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The study was carried out at El Salaam Locality, South Darfur
State that located between 11 ° 37' and 11° 80' northern latitudes,
and 24° 62' and 25° 10' eastern longitudes. The aim of this study
is to assess the effects of different land use types namely
(woodland, cropland and fallow land) on physicochemical
characteristics of soil. 48 soil samples were collected at 0-30 cm,
30-60 cm, and 60-90 cm depths of three different adjacent land
uses conducted 12 profiles 4 for each sample site. Some soil
physicochemical characteristics were tested. Statistical Analysis
System SAS was applied for raw data analysis. One-way
analyses of variance (ANOVAs) procedures were used to
compare the means values between the different land use types.
Separation of the means of the soil properties was performed
using Duncan significance test {p<0.05}. There were significant
differences in soil physicochemical characteristics within depth
in same sites. Also the result showed that lands use type has
significant effect on soil physicochemical characteristics.
Moreover, there was high significant difference in soil
bicarbonate value across LU types and the amount of bicarbonate
in cropland increased more than fallow and woodland, Land use
changes from woodland into cropland which resulted in
significant decreases in silt content, aggregate stability, N, P, K,
and organic matter, and with this change bulk density, sand
content and pH value was increased significantly. The result
concluded that land use change has significant effect on soil
physicochemical characteristics and the follows period must be
use to improve soil bulk density characteristic.
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Introduction:

The terms “land use cover” and “land use” are often confused. Land cover is the observed
physical and biological cover of the earth’s land, as vegetation or man-made features. In contrast
land use is “the total of arrangements activities and inputs that people undertake in a certain land
cover type. Conversion of natural forest and woodlands is still the main strategy and source of
land for agricultural expansion in most developing countries. Sudan provides a typical example
where about 200,000 ha of natural woodlands and forest are annually replaced by dry land
mechanized agriculture Jimpy (2012). Semi- desert and low rainfall savannah on sand, represent
25 percent of Sudan’s agricultural land, are at considerable risk of further desertification UNEP
(2006). From 1990 to 2005, Sudan lost 11.6 percent of its forest cover, or approximately
8,835,000 hectares. In Darfur region particularly a third of the forests cover was lost
between1973 and 2006 UNEP (2006). The pressure on land resources and ecosystems has
intensified greatly over the past several decades due to land use changes created by increasing
population, economic development and global markets, exacerbated locally by land governance
issues. Consequently, continuous cropping without soil conservation practices or fallow periods,
which caused soil degradation and nutrient depletion Kibet (2013). In addition to intensive land
use associated with the current socio-economic conditions often results in various types of
environmental deterioration such as land degradation, declining crop yield, and deforestation
Kendawang et al., (2004), Mohawesh et al., (2015).

Moradi et al., (2015) stated that land use change of natural ecosystems to the managed
ecosystems has deleterious effects on soil characteristics. In addition to that different land uses
and plowing can lead to the destruction of soil structure and reduced performance due to changes
in the pores and the pores size distribution. Land use conversion may cause important change in
physical and chemical characteristics of soil and can affect soil fertility, increase soil erosion or
cause soil compaction Kiakojouri, and Gorgi. (2014). The conversion of forest into cropland is
known to deteriorate soil physical properties and making the land more susceptible to erosion
since macro aggregates are distributed Abad ef al., (2014). Soil bulk density is highly depending
on soil texture and the densities of soil minerals, (sand, silt, and clay) and organic matter
particles Matano et al., (2015).

Changes in land use and management can cause significant changes in carbon storage and flows
Jong, (2000). Soil organic matter (SOM) plays an important role as nutrient reservoir and source
for plants, especially in the tropical regions where soils are strongly weathered and often contain
small amounts of available nutrients such as nitrogen (N) and Phosphorus (P). Mishra, (2014)
stated that the maximum 10 to 12% dry weight of organic matter is reported in good grasslands.
In disturbed situations like a cultivated field, the amount may be as less as 1%. Also

The conversion of tropical forests into land for agriculture might have negative impacts on soil
characteristics and the carbon budget to explore history of land management, and diversely affect
soil Carbon (C) and Nitrogen (N) levels. Forested soils maintained high levels of organic matter
comparable to soil from continuously cultivated fields, which exhibited lower than those in soil
kept under prolonged fallow Mhawish (2014). Conversion of forest to cultivated land causes an
appreciable change in organic matter content resulted in nutrient imbalances, reduction in water-
holding capacity, iron, aluminum, nitrogen, calcium, magnesium, potassium, phosphorus, and
cation exchange capacity (CEC). As in Kordufan and Darfur in western Sudan, cultivation of
marginal lands (traditional farming), exhaust soil organic matter, reduce soil fertility, and
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enhance soil erosion Mustafa (2007).the objectives of the study was to assess the effects of three
land use types ( woodland, cropland and fallow land) on physiochemical characteristics of soil.
Materials and Methods:

The Study Area:

This study was conducted at El Salaam Locality, where is located in the southern Darfur at
southern part of Nyala locality, and lies between the latitudes 11° 37' N and 11° 80' N, and the
longitudes 24° 62' E and 25° 10" E and covers an area of 450,000 Km?. El Salaam area has a
dynamic climate regime; It was classified into Low Rainfall Savanna ecological zone, which is
extended from Kordufan to Darfur region in Sudan. Macdonald and parteners (1974) mentioned
that the annual rainfall average ranging between 500 mm to 800 mm lies entirely within this
formation vegetation type. And the annual range of the temperature is reached high with a
maximum of more than 40°C between April and May and a minimum around 25°C during winter
season.
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Map (1) Study area map

Source: developed by researcher (2019)

The area characterized by sandy soil occurs throughout the Qoz Land System and on scattered
sand dunes within the other Land Systems with coarse textured soils and aeolian origin. As
Hinderson (2004), furthermore, it is high in water permeability and has a low fertility locally
named Qoz sands.
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Soil Sampling and Analysis:

Soil Data Collection:

There were 12 sample plots conducted at the three land use types that identified in woodland,
cropland and fallow land four sample plots in each site. Sample sites were selected and located
by GPS. The intentional behind selecting this area for the study is variations among land use
practices. However, random systematic sample method was used. Moreover, 48 soil samples
were collected at three different depths: 0-30, 30-60 and 60-90 cm intervals during 10 - 21 May
2016 before rainy season began. Open dig pits were drilled by using shovel appropriately for soil
samples collection. The soil samples were air- dried and passed through 2 mm sieve to remove
stones, roots, and large organic residues. Then they were analyzed in Soil Laboratory in Faculty
of Agriculture Studies, Sudan University of Science and Technology, Shambat, Khartoum.
Physicochemical characteristics were investigated such as soil texture was determined by using
Hydrometer Method FAO (1970). Soil Bulk Density BD four sample plots were conducted, the
samples were collected from cultivated fields and woodlands four samples for each site by using
a Standard Bulk Density ring Matano et al (2015). This involved a cylindrical metal with size
3.71 sq./em’ by driven into the soil until at the same level with the ground. The sample was
removed by digging around the ring with the trowel underneath it to prevent any loss of soil.
Excess soil from the sample was removed with a flat bladed knife and the bottom of the sample
made flat and even with the edges of the ring. All samples were packed in a polyethene bag and
sealed off by rubber bands. Moreover, each polyethene bag was identified by series number site
such as woodland-1, cultivated field-2 and fallow land-3.

Woodland, Cropland and Fallow land
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Source: snapped up by researcher (2019)
Soil Analysis:

Particle size distribution was determined by the hydrometer method Bouyoucous (1951). Soil
organic carbon (SOC) content was determined by using the Walkley-Black method Nelson and
Summer (1996). Soil pH and electrical conductivity (EC) were measured by a pH/Conductivity
meter Rhoades, (1996). Total nitrogen (TN) was determined by the Dumas Combustion method
Bremner (1996). The Available phosphorus (P,,) was done by the Bray and Kurtz (1945)
method furthermore, extractable potassium (K) was measured by flame Photometer. Cations
Exchange Capacity (CEC) was done by the Ammonium Acetate method buffered at PH 7
Sumner and Miller (1996). Carbonate (CaCO3) was determined by pressure calcimeter method
Richard and Donald (1996).

Statistical Analysis:
Statistical Analysis System SAS was applied for raw data analysis. One-way analyses of
variance (ANOVAs) procedures were used to compare the means values between the different
land use types. Separation of the means of the soil properties was performed using Duncan
significance test {p<0.05}. Additionally, Pearson’s correlation coefficient was employed to
evaluate the relations between the soil physicochemical characteristics.
Results and Discussions:

Table (1): The effect of Land Use system on Soil Texture and Bulk Density:

Source of Categories Soil types DF Mean square F-value Means
variations

Site Cropland Clay % 2 0.33 0.02 ns 35.66a
Fallow 35.33a
Woodland 35.00a
Depth in cm 00-05 Clay % 3 3908.33 241.75%** 13.67b
06 -30 15.33b
31-60 77.00a
61-90 13.67b

Site Cropland Silt% 2 0.78 0.44 ns 4.33a
Fallow 3.66a

Woodland 3.33a

Depth in cm 00-05 Silt% 3 8.44 4.75 ns 4.00a
06 -30 5.33a

31-60 2.00b

61-90 1.18b

Site Cropland Sand % 2 12.11 1.24 ns 57.33
Fallow 55.00

Woodland 53.33

Depth in cm 00-05 Sand % 3 5910.11 604 .44 %% 82.33a
06 -30 79.33a

31-60 4.00b

61-90 2.05b

Site Cropland BD(g.cm®) 1 0.39 22.58%* 1.58a
Woodland 1.14b

*** Very high significantly difference at P<0.001
** High significantly difference at P<0.001

* Significantly difference at P<0.05

Ns not significantly difference at P<0.05

BD: Bulk density
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*mean with same letter for the some source in same column are not significantly different at p= 0.5 using Duncan
range taste.

The result that in table (1) showed highly significant difference in clay and sand contents within
depth at {P<0.05}, The percentage of silt content in all land use types is less than clay and sand
particles content and the sand content is higher, this indicated that soil is not degraded by
erosion. Sand content is increased with changing forest or woodland to crop land this result of
removal of silt and adding sand in soil surface is accelerated water erosion. As Moradi and others
(2015) mentioned that different land uses and plowing can lead to the destruction of soil
structure and reduced performance due to changes in the pores and the pores size distribution,
this mean that, sand content is a physical parameter affected by soil erosion and, hence, can be
measured and as indicator for evaluating soil degradation under different land use systems. In
2013 Filho et al, report that, impact of shifting cultivation causes an alteration of the texture and
structure of the soil, as a result of the repeated exposure of the soil, and the deepening of the
negative effects is related to the increase of surface runoff and erosion and decrease of water
conductivity and the rate of infiltration. Moreover, the result showed that there was no significant
difference in amount of the soil bulk density (BD) among depths in two sites. The high value of
bulk density in the cropland caused the limitation in the roots improvement, these mean (BD)
varied according to land use types. Soil bulk density is influenced by crop and land management
practices that affect soil cover, organic matter, soil structure, and/or soil porosity. Cropland tends
to have higher soil bulk densities than woodlands. As Gol (2008) stated that the deforestation and
subsequent tillage practices increase in bulk density BD and decrease in SOM.
Table (2): The effect of Land Use system on Soil pH value:

Source of variations Categories DF Mean square F-value Means
Site Cropland 2 0.020 0.07 ns 7.84a
Fallow land 7.83a
Woodland 7.84a
Depth in cm 00-05 3 0.56 1.95 ns 7.9a
06 —30 7.8a
31-60 7.8b
61-90 7.8a

pH, hydrogen ions, ns indicate not significant difference, different letters within one row indicate a significant difference at p <
0-05.

Table (2) showed that pH value under fallow land was lower than pH under woodland and
cropland but, had not significant difference between fallow land and other land use types. Soil
pH value was slightly higher for cropland and woodland as compared with fallow land, that
means the soil alkaline range between 7.4 — 7.8 as mentioned in soil manual 2017. Moreover, pH
value under cropland and woodland are showed that the soil moderately alkaline which range
between 7.9 — 8.4. The positive impacts during conversion of forests to shifting cultivation are
mainly related to the increase of soil pH may be due to the increase of basic cations (Mg, Ca, and
K). At the beginning of the cultivation phases, which was coincided with sowing, the soil was
exposed and impacted are negative for the chemical properties on the pH Filho et al., (2013).
Yiming et al (2020) reported that soil organic matter (SOM) and pH are critical soil properties
strongly linked to carbon storage, nutrient cycling and crop productivity. Land use system was
known have a dominant impact on the key soil properties
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Electrical Conductivity (EC) and Sodium Adsorption Ratio: (SAR)

Table (3): The effect of Land Use Types on EC and SAR values:

Source of Categories Variety DF Mean square  F-value Means
variations
Site Cropland EC 2 0.0003 0.70 ns 0.14a
Fallow land 0.14a
Woodland 0.13a
Depth in cm 00 - 05 EC 3 0.0015 3.32% 30.15a
06 —30 0.13a
31-60 0.12b
61-90 0.14a
Site Cropland SAR 2 0 - 1.0a
Fallow land 1.0a
Woodland 1.0a
Depth in cm 00 -05 SAR 3 0 - 1.0a
06 -30 1.0a
31-60 1.0a
61-90 1.0a

EC electrical conductivity SAR sodium adsorption ratio, ns indicate not significant difference, different letters within one row

indicate a significant difference at p <0-05.

Table (3) the results showed that the electrical conductivity (EC) value had significant difference
at (p<0.05) among all soil depths. In addition to that result as observed in table (3) the EC value
is not significant difference in all land use types. The EC value in depth 0.0 — 05 cm is higher
than other three depths. The electrical conductivity EC of a saturation paste extract is the
standard method for measuring salinity. EC is related to the amount of salts that are more soluble

than gypsum in the soil USDA, (2017).

The sodium adsorption ratio (SAR) represents the amount of Na', relative to Ca’", Mg2+. The
SAR is approximately equal to the exchangeable sodium percentage (ESP) of the soil. As
observed in table (3) SAR values had same amount in the three land uses type (cropland,

woodland and fallow land) also the same amount observed in the four soil depths.
Cations Exchangeable capacity
Table (4): The effects of land use Types on Cations Exchangeable:

Source of variations Categories Variety DF  Mean square  F-value Means
Site Cropland Na 2 5.070 0.91 ns 0.17a

Fallow land 0.20a

Woodland 0.13b

Depth in cm 00 - 05 Na 3 21.163 3.78 ns 0.18a

06 —30 0.15a

31-60 0.13a

61-90 019a

Site Cropland K (mgKg 2 5.041 0.87 ns 0.12a

Fallow land h 0.14a

Woodland 0.13a

Depth in cm 00-05 K (mgKg 3 25.39 4.40 ns 0.16a

06 —30 D) 0.13a

31-60 0.11b

61-90 0.13a

Site Cropland Ca /Mg 2 5.92 0.38 ns 1.0a

Fallow land 1.0a

Woodland 1.0a
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Depth in cm 00-05 Ca/Mg 3 5.54 0.36 ns 1.0a
06 —-30 1.0a
31-60 1.0a
61-90 1.0a

Na, sodium, K, potassium, Ca/Mg, calcium/magnesium, ns indicate not significant difference and DF , degree of freedom

Soil sodium (Na) was not significantly different across the three LU types. However, the sodium
amount is higher in the fallow land than other two land uses type, as indicated in table (4). Biro
et al. (2013) reported that potassium losses in the clay soil were more than twice as those in the
sand soil because of the development of preferential flow in the clay soil. Soil potassium (K) in
table (4) showed that hadn’t significant different across soil depths and land use types,
furthermore, potassium K within depths lesser than potassium within land use types. But, the
Calcium and Magnesium (Ca/Mg) in soil depths and LU types had the same values.

Cations exchangeable capacity (CEC) increased by following conversion of forest to field crops
as in table (4) Grath et al, (2001). When forest was cleared for cultivation, there was a slight
decrease in the exchange capacity at all soil depth Watters (1971). When forest is cleared and
burned, large losses of nitrogen occur upon burning by volatilization and reduction of organic
matter Gol and Dengiz (2008).

Phosphorus and Nitrogen:
Table (5): The effects of land use Types on phosphorus (P,,) and Nitrogen value:

Source of Categories Variety DF  Mean square F-value Means
variations
Site Cropland P (mgKg™) 2 0.00000000 - 0.73a
Fallow land 0.73b
Woodland 0.73a
Depth in cm 00— 05 P (mgKg™) 3 0.64000000 99999.99 1.00a
06 —30 HEE 1.00b
31-60 0.20c
61-90 0.20c
Site Cropland N 2 0.00000000 - 0.0006667a
Fallow land 0.0006667b
Woodland 0.0006667¢
Depth in cm 00— 05 N 3 0.00000100 99999.99 0.001000a
06 —30 Hokk 0.001000b
31-60 0.00c
61-90 0.00c

ns means not significant difference, DF means degree of freedom, different letters within one row indicate a significant difference
at p <0-05., *** means very high significant, P, phosphorus and N means Nitrogen

In the table (5) the result showed that, there was very high significant difference in Phosphorus
value among soil depths at (P<0.05) .Moreover, phosphorus (P,y,) has not significant difference
among land use types. The results observed that land use has significant effects on soil chemical
characteristics. Different studies have examined the effects of land use on soil physical and
chemical characteristics, as reported by Mhawish (2014) soil changed into agriculture might
have negative impacts on soil characteristics and the carbon budget to explore history of land
management, and diversely affect soil organic carbon (OC) and Nitrogen (N) levels.
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Bicarbonate (HCO3)

Table (6): the effects of land use Types on Bicarbonate (HCO;) value:

Source of variations Categories DF Mean square F-value Means
Site Cropland 2 1.49 16.34 2.21a

Fallow land HoHE 1.73b

Woodland 1.65b

Depth in cm 00 -05 3 0.13 1.40 ns 1.95a

06 —-30 1.95a

31-60 1.80a

61-90 1.75a

ns means not significant, *** means very high significant, DF means degree of freedom and different letters within one row
indicate a significant difference at p <0-05.

The result in table (6) showed very high significant difference in soil bicarbonate value across
land use types was achieved, and the amount of bicarbonate in cropland increased more than
fallow and woodland. However, high levels of bicarbonates in irrigation water can lead to
sodium issues. Bicarbonates in the soil can tie up calcium, making it unavailable to the soil,
which can increase sodium concentrations and typically stem from bicarbonates in the irrigation
water. High bicarbonates on low CEC soils might be a lesser issue due to good drainage. Soils
with high bicarbonates and low sodium may still tie up calcium.

Organic Carbon:

Table (7): the effect of Land Use Types on Organic Carbon value:

Source of Categories DF  Mean square F-value Means
variations

Site Cropland 2 0.001 1.00 ns 0.13a

Fallow land 0.13a

Woodland 0.10a

Depth in cm 00— 05 3 0.004 4.00 ns 0.100a

06 —30 0.100a

31-60 0.167a

61-90 0.170a

ns indicate not significant difference, DF, degree of freedom and same letters within one colum indicate no significant difference
atp <0-05.

The amount of organic carbon are showed in Table (7) is limited and has no significant
difference within soil depth and land use types. And this amount disappeared and became zero in
sub-depths. The results of statistical analysis and average comparison for both of the 00 — 05 cm
and 05 — 30 cm depths observed that the change in usage caused the amount of organic matter
decrease. The results of this research showed amount of organic carbon (OC) in cropland and
fallow land is more than amount of OC in woodland. Mustafa (2007) stated that in Kordufan and
Darfur in western Sudan, cultivation of marginal lands (traditional farming), exhaust soil organic
matter, reduce soil fertility, and enhance soil erosion. He also stated that soils with less than
3.5% organic matter could be considered erodible. Particular, lowering of organic matter is the
main cause of physical degradation and also affects nutrient supply. Degradation of soil physical

structure has substantial affects on plant yield independently of chemical properties Young
(2000).
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Conclusion:

Land use types (woodland, cropland and fallow land) affected physicochemical characteristics of
soil. These effects observed particularly in sand soil used for shifting cultivation in El Salaam
locality which is resulted in crops yield reduction and infertile soil. Sand soil loss organic matter
easily by runoff water and wind conditions, when farmland disposture by land preparation and
crops harvesting. The statistical analysis of the result within both depths 0.0 — 0.5 and 0.5 —
30cm showed that the change of land use types caused significant change in soil organic matter
amount.
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