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Abstract

This study details soil’s physical and chemical properties in a rice-grown en-
vironment in Minna environs Niger State, Nigeria, under different soil and
water conservation practices. Soil samples were collected at 0 - 10 cm, 10 - 20
cm and 20 - 30 cm, respectively, using a soil auger to determine their physical
and chemical properties such as moisture content, particle size, bulk density,
particle density, porosity and organic matter. The textural classification de-
termined the percentage dominance of the soil types in each study site loca-
tion. The moisture content of site 1 ranged between 14.3% to 13.7%, site 2
ranged between 13.2% to 10.2%, site 3 ranged between 15.4% to 13.2%, site 4
ranged between 15.6% to 13.6% and site 5 ranged between 16.1% to 10.9%.
The clay content of sites 3, 4 and 5 is higher than that of sites 1 and 2, while
the silt contents of sites 1, 2 and 3 are higher than that of sites 4 and 5. The
mean value of soil organic carbon from each study location was 2.37%, 2.03%,
2.43%, 2.07% and 2.17% for sites 1, 2, 3, 4, and 5, respectively. Therefore, site
1 is susceptible to erosion because of poor infiltration rate and well-ploughed
or cultivated land by the tractor (harrowed). The particle sizes analysis indi-
cated that the soil type in Site 1 and Site 2 is mainly sandy loam, while Site 3
and Site 5 are mainly loamy and predominantly clay loam in Site 4.
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1. Introduction

Soil and water are essential inputs to agricultural production [1], and in Nigeria,
agricultural practice is crucial to the development and livelihoods of most of the
population [2]. However, agricultural land use in Nigeria often results in the de-
gradation of natural soil fertility and reduced productivity. Soil degradation
during some farming activities sometimes results in soil erosion, sedimentation,
and leaching [3]. Berhe et al [4] stated that with the current rate of soil loss
through various agents of erosion, the topsoil resource would be rapidly dis-
placed into the sea, ocean, rivers and stream. In Nigeria, low crop production
has been linked partly to the poor soil condition caused by previous severe ero-
sion [5]. Soil erosion occurs when soil particles are carried off by water or wind
and deposited elsewhere. Erosion begins when rain or irrigation water detaches
soil particles. Too much water on the soil surface fills the surface depression and
begins to flow with enough speed; this surface runoff carries away the loosed soil
[6]. Soil erosion depends on the rainfall’s erosivity and the soil’s erodibility [7].

The extent of washing away of the soil particles depends on the soil characte-
ristics and type involved, which leads to the concept of erodibility [5]. Soil ero-
dibility is an estimate of the ability of soil to resist erosion based on the physical
and chemical characteristics of each soil [8] [9]. Generally, soils with faster infil-
tration rates, higher levels of organic matter and improved structure have more
excellent resistance to erosion [10]. Water is one of the significant factors in rice
production, with the increasing scarcity of water, the costs of its use and re-
source development [11]. Therefore, farmers and researchers are looking for
ways to reduce water use in rice production, increase its use efficiency and in-
crease paddy rice yield. Traditional rice cultivation uses floodwater manage-
ment, which requires various inputs that are costly and time-consuming [11].
Water management is how water is delivered, when, how often, and how much
water is used to obtain the maximum vyield [12].

The greatest challenge for agriculture in Nigeria is to produce more Rice with
less water if food security is to be maintained. Thus, irrigation water use effi-
ciency should play a more significant role in meeting future rice demands [11].
The only solution to the worldwide water shortage and utilization problem is ef-
ficiently using agricultural water to improve crop productivity [13]. The irriga-
tion interval method is the most common practice among rice farmers in rural
communities of Nigeria. The determination of suitable irrigation frequency that
will improve water use efficiency and save costs is significant. Little information
is available on improving Rice’s water use efficiency in Nigeria’s savanna eco-

logical zone. This study is therefore aimed at evaluating the effect of soil and
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water conservation practices on the physical and chemical properties of soil in a

rice-grown environment in North Central Nigeria.

2. Materials and Methods
2.1. Study Area

The study was conducted on the permanent site farm of the Federal University
of Technology, Minna, Gidan Kwanu, which is known to have a total land mass
of eighteen thousand nine hundred hectares (18,000 ha.). It is located along ki-
lometre 10 Minna—Bida Road, South—East of Minna in Bosso Local Govern-
ment Area of Niger State. It has a horseshoe-shaped stretch of land, lying ap-
proximately on a longitude of 06° 28" E and latitude of 09° 35" N. The site is
bounded Northwards by the Western rail line from Lagos to the northern part of
the country, the eastern side by the Minna—Bida Road, and the northwest by the
Dagga hill and river Dagga [14] [15].

2.2. Soil Sample Collection

Soil samples were collected at 0 - 10 cm, 10 - 20 cm and 20 - 30 cm, respectively,
using a soil auger from each study area. The distance intervals between the sam-
pling points were 10 m within the study area. This spacing is based on the bor-
der basins commonly prepared for rice farming. 450 g of soil sample was col-
lected from each sampling point in the field at depths between 0 and 45 cm to
determine their physical properties. These properties were determined according
to [14] and [15]. The samples collected were based on the soil’s tillage condition
in the study area. Site 1 is the tilled area by tractor operations (harrowed), while
site 2 is manually tilled using the local hoe with small-sized mounds made. Site 3
is a section where the remains of rice stocks and straws are tilled with a tractor,
and site 4 is a wet area with remains of rice stocks and straws, which were ma-
nually tilled using the hoe. Site 5 is a Plane land manually tiled using the hoe.
The hydrometer method was used to determine the particle size analysis. 50 g
of the soil sample from a 2 mm sieve was poured into a conical flask. Next, 50 ml
of sodium hexametaphosphate was added to the soil sample in the flask, after
which 100 ml of distilled water was added. The solutions were mechanically
shaken and stirred to allow the particles to disperse nicely, but they were not
done in such a manner as to reduce the sizes of soil particles, so they were al-
lowed to stand for 24 hours. This is in accordance with [5] and [16]. According
to Musa et al [17], a correction factor concerning the temperature is added to
the hydrometer readings, giving a new value of H (Hydrometer Correction Fac-
tor). Equations 1 to 3 were used to determine the percentage components of the

various soil components.

100—(H x100)
Weight of soil

% Sand = (1)

% Clay = —— H quo (2)
Weight of soil sample
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% Silt=— 0 (3)
% sand + % clay

2.3. Bulk Density

The mass of each empty crucible was determined as M1, after which soil samples
were placed in the various crucible of known weight and re-weighed (M,). The
crucible with the soil samples was kept in the oven for 24 hours at 105°C. After
oven-drying, the crucible with the dried soil samples was re-weighed as Ms. The
bulk density was calculated as the mass of oven-dried soil per volume of core
(g/cm?®), and gravimetric moisture content as the mass of water in the soil sam-
ple per mass of the oven-dried soil. Equation 5 below was used to determine the

bulk density of the various soil samples.

Mass of Oven Dry Soil
Volume of core sampler

)

Bulk Density(BD) =

Total soil porosity was determined by the relationship between bulk and par-
ticle density.

3. Results and Discussion

Results of the various laboratory analyses for the soil samples collected from
each study location are presented in Table 1, Table 2, Table 3 and Table 4, re-
spectively. The soil textural classification (Table 1) for the various soil samples
based on the various cultivation practices was conducted using a soil textural
triangle. The percentage of sand content recorded generally was observed to be
relatively high for all the study locations, which ranged between 43% and 53%
when compared with the other components of soil, such as silt content ranging
between 11% and 24%, while clay content ranged between 32% and 38%. The
results obtained from the Bougocous hydrometer method showed that sites 1
and 2 have higher percentages of sand than sites 3, 4 and 5. Similarly, the clay
content of sites 3, 4 and 5 is higher than that of sites 1 and 2, while the silt con-
tents of sites 1, 2 and 3 are higher than that of sites 4 and 5. This result shows
that sites 1, 2, 3 and 5 are more suitable for rice production than site 4. This is in
accordance with the work of [5], who stated that soil aggregation is essential for
the resistance of the land surface to erodibility, and it influences soils’ capacity to
remain productive. However, water erosion from detachment, rainfall, transport,
and runoff are also agents that contribute to land degradation.

Table 2 presents the results of the moisture content of each of the study loca-
tions. The results show that the mean moisture content of sites 1, 2, 3, 4, and 5
was determined to be 14%, 12%, 14.30%, 14.50% and 12.80%, respectively. This
was similar to the work carried out at a different location in the same study area
by Musa and Egharevba, whose moisture content ranged between 10% and 13%.
This shows the dryness of the soil within each of the study locations compared
with the result of [18], which [19] confirmed that the infiltration rate would be

higher when the soil is dry. Many researchers have established that low moisture
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reduces the cohesiveness among the particles, thus making them freely dispersi-
ble by water and other erosion agents. This is in accordance with the work of
[20] [21] and [22].

The lowest bulk density value, as presented in Table 3, was found in site 3. It
ranges from 1.28 g/cmto 1.39 g/cm. While site 4 has the lowest particle density
value, ranging from 1.56 g/cm to 1.76 g/cm. Soil and water conservation practic-
es affected the soil bulk and particle density. The lower mean bulk and particle
value under integrated measures might be the subsequent effect of reduced soil
loss and crop residue through erosion and adding organic matter from plants.

Similarly, works were reported by [23] and [24], who showed lower mean soil
bulk and particle value in conserved plots of rice farms than in non-treated cul-
tivated lands. However, data about particle size distribution revealed dominantly
sandy loam and loam textural class, which implies that soil and water conserva-
tion practices do not alter the soil texture. The result agrees with the finding of
[25], who reported a non-significant difference in texture due to soil and water

conservation practices.

Table 1. Soil particle size and textural classification result of the study areas.

Particles size

Locations ~ Samples % sand % silt % clay Textural classifications
Site 1 1 46 19 34 Sandy Loam Soil
Site 2 2 47 23 30 Sandy Loam Soil
Site 3 3 43 24 33 Loam Soil
Site 4 4 53 15 32 Clay Loam Soil
Site 5 5 51 11 38 Loamy Soil

Table 2. Moisture content of each of the study locations.

Locations Samples Horizon Depth (cm) Wi(g) W2(g) Wi(g) Mc (%) AMc (%)

0-10 25.168  104.239 90.148 14.3

Site 1 1 10 - 20 25.529  104.605 86.162 14.0 14.00
20 - 30 24.941  102.175 82.452 13.7
0-10 24.073  101.515 87.143 13.2

Site 2 2 10 - 20 24.861 103.654 89.132 12.6 12.00
20 - 30 23.942  100.451 79.142 10.2
0-10 25.986  103.065 93.168 15.4

Site 3 3 10 - 20 24.676  102.175 92.196 14.3 14.30
20 - 30 24918 101.113 90.184 13.2
0-10 25.023  102.142 96.168 15.6

Site 4 4 10 - 20 25.147  105.163 93.145 14.3 14.50
20 -30 24.186  103.163 92.131 13.6
0-10 26.012  105.196 96.333 16.1

Site 5 5 10 - 20 25.023  103.148 94.145 11.4 12.80
20 - 30 25.140  102.132 90.132 10.9

Where Wi is the weight of the crucible container, W is the weight of the crucible container and
fresh soil sample, W5 is the weight of the crucible container and oven-dried soil samples, Mc is the
moisture content of the soil, and AMc is the average soil moisture content.
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Soil and water conservation practices influenced soil organic carbon (OC) of
the farmlands within the study area, as observed in Table 3. The mean value of
soil organic carbon from each study location was 2.37%, 2.03%, 2.43%, 2.07%
and 2.17% for sites 1, 2, 3, 4, and 5, respectively. It was generally observed that
the soil and water conservation practices and their integration positively impact
the soil organic carbon of cultivated lands. This result, therefore, indicates that
soil and water conservation practices have a positive role in improving soil or-
ganic carbon. This is in accordance with the works of [26] and [27].

Soil Organic matter (SOM) in each study location was different, as observed
in Table 4. The soil organic matter for sites 1, 2, 3, 4 and 5 were 3.23%, 4.07%,
3.83%, 4.30% and 3.37%, respectively. These results show that if SOM is in-
creased in the soil, the infiltrability also tends to increase. These results are simi-
lar to the work of [28]. Furthermore, the average OM for sites 1, 3 and 5 was
lesser than those of sites 2 and 4, significantly implying that soil particles are
drier. Thus, the shape, size and stability of soil aggregates may affect the infiltra-
tion rate of rainwater. For instance, coarse-grained sandy soils have large spaces
between each grain, allowing water to infiltrate quickly. These results are similar
to the works reported by Zhang et al [29] on the infiltration rates under differ-

ent dryland conditions in Indonesia.

Table 3. Soil aggregate results of the study locations.

Locations Samples

. Particle Size Bd Pd P OC OM.
Horizon

Depth (cm) o5 sand 9% Silt % Clay (g/cm®) (g/em?®) (%) (%) (%)

Site 1

Site 2

Site 3

Site 4

Site 5

0-10 48 28 24 1.45 2.94 18.20 2.30 4.00
1 10 - 20 47 14 39 1.28 1.58 13.60 2.50 2.60
20 - 30 43 16 41 1.43 1.62 14.90 2.50 3.10
0-10 59 21 20 1.40 2.94 20.30 1.80 4.80
2 10 - 20 41 23 36 1.51 1.99 29.70 2.80 4.00
20-30 42 24 34 1.46 3.10 24.10 1.50 3.40
0-10 42 23 35 1.39 1.99 53.50 2.60 2.60
3 10 - 20 43 24 33 1.28 2.80 44.50 2.00 4.60
20 - 30 45 25 30 1.39 2.94 23.60 2.70 4.30
0-10 51 18 31 1.80 1.56 57.10 1.90 5.10
4 10 - 20 56 14 30 1.63 1.63 42.30 2.30 3.60
20 - 30 52 12 36 1.57 1.76  34.10 2.00 4.20
0-10 48 11 40 1.45 1.82 7.05 1.80 2.90
5 10 - 20 55 9 36 1.52 1.86 50.20 1.90 3.20
20 - 30 49 13 38 1.44 1.91 40.30 2.80 4.00

Where Bd is the bulk density, Pd is the particle density, P is Porosity, OC is the Organic carbon,

OM is the Organic matter.
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Table 4. Summary of results.

ABD APD. AP AOC AOM APS Textural class
Locations Samples AMC N 5
(g/em’)  (g/em’) (%) (%) (%) 9 Sand %Silt % Clay
Site 1 1 14.00 139 2.05 1557 237 323 46 19 34 Sandy Loam Soil
Site 2 2 1200  1.46 268 2470 2.03 407 47 23 30 Sandy Loam Soil
Site 3 3 1450 135 258  40.53 243 3.83 43 24 33 Loam Soil
Site 4 4 1280  1.67 1.65 4450 207 430 53 15 32 Clay Loam Soil
Site 5 5 1430 147 1.86 3252 217 337 51 11 38 Loam soil

Where ABD is the Average Bulk Density, APD is the Average Particle Density, AP is the Average Porosity, AOC is the Av-
erage Organic Carbon, AOM is the Average Organic Matter, and APS is the Average Particle Size

The ability of soil to store water depends on the void spaces within it. Thus,
water movement within sandy soils is faster than that of tightly packed clay soils.
This is in accordance with the works of Musa et a/. [5] and Musa and Egharevba.
The soil analysis results show that the soil storage capacity depends on the soil
porosity. The study locations, sites 1 and 2, are primarily sandy soils and have
high porosity, making it difficult to store water. This is in accordance with the
work of Akilapa [18], who confirmed that soils run through fingers when
fetched and quickly dry up when subjected to high temperatures, mainly con-

taining minerals.

4. Conclusion

The effect of soil and water conservation practices on soil’s physical and chemi-
cal properties in a rice-grown environment in Minna, north-central Nigeria, was
conducted. From the various results obtained, the particle size analysis showed
that the soil types in Sites 1 and 2 are sandy loam, Sites 3 and 5 are loam, and
Site 4 is clay loam, respectively. Some factors affecting water infiltration rate in-
clude texture, management practice and bulk density. Sites 1 and 2, with light
textured soils, were observed to have a higher infiltration rate than the heavier
textured soils of Sites 3, 4 and 5 due to the large conducting pores in sandy soil.
Cultivated tilled lands usually have lower infiltration rates than those fallowed
soils. However, soil erosion is a cause of soil fertility loss, reducing crop yield
and exacerbating the risk of flooding. The study reveals that indigenous soil and
water conservation technologies are considered effective conservation methods.
Moreover, the sample with the most negligible moisture content was obtained in
Site 2, having an average moisture content of 12%. It is therefore concluded that
the soil within Site 2 needs particular management practices to ensure a reason-
able infiltration rate of water for soil and water conservation because of its poor
infiltration rates, which may lead to the occurrence of surface runoff, during
which fine soil particles are carried away as a result of water erosion, poor wa-
tershed management, rapid population growth and inappropriate use of farming

practices that had contributed for a lion share of the losses caused and pose a
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severe threat to the production of Rice and other crops.
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