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Abstract

The study was carried out to assess the status of soil micronutrients in Paddy Soils of Zamfara State, Northwestern Nigeria. Three
sites in three local governments areas were purposively sampled along Sokoto River, and the local governments are; Maradun, Talata
Mafara and Bakura. In each site four transects were established which were spaced at 500m apart. On each transect four sampling
points were selected which were spaced at 100m apart and soil samples were collected at a depth of 0-30 cm given a total of 48 soil
samples. The soil samples were analyzed for some physical and chemical properties as well as micronutrients. Results showed that
the soil texture was sandy clay loam to clay loam and the soils were slightly acid 6.23, 6.21 and 6.26 for Maradun, Mafara and Baku-
ra respectively. Organic carbon was low in all the sections 3.52, 3.26 and 4.16 g/kg respectively. CEC, Nitrogen and Phosphorus
were rated medium in the entire site with values 10.12, 10.43, 11.95cmol/kg and 0.22, 0.26, 0.21g/kg and 2.49, 2.32, 2.11mg/kg,
Potassium were low with values of 0.42, 0.29 and 0.52cmol/kg respectively. The micronutrients studied were Iron, Manganese, Zinc
and Copper. Iron was high in all the 3 sites 17.13, 18.02 and 18.35mg/kg while manganese was medium in all sites with values 7.7,
10.28 and 7.84mg/kg. Zinc and Copper content were also high 2.83, 2.52, 2.33mg/kg and 1.82, 1.76, 2.35mg/kg respectively, statisti-
cally there was significant difference in Copper content but none in Zinc between the sections.
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1.0 Introduction

There is an increasing demand for information on soils as a ents, these include boron (B), copper (Cu), chlorine (Cl),
means to produce food (Fasina at el., 2007). Soil plays a ma- 1ron (Fe}, manganese (Mn), molybdenum (Mo), and zinc
jor role in determining the sustainable productivity of an agro (Zn) (Soil Survey Staff, 2010).

-ecosystem. The sustainable productivity of a soil mainly Generally, studies on micronutrients status of Nigerian
depends upon its ability to supply essential nutrients to the soils have been neglected in the past due to non- preva-
growing plants (FOA, 1999). There are 16 natural elements lence of their deficiency symptoms. This has made the
(nutrients) that are essential for plant growth. Three elements information on soil micronutrient status of Nigeria savan-
(carbon, hydrogen and oxygen) make up 94% of the plant na soils scanty. (Lombin 1983, Kparmwang et al., 1995
tissues and are obtained from air and water. The other 13 and Adeboye MKA, 2003) reported that limited studies
elements are obtained from the soil and are divided into two have been conducted on the micronutrients status of soils
broad categories - 'macro' and 'micro'. These terms do not within the savanna zone of Nigeria. However, the few in-
refer to the importance of the elements; macronutrients are vestigations carried out so far have revealed micronutrient
required in greater amounts than micronutrients for normal deficiency in some Nigerian savanna soils [Lombin 1983b,
plant growth (FOA, 2012). Lombin 1983a and Lombin 1983c]. Depletion of micronu-
Micronutrients are elements required in small quantities for trients in Nigerian savanna soils has resulted from inten-
higher plant growth and reproduction. The exact quantity sively cultivated soil with high nutrient-demanding crops,
needed varies with plant species and the specific element. highly weathered rocks and leaching. (Mustapha and Loks
Seven elements are generally considered as plant micronutri- 2005) Reported that the use of new high yielding crop
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varieties which are nutrient demanding have unraveled mi-
cronutrient deficiencies in some Nigeria Savanna soils. The
deficiency of micronutrients has become a major constraint to
productivity, stability and sustainability of soils (Rangel, Z.
2003). In order to realize the full potentials of these soils,
there is needed to take the inventory of their nutrient status
including their distribution. If soil nutrients deficiencies that
affect high productivity is not identified, monitored and alle-
viated, it will lead to critical deficiency levels. The need to
understand the importance of micronutrients is highly imper-
ative for improved productivity of both the soil and crops
(Mustapha et al., 2011) The objective of this research there-
fore, is to assess the distribution of Fe, Mn, Cu and Zn in the
study area as well as to compare soil micronutrients status
between the selected local governments area, determine the
physical and chemical properties of the soils in each of the
selected local government areas.

1.2 Scope of the Study

The study covered three sites in three Local Government Are-
as (LGA) of Zamfara state namely, Maradun, Talata Mafara
and Bakura

2.0 Materials and Methods
2.1 Study Area

The study area was selected from three local governments
(Maradun, Talata Mafara and Bakura) under Bakalori Irriga-
tion Project in Zamfara State, the area lies between latitude
12° 34°- 12° 42°N and longitudes 6° 14°-5° 52° E [14]. The
climate of the area is characterized by a hot dry season lasting
from October to May and a rainy season that usually starts in
mid-May and ends in September. Long-term mean annual
rainfall ranges from 500 mm-900 mm, with considerable inter
annual variations. The annual temperature averages 27°C
with a minimum of 17°C (December/January) and maximum
0of' 40 0 C in April/May (Anonymous, 2013).

2.2 Soil Sampling and Handling
Three sites in three local governments areas were purposively

sampled along Sokoto River, and the local governments
are; Maradun, Talata Mafara and Bakura. In each site four
transects were established which were spaced at 500m
apart. On each transect four sampling points were selected
which were spaced at 100m apart and soil samples were
collected at a depth of 0-30 cm given a total of 48 soil
samples. The soil samples were analyzed for some physi-
cal and chemical properties as well as micronutrients. The
soil samples collected were properly labeled and stored in
polythene bags prior to laboratory analysis. In the labora-
tory, each sample was separately air dried and crushed
gently using pestle and mortar. The crushed soil samples
were sieved with 2 mm sieve and the fine earth fractions
(<2 mm separates) were used for all the laboratory anal-
yses.

2.3 Laboratory Analyses

The particle size distribution was determined using the
hydrometer method after dispersing with sodium hex-
ametaphosphate (Bouyoucus, 1951). The soil pH was de-
termined in 1:1 soil/water suspension using a glass elec-
trode pH meter while Organic Carbon was determined
using wet oxidation method of (Walkley and Black, 1934).
Cation exchange capacity was determined using the
NH40OAc saturation at pH 7, while the leachate was used
to determine the exchangeable bases. Total and available
micronutrients (Zn, Cu, Fe and Mn) were determined us-
ing HCIO4/HNO3 and 0.1M HCI solution respectively
(Osiname et al., 1973), and were read using atomic ab-
sorption spectrophotometer at appropriate wave lengths.

2. 4 Data Analysis

Data collected were subjected to Analysis of Variance
(ANOVA) to test the significance difference between the
locations. Where significant difference exists, means were
separated using Duncan’s New Multiple Range Test
(DNMRT). SPSS Statistical package was used for the
analysis.

Bakura L. G Talata Mafara L. G Maradun L. G
Sampling i
qroo 500
Sampling 1
100

“—— SOKOTORIVER

/\_‘— T T

Tran- 1 2
Figl: A Sketch of the sampling site protocol
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3.0. Results and Discussion
3.1. Chemical and Physical Properties of surface soil
3.1.1. Soil pH

The results of some physical and chemical properties of the
soils are presented in Table 1. The mean pH values for the
soils in Maradun, Talata Mafara and Bakura were 6.23, 6.21
and 6.26 respectively. Similar results were obtained by Sani
et al., (2020) in the study carriedout in Katsina, Northwest
Nigeria, with the mean pH range values of 6.27-6.46. (Esu,
1991), rated soil with pH 5.0-5.5 as strongly acid, 5.6-6.0 as
moderately acid and 6.1-6.5 as slightly acid. Based on this
rating, the soils of the area were within the slightly acid
range. This could be attributed to the removal of basic cations
from the surface soil to the lower depth and/or the use of
some acid forming fertilizers such as urea for agricultural
purposes. However statistical analysis showed that there was
no significant difference between the pH of the three loca-

tions.
3.1.2. Organic Carbon

The results of organic carbon content are 1presented in Ta-
ble 4. The mean values are 3.52gkg”, 3.46gkg™ and
5.16gkg™ for Maradun, Talata Mafara and Bakura soils
respectwely Wadatau et al., (2011) reported a mean value
of 3.0gkg™ for soils of ﬂood plaln of Rima River. All soils
of the study area were rated low in organic carbon as their
values were < 10 gkg™' as suggested by (Esu, 1991). The
low organic carbon content of the soils of the studied area
may be attributed to the continuous cultivation of the land
by the farmers for both rainy and dry season farming. Low
organic carbon values have been reported by Bamikole et
al., (2020) for the Nigeria Savannah Soils. Statistically,
there was no significant difference between the organic
carbon content of the three locations.

Table 1: Some Chemical and Physical Properties of Soils from Maradun, Mafara and Bakura in the flood plain along River Sokoto

Location pH Org. C CEC Sand Sand Silt Clay

(in H,0) (gkg") (cmolkg-1) (gkg")
Maradun 6.23+0.06 3.52+043  10.12+0.83° 5125+232° 5125+232° 2208+1.81° 266.7+0.79°
Talata Mafara 6.21+0.14  326+036 1043 +1.09°  566.1 £2.73* 566.1+2.73" 171.4+2.08° 262.4+2.08°
Bakura 626 £0.09 4.16+046 11.95+138" 361.4+£229° 361.4+229° 3162+1.79° 322.3+1.06°
Significant Ns Ns *x *x wE *x *x

Means followed by the same letters(s) within a column are not significantly different (ns), (P > 0.05)

3.1.3. Cation Exchange Capacity

The mean values of cation exchange capacity (CEC) for
Maradun, Talata Mafara and Bakura soils are presented 1n
Table 4. The CEC Values were 10.12cmolkg™, 10.43cmolkg™
and 11.95cmolkg™ for Maradun, Talata Mafara and Bakura
respectively. Sani et al., (2020) reported CEC value of 10.0
cmolkg in northern guinea savannah, Nigeria. (Esu, 1991)
Classified soils with CEC < 6.0cmolkg as low, 6-12 as medi-
um and > 12.0cmolkg™ as high. According to this classifica-
tion, soils of the study area were generally medium in CEC.

Addition of organic matter by the farmers might have con-
tributed to the medium CEC of the study area and clay con-
tent in the soil of the study area might have also contributed
to the medium CEC. Statistical analysis showed that there
was significant difference between the CEC of the three loca-
tions. The CEC was statistically similar in Maradun and Tala-
ta Mafara but statistically higher in Bakura. There was pro-
gressive increase in CEC from Maradun down to Bakura, in
which Bakura had the highest CEC value followed by Talata
Mafara then Marudun with the least value.

3.1.4. Particle Size Distribution

The results of soil particle size distribution are presented in
Table 1. The result showed that the soils of Maradun (512.5
gkg™! sand, 228.0 gkg sﬂt and 266.7 gkg™' clay) and that of
Talata Mafara (566.1 gkg' sand, 171.4 gkg™ silt and 262.4
gkg™ clay) were sand?f clay loam whlle that of Bakura was
clay loam (361.4 gkg™' sand, 316.2 gkg™ silt and 322.3 gkg™
clay) respectively. Maniyunda, (2013) reported soil texture of
loamy sand for soils of Funtua northwestern, Nigeria.

The change in texture from Maradun down to Bakura may be
partly attributed to the parent materials from which the soils
were derived and partly from the alluvial depositions follow-
ing the periodic flooding of the river. This trend has affected
the overall CEC of the soils of the study area and this is in
line with the finding and conclusions of (Singh, 1997) that
soil texture can give a general indication of soil quality. How-
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ever statistical analysis showed that there was significant
difference between the particle size distributions of the
three locations. Particle size distribution was statistically
similar in Maradun and Talata Mafara but statistically dif-
ferent with that of Bakura.

3.1.5. Total Nitrogen (N)

The results of total nitrogen content are presented in Table
2. The mean values of the studied area were 0.22 gkg™,
0.26 gkg”and 0.21 gkg™ for Maradun, Talata Mafara and
Bakura soils. Low nitrogen values were obtained from
soils of Kano State (Shehu et al., 2015). This result indi-
cated that the soils of the study area were medium in total
nitrogen. According to (Esu, 1991), soils with values of
0.1 — 0.2 are rated medium in total nitrogen. The medium
level of total nitrogen of the study area may be attributed
to application of nitrogenous fertilizers. Nitrogen has been
reported to be the most limitating plant nutrient in tropical
soils (Brady and well, 1999). However statistical analysis
showed that there was no significant difference between
the nitrogen content of the three locations.

3.1.6. Available Phosphorus (P)

Result of available P is shown in Table 2. Available phos-
phorus mean content of the Maradun Talata Mafara and
Bakura soils were 2.49 mgkg™, 2.32 mgkg" and 2.11 mg
kg respectively. Shehu et al., (2015) also obtained low
phosphorus content for soils of Kano State. This result
conforms with the earlier findings of the International
Centre for Tropical Agriculture (ICTA, 2006) that phos-
phorus is one of the limiting nutrient to crop in west Afri-
can soils and about 8% of the African soils have inade-
quate supply of phosphoms (Esu, 1991) classified soils
with < 10mgkg™ in available phosphorus as low in availa-
ble phosphorus.

The progressive decline in the available phosphorus from
Maradun to Bakura might be related to the parent materi-
als from which the soils were formed. Statistically there



was no significant difference between the phosphorus of the
three locations.

The low levels of calcium in the soils might be attributed to
the slightly acid condition of the soil. Statistical analysis
showed that there was significant difference between the cal-
cium of the three locations. Maradun and Talata Mafara are
statistically similar but were statistically different to that of
Bakura soils. Talata Mafara soils have the highest calcium
content followed by Maradun and then Bakura soils.

3.1.7. Exchangeable Potassium (K)

The results of exchangeable potassium content are presented
in Table 5. Potassium content varied from 0.42cmolkg™ for
Maradun s01ls 0.29cmolkg™ for Talata Mafara soils and
0.52cmolkg™” for Bakura soils respectively. According to
(Esu, 1991) exchangeable potassium was rated low at < 0.15
cmolkg™, medrum at 0.15 to 0.3cmolkg” and high at>
0.3cmolkg™. Based on this rating, the soils of the study area
were all rated low in exchangeable potassium. Similar results

were obtained by (Muntaqa et al., 2013) with a value of
0.34cmolkg™ for rice field at Talata Mafara, Zamfara
State. The low exchangeable potassium content of the
studied area may be attributed to soil texture of the area
which is sandy loam. Statistical analysis showed that there
was significant difference between the potassium content
of the three locations. Maradun soil was statistically simi-
lar to both Talata Mafara and Bakura, but Talata Mafara
was statistically different to that of Bakura soils.

3.1.8. Sodium (Na)

The results of sodium concentration are presented in Table
2. Sodium content obtalned were 0.74cmolkg' for Mara-
dun soils, 0 86cmolkg” for Talata Mafara soils and
0.76cmolkg™ for Bakura s01ls According to (Esu, 1991),
sodium values < 0. 1cmolkg are classified as low in SOdl-
um; 0.1 to 0.3 cmolkg as medium and > 0.3cmolkg™”
considered as high in sodium content.

Table 2: Some Chemical Properties of Bakura, Mafara and Maradun Soils along River Sokoto Location

N P Ca Mg K Na

(%) mgkg-! (+) cmolkg-!
Maradun 0.22 +0.01 2.49+0.01 031+0.01° 0.27 +0.03 0.42 +0.03%® 0.74 £ 0.01°
Talata Mafara 0.26 £ 0.01 2.32+0.01 0.32+0.02° 0.22 £ 0.02 0.39+0.03° 0.86 + 0.03%
Bakura 0.21+0.01 2.11+0.01 0.22+0.01° 0.28 £ 0.02 0.52+0.05® 0.76 = 0.05®
Significant Ns Ns ok Ns ok ok

Means followed by the same letters(s) within a column are not significantly different (ns), (P > 0.05)

This indicates that, the soils of the study area were generally
high in sodium content. Wadata et al., (2011) obtained a
range value of 1.4-1.9 cmolkg™ in soils of Rima river flood
plain. The high level of sodium in the studied area may be
attributed to poor drainage and irrigation water that is use in
the area. Statistical analysis showed that there was significant
difference between the sodium content of the three locations
of the studied area. Bakura soil was statistically similar to
both Talata Mafara and Maradun, but Talata Mafara was sta-
tistically different to that of Maradun soils.

3.2. Soil Micronutrients

The total content of any micro-nutrient element in soils gives
very little indication of its availability to plants, the amount
of micro-nutrient that is soluble in a weak extract (water,
ammonium acetate, dilute acid and complexing agents) usual-
ly gives more useful information about plant availability
(Udoh et al., 2008). In this study, effort was made to study
the total and available micronutrients of the soils of the study
area.

3.2.1. Total Micronutrient (Fe, Mn, Zn and Cu)

The mean values of the total micronutrient elements in the
soil of the studied area are presented in Table 3.

The mean values of total Iron content of the soil of the stud-
ied area were; 30.67 mgkg for Maradun, 32.03 mgkg™ Tala-
ta Mafara and 31.67 mgkg™ for Bakura soils. Similar value of
41.13mgkg™" was obtained by Bassirani et al., (2011) in the
soil of India. Statistically result showed that all the soils of
the studied area were not significantly different at 5% level of
significance.

The total manganese values of the soil of the studled area
were 11.64 mgkg™ for Maradun soils, 12.68mgkg™" for Talata
mafara soil and 11.72 mgkg™ for Bakura soils. Udoh e al.,

(2008) reported a similar value in the flood plain soils of
Akwa-ibom. The results showed no significant difference in
manganese content between the soils of the three sampled
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sites.

Total zinc content of the study area was 7.05 mgkg" for
Maradun s01ls 7.90 mgkg" for Talata Mafara soils and
7.08 mgkg for Bakura soils respectively. Statistically the
total zinc content of the study area indicated that there was
no significant difference in zinc contents of the three sam-
pled sites.

Total copper content of the Maradun Talata Mafara and
Bakura soils are, 4.62 mgkg', 4.64 and 6.09 mgkg™ re-
spectively. However statlstlcal analysis showed that the
soils of Maradun and Mafara were statistically similar but
statistically different to Bakura soils. Bakura soils have the
highest copper content followed by Talata Mafara and then
Maradun soils.

3.2.2. Available Soil Micronutrients (Fe, Mn, Zn and Cu)

The available micronutrients determined were Fe, Mn, Zn
and Cu. The results were presented in Table 3.

Available iron content of the soil of the studied area was
17.13mgkg™, 18.02 mgkg™ and 18.35mgkg™ for Maradun,
Talata Mafara and Bakura soils respectlvely Esu (1991)
gave a range of <4. Smgkg 4.5-10mgkg™ and > 10mgkg™
as low, medium and high iron content of soils respectively.
Similar results were obtained elsewhere in India by Bassi-
rani et al., (2011). This indicates that all the soils of the
study area were high in iron content. Statistical analysis
showed that there is no significant difference in iron con-
tent between the soils of the study area.

Available manganese of the soils of Maradun, Talata
Mafara and Bakura are 7.7mgkg’, 10.28mgkg” and
0.89mgkg™! respectlvely Esu (1991) gave the critical hm-
its of Manganese in soils as, < 5 mgkg" (low), 5-10 mgkg™

(medium) and > 10 mgkg™" (high). Oyinlola and Chude,
(2010) obtained mean value of 9.2 in Zaria, Kaduna State.
This indicates that all the soils of the study area were me-
dium in manganese content.Statistically there was no sig-



nificant difference between Maradun and Bakura but there
was significant difference between Mafara and that of Mara-
dun, and Bakura soils.

Available zinc of the Maradun, Talata Mafara and Bakura
soils were 2.83mgkg™, 2.52mgkg” and 2.33mgkg respec-
tively. Iyaka and Kakulu (2009) reported a Zinc range value
of 2.8mgkg™ to 7.5mgkg™ in soils of Niger State. The soils of
the studied area were rated high in Zinc content as the values
were above 2.0 mgkg Esu (1991) rated < 0.8 mgkg™' as low
and > 2.0 mgkg" as high. The zinc content increase as you
move along the river from upper to the lower part of the
study area and these may be attributed to the farming activity
which is high in the upper part followed by middle part than
the lower part.

The values obtained in these studies were indeed higher than

the mean Zinc value of 0.58 mgkg' obtained from the
soils of Gombe State, Nigeria by Mustapha et al., (2010).
Statistically there was no significant difference between
the available zinc of the three locations.

Available  copper content in the studled area were
1.82mgkg™, 1.7mgkg ™ and 2.35mgkg™ for Maradun, Tala-
ta Mafara and Bakura respectively. Accordmg to Esu
(1991), Copper content of < 02 mgkg! is low, 0.2-1.0
mgkg’ v medium and> 1.0 mgkg™ Copper content was high
Going by this rating. Godwin and Omolola (2012) report-
ed a mean value of 1.27mgkg” for the soils of Abeokuta.
Statistically there was significant difference between Tala-
ta Mafara and Bakura soils, but the Talata Mafara and
Maradun soils were statistically similar in copper content,
Bakura soils had the highest available copper content fol-
lowed by Maradun and Talata Mafara respectively.

Table 3: Distribution of Total and Available Micronutrients at the three locations (Maradun, Talata Mafara and Bakura Soils)

along River Sokoto

Mn Mn
Location Fe Zn Cu Fe Zn Cu
«— mgkg-! «——— mgkg-!
Maradun 30.67+0.16 11.64+0.64 7.05£0.11 4.62+0.13° 17.13£0.11 7.7+ 0.06° 2.83£0.05 1.82£0.11°
Talata Mafara 32.03 £0.2 12.68+0.16 7.90+0.1 4.64+0.13° 18.02+0.1 10.28 £0.81° 2.52+0.06 1.76+0.12°
Bakura 31.67+022 11.72+0.1 7.08+0.13  6.09+0.37* 18.35+0.11 7.84+0.07° 2.33+£037 235+0.13°
Significant Ns Ns Ns Hk Ns ** Ns **

Means followed by the same letters(s) within a column are not significantly different (ns) (P > 0.05)

4.0. Conclusion

The results obtained from this study have shown that out of
the four soil micronutrients investigated namely: Fe, Mn, Zn,
and Cu. Fe, Zn and Cu were high in concentrations, while Mn
was medium in concentration. The distribution of these mi-
cronutrients in the study area suggests that supplementary
application of Mn will be required for sustainable rice pro-
duction in the soil studied, while Fe, Zn and Cu are not defi-
cient in such soils. Na was high as such there is tendency of
sodicity problem, high Na concentration needs to be checked.

The following recommendations were made based on the
findings of the study.

1. Annual check-up of the soil condition is required to as-
certain the status of the soil

2. The low organic matter, phosphorus and some exchange-
able bases in the area can be enhance by increased use of
organic matter in addition to the application of phosphat-
ic fertilizers
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