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ABSTRACT

Phosphorus (P) deficiency is a major constraint to cowpea productivity in
tropical soils, yet optimal P rates for Sudan Savanna agroecology remain
poorly defined. A field study was conducted in 2023 during the rainy season at
two locations in Kano, Nigeria, to evaluate the effects of six P rates (0, 20, 30,
40, 50, and 60 kg P/ha) on growth, yield, and physiological traits of cowpea
(cv. SAMPEA 14). The experiment utilized a Randomized Complete Block
Design (RCBD) with three replications. Data on growth and yield characters
were collected and subjected to analysis of variance (ANOVA). Significant
means were separated using the Student-Newman-Keuls test. Results indicated
that P application significantly (p < 0.05) improved growth parameters, with
40 kg P ha™ producing the highest leaf area index, number of nodules, leaves,
and branches per plant. Yield attributes responded quadratically to P, peaking
at 40 kg Pha™ (1.27 and 1.18 for BUK and Wasai, respectively), beyond which
marginal returns declined. Responses were lowest and statistically similar
between 0 and 20 kg P ha™, except for grain yield at both locations, where
significantly different responses started at 30 kg P ha™. Regression analysis
confirmed 40 kg P ha™ as the agronomic optimum for maximizing cowpea
productivity in low-P sandy loam soils. These findings provide actionable
recommendations for smallholder farmers in Sudan Savanna regions to
optimize P fertilization, improve resource-use efficiency, and sustainably
intensify cowpea production.

Fertilization, Productivity, Regression, Yield,

INTRODUCTION

to undermine its potential contribution to food security and
livelihoods (IITA, 2021). Phosphorus (P) deficiency is a major

Cowpea (Vigna unguiculata L Walp) is a vital grain legume in
sub-Saharan Africa, particularly in the Sudan Savanna,
providing nutrition and fodder for millions of low-input
farmers. Despite its adaptability to diverse soils and climate
resilience, including drought and heat tolerance, cowpea yields
remain suboptimal in the Sudan Savanna due to various abiotic
and biotic stressors, including low soil fertility (Boukar et al.,
2019). Persistent low yields averaging 300-500 kg/ha continue

*Corresponding author: amurtala.agt@fchdk.edu.ng

constraint in these agroecosystems (Presti et al., 2024).

Phosphorus  deficiency  significantly  hinders cowpea
productivity, particularly in tropical soils where available
phosphorus (P) levels are frequently below the critical threshold
of 7 mg/kg required for optimal growth (Gustiningsih et al.,
2023). This deficiency is exacerbated in the sandy loam soils
characteristic of Sudan Savanna regions, where low organic
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matter content and high P fixation capacity further limit P
availability (Zheng et al., 2021). While phosphorus plays
multiple essential roles in cowpea physiology - from energy
metabolism, root development, flowering and fruiting (Ishfaq et
al., 2023) - the precise determination of optimal P application
rates remains controversial, with recommendations varying
from 20 to 60 kg P-Os/ha across different ecologies (Kamara et
al., 2017).

Research has shown that cowpea responds positively to
phosphorus application, with increased growth and vyield
observed with appropriate P fertilization rates. The efficient use
of P can improve not only the yield but also the nutritional
quality of the crop (Ishfaq et al., 2023). However, the optimal P
rate and application method may vary depending on the specific
soil conditions, cowpea variety, and other environmental factors
(Konnepati et al., 2023).

This study provides comprehensive field evidence on P
response curves for cowpea under Sudan Savanna conditions,
evaluating six P application rates (0-60 kg P/ha) on the
improved variety SAMPEA 14 across two locations in Kano,
Nigeria. By systematically analyzing effects on growth
parameters, yield components, and physiological traits, the
study identifies the precise P level that maximizes productivity
while maintaining input efficiency. The findings offer science-
based recommendations to enhance cowpea production in P-
deficient tropical soils, contributing to both food security and
sustainable intensification goals in sub-Saharan Africa.

MATERIALS AND METHOD
Study Area

The experiment was conducted during the 2023 rainy season at
two different locations; the International Crop Research
Institute for the Semi-Arid Tropics (ICRISAT) Research Farm
(12°15'N 8%7'E), Wasai Village, Minjibir Local Government
Avrea, Kano, and Teaching and Research Farm of the Center for
Dryland Agriculture, Bayero University, Kano (11°98'N
8°41'E) both in the Sudan Savanna ecological zone of Nigeria.

Soil analyses revealed that the soil at BUK was sandy loam with
particles size distribution of sand, silt and clay as 54.62%,
37.09% and 8.28%, respectively, while that of Wasai was also
sandy loam but with particle size proportions of 57.82%,
24.16% and 18.02% sand, silt and clay, respectively. Soils at
both sites were acidic, with the pH of Wasai (5.93) soil being
slightly higher than BUK (5.82).

Treatments and Experimental Design

Six levels (0, 20, 30, 40, 50, and 60 kg P/ha) of single
superphosphate (SSP) (18% P-0Os) were laid in Randomized
Complete Block Design (RCBD) and replicated three times.
The variety used was SAMPEA 14 (IT99K-573-1-1) which is
an early maturing variety. It is resistant to fusarium wilt,
bacterial blight, striga and alectra. The variety has a potential
yield of 2.6 t/ha. Composite soil samples were collected from

the experimental site and analyzed for physico-chemical
properties. The experimental plots consisted of six ridges each,
2 m long and spaced 0.75 m apart, with 1 m spacing between
plots and two ridges between replications. Seeds were sown at
25 cm intra-row spacing. The fertilizer (Single Superphosphate)
was applied to their respective plots as per treatments
immediately after sowing.

Data Collection and Analysis

Growth data collected included number of leaves, number of
branches, both at 2, 4 and 6 WAS, leaf area index at 4 and 6
WAS and number of nodules at 45 DAS while yield data
collected at harvest included number of pods per plant, number
of seeds per pod per plant and grain yield. Data collected was
subjected to Analysis of Variance (ANOVA) technique using
Genstat 7™ edition. Treatments means were separated using
Student Newman Keul’s (SNK) test at 5% level of probability.
Regression analysis was conducted to determine the response
of cowpea yield to varying phosphorus application rates and to
estimate the optimal rate for maximum productivity.

RESULT AND DISCUSSION
Results
Number of Leaves and Branches per Plant

Significant effect was observed in response to phosphorus
application at both locations (Table 1). However, there was no
statistical difference at 2WAS and 4WAS at BUK, and 2WAS
at Wasai. At BUK, effects of phosphorus was highly significant
(P<0.001) at 6WAS where highest number of leaves was
recorded at P rate of 60 kg/ha (82.33) followed by and
statistically similar with 40kg P/ha (82.32) and 50kg P/ha
(81.31) while the control was lower (61.63).

Means followed with the same letter (s) within a treatment
group are not significantly different at 5% probability level
using Student Newman-Keuls (SNK)

Phosphorus had significant effect (P=0.002) on number of
leaves at 4AWAS and at 6WAS at Wasai where 40kg P/ha
recorded the highest number of leaves (28.17 and 79.29 at
4WAS and 6WAS, respectively). Moreover, 40, 50 and 60kg
P/ha produced statistically similar number of leaves while the
control produced the lowest.

The application of P yielded no significant difference at 2WAS
and 4WAS but highly significant effect (P<0.001) was recorded
at 6BWAS in BUK where the highest number of branches per
plant was attained with the application of 60kg P/ha (28.42)
followed by and statistically similar to the application of 40kg
P/ha (28.42) and 50kg P/ha (28.33) while the control had the
least (20.58). The application of 20 and 30kg P/ha produced
statistically similar number of leaves (22.95 and 22.57,
respectively) while the control had the least.

Phosphorus application yielded highly significant effect at
4WAS (P<0.001) and 6WAS (0.005) at Wasai. Highest number

AFNRJ | https://www.doi.org/10.5281/zenodo.17219609

Published by Faculty of Agriculture, Nnamdi Azikiwe University, Nigeria.

181


https://www.doi.org/10.5281/zenodo.17219609

Murtala et al. (2025)

Agriculture, Food and Natural Resources Journal 4 (2): 180-185

of branches were observed with the application of 60kg P/ha
(6.66) while the control had the least (3.98) at 4WAS. The
application of 50 and 40kg P/ha produced 6.46 and 6.15 which
were statistically similar. However, at 6WAS, the highest
number of branches was recorded with the application of 60kg
P/ha (28.53) followed by 50kg P/ha (28.30) and 40 kg P/ha
(27.38). The control had the least (19.02) and it is statistically
similar to the application of 20kg P/ha (19.95) and 30kg P/ha
(23.14)

Leaf Area Index (LAI)

As shown in Table 2, Phosphorus had a significant effect
(P=0.020) on leaf area index only at 6WAS at BUK where the
highest LAI was recorded with the application of 60kg P/ha
(3.15) followed by and statistically similar to the application of
40kg P/ha (3.15) and 50kg P/ha (3.10). The application of 20,
30 produced statistically similar LAl (2.51, 2.96 and 2.78
respectively). The lowest was the control (2.02).

At Wasai however, the effect of P was significant at 4WAS
(P=0.015) where the application of 60kg P/ha produced the
highest LAI (1.26) which was followed by and statistically
similar to the application of 40kg P/ha (1.24), 50kg P/ha (1.22)

and 30kg P/ha (1.17). The control which had the lowest LAI
(0.79) is statistically similar to the application of 20 kgP/ha
(0.91). At 6WAS, (P=0.016) with 40kg P/ha yielded the highest
LAI (2.88) followed by and statistically similar to 50kg P/ha
(2.64) and 60kg P/ha (2.61). The control had the least LAI
(2.99).

Number of Nodules per Plant

Phosphorus had statistically significant effect (P=0.001) on
number of nodules at BUK (Table 2). The highest number of
nodules was recorded with the application of 60kg P/ha (24.77)
which was closely followed by 40kg P/ha (24.75) and 50kg P/ha
(24.55). The control produced the least number of nodules
(19.89) which were statistically similar to the application of
20kg P/ha (20.94) and 30kg P/ha (22.47).

At Wasai, P had highly significant effect (P<0.001) on the
number of nodules where 60kg P/ha had the highest number
(22.88) followed by and statistically similar to the application
40kg P/ha (22.75) and 50kg P/ha (22.17). The control produced
the least number of nodules per plant (18.88) which was
statistically similar to the application of 20kg P/ha (20.03) and
30kg P/ha (20.36).

Table 1: Effects of Phosphorus on Number of Leaves and Branches per plant of Cowpea at BUK and Wasai during the
2023 Rainy Season.

Treatments Number of Leaves Number of Branches
BUK Wasai BUK Wasai
P (kg/ha) 2WAS 4WAS 6WAS 2WAS 4WAS 6WAS | 2WAS 4WAS 6WAS 2WAS 4WAS 6WAS
0
20 4.47 27.08 61.63¢ 4.27 19.53° 59.22¢ 1.20 5.97 20.58¢ 0.82 3.98¢ 19.02°
30 4.47 27.17 62.80° 4.30 19.81° 66.17° 0.77 5.83 22.95° 0.63 4.19¢ 19.95°
40 453 30.67 71.29°  4.05 22.73®  69.55° 0.97 6.13 24.57° 0.85 5.13° 23.14%
50 455 30.42 82328 445 2777 79.29° 0.85 6.86 28.41% 0.74 6.15° 27.38°
60 4.96 30.33 81.31* 421 26.53  78.93° 1.00 6.86 28.33% 0.92 6.46° 28.30?
P of F 4.95 30.50 82.33? 4.68 28.17° 79.24° 0.77 6.73 28.42°2 0.66 6.66° 28.53%
SE+ 0.780 0.046 <.001 0.732 0.002 <.001 0.181 0.33 <.001 0.567 <.001 0.005
0.48 1.44 2.70 0.41 1.87 2.53 0.17 0.14 0.55 0.17 0.23 1.95

Table 2: Effects of Phosphorus on Leaf Area Index and Number of Nodules per plant of
Cowpea at BUK and Wasai during the 2023 Rainy Season

Treatments BUK Wasai
Phosphorus (kg/ha) LAI NON LAI NON
4WAS 6WAS 4WAS 6WAS
0 0.97 2.02b 19.89b 0.79b 1.91P 18.88°
20 1.00 2.518 20.94b 0.918 1.99° 20.03°
30 1.27 2.96% 22.478 1.178 2.040 20.36°
40 1.25 3.152 24.752 1.242 2.882 22.752
50 1.21 3.102 24552 1.222 2.64@ 22.712
60 1.35 3.212 24.762 1.262 2.61@ 22.752
Pof F 0.088 0.020 0.001 0.015 0.016 <.001
SE+ 0.14 0.27 0.97 0.13 0.26 0.68

LAI= Leaf Area Index, NON= Number of Nodules. Means followed with the same letter (s) within
a treatment group are not significantly different at 5% probability level using Student Newman-

Keuls (SNK)
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Number of Pods per Plant (NOP)

Phosphorus had a high significant effect (P<0.001) on cowpea
number of pods at both locations (Table 3). The highest number
of pods per plant was recorded with the application of 40kg P/ha
(13.42) which was followed by and statistically similar to the
application of 60kg P/ha (12.23) and 50kg P/ha (11.58). The
application of 20kg P/ha had the lowest number of pods (9.42)
which was also statistically similar to the control (9.38) and
application of 30kg P/ha (10.17). At Wasai, the application of
40kg P/ha produced the highest number of pods (12.00)
followed by and statistically similar to the application of 60kg
P/ha (11.78) and 50kg P/ha (10.50). The control had the least
number of pods (8.33) which was statistically similar to the
application of 20kg P/ha (8.67) and 30kg P/ha (9.33).

Number of Seeds per Pod per Plant (NOS)

Data from Table 3 shows that there was no significant effect
(P>0.05) of P on number of seeds per pod at BUK. At Wasai
however, P had a significant effect (P=0.047) on the number of
seeds per pod per plant where the application of 40kg P/ha

produced the highest (11.68) which was statistically similar to
the application of 20, 30, 50 and 60kg P/ha (11.02, 11.28, 11.39
and 11.38 respectively). The control had the least number of
seeds per pod per plant (10.84)

Yield (tha)

Phosphorus had significant effect (P=0.003) on the yield of
cowpea at BUK (Table 3). The application of 40kg P/ha
recorded the highest yield (1.27t/ha) followed by and
statistically similar to the application of 50kg P/ha (1.26t/ha)
and 60kg/ha (1.26t/ha). The control had the lowest yield
(0.83t/ha) which was statistically similar to what was obtained
with the application of 20kg P/ha (0.91t/ha) and 30kg P/ha
(1.03t/ha). The effect of P on the yield of cowpea was highly
significant (P<0.001) at Wasai where 40kg P/ha and 50kg P/ha
recorded the highest yield (1.18 t/ha each) which was
statistically similar to 60kg P/ha (1.17t/ha). The control has the
lowest yield (0.70) which was statistically similar to what was
obtained with the application of 20kg P/ha (0.73t/ha) and 30kg
P/ha (0.88t/ha).

Table 3: Effects of Phosphorus on Number of Pods per Plant, Number of Seeds per Pod per Plant
and Grain Yield of Cowpea at BUK and Wasai during the 2023 Rainy Season.

Treatments BUK WASAI

Phosphorus (kg/ha) NOP NOS Yield (t/ha) NOP NOS Yield (t/ha)
0 9.42c 11.3 0.83b 8.33c 10.84b 0.70b

20 9.38¢c 11.44 0.91b 8.67¢c 11.02ab 0.73b

30 10.17¢ 11.58 1.03ab 9.33bc 11.28ab 0.88b

40 13.42a 11.7 1.27a 12.00a 11.68a 1.18a

50 11.58b 11.82 1.26a 10.50ab 11.39ab 1.18a

60 12.23b 11.95 1.26a 11.78a 11.38ab 1.17a

Pof F <.001 0.092 0.003 <.001 0.047 <.001

SE+ 0.63 0.21 0.1 0.59 0.25 0.09

NOP= Number of Pods, NOS= Number of Seeds per Pod per Plant. Means followed with the same letter
(s) within a treatment group are not significantly different at 5% probability level using Student Newman-

Keuls (SNK)
Regression analysis

The regression analysis from Figure 1 revealed a quadratic
relationship between phosphorus application and cowpea yield
at both BUK and Wasai. Yield increased with phosphorus rates
up to 40 kg P/ha, after which it plateaued or slightly declined.
The regression lines for both locations had high R? values,
confirming a strong fit. The optimal rate of 40 kg P/ha is
consistent across both sites.

= — —
o = -

Cowpea Yield (t/ha)

=
o

0.7

Regression of Phosphorus Application vs Cowpea Yield

X BUK Qbserved

=== BUK Regression (R? = 0.87)
X Wi ved

=== \Wasai Regression (R? = 0.83)

(BUK and Wasai)

0 10 20 30 40 50 60
Phosphorus Rate (kg/ha)

Figure 1: Regression coefficient of phosphorus against yield
at BUK and Wasai during the 2023 rainy season
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Discussion

The significant increase in number of leaves and branches per
cowpea plant can be attributed to P’s role in cell division,
meristematic activity, and energy metabolism (ATP synthesis),
which drive vegetative growth (Zhang et al., 2022). The
observed plateau beyond 40 kg P ha™' at some sampling stages
suggests declining marginal utility, likely due to P saturation in
plant tissues or antagonistic interactions with other nutrients
(e.g., zinc) (Alam et al., 2023). Similar trends were reported
by Omondi et al. (2021) in Kenyan cowpea trials, where 40 kg
P ha™' maximized branching. Some studies (e.g., Ewansiha et
al., 2022) found higher P rates (60 kg ha™') beneficial in highly
degraded soils, suggesting soil-specific responses.

The enhancement of the number of branches per plant, leaf area
and number of leaves per plant could be responsible for the
significance in leaf area index at both locations. Increased LAI
implies improved light interception and assimilates production.
Singh et al. (2022) reported a 30% LAI increase in cowpea at
40 kg P/ha in Indian Vertisols. According to Bado et al. (2023),
sandy soils show earlier LAI peaks (40 kg P/ha) than clay soils
(50-60 kg P/ha) due to lower P fixation.

The significant increase in nodulation observed agrees with the
findings of Okeleye & Okelana (2000) and Agboola &
Obigbesan, (2001). These observations are quite true because P
is critical for nodulation and nitrogenase activity in legumes. It
plays acritical role in rhizobia activity and nitrogen
fixation (Dakora et al., 2023). The decline at higher rates aligns
with studies showing P-induced suppression of nodule
initiation genes (Wang et al., 2023).

Phosphorus influences flower retention and assimilate
partitioning (Graham et al., 2023). The drop observed at higher
rates may reflect imbalanced C:N ratios or inhibition of
reproductive sinks (Yan et al., 2023).

The findings compare favourably with reports by other
researchers (Haruna & Usman, 2013; Ndor et al., 2012; Singh
et al., 2011). Phosphorus is essential for photosynthesis, pod
development and grain filling in leguminous crops.

The non-significant effect observed at BUK was possibly due
to a relatively higher soil P at the experimental site. Seed set
could be more genetically controlled and less responsive to P
than pod formation. Tanimu et al. (2022) observed no
significant P effect on seeds/pod in West African cowpea.

The positive response of grain yield to P application observed
could be due the significant role of the element on enhancing
the photosynthesis apparatus of the plant and the role of P in
seed formation and grain filling (Haruna & Usman, 2013). The
decline beyond 40 kg P ha! suggests nutrient
imbalance or physiological inefficiency (White et al., 2023).
However, Agboola & Obigbesan (2001) reported that P
application did not significantly increase cowpea yield while
Haruna & Usman (2013) recorded highest yield at 30kg P/ha in
their experiment. The application of 40 kg P/ha balances

productivity and input efficiency in Sudan Savanna sandy
loams.

The linear or slight decline in yield at phosphorus rates above
40 kg P/ha, indicate diminishing returns. The high R2 values
observed for regression lines for both locations confirm a strong
fit and suggest that phosphorus significantly influenced yield
responses. The optimal yield observed in both locations at P
rates of 40 kg P/ha aligns with previous findings in similar
agroecologies. The yield decline beyond this rate is likely due
to nutrient imbalance or reduced physiological efficiency.
These results underscore the importance of site-specific,
moderate P application to maximize cowpea productivity in
phosphorus-deficient Sudan Savanna soils while ensuring
resource-use efficiency.

CONCLUSION AND RECOMMENDATIONS

This study concludes that applying 40 kg P ha™' maximized
cowpea growth (e.g., leaf count, branch count) and yield (1.27
tha™ at BUK, 1.18 t ha™! at Wasai) at both sites. Hence, the use
of this P dose may lead to increased production and
productivity. Higher P rates (>40 kg P ha™') showed diminishing
returns, supporting moderate fertilization to optimize resource-
use efficiency. Future research should focus on exploring the
interactions of phosphorus with other nutrients as well as
climate-smart practices for enhanced cowpea production in
order to refine integrated nutrient management strategies for
long-term sustainability and food security in the study areas.

Farmers in the Sudan Savanna should apply 40 kg P/ha to
maximize cowpea yield, as higher rates showed no additional
benefit and may lead to inefficiency. Soil testing is essential to
guide precise application, especially in areas with variable
phosphorus levels. Extension services should promote
awareness of proper phosphorus use, while practices should be
tailored to site-specific soil conditions. Further research is
recommended to explore phosphorus interactions with other
nutrients and improve integrated nutrient management
strategies.
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