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Abstract

The focus on this research work is on soil fertility and involves the considera-
tion of soil organic matter, soil structure, soil microbial population etc.
Project sites of Lower Benue River Basin Development Authority (LBRBDA)
were evaluated to ascertain the soil fertility levels in terms of their nutrient
contents. Data were obtained using Classical methods of analysis. The average
soil pH were in the range of (5.84 £ 0.30 - 6.32 * 0.040), the soil organic mat-
ter content were in the range of (0.67% * 0.01% - 3.21% * 0.07%), moisture
content (0.12% * 0.55% - 1.15% = 0.04%), very good soil porosity (34% =+
0.07% - 42% =+ 0.07%), electrical conductivity (31 + 0.35 mS/m - 54 + 0.35
mS/m), CEC (2.022 + 0.04 meq/100g - 2.286 + 0.002 meg/100g), Base Satura-
tion (0.246% + 0.03% - 0.286% = 0.004%), total Nitrogen content (3.18 + 0.01
mg/L - 7.20 + 0.14 mg/L), available Phosphorous (2.57 + 0.05 mg/L - 5.01 +
0.04 mg/L), with high content of exchangeable Calcium (19.80 + 0.85 mg/L -
22.04 + 0.73 mg/L), exchangeable Potassium (28.85 + 1.45 mg/L - 29.28 +
0.91 mg/L), as well as exchangeable Magnesium (8.62 + 0.44 mg/L - 12 + 0.13
mg/L). Physical parameters fall within the range of a fertile soil; the essential
nutrients contents were very high which portrays the soil to be fertile and
could support promising vegetable crop yield.
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1. Introduction

Soil serves as the natural habitat of organism and it is the medium through
which plants obtain their nutrients. It regulates plants growth, water contents,
recycles raw materials etc. Achieving and maintaining optimal levels of soil fer-
tility is paramount importance if agricultural land is to continuously sustain
crop production. Soil analysis has been used as an aid to assessing soil fertility,
hence, the need for soil analysis. And these have been established in the soil in-
dex system widely used all over the world for agricultural purposes. An alterna-
tive approach is based on the ratio of certain cation in soil (Base Cation Satura-
tion Ratios) and the use of soil audits are being promoted as better approaches to
soil nutrient management. Although the focus on this research work is on soil
fertility, managing these properly is only one part of soil management practice
which also involves the consideration of soil organic matter, soil structure and
soil microbial population [1].

Soil is a naturally occurring ecosystem consisting of a mixture of minerals and
organic matter with a definite form, structure and composition. Soil is composed
primarily of minerals that are produced from rock (parent material) by the
process known as weathering. It has physical, chemical and organic properties
which are undergoing changes continuously. It supports a variety of life forms
such as microscopic bacterial to higher forms of life including invertebrates such
as, moles, voles, spiders, ants, mites, nematodes and earthworms. Soil has four
major components namely; mineral matters, air, organic and water [2].

Soil rich in nutrients give rise to fertility of a soil and this might be in different
level depending on the soil type and its lack in one more quantity may cause
stunted growth of crop plants. The decline or loss of nutrients from soil may be
due to the following; During the raining season, there are infiltrations of water
into the soil by a process called percolation, as the water passes down the soil,
some nutrients are washed away off the soil particle and move down deep to the
soil where they may not be available for plant consumption [3]. Generally, soils
from up-land leached more so they became less fertile than the soils in the lower
level due to the water erodibility and it has been observed that in regions of low-
er rainfall such as northern states of west Africa, soil leaching is more pro-
nounced than in the humid southern states [4].

Soil nutrients or organic matter present on the top soil can be easily washed
away by either surface water run-off or wind and this eventually leads to a great
loss of nutrients hence soil fertility decline [5]. When root crops are harvested,
nutrients are usually removed from the soil by the harvested roots leading to a

certain level of fertility decline. Soil moisture level has pronounced effect on the
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uptake of plant nutrients. As a general rule, there is an increase in the uptake of
cations and anions as soil moisture tension is decreased from the permanent
wilting percentage to field capacity and when the pores become flooded with
water, however roots respiration is affected and ions uptake is decreased [6].

The imbalance in soil nutrient in agricultural sector has drawn a serious con-
cern for soil fertility assessment, these can be traced back to various causes such
as; the application of fertilizer to soil by uneducated farmers without making
particular reference to the specific need of the soil or plant, uncontrolled conti-
nuous erosion, leaching, continuous cultivation on same piece of land on yearly
basis and in the riverine areas, the issue of oil spillage on land, over grazing etc.
Fertile land is defined as a land that is capable of producing consistently high
yield in a wide range of crops [7] [8]. Scientific understanding of soil fertility is
also perceived as the status of the soil n relation to the quantity and availability
of required nutrients needed by crops to enhance their growth life. Farmers
usually understand fertility in a given soil through their native understanding
and long-term experiences in a physical framework particularly color and tex-
ture as determinants. Apart from color and texture, other important salient cha-
racteristics are rebirths such as organic residues content in the soil, moisture re-
tention capacity, drainage, workability and friability. The farmers in tigray
(Ethiopia) use a various observable indicators to assess soil fertility. One of the
indicators used for fertility assessment in tigray includes the appearance of spe-
cific weed species like Echinips hispidusin Ethiopia [8].

Therefore soil nutrient depletion has grave implication leading to widespread
deficiency of macro and micro nutrients of such as N, P, K, Ca, Zn, B, S, in-
creased soil pH levels as well as cation exchange capacity (CEC); a weakened
foundation for high yielding sustainability farming, and escalating remedial cost
on rebuilding depleted soil fertility evaluation (analysis). The decline in soil fer-
tility has imposed a national problem of food insecurity [3]. Therefore, this
study was conducted to assess the soil fertility of project sites of the Lower Benue
River Basin Development Authority project sites (LBV; coordinates of longi-
tudes 7°00'E and 8°30'E and latitudes 5°00'N and 6°30'N) in Makurdi, Otukpo
and Katsina-Ala areas of Benue State (Middle belt Nigeria) with a view to deter-
mine the soil physical, chemical parameters and the essential nutrients of the

soil.

2. Materials and Method
2.1. Description of the Study Area

The study was conducted in three projects sites of Lower Benue River Basin De-
velopment Authority located at Otukpo, Makurdi and Katsina-Ala LGA of Be-
nue State, Nigeria. Figures 1-3 show soil sampling locations.

2.2. Sample Collection

Soil samples were collected from three farm sites namely; Otukpo site (Otukpo
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Figure 1. Map of otukpo local government area showing soil sampled site. Source: Min-
istry of lands and survey Makurdi, 2013.

LGA), Makurdi site (Makurdi LGA) and Katsina-Ala (Katsina-Ala LGA) during
the dry season of 2020. A total of twenty seven (27) soils samples were obtained.
Nine (9) soil samples from each farm site, using a spiral auger of 2 - 5 cm di-
ameter, in each of the site, soil samples were collected at a depth of about 0 - 15
cm during the dry season (November-April) were stored in a clean black polye-

thylene bag and transported to the laboratory.

2.3. Sample Preparation and Treatment

All soil samples obtained from each of the farm project sites were dried for (72
hours) at room temperature (25°C). The air dried soil samples were pounded
using pestle and mortal to ensure homogeneity. The samples were sieved
through a 2 mm mesh sieve. The air dried soil samples were stored in clean black

polyethylene bags and sealed awaiting digestion and analysis.
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Figure 2. Map of Makurdi local government showing soil sample site. Source: Ministry of
lands and survey Makurdi.

2.4. Soil Analysis

2.4.1. Particle Size Analysis
Particle size analysis was conducted using the Bouyoucous hydrometer method

[9].

2.4.2. Soil pH
The pH was determined by taking 10 g of soil sample in the 50 ml beaker and 10
ml of distilled water was added. The suspension was well stirred and allowed to
settle for 30 mins undisturbed. pH readings of the suspension were taken using
pH meter [10].

2.4.3. Cation Exchange Capacity (CEC)

The cation exchange capacity was determined using ammonium saturation me-
thod where 5 g of soil was saturated with normal ammonium acetate solution
after which it was leached in the filter paper. The filter paper was distilled in 30

ml of distilled water, 15 ml of sodium hydroxide and the distillate was received
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Figure 3. Map of Katsina-Ala local government area showing soil sample site. Source:
Ministry of lands and survey Makurdi.

in 20 ml of Boric acid and titrated against the standard hydrochloric acid solu-
tion (0.1 N).

2.4.4. Calcium and Magnesium Determination

Calcium and Magnesium were determined by the EDTA method where 19 ml of
the distilled water was added in a 1 ml aliquot to make 20 ml solution. 1 ml of
10% sodium hydroxide (NaOH) and three drops of potassium cyanide, hydroxyl
amine hydrochloride and triethanol amine reagents were added, this is followed
by adding 2 - 3 drops of murexid indicator and finally titrated using EDTA
where the solution changed from pink to purple for calcium determination. The
other important element called magnesium was determined using 2 - 3 drops of
Eriochrome Black T indicator in which the purple color changed to blue after ti-
tration [10].

2.4.5. Sodium and Potassium
The filtrate solution from CEC determination was used to determine the con-

centration of sodium and potassium ions by flame photometer.
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2.4.6. Organic Carbon

Organic carbon was determined by Walkey-Black method (1934) where 10 ml of
IN potassium dichromate (K,Cr,0,) solution and 10 ml of sulphuric acid
(H,SO,) where pour in a conical flask containing a 1 g of soil and was allowed to
stand for 30 minutes after shaking. 50 ml of distilled water, 5 ml of orthophos-
phoric acid and 1 - 3 drops of barium diphenyl indicator were added differently
in which the light brown colour of the solution turned to maroon after titration
with ferric sulphate (FeSO,) solution [10].

2.4.7. Total Nitrogen

A micro-Kjeldhal distillation method was used for Nitrogen determination
where 2 g of soil samples were taken into the digestion flask. One selenium cata-
lyst tablet (Kjeldhal Catalyst) was added to 10 ml of concentrated sulphuric acid
(H,SO,). The flask was put in the digestion block for heating to about an hour
and was allowed to cool. Distilled water was added to the digest and to make it
30 ml, out of which 10 ml was taken for distillation in Kjeldhal flask plus 15 ml
and 30 ml of sodium hydroxide (NaOH) solution and distilled water respective-
ly. The distillate was received in a 20 ml of boric acid indicator. The distillate was
titrated with 0.01 N sulphuric acid (H,SO,).

2.4.8. Available Phosphorus

A spectrophotometer with absorbance at 660a was used in determining the
available phosphorus using Bray no 1 (0.03 N NH,F + 0.025 NH,Cl) method
where 5 ml of Bray no 1 extract was added into a flat bottom flask containing of
2 g of soil. 2 ml of ammonium molybdate solution and 1 ml of dilute standard
chloride were added to the soil solution and shake vigorously in which it
changed from colorless to light blue. Reading from the spectro-photometer was

obtained.

2.4.9. Electrical Conductivity

Electrical conductivity of the samples was determined using conductivity meter
method. 50 ml of distilled water were added to 10 g of soil sample in a beaker
and shook up using hand. The reading values were obtained from the matter.

2.5. Determination Soil Organic Matter

Soil Organic matter was determined using Anne method (Modified Walkey-Black
Method) [11]. The crucible was weighed using analytical weighing balance. Also,
5 g of the soil sample was weighed and both weights were added together and
recorded on logbook. After which the weighed soil sample was put in the
weighed crucible and placed in a furnace for ashing at a temperature of 1000°C
for 1 (one) hour, after which the furnace was put off and the sample was re-
moved and re-weighed. The method used is known as gravimetric method. The
soil organic matter was calculated using the formula below.

mass before ashing <100

(1)

% soil organic matter =

mass after ashing
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2.5.1. Soil Bulk Density and Percentage Soil Porosity Measurements

The soil sample of 10 g was sieved, weighed and put into a calibrated test tube.
Then 5 mL of water was added gradually and in drops into the test tube con-
taining the soil sample and the soil was allowed to absorb the water molecules
until it is fully saturated without allowing the water volume to come above the
soil level in the test tube. The soil bulk density was calculated using the formula

below.

Bulk density = mass of soil sample

)

volume of water added

The soil porosity was obtained from bulk density, using the formula stated

below

% soil porosity = VOh.lme ofwa'ter added x100 (3)
weight of soil sample

2.5.2. Soil Moisture Content Determination

The soil sample of 5 g was weighed and put into a weighed glass Petri-dish, using
analytical weighing balance ad both weights were recorded on logbook. Then the
sample was placed in an oven at a temperature of 70°C for 5 hr to completely dry
off the wet soil. The dried soil sample was re-weighed. Then the difference be-
tween the initial weight (before heating) and final (after heating) was taking and
recorded. The method used is gravimetric method. And the moisture content

was calculated using the formula stated below.

. M -M
% Moisture content = # x100 (4)
1

where MM, is initial mass of wet sample; A7, is final mass of dried sample.

2.6. Data Treatment

Data collected were subjected to statistical test of mean, standard deviation,
range to assess significant variation in concentration level of the various sam-

ples. Statistical analysis was performed using SPSS.

3. Results and Discussion
3.1. Results

Results of soil physical, chemical parameter and essential nutrients in the Lower
Benue River Basin Development Authority (LBRBDA) Project sites are shown in
Tables 1-3.

3.2. Discussion

Particle size distribution has shown higher content of sand proportion ranging
from 63.7% + 0.71% - 70% + 0.32%; site “B” has the highest sand proportion
while site “A” has the lowest. With moderate clay proportion ranging from
20.9% + 0.05% - 25.20.50% and the proportion of silt is the lowest ranging from
9.1% £ 0.20% - 11.1% + 0.10%. The dominance of sand proportion reflects that,

DOI: 10.4236/0alib.1107222

8 Open Access Library Journal


https://doi.org/10.4236/oalib.1107222

A. D. Oklo et al.

Table 1. Soil physical parameters from lower Benue river basin development authority.

Parameter Site Range SRNS
A B C

Sand (%) 6374071 7004032  650+0.08 53.7 - 90.0 ;

Clay (%) 2524050 209+005 247 +0.02 12.3-35.2 ;

silt (%) 103+041 914020  11.1+0.10 7.9-13.1 ;
Porosity (%) 3404007 420+007  39.5+0.06 23.5-617 30 - 60

Bulk Density (g/cm’®) 0.9 +0.02 1.05+005  1.01+0.01 0.72-312  0.1-1.60
Moisture 0124055 1154004  0.36+0.01 0.87-2.87  15.00 - 30.00

Content (%)

Organic matter (%) 3.21+£0.07 0.67 £0.01 1.26 £ 0.02 0.56 - 4.89 2.00 - 3.00

Key: SRNS: Standard Rating of Nigeria Soil; Site A: Otukpo; Site B: Makurdi; Site C: Katsina-Ala.

Table 2. Chemical parameters of soil samples from lower Benue river basin development

authority.
Parameter Site Range SRNS
A B C
pH 5.84+0.030 6.14+0.010 6.32+0.040 4.03-791 5.50 - 7.50

CEC (meq/100g) 2.022 £0.04 2.253+0.002 2.286+0.002 1.73-4.90 8.00 - 10.00
Base Saturation (%) 0.246 +0.03  0.253 £0.002 0.286 +0.004 0.131 - 0.463 -

Conductivity

31.00 £ 0.350 44.00 £0.20 54.00 £ 0.35 27.00 - 64.00 30.00 - 60.00
(mS/m)

Key: SRNS: Standard Rating of Nigeria Soil; Site A: Otukpo; Site B: Makurdi; Site C: Katsina-Ala.

Table 3. Essential nutrients/elements of soil samples from lower Benue river basin de-
velopment authority.

Essential element

(mg/L) Site Range SRNS
A B C
Nitrogen 6.56 + 0.36 3.18 £ 0.01 7.20 £ 0.14 2.40 - 9.89 0.04 - 0.08
Phosphorous 3.74 £ 0.03 5.01 £ 0.04 2.57 £ 0.05 1.37-7.85 13-25
Calcium 19.80 £ 0.85 20.50 £1.06 22.04 £0.73 12.25-25.21 >3.2
Potassium 29.22 £0.72 28.85+1.45 29.28+£0.91 19.04-31.94 >3.2
Magnesium 8.62 + 0.44 9.07 £0.06 12.08 £0.13 6.73 - 15.08 >3.2

Key: SRNS: Standard Rating of Nigeria Soil; Site A: Otukpo; Site B: Makurdi; Site C: Katsina-Ala.

the parent material of the soil is coarse, while the clay and silt content could be
attributed to the sorting of soil materials by biological and/or agricultural activi-
ties or surface erosion. Thus the soil may be prone to leaching due to high sand
content. From available data on Table 1, it can be said, the particle size distribu-
tion falls within the range of a fertile soil.

Percentage (%) soil porosity ranges from 34.0% + 0.07% - 49.5% =+ 0.06%.

Sample from site “A” has the lowest soil porosity, while sample from site “B” has
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the highest soil porosity. Soil porosity is the total pore-space. Porosity is directly
related to soil permeability—refers to the ease with which water and air move
through soil depending on texture, structure and organic matter content [2].
Table 1 shows the porosity values, it can be inferred that the soil holding capac-
ity falls within the range of a fertile soil.

Percentage (%) moisture content ranges from 0.12% + 0.55% - 1.15% = 0.04%.
Sample from site “A” has the lowest moisture content, while sample from site
“B” has the highest moisture content. Moisture content is the measure of the
water holding capacity of soil. This is due to the high proportion of the sand
particles, low organic matter content and low % clay in the soil. Hence, the
higher the moisture content, the higher the organic and clay content and the
more fertile the soil. Moisture influences the rate of nutrients uptake by plants
from the soil. From the moisture content values provided on Table 1, it can be
stated that the moisture content is within the acceptable range of a fertile soil.

Organic matter content ranges from 0.67% + 0.01% - 3.21% * 0.07%. Sample
from site “B” has the lowest organic matter content, while sample from site “A”
has the highest organic matter content. Soil organic matter refers to any plant or
animal remains that return to the soil through decomposition processes. This is
as a result of the continuous use of herbicide on the farmland and indiscriminate
bush burning. Table 1 also provides data on organic matter content, it indicates
that site A has higher organic matter than sites B and C.

Bulk density ranges from 0.99 + 0.02 g/cm’ - 1.05 * 0.01 g/cm’. Sample from
site “A” has the lowest bulk density, while sample from site “B” has the highest
bulk density. Bulk density is an indication of soil compaction-reflecting the soil
ability to function for structural support, water and soil aeration. This can be at-
tributed to the high sand proportion and low clay content of the soil. From the
bulk density data on Table 1, it shows that bulk density falls within the accepta-
ble range of fertile soil [12].

The pH of the soil samples ranges from 5.84 £ 0.03 - 6.32 + 0.04; hence sample
from site “C” has the highest pH while sample from site “A” has the lowest pH.
Soil pH is slightly acidic, this is attributed to the accumulation of H* and Al’**
due to poor farm practice. Nutrients availability is greatly influenced by pH le-
vels, nutrients are most available to plants in optimum pH range of 5.5 - 7.5.
generally, macronutrients including Nitrogen (N), Potassium (K), Sulphur (S),
Calcium (Ca) and Magnesium (Mg) are mostly available in slightly acidic to
moderately alkaline soils, while the availability of micronutrients such as Iron
(Fe). Maganese (Mg), Boron (B), Copper (Cu), and Zinc (Zn) increases in mod-
erate acidic soil [13]. But some exceptions are applicable. In addition to nu-
trients availability controlled by pH, microorganism activities that contribute to
the decomposition of organic materials are also influenced by pH levels. From
the result provided in Table 2, it can be inferred that the soil the pH is good,
since it falls within the range of a fertile soil.

Cations exchange capacity (CEC) ranges from 2.022 + 0.04 meq/100g - 2.286 +
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0.002 meq/100g. Sample from site “A” has the lowest CEC, while sample from
site “C” has the highest CEC. This is the measure of the ability of soil to attract,
retain and exchange cationic elements at a particular pH. In order for soil to ab-
sorb available nutrients, the nutrients must be dissolved and when dissolved they
are in form of ions (meaning they possess electrical charges). The CEC values of
the soil are low, due to low clay, organic matter content, sand proportion and
consequently the poor water holding capacity of the soil. CEC is influenced by
the amount of pH. Hence CEC is a direct indication of available soil nutrients.
CEC for a fertile soil ranges from (8 - 10) meq/100g. From CEC data provided in
Table 2 shows that the CEC is low since it is below the acceptable range for a
fertile soil.

Percentage (%) Base saturation ranges from 0.246% =+ 0.03% - 0.286% =
0.004%. Sample from site “A” has the lowest % base saturation, while sample
from site “C” has the highest % base saturation. Base saturation is the measure of
the proportion of the total CEC occupied by basic cations. Hence higher the clay
and organic matter content the more fertile the soil and vice-versa. Table 2 in-
dicates that the % base saturation is low due to the low organic matter content.

Soil electrical conductivity (EC) ranges from 31 + 0.350 mS/m - 54 + 0.35
mS/m. Sample from site “A” has the lowest EC, sample from site “C” has the
highest EC. This is the measure of the ability of the soil to conduct electrical
current. EC is an indication of nutrients availability in the soil. The higher the
EC, the more clay and organic matter particles in the soil and hence, the more
cations that are being held in the soil and higher the nutrients content in the soil.
While the lower the EC the lower the nutrients in the soil. But the EC should not
be excessive as such will result in a detrimental effect on the soil fertility. EC is
influenced by numerous soil properties such as texture, salanity and moisture.
From the values on Table 2, it shows that the soil has an acceptable EC [13] [14].

Nitrogen (N) content ranges from 3.18 + 0.01 mg/L - 7.20 £ 0.14 mg/L. sam-
ple from site “B” has the lowest nitrogen content, while that from site “C” has
the highest nitrogen content. Nitrogen is a part of protein, enzyme, and chloro-
phyll which also serves as a regulator. From the result of analysis on Table 3, it
indicates that the content of nitrogen is high since it falls above the recom-
mended range for a fertile soil. Hence, it can be said that the soil is highly rich in
nitrogen and very fertile for agricultural use. This could be as a result the conti-
nuous application nitrogen containing fertilizer.

Available phosphorous (P) ranges from 2.57 + 0.05 mg/L - 5.01 + 0.04 mg/L.
Sample from site “C” has the lowest Phosphorous content, while that from site
“B” has the highest phosphorous content. From the data provided on Table 3, it
shows that the phosphorous content is low since it falls below the range of ac-
ceptable fertile soil. This could be due to the slightly acidic pH (<6.5) which is
not suitable for solubility and release of phosphorous in the soil. From literature
macronutrients are usually less available in soil with low pH [14] [15].

Calcium (Ca) content ranges from 19.80 + 0.85 mg/L - 22.04 + 0.73 mg/L. The
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sample from site “A” has the lowest calcium content, while that from site “C”
has the highest calcium content. From the analytical result on Table 3, it can be
inferred that the high Calcium (Ca) content indicates the presence of suspected
dolomite, gypsum, as well as the use of lime on the soil. As such the soils are rich
in calcium [16].

Potassium (K) content of the soil samples ranges from 28.85 + 0.72 mg/L -
29.28 + 0.98 mg/L. The soil sample from site “B” has the lowest Potassium (K)
content, while soil sample from site “C” has the highest Potassium (K) content.
It can be inferred from the result on Table 3 that the Potassium content is high
when compared with SRNS.

Magnesium (Mg) contents of the soil samples ranges from 8.62 + 0.44 mg/L -
12.08 * 0.13 mg/L. Sample from site “A” has the lowest Magnesium (Mg) con-
tent, while sample from site “C” has the highest Magnesium (Mg) content. The
result on Table 3 shows that Magnesium (Mg) content is far above 3.2 hence the
farm sites are rich in Mg [17] [18].

4. Conclusion

The study revealed that LBRBDA project sites is enriched with nutrients which
could be as a result of climatic, weather, human activities and geological forma-
tion in the area. Levels of essential nutrients in the three sites (A, B and C) has
shown that these project sites do support vegetable crop and animal production
and in turn supports a variety of life forms such as microscopic bacterial to
higher forms of life including invertebrates such as moles, ants, mites, nema-

todes earthworms. Results obtained conform to results from other studies.
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