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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.

Keywords: Early maturity, Field experiment, Genetic diversity, Genotype, Seed yield
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Table 1— Analysis of variance results for block uniformity for the evaluated traits bean genotypes in 2021-2023

©larye eSSbe
byl 2y90 S Meab of squares
Evaluated traits vas Jlw VFer Jlw VFey Jw
Year 2021 Year 2022 Year 2023
uf'\:‘.“") 4 }5). 18.6" 8.3ns 9.7
Days to maturity
(&3 2 £5) &b 2Shos. 2303.1™ 11195.9" 14859.8™
Yield (g.plot™)
b o 2,17 10,20 116"

100-seed weight
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Table 2— Descriptive statistics of the evaluated traits bean genotypes in 2021

Lwold 2 3~ [a) JUVE L EITROY:
byl 3590 o Sl #51se Ly O s sl il fly 2 S e e
Evaluated trait Minimum Maximum i Mean Standard Variance Star.lda.lrd (M’ b)
Range error deviation CV (%)
e Uiy 75 111 36 91.1 0.45 62.2 7.88 8.6
Days to maturity
& 3) «ls 5, Ses
(&3 p5) b 100 1400 1300 352.6 10.3 31321 176.9 50.2
Seed yield (g.plot™)
(p5) &l>3- - g 6 65 49.4 34.2 0.61 116.7 108 316
100-seed weight ()
YFe o Jlo 1o Logd b cuigij Uyl 3590 Slho (daogi jlof ¥ Joua
bean genotypes in 2022 Table 3— Descriptive statistics of the evaluated traits
aeld 3 3 ] O panrd >
byl e che Sl Pl o s sl A
Evaluated trait Minimum Maximum Sl Mean Standard Variance Stal.ld?rd (M’ 3)
Range error deviation CV (%)
Sy U s 79 116 39 92.2 0.6 75.9 8.7 9.4
Days to maturity
(¢5) ‘Ul.) > 100 2463 2363 7725 22.3 103728.6 322.1 41.7
Seed yield ()
(p5) 4023 g 6 54.4 368 327 0.6 75.2 8.7 26.6
100-seed weight ()
IFe ) Jw 50 Wl b cuwigis byl )90 Clho dwogi Jlof -F Joua
Table 4— Descriptive statistics of the evaluated traits bean genotypes in 2023
) I 3
) 390 o Sl Sl Ol aaly eile 0PSB g sl
. .. . Standard . Standard
Evaluated trait Minimum Maximum Range Mean Variance e (an0,3)
error deviation J
CV (%)
S Uiy 83 111 28 93.7 0.56 36.6 6.05 6.5
Days to maturity
(34 2 p5) als 2,Skes 100 1300 1200 578 23.1 62868.1 250.7 43.4
Seed yield (g.plot™)
(p5) &1+ - 0 5 55.4 34.9 32.8 0.71 60.4 7.7 23.4

100-seed weight (g)
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Table 5- Frequency percentage of plant type bean genotypes over the three years of the experiment

g2 (Slgly3 o

Luogio gl 8 oy

A9 Plant type frequency (%) ‘
Plant type 14 Jlw VEeo Jlo Vo) Jlo Ave;zgrie;f;lg“:“cy
Year 2021 Year 2022 Year 2023
| gy g o] 272 17.2 44.9 29.8%
upright with limited growth
gl 5 ool 40.5 416 432 41.8%
upright with indeterminate growth
) 32.3 411 11.9 28.4%
creeping

(e..\.'\s) ¥ n}jd.‘?r.ali ~.\...J) 9 oQL';.....A"‘ .Y WDgdoa A.u:) 9 obt‘a—nﬁ‘ \) 4;5.\ g.,\...T

Plant type (1: upright with limited growth, 2: upright with indeterminate growth, 3: creeping)

kg slcwis) Olie ¢y bowisij )3 bdels 58 @i -F Joso
Table 6. Results of factor analysis in bean genotypes for genotype traits

Olho Yol Y bl
Traits Factorl Factor2
Days to maturity
A 012 0.89
Plant type
(UM’ » F)f) &b J)ﬁ“"" 0.85 -0.04
Seed yield (g.plot™)
(P/S) &by 059 0.33 0.55
100-seed weight ()
oy e 35.55 26.34
Variance percentage
saz5 il )|
O 35.55 61.9

Cumulative variance
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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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Figure 2- Biplot of yield and days to maturity in 2022
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Figure 3— Biplot of yield and days to maturity in 2023
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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 1- Physical and chemical properties of the soil at the experiment site
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Figure 1- Meteorological information of the experiment site (2023-2025)
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Table 2- Combined variance analysis for different traits of faba bean genotypes in the 2023-2025
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Table 3- Mean comparison for different traits of faba bean genotypes in the 2023-2025
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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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Table 6- Production costs of different faba bean genotypes (thousand rials.ha™)
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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
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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
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"'“9 0 19.1 32.9 26.8 0 20.5 34.9 28.6
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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




VP8 Jgl dows ) o)leds Y ads oyl | Olgus sl fdgh s yid YA

9 U, Fmax gl o5l of pod dy Giliee gldlausme 45 Lugd Cliglejl glhd il lg -F Joua

Wil )lg (BIPSy (ow)p2 S L
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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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

bewiey 5l (B p Olhed g omb 4 dg b.cdl cun ey
ool aslsys oagissy ol Bis b i S ool IPCA 3 5
Slyes AMMI & 555 0 G11 iy Jkoylgiedy) oibl sl
023l gy0nlil ol LS ped g Jgl (Juol adlge 93 p2 > ol
31 6ol il i Wi o BLUP uy silo 51 iz WAASB
9 LS Glp 1y ASV L AMMI (gl (55, oo, —img 3y
5 Badlze ol aew ,ST Ul ilos )5 & ol clocaisil 4oy
P N e SN
hol sadlze o olgi o 1y GEl ool sy Lhis 1y 35 sl
ol 33 GEl ssuony isn cwl (S0 93,5 ol Cwss
(Olivoto, Lucio, da Silva, Sari et sl i CBis sy gl
L (¥ JS—3) WAASBY lses ¢ sBlge i 5o al., 2019)
145 J9_.a.>u:).s L;La:wy) U.sL..uL_w dl).g (Y’ JS_M;) u)bdl.»
S5l yipg Blg oo 03 piuS (gylb

REML/BLUP _yq,
sas ol WAASBY j0lis b s cias, ¥ IS5
5 15 2,8las (5:Sn 52 o plofed S June (255 45 Canl
ObeSe (2303)g 31 s cnl > (sl WAASB (g )luly padLs
WAASB (¢luls jasl o g aib o,Slee (sl 5 90 o 4ly
S oS 0 padls 90 o LSS Cuedl [S0by a5 005 eolatwl
Sl g 3 Sdes lp 00 0 (B30)jg elwly ol Cg)

e oy it il L G3 5 G1 (G6 G8 GI G7 (slocisis
2 e YU adl 5, Sas i 5 lul slacwsigWAASBY
bl YL 5 ,Shee LGL) pgd oS la 53 aowisss ol & JSs
9 (o Wl S 0k 31 208 3,Skae |, GB 5 G3) s 5Ll
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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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Figure 3- Biplot of grain yield versus weighted average absolute scores for the best linear unbiased predictions of
genotype-by-environment interaction (WAASB)
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Figure 4- Grouping of 13 bean genotypes considering all principal components
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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 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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S

a.s*i‘-.’.”

155 o3l KLl ol e g

) 995 £

OV ... silw,lxi ool (Cicer arietinum L) " ,5L"

.MUUQUMUWMMMV u:_mu—-wmﬁwmm .%O Mu—.ﬂumﬁ—m U&# uvmuﬁu:m .mOwUGW muUmm:.—.ww A—UMMMO mmu...run Dﬁw« e m.ﬁuxuﬂ OOy *
# < owl 0 ¢ o2 ol ] o8 C ompey eqTicwrre o E6C g e o e

pazEg
PT6t ERYT 29791 2T9L 2TI'1 2 £088 BoLE Qe LO0'T 65T QLLS qLel e oy 2¥881 P&TEl —c
By
2LEE q¥eT ERasl 28LL °qQLT1 P §E69 29¢g Qe TIT P8T¥ EL q9e6l eLF qe 3681 2 gesl o
mmﬁw
2FEE q9TT qQLLoT qQ66L 29971 qQ¥sre BLE Qe L0T q80¢ q38¢£9 2LLT 2TTY 29 §'381 JTst n AN
. e e
2 T8¢ qTET BLLT B8 qe 611 PT8IL BLE EST'T 2¥'6¢ BSOL ES0T qsvy e L061 B PPST ma¢
TBISON
PTSE q0£T 997891 q86L EETT B 6011 qTse EOr'T E T8¢ qeLL9 qQTel qL¥y e T061 q8esT i
eyt gapa ],
LR A4 290 P8ort P 669 P¥OT 28051 2 8TE qe0T FTEE PSO¥ PTET P E€¥E 29881 2TTST co orey®
yapeben]
q&LE BTET dELET 29FL EOET'T 2 89¢ qQT¥e ETT 28LT E¥6'9 2T 2¢1E e 9861 €091 rre
BIOLI) TONYEIOT
qoLE E6TT EG5691 EF08 EVLTT q&L99 e 99¢ 601 qQT1Ts 93809 q&el 9 ¥y €661 q&LsT e =
_ _ leresyy
B £8¢ B8TT qT¥o1 qT18L BEOTT BI'8YET BgeE EIIT B LSO 2¢¢ BRCT BEEC qO0LT 29TrI 5
= = puodag
qQeLE B1ET EOV9T EgLL BLSTT ETIs8 BGYSE BETT oSt q9 e IF 8l e ooy € $'061 € LO5T 64 FER X
=L "
T8¢ BLTT q1€91 EQLL EJETT qQeLEL BGTSE q90T q8cr ESE9 e8I q¥6¢€ 9+ T8I %9 €6F1 ér
(%) (o) (m) (20) ; jued 1ad  sagouElq (m2) (4ep)
a.”“_”cm ueﬂen_ smmjos smnjos u”_ﬂi u D‘E.m 5p) (3) pod 1ad spodjo  [e1aje[Jo 1518y () (4ep) Suramopy
ooy Buramg 1A A eﬂmuh_”“n PP —Uﬂgw L CiCE SPPASJ0  jaqmny  geqmmy]  podisig q31eY ,vem..vn o) sieq sx030e
z e e : 2954 Taquny A e jue fume
(F7) (o) (O ) (e O P R S e A A ) - porpug
oo ek e b s oy STESTES _. e e f e e = ’ Pea” o4,
’ o A Forsée o (LNt et o 17 o [fon3 éev qé[" <6a e § TnEv
f? e e D * o eme e e300 T orie (6 g nTad

SIBI) PIAIPNIS JO ISRIIAY

Fs? e Efs o

SI0JIEJ PAIPIIS JO S[2A] A Ul spred) eadyonyo Jo uospredmod ueafy -9 AjqeL

<ré[ g g g e pebe of g6 el S o80T oppee



VP8 Jol dows ) o)lods Y ods oyl ] Olgus sbd jdgh @ yid OA

a mKaraj MUrmia B Nagadeh
180
b a
e eod 5 d
f § gl
160 h i h
i k, ! k k /|
n m o
0
q q alll ¢ q q
140 r I s I I
120
=
100
80
60
Todeh Nosrat Sacar Ama A Saeed Todeh Nosral Sacar Ama A Saeed
mchali mchali
First year Second year
70
c mKaraj ®WUrmia ®Nagadeh
60 a a a
b
_ <, cd b
E ® de ge e de
= of ef ef 3 e e
5
g f f
f 40
3 [ h oh h gh 2
- h gh nfen h gh h
30
I
1
20
10
a
Todeh Nosrat  Sacar  Ana Ata  Saced Todch Nosrat Sacar  Ana Ata  Saced
mehali mehali
First year Second year

Height first pod (cm)

Day to maturity

mKaraj mUrmia ®Nagadeh
220

200

180

]

160

140

120

100

Todeh Nosrat Sacar  Ana At Saced Todeh Nosrat Sacar  Anma At Saced

mehali mehali

First year Second year

30
WKaraj WUrmia ®Nagadeh

ab
b b

25 bc

be
cc c

fg f

hi i

Todeh
mehali

Ana At Saced Todeh Nosrat Sacar  Ana At Saced

mehali

Nosrat  Sacar

First year Second year

O x Jlw Jilite 51 zgbaw 3 3955 (d) SYE (gl g5 1 g () g2 g5 ) (D) (Sawmwy U 5, (@) (23U U 59, (e dmlio - JSS

)
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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Figure 2- Comparison of the mean number of pods per plant across the levels of the year X cultivar interaction (a), comparison of the mean
number of pods per plant across the levels of the location x cultivar interaction (b), and comparison of the mean number of seeds per pod of
chickpea across the levels of the location x cultivar interaction (c)
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Figure 3- Comparison of the mean number of lateral branches (a), hundred-seed weight (b) and grain yield (c) of chickpea across the levels of
the year x location X cultivar interaction
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Introduction

Given the ongoing challenges of climate change and the increasing of shortages in water resources, there is an urgent
need to reconsider conventional cropping systems. Promoting the cultivation of drought-tolerant and low water-requiring
crops such as legumes can substantially contribute to agricultural sustainability and food security. Chickpea (Cicer
arietinum L.) is a major legume adapted to arid and semi-arid regions, playing a vital role in improving soil fertility
through biological nitrogen fixation. It is cultivated on approximately 17 million hectares worldwide. In Iran, although a
large area is dedicated to chickpea cultivation, the average yield accounts for only about 30% of its potential capacity.
Factors such as inadequate agronomic management, drought, high temperatures, and severe damage from pests and
diseases, especially during early growth stages are considered the main causes of low yield. Direct seeding, which has
long been the conventional method of chickpea establishment, often leads to poor and nonuniform seedling emergence
under water-limited and harsh environmental conditions. In this context, transplanting represents a novel and promising
approach to overcome these constraints by improving seedling establishment, optimizing water use, and enhancing
tolerance to biotic and abiotic stresses. Therefore, this study aimed to evaluate the effects of seedling age and tray cell
size on transplanting growth traits to identify effective strategies for improving transplant production and addressing
challenges associated with water scarcity.

Materials and Methods

The experiment was conducted in February 2024 in the Research Greenhouse of the Faculty of Agriculture, Ferdowsi
University of Mashhad, using a completely randomized design (CRD) with four replications. The treatments included
two factors: transplanting age at three levels (4, 6, and 8 weeks) and tray cell size at three different volumes (24, 38 and
60 cm?). Chickpea seeds (cv. MCC770), obtained from the Faculty’s Research Farm, were sown in trays filled with a
cocopeat—perlite substrate (7:3, v/v). To produce transplants of different ages, sowing was repeated at 2- and 4-week
intervals following the initial planting. Transplants were grown under greenhouse conditions at 17-23 °C with daily
irrigation throughout the growth period. Nutrient application was carried out two weeks after sowing, at the two- to three-
leaf stage, using a complete NPK nutrient solution (0.2%). Eight weeks after sowing, emergence percentages, leaf area,
shoot and root dry weight, root surface area, and root length were measured Prior to analysis, data were examined for
normality and homogeneity of variances. Statistical analysis was performed using Minitab software (version 20), and
means were compared using the LSD test.

Results and Discussion

The interaction between transplanting age and tray cell size was significant for all measured traits. In general, the highest
leaf area and shoot dry weight were observed in 8 weeks transplants, whereas in the 4 weeks exhibited the greatest root
surface area and root length. Increasing transplanting age markedly reduced the emergence percentages. However, 8
weeks transplants exhibited greater leaf area and shoot dry weight than 4 weeks transplants. This pattern indicates that
spatial constraints during the nursery stage induced mild stress conditions, stimulating a compensatory growth response
characterized by enhanced leaf expansion to improve post-transplant establishment. Negative correlations between
emergence percentages and both leaf area and shoot dry weight further confirmed this interpretation, suggesting that
reduced transplants density allowed greater access to growth space and consequently promoted shoot biomass
accumulation. Correlation analysis revealed significant positive relationships among root dry weight, shoot dry weight,
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and leaf area, underscoring the pivotal role of root development in sustaining aboveground growth. Additionally, root
surface area showed a positive correlation with emergence percentages, likely reflecting enhanced water absorption
capacity in the lightweight and porous substrate. In contrast, its negative associations with leaf area and shoot dry weight
suggest a shift in dry matter allocation toward root structures under spatial or resource limitations. Overall, these results
highlight the necessity of maintaining a balanced root—shoot relationship to ensure vigorous chickpea seedling growth
and successful transplant establishment.

Conclusions

Increasing transplanting age decreased emergence percentages but improved growth traits such as leaf area and shoot dry
weight. Cell size also played a crucial role in root development and dry matter distribution among plant organs.
Transplanting aged 4 weeks exhibited stronger root systems, with greater root length and surface area, making them more
suitable for field transplantation. Overall, optimizing transplanting age and cell volume can enhance chickpea transplants
quality by maintaining balanced root—shoot growth, hence a better establishment in the field.

Keywords: Chickpeas seedling, Dry weight, Growth traits, Transplanting
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Table 1- Sources of variation, degrees of freedom and mean square of growth traits of chickpeas seedlings affected by
transplants age and tray cell size

Glaypo (Silso
Mean of squares

b SLS (339

St iy o Jsb

) . 4?)»3 }.:.w M)b
Syt gilee i o Sy sl ady, Aoy adu,
S.0.V &l i
Leaf Areal dry Root dry Root Root
df Emergence% . .
area weigh weight area length
. ‘I .l
i Jsb > > 2 61.9" 1.61M™ 0.10™ 0.006 ™ 348" 15.42 ™
Tray cell size
L o 2 4453™ 528 ™ 0.61™ 0.069 ™ 1161™  15.00
Transplant age
LW G X Joho o1 4 1310™ 104 ™ 0.03™ 0.016 ™ 310™ 23.93 ™
Cell size x transplant age
. 27 181 1.12 0.001 0.00018 291 0.12

Error (residual)

St pis 5 Aoy gy 5 Mo S gk 53 Sl Sk i
** *and ™: indicate significance at the 1% and 5% levels and non-significance, respectively.
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Table 2- Effect of transplants age and tray cell size on chickpeas emergence (%)

Jokw 5311 (adn) £Lis cpow
Cell size Transplants age (week)
4 6 3
;n:i; 86.7 71.3® 25,94
M:l?:ﬁm 83.8° 55.4" 36.6%
iu
[;?ge 74.5% 47.0° 68.0%

505,00 b (gl e Cglis oy gy o] pedaws 13 LSD (9051 ool s i)y Syitio B o S Jilis oS ooy Sileo
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 3- Effect of seedling age and tray cell size on chickpeas leaf area (cm?)

Jg.l.w o)‘|-.\3| (axhn) LS o
Cell size Transplantig age (week)
4 6 3
s&i 4.19¢ 6.48° 6.43°
ma
M:?:Jm 3.06° 5.06¢ 8.442
Lj:ge 5.1¢° 437¢ 7.39b

5,05 0S5 b (6l gime Cglds oy gy Jleinl gdaws )3 LSD 9031 yoluol s ciyls S yitio by S Jolas 487 ooy Silio 3
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 4- Effect of transplants age and tray cell size on chickpeas shoot dry weight (g)

Jslaw 5101 (4x82) sl oy
Cell size Transplants age (week)
4 6 3
s& 9; 0.123¢ 0.172¢ 0.210°
mall
Ja.m -
Med?:m 0.109 0.170 ¢ 0.236"
Lj:ge 0.170¢ 0.173¢ 0.2902

5,05 oS5 b (gl gime Cglds oy gy Jleinl o )3 LSD 9031 yoluol s ciyls S yitio by S Jolas a8 ooy Silio 3
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 5- Effect of transplants age and tray cell size on chickpeas root dry weight (g)

Jokw o311 (wdn) sl cyaw
Cell size Transplants age (week)

4 6 3
jn?;; 0.085 * 0.080¢ 0.069 ¢
osie 0.0419 0.083 ¢ 0.090

Medium
Lj:ge 0.061 ¢ 0.066 ¢ 0.1112
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* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 6- Effect of transplants age and tray cell size on chickpeas root area (cm?

Jabus 051t

? Transplants age (week)

Cell size 4 6 3
;;;; 33.20* 38.9¢ 24.6°
M:f:m 444 39.5¢ 1741
L‘;;"e 58.2° 33.74 34,74

S K30 b ()l stee gl oy ety Lol prba 53 LSD gl ol eyl S o b S ¢ Jilis 45 o nSile
Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 7- Effect of seedling age and tray cell size on chickpeas root length (cm)

Jokus 8311 vl
’ Transplants age (week)
Cell size 4 6 3
;%’; 1.41¢ 133¢ 1.96¢
mal
Mt‘af“m 2.05 < 2.41° 141¢
18]
L‘;;"e 20912 2.10°¢ 135¢

505,00 b (gl e Cglis oy gy o] prdaws p3 LSD (9051 ool s ety Syiio o S Jilis oS ey Silee
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 8- Correlation coefficients among chickpeas transplants traits in the greenhouse

1 2 3 4 5 6
Transplanting traits
Emergence
Sy gl 2 -0.44™ 1
Leaf area
wlp e K2 039 3 g g 1
Arial dry weight
Ay S g 4 020" 083" 090" 1
Root dry weight
4oy gho S 1 -0.46™ -0.43" -0.29" 1
Root area
Ay b 6 -0.01m -0.42™ -0.30" -0.39™  -0.004" 1
Root length

ns * **

(ol gme ple g Mo gy § Mo )d K zska )3 (g1 e Sl i i P g
** *and ": indicate significance at the 1% and 5% levels and non-significance, respectively.
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Introduction

Global agriculture confronts critical challenges driven by population growth and the scarcity of vital resources,
particularly water and soil. In Iran, these pressures are exacerbated by climatic volatility and a reliance on imported protein
inputs, rendering the adoption of resilient, low-input forage legumes essential. The pea (Pisum sativum L.) is a promising
candidate owing to its genetic diversity, high biomass potential, and soil-improving properties via nitrogen fixation.
Nevertheless, the scarcity of improved varieties adapted to Iran's diverse climates constrains its cultivation. Successful
production depends on selecting cultivars with robust vegetative growth and delayed physiological maturity to maximize
dry matter accumulation. However, these traits are governed by complex interactions between genetic factors and
environmental variables, such as temperature and photoperiod. Furthermore, forage quality typically declines with
maturity due to lignification. Consequently, a comprehensive multi-environmental evaluation is essential to identify
cultivars that achieve an optimal balance of high yield, stability, and nutritional quality. The objective of this study is to
address existing knowledge gaps via a rigorous multi-year, multi-location trial that assesses agronomic performance,
stability, and forage quality of distinct pea cultivars across the varied agro-ecological zones of Iran.

Materials and Methods

A field experiment was conducted across four representative locations: Karaj (cold semi-arid), Gorgan (humid Caspian),
Kermanshah (cold semi-arid Mediterranean), and Parsabad (warm semi-arid temperate) during the 2023-2024 and 2024-
2025 growing seasons. The study utilized a randomized complete block design with four replications to evaluate two
imported forage pea cultivars from Turkey, namely Zerre and Gap pembesi, alongside registered cultivars (Arda, Beren
and Tashkent). Agronomic management, including irrigation and weed control, was uniformly applied across all
treatments in accordance with local recommendations. Evaluated traits included fresh and dry forage yield, plant height,
establishment percentage, and phenological characteristics. To assess nutritional quality, random samples of
approximately 500 grams were collected from the first harvest. Following drying and milling, qualitative parameters,
including crude protein (CP), water-soluble carbohydrates (WSC), crude fiber (CF), acid detergent fiber (ADF), and total
ash content, were analyzed using near-infrared spectroscopy (NIRS; PerCon Inframatic 8620). Statistical analysis
involved a combined analysis of variance (ANOVA) across years and locations using SAS software (version 9.4). Mean
comparisons were performed using the Least Significant Difference (LSD) test at the 5% probability level. Additionally,
GGE-biplot analysis was employed to assess cultivar stability and cultivar-by-environment interaction.

Results and Discussion

Analysis of variance revealed significant effects for location, year, cultivar, and their interactions on most traits,
highlighting the substantial impact of environmental heterogeneity on forage pea performance. Descriptive statistics
showed high variability in yield traits, reflecting considerable genetic diversity and environmental sensitivity. The
location effect was particularly pronounced for yield; Gorgan exhibited the highest fresh and dry forage yields due to its
favorable humid climate and fertile soil, while Karaj showed the lowest yields, likely due to moisture limitations and heat
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stress. Kermanshah and Parsabad demonstrated intermediate performance with acceptable stability. Among the cultivars,
Gap pembesi distinguished itself with the highest fresh and dry yields, superior plant height, and establishment percentage.
Its late-maturing phenotype extended the vegetative period, facilitating greater photosynthetic accumulation. GGE-biplot
analysis confirmed its broad adaptability and general superiority. Beren ranked second, driven by vigorous vegetative
growth and strong regrowth ability. Conversely, early-maturing cultivars, Tashkent and Arda, produced lower biomass.
While their shorter cycle suits regions with constrained growing seasons, their yield potential was lower in this study.

Zerre demonstrated a superior nutritional profile, with high CP, optimal WSC, and moderate ADF, resulting in high
digestibility. In contrast, Gap pembesi exhibited higher fiber fractions, resulting in lower digestibility compared to Zerre.
Tashkent exhibited the lowest nutritional quality. These findings suggest that while late-maturing cultivars like Gap
pembesi are ideal for maximizing biomass, cultivars like Zerre offer superior forage quality essential for animal nutrition.

Conclusions

This comprehensive multi-environment study provides key insights into the agronomic and qualitative performance of
forage pea cultivars in Iran. The observed substantial cultivar-by-environment interaction dictates the need for region-
specific cultivar recommendations. Based on the integration of yield data, stability analysis, and nutritional quality
assessments, Gap pembesi is identified as the superior cultivar for general cultivation. Its outstanding biomass yield, plant
height, establishment rate, and wide adaptability across different climates position it as a top choice for enhancing
domestic forage output. Beren is also recommended as a complementary cultivar, particularly for temperate regions, due
to its vigorous vegetative growth and regrowth capacity. However, for farming systems prioritizing forage quality over
sheer biomass quantity, Zerre offers a distinct advantage with its high protein content and superior digestibility.
Ultimately, decisions regarding cultivar selection must be based on production targets, regional climate, and growing
season duration. This study establishes a solid foundation for future breeding programs and extension services by
promoting the adoption of high-yielding, stable, and qualitatively superior forage pea cultivarsto ensure the sustainability
of Iran's livestock sector. This study lays a solid foundation for future breeding programs and extension services,
promoting the adoption of high-yielding, stable, and qualitatively superior forage pea cultivarsto ensure the sustainability
of Iran's livestock sector.

Keywords: Climatic adaptation, Nutritional value, Winter legumes, Yield stability
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Table 1- Meteorological data of the experimental locations during the 2022-2023 and 2023-2024 growing seasons
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Figure 1- Seed samples of forage pea (Pisum sativum L.) cultivars
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Table 2- Physicochemical properties of soil and characteristics of the experimental locations
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Figure 2- General status of forage pea research farm
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a: Comparison of appearance of different varieties, b: plant establishment and c: harvesting of forage and determining yield
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Table 3- Descriptive statistical parameters and assessment of the assumptions for combined analysis of variance in forage pea

cultivars
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first second of 1 rin
cutting  cutting flowering owering
SSbe
88.7 106 17.1 19170 6826 19.2 6.83 16.6 168
Mean

Jlime Bl

Standard 15.4 40.5 6.96 6888 2157 6.88 2.16 3.78 18.3

deviation

(12y9) 17.4 38.3 40.9 35.9 31.6 35.9 31.6 22.8 10.9
CV (%)

oz -1.36 0.356 0.432 0.943 1.17 0.947 1.17 -0.409 0.772
Skewness
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Bartlett’s chi-
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Sbgre Jloxs!

)9§WI < 0.31" 0.16"  0.0005™ <0.0001" <0.0001"" 1.00" 0.85" 0.86" 0.98"
Significance : : : : : : : : :
level of chi-

square

w w NS
¢
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ns *and *: indicate non-significant differences and significant differences at the 5% and 1% probability levels, respectively.
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Table 4- Combined analysis of variance for traits of forage pea cultivars evaluated across four locations and two years
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CV (%)
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Traits

4 5 6 7 8 9

Gy )yl (V)
(1) Plant 1
establishment
Jol oz 0 g2 gl (V)
(2) Plant height at
first cutting
£ O »° N2 £l (V)
(3) Plant height at
second cutting

#3580 (F)
(4) Fresh yield

-0.21™ 1

-0.46™ 0.74" 1

-0.29™ 0.96" 0.83

Sz 5, Shes (0)
(5) Dry yield

-0.31™ 0.95" 0.86"

O e b cldlS (%)

(6) Sowing to 0.42"¢
emergence
P g9y b cls (V)
(7) Sowing to
beginning of
flowering
Juoyd B+ b cusls (A)

-0.53™ -0.64™

-0.58™ 0.58™ 0.59"

@ 055 061" 0.64®
(8) Sowing to 50%
flowering
el b esls (3)
(9) Sowing to -0.53" 0.58" 0.65"

harvest

0.99™ 1

-0.62"™ -0.59™ 1

0.63™ 0.64" -0.85™ 1

0.66" 0.68™ -0.87™  0.99" 1

0.60" 0.64"™ -0.72" 090" 092" 1

2oy K g doyd iy Jlein] zgkaw 50 5 gme BB g Iy ime BMS] pae onind i 4y

#E % NS
9 O

ns *and **: indicate non-significant differences and significant differences at the 5% and 1% probability levels, respectively.
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Figure 4- Comparison of forage quality traits among forage pea cultivars
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Data are means + standard error.
Different letters indicate significant differences according to the least significant difference test at the level P < 0.05.
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Introduction

Lentil (Lens culinaris L.) is one of the most important plants in the legume family, which is of great importance in the
nutritional system of human societies, especially in developing countries, due to the fact that they contain about 25%
protein. In recent years, biofertilizers have received increasing attention as a sustainable alternative to chemical fertilizers,
particularly due to the environmental and soil-related problems associated with the excessive use of synthetic inputs.
Biofertilizers can improve various soil properties while providing economic, environmental, and social benefits.
Consequently, they play an important role in emerging agricultural approaches, including sustainable, organic, and
biological farming systems. Biofertilizers encompass a range of biologically derived materials and processes that
contribute to soil fertility and plant nutrition. In addition to organic matter derived from animal manure and plant residues,
they include beneficial microorganisms involved in processes such as biological nitrogen fixation and the mobilization or
increased availability of phosphorus and other essential nutrients in the soil. Through these mechanisms, biofertilizers
can enhance nutrient availability, support soil health, and reduce dependence on chemical fertilizers. Legumes are one of
the most important plant sources rich in protein and are considered the second most important source of human food after
cereals. These plants, by biologically fixing nitrogen, while improving soil fertility as a cover crop or in rotation with
some crops, are effective in preventing soil erosion and play an importantrole in the sustainability of agricultural systems.
Legumes are also low-demanding plants in terms of nutrient requirements, which are desirable for cultivation in low-
input agricultural systems and are important from an ecological and environmental perspective in preventing land erosion
and pollution. Other factors that affect crop production include planting date and cultivar. The choice of planting date is
important because it determines the environmental conditions under which the plant will grow and develop. This is
especially important for plants such as lentils, which are grown primarily in the spring, relying on soil moisture, and
which may expose the plant to high temperatures at the end of the season.

Materials and Methods

This experiment was conducted as a split factorial experiment in a randomized complete block design with three
replications in the 2015-2016 crop year at Shahrekord University Research Farm. The experimental treatments included:
the main factor of two planting dates (March 15, 1403 and April 15, 1404), the sub-factorial factor of two lentil cultivars
(Varzaghan and Bileh-Savar) at five fertilizer levels including the application of rhizobium bacteria (Rizobium
leguminosarum); the combined use of rhizobium and nitrogen fertilizer; the use of mycorrhizal fungus (Glomus mosseae);
the full application of chemical fertilizers required based on soil analysis; and the control (without fertilizer application).
Standard agricultural practices were applied uniformly throughout the growth period.

Results and Discussion

The results showed that the combined treatment of Rhizobium + nitrogen increased most growth and yield traits in both
lentil cultivars. This treatment increased plant height, stem diameter, chlorophyll a, chlorophyll b, total chlorophyill,
carotenoids, number of pods per plant, number of seeds per plant, grain yield, and grain protein content. However, no
significant effect was observed on protein yield. Lentils were inoculated with the bacterium Rhizobium leguminosarium,
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and the lighter the soil, the more significant the effect of seed inoculation with the bacteriaon yield. According to studies
by the Australian Grains Research Institute (MEAGRE), lentils are capable of fixing about 35 to 75 kg/ha of nitrogen.
Mycorrhizal biofertilizer increased the phosphorus content of lentil grain, and it seems that mycorrhizae improve the
growth, development and performance of the host plant in sustainable agricultural systems by increasing the absorption
of nutrients such as nitrogen and some elements such as phosphorus, and increasing the level of water absorption. The
modified variety of Bilesawar had better performance for all the mentioned traits at the planting date of March. From the
higher yield of the crop at the planting date of March, it can be inferred that the sensitive vegetative and especially
reproductive period of the lentil plant did not encounter high temperatures at the end of the growing season, and this had
a positive effect on the podding and grain setting of the lentil plant and ultimately the biological performance of the plant.
Therefore, it is recommended to use a combination of biological and chemical fertilizers such as Rhizobium + Nitrogen
fertilizer at the desired level and the Bilesawar variety at the planting date of March to improve the morphophysiological
characteristics of the lentil plant, not only from chemical fertilizers, but also to achieve sustainable agricultural goals and
maintain the physical and chemical properties of the soil.

Conclusions

The findings of this study show that the integrated application of biofertilizersand chemical fertilizers was more effective
than the separate application of either type of fertilizer. The excessive use of chemical fertilizers alone has contributed to
the deterioration of sustainable and organic agricultural systems in many regions of the world in recent decades.
Government policies aimed at achieving high crop yields and increasing farmers’ incomes are among the major factors
contributing to the excessive use of chemical fertilizers and the subsequent degradation of soil and the environment. The
cultivation of crops such as lentil, which can serve as a cover crop and fix atmospheric nitrogen while contributing to
carbon sequestration, can substantially reduce the adverse effects associated with excessive fertilizer use and help address
the challenges of cultivation in degraded agricultural soils. In addition, selecting an appropriate, high-quality cultivar and
determining the optimal planting date are essential for achieving high crop yields, as inappropriate cultivar selection or
planting time can impose substantial costs on farmers and significantly reduce yields.
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Table 1- Physical and chemical properties of the experimental field soil
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Table 2- Average monthly temperature and rainfall in the test area during the growing season in 2025
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Source: Meteorological statistics of Chaharmahal and Bakhtiari province - Shahrekord station, 2025
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Chlorophyll a (mg.ml?) = 12.25 x A g632-2.79 X A 6463
Chlorophyll b (mg.mlI?) = 21.50 x A 6465-5.1 X A 6632
Chlorophyll a + b (mg.mlI) = Chlorophyll a + Chlorophyll b
Cartenoids (mg.ml) = ((1000(A470) — 1.82(Chl.a) — 85.02(Chl.b)) / 198
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Table 3- Analysis of variance for morphophysiological traits in two lentil cultivars (Biah Savar and Varzeghan)
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* and **: indicate significant at P<0.05 and P<0.01, respectively; ns: not significant
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Figure 1- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on plant height in lentil
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Columns sharing at least one common letter do not differ significantly according to the LSD test at the 5% probability level.
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Figure 2- Comparison of the mean interaction effects of sowing date x fertilizer (a) and date x cultivar (b) on stem diameter in lentil
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Columns sharing at least one common letter do not differ significantly according to the LSD test at the 5% probability level.



Vo0 . S5olsdge9,5T Slio (B 1 pomain) 3 I ysale () Ga2sT (bl EyU ST (o)l K0n g soko!

6 EMarch  OApril
A
AB
Cc
- > CD CD ®
a9 DE DE
s " - N i
< 3 F X F o FooFF
=, | ls BN T \H
1 § YN § BN R
S
AN N (N N AN sN BN BN BN
<
5 N BN NOEN BN BN BN BN
0
£ 8 = z g £ £ = B g
4 - > — — >
E g g z E £ g E
c — f —
s 8 & 2 s 8 & 2
o o o [}
o b O =
[d 4
Bilehsavar Varzaghan

oo ol ;58 Judg IS 5 395 x 08, x CudlS U sl lond (S 1eR 1 (i Al Y JSUS
Figure 3- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on chlorophyll a in lentil
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Columns sharing at least one common letter do not differ significantly according to the LSD test at the 5% probability level.
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Figure 4- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on Chlorophyll b in lentil
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Columns sharing at least one common letter do not differ significantly according to the LSD test at the 5% probability level.
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Figure 5- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on total chlorophyll in lentil
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Figure 6- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on carotenoids in lentil
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Figure 7- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on Number of pods per plant in lentil
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Table 4- Analysis of variance for yield and grain quality traits in two lentil cultivars (Bile Savar and Varzeghan)
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Figure 8-Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on Number of seed per plant
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Figure 9- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on Seed yield in lentil
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Figure 10- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on seed phosphorus percentage in lentil
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Figure 11- Comparison of the mean interaction effects of sowing date x cultivar x fertilizer on seed protein content in lentil
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Figure 12- Phenological stages of lentil plants under fertilizer treatment and sowing date
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Table 5- Correlation coefficients among some of the studied traits in lentil
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important rainfed legumes in the western regions of Iran; however, its
production is severely constrained by late-season drought stress. Drought stress disrupts photosynthetic processes and
reproductive growth by reducing the availability of essential nutrients. Salicylicacid, as a plant growth regulator, enhances
drought tolerance. Furthermore, mycorrhizal fungi such as Glomus intraradices, through the extension of their hyphal
network, facilitate the uptake of water and low-mobility elements such as phosphorus (P), thereby improving stress
resilience. Given the decisive role of cultivar selection in yield performance, this study was conducted to evaluate the
interactive effects of salicylic acid and mycorrhizal inoculation on the morphophysiological characteristics, yield, and
nutrient acquisition of two rainfed chickpea cultivars under the climatic conditions of Lorestan province.

Materials and Methods

The experimentwas carried out during the 2021-2022 growing season at the Beyranshahr Research Station (northeast of
Khorramabad, altitude 1660 m, cold semi-arid climate with an average annual rainfall of 250 mm). The experiment was
arranged as a split-plot factorial based on a randomized complete block design with three replications. The main factor
consisted of salicylic acid at four levels (0, 0.5, 1.0, and 1.5 mM). Subplot factors included two chickpea cultivars
(Lorestan local and the Goksu cultivar) and two mycorrhizal inoculation levels (inoculation with Glomus intraradices
and non-inoculated). Seeds were hand-planted in December. Mycorrhizal inoculum was incorporated into the root-zone
soil, before sowing, and salicylic acid was applied as a foliar spray at the pre-flowering stage. Measured traits included
plant height, number of pods per plant, number of seeds per pod, 100-seed weight, seed yield, biological yield, leaf area
index (LALI), canopy temperature, leaf chlorophyll index (SPAD), plant nitrogen and phosphorus concentration, and seed
protein content. Data were analyzed using SAS software (version 9.4, SAS Institute Inc.). Analysis of variance (ANOVA)
was performed, and treatment means were compared using Duncan’s multiple range test (o = 0.05).

Results and Discussion

Analysis of variance revealed that the salicylic acid x mycorrhiza interaction had a significant effect on number of pods
per plant, number of seeds per pod, canopy temperature, leaf chlorophyll index, plant nitrogen and phosphorus
concentrations, and seed protein content. The highest number of pods per plant (26.30) and seeds per pod (2.15) were
recorded in the 1.5 mM salicylic acid x mycorrhiza treatment. Moreover, the highest leaf chlorophyll index (17.08) was
observed in the Goksu cultivar treated with 1.5 mM salicylic acid and mycorrhiza, which was twice the minimum value
(8.18 in the untreated local cultivar, 0 mM salicylic acid, no mycorrhiza). The combined application of 1.5 mM salicylic
acid and mycorrhizaincreased plant nitrogen concentration (by 40.38%), plant phosphorus concentration (to 4.16 mg.kg-
1) which were more than double the lowest values (19.82% and 1.98 mg.kg™, respectively). The lowest canopy
temperature (23.45 °C) was also recorded under the 1.5 mM salicylic acid x mycorrhiza treatment, showing a significant
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reduction compared to the control (31.53 °C). The main effect of salicylic acid was significant on plant height, 100-seed
weight, and seed yield; the application of 1.5 mM salicylic acid resulted in the highest plant height (42.07 cm), 100-seed
weight (38.06 g), and seed yield (2022 kg.ha™), which were increases of 26.6%, 30.5%, and 56%, respectively, over the
control. Mycorrhizal inoculation alone also increased seed yield to 1864 kg ha™'. The Goksu cultivar was superior to the
local cultivar in terms of plant height (39.03 cm vs. 37.52 cm) and leaf area index (2.08 vs. 1.85), but no significant
difference in seed yield was detected between the two cultivars.

Conclusions

Based on the results obtained from this experiment, it was established that the main effects of salicylic acid application
and mycorrhizal inoculation individually increased seed yield. Mycorrhiza, through the expansion of its hyphal network,
improves phosphorus uptake, which provides the energy required for nitrogen fixation and chlorophyll synthesis. Salicylic
acid appears to improve nitrogen metabolism and prevent protein degradation under drought conditions by enhancing
nitrate reductase activity and modulating antioxidant responses. Furthermore, the synergy between these two factors
reduced canopy temperature (which improves plant water status) and increased the chlorophyll index (enhancing
photosynthetic capacity), thereby promoting the translocation of photosynthates to the seed. Although the Goksu cultivar
was superior in certain vegetative traits, its seed yield was similar to the local cultivar, which is likely attributable to the
greater adaptation of the local cultivar to the region’s rainfed conditions. In conclusion, the foliar application of 1.5 mM
salicylic acid combined with soil inoculation with the mycorrhizal fungus Glomus intraradices can be recommended as
a low-input, environmentally sustainable strategy to increase seed yield (up to 56%), protein content (up to 37%), and
nutrient uptake in rainfed chickpea under cold semi-arid conditions similar to those of Lorestan province.

Keywords: Canopy temperature, Drought stress, Leaf area index, Seed protein
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Table 3- Variance analysis of some evaluated traits of chickpea
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Height of plant  No. of pods.plant?’  No. of seed.pod! Leaf area index
)l’& . 2 3.168 " 0.453 ™ 0.308™ 3.92"
Replication
T Luwl 3 184.419™ 73.328™ 1.141™ 0.170m
Salicylic acid (SA)
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et - 7.55 5.48 12.02 17.32
C.V (%)
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Table 4- Mean comparison of measured some evaluated traits of chickpea affected by treatments
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* Means in each column, followed by a similar letter(s) are not significantly different at 5% probability level using Duncan test.
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Table 5- Interaction of salicylic acid, mycorrhiza and cultivar on leaf chlorophyll index of chickpea
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Salicylic acid (mM)
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* Means followed by a similar letter(s) are not significantly different at 5% probability level using Duncan test.
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Figure 1- Interaction of mycorrhiza and cultivar on plant phosphorus of chickpea
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Table 6- Interaction of salicylic acid, mycorrhiza and cultivar on yield components, canopy temperature, N, P and Protein od

chickpea
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* Means in each row, followed by a similar letter(s) are not significantly different at 5% probability level using Duncan test.
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Introduction

Mung bean (Vigna radiata L.) belongs to the Fabaceae family and originates in Southeast Asia. It is widely cultivated
worldwide, particularly in Asia, for human consumption, with annual production exceeding 4.5 million tons. Due to its
high protein content, carbohydrates, dietary fiber, and essential vitamins, mung bean plays a significant role in food
security. In addition, it contributes to soil fertility through atmospheric nitrogen fixation by rhizobium bacteria. In
Afghanistan, mung bean is particularly important because of its high nutritional value and low water requirement.
However, its production faces several challenges, including a lack of improved seeds, limited access to modern
equipment, and poor nutrient management. In this context, the use of organic fertilizers has been proposed as a sustainable
approach to improve growth and yield. These fertilizers enhance soil physical, chemical, and biological properties while
supplying essential nutrients. Humic acid, as an effective organic compound, improves soil structure, increases nutrient
uptake, and promotes plant growth. Its combined applicationwith organic fertilizers can enhance photosynthesis, biomass,
and grain yield. Due to the lack of sufficient studies under the climatic conditions of Afghanestan, this study was
conducted to evaluate the effects of humic acid and farmyard manure on the growth and yield of mung bean in Samangan
province.

Materials and Methods

The study was conducted during the 2025 season at the research farm of the Faculty of Agriculture, Samangan University,
located in the Old City of Samangan Province, Afghanistan, at an altitude of 962 m above sea level. The experiment was
arranged as a factorial in a randomized complete block design with three replications. The experimental factors consisted
of fertilizer at three levels (control: 0, humic acid: 50 kg.ha™, and farmyard manure: 40 t.ha™*) and genotype at two levels
(Afghanestan landrace and Uzbekestan landrace). Before sowing, farmyard manure was uniformly incorporated into the
soil one month before planting. Each experimental plot measured 2 x 2 m (4 m2), and the seeds were uniformly sown by
hand broadcasting. Humic acid was applied once in solid form at the 2—3 leaf stage. Irrigation was carried out using the
flood irrigation method according to crop water requirements at approximately 7-day intervals. Weeds were manually
controlled at two stages, 20 and 40 days after sowing. Measured traits included phenological, growth, and yield-related
characteristics, including plant height, number of pods per plant, 1000-seed weight, grain yield, biological yield, harvest
index, and relative water content. The data were tested for normality prior to statistical analysis using IBM SPSS Statistics
version 25. Treatment means were compared using Duncan’s multiple range test at the 5% probability level (P < 0.05).
Graphs were generated using Microsoft Excel.

Results and Discussion

The results of analysis of variance showed that there were significant differences among mung bean landraces and
fertilizer treatments for most traits. The shortest period to the three-leaf stage was observed in the control treatment, which
may be attributed to the use of seed storage during early seedling growth. Among the treatments, humic acid had the
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greatest effect on the growth and yield of mung bean. In the Uzbekestan landrace, this treatment increased leaf length and
width by 51.7% and 79%, respectively, number of branches by 63.7%, number of pods by 51.9%, number of seeds per
pod by 65.33%, 1000-seed weight by 11%, seed yield by 69.3%, biological yield by 66%, dry matter yield by 65.4%, and
relative water content of leaf by 3.3%, compared to the control. Furthermore, in the Afghanestan landrace, humic acid
increased plant height and number of leaves by 16.8% and 46.4%, respectively, compared to the control treatment. In
addition, the application of humic acid in the Uzbekestan landrace reduced the days to flowering and days to maturity by
23.6% and 7.5%, respectively, compared to the control.

Conclusions

The results showed that the application of farmyard manure and humic acid could significantly increase the growth
parameters and yield of mung bean. Among the treatments studied, humic acid performed better than farmyard manure
in most of the studied traits; in the Afghanestan landrace, the highest plant height and number of leaves were observed
under this treatment, while in the Uzbekestan landrace, the greatest leaf length and leaf width, highest number of branches,
and highest number of pods and seeds per pod were recorded with humic acid application. Furthermore, humic acid
significantly reduced the days to flowering and days to maturity. The Uzbekestan landrace showed a better response than
the Afghanestan landrace in most of the traits studied, with the highest 1000-seed weight, seed yield, biomass, harvest
index, stem dry weight, and relative leaf water content being observed in this landrace under humic acid treatment.
Overall, the results of this study showed that the application of humic acid at a rate of 50 kg.ha™ improved the growth
and yield of mung bean landraces under the climatic conditions of Afghanistan, and it can be used as an effective strategy
to improve the production of this crop in the region.
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Table 1- Soil characteristics of the experimental site
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Table 2- Physicochemical properties of the cattle manure applied in the experiment
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K (mgkg") P (mgkg" N (%) pH Organc carbon (%) Ec (dS.m™)

3252.4 695.3 2.56 7.2 19.5 2.9
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Table 3- Characteristics of the humic acid used in the experiment

oo oal  iie el Ojore S sl oS Jsbomo sl Syoged s
Soluble iron Mn Ca N Folic acid  Organic carbon  Soluble potassium Humic acid
(%) (%) (%) (%) (%) (%) (%) (%)
0.05 0.15 1 1 5 36 12 60

Juz 593l5 gt S 32 5 (g ()l piges Sl n Al
@ Hhie Ol ) S p B (S0l g5 feee) B L
059 4 B s b 0ald jy8 1S 1e8 9 U1 sled o el ¥ e
o~ (Heidari et al., 2015; Farsari et al., 2019) s, glos!
Sz (5 Jlaiwo b cdo b g Cs juody brdiges «ide ol ]
2w al> e 0 0 g pSoslul ol el 59
Oy b el FA o of 5l az 0 VO les b o)
(Dry weight) SCas (339 uas 9 ol S Sl 059 4
ales ;.80 S E g Sl Jluzs o3l 5 alewghs
(Ferrat & s anwlbo V ahbsles 3,k 5l a5y O s (slgimo

Lova, 1999)
RWC%= (FW-DW/ TW-DW) x100 (V) dsles
bl 03g TW 5 St 539 DW e (39 FW o o &8
Adb e Sy
loste ol Lol (g Jboy ol deedly (¢yglaes 51 u
015 yglen sodls ugus g (w2 Byl B9 S 50lS g0
2 o puliie dBM 8 )15) YO a5es SPSS 15816 5 5l saliatl b
Yo.o 455 IBM SPSS Statistics Windows .¥+\\ JL_.
duwlio Wud oo g 40 (IBM 8,5 1S4 005 Armonk
o ) Sl (gatels din yg0jl 5l oalai ol L laosly Silie
Excel 2013 l3sle 5 dlawgas o ylyg0s g dusslio duo)d iy Jlais|

035 (o 3
= LS
59098 Sl o

2 s 0358 31 aS ol i Wosly (wslylg 4 i 5l Jols zols
b jo) Slio 2395 Sl g duoy> gy aws ) (5w U g o
D3 gne a0 )> Sy aw 53 Jguaze (Sdwy B j)y 9 (S dw
391 b gime duoyd K prdaws )d Glas ded 365 g 0395 filite ]

(¥ Jg2)

Cpg—oda g @ 3 PS5 Ty Oliseds Soogen Al

P (S amw b 9> do o) lragals Ll jl g Byl
365 5 135,5 (o)lol de 50 s 9 Jlos! laaigy Sl)bI SB pdas
5 Cugi 5950 52 slacile jloe 98 Jitie ddy) dagi 45l 4y
Pl (fod ©yguods g CadlS 5l g gy Fe g Ve (Sloj ogaome
o 5 sl g B Uhgpa mialejl slacs S (g)lol o
byly b drg b s)lol J—old 45 (gyobesta b placl olS
s LSy gy S b L wsgio jsbay (SB Cugb) 5 lsmac]
U 595 ol Jolid 3o cnl )3 (o2 2390 (o5 Clivo 2038
&LO))‘ ‘J9.¢a.’>u: ‘_5._\».“:) 1 J9) i ‘u.man i3 J9) laas ‘uf)’ duw
b lds s sl « S 5, g Job iy 0 Sy olis iy
U)9 «dMe 2 )._\_L Sl (dMe J}.‘O ‘4.19_* )9 BMe slass 64.\9) JLl
@ipoyo 3D (g DSlos (miyoyio 0 4l 5 Sles il lia
o ylol g 5l 13 0l Sis oole 5 Shas il p a3l
J>|9 pL. )l Ca...f:l.))g ralidzs PR ELOJ)‘ d)ﬁfo)".ﬁ‘ LSI)'f VALY gf)g
9 00d (£ ySo3luil o Bl oy A5y Sl U (o) o
o | moyoyio Ko cdldy 5l a3 el ol ke
St Cl g 4 ey B olalS (lgn el o)S a9 5
Gy g Cod S 00l 3 Sos (laicay IS Sis )59 5 b
diges ez > )30 (359 e Sl )5 o S 3 2 SolS
L:a"j 0Sbo 9 cpjs Aoy VY Cogby b jlew j 3l goae Ve
S db oSl s (gl b cd Al e i ey
bl il (3 Bls ey @) o (655 0 Chomnd I o yeyie
ool 9 sl YA e 4 gy dacdMe b (clogad 5l S
5,50 g il 3 Slos g 08,5 )8 5,8 Bl w4z > VO b b
o plil JS Sutd (39 9 4> (g 63050)01 b o s (g
Coad Cyguody § Jusyd > 3 35 Cadld 2l 110 )5 duslro
Sl (6 pSoilul 0 dslbe ) 5, Sles 4y (golaiBl 5 Slos
@o\' Wu)ééjb)sbﬁ(jfwwbi)jﬁuiw
235 plosl LS e g Wl bl dnog MalS' Sy 3T )



Iy .

(Slo osg 8 Shos 5 oy 31 (010 395 9 Scngud ool T oy 30 Ko 9 Slocs

oPlo olS (S jglend Clho 2 0395 9 395 T il lg 529 -F Jgae
Table 4- Analysis of variance of the effect of fertilizer and landrace on phenological traits of mung bean plant
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Figure 1- Interaction effect of landrace and fertilizer on days to three leaves (A), days to flowering (B) and days to mung
bean maturity (C)
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Table 5- Analysis of variance of the effect of landrace and fertilizer on growth traits and yield components of mung bean
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Figure 2- Interaction effect of landrace and fertilizer on plant height (A), leaf number (B), leaf length (C), leaf width (D),
number of branches (E), number of pods per plant (F), pod length (G), and number of seeds per mung bean pod (H)
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Means with at least one common letter are not significantly different at the 0.05 level of Duncan's range test.
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Table 6- Analysis of variance of the effect of landrace and fertilizer on morphophysiological and yield-related traits of mung

bean.
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ns, * and **: indicate non-significant, significant at P < 0.05, and significant at P < 0.01, respectively
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Figure 3- Interaction effect of landrace and fertilizer on 1000-seed weight (A), plant yield (B), biological yield (C), harvest
index (D), dry matter yield (E) and leaf relative water content of mung bean (F)
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Means with at least one letter in common are not significantly different at the 0.05 level of Duncan's test.
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Introduction

The concept of sustainability is mainly used as a measure of the temporal or spatial invariance of specific
characteristics. Therefore, sustainability can be expressed as the stability of agricultural outputs, especially yield, over
long periods of time or in different spatial environments. The idea of applying sustainability analysis methods to
cropping systems is not new, however, it does not seem to have been addressed as it deserves. Yield sustainability
analyses have gained more importance in recent years, as the increase in climate variability caused by climate change is
also associated with a decrease in crop yield sustainability. For example, among the eight crops studied, beans
(Phaseolus vulgaris L.) have shown the greatest sensitivity to temperature increase scenarios caused by climate change.
Some studies have shown that yield instability in legumes is 30% higher than in spring and autumn cereals. There are
two dominant approaches to the comparative advantage index. The first approach is based on the costs and benefits of
products, and the second approach is based on the performance and production of products. The first approach often
includes economic and monetary aspects, and the second approach includes technical aspects of production. For
example, in a study evaluating crop production, watermelon, cucumber, potato, onion, tomato, and rainfed wheat were
found to be efficient in terms of production performance and to have a comparative advantage. In contrast, irrigated
wheat, irrigated barley, grain corn, long-grain rice, and short-grain rice did not demonstrate a comparative advantage in
production compared with the national level.

Materials and Methods

Official statistics from the Ministry of Agricultural Jihad were used to obtain bean yields from (2010-2011) to (2020-
2021) and were the source of information necessary for this research. Yield, relative yield, yield sustainability index,
and cumulative comparative advantage were among the items measured in this study. Provincial data were tested using
a randomized complete block design with 10 replications (years) and compared means using Duncan's range test.
Although changes in genotypes, crop management, economic factors, and weed and pest control vary from year to year,
the principle of yield stability calculations does not distort the results, but to reduce these effects, the number of base
years was only 10 years. The minimum number of years to measure yield stability indices is 4 years. Usually, there are
two opinions on dealing with outliers in yield stability studies: one is that these data should be eliminated, and some
believe that these data should be retained because they reflect biotic and abiotic stresses in the studies. In the present
study, there were no outliers due to the limited number of years of evaluation, and therefore all data were retained for
the provinces.

Results and Discussion

Yield, relative yield, sustainability index, and comparative advantage were the factors evaluated in this study. The yield
range of bean seeds fluctuated from 940 kg ha* in South Khorasan to 2816 kg.ha* in Zanjan. 58 percent of the 31 bean-
producing provinces had a yield of less than 2 tons ha. In terms of relative bean yield index, the provinces of the
country are divided into three groups, with only 48.4 percent of the provinces having a relative yield of more than 100.
Provinces such as Fars, Zanjan, Chaharmahal and Bakhtiari, Isfahan, and Markazi had bean yields of more than 2 t.ha,
and at the same time, the yield sustainability index in them was more than 0.7. In terms of relative advantage in area,
only 5 provinces had a comparative advantage, and in these provinces a significant level of cultivation was devoted to
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bean crops. The relative yield advantage was more than 1 in 9 provinces and more than 2 in 3 provinces. The
cumulative comparative advantage of bean cultivation in the country showed that the provinces of East Azerbaijan,
Chaharmahal and Bakhtiari, Zanjan, Fars, Kohgiluye and Boyer Ahmad, Lorestan and Markazi have cumulative
comparative advantage for bean cultivation. According to the results obtained, it is suggested that policies for bean
production in the country be made according to similar indicators of this research.

Conclusions

Ensuring a promising future for crop production depends on an accurate analysis of past production trends. Monitoring
yield, relative yield, yield stability, and the comparative advantage of production are among the tools used to analyze
the historical performance of crops. Over a decade of bean cultivation in the country, bean seed yield across the 31
bean-producing provinces ranged from 940 kg ha™ in South Khorasan to 2,816 kg ha™ in Zanjan. However, 58% of the
producing provinces still had yields below 2 t ha™'. The relative yield of beans exceeded 100 in 15 provinces. In terms
of yield stability, only 16% of the bean-producing provinces both achieved yields above 2 t ha™ and maintained these
yields over time, indicating substantial yield fluctuations in most producing provinces. In terms of relative advantage,
only 5 provinces had a comparative advantage, and in these provinces a significant level of cultivation has been devoted
to the bean crop. The relative advantage of yield in 9 provinces was more than 1 and in 3 provinces more than 2. If both
the level and yield are the basis of the relative advantage (cumulative relative advantage), the provinces of East
Azerbaijan, Chaharmahal and Bakhtiari, Zanjan, Fars, Kohgiluye and Boyer Ahmad, Lorestan and Markazi have such
an advantage for bean cultivation. According to the results, the strengths and weaknesses of bean production in each
province are specific to that province and can be traced through the indicators presented in this article.

Keywords: Area, Cumulative comparative advantage, Pulses
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1- Shapiro-Wilk Test
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Figure 1- Average bean seed yield over a ten-year period in different provinces of Iran
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Figure 2- Relative yield index of beans in different provinces of Iran
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Figure 3- Yield stability index of beans in different provinces of Iran
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Table 1- Area comparative advantage, yield comparative advantage, and cumulative comparative advantage of beans in

different provinces of Iran
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Introduction

Mung bean (Vigna radiata L.) is a valuable legume crop whose seeds contain approximately 22-25% protein, 51%
carbohydrates, 10% moisture, 4% minerals (including magnesium, potassium, manganese, copper, and zinc), 3% vitamins
(particularly B-complex vitamins) as well as dietary fiber and antioxidants. As a member of the Fabaceae (legume) family,
mung bean serves as an important source of plant-based protein in the human diet. It is also one of the legume crops well
adapted to the climatic conditions of Iran. Humic acid is recognized as an environmentally friendly organic fertilizer
enhancing plant growth and improving soil fertility. Evaluating the quantitative and morphological traits of local mung
bean populations facilitates the identification of genetically diverse cultivars with superior agronomic performance,
thereby supporting crop improvement and sustainable agricultural production. Therefore, the current research was
conducted to investigate the effects of foliar application of different concentrations of humic acid on the quantitative and
morphological characteristics of mung bean cultivars.

Materials and Methods

The experiment was carried out at the research farm of Lorestan University, Khorramabad, Iran, using a factorial
arrangement based on a randomized complete block design (RCBD) with three replications. The experimental factors
consisted of three mung bean cultivars: Arteshi (primary landrace; Ci), Malek (secondary landrace; Cz), and Omrani
(breeding cultivar; Cs), as well as three levels of humic acid: 0 mg.L™! (control, distilled water only; F1), 50 mg.L™; F2),
and 100 mg.L™'; Fs). Sowing was carried out during the summer growing season on July 11. All crop management
practices, including weeding and other field operations, were performed manually. Humic acid treatments were applied
as foliar sprays at two growth stages: branching and flowering. Leaf nitrogen content was determined using the Kjeldahl
method. Statistical analyses were performed using SAS software (version 9.4), and treatment means were compared using
the Least Significant Difference (LSD) test at the 5% probability level. Furthermore, the relationships among the traits
were evaluated using simple Pearson’s correlation coefficients, and path analysis based on the correlation coefficients
was performed to determine the direct and indirect effects of the traits associated with seed yield.

Results and Discussion

The analysis of variance indicated that cultivar had a significant effect (P < 0.01) on most of the evaluated traits, including
the number of pods per plant, number of seeds per pod, 1000-seed weight, pod length, plant height, height of the first
branch above the soil surface, and biological yield. Furthermore, the interaction between cultivar and humic acid treatment
was significant (p < 0.01) for some of the studied traits such as pod dry weight, biological yield, seed yield, and harvest
index. The highest biological yield (3.2 t.ha™!) was recorded in the Malek cultivar (secondary landrace) treated with 50
mg.L™! humic acid. In contrast, the highest seed yield (2.4 t.ha™') was obtained from the Omrani cultivar (breeding
cultivar) treated with 100 mg.L™! humic acid. Analysis of the main effects also indicated that the Omrani cultivar
outperformed the other cultivars in terms of yield components. In addition, foliar application of 100 mg.L™" humic acid
increased leaf nitrogen content, 1000-seed weight, and the number of branches per plant. Overall, humic acid application
exerted different effects on the evaluated mung bean cultivars, particularly with respect to the number of branches per
plant, 1000-seed weight, and other traits probably through improving soil structure and its chelating properties, thereby
enhancing nitrogen and phosphorus uptake.
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Conclusions

The results demonstrated that genetic differences among mung bean cultivars significantly influenced growth, yield, and
most of the measured traits. The response to humic acid was also cultivar-dependent, with significant improvements
observed in several quantitative traits. Among the evaluated cultivars, the breeding cultivar (Omrani) showed superior
performance in seed yield, 1000-seed weight, and plant height. Overall, the combined use of an appropriate cultivar and
the optimum humic acid concentration enhanced plant growth and productivity. Therefore, foliar application of 100
mg.L ! humic acid is recommended for the Omrani cultivar to maximize yield, whereas 50 mg.L™! is more suitable for
the local landraces.
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Table 1- Meteorological characteristics of the experimental site during the experimental period
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by 0 40.4 18.94 350.5 8 9
August
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Table 2- Soil characteristics of experiment site
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Table 5- Mean comparison of the main effect of cultivar on some agronomic traits of mung bean plant
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pods p weight (g) (cm) First branch height
plant per pod (cm) from soil level (cm)
_ ) &gl g 35 _ 1.7 7.6° 32.7¢ 6.8 31.1b 14.07°
Primary Landrace Arteshi
Ko 256 o3z 029 7 9.8° 56.10 7.7 33.40 15.7%
Secondary Landrace Malek
e o8 8.4b 9.8 69.72 8.52 39.92 18.072

Cultivar Omrani
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* Means with similar letters in each attribute do not differ significantly based on the LSD test.
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Table 6- Mean comparison of cultivar and humic interaction acid on some agronomic traits of mung bean plant
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Cultivar Humic acid Pod dry weight Biological Seed yield Harvest index
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Control (spraying with distilled 0.3 2.42° 0.69° 28.6°
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Cultivar Omrani 7 P'Sg‘i 0.37¢ 2.9° 1.01° 35.3%
50 mg.L
A np Skt 0.38° 3.15° 1.23° 39,22
100 mg.L?
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Table 7- Simple correlation among the agronomic traits evaluated in mung bean plant

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11  YI12
Y1 1
Y2 0.18 1
Y3 0.05 -0.58" 1
Y4 -0.35 0.61" 041" 1
Y5 -0.02 -034 020 0527 1
Y6 010 -022 022 052" 0.84 1
Y7 -065° -036 -008 039" 033 0.23 1
Y8 0.26 0.01 0.19 034 054" 059" -0.09 1
Y9 020 -023 033 050" 062° 066" -005 0.75 1
Y10 038" -0.10 0.29 026 0.63° 0.61" -023 0.68" 0.76" 1
Y11 0.33 0.12 006 -025 0.21 013 -027 0.4 -005 0.60 1
Y12 -032 -002 0.07 041" 0.12 017 -012 -003 018 0.09 -0.10 1

3 e yp L5 sl elis) YT g elis)) (Y6 M Jobo 1Y il jlia 59 1Y A cBME o il slaws 1Y 3 gy > M olaws Y2 (g p> il> a5Ls oluws iYL
Sy gy oy (Y12 sl sl (YL als 5,Sloe (Y10 () 5)Shas (YO (3Me Siid (459 :Y8 (SB xdans
ol 3oy3 iy Jlain] pdas )3 )3 gixe (Siused odind LS
Y1: number of branches per plant; Y2: number of pods per plant; Y3: number of seeds per pod; Y4: 1000-seed weight; Y5: pod
length; Y6: plant height; Y7: first branch height from soil level; Y8: pod dry weight; Y9: biological yield; Y10: seed yield; Y11: HI;

Y12: leaf nitrogen percentage.
* Indicates a significant correlation at 5% probability level.
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Table 8- Direct and indirect path coefficients of yield components on seed yield of mung bean

m PO 6 Y2 Y3 Y4 AR >,Sdos
Trait Direct Indirect Indirect Indirect Indirect Total Correlation
effect viaY1 via Y2 via Y3 via Y4 effect  with seed yield
il as L slass
i 43 S 0.42 - 0.038 0.006 -0.245 0.201 0.201
Number of branches per plant (Y1)
492> S Sl 0204 0075 -0.077 0434  -0232 -0.232
Number of pods per plant (Y2)
3 ol 0132  0.020 -0.119 - 0.295 0.328 0.328
Number of seeds per pod (Y3)
)l 0is 0710  -0.139 -0.124 0.055 - 0.502 0.502"
1000-seed weight (Y4)
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Introduction

Drought stress is one of the most important abiotic factors limiting agricultural production in arid and semi-arid regions
of the world. Water deficit disrupts physiological and metabolic processes in plants, leading to reduced growth, impaired
photosynthesis, and decreased grain yield. Drought stress also increases the production of reactive oxygen species (ROS),
damages cellular membranes, decreases photosynthetic pigments, and ultimately reduces plant productivity. Mung bean
(Vigna radiata L.) is an important legume crop because of its high nutritional value, short growth period, and nitrogen-
fixing ability. However, this crop is highly sensitive to drought stress, particularly during flowering and grain filling
stages. Therefore, improving drought tolerance in mung bean is essential under water-limited conditions. The application
of plant growth regulators such as paclobutrazol has been considered an effective strategy for alleviating drought-induced
damage. Paclobutrazol can improve drought tolerance by enhancing plant water status, maintaining membrane stability,
promoting osmotic adjustment, and strengthening antioxidant defense systems. Previous studies have also shown that
triazole compounds modulate stress-responsive pathways and improve plant performance under water-deficit conditions.
However, these responses may vary with cultivar and drought intensity, and the underlying physiological mechanisms
remain insufficiently understood. Therefore, the present study aimed to evaluate the physiological and biochemical
responses of two mung bean cultivars to paclobutrazol application under drought stress.

Materials and Methods

This experiment was conducted during the 20242025 crop year at the Research Farm of the Faculty of Agriculture,
University of llam, Iran. The experiment was arranged as a split-plot factorial based on a randomized complete block
design with three replications. Experimental treatments consisted of three drought stress levels (40, 80 and 120 mm
evaporation from Class A evaporation pan) as the main factor and three levels of paclobutrazol foliar application (0, 30,
and 80 mg.L ™) along with two mung bean cultivars (Partow and Gohar) as subplot treatments. Drought stress treatments
were imposed after complete seedling establishment based on cumulative evaporation from the Class A evaporation pan.
Paclobutrazol was sprayed three times at 72-hour intervals. Physiological and biochemical traits including relative water
content, ion leakage, chlorophyll a and b, carotenoids, proline, soluble sugars, catalase activity, and ascorbate peroxidase
activity were measured at the flowering stage, while grain yield was determined at maturity. Statistical analyses were
performed using SAS software (Ver. 9.1), and mean comparisons were conducted using the Least Significant Difference
(LSD) test at the 5% probability level.

Results and Discussion

The results indicated that increasing drought stress significantly reduced relative water content, chlorophyll a, chlorophyll
b, carotenoid content, and grain yield in both mung bean cultivars. In contrast, ion leakage, proline accumulation, soluble
sugars, and antioxidant enzyme activities increased under drought stress conditions. Paclobutrazol application improved
physiological and biochemical characteristics in both cultivars, and the greatest positive effects were observed at 80
mg.L™L Foliar application of paclobutrazol increased relative water content, photosynthetic pigments, proline, soluble
sugars, and the activities of catalase and ascorbate peroxidase enzymes, while reducing ion leakage under drought stress
conditions. The interaction effects of drought stress, paclobutrazol, and cultivar demonstrated that cultivar Gohar showed
superior performance under mild and moderate drought stress conditions in terms of most physiological traits and grain
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yield. In contrast, cultivar Partow exhibited greater tolerance under severe drought stress conditions through better
maintenance of physiological characteristics and stronger antioxidant defense responses. Enhanced antioxidant enzyme
activities and increased accumulation of osmotic adjustment compounds in paclobutrazol-treated plants played an
important role in reducing drought-induced oxidative damage, maintaining membrane stability, and improving drought
tolerance.

Conclusions

Overall, drought stress adversely affected physiological traits and grain yield of mung bean plants. However,
paclobutrazol application considerably alleviated the negative effects of drought stress. Foliar application of
paclobutrazol, particularly at 80 mg L1, improved plant water status, enhanced antioxidant defense systems, increased
osmotic adjustment compounds, and maintained membrane stability, resulting in greater drought tolerance in mung bean
plants. In general, cultivar Gohar showed better overall performance in terms of physiological traits and grain yield,
whereas cultivar Partow exhibited greater tolerance under severe drought stress conditions.
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Textlire Fe Zn Cu Mn Mg Available P Available K Total N Organic Carbon E.C pH
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i) P 10 19 72 14 230 55 300 0.11 1.30 0.35 7.2
Clay loam
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Table 2- Mean climatic parameters during the 2024 growing season of mung bean in Ilam province
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Months Rainfall Minimum relative Maximum relative Mean minimum Mean maximum
humidity (%) (%) humidity temperature (°C) temperature (°C)
)""" 0 13 215 37.1
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0 13 21.8 38.1
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oS 0 13 19.7 35.6
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e 0 15 14.4 29.7
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Figure 1- Simple effect of drought stress on leaf relative
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Figure 2- Interaction effect of Paclobutrazol and cultivar on
leaf relative water content in mung bean
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Po: no paclobutrazol foliar application, P1: 30 mg.L™*
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application
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Figure 3- Interaction effect of drought stress, paclobutrazol, and cultivar on leaf relative water content in mung bean
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Da1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application
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Table 3- Analysis of variance (mean of squares) for the effects of different levels of drought stress and paclobutrazol
treatments on physiological traits and grain yield of mung bean
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Figure 4- Interaction effect of drought stress, paclobutrazol, and cultivar on chlorophyll a content in mung bean
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Da1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application
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Figure 5- Interaction effect of drought stress and cultivar on Figure 6- Interaction effect of paclobutrazol and cultivar on
chlorophyll b content in mung bean chlorophyll b content in mung bean
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D1: 40 mm evaporation from the evaporation pan, D2: 80 mm Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol

evaporation from the evaporation pan, D3: 120 mm evaporation foliar application, P2: 80 mg.L* paclobutrazol foliar application
from the evaporation pan
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Figure 7- Interaction effect of drought stress and paclobutrazol on chlorophyll b content in mung bean
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D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™1 paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application
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Figure 8- Simple effect of drought stress on carotenoid content in mung bean
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Da1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan
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Figure 9- Interaction effect of drought stress, paclobutrazol, and cultivar on proline content in mung bean
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D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, D3: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application
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Figure 10- Interaction effect of drought stress, paclobutrazol, and cultivar on soluble sugars content in mung bean
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D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Dz: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™1 paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application
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Figure 11- Interaction effect of drought stress, paclobutrazol, and cultivar on catalase enzyme activity in mung bean
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Da1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application
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Figure 12- Interaction effect of drought stress, paclobutrazol, and cultivar on ascorbate peroxidase enzyme activity in mung
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Da1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application).
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Figure 13- Interaction effect of drought stress, paclobutrazol, and cultivar on grain yield activity in mung bean
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the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application
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