (") YYY oY WRB1-5 ¥
Production Barkat Feyz Shadan Mahta Line 332 Line WRB1-5

costs

0e) 03! 125000 125000 125000 125000 125000 125000
Land rent
O d)'LchLe]

Land 60000 60000 60000 60000 60000 60000
preparation

IlMJL:‘J 106500 101500 87500 70500 87500 70500

nputs

WK 65500 65500 63000 60000 63000 60000
Planting

Wb 52850 52850 52850 52850 52850 52850
Growing

Q‘:’bf{ 53000 53000 53000 53000 53000 53000
Harvesting

S 460850 457850 441350 421350 441350 421350

Total costs
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Figure 4- Values of net and gross profits of faba bean genotypes production in the 2023-2025
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Figure 5- The percent of sale return of faba bean genotypes production in the 2023-2025
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Figure 6- The benefit-cost ratio of faba bean genotypes production in the 2023-2025
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Introduction

In bean (Phaseolus vulgaris L.) breeding programs, the ultimate goal of researchers is to produce varieties with high yield
potential to increase production in different environments. Due to the differences in the adaptability of genotypes in
different environments, the yield of genotypes fluctuates in different environments, which is known as the genotype x
environment interaction (GEI) and is the result of the different phenotypic responses of genotypes to environmental
changes. It is of particular importance to understand the type and nature of the interaction and to obtain the figures that
show the least reaction to the interaction. To account for GEI, breeders evaluate genotypes in multiple environments to
identify genotypes with high yield and stability and genotypes that have a non-significant GEI are considered stable
genotypes. There are various methods, such as parametric and nonparametric methods, to evaluate interaction effects but
the best result is achieved when a genotype shows similar results of stability with different evaluation methods. Therefore,
identifying and developing stable, high-yielding cultivars that perform consistently across diverse environmental
conditionsis a major objective of pinto bean breeding programs. To this end, the present study evaluated the yield stability
of 13 pinto bean genotypes across multiple environments using multivariate stability analysis.

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 of squares 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 and Disussion

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 effectsand 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 significantand together explained nearly 100% of the variation in the genotype x environment interaction. The first
and second principal components explained nearly 76% of the sum of squares of the GEI. Genotypes G11, G9 and G6
had the lowest values of the IPCA1, and among them, only genotype G9 had a yield higher than the average total yield,
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which was introduced as a stable genotype with high general adaptability to all environments. Genotypes G8, G6, and
G11 had the lowest values of the second principal component of IPCAZ2; therefore, considering the yield, genotype G6
can also be introduced as a stable genotype in all environments. AMMI2 biplot showed compatibility of genotype G12
with Shahl and Zan2, genotypes G2, G3 and G4 with Borol, genotypes G9 and G13 with Khom1 and Khom2 and
genotypes G1 and G8 with Boro2 environments. Based on the simultaneous selection criterion based on average grain
yield and WAASB stability index, genotypes G7, G9, G8, G6, G1 and G3 with the highest WAASBY value were stable
genotypes with high grain yield. Based on the biplot of grain yield versus weighted average absolute scores (WAASB),
genotypes G7, G8, and G9 located in the fourth quartile had higher yields than the average yield of genotypes and were
more stable than other genotypes. Finally, based on equal importance for yield and stability, G11 and G4 are stable and
low-yielding genotypes, G6, G7, G8 and G9 are stable and high-yielding genotypes, G1, G3 and G5 are unstable and
high-yielding genotypes, and finally G10, G12, G13, G20 and G2 are unstable and high-yielding genotypes.

Conclusions

Because the WAASBY index incorporates mixed-model analysis and all relevant components of genotype performance,
it appears to provide a more comprehensive assessment of genotype stability and adaptability than the other indices
evaluated. Based on the WAASBY index, genotypes G9, G7, G8, and G6 were ranked first through fourth, respectively,
and were identified as the most promising genotypes.

Keywords: AMMI Analysis, Mixture model, Yield stability index
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Table 1- Code and list of evaluated pinto bean genotypes
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Table 2- Meteorological statistics of the Zanjan, Borojerd, Khomein and Shahrekord stations in the two crop years studied

17 43-9179A I1FAR-YFee
2020-2021 2021-2022
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J)??){ 0 10.2 36.6 23.2 5.3 9 41.4 23.6
Borojerd
ol 6.9 8.1 29.4 18.7 12.4 9.0 30.8 30.8
4, 2 Zanjan
a2 S .
"» 0 16.5 31 24,7 8.5 17.3 32.6 25.9
Khomein
25 e 0 9.8 30.9 20.3 0.8 11 325 21.7
Shahre Kord
J)??‘H 0 12.8 38.8 26 0 12.6 41 27.2
Borojerd
Ob’f}j 5.2 13.5 27.9 20.7 6.7 12.6 33.5 17.0
% > Zanjan
3 s
"'“9 0 19.1 32.9 26.8 0 20.5 34.9 28.6
Khomein
25 5 0.3 13.5 32.2 22.8 0.1 14.5 34.2 24.3
Shahre Kord
J)??ﬁ 0 12.6 40.4 27.1 0 13.8 41.6 27.3
Borojerd
7} o 6.4 14.3 27.9 21.8 36.9 14.0 30.9 22.4
53 Zanjan
- S L
< W 0 20.4 35.1 28.3 0 20.5 33.9 28.1
Khomein
25 e 0.2 14.8 35.2 25 0.1 14.9 33.1 24
Shahre Kord
2R 0 10 36 235 0 7.4 38 24.2
Borojerd
. g Ol"?} 0.0 8.7 28.6 18.7 0.2 8.4 30.8 19.6
Y€ Zanjan
X2 .
T8 o 0 16.5 29.7 236 0 17.7 321 25.5
Khomein
25 5 0 10.3 29.8 20 0 10.8 314 21.1

Shahre Kord
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Table 3- Variance of bean experimental error in different environments along with the
Fmax Hartley and Bartlett’s tests to evaluate the uniformity of variances

Jlw Owod 3,295 oS 355 e
Year Khomein Borojerd Zanjan Shahre Kord
sl Jbs 55945.83 47991.45 96804.7 50627.46
Year 1
po Jbo 52911.86 55511.85 92694.3 52939.74
Year 2
il e 31.039™
Bartlets test
‘_;U)Lh F max 2.02[15

F max Hartley

doyd S g )3 3 ime g 43 dmepd il a4 NS
ns and **: non significant and significant at 1% probability levels, respectively

bag) Lrcadsiy ld 3, oe <8 po (il jlg 42525 -F Jgaa
Table 4- Combined analysis of variance of grain yield of bean genotypes

JovE Ly @il aryy Ol ggeme Slaypo uibe Slayyo Egoome Mo yd
S.0.V df Sum of square  Mean of squares Percentage of sum of square
Jb 1 31370956.70 31370956.70 0.12
Year
OKA
_ 3 44158208.68 14719402.89 0.17
Location
e X Jo 3 26914689.96 8971563.32™ 0.10
Year x location
) dUa.>
16 2110631.64 131914.48 0.01
Errorl
w53 12 39005923.08 3250493.59 0.15
Genotype
Jb X oy 12 9587554.43 798962.87 0.04
Genotype x year
ofSe X iy 36 64202448.53 1783401.35™ 0.25
Genotype x location
e X Jl X gy 36 26951173.08 748643.70 0.11
Genotype x year x location
Vol 102 12130253 61378.4 0.05
Error2
e ey 10.37
CV (%)

s gt 3 gl foiom i P

“and ™ Significant at 5% and 1% probability levels, respectively.
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3Skes (633l J) i o )3 sl (alssiz il 3 4
ol b (ogad )55l sy Jy 035 51008 5 (s
(Gauch s5,l> Mel jo byl oy b1y agly oy yieS oS A
LG12 g} )il 4 olsiee ol plis <& Zobel, 1997)
Lo |y G4 5 G3 G2 slagsss Zan2 5 Shahl lalae
9 Khoml lal=e L G13 4 G9 lac_ig Borol

2,5 0,L3l BOro2 s L G8 4 G1 slacusy; 9 Khom2

80 b we—w (Karimzadeh et al., 2020) l,ISen 5 03503,
OIF Lo > gy it Sl Slpes 4 g 3 1) (ool adlhe
Jite 5l a5 Jgl (Lol ailho VU pas  Jlho 55 55,5
LS el s GBS (6,500 olione g Laee 13 <
(Najafi Mirak et al., 2019; coib calles yils Guiss gols
2021)
ol adlye (ile by cute) S5 olie b slocss
Jilie 53 ings laes U oYL lite 1 l)ls (IPCAL) sl
2ol il Jlite Jl jaie 4 S5 0l gL glacas)
ol e olie g3 GB 3 GO G11 slaeais el )
G (i e gl o 9 Widg2 yio 4 K355 (IPCAL) sl
Olgisds dilgi o aS dgr S 0,Slos 1:Sks 1 5YL 0 Sloe (o)l
B bl (olod (sl Y (oges )50 bjluly syl
Shah2 slaleswe (K3 Byl (VY US89 8 Jsan) 295
s ool )3 Hlade oy iaS glyly Zanl 3 Khom2 Khoml
G 9 392 laes X s Jlie 31 5 (IPCAL) Lol adlse
Ol o ) g asdly syt 0,8es ()laly SR> lalare 4
& G (6 g 0,Slos 1 Ske Shah2 3 Khom2 dalesce
3o 051 Jgl (Lol e 5 (5 J3iz) ity S Sileo

bag) iduaml (Scigi; aild 3 Sdes (gl AMMI & 305 -0 Jgaa
Table 5- AMMI analysis for grain yield of promising bean genotypes

Oluywe ggomo doyd Olaye Egeomo (205 Moy

s gle  glilary Ol (ke
Percentage of sum  Accumulative percentage
S.0.V df Mean of squares
of square of sum of square
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
PC2 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
PC7 6 202749.29™ 1.2 100
ool 192 63174.78
Residuals
£ 395 904233.19
Total

doyd ey 9 G o )3 I3 e by K

*

“and ™*: Significant at 5% and 1% probability levels, respectively.
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Table 6- First to seventh principal components for bean genotypes

s 3,5as Joladle g3 adlie  powadlie  o)ka adlie  poy adlie el alie oiia allie
Code Yield PC1 PC2 PC3 PC4 PC5 PC6 PC7
G1 2651 -19.8 -759 -8.04 -7.02 -9.51 2.8 -455
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 76 7.59 -145 8.08 4.34 17 -5.08
G5 2270 -10.54 3.55 -20.25 -10.46 -4.58 -2.95 6.99
G6 2343 -331 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 -1.73 461 5.67 2155 -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 -10.57 491 -1.78 -5.19
Gl 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 -057
G13 2143 9.1 -13.29 7.41 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
Khom1 1995 8.46 -14.99 -3.13 5.21 9.83 -21.43 6.02
Khom?2 3073 8.43 -18.29 5.86 1471 -21.02 0.16 -9.24
Shah1 1862 31.23 17.92 -23.86 -16.02 -7.63 -0.89 -1.42
Shah2 2932 2.76 -21.71 19.12 -24.08 1.42 7.13 4.78
Zanj1 2035 9.73 2.83 171 6.27 20.29 7.11 -15.08
Zanj2 1679 13.93 13.13 5.41 1757 1.3 10.47 15.78
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Figure 1- Scatter plot of genotypes and environments tested using mean yield and IPCA1 (A) and tIPCA1 and IPCA2 (B)
based on the AMMI model
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Figure 2- Simultaneous selection criteria based on average grain yield and WAASB sustainability index for 13 bean
genotypes considering the weighting of 50:50 for yield and stability
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Introduction

Chickpea (Cicer arietinum L.) is considered as a valuable legume crop that, in addition to having high nutritional value,
is well adapted to rainfed farming conditions. Also, it is one of the most important crops in the semi-arid regions of the
world, and is widely cultivated in Iran. In 2023, chickpea cultivation area in Iran is about 423,700 hectares and its
production is estimated at more than 175,000 tons with an average yield of 413 kilograms per hectare. Developing new
cultivars with superior agronomic performance and desirable consumer traits is essential for increasing yield, improving
mechanization efficiency, and enhancing market competitiveness. The Value for Cultivation and Use (VCU) test is a
critical step in the registration and commercialization process, as it verifies that new cultivars outperform existing
commercial varieties in terms of agronomic performance and quality. The newly developed chickpea cultivar Sakar was
selected for evaluation based on its promising morphological and physiological characteristics. The aim of this study
was to investigate the agronomic performance and consumption-related characteristics of the "Sakar" cultivar in
comparison with five commercial cultivars in diverse climatic conditions of Iran.

Materials and Methods

This study was conducted during two cropping seasons in three locations: Urmia, Nagadeh, and Karaj. A Randomized
Complete Block Design (RCBD) with three replications was used to evaluate the candidate cultivar ‘Sakar’ alongside
five control cultivars. Data collection was based on the national VCU testing protocol and phenological traits, yield
components and seed quality were evaluated. Post-harvest traits such as water absorption index, seed swelling index
and cooking time were measured using standard laboratory methods. Analysis of variance (ANOVA) was performed to
assess differences among cultivars and mean comparisons were conducted using Duncan’s multiple range test at the 5%
significance level. All statistical analyses were carried out using SAS software.

Results and Discussion

The candidate cultivar ‘Sakar’ was later flowering than the other cultivars with 154.4 days to flowering. Sakars
flowering time was significantly delayed compared to the average of the other cultivars (152.7 days). ‘Sakar’cultivar
with a maturity period of 190.7 days was classified in the late-maturing cultivar group along with ‘Nosrat’ (190.2 days)
and ‘Ata’ (189.8 days). The first pod height in ‘Sakar’ (20.5 cm) was significantly higher than the mean of the other
cultivars (17.8 cm), which is considered as an advantage for ‘Sakar’ mechanical harvesting. ‘Sakar’ also showed high
branching (7.05 branches per plant), similar to ‘Ata’ (7.0) and ‘Nosrat’ (6.77). Although the number of pods per plant in
‘Sakar’ (39.4 pods) was significantly lower than the average of the improved cultivars (49.15 pods), it had the highest
number of seeds per pod (1.15) and the highest 100-seed weight of 37 g which was ranked in the highest statistical
group with 100-seed weight in Saeced (37.9 grams) and Anna (37 grams) cultivars. ‘Sakar’ also produced the highest
fresh seed weight (81.3 g) and showed a higher water absorption index (1.19%) compared to the general mean (1.12%).
Its dry seed volume (83 mL) was the highest among the cultivars. Based on the seed swelling index (2.23) and cooking
time (38.3 minutes), ‘Sakar’ was categorized as an intermediate cultivar. Overall, due to its higher first pod height and
relatively large seed size, ‘Sakar’ can serve as an efficient and promising germplasm for breeding and production
programs in regions with environmental conditions similar to the study areas.
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Conclusions

The candidate cultivar ‘Sakar’ showed impressive agronomic performance in the evaluations; higher first pod height,
adequate branching and relatively large seed size were its outstanding features. In addition, the sakar cultivar showed
favorable quality traits such as higher grain fresh weight, higher water absorption index and higher grian dry volume.
Although this cultivar was ranked at an average level in terms of grain swelling index and cooking time, the
combination of all Sakar characteristics indicates that Sakar can be used as an efficient and promising germplasm for
breeding and production programs in areas with environmental conditions similar to the experimental sites.
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Table 1- Geographical coordinates, altitude above sea level and climatic zoning in studied areas
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Table 2- Meteorological statistics of the studied areas in the growth period of chickpea in 2022-2023
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Table 3- Meteorological statistics of the studied areas in the growth period of chickpea in 2023-2024
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Table 4- Physicochemical properties of soil samples in the studied areas

s sy bl Gl dsel Ls)ﬁ (3032) JT 025 (209 I5 30,5 a;u{w)w u";u'%") oy
Studied areas  Texture pH (5% g2 (o i) OrgﬂmcC ToﬁalN (055 2 (e 59k
EC (dS.m™) (%) (%) P (mgkg!) K (mgkg!)
o wapd 740 1.8 0.65 0.06 15.2 310
Karaj Clay loam
s wapd 705 2.0 0.58 0.07 14.1 295
Urmia Clay loam
o P? 7.50 1.6 0.52 0.06 13.8 280
Nagadeh Loam

3t 2l o S 90 CensS Sl Sl it pod> Jlo 5> (S,
o yo 43939 3 3 b g gy 45) (sl paelae ama Lalyd
04 g drag)l g (0 50L55S @) (SLSe o il (S,
b8l 55U S0l glis cpl il |y (St 0093 cn 5V
P o sl So55)52 528 (Sduoy 2 3G 2 0485 5 dnngyl 5
Sy Bl g e 8L plB)l .ad sdmline (6l sxe Ciglds 5
Jlize 517 Jgin) 2391 500395 Ul g oms 0355 cdpms pB))
Pl o oy iz glas S 0 a8 sy L o8, x e x L
s byl 1 b Y] a8 a5 sanliie Jluw 93 o )
Ul 53 5 3 Ul 3, ctgon) 15 ] athaie ) oonldl jelgiss
2 8w 18) 9 Jgl Jlo 5> (oo 0395 Ji3 085 ) 392 ¢ 5 (19)%9)
s () S5 K03 |y (St 399 00555 g o
) 2558 Sl b Sy 2 0d) 9 S0 s dne Sl 50 i
(Darvishi et al., 2022) |,LSen g (~dugyd alod)S i)l55
Jiize 3blie 5l 153 3y bl 0 2950 pB,l &l a5 Wdly 4lis
Sadeghzadeh Ahari, ) s ,aledl; 3olo picred w0 p,5
L ol ine @9l Sjglgn b (S Sl 5l 61 oy (2016
e YL Shee (b 1) o395 o) 9 03,5 ()1
5 ol Wl o il ingsy (sloatily b gl ol sl 03,8

S o Al ) ped w3l 1 eydgj pl,l Ol Coyenl
g gLyl 2 ol Blite Sl o8 (ol (Sl 51 1digr g5
Cn Jlo Sl 2k p9> Jlo )3 gy )] (D Jga2) 352 )l sie
gy Ay (gl paelae dame Ll 51 56 Yiais] 45 59
03 > (pyieS 5 )5 > W E)) (ki (Sl Sl I
bulyd )5 p)5 Jine wlbl &5 a3 0 L5 9090 (ol oAb
55l pLE)] G S (0wl B 3550 (g A5 Sl ke
9 Cp il dems g BT plB,1 s osmliie (g yld sime gl a5gy glis)|
o adlaa (5 Jys2) wzdls |y 53 £l o1 ilisS e 035
5 lams (slacglis 45 3l L (Khan et al., 2024) 4 Kan

WJo Sl a8 sl i Lulyly 4550 s 1 R3S U g, dlani
23S 5 gy 0105 g 8y % e x o Wit 515 5 oo
dlie (B Join) 35 I3 ine b > Sy Jlois a3
G —zo yobds pod Jlw jd (&3 S5 090 aS Db Hlis b S5l
Lyl s glss ) b Ylazsl a8 sgy conss Jlo §) 5 5Ysb
ki 5]l zlejl Sl 93 53 S by g Lo alos I lage
2 2 ol a8 g 0ai > (@SB gy Gl (s ¢ S
2929 2 7L 2 0285 30 ol b il pgdge nl b S
5l oyl ime glas 30 s e ] il dls e 4y olS
5 O yaad S L pB)l a8 g ysbods i odmlie 23 S U 5o, olaas
P Jgaz) abog: 55395 oo 0355 5 Ul £l g 55JS 00 U
P b gl ly Salate lasSl 55 08y x 186 x o Jléie
595 Crrbar pgd Jlo 3 B Le 08 9 Jgl Jlo ) oyl 03 @5
PSR Jlo 93 32 )3 Lo 68 cang)l )3 aiily 1y (o JS' 6
G bizee ol baylyd 33 o8, cpl ood gyl odimd lis oS bg
pod Jlw > Ul o8y 5 Jgl Jlw 3 )51 o5 55 0ds > e
S s 1 () JSt) il Ty (a3 5 b gy i
Jbe! pialidl comw (23S U (Gjalyr dols (39 (SYs5b
S dou > g 0ad Jad slpl (Sid (55 b olS agslge
U8 owizen (Singh et al., 1990) ub o ials ails o M
ek (23 |5 U 5oy ol g il 0 )Sles o &S Cowl ol
O bl 55 5395 (slacains) g 303 3929 5l ne g (ke
ooyl ple (Singh & Saxena, 1999) uuS' o Mg (5 5V > Slas
Copol 9313 (JloSpp iy Al b s Slagh onl @l
by (Seid G5 ans 3blie 3 J539] sl bl

S e
Ay o8y e (Jlo 51 a8 3l (L glis 35wy 095 Jgb
039> Jsb (B Jp32) 352 foisine Sy 039 Jsb 2 lnc Hlise



08 ... il ool (Cicer arietinum L.) ",Lu" o8, 0950 o155 (o35l 2Ll oyl yon g (g0

(7 Jg2)

s Jlw jd 48 ol Lo o8y x Jlo blte 3l awyp
Al |y BME sl o i (6 > gxe yoboas Ul 5 < yas pl3)|
2ol iy de o ydey &opal o8, S ped Jlo jd oS Jb o
(Y JSKE) 5,8 adgs 1y OME slaad oy iaS Jore 0365 ¢ Jlo 93
o5 S aciate > 45 350y o] S 30 08y % ol Jlite
Iy M Dlas oy s o g dumaw pB )] cdpogl dilaio 1> g 0 yucs
odnlie plB)l o (6,0 xe gldy o0& adlais (0 Jlie p> .aizild
(Y JSs) s
Cov o cpl opl pogdle il BMe b ol (g)b xe
Ll (0 Jaz) b5 8 55 08y x ofSe i 1 il
e 0395 08y 9 (p pdin Lo 9 Oy Bl (i SSlee Al
b cdrog,l dalais ;3 s sdalidio LBy (o)l e Cgles
GBI 1 )i ol e e 0395 9 Ul o8] g oy & puci
9 dunw Pyl g (g Lo 08 35 0 adlate 3 03,8 g |,

U ko, s Olas wwlhas 50 a5 Slodhy lis calizes cldlllas
Caddy AYe > asild slaay g gy ;0 BME sluw alos 31 5 Sos
A0yl 58 ol Blize el gl g Jaxe baylyd couisg) wil cos
{Vicia faba L.) M3l > a5 5,8 5,155 (Zibari, 2024) ¢ ,Ls;
Ol il glalaons o o (Jolite (gla (il ooyl
Dgdise yh g SME Slaai j3sine i sl 990 (il 5 im0
» (Sokolovi¢ et al., 2025) )LSen 5 gugglsSuw cslino joboay
Sl a8 w0l Gl byl 53 ML pudlyp)j S degecne Sy
oo X gl S Ry 4y bl i) 3, Sles g Olao
2 Leis Lacasgrs (5 aS a8 o 28T b ] 2ol sl atunly
OHLSed g LS )b cpmizmed 5)h 5y 0,Slee ol slalae
Iz syl (59, slallae ,> (Parkina et al., 2025)
o8l g S @l s 45" sy lis (Phaseolus vulgaris L.)
2 Lacwig) o)l coenl binggy cul ggemme 3 48 (ol
Js—ammen 9 5l pL8)) (plwlid (gl 1) Jlo 2z 5 bapeo 2
WS o Al

5 35 3955 3, Sles 5 gy Slio o ()b ine ST S
Ol ilizee cadldl byl ) Cond glite slo (1iSTy acedsi
9 (hagy by e S Bblie )3 &5 AD aSule (pizren im0
ke O Lo X iy Jlite 31 Wb o Il Sy )
oS x o Mo 51 3l Sojgshgn i 5 3,8las e
JLs 93 s 13 Spai g bl atumw plB)] 2,8 5 a5 oy LS o8, x
Jol JLw jd (e 0355 w0l g deog)l 43 09y pB)] plu 51 asdy
5 ol )l ey ()l gme gl pog3 JUo )3 9 392 5oligS
e 3y L £l 8y 5o 55 L bl (1 IS
9 Glow (ollee 5 (Mandani & Jalilian, 2019) \lll> 5 Suie
pls,l 45" 05,8 )5))35 (Ataei Samagh et al., 2017) I,Ken
Ol Syl (oo (claodgs 4y Cand (g iy 5, Vgene ol Mo
SLa S iy ke > (Mol slaasly (18 s (L g9oge
sl 3955 S 5ol98 )90
Al a8y olSe Jlo 3l iome e 51 SME gl g5
J532) 392 Jogine e ol 6lis) 5 o3 X ol x o blie
S 038 53 gyl (o pieS g 255 5> e oyl gl oy (0
aS aad o i g Cowl ag glay )l s sl oS Cpl
o 2 5 632 €8] Gl crgo £ 08 Joins ol bl
0395 9 (yyidi Lo @Bl (295 0 BME (gl £li)) (a8l
YL, gl 5 Jpaz) sl |y Y (ol gl ) (eSS
038l Ctldp (sl e Cje S L 08 55 BME (sl
Gupta et al., ) o))Ken g LysS (5155 (olwly Ded oo Cguwons
el 1 08l o lo Yo jl Lt b BME oyl el ) (2015
255 pll gllas ooy o315

&8 oS SISk adex ] ol llyd 4 a2 L
sbe)S g Gl sloyw wilo Jaee glahis g )k il
el 25105 4y Ygans 35 02! ) (g il o095
55 i opl y> J(Darvishi et al., 2022) s s 395 (S55
D9y yio Bl Yo /O UV (o osdip Dol plB )] aigy glis )|
sl 05580 cudly y (gl gllas do 3l e a8
a S ol olss Guilly a0 gulis 1adgy 4 BYE dlasd
X oS g oy % Jlo Jlite Il eizran oy 5 ol sla ol
dunlio (B Jods) aibly Hlo ixe 3l g yo M Slums 4 o8,
B J5i) o8 5 (e (sl Jole e s 53 oSl
5l i (g0 gixe yobdy 7S ddlais )0 digy ;0 BME dlaai oS 2D
s oy s 08y Pyl (g p3 0 048 5 eyl (3blie



VP8 Jol dows ) o)l Y ads (ol ] Olgus sbd i ghy @y OF

3955 o8 )| 13 arllao 3,90 Olao il jlg 4350 Jeao Vs -0 Joua
Table 5- Summary of variance analysis of studied traits in chickpea cultivars
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Continuation of Table 5- Summary of variance analysis of studied traits in chickpea cultivars
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ns, * and **: no significant difference and significant difference at the 5% and 1% probability levels, respectively.
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Figure 1- Comparison of the mean days to flowering (a), days to maturity (b), plant height (c), and first pod height (d) of chickpea across the
levels of the year x location x cultivar interaction
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Common letters in the columns indicate nonsignificant differences at the 5% probability level
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