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ABSTRACT:

Land use affects the fertility and management of soils. The influence of contrary land use types
imposed on a Shea field was studied at NIFOR Substation, Bida, Niger state. The field, a sparse
grass falow measuring a 100m X 100m was demarcated into two equal halves. A portion of it
was cleared and planted to melon while the sparse grass falow was retained in the other portion.
Composite surface soil samples were collected at 0-15cm in three replicates from each land use
type and analyzed for physico-chemical properties in the laboratory. Degradation was assessed
using FAO and Snakin et al. indicators and criteria for physical, chemical and biological
degradation of soils. The estimation of the degree of degradation was based on physical,
chemical and biological parameters of land use types. Except Ca, soil chemical properties
differed significantly under the land use types though land use had no effect on texture of the
soils. The soils under Shea cultivation at NIFOR Substation had a score of 4 each under the two
land use types and were therefore very highly degraded with respect to nitrogen. Soils under
grass fallow had a score of 3 and was highly degraded with respect to phosphorus while soils
under melon had a score of 1 indicating none to slight degradation with respect to phosphorus.
Soils under grass falow had a score of 3 with respect to potassium and was therefore highly
degraded while soils under melon had a score of 4 and was very highly degraded with respect to
potassium. Chemical and biological degradation were as a result of soil fertility depletion and
organic matter decline. The use of integrated fertility management system is suggested as a
possible means of improving the soils for Sheatree cultivation in the area.
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INTRODUCTION

The distribution of Shea trees in the Shea belt
of Nigeria is affected by the nature of soils.
Soil characteristics and rainfal pattern
combine to influence vegetation cover and
land use pattern over time (Abubakari, et al.,
2012). Land wuse in itsdf entails the

arrangement, activities and the actions land
users undertake in a certain land cover type to
produce change or maintain it (FAO, 19973).
It establishes a direct link between land cover
and the input of land user in their environment
(Oviasogie et al., 2011). Under similar agro-
ecological environments, land use and cultural
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practices are the dominant factors affecting
soil properties and crop production (Nnaji et
al., 2002). Crop production practices influence
course of the formation and the physico-
chemical status of the soil at any given time
(Asadu and Enete, 1997). Land use ultimately
affects the nutrient status of soils. Proper
planning and adoption of sustainable
management techniques are needed to
maintain physical and chemical properties of
soils. Senjobi, et al., (2010) reported that land
use type is one of the critical factors affecting
land degradation and soil productivity. They
reported that physical and biologica
degradation were more severe than chemical
degradation in al the land use types they
studied. Amana et al., (2012) also reported that
bulk density, mean weight diameter (MWD),
water stable aggregates (WSA), soil organic
matter (SOM), tota nitrogen (TN), total
porosity (TP), pH and available phosphorus
(P) were significantly affected by land use
types in their study of effects of land use types
on soil quality in a Southern Guinea Savannah
of Nasarawa State. Soil degradation means a
reduction of the biologica and economic
productivity potentials of rain-fed cropland,
irrigated cropland or range, pasture and
forested land by one or a combination of
processes (Amau, 1998). Such processes
include, among others, displacement of soil
materials by wind and water erosion,
deterioration of soil physica and chemical
properties and long-term loss of natural
vegetation (Adaikwu et al, 2012) The principal
types of soil degradation are physica,
chemical and biological degradation (Adaikwu
et al, 2012; FAO 1994). Physical degradation
refers to the deterioration of the physical
properties of the soils. It includes soil
compaction and hard setting, soil erosion and
sedimentation and laterization. Biological
degradation of the soil includes a reduction in
soil organic matter (OM) content, decline in
biomass carbon and decrease in activity of soil
flora and fauna, high soil and air temperature
due in part, to the use of chemicals and soil
pollutants. Chemical degradation is caused

majorly by nutrient depletion and excessive
leaching of cation in soils with low activity
clay. The buildup of some toxic chemicals and
elemental imbalance that are injurious to plant
growth also constitute chemica degradation of
the soil (Adaikwu et al, 2012).

Shea is a dominant member of the canopy
vegetation of Niger State. It is common
practice for farmers to cultivate food crops
such as guinea corn, millet, maize, melon and
groundnuts within Shea tree parklands. This
practice ensures that the land is put to
maximum use. There is however need to study
the effects of this land use type on the soil’s
physical and chemical properties with a view
to proffering solutions to problems arising
from excessive and intensive use of the
land. The genera objective of this study
therefore was to determine the influence of
contrary land use types imposed on a Shea
field at NIFOR substation, Bida, Niger State
while the specific objective was to assess the
extent of soil degradation in portions of the
field under the two land use types.

MATERIALSAND METHODS:

Study area

This study was conducted at the Nigerian
Institute for Oil Pam Research Substation,
Bida, Niger State. The area falls within the
Southern Guinea Savannah zone of Nigeria
and is located on Latitude 08° 05.278'N and
Longitude 006° 47.789’E with annua rainfall
ranges between 500mm to 1200mm per
annum. Minimum and maximum temperature
ranges between 24°C and 33°C respectively.
The site is generally flat with the presence of a
few ant hills. The major land use types in the
area are arable crop production intercropped in
Sheatree parklands.

Field studies

Shea seeds which were depul ped, washed and
dried were first sprouted in raised beds and
subsequently sown in poly bags. The seedlings
were transplanted when they were one year old
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ina9m X 9m X 9m triangular spacing,giving a

total of 150 trees/ha. The field was a sparsely
populated grass falow measuring 100m X
100m which was demarcated, cleared and a
portion of it planted to melon. Thus the field
was measured into 2 equal halves of 50m X
100m each with each of the 50m X100m under
grass fallow and melon (Collocynthis citrullus)
cultivation respectively obtained locally from
the market in Bida Two melon seeds were
planted per hole at a spacing of 2.5cm in
March/April of 2013. The Shea trees were
watered regularly from an adjacent well at the
Substation. Composite soil samples were
collected in three replicates at 0-15cm to
determine the influence of the sparsely
populated grassland and melon plant on soils
of the Shea field after four months of
cultivation in July of 2013. The collected soil
samples were bagged in polyethylene bags for
physical and chemica analysis in the
laboratory.

Laboratory studies

Physical properties. Particle size distribution
was determined by the hydrometer method
Boyoucous (Gee and Bauder, 1986).

Chemical properties. Soil organic carbon
was determined by the Walkley-Black method
(Nelson and Sommer, 1996). Total nitrogen
(TN) was determined by Kjeldahl (Bremner,
1996) method. Soil pH was determined in a
1:2 soil to water suspension using a pH meter
(Maclean, 1982). Available phosphorus was
extracted by the Bray-1 extractant (Bray and
Kurtz, 1945). Soil exchangeable bases were
extracted by the ammonium acetate method
buffered at pH 7 (Thomas, 1982). Calcium and
magnesium were read with the aid of a
UV2100 Spectrophotometer while potassium
and sodium were read with a flame
photometer. Cation exchange capacity (CEC)
was by the summation of exchangeable bases.
Total exchangeable acidity, hydrogen and
aluminium (H* + AI**) was by titration method

(Anderson and Ingram, 1993)while effective
cation exchange capacity (ECEC) was
determined by summation of exchangeable
cations and exchangeable acidity
((Kamprath,1970; Mylavarapu and Kennelley,
2002). The base saturation was calculated as
the ratio of exchangeable bases to the effective
cation exchange capacity (ECEC) expressed in
percentage while the exchangeable sodium
percentage (ESP) was computed as the ratio of
Na to CEC expressed in percentage (Brady
and Weil, 1999).

Statistical analysis: Data obtained from the
laboratory was subjected to One- way analysis
of variance (ANOVA) and the Least
Significance Difference (LSD) procedure at
5% level of probability was used to compare
the effects of the two land use types on soil
properties. Data were also compared with
(FAO 1979) and Snakin et al. (1996) outlined
indicators and criteria for chemical and
biological degradation of soil to ascertain the
extent of soil degradation with respect to the
two land use.

RESULTSAND DISCUSSION:

Influence of land use on physical properties
of the soils

The physical properties of the two land use
types are shown in Table 1. The particle size
distribution of top (0-15cm) of the soils shows
that there is no difference in the textural class
of the soils under the two land use types. This
means that short term land use did not alter the
physical properties of the soils. Texture is
largely determined by parent materia (Obi,
1999). The fact that there was no difference in
the texture of the two land use types agrees
with the findings of Amana et al., (2012) who
studied five land use types (cassava, corn,
legume, oil pam and forest) and observed that
land use had no effect on the texture of the
soils.
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Table 1: Effects of two Land use types on soil physical properties of top (0-15cm) soils at
_NIFOR Substation, BIDA.

S/no Land usetype Sand Silt Clay Textural

o/kg Class
Mean Grass Fallow 230 260 Sand
Mean Melon 953.33 243.33 234.33 Sand
LSD (5%) NS NS NS

LSD: Least Significant Difference, NS: Non significant.

Table 2: Chemical Properties of the top soil (0-15cm) at NI FOR Substation,

Bida. SNo Land Use pH OC TN ~ Aval.P Ca Mg  Na K H* ECEC Base ESP SO,

Type o/kg Mag/kg Cnik/lg Sat (%) mgkg
Mean GrassFalow 550 30  0.12 6.08 105 087 032 012 041 265 8829 1282 525
Mean  Melon 530 36 020 11.15 106 049 049  0.10 05 243 8120 1622 7.96
LSD (5%) 0.2 02 002 0.02 NS 010 002 002 002 002 561 029 005

O.C. = Organic carbon, TN = Total nitrogen, Avail P = Available phosphorus, Ca= Calcium, Mg = Magnesium, K = Potassium, H" = Hydrogen
ion, ECEC = Effective cation exchange capacity, Base sat % = Base saturation percent, ESP = Exchangeabl e sodium percentage.
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Influence of land use on chemical properties
of the soils

All the soil chemical properties except calcium
were significantly different as a result of the
two land use types (Table 2). This is probably
due to the fact that the melon plant provided a
better vegetative cover after four months of
cultivation than the sparsely populated grass
fallow. The better vegetative cover provided
by the melon plant may have influenced the
accumulation of organic matter in the portion
of the field cultivated to melon. This is
buttressed by the higher organic carbon
content in the portion of the field cultivated to
melon (Table 2). The amount of organic
material in a soil is often expressed as the
amount of organic carbon (Bridges 1978 cited
by Ogeh and Osiomwan, 2012). The
accumulation of organic matter may have
influenced the content of total nitrogen and
available phosphorus as these values were
significantly higher in the portion of the field
cultivated to melon than the values in the
sparsely populated grass falow (Table 2).
According to Agboola et al., (1998), soil
organic matter had been found to be related to
al soil nutrients and its activity accounts for
95% of crop yield in the tropics. Vagen et al.,
(2006) support the dependency of soil
physical, chemical and biological attributes to

soil organic matter. According to them,
increased soil organic matter improves
aggregation, nutrient-retention  capacity,

colloidal characteristics and biodiversity in
soil. Calcium was also higher in the portion of
the field cultivated to melon though the values
were not significantly different. There was a
significant (P< 0.05) decrease between the two
land use types with respect to soil pH,
magnesium, potassium and effective cation
exchange capacity (ECEC). These values were
lower in the portion of the field cultivated to
melon than the sparsely populated grass
falow(Table 2). This is consistent with the
findings of Ogunkunle and Eghaghara (1992)
who reported significant differences between
land use types in soil pH, extractable P, K, Ca,
Mg total N, organic matter and bulk density.

This may be as a result of uptake of some of
these nutrients by the cultivated melon plant.
This is aso consistent with the findings of
Osundare (2012) who attributed decreases in
virtually al the nutrients after cropping in
plots where N-fertilizers were not applied to
uptake by melon. He aso attributed the
decrease in soil pH to decreases in the
exchangeable bases; which he noted was due
perhaps, to leaching and /or melon uptake.
Melon has been reported to be a heavy miner

of plant nutrients especidly nitrogen
(Constellanos et al.,, 2011) and the
exchangeable bases (Osundare 2012).

According to Constellanos et al., (2011) dry
matter production of leaves and stems of
melon (Cucumis melo) increased as the N
amount increased. The dry matter of the whole
plant was affected similarly, while the fruit dry
matter decreased as the N amount was
increased above 112kg/ha, 93kg/ha and
95kg/ha.

ASSESSMENT OF BIOLOGICAL AND
CHEMICAL DEGRADATION:

Assessment of Chemical and Biological
degradation as a result of the two land use
types

Table 5 shows scores for chemical and
biological degradation of the soils as result of
the two land use types. This was done by
comparing some of the values of the chemical
properties obtained with FAO 1979; Snakin et
al., (1996) and Senjobi et al., 2010 guidelines
and criteria for assessing chemica and
biological degradation in soils (Tables 3 and

4).Soils under Grass fallow and Melon Land

use types had scores of 4 each and was
therefore very highly degraded with respect to

nitrogen (Table 5). Soils under GrassFallow

had a score of 3 (highly degraded soils) with

respect to phosphorus. The score was 1 in

Melon land use type indicating none to slightly

degraded soils with respect to phosphorus.

Soils under Grassfalow had a score of 3 with
respect to potassium and was therefore highly

degraded while soils under Melon cultivation

had a score of 4 and was very highly degraded.

112



Degradation of shea tree soil

Soils under Grass fdlow and Melon
cultivation had scores of 2 each indicating
moderately degraded soils while both land use
types had scores of 1 each with respect to base
saturation indicating none to slightly degraded
soils with respect to base saturation (Table 5).

This buttresses the fact that the soil exchange
complex of the two land use types are
saturated with exchangeable bases with base
saturation percent values of 89 and 88
respectively (Table 2).

Table 3: Indicators and Criteriafor Chemical Degradation of Soils

* Degr ee of degradation (%)

I ndicator 1 2 3 4
Content of Nitrogen Element (Multiple > 0.13 0.10-0.13 0.08-0.10 <0.08
decrease) N (%)

Content of phosphorus Element (mg/lkg) > 8 7-8 6-7 <6
Content of Potassium Element (cmol/kg) > 0.16 0.14-0.16 0.12-0.14 <0.12
Content of Readily Soluble Salts <0.20 0.20-0.40 0.40-0.80 >0.8
(Increase by %)

Content of ESP (Increase by % of CEC) < 10 10-25 25-50 > 50
Content of Base Saturation (Decreaseof <2.5% 25-5% 5-10% > 10%
Saturation if more than 50%)

Excess Sdlts (Salinization) (Increasein . <2 2-3 3-5 >5

conductivity) mmho/cm/yr

* Source: FAO (1979); Snakin et al., (1996); Senjobi et al., 2010.

** Where 1 =Noneto dlightly degraded soils
2 = Moderatel y degraded soils
3 = Highly degraded soils
4 = Very highly degraded soils

Table4: Indicators and Criteriafor Biological Degradation of Soils

I ndicator 1

2 3 4

Content of organic matter in soil (%) >25

2-25 10-2 <10

Source: FAO (1979); Snakin et al., (1996) Senjobi et al., (2010).

** Where 1 = Noneto dlightly degraded soils
2 = Moderately degraded soils
3 = Highly degraded soils
4 = Very highly degraded soils
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Table5: Scoresfor Chemical and Biological degradation of the two land use types at

NIFOR Substation, BIDA.

Chemical propertiesof soilsof thetwo land use types Land usetype Score
Nitrogen Grassfallow 4
Melon 4
Phosphorus Grassfallow 3
Melon 1
Potassium Grassfallow 3
Melon 4
Exchangeable Sodium Percentage (ESP) Grassfallow 2
Melon 2
Base Saturation (%) Grassfallow 1
Melon 1
Organic matter Grassfallow 2
Melon 1
1 = Noneto dlightly degraded soils
2 = Moderately degraded soils
3 = Highly degraded soils
4 = Very highly degraded soils
CONCLUSION ACKNOWLEDGEMENT:

The type and degree of degradation found on
the two land use types are mgjor factors to be
considered in determining the appropriate
approach to soil rehabilitation or improvement
for Shea tree cultivation at NIFOR substation,
Bida. Chemica and biological degradation
were as a result of soil fertility depletion and
organic matter decline. Bio-reclamation of
Degraded Lands (BDL) system which
enhances the conversion of degraded crusted
soils into productive lands is suggested. This
can be achieved by combining water
harvesting technologies (micro-catchments,
planting pits and trenches), application of
animal and plant residues and planting of high-
value nitrogen-fixing trees and cover crops.
Further studies are needed to ascertain the
extent of physical, chemica and biological
degradation in Shea parklands that are
currently being used by the local farmers for
guinea corn, millet and maize cultivation.
Findings from such studies will help improve
the management of soils of the Shea tree
parklands for improved seed production for
export purposes and meet farmers return on
investment.
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