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ABSTRACT

This study characterized soil samples collected from arable fields in tomato-growing
communities at Ayetoro, llara, Imeko and Obada in Ogun State, Nigeria. A total of 32 soil
samples were collected from 8 grids in each field. Soils were analyzed in triplicates for
physicochemical properties and trace element including boron (B), copper (Cu), iron (Fe),
manganese (Mn), molybdenum (Mo) and zinc (Zn). Results revealed low variation in pH and
sand particles. Org C, total N, exchangeable bases, and Effective Cation Exchange Capacity
(ECEC), silt and clay contents exhibited moderate variations. Extractable P and exchangeable K
were highly variable. Concentrations of extractable B, Cu, Mn and Mo indicated moderate
variation, while the different soils revealed very high variations for extractable Fe and Zn. Obada
was highest in org C, total N, extractable P, exchangeable K and Na which were not significantly
different from that of Ayetoro. Boron, Cu and Zn were higher at Ayetoro while Fe and Mo were
higher at Imeko. Soil pH had good relationship with B, Zn, Mn, and Mo with correlation(r) of -
0.569 ", -0.646 ", 0.5717 and 0.878"", respectively. The bi-plot from Principal Component
Analysis (PCA) characterization of soil nutrient showed 89.79 % of total variation among the
soils. Ayetoro with high inherent soil nutrient could better support tomato production.

Keywords: physicochemical properties, principal component analysis, soil nutrient, trace
element, variation.

INTRODUCTION region after Egypt (Aminu and Sadi 2020;
Tomato (Lycopersicon esculentum Mill.) is Ajibare et al., 2022). Tomato is consumed in
one of the most popular fruit vegetable crops large quantities by Nigerians and serves as a
and accounted for about 189.13 million source of antioxidants in the diet (Adams,
metric tons of the world vegetable 1991; Idowu and Aduayi, 2006). I_t is also a
production (FAO 2023). Nigeria accounted good source of vitamins and minerals of
for 10.8% of fresh tomatoes production in importance in human diet. The antioxidant
Sub-Saharan Africa making her the second lycopene, found in tomato is a form of
largest producer of fresh tomatoes in the carotenoid which reduces the risk of prostate

cancer (Kucuk, 2001; Kamenetzky et al.,
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2010). According to Sainju et al. (2003)
consumption of tomato can reduce cancer
development in the gastro-intestinal tract of
the stomach, colon and rectum.

In southwestern Nigeria, tomato is a
common crop particularly in the derived
savanna region of Ogun state. This is partly
due to the moderate rainfall and highly
weathered  soils  which are  often
characterized with low fertility status
(Idowu and Aduayi, 2007). The soils are
typically low in nitrogen and organic
carbon, poorly buffered with Low Activity
Clay (LAC) minerals and are of poor water
retention capacities (Ojanuga, 1979; Sobulo
and Osiname, 1981; Oguntade et al., 2018).
Tomato production requires good soil that is
rich in both macro- and micro- nutrients
without which tomato cannot grow
optimally and bear good quality fruits
(Sainju et al., 2003; Swetha et al., 2018).
This is an indication that these soil nutrients
are essential for activities that promote
optimal crop growth and development. The
soil environment on which tomato is grown
has been reported to influence not only the
nutrient composition of the harvested fruits
but also the yield, taste and post-harvest
quality of the fruits (Sainju et al., 2003).

The prime concern of resource poor small-
scale tomato growing farmers in Nigeria is
to obtain optimum yield with maximum
returns possible (Abdul et al., 2020). This
has been marred majorly by poor nutrient
status of soil. Inadequate supply of
fertilizers, high cost of input, pest and
diseases are among other major causes of
low yield. Meanwhile, to select and adopt an
eco-friendly fertilizer regime that s
sustainable in a particular soil environment,
assessment and characterization of the
nutrient status of such soil is required
(Tagore et al., 2017). This is because
adequate soil nutrient confer good potential,
complements the opportunities in a healthy
soil for crop growth and development.
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Requisite information on nutrient status of
soil in a crop field is, therefore, an essential
step needed not only for appropriate
fertilizer regime but also for specific soil
management  and  sustainable  crop
production (Yusoff et al., 2006).

In Ogun state, information on soil nutrient

status particularly for tomato-growing
communities is grossly inadequate for
fertilizer recommendations. Often, when

fertilizers are available, its application has
been based on blanket recommendations,
usage of which has resulted in nutrient
imbalance and contamination of soil. Since
farmers efforts to increase area of tomato
cultivation in the derived savanna ecology of
Ogun state are marred with challenges of
low yield majorly due to poor soil nutrient
status. This study was, therefore, aimed to
assess soil properties of selected farm land
in tomato-growing communities in order to
determine (i) the content and extractable
forms of macro and micro nutrients in the
soils from the selected farmers field; (ii) the
extractable forms of trace element of
importance for tomato production including
B, Cu, Fe, Mn, Mo and Zn; and (iii) the
relationship between the trace element
across the soils in the farmers field using
principal component analysis (PCA).

MATERIALS AND METHODS

Description of the study area: The area
spans the derived savannah ecology of two
Local government areas (Yewa North, and
Imeko-Afon) in Ogun State and llara, a
border town between Republic of Benin and
Nigeria Ogun State is located in
southwestern Nigeria with a tropical climate
with characteristic wet and dry seasons. The
study area has erratic bimodal annual
rainfall pattern in the wet season with the
maximum  precipitation in  June and
September. The farmers’ fields used were
arable farmland in four selected towns of
Ayetoro, llara, Imeko and Obada. Location
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of the fields (Figure 1) was on latitude
7.2339° N, longitude 3.0595° E and 109.75
m above sea level (ASL) at Ayetoro. The
field at llara was on latitude 7.4144° N,
longitude 2.7736° E and 189.00 m ASL.
Imeko field was on latitude 7.4692° N,
longitude 2.8658° E and 243.00 m ASL
while Obada site was on latitude 7.4232° N,
longitude 2.9622° E and 217.12 m ASL.

Soil sampling and sample preparation:
Soils were systematically collected with the

aid of a soil auger from regular grid (12 m
by 6 m) set using Global Position System
(GPS). A total of 8 grid cells (points) were
set for soil sample collection in each
location (farmers’ field who were tomato
growers).  Baseline soil samples were
collected during land preparation prior to
cropping in the 2018 cropping season. From
each grid cell, 10 core soil samples were
collected at 0-15 cm
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Figure 1: Location map of the study area and sampling sites.

depth using a soil auger. Core soil samples
collected were bulked to form a composite
sample such that in total, 32 composite
samples were taken from the four study
locations. The soil samples were later air-
dried and sieved with 2 mm sieve for
laboratory analyses.
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Soil analysis: The soil was analyzed for pH
(soil:water 1:2) with glass electrode pH
meter (McLean, 1982). Organic carbon was
determined byWalkley Black Method
(1934). Total nitrogen was determined by
the Kjeldahl method (Bremner, 1996). Soil
extractable phosphorus was determined by
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Bray-1-method (Nelson and Sommers,
1996). Exchangeable bases (Ca**, Mg**, K*
and Na’) were extracted with 1N
Ammonium acetate at pH 7.0 (Rhoades,
1982). Calcium (Ca?) and Magnesium
(Mg?) were determined on an atomic
absorption spectrophotometer (AAS) while
Potassium (K) and Sodium (Na') were
determined on a flame photometer.
Exchangeable acidity (AI** + H*) in the soil
was extracted with 1 N KCI and determined
by titration method (Anderson and Ingram,
1993). Effective cation exchange capacity
(ECEC) was calculated as the summation of
the exchangeable acidity and exchangeable
bases. The extractable trace metals (Cu, Fe,
Mn, Mo and Zn) were determined with AAS
(Model: Buck Scientific 210 VGP, Buck
Scientific, Inc., East Norwalk, CT, USA).
Extractable boron (B) was determined
colourimetrically as described by Udo et al.
(2009). The particle size distribution was
determined by Bouyoucos hydrometer
method (Gee and Bauder, 1986).

Statistical analysis: The soil properties
measured were subjected to one-way
Analysis of Variance (ANOVA) using
Genstat package 12th Edition (Payne et al.,
2009). Descriptive statistics used include
mean, standard error (SE), and coefficient of
variation (CV %) to determine the
variability of the soil properties. Pearson’s
moment correlation analysis (r) and
Principal Component Analysis (PCA) were
also carried out to determine
interrelationship of nutrient between soil
environments and soil properties variations.
Significant mean values were separated
using Fischer’s Protected Least Significant
Difference (LSD) at 5% probability level.

RESULTS AND DISCUSSION

Extractable phosphorus was not significantly
different in the soils across the four
locations (Table 1). The extractable P at
Ayetoro indicated deficiency but conversely,
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Physicochemical properties of the soils:
The pH of soils at Ayetoro and Obada was
similar and falls within slightly acidic range
(Table 1). For llara and Imeko the pH was
also not different significantly (p< 0.05).
The pH was neutral at llara while it was
very slightly acidic at Imeko. Org C at
Ayetoro and Obada was comparable and
was classified as moderate when compared
with soil fertility characteristics of tropical
soils (FAO, 1976; Udo et al., 2009). At llara
and Imeko, the org C was quite low and not
significantly different from each other. This
can be attributed to high rate of
mineralization of organic matter in tropical
soils (Sierra et al., 2015; Liyanage et al.,
2021). Hence, soil amendment with organic
materials like crop residues is an essential
management  strategy  to enhance
accumulation of organic matter in such soils.
Total nitrogen in the soils followed a trend
similar to org C (Table 1). Nitrogen content
at Ayetoro and Obada soils was within the
critical soil limit of 1.5-2.0 g kg™ (Sobulo
and Osiname, 1981). Total N at Ilara and
Imeko were not different significantly but
were up to 2 folds lower compared to
Ayetoro and Obada. This indicated very low
total N as it falls below the critical range of
1.1-2.0 g kg™* reported by FFD (2012). This
can be alluded to the fact that the soils were
low in organic carbon and sandy textured
hence, there is high tendency leaching of
mobile nutrient like nitrogen. Deficiency of
N in soil often results in stunted spindly
growth with yellow leaves at the base of
tomato plant (Needham, 1973),
consequently reduction in yield and vyield
qualities such as; fruit size, colour, shelf life
and taste (Winsor, 1973; Sainju, 2003).

was very high at llara. The high level of
extractable P at llara could have been due to
neutral pH of the soil. Studies have shown
that phosphorus is more likely to be
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available to crops at near neutral pH than at
lower pH of below 4.0, as aluminum and
iron oxides fix P at lower pH (Spark, 1995;
Shiauet al., 2018). At Imeko and Obada, the
extractable P was moderately low since it
falls within the lower range of critical level
of 10-16 mg kg* for crop production
(Adeoye and Agboola, 1985). Adequate soil
P promotes root proliferation and growth for
better utilization of water and other mineral
nutrients which spurs steady growth of
tomato plant culminating in healthy foliage
and fruits of better quality (Gould, 1983;
Adb-Alla et al., 1996).

Soil collected from Obada had the highest
contents of Ca and Mg which were
significantly (p< 0.05) higher than the other
three locations (Table 1). The pattern of
exchangeable Ca and Mg in the soils were in
the order Obada > Ayetoro > llara > Imeko.
Across locations, the mean contents of Ca
and Mg were higher than critical levels of
1.5 and 0.28 cmolckg™ for Ca and Mg,
respectively in soils of southwestern Nigeria
(Enwezor et al., 1990; Uponi and Adeoye,
2000). This implied that soils in this region
can supply adequate amount of Ca and Mg
needed for optimal growth of tomatoes. The
Ca content in these soils confirms the
assertion that most soils have adequate
amount of Ca needed for tomato cultivation
except if the pH of the soil is lower than 4.5
(Sainju, 2003). The exchangeable K in the
soils was not different significantly across
locations. The content of exchangeable K
was in the order Obada > Imeko > Ayetoro
> |lara with the mean value of 0.15 cmol kg
! This concentration, according to FAO
(1976) soil fertility classification, indicated
that the exchangeable K at Obada and Imeko
was in the medium (0.15-0.40 cmol. kg™)
class. Meanwhile, Ayetoro and Ilara are
classified as soils having low content of
exchangeable K which falls below critical
level of 0.15 cmolc kg™ (FAO, 1976; Uponi
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and Adeoye, 2000). Potassium supports
vigorous growth, early flowering and setting
of fruits which results in higher yield of
tomatoes per plant (Varis and George, 1985)
and its nutrition can influence the quality of
tomato fruit (Sainju, 2003). Exchangeable
Na was highest at Obada and lowest at Ilara.
The content of Na at Obada was not
significantly (p< 0.05) different from
Ayetoro. In a similar trend, Na content at
Ilara was similar to that of Imeko. The Na
value at Ayetoro was in tandem with 0.15
cmol. kg™ reported by Thomas et al. (2018)
at the top soil of Apomu, Alagba, Matako
and Eruwa soil series in southwest Nigeria.
Sodium can stimulate growth of many
species of crop plants including tomato
(Lehr, 1953; Montasir et al., 1966). An
increase of 12 % has been reported in dry
weight of tomato grown on nutrient medium
with addition of 1 mM NaCl (Wooley,
1957). Presence of Na in an environment
where K is deficient such as at Ayetoro and
Ilara, can lead to reduction in the critical
level of K required by plant to meet its basic
metabolic needs (Greenwood and Stone,
1998; Subbarao et al., 2003). The reduction
often occurs as a result of substitution of a
monovalent cation like Na for K in a
biochemical reaction in the plant (Evans and
Sorger, 1966; Wyn Jones and Pollard,
1983). The exchangeable acidity of Ayetoro
and Obada soils was similar and was
significantly higher than exchangeable
acidity recorded at llara and Imeko (Table
1). Mean value of exchangeable Al+Hin the
soils indicated low level of exchangeable
acidity at the exchange site of the soils.
Obada had the highest ECEC which was
significantly (p< 0.05) higher than the
content at Ayetoro. llara and Imeko were not
different significantly in ECEC and were
very low for crop production, having values
lower than critical level 6.0 cmol, kg'1
reported by Esu (1991).
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Table 1: Phvsicochemical properties of Avetoro, Ilara. Imeko and Obada soils

Location pH Org C TotalN  Awail P Ca Mg K Na Al+H ECEC Sand Silt Clay STC
(g kg™ (mgkg!)  (cmolkg?) (gke?)

Avyetoro 6.23° 16.44=  1.63 8.682 5560 2.71*  0.14= 0.15% 0.07= 8.7 822.0¢ 10522 7282 Ls

Hlara 7.022  7.04° 0.84° 17542 392¢ 155 0122 0.11° 0.05  5.75¢ 894.0° 57.5° 48.50

Imeko 6.98= 6.25° 0.60° 11.352  3.42¢  1.12° 0.16* 0.12% 005" 486° 919.82 32.8° 48.8°

Obada 6.24° 17.62= 1.802 11.73= 725 394 01% 017 0.060 11.61* 865.8° 75.5® 54.8® LS

LSD(0.05) 0.383 2.326 0.279 10540 1.096 0480 0063 0.035 0013 1.622 30.38 15.33 15.24

Mean 6.62 11.84 1.22 12.32 5.04 2.33 0.15 0.14 0.06 7.92 87640 678 56.2

SE (z) 0368 2430 0.265 10.140 1.054 0461 0061 0.034 0013 1.560 29220 18.590 18510

CV (%) 5.6 205 221 822 205 158 395 249 228 20.2 33 274 325

Org C_= organic carbon; ECEC = effective cation exchange capacity; STC = soil textural class; LS =loamy sand; S = sand.

Results were mean values calculated based on three replicates. Means with different superscripts letters within the same column are

significantly different at p=< 0.05 according to Fischer’s protected LSD.

Generally, soils in the zone were dominated
by large proportion of sand particles with
the highest at Imeko and lowest at Ayetoro.
The soils were however, low in silt and clay
contents. The low proportion of silt and clay
particles as depicted by soil textural class
(STC) reflected the poor inherent nutrients
in the soils. Soils with LAC are often prone
to leaching of nutrients, low in cation
exchange capacity and poor in water
retention ability (Ojanuga, 1979; Sobulo and
Osiname, 1981). In addition, Ilara and
Imeko soils whose textures were sandy,
manifested low level of exchangeable bases
and were very poor in org C and total N.
This showed deficiencies in major nutrients
essential for tomato production in the soils
and consequently low vyield abounds.
Sustainable production of tomato in these
soils may therefore require organic
amendment for improved yield. Assessment
of physiochemical properties of soils in the
zone indicated low variability for pH and
sand particles with CV < 15 %. Org C, total
N, exchangeable (Ca’, Mg’, Na),
exchangeable (Al+H), ECEC, silt and clay
contents of the soil exhibited moderate
variations (CV 15 — 35 %). Meanwhile,
extractable P and exchangeable K were
highly variable (CV > 35 %) according to
Wilding (1985). The CV for soil pH in this
study was in consonance with short-range of
2-15 % soil pH spatial variability reported

43

by Cavigelli et al. (2005). Observation in
this study was also similar to CV values of
19.1 % and 23.0 % for org C and total N,
respectively as reported by Bonmati et al.
(1991).

Concentration of trace elements in the
soils: The concentration of B in Ayetoro soil
was significantly (p< 0.05) higher than
amount recorded in the other three locations
(Table 2). The lowest concentration of B
recorded at Imeko was not significantly
different from that of Ilara and Obada. Mean
concentration of B in the soils was in the
lower limit of critical range of 0.1-0.7 mg
kg' for B reported by Maynard and
Hochmuth (1997). This indicates that these
soils might not be able to support tomato
production sustainably because deficiency of
boron is likely to occur except at Ayetoro.
The relatively large proportion of clay
particles which was significant at Ayetoro
made it an exception with better potential
for nutrients retention. Boron is one of the
nutrients with high potential to leach from
the root zone (Mengel and Kirkby, 1987;
Davis et al., 2003). Hence, poor soils which
are sandy such as in this study with low
level of B might not support optimum
growth, yield and quality tomato fruits. Soil
treated with B has been reported to improve;
marketable yield of tomatoes, shelf life of
fruits, fruit firmness and nutrient contents
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including nitrogen, calcium and potassium
(Davis et al., 2003). Copper content in the
soils followed similar trend as B. The
highest concentration of Cu at Ayetoro was
significantly (p< 0.05) higher than in the
other three locations (Table 2). Mean
concentration of Cu in the soils indicated
that the zone had moderate level of Cu
which falls within the medium critical limit
category of 0.21-2.0 mg kg™ for Cu (Esu,
1991). Concentration of extractable Fe was
highest at Imeko and lowest at Ayetoro. At
Imeko, concentration of Fe was higher than
critical class limit of above 5.0 mg kg™ and
was considered high (Esu, 1991). However,
the lower concentration of Fe at Ayetoro,
Ilara, and Obada was moderate based on the
critical range of 2.51-5.0 mg kg™t (Esu,
1991). Extractable Mn in the soils was not
different significantly across the four
locations. The Mn was in the order llara >
Imeko> Ayetoro > Obada. Mean
concentration of extractable Mn in the soils
was above the critical limit of 25.0 mg kg™
reported by Adeoye and Agboola (1985)
indicating abundance of this mineral

nutrient. Concentration of Mo in the soils
was highest at Imeko followed by llara and
was not significantly different from each
other. The concentration of Mo at Obada
was not significantly different from llara but
was significantly (p< 0.05) higher than the
lowest Mo recorded at Ayetoro. Extractable
Zn was highest at Ayetoro and was not
significantly different from the content at
Obada. This could be due to high content of
organic carbon in these soils (Srikanth et al.,
2008). At llara and Imeko, the Zn content
was significantly lower in 3 and 2 folds,
respectively than the content at Ayetoro and
Obada. Nevertheless, Ilara and Imeko are
graded as soils with medium level of Zn
while Ayetoro and Obada are categorized as
soils with high Zn for crop production. Esu
(1991) had reported critical level of 0.8-2.0
mg kg™ and above 2.0 mg kg™ for medium
and high level of extractable soil Zn,
respectively. The CV obtained for the trace
elements were moderate for B, Cu, Mn and
Mo while it was high for Fe and Zn
according to Wilding (1985).

Table 2: Mean concentration of trace elements in Ayetoro, Ilara, Imeko and Obada soils

Location Boron Copper Iron Manganese Molybdenum  Zinc
(mg kg™)
Ayetoro 0.26° 0.53° 2.69° 38.71° 1.48° 4.54°
llara 0.17° 0.38° 2.93° 41.90 3.19% 1.47°
Imeko 0.14° 0.36° 10.16° 41.88 3.32° 1.92°
Obada 0.16° 0.26° 4.54° 31.58° 2.55° 451°
LSD (0.05) 0.053 0.115 4.436 10.940 0.759 1.266
Mean 0.18 0.38 5.08 38.52 2.63 3.11
SE () 0.051 0.111 4.266 10.521 0.730 1.218
CV (%) 28.1 28.9 83.9 27.3 27.7 39.1

Results were mean values calculated based on three replicates. Means with different superscripts
letters within the same column are significantly different at p< 0.05 according to Fischer’s

protected LSD.

Correlation of soil pH and trace element:
The correlation results showed that soil pH
was significantly (p < 0.05) and negatively
correlated with extractable B and Zn (Table
3). This indicates that as pH of the soil
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increases, B and Zn becomes less available
for plant use due to low solubility. The
observation was evident at llara and Imeko
with high soil pH. Boron has been reported
to be less available to crop plants as soil pH
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increases (Bunt, 1956; Davis et al., 2003).
Several studies have also attributed
decreasing available soil Zn due to poor
solubility with increasing soil pH (Alloway,
2008; Thomas et al., 2018). Conversely, the
soil pH was significantly (p < 0.05) and
positively correlated with Mn and Mo. This
indicated that concentration of Mn and Mo
in the soil increased with the active acidity
of the soil. Other studies have also reported
soil pH as one of the key factors that
determine the behaviour and bioavailability
of metallic element in soils (Mazurek et al.,
2017). Boron was significantly and
positively correlated with Cu and Zn. The
relationship between B and Mo in the soil
was however negative, indicating a
significant decrease in Mo as boron
increased. Extractable Cu in the soil was
also negatively correlated with Mo. A

significant (p < 0.05) positive relationship
exist between Fe and Mn in the soil.
Manganese in the soil exhibited a non-
significant positive and negative relationship
with Mo and Zn, respectively. However,
extractable Mo in the soil was significantly
(p <0.01) and negatively correlated with Zn
indicating an inverse relationship.

Principal component analysis: The PCA
bi-plot revealed 89.79% of the total variance
among the soils (Figure 2). The PC-1
explains 56.42% of the variation loaded with
lower values of Cu and Mn at Obada while
PC-2 with 33.38% of the total variation
showed higher values of Fe and Mo at
Imeko. Soil from Ayetoro, was classified for
the high concentrations of B, Cu and Zn.
Soil sample from llara was characterized by
high concentration of extractable Mn.

Table 3: Pearson moment correlation (r) of soil reaction and trace element in the soils assessed

pH B Cu Fe Mn Mo Zn
pH 1
B -0.569™ 1
Cu -0.262 0524 1
Fe 0.335"° -0.217" -0.219N8 1
Mn 0.571" -0.163"° -0.147"8 0.435" 1
Mo 0.878™ -0.749™ -0.479" 0.305M° 0.347"° 1
Zn -0.646™ 0.438" 0.112"° -0.074™° -0.318"8 -0.507" 1

", ™" = Significant at p< 0.05; p< 0.01 probability levels, respectively. NS = non-significant.
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PCP bi-plot(89.79%)

PC-2 (33.38%)
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g Ayaton
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Figure 2: Principal component analysis of trace element in soils of Ayetoro, llara, Imeko and

Obada.

This showed that the environment from
where a soil sample was taken has a great
influence on its elemental properties. This
observation is in agreement with that of
Balabanova et al. (2015) who reported that
sampling locality has a great influence on
elemental contents of a soil. The soil
collected from Imeko was characterized by
high concentrations of Mo and Fe. Hence,
variability of these trace element can be
attributed to inherent  properties  of
geological and pedological soil forming
factors in the area but could have been
modified by previous soil management
practices (Igbal et al., 2005).

CONCLUSION

Soils from Obada and Ayetoro have the
potential of supporting tomato production
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optimally under a good soil management
than Imeko and llara. High levels of major
macro nutrients (N, P, K) in Obada soil can
encourage luxuriant growth of tomatoes than
other locations. However, low levels of
trace elements in Obada soil will be of
disadvantage for tomatoes of marketable
yield and quality. Comparatively, Ayetoro
would be a better soil since tomatoes grown
on such environment could explore
significant amount of B, Cu and Zn from the
soil in addition to inherent macro nutrients.
Hence, it is economical and will be more
sustainable to produce tomatoes of good
yield, improve quality and shelf life at
Ayetoro under good soil management
strategies. Besides, tomatoes from such soil
would be able to supply a good balance of
B, Ca and Mg required for healthy living in
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human diet. Future studies would be geared
towards comparing growth, yield and fruit
qualities of different cultivars of tomatoes in
these soils under different soil fertility
management.

ACKNOWLEDGEMENT

The authors are grateful to the Head,
Farmers Association and tomato farmers at
Obada, Imeko and llara who allowed us to
site our experimental plots on their field.
The authors also thank the management of
Olabisi Onabanjo University, Ago-lwoye,
Nigeria who funded the project through the
Tertiary Education Trust Fund (TETFund)
under grant (number OOU/IBR/011).

REFERENCES
Adams, P. (1991). Effects of increasing the
salinity of the nutrient solution with
major nutrients or sodium chloride on
the yield, quality and composition of
tomatoes grown in the rock wool.
Journal of Horticultural Science66:201-
208.
https://doi.org/10.1080/00221589.1991.
11516145.
Adb-Alla, A.M., Adam S.M., Abou-Hadid, A.F.
and Benjamien Iman, S.S. (1996).
Temperature and fertilizer effects on
tomato productivity. Acta
Horticulture434:113-120.
https://doi.org/10.17660/ActaHortic.199
6.434.12.
.M., Yerima, A.K. and Suleiman, B.
(2020). A Review of the Problems of
Tomato  Value Chain inNigeria:
Remedial Option. International Journal
of Agriculture, Forestry and Fisheries;
8(3): 90-95.

G.0. and Agboola, A.A. (1985).
Critical levels of soil pH, available P, K,
Zn and Mn and maize ear leaf content of
P, Cu and Mn in sedimentary soil of
Southwest Nigeria. Fertilizer Research
6:65 — 71.
https://doi.org/10.1007/BF01058165.
Ajibare, D. B., Anthony, L., Alabi, O.0., Njoku,

V.0., Ukaoha, C.A .and Oluleye, O.D.
(2022). Resource Use Efficiency

Abdul,

Adeoye,

47

and Profitability Analysis
ofTomato Production (Lycopersicum
Esculetum Species) inFederal
Capital Territory, Nigeria.
European Journal of Agriculture and
Food Sciences 4(5) 75-82.
http://dx.doi.org/10.24018/ejfood.2022.4
.5.539.

Alloway, B.J. (2008). Zinc in soils and crop
nutrition. Second Edition 1ZA and IFA.
Brussels, Belgium and Paris, France. pp.
139.

Aminu Y.U and Sadi M. (2020). Analysis
of Profitability of Dry Season
Tomato Production in
Ikara Local Government Area of
Kaduna State, Nigeria. The Nigeria
Journal of Energy &

Environmental Economics 2 (1) 1-11.

Anderson, J.M. and Ingram, J.S.l. (1993). Soil
organic matter and organic carbon. In
‘Tropical soil biology and fertility: a
handbook of method of analysis’.
Anderson, J.M. and Ingram, J.S.I
(Eds.), CAB International: Wallingford,
UK. pp. 62-70.

Balabanova, B., Stafilov, T. and Baceva, K.
(2015).  Application  of  principal
component analysis in the assessment of
essential and toxic metals in vegetable
and soil from polluted and referent
areas. Bulgarian Journal of Agricultural
Science 21(3):552-560.

Bonmati, M., Ceccanti, B. and Nannipieri, P.
(1991). Spatial variability of
phosphatase, urease, protease, organic
carbon and total nitrogen in soil. Soil
Biology & Biochemistry 23(4): 391-396.
https://doi.org/10.1016/0038-
0717(91)90196-Q.

Bremner, J.M. (1996). Nitrogen-Total. In
‘Methods of Soil Analysis part 3.
Chemical Methods Soil Science Society
of America, American Society of
Agronomy’. Sparks, D.L., Page, A.L.,
Helmke, P.A. and Loeppert, R.H. (Eds.),
Madison: WI, USA. pp 1390.

Bunt, A.C. (1956). An examination of factors
contributing to the pH of John Innes


https://doi.org/10.17660/ActaHortic.1996.434.12
https://doi.org/10.17660/ActaHortic.1996.434.12
http://dx.doi.org/10.24018/ejfood.2022.4.5.539
http://dx.doi.org/10.24018/ejfood.2022.4.5.539
https://doi.org/10.1016/0038-0717(91)90196-Q
https://doi.org/10.1016/0038-0717(91)90196-Q

Nigerian Journal of Ecology 19(1): 38-50 — Oguntade et al.

composts. Journal of Horticultural
Science 31:258-271.
https://doi.org/10.1080/00221589.1956.
11513876.

Cavigelli, M.A., Lengnick, L.L., Buyer, J.S,,
Fravel, D., Handoo, Z., McCarty, G.,
Millner, P., Sikora, L., Wright, S.,

Vinyard, B. and Rabenhorst, M. (2005)

Landscape level wvariation in soil

resources and microbial properties in a

no-till corn field. Applied Soil Ecology

29: 99-123.

https://doi.org/10.1016/j.apsoil.2004.12.

007.

J.M., Sanders, D.C., Nelson, P.V.,

Lengnick, L., Sperry, W.J. (2003).

Boron improves growth, yield, quality,

and nutrient content of Tomato. Journal

of American Society of Horticultural

Science 128(3): 441-446.

Enwezor, W.O., Udo, E.J.,, Ayotade, KA.,

Adepetu, J.A. and Chude, V.O. (1990).

A review of soil and fertilizer use

research in southwestern Nigeria, In:

Literature review of soil fertility

investigation in Nigeria, FMANR,

Lagos, Nigeria; 3: pp. 100-200.

.E. (1991). Detailed soil survey of

Nigerian Institute for Horticultural

Research (NIHORT) farm at Bunkure,

Kano State, Nigeria. Institute for

Agricultural Research, A.B.U. Zaria. 72

Pp.

H.J. and Sorger, G.J. (1966). Role of

mineral elements with emphasis on the

univalent

cations. Annual Review of Plant

Physiology 17:47-76.

https://doi.org/10.1146/annurev.pp.17.0

60166.000403.

FAO (Food and Agricultural Organization).
(1976). A framework for land
evaluation. FAO. Soils Bull. 32. FAO,
Rome. pp. 87.

FAO (Food and Agricultural Organization).
(2023). Statista.Global production of
vegetables in 2021, by types.
http://www.fao.org/faostat/ (accessed 6
January 2023.5.13)

FFD (Federal Fertilizer Department). (2012).
Federal Ministry of Agriculture and

Dauvis,

Esu,

Evans,

48

Rural Development, Abuja, Nigeria;
15(2), pp. 1049-1058.

Gee, G.W. and Bauder, J.W. (1986). Particle-

size analysis. In ‘Methods of soil

analysis. Part 1, second ed. American

Society of Agronomy, Soil Science

Society of America, Klute, A. (Ed.),

Madison: WI, USA. pp. 383-411.

W.A. (1983). Tomato Production,

Processing, and Quality

Evaluation. Publishing Co.,

Westport, CT.

Greenwood, D.J. and Stone, D.A. (1998).

Prediction and measurement of the

decline in the critical-K, the maximum-

K and total cation plant concentrations

during the growth of field vegetable

crops. Annals of Botany 82:871-881.

https://doi.org/10.1006/anb0.1998.0775.

M.K. and Aduayi, E.A. (2006). Effects

of sodium and potassium on water

content and vyield of tomato in
southwestern Nigeria. Journal of Plant

Nutrition 29:2131-2145.

https://doi.org/10.1080/0190416060097

2761.

Idowu, M.K. and Aduayi, E.A. (2007). Sodium-
potassium interaction on growth, yield
and quality of tomato in ultisol. Journal
of Plant Interaction 2(4): 263-271.
https://doi.org/10.1080/1742914070171
3803.

Igbal, J., Thomasson, J.A., Jenkins, J.N., Owens,
P.R. and Whisler, F.D. (2005). Spatial
variability analysis of soil physical
properties of alluvial soils. Soil Science
Society of America Journal 69:1338—
1350.
https://doi.org/10.2136/ss5aj2004.0154.

Kamenetzky, L., Asi's, R., Bassi, S., de Godoy,
F., Bermu'dez, L., Fernie, A.R., Sluys,
M.V., Vrebalov, J., Giovannoni, J.J.,
Rossi, M. and Carrari, F. (2010).
Genomic analysis of wild tomato
introgressions determining metabolism
and yield associated traits. Plant
Physiology152:1772-1786.
https://doi.org/10.1104/pp.109.150532.

Kucuk, O. (2001). Phase Il randomized clinical
trial of lycopene supplementation before

Gould,

AVI

Idowu,


https://doi.org/10.1080/00221589.1956.11513876
https://doi.org/10.1080/00221589.1956.11513876
https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.2136/sssaj2004.0154

Mazurek, R., Kowalska, J.,

McLean,

Nigerian Journal of Ecology 19(1): 38-50 — Oguntade et al.

radical prostatectomy. Cancer
Epidemiology Biomarkers & Prevention
10:861-868.

Lehr, JJ. (1953). Sodium as a plant nutrient.

Journal of the Science of Food &
Agriculture4: 460-471.
https://doi.org/10.1002/jsfa.2740041002

Liyanage L.R.M.C., Sulaiman, M.F., Ismail R.,

Gunaratne, G.P., Dharmakeerthi, R.S.,
Rupasinghe, M.G.N., Mayakaduwa A.P.
and Hanafi, M.M. (2021). Carbon
mineralization dynamics of organic
materials and their usage in the
restoration of degraded tropical tea-
growing soil. Agronomy 11, 1191. 1-18.
https://doi.org/10.3390/agronomy11061
191.

Maynard, D.N. and Hochmuth, G.J. (1997).

‘Plant growing and  greenhouse
vegetable production, Knott’s handbook
for vegetable growers.” 4th edn. Wiley,
New York. pp. 78

Gagiorek, M.,
Zadrozny, P., Jozefowska, A., Zaleski,
T., Kepka, W., Tymczuk, M. and
Orlowska, K. (2017). Assessment of
heavy metals contamination in surface
layers of Roztocze National Park forest
soils (SE Poland) by indices of
pollution. Chemosphere, 168:839-850.
https://doi.org/10.1016/j.chemosphere.2
016.10.126.

E.O. (1982). Soil pH and lime
requirement. In ‘Methods of soil
analysis. Part 2. Chemical and

microbiological properties,” 2nd edn. -
Page, A.L., Miller, R.H. and Keeney,
D.R. (Eds.) American Society of
Agronomy, Soil Science Society of
America: Madison WI. pp. 1159.

Mengel, K. and Kirkby, E.A. (1987). Principles

of plant nutrition, 4th edn Intl. Potash
Inst., Worblaufen-Bern, Switzerland.

Montasir, A.H., Sharoubeem, H.H. and Sidrak,

G.H. (1966). Partial substitution of
sodium for potassium in water cultures.
Plant Soail. 25:181-194.
https://doi.org/10.1007/BF01347817.

49

Needham, P.

(1973). Nutritional
disorders. In ‘The U.K. Tomato
Manual.” Grower Books: London.

Nelson, D.W. and Sommers, L.E. (1996). Total

carbon, organic carbon, and organic
matter. In ‘Methods of soil analysis. Part
3’. Sparke, D.L (Ed.). Chemical
methods SSSA book series no: Madison,
ASA and SSSA 5. pp. 961-1010.

Oguntade, O.A., Olagbenro, T.S., Odusanya,

O.A., Olagunju, S.O., Adewusi, K.M.
and Adegoke, A.T. (2018). Assessment
of composted kitchen waste and poultry
manure amendments on growth, vyield
and heavy metal uptake by Jute mallow
Corchorus olitorius Linn. International
Journal of Recycling Organic Waste in
Agriculture 8(2):187-195.
https://doi.org/10.1007/s40093-018-
0232-8.

Ojanuga, A.G. (1979). Clay mineralogy of soils

Payne,

in the Nigerian tropical savanna regions.
Soil Science Society of America Journal
43:1237-1242.
https://doi.org/10.2136/ss5aj1979.03615
995004300060038x.

R.W., Harding, S.A., Murray, D.A,,
Soutar, D.M., Baird, D.B., Glaser, A.l.,
Channing,

I.C., Welham, S.J., Gilmour, AR,
Thompson, R. and Webster R. (2009).
‘GenStat for Windows’. 12th edn. VSN
International: Hemel Hempstead, UK.

Rhoades, J.D. (1982). Cation exchange capacity.

Sainju,

In ‘Methods of soil analysis. Part II’.
Page, A.L., Miller, R.H. and Keeney,

D.R. (Eds.) Agron. Monogr, 9,
American  Society of Agronomy:
Madison, WI. pp. 149-157.

U.M., Dris, R. and Singh, B.

(2003). Mineral nutrition of Tomato.
Journal of FoodAgriculture and
Environment 1(2):176-183.

Shiau, Y.J., Pai, C.W., Tsai, JW., Liu, W.C.,

Yam, R.S.W., Chang, S.C. and Chiu,
C.Y. (2018). Characterization of
phosphorus in a toposequence of
subtropical perhumid forest soils facing
a subalpine lake. Forests 9(6): 294.


https://doi.org/10.1002/jsfa.2740041002
https://doi.org/10.1002/jsfa.2740041002
https://doi.org/10.3390/agronomy11061191
https://doi.org/10.3390/agronomy11061191
https://doi.org/10.1016/j.chemosphere.2016.10.126
https://doi.org/10.1016/j.chemosphere.2016.10.126
https://doi.org/10.2136/sssaj1979.03615995004300060038x
https://doi.org/10.2136/sssaj1979.03615995004300060038x

Nigerian Journal of Ecology 19(1): 38-50 — Oguntade et al.

https://doi.org/10.3390/f906029
4.

Sierra, C.A., Trumbore, S.E., Davidson, E.A.,
Vicca, S., Janssens, 1. (2015). Sensitivity
of decomposition rates of soil organic
matter with respect to simultaneous
changes in temperature and moisture. J.
Adv. Model. Earth Syst., 7, 335-356.

Sobulo, R.A. and Osiname, O.A. 1981. Soils and
fertilizer use in Western Nigeria.
Research  Bulletin, Institute  of
Agriculture Research and Training No.
11, 20-26 pp. Ibadan.

Spark, D.L. (1995). ‘Environmental
Chemistry.”  Academic  Press:
Diego, Cambridge, MA, USA.

Srikanth, K.S., Patil, P.L., Dasog, G.S. and Gali,
S.K. (2008). Mapping of available major
nutrients in Black and Red soils of a
microwatershed in Northern Dry Zone
of Karnataka. Karnataka Journal of
Agricultural Science 21(3): 391-395.

Soil
San

Subbarao, G.V.lto, O., Berry, W.L. and
Wheeler, R.M. (2003). Sodium -A
Functional Plant Nutrient. Critical

Reviews in Plant Sciences 22(5):391-
416.https://doi.org/10.1080/0735268039
0243495.

Swetha, K., Saravanan, S. and Banothu, L.N.
(2018). Effect of micronutrients on fruit
guality, shelf life and economics of
tomato (Solanum lycopersicum L.) cv.
pkm-1. Journal of Pharmacognosy and
Phytochemistry 7(5):3018-3020.

Tagore, G.S., Kulhare, P.S., Sharma, G.D. and
Suryawanshi, A (2017).
Characterization of spatial variability of
soil fertility parameters using geo-
spatial techniques. International Journal
of Plant & Soil Science 19(1):1-10.
https://doi.org/10.9734/1JPSS/2017/357
69.

Thomas, E.Y., Omueti, J.A.l. and Adebisi, A.A.
(2018). Distribution of Zinc in Selected
Benchmark Soils of South Western
Nigeria. Journal of Agricultural Science
10(2):271- 280. https://doi.org/
10.5539/jas.v10n2p271.

Udo, E.J., Ibis, T.O., Ogunwale, J.A., Ano, A.O.
and Esu, LE. (2009). ‘Manual of Soil,

50

Plant and Water Analysis.” Sibon Books
Ltd: Lagos. 183 pp.

Uponi, J.I. and Adeoye, G.O. (2000). ‘Keys to
soil taxonomy.’ United State
Department of Agriculture (USDA), 9th
edn pp. 263-285.

Varis, S. and George, R.A.T. (1985). The
influence of mineral nutrition on fruit
yield, seed yield, and quality in tomato.

Journal of Horticultural Science
60:373-376.
https://doi.org/10.1080/14620316.1985.
11515641.

Walkley, A. and Black, C.A. (1934). An
examination of the Degtjareff method
for determining soil organic matter and
a proposed modification of the chromic
acid titration method. Soil Science
37:29-38.
https://doi.org/10.1097/00010694-
193401000-00003.

Wilding, L.P. (1985). Spatial variability: Its
documentation, accommodation, and
implication to soil surveys. In ‘Soil
spatial Variability.” Nielsen, D.R. and
Bouma, J. (Eds.), Pudoc.: Wageningen,
The Netherlands. pp. 166-194.

Winsor, G.W. (1973). Nutrition. In The
U.K. Tomato Manual. Grower Books:
London.

Wooley, J.T. (1957). Sodium and silicon as
nutrients for the tomato plant. Plant
Physiology 32(4):317-321.
https://doi.org/10.1104/pp.32.4.317.

Wyn Jones, R.G. and Pollard, A. (1983).
Proteins, enzymes and inorganic ions. In
‘Encyclopedia of Plant Physiology’,
new series vol. 15B, Laidman, D.L. and
Wyn Jones, R.G. (Eds.) Springer-
Verlag, Berlin. pp. 528-562.

Yusoff, M.M., Jusoff, K. and Ismail, M.H.
(2006). Soil nutrient variability mapping
in UiITM
Research station, Arau, Perlis using
landsat TM and geostatistical analysis.
Proceedings of the second WSEAS
International conference on remote
sensing, Tenerife, Canary Islands,
Spain. pp. 16-18.


https://doi.org/10.3390/f9060294
https://doi.org/10.3390/f9060294
https://doi.org/10.5539/jas.v10n2p271
https://dx.doi.org/10.1104%2Fpp.32.4.317

