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ABSTRACT

Soil the bed rock for natural provision of macro and micro nutrients for plant growth and
development. A soil is considered unhealthy when it can longer supply required nutrients for plant
growth due to over use or degradation. To mitigate soil low fertility, agroforestry method of raising
trees and crops together makes nutrients available continuously for crop production, through
dropping of its parts as litter which decays to add organic matter and nutrients to soil. Soils sampled
with soil auger from seven agroforestry trees farm lands namely Gmelina arborea Roxb., Treculia
africana Decne., Tectona grandis Linn. f., Pentaclethera macrophylla Benth., Irvingia gabonensis
(Aubry-Lecomte ex O’Rorke) Baill., Mangifera indica Linn., Annona muricata Linn. and Fallow
farmland as control were evaluated for macro and micro elements using standard laboratory
methods and results presented with the highest and smallest values from each parameters evaluated:
pH: 5.6, 45(Fa and Pm);%N,0C:0.21,0.10(Pm, FlI and Ma),3.40,1.30(Pm and Ig);EC
(uS/cm):151.0,88.0(FI and Tg), P, Mn, Fe, Cu, Zn (mg/Kg): 72.10, 19 .60 (Ta and Ma),111.02, 46.27
(Taand Tg), 138.47,21.51(Pm and Am),1.53,0.80(Pm and Am), 8.08, 1.86(Ta and Mi); %Sand, Silt,
Clay:88,70(Am, Ma and Tg), 16.50, 4.60(Ma and Tg, Am), 13.50,7.50 (Tg and Tg, Pm and Am); Ca,
Mg, K, Na, Acidity, Al, ECEC(cmol/Kg)3.43, 0.59 (Ta and Tg),1.00, 0.24(Am and Mi), 0.15,0.07
(Pm, Ma, Ig and Am), 0.40,0.35(Tg, Ma, Ig and Am), 16.90,4.05(Tg and Am), 2.8,1.10(Tg and Am),
21.10,8.70(Tg and Am). We conclude by recommending agroforestry practice as way out of
managing and sustaining soil health within the agroecosystems for continuous plant and food crop
production as well sustaining the environment.
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INTRODUCTION

Farmers have this insight that the yield of
arable crop depends on the status of the soil
fertility and when average crop yield from
farmland begins to decline, it is an
indicationthat the soil can no longer support
and supply the required soil nutrients for
worthy crop harvest, therefore farmers sort and

adopted several farming systems methods to
ameliorate soil nutrients status (Hoffmann et
al.2001; Stewart et al.2020) which included
shifting cultivation, crop rotation, farm yard
manure, inorganic fertilizer from plant
residues and lately the application of
agroforestry trees and crop combination
(Hoffmann et al. 2001; Stewart et al.2020).
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Nigeria is an agrarian nation, made up of
different agroecological zones (Adenle et al.
2020), hence different farming systems
methods were adopted to accommodate the
diverse agroecosystems and coupled with
different crop types. Agricultural practices
adopted before now were shifting cultivation,
crop rotation, mixed farming etc., which
allowed a farmer to clear, and cultivate a piece
of farmland for three to five years and with
decline of crop yield, abandon land for a new
place allowing the farmland to rest and recover
from use and degradation (Fadairo et al.2020).

In Northern and Southern Nigeria, the methods
of improving the soil status naturally are to
some extent similar, however, both zones have
some advantages and disadvantages over each
other. Southern zone relies on its thick
vegetation covers including shrubby and
herbaceous plants with its numerous branches,
leaves, twigs and dead parts which fall and
decay to form organic matter (Mayer et al.
2020; Prescott and Vesterdal, 2021) and while
in Northern zone, Savanna trees, shrubs and
herbaceous plants and dropping from the cattle
grazing contribute to organic status of the soil
(Kgosikoma et al. 2013). Hence the moment
the virgin land in each zone are opened up and
used leads to soil erosion, degradation and loss
of organic matter (AbdelRahman, 2023).

These were some methods put in place for
upholding soil fertility owing to the
availability of plenty uncultivated land in the
forest and savanna zones of Nigeria which
allows this long period of rest time before
coming back to the farmland. However,
population explosion and increase in demand
for arable farmland for crop production to feed
the teaming population and coupled with other
land demanding projects like schools,
hospitals, and industrial layouts etc. which
require vast areas of land that abridged the
time of wait (Akpan and Ebong, 2021,
D0606s,2002).

The world is experiencing a constant increase
in human population, climate change which is
impacting on the agroecosystems, high cost of

mineral fertilizers, other farm inputs and world
economy which has also impacted on every
human economic and lives especially small
scale farmers who constitute about 80% of
labourin agricultural crop production (Chiaka
et al. 2022; Babura et al. 2017; Mgbenka and
Mbah, 2016).

Farmers’ desire to increase crop yield and
maximize soil nutrients, led to a number of
improvement on the older methods for
example shifting cultivation, crop rotation etc.,
which brought about some innovations of
planting some desirable food crops and trees
combinations to improve the soil texture,
structure and keep the soil in a healthier
condition for crop growth, development and
yield; other agro allied activities and generally
the environment which in turn benefit more
from the practices without leaving the
farmland to rest or fallow. The practice of
combining trees or shrubs with crop
production  brought about the term
agroforestry concept in the late 1970s
(Atangana et al. 2014; Nair et al. 2021,
Somarriba, 1992).

According to Kang and Gutteridge (1998) and
Cooper et al. (1996) to cultivate the soil
continuously for crop production with little or
no fertilizer recommended the planting of
leguminous trees and shrubs for example
Cajanus cajan (Linn.) Mill sp., Flemingia
macrophylla (Willd.) Merr., Parkia biglobosa
(Jacg.) Benth., Acacia auriculiformis A. Cunn.
ex Benth., Albizia lebbeck (L.) Benth. and
Leucaena leucocephala (Lam.) de Wit.

There are some other agroforestry trees that
serves dual purposes for example whose leaves
are sometimes harvested and given to animals
as feed, timber for construction, electricity and
communication poles and the supply to other
industrial uses for example Gmelina arborea
Roxb. ex Sm (Melina) wood used for tables
and doors, Tectona grandis L.f. (Teak) wood
for boxes and platforms for export containers,
Ecalyptus spp. log as poles, Irvingia
gabonensis (Aubry-Lecomte ex O’Rorke)
Baill. fruit as food etc., whose leaves and other
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parts drops on the bear ground directly or
indirectly and form manure over time or
packed and heaped inside pit dugged into the
ground for them to undergo decay and later
unpacked and sprayed out on farmland as
manure ploughed together along with soil.

At times some of these agroforestry trees by-
products serve as food and income generation
to farmer at maturity, fruits or seeds which are
eaten directly, planted in nursery bags and later
sold to other farmers. There are evidences that
this system contributes to sustainable land
management practices of improving quality
and health status of soil according to
Hombegowda et al. 2022, Ferdush et al. 2019
and Pinho et al. 2012).

This system enhances soil organic carbon;
improve soil nutrient availability and soil
fertility due to the presence of leaf liters in the
agroecosystems (Pinho et al. 2012; Tsufac et
al. 2019), soil microbial dynamics, with
positive influence on soil health (Dollinger and
Jose, 2018) and easy movement of water and
air into the soil.

The objective of this present study is to
appraise mineral content of soil samples
collected under seven plant species used as
agroforestry trees namely Gmelina arborea
Roxb.; Treculia africana Decne., Tectona
grandis Linn. f., Pentaclethera macrophylla
Benth., Irvingia gabonensis (Aubry-Lecomte
ex O’Rorke) Baill., Mangifera indica Linn.,
Annona muricata Linn. and Fallow farm land
as control in University of Port Harcourt,
Choba, Rivers State, Nigeria.

MATERIALS AND METHODS
Study site

The study was carried out at University of Port
Harcourt, Choba in Obio/Akpor Local
Government Area Council, Rivers State-
Nigeria. Coordinates: latitude 4°8729°N and
4°55°N Longitudes 7°0011 in the Niger Delta
wetland of Southern Nigeria. Climatic weather
condition categorized by a tropical monsoon
climate, mean annual temperature of 25 to
28°C and annual rainfall of over 3000 mm.

Humidity is very high with an annual mean of
85% while the soil is sandy or sandy loam.

Soil samples collection

Soil samples were collected at random under
individual agroforestry trees across the various
arable farm lands at the depth of 0-15cm. Soil
samples collected were air dried in the
laboratory from which composite samples
were taken for laboratory analysis. Eight soil
samples sent out for analysis were as follows:
fallow farm land as control; G. arborea, T.
africana, T. grandis, P. macrophylla, I.
gabonensis, M. indica and A. muricata.

Soil analysis

Composite soil samples prepared into coarse
and fine soil which were sent to ANALAB
Laboratory Services Limited in Ibadan, Oyo
State Nigeria for complete physical and
chemical analysis employing standard
methods for soil analysis. Soils pH 1:1 soil-
water ratio method, measured with EQUIP-
TRONICS digital pH meter model EQ-610.
Nitrogen estimated by titration of distillation
after Kjeldahl, Phosphorus in the soil was
measured with the perchloric corrosive
albimilation strategy technique. Available
Potassium  was analyzed by using
molybdenum blue colorimetry. Soil organic
matter was measured with the potassium
dichromate oxidation external heating method.
Soil particle size was carried out using
hydrometer method and measured with a
standard hydrometer, ASTM No.1. 152H-type
with Bouyoucos scale in g L-1. Exchangeable
cations were extracted from the soil using an
extracting solution (1 N NH40Ac) at pH 7.0,
and analyzed with AA (Atomic absorption) for
the soil cations. Contents in 1/20 dilution
(sample/distilled water) soil digests were
measured by reading their absorbance on a
UNICAM 969 Atomic Absorption
Spectrophotometer at 766.5, 422.7 and 285.2
nm respectively. Sodium content in 1/20
diluted sample determined by reading the
absorbance at 248.3 nm. The exchangeable
acidity (H++ AI3+) in the soil was extracted
with 1M KCI. Solution of the extract was
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titrated with 0.05M NaOH to a permanent pink
end point using phenolphthalein as indicator.
Amount of base (NaOH) used is equivalent to
the total amount of exchangeable acidity
(H++AI3+) in the aliquot taken. The total sum
of exchangeable bases (Ca2+ + Mg2++ K+
+Na+) and total exchangeable acidity (H+ +
Al3+) gave the effective cation exchangeable
capacity (ECEC).

RESULTS

samples collected from the seven agroforestry
trees planted and fallow farm land serving as
control, means to improve soil texture,
structure and soil nutrients through dropping
of leaves, twigs and fruits which decay and
accumulate  overtime;  which  provide
continuous flow of nutrients into the soil and
in turn used by plants, other soil organisms
within the agroecosystems. Table 1, also
revealed individual proportion of these
elements and compared across different soil

Table 1, revealed various values obtained from sources of agroforestry trees under

the soil parameters evaluated on the soil investigation.

Table 1: Results of soil parameters evaluated from different soilsources

F Ma Ta Tg Pm Ig Mi Am

pH(1:1) 560 4.70 540 4.60 450 450 450 4.80
%N 0.10 010 0.14 013 021 013 0.08 0.12
%0C 1.70 160 240 230 340 130 140 220
EC (uS/cm) 151.0 91.0 146.0 88.0 141.0 99.0 89.0 133.0
P (mg/kQg) 38.40 19.60 72.10 32.90 72.50 61.10 31.70 20.0
Mn (mg/Kg) 87.71 5254 111.0246.27 81.01 90.22 46.78 82.59
Fe (mg/Kg) 4051 97.52 65.45 67.32 138.47 42.46 68.63 21.51
Cu (mg/Kg) 131 125 082 114 153 124 141 0.80
Zn (mg/Kg) 282 593 808 244 255 254 186 5.73
%Sand 780 70.0 80.0 70.0 820 76.0 820 88.0
%Silt 12.50 16.50 10.50 16.50 10.50 12.50 8.50 4.50
%Clay 950 1350 950 1350 7.50 1150 9.50 7.50
Ca (cmol/Kg 088 074 343 059 175 090 068 214
Mg (cmol/Kg) 032 032 0.70 027 082 048 024 1.00
K (cmol/Kg) 0.10 0.07 014 0.09 0.15 0.07 0.08 0.07
Na (cmol/Kg) 038 035 037 040 038 035 036 0.35
Acidity (cmol/Kg)  9.40 1255 515 16.90 14.65 13.70 11.35 4.05
Al (cmol/Kg) 150 200 160 280 160 235 160 1.10
ECEC (cmol/Kg) 12.57 16.03 11.39 21.10 19.36 17.84 14.31 8.70

Legend: FI (Fallow land), Ma (M. arborea), Ta (T. africana), Tg (T. grandis), Pm (P. macrophylla),
Ig (I. gabonensis), Mi (M. indica) and Am (A. muricata)

Soil samples pH

The pH values across the evaluated soils
revealed the highest value 5.6 in fallow land
and the smallest 4.5 from P. macrophylla, I.
gabonensis and M. indica.

Percentage Sand, Silt and Clay

The percentage sand varied from 70 % in the
soil collected from M. arborea and T. grandis

to 88% in the soil collected from A. muricata.
Silt revealed its highest value 16.5% from M.
arborea and T. grandis, while smallest value
of 4.5% from A. muricata. Clay soil highest
values of 13.50% were from M. arborea and
T. grandis, while smallest values of 7.50%
were from P. macrophylla and A. muricata.
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Percentage Nitrogen (N) and Organic
carbon (OC)

The percentage nitrogen in soil samples
collected under P. macrophylla 0.21% was the
highest while the least was from M. indica
0.08%. Organic carbon content of the soil
samples 3.4% collected from soil under P.
macrophylla was the highest, and the least was
from I. gabonensis 1.30%.

Phosphorus (P) and Potassium (K)

Phosphorus highest value of 72.50 (mg/Kg)
was from P. macrophylla and least 20(mg/Kg)
from A. muricata. Potassium highest
0.15(cmol/Kg) was from P. macrophylla while
the least 0.07(cmol/Kg) were from M.
arborea, 1. gabonensis and A. muricata
respectively.

Electrical conductivity (EC) and Effective
cation exchange capacity (ECEC)

Electrical conductivity (EC) of these soils
revealed 151.0(uS) cm as the highest from
fallow farmland and the least was from T.
grandis with 88.0(uS) cm respectively.
Effective cation exchange capacity (ECEC)
highest and least values of 21.10 and 8.70
(cmol/Kg) were for T. grandis and A. muricata
respectively.

Manganese (Mn), Iron (Fe), Cupper (Cu)
and Zinc (Zn) contents

Among these metals Manganese with 112.02
mg/Kg, recorded under T. africana as the
highest and smallest concentrations of
46.27mg/Kg and 46.78 mg/Kg were recorded
under M. indica and T. grandis respectively.
Iron revealed highest as 138.47mg/Kg and
2151 mg/Kg smallest value from P.
macrophylla and A. muricata respectively.
Copper highest was 1.53mg/Kg and smallest
0.80 mg/Kg from P. macrophylla and A.
muricata. Zinc highest and least was
8.08mg/Kg and 1.86 mg/Kg from T. africana
and M. indica respectively.

Calcium (Ca), Magnesium (Mg), Potassium
(K), Sodium (Na) and Aluminum (Al)
contents

Calcium highest and smallest values of 3.43
(cmol/kg) and 0.59 (cmol/kg) T. africana and
T. grandis respectively. Magnesium highest
and smallest values 1.00(cmol/Kg) and
0.24(cmol/Kg) M. indica and A. muricata
respectively. Sodium highest of
0.40(cmol/Kg) and smallest value
0.35(cmol/Kg) were recorded from T. grandis,
M. arborea, I. gabonensis and A. muricata
respectively and followed by 0.38(cmol/Kg)
from fallow farmland and P. macrophylla and
closely followed by T. africana and M. indica
with 0.37 and 0.36 (cmol/Kg) respectively.

However, acidity value of 16.90(cmol/Kg)
being the highest T. grandis and smallest
4.05(cmol/Kg) A. muricata respectively.
Aluminum  (Al)  highest  value of
2.80(cmol/Kg) in T. grandis and smallest
1.10(cmol/kg) from A. muricata.

Soil nourishes and supports the growth and
development of plant to maturity and for fruit
and seed bearing, and at intervals it could be
harvested at tender age while growing and
developing. It supplies micro and macro
elements that are required in different
proportions for plant growth, development and
bearing of fruit and seed. The accessibility or
lacks of these elements are at times noticeable
on the plant performance and productivity at
the end of the growing season (Ahmed et al.
2024, Kumaret al. 2021).

DISCUSSION

Soil nutrient comes through two ways either
from the parent rock materials or from the
decay of plants, animals, insects and other
materials  within  the  agroecosystems.
However, accessibility of these elements
depends on the pH of the soil because pH is
considered as master variable in the soil which
affects lots of chemical and biological
reactions influencing solubility, readiness and
useable nature for the uptake of plant as
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required (Penn et al. 2019, Barrow and
Hartemink, 2023).

pH

Soil samples pH results revealed that fallow
land which has been under fallow for few years
has the highest pH value of 5.6 followed by T.
africana 5.4 and A. muricata 4.8, while others
M. arborea, T. grandis, |. gabonensis, P.
macrophylla and M. indica followed in this
order of pH values 4.7, 4.6, 4.5, 4.5 and 4.5
respectively.

It also revealed that pH values of soils are
strongly and moderately acidic, hence would
support almost all crops as the pH values are
within 4.5 and 5.6. Under these situations the
soils would accommodate a good number of
crops coupled with availability of other
elements in the soil, thus when acidity is below
4.5, the soil becomes increasingly difficult to
produce food crops according to Harter
(2007). As soil pH declines, the supply of most
plant nutrients decreases while aluminum and
a few micronutrients become more soluble and
toxic to plants (Harter, 2007). These problems
are particularly acute in humid tropical regions
that have been highly weathered or degraded
(Harter, 2007).

Percentage Sand, Silt and Clay

Soil is made up of mineral particles, organic
materials, air, water and living things and all
interact with each other. Sand, silt and clay in
different percentage proportions constitute
various soil types, and in effect determine
plant that can flourish on them. Sand content
from the soils are between 70% and 88%,
while that of silt is between 4.5% and 16.5%
and clay is 7.5% and 13.5%. This revealed that
the soils are of sandy loam in nature. This is in
agreement with earlier findings of Ekeke and
Okonwu (2013) and Ogazie et al. (2022) from
the soils of University of Port Harcourt and
environs. These soil types accommodate quite
a number of plants and crops during the
planting season as observed by Ogazie et al.
(2022).

% N and %0C

Nitrogen a member of the three macronutrients
required by plant in large quantity to grow,
develop and also enables plant to produce fruit
and seed. The need of nitrogen varies from
plant to plant and it is available naturally or
artificially added to the soil. Its presence or
absence could be seen from the physical
appearance of the plant that the supply of
nitrogen is limited in the soil. P. macrophylla
has the highest yield of nitrogen 0.21% more
than fallow farmland 0.1% which has rested
for a number of years before clearing.

It was closely followed by T. africana with %
0.14, 1. gabonensis 0.13%, T. grandis 0.13%,
A. muricata 0.12%, M. arborea 0.10% and the
smallest M. indica 0.08%. P. macrophylla is a
tree legume and fixes nitrogen, thus the small
numerous leaves that falls from it form thick
cover on the top soil which decay to release
nitrogen in the leaves to the soil. Thus, could
be responsible for the high value of Nitrogen
in the soil (Zhao et al. 2022).

EC (nS) em, ECEC (cmol/Kg)

EC measures the salinity and electrically
charged nutrient ions in a solution (Bluelab,
2015). EC values are influenced by clay and
mineral content, soluble salts, soil water
content, bulk density, organic matter and
temperature (Corwin and Lesch, 2005). It is an
important parameter which reveals the extent
of soil’s ability to transmit water and nutrients.
The result from the tested soils samples from
the agroforestry trees and fallow land control
revealed that fallow farm land has a value of
151.0 EC (uS/cm) as the highest while the
smallest T. grandis 88.0 EC (uS/cm).

Others followed in this order as T. africana
146.0 EC (uS/cm), P. macrophylla 141.0 EC
(uS/cm), A. muricata 133.0 EC (uS/cm), 1.
gabonensis 99.0 EC (uS/cm), M. arborea 91.0
EC (uS/cm), M. indica 89.0 EC (uS/cm). The
values obtained are within the permissible
limits as low EC values indicate a low
concentration of soluble salts and good soil
fertility, while high values suggest excessive
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salt accumulation or poor drainage which can
negatively affect plant growth (Shahid et al.
2018).

Effective cation exchange capacity (ECEC), in
the soil indicates soil fertility status and its
ability to supply and hold on to exchangeable
cations by electrical attraction which are
positively charged for example the five most
abundant are calcium (Ca™), magnesium
(Mg*™), potassium (K%), sodium (Na") and
aluminum (AI*™), and the availability of all to
plant depends on the soil pH. Nutrient to the
plant roots involves the exchange of cations and
anions of clay minerals, inorganic compounds,
and organic matter influencing soil nutrients
availability (Havlin, 2013).

Result of the soil analysis revealed that T.
grandis with 21.1 (cmol/Kg), a tree with very
large and tough leaves as the highest, followed
by P. macrophyllaa tree legume with numerous
tiny leaves, pods and twigs which cover the top
soil and decay rapidity releasing its nutrient
content to the soil has the value of
19.4(cmol/Kg), 1. gabonensis 17.8(cmol/Kg),
M. arborea 16.0 (cmol/Kg), M. indica
14.3(cmol/Kg), fallow farmland 12.6(cmol/Kg),
T. africana 11.4 (cmol/Kg) and smallest A.
muricata 8.7 (cmol/Kg).

Mn, Fe, Cu and Zn (mg/Kg)

Microelements are required in trace amount in
the soil as they play important roles in plant for
normal growth, development and optimal
processes (Kumar et al. 2021). Micronutrients
which are needed only in trace amounts are Fe,
Mn, B, Zn, Cu, Mo, CI, Na, Ni, Si, Co and Se.
Nevertheless, this work evaluated Mn, Fe, Cu
and Zn from the agroforestry farms soil
samples (Table 1). The highest value of Mn
111.02(mg/Kg) was from T. africana,
followed by I. gabonensis with 90.22(mg/Kg).
Others are fallow farmland 87.71(mg/Kg), A.
muricata 82.59(mg/Kg), P. macrophylla
81.01(mg/Kg), M. arborea 52.54(mg/Kg), M.
indica 46.78 (mg/Kg) and T. grandis 46.27
(mg/Kg) respectively.

Manganese (Mn) is required for activation of
enzymes processes and supports the
conversion of nitrates into a readily form for
plant and perform a role in chlorophyll
production (Mousavi et al. 2011). The amount
of available manganese is influenced by soil
pH, organic matter, moisture, and soil aeration
(Schulte and Kelling, 1999). According to
Rashed et al. (2019) most plant species require
between 10-20mg/Kg?, these results were far
above this requirement, indicating remarkable
contribution of the agroforestry trees and
fallow farmland used as control.

Iron (Fe) present in the agroforestry trees
sampled soils revealed as follows P.
macrophylla with the highest value of
138.5(mg/Kg), M. arborea 97.52(mg/Kg), M.
indica 68.63 (mg/Kg), T. grandis 67.32
(mg/Kg), T. africana 65.45(mg/Kg), |I.
gabonensis 42.46 (mg/Kg), fallow farmland
40.51 (mg/Kg) and A. muricata 21.51 (mg/Kg)
respectively. Iron (Fe) is involved in
chlorophyll manufacturing processes, works in
close collaboration with soil pH and its
deficiency in chlorophyll synthesis causes
chlorosis (Morrissey and Guerinot, 2009, Rout
and Saho0,2015). The values obtained were
within the ranges of 21.51 to 138.47(mg/Kg)
and comparable with what was obtained by
Mallarino (2005).

Copper (Cu) is essential for numerous
enzymatic activities in plants for example
chlorophyll  leading to photosynthesis,
respiration, antioxidant system and seed
production; while deficiency of copper would
lead to increased susceptibility to diseases like
ergot, which can cause significant yield loss in
small grains (Yruela,2005). Thus values
obtained from the soil analysis revealed P.
macrophylla  1.53 (mg/Kg), M. indica
1.41(mg/Kg), fallow land 1.31(mg/Kg), M.
arborea  1.25(mg/Kg), |.  gabonensis
1.24(mg/Kg), T. grandis 1.14(mg/Kg), T.
africana  0.82 and A. muricata
respectively. These values are far below the
amount between 6-10 mg/Kg of Cu required
by plant according to Hasnine et al.(2017) and
also far below the maximum permissible level
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of 36(mg/Kg)(Denneman and Robberse, 1990)
and (WHO, 1996).As a result could be
supported where there is evident in short
supply to the reach of plant.

Zinc (Zn) is a driving force relative to
enzymatic activities in plant leading to cell
growth, differentiation and metabolism, while
its deficiency reduces carbohydrate, protein
and chlorophyll formation significantly
(Saleem et al. 2022). The result from the soils
analysis revealed that T. africana has the
highest value of Zn 8.08(mg/Kg), followed by
M. arborea 5.93(mg/Kg), A. muricata
5.73(mg/Kg), fallow farmland 2.82 (mg/Kg),
P. macrophylla 2.55(mg/Kg), . gabonensis
2.54(mg/Kg), T grandis 2.44(mg/Kg) and M.
indica (mg/Kg) respectively.

These values when compared with the
maximum value of 50(mg/Kg) from
unpolluted soil as documented by Denneman
and Robberse (1990), Netherlands ministry of
Housing (1994) and WHO (1996) uncovered
that values from the soils were very low and
would not interfere with plant development
processes while too little would lead to
malnutrition and stunted growth (Sharma,
2013).

Ca, Mg, K, Na and Al contents

T. africana with 3.43 Ca (cmol/Kg) highest
value amid the soil sources followed by A.
muricata 2.14Ca (cmol/Kg), and P.
macrophylla with 1.75 Ca (cmol/Kg). These
three plants have the capacity to provide
Calcium to the soil more than the other
agroforestry plants and fallow farmland. These
agroforestry tree roots have the capacity to dig
deep down the subsoil for more nutrients
(Sileshi, 2014, Vanlauwe et al. 2005) and also
their leaves and twigs would have also
contributed to the increase in values obtained.
Others were I. gabonensis, fallow land, M.
arborea, M. indica and T. grandis with 0.90,
0.88, 0.74, 0.68 and 0.59(cmol/Kg)
respectively. The rest of agroforestry plants
also contributed to Calcium based on their
ability and in addition to other elements within
the soil in the agroecosystems (Sileshi, 2014).

A. muricata a shrubby tree plant gave the
highest value of Magnesium 1.00 Mg
(cmol/Kg), closely followed by P.
macrophylla 0.82 (cmol/Kg), a leguminous
tree and followed by T. africana 0.70
(cmol/Kg) a tree which can form dense canopy
of leaves with deep green coloration. Other
trees were not too different from fallow
farmland value of 0.32 Mg (cmol/Kg) which
has rested for few years when compared with
M. arborea 0.32 Mg (cmol/Kg), T. grandis
0.27 Mg (cmol.), I. gabonensis 0.48 Mg
(cmol/Kg) and M. indica 0.24 Mg (cmol/Kg)
respectively. Arable farmland not
continuously cultivated yearly provides litters
in the course of the resting period which
ameliorate back the soil nutrients lost in the
previous cropping season.

These minerals are essential and play very
important roles in soil fertility sustainability
because their presence in the soil foster plant
growth, development and yield production, for
example Magnesium (Mg) is chlorophyll
initiator, transportation and utilization of
photoassimulates, enzyme activation and
protein synthesis (Ishfaqg et al. 2022).

Potassium from the agroforestry trees and
fallow farmland soils evaluated revealed that
P. macrophylla has the highest value of 0.15 K
(cmol/Kg), T. africana with 0.14 K (cmol/Kg),
while fallow farmland gave 0.10 K (cmol/Kg),
T. grandis, M. indica, M. arborea and A.
muricata with 0.09, 0.08, 0.07 and 0.07 K
(cmol/Kg) respectively.

The result from the analysis revealed further
the nutritive contributions of the individual
agroforestry trees of which P. macrophylla a
tree legume whose leaves decay within a short
time and release its mineral content to the soil
contributed the highest value of potassium,
however, T. africana followed closely, a tree
with so much leaves and forms lots of leaf
litters above ground with conducive and right
conditions, other elements in the right
proportion with right pH value will decay to
release its nutrients to the soil (Cou’teaux et al.
1995).
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The outcome from the soil samples evaluation
revealed that fallow farmland was 0.02 less
than the highest value of 0.40 Na (cmol/Kg)
from T. arborea. The other values also
followed similar pattern in terms of Na values
from P. macrophylla 0.38 Na (cmol/Kg), T.
africana 0.37 Na (cmol/Kg), M. indica 0.36 Na
(cmol/Kg), M. arborea and A. muricata 0.35
Na (cmol/Kg) respectively. Sodium is non-
essential for most plants, sodium (Na+) can be
beneficial to plants in many conditions,
particularly when potassium (K+) is deficient
(Frans, 2014). As such it can be regarded as a
‘non-essential’ or ‘functional’ nutrient to
plant.

Al is one of those common metals found in the
environment, which occurs natural and
through anthropogenic activities. It is a metal
that readily combines with the environment,
with water at different pH levels especially at
extremely strong acidic condition which
makes it available for plant uptake. The acidity
of the soluble water forms could make its
presence to increase and these are evident in
some plants like tea and coffee beans (Crisponi
etal. 2013).

The values of aluminum obtained from the
evaluation are quite small which could have
gotten into the environment through
anthropogenic activities and parents’ soil. The
fallow farmland revealed traces of aluminum
at the value of 1.5(cmol/Kg). Yet, T. grandis
has a value of 2.80 Al (cmol/Kg) as the highest
followed by I. gabonensis 2.35 Al (cmol/Kg),
M. arborea 2.0 Al (cmol/Kg), P. macrophylla
1.6 Al (cmol/Kg), T. africana 1.6 Al
(cmol/Kg), M. indica 1.6 Al (cmol/Kg) and the
smallest A. muricata 1.10 Al (cmol/Kg).

According to Ofoe et al. (2023), the presence
of aluminum in the soil stimulate growth and
mitigating biotic and abiotic pressures
depending on the concentration, exposure
time, plant species, developmental age and
growing circumstances and sometimes it
promotes root growth and development as
found in some tea varieties (Sun et al. 2020)
due the presence of AI** which in its absence

does not encourage root growth and
development. On the other hand, in a situation
of reduced pH value below 4.5, its presence in
the soil becomes poisonous to the plant
preventing cell extension, cell division and
transport (Mossor-Pietraszewska, 2001).

CONCLUSION

Effort to reduce impact on environment
through clearing less of virgin forest, which
led to soil degradation, because of cultivation
and planting of crop to feed man. Long time
use of arable farm land contributes to decline
in yield of crop due to over use, poor soil
health status and climate change. Hence older
methods of crop rotation, shifting cultivation,
application of farmyard manure etc., for
sustaining soil fertility were improved upon
with the addition and adoption of agroforestry
trees and crop planting for continuous supply
of nutrients to soil for plant uptake for greater
crop harvest and thus reduce impact on the
agroecosystems. This study was carried out on
selected agroforestry trees to access their
potentials to contribute macro and micro
nutrients to the soil and make it available for
plant use. The result revealed the level of
macro and micro nutrients present in those soil
samples evaluated which indicated the extent
of minerals contributed by individual
agroforestry tree to the soil for optimally plant
growth and development. The outcome
encourages agroforestry tree planting along
with crop as it reduces use of inorganic
fertilizer, pollution and safeguard the
environment.
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