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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
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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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b < = B 3 e . o
5 =3 3 8 38 a5 33 < -
Lo 3 IS c ¢ c * o n O 3T N ko] i; =}
g ep 35 B2 335 dg5 a0 2T YE 4> 2
Ol @l 3% AE Af 2E ag -8 ¢ 25 2 £
S0V df ? 8 IE IE MPE g4 22 7 32 25
= ] S S % Q ? g } f 2 O
2 » &H z 9 @ =1 : m
[7p]
’l’& . 2 0.95" 23.08" 1.08" 2.05" 16.26™  4.38"  4.46™ 35106.95 " 1521.87"
Replication
&bl e
Irrigation 2 34.68™ 28.15" 48.82™ 10.93" 68.06™ 0.76™ 13.26™ 19080628.68™ 1916157.41™
duration
=P sl
Sub-plot 4 2.78 10.08 2.42 0.62 2.13 0.09 0.93 45102.13 3154.38
error
&35 ko
Fertilizer 4 1.20" 474"  7.86™ 8.32"  48.50™ 2.85™ 33.64™ 3999316.62"  539586.48™
source
Xd)lﬁ")ﬁ
&35 e 8 0.46"  9.46M 2.76" 0.53 s 3.73" 0.03"s 2.12" 517024.09™ 59207.45™
Irrigation x
fertilizer
| .
“Lf stk 24 0.84 5.92 1.11 0.43 1.62 0.09 1.33 46845.17 4451.20
Main error
(322) 6.01 9.32 8.69 5.95 9.79 2.54 3.77 7.12 7.07
CV (%)

##% NS
‘

Saoyd gy 5 Mo pd S Jloin ] e )3 )b dme g 4l dme puf i g g
ns **and *: non significant and significant at 1% & 5% level, respectively
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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

&bl 590 Gl s,y albaSlos i SNes  Culldg sl OYE p ald dlaws &9, dlaxi
Irrigation duration df Grainyield Biological yield Harvest index Seeds per pod  Stomatal density
2 4 173432 12732.6* 10.23s 19.66** 7.6%*
7 day
j9 8 4 272926 2050234 10.93* 23.9% 3.06M
9 day
39\ 4 211644% 1709725% 16.73* 12.4* 2.73™

12 day
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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

(Gos) slel y9o (o9 ySw) dijgy ;b8 (yhogySwe) aije, Job gy ;0 SYE ol Al Ve o
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°¢

2oy oy Jlein! o 53 LSD 9051 bl (I3 dxe pais odimsylis aslive g 3
* 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

&35 &io Dot y3 UE Slass (@poyio 3 o 5) Wls Ve v g
Source interaction Number of pods per plant 100-seed weight (g.m?)
aals 9.54¢" 11.06 9

Control
Yol oland 11.832 1223
Phosphate Barvar-2

9t 11.902 12,522
Petabarvar

S 11.37% 11.71°¢
Phosphorus

el 10.93° 12.10°
Potassium

2oy g Jloin! g 55 LSD 9051 ool (605 sixe pas odims Lt aslie g 3
* 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
W)l gyl gme IS Lsmeans 09&)‘] ool dius S yde B S JBlis )b &7 ol gt d)lﬁg] 990 w2y
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.
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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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