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ABSTRACT

Soil supplies most of the mineral nutrients for plant growth through the plant’s root system.
The need to determine the soil nutrient supplying capacity of the soil at |di-Apa, Oke-Oyi
ared for groundnut cultivation is of major concern before embarking on large-scale cultivation
of groundnut to avoid great loss. The project was therefore conducted to analyse the soil at
Idi-Apa, Oke-Oyi area based on the fertility for the cultivation of groundnut.

Soil samples were taken at depths 0-30 cm and 30-60 cm (which is the maximum rooting
depth for groundnut) from the land. The samples which were collected through the random
method were sent to the laboratory and analysed for chemical parameters: pH; organic
carbon, lOC; organic matter, OM; calcium, Ca; magnesium, Mg; sodium, Na; potassium, K;

and nitrogen, N. Physical properties (textural class) and other properties such as sodium

adsorption ratio, SAR; exchangeable sodium percentage, ESP; base saturation,BS and

cation exchange capacity, CEC were determined.

The result of the analysis showed that the pH (7.1-7.8), OM (2.36-6.93%)%, OC (1.37-
4.98)%, Na (0.04-0.15)%, ESP (1.04 — 1.28)%, and BS (95.37-95.85)%were found to be in

were outside the required range.

Generally, some of the major nutrients like magnesium needed by the crop have
deteriorated while some others like calcium are available in high quantities. This calls for the
application of fertilizer to the soil to provide the lost nutrients and proper monitoring of the
soil before the cultivation of groundnut.

There were no significant differences (p >.05) in the results between the two soil layers for
all chemical properties considered except for organic where OM was significantly higher in
the subsoil than in the topsoil.

the range [of the requirements for groundnut production, while the other analyses parameters |
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1. INTRODUCTION

Soils are natural media or materials for the growth of plants. In other words, it is any earth
| material that contains all the necessary nutrients required for plants to grow well. A-fFertile
soil contains two solid components namely mineral and organic matter (which is the remains
of decayed cells of plants and animals). Plant roots depend on the process of respiration to
obtain energy. Respiration is an important function of soil which allows carbon dioxide to
escape and fresh oxygen to enter the root zone [1]. The chemical properties of soil indicate
the status of the soil in terms of acidity or alkalinity, its soluble salt content, cation holding
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capacity, cations and anions content, important plant nutrients such as nitrogen,
phosphorus, and potassium, organic matter, and carbonate. These properties will give a
strong indication as to the fertility status of the soil in terms of its ability to provide essential
nutrients to plants/crops and the favourability of the soil's chemical environment for plant
growth +ei.e., whether it is too acidic, too alkaline, or too saline, all of which would adversely
affect plant growth [2].

Groundnut (Arachis hypogaea L.), also known as peanut, earthnut, and goobers is an annual
legume of the Fabaceae family[3]. It is one of the world's principal oil seed crops widely
grown in areas ranging from |atitude 400 North and South. It is a major crop rotation

component in many sub-Saharan countries in the world [4]. Nigerid is one of the major
groundnut producers in Africa. With 11% area, the country produces 7% of the world's
groundnut production [3].

Several agricultural soils which could have been used for the cultivation of crops have been
abandoned due to the probability of the soil not being fertile enough for good productivity
leading to a decrease in food available for the increasing population and thereby
encouraging the importation of agricultural produce. Therefore, this study was set out to
evaluate the soil status of Idi-Apa in Oke Oyi soil and to ascertain its fertility as well its
suitability for groundnut cultivation.

2. MATERIAL AND METHODS

2.1 Study Area

The study was carried out at, the Idi-Apa, Oke-Oyi area of Kwara State, Nigeria. It is located
in llorin East Local Government Area (LGA) and it is one of the sixteen LGAs of Kwara
State. It is located en-atlatitude 8°30 and 9°00 and longitude 4°30 and 5°00 East. It shares
boundaries with llorin South LGA to the south, llorin West LGA to the west, Moro LGA to the
north, and Ifelodun LGA to the east. Oke-Qyi is the local government headquarters.

Presently, the land area (about 250 ha) falls in the western upland physiographic
region of the state. Idi-Apa, Oke-Oyi land has an average height of about 360 m above sea
level and a slope of less than 10 degrees. The highest air temperature of 35°C is often
recorded in March/April and the lowest (250°C) is recorded between July and August. The
area belongs to dry sub-humid climatic regions [5]. This climatic condition no doubt dictates
the human activities in the study area with various agricultural practices including traditional,
irrigation agricultural systems dominating the rural landscape.The climate of the area is
characterized by wet and dry seasons each lasting six months. The average rainfall is about
50.8 mm during the driest month (November to April). The people of the area are
predominantly farmers cultivating crops such as yam, maize, cassava, guinea corn, and
vegetables among others.

2.2Sample Collection

Disturbed soil samples were collected at four locations within the irrigation scheme.
Soil samples were collected from the 0-30 and 30-60 cm soil layers at each
sampling point with the aid of a soil auger. Random sampling approach was
employed for the collection of the soil samples on the field[6]. This method entails
taking samples in a random pattern across the field, generally avoiding unusual or
problem soil areas within the field.The collected soil samples were packed in
different polythene bags to prevent atmospheric influences. The samples were sent
to the laboratory of the Lower Niger River Basin for physical and chemical analysis.
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2.3Soil Sample Analysis

Soil samples were analysed according to the USDA textural classes [7]. Physical properties
of interest in the soil analyses include texture, while chemical properties of concern include
pH, organic carbon (OC) and organic matter (OM), exchangeable cations—calcium (Ca),
magnesium (Mg), sodium (Na), and potassium (K) and total nitrogen (TN).| Other properties
such as sodium adsorption ratio, SAR; exchangeable sodium percentage, ESP; base
saturation, BS and cation-exchange capacity, CEC were determinedl. Mechanical analysis of
soil was done by the Bouyoucous or hydrometer method [8] by sieve and sedimentation
analysis;-,and corresponding textural classes were determined.

2.4Statistical Analysis

Data were statistically analyzed for variance (ANOVA) using the SPSS (v. 20)
statistical package. A threshold of P =.05 was used to define statistical significance.

3. RESULTS AND DISCUSSION

3.1 Soil Textural Classification

The solil textural class at the topsoil for all sampling points were-wasloamy-sand while the
subsoil samples were sandy-loam (Table 1). According to [9], the ideal field for groundnut
production should have soil that is well-drained and light-coloured with either sandy, loamy
sand, or sandy loam texture. Thus, the soil texture in this location is considered suitable for
groundnut production[9]

Table 1.  Soil Textural Classification
Sampling
Point Depth(cm)  Sand(%) Silt(%) Clay(%) Textural Class
A 0-30cm 8.08 1.1 0.82 Loamy Sand Formatted: Highlight
30-60cm 6.88 2.1 1.02 Sandy Loamy Formatted: Highlight
B 0-30cm 8.25 0.8 0.95 Loamy Sand Formatted: Highlight
30-60cm 6.35 2.3 1.35 Sandy Loamy Formatted: Highlight
c 0-30cm 8.55 0.61 0.84 Loamy Sand ——
30-60cm 6 75 15 Sandy Loamy Formatted: Highlight
D 0-30cm 7.88 1.31 0.82 Loamy Sand Formatted: Highlight
30-60cm 2.03 2.3 1 Sandy Loamy Formatted: Highlight
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3.2Soil Chemical Properties
The results of mean values of soil chemical properties were presented in Table 2.

Soil pH: Soil pH at both soil layers ranged between 7.1-7.8, which indicates that the soil
was slightly alkaline [10]. The desirable pH range for optimum plant growth varies among
crops. Crops like groundnut grow best in the 5.3-8.0 pH range [11]. Others may grow well
under slightly acidic conditions. If the pH is higher than 8.0, certain elements such as iron
and zinc become unavailable. Since soil at both layers falls within this range, therefore the
soil is good for groundnut cultivation.
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| lOrganic matter (OM) and Organic carbon (OC):l Using the Walkley—Black scale, the ideal

soil organic matter level from the nutrient cycling and fertility standpoint is generally
considered as 5-8%. Thus, considering the state of the soil from both depths, the subsoil
organic matter was adequate since it ranges between—4-46between 4.46and —6.93%
which% which falls within the recommended range of the Walkley — Black scale. Hence the
values of organic matter in the soil especially the subsoil layers were generally moderate
and suitable for groundnut cultivation. Organic carbon also follows the same trend as OM.

Calcium (Ca®"): Calcium (Ca) is required by groundnut plants from the time when pegs
begin to appear, and fruit formation, until the pods are mature. The level of calcium in the
sampled area ranges from 5.7-9.5 cmol/kg and is considered adequate for the production of
good-quality groundnut kernels stated by [12].

| Magnesium (Mg®): The level of Magnesium-Main both soil layers of the sample area is
significantly lower than the standard soil magnesium requirements for groundnut cultivation
of 1.82 cmol/kg. The level of magnhesivm-Main the top soil ranged between 0.3 and 0.9
cmol/kg: and between 0.3 land 0.7 cmol/kg in the subsoil. Magnesium of both the top and
subsoil is pelow the limit of standard requirement for groundnut cultivation. This might limit

groundnut yield as it reduces the availability of potassium in the soil [13].

Sodium (Na"): Sodium is found in all plant materials. Although it does not seem to be
necessary to-forthe growth and development of plants, it is used advantageously, particularly
when potassium is low, sodium seems to be able to partly substitute for potassium. Excess
sodium is a problem in many dry areas particularly if the irrigation water system is alkaline.

| The excess sodium suppresses soil biology, root development, and nutrient availability[14].
From the result the topsoil (0.04 -0.08 c-mol/kg) and subsoil (0.12- 0.15 c-mol/kg) values
respectively are within (0.007 - 0.3 c-mol/kg) as recommended by [15]

Potassium (K*): Potassium is important for increasing crop resistance to disease, and for
stimulating rooting activity, photosynthesis, starch formation, translocation of sugar,
chlorophyll production, and more. Potassium is a regulator of metabolic activities. Result
indicates that both the top-soil and sub-soil values ranges between 0.1 and —0.24 cmol/kg,
which are far below the recommended value of |.0.5 cmol/kg ffor groundnut cultivation[16].

Nitrogen:The results show that the nitrogen present in the soil is ranged between 0.17 and
0.45% which is below (1-6%) for soils[17]. Nitrogen exists in the air spaces in the soil, but
most plants and microbes cannot make use of this gaseous form until it is "fixed" into a more

| available, soluble form (either ammonium_(; NH4 or nitrate(; NOg)). This process of
converting gaseous hitrogen to a mineralized available form is called nitrogen fixation. Being
a leguminous crop, groundnuts can fix atmospheric nitrogen (N) with the aid of root bacteria.

| For this reason, groundnut is not dependent on nitrogen fertilisationfertilization. Groundnuts
with effective root bacteria do not need additional nitrogen.

Table 2. Mean value of the Soil Chemical Properties
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3.30ther Properties
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Sampling Depth oC OM N Ca Mg Na K
Point (cm) pH (%) (%) (%) cmol/kkg cmol/kg cmol/kg cmol/kg
| A 0-30cm, 75 255 439 04 7.25 0.45 0.04 0.12 | Formatted: Font: 10 pt, Highlight
30-60cm, 74 498 572 027 7.2 0.5 0.12 0.24 | Formatted: Highlight
| Formatted: Font: 10 pt, Highlight
B 0-30cm, 78 153 2.63 0.28 6.6 0.5 0.05 0.13 (Formatted: Highight
Hiall |
30-60cm, 72 402 6.93 044 95 0.3 0.13 0.2 ( Formatted: Font: 10 pt, Highlight
o 0-30cm, 77 14 241 035 84 0.3 0.06 0.1 | Formatted: Highlight
F tted: Font: 10 pt, Highlight
30-60cm, 71 243 446 032 82 0.2 0.15 0.15 [ Formatted: Font: 10t Highi
[ Formatted: Highlight
D 0-30cm, 76 137 236 045 57 0.9 0.08 0.2 | Formatted: Font: 10 pt, Highlight
| 30-60cm, 75 379 549 017 7 0.7 0.09 0.13 [Formatted: Highlight

| Sodium Absorption Ratio (ISARD: The result for SAR value for topsoil (0.44) and subsoil

(0.06) respectively. The result shows that both of the depths have a very low SAR, although
ideally, soil SAR should be < 13% adapted from [16].

| Exchangeable Sodium Percentage (ESP): This gives a measure of the percentage of
sodium ions in the total base cations. It is recognized in the literature as one of the indices of
soil salinity with a reported threshold of 15 %. [18]also opined that the critical values of ESP
above which most crops are affected negatively was-wereestablished as 15 %. Excess ESP
has an adverse effect on the physical and nutritional properties of the soil, with a consequent
reduction in crop growth, significantly or entirely. The exchangeable sodium percentage
(ESP) of the soil ranged from 1.04 to 1.28%. Soils with ESP of less than 15% are said to be
non-sodic according to [19], thus making the soil suitable for the cultivation of groundnut

Base Saturation (BS): Base-saturation{BS) is the fraction of exchangeable cations that are
base cations (Ca, Mg, K, and Na). It is always expressed as a percentage and called percent
base saturation. The higher the BS, the more acidity can be neutralized in the-ashort time
perspective according to [20]. From tFable 3 above, the topsoil has (95.37%) and subsoil
(95.85%). Base saturation values greater than 50% indicate fertile soils while values less
than 50% indicate low fertility[21]. This implies that the soil is fertile and good for the
cultivation of groundnut.

Cation Exchange Capacity (CEC): Cations are positively-charged elements in the soll,
such as potassium, calcium, magnesium, and sodium. These cation minerals are held in the
soil by interaction with negatively-charged patrticles of clay and humus. The cations can be
mobilized and made available to a plant when one cation is exchanged for another on the
exchange site. This process is called Cation Exchange, and the soil's ability to provide
"exchange sites" for cation minerals is called Cation Exchange Capacity (CEC).

(Cation Exchange Capacity (CEC) is the number of exchangeable cations per dry weight that
a soil is capable of holding, at a given pH value, and available for exchange with the soil
water solution [22]. The topsoil (0 — 30cm: 8.99%) and the subsoil (30 — 60cm: 9.80%). But

O JC JC U JC U U A U U U LU
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the two depths (0 — 30cm and 30 — 60cm respectively) are high and out of the limit range
(3.09 - 8.50) of the standard requirement of agricultural soil for groundnut cultivation

Table 3. Other Properties of the Soil

Depth (cm)

Parameters (%)
0-30 30-60

SAR 0.44 0.06
ESP 1.04 1.28
BS 95.37 95.85
CEC 8.99 9.8

3.4ANOVA of the Chemical Properties

ANOVA for statistical variance is presented in Table 4. There were no significant differences
(p >.05) in the results between the two soil layers for all chemical properties considered
except for pH, OC, and OM. Soil pH was significantly higher in the topsoil than in the subsoil;
whereas OC and OMwere significantly higher in the subsoil than in the topsoil. Usually, it is
expected that the surface layer or topsoil is more enriched with organic matter than subsoil.
The disparity, in this case, could be due to erosion of nutrients in the topsoil as a result of
rainfall or anthropogenic activities.
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Fig. 1. Soil Chemical Analysis of Idi-Apa Oke-Oyi Soil |
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Table 4.  Analysis of Variance of Selected Chemical Properties

Chemical Sum of df Mean Si
Properties Squares Square 9-
pH gf(t)"l‘jggn 245 1 245 9800 .020
Within Groups .150 6 .025
Organic Between 8757 1 8757 12313 .013
Carbon Groups
Within Groups 4.267 6 .711
. Between
Organic Matter Groups 14.607 1 14607 14.853 .008
Within Groups 5.901 6 .983
Total Nitrogen getwee” 010 1 010  1.097 .335
roups
Within Groups .054 6 .009
ca Between 1950 1 1950 1500 .267
Groups
Within Groups 7.799 6 1.300
Mg Between 025 1 .025 441 531
Groups
Within Groups 344 6 .057
Sodium Between 3458 1 3458 1102 .334
Groups
Within Groups 18.828 6 3.138
Potassium Between 004 1 .004 1658 .245
Groups
Within Groups .013 6 .002

4. CONCLUSION

Analysis was carried out on the soil physical and chemical properties to determine its
suitability for groundnut production as compared with the standard values provided by some
researchers. The results show that some soil properties such as pH, organic carbon, organic
matter, and sodium values were within the standard required while other properties such as
potassium and calcium had values outside the standard threshold. On the textural class,
results were found to be within the range required for the cultivation of groundnut. Both
fertilization and soil amendments would be required to bring the soil to the required level for

the profitable cultivation of groundnut\ Comment [R28]:
Better to rewrite the conclusion with a
strong summarizing of the results and
concluding remarks.

REFERENCES

C t [R29]:
[1] G. Ranjan and A. Rao, “Basic and Applied Soil Mechanics. New Age International.” omment [R29]

2000. Italicized all scientific names.
[2] M. Tesfai, V. Dawod, and K. Abreha, Management of Salt-affected Soils in the

NCEW" Shemshemia" Irrigation Scheme in Upper Gash Valley of Eritrea. Drylands
Coordination Group, 2002.

[3] M. Anayib, R. U. Nzekwe, J. |. Terzulum, and G. Mathew, “Field Evaluation of some
Varieties of Groundnut (Arachis Hypagea, L.) on the Jos, Plateau,” Int. J. Innov. Sci.



(4]
(5]

(6]
(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]
(17]

(18]

(19]

(20]

(21]

(22]

Res. Technol., vol. 3, no. 12, pp. 517-521, 2018.

G. Gbéhounou and E. Adango, “Trap crops of Striga hermonthica: in vitro
identification and effectiveness in situ,” Crop Prot., vol. 22, no. 2, pp. 395-404, 2003.
0. J. Olaniran, “Climate and the Planning of Agricultural Land Use in Nigeria The
NRBDA Area as a Case Study,” J. Agric. Meteorol., vol. 43, no. 4, pp. 285-294,
1988.

R. Webster, M. A. Oliver, and others, Statistical methods in soil and land resource
survey. Oxford University Press (OUP), 1990.

USDA, National soil survey handbook. Title 430-VI, Part 647. Washington, DC: Soil
Survey Staff, Natural Resources Conservation Service, US Department of
Agriculture, Government Printing Office, 1996.

G. W. Gee and J. W. Bauder, “Particle-size analysis. p. 383--411. A. Klute (ed.)
Methods of soil analysis. Part 1. Agron. Monogr. 9. ASA and SSSA, Madison, WI.,”
Part. Anal. p. 383--411. A. Klute Methods soil Anal. Part 1. 2nd ed. Agron. Monogr. 9.
ASA SSSA, Madison, WI., 1986.

H. A. Ajeigbe et al., “A Farmer’s guide to groundnut production in Nigeria,”
Patancheru, vol. 502, no. 324, p. 36, 2015.

USDA-NRCS, “Soil quality concerns, pesticides, National Soil Survey Center in
cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil Tilth
Laboratory,” Agric. Res. Serv., 1998.

A. J. Cilliers, Groundnut production concise guide. Potchefstroom: Grain Crops
Institute, 2010.

A. O. K. Goudiaby et al., “Soil properties and groundnut (Arachis hypogaea L.)
responses to intercropping with Eucalyptus camaldulensis Dehn and amendment
with its biochar,” J. Mater. Environ. Sci, vol. 2020, no. 2, pp. 220-230, 2020, [Online].
Available: http://www.jmaterenvironsci.com.

M. Chirwa, J. Mrema, P. Mtakwa, A. Kaaya, and O. Lungu, “Evaluation of Soil Fertility
Status and Land Suitability for Smallholder Farmers’ Groundnut and Maize
Production in Chisamba District, Zambia,” Int. J. Plant Soil Sci., vol. 10, no. 4, pp. 1-
18, Jan. 2016, doi: 10.9734/1JPSS/2016/25161.

Woodleaf-Farm, “Balancing Soil Using Organic Minerals,” Organic fruit and vegetable
growing using mostly on farm fertility inputs without livestock.
https://woodleaffarm.wordpress.com/enlivening-soil/ (accessed Jun. 22, 2022).

M. Gibbons, “Chemical composition of Botswana landraces of Bambara groundnut,”
Spec. Proj. Report, Univ. Nottingham, UK, 1994.

FAO, “Production Year Book,” vol. volume 60, 2009.

M. T. Adetunji and J. A. Adepetu, “Status and distribution of sulphur fractions in soils
of southwestern Nigeria,” Niger. J. Sci., vol. 24, pp. 137-140, 1990.

D. A. Horneck, J. W. Ellsworth, B. G. Hopkins, D. M. Sullivan, and R. G. Stevens,
“Managing Salt-affected Soils for Crop Production. A Pacific Northwest Extension
publication Oregon State University, University of Idaho and Washington State
University.” Corvallis, Oregon: Oregon State University, 2007.

M. A. Adejumobi, J. O. Ojediran, and O. O. Olabiyi, “Effects of Irrigation Practices on
Some Soil Chemical Properties on OMI Irrigation Scheme,” Int. J. Eng. Res. Appl.,
vol. 4, no. 10, pp. 29-35, 2014, [Online]. Available: www.ijera.com.

I. S. Alcordo and J. E. Rechcigl, “Phosphogypsum in agriculture: a review,” Adv.
Agron., vol. 49, pp. 55-118, 1993.

T. Carballas, F. Macias, F. Diaz-Fierros, M. Carballas, and J. A. Fernandez-Urrutia,
“FAO-UNESCO soil map of the world. Revised legend,” Inf. sobre Recur. Mundiales
Suelos, 1990.

G. P. Robertson, P. Sollins, B. G. Ellis, K. Lajtha, and others, “Exchangeable ions,
pH, and cation exchange capacity,” Stand. soil methods long-term Ecol. Res., vol. 2,
p. 462, 1999.






