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Abstract

Introduction: Among the environmental stresses, drought is one of the most important factors
affecting the growth and development of plants, and due to the simultaneous effect on the
morphological, physiological and biochemical characteristics of plant tissues and cells, it ultimately
leads to plant growth decay and yield reduction. This stress induces various physiological, biochemical
and molecular responses in plants as a survival mechanism. Also, this stress can reduce the chlorophyll
content, relative water content, stomatal conductance and ultimately grain yield. The results of some
studies show that increasing the concentration of CO: in the leaves leads to a reduction of the negative
effects caused by drought stress in plants. One of the important strategies to increase the concentration
of CO: in plants is the use of compounds such as methanol, which can increase the concentration of
CO: in plants and help photosynthesis and growth under drought stress conditions. In this case,
methanol can act as an additional carbon source, and in environmental conditions where the plant is
limited by CO: (such as drought stress), methanol as a precursor can help the plant absorb more carbon
and turn it into the final product of photosynthesis. Therefore, the aim of this study was to investigate
the effect of methanol foliar spraying on some physiological reactions of cowpea plants in the face of
drought stress.

Materials and Methods: The research was conducted as a split plot experiment based on randomized
complete block design with three replications during the summer of 2021 in the Dezful region.
Drought stress was applied based on irrigation intervals at four levels (80, 110, 140, and 170 mm of
evaporation from a Class A evaporation pan) as the main factor. Foliar spraying was performed at four
levels (0, 10, 20, and 30% volumetric methanol solution with 2 grams per liter of glycine) as the sub-
factor. The evaluated traits included stomatal conductance, transpiration, sub-stomatal CO;
concentration, photosynthesis, relative water content, chlorophyll index, proline content, electrolytes
leakage, anthocyanin and flavonoid. Analysis of variance was performed using statistical analysis
system (SAS version: 9.3). The means were compared using the Duncan's multiple range test at 5%
probability level.

Results and Discussion: The results of the experiment showed that under drought stress conditions,
stomatal conductance, transpiration rate, sub-stomatal CO, concentration, photosynthetic rate, relative
water content, and chlorophyll index decreased. In contrast, the content of proline, electrolyte leakage,

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).


https://cropscience.uoz.ac.ir/
https://doi.org/10.22034/csrar.2025.503631.1468
https://doi.org/10.22034/csrar.2025.503631.1468
https://doi.org/10.22034/csrar.2025.503631.1468

LB Iy

anthocyanins, and flavonoids increased. Methanol foliar application also had a significant effect on
all the studied traits, with the maximum effect observed in the treatment with 30% volumetric
methanol solution, particularly on transpiration rate and anthocyanin content. Under irrigation
conditions after 170 mm of evaporation, foliar application with 30% volumetric methanol resulted in
a significant increase in stomatal conductance (89%), sub-stomatal CO. concentration (20%),
photosynthetic rate (67%), and chlorophyll index (31%), anthocyanin content (12%) as well as a 27%
reduction in the amount of electrolytes leakage compared to the treatment of no foliar application
(control) was observed in these conditions.

Conclusion: Based on the results of this study, the use of methanol, especially the foliar spraying of
30% volumetric of methanol, improved some physiological traits such as stomatal conductance,
relative water content, chlorophyll index, sub-stomatal CO, concentration, and photosynthesis rate,
cell membrane stability, proline content and secondary metabolites like anthocyanins and flavonoids
which can improve the cowpea ability to increase drought stress tolerance.

Keywords: Anthocyanin, Electrolytes leakage, Methanol, Photosynthesis, Proline
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Table 1- Physical and chemical properties of soil experimental field
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Table 2- Some meteorological parameters during the growing season
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Table 3- Analysis of variance (mean of squares) of physiological traits of Cowpea under drought stress

- . Sl39) Calun . CO, cals o _—
et 2l ol az 0 By® N ) i g Gl (oo Glgixo
- Stomatal L 1639y 23 i
Source of variation df Transpiration Photosynthesis RWC
conductance Sub stomatal CO,
A
o 2 0.07995 0.02316 1964.77080 0.50521 85.56250
Replication
3 20.52823 82.84223 34552.85423 184.95695 1375.57639
Drought stress
@ sl
0.02634 0.12589 75.18754 0.24798 25.36806
Error (a)
Jsilee - - - "
3 1.08508 0.07582 " 1760.57640 6.52139 398.74305
Methanol
O % gl . - .
9 0.05009 0.04933 ™ 133.87273 0.19454 15.87269 ™
Stress X Methanol
b) sl
24 0.01930 0.04841 22.2778 0.08313 12.27778
Error (b)
6.30 6.38 2.65 4.42 5.35
CV (%)

*% % g

Aoy ) 5o, 0 Jleixl mhaw jo ls pixe g 0 g pf 4 *F
ns, “and ™ Non-Significant, Significant at 5% and 1% probability level, respectively
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Continue the table 3- Analysis of variance (mean of squares) of physiological traits of Cowpea under drought stress

i gobo o3l a0 oo il dgighs
e . Chlorophyll Electrolytes . .
Source of variation df Proline . Anthocyanin Flavonoid
index leakage
A
L 2 3.64583 40.68750 17.77083 0.000003 0.00672
Replication
3 178.79862 985.58334 1461.18750 0.000401 3.34868
Drought stress
@) s>
16.34028 5.68751 9.60417 0.000004 0.02679
Error (a)
Jsite - - - "
3 33.24306 266.36112 491.35418 0.000053 ™ 0.23963
Methanol
EEENIS . . .
7.15046 ™ 10.15741 14.09491 0.000045 0.04656 ™
Stress X Methanol
) sl
24 4.19445 1.85417 4.78472 0.000019 0.02190
Error (b)
6.88 3.23 454 11.83 7.40
CV (%)
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Table 4- Meam comparison of the simple effect of drought stress and methanol foliar application on physiological traits of Cowpea

oo % O (o slgizmo odon Sgigdls
Treatm;ents Transpiration RwWC Proline Flavonoid
(mmol H,0. m?2s?h (%) (mg.g* fw) (mg.g* fw)

Stress levels i zghaw

S ke Ar 5l G )L

O . 6.70 a 79.83a 25.92d 1.49d
Irrigation after 80 mm of evaporation
e VY. ol L.»T
S Ao N Sl sl ) 4250 70.25b ¢ 28.00 168¢
Irrigation after 110 mm of evaporation
NESCE VEe ) Lol
ke T Slom slel 223¢ 59.92 ¢ b 30.25 214b
Irrigation after 140 mm of evaporation
C e . VY. ol L..;T
e W o sl 0.62 d 51.75d 234.93 269a
Irrigation after 170 mm of evaporation
Methanol levels Jsilie gl
(anls) b 59
_ st o9 337a 59.00 d 2758 ¢ 187¢
Without foliar spraying (Control)
s> o, Vo 5L
ST e e ) 341a 63.01c 29.42b 1.92 be
Foliar spraying 10% volumetric
KVEIR S
orm e T sl 347a 67.33b 30.75 ab 202b
Foliar spraying 20% volumetric
doyo Ve Lok
o7 202 T sty 3552 72.41a 31.35a 2.19a

Foliar spraying 30% volumetric
55 00l (5 I ine ST w0 iy JLatl s 55 oSS (a3l bl i B b sl Sileo (gt 0
Means followed by the same letters in each column are not significantly different at 5% probability level, according to Duncan's test.
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Table 5- Comparison of the mean interaction of drought stress and methanol foliar application on physiological traits of Cowpea

1439, s €O, cbile s gib Jedo s (asls Lol sl ol
Sas g Jyile Stomatal 439 23 Photosynthesis ~ Chlorophyll Electrolytes il
Drought stress Methanol  conductance  Sub stomatal CO, (umol CO,. m? s’ index leakage Anthocyanin
(mol CO,. m2s?h (umol. mol ) h (SPAD) (%) (mg.g* fw)

Mo 354c¢ 220.67d 10.60 ¢ 46.05¢ 43.01 fg 0.0301

I M; 3.63 bc 228.51c 10.77 ¢ 48.74 ¢ 37.02j 0.0311
M, 3.79ab 235.00 b 11.50 b b 53.00 34.33 hi 0.033 kl
M3 3.95a 258.02 a 12.94 a a62.32 31.65] 0.034 k
Mo 252d 196.31 f 720 f e41.34 47.00ef 0.037j

L M; 2.58d 202.63 f 747 f d 44.00 43.66 fg 0.039 ij
M, 2.62d 214.35¢ 8.14¢e 49.05¢ 40.34 gh 0.041i
Ms 3.44c¢ 237.14 b 8.70d 52.67b 35.02 il 0.043"
Mo 1.30 fg 138.00 j 3.241j 34.00 hi 63.35a 0.054 g

I M; 1.35fg 145.01i 3.60i 36.02 gh 59.32b 0.057 f
M, 143f 153.32 gh 4.20h 39.00 f 52.41c 0.060 ef
Ms 2.05¢e 158.05¢g 4709 41.69 e 45.05 ef 0.062 ¢
Mo 0.62 h 110.66 | 2141 28.34 k 67.00 a 0.070d

) M; 0.66 h 117.03 1 271k 30.66 j 64.31a 0.073¢c
M, 0.69 h 126.72 k 3.04 jk 33.59i 59.25b 0.075b
Ms 1179 132.04 jk 357i 37.04 fg 48.94cd 0.078 a

235505 0ol (gl e B aoyd iy Jled gl j0 Sls (yge3T bl s alie By, L sla i SKilo g 2 50
Yo g Yo Gho (bl sl cos s 4 Ms s Mz My Mo A (IS s S5 ) s e lea Vo gV F OV A Sl el s g lada s
Jolie (goz> w0y
Means followed by the same letters in each column are not significantly different at 5% probability level, according to Duncan's test.
I3, I, I3 and l4: Irrigation after 80, 110, 140 and 170 mm evaporation from Class A evaporation pan, respectively; Mo, M1, M, and M3: 0, 10,
20 and 30 volume percent methanol spraying, respectively.
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