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Abstract

The research was carried out to investigate the influence of shelterbelts on microclimatic factors
and soil physicochemical properties in Kaura Namoda semi-arid ecological zone. Electrical
conductivity of the soils ranged between 35.30 and 44.25 uS cm™. Result of soil texture analysis
revealed that the soils are predominantly sandy, making the soils to fall into the sandy clay loam
classification. Analysis of the physicochemical properties indicated that the concentrations of all
the elements at the three locations, except boron were significantly (p < 0.05) different from each
other. Concentrations of the elements ranged thus: Zn: 0.20-0.30 ppm, Ca: 6.69-9.74 ppm, Fe:
1.78-3.61 ppm, Cu: 0.09-0.25 ppm, B: 1.01-1.17 ppm, Mg: 1.87-5.47 ppm, Mn: 0.19-5.51 ppm, N:
38.00-42.00 mg/kg, K: 30.00-42.00 mg/kg, Na: 23.00-35.00 mg/kg, CI: 30.20-39.40 mg/L, S: 0.41-
0.61 mg/kg, P: 1.21-1.70 mg/kg and OC: 13.26-18.53%. It could be concluded that some of the
soil nutrients within the studied areas were slightly below the recommended soil fertility for
Northern Nigeria Savanna soil. However, it could be suggested that the presence of the shelterbelts
played significant role in keeping the nutrients at the determined concentrations by preventing
excessive leaching of soil nutrients due to the harsh weather condition of Kaura Namoda. Based
on the findings, it could be recommended that farmers in Kaura Namoda should endeavour to
leave behind agricultural wastes on the soils after harvesting as well as boosting the fertility of
the soils with both organic and inorganic fertilizers to enhance productivity.
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Introduction

Shelterbelts consist of rows of planted or naturally regenerated trees that plays an important role
in the sustainable development of an agroforestry ecosystem (Rempel et al., 2017; Liu et al., 2022).
It serves the purpose of reducing wind velocity and its impact within farm lands and around
buildings (Yuan et al., 2020). Additionally, shelterbelts have been used traditionally over time to
reduce soil erosion emanating from wind (Fang 2021; Su et al., 2021). The beneficial effect of
shelterbelts on crop yields has been recorded (Smith et al., 2021). This is evident as it is
effectiveness in reducing wind velocity, increasing relative humidity and suppressing evaporation
from open surfaces (Gochez et al., 2020; Weninger et al., 2021). Similarly, planting of shelterbelts
around farm lands had greatly improved the physicochemical properties of the soil (Kamal, 2014;
Zhuang et al., 2017). The resultant effect of this include improved soil organic matter, recycling
plant nutrients, improved rain infiltration and provision of habitats for birds and bees, reduction of
the occurrences of pests and diseases and reduction of pesticide drift that invariably increases crop
yield (Bentrup et al., 2019; Gochez et al., 2020; Weninger et al., 2021) .

The effectiveness of shelterbelts is a function of a number of factors, which include; height and
type of the trees, length and width of the belt, density as well as the direction and strength of winds
(Amichev et al., 2017; Hansen et al., 2020). Interestingly, the age of the trees plays a very
important role on the extent and degree of protection. More so, the height of the trees is considered
as the most important factor that determine its protective role on the surrounding farmland (Zhu
and Song, 2021). Evidently, it has been established that the greater the height of the trees, the
greater the protected distance. The protected area is measured in multiples of the height (H) of the
shelterbelt.

In arid and semi-arid ecological zones, windbreaks preserve the soil moisture. Findings of Kamal
(2014) had shown that soils protected with windbreaks may possess more moisture than
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unprotected ones. Reduction in the rate of evaporation from the soil is another indirect benefit of
windbreaks with its corresponding reduction of wind velocity. This finding corroborated those of
an earlier study that documented over 10% yield increase in crop production caused by shelterbelt
density (Jiang et al., 2003).

Although, shelterbelts are found at various locations in Kaura Namoda Local Government Area of
Zamfara State, studies to assess its full importance to the locality remained unreported. Previous
studies conducted in other locations have documented the benefits of shelterbelts to agricultural
farmlands which include; control of erosion, wind velocity and desertification which culminated
in improved crop yield. However, such studies are yet to be carried out on the shelterbelts in Kaura
Namoda. The present study is aimed at investigating the influence of shelterbelts on soil
physicochemical properties in Semi-Arid Ecological Zone characterized by hot weather conditions
and low rainfall. The study will in no small measure offer useful information to farmers in Kaura
Namoda, for full exploitations of the available potentials attributable to shelterbelts.
MATERIALS AND METHODS

Study Area

The study was conducted in some selected shelterbelts within Kaura Namoda Local Government
Area, Zamfara State. Three shelterbelts that were selected for this study are situated as follows:
Location A: (beside SLT Complex, Federal Polytechnic Kaura Namoda) between latitude
12°38'16"N and longitude 6°35'18"E, location B (Yankaba road, Kaura Namoda) between latitude
12°36'02"N and longitude 6°34'42"E and location C (beside GSS, Kaura Namoda) between
latitude 12°36'51"N and longitude 6°35'31"E. Generally, the climate of Zamfara state is
characterized by a long dry season (October-April) with a short rainy season (May-September),
while the study area in particular (Kaura Namoda) experiences long dry season (October- middle
of May) with a short rainy season (middle of May-September) (Shamaki and Abubakar, 2021).

The study area experiences harmattan wind, which is usually dry, cold, and dusty blowing between
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the months of November to early March. The soil of studied area is predominantly sandy. The
vegetation of the area falls within the Sudan Savannah vegetation zone characterized by soils that
are mostly sandy to loamy in texture with some patches of clayey subsoil. The vegetation of the
proposed study area is composed of various species of grasses and legumes, patches of bushes and
sparsely distributed indigenous tree species majority of which are thorny tree species (Shamaki

and Abubakar, 2021)

Soil Sample Collection

The method described by Mangosongo et al., (2019) was adopted with slight modifications. The
soil samples from the sampling plots (within and outside the shelterbelts) were taken. At each
shelterbelt, a 25m x 25m within three locations were selected for microclimatic elevation. This
was followed by collection of two (0.5kg) composite soil samples in the sampling area. This will
be achieved by taking soil. samples from the selected sampling areas at a depth of about 0 — 30 cm
using a soil auger and then mixed thoroughly in a clean plastic bag labelled and taken to the lab

for analysis.

Determination of Soil Physicochemical Properties inside the Shelterbelts

Electrical Conductivity

The electrical conductivity of the soil sample was determined using the method described by Tale
and Ingole (2015). This was achieved by preparing a saturated paste of 2 mm sieved soil. This was
achieved by adding 120 g of soil sample in 400 mL capacity beaker using deionized water. This
was followed by transferring the paste of soil samples in to Cyber scan 500 conductometer and the

value was be read out.
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Soil Texture (Silk, Clay and Sand)

Soil texture was determined using the pipette method as described by Mangosongo et al., (2019)
with slight modifications. In this method, the dried, ground soil sample (70 g) was transferred into
a 250 ml flask. Distilled water (100 ml) was added followed by 10 ml of 1M NaOAc (sodium
acetate) and was centrifuged for 10 minutes at 1500 revolutions per minute (rpm). The supernatant,
was decanted while the soil suspension was washed with 50 ml of distilled water. This was
followed by further centrifugation and decanting. The pretreated sample from the above analysis
was treated with 4 ml of hydrogen peroxide (H202) and was heated until frothing ceases to remove

organic matter.

The sand particles were separated into various sizes by pouring the treated soil on to a 270 mesh
(53 um) sieve and washed with 500 ml of distilled water with gentle stirring. The filtrate (soil
suspension) was collected.in a 2000 ml cylinder. The filtrate collected in the cylinder was stored
for analysis of silt and clay while the residue (sand) on the 270 mesh (53 um) sieve was collected

in a pre-weighed weighing dish, dried at 105°C and was reweighed.

The pipette method described by Mangosongo et al., (2019) was adopted to determine the silt (2 -
20 um) and clay (< 2 um) fractions of the sample. The silt fraction was evaluated by adding 10 ml
of hexametaphosphate solution to the filtrate in 1000 ml cylinder obtained above and made up to
the 1000 ml mark with distilled water, followed by covering the cylinder with a stopper with gentle
swirling from one end to another for one minute. The filtrate was allowed to settle down for about
4 to 6 minutes at room temperature. Furthermore, 25 ml of the settled filtrate was pipetted from a
depth of 10 cm. The pipetted solution was placed in a pre-weighed evaporating dish and dried in
an oven at 105°C to constant weight. The weight of the residue was taken as the silt fraction.
Determination of clay was done after allowing the filtrate to stand for about 6 to 7 hours and the

above procedure was repeated. The weight of the residue was taken as the clay fraction.
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The weight of the remaining treated soil sample was determined by adding 10 ml of CaCl2 and
Iml of 1 M HCI to the remaining suspension in the cylinder. This was done to prevent the
formation of calcium carbonate, and to cause flocculation of the soil particles. The supernatant
was siphoned using pipette after flocculation. This was followed by pouring the soil flocculant into
a pre-weighed evaporating dish, dried at 105°C and re-weighed. The purpose of weighing the
treated soil sample was to account for the losses at the various stages of the analysis. The total
oven dry weight of the treated sample was used as a base for calculating the size of the soil fractions
and was obtained using the equation below. Data was presented as percentage of sand, silt and

clay.
W, + W, + W, = W,
Where: W, = Weight of the sand fraction
W, = Weight of the fractions taken by pipette (silt and clay)
W, = Weight of the remaining fraction
W, = Total oven dry weight.
Determination of Soil Organic Carbon

The method described by Mangosongo et al., (2019) was adopted with slight modifications. The
determination was carried out by carefully weighing out 200 mg air-dry soil sub-sample into 500
ml wide mouth Ertemmeyer flask, followed by addition of 20 ml of 1M K2Cr207. The suspension
was swirled to disperse the soil and the solution followed by rapid addition of 20 ml of
concentrated H2SOa4. The soil-dichromate mixture was shaken gently and was allowed to stand for
about 30 minutes, and then, 200 ml of distilled water was added. The resulting solution was titrated
against 0.5M FeSOas using Ophenanthroline indicator and the percentage organic matter was

calculated using the formula below:
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(chrz 02— FESO4) X (03) xf
Weight in gram of dry soil

% Organic C =

Where, f = 1.3, a correction factor used to account for carbon that does not oxidize in the

procedure.

Determination of Mineral Elements

Total Nitrogen

Total soil nitrogen was determined by using semi-micro Kjeldahl digestion described by
Mangosongo et al., (2019) followed by colorimetric determination of the resultant ammonium by
color reaction (Indo-phenol blue method). In this method, 0.2 g of air-dry soil was weighed into a
Kjeldahl flask. To this sample, 0.2 g of copper metal, 0.1 g Selenium (Kjeldahl tablets) and 15 ml
of sulphuric acid-salicylate mixture was added. In order to oxidize the organic matter, 2 ml of
hydrogen peroxide was added and was heated to boiling point for 5 minutes. In the mixture, 4 g of
K2S0O4 was added and the mixture was digested at 430°C using a thermal Kjeldahl apparatus. The
nitrogen present in the sample was converted to ammonium form and the ammonium was

determined calorimetrically using a spectrophotometer.

Analysis of Other Mineral Elements

The method of Fatumetuzzehra and Ebru (2010) was adopted to determine the presence of mineral
elements such as phosphorus (P), sodium (Na), potassium (K), magnesium (Mg), calcium (Ca),
sulphur (S), iron (Fe), copper (Cu), chlorine (CI), boron (B), zinc (Zn) and manganese (Mn). Wet
digestion method was used following analysis of the digested sample using Flame Atomic
Absorption Spectrometry (FAAS) and Electro thermal Atomic Absorption Spectrometry (ETAAS)

respectively.
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Data Analysis

Data collected for mineral elements analysis were subjected to One-way Analysis of Variance
(ANOVA) at 95% confidence level. Significant differences was taken for p<0.05. Data generated

from the analysis were presented in tables.

3. Results and Discussion
Table 1: Electrical conductivity and soil texture analysis of the shelterbelts
Locations pH EC Sand Silt Clay Soil Texture
(H20)  (uScm™) (g/kg)  (9/kg) (9/kg)
A: Inside 7.16 42.70 620.00 132.29 247.71 Sandy clay loam
Outside  6.90 44.25 585.71  169.14 245.15 Sandy clay loam
B: Inside 7.12 35.30 605.71 184.00 210.29 Sandy clay loam
QOutside  6.85 38.50 574.29  194.00 231.71 Sandy clay loam
C: Inside 7.02 38.60 634.57 171.72 193.71 Sandy loam
Outside  6.81 40.45 574.29 175.14 250.57 Sandy clay loam

pH of the soils inside and outside the shelterbelts at the three Locations were displayed in Table 1
and ranged between 6.81 and 7.16, with the highest value recorded at Location A (7.16 and 6.90),
followed by Location B (7.12 and 6.85) and Location C being the least (7.02 and 6.81). The
moderately high pH values recorded in the studied area could be attributed to limited rainfall in
Kaura Namoda. It has been documented by similar study that limited rainfall could result in higher
average pH values (Shehu et al., 2019). These values were within the optimal pH range of 6.5 to
7.5. Within this pH range, most plant nutrients are optimally available to plants, hence, the pH of
the soils in the present study would enhance availability of the nutrients necessary for the plant

growth and development. Based on the pH values, all the soils analyzed at the three locations are
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normal or neutral soils. There was no significant difference (p>0.05) in the pH value of all the
soils analyzed at the three Locations. The present study is in congruence with findings of Jensen

and Thomas, (2010).

The electrical conductivity (EC) of the soils analyzed ranged between 35.30 and 44.25 uS cm™ as
shown in Table 1. EC is a measure of the salt content in the soil and an important indicator of soil
health. It affects the yield and quality of crops, the nutrients available to the plant as well as the
activities of the soil microbes. The highest EC of 44.25 uS cm™* was obtained in soil from Location
A outside while location B inside has the least value. Electrical conductivity is used to estimate
the soluble salt concentration in soil and is commonly used as a measure of soil salinity. From the
findings of the present study, the electrical conductivity is less than 1 dS/cm, which is consistent
with electrical conductivity of normal soil. The result agrees perfectly with the pH values that
demonstrated that the soils are normal soils. The results obtained here were higher than those

reported by Osakwe and Okolie (2015) but lower than those of Fomenky et al., (2018).

The results of soil texture analysis of the three shelterbelts Locations in the present study were
shown in Table 1. The results showed that the soils were predominantly made up of sand particle
relative to others. Findings of earlier researchers have reported that Northern Nigerian Savanna
soils were developed from aeolian materials and pre-Cambrian basement complex rocks such as
granite, schist and sandstone resulting in a large sand fraction in the surface soils of the studied
areas (Shehu et al., 2019). The aggressive weather conditions of the studied area could be
responsible for the nature of the soil texture as the soil texture of the studied area is mostly sandy
clay loam. Correspondingly, the findings of this study is in congruence with those of Malgwi et
al., (2000) and Voncir et al., (2008) who independently reported that clay eluviation and wind
erosion are additional factors that contribute to large sand content of the surface soils of the

Northern Nigerian Savanna.
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The zinc values of the soils inside the three Locations are presented in Table 2. Location A had
the highest value, followed by Location C while Location B had the least value of 0.30 + 0.0252,
0.026 + 0.0404 and 0.20 + 0.0306 ppm respectively. ANOVA result indicated that the proportion
of zinc in the three Locations were significantly different (p < 0.05). While a significant difference
existed between the values of zinc in Locations A and B, there was no significant difference
between the values of zinc in Locations A and C as well as between Locations B and C
respectively. It is worthy of note that the values of zinc in all the soils at the three Locations were
lower than the critical value of 5.0 mg/kg, according to the ratings of the Nigerian “National
Special Programme on Food Security” NSPFS (2005) classification of Nigerian Savanna soils.

Zinc is considered as an important micronutrient in the soil responsible for improving crop

production.
Table 2: Mineral elements inside the shelterbelt with ANOVA result
ELEMENTS LOCATION MEAN + SD ANOVA RESULT
F-VALUE P-VALUE
Zinc (ppm) A 0.30+ 0.0252 6.573 0.031*
B 0.20 £+ 0.0306
C 0.26 + 0.0404
Calcium (ppm) A 5.69 + 0.2326 100.996 0.000*
B 9.74 £ 0.6250
C 5.80 + 0.1653
Iron (ppm) A 3.61 + 0.2552 35.315 0.000*
B 2.55 + 0.3670
C 1.78 £ 0.1100
Copper (ppm) A 0.25 £+ 0.0306 34.617 0.001*
B 0.09 £+ 0.0208
C 0.19 £ 0.0252
Boron (ppm) A 1.17 £+ 0.0306 1.227 0.357
GSJ© 2024
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Magnesium (ppm)

Manganese (ppm)

Nitrogen (mg/Kg)

Potassium (mg/Kg)

O W » O W >» O W >» O W >» O

1.01 +0.2949
1.33 +£0.0300
1.87 +£0.1253
5.47 +£0.3612
2.08 +0.0757
3.76 £ 0.1604
0.19 £0.0322
5.51 +£0.2272
42.00 + 1.0701
40.00 + 0.2287
38.00 +£0.3011
40.00 + 0.8578
30.00 + 0.1442
42.00 +1.3391

240.206

839.554

26.982

138.079

0.000*

0.000*

0.001*

0.000*

773

ELEMENTS

LOCATION

MEAN =+ SD

ANOVA RESULT
P-VALUE

F-VALUE

Sodium (mg/Kg)

Chlorine (mg/L)

Sulphur (mg/Kg)

Phosphorus (mg/Kg)

Organic Carbon (%)

W > 0 W> O WP O WP 0O WP

@)

23.00 + 0.4950
35.00 + 0.2696
29.00 £+ 0.1249
37.50 £+ 0.7966
30.20 £+ 0.2359
39.40 £+ 0.2452
0.56 + 0.6409
041 +£0.1153
0.61 +£0.3676
1.21 + 0.0404
1.70 £ 0.1332
1.60 + 0.0252
18.53 £ 0.8154
15.21 + 0.2354
13.26 + 0.2352

951.595

277.686

1672.153

35.902

75.034

0.000*

0.000*

0.000*

0.000*

0.000*

Key: * = Significantly different
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Calcium concentrations (ppm) (5.69 + 0.2326, 9.74 + 0.6250 and 5.80 + 0.1653) in the soils
inside the shelterbelts analyzed were presented in Table 2, for Locations A, B and C respectively.
The concentration of calcium differs significantly (p< 0.05) for all the soils analyzed. It was
observed that soils from Location B had the highest calcium concentration, followed by those from
Location C, while soils from Location A demonstrated the least value of calcium. According to
classification of Shehu et al., (2015), the concentration of calcium for soil samples from all the

Locations were within the high value (> 5 mg/kg).

The concentration of iron inside the shelterbelts in the three Locations were presented in Table 2.
Inside the shelterbelts, the concentrations of iron at all the Locations differ significantly (p< 0.05)
from each other with Location A having the highest value, followed by Location B, while Location
C had the least value of 3.61 + 0.2552, 2.55 + 0.3670 and 1.78 + 0.1100 ppm respectively. Iron
concentrations at Location A, and B fell within the moderate level required by soils while that at
Location C was within the low level according to NSPFS, (2005). Similarly, the moderately high
concentrations of calcium in all the locations suggests the presence of limestone in the soil, which
reduced iron concentrations. The concentrations of iron in the present study are lower than the

ones reported by Shehu et al., (2018).

The concentration of copper in the soils inside the shelterbelts in the studied areas were presented
in Table 2. The concentrations of copper inside the shelterbelts differ significantly (p<0.05) with
Location A having the highest concentration, followed by Location C, while Location B had the
least concentration of 0.25 + 0.0306, 0.19 + 0.0252 and 0.09 + 0.0208 ppm respectively. The
concentration of copper at Location A fell within the moderate copper level while those at
Locations B and C were considered low according to NSPFS (2005) classification. The
concentrations of copper in the present study were lower than those reported by Shehu et al.,

(2018).
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The concentration of boron in the soils inside the shelterbelts in the studied areas were presented
in Table 2. There was no significant (p<0.05) difference in boron concentrations at the different
locations. The concentration of boron in all the soils analyzed fell within a moderate soil fertility
condition (NSPFS, 2005). Results of the present study were similar to findings of Shehu et al.,

(2019).

The concentrations of magnesium in the soils inside the shelterbelts as presented in Table 2 were
1.87 +£0.1253,5.47 + 0.3612 and 2.08 + 0.0757 ppm for Locations A, B and C respectively. The
concentration of magnesium differs significantly (p< 0.05) for all the soils analyzed. It was
observed that soils from Location B had the highest magnesium content, followed by those from
Locations C, while soils from Location A demonstrated the least value of magnesium in all the
samples. The concentration of magnesium for the soil samples were below the critical level of
magnesium (10 mg/kg), (NSPES, 2005; NAAIAP, 2014). However, these values were relative
higher than those obtained by Shehu et al., (2019). These values could be associated with limited
rainfall within the studied areas which consequently reduced leaching of magnesium ions from the
soils. The findings of the present study were in congruence with the results obtained by Lumula,

(2021).

The concentration of manganese in the soils inside the shelterbelts in the studied areas were
presented in Table 2. It could be seen that the concentrations of manganese differ significantly (p
< 0.05) with Location C having the highest concentration, followed by Location A, while Location
B had the least concentration of 551 +0.2272, 3.76 +0.1604 and 0.19 + 0.0322 ppm
respectively. According to NSPFS (2005) classification, concentration of manganese at Location
C was considered slightly high, while those at Locations A and B were considered to be moderate
and low respectively. The concentrations of manganese in the present study were lower than those

documented by Shehu et al., (2018).
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Total nitrogen content of the soils within the shelterbelts (Table 2) followed a similar trend as the
organic carbon. There was a significant (p<0.05) difference between the nitrogen content of the
three shelterbelts examined, with Location A having the highest value (42.00 mg/Kg) while
location C had the least (38.00 mg/Kg). Findings of this study presented a similar trend with those
documented by Okon et al., (2014), who reported a direct correlation between nitrogen content

and organic carbon.

Concentrations of potassium in the soils inside the shelterbelts in Locations A, B and C as shown
in Table 2 were 40.00 +0.8578, 30.00 +0.1442 and 42.00 + 1.3391 mg/Kg respectively.
Potassium concentration in the three Locations were significantly (p < 0.05) different from each
other, with Location C having the highest concentration, followed by Location A, while Location
B had the least concentration. From the results of these analyses, it could be observed that the
concentration of potassium inall the soils examined in all the Locations were low and came short
of the recommended critical level according to NSPES (2005). The low potassium concentrations
recorded in the soils analyzed could be partly related to the inherent low status of these soils

resulting from complete crop residue removal by the farmers in the studied areas.

Concentration of sodium inside the shelterbelts in the three Locations were presented in Table 2.
All the values were significantly (p < 0.05) different. It could be seen that sodium concentration
at Location B was significantly higher (35.00 + 0.2696) than those at the other two Locations,
followed by Location C (29.00 + 0.1249), with Location A having the least concentration (23.00
+ 0.4950). Since sodium is usually needed by plants in small quantity, the high values recorded
in the present study were not desirable. Findings of the present study were higher than those
reported by Shehu et al., (2019).

The concentration of chlorine inside the shelterbelts (Table 2) at Locations A and C fell within the

moderate level while that at Location B was considered low according to NSPFS (2005)
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classification. The concentrations at all the Locations showed significant (p < 0.05) difference
with Location C having the highest value (39.40 + 0.2452), followed by Location A (37.50 +
0.7966) while Location B had the least concentration (30.20 + 0.2359) mg/L respectively. The
moderately high concentration of chlorine in the soils analyzed could be associated with the use

of organic fertilizer (animal dungs) by the farmers in the area.

Concentration of sulphur in the soils inside the shelterbelts in the studied areas were presented in
Table 2. The concentration of sulphur vary significantly (p < 0.05) from one location to another
inside the shelterbelts, with Location C having the highest value, followed by location A while
Location B had the least concentration of 0.61 + 0.3676, 0.56 + 0.6409 and 0.41 + 0.1153 mg/Kg
respectively. The concentration of sulphur in all the soils analyzed fell within the low soil fertility
condition according to the ratings of NSPFS (2005). Results of the present study were lower than
the findings of Shehu et al., (2019) for soils within Northern Guinea Savanna and Sudan Savanna
with average sulphur concentrations of 7.29 and 6.25 mg/Kg respectively. The low sulphur
concentration recorded in the present study could be attributed to leaching due to the composition
of the soils.

Concentrations of phosphorus in soils inside the shelterbelts in Locations A, B and C as shown in
Table 2 were 1.21 + 0.0404, 1.70 + 0.1332 and 1.60 + 0.0252 mg/Kg respectively. Phosphorus
concentration in the three Locations were significantly (p < 0.05) different from each other, with
Location B having the highest concentration, followed by location C, while Location A had the
least concentration. It could be observed that the concentration of phosphorus in all the soils
examined in all the Locations were quite low and came short of the recommended critical level.
The low phosphorus levels recorded in the soils analyzed in all the Locations of the studied areas
could be partly related to the inherent low status of these soils resulting from complete crop residue

removal by the farmers in the study areas. A similar trend was reported by Shehu et al., (2015) for
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some of the soils analyzed in their study that examined fertility status of selected soils in the Sudan

Savanna Biome of Northern Nigeria.

The percentage organic carbon content inside the shelterbelts (Table 2) was significantly (p< 0.05)
higher in location A (18.53%), followed by location B (15.21%) and lastly, location C (13.26%).
The significantly high organic carbon content of all the soils evaluated in all the Locations could
be attributed to the accumulation of organic matter over the years on the soil surface. The high
value inside the shelterbelts could be associated with the decomposition of leaves from the trees
within the shelterbelts. These values were higher than the critical level for soil organic carbon of
3.44% (NSPFS 2005; NAAIAP, 2014). Findings of the present study were in congruence with

those of Okon et al., (2017).

Conclusion

Findings of the present study had shown that the soils were neutral with sandy clay loam texture.
Results of the physicochemical properties revealed that concentrations of all the elements at the
three locations were significantly (p < 0.05) different from each other, with exception of boron.
The study demonstrated that concentrations of elements such as zinc, iron, copper, magnesium,
manganese, potassium, chlorine, sulphur and phosphorus were lower that the recommended
values. However, it was also seen from the analysis that while the concentration of boron was
found to be moderate, those of calcium and organic carbon were considered to be slightly higher
than the recommended values. It could be concluded that the soil nutrients within the studied areas
slightly fell below the recommended soil fertility for Northern Nigeria Savanna soils. However,
the presence of the shelterbelts could be responsible for keeping the nutrients at the determined
concentrations as they would have prevented excessive leaching of soil nutrients due to the harsh

weather condition of Kaura Namoda.

GSJ© 2024
www.globalscientificjournal.com



GSJ: Volume 12, Issue 2, February 2024
ISSN 2320-9186 779

REFERENCES

Amichev, B. Y., Bentham, M. J., Kulshreshtha, S. N., Laroque, C. P., Piwowar, J. M. and Van
Rees, K. C. J. (2017). Carbon sequestration and growth of six common tree and shrub
shelterbelts in Saskatchewan, Canada. Can. J. Soil Sci. 97; 368-381.

Bentrup, G., Hopwood, J., Adamson, N. L. and Vaughan, M. (2019). Temperate agroforestry
systems and insect pollinators: a review. Forests. 10-20.

Fang, H. Y. (2021). Quantifying farmland shelterbelt impacts on catchment soil erosion and
sediment yield for the black soil region, northeastern China. Soil Use Manage. 37; 181-95.

Fatumetuzzehra, K. and Ebru, K. (2010). Determination of trace element contents of
Thymus species from  Turkey. Turkish Journal of Chemistry:  34(6).
https://journals.tubitak.gov.tr/chem/vol34/iss6/8.

Fomenky, N. N., Tening, A. S., Chuyong, G. B., Mbene, K., Asongwe, G. A. and Che, V. B.
(2018) Selected physicochemical properties and quality of soils around some rivers of
Cameroon. J. Seil Sci. Environ. Manage. 9(5); 68-80. DOI: 10.5897/JSSEM2017.0672

Gochez, A. M., Behlau, F., Singh, R., Ong, K., Whilby, L. and Jones, J. B. (2020). Panorama of
citrus canker in the United States. Tropical Plant Pathol. 45; 192-199.

Hansen, S. M., Gunnell, J.,, Whaley, A., Dai, X., Harding, C. and Black, B. L. (2020).
Adaptability of tree species as windbreaks for Urban farms in the U.S. Intermountain
West Horticulturae. 6-9.

Jiang, F. Q., Zhu, J. J., Zeng, D. H., Fan, Z. P., Du, X. J. and Cao, Y. C. (2003). Management
for Protective Plantations (Beijing: China Forestry Publishing House)

Kamal, H. (2014). Effects of shelterbelt on soil temperature, soil moisture and vegetable vyield
in a semi-desert environment along the river Nile state, Sudan.

Liu, Y., Li, H., Yuan, F., Shen, L., Wu, M., Li, W., Wang, A., Wu, J. and Guan, D. (2022).
Estimating the impact of shelterbelt structure on corn yield at a large scale using Google
Earth and Sentinel 2 data. Environ. Res. Lett. 17; 044060.

Lumula, G. A. (2021). Determination of soil fertility index parameters and speciation of potassium
and molybdenum in soils from selected farms in Kakamega County, Kenya. A Thesis
submitted in partial fulfililment of the requirements for the award of the Degree of Master
of Science (Chemistry) in the School of Pure and Applied Sciences of Kenyatta University.

Malgwi, W. B., Ojanuga, A. G., Chude, V. O., Kparmwang, T., Raji, B. A., (2000).
Morphologicaland physical properties of some soils at Samaru, Zaria, Nigeria. Niger.
J. Soil Reseorces 1; 58-64.

Mangosongo, H. M., Lyaruu, H. V. and Mneney, E. E. (2019). Assessment of Soil Physico
Chemical Properties in Selected Natural Habitats of the Wild Rice (Oryza

GSJ© 2024
www.globalscientificjournal.com


https://journals.tubitak.gov.tr/chem/vol34/iss6/8

GSJ: Volume 12, Issue 2, February 2024
ISSN 2320-9186 780

Longistaminata) and their Effects on the Species Morphological Characters. Huria
Journal 26 (1); 12-29.

NAAIAP (2014). National Accelerated Agricultural Inputs Access Programme, Kenya
Agricultural Research Institute, Department of Kenya Soil Survey (2014). Soil
Suitability Evaluation for Maize Production in Kenya.pp 151-160

NSPFS (2005). Nigerian soil fertility rating and thematic maps. National Special Programme
for Food Security. NSPFS, Abuja, Nigeria

Okon, M.A., Osuji, G.E., Onweremadu, E.U., Agim, L.C., Uzoho, B.U., Osuaku, S.K. And
Ahukaemere, C.M. (2014) Differences in soil physicochemical properties on a
catenary landscape in Owerri, Southeastern Nigeria. In: Intl. J. of Applied Research
and Technology; 12-15.

Okon, M. A., Nwachukwu, M. N. and Osujieke, D. N. (2017). Differences in
Physicochemical Properties of Soils under Oil Palm Plantations of Different Ages in
Ohaji/Egbema, Imo State. International Journal of Research in Agriculture and
Forestry. 4(1); 1-5

Osakwe, S. A. and Okolie, L. P. (2015). Physicochemical characteristics and heavy metals
contents in soils and cassava plants from farmlands along a major highway in Delta
State, Nigeria. J. Appl. Sci. Environ. Manage. 19(4): 695-704

Rempel, C. J., Suren, N. K., Beyhan, Y. A. and Ken, C.J. V. R. (2017). Costs and benefitsof
shelterbelts: A review of producers’ perceptions and mind map analyses for
Saskatchewan, Canada. Can. J. Soil Sci. 97: 341-352. dx.doi.org/10.1139/cjss 2016
0100.

Shamaki, S. B. and Abubakar, A. B. (2021). Volume estimation of shelterbelt stands in
Usmanu Danfodiyo University, Sokoto, Nigeria with three analytical formula.
Proceedings of the 7th Biennial Conference of the Forests & Forest Products
Society, Held at University of Uyo, Uyo, Nigeria. 26th - 30th April, 2021.

Shehu, B.M., Jibrin, J.M. and Samndi, A.M., (2015). Fertility status of selected soils in the
Sudan Savanna biome of Northern Nigeria. Int. J. Soil Sci. 10; 74-83.
https://doi.org/10.3923/ijss.2015.74.83.

Shehu, B., Merckx, R., Jibrin, J., Kamara, A. and Rurinda, J., (2018). Quantifying variability in
maize Yyield response to nutrient applications in the Northern Nigerian Savanna.
Agronomy 8, 18. https://doi.org/10.3390/agronomy8020018.

Shehu, B. M., Lawan, B. A., Jibrin, J. M., Kamar, A. Y., Mohammed, I. B., Jairos Rurinda,
J., Zingore, S., Craufurd, P., Vanlauwe, B., Adam, A. M., Merckx, R. (2019).
Balanced nutrient requirements for maize in the Northern Nigerian Savanna:
Parameterization and validation of QUEFTS model Field Crops Research. 241
107585: 1-12

Smith, M. M., Bentrup, G., Kellerman, T., MacFarland, K., Straight, R. and Ameyaw, L. (2021)
Windbreaks in the United States: a systematic review of producer-reported benefits,
challenges, management activities and drivers of adoption. Agric. Syst. 187 103032

Tale, K. S. and Ingole, S. (2015). A Review on Role of Physicochemical Properties in Soil
Quality. Chem Sci Rev Lett; 4(13): 57-66.

Voncir, N., Mustapha, S., Tenebe, V.A., Kumo, A.L., Kushwaha, S., 2008. Content and profile
distribution of extractable zinc (Zn) and some physicochemical properties of soil along a
toposequence at Bauchi, Northern Guinea Savanna of Nigeria. Int. J. Soil Sci. 3; 62—68

GSJ© 2024
www.globalscientificjournal.com


https://doi.org/
https://doi.org/10.3390/agronomy8020018

GSJ: Volume 12, Issue 2, February 2024
ISSN 2320-9186 781

Weninger, T., Scheper, S., Lackoova, L., Kitzler, B., Gartner, K., King, N. W., Cornelis, W.,
Strauss, P. and Michel, K. (2021). Ecosystem services of tree windbreaks in rural
landscapes—a systematic review. Environ. Res. Lett. 16; 103002

Yuan, F., Wu, J., Wang, A., Guan, D., Zhang, Y., Rajah-Boyer, K. I. and Xu, X. (2020). A
semiempirical model for horizontal distribution of surface wind speed leeward
windbreaks. Agrofor. Syst. 94 499-516.

Zhu, J. J. and Song, L. N. (2021). A review of ecological mechanisms for management
practices of protective forests. J. for. Res. 32: 435-448

Zhuang, J., Zhang, J., Yang, Y. (2017). Effect of forest shelter-belt as a regional climate
improver along the old course of the Yellow River China. Agroforest Syst 91(3):393-401

GSJ© 2024
www.globalscientificjournal.com





