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ABSTRACT

Soil fertility is a vital component of stable society because it ensure growth of plant needed for survival of
living organisms. Fertilizers are normally applied to the soil without considering the specific nutrients
requirement of the plant, therefore fertilizer use is not rationalized. This study aimed at evaluating the soil
fertility for the appropriate recommendation of fertilizer amount and composition for maize production. This
will be achieved by assessing the nutrient contents (N, P and K) of the soil and evaluating the nutrient supply
using QUEFTSmodel and identify the appropriate fertilizer requirement for recommendation. The sampling
area was selected purposively to include area where maize is the major crop grown. Grid soil survey technique
was adopted whereby ten soil samples were collected using composite sampling techniques. The results shows
that, the mean and standard deviation of the nutrient are N (0.12%z0.03), P (1.36+0.43), K (0.01+0.01) and pH
(6.44+0.18). The nutrient supply were recorded as SN= 148.9, SP=0.09 and SK= 37.45, however it is not all
the amount of nutrient in supply form can be absorbed by the plant. The fertility factor rating revealed that N
and K ranked high and P ranked low. Based on these analyses, 60kg K20 (nutrient rates’/ha) and MOP
(100kg/ha) at planting are recommended for maize production in the area.
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INTRODUCTION

The production of maize in Kano has increased due to the
increases in the demand for various uses such as roasting, tuwo,
akamu and popcorn as well as due to the introduction of new
varieties such as Summaz 17 and 19 (striga tolerance), Summaz
21 (drought resistance) summaz 26 resistance to streak and low
nitrogen and summaz 32 (99TZEZ- extra early) (Onyibe et al.,
2014). The high rate of nutrient uptake for maize production
and nutrients removal with harvested straw and grain per unit
area of cultivated land has increased considerably (Sarkar et al.,
1994). Estimates of nutrient requirements, internal efficiency of
nutrient and fertilizer recommendation for maize production is
very important for increase maize production. Accurate soil
information is crucial for management decisions particularly
crop specific fertilizer recommendation. (Ghosh et al., 2015)
Soil fertility in the tropics is low due to rapid organic matter
mineralization and the presence of highly weathered secondary
minerals (Van Wambeke, 1992). However, fertility can be
successfully improved using both inorganic and organic
fertilizers. The major drawbacks of inorganic fertilizers are
their low accessibility to resource-poor farmers (Garrity, 2004).
While organic fertilizers are able to improve nutrient use
efficiency, under tropical conditions they mineralize rapidly in
soil and benefits through increases in organic matter last only
for a few growing seasons (Diels et al., 2004).

Maize is one of the important crop for the smallholder farmers
in sub-Saharan Africa, but yield has not increased significantly

and per capita food production has declined since the 1980s
(Muchena et al., 2005). The main contributing factors are poor
inherent soil fertility, high rate of nutrient uptake particularly N
and P (Bekunda et al., 2007), exacerbated by soil fertility
depletionand other biophysical factors (Lynam et al., 1998).
Declining soil fertility and land degradation have particularly
affected the land on which the poor depend and threatened food
security for the smallholder farmers (Sanchez, 2002).

The maize production is affected by a range of factors such as
climate which is beyond farmers’ control, others however, such
as soil fertility, are more influenced by farmers’ past and
present activities. Soil fertility both affects and is affected by
the choices that farmers make regarding agricultural
production, fertilization, and soil and water conservation
regimes. In order to study these effects there is the need to
measure the soil fertility status as well as nutrients supply.
Fertility is not a distinct property of the soil, as such, many soil
properties influence fertility and also influence each other. This
study aimed at evaluating soil fertility and nutrient supply using
Quantitative Evaluation of the Fertility of Tropical Soils
(QUEFTS) model with a view to recommend the appropriate
fertilizer amount and composition for maize production in the
area.
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EVALUATION OF SOIL...

MATERIALS AND METHODS

Description of the study area

The study area is located in Tamburawa village of Dawakin
Kudu Local Government Area which lies between latitude 11°
57" to 11° 58"N and longitude 8°31" to 8° 32°E as shown in
Figure 1. The study area received about 800 mm to 1000 mm
of rainfall (Olofin, 1987). The rainfall is a very important
element because it determined the variety of maize grown in the
area due it deficiency during the dry season. The soils of the
study area is ferruginous tropical soils type whose equivalent to
Nitrosols according to Food and Agricultural Organization
(FAO, 1988). The textural class of the soil of the study area is
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sandy loam which is suitable for maize production (Adamu,
2014).

Soil Sampling

The materials used for sampling include global navigation
system, soil auger and spade for collection of soil samples,
polythene bags for storing soil samples and marker for marking
the soil samples. The sampling location was irrigated lands
which was selected purposively based on the major crop grown
(maize) in the area.

Fig. 1: Study Area Showing Sampling Points

Grid soil survey technique was adopted whereby ten small
square (grid of 20 X 20 m?) were constructed and superimposed
on the base map of the area. In each grid, five different soil
samples were collected from different location, homogenized
and mixed vigorously and then taken sub sample of about half
kilogram. The samples collected were air dried and then taken
to laboratory for the analyses oforganic carbon (OC.), pH
(H20), phosphorus (P), nitrogen (N) andexchangeable
potassium (exch. K).

Laboratory Analysis

The air dried samples were crushed and passed through 2 mm
sieve and then analysed for organic matter which was
determined by wet digestion method using dichromate method
as described by Walkley and Black (1978), soil pH was

determined by pH meter in soil: water ratio of 1:1 as described
by Eaton et al. (2005). Available phosphorous was determined
using Bray no. 1 method (Sarkar and Haldar, 2005),
exchangeable potassium was determined by extraction method
with 1M NHsOAC. Buffered at pH 7 and the concentration of
potassium was measured with Atomic  Absorption
Spectrophotometer. Total nitrogen was determined using
Kjeldahl method as described by Sarkar and Haldar (2005).
Data analyses

The laboratory results were analyzed using Statistical Package
for Social Science (SPSS, IBM, version 20) (State the version
and origin) whereby descriptive statistics such as mean,
standard deviation and coefficient of variability were also
employed.
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Description of the evaluation Model (QUEFTS)

Quantitative Evaluation of the Fertility of Tropical Soils
(QUEFTS) evaluate the potential supply of the N, P and K and
deals with the interactions between them. QUEFTS gives a
quantitative estimation of the overall fertility level of soil so that
fertilizer forms and level to be used can be predicted. The
maximum quantity that can be taken up from the soil by the
plant is considered as the potential supply of that nutrient,
represented by SN, SP, SK, where S = Supply. Therefore,it is
not all available nutrients that can be taken up by the plant.

SN =max[17 x (pH —3) x org.C] ...
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Some are fixed with other elements or matter. The soil
properties considered for the evaluation are: Soil reaction (pH)
which is the soil property that influences the uptake of all the
nutrients by the plant, Organic carbon, is the major potential
supply of N, P and K and is the one of the main components of
the soil organic matter, from which the plant obtains most of its
nutrients. On average organic matter contains 58% C, 5% N
0.5% P and 0.5% S (Euroconsult, 1989). The supply of the three
major nutrient were evaluated using equation i, ii and iii:

SP = max[(0.0375 x total P + 0.45 x org. C) x (1 — 0 25 x)(pH 6 7 )) ] SR 1}
SK = max[0.35 x (2 + exch.K) x (55— org.C)] ... - SO 411

RESULTS AND DISCUSSIONS

The results of the laboratory analyses of the selected soil properties were in Table 1. The mean value of total nitrogen content of
the soil is 0.13% with range values between 0.09 to 0.18 and therefore ranked low (Chude et al., 2011). However, the mean value
of total nitrogen obtained in this work is higher than the value obtained by Adamu and Yusuf (2014). Thus, this could be attributed
to continuous N- fertilizer application, N-rich biomass decay along with favourable condition for microbial population and

activities which may influence the organic matter decomposition serving as major source of N in the soil.

Table 1: Mean, Standard Deviation and CV of the Nutrient Capital

Avl. P exch.
Statistics N (%) (mg/kg) K (cmol/kg) OC (%) pH (H20) Clay (%)
Range 0.09-0.18 0.97-1.45 0.06 - 0.1 2.2-385 6.2-6.8 32.32-48.32
Mean 0.13 1.361 0.06 2.92 6.44 40.75
+Sd 0.03 0.43 0.01 0.58 0.18 4.17
CV% 22.94 32.12 30.42 20 2.94 10.24

The available phosphorus (mg/kg) content in the soil ranges
between 0.97 to 1.45 mg/kg (Table 1), and therefore, considered
low based on soil fertility manual which ranked mean
phosphorus value of < 10 mg/kg as low for Nigerian soils
(Chude et al., 2011). The values of phosphorus obtained in this
work is lower than the values (179.06 mg/kg) reported by
Dawaki et al. (2007).This indicates that there is gradual
reduction in the available phosphorus in the soil of the area
which is probably attributed to crops uptake, leaching and
runoff which are major sources of phosphorus losses in the soil.
This is adduced by Sanchez (2002) who explained that the
principal pathways through which phosphorus is reduced or
lossed from soil are plant removal, erosion of phosphorus-
taking soil particles and runoff water which dissolve the
phosphorus and then taken away as runoff.The values of
exchangeable potassium in the study locations ranges between
0.06 to 0.1cmol/kg. The values of potassium in the study
locations were ranked low as compared to soil fertility
assessment manual which ranked mean value of potassium of
< 0.15 cmol/kg as low for Nigerian soils (Chude et al., 2011).
The value of exchangeable potassium obtained in this work is
lower than the value reported by Binns et al. (2003). This is
probably attributed to crops uptake and leaching.

The value of organic carbon ranges between 2.2 to 3.85% with
mean valueof 2.92%.Therefore the value of organic carbon in
the area is considered low based on the rating of London (1991).
The mean value of organic carbon obtained in this work (Table

1) is higher than the value obtained by Adamu (2004) who
assessed the organic carbon content (0.3%) around Tomas
Dam.This shows an increase in organic carbon accumulation in
the soil of the area. This implies that, the rate of microbial
decomposition of organic materials is high in the study
area.The soil pH (Table 1) ranges between 6.2 to 6.8 with mean
value of 6.4 which is slightly acidic and is ideal for most crops.
The pH value recorded in this work is higher than the pH value
obtained by Adamu and Yusuf (2014). This is probably due to
the gradual accumulation of base cation. Brady and Weil (2002)
reported that, low level of base cation in soil results in acidic
condition of the soil, while high level of base cation increase
the soil pH because at high pH more hydrogen ion and
aluminum dissociated themselves so that more base cation can
be adsorb.

The textural class of the soil of the study area is sandy loam
based on the United State Department of Agriculture (USDA)
textural classification system. The result obtained in this work
is in line with the results obtained by Tanko (1999) and Adamu
(2014) who reported in their findings that the major textural
class of the soil of the area is sandy loam.The consistency of
these findings is probably attributed to the fact that the soils of
the study area are not altered by denudation agents which are
the major factor responsible for alteration of soil texture. This
is supported by Brady and Weil (1999) who explained that soil
texture on a field scale can be altered by pedologic processes
such as weathering and erosion.
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Nutrient Supply and Uptake

The maximum quantity of nutrient supply for the three major
nutrients (N, P and K) that can be taken up from the soil by the
plant were evaluate and expressed as SN, SP and SK. The
values of nutrient supply of N (148.92 kg/ha) and K (37.45
kg/ha) shows that, there is relatively high supply of N and K
with low supply of P (0.092kg/kg) in the area. These nutrient
supply values are not all the available amount of nutrients in the
soil, because not all available nutrients can be taken up by the
plant. However, the pH level of the soil of the area (6.44) is
within the level whereby N, P and K are soluble, available and
then taken to plant body. This implies that, high proportion of
the nutrient supply values of N, P and K can be taken and use
by plant.

Mansur and Sanusi

FJS

Comparison of Nutrient Requirement With Nutrient Status
of The Soil

The nutrient requirement of maize (Table 2) which show the
most suitable level of nutrient (N, P, and K) required for maize
production as described by Arnon (1975) was compared with
the main nutrient status of soil of the area. This evaluation
provided the information on the level of N, P and K in the soil
of the area. Table 2 shows that N and P were ranked high based
on the factor rating, this indicates that the nitrogen and
phosphorus level of soil in the area is high while K was found
to be low. The level of N, P, and K (Table 2) was used for the
recommendation of the amount and composition of fertilizer
required for maize production in the area.

Table 2: Comparison of factor rating and nutrient value of soil inkg/ha

Nutrient Rank Range Values Range value of the area Remark

High 10 to above 12.8 High

N Medium 810 10 - -
Low <8 - -
High 131 to above 136 High

P Medium 70 - 130 - -
Low <70 - -
High 50 to above - -

K Medium 20 - 30 - -
Low <20 6 Low

Fertilizer Recommendation For Maize Production in the Area

Based on the factor rating (Table 2) the values of the N, P and K were ranked and the fertilizer amount and composition were
recommended (Table 3) in the area for maize production. Table 3 shows that the level of N and P was ranked high, while potassium
ranked low based on the factor rating (Arnon, 1975) this revealed that the N and P contents of the soil are high which are the most
important soil nutrient for crop production. This is contended by Ahemad and Kibret (2013) who reported that, nitrogen and
phosphorus are the first and second important plants growing-limiting nutrients in soil. Urea 63kg/ha and MOP 100kg/ha were
recommended, while no amount specifically recommended for potassium because its value was found to be high in the area.

Table 3: Fertilizer Recommendation Based on Factor Rating

Fertility Fertilizer recommendation
Nutrient Class Nutrient Rate/ha  Nutrient value of the area and source/ha
High 30kg N 8 -12 kg/ha* urea 63kg/ha at planting
Medium 60Kg N - urea 133kg/ha or 20-10-10
Nitrogen Low 120Kg N - urea 260kg/ha
High NIL 136 kg/ha* No need of phosphate
Medium 30kg P205 - -
Phosphorus  Low 60kg P205 - -
High Nil - -
Medium 30 Kg K20 - -
Potassium  Low 60 Kg K20 6kg/ha* MOP 100kg/ha at planting

* Mean/range of nutrient content in the soil of the area
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CONCLUSION AND RECOMMENDATION

From the finding it was concluded that, the level of N and K
were found to be high. However, the soil pH need to be
enhanced through organic matter incorporation in order to
enhance the solubility and availability of N and K for crop
uptake and the soil have low P. Based on this, it is
recommended to use fertilizer with high proportion of P to
avoid fertilizer imbalance. Uses of organic manure to maintain
the current level of N and Kand also increase the level of P in
the area.
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