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Introduction

Cowpea is among the most important plants of the legume family, being a good source of protein, fiber, and essential
nutrients. Cowpeas are also cost-effective and have high nutritional value. It has been shown that priming seeds with zinc
can improve seedling vigor, growth, and overall plant performance. Priming seeds with ZnSO4 has been found to increase
plant tolerance to environmental stress such as drought and water deficiency. Overall, it has been well-documented that
priming seeds with zinc can be a promising practice for improving crop productivity under environmental stresses.
Considering the simplicity of this technique and the widespread use of priming seeds with nutrients, this experiment was
conductedto investigate the effect of priming seeds with zinc sulfate on some physiological traits, improvement in drought
tolerance, and seed yield of two cowpea varieties.

Materials and Methods

The present study was conducted to investigate the effect of seed priming with zinc sulfate on the plant growth and yield
performance of two differentvarieties of cowpea (Vigna unguiculataL.) under two differentsoil water content conditions.
The experiment was carried out as a pot experiment in 2022 at the greenhouse of the Faculty of Agriculture, Ilam
University. Treatments were replicated four times. The three main factors included the irrigation level (irrigation at 70%
or 50% of the field capacity), the cowpea genotype (local and Mashhad), and the priming of seeds with zinc sulfate
(hydropriming, prime level 1, prime level 2). Seeds were primed in either 0.14% or 0.28% zinc solution. ZnSQO4.7H,0
was used as the source of zinc. After surface sterilization, seeds were soaked in a solution with different concentrations
of zinc sulfate (0.14% or 0.28%) for 5 hours at a ratio of 1:3 distilled seed to solution (w.v1). 20 seeds were planted in
each pot. Plants at the 4-5 leaf stage were subjected to well-watered and water-stressed conditions. At the 50% flowering
stage, leaf samples were randomly taken from 5 plants in each pot, and various plant growth and physiological
characteristics such as fresh and dry weight, plant height, leaf surface area and weight, as well as the rates of
photosynthesis and transpiration, leaf relative humidity, and leakage rate were measured.

Results and Discussion

The results of the analysis of variance of the present study showed that the effect of water deficiency on some growth,
physiological and biochemical traits such as leaf area and weight, photosynthesis rate, transpiration intensity, electrolyte
leakage, water ratio per thousand seed weight, and harvest index was significant. Treatments affected by seed priming
with zinc showed better growth performance under stress conditions than control treatments (no priming). Additionally,
the effect of the variety on traits such as photosynthesis rate, and harvest index was significant. The highest leaf weight
(7.10 g) was observed in the irrigation treatment with 70% of field capacity (FC), Mashhad variety, and prime level 2,
while the lowest leaf weight (2.11 g) was recorded in the irrigation treatment with 50% of crop capacity, local variety,
and hydropriming. The Mashhad cultivar exhibited a higher photosynthesis rate (4.99 uMol CO,.m2.S!) than the local
cultivar (4.65 uMolCO2.m2.S™%). The application of 70% FC led to a two-fold increase in the rate of photosynthesis (6.07
uMol CO..m2.S1) compared to irrigation with 50% of FC (3.56 uMol CO..m2.51). The highest and lowest transpiration
rates were observed under the conditions of no stress in the Mashhad cultivar (160.1 mmol H,O.m2.S%) and under the
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conditions of stress in the local cultivar (0.72 mmol H,0.m2.S1), respectively. Under low irrigation, the lowest (46%)
and highest (49%) percentage of electrolyte leakage were obtained in priming level 2 and hydropriming, respectively.
Regarding the traits related to yield, the highest number of pods per plant (8.22) was obtained in the Mashhad variety
under well-irrigation conditions (70% FC), and the lowest amount (5.56) was obtained in the local variety with 50% FC.
Under well-watered conditions (70% FC), the Mashhad variety had an 18% superiority in the number of seeds per plant
compared to the local variety. The highest amount of seed yield in the pot was obtained under well-watered conditions
and priming with 0.28% zinc solution resulting in a 28% increase compared to 50% FC and hydroprime. The use of the
Mashhad cultivar under well-watered conditions led to the production of the highest harvest index (53.85%), while
applying water deficit reduced the harvest index to 39.71%.

Conclusions
Drought stress and water deficiency are the most significant constraints contributing to reduced bean yields in arid and
semi-arid regions. The findings of the present study indicate that water deficit stress can significantly decline plant yield,
but seed priming with zinc could mitigate the negative effects of water stress, particularly on the plant's physiological
traits. Priming seeds with zinc resulted in improved photosynthesis and subsequently increased seed yield compared to
control seeds
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Table 1- Some of the physical and chemical properties of the experimental soil
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Actdity carbon potassium Sulfur Phosphorus zinc Nm(')ogen (nshn ol depth
) (ppm) 0 P (gem) (cm)
PP (ppm) (ppm) (ppm)
7.98 >0.5 150 19 26 0.5 9 1.46 0-30
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Table 2- Analysis of variance results of the effect of cultivar, seed prime and water deficit stress on some
characteristics of cowpea

la o (puSSleo
Mean of squares

i 23lio oIl 4z 50 Sy SS9 Sy gl
S.oVv df Weight of leaf Leaf area
S5k 3 1.48" 0.44"°
Block
A 1 43.2" 70.76™
Drought stress
) 1 12.3" 1.287™
Cultivar
el 2 22.3" 168™
Prime
|y x o8
R 2 2.7" 0.111"
Cultivar x prime
R R a
TR 1 0.8" 0.235"
Cultivar x drought stress
e A5 |
ST 2 3.78™ 3.293"
Prime x drought stress
3, x WESIRL |
X ST 2 0.2" 0.004"
Prime x drought stress x cultivar
e 14 0.28 0.642
Error
ol - 12 7.12
CV (%)
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** *and ns: significant at 1%, 5% and non-significant probability levels, respectively
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Table 3- Means comparison of effects of water deficit stress, seed priming and different cultivars of cowpea on
some quantitative traits
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Treatment 100-grain Number of Number of (s &y 3 Harvest index
weight (g)  seeds per pod  pods per plant photosynthesis rate (%)
(uMol CO,.m2.5%)
kel zotaw
Irrigation levels
i bl weps Ve 11 ns 7.20 ns 8.87 ns 6.07a 51.45 ns
70% field capacity
=y bl woy 0 10 ns 5.47 s 5.66 ns 3.56b 37.28ns
50% field capacity
~)
Cultivar
e 12.1ns 6.51ns 6.99 ns 4.99a 46.78 s
Mashhad
d 8.9 ns 6.16 ns 6.54 ns 465hb 41.95 ns
Indigenous
2 Syl
Seed priming
ot 10.21¢ 5.98 ¢ 6.56 b 435¢ 41.53¢
Hydro priming
\ b ey 10.55b 6.03b 6.78a 4.73b 44.63 b
Priming 1
¥ ghe by 10.86 a 6.72a 6.95a 5.39a 46.94 a
Priming2
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability
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Fig. 1- The interaction of water deficit stress and seed prime on the Leaf Area per plant in cowpea
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Columns with the same letter(s) are not significantly different at p<0.05 probability level
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Weight of leaf (g)
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Fig. 2- The interaction of water deficit stress and seed prime on the Weight of leaf per plant in cowpea
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Columns with the same letter(s) are not significantly different at p<0.05 probability level
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Table 4- Analysis of variance results of the effect of cultivar, zinc priming and water deficit stress on some
Physiological characteristics of cowpea

Olay o (Slae
Mean of squares

5 b “-?)i B Do wgd S g S Ol e Gl g Sl it
S o V &3l Transpiration  Photosynthesis Relative water Electrical
o df rate rate content leakage
E:_I%L.k 3 0.02" 0.03" 9.1m™ 11.2
oc
S 1 5.93" 75.60™ 440" 4760™
Drought stress
c I:'S) 1 0.39™ 1.36™ 30m 168™
ultivar
P”f'ff 2 0.041" 442" 3.6™ 139"
rime
U
Cultivar « prime 2 0.01"s 0.012m 2.33™ 1.93™
. oS 0.11™ 0.0006" 5.33™ 0.33™
Cultivar x drought stress
IR il 0.029" 0.202" 105™ 27.52"
Prime x drought stress
p§) X é«}w x f“'ll)'é
Prime x drought stress x 2 0.007" 0.237" 17ms 7.89™
cultivar
Eu”' 14 0.01 0.11 8.27 3.58
rror
Sl e - 10 7 5 5
CV (%)

Al go (G0 Fre juf g do )0 iy o0 S Jleinl mhaw 10 (60 gixe i LiS o 4 NS g e e
** *and ns: significant at 1%, 5% and non-significant probability levels, respectively.
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Fig. 3- The interaction of water deficit stress & seed prime on Relative Water Content in cowpea
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Columns with the same letter(s) are not significantly different at p<0.05 probability level
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Fig. 4- The interaction of water deficit stress & cultivar on Transpiration rate in cowpea
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Fig. 5- The interaction of water deficit stress & seed prime on Electrical Leakage in cowpea
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Columns with the same letter(s) are not significantly different at p<0.05 probability level
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Table 5. Analysis of variance results of the effect of cultivar, zinc priming and water deficit stress on yield
characteristics of cowpea
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