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ABSTRACT

This study examined the impacts of land use on soil physical, chemical and biological properties along agroforestry and agricultural landscapes in a rainforest
zone of Nigeria. The land use systems are forest, agroforestry, fallow and ornamental plant field in addition to permanent crop fields constituted by cocoa,
oil palm and citrus and annual (arable) crop fields (maize). Profile pits were dug from the land use types from which samples were collected 0-20 cm and
20-50cm for laboratory analysis of soil properties. Undisturbed soil samples were also collected from the pits but opposite sides for soil bulk density and
moisture content determination. Standard soil analytical procedures were followed in carrying out soil analysis. Results showed that among the land use
types, soil physical properties: sand, clay, soil bulk density and chemical: soil pH, SOC total nitrogen, P, K, Ca, Mg and CEC differed significantly among
the land use types. The bulk density of the soils, pH, SOC, total N and stocks of SOC and total N statistically differ along 0-20 and 20-50 cm soil depths.
SOC and total N stocks increased downwards along depths sampled. Sandy loam was the dominant soil textural class. Permanent croplands including forest
and agroforestry had higher SOC, total N, pH and CEC while arable crop land had relatively low amount of SOC, TN, pH and, P, K, Ca, Mg and CEC. In
addition, the arable cropland had significantly lower soil C and N stocks in the top 50 cm (0.50 m) soil layer compared with the permanent crop fields. The
lower values of these variables from maize field may be due to the effects of continuous tillage practices by the smallholder farmers in the area, and soil
erosion may be responsible to the removal SOC and total N from soil surface (0 - 20 cm depths). Among permanent and annual crop fields, the SOC and
total N stocks of the land uses for 0-20 cm depth ranged from 5.75 to 3.12 kg/m? for 0-20 cm depths and 2.44 to 1.93 kg/m? for 20-50 cm depth. Relative
to forest soil, stocks of SOC in the surface soils (0-20 cm) decreased in the order: agroforestry > ornamental plant field > cocoa> fallow land > citrus > oil
palm > annual cropping system. Following this decreasing order, soil deterioration indices are equivalent to 27 > 28 > 30 > 31 > 32 > 34 >38 % compared
with forest soil respectively. Strong significant correlations (p < 0.05) were observed between SOC and TN stocks and some soil properties (bulk density,
clay contents, pH and CEC) with R2 values ranging from 1.0 to 0.85. It is concluded that land-use and soil depth influenced soil physical, chemical (nutrient

fluxes: organic carbon, N, P, K, Ca, Mg and CEC), biological properties and carbon storage potential in the study area.
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Highlights

The land use systems and vegetation cover affected soil physical
and chemical properties and organic carbon stocks.

Soils of permanent land use systems: forest, agroforestry,
ornamental plant field, fallow land, plantation crops had more
favourable physical, chemical and biological properties.

Soil concentrations and stocks of organic carbon and total nitrogen
differed among land use types Stocks of SOC organic carbon
and total nitrogen were higher at 0-20 cm depths compared with
20-50 cm.

Introduction

In Sub-Saharan Africa (SSA), agriculture is major source of
livelihood and in addition supplies food and raw materials for
industries for economic development and foreign exchange
earner. Agriculture contributes about 30 percent of the GDP to
Nigeria economy, employs about 70 percent of the labour force
and accounts for over 70 percent of non-oil exports, and provides

over 80 percent of the food requirement of the country [1,2].
Nigeria has about 98.3 million hectares of land of which about
74 million hectares is useful for agriculture [2,3]. The cultivated
lands occupies 44.7 percent of the land area out of which 37.3
and 7.4 percent consisting of arable land and permanent crops
respectively while forest cover 9.5 percent and other land use
take 12.6 percent [2,4].

In West Africa, common land use types are forest, fallow land,
agroforesty, permanent (plantation) crop land, cultivated arable
crops and grazing lands commonly managed by smallholder
farmers. Land use and management practices have influence on
the physical, chemical as well as the biological properties of the
soils [5-8]. The influence of land use on soil chemical, physical
and biological properties may be attributed to anthropogenic
activities such as tillage, livestock trampling, harvesting, planting,
application of fertilizer etc. On the other hand, land use also
produces changes in soil properties, climate, population density,
economic opportunities, cultural practices, and socio-economic
factors [6,8]. Land use systems impact temporal and spatial
variations of soil processes with consequences on the distribution
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of water, sediments and organic materials in the soil and organic
matter stabilization [9-14].

Changes in land use and land cover transform landscapes and alter
ecosystem processes (nutrient cycling, water use, evaporation,
evapotranspiration and heat) and microclimate. Literature reports
that ecosystem processes of carbon, water balance and energy
fluxes in landscapes can change or affect land use, land cover,
and vegetation dynamics [15-17]. Land use and agricultural
practices are known for their environmental effects including
biogeochemical processes including climate modifications. Land
use and management practices have potential to resolve adaptation
challenges to climate change and variability of weather events
and provision of ecosystem services. It is therefore important to
improve understanding of the effect of agricultural land use on
biogeochemistry within the ecosystem, such understanding would
promote sustainability of ecosystems and improve performance
of agriculture and its relevance as strategy for climate change
mitigation (adaptation and resilience building). There is inadequate
information from the rainforest agroecology, the influence of
land use practices (agroforestry, fallowing, plantation and arable/
annual cropping) on vegetation land cover along agricultural and
agroforestry landscapes.

Land use systems have potential to resolve adaptation challenges
to climate change and weather variability in addition to provision
of ecosystem services, functions and its sustainability. The
continual evaluation of dynamics of soil properties under different
management practices will foster the development of strategies
for improving soil and crop productivity and sustainability.

Various studies had highlighted the capacities of tropical soils
to store carbon and nitrogen, the potentials of rainforest soils for
carbon sink and sequestration under various land use systems that
are poorly reported [18,19]. Also, information is inadequate from
the rainforest agroecology, the influence of land use practices
(agroforestry, fallowing, plantation and arable/annual cropping)
on vegetation land cover along agricultural and agroforestry
landscapes. In particular, the influence of some land use types
such as forest, fallow, ornamental plant field, cocoa, citrus, oil
palm, agroforestry and maize on soil physical, chemical and
biological properties of the rainforest zone of Nigeria is not
adequately researched and reported. It is necessary to continually
evaluate changes in soil properties under various widely practiced
smallholder land use and different management to foster
development of strategies for improving soil and crop productivity
and ecosystem sustainability and to explore the potential of land
use practices to resolve adaptation challenges to climate change
and weather variability in addition to provision of ecosystem
services.

The objectives of the present study are to evaluate the effects
of land use and vegetation cover patterns on soil physical and
chemical properties, on the stocks of soil organic carbon and total
N, and soil fertility deterioration of agricultural and agroforestry
landscapes.

Materials and Methods

The land use systems are forest, agroforestry, fallow and
ornamental plant field in addition to permanent crop fields
constituted by cocoa, oil palm and citrus and annual (arable)
crop fields (maize) in Akure, a rainforest zone of Nigeria. Akure,
study site is geographically geo-referenced on coordinate lines
of 734393E, 808614N; on the western flank of meridians. The
effects of land use on soil properties (physical, chemical and

biological properties) and weather conditions along agricultural
and agroforestry landscapes.

Soil Sampling and Analysis

Soil profile pits were dug from the land use types and samples
were collected from two soil depths: 0 to 20 and 20-50 cm for
physical and chemical analysis. Soil samples were collected at
depths by inserting a core sampler into the wall of the pits; the
lowest first and the top soil at last to avoid contamination between
the two layers. Approximately, 1 kg of sample from each soil
depth were collected and air-dried at room temperature, crushed,
homogenized, and passed through a 2mm sieve and further sieved
at 0.5mm for total nitrogen before laboratory analysis.

Laboratory Analyses

Total nitrogen content was determined following the Kjeldahl
method, was used to estimate total nitrogen (TN) [20]. The
available phosphorus content of the soil was analyzed using 0.5M
sodium bicarbonate extraction solution (pH: 8.5) following the
method of Olsen et al. [21]. The exchangeable basic cations (K+,
Ca2+, Mg2+, and Na+) were extracted with 1 M ammonium
acetate at pH (7.0). The CEC of the soil was determined from
ammonium acetate saturated sample. The excess ammonium
acetate was removed by washing with ethanol. Exchangeable
Ca2+ and Mg2+ in the ammonium acetate leachate were measured
by atomic absorption spectrophotometry (AAS), and K+ and
Na+ were determined by flame photometer. Hydrometer method
was used for the determination of soil particle size distribution.
The soil pH was measured using a glass combination pH meter
in the supernatant solution of 1:2.5 soil to water solution ratio.
Soil organic carbon determinations was made following the wet
oxidation method of Walkley and Black [22]. The soil pH was
measured using pH meter in 1:2.5 soils to water solution ratio. Bulk
density and moisture content were determined from undisturbed
soil samples collected using manual core sampler at soil depth
(0-20 and 20-50 cm). Soil-water content determined by standard
procedures described for the gravimetry method after oven drying
to a constant weight at 105° C. Bulk density was determined using
core method after oven drying wet undisturbed soil samples at
temperature of 105 C for 30 hours. Bulk density was calculated by
dividing the weight of oven-dried soil with the volume of the core.

Soil hydrological properties were calculated using soil water
characteristic equations derived by Saxton et al. and modified
by Saxton and Rawls [23,24]. The variables of soil texture and
soil organic matter were deployed in the calculation based on the
relationships for tensions and conductivities and the effects of
density, gravel, and salinity. These variables were used to form
predictive system of soil water characteristics for agricultural
water management and hydrologic analyses. The programmed
for a graphical computerized model of the predictive system for
rapid solutions available at: http://hydrolab.arsusda.gov/soilwater/
Index.htm.

Soil Organic Carbon Stocks
Soil carbon stock (Mg C. ha -") for each sample depth was
computed following the method of Milne.

Carbon stock (kg. m?) =[% C * BD * Depth in (m) * 10* m? ha
1/100 ............

where BD is bulk density (g/cm3) of each sample depth, where
percentage C was the Walkley-Black carbon [22]. Subsequently,
SOC and TN stock in each soil layer was summed up to determine
total SOC and TN stock for each land-use type.
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Carbon to nitrogen ratio (C:N ratio) was calculated as the ratio of ~ Table 1: Soil Physical Properties with Textural Classes

carbon to nitrogen for each soil sample with the formulae below:
C:Nratio=SOC(%)TN(%).............

Where C:N ratio is carbon to nitrogen, SOC represents the
concentration of carbon (%) in a soil sample, and TN is the

concentration of total nitrogen (%) in the soil sample.

Bulk density refers to bulk density of the fine soil component,
and CF is the volumetric coarse fragment content.

Bulk mass (g) -coarse fragment (g)
Bulk density =

Bulk soil volume (cm?) - coarse fragment volume (cm?)

Soil Deterioration Index (SDI)

Soil deterioration indices were calculated on the assumption that
the status of individual soil properties under the identified land-use
types (woodland savannah, grassland, fallow, and cropland) were
once the same as adjacent soils under natural forest (well-stocked
soils) before conversion. The differences between mean values
of individual soil properties were compared with values of soil
properties under well-stocked natural forest (100%), computed
and expressed as a percentage of the mean value of individual
soil properties using Equation.

The percentage values were averaged across all soil properties in
land uses to calculate the soil deterioration index (SDI) following
the method as adopted by Adejuwon and Ekanade [25].

DI(%):[P st _Pre Pre 1x100......

Where PSL is the mean value of individual soil property (P) under
specific land use (SL), P, is the mean value of individual soil
property (P) under reference land use (RL), and DI is deterioration
index. The cumulative sum obtained gave an SDI for the identified
land-use types. The higher the total value, the better the quality
and/or health of soil for a particular land-use system.

Data collected on the physical, chemical properties and soil carbon
and total N stock of the various land use practices were subjected
to statistical analysis (analysis of variance (ANOVA). When the
results of the analysis showed significant differences (P < 0.05)
among the land uses and soil depths for each parameter, treatment
means were separated using Tukey’s pair wise comparisons
(Tukey Honestly Significance Difference: HSD) test at 5 % level
of probability. Pearson correlation coefficient was used to test the
relationship among soil properties Multiple comparison of means
for each soil variable among land-use, clay, bulk density, pH,
SOC and TN were conducted using the Duncan test at o = 0.05.

Results

Effect of Land use Type on Soil Physical and Hydrologic
Properties

Soil Physical, Chemical and Hydrologic Properties

The effect of land use type on soil physical properties (Sand, Clay
and Silt) is presented in Table 1 Cocoa field had the highest sand
percentage, followed by oil palm, maize, ornamental plant field,
agroforestry, citrus and fallow land. The results showed that the
soils textural class is mainly sandy-clay-loam (Table 1).

Land use Sand Clay Silt Textural
Class
GFF 16.80 63.20 20.00 Clay loam
OPF 56.80 27.20 16.00 Sandy clay
loam
CF 58.00 27.00 15.00 Sandy clay
loam
CTF 52.20 27.80 20.00 Sandy clay
loam
AF 54.80 25.20 20.00 Sandy clay
loam
MF 36.80 43.20 20.00 Clay loam
CSF 56.80 27.20 16.00 Sandy clay
loam
OF 56.80 27.20 16.00 Sandy clay
loam

GFF: Grass Fallow, OPF: Oil Palm, CF Cocoa, CTF: Citrus,
AGF: Agroforestry, MF: Maize, CSF: Cassava, OF: Ornamental
Plant Field

Bulk density range around 1.40 to 1.47 while lowest values were
found for permanent crop fields and values were recorded for MF
and OPF. Soil porosity values above 50 % were found for OPF
and MF and approximately 50 % for most others. The highest
porosity was recorded for oil palm followed by citrus, cocoa,
agroforestry, fallow land and maize. Porosity values would have
follow from soil compaction indicated by bulk density (Table 2).
Field capacity (Fc) moisture was highest for oil palm followed by
Maize, Ornamental, citrus, Cassava and Cocoa and agroforestry
while the least values was obtained for fallow. High field capacity
(FC) water content (0.47) was recorded for OPF closely followed
by MF land use (0.36). lower values ranging between 0.22 and
0.27 were recorded for other land use types. Permanent wilting
point (PWP) was highest for oil palm followed by Maize, Citrus,
Cassava, Cocoa, Agroforest and fallow fields. Permanent wilting
percentage of the soil under the land use types range between 0.13
to 0.34. highest value was obtained for oil palm followed by maize
with lowest under agroforestry (Table 2) Plant available water
(AW) value was lowest for forested and agroforestry and oil palm
and values were close for other land use types. The permanent crop
fields had lower bulk density values compared with arable crop
field in addition to hydraulic conductivity which had implications
for PWP and FC moisture contents and thus plant available water
contents of the land use types (Table 2 and Figure 1) Hydraulic
conductivity (Ks) values was highest for fallow land followed by
agroforestry, Cocoa, Citrus, Ornamental, Oil palm and Maize field
respectively. The available water (AW) in soil was highest for Oil
palm followed by ornamental plant field, Agroforestry, Maize,
Cocoa and Citrus field (Figure 1). Highest values of hydraulic
conductivity (indicator of soil water transmission property) above
70 % were for four of the land use types and lowest for MF and
OF (less than 30 %).
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Table 2: Soil Hydrological Properties of the Land use Classes

Soil Hydrological Properties
Land Uses Porosity PWP FC Ks AW BD
CTF 0.469 0.150 0.257 0.563 0.107 1.407
CF 0.461 0.136 0.245 0.786 0.109 1.430
MF 0.512 0.244 0.355 0.163 0.111 1.294
OPF 0.542 0.337 0.469 0.226 0.132 1.215
AF 0.460 0.131 0.244 0.836 0.113 1.432
GFF 0.446 0.127 0.220 0.937 0.094 1.470
CSF 0.465 0.135 0.251 0.727 0.117 1.418
OF 0.476 0.155 0.267 0.458 0.112 1.389
LSD (0.05) 0.053 0.013 0.008 0.035 0.003 0.026

ECTF ECF MF EOPF M AGF GFF ECSF EOF
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Values of hydrological varaiables

Soil hydrological properties

Figure 1: Hydrological Properties of Soils of the Land use
Types. PWP (permanent wilting percentage), FC (field capacity
moisture), ks (hydraulic conductivity), AW (available water), BD
(bulk density)

Land use and Soil Chemical Properties

The differences among the land uses for soil pH were not
significant (P > 0.05) although highest soil pH value was recorded
for ornamental plant field followed by cocoa , agroforestry, maize,
citrus, cocoa and oil palm fields respectively while the least mean
value was recorded for grass fallow (Table 3) There were also no
significant differences among the land uses for total N, however,
soil N was highest for Citrus followed by Ornamental, Maize,
Cocoa field, Agroforestry, Cassava and Oil palm fields had the
least mean N. The highest value of K was recorded on Ornamental
field followed by Maize, Grass fallow, Cassava, Citrus, Cocoa
and Agroforestry respectively while the least mean value was
recorded on Oil palm tree (Table 3).

The highest P value was recorded on Citrus followed by
Agroforestry, Ornamental, Maize and cassava, Cocoa and oil
palm field respectively while the least mean value was recorded
on grass fallowed field.

Cocoa field had highest Ca followed by Citrus field, Ornamental
field, Grass fallowed field, Maize field, Agroforestry and Cassava
field respectively. Oil palm field had the least mean value. There
was no significant difference (P = 0.05) as well (Table 3).

Cocoa field also had highest Mg in soil followed by Citrus field,
Agroforestry, Grass fallowed field, Ornamental field, Maize field
and Citrus field respectively. However, Citrus field had highest
value, followed by Cocoa field, Maize field, grass fallowed field,
Cassava field, Ornamental field and Agroforestry respectively
while the least mean value was recorded on Oil palm field (Table
3) Soil pH differed significantly among land use types, soil pH
were highest for of, CSF MF and AF and lowest values for GFF
and close values for OPF and CF. soil organic matter (SOM) values
also differed significantly among land use types. CTF, MF. And
OF recorded highest SOM whereas lowest values were found for
OPF and CF. Similar trends was observed for SOM, total N in
soils differed among land use types. CTF recorded highest values
followed by OF, MF and CF while lowest were found for GFF and
OPF. The records of soil K values differed from those of SOM,
significantly higher K was obtained for OF, values were close for
CF, CTF and AF and lowest for oil palm field. Total P in soil were
significantly different among land use types. Significantly higher
values were recorded for cocoa, agroforestry and oil palm which
had close values while lowest soil P were found for oil palm field.

Calcium contents of soil under the land use types differed, CF and
CTF were not different, OF, GFF and MF were not different while
lowest Ca values were recorded for OPF and CSF. Soil contents
of Mg differed among land uses, CF and CTF were not different
in values and lowest were recorded for oil palm. CEC of soils of
land use types had highest value for CTF while values were close
for agroforestry, cocoa and maize fields (Table 3).

The effect of season was significant on soil chemical properties of
land use types. In the rainy season, pH of soil under the land uses
was lower significantly compare with values for the dry season.
SOM follow the observations on soil pH for the seasons while
values for soil N, K and P, Ca and Mg and CEC occurred in contrast
to those of soil pH and SOM, the rainy season recorded higher
values compare with the dry season for these nutrient elements.
Soil pH, OC, SOM and total N were higher in values for permanent
cultivation compared to arable (annual crop) fields. however, soil
K was higher for arable fields. Other measured chemical variables
had higher values for permanent cultivation.
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Table 3: Land use Effects on Soil Chemical Properties

Chemical Properties
Land use | pH(1:2in | OC (%) | OM (%) N (%) K(cmol | P (mg/kg) | Na(cmol/ | Ca(cmol/ | Mg(cmol/ | CEC (cmol/
H,0) kg) kg) kg) kg kg)
GFF 5.296* 0.94¢ 1.632° 0.1822 0.556* 8.680* 0.411° 3.650* 1.381 8.999°
OPF 5.471¢ 1.04° 1.805° 0.232¢ 0.343¢ 9.240° 0.4219° 3.004¢ 1.098¢ 8.189¢
CF 5.4532 1.522 2.627° 0.385° 0.448* 10.090? 0.430° 3.8922 1.618° 9.848
CTF 5.5042 1.79* 3.0942 0.4722 0.487* 12.440° 0.455% 3.813* 1.5322 12.260°
AF 5.738: 1.54¢ 2.671° 0.346° 0.445¢ 12.090¢ 0.441° 3.417¢ 1.415° 8.840°
MF 5.672° 1.68% 2.909? 0.407* 0.604* 11.069? 0.539° 3.621° 1.2492 9.522%
CSF 5.8122 1.58° 2.7292 0.308* 0.518* 10.530° 0.5072 3.2422 1.166* 8.921°
OF 5.886° 1.68° 2.906° 0.434¢ 0.671¢ 11.940° 0.513¢ 3.730° 1.332¢ 8.897¢
LSD (0.05) 0.095 0.214 0.242 0.026 0.113 0.723 0.009 0.057 0.07 0.4268

Soil Carbon and total Nitrogen Stocks of Land use Types

Agroforestry recorded the highest SOC stocks followed by Maize, Oil palm, Citrus, Cocoa, fallow land and maize. Significantly
higher SOC values were obtained for agroforestry, ornamental plant and oil palm fields compared with cocoa, citrus and fallow land.
Maize field recorded significantly higher SOC compare with citrus, cocoa, cassava and grass fallow. Significantly higher SOC values
were obtained for agroforestry and oil palm while maize field recorded significantly higher SOC compare with citrus, cocoa, cassava
and grass fallow. Significant differences in SOC and total N stocks were obtained between forest based and permanent crop fields
compared with the annual (maize) field (Table 4) and within 0 - 20 cm compare with 20-50 cm soil depths. A Among permanent and
annual crop fields, the SOC and total N stocks of the land uses for 0-20 cm depth ranged from 5.75 to 3.12 kg/m2 for 0-20 cm depths
and 2.44 to 1.93 kg/m2 for 20-50 cm depth (Table 4) Nitrogen stocks for the subsoil (20-50 cm depths) among the land use types
followed similar trend with what was observed for 0 - 20 cm depth. Permanent crop lands had the highest total N stocks compared
to annual cropland, highest values were recorded for 0 - 20 compared with 20 - 50 cm soil depths. Soils from forested and fallow
land, and agroforestry and permanent crop fields had the highest soil organic carbon and total nitrogen and stocks compared with the
annual cropland (Table 5). Relative to forest soil, stocks of SOC in the surface soils (0-20 cm) decreased in the order: agroforestry
> ornamental plant field > cocoa> fallow land > citrus > oil palm > annual cropping system (Table 5).

Table 4: Soil Chemical Properties of 0-20 and 20-50 cm Depth of Land use Types

Land use Soil depth Soil Carbon Total N Total N C:N ratio Seil pH Clay Bulk

(cm) organic stocks (%) stocks(kg/ (water) density
carbon (kg/m?) m?)
(80C) (%)

Forest soil 0-20 2.33 8.14 0.28 8.51 6.53 28.4 1.20
20-50 0.01 3.67 0.14 5.13 6.13 35.8 1.31

Fallow land 0-20 1.07 6.12 0.16 7.22 5.62 332 1.28

(Grass spp.

dominant)

Oil palm 20-50 0.59 2.83 0.06 3.84 5.21 42.4 1.33
0-20 1.04 5.75 0.25 6.33 5.48 30.2 1.32

Cocoa 20-50 0.56 2.44 0.12 3.05 5.11 41.5 1.43
0-20 0.93 4.25 0.12 6.53 5.53 30.3 1.30

Citrus 20-50 0.42 2.11 0.74 2.84 5.15 40.4 1.42
0-20 0.95 4.46 0.15 6.71 5.51 37.1 1.33

Agroforestry 20-50 0.46 2.14 0.78 3.08 5.08 442 1.44
0-20 1.73 6.52 0.18 791 5.74 31.3 1.29

Crop land 20-50 0.68 333 0.08 4.32 5.27 38.6 1.41
0-20 1.21 3.12 0.10 4.13 5.45 343 1.37
20-50 0.53 1.93 0.63 1.82 5.06 40.4 1.45

Ornamental 0-20 1.71 6.44 0.19 8.12 5.89 322 1.33

1) 20-50 0.65 331 0.08 4.44 533 378 1.4

GFF: Grass Fallow, OPF: Oil Palm, CF Cocoa, CTF: Citrus, AGF: Agroforestry, MF: Maize, CSF: Cassava, OF: Ornamental Plant Field
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Table 5: Soil Hydrological Properties (Permanent and Agricultural Land uses)

Soil depth | SOC (%) | Carbon Total N Total N | C:Nratio | Soil pH Clay Silt Sand Bulk

(cm) stocks (%) stocks (water) density
(kg/m?) (kg/m?)

0-20 1.25 8.14 0.21 7.18 6.47 17.65 19.3 60.27 1.28

20-50 0.11 3.67 0.13 4.13 6.27 22.34 21.6 51.34 1.43

Regression analysis showed significantly strong correlations between SOC stocks and some soil physical (clay and bulk density) and
chemical (pH and CEC) properties. Strong but negative relationship was obtained between bulk density and SOC (0.63; p = 0.05)
while positive relationships between SOC and clay content, pH and CEC were positive and highly significant (Table 6).

Table 6: Correlation Equations and Coefficients of some Soil
Physical and Chemical Properties

Variables Equations R2
SOC vs Clay y=0.3689x - 9.1896 0.92
SOC vs TN y =0.8449x - 0.4857 0.91
SOC vs CEC y=1.9833x - 14.703 0.92
SOC vs pH y=5.5791x - 25.987 0.95
TN vs pH y =5.4477x - 24.086 0.85
SOC vs BD y=-18.208x + 28.88 0.50
TN vs BD y =18.703x - 19.829 0.41

Soil Deterioration Indices

Relative to forest soil, stocks of SOC in the surface soils (0-20
cm) decreased in the order: agroforestry > ornamental plant field
> cocoa> fallow land > citrus > oil palm > maize crop field.

Soil deterioration indices of were 0 %, -27, -28, - 30,-31,-32, - 34
and -38 % for forest, agroforestry, ornamental plant, cocoa, fallow
land, citrus, oil palm and maize crop fields. Hence, the results
showed that the stock of SOC in the 0 to 50 cm soil layers were
73, 72,70, 69, 68, 66 and 62 % for the land use types evaluated
(Figure 2).
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Figure 2. Soil deterioration Indices (0-20 cm) of land use types
of the study area

Discussion

Land use Effects on Soil Physical Properties

The soil particle size analysis showed that the soil type at the
experimental area were predominantly Sandy clay loam. This result
is consistent with those of Omotade and Alatise, and Agele et al. that
the textural class of the soil of the study area is sandy loam [26].

The results showed that irrespective of land use type, soil particle
sizes did not differ significantly. Soil texture is highly influenced
by the parent material and topography from which the soil was
derived, the high sand fractions in the area could be attributed to the
parent material. The study area is characterized by high rainfall that
promote illuviation or leaching of silt and clay particles thus may
contribute to high sand fractions of soil under the land use types.

Land use Effects on Soil Hydrological Properties

Soil hydrological properties are parameters that determine soil
quality and its capacity to sustain plant growth s and ecosystem
services [27]. The results showed that soil porosity were close in
values among land use types This result supported the findings
of Mefin and Mohammed, Theobald et al. and Nnaji et al. that
the porosity of permanent crop fields was higher than cultivated
lands [28,29].

Field capacity, available water, permanent wilting point and
hydraulic conductivity were higher in values compare with the
cultivated/agricultural land uses. These results conformed with the
findings of Oguike and Onwuka, that permanent land use types
had higher soil moisture at field capacity, permanent wilting point,
available water and hydraulic conductivity [30]. The findings
from the present study were in contrast to the report of Mandel
et al. that cultivated land uses were better in soil hydrological
properties compared to agroforest and forested land and permanent
crop fields [31]. The contradictions can be attributed to soil type
and climatic conditions of the sites of study. The bulk density
of the soils showed that the permanent land uses had a lower
values compare to annual crop lands. This result conformed with
the findings of Ryan et al. that forest and agroforestry soils had
lower bulk density compared with other land use types and crop
production activities of annual (arable) crops such as tillage [14].
The agronomic practices under the land use types differed which
can explain differences in soil bulk density, soil total porosity and
gravimetric moisture contents. These activities have consequences
for soil density, porosity, moisture contents of the agricultural
cultivated land uses [28]. Also, the soil textural class of the study
site appeared to have contributed to observations of the physical
properties of soils of the various land uses. Soil hydrological
properties are important parameters that determine soil quality
and function within the ecosystem [27].

The magnitudes of hydraulic conductivity (K) recorded for
permanent land uses can be linked to lower disturbance, improved
soil structure and organic matter contents, activities of soil fauna
which would have contributed to the development of more
micropores. Microporosity has been reported to cause increase
in hydraulic conductivity to increase and reflects the drainage level
*of given soil. The lower value of K under arable land uses could
also be as a result of loose, less coherent and structureless nature
of the soil due to soil disturbance during land/seedbed preparation
and other farm activities (soil tillage operations) [32,33]. However,
Mander and Meyer, reported that cultivated land was better in soil
hydrological properties compared to agroforestry-based land uses.

Soil bulk density represents a measure of soil compaction and
health. Kakaire et al stated that a higher soil bulk density means
that less amount of water is held in the soil at field capacity
while a lower soil bulk density means soil are less compacted and
are able to retain more water. The bulk density of the study site
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showed that the permanent land uses had a lower value compare to
agricultural land uses. Ryan et al. obtained lower bulk density for
forested soils compare with agricultural land uses [14]. The high
bulk density of soil under arable land use could be attributed to
compaction from traction (man and machine: weight of machinery)
and other a activities involved in cultivation and management.
The high bulk density on cultivated land use could also be due to
exposure of land to agents of erosion that removed the less dense
fine particles [28]. The observations on soil moisture, porosity
and bulk density may be explained based on the intensities of
agricultural activities on the study site. The bulk density values
among the land use types were not above 1.63 gem. such value
would not constitute sever hindrance to root penetration and seed
germination [28,34]. It is therefore important to report that soil
under more stable permanent land uses such as agroforestry, cocoa
and oil palm fields can be adduced to minimal disturbance and
higher soil organic carbon of soil of these land uses [35]. Bulk
density of soil determines nature of other soil physical properties
and processes such as soil-water dynamics, aeration, mechanical
resistance to root growth and development. These explain the
significantly high soil bulk density of annual crop field compared
to forest-based land use types, which may stem from the intensities
of ploughing plus harrowing/ridging and the impact of raindrops
on unprotected soil which enhances soil water erosion [34]. Bulk
density values were higher in subsoils compared to the topsoil
among the land uses. The redistribution of soil carbon by tillage
operation and increased soil evaporation of cropland could cause
an upward movement of dissolved inorganic C from the subsoil
to the surface soil due to soil moisture evaporation in the crop
growing season [36].

Soil Chemical Properties

The results of the present study showed that agroforestry, cocoa.
citrus and oil palm including fallow land recorded higher soil
chemical properties such as soil pH, exchangeable bases and
CEC. This could be attributed to little ecosystem disturbance,
litter retention, enhanced biological population and activities
under permanent. Smallholder farmers in the study area commonly
use fertilizers (including livestock manure and plant residues,
domestic wastes (ash from firewood and bush burning) and other
biodegradable materials. Ash serves as a good liming material and
thus, the high soil pH recorded which will enhance availability
of exchangeable bases among the land use types especially for
arable crops Soil pH values across the land uses for this study
showed that the soil is slightly acidic. This result agreed with the
findings of Olubanjo and Ayoola reported soil pH of soils of the
study area in the range of 5.65 and 5.72 [37]. Hassan et al, reported
that favourable pH enhances availability of nutrients in the soil
[38]. Soil pH for most crops lies within 6.0 and 7.0 within which
nutrient availability in soil is enhanced. This result showed that
the study area was fairly suitable for plant growth as the pH values
fall around the optimum value of 6.0. The organic matter of soils
of the land use types differed This result confirmed h the findings
of Olubanjo and Ayoola tah the organic matter of the study site
varied from 2.88% to 3.97% [37]. Theobald et al. who opined
that cultivated crop fields tend to produce lower Organic matter
compare to permanent crop land uses [28]. This observation also
conformed to those of Biernbaum that the organic matter in sandy
clay loam soil ranges from 1% (low) to average of 2 to 4% [39].
Kizilkaya and Panwar et al. opined that organic matter modifies
water retention capacity and other physical soil properties thereby
contributes to more carbon into the soil pool [40,41].

Nitrogen, phosphorus, potassium, calcium and cation-exchange
capacity did not differ significantly among the land use types. This

observation agreed with the findings of Theobald and Akintokun
and Owoeye that soil chemical properties of soil cultivated for
arable crop production are lower than under permanent land uses
[28,42]. The land use types had undergone different practices
involving engagement of tractorized operations for tillage, sowing
and agrochemical application. White and Haddaway et al. reported
the effects of such activities on the mineralization of nutrient in soil
[43,44]. Among the land use types, citrus field had highest value
of organic matter, N and P in addition to high cation exchange
capacity, the high contents of nutrient elements of citrus soil can be
adduced to the abundance of elephant grass (Pennisetum purpurem
Schum.) on the field. Elephant grass has been known for soil
erosion prevention and enhancement of soil fertility [45]. Results
showed that soil acidity is higher in dry season than the wet season
which would influence soil nutrients availability for crop use [46].
This study therefore showed that nutrients were available during
the wet season than the dry season. This observation conforms
with those of Guizani et al. that rain remove significant amount of
salts that accumulate in the soil during previous cultivation period
from the soil. Hence the low nutrient status of soils during the
rainy season (leaching losses) [47]. From this study, it is observed
that permanent land uses recorded higher values of the essential
nutrient elements for plant growth enhancement compared with
arable crop field [11,19,48].

Effect of Land use on the Soil Organic Carbon Stocks
Results from this study showed land use types differed in SOC
and total N stocks. Agroforestry and oil palm fields had highest
SOC stock. Oladoye et al. reported that forest soil had high
carbon stocks and will thus sequester higher carbon than other
land uses especially arable land cultivation for annual cropping
[49]. However, Nyawira et al. reported high SOC stocks of land
use with good soil management such as reduced or no tillage
soil management [50]. The permanent crop lands (cocoa, citrus,
oil palm) including agroforestry ecosystem are associated with
high biodiversity and ability to sequester carbon in the soil
than frequently cultivated (arable crops) crop lands [51]. The
mechanisms of SOC stabilization appear to differ among the land
use types and can be linked to soil and crop management intensity.
Soil management practices is significant to SOC dynamics and
global carbon [52].

Soil organic carbon (SOC) stocks was calculated from organic
carbon concentration (g/kg) soil bulk density [53]. Result from
this study showed land uses differed in SOC stocks. Agroforestry
and oil palm field had highest SOC stock respectively. Oladoye
et al. reported that forest land soil sequester higher carbon than
other land use [49]. Nyawira et al. opined that SOC stocks can be
increased for agricultural land uses with good soil management
such as reduced/minimum or no tillage soil management practice
[50]. Maize field from this study had high SOC stocks not
significantly different from other land uses. This can be attributed
to soil management practiced over the years [54]. Agroforestry
is an example of ecosystem with high biodiversity has ability
to sequester more carbon in the soil than those with reduced
biodiversity [51]. Therefore, understanding mechanisms of
SOC buildup of land uses and management intensity adopted
are relevant for understanding their carbon sequestration and
contributions to global C cycle [52].

The study showed that soils under forest and permanent croplands
had significantly higher SOC and total nitrogen stocks than annual
cropland soils. Soil carbon concentration influences the retention
of nutrients, buffer pH, microbial activity, structure (formation of
micro-aggregate and water infiltration and retention. Higher litter
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accumulation promotes build up in permanent crop fields which
can be attributed to high above and below-ground biomass (root
biomass) and lower litter breakdown (decomposition) rate. The
findings of this study are consistent with the studies of Delelegn
et al. and Girmay and Singh [55,56]. The low SOC and TN
values recorded under cropland may be due to the magnitude of
organic material brake down via high oxidation rates caused by
tillage and soil water erosion. In addition, the susceptibility of
micro-aggregate organic carbon to microbial degradation due to
seasonal shift in moisture and temperature regimes would have
promoted SOC loss on arable lands. In the forest, the favourable
micro-climate would have enhanced nutrient transformation
and accelerated decomposition of organic matter Delegan et al.
reported that fine root biomass from forest and tree crops are the
primary source of carbon and nitrogen additions to the soil making
huge contributions to SOC and total N stocks in soils. The high
plant root turnover via exudates of mycorrhizal fungi and the
rhizosphere in forest ecosystem is known [56,57]. This process
contribute to nutrient build-up in soils.

The SOC and total N stocks in the topsoil of the land use types
(forest, permanent and annual croplands) decreased with depth.
The larger N stock in forest and permanent crop fields can be
adduced to deep root systems of tree crops which may promote
porosity and nutrient transfer processes in soil [57,58]. The large
differences observed between C and N stocks among land use types
may be attributed to shorter fallow periods of soils under annual
croplands. It is reported that soil physical properties influence
organic carbon by affecting soil aggregate particle-size fraction,
bulk density, and soil moisture content [59]. Soil organic carbon
plays important roles in the soil along with provision of other
ecosystem services (such as carbon sequestration, climate, and
greenhouse regulations), nutrient cycling, and provision food, fiber,
fuel, and water [59]. Land use, soil properties, geographical area,
climate variability, and the dominant vegetation composition on a
soil landscape are known for their contributions to the stabilization
of SOC and TN stocks in landscapes [60,61]. Other factors are
climate and vegetation which are important soil-forming factors
influencing C and N storage in an agroecology [62]. The high
stocks of SOC and total N between the forest and permanent
crop lands, and annual (arable) croplands can be attributed to
high litter decomposition, and carbon turnover which may serve
as carbon sinks.

Relations of land use, SOC and total nitrogen concentration
and stocks

A correlation matrix was computed to establish the relationship
between measured soil nutrients. Results showed that SOC
and total nitrogen stocks were positively correlated with clay.
However, negative correlation with bulk density and SOC. Also,
the negative correlation of SOC and total nitrogen concentrations
and stocks with bulk density. This indicated that low bulk density
and high clay content which associate with high SOC, resulting
in the accumulation of carbon Yu et al. [63]. These observations
are consistent with the findings of Tsui et al. and Seifu et al. who
reported that high soil compaction is detrimental to SOC and
hence soil organic matter accretion possibly due to reduction
in soil water infiltration and drainage capacity and consequent
aeration-related challenges in the soil [60,64].

Soil Deterioration Index (SDI)

The results of this study showed that soil quality properties
(physical, chemical and biological) deteriorated differently
under forest and permanent compared with annual croplands
especially, via degradation of SOC and TN stocks and other

essential nutrients. Soil deterioration index (SDI) values for the
land use types compared with forest soil showed net degradation
of soil C and N stocks. Low SDI was observed on annual cropland
compared to permanent cropping systems, this observation
affirmed the that most smallholder farmers practice results in
soil quality degradation [64,65]. Land use change significantly
alters vegetation biomass stock and plant species diversity, such is
attributable to the various input of organic residues and hence, soil
C stock and soil C storage potential [66]. This affects the potential
of cropland to sequester and/or capture atmospheric carbon, which
can mitigate climate change in the long term [58]. Adoption of
sustainable land use and management options incorporating
climate-smart agriculture practices can enhance the potential of
smallholder land use systems to sequester carbon, thereby reducing
emissions in the atmosphere [67]. Needed are sustainable practices
and strategies to increase smallholder farmers’ adaptation capacity
under the changing climate [61]. The potential of smallholder
farming and land use practices to sequester carbon need to be
boosted also for climate change mitigation. Strategies may include
re-carbonization (enhancing soils capacity for carbon storage) of
soils of agroecosystems using sustainable restoration management
strategies to reintegrate smallholder agricultural activities into the
global produce and carbon market and for policymakers at local
and national levels and international community (UN, WTO,
etc.) [68].

Conclusions

The physical, chemical and biological properties of soils under
the land use types were measured (soil pH, organic carbon, total
nitrogen, available phosphorus, exchangeable potassium, soil bulk
density, moisture content and porosity). There were differences
between the permanent land use types (forest land, agroforestry,
fallow land, cocoa, citrus, oil palm, ornamental plant field) and
arable (annual) crop fields for soil organic matter, available
nitrogen, bulk density and clay content. It was observed that
irrespective of land use type, soil particle sizes did not differ
significantly among land use types. However, differences were
found for concentration of SOC, total N, P, K, Ca, Mg for oil palm
plantation, cocoa and citrus orchards, agroforestry, fallow land and
maize field. Soil pH was highest for forest and permanent crop
fields compared to other land uses, and the soils under forest and
permanent crop fields had higher SOC, total nitrogen, available P,
carbon and nitrogen stock compared to annual crop fields. The land
use types influenced soil C and N contents and stocks in a addition
to other physical and chemical properties. Soil organic carbon and
total nitrogen contents and stocks of the land use types differed
within soil depths (0 - 20 and 20 - 50 cm) Higher values of soil
organic carbon and total nitrogen contents and stocks were found
for upper soil layers (0-20 cm) compared with lower soil depths
(20-50 cm). There were significant differences in clay content,
SOC and total nitrogen stocks among land use types and soil
depths. Soil bulk density was significantly higher for maize field
compared with forest and permanent crop lands. high bulk density
indicate soil compaction soil due to intensive tillage in maize
field. Generally, the permanent land use systems (agroforestry
and permanent crop lands) had more favourable soil biophysical
and chemical properties, while annual (arable) cropping degrade
the soil (physical, chemical and biological properties). Decreasing
order of SOC and total N stocks were: forest>agroforestry>fallo
w>ornamental plant field > cocoa, citrus>oil palm >maize field
within 0-50 cm. Lower SOC and TN under maize field indicate
soil fertility depletion under this land use, where as the higher
soil nutrients and stocks of SOC and total nitrogen under forest
and permanent crop field soils suggest the importance of this
land use types for addressing soil nutrient depletion and carbon
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storage in soil.

Strategies for restoration of degraded lands or avert trends of soil
degradation may benefit form findings from this study which will
have applications for improving soil nutrient and carbon storage
and for enhancing sustainable land use and landscape management.
The low input continuous cultivation of annual crops (such as
maize), would require soil conservation and fertility management
measures to address the trends of soil degradation and nutrient
depletion. Mitigating the loss of soil nutrients and degradation of
soil properties under continuous cropping (eg, maize) cultivation
through the retention of crop residues, manure use, crop rotation
practice. These practices that will increase soil pH and organic
matter and SOC and N stocks especially in maize farm and will
improve soil carbon sequestration.

Carbon markets for ecosystem services can contribute additional
income and/or incentives to resource-poor farmers to invest in soil
management. The estimation of C stocks can be traded. This can
serve as a baseline to establish a large-scale inventory of SOC
database for Nigeria to assess funds from the Clean Development
Mechanism (CMD). The carbon sequestration potentials of forest-
based land use systems will serve as emission reduction targets
for developed and/or industrialized countries under article 12 of
the Kyoto Protocol of the United Nations Framework Convention
on Climate Change (UNFCCC) [69-120].

References

1. Enisan G, Adeyemi AG (2013) Effect of Agricultural Practices
on Residential Land Use in Ipinsa Town, Akure, Nigeria.
International Journal of Education and Research 1.

2. FAO (2020) World Food and Agriculture-Statistical Year
book. https://openknowledge.fao.org/server/api/core/
bitstreams/6e04{2b4-82fc-4740-8cd5-9b66f5335239/content.

3. Opara S (2011) Exploiring Lifeline in Small Scale Farming
NBF Topics.

4. Food and Agriculture Organization of the United Nations
(FAO) (2013) Climate-Smart Agriculture Sourcebook. https://
www.fao.org/climate-smart-agriculture-sourcebook.

5. Yifru AT, Taye B (2011) Effect of Land Use on Soil Organic
Carbon and Nitrogen in Soil of Bale, SouthEastern Ethiopia.
Tropical and Subtropical Agroeco-system 14: 229-235.

6. Getahun Haile, Mulugeta Lemenhi, Fisseha Itanna, Feyera
Senbeta (2014) Impact of Land Uses Changes on Soil Fertility,
Carbon and Nitrogen Stock under Smallholder Farmers in
Central Highlands of Ethiopia: Implication for Sustainable
Agricultural Landscape Management around Butajira Area.
New York Science Journal 7.

7. Ketema H, Yimer F (2014) Soil property Variation under
Agroforestry Based Conservation Tillage and Maize Based
Conventional Tillage in Southern Ethiopia. Soil and Tillage
Research 14: 25-31.

8. Tariku Negasa, Haile Ketema, Abiyot Legesse, Mulugeta
Sisay, Habtamu Temesgen (2017) Variation in soil properties
under different land use types managed by smallholder farmers
along the toposequence in southern Ethiopia. Geoderma 290:
40-50.

9. Young FJ, Hammer RD (2000) Soil-Landform Relationships
on a Loess-Mantled Upland Landscape in Missouri. Agric.
Soil Science Society of America 64: 1443-1454.

10. Brumer AC, Park SJ, Ruecker GR, Dikan R, Vlek PLG
(2004) Catenary Soil Development Influencing Erosion
Susceptibility along a Hillslope in Uganda. Catena 58: 01-22.

11. Katerina Zajicova, Tomas Chuman (2019) Effect of Land
use on Soil Chemical Properties after 190 Years of Forest

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

to Agricultural Land Conversion. Soil and Water Research
14: 121-131.

Romkens PFAM, Van Der Pflicht J, Hassink J (1999) Soil
Organic Matter Dynamics after the Conversion of Arable
Land to Pasture. Biology and Fertility of Soil 28: 227-284.
Six J, Conant RT, Paul EA, Paustian K (2002) Stabilization
Mechanism of Soil Organic Matter; Implication for
C-Saturation of Soils. Plant and Soil 24: 155-176.

Ryan CB, Danny JE, Kenneth WT, Leslie MR (2018) A Global
Meta-Analysis of Grazing Impacts on Soil Health Indicators.
Journal Environmental Quality 47: 758-765.

Yimer F, Ledin S, Abdelkadir A (2008) Concentrations of
Exchangeable Bases and Cation Exchange Capacity in Soil
of Cropland, Grazing and Forest in the Bale Mountains,
Ethiopia. Forest Ecology and Management 256: 1298-1302.
Yimer F, Messing I, Ledin S, Abdelkadir A (2008) Effects
of Different Land use types on Infiltration Capacity in a
Catchment in the Highland of Ethiopia. Soil Use Management
24: 344-349.

Yihenew GS, Getachew A (2013) Effects of Different Land
use Systems on Selected Physicochemical Properties of Soil
in Northwestern Ethiopia. Journal of Agric Sci 5.

IPCC (2013) Climate Change 2013. https://www.ipcc.ch/
report/arS/wgl/.

Fentie SF, Jembere K, Fekadu E, Wasie D (2020) Land use
and Land Cover Dynamics and Properties of Soil under
Different Land uses in the Tejibara Watershop Ethiopia.
https://onlinelibrary.wiley.com/doi/10.1155/2020/1479460.
Jackson ML (1958) Soil Chemical Analysis. Prentice-Hall
INC, Englewood Cliffs NJ 498.

Olsen SR, Cole CV, Watanabe FS, Dean LA (1954) Estimation
of Available Phosphorous in Soil by Extraction with Sodium
Bi-carbonate. https://www.scirp.org/reference/referencespap
ers?referenceid=1117235.

Walkley AJ, Black IA (1934) Estimation of Soil Organic
Carbon by the Chromic Acid Titration Method. Soil Sci 37:
29-38.

Saxton KE, Rawls WJ, Romberger JS, Papendick RI (1986)
Estimating Generalized Soil Water Characteristics from
Texture. Soil Science Society of America Journal 50: 1031-
1036.

Saxton KE, Rawls WJ (2006) Soil Water Characteristic
Estimates by Texture and Organic Matter for Hydrologic
Solutions. Soil Sci Soc Am J 70: 1569-1578.

Adejuwon JO, Ekanade O (1988) A Comparison of Soil
Properties under Different Landuse Types in a part of the
Nigerian Cocoa Belt. Catena 15: 319-331.

Omotade IF, Alatise MO (2017) Spatial Variability of Soil
Physical and Chemical Properties in Akure, South Western
Nigeria. Global Journal of Science Frontier Research:
Agriculture and Veterinary 17.

Agota Horel, Eszter Toth, Gyorgyi Gelybo, [lona Kasa (2015)
Effect of Land Use and Management on Soil Hydraulic
Properties. Open Geosciences 7.

Bizuhoraho Theobald, Kayiranga Alexis, Manirakiza Noel,
Mourad A Khaldoon (2018) The Effect of Land use Systems
on Soil Properties; A Case Study from Rwanda. Sustainable
Agriculture Research 7: 30-40.

Nnaji G, Asadu CLA, Mbagwu J (2002) Evaluation of Physico-
chemical Properties of Soil under Selected Agricultural Land
Utilization Types. Journal of Tropical Agriculture Food
Environment and Extension 3: 27-33.

Oguike PC, Onwuka BM (2018) Moisture Characteristics of
Soils of Different Land use Systems in Ubakala Umuahia,
Abia State, Nigeria. [JSRP 8.

J Ear Environ Sci Res, 2024

Volume 6(12): 9-12



Citation: Ogunleye Abel, Agele Samuel (2024) Land use Effects on Soil Properties and Carbon Stocks of Agricultural and Agroforestry Landscapes in a Rainforest
Zone of Nigeria. Journal of Earth and Environmental Science Research. SRC/JEESR-303. DOI: doi.org/10.47363/JEESR/2024(6)234

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Mandel U, Meyer BC (2012) Adaptation and Functional
Water Management Through Land use Change. Ecological
Indicator 22: 01-03.

Nwite JN (2015) Effect of Different Urine Sources on
Soil Chemical Properties and Maize Yield in Abakaliki,
Southeastern Nigeria. [JAAR 3: 31-36.

Amanze CT, Oguike PC, Eneje RC (2017) Land use Effects
on Some Physico-Chemical Properties of Utisol at Ndume-
Ibeku, Southeastern Nigeria. Int J Sci Res 7.

Agele Samuel, Aiyelari Peter, Famuwagun Babadele,
Oluwasola Olufunke (2016) Effects of Tractor Wheel Passes-
induced Compaction and Organic Amendments on Soil
Properties and Yield of Cowpea (Vigna unguiculata L. Warp)
in an Alfisol of the Rainforest Zone of Nigeria. International
Journal of Plant and Soil 13: 01-16.

Puget P, Drinkwater LE (2001) Short-Terms Dynamics of
Root- and Short-Derived Carbon from a Leguminous Green
Manure. Soil Science Society of America Journal 65: 771-779.
Sainju UM, Stevens WB, Jabro JD (2010) Land use and
Management Practices Impact on Plant Biomass Carbon
and Soil Carbon Dioxide Emission. Soil Sci Soc Am J 74:
1613-1622.

Olubanjo OO, Ayoola OS (2020) Assessment of Spatial
Variability of Physico-Chemical Properties of Soil at Crop,
Soil and Pest Management Research Farm FUTA. ARJEE
3: 01-20.

Hassan MK, Sanchez B, YuJ (2011) Financial Development
and Economic Growth: New Evidence from Panel Data. The
Quarterly Review of Economics and Finance 51: 088-104.
Biernbaun John (2012) Organic Matters: Feeding the Soil
and Building Soil Quality. Department out of Horticulture,
Michigan State University. Organic Matters 01-07.
Kizilkaya R, Dengiz O (2010) Variation of Land use and Land
Cover Effects on Some Soil Physico-Chemical Characteristics
and Soil Enzyme Activity. Zemdirbyste-Agriculture 97: 15-
24.

Panwar NR, Ramesh P, Singh AB, Ramana S (2010) Influence
of Organic, Chemical and Integrated Management Practices
on Soil Nutrient Status Under Semi-Arid Tropical Conditions
in Central India. Communications in Soil Science and Plant
Analysis 41: 1073-1083.

Akintokun PO, Owoeye OO (2011) Effect of Land use
Pattern on Phosphorus and Potassium Fixation and Maize
Performance. Journal of Agric Science and Environment 11.
White JG, Lindbo DL, Hardy D, Isreal DW, Osmond RO et
al. (2013) Mineralization Plant Availability, and Water Quality
Consequences of Nitrogen and Phosphorus in Land-Applied
Municipal Biosolids. https://repository.lib.ncsu.edu/items/
e5fa0c5¢-959f-4cd4-b2c8-0a81238d511d.

Haddaway NE, Hedlund K, Jackson LE, Katterer T, Lugato
E, et al. (2017) How does Tillage Intensity Affect Soil
Organic Carbon? A System Review Environmental Evidence.
https://environmentalevidencejournal.biomedcentral.com/
articles/10.1186/s13750-017-0108-9.

Pereira GAC, Primo AA, Meneses AJG, Araiyo MDM,
Pompeu Guedes, et al. (2020) Soil Fertility and Nutritional
Status of Elephant Grass Fertilized with Organic Compost
from Small Ruminant Production and Slaughter Systems.
Rev Bras Cienc Solo 44: ¢0200031.

Ogbona PC, Nzegbule EC, Okorie PE (2018) Seasonal
Variation of Soil Chemical Characteristics at Akwuke Long
Wall Underground Mined Site. Nigeria J Appl Sci Environ
Manage 22: 1303-1310.

Guizani M, Fujii T, Hijikata N, Funamizu N (2018) Soil
Fertilization with Human Urine and Salinization Risks. Euro-

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Mediterr J Environ Integr. https://doi.org/10.1007/s41207-
016-0010.

Ufot UO, Iren OB, Chikere Njoku CU (2016) Effect of Land
use on Soil Physical and Chemical Properties in Akokwa Area
of Imo State, Nigeria. Int J Life Sci Scienti Res 2: 273-278.
Oladoye AO, Adedire MO (2013) Carbon Stock Estimate
under different Land-use in the Federal University of
Agriculture, Abeokuta, Nigeria. Ife Journal of Science 15.
Nyawira SS, Hartman MD, Nguyen TH, Margenot AJ, Kihara
J, et al. (2021) Simulating Soil Organic Carbon in Maize-
Based Systems under Improved Agronomic Management
in Western Kenya. Soil and Tillage Research 211: 105000.
Lal R (2012) Climate Change and Soil Degredation Mitigation
by Sustainable Management of Soils and other Natural
Resources. Agricultural Research 1: 199-212.

Zeng R, Wei Y, Huang J, Chen X, Cai C (2021) Soil Organic
Carbon Stock and Fractional Distribution across Central-
South China. International Soil and Water Conservation
Research 9: 620-630.

Chaudhuri S, Pena Yewtukhiw E, McDonald LM, Skousen
J, Sperow M (2011) Land use Effects on Sample Size
Requirements for Soil Organic Carbon Stocks Estimations.
Soil Science 176: 110-114.

Chidowe OA, Blessing AD, Olaleken OJ, Yetunde OE, Mary
CN (2019) Tillage Desmodium Intortum Fertilizer Rates
for Carbon Stock, Soil Quality and Grain Yield in Northern
Guinea Savanna of Nigeria. America Journal of Climate
Change 8: 325-341.

Delelegn YT, Purahong W, Blazevic A, Yitaferu B, Wubet
T, et al. (2017) Changes in Land use Alter Soil Quality and
Aggregate Stability in the Highlands of Northern Ethiopia.
Sci Rep 7: 13602.

Girmay G, Singh BR, Mitiku H, Borresen T, Lal R (2008)
Carbon Stocks in Ethiopian Soils in Relation to Land use
and Soil Management. Land Degradation and Development
19: 351-367.

Samson M, Chantigny MH, Vanasse A, Menasseri Aubry S,
Royer I, etal. (2021) Response of Subsurface C and N Stocks
Dominates the Whole-Soil Profile Response to Agricultural
Management Practices in a Cool, Humid Climate. Agriculture,
Ecosystems & Environment 320: 107590.

Lal R, Negassa W, Lorenz K (2015) Carbon Sequestration
in Soil. Current Opinion in Environmental Sustainability
15: 79-86.

Vos C, Don A, Hobley EU, Prietz R, Heidkamp A, et al.
(2019) Factors Controlling the Variation in Organic Carbon
Stocks in Agricultural Soils of Germany. European Journal
of Soil Science 70: 550-564.

Tsui CC, Chen-Chi Tsai, Zueng Sang Chen (2013) Soil
Organic Carbon Stocks in Relation to Elevation Gradients
in Volcanic ash Soils of Taiwan. Geoderma 209: 119-127.
Awoonor JK, Adiyah F, Dogbey BF (2022) Land-Use Change
on Soil C and N Stocks in the Humid Savannah Agro-
Ecological Zone of Ghana. https://www.scirp.org/journal/
paperinformation?paperid=114542.

Tsozué D, Nghonda JP, Tematio P, Djakba Basga S (2019)
Changes in Soil Properties and Soil Organic Carbon Stocks
Along an Elevation Gradient at Mount Bambouto, Central
Africa. Catena 175: 251-262.

Yu P, Li Q, Jia H, Li G, Zheng W, et al. (2014) Effect of
Cultivation on Dynamics of Organic and Inorganic Carbon
Stocks in Songnen Plain. Agronomy, Soils & Environmental
Quality 106: 1574-1582.

Seifu W, Elias E, Gebresamuel G, Khanal S (2021) Impact of
Land use type and Altitudinal Gradient on Topsoil Organic

J Ear Environ Sci Res, 2024

Volume 6(12): 10-12



Citation: Ogunleye Abel, Agele Samuel (2024) Land use Effects on Soil Properties and Carbon Stocks of Agricultural and Agroforestry Landscapes in a Rainforest
Zone of Nigeria. Journal of Earth and Environmental Science Research. SRC/JEESR-303. DOI: doi.org/10.47363/JEESR/2024(6)234

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Carbon and Nitrogen Stocks in the Semi-Arid Watershed of
Northern Ethiopia. Heliyon 7: €06770.

Bekunda M, Sanginga N, Woomer PL (2010) Chapter Four-
Restoring Soil Fertility in Sub-Sahara Africa. Advances in
Agronomy 108: 183-236.

Bhattacharyya R, Pandey SC, Bisht JK, Bhatt JC, Gupta HS,
etal. (2013) Tillage and Irrigation Effects on Soil Aggregation
and Carbon Pools in the Indian Sub-Himalayas. Agron J
105: 101-112.

Toru T, Kibret K (2019) Carbon Stock under Major Land Use/
Land Cover Types of Hades Sub-Watershed, Eastern Ethiopia.
Carbon Balance and Management 14. Carbon stock under
major land use/land cover types of Hades sub-watershed,
eastern Ethiopia | Carbon Balance and Management | Full
Text (biomedcentral.com).

FAO and ITPS (2021) Recarbonizing Global Soils-A
Technical Manual of Recommended Management Practices.
https://openknowledge.fao.org/items/5b683264-607b-499c¢-
ae77-91957572ea3c.

Agbeshie AA, Abugre S, Atta Darkwa T, Awuah R (2022)
A Review of the Effects of Forest Fire on Soil Properties.
Journal of Forestry Research 33: 1419-1441.

Agoume V, Birang AM (2009) Impact of Land-use Systems on
Some Physical and Chemical Soil Properties of an Oxisol in
the Humid Forest Zone of Southern Cameroon. Tropicultura
27: 15-20.

Alemayehu K, Sheleme B (2013) Effect of Different Land
use Systems on Selected Soil Properties in South Ethiopia.
J Soil Sci Environ Manag 4: 100-107.

Amanuel, Yimer F, Karltun E (2018) Soil Organic Carbon
Variation in Relation to Land use Changes: The Case of Birr
Watershed, Upper Blue Nile River Basin, Ethiopia. Journal of
Ecology and Environment 42. https://jecoenv.biomedcentral.
com/articles/10.1186/s41610-018-0076-1.

Anikwe MAN, Eze DC (2010) Effect of Indigenous Legumes
on Soil Properties and Yield of Maize on an Ultisol in
Southeastern Nigeria. Nigerian Journal of Soil Science 20:
47-53.

Assefa D, Rewald B, Sandén H, Rosinger C, Abiyu A, et
al. (2017) Deforestation and Land use Strongly Effect Soil
Organic Carbon and Nitrogen Stock in Northwest Ethiopia.
Catena 153: 89-99.

Baker DF, Law RM, Gurney KR, Rayner P, Perlin P, et al.
(2006) Transcom3 Inversion Intercomparison: Impact of
Transport Model Errors on the International Variability of
Regional CO2 Fluxes, 1988-2003. Global Biogeochemical
Cycles 20.

Bationo A, Kihara J, Vanlauwe B, Waswa B, Kimetu J (2007)
Soil Organic Carbon Dynamics, Functions and Management
in West African Agro-Ecosystems. Agricultural Systems 94:
13-25.

Bessah E, Bala A, Agodzo SK, Okhimamhe AA (2016)
Dynamics of Soil Organic Carbon Stocks in the Guinea
Savanna and Transition Agro-Ecology under Different Land-
Use Systems in Ghana. Cogent Geoscience 2. https://www.
tandfonline.com/doi/full/10.1080/23312041.2016.1140319.
Blake GR, Hartge KH (1986) Bulk Density Methods of Soil
Analysis Part 1. Physical and Mineralogical Methods 5: 363-
375.

Bouyoucos GJ (1962) Hydrometer Method Improved for
Making Particle Size Analyses of Soils 1. Agronomy Journal
54: 464-465.

Brady NC, Weil RR (1999) The Nature and Properties of
Soils. 12th Edition Prentice Hall Publishers London 1-9,
453-536, 727, 739-740.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Bremmer JM, Mulvaney CS (1982) Nitrogen-Total. In: Page
AL, Miller RH, Keeney DR (eds). Method of Soil Analysis.
Part 2: Chemical and Microbial Properties 2nd ed. Agronomy
No 9 American Society of Agronomy. Madison Wisconsin
USA 595-624.

YUAN Qiao-xia, ZHU Duan-wei, WU Ya-juan (2009)
Coupling effects of temperature, moisture, and nitrogen
application on greenhouse soil pH and EC. Chinese J Appl
Ecol 20:1112-1117.

Detwiler RP (1986) Land use Change and the Global Carbon
Cycle: The Role of Tropical Soils. Biogeochemistry 2: 67-93.
Don A, Schumacher J, Freibauer A (2011) Impact of Tropical
Land-use Change on Soil Organic Carbon Stocks-A Meta-
Analysis. Global Change Biology 17: 1658-1670.

Fikadu G, Abdul A, Mulugeta L, Aramde F (2013) Effect of
Different Land uses on Soil Physical and Chemical Properties
in Wondo Genet Area, Ethiopia. NY SciJ 5.

Fujisaki K, Perrin AS, Desjardins T, Bernoux M, Balbino LC,
et al. (2015) From Forest to Cropland and Pasture Systems:
A Critical Review of Soil Organic Carbon Stocks Changes in
Amazonia. Global Change Biology 21: 2773-2786.
Graham R, O’Green A (2010) Soil Mineralogy Trends in
California Landscape. Geoderma 154: 418-437.

Griineberg E, Ziche D, Wellbrock N (2014) Organic Carbon
Stocks and Sequestration Rates of Forest Soils in Germany.
Global Change Biology 20: 2644-2662.

Guo LB, Gifford RM (2002) Soil Carbon Stocks and Land
use Change: A Meta-Analysis. Global Change Biology 8:
345-360.

Hazelton PA, Murphy BW (2007) Interpreting Soil Test
Results: What Do All the Numbers Mean? CSIRO Publishing.
https://ebooks.publish.csiro.au/content/interpreting-soil-test-
results-9780643094680.

Hunke P, Mueller EM, Schroder B, Zeilhofer P (2015) The
Brazilian Cerrado: Assessment of Water and Soil Degradation
in Catchments under Intensive Agricultural use. Ecohydrology
8: 1154-1180.

Igbinadolor Richard O (2023) Physiological Studies of
Genetically-Modified and Non-Modified Selected Starter
Cultures of Yeasts Obtained from Cocoa (Theobroma
Cacao L.) Pod Husk Biomass. Afr J Biotechnol. https://
academicjournals.org/journal/AJB/article-in-press-abstract/
physiological studies of genetically modified and non
modified selected starter cultures of yeasts obtained
from_cocoa theobroma cacao 1 pod husk biomass.
Islam KR, Weil RR (1998) A Rapid Microwave Digestion
Method for Colorimetric Measurement of Soil Organic
Carbon. Comm. Soil Sci Plant Anal 29: 2269-2284.

James JN, Gross CD, Pranjal D, Myerst, Santos F, et al.
(2019) Land use Change Alters the Radiocarbon Age and
Composition of Soil and Water-Soluble Organic Matter in
Brazilian Carrade 345: 38-50.

Jiang Y, Zhang G, Zhou D, Qin Y, Liang WJ (2002) Profile
Distribution of Micronutrients in an Aquic Brown Soil as
Affected by Land use. Journ Plant Soil and Environ 155:
468-476.

Jun Chen, Yichun Du, Wei Zhu, Xin Pang, Zhen Wang (2022)
Effects of Organic Materials on Soil Bacterial Community
Structure in Long-Term Continous Cropping of Tomato in
Greenhouse. Open Life Sci 17: 381-392.

Kakare JM, George LM, Majalina M, Albert KE, Menya M
(2015) Effect of Mulching on Soil Hydro-Physical Properties
in Kibaale Sub-Catchment, South Central Uganda. https://
nruuncst.go.ug/handle/123456789/5615.

Karlen DL, Ditzler CA, Andrews AS (2003) Soil Quality:

J Ear Environ Sci Res, 2024

Volume 6(12): 11-12



Citation: Ogunleye Abel, Agele Samuel (2024) Land use Effects on Soil Properties and Carbon Stocks of Agricultural and Agroforestry Landscapes in a Rainforest
Zone of Nigeria. Journal of Earth and Environmental Science Research. SRC/JEESR-303. DOI: doi.org/10.47363/JEESR/2024(6)234

Why and How? Geoderma 114: 145-156.

99. Liu N, Li Y, Cong P, Wang J, Guo W, et al. (2021) Depth
of Straw Incorporation Significantly alters Crop Yield, Soil
Organic Carbon and Total Nitrogen in the North China Plain
Soil & Tillage Research https://iarrp.caas.cn/en/docs/2021-
07/2021072110085006683 1.pdf.

100.Moura JBD, Ribeiro DA, Lopes Filho LC, Souza RFD,
Furquim LC (2017) Arbuscular Mycorrhizas in Sugarcane
under Planting Systems and Sources of Nitrogen Sci Agrar
18: 20-29.

101.Murty D, Kirschbaum MUF, Mcmurtrie RE, Mcgilvray
H (2002) Does Conversion of Forest to Agricultural Land
Change Soil Carbon and Nitrogen? A Review of the Literature.
Global Change Biology 8: 105-123.

102.Nakho N, Dkhar MS (2010) Impact of Organic and Inorganic
Fertilizer on Microbial Populations and Biomass Carbon in
Paddy Field Soil. Journal of Agronomy 9: 102-110.

103.Nigussie Z, Tsunekawa A, Haregeweyn N, Adgo E, Nohmi
M, et al. (2017) Factors Influencing Small-Scale Farmers’
Adoption of Sustainable Land Management Technologies in
North-Western Ethiopia. Land Use Policy 67: 57-64.

104.0ECD (2016) Land Cover and Land Use Indicators. https://
doi.org/10.1787/22260935.

105.0guike PC, Mbagwu JSC (2009) Variations in Some Physical
Properties and Organic Matter Content of Soils of Coastal
Plain Sand under Different Land use Types. World J Agric
Science 5: 63-69.

106.0Onwudike SU, Onweremadu EU, Them EE, Agim LC, Osisi
AF, et al. (2016) Evaluation of Micronutrient Status of Soils
under Three Land use Types in Oyigbo, River State, Nigeria.
FUTO Journal Series (FUTOJNLS) 2: 32-40.

107.0nwudike SU, Them EE, Irokwe IF, Onwuso G (2015)
Variability in the Physico-Chemical Properties of Soils of
Similar Lithology in Three Land use Types in Ahiazu Mbaise,
Imo State Nigeria. Journal of Agriculture and Crops 1: 38-43.

108.Penman J, Gytarsky M, Hiraishi T, Krug T, Kruger D, et
al. (2003) Good Practice Guidance for Land use, Land-
Use Change and Forestry. IPCC National Greenhouse Gas
Inventories Programme and Institute for Global Environmental
Strategies, Kanagawa. Incomplete. https://www.ipcc.ch/site/
assets/uploads/2018/03/GPG_LULUCF FULLEN.pdf.

109.Poeplau C, Vos C, Don A (2016) Soil Organic Carbon
Stocks are Systematically Overestimated by Misuse of the
Parameters Bulk Density and Rock Fragment Content. Soil
Discussions 3: 61-66.

110.Pujia Yu, Qiang Li, Hongtao Jia, Guangdi Li, Wei Zheng, et
al. (2014) Effect of Cultivation on Dynamics of Organic and
Inorganic Carbon Stocks in Songnen Plain Agronomy, Soils &
Environmental Quality Journal. https://www.researchgate.net/
publication/271861391 Effect of Cultivation on Dynamics
of Organic and Inorganic Carbon Stocks in Songnen Plain.

111.Sarawathy R, Suganya S, Singaram P (2007) Environmental
Impact of Nitrogen Fertilization in Tea Eco- system. Journal
of Environmental Biology 28: 779 -788.

112.Senjobi BA, Ogunkunle AO (2011) Effect of Different Land
use Types and their Implications on Land Degradation and
Productivity in Ogun State, Nigeria. Journal of Agricultural
Biotechnology and Sustainable Development 3: 07-18.

113.Shepherd G, Bureh RJ, Gregory PJ (2000) Land Use Affects
the Distribution of Soil Inorganic Nitrogen in Smallholder
Production Systems in Kenya. Biology and Fertility of Soils
31: 348-355.

114.Shi Y, Baumann F, Ma Y, Song C, Kvhn P, et al. (2012)
Organic and inorganic carbon in the topsoil of the Mongolian
and Tibetan grassland: Pattern, control and implications.
Biogeosciences Discuss 9: 1869-1898.

115. Thomas GW (1996) Soil pH and Soil Acidity in Sparks DL, et
al, (Eds), Methods of Soil Analysis: Part 3 Chemical Methods,
Soil Science Society of America Inc Madison 475-490.

116.Tully K, Ryals R (2017) Nutrient Cycling in Agroecosystems:
Balancing Food and Environmental Objectives. Agroecology
and Sustainable Food Systems 41: 761-798.

117.Wang QJ, Lu CY, Li HW, He J, Sarker KK, et al. (2017)
The Effect of No-Tillage with Subsoiling on Soil Properties
and Maize Yield: 12-Year Experiment on Alkaline Soils of
Northeast China. Soil Till Res 137: 43-49.

118.World Food and Agriculture-Statistical Yearbook (2020).

119.Zhang Y, Zhao YC, Shi XZ, Lu XX, Yu DS, et al. (2008)
Variation of Soil Organic Carbon Estimates in Mountain
Regions: A Case Study from Southwest China. Geoderma,
146: 449-456.

120.Zu YG, Li R, Wang WJ, Su DX, Wang Y, et al. (2011) Soil
Organic and Inorganic Carbon Contents in Relation to Soil
Physicochemical Properties in Northeastern China. (In
Chinese.) Acta Ecol. 31: 5207-5216.

Copyright: ©2024 Ogunleye Abel. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the

original author and source are credited.

J Ear Environ Sci Res, 2024

Volume 6(12): 12-12



