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ABSTRACT

This study evaluated the effects of different soil nutrient sources on the growth
and yield of sorghum under rain-fed conditions during the 2023 and 2024
cropping seasons. Research was conducted at the National Open University of
Nigeria Research Farm, Rigachikun, Kaduna. The experiment comprised
fourteen treatments: (I) Control, (II) Soybean intercrop, (I1l) 2.0 t/ha of poultry
manure (PM), (IV) 2.0 t/ha of PM + Soybean, (V) 3.5 t/ha of PM, (VI) 3.5 t/ha
of PM + Soybean, (VII) 0.2 t/ha of compost manure (CP), (VIII) 0.2 t/ha of CP
+ Soybean, (I1X) 0.4 t/ha of CP, (X) 0.4 t/ha of CP + Soybean, (XI) 30 kg N/ha
of NPK fertilizer, (XII) 30 kg N/ha + Soybean, (XIII) 60 kg N/ha, and (XIV) 60
kg N/ha + Soybean. A Randomized Complete Block Design (RCBD) with three
replications was employed. The study demonstrated that integrated soil
nutrient management significantly influences the growth and yield of sorghum.
Sole applications of compost manure at 0.4 t/ha (IX) improved leaf area.
However, soybean intercropping (II, IV, VI, VIII, X, XII, and XIV) did not have
a significant effect on sorghum growth variables. The highest grain yield was
recorded in plots treated with 60 kg N/ha of NPK fertilizer intercropped with
soybean (XIV), though this was not significantly different from plots treated
with 60 kg N/ha of NPK fertilizer without soybean (XIlI). Given its positive
impact on growth and yield, the application of poultry manure should be
promoted, especially among smallholder farmers looking for sustainable
nutrient sources.

Fertilizer, Sorghum, Manure, Nutrient

INTRODUCTION

Climate variability, marked by erratic rainfall patterns,
extended droughts, and rising global temperatures, continues to

Food security remains a persistent challenge for many families
across Nigeria, with land degradation and climate change being
pivotal factors contributing to this crisis. Recent studies indicate
that approximately 65% of Africa's farmland is degraded,
significantly impacting agricultural productivity and food
security
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threaten agricultural productivity. These climatic challenges,
combined with socio-economic constraints and poor soil
conditions, necessitate the adoption of farming systems that
integrate soil fertility management with effective crop
management practices. As highlighted by Vanlauwe et al.
(2010), such systems should combine organic and inorganic
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inputs to enhance food security while maintaining
environmental sustainability. These integrated approaches aim
to provide crops with a reliable and cost-effective nutrient
supply, ensuring resilience against climate variability.
Addressing the intertwined issues of declining soil fertility and
extreme weather conditions is critical for achieving sustainable
food security.

While inorganic fertilizers have been widely utilized to address
soil nutrient depletion, their prolonged use can degrade soil
health over time. In contrast, organic amendments such as
animal manure and crop residues have been shown to improve
soil structure, enhance nutrient availability, and promote water
retention. However, with the growing adoption of high-yielding
crop varieties, organic inputs alone are often insufficient to
meet the nutritional needs of crops. Therefore, integrated
nutrient management systems (INMS), which utilize both
organic and inorganic inputs, have been recommended as a
sustainable strategy to boost land productivity and improve crop
yields.

Despite the potential of INMS, its adoption among farmers
cultivating sorghum in northern Nigeria, particularly in the
Guinea savannah zone, remains limited. The effects of climate
change further highlight the importance of promoting drought-
tolerant crops like sorghum to combat food insecurity.
Sorghum, known for its resilience to poor soils and harsh
environmental conditions, is a staple cereal crop that plays a
significant role in food security. Recent data indicates that
sorghum is among the most cultivated cereals in Sub-Saharan
Africa, covering a substantial portion of the total cereal acreage.

In Kaduna State, particularly at the National Open University
of Nigeria Research Farm in Rigachikun, there is increasing
demand for sorghum due to its versatility and importance as a
staple crop. However, yields per hectare have been declining in
recent years, underscoring the need for improved agronomic
practices to reverse this trend.

The objective of this study was to evaluate the effectiveness of
integrated nutrient management systems in improving the
growth and yield of sorghum at the National Open University
of Nigeria Research Farm in Rigachikun, Kaduna, for
sustainable management.

MATERIALS AND METHODS

Experimental Site Field trials were conducted at the National
Open University of Nigeria (NOUN) research site in
Rigachikun, Kaduna, during the 2023 and 2024 cropping
seasons under rain-fed conditions. The site is located within
Latitude: 10.6500° N, Longitude: 7.4500° E at an elevation of
approximately 650 meters above sea level in the Northern
Guinea Savanna Agro-Ecological Zone of Nigeria. The average
annual temperature in Rigachikun, Kaduna State, Nigeria, is
approximately 29.06°C (84.31°F), which is slightly below the
national average.
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Experimental Design

The treatments evaluated were: (1) Control, (II) Soybean
intercrop, (111) 2.0 t/ha-1 of poultry manure (PM), (1V) 2.0 t/ha-
1 of PM + Soybean, (V) 3.5 t/ha-1 of PM, (V1) 3.5 t/ha-1 of PM
+ Soybean, (VII) 0.2 t/ha-1 of compost (CP), (VIII) 0.2 t/ha-1
of CP + Soybean, (IX) 0.4 t/ha-1 of CP, (X) 0.4 t/ha-1 of CP +
Soybean, (XI) 30 kg N/ha-1, (XII) 30 kg N/ha-1 + Soybean,
(X111) 60 kg N/ha-1, and (XIV) 60 kg N/ha-1 + Soybean. The
experimental layout followed a Randomized Complete Block
Design (RCBD) with three replications. Organic and inorganic
amendments were incorporated into the soil during land
preparation. Sorghum (a local variety) was planted using a
spacing of 0.75 m x 0.5 m, with four seeds per hole, later
thinned to two stands per hole two weeks after emergence.

Soil Sampling and Analysis Before the experiments
commenced in 2022 and 2023, soil samples were collected from
the surface (0-15 cm depth) at eight random points using a soil
auger. These samples were bulked, air-dried, ground, and
sieved (2 mm) for laboratory analysis. The parameters analyzed
included: Soil pH: Determined in a 1:1 soil-water suspension
using a glass electrode Particle size: Assessed by the
hydrometer method (Bouyoucos, 1951) with sodium
hexametaphosphate as the dispersant. Total organic carbon:
Measured via the chromic acid oxidation method (Walkley &
Black, 1934). Total nitrogen: Analyzed using the Kjeldahl
method (Anderson & Ingram, 1996). Available phosphorus:
Determined by the Molybdenum-blue method (IITA, 1979).
Exchangeable bases: Measured using neutral ammonium
acetate extraction. Sodium (Na) and potassium (K) were
determined via flame photometry, while calcium (Ca) and
magnesium (Mg) were analyzed using Atomic Absorption
Spectrophotometry (AAS). Exchange acidity: Measured by 1 M
KCl extraction and titration with 0.01 M NaOH.

Crop Data collected were measurements of leaf area (cm?),
plant height (cm), panicle length (cm), and grain yield (kg/ha).
Leaf area and plant height were recorded at three-week
intervals, while panicle length and grain yield were assessed at
harvest. Data were subjected to analysis of variance (ANOVA),
and mean differences were determined using Fisher’s Least
Significant Difference (LSD) test at a 5% probability level
(Meier, 2006).

RESULTS AND DISCUSSION
Soil Properties of the Experimental Site

The results of selected soil properties of the experimental site
prior to the application of fertilizer are summarized in Table 1.
The particle size distribution analysis revealed that the soil was
predominantly sandy, with a sand content of 76.64%, silt
content of 14.36%, and clay content of 9.0% in 2016.
Consequently, the textural class of the soil was classified as
sandy loam. The soil's pH (measured in water) was 6.64,
indicating a slightly acidic condition. Organic matter content
during the 2016 cropping season was 1.18%. The total nitrogen
(N) content was 0.21%, while available phosphorus (P) was

AFNRJ | https://www.doi.org/10.5281/zenodo.15109572

T

\E.

87

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


https://www.doi.org/10.5281/zenodo.15109572

Musa (2025)

Agriculture, Food and Natural Resources Journal 4 (1): 86-91

1.20 mg/kg. The exchangeable cations were measured as
follows: potassium (K) at 0.20 cmol/kg, calcium (Ca) at 3.40
cmol/kg, magnesium (Mg) at 2.18 cmol/kg, and sodium (Na) at
0.15 cmol/kg. The cation exchange capacity (CEC) of the soil
was 5.83 cmol/kg, reflecting the soil's moderate nutrient
retention capacity.

Table 1. Soil Properties of the Experimental site, in NOUN
Rigachikun, Nigeria.

Soil parameters 0-15 2023 2024
Soil (%) 76.65 78.35
Silt (%) 14.35 10.61
Clay (%) 9.1 11.59
Texture class Sandy loam  Sandy loam
pH (H20) 6.63 6.666
PH (Kcl) 5.87 5.66
Organic matter (%) 1.18 1.80
Total Nitrogen (%) 0.21 0.23
Phosphorus (mg/kg?)  1.20 1.65
K (mg/kg™) 0.20 0.23
Ca (mg/kg™) 3.41 4.75
Mg (mg/kg™) 2.18 251
Na (mg/kg™) 0.16 0.18
CEC 5.83 7.67

Chemical Composition of Poultry Manure and Organic
NPK (Compost)

The results of the chemical analysis of poultry manure and
organic NPK (compost) are presented in Table 2. The soil pH
of the poultry manure was 7.4, with an organic matter content
of 26.41%, nitrogen content of 2.25%, and phosphorus content
of 12.10%.

Table 2. Chemical properties of poultry and organic NPK

(compost).
Parameters Poultry manure  Compost
pH 74 7.0
Organic matter (%) 26.41 48.65
Total nitrogen (%) 2.25 8.20
Phosphorus (mg/kg?)  12.10 6.12
K (cmol kgt 1.15 3.80
Ca (cmol kgt 10.81 13.28
Mg (cmol/kg™) 0.53 8.13
Na (cmol kg?) 1.78 0.62

The exchangeable cation composition of the poultry manure
was as follows: potassium (1.15 cmol/kg), calcium (10.81
cmol/kg), magnesium (0.53 cmol/kg), sodium (1.78 cmol/kg),
and cation exchange capacity (CEC) of 14.27 cmol/kg.
Similarly, the nutrient composition of the compost was
determined as follows: organic matter (48.65%), nitrogen
(8.20%), phosphorus (6.12 mg/kg), potassium (3.80 cmol/kg),
calcium (13.28 cmol/kg), magnesium (8.13 cmol/kg), and
sodium (0.62 cmol/kg). These results highlight the relative
potential of poultry manure and organic NPK (compost) to
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improve soil fertility and enhance crop production when
incorporated into the soil.

Crop Data

The leaf area of sorghum as influenced by the application of
various nutrient sources is presented in Table 3. The results
indicate that leaf area was significantly affected by the
application of integrated soil nutrients. A significant difference
was observed between the control and soybean as a sole nutrient
source at 6 and 12 weeks after planting (WAP) during the 2023
season. However, no significant difference was recorded
between the sole application of poultry manure at 2.0 t/ha and
the combined application of soybean with 2.0 t/ha of poultry
manure across all intervals. Similarly, there was no significant
difference between the sole application of poultry manure at 3.5
t/ha and the combination of soybean with 3.5 t/ha of poultry
manure across all intervals.

The sole application of compost manure at 0.2 t/ha did not differ
significantly from the combination of soybean with compost at
0.2 t/ha across all intervals. Likewise, compost manure at 0.4
t/ha showed no significant difference in leaf area compared to
soybean combined with compost at 0.4 t/ha during the 2014
season (Table 3).

The application of 30 kg N/ha of mineral fertilizer showed no
significant difference in leaf area compared to soybean
combined with 30 kg N/ha of mineral fertilizer. Similarly, the
sole application of 60 kg N/ha of mineral fertilizer did not
significantly differ from the combination of soybean with 60 kg
N/ha of mineral fertilizer.

In the 2024 season, no significant difference in leaf area was
observed between the control and soybean as a sole nutrient
source at 9 and 12 WAP. The sole application of poultry manure
at 2.0 t/ha and the combination of soybean with 2.0 t/ha of
poultry manure showed no significant difference in leaf area
across all intervals. Similarly, poultry manure at 3.5 t/ha and the
combination of soybean with 3.5 t/ha of poultry manure did not
differ significantly in leaf area at 9 and 12 WAP. The sole
application of compost at 0.2 or 0.4 t/ha also showed no
significant difference in leaf area compared to soybean
combined with compost at 0.2 or 0.4 t/ha.

As illustrated in Table 3, the leaf area of sorghum was not
significantly affected by the soybean mixture in the two
cropping seasons. However, there was a marginal improvement
in leaf area with the soybean mixture compared to the control,
sole fertilizer, and compost or manure treatments. This result
highlights the potential benefits of incorporating soybean into a
cropping system.

These findings align with the report by Ofori and Stern (1987),
who found that the leaf area of sorghum increased significantly
in a soybean-sorghum mixture. Similarly, Fuyita et al. (1990)
observed significant improvements in leaf area in a cowpea-
maize mixed cropping system. Bavec et al. (2005) also reported
an increase in maize leaf area due to intercropping with
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climbing beans. In contrast, Mouneke and Okpara (2001) did
not find significant effects on growth parameters in cereal-
legume intercropping systems. The observed discrepancies may

be attributed to variations in growth conditions, which could
have influenced the growth patterns of the crops in these
studies.

Table 3. Effect of nutrient sources on leaf area (cm2) of sorghum.

Treatment 3WAP 6WAP IWAP 12WAP
2023 2024 2023 2024 2023 2024 2023 2024
Control 55.2 66.1 1111 112.4 219.7 221.1 298.8 302.2
Sorghum/soybean 68.1 66.1 1175 1161 2210 2227 3022 3029
2.0 t/hal PM 647 600 1180 1160 236.6 2440 3135 3085
2.0 t/hal PM + soybean 612 654 1197 1165 236.7 2445 3138 309.0
3.5t/hal PM 60.1 66.0 120.0 121.0 228.9 256.1 317.7 3231
3.5 t/hal PM + soybean 69.0 63.5 120.1 124.0 228.9 257.8 319.0 3234
0.2 t/hal CP 63.0 58.1 123.0 146.0 234.8 241.0 3187 3240
0.2 t/ha! CP + soybean 735 615 1238 1486 2365 241.0 3187 3248
0.4 t/ha* CP 650 633 126.0 2439 2430 2450 3251 330.0
0.4 t/ha* CP + soybean 647 601 1271 1245 2439 2455 3252 330.6
30 Kg N/ha't 620 607 1280 1350 361.0 356.0 4140 416.1
30 KgN/ha' + soybean 670 578 1281 1176 361.3 359.8 418.8 420.7
60 Kg N/ha! 64.4 59.1 132.4 1445 422.0 388.1 425.0 4279
60 KgN/hat + soybean 683 603 1332 1448 4234 389.8 4256 428.0
LSD (0.05) NS NS 291 2.04 2.88 203 225 156

Note: WAP = Weeks after planting; PM = Poultry manure; NS = No significant difference.

Table 4 presents the plant height as influenced by the
application of nutrients from varying sources during the 2016
and 2017 cropping seasons. The tallest plants were recorded in
plots treated with 60 kg N/ha of mineral fertilizer, either as the
sole nutrient source or in combination with soybean, achieving
a height of 359.7 cm at 12 WAP (weeks after planting) in the
2016 season. In contrast, the shortest plants were observed in
the control plots at 6, 9, and 12 WAP.

Plant height was significantly affected by the application of
varying nutrient sources at 6, 9, and 12 WAP in 2016. Similarly,
during the 2017 cropping season, the application of 60 kg N/ha
of mineral fertilizer produced the tallest plants, reaching 364.3
c¢cm at 12 WAP. Once again, the control plots resulted in the
shortest plant heights at 6, 9, and 12 WAP.

The introduction of soybean did not have a statistically
significant effect on plant height in either season. However, a
marginal improvement in plant height was observed with the
soybean intercrop. This trend aligns with the findings of Bavec
et al. (2005), who reported that the plant height of maize was
significantly improved when intercropped with climbing beans.

Interestingly, plant height followed a pattern similar to that of
leaf area in sorghum. The plant height of sorghum was not
significantly influenced by the soybean intercrop in either
cropping season, as shown in Table 4. Nevertheless, the slight
improvement in plant height with soybean intercrop highlights
its potential benefits.
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The panicle length of sorghum was not significantly affected by
the application of fertilizers from varying sources, even though
marginal differences were observed concerning the levels of
fertilizer and/or manure treatments (Table 5). The sole
application of NPK fertilizer at 60 kg N/ha or in a soybean
mixture resulted in the longest panicle length (30.6 cm) during
the 2016 season. In contrast, the shortest panicle length (26.2
cm) was obtained from the application of poultry manure at 2.0
t/ha. Similarly, there was no significant difference in panicle
length between manure or fertilizer treatments.

Unlike the 2023 season, panicle length in the 2024 season
marginally increased with higher levels of fertilizer or manure
application. The shortest panicle length (26.1 cm) was recorded
in the control treatment, while the longest panicle length (33.3
cm) was achieved with the application of NPK at 30 kg N/ha in
a soybean mixture.

The grain yield of sorghum, however, was significantly
influenced by the application of fertilizer or manure in both
seasons (Table 5). The highest grain yield (1035.7 kg/ha) was
observed with the application of NPK fertilizer at 60 kg N/ha in
a soybean mixture, whereas the lowest grain yield (372.7 kg/ha)
was recorded in the control treatment. There was no significant
difference in panicle length when soybean was included in the
mixture with varying levels of fertilizer or manure. A similar
trend was observed in the 2017 season, although the highest
grain yield was obtained from the sole application of NPK at 60
kg N/ha.
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Table 4. Effect of nutrient sources on plant height (cm?) of sorghum

Treatment 3WAP 6WAP IWAP 12WAP

2016 2017 2016 2017 2016 2017 2016 2017
Control 17.3 15.1 78.6 76.4 177.0 187.4 230.2 234.4
Sorghum/ soybean 15.1 15.7 78.7 77.2 178.0 1896 2308 235.0
2.0t/hat PM 205 201  113.0 120.0 308.0 320.0 3440 350.2
2.0 t/hat PM + soybean 170 160 1163 1203 3112 3237 3456 3516
3.5t/hal PM 19.0 21.6 1165 1229 312.0 324.3 348.0 360.1
3.5t/hal PM + soybean 17.8 15.0 1189 1232 3184 327.0 348.5 360.4
0.2 t/hal CP 21.0 22.0 106.0 123.6 308.0 316.0 349.0 360.0
0.2 t/hal CP+ soybean 166 180 1094 1237 3082 3162 3499 3631
0.4 t/hat CP 201 198 126.0 1240 3185 326.0 350.0 3623
0.4 t/hat CP + soybean 185 140 1267 1242 3187 3264 3514 3627
30 Kg N/ha't 20.0 21.3 112.0 114.0 309.0 311.0 354.1 361.2
30 Kg N/ha! + soybean 16.5 16.3 1194 1141 3101 3115 355.8 361.7
60 Kg N/ha't 198 216  130.0 138.0 333.0 3400 359.7 364.0
60 Kg N/ha + soybean 168 153 1302 138.0 336.7 3406 359.7 3643
LSD (0.05) NS NS 8.51 3.62 3.97 1.16 341 5.75

Note: WAP = Weeks after planting; PM = Poultry manure; NS = No significant difference

Table 5. Effect of nutrient sources on panicle length and
yield of sorghum

Treatment Yield (kg/ha) Panicle

length (cm)

2023 2024 2023 2024
Control 372.7 3670 270 261
Sorghum/soybean 373.0 367.7 270 264
2.0t/haPM 387.1 4300 262 270
2.0t/haPM +soybean  386.3 4383 272 27.6
3.5t/haPM 410.7 5011 270 288
3.5t/haPM +soybean 415.6 5089 279 288
0.2 t/ha CP 387.0 483.7 280 300
0.2 tha CP + 4813 490.6 301 302
soybean
0.4 t/ha CP 633.0 693.0 300 330
0.4 t/ha CP + soybean ~ 634.3 694.7 304 330
30 Kg N/ha 1016.1 11120 304 331
30 Kg N/ha+ soybean  1016.5 1116.6 304 333
60 Kg N/ha 1035.0 1134.8 306 307
60 Kg N/ha+ soybean ~ 1035.7 1138.4 30.6 30.7
LSD (0.05) 13.11 858 NS NS

The inclusion of soybean in the sorghum mixture might have
enhanced the efficient utilization of soil nutrients, resulting in
higher yields. This finding aligns with the studies of Olufajo
(1992), Agbeje et al. (2002), and Mbah et al. (2007). However,
this trend contrasts with the findings of Mouneke and Okpara
(2007), who reported reduced grain yields under intercropping
compared to sole cropping. This discrepancy may be attributed
to competition for available nutrients, especially phosphorus
and potassium, as well as possible soil moisture constraints.

B AR

CONCLUSION AND RECOMMENDATION

The combination of organic and inorganic amendments, along
with the inclusion of a legume component, enhances the growth
and yield parameters of sorghum. Sorghum planted in a mixture
with soybeans and treated with these soil amendments showed
marginal increases in leaf area, plant height, and grain yield.
The higher values of growth and yield parameters observed with
the application of various nutrient sources demonstrate that
integrated nutrient management is effective in promoting the
growth and yield of sorghum. This approach suggests that the
reliance on inorganic fertilizers can be significantly reduced by
incorporating soybean and compost manure, thereby supporting
sustainable crop production.

Farmers recommended to apply compost manure at 0.4 t/ha (1X)
to improve sorghum growth, particularly in areas with limited
access to chemical fertilizers. The application of 60 kg N/ha of
NPK fertilizer (X111 and XIV) is recommended for maximizing
sorghum yield. However, further studies should explore ways
to improve nutrient use efficiency and reduce dependency on
inorganic fertilizers. did not significantly enhance sorghum
growth, the long-term benefits of soybean intercropping for soil
fertility should be further investigated, particularly for nitrogen
fixation and organic matter buildup. Given its positive impact
on growth and yield, the application of poultry manure should
be promoted, especially among smallholder farmers looking for
sustainable nutrient sources.
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