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Introduction

Faba bean (Vicia faba L.) is a strategic legume crop widely cultivated for its high protein content, contribution to human
and animal nutrition, and its capacity to biologically fix atmospheric nitrogen, thereby enhancing soil fertility and
reducing the need for synthetic nitrogen fertilizers. Despite these advantages, faba bean productivity in many semi-arid
regions remains suboptimal, largely due to inefficient nutrient management practices and an overreliance on chemical
fertilizers. Excessive use of mineral fertilizers not only increases production costs but also contributes to soil degradation
and environmental pollution. Consequently, there is growing interest in sustainable nutrient management strategies that
integrate chemical fertilizers with organic inputs and biostimulants to improve crop performance while minimizing
environmental impacts. Organic biostimulants, such as humic substances and plant-derived extracts—are increasingly
valued for improving soil properties, stimulating root growth, enhancing nutrient availability, and regulating key
physiological and biochemical processes in plants. Humic acid, a major component of soil organic matter, plays a crucial
role in improving soil structure, cation exchange capacity, and nutrient uptake efficiency. Similarly, Equilibrate
Vegetative Organic (EVEO), a plant-based biostimulant, contains naturally occurring growth-promoting compounds that
can enhance photosyntheticactivity, metabolic efficiency, and overall plant vigor. However, information on the combined
effects of these biostimulants with reduced or recommended rates of NPK fertilizers on faba bean growth and yield under
semi-arid conditions remains limited.

Materials and Methods

The present study was conducted to evaluate the effects of humic acid and EVEO, applied alone or in combination with
different levels of NPK fertilizers, on growth characteristics, yield components, biological yield, harvest index, and green
pod yield of faba bean. The experiment was carried out during the 2018-2019 growing season at the research farm of
Gonbad Kavous University, northern Iran, under semi-arid climatic conditions. The experimental design was a
randomized complete block design (RCBD) with three replications and nine nutritional treatments, including: (1) control
(no fertilizer), (2) 100% recommended NPK, (3) 100% NPK + humic acid, (4) 100% NPK + EVEO, (5) 50% NPK +
humic acid, (6) 50% NPK + EVEOQ, (7) humic acid alone, (8) EVEO alone, and (9) combined application of humic acid
and EVEO without mineral fertilizer. Standard agronomic practices were applied uniformly throughout the growing
period.

Results and Discussion

The results demonstrated that nutrient management treatments significantly affected most growth parameters, yield
components, and total biomass production of faba bean. In contrast, the harvest index was not significantly influenced by
the applied treatments, indicating that yield enhancement was mainly driven by increased biomass accumulation rather
than changes in biomass allocation. Treatments combining organic biostimulants with mineral fertilizers consistently
produced superior results compared with the control and sole mineral fertilizer treatments. Notably, the application of
humic acid or EVEO in combination with 50% of the recommended NPK rate resulted in yields comparable to or higher
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than those obtained with the full NPK rate, highlighting the capacity of these biostimulants to improve nutrient use
efficiency. The observed improvements in growth and yield attributes can be attributed to the synergistic interaction
between organic biostimulants and mineral fertilizers. Humic acid likely enhanced root growth and nutrient uptake
through improvements in soil structure and nutrient availability, while EVEO may have stimulated key physiological
processes via its bioactive constituents. These complementary mechanisms promoted improved vegetative growth,
reproductive development, and yield formation. Importantly, the ability to maintain or enhance yield with reduced mineral
fertilizer inputs underscores the potential of biostimulants to support more sustainable and resource-efficient cropping
systems.

Conclusions

The findings of this study demonstrate that integrating organic biostimulants such as humic acid and EVEO with mineral
fertilizers is an effective and environmentally sustainable strategy for improving the growth, yield, and productivity of
faba bean under semi-arid conditions. This integrated nutrient management approach reduces dependence on synthetic
fertilizers while maintaining high crop performance, thereby contributing to more sustainable agricultural practices. The
results provide valuable insights for faba bean cultivation in northern Iran and other regions with similar agro-ecological
conditions and support the broader adoption of combined organic—inorganic fertilization strategies in sustainable crop
production systems.
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Table 4- Mean comparison of the effects of nutritional treatments on the evaluated traits of faba bean
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h(e'gf)‘t plant Seeds/pod weight plant Pods yield Biological yield
cm (kg.hat) (kg.hat)
C;:t:ol 108.00¢ 5.10¢ 3.654 226.60° 23/104 8200¢ 6300
J’wwwl 111.80¢ 6.20¢ 3.80% 261.44°¢ 26.80% 93400 6830°
Humic acid
- “JE‘\D/E;J)M 122.40¢ 6.600c 4.20bcd 274.200¢  27.20°« 10387« 73104
NPK 50% 126.32¢  6.80° 410°¢ 30090  26.20° 10986 7740%
NPK 50% + humic acid 128.20¢ 6. 750 4.,00v 314.65% 29,30« 11130¢ 7650
NPK 50% + EVEO 129.31¢ 8.30%¢ 4.40v¢ 327.40% 27.40% 11750 68200
NPK 100% 133.42¢ 6.500<d 4,720 349.402 32.10° 12250% 8200¢
NPK 100% + humic acid 144.46° 8.90% 3.90° 319.90% 36.702 132602 8870%
NPK 100% + EVEO 157.30? 11.20° 5.702 325.00% 35.402 142062 92602
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* Means with similar letters in each attribute do not differ significantly based on the LSD test.
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Figure 1- The effect of different nutrient treatments on Grain yield of faba bean
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Introduction

Lentil (Lens culinaris Medik) is considered one of the most important legumes due to its protein content and high
nutritional value. Its yield, like that of other crops, is an important and challenging trait for genetic improvement, because
it is influenced by various factors that have detrimental effects on seed yield and traits related to seed quality. One of the
key aspects in plant breeding studies is the understanding of the interaction between genotypes and different
environments. The existence of genotype-by-environment interaction (GEI) in field trials of many crop plants indicates
that yield stability, along with high average yield, should be considered as an important aspect of yield comparison trials.
The aim of the present study was to determine stable and high-yielding lentil genotypes across different environments
using various stability indices.

Materials and Methods

In this study, fourteen advanced lentil genotypes along with two check cultivars (Gachsaran and Sepehr) were evaluated
based on a randomized complete blocks design with three replications at Khorramabad, Gachsaran, and Ilam Agricultural
Research Stations for two cropping seasons (2020-2022), and at the Mughan Station for one crop year (2020-2021). Seeds
were sown with a Wintersteiger research seeder in four rows, each 4 m long, with 25 cm spacing between rows (plot area
of 4 m2). Weed control was carried out using a hand cultivator in two stages during the vegetative growth period. Before
harvesting, the two outer rows and 0.5 m from both ends of the two central rows were discarded, and the remaining area
of each plot (1.5 m2) was harvested manually and grain yield was calculated. Grain yield, 100 seed weight, plant height,
days to flowering, days to maturity, kernel filling period, kernel filling rate, rain water productivity, seed yield formation
rate, and weight of single seed were measured in all seven environments for each genotype. All statistical analyses were
performed using GGE and the multi-environmental analysis package “metan” in R software.

Results and Discussion

The mosaic diagram showed that the contribution of the sum of squares of genotype and the genotype-by-environment
interaction (GEI) in the total sum of squares was 2.2 and 43.19%, respectively. The likelihood ratio test showed that the
genotype by environment interaction was significant on grain yield, 100-grain weight, plant height, days to flowering,
kernel filling rate, rain water productivity, and weight of single seed. The Scree test showed that the first two principal
components had a significant contribution to the GEI matrix derived from BLUP, as the first and second principal
components explained 44.4% and 32.2% of the GEI variation, respectively. The predicted grain yield means using BLUP
method indicated that the highest predicted yield using BLUP method was for genotype 2, followed by genotypes 7, 14,
6,10, 12, 1 and 4, all of which showed predicted yields higher than the overall mean. Genotypes 12, 1 and 4 had predicted
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yield very close to the average, and the lowest predicted yield with a large distance from the total average was related to
genotypes 15, 3 and 9 (Gachsaran). Factor analysis based on the traits measured in the studied genotypes showed that
four main components remained in the model, and the cumulative variance of these four components was 91.85%. For
grain yield, the genotype-by-environment interaction (GEI) coefficient of explanation and average genotypic heritability
were 0.4319 and 0.2065, respectively. The accuracy of genotype selection and the correlation between genotype values
across environments were 0.454 and 0.442, respectively. Also, the genotypic coefficient of variation, the residual
coefficient of variation, and the ratio of these two coefficients of variation were 4.48%, 21.9%, and 0.204, respectively.
The traits of grain yield formation rate, rain water productivity, and plant height showed the greatest contribution to seed
yield.

Conclusions

In general, the results showed that the genotype-by-environment interaction was significant on grain yield, 100-seed
weight, plant height, days to flowering, days to maturity, grain filling period, grain filling rate, grain yield formation rate,
rain water productivity, and single grain weight. Overall, based on the results of all methods and simultaneous selection
for grain yield stability and associated traits, genotypes 4, 2, 13, 14, 1, 7, and 10 were identified as stable and superior to
the average of all genotypes. Notably, genotype 2 outperformed the others, with a grain yield of 969 kg ha™, plant height
of 46.6 cm, seed yield formation rate of 63.6 kg ha™! day!, and rainwater productivity of 82.2 kg mm™, exceeding the
average values across all measured traits in this study.
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1- Mean performance and stability, MPE
2- Multi environment trial analysis
3-SVD

4- GEI

5-LMM

6- Likelihood Ratio Test
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Table 1- Names of advanced lentil cultivars and genotypes

5 5 L s e Lida
Code Genotype Origin Code Genotype Origin

Gl X02011S97-17 IRAN G9 ILL7685 ICARDA

G2 X02011S-163-15 IRAN G10 BARI MASUR-6XLIRL ICARDA

G3 ILL4605 ICARDA Gl1 ILL 10750% 1LL1982 ICARDA
G4 X2011S-172-34 IRAN G12 ILL10800 x 3310 ICARDA
G5 X2011S-183-16 IRAN G13 ILL4605x1L1L.6024 ICARDA
G6 X2011S-119-26 IRAN G14 ILL6002 ICARDA
G7 X2011S-192-45 IRAN G15 Gachsaran IRAN
G8  ILL4605xILL5597 ICARDA  G16 Sepehr IRAN
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Table 2- Geographical characteristics and annual rainfall of the experimental environments
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Figure 1- (a) Ratio of variance components for studied traits in lentil genotypes in multi-environment experiments (Gen:
genotype, Env: environment) and (b) Estimated phenotypic variance for grain yield
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GY: grain yield, HSW: 100 seed weight, PH: plant height, DF: days to flowering, DM: days to maturity, KFP: kernel filling period,
KFR: kernel filling rate, WP: rain water productivity, SYFR: seed yield formation rate, and WS: weight of single seed
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Figure 2- Genotype-by-environment interaction (GEI): a) Heatmap of the distribution of genotype performance across
environments based on the color difference and diversity of genotypes and environments; b) Mosaic plot to show the
contribution of components to the G+GE variance; and c) The characteristic root of the GEI matrix
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Table 3- Assessing the significance of factors in the mixed model and estimating variance components using the restricted
maximum likelihood method for the studied traits

Lo yd Cumd (49051
Likelihood ratio test

°)l"i &ild 5 Slos EHERRESTY g gles ) S, U 39, I e,
Statistics Grain yield 100-seed weight Plant height Days to maturity Days to flowering
Gen x Gen x Gen x Gen x Gen x
Gen Env Gen Env Gen Env Gen Env Gen Env
FsSul 8

o) 0.363" 51.943™ 1.409™ 58.966™ 0.0001™ 57.416™ 0.8259" 2.593™ 0.7115™  3.9766"
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Table 3- Assessing the significance of factors in the mixed model and estimating variance components using the restricted
maximum likelihood method for the studied traits, Continued
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Likelihood ratio test
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rate
Gen GenxEnv Gen GenxEnv GenxEnv Gen GenxEnv Gen GenxEnv
5 ldlf

)Jiz) 0.00001"™  0.6281™  0.792"  68.454™  0.0001™  51.971" 7.336™ 39.93™ 1.409"  58.966™
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ns *and ™: Non significant, significant at the p <0.01 and p < 0.05, respectively.
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Table 4- Parameters estimated using the REML

5 Sdos Ver 0d9 W, U 39, U 39,
S sl &l &l Sy R R
Genetic parameters Grain 100-seed Plant Days to Days to
yield weight height maturity flowering
@595 ol 1239 0.0436 0.405 1.002 0.2775
Genotypic variance (2.281)* (4.911) (0.43) (2.286) (2.187)
ke 2 05 bl 2.281 0.396 5.20 4.196 1.511
Genotype-by- (43.19) (44.6) (45.54) (9.569) (11.91)
environment variance
oaila Bl yolio oy 29622 0.4483 6.29 38.65 10.9
Variance of residual (54.53) (50.49) (54.03) (88.14) (85.9)
values
@uys wjb").lj 53325 0.8879 11.83 43.84 12.69
Phenotypic variance
e9es d’f‘"\f’glf’ 0.02281 0.04911 0.0001 0.02286 0.02187
Broad heritability
GEl ¢lojl jaseis <oy
Detection coefficient of 0.4319 0.446 0.4567 0.09569 0.1191
GEl effects
595 obe s pdicdlyg
Average genotypic 0.2065 0.3588 0.001 0.2912 0.2741
heritability
Gwig) bl cds
Genotype selection 0.4544 0.599 0.0001 0.5397 0.5236
accuracy
P Py plhe (o (Stuned
ko e
Correlation between 0.4420 0.469 0.4567  0.09793 0.1218
genotypic values among
environments
) Ol Gy
Genotypic coefficient of 4.482 4.414 0.0001 0.6957 0.4978
variation (CVQ)
bA.vLoL;BLv )JJLQA ul)u.:u w)ao
Residual coefficient of 21.92 14.15 7.606 4.32 3.12
variation (CVr)
2 9] Ol cops &5
o3lo 3l polio lpsis s 0.2045 0.3119 0.0001 11.16 0.1596
CVg/CVr ratio
e Sl 479.34 1.48 10.69 0.92 18.82
Standard deviation
>l (sl 26.19 0.08 0.58 0.05 1.03

Standard error
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* Numbers in parentheses are percentage variance.
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Table 4- Parameters estimated using the REML, Continued

s pad g nygs T S s Fomre 4o
S5 S el o n’g’ a5 oy ails 3,Shos R Weight‘-(’))f’
Genetic parameters period Kernel Seed yield Rainwater  gjngle seed
filling rate formation rate productivity
w95 ol 0.00000001323 0.00345 0.0000000025 0.009595 40.36
Genotypic variance (000000002647)* (3684) (016) (207) (491)
b 2 i) bl 2.263 0.04529 1.281 0.177 39.6
Genotype-by- (4.527) (48.37) (43.30) (38.17) (44.6)
environment variance
oxilo Bl plie (yuily)ly
i . 47.72 0.04489 1.654 0.2771 44.83
Variance of residual (95.47) (47.94) (56.3) (59.76) (50.49)
values
52 . o l“?’ 4.999 0.09364 2.935 0.4633 88.79
Phenotypic variance
el
S ‘5’*_'}*’ ©99 0.0000002647 0.03684 0.0000000000767 0.0207 0.0491
Broad heritability
GEl ¢lojl jaseis <oy
Detection coefficient of 0.0452 0.4837 0.4364 0.3817 0.4934
GElI effects
595 Sobe 6 pdicdlyg
Average genotypic 0.000000005098 0.2861 0.0000000008605 0.1996 0.6121
heritability
Gwig) bl cds
Genotype selection 0.0000715 0.5349 0.00002933 0.4468 0.7821
accuracy
P P) plie (o (Shued
ko ole
Correlation between 0.04527 0.5022 0.436 0.3898 0.7011
genotypic values among
environments
) Sl Gy
variation (CVQ)
DAJLOL;QL )J)LQA ul)u.:u w)ao
Residual coefficient of 1.814 15.84 2.367 23.15 5.088
variation (CVr)
2 @) Ol cops &5
05lo 3L yolie il yss gy 0.00001665 0.2772 0.00001167 0.1861 1.187
CVg/CVr ratio
S Sl 17.6 0.45 3.14 111 14.79
Standard deviation
>l (sl 0.96 0.02 3.14 0.06 0.81

Standard error

Al e uilyly duoys gl S5 dlael

* Numbers in parentheses are percentage of variance.
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Figure 3- Predicted grain yield of lentil genotypes based on best linear unbiased prediction (BLUP)
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Table 5- The values of each of the measured traits in the first four factors of factor analysis

Slio Joldele  pgddele  ppwiele  pylenJele ST ol
Traits Factor 1 Factor 2 Factor 3 Factor 4 Communalities
Iy 5, Sdes
SB 2 0.887 -0.00958 -0.346 -0.0421 0.908
Grain yield
S b 5”_ -0.168 0.0903 0.960 0.146 0.979
Days to maturity
9 3,Skos oS5 Ext 0.076 -0.941 -0.0991 0.0784 0.907
Seed yield formation rate
5,0 5l o
oSl -0.198 -0.292 0.293 0.853 0.938
Rain water productivity
9 &&_;)l -0.592 -0.554 -0.346 0.142 0.798
Plant height
b g 0y 0.367 -0.786 0.102 0.0705 0.768
Kernel filling period
ahe 39 -0.24 -0.325 0.661 -0.554 0.907
100-seed weight
ab QM gy S 0.946 -0.199 -0.132 -0.0127 0.952
Kernel filling rate
b oS5 s
Sy 0.884 -0.195 -0.168 -0.0741 0.853
Weight of single seed
L 5’)_ -0.168 0.0903 0.96 0.146 0.979
Days to flowering
_°}"‘5 e 660396 599796 160813 114164
Eigenvalues
%) "‘Jlﬁ)l’_}‘ e 39.51 35.89 9.621 6.83
% of variance
R 39.51 75.4 85.02 91.85

Cumulative variance (%)

& (MGIDI) itan s> ) = cudgl dlold (sl
S5 53 29480 25900 e Jlon] g} Sl sy Sl plaS ya alole
0l s wie Jp slacwdel (i S o edld cpl o8 b
555 3 (FAS) paas Jole 39 ¥ slacis <y (FAD) pgo Jole
Wbl o Sy IS ad 4 oS (FAL) pylee Jole )0 VF ojlos
ot (¥ JSmd) 2Bl o)l 9 Wy cd )b o VL ()l
g yioS 00iiS SaS Jolge Jolis jlgis 9 4 MGIDI > b )58
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Figure 6- Pearson’s linear correlation estimates for characters evaluated in 16 lentil genotypes in seven different
environments
Go9oe WP iy 1y e puo (KFR iy (08 53 055 :KFP ¢ Siusy 5 55, DM ¢ 23 J5 b 59, :DF 5y lis,] PH s Voo 59 HSW s 5 Sloe :GY

&l 5 59 WS g il 5, Ses iS5 e o SYFR (5L
GY: grain yield, HSW: 100 seed weight, PH: plant height, DF: days to flowering, DM: days to maturity, KFP: kernel filling period,
KFR: kernel filling rate, WP: rain water productivity, SYFR: seed yield formation rate, and WS: weight of single seed
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Introduction

Legumes are the second most important source of human food after cereals and are considered the primary source of plant
protein due to their high protein content. In addition to providing food for humans and livestock, legumes enhance the
fertility of agricultural soils when grown in rotation with other crops, owing to their symbiosis with nitrogen-fixing
bacteria. Common bean (Phaseolus vulgaris L.) is the most important legume used for direct human consumption.
Achieving high seed yield is one of the main goals of cultivating this plant, and appropriate agronomic management
practices-such as determining the sowing date, row spacing, plant spacing, and providing essential nutrients-resultin high
biological and economic performance. Therefore, in this experiment, to find solutions to increase the yield of local beans
in Guilan province, the appropriate sowing date, sowing pattern, and the effect of boron foliar application on bean growth
and yield were investigated.

Materials and Methods

This research was conducted as a factorial experiment in the form of a randomized complete block design (RCBD) with
four replications during the spring and summer of 2023 in the Rudbaneh section of Lahijan, Iran. The factors examined
in this experiment included sowing patterns at three levels: rectangle pattern (20x31 cm), rhombus pattern (23x27 cm),
and square pattern (25%25 cm), with a constant density of approximately 16 plants per square meter. Additionally, foliar
application of boron at a concentration of 0.1% was compared to no boron application. These factors were evaluated in
two experiments conducted on April 25" (spring) and August 29" (summer).

Results and Discussion

The results of the combined variance analysis showed that the effect of the sowing date was significant on all tested traits
except for seed protein content. These traits included plant height, number of secondary branches, number of pods per
plant, percentage of fertile pods, 100-seed weight, biological yield, seed yield, seed formation rate, seed filling rate, yield
formation rate, and vegetative growth rate. In contrast, sowing pattern treatments significantly affected only plant height,
the number of secondary branches, and 100-seed weight, with no significant impact on the other measured traits. In
comparison, boron foliar application had a significant effect on a wide range of traits, including plant height, number of
pods per plant, percentage of fertile pods, 100-seed weight, biological yield, seed yield, seed formation rate, seed filling
rate, yield formation rate, vegetative growth rate, and seed protein content. The results showed that seed yield at the spring
sowing date averaged 348.3 g.m, which was significantly higher than the summer sowing date average of 204.0 g.m™ (a
41% increase). Boron foliar application also significantly increased seed yield, with an average of 307.9 g.m2 compared
to 244.5 g.m without boron (a 20% increase). However, sowing patterns had no significant effect on seed yield. The
components of seed yield, including the number of pods per plant and 100-seed weight, were higher at the spring sowing
date, with averages of 15.6 pods and 42.8 g, respectively. These values represented increases of 37% and 6%, respectively,
compared to the summer sowing date. Boron foliar application also resulted in a 16% increase in the number of pods per
plant and a 5% increase in 100-seed weight, with averages of 13.8 pods and 42.6 g, respectively, compared to no boron
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application. Additionally, the square sowing pattern achieved a higher 100-seed weight, averaging 41.8 g, compared to
the rhombus and rectangle sowing patterns.

Conclusions

Based on the results of this experiment, sowing local beans of Guilan in the spring season, using the square sowing pattern,
and applying boron foliar application were superior in terms of seed yield and growth indices compared to the summer
sowing date, rectangle, and rhombus planting patterns, and no boron application.

Keywords: 100-seed weight, Common bean, Nutrients, Protein content of seed, Sowing date
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Table 1- Physicochemical characteristics of the soil at the experiment site

Colaa i NESUR 8.3 Lo
B8 oM S ) <)y oS onrw o SPNSCRM P
. il man Y () meSUe) peSike) peSake) T
(0 ctlw) (w28) (w2 yd) (wmopd) =Bb dudmw o) ) 3 3 ) (0,598
Depth Sand Silt Clay Texture pH "7”"’ e Orgla)“'c (55 (afsls (o5ls B
%) (%) (% oy carbon N 4 K ke!
(cm) ( ) ( ) ( ) EC (dS_m'l) (A)) (mg.kg'l) (mg.kg'l) (mg.kg'l) (mg g )
030 44 48 8 <7 734 0536 1.25 292 21.7 1722 1.1

Loam
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Table 2- Meteorological information of the experiment site in 2023 (Lahijan Meteorological Station)

b digeS Lod i bd (ibe o Cagby (SW,L ggecne
olo (15 il a2 p2) (3,5 il 42,0) (31,5 il 42 3) (323) (0 skue)
Month Minimum Maximum Average Relative Total rainfall
temperature (°C) temperature (°C) temperature (°C) humidity (%) (mm)
i 6.7 322 18.2 84.5 27.0
May
Is
e 13.8 325 245 83.4 9.9
June
» 14.8 35.1 25.1 81.9 8.5
July
|
e 14.8 36.5 28.2 74.8 2.0
Augest
A 16.8 35 23.7 85.6 78.8
September
A 11.1 29.5 20.1 87.0 158.7
October
1
ot 9 29 18.5 76.5 2.4
November
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Table 3- Phenological traits of beans at sowing dates (season) of spring and summer

M Ol
SG59l90d Slae Spring Summer
Phenological traits Cuils &40 51 59, Slaas Coils gu,U 5l 59, Sand

No. days from sowing date

No. days from sowing date

malS (Ad o U o)
Days to seedlings emergence
S 93 Al ye U5,
Days to two-leaves stage
256 )

Days to flowering
e LS 5T b g,
Days to pod formation
als o )j G 39
Days to seed filling
s (A5 1 093 Jobo
Seed filling period
Sy b o)

Days to maturity

8

12

37

39

67

M LS 5lel 5l 59, YA
28 days from pod formation

71

7
11
35
38

74
M LS 5lel 5l 59, ¥F
36 days from pod formation

82
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Table 4- Combined analysis of variance of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron
application treatments

©layo ube
s Mean of squares
Oyt e d‘;‘i W, —alidas GME S G baed Ve e 3Sles
S.0.v d.f) Gy ESCRPITY dgr Lauyle &ls o 3
Plant  No. branches No. pods Pods 100-seed  Biological
height per plant per plant fertility (%) weight yield
el (had) oyl
. () e 1 129.36%* 105.0208**  406.58**  84.270**  80.083** 851201.33**
Sowing date (season)
s 6 0.2220 0.3476 0.3154 4.618 0.256 127.555
Season/repeat
WK Al 2 21.631%*% 61702 0.050ms 1.633m 1.827* 34433
Sowing pattern
W
o MJ’lm 1 21.333%* 0.4033" 62.335%*%  442.86**  67.687** 125665.33%%*
Boron application
g "@'l)“x . 2 24414~ 0.4352ns 0.060m 17.619%* 0.221m 250.33m
Season X sowing pattern
Lv :
29 Blegbs “Las . 1 0.5208" 0.0675" 0.016™ 1.920m 3.740* 300.00"
Season X boron application
” wb“bb“ ) MK,"@"I)‘ 2 1.97520s 0.0077"s 0.530m 11.851* 0.450m 596.33™
Boron application X sowing pattern
9 s X cA RIS g e gsarge 0967¢ 2780 0,007 481.00%
Season x sowing pattern x boron application
oieleil sl 30 0.8252 0.2126 0.2269 2.899 0.553 289.155
Error
(h02) Sl o2 1.62 472 3.73 2.06 1.79 3.56
C.V (%)

R O e L e S R S
"s: is not significant and * and **: are significant at the five and one percent levels of probability, respectively
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Table 4- Combined analysis of variance of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron
application treatments, continued

Slaryo (le
Mean of squares

a4 s a
Oy @i o P it el At ol A
35 . ; o . -
S.0.V ‘Sdf) wlyoSles  WRUSE 0 Sk SR s g
’ Seed yield . Seed filling Yield Vegetative g 4 protein
formation formation growth
rate content
rate rate rate
culs (Juab) o
) 8 () olej 1 249841.02%*  811.19%* 156.60** 66.74%* 220.48%** 0.17508"
Sowing date (season)
<5 .
A Jab 6 889.243 1.6103 0.0427 0.2536 0.0715 0.1234
Season/repeat
el il
T ORD 2 51.141 0.0209"s 0.0158" 0.090"s 0.1791" 0.1188"
Sowing pattern
7 “’”b"l"m 1 48228.38%* 108.22%* 7.921%* 9.6302%** 17.01%* 3.6140**
Boron application
sl il X fad
oy b 2 351.251m 0.3095" 0.1675™ 0.0453m 0.0027" 0.0383"
Season x sowing pattern
.~.L‘ X a
2 el slone J‘as . 1 1446.505* 3.7548" 0.676** 0.3942* 0.0022" 0.0215"™
Season x boron application
9 S Jsbeo X S )
Boron app]ication X Sowing 2 109.274ns 0.6681" 0.00"s 0.0197"s 0.2511"s 0.0180"s
pattern
292 il glome X cudlS bl X o
Season x sowing pattern x boron 2 14.634m 0.2439rs 0.0325m 0.0042"s 0.02743"s 0.0701"s
application
u“"L")’l dUa.'>
30 297.879 0.0607 0.0736 0.0920 0.1022
Error
(h22) St a0 6.24 2.10 7.34 472 129
C.V (%)

Sy S g iy Jein] zolaw 3 i g HI xe FE g F g by ey M
"s: is not significant and * and **: are significant at the five and one percent probability levels, respectively
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Misagh ) cusl olS )3 jg1 yarie (B 035 4 b3 yglate ol (6l
2908 Ay gy didy Ailod LSy aily Ay (et al., 2016
il el (25 LS 53 ohigds y92 d9reS g ol ol 55
(JB 03,5 iy (g 3508 Coyg o 1D e oo Al LSS
o dparwl 5 0,83 8l Ll ¢ s b g JS S0 00Sg >
293908 Ll )b Cod 03,8 g a9 03,5 Sl N
Abou ) 595 0 0LS Cans (£y9)b el doeis jd 5 00 fisee

(Seeda et al., 2021
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Table 5- Mean comparison of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron application

treatments
g g, Las L slass R . Lawo,d  aldYer o3 S 3 D
Gl (Jud) loj “9‘&“ J Y ‘ 3 GBI Slass 6)9).. ‘ p) i 039 u“**i) :s-’“"
Sowing date (e i5l) =P Sy NEVR (%) (&pshe )
(season) Plant height  No. secondary No. pod.plant"! Pods Eertlllty 10'0-seed Blologlca_l2 yield
(cm) branches (%) weight (g) (g.m™)
’L?’- 57.6° 11.20 15.6° 83.9 42.8° 610.3°
Spring
- anls
e 543" 8.20 9.8" 81.3° 40.2b 344.0°
Summer
culs il
Sowing pattern
Jiee 55.1b 9.20 12.6° 82.3¢ 41.2° 472.7°
Rectangle (20 x 31)
i 55.6" 9.5 12.72 82.92 41.3%® 476.7%
Rhombus (23 x 27)
s 57.32 10.4? 12.82 82.6% 41.82 482.02
Square (25 x 25)
29 bl
Boron application
s,
7 sibsl 56.6° 9.6 13.8° 85.6° 42.6° 528.3
Boron application
P Span pie 55.3b 9.8 11.6° 79,60 40.3° 426.0°

No boron application
A (95 905 ololp) Moy gy Jlats] o )3 I ime oglis JBlB oS jmiie B> S JBlus gl (sl Silie oygw ym 0 5
* In each column, the means with at least one common letter do not have a significant difference at the five percent probability level,
based on Tukey's test.
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Table 6- Mean comparison of the number of pod.plant™ in the interaction of sowing date, sowing pattern and boron
application treatments

e R
Spring Summer
29 ol glone 29 S pan pas 29 ool glone 23 S pan pas
2l ol Boron application No boron application Boron application No boron application
Plant traits o @ ) @ D) @ B @
=0 = o oY) = o o0 = o ) = @
S QRAE %4 = S RE % = S QAE LS S QRE %4 3
B o B I~ . Y B I~ . Y B < . Y
£ WE Y2 4f 9E ¥E4: 9E ¥ 4 9E ¥E
& = MR- & MR- = i = = @

. ‘M-é ‘ . "
CHPOVEIR 1607 1640 17.0° 142> 15.0° 143> 111° 11.0°  10.8° 85 85 9.
No. pod.plant!
Sisb e (S5 orgejl olol) 2oy gy Jlosl grdaw 53 I3 gize glas 2B oS jie By S sl ooy Sibie
* The means with at least one common letter do not have a significant difference at the five percent probability level, based on
Tukey's test.
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Table 7- Mean comparison of pods fertility percent in the interaction of sowing pattern and boron application treatments

292 b Jglme 192 S pa pas
W ol Boron application No boron application
Plant traits Judaine 3T &0 Jubaiune 37 &
Rectangle  Rhombus Square Rectangle  Rhombus Square
lacaMe L -
OO oage by 85.5¢ 85.0° 86.4° 79.1° 80.8° 78.7°

Pods fertility (%)

2 (S5 9905) bl ) duoyd o Jein) gdaws y3 55 gne oglis 3816 oS e B SO JBlis (il (clap Sibio
* The means with at least one common letter do not have a significant difference at the five percent probability level, based on
Tukey's test

29 Byaas 3l wyy 5 (Robinson & Wilcox, 1998) )l
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Ol el yo 95 93 B Bpae & A8 (B Lgw Hhh CldS
PSS FIY Gpas b dSlas yiSlis g ud 4l 3 Shos b sxe
Uinlel 6 y> (Dameto et al., 2023) sl cowd 4 yo p,5okS
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polee CdlS )l 9 391 i Sl CitS 4 s o)l
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(Ghanbari et al., 2021) sl &l 5, Slos dgupy dons

18 Yoo 439
@5 FVIA Sole b ylap cdlS (Juad) ol ST o8 b oL ol
9 Sty p)S ¥ IV (S0le b il &) Gl () o0dne 55
3 09 b dslore D908 ol 1) (gpidar dld Ve s (:0ke
pas da Cauwd p)S FV/F pSSleo Laily Voo 50 (i3l el
o jlos hliseo ggbans (i w p2 (cu0) (B J9i2) 8 y92 Byuae
5 sleg J—ad o dild Voo o5 Jlde i a8 0b LS

op 3 R Jgz) del s 4 p S FYIV Jolas 0 by Joloee
S adlate ;> Lug aibiwnl e 3 ccsls il g ooy Sl
S il 5 olas 51 Sy 45 15 )5S GOS ol
(31550 Y) ccungST Vo cslS g0l 13 g 59 I gme ils Voo 59
Aol S nday gy A8l Voo 5g e el il g
93 S5 —iwlojl ;> (Esmaeilzadeh & Aminpanah, 2015)
Doy 5l 3 S ke Y0+ Aol Ly o3l e oo
Hamouda ) c.asls |y &l Ve v 459 jlde oy yidr ey 33 p )5 Juo
caliseo (ola il g ales y> a8 sy o 4as & (et al., 2018
PV Soliie Ql)ﬂ olS ged g Ay y i (daweo Joly— sl
S 3 350 b b i S5 ] 5 ol 5 420t
9 sy Rl cecly ABlgi o pgeome )3 @lS p (Sfglg
Lgd ol &ls Voo e Lol a3 g Lugd p3 S odle g

SR
ke b yle cadlS (Juab) o )3 dopsSilie dnolie gl 3l
L lili 43 S )3 S5 @iperie o5 PVHIY
9t s gbre 3l g dol s 4y ryayio yr p)S YFF/- (Sibe
S igine NB] gparie o )8 OYAY (pSSlo b (a5 5,8 os
J9i2) iy qpayio oS YYEI+ (:ilio b yor Bysae pic L
b sl cails loj bl a8 el oaly i cliuiod gols (0
625 8L s 5 Lod il asle Jase Jolse e 55l
ol eolatdl g (g 2 Slos (a8l aoes 53 g olS gai g 45



1P+ 090 doud ¥ o)lous VP ol (ol | Glgus s g ay yid YFo

292 elidglome 9 Gl Ll )l el o (gl ko y3 (MBLgL) (e (glug) (AL lho (ko dunslio -A Jgo
Table 8- Mean comparison of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron application

treatments
Al 3 Slos Wil LT G g oy py S gt JSUiS s s i gy sy i yaw Slyow
HRS) P e pdld) &> 5,5dos (95 23 055) THEN YY)
(&0 550 (59, Goy P eSe) (o y2055) Vegetative (323)
Seed yield Seed formation rate Seed filling rate Yield formation ~ growth rlate Seed protein
(g.m?) (Seed.day'.m?) (mg.day™) rate (g.day™) (g.day”) content (%)
Cdls (o) oo
Sowing date (season)
)Lef)' 348.3>" 20.5% 13.52 4.8° 8.52 24.72
Spring
el
e 204.0° 12.3b 9.8 2.5b 4.2° 24.6%
Summer
culs il
Sowing pattern
iieee 278.2° 16.4° 11.7° 3.7 6.5 24.5°
Rectangle (20 x 31)
<59 274.7* 16.52 11.6% 3.6% 6.42 24.72
Rhombus (23 x 27)
& 275.7* 16.42 11.6% 3.6% 6.32 24.62
Square (25 x 25)
25t b slone
Boron application
sl
7 sibsl 307.9° 17.9° 12.12 4.1° 7.0° 24.9°
Boron application
P Span pie 244.5b 14.9° 11.2° 3.20 5.8 24,30

No boron application
A (S5 g0)] oliolp) Moy gy Jlets] o )3 o ixe oglis JBl3 oS jmite By S JBlis gl (slaySibo (ygtw yo y 5
* In each column, the means with at least one common letter do not have a significant difference at the five percent probability level,
based on Tukey's test.
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Table 9- Mean comparison of the 100 seed weight, seed yield, seed filling rate and yield formation rate in interaction of
sowing date and boron application treatments

e Ol
W ol Spring Summer
Plant traits 390 oWl gl 39 Dyan pas 39 b Jglow 39 Byuan pas
Boron application  No boron application  Boron application No boron application
(p5) €23+ 0 B 41.8° 41.6° 38.7¢
100-Seed weight (g)
(e 2 £.5) s 3o 385.5° 311.1° 230.2¢ 177.8¢
Seed yield (g.m?)

U922 pSiske) 4> 0 2 oo 13.70 13.20 10.4¢ 9.34
Seed filling rate (mg.day™)
(}5) » P)f) ‘))SJ‘“' IS5 e s 5.42 4.3b 2.8¢ 2.1d

Yield formation rate (g.day™")

A (S5 905 Lolusl ) oy gy Jlosin] g )3 I3 gixe gles BB Sy B> K JBlis gl sla Silee
* The means with at least one common letter do not have a significant difference at the five percent probability level, based on
Tukey's test.
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b s sls Ll mls a5 (Moshatati et al., 2018)
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Introduction

Plants respond to drought by synthesizing osmo-protectants like proline and antioxidants, which help mitigate stress
effects. This study was performed to evaluate effects of seed priming on yield, some morpho-physiological traits of pinto
bean (Phaseolus vulgaris L.) cultivar under water deficit stress. Drought is a major limiting factor in bean production
worldwide. Given Iran’s location in an arid and semi-arid climate and the sensitivity of bean growth stages to moisture
stress, the adoption of mitigation strategies is essential. Therefore, this study aimed to investigate the effect of seed
priming on yield and some morphophysiological traits of pinto bean under water stress conditions. The experimental
design included drought stress at three levels: control (50 mm evaporation), moderate stress (75 mm evaporation), and
severe stress (100 mm evaporation) from a class A evaporation pan. Seed priming treatments included four levels: no
priming (control), priming with distilled water, priming with 0.5 mM salicylic acid, and priming with 100 ppm gibberellic
acid. Optimal priming conditions (temperature, duration, and drying time) were determined in a preliminary study. The
results showed that treatments significantly affected physiological, agronomical traits and antioxidant enzyme activities.
Under drought stress, severe stress caused the greatest reductions in relative water content (RWC), chlorophyll a,
chlorophyll b, total chlorophyll, and carotenoids by 19%, 27%, 29%, 28%, and 28%, respectively. It also resulted in the
largest decreases in pods per plant, seeds per pod, pod yield, 100-seed weight, seed yield, and biological yield, with
reductions of 42%, 32%, 19%, 10%, 45%, and 15%, respectively, compared with the control. Priming with distilled water
(optimal priming time, temperature, time and drying time were all determinedin a pre-test), priming with 0.5 mM salicylic
acid and priming with 100 ppm gibberellic acid and a new pinto bean cultivar, Koosha. In the case of priming, the
gibberellic acid treatment had the highest mean RWC (60%), chlorophyll a (1.03 mg.g™* FW), total chlorophyll (1.63
mg.gFW), while the salicylic acid treatment had the highest mean chlorophyll b (0.61 mg.g*FW). and carotenoids (2.59
mg.g FW). Regarding the interaction effects of treatments, priming reduced the negative effects of drought stress on
physiological traits at all stress levels (control, mild and severe stress), such that salicylic acid treatment had the highest
mean RWC, chlorophyll a, chlorophyll b, total chlorophyll and carotenoids. In the case of priming, salicylic acid treatment
had the highest mean number of pods per plant (15.82), number of seeds per pod (3.81), pod yield (0.79 g.m?), hundred
seed weight (48.37 g), seed yield (30.1 g.m"2) and biological yield (79.4 g.m"?). Regarding drought stress, the most severe
stress level showed the greatest reduction in the number of pods per plant, number of seeds per pod, pod yield, 100-seed
weight, seed yield, and biological yield, which were 42, 32, 19, 10, 45, and 15 percent, respectively, compared to the
control treatment.

Materials and Methods

The field experimentwas performedin 2019 and 2020 in the field of Markazi Province Agriculturaland Natural Resources
Research Center, located in the northern belt of Arak (latitude 34° 5’ N, longitude of 49°42° E), at an altitude of 1757
meters above sea level and with an average annual rainfall of 230 mm. A split-plot experiment was conducted in a
randomized complete block design (RCBD) with three replications. The experimental factors included drought stress at
four levels (control, 50 mm evaporation, 75 mm evaporation, and 100 mm evaporation from the evaporation pan), and
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seed priming at four levels (no priming [control], priming with distilled water, priming with 0.5 mM salicylic acid, and
priming with 100 ppm gibberellic acid). The optimal priming duration, temperature, and drying time were determined in
a pre-test, and the Koosha cultivar was used for the experiment. Field preparation, including plowing, disking, and land
leveling, was carried out in early spring of both cropping years, following standard regional practices. Before planting,
all the seeds were disinfected with benomyl fungicide at a ratio of two per thousand. Seeds were sown in six rows, each
4 meters long, with 50 cm spacing between rows (Kamankesh & Shafiei, 2017). The first irrigation was done immediately
after planting and the subsequent irrigations were done according to the relevant treatments based on the plant's needs
and environmental conditions.

Results and Discussion

The results showed that treatments significantly affected physiological traits. Regarding priming, Gibberellic acid
treatment had the highest mean RWC (60%), chlorophylla (1.03 mg.g™* FW), total chlorophyll (1.63 mg.g™ FW), and the
salicylic acid treatment had the highest mean chlorophyll b (0.61 mg.g™* FW), and carotenoid (2.59 mg.g* FW) values.
Regarding treatment interaction, priming reduced the negative effects of drought stress on physiological traits, at all
drought stress levels (control, mild and severe); salicylic acid treatment had the highest mean of RWC, chlorophyll a,
chlorophyll b, total chlorophyll and carotenoids. Gibberellic acid (GA) priming significantly influences the activity of
photosynthetic pigments in plants under drought stress by enhancing physiological and biochemical responses. This
priming mechanism involves the regulation of key photosynthetic genes and the activation of protective pathways that
mitigate stress effects. GA3 priming increases the net photosynthetic rate (Pn) and chlorophyll content, which are crucial
for effective photosynthesis under drought conditions (Xie et al., 2016; Fu et al., 2023). In maize, GA3 application
improved photochemical efficiency and stomatal conductance, leading to better photosynthetic performance under
drought stress (Fu et al., 2023). Regarding drought stress, the severe stress had the highest reduction of RWC, chlorophyll
a, chlorophyll b, total chlorophyll and carotenoids with 19, 27, 29, 28 and 28%, respectively compared to the control.
Chlorophyll concentration has been known as an index to evaluate source activity, therefore a decrease in this can be
considered a non-stomata limiting factor in the drought stress conditions (Hasnain et al., 2023). Chlorophyll concentration
has been known as an index for evaluation of source, therefore decrease in this can be considered as a non-stomata limiting
factor under drought stress conditions. There are reports of a decrease in chlorophyll under drought stress conditions.
Also, it is reported that the chlorophyll content of resistant and sensitive cultivars to drought and thermal stress is reduced.
However, resistant cultivars to drought and thermal stress had a high chlorophyll content (Kausar et al., 2023).

Conclusions

The results showed that treatments significantly affected agronomic traits. Regarding priming, Salicylic acid treatment
had the highest mean pod per plant (15.82), seed per pod (3.81), pod yield (0.79 g.m?), 100-seed weight (48.37 g.m™),
seed yield (30.1 g.m™) and biological yield (79.4 g.m2) values. Salicylic acid (SA) plays a crucial role in enhancing the
yield of beans through various physiological and biochemical mechanisms. Its application has been shown to improve
plant resilience against abiotic stresses such as waterlogging and salinity, leading to better growth and yield outcomes.

Keywords: Antioxidant enzyme, Environmental stress, Gibberellic acid, Salicylic acid
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experimental treatments
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. Soid 3] oS AT |
Jue Sesl ( ) J r ( )“?” Chlorophyll  Chlorophyll Total Carotenoid
Year Priming Irrigation Relative a b (mg.g®  Chlorophyll  (mg.g?!
(mm pan water  (mgglFw)  FW)  (mgglFW)  FW)
evaporation)  Content (%)
‘_J’l el 50* 50.33M" 1.03 0.64hcde 1.67« 2.46%f
First Control
75 48.671 0.87fn 0.59¢def 1.46%" 2.1
100 41.67" 0.61% 0.36* 0.96" 1.83K
o 50 53.67gh 0.75ij 0.57efg 1.32ij 2.42¢efg
Water 75 50.33hij 0.68jk 0.47hij 1.15Im 1.99ijk
100 44,67kl 0.7jk 0.43jk 1.13Im 1.85jkl
o "_L”'\'*“_’l 50 58.67ef 1.09bc 0.67abc 1.77abc 2.92a
Salicylic acid
75 53.33gh 0.96def 0.57efg 1.53ef 2.63de
100 48.33j 0.86fgh 0.53fghi 1.39ghi 2.11hi
|
&J’w"\“ ) 50 56.33fg 1.15ab 0.74a 1.89% 2.89ab
Gibberellic acid
75 52hi 1.04cd 0.66abcd 1.7¢ 2.66¢d
100 47k 0.99cde 0.5ghij 1.49fg 1.92ijkl
93 ol 50 75a 1.04cd 0.61bcdef 1.66¢d 2.36fg
Second Control 75 69c 0.95defg 0.55fgh 1.5fg 2.06hij
100 58ef 0.73j 0.36k 1.1m 1.741
o 50 T4ab 1.07bc 0.58defg 1.65cde 2.29gh
Water 75 64d 0.85gh 0.5ghij 1.35hij 2.05ij
100 64d 0.71jk 0.46ij 1.17KIm 1.78kI
Sl o] 50 76.33a 1.07bc 0.68ab 1.75bc 2.87abc
Salicylic acid 75 63.33d 0.91efgh 0.64bcde 1.55def 2.69bcd
100 58.33ef 0.67jk 0.58defg 1.24jkl 2.29gh
Sy Sl 50 74ab 1.2a 0.65bcde 1.85ab 3.06a
Gibberellic acid 75 70.67bc 0.95defg 0.59cdef 1.55def 2.55def
100 60e 0.84hi 0.44j 1.28ijk 1.84jkl
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* Means in each column followed by the same letters are not significantly different when using the Duncan' s test
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Introduction

One of the most important issues related to lentil (Lens culinaris Medik) cultivation in Iran, which is often
cultivated in less fertile soils under dryland conditions, is its low and unstable yield, which can be significantly
improved with appropriate management methods, including proper plant nutrition. One of the problems of soils in
arid and semi-arid regions is the reduced availability of micronutrients, especially Zn and Fe, and as a result, their
deficiency in plants. he lack of organic matter, high pH, and high percentage of calcium carbonate in arid and semi-arid
soils cause micronutrients, especially zinc (Zn) and iron (Fe), to stabilize in these soils and quickly become unavailable
to the plant. Under such conditions, applying these micronutrients as seed priming or foliar sprays (or a combination of
both) will be much more efficient than applying them to the soil.

Materials and Methods

In order to evaluate the effect of seed priming and foliar application of lentil plants by Zn and Fe micronutrient,
a factorial experiment was conducted based on randomized complete blocks design with three replications and
two factors. The first factor was nutritional priming insix levels [nutritional priming with FeSO4 and ZnSO4 each
at two concentrations of 50 and 100 mM, along with no prime (dry seed) and hydro prime as controls); The second
factor was foliar spraying with four levels (no foliar spraying and spraying with distilled water, FeSOsand ZnSO4
at 4%o concentration). Nutritional priming of seeds was carried out for 12 hours at a temperature of 15 °C. Foliar
spraying was carried out at two times, one at the 50% flowering stage and the other at the podding stage of lentils,
using zinc sulfate fertilizer containing 21% zinc and iron sulfate fertilizer containing 19% iron at a concentration
of 4%.. At the end of the experiment, plants were harvested from an area equivalent to 5 square meters and yield and
yield components were determined. After that, a seed sample was randomly separated and 20 seeds were placed in 9
cm diameter Petri dishes containing 5 ml of distilled water. Then, the Petri dishes were placed in a germinator at 20°C
and a 12-hour light/dark cycle. Finally, the germination and seedling growth characteristics of the seeds obtained
from the mother plants were examined.

Results and Discussion

Based on the analysis of variance of the measured data, the main effects of seed priming and foliar spray were
significant on all measured traits; however their interaction was significant only on grain yield. Almost the highest
levels of all studied traits were observed in the priming with 50 mM FeSO, and then ZnSO.. However, by increasing
the concentration to 100 mM, there was a reduction inall studied traits. For example, grain yield decreased by 69.16
and 72.09 percent by 100 mM FeSO,4 and ZnSO., respectively. Foliar application of FeSO4 and ZnSQO, increased the
number of pods per plant by 2.51 and 1.96 times, the number of seeds per pod by 1.24 and 1.33 times, and the 100-
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kernel weight by 47.34 and 29.98%, respectively, compared to the control (non-foliar application), indicating a
greater effect of plant nutrition with iron and zinc on seed weight, while priming had a greater effect on the number
of pods. Also, foliar application of micronutrients increased lentil grain yield through improving yield
components, and the highest yields were obtained from a combination of priming with 50 mM FeSO, and/or ZnSO4
and foliar application of these micronutrients. Priming did not affect the germination traits of the harvested seeds;
nevertheless seeds from plants foliar sprayed with FeSOs were superior regarding germination traits and seedling
vigor.

Conclusions

Overall, the resultsindicate that using management operations such as nutritional priming and foliar spraying with
micronutrients may be a suitable solution to improve plant growth and production, as well as germination and
seedling establishment of produced seeds. In this study, hydropriming did not have a significant difference with no-
priming in most traits, and priming with iron- and zinc sulfates, through improving height and lateral branches,
caused the mosttremendous increase in the number of pods per plant among yield components, while later applying
of these micronutrients through foliar spraying had the most significant effecton grain weight. Choosing the
appropriate concentration of these micronutrients (50 mM) and their application at the right time had an effective
role in increasing the vegetative and reproductive traits of lentil crops. In comparison, the high concentration of
priming agents (100 mM) had the opposite effect on all measured traits, and therefore, care should be taken in the
amount of these micronutrients.

Keywords: FeSO4, Micronutrients, Nutritional priming, ZnSO4
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el o s o) SerSlcglan gl aoyd  ddigui s dlge
Texture Sand Silt Clay EC SP TNV
(%) (5o 2 ot jod) (%)
(dS.m?)
Loam 28 43 23 1.78 40.43 28.10
Slesle O3 PN by o2l &9 e e
Organic C N P K Fe Zn Cu Mn
(%) (plistest)
(ppm)
0.309 0.039 4.45 215 1.98 0.23 0.69 5.45

EC: electrical conductivity; SP: saturation percentafe; TNV: total neutralizing value
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Table 2- Results of analysis of variance of measured traits of lentil plants as affected by seed priming and foliar spraying by
zinc and iron sulfate
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S.0.v P .I o W D ANE Daxi 2o io ;3 IS dlaxi IS > Ald dlaxi
' ﬁe%r;]tt br'::(l:hzglo Pods.plant? Pods.m Seeds.pod
Repfé:t'on 2 46.13™ 58.38™ 571.79™ 13917724.75™ 0.02"
icati
Pr'm.'"n;)zP) 5 94.70™ 39.21™ 1209.19™ 83712883.86" 0.55™
imi
Folﬁiiiu ® 3 326.52™ 85.19™ 3465.16™ 206960346.8™ 0.52™
! y
wﬁw}l;u:p%‘ﬁ’ 15 15.63™ 7.28" 57.50" 3346385.53™ 0.06™
s
Error 46 16.24 5.05 31.01 17073736.53 0.09
UI):\)/;)@ 15 217.76 14.97 16.75 15.59
0
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Table 2- Results of analysis of variance of measured traits of lentil plants as affected by seed priming and foliar spraying by
zinc and iron sulfate, continued

Slaryo (ke
O gt 2obio &85l an y Mean of squares
S.0.v d.f W Yer 49 413 3 Shos SU590m 3 yShos Cudld yr et Wi
100-seeds Weight Seed yield Biological yield Harvest index
‘_?9& . 2 0.03™ 571129.82M 173671.42" 114.63™
Replication
Sz - - - -
T 5 0.47 14082965.63 83985973.03 327.10
Priming (P)
s - - - -
o tslee 3 1.29 25619516.7 109655305.9 664.33
Foliar spray (F)
o l*fJ’l;“ :F‘i""*"i 15 0.07" 1548149.20™ 2628728.29™ 77.77™
s
46 0.05 249894.38 555489.83 61.86
Error
(h29) Sy o2 14.26 24.39 11.97 25.83
CV (%)

#% % NS
¢

il o Ko g iy Jls] g 3 5 f3sine 5 Biime IS pas Sl e g
ns, *, and **: indicate no significant difference and significant difference at the 5 and 1 percent probability levels, respectively.

Yoo 059 8oy YA/AA 5 FY/YY 5 GMe 5 il dluws (o yd
&Sy o ey S 0 0 b gl e dald 4y Cud il
Jsi2) Sipalyy o2 9 (F Jsa2) cs5) 5 0ml LolS (b sloxo o2
SBE A 59 9 W yd BME Dl oS g Ty 3T oy (V
olS ;5 e sl «liges 3,Sdas p Pho ol Joloe 5| S
&S cawl oads )55 (Cicer arietinum L.) 5450 olS 55 9 <l
S iy ey B 53U ool 5 sy il s
sl al58l (Usman et al., 2023) asiilsy olS bauwgs sasados
3gut il Yian] g9y 9 ol b (il Jobro 31 55 il
S g wgid dlae oLt g Adg ol iliel g SLiidles S
Rengel et al., ) cwl > Slas (glinl ais) asbsl 3 g Laas (4l y
b olass &S il oa i ol 35,500 slb iag s ) (2023
9 48,5 )8 (gdrofyy yolie bl sbre b o ) plalS
Shabanzadeh ) sly s yio)38) sals 4 Cund gyl dro jobas
ol (& Galavi, 2011; Ghaffari Malayeri et al., 2012
=hi QLS ) j8 ke juolie Bruae )b jlalbs Jlia i
So,l8 (Heidarian et al., 2011) Lg—w (ysred (gd4xis
o (Kamaraki & Galavi, 2012) (Carthamus tinctorius L.)

Cawl 0 )15 (Ghaffari Malayeri et al., 2012) >

s 42 0+ gaws Sl 5) 5 ol Milgus @l clale (153
2 G YVIEY g YOIYY inlS coge cas s ;Ygo o Vo
59> Cllguw 3,8 03 B 53 (1 Joio) 23,5 4l Vee (g
a5 dald 4 Cand duo > MY l5eds &l o 59 i]58) Cogo
5,8 s )l55 (Toklu, 2015) 4555 (Asadi & Malakouti, 2004)
(GAD s S92 9o Auo)d (59) Cllgun b uds jols Jlog &S
sito Sl Lol e 1 (o 38 o 3,80as sl 5 3 Slas
Ju oS @ a0 205 o o Sop g9 2] SV (slacdale
(OH) s e 000 1S3l a3 31 88 (ROS) s jn]
o 5 04 M55 055 sla Jsls 53 1] al 22y S o
3945 &> Laas Cage Wlgi e 5> ks )3 dlge me (635 5l
(Sun et al., 2021)

g > B s (1S (Bl Jglone slass golaws oy 3
Jols b gl o bayly b o &by 59 9 M y> wiby dlaws
bbb gloe Loyl 50 dils )59 9 BME dlaws polde oy piaii b
g 5b Jgloe 1 BME p3 &l Slaw oy g oyl Sldgan
il opl Olgw b (o)l sxe gl andl a8 ai Jols (o,
(¥ Js2)

Ol carge cuipar ) 9 ol Sl b (Sl gl
VYN 5 VEIF Lial5al g j3 GOV 3lass (cao)3 AD/F 5 NOV/Y



YAD ... oie 3 ,5kos g iy 1 59y 9 oo polie (bl Jolo 9 5oy Sowoslyy Sl oyl )K0d 9 (o2 9bilgdy (Silu>g

S Sinosl g oo zghan 399,55 il Cowi (was il Glio (pRilbe dwlio -Y Jgas
Table 3- Mean comparison of the different lentil traits as affected by the different levels of seed priming

2 Siaoal p jlod Tolaw
Seed priming levels

Trait 13 09 1529550 5, &8 o
aits :lw-' 99 d Hrvid)%” “ Zinc sulfate Iron sulfate
O-prime  Hydroprime ¢4 \m 100 mM 50 mM 100 mM
(ecsils) 5 5 26260 2827 28.85 ® 22,814 30.33* 2468
Plant height (cm)
_u"‘)s PR RN KW 7.00 g8.33 be 8.83b 6.50¢ 11254 6.67 ¢
Axillary branch no.
aiy 2 S Sl 33.33¢ 38.67° 44.67" 2450 52.00 @ 30.08 ¢
Pods.plant*
BME 3 &l slaws 1.36b 1.38b 1642 1.365 153 1.01¢
Seeds.pod
(p5) b\ iy 158" 160" 169" 1.33¢ 1.88° 141
100-seeds weight (g)
R 3 5|
(S0 5 p55kS) 4l 2,Sos 1743.14>  1838.89P  320500%  919.71°¢ 3436.082  1059.85¢
Seed yield (kg.hat)
(S s p)SokS) S5elgm 3 Shos

. : g 6219.83 ¢ 6659.72 ¢ 7613.21° 2833.00°¢ 10187.082  3842.93¢
Biological yield (kg.ha)

(Mo ) cubldyy ol

) 26.59° 26.64° 39.472 32.18° 31.86° 25.92°
Harvest index (%)
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* In each row, common letters means no significant difference.
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Table 4- Mean comparison of the different lentil traits as affected by different levels of foliar spraying
clidglone (sb Lo

Ole Foliar spray
Traits [P N E YR dwidainal K9y ©OWow ol CWew
No foliar spray Purified water Zinc sulfate Iron sulfate
(ecsile) 41y €5 21.80¢" 25.02° 20474 3117
Plant height (cm)
= Bls ol 5.67° 7.11° 8.94° 10.67°
Axillary branch no.
Wer > A s 21.39¢ 31.78¢ 41.83° 53.832
Pods.plant
e Sl &l oliss 1.18¢ 1.31b¢ 1.572 1476.b
Seeds.pod?
(pS) b Ve s 1.29¢ 1.45° 1.68° 1.91°
100-seeds weight (g)
(52 2 p55kS) &l 2o 719.31¢ 1373.12 2917.88° 3184.81°
Seed yield (kg.ha)
()L“S_& > 'D_’S’l";)_ S 2,5k 3506.53¢ 4829.10° 7805.90P 8762.322
Biological yield (kg.ha?)
Cadhyy pasld 22.85° 28.23° 35.30° 35.40°

Harvest index

sl Jly gme BB pas oaimd Ll oS jidio CBgy> sy yo > #
* In each row, common letters means no significant difference.
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Figure 1- Comparison of lentil seed yield as affected by the interaction of different levels of seed priming and plant foliar
spray treatments
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Different letters on the bars indicate a significant difference at the 5% level.
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Figure 2- Comparison of lentil biological yield (air-dried) as affected by the interaction of different levels of seed priming and
plant foliar spray treatments
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Different letters on the bars indicate a significant difference at the 5% level.
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Table 5- Results of analysis of variance of traits related to germination of lentil seeds from parental plants treated with
nutritional priming and foliar spraying by zinc and iron sulfate
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ns, *, and **: indicate no significant difference and significant difference at the 5 and 1 percent probability levels, respectively.
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Table 6- Mean comparison of traits related to the germination of seeds harvested from parental plants treated with foliar
spraying by zinc and iron sulfate
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* In each row, common letters means no significant difference.
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Introduction

Lentil, known as Lens culinaris Medik., is an annual legume belonging to the family Fabaceae. In 2020, lentil global
production reached to 5.6 million tons when Canada located in first place with 45%, followed by India with 18%. Iran
ranks 12" in the world while has less than 1.2% share in production of this important crop. There is a high diversity of
agronomic traits in lentil, the study of which is of great importance. Determining the characteristics of germplasm in
terms of desired traits facilitates the creation of breeding populations designed to achieve specific goals.

Materials and Methods

In this study, 70 international genotypes and three control varieties (Bile-Sawar, Kimia, and Mahali) were cultivated in
the first year in an augmented design with three replications for controls and in the second year in an alpha-lattice
design with replication. The experiment was conducted under autumn cultivation conditions at the Dryland Agriculture
Research Institute (DARI), Sararood, Kermanshah, during the crop seasons of 2022-23 and 2023-24. The traits studied
under field conditions included plant height, number of days to flowering and maturity, number of pods per plant, grain
filling period, grain weight, and yield. The data were used for multivariate analysis by using GEA-R. Cluster analysis
was done by Ward's method with the Euclidean distance criterion by hclust function in R software. Regarding the day to
flowering and maturity with the grain filling period, lower values were the selection criteria. For the other
characteristics, high values were desirable. Selection intensity was considered 15% for all MGIDI traits. For indexing
estimation, the R item in the metan software package was used.

Results and Discussion

The results of analysis of variance (ANOVA) showed the difference between the genotypes and controls. For
investigation significant difference among the other genotypes with the controls, the value of LSD should be the given.
Based on this, for all of traits except PH, DM, and NPP, the differences were significant at the level of 1% and 5%.
According to the results, there was significant variation in yield-related traits among the studied genotypes. About the
plant height (genotypes G21 and G8), number of days to flowering “genotypes G13, G17 and M2, M12”, number of
days to maturity “genotypes M20 and M7, M12, M33, M24, G4”, number of pods per plant “genotypes G30 and G1”,
grain filling period “genotypes G32 and G4, M29”, grain weight “genotypes M24 and M31”, and yield “genotypes M22
and M26” showed a favorable situation compared to the others in the two seasons, respectively. Based on cluster
analysis, two different groups (29 to 44 and 17 to 56) were formed in the two seasons, respectively, which were
different from each other. In general, the Mediterranean genotypes showed better position than the globals and controls
in terms of studied traits. In addition, there was a significant variation in terms of grain yield-related traits in the studied
genotypes, which allows the selection of superior genotypes from among them. Results of correlation coefficient of the
studied traits are also given. Yield in the first year was positively correlated with the number of days to maturity and
grain weight and in the second year with plant height and number of pods per plant, and negatively correlated with other
traits. The number of pods per plant, a key determinant of yield, was positively correlated with days to maturity, grain
filling period, plant height, and plant weight in the first year, and with the grain filling period in the second year. Across
both seasons, this trait showed negative correlations with other measured parameters. A dendrogram of cluster analysis
based on the morphological and agronomic traits of the lentil genotypes is also presented. In this dendrogram, a total of
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two groups were made and different genotypes were placed inside them. The number of genotypes in each group differs
each season (44 to 29 and 56 to 17 in two seasons), which are shown with different colors. In this case, genotypes that
were closest in terms of height, flowering and maturity period, number of pods per plant, weight, and yield were placed
in one cluster, and those that were more different were placed in the opposite cluster.

Conclusions
According to the results of this study, the trait of pod number per plant plays an important role in lentil grain yield under
autumn cultivation conditions.

Keywords: Agronomic characteristics, Augmented and Lattice designs, Dryland conditions, Legumes
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Table 3- Results of analysis of variance (ANOVA) of different traits in the studied genotypes
CooST b CIB 3 VF eV /oY oy Sl
Season 2022-23 based on Augment design

LI KeY) A
4y Wiyl geydlaxi U e, dany )
K JOVES 15 91 P ~:i &“ R e y 3 5O ;‘-' 49 s o5 ,
S.0V $; &g N S s wld cyiwd iy YJ D
df  PH DF DM ‘ SFP
NPP
G;ljJﬁt;pe 2 067 42467 2.86 41958  34.40" 782" 363833.75"
l 5 *
Rep)li);tion 4 3.28 4.76 1.76 192.06 3.90 0.66 28436.45*
Oy g
(M’J)CV"(’; y - 237 0.87 0.64 21.18 257 20.23 5.50
0
oy b B 3 IFeY —oF ol S
Season 2023-24 based on Lattice design
(LER) | G | ol ;
@ 5 399 S 5 39 Sl 549
©l i @l . ;.j £~ ’ ? c 5 )9,) e T 29 a1 539 5,50es
S.0.V S T o5 Sy sy il Gy SW YLD
df  PH DF DM : SFP
NPP
G;‘;’t;pe 68 860  22.99%* 9.92 196.72  25.88** 119 1201393%*
Rep)lli::jtion 4 4.28 0.49 0.97 767.69 0.08 0.02 72539.45
Replii;l;i)c:n)-l);l;cks 8 9.44 20.44* 19.29* 291.60 6.82* 0.92 46572.79
(M”)C“'\"/"Z; ;‘*"‘é - 860 203 131 22.78 2.95 17.48 15.62
0

A 5 Slas (YLD g als 59 :SW iy o0 )j 0,93 :SFP &g > ME NPP sliws ¢ Sauwy U 59, dlaws DM (25 5 b 3o, olaws :DF 54 glis,l PH
PH: plant height, DF: days to flowering, DM: days to maturity, NPP: number of pod per plant, SFP: seed filling period, SW: seed
weight and YLD: yield.
sl Qo3 S s )d (40 Gixe 0aid WS s g duo ) ey prdaw jD (61 gixe oliad L i
*: indicates significance at 5% and **: in 1%.
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Table 4- Minimum, maximum, range, mean and coefficient of variation of the studied traits
YFe) oY oly; Jlw
Season 2022-23

, j9y S G 59, slaxi O 32090 09
ag slas, ! Ny . 3 ,5os
iy # &‘ st Sy 23 WS dlass &l &l )
Cdo (o s5lw) ‘ ' Sy ) o (psSew)
Trait PH (3,) (395) ! (39) () YLD
(cm) DF DM NPP SFP sw (Kg)
(day) (day) (day) ()
i:’: 27.00 133.00 177.00 49.67 38.00 2.81 185.00
)I;AS&IIA; 37.67 140.60 183.00 149.67 49.00 5.92 2255.00
s 10.67 7.00 6.00 100.00 11.00 3.11 2070.00
Range
0els 31.99 136.90 180.29 70.68 43.38 414 1092.4
Average
Oy g i
(2a23) 1.39 0.71 5.33 5.50 16.32 26.50 37.62
CV (%)
YFoY —o¥ sy
Season 2022-23
ey 3923 G 59, dlaxi O 09 039
wg W) e 5 : > YL lass ; ~ 28
o o 5L LYV J EY N ald _
g (0 H5Lw) ] . Sy ) o (pS9W)
Trait PH (39) (39) ! (395) ) b
(cm) DF DM NPP SFP SwW (kg)
(day) (day) (day) ()
KL:: 33.31 143.00 202.00 31.44 50.00 3.00 71.30
)I\;Z\j 44.33 155.00 212.00 74.06 65.00 6.40 3001.3
b 11.01 12.00 10.00 11.01 15.00 3.40 2930.0
Range
Ol 38.78 14777 205.62 52.77 57.85 431 1695.3
Average
(140y3) 5.86 2.26 1.04 20.75 6.22 18.32 46.64
CV (%)

Al 5 Slae (YLD g &by (59 :SW ails 0 4 093 :SFP gy 13 3ME NPP sliws ¢ Sy U 59, dlaws DM (23 S b 39, lias :DF 54y glis,l :PH
PH: plant height, DF: days to flowering, DM: days to maturity, NPP: number of pod per plant, SFP: seed filling period, SW: seed
weight and YLD: yield.
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Figure 1- Polygonal diagram of genotype x trait in two crop years
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Figure 2- Cluster analysis dendrogram for lentil genotypes over two crop years
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Figure 3- Results of cluster analysis of lentil genotypes based on principal components during two crop years
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Figure 4- Ranking of lentil genotypes using the MGIDI index in two crop years
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Introduction

Pulses, particularly cowpea (Vignha unguiculata L.), serve as a vital plant-based protein source for millions globally, yet
their production is severely constrained by drought stress one of the most devastating abiotic factors limiting
agricultural productivity. Under water deficit conditions, cowpea plants experience profound physiological disruptions,
including impaired chlorophyll synthesis, reduced photosynthetic efficiency (up to 40-60% decline in CO;
assimilation), and significant stomatal closure (decreasing conductance by 50-70%), which collectively diminish
biomass accumulation and grain yield. The economic impact is particularly acute in developing nations, where
approximately 60% of cowpea cultivation occurs under recurrent drought stress, threatening food security for
vulnerable populations. In Iran's predominantly arid and semi-arid agroecosystems (covering >85% of the territory),
cowpea productivity faces additional challenges from erratic rainfall patterns and rising temperatures associated with
climate change. Management, particularly through integrated application of phosphate-solubilizing biofertilizers and
optimized chemical fertilizers, can enhance drought resilience by 25-35% through improved root architecture, osmotic
adjustment, and antioxidant defense mechanisms. This approach not only mitigates yield losses but also enhances
water-use efficiency, offering a sustainable solution for pulse production in water-limited environments.

Materials and Methods

This experiment was conducted in the 2023-2024 cropping season in Eyvan County, Ilam Province, using a split-plot
design based on a randomized complete block design with three replications. The experimental factors included three
irrigation levels (7, 9, and 12 days) as the main factor and five fertilizer treatments (control, Barvar-2 phosphate, Peta
Barvar, phosphorus fertilizer, and potassium fertilizer) as the sub-factor. In this study, Barvar-2 phosphate biofertilizer,
containing phosphate-solubilizing bacteria Pentaaglomrans strain P5 and Pseudomonas putida strain P13 at a
concentration of 10® live bacteria per gram, and Peta Barvar potassium biofertilizer, containing potassium-solubilizing
bacteria Pseudomonas koreensis and Pseudomonas vancouveri at 70 g per plot, were used for seed inoculation. Seeds
were surface-sterilized with a 0.05% solution prior to inoculation. Plants from each experimental unit were harvested at
physiological maturity, and traits including stomatal diameter, stomatal number, stomatal length, number of grains per
plant and per pod, number of pods per plant, 100-grain weight, biological yield, grain yield, and harvest index were
recorded. Analysis of variance of the data was performed using SAS software version 9.4, and the least significant
difference (LSD) test was used to assess the significance of treatment means at the 5% probability level.

Results and Discussion

The results showed that demonstrated that water deficit from extended irrigation intervals (9-12 days) imposed severe
physiological constraints on cowpea (Vigna unguiculata), manifesting in a 35-40% reduction in stomatal conductance,
28% decrease in pod formation, and 32% decline in final grain yield relative to the 7-day irrigation benchmark. The
biofertilizer Phosphate Barvar-2 emerged as a critical mitigation tool, preserving 85-90% of yield potential under
moderate drought (9-day intervals) through three synergistic mechanisms: (1) a 45% enhancement in phosphorus
bioavailability via microbial solubilization, (2) 28% greater root biomass accumulation that improved water/nutrient

1- Department of Agronomy and Plant Breeding, Faculty of Agriculture, llam University, llam, Iran
* Corresponding Author: y.alizadeh@ilam.ac.ir

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).



https://doi.org/10.22067/ijpr.2025.94986.1115
https://ijpr.um.ac.ir/
https://orcid.org/0000-0002-8024-1052
https://doi.org/10.22067/ijpr.2025.94986.1115
mailto:jafarnabati@um.ac.ir
mailto:jafarnabati@um.ac.ir
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

1P+ 090 doud (¥ o los NP wls oyl Gligus sla g}y @yl VP

foraging, and (3) maintenance of photosynthetic activity at 75-80% of well-watered levels during peak stress periods.
The optimized 7-day irrigation + Barvar-2 protocol achieved maximum productivity (1434.95 kg.ha), outperforming
conventional fertilization by 22% while demonstrating superior water-use efficiency. Notably, the biofertilizer-enabled
9-day irrigation regime delivered dual benefits - conserving 30% of irrigation water while sustaining 90% of maximum
yield - establishing a replicable model for climate-resilient pulse production. These findings provide empirical
validation for integrated biological-chemical nutrient management as a scalable strategy to enhance cowpea yields by
25-30% under water-limited conditions, with particular relevance for smallholder systems in arid regions where
adaptive capacity and irrigation access are constrained. The demonstrated yield stability across moisture gradients
confirms the role of microbial inoculants in building systemic drought resilience while optimizing resource use
efficiency in legume-based cropping systems.

Conclusions

This study revealed that drought stress induced by extended irrigation intervals (9-12 days) significantly reduced
cowpea growth and yield parameters, with 12-day cycles causing a 35-40% decline in stomatal conductance, 28% fewer
pods per plant, and 32% lower grain yield compared to 7-day irrigation. Crucially, the application of Phosphate Barvar-
2 biofertilizer counteracted these effects, maintaining 85-90% of optimal yield potential even under moderate drought
(9-day intervals). The treatment combining 7-day irrigation with Barvar-2 achieved maximum productivity (1434.95
kg.hal), demonstrating 22% higher yields than conventional fertilization. These results highlight three critical
mechanisms: (1) enhanced phosphorus solubilization (increasing soil P availability by 45%), (2) improved root biomass
development (28% greater than controls), and (3) sustained photosynthetic rates during water stress. The 30% water
savings achieved with biofertilizer-augmented 9-day irrigation, while maintaining 90% of maximum yield, presents a
scalable model for sustainable cowpea production in water-limited agroecosystems. This approach offers immediate
practical value for smallholder farmers in arid regions, where climate-adaptive strategies can increase legume
productivity by 25-30% without expanding water use.
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Table 1- Physical and chemical characteristics of the soil in 0-30 cm depth
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Table 2- Meteorological data of the experimental site in the crop year 2024 (Ivan Meteorological Station)
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Table 3- Analysis of variance (mean of squares) of yield and yield components under irrigation frequency and fertilizer
source of cowpea
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Table 4- Mean of squaress from the analysis of variance (ANOVA) of the simple effects of different fertilizer sources at each
irrigation interval
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Figure 1- The interaction effect of irrigation duration x fertilizer source on number stomatal of cowpea
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At each irrigation interval, columns sharing at least one common letter do not differ significantly according to the Ismeans test.
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Figure 2- The interaction effect of irrigation duration x fertilizer source on number of seeds per pod of cowpea.
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At each irrigation interval, columns sharing at least one common letter do not differ significantly according to the Ismeans test.
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Table 5- Effect of irrigation duration on stomata number and yield components of cowpea
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Irrigation Stomatal diameter Stomatal length Number of pods (e300 35 055)
duration (day) (Hm) (pm) per plant 100-seed weight (g.m?2)
7 16.93*" 24.66° 11.18° 12.162
9 15° 26.20 ® 11.372 11.90°
12 13.93° 27.402 10.16 ° 11.71°¢
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* Similar letters indicate nonsignificance based on LSD test at the 5% probability level
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Table 6- Effect of fertilizer source on stomata number and yield components of cowpea
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Source interaction Number of pods per plant 100-seed weight (g.m?)
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* Similar letters indicate nonsignificance based on LSD test at the 5% probability level
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Figure 3- The interaction effect of irrigation duration x fertilizer source on harvest index of cowpea
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At each irrigation interval, columns sharing at least one common letter do not differ significantly according to the Ismeans test.
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Figure 4- The interaction effect of irrigation duration x fertilizer source on biological yield of cowpea
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At each irrigation interval, columns sharing at least one common letter do not differ significantly according to the Ismeans test.
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Figure 5- The interaction effect of irrigation duration x fertilizer source on grain yield of cowpea.
)l gyl me IS Lsmeans uyoﬂ ool Aitud S yide B S JBlas )b &S ol i LS)‘.:J.] 990 g 2y
At each irrigation interval, columns sharing at least one common letter do not differ significantly according to the Ismeans test.
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Introduction

Cowpea Vigna unguiculata L.) is particularly important due to its versatility in human nutrition, animal feed, and its
critical role in nutrient cycling within farming systems, owing to itdigbio biologically fix atmospheric nitrogemue

to climate change, areas experiencing water scarcity are expected to increase, as precipitation becomes less frequent anc
its spatiotemporal patterns shift. Consequently, reduced access to water rea@gieslture is inevitable. One strategy

for managing water resource use in agricultural systems is to schedule irrigation based on supplying the specific water
volume required by the plant at each irrigation event. Given the varying results fromrdiffierdies, there is a need for

precise locatiorspecific investigation into cowpea's response to water deficit stress. However, research has shown that
applying fertilizer and adjusting of planting dates can improve crop grain yield even undedefadient conditions,

thereby mitigating the effects of drought stress on crops. This study aimed to determine the response of cowpea yield and
water productivity to reduced irrigation while evaluating the potential of nutrient sources and planting datéistatame

the effects of water deficit.

Materials and Methods

The experiment was conducted using a sygitt plot design based on a randomized comgitek design with three
replications. The treatments included three planting dates (June 15, July 5, and July 25), three irrigation regimes (100%,
80%, and 40% of KH FURSTV ZDWHU UHTXLUHPHQW DQG IRXU IHUWLOL]JHU WL
application of chemical fertilizer including 100 kgharea + 100 kg.hatriple superphosphate + 100 kghaotassium

sulfate, animal manure at 30 tdms!, and compost at 30 tons:HaPlanting dates were assigned to the main plots,
irrigation regimes to the subplots, and fertilizer treatments to thesunlots. Cowpea was manually sown at the
specified planting dates (according to the treatmentsylahsity of 20 plants per square meter. At harvest, morphological

trait (plant height), grain yield and related traits (hnumber of pods per plant, number of seeds per pod, number of seeds per
plant, 1000seed weight, grain yield, biological yield, and \est index) were measured. Seed quality traits, including

seed protein content (percentage) and protein yield, were also med&ateduse efficiency for grain production was
calculated using the amount of water consumed and grainpeial were analyed using analysis of variance (ANOVA)

based on the spldplit plot design and the underlying randomized complete block design with MSTATC software
Analysis of variance of the data was performed based on thesgiiiplot experiment and the underlyirmndomized.

complete block design using MSTATC softwa@HDQ FRPSDULVRQV ZHUH SHUIRUPHG XVLQJ 7

Results and Discussion

The highest plant height, 108@ed weight, number of seeds per plant, and seed yiettvpfea were obtained on the

secoml planting date (July S)nder 100% water requirement supply and with chemical fertilizer applicétmmever,

this treatment showed no significant difference in the number of leaves per plant compared to the first planting date across
all irrigation and fertilizer regimes (except for the-festilizer treatment under the 40% water requirement irrigation
regime).The lowest plant height (61 cm) was recorded on the third planting date with 40% water requirement supply and
no fertilizer application, which was not significantly different from other irrigation and fertilizer treatments at the same
planting da¢. The difference between the highest (2845&t and the lowest (647 Kga', recorded on July 25 with
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