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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 its ability to biologically fix atmospheric nitrogen. Due
to climate change, areas experiencing water scarcity are expected to increase, as precipitation becomes less frequent and
its spatiotemporal patterns shift. Consequently, reduced access to water resources in agriculture 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 from different studies, there is a need for
precise location-specific 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 under water-deficient 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 dates to ameliorate
the effects of water deficit.

Materials and Methods

The experiment was conducted using a split-split plot design based on a randomized complete block 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 the crop’s water requirement), and four fertilizer treatments (control or no fertilizer application,
application of chemical fertilizer including 100 kg.ha* urea + 100 kg.ha™ triple superphosphate + 100 kg.ha* potassium
sulfate, animal manure at 30 tons.ha, and compost at 30 tons.ha). Planting dates were assigned to the main plots,
irrigation regimes to the subplots, and fertilizer treatments to the sub-subplots. Cowpea was manually sown at the
specified planting dates (according to the treatments) at a density of 20 plants per square meter. At harvest, morphological
trait (plant height), grain yield and related traits (number of pods per plant, number of seeds per pod, number of seeds per
plant, 1000-seed weight, grain yield, biological yield, and harvest index) were measured. Seed quality traits, including
seed protein content (percentage) and protein yield, were also measured. Water use efficiency for grain production was
calculated using the amount of water consumed and grain yield. Data were analyzed using analysis of variance (ANOVA)
based on the split-split plot design and the underlying randomized complete block design with MSTATC software.
Analysis of variance of the data was performed based on the split-split plot experiment and the underlying randomized.
complete block design using MSTATC software. Mean comparisons were performed using Tukey’s test.

Results and Discussion

The highest plant height, 1000-seed weight, number of seeds per plant, and seed yield of cowpea were obtained on the
second planting date (July 5) under 100% water requirement supply and with chemical fertilizer application. However,
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 no-fertilizer 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 date. The difference between the highest (2845 kg.ha) and the lowest (647 kg.hal, recorded on July 25 with
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40% water requirement supply and no fertilizer application) seed yields exceeded 400%. In other words, planting cowpea
on July 25 with only 40% of its water requirement supplied and no fertilizer application results in a more than fourfold
decrease in grain production. The absence of fertilizer application on July 25 resulted in cowpea seeds produced under
the 40% water requirement irrigation regime being not only smaller (lower 1000-seed weight) but also having a lower
protein percentage compared to other treatments. Under these conditions, seed weight decreased by more than 50%.
Fertilizer application combined with reduced water consumption under the 40% water requirement irrigation regime led
to the highest water use efficiency for grain production in cowpea at the second planting date (July 5). The lowest water
use efficiency for grain production was observed on the third planting date under both 80% and 100% water requirement
supply conditions, and fertilizer application could not improve water use efficiency at this planting date and under these
irrigation regimes. Cowpea achieved the highest protein yield on the second planting date (July 5), which was not
significantly different from the first planting date (June 15). The lowest protein yield was recorded on the third planting
date (July 25).

Conclusions

Considering growth- and seed-related traits (plant height, number of leaves per plant, biological yield, grain yield, and
harvest index) as well as seed quality (protein content and yield), planting on July 5th with 100% water supply and
chemical fertilization is recommended as the optimal treatment for achieving the highest grain and protein yield in
cowpea. However, in the cases of water scarcity, the water supply for cowpea can be reduced to 80% of its requirement.
In this scenario, by applying chemical fertilizer, a satisfactory grain yield (approximately 2450 kg per hectare, with about
a 14% decrease compared to supplying 100% of the water requirement) and a protein yield comparable to that obtained

with 100% water supply and chemical fertilizer application can be obtained.
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Table 4- Analysis of variance (mean of squares) of grain yield and quality of cowpea as affected by nutrition source and
irrigation regimes under different planting date

g Olaypo (ke
% @be ;M Mean of squares
S.0.V ddf’ Wy g5 W, ol ol 3 &l &1 158 &y59 ails 3,Sles
Plant height Pod per plant  Grain per pod  1000-seed weight Seed yield
1<
’ _’SJ . 2 1532 207 61.4™ 298™ 208559™
Replication
s o, - - - - -
. &b 2 29892 927 100 19926 4028717
Planting date (P)
s 4 20.6 3.0 2.07 29.4 3146
Error
] a
okles 2 18173™ 869™ 197" 14928™ 9009923
Irrigation regime (1)
PxI 4 231" 7.16" 2.0" 129™ 96247
las-
12 3.92 141 0.278 7.91 1546
Error
ke 3 4619™ 227" 432" 5918™ 1839819™
Nutrition source (N)
PxN 6 337" 1.10m 0.222" 457" 36336™
I xN 6 24.9™ 3.66™ 0.639"s 289 18724™
Px1xN 12 39.4™ 1.92m 0.389" 413" 4260™
s 54 7.0 0.898 0.731 3.54 1542
Error
Oy
(h222) Syl o2 2.12 4.58 9.68 1.02 2.30

CV (%)

B zepe NS o> S g iy Jlois] a3 ) pixe ey st g %
*and **: indicate significant at P<0.05 and P<0.01, respectively; ns: not significant
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Continued table 4- - Analysis of variance (mean of squares) of grain yield and quality of cowpea as affected by nutrition
source and irrigation regimes under different planting date

Slayyo (ke
Mean of squares
e 1 i - - -
i e &l 3, 8dos I I N VS S dpas  (4) o 5,909,80
S.0.Vv of S5eam Couils 1 Seed OBS9y Water Water
Biological ~ Harvest protein Protein  consumption productivity
yield index content yield (m.ha') (seed)
l .
) _’&’ . 2 1331712 0.921" 2.37" 14335 137087 0.004™
Replication
. &b 2 48483857 26.2" 94.1* 318609™ 215114" 0.069™
Planting date (P)
s
4 1950823 1.07 0.045 9710 222846 0.0001
Error
| e 2 113585094 39.6 291 124143 409659709 0.082
Irrigation regime (1)
PxI 4 1010649 2.78™ 13.9™ 4345 271513m™ 66470.001"
s
12 935809 0.194 0.021 6647 84819 0.0001
Error
. -43_,\;.5 e 3 23406784 8.76™ 36.6™ 126721 50800™ 0.045™
Nutrition source (N)
PxN 6 1375323™ 1.05" 0.160™ 2751 157742 0.001™
I xN 6 2323806" 1.417 0.302™ 1428™ 262228" 0.005™
PxIxN 12 1170445 0.464" 0.273™ 266 144891"™ 0.0001™
s
54 966042 0.452 0.013 139 133923 0.0001
Error
Sy
(22) Sl e 2 13.25 2.99 0.60 3.64 4.62 2.63
CV (%)

M gmepue NS o )d S g iy Jlosin] prdans )0 HI cixe iy e g 5
*and **: indicate significant at P<0.05 and P<0.01, respectively; ns: not significant
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Figure 1- Mean comparison of harvest index, biological yield, protein yield and pod per plant of cowpea under different
planting dates

Wb o S 9ej polwlp 2o yd K Jlean] adaw 13 Iy e BMB] Sl cglize g y>
55 Y0 cdls Fu,l P35 VF cusls b P2 ol )5 Yo el &, P1
Different letters indicate significant difference at P<0.01 according to Tukey's test
P1: Planting date of June 14; P2: Planting date of July 05; P3: planting date of July 15
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Figure 2- Mean comparison of seed number per pod in cowpea under different nutritional source
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Different letters indicate significant difference at P<0.01 according to Tukey's test
N1: Control, N2: Chemical fertilizer, N3: Animal manure, N4: compost
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Table 5- Mean comparison for the interaction of irrigation regime x nutritional source on leaf number per plant and some
traits related to grain yield in cowpea

bl gy MW abe  dig el dlaws S 5elgm 2, 5das il yy gad- b Oz 3,5es
Irrigation Nutritional Pod number (LU )3 0,59L5) (wey9) (LU y3 0,595)
regime source per plant Biological yield (kg.ha?) Harvest index (%)  Protein yield (kg.ha?)

11 N1 12.7g* 4119f 20.3d 166h

11 N2 18.3e 3831cde 21.5bc 334d

11 N3 15.7f 5916def 21.4cd 273f

11 N4 15.0f 5482¢ef 21.9bc 255fg

12 N1 18.3e 6274de 22.0bc 2509

12 N2 25.7b 9246ab 22.6abc 441a

12 N3 21.7cd 7565bcd 23.7a 361bc

12 N4 20.3d 7061cde 23.6a 341cd

13 N1 22.0cd 8445abc 22.7ab 300e

13 N2 29.7a 9437a 23.4a 439a

13 N3 25.7b 9598a 23.3a 381b

13 N4 23.3c 9055ab 23.3a 345cd

12l (S5 el ol fosine OISy st 50 )3 Sglite By o
JolS oyl 213 ¢ ol )bl moys As 212 ¢ JolS (g )bl soy ¥4 211
CuvggaS 395 :N4 csold 358 :N3 ¢ st leouns 265 (N2 als :N1
* Different letters in each column indicate significant difference according to Tukey's test

11: 40% of full irrigation; i2: 80% of full irrigation; I3: Full irrigation
N1: Control, N2: Chemical fertilizer, N3: Animal manure, N4: compost
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Figure 3- The interaction of planting datex irrigation regime on seed number per pod in cowpea
13bige (S5 03] ool oy Sy o] s 53 3 sine ST Sy glite By
55 YO sl Fuyb P35 W cuils g, P2 ol g Vo cusls & )b Pl
ol oyl 213 ¢ JolS (oylol o pn Ar 12 < LulS (g Lol wmp £ 2l
Different letters indicate significant difference at P<0.01 according to Tukey's test

P1: Planting date of June 14; P2: Planting date of July 05; P3: planting date of July 15
11: 40% of full irrigation; i2: 80% of full irrigation; I3: Full irrigation
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Table 6- The interaction of planting datex irrigation regimex nutritional source on grain yield and some related traits of

cowpea
&b 37 wiis e Ggr gyl e e 41> 3, Sdos ST (a15) &1 (5,90 5%
cdls gl SO (eal)  (e)als (BSe e eSsks)  (w0)  (ceSese e Seks)
Planting  Irrigatio source Plant 1000-seed Seed yield Seed protein  Water productivity

date n regime height (cm)  weight (g) (kg.hat) content (%) (seed) (kg.m™)
P1 11 N1 81bcd* 161no 826p 19.7kl 0.1937jklmn
P1 11 N2 118abcd 190hi 1592ijk 22.2cd 0.3733a
P1 11 N3 110abcd 178jk 1380Im 20.9gh 0.3237bc
P1 11 N4 99.0abcd 172kIm 1321m 20.6hi 0.3130bcd
P1 12 N1 120abcd 192h 1540kIm 17.9no 0.1697nopqr
P1 12 N2 152abcd 216hc 2176de 21.4ef 0.2550efgh
P1 12 N3 142abcd 210cdef 1925fg 20.2ij 0.2257hijk
P1 12 N4 132abcd 208defg 1838gh 19.51 0.2153ijkIlm
P1 13 N1 137abcd 2029 1974fg 14.1w 0.1850Imnop
P1 13 N2 163abcd 229 2635b 16.7r 0.2470fghi
P1 13 N3 148abcd 212bcde 2482c 15.6u 0.2323ghi
P1 13 N4 142abcd 206efg 2266d 14.8v 0.2123ijklm
P2 11 N1 109abcd 162no 1037no 21.8de 0.2430ghi
P2 11 N2 141abcd 183ij 1717hi 24.7a 0.4027a
P2 11 N3 127abcd 170Im 1428Im 21.4b 0.3350b
P2 11 N4 119abcd 167Imn 1385Im 23.7b 0.3260b
P2 12 N1 139abcd 187hi 1627ij 19.41 0.1903kImno
P2 12 N2 174ab 219b 2438c 22.6¢ 0.2860cde
P2 12 N3 162abcd 208defg 2048ef 21.4ef 0.2387ghi
P2 12 N4 158abcd 201g 1865gh 21.2fg 0.2207hijkl
P2 13 N1 152abcd 204fg 2285d 15.1v 0.2140ijklm
P2 13 N2 191a 228a 2845a 17.2pq 0.2667efg
P2 13 N3 179ab 213bcde 2535hc 16.1% 0.2293ghij
P2 13 N4 172abc 213bcde 2465¢c 15.7tu 0.2133ijkIlm
P3 11 N1 61d 119r 647q 16.9qr 0.1520pqrs
P3 11 N2 92abcd 1580 1117n 20.1jk 0.2850def
P3 11 N3 78bcd 137p 994no 18.7m 0.2550efgh
P3 11 N4 71cd 126q 9150p 17.9no 0.2160ijkIm
P3 12 N1 84bcd 1560 1078n 16.1% 0.1263s
P3 12 N2 103abcd 183ij 1642ij 18.6m 0.1923jkImno
P3 12 N3 99abcd 166mn 1427Im 18.1n 0.1673nopqr
P3 12 N4 97abcd 162no 1311m 17.60p 0.15430pqrs
P3 13 N1 98abcd 106s 1527jkI 13.6x 0.1343rs
P3 13 N2 129abcd 206efg 1960fg 16.2s 0.1810mnopq
P3 13 N3 115abcd 183ij 1729hi 15.7tu 0.1580nopqrs
P3 13 N4 109abcd 174Kl 1650ij 14.7v 0.1440qrs

il 9 el ol fosine OMBT Sy st 50 )3 Sglit B>
* Different letters indicate significant difference at P<0.01 according to Tukey's test
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Figure 4- The effect of irrigation regime on water consumption (m2.ha) in cowpea
13l (59 Gl bl doyd S Jlan s )3 o tae SWST Sily Sglito g
ol oylal dopn £ 136 LolS (bl ao s A 212 ¢ LIS (6 LT 211
Different letters indicate significant difference at P<0.01 according to Tukey's test
11: Full irrigation; 12: 80% of full irrigation; 13: 40% of full irrigation
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