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Understanding how land use and soil depth influence nutrient storage is essential 
for sustainable soil management in tropical ecosystems. This study quantified 
nitrogen (N), phosphorus (P), and sulfur (S) stocks in soils under four contrasting 
land-use systems—arable, forested, sport, and plantain fields—within the 
University of Benin, Nigeria. Soil samples were collected at 0–30 cm and 30–60 
cm depths and analyzed using standard laboratory methods. Nutrient stocks 
were calculated based on soil nutrient concentration, bulk density, and depth 
increments. Land use and soil depth significantly affected N and P stocks, while 
S stock variation at the surface layer was not significant. At 0–30 cm, the highest 
N stock (2,360 Mg ha⁻¹) occurred in arable land, likely due to continuous inorganic 
N fertilizer use, whereas plantain fields stored the highest P (2,354 Mg ha⁻¹) and 
S (164 Mg ha⁻¹), reflecting greater organic inputs and improved soil chemical 
properties. At 30–60 cm, N stock peaked in sport land (3,890 Mg ha⁻¹), possibly 
due to turfgrass management and regular biomass return, whereas forested land 
stored the most sulfur (433 Mg ha⁻¹), attributed to litter accumulation and microbial 
activity. Differences in nutrient stocks across land uses corresponded closely to 
variations in soil organic carbon, pH, and cation exchange capacity. These findings 
highlight strong land use–driven redistribution of essential nutrients in tropical 
Ultisols. Promoting land-use practices that enhance organic matter input—such 
as agroforestry, mixed cropping, or managed fallows—can improve nutrient storage, 
support long-term soil fertility, and strengthen nutrient cycling in degraded tropical 
landscapes. 

INTRODUCTION 

Comprised of mixture of individual components, 
each soil type has distinctive characteristics and structure 
(Mitchell et al., 2025; Rodrigues et al., 2023). The 
properties of soils are interrelated, making it an effective 
medium for plant to grow with additional function 
(Sharma and Kumar, 2023; Osman, 2016), such as 
nutrient stocking capacity. Nutrient stocking is the 
accumulation of nutrients via soil particles, sediments 
and atmospheric deposits (Oyedele et al., 2014). Changes 

in nutrient stock and other soil health indicators soil 
are significantly influenced by land use, management 
practices, and soil depth (Mirbakhsh et al., 2022). 
Understanding Nitrogen (N), Phosphorus (P) and Sulfur 
(S) stocks as influenced by land use and soil depth may 
be vital for planning crop cultivation, land use, ecological 
restoration and soil fertility management. Besides 
nitrogen and phosphorus, sulfur is a major plant nutrient 
and an important component of balanced fertilization 
(Prasad and Shivay, 2018). Besides the effects of land 
use and soil depth on nutrient stocks, the restoration of 
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soil nutrients is essential to enhance the soil fertility and 
productivity (Miju et al., 2025). Land use refers to the 
purposes and activities through which people interact 
with land and terrestrial ecosystems (Meyfroidt et al., 
2022). Land use has significant effects on the contents, 
restoration, and nutrient stocks such as total nitrogen, 
phosphorus and sulfur (Wang et al., 2023; Yan et al., 
2021; Huang et al., 2020; Habtamu et al., 2014), thus 
influencing soil nutrient stocking capacity. Land uses and 
cropping systems have reportedly influenced soil health 
indicators including total Nitrogen (Mirbakhsh et al., 
2023). Phosphorus stock capacity could be higher in 
agricultural land when compared with some other land 
use types (Gava et al., 2022). Moreover, changes in land 
use practices significantly affect the distribution of soil 
sulfur (S) fractions and their bioavailability, thereby 
affecting soil sulfur stock capacity (Padhan et al., 2023). 
The concentrations of some soil nutrients in vegetated 
areas may be generally greater compared to arable land 
(Powlson et al., 2022; Habtamu et al., 2014), while 
forested land may stock higher nutrient levels compared 
to other land use types, owing to several prevailing 
factors. Soil can act as nutrient source or sink, depending 
on the relationship between nutrient inputs and outputs 
(Mitchell et al., 2025; Guo and Gifford, 2002). Land use, 

on the other hand, involves how a land is utilized and 
maintained (Harefa, 2024), which influences its nutrient 
stocking capacity. Soils act as dynamic reservoirs for 
essential plant nutrients, and their capacity to store 
elements such as nitrogen (N), phosphorus (P), and 
sulfur (S) depends largely on land use, management 
practices, and soil depth. Although, numerous studies 
have explored soil carbon and nitrogen stocks under 
various land uses globally, little is known about N, P, 
and S dynamics in tropical soils of southern Nigeria, 
particularly within the University of Benin. Understanding 
these relationships is vital for sustainable land management 
and nutrient cycling. Therefore, this study aimed to 
quantify N, P, and S stocks in soils under four contrasting 
land uses and two depths, providing insights into Land 
use–driven nutrient redistribution. 

MATERIALS AND METHODS 

Description of the study area  

The study was conducted within University of Benin 
Nigeria, which lies between latitude 06o 36' 59.7" N and 
longitude 05o37'15.8"E, in the tropical climate with 
average annual temperature of around 270C and an 

Ilmu Pertanian (Agricultural Science) Vol. 10 No. 3, December 2025

176

Table 1. Locations, land uses, and coordinates of the study sites
Location Land use Coordinates

AGR305 Farm Arable 06˚24'00"N05˚37'30"E
Faculty Arboretum Forested 06˚24'03"N05˚37'25"E
Sport complex Sport 06˚23'46"N05˚36'39"E
Project Farm Plantain field 06˚24'15"N05˚36'37"E

Table 2. Some soil properties analyzed, methods adopted, and references
Soil properties Method Reference

Particle sized distribution Hydrometer Bouyoucos (1962), Day (1965).                                                  
Textural classification Textural triangle soil survey staff (2003)
Bulk density Core sampler Ibitoye (2008).
pH Glass electrode Tan (1996)
Organic carbon Walkley-Black wet oxidation Walkley and Black (1934)
Total exchangeable bases Summation Udo et al. (2009)
Exchangeable acidity 1 M KCl extraction Juo (1979).
Base saturation Calculation Orhue and Emomu (2022)
Available nutrients
Total Nitrogen (N) Kjeldahl Udo et al. (2009)

Available Phosphorus (P) Bray-1 extraction, colorimetric Bray and Kurtz (1945),  
Murphy and Riley (1962).

Sulfur (S) Phosphate extraction, turbidometric Udo et al. (2009)
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annual rainfall of 2000 mm. Its mean annual relative 
humidity ranges from 89% in the morning to 75% in the 
evening (NIFOR, 2018). 

Soil sampling and preparation 

Completely randomized design with three replicates 
was used to collect auger soil samples from two (0-30 
and 30-60 cm) depths, from four (arable, forested, sport 
and plantain farm) land use, to make a total of 24 soil 
samples. The locations, land uses and coordinates of the 
sampling sites are presented in Table 1. 

Laboratory analysis 

Soil samples were air-dried, ground, passed through 
2 mm sieve and analyzed for selected properties follow-
ing standard operating procedure shown in Table 2. 

Soil nutrient stock determination  

Soil nutrient stocks were calculated by fitting N, P, S 
values obtained from laboratory analysis to equations 

adapted from Chave et al. (2014) and Azeez et al. (2024) 
based on modified FAO (2019) formula given as: 

SNS = SOQ × Qb × Z × 0.1   ……………………… (1) 
Where;  

SNS = Soil nutrient stock (Mg nutrient ha-1)  
SOQ = soil nutrient content (mg nutrient of fine 

earth) in the depth increment "i.",  
Qb = bulk density (cm3) in the depth increment),  
Z = soil depth or the thickness of the soil horizon (cm) 

of the depth increment "i.",  
0.1 = factor for converting nutrient from mg cm-1 to 

Mg ha-1 

Statistical analysis 

The data obtained from laboratory analysis were 
tested for normality and subjected to ANOVA, using 
Genstat (GenStat 12.1, VSN International, UK) statistical 
package. The statistical differences between means 
were separated using Duncan multiple range test at 5% 
level of probability. 

Table 3. Some soil physical and chemical properties across different land uses

Text-texture, OC-organic carbon, CEC-cation exchange capacity, EA-exchangeable acidity, ECEC-effective cation exchange capac-
ity, BS-base saturation, PF-plantain field, LS-loamy sand, SL-sandy loam, SCL-sandy clay loam, LSD-least significant difference, 
SEM-standard error of mean, SED-standard error of difference cv-coefficient of variation. Means in the same column followed 
by the same letter are not significantly different according to Duncan’s Multiple Ranged Test at α = 5%

Land use Sand Silt Clay Text pH OC CEC EA ECEC BS
g kg-1 % cmol kg-1 %

0-30 cm
Arable 83.85 a 5.33 a 10.81 a LS 4.15a 0.42a 0.51a 0.48a 0.99a 51.30a

Forested 81.85 a 5.33 a 12.81 a SL 5.11a 0.93a 1.44a 0.27a 1.70a 84.10b

PF 80.85 a 7.00 b 12.15 a SL 5.30b 1.04a 3.37b 0.51a 3.88b 84.50b

Sport 81.52 a 4.67 a 13.81 a SL 5.44b 0.95a 1.44a 0.48a 1.92a 75.30b

LSD(0.05) 5.85 4.53 5.44 1.08 0.69 1.57 0.46 1.34 20.60 
SEM 1.69 1.31 1.57 0.31 0.20 0.45 0.13 0.39 5.96
SED 2.39 1.85 2.22 0.44 0.28 0.64 0.19 0.55 8.42
%cv 3.60 40.60 22.00 10.80 41.50 46.40 52.60 31.50 13.90 

30-60 cm
Arable 81.19 a 4.17 a 14.65 a SL 4.61a 0.22a 0.62a 0.67a 1.29a 49.40a

Forested 80.52 a 4.00 a 15.48 a SL 4.85a 0.42a 1.18a 0.24a 1.44a 80.20b

PF 77.85 a 8.33 b 13.81 a SL 5.04ab 0.55a 2.51b 0.67a 3.17b 77.90ab

Sport 78.19 a 4.00 a 17.81 a SCL 5.37b 0.31a 0.82a 0.91a 1.73a 50.60a

LSD(0.05) 5.08 3.37 5.93 0.50 0.52 0.98 0.81 1.17 28.03
SEM 1.71 1.13 1.99 0.14 0.15 0.28 0.23 0.34 8.10 
SED 2.42 1.60 2.82 0.20 0.21 0.34 0.33 0.48 11.46
%cv 5.30 54.2 31.60 5.00 69.10 38.1 64.70 30.60 21.70 



RESULTS AND DISCUSSION 

Some soil physical and chemical properties across 
different land uses 

Table 3 presents some soil physical and chemical 
properties across various land uses at 0–30 and 30–60 
cm soil depths. Sand, silt and clay contents showed 
no significant differences across land uses, except in 
plantain field, which had significantly lower (80.85%) 
sand and higher (7%) silt content, indicating similarity 
of the soils. Sand was the dominant soil fraction, 
likely due to coastal plain sand parent material on 
which the soils were formed (Emomu 2022; Orhue et 
al., 2021). Plantain field's higher silt content suggests 
better water and nutrient retention, as sandy soils 
generally risk nutrient loss due to leaching (Burakova 
and Bakšiene, 2021; Szogi et al., 2021). The roles of 
soil texture in water movement and nutrient flux 
have been reported by Rodrigues et al. (2024). 

At the topsoil depth (0–30 cm), all soils were 
acidic, with arable land showing extreme acidity (pH 
4.15), while forested, plantain, and sports lands 
showed moderately acidic pH values (5.11–5.44). 

Similar acidity trends were observed at 30–60 cm 
depth, with significant differences among land uses. 
The soil acidity observed among different land use 
could be likely due to varying land-use activities and 
humid tropical environment. Organic carbon (OC) 
and effective cation exchange capacity (ECEC) 
followed a similar trend at 0–30 cm soil depth, with 
the highest values in plantain field and the lowest in 
arable land. OC ranged from 0.42% (arable) to 1.04% 
(plantain field), while ECEC ranged from 0.99 to 3.88 
cmol kg-1. These differences in OC and ECEC could be 
attributed to variations in litter fall and organic 
matter decomposition (Valencia, et al., 2025; Jimoh 
and Aliyu, 2024). Orhue et al. (2024) reported similar 
values for ECEC in soils of the study area. At 30–60 
cm soil depth, OC and ECEC also varied, with plantain 
field showing the highest values (OC: 0.55 %; ECEC:   
status and possibly due to organic input from a 
nearby animal farm. These findings were consistent 
with previous studies of Law-Ogbomo and Osaigbovo 
(2018) and Okebalama et al. (2020), who reported 
improvement in fertility due to manure input. 
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Table 4. Soil nutrient (Nitrogen, Phosphorus and Sulfur) stock (Mg ha-1) across different land use
Land use Nitrogen Phosphorus Sulfur

0-30 cm
Arable 2360.00a 363.00a 122.00a

Forested 1450.00a 332.00a 123.00a

Plantain field 2250.00a 2354.00b 164.00a

Sport 1890.00a 332.00a 123.00a

LSD(0.05) 1546.00 1604.60 282.20
SEM 447.00 463.70 81.50
SED 632.00 655.80 115.30
%cv 38.9.00 95.00 106.00

30-60 cm
Arable 2740.00ab 405.00a 85.00a

Forested 2020.00a 442.00a 433.00a

Plantain field 2150.00a 971.00b 116.00a

Sport 3890.00b 403.00a 181.00a

LSD(0.05) 1480.00 432.10 400.50
SEM 428.00 124.90 115.80
SED 605.00 176.60 163.70
%cv 27.40 38.90 98.50

LSD-least significant difference, SEM-standard error of mean, SED-standard error of difference cv-coefficient of variation. Means in 
the same column followed by the same letter are not significantly different according to Duncan’s Multiple Ranged Test at α = 5%
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Soil nutrient (Nitrogen, Phosphorus and Sulfur) 
stock across different Land use 

N, P and S stocks across land use types at 0–30 
and 30–60 cm soil depths are presented in Table 4. 
At the 0–30 cm soil depth, N stocks ranged from 
1,450 Mg ha-1 in forested land (FL) to 2,360 Mg ha-1 
in arable land (AL), with no statistically significant 
differences obtained among the land-use types. The 
highest N stock obtained for arable land could be 
due to continuous use of inorganic N fertilizer for 
arable crop production, while the variations in N 
stock among different land use may be related to 
differences in organic carbon and total nitrogen 
(Azeez et al., 2024). Phosphorus and sulfur stocks 
were the highest (2,354 Mg ha-1 for P, 164 Mg ha-1 
for S) in the plantain field (PF). Higher P and S stocks 
in PF may be due to better nutrient availability and 
organic carbon content (Liu et al., 2024), in comparison 
to the other land uses. 

At the 30–60 cm soil depth, N stocks were 
significantly different among land uses, and N stock 
values ranged from 2,020 Mg ha-1 in FL to 3,890 Mg 
ha-1 in SL, reflecting differences in management 
practices. The highest N stock obtained in SL could 
be due to turf management (Curk, 2017). Phosphorus 
stock was again the highest in the PF (971 Mg ha-1), 
possibly due to animal waste input (Azeez et al., 
2024; Burakova, and Bakšiene, 2021). Other land 
uses had lower P stock capacity compared to values 
obtained for PL. Sulfur stocks also varied, with the 
highest value (433 Mg ha-1); meanwhile, S stock 
capacity was obtained for FL, followed by SL (181 Mg 
ha-1). High S stock in FL may result from organic matter 
accumulation from litter fall in the forest vegetation, 
in line with the findings of Azeez et al. (2024). Effects 
of agricultural Land management practice on selected 
soil quality indicator have been reported in Ethopian 
soils (Abera and Wana, 2023). Nutrient stock patterns 
obtained in this study, suggests strong influence of 
Land use and organic inputs on nutrient stocking 
capacity, however PF consistently showed highest P 
and S stock levels across both depths, while FL favored 
S accumulation at deeper soil level, possibly due to 
natural litter decomposition. 

 

CONCLUSIONS 

This study demonstrated that land use and soil 
depth significantly influenced N, P, and S stocks in 
Ultisol soils of southern Nigeria. Plantain fields and 
forested lands exhibited higher P and S reserves due 
to organic input accumulation, while sport land 
retained greater N stock. The results indicated that 
maintaining organic matter through agroforestry or 
mixed land-use systems can enhance nutrient storage and 
soil fertility. Long-term monitoring is recommended 
to assess nutrient dynamics under changing. 
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