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The insufficiency of nutrients in the soils has been identified as one of the factors that have affected the
productivity of crops. An investigation was carried out to assess the trophic level of soil in the region.
Using a non-probability sampling technique, a total of 70 representative surface soil samples were
collected between February and April, 2021. The sampling depth ranged from 0 to 30 cm, according to
the root length of the crop. The collected soil samples were analyzed to assess the pH, EC, OM,
available macronutrients, and micronutrients. The macronutrients were determined using a flame
photometer, and micronutrients were determined with ICP-OES. The organic matter status was low in
Trenabougou soils. The soils are moderately acidic in reaction (pH 5.84) with low soluble salt content
(EC 0.27 dS/m). Some macronutrients were low or medium in fertility status. The nitrogen, potassium,
and magnesium nutrient index values were below 1.25, indicating low fertility status. Nevertheless,
sulphurous and calcium were found at medium fertility levels with a nutrient index of 1.87 and 2.17. The
concentrations of micronutrients like iron, copper, and zinc were high in soils. Nevertheless, nickel,
manganese, and boron were in the limited range suitable for plant growth.

Key words: Available NPK, Nutrients, Nutrient Index, Siby, Mali.

INTRODUCTION

Trenabougou is situated at an altitude of 338 m fertility assessment was necessary. A study was carried
(1108.924 ft) above mean sea level, between latitude out to evaluate the status of available significant nutrients

13°71'02" N and longitude 58°46'42" W. The main activity in the soils of Trenabougou. Physicochemical parameters,
of the community is agriculture, fishing, and commerce. macronutrients, and micronutrients are the most critical
Due to the importance of agriculture in this locality, a soil factors affecting crop vyield. Soil fertility can be

*Corresponding author. E-mail: kd70405936@gmail.com. Tel: +91 9979287852/+223 70405936.

Author(s) agree that this article remain permanently open access under the terms of the Creatfive Commons Attribution
License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

determined by analyzing the nutrients available in the
soil. This can help determine the optimal fertilizer
application. In addition, the study area lacks previous
investigations. The only study held on this area was done
by Ramisch (2005), though the survey was not mainly
focused on this area. A study on the nutrient balances of
farming systems in Sub-Saharan Africa revealed that
most countries are experiencing severe nutrient deficits
(Day and Aillery, 1988). In the research area, crops have
experienced issues with yield and growth for more than
ten years. The ability of the soil to provide nutrients to its
plants is one of the most important factors that can affect
its productivity.

Without these nutrients, the soil can lose its stability
and productivity (Naidu et al., 2019). The cultivable soil of
Trenabougou cannot provide adequate nutrients to their
plants due to its low concentration of macronutrients,
such as nitrogen, phosphorous, potassium, magnesium,
calcium, and sodium (Géardestedt et al., 2009). Aside
from the macronutrients present in the soil, the availability
of micronutrients also promotes crops' most critical
growth and  production factors, though their
concentrations are required at low levels. The soil of the
study area is deficient in micronutrients, especially in
nickel (Ni), boron (B) and manganese (Mn), which
subsequently affects plant production capacities. The soil
of Trenabougou is rich in organic matter, which may help
retain water and provide the nutrients with the plants
need (Ramisch, 2005; Diarra, 2007). Understanding the
various interactions between nutrients and the soil can
help improve the efficiency of cropland. Excess
concentrations of nutrients can also affect the productivity
of the soil, which can cause plants to overload the
nutrients. The main objective of this investigation is to
evaluate soil physicochemical, macro, and micronutrients
in the study locality. Therefore, the second objective of
this study is to determine the quantity of fertilizers that
farmers should use to ensure that their crops receive
adequate nutrients.

MATERIALS AND METHODS
Study area

The study area is located in Trenabougou, a small farming hamlet
near Siby. It lies between latitude 13°71'02" N and longitude
58°46'42" W with an altitude of 338 m (1108.924 ft) from mean sea
level, as shown in the map of the study area (Figure 1). Siby is a
rural commune that extends over 1,001.25 Km®. The region is
characterized by three main seasons: a rainfall season, a cold
period, and a dry period. The rain is seasonal, and it varies from
300 to 1000 mm annually and is mainly received from June to
October. The cold period starts around September and ends in
February. In summer, the maximum temperature ranges from 32 to
44°C. The area is vital for food crop cultivation, and the economic
source of the farmers in this region mainly depends upon the crops
of millet, sorghum, groundnut, and cotton. Indeed, the first mangoes
that appear on the Malian market at the beginning of February
come from Siby and its immediate surroundings, a region of
primeurs.
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Sampling and preparation of soil samples

This study used a non-probability sampling technique, especially
convenience sampling. Several sampling points were selected for
convenience, and 70 soil samples were taken from 7 sampling sites
due to the importance of crops growing in the region. The samples
were thoroughly mixed according to the Fisher device to obtain 4
composite samples (S1, S2, S3 and S4). Samples were collected
from 0 to 30 cm depth according to the rooting depth of food crops.
The air-dried soil samples were crushed using a wooden rolling pin
and sieved through a 2 mm sieve. They were then placed in a
plastic bag for further physico-chemical, macro and micronutrient
analysis.

Physicochemical property analysis

The collected soil samples were analyzed using standard
techniques for soil physicochemical properties (pH, EC, OC, and
OM). The organic soil matter (OM) content was measured
according to the ignition method after burning at 500 to 600°C
overnight (Schollenberger, 1945). Soil pH was determined in a
1/2.5 (soil/water ratio w/v) suspension with a pH metre model
(OAKLON pH 550) according to the method of Grewelling and
Peech (1960). The cation exchange capacity (CEC) was assessed
with the Agronomic Soil Tests method. Titration was used to
measure CaCOs. Electrical conductivity (EC) was measured using a
portable probe conductivity metre (Systronics conductivity metre
304). The studied soil samples' texture was measured using the
hydrometer method based on Stoke's law (Bouyoucos, 1962), and
the physicochemical values are shown in Table 1.

The concentration of exchangeable potassium (K), sodium (Na),
and calcium (Ca) extraction in the soil was determined using the
method of Ghosh et al. (1983). An amount of 10 g of dried soil was
shaken with 50 ml of neutral standard ammonium acetate solution
(NH4OACc) for 30 min and filtered immediately through a dry filter
paper (Whatman N°1). The flame photometer determined the
content of the macronutrients (N, P, K, and Ca) using the Ghosh et
al. (1983) technique, shown in Table 2.

The soil's micronutrients, such as Fe, Cu, Mn, Zn, Mn and B
concentrations, were measured using an Inductively Coupled
Plasma Optical Electron Spectrometer (ICP-OES). 2 g of each
grounded air-dried soil sample was digested in 8 ml of aqua regia
(6 ml of HNO3 and 2 ml of HCI) with microwave digester Anton Paar
(Multiwave 5500). The extract was filtered with Whatman filter
paper N°1 and then made 50 ml with MilliQ water. The sample's
solution was analyzed using ICP-OES, and water was used as a
blank.

Soil nutrient index determination

The soil fertility analysis aims to determine the nutrients plants need
for healthy growth. The nutrient index (NI) measures how nutrients
are available for plants to take in the soil. The nutrient index
categorization and calculation were done by many scientists, such
as Parker et al. (1951), Shetty et al. (2008) and Pathak (2010). The
nutrient index of the study area was calculated by using the
following formula:

Nutrient Index (N.I.) = (NL x 1 + Ny % 2 + Ny x 3) / Nts 1)

where N.: number of samples in low class (I) of nutrient level; Ny:
number of samples in medium class (I) of nutrient level; Ngu:
number of samples in high class (Ill) of nutrient level; and Nrs: total
number of samples analyzed in the study area.

In this research study, available nitrogen (N), available
phosphorus (P) and available potassium (K) were used to
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Figure 1. The map of sampling points.
Source: Authors
Table 1. Nutrient index rating chart.

Class Nutrient Index Value Interpretation

| Low <1.67 Low fertility status

Il Medium 1.67-2.33 Medium fertility status

1l High >2.33 High fertility status

Source: Pathak, 2010; Shetty et al., 2008; Parker et al., 1951.
Table 2. Granulometric constituents of the soil of the study site.
Constituent Clay content Silt content Sand content
Percentage 14.62 7.46 77.92
Source: Authors
determine the fertility status in Trenabougou soils. The RESULTS AND DISCUSSION

interpretations of each class are shown in Table 1.

Statistical analysis

The difference between soil characteristics was assessed using
descriptive statistical parameters (range, minimum, maximum,
standard deviation, and mean). The relationship between
macronutrients and micronutrient concentrations in investigated
soils was also determined using SPSS software, with Pearson
correlation coefficients and 2-tailed predictions.

Soil physicochemical properties description

Soil samples analyzed for their particle size revealed that
the soil had a low proportion of clay (14.62%) and silt
(7.46%), and high sand (77.92%) content. The
percentages of soil indicated that the study area has a
sandy texture with almost 78% sand, shown in Table 2.
The contents of the soil's various physicochemical
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Table 3. Soil physicochemical parameters (descriptive statistical data).

Soil physicochemical properties

Statistics
pH C/N OM (%) EC (mS/m) CEC (cmol.kg) CaCOj3; (%)
Mean 5.70 20.56 8.25 0.70 5.18 6.06
Std Deviation 0.67 3.31 2.08 0.16 1.05 1.36
Maximum 6.87 27.90 12.15 0.97 7.08 8.12
Minimum 4.85 14.42 5.48 0.33 3.56 3.44
Source: Authors
40 Variables
M Soil pH
35 M Nitrogen-Carbon ratio (NIC)
M Electrical conductivity (EC)
30 M Organic matter (OM)
M Cation Exchange Capacity (CEC)
5 M Calcium Carbonate (CaC03)

Values

Maximum

Minimum

Mean Std. Deviation

Statistics

Figure 2. Descriptive statistics of soil physico-chemical.
Source: Authors

elements have been analyzed, and the data are
presented in Table 3. The analyses have shown that the
soil has a relatively poor pH value in the study area. The
soil pH has a minimum value of 4.85 and a maximum of
6.87 in all soil samples, which means that the
investigated soil was strong to slightly acidic, as shown in
Figure 2. This low pH might be due to the lack of base
saturation and the presence of some metallic elements.
The acidity of the area may also be explained by the
excessive use of agrochemicals and the acidic rainfall
(Amar and Shanmugasundaram, 2020).

The analyses have indicated excellent organic matter
decomposition because the carbon-nitrogen ratio was felt
in the optimum range with a maximum value of C/N less
than 28 (Mathew et al., 2016; Gore et al., 2017).

Based on the interpretation given by ISSWC (Indian
Society of Soil and Water Conservation) for judging salt
problems of soils, the electrical conductivity ranged from

0.33 to 0.97 EC (mS/m), which means that the EC values
of Trenabougou soil are less than 1 mS/m, indicating that
the study area soils are free from salt according to the
interpretation of ISSWC (M, 1965). Calcium carbonate
contents in the analyzed samples were found to be very
low. The lowest and highest values of CaCO; were 3.44
and 6.06%, respectively, as reported in Table 2. The
good calcium carbonate content of soil varies from 60 to
80% (AGvise laboratory, 2021). The cation exchange
capacity (CEC) in the soil is a valuable measure of sall
fertility. It shows how well the soil can hold the nutrients
against leaching scenarios. CEC content varies by soll
type, ranging from less than 10 cmol/kg in sandy soil to
more than 15 cmol/kg in low organic matter soil and more
than 60 to 80 cmol/kg in finer textured soils with high
organic matter content. A high percentage of sand may
explain the low CEC content of Trenabougou soil, as
interpreted earlier. Sandy soils generally have less than
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Table 4. Soil macronutrients and exchangeable bases (Descriptive statistical parameters).

Available macronutrient

Statistical descriptive parameter

(kg/ha) Mean Maximum Minimum Std D Range
Nitrogen (N) 13.08 19.10 7.35 2.56 7.35-19.10
Phosphorus (P) 71.02 119.87 19.87 35.73 19.87-119.87
Potassium (K) 12.23 15.12 8.05 2.20 8.05-15.12
Sulphur (S) 0.63 0.95 0.13 0.24 0.13-0.95
Calcium (Ca?") 100.21 118.78 79.23 9.93  79.23-118.78
Magnesium (Mgz+) 6.29 8.32 4.24 1.26 4.24-8.32
Sodium (Na") 4.09 6.84 1.99 1.23  134.39-201.89

Source: Authors

120
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Figure 3. Descriptive statistics of soil macronutrients.
Source: Authors

10 cmol/kg (AGvise Laboratory, Ross and

Ketterings, 1996).

2021,

Soil macronutrients (N, P, K, Ca, Mg, S)

The macronutrients found in soil are divided into primary
and secondary. These compounds are needed in large
guantities to sustain plant growth. The primary
macronutrients are required at high concentrations in
soils, such as nitrogen (N), phosphorus (P), and
potassium (K) (Belt et al., 2016; Mugo et al., 2020).
These three primary nutrients are more necessary than
the other secondary macronutrients since they are more
required for plant development. Secondary macronutrients
include calcium (Ca), magnesium (Mg), and sulphur (S),

Maximum Mean

Variables
M Nitrogen (N)
M Phosphorus (P)
M Potassium (K)
M sulphur (S)
M calcium (Ca)
M Magnesium (Mg)
M sodium (Na)

Std. Deviation

Statistics

and they are also needed to sustain plant health in lower
guantities compared to primary macronutrients. For a
concise description and understanding, the macronutrient
concentrations are indicated in Table 4.

The available nitrogen (N) content of Trenabougou
soils was between 7.35 and 19.10 kg/ha, with a mean
value of 13.08 kg/ha. Nitrogen content is minimal
compared to the optimum value of N in cultivable soll
fixed at 240 to 480 kg/ha (Tech, 2021). Based on the
obtained nitrogen value, the soils of the investigated area
are deficient in nitrogen, which may cause plant chlorosis
and thin stems (Baethgen and Alley, 1987). The average
phosphorus value was found at 71.02 kg/ha, as shown in
Figure 3. The maximum and minimum phosphorus
contents were 119.87 and 19.87 kg/ha, respectively.
Similar results have also been reported that the ideal
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Table 5. Nutrient index values of macronutrients in Trenabougou soils.

Nutrient index class, value and fertility status

Parameter (kg/ha)

Low Medium High Nutrient index value Fertility status
Nitrogen (N) 7.35 13.08 19.10 0.87 Low
Phosphorus (P) 19.87 71.02 119.87 2.45 High
Potassium (K) 8.05 12.23 15.12 0.68 Low
Sulphur (S) 0.13 0.63 0.95 1.87 Medium
Calcium (Ca) 79.23 100.21 118.78 2.17 Medium
Magnesium (Mg) 4.24 6.29 8.32 1.12 Low
Sodium (Na) 1.99 4.09 6.84 2.55 High

Source: Authors

according to the interpretation of previous studies
(Arokiyaraj et al., 2011; Banerjee et al., 2011). The
analyzed samples were deficient in potassium; the range
was between 8.05 and 15.12 kg/ha, with an average of
12.23 kg/ha. These values are far from the required
potassium content in farming soil, recorded at 110 to 280
kg/lha (Wolf and Beegle, 2011). This means the
potassium content is too low to satisfy the plant's need for
reasonable productivity.

The minimum value of sulphur was recorded at 27
cmol/kg, whereas the maximum content was found at
40.08 cmol/kg. Similarly, the statistical average value of
sulphur was determined at 34.63 Cmol/kg in Mansala-
Kayikoro soils, as shown in Table 4.

The large amounts of exchangeable cations, such as
calcium, magnesium, and sodium, are taken up by plants
and are major mineral constituents in most soils. Due to
their importance in agriculture, these elements were
guantified as indicated in Table 4 and Figure 1. Calcium
was found in the range of 38.32 to 45 Cmol/kg. Calcium
is uptaken by the plants in ionic form (Ca®"), and its
deficiency causes yellowish to brownish plant leaves.
This statement was confirmed in a study by Kiran (2018).
In addition, magnesium content was also found to be low
in the samples since the descriptive statistic range was
recorded at 58.97 to 70.00 Cmol/kg, which is inadequate
according to the interpretation of Mg value in the soil in
previous studies (Carpenter et al., 2006; Wolf and
Beegle, 2011). The most observed symptom of
magnesium deficiency is known to cause chlorosis on the
older leaves and yellow colouration in dicots. The total
sodium in the soil ranged between 134.39 and 201.89
Cmol/kg. The sodium concentration seemed to be high in
the analyzed soil samples; for instance, the mean of Na
was recorded at 174.77 Cmol/kg, which is above the
permissible level for the plant. The availability of salt in
soil depends upon the parent rock from which it was
formed, and irrigation is another way to increase sodium
concentration in soil. A high salt concentration in the soil
harms the plants as the water uptake is reduced (Well,
2014). The most commonly found macronutrients in

Mansala-Kayikoro soil were below the limit range. This
means that the additional fertilizer and manure needed to
increase the plant's growth will be required.

Determination of the soil nutrient index

Previous studies determined the soil nutrient index into
three classes: low, medium, and high (Doran, 2019;
Winters et al., 1951). The interpretations have shown that
soil fertility status is low if the index value is less than
1.67; between 1.67 and 2.33, the status is medium; and if
the index value is greater than 2.33, fertility status is high,
as indicated in Table 2. The concentrations of
macronutrients (N, P, K, S, Ca, Mg, and Na) were
assessed to determine the study area's nutrient index. In
Trenabougou soil, almost all the macronutrients were low
or medium in fertility status. As indicated in Table 5, the
nutrient index values of nitrogen (N), potassium (K) and
magnesium (Mg) were below 1.25, meaning they have a
low fertility status. Nevertheless, sulphur (S) and calcium
(Ca) were found at medium fertility levels with a nutrient
index of 1.87 and 2.17. However, we have noticed that
potassium (K) and sodium (Na) were found at high fertility
levels with nutrient indexes of 2.45 and 2.55. By referring
to the interpretations of Kumar and Srinivasamurthy
(2017), the fertility status of the investigated soil may be
classified as low fertility status.

Micronutrients (Fe, Mn, Zn, Cu, and B)
Iron (Fe) status

Iron (Fe) ranged from 298.10 to 629.20 ppm with mean
and standard deviation values of 464.40 and 101.17,
respectively (Table 6). The samples were in the good
range in terms of concentrations of Fe. This high
concentration of Fe is due to the lack of organic matter
and low pH level in the study area, which might have
promoted iron oxidation and precipitation, consequently
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Table 6. Micronutrients Levels in Trenabougou soils.

Statistical descriptive parameters

Available micronutrients (ppm)

Mean Minimum Maximum Std D.
Iron (Fe) 464.40 298.10 629.20 101.17
Copper (Cu) 49.19 43.80 52.00 2.31
Zinc (Zn) 103.72 90.89 116.00 5.37
Manganese (Mn) 461.05 455.28 464.01 2.34
Nickel (Ni) 28.69 25.47 31.01 1.40
Boron (B) 28.34 24.89 30.20 1.41
Source: Authors
increasing Fe availability (Kumar et al., 2021). 300 ppm. The availability of Mn in the soil is affected by
the low pH level and high content of Fe in the study area.
These observations are in accordance with the findings of
Copper (Cu) status Kumar and Srinivasamurthy (2017).
The copper content was found to be low in the

investigated samples. It ranged from 43.80 to 52.00 ppm,
with a mean value of 49.19, indicating the ideal
concentration of Cu for crops' healthy and productive
growth. Previous studies have confirmed that the Cu
concentration should range between 2 and 50 ppm for
good crop productivity (Planetprobs.net, 2021). Copper
toxicity to roots could occur when total Cu exceeds 50
ppm in sandy soils and up to 150 ppm for silty-clay or
clay soils. The low pH level and high concentration of Fe
in the study area should explain the high concentration of
Cu.

Zinc (Zn) status

The available Zn content in Trenabougou soils ranged
between 90.89 and 116.00 ppm with an average value of
103.72 ppm, shown in Table 6. Zinc levels were slightly
above the optimum requirement in the analyzed soll
samples. Zinc availability in soils depends upon the
geochemical composition and weathering of the parent
material. The normal Zn concentration needed for plant
uptake is between 20 and 100 ppm. Like all plant
nutrients, Zn must be dissolved in water before roots can
take it up. So, the constant addition of agrochemicals
could increase the adequate levels of Zn in these soils.
These results are in accordance with those of Kihara et
al. (2020), who found sufficient Zn content in African
soils.

Manganese (Mn) status

Available Mn analyzed ranged betwee 455.28 and 464.01
ppm, with an average value of 461.05 ppm, indicating
that Mn is slightly high in Trenabougou soils. The normal
concentration range of Mn in plants is typically from 20 to

Nickel (Ni) status

The available Ni in the study area ranged between 25.47
and 31.01 ppm, with a mean value of 28.69, as indicated
in Figure 4. As a matter of choice, Ni's concentration is
between 1 and 20 ppm for healthy and productive soil.
For optimal soil and plant health, it is essential to fix the
concentration of Ni at around 1 to 20 ppm. It is also
important to investigate Ni's effects on soil health to
minimize crop contamination if its concentration is below
30 ppm (Naidu et al., 2019; Mugo et al., 2020).

Boron (B) status

Available B ranged between 24.89 and 30.20 ppm with a
mean value of 28.34 ppm (Table 6). Although boron is
essential to plant development and growth, it is typically
not required in large quantities. The ideal boron content
for most crops is around 20 to 100 ppm. The recent high
rainfall in the region has caused a deficiency in the B
levels in the study area. This issue is likely caused by the
complexation of the soil with silicate minerals and the
high pH levels. The observations found in this study are
in line with the findings of the previous studies conducted
by the researchers (Singh, 2018; Dhotare et al., 2019).

Correlation between micronutrients in Trenabougou
soils

The correlation between soil micronutrients at P = 0.05
levels is shown in Table 7. The concentration of
micronutrients was affected by soil physicochemical
properties like organic matter, the texture of the soil, pH
level and some factors such as parent material and
rainfall in the study area. A strong and positive correlation
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Figure 4. Descriptive statistics of soil micronutrients.

Source: Authors

Table 7. Pearson correlation coefficient of Micronutrients in Trenabougou soil.

Correlation Fe Cu Mn Ni B
Fe 1

Cu 0.081 1

Zn -0.163 0.053

Mn 0.042 -0.391* 0.170 1

Ni 0.343 0.096 -0.093 0.107 1

B 0.384* -0.044 -0.0128 0.037 -0.092 1

*Correlation is significant at the 0.05 level (2-tailed).

Source: Authors

micronutrients was significant at 0.05 or 95% confidence
level (2-tailed). This strong relationship between
micronutrients would be due to the high pH and other soil
factors such as lithogenic properties (Shirgire et al., 2018;
Romera et al., 2021). Nevertheless, a negative correlation
was observed between Fe-Cu, Mn-Cu, B-Cu, Zn-Ni, Zn-B
and Ni-B with R-values of -0.163, -0.391, -0.044, -0.093, -
0.128 and -0.092, respectively in Trenabougou soils,
shown in Table 7. The correlations between these
elements were negative at 0.05% significance in soil
samples. A negative correlation between the soil
micronutrients was also observed, suggesting that Fe, Ni
and Zn are increasing while Cu, B, and Mn are
decreasing in the soil (Dhaliwal et al., 2019).

Conclusion

The soils of Trenabougou are classified as having low,
medium and high categories based on calculating the
nutrient index. The study's results revealed that the soil
fertility levels in the area were inadequate. Most soil
samples had low concentrations of nitrogen, potassium,
and magnesium. Sulphur and calcium were found at
medium concentrations, and phosphorous and sodium
were high in Trenabougou soils. Soil samples revealed
acidic characteristics and low electrical conductivity. Iron,
copper, and zinc concentrations were high in soils, and
other micronutrients like nickel, manganese, and boron
were in the limited range, suitable for plant growth.



32 Afr. J. Agric. Res.

Simultaneously applying organic manures and chemical
fertilizers can help improve the efficiency of the nutrients
in the study area.
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