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ABSTRACT This study aimed to ascertain the relationship between rainwash nutrient fluxes and soil nu-
trient properties under Anacardium occidentale L. (Anacardiaceae) and lowland rainforest
for the purpose of sustainable ecosystem management. Both experimental and quasi experi-
mental research designs were adopted. Samples from rainwash (for 12 months) and soil (from
0-15 cm and 15-30cm) were taken from 12 4. occidentale stands and 12 rainforests within
12 stratified quarters. Laboratory analyses of samples involved standard procedures, while
data generated where statistically analysed. Results revealed that from A. occidentale and
rainforest, fluxes of nutrients varied between throughfall (Tf) and stemflow (Sf), and between
rainy season and dry season. The monthly nutrient fluxes by rainwash is such that Tf> Sf for
both A. occidentale and native rainforest. The highest fluxes of nutrients by Tf occurred during
dry months, with corresponding Sf fluxes were observed during rainy months. At 0.05 alpha
levels, nutrient fluxes between Tf and Sf differed significantly; as well as between soil nutrient
contents under A. occidentale and rainforest. Rainwash nutrients correlated positively and
significantly with soil nutrients. Over time, A. occidentale add nutrients to soil through rain-
wash, therefore its cultivation is recommended for agro-forestry and sustainable ecosystem
management.
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INTRODUCTION

Cycling of nutrient properties is a vital way
through which tree plants and soils exert reciprocal
effects on one another (Carnol & Bazgir, 2013;
Zhang et al., 2013; Kazumichi et al., 2018). In for-
est ecosystems, plants and soils have been observed
to be closely related in terms of the exchange of nu-
trient properties and moisture, and they influence

one another (Komprdova et al., 2016; Ngaiwi et al.,
2018). The interrelationship between soil and plants
is such that the plants get their nutrients and mois-
ture from the soil in which they grow, through their
roots. As the plants grow and develop, dust accu-
mulation on leaves, stem and branches is trans-
ported directly to the soil under the plants through
rainwash (throughfall and stemflow) which serve
as an important source of nutrients addition to soil
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(Chuyong et al., 2004; Tobon et al., 2004; Zhang et
al., 2014; Abbasian et al., 2015; Purna et al., 2021).

Within typical rainforest, cycling of nutrients are
connected to rainwash and water cycle because
water serves as the transporting agent that moves nu-
trient elements from the aboveground standing trees
down to soil (Muoghalu, 2003; Ndakara, 2012). Nu-
trient properties added to soil by rainwash help to
maintain soil fertility by increasing the quantities
and concentrations of nutrient properties in the soil,
while the nutrients fluxed by rainwash are immedi-
ately available for plants uptake (Levia & Germer,
2015; Ndakara, 2016; Dawoe et al., 2018; Dunker-
ley, 2020). Therefore, nutrient elements returned to
soil by trees determine their ability to maintain soil
underneath their stands and the sustainable manage-
ment of the ecosystem. Researches have shown that
not all species of trees retain nutrients equally, hence
they have varying effects on soil nutrients (Gruba &
Mulder, 2015; Legout et al., 2016; Zhan et al.,
2022). While the capacity of different trees in the
maintenance of soils is shown by the high fertility
status and closed cycling of nutrient properties
within rainforest ecosystems, the contributions of
nutrients to soil by each species of trees within the
community vary irrespective of the type of ecosys-
tem and species origin (Ndakara & Ofuoku, 2020;
Wang et al., 2021).

Several researches have been carried out to in-
vestigate the extent of relationships between certain
species of trees and soil nutrients underneath their
stands. However, studies on nutrient contributions by
A. occidentale to soil underneath their stands through
rainwash have not been effectively carried out within
the moist lowland rainforest environment. Although,
the studies by Muoghalu & Oakhumen (2000) exam-
ined rainwash and their nutrient contents in a sec-
ondary lowland forest of Nigeria; Muoghalu (2003)
investigated the contributions of rainwash and litter-
fall to the cycling of nutrients within Nigerian low-
land rainforest; Chuyong (2004) studied the addition
of nutrients by rainwash to soil in Central African
rainforest; Germer et al. (2006) investigated through-
fall and trends of rainfall redistribution in south-west-
ern Amazonia tropical rainforest; Ndakara (2012)
examined the contributions of litterfall, stemflow and
throughfall by Persea gratissima to soil within Nige-
rian rainforest environment; Gruba & Mulder (2015)
investigated how certain tree species impact on soil
cation binding, the exchange capacity of cations, and
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organic matter; Ndakara (2016) studied the hydro-
logical fluxes of nutrients by Mangifera indica to
Nigerian rainforest soil; Londe et al. (2016) studied
litterfall with reference to forest productivity and
ecological functions; Kazumichi et al. (2018) studied
how plants and soils interact, and the implications on
biodiversity maintenance and forest ecosystem func-
tions; Ngaiwi et al. (2018) carried out a study to in-
vestigate how litterfall contributes nutrients to the
rainforest soil of Cameroon, with implications on
forest productivity; while Ndakara & Ofuoku (2020)
characterized the plant biomass and soil properties
under non-indigenous trees in Nigeria rainforest, and
ascertained the extent of relationships between plants
and soil. From these studies presented, the aspect of
rainwash nutrient fluxes and the reciprocal interrela-
tionships with the soil under A. occidentale in the
Nigerian rainforest environment were not investi-
gated.

Therefore, the focus of this research was to
quantitatively ascertain the contributions of 4. oc-
cidentale to the soil within the rainforest through
rainwash, and determine the extent to which rain-
wash nutrients correlate with the soil nutrient prop-
erties, for the purpose of encouraging agro-forestry
and achieving sustainable ecosystem management.

Other objectives of this research were the fol-
lowing: to study the variation of nutrient fluxes of
rainwash within a year; differences in mean annual
nutrient fluxes due to rainfall scavenging between
A. occidentale and the rainforest; positive correla-
tions between rainfall nutrients and soil nutrient
properties under A. occidentale and rainforest. Fur-
thermore, the following were examined: the aver-
age annual nutrient flows due to the floods between
A. occidentale and the rainforest; the annual flows
of nutrient properties from 4. occidentale and rain-
forest and their diversity between runoff and
throughflow; the different nutrient concentrations
between A. occidentale and rainforest soils; whether
there is a significant correlation between rainfall nu-
trients and soil nutritional properties in A. occiden-
tale and rainforest.

MATERIAL AND METHODS
Study area

This study took place in the Orogun region, ge-
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ographically locate in southern Nigeria between lat-
itude 5°20°N and 5°36°N, and also between longi-
tude 5°30°E and 6°06’E (Fig. 1).

This region situates in the lowland rainforest,
and falls within the tropical climatic region with an-
nual rainfall above 2000 mm, and average temper-
ature of about 31.5 °C (Ndakara & Ofuoku, 2020;
Ndakara & Ohwo, 2023). The natural forest vege-
tation comprises the moist evergreen lowland rain-
forest and riparian vegetation. Due to different
anthropogenic disturbances and human impacts, the
contiguous vegetal covers have been negatively af-
fected, while relics of the native rainforest are now
confined to sacred places. Some indigenous species
of rainforest trees commonly found were the A/bizia
adianthifolia, Nauclea diderrichii, Ceiba pentan-
dra, Alstonia boonei, Piptadeniastrum africanum
and Terminalia superba. According to Byun et al.
(2013), Sung et al. (2018) and Yugqi et al. (2023),
these species of trees are specific to the native rain-
forest control plots. However, different species of
non-indigenous trees like the 4. occidentale were
grown on farmlands and uncultivated areas to pro-
vide fruits and shade for the human inhabitants of
the region. The soil orders characteristically fall
within the alfisol, ultisols, oxisols and and
psalment, following the U.S.D.A. soil classification
taxonomy.
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Figure 1. Study area: Orogun Region, Nigeria
(modified by Ndakara, 2014).
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Methodology

The research designs adopted were both exper-
imental and quasi-experimental approaches. The
study area was clearly divided into 12 parts consid-
ering the presence of isolated A. occidentale trees
which were free from anthropogenic disturbances,
and mature native rainforest. Samples of rainwash
and those of soil were collected from 12 A. occi-
dentale stands and 12 mature native rainforest (Rf)
control plots dominated with stands of Ceiba pen-
tandra, Albizia adianthifolia, Nauclea diderrichii,
Alstonia boonei, Piptadeniastrum africanum and
Terminalia superba, that featured commonly in all
the rainforest sites. Collection of rainwash samples
took place from January to December, 2023. Total
samples taken and used in the study were 96 (Tf=
24, St =24, Topsoil = 24, and Subsoil = 24).

Stemflow (Sf) samples have been obtained by
intercepting the water running down the tree stems
with rubber hose of ¥ mm size wound round the
sampled trees, sealed with bitumastic paste and
channeled into clean gallons. Samples of Tf have
been obtained through the use of funnel-type col-
lectors of 10 litre volumes stationed some feet
above the ground. Rain gauges were set under A.
occidentale, rainforest and open space to confirm
how effective the funnel-type collectors were. Core
sampler was used in the collection of soil samples
from topsoils (0-15 c¢cm) and subsoils (15-30 cm)
depth of sampling spots under A. occidentale and
rainforest. Laboratory analyses of samples were
carried out to determine the concentrations of total
nitrogen, available phosphorus, and exchangeable
potassium, calcium, sodium and magnesium.

Determination of total nitrogen concentrations
in soil has been obtained through auto-analyzer,
after digesting with HySOy4. Determination of the
soil phosphorus concentrations has been obtained
with Spectronic 20 spectrophotometer, after colour
development with Murphey and Riley reagent. In
the determinations of soil Ca, Na and K concentra-
tions flame photometer was used, while magnesium
concentration was determined using atomic absorp-
tion spectrophotometer. The samples of water were
first filtered before analyses were carried out for the
concentrations of nutrient properties, which were
later converted to nutrient fluxes (nutrients re-
turned). A segmented Flow Analyser was used in
determining the concentrations of phosphorus and
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nitrogen. Total N was digested with alkaline persul-
fate and ultraviolet so as to convert NH4 — N and
organic N into NO3 — N; while the concentrations
of K, Ca, Na, and Mg were determined by the use
of atomic absorption spectrometry. Statistical anal-
ysis involved the descriptive, graph, ANOVA, T-test
and Pearson’s bivariate correlation techniques using
the statistical package for the social sciences (SPSS)
22.0 version.

RESULTS AND DISCUSSION
Rainwash fluxes of nutrient properties to soil

The fluxes of nutrient properties varied between
Tfand Sf components of the rainwash, between the
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rainy and dry season months, and also between 4.
occidentale and the native rainforest trees. The
monthly pattern of nutrient fluxes by rainwash from
A. occidentale and the native rainforest could be ex-
pressed as Tf > Sf for both 4. occidentale and the
native rainforest trees. The highest fluxes of nutri-
ents by throughfall occurred during the dry season
months of January and February, while the least
fluxes occurred during rainy season month of
September. While the highest nutrient fluxes by
stemflow occurred during the rainy months of July
and September, the least fluxes of nutrients oc-
curred during the drier months between December
and March.

Figures 2-7 present the mean monthly fluxes of
nutrient properties by throughfall from A. occiden-
tale and rainforest trees. For both stands of 4. occi-
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Figure 2. Monthly Tf fluxes of nitrogen (kg/ha).

Figure 3. Monthly Tf fluxes of phosphorus (kg/ha).
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Figure 4. Monthly Tf fluxes of potassium (kg/ha).

Figure 5. Monthly Tf fluxes of calcium (kg/ha).
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Figure 6. Monthly Tf fluxes of sodium (kg/ha).

Figure 7. Monthly Tf fluxes of magnesium (kg/ha).
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dentale and rainforest trees respectively, the highest
monthly fluxes by throughfall for total nitrogen
were 4.8 kg/ha and 7.4 kg/ha (in February), for
available phosphorus were 1.4 kg/ha and 1.1 within
January and February, for exchangeable potassium
were 11.8 kg/ha and 14.2 kg/ha (in February and
January respectively), for exchangeable calcium
were 10.6 kg/ha and 8.1 kg/ha (in January), for ex-
changeable sodium were 1.31 kg/ha and 1.21 kg/ha
within January, and for exchangeable magnesium
were 4.27 kg/ha and 4.11 kg/ha (in January). The
corresponding lowest monthly fluxes of nitrogen
were 2.1 kg/ha and 4.0 kg/ha (in September), of
available phosphorus were 0.3 kg/ha and 0.2 kg/ha
(in September), of exchangeable potassium were
6.0 kg/ha and 4.2 kg/ha (in September), of ex-
changeable calcium were 2.8 kg/ha and 1.8 kg/ha
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within September and July respectively, of ex-
changeable sodium were 0.28 kg/ha and 0.15 kg/ha
within September, and of exchangeable magnesium
were 0.92 kg/ha and 0.80 kg/ha within September
and July respectively. The monthly fluxes of nutri-
ents from both stands of A. occidentale and the na-
tive rainforest trees through throughfall show that
nutrient input by throughfall is highest during drier
months, which could partly be caused by the wash-
ing down of captured aerosols from trees. A study
conducted by Ndakara (2016) reported higher nu-
trient fluxes by throughfall during the dry season
within humid lowland rainforest.

Figures 8-13 present the mean monthly fluxes
of nutrient properties by stemflow from 4. occiden-
tale and rainforest trees. For the stands of 4. occi-
dentale and rainforest trees respectively, highest
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Figure 8. Monthly Sf fluxes of nitrogen (kg/ha).

Figure 9. Monthly Sf fluxes of phosphorus (kg/ha).
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Figure 10. Monthly Sf fluxes of potassium (kg/ha).

Figure 11. Monthly Sf fluxes of calcium (kg/ha).
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monthly fluxes by stemflow for total nitrogen were
0.56 kg/ha and 0.86 kg/ha (in September), for avail-
able phosphorus were 0.09 kg/ha and 0.19 (in
September), for exchangeable potassium were 0.8
kg/ha and 1.4 kg/ha within July and September re-
spectively, for exchangeable calcium were 0.92
kg/ha and 0.59 kg/ha within September, for ex-
changeable sodium were 0.10 kg/ha and 0.27 kg/ha
(in September), and for exchangeable magnesium
were 0.58 kg/ha and 1.12 kg/ha within September
and July months respectively. The corresponding
lowest monthly fluxes of nitrogen were 0.07 kg/ha
and 0.16 kg/ha (within January and February re-
spectively), of available phosphorus were 0.01
kg/ha and 0.02 kg/ha (within January and February
respectively), of exchangeable potassium were 0.1
kg/ha within January, February and December and
0.2 kg/ha within January and February, of ex-

changeable calcium were 0.08 kg/ha and 0.09
kg/ha (in January), of exchangeable sodium were
0.01 kg/ha (in January and February) and 0.05
kg/ha (in February and March), and of exchange-
able magnesium were 0.07 kg/ha (in January and
December) and 0.06 kg/ha (in January and Febru-
ary). The monthly nutrient fluxes by stemflow from
both stands of 4. occidentale and rainforest trees
shows that nutrients input by stemflow was higher
within rainy months, which could partly be at-
tributed to the leaching of nutrients out of the plant
tissue through stemflow. Ndakara (2016) reported
higher nutrient fluxes by stemflow during rainy sea-
son within humid lowland rainforest.

Table 1 shows the values of the X, S.D and C.V
for the rainwash nutrient fluxes by A. occidentale
and rainforest trees. The values show that nutrients
input to soil by throughfall was higher than the cor-

Nutrient Statistics Throughfall Stemflow
Elements A. occidentale Rainforest A. occidentale Rainforest

N X 3.55 6.11 0.25 0.47
S.D 1.01 1.04 0.17 0.26
C.V (%) 28.45 17.02 68.00 55.32

P X 0.82 0.58 0.04 0.08
S.D 0.40 0.35 0.03 0.05
C.V (%) 48.78 60.34 75.00 62.50

K X 9.37 8.82 0.33 0.68
SD 1.96 3.61 0.25 0.42
C.V (%) 20.92 40.93 75.76 61.76

Ca X 6.04 4.67 0.42 0.28
SD 3.15 2.50 0.31 0.19
C.V (%) 52.15 53.53 73.81 67.86

Na X 0.81 0.66 0.04 0.14
S.D 0.40 0.41 0.03 0.09
C.V (%) 49.38 62.12 75.00 64.29

Mg X 2.35 227 0.26 0.55
S.D 1.23 1.15 0.20 0.46
C.V (%) 52.34 50.66 76.92 83.64

Table 1. Descriptive statistics for rainwash nutrient fluxes in kg ha™1 yr'1. N = nitrogen; P = phosphorus; K = potassium;
Ca = calcium; Na = sodium; Mg = magnesium; S.D = standard deviation; C.V = coefficient of variation; ha"1 = per hectare;

yr 1 = per year.
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responding input by stemflow; while nutrients re-
turned by stemflow were more varied than nutrients
returned by throughfall.

For all the nutrient elements, potassium fluxes
by throughfall were highest from both A. occiden-
tale and rainforest. While potassium flux by stem-
flow was highest from the rainforest, calcium was
highest from A4. occidentale trees. The lowest nutri-
ent returned by throughfall from A. occidentale trees
was sodium, while phosphorus was the lowest nu-
trient returned by throughfall from the native rain-
forest. The corresponding lowest nutrients returned
by stemflow from A. occidentale were sodium and
phosphorus, while phosphorus was the least nutrient
returned by stemflow from the native rainforest.
From both stands of 4. occidentale and rainforest
trees, rainwash returned more potassium, calcium,
and nitrogen to soil than other nutrient properties.

Apart from nitrogen, all nutrients returned by
throughfall were higher from A. occidentale than
the rainforest. This implied that 4. occidentale trees
have higher capacity of nutrient inputs to soil than
the native rainforest through throughfall. Con-
versely, apart from calcium, all nutrients returned
by stemflow to soil were higher from the rainforest
thus, implied that rainforest trees have higher ca-
pacity of nutrient inputs to soil than the 4. occiden-
tale trees through stemflow. These findings
conform to the results reported by Ndakara (2012).
The mean annual nutrient fluxes by rainwash be-
tween A. occidentale and native rainforest trees
were tested with t-test statistics.

Table 2 presents the t-test results for the mean
annual nutrient fluxes by rainwash between 4. oc-
cidentale and rainforest. At 0.05 alpha levels, the
values of P < 0.05 for throughfall fluxes of N, P, Ca

INutfiefit Rainwash  Paired Samples Paired Difference T Df Sig.
Elements (139
Mean S.EM Lower Upper
(95% CI) (95% CI)

N Throughfall A.occidentale/  2.5583 0.1011 -2.7809  -2.3358 25305 11 0.000
Rainforest

Stemflow A.occidentale/  0.2200 0.0344 -0.2956  -0.1444  6.404 11 0.000
Rainforest

P Throughfall A.occidentale/  0.2333 0.0224 0.1839 0.2828 10.38 11 0.000
Rainforest

Stemflow A.occidentale/  0.0408 0.0081 -0.0587  -0.0230  5.032 11 0.000
Rainforest

K Throughfall A.occidentale/  0.5500 0.5368 -0.6314 1.7314 1.025 11 0.328
Rainforest

Stemflow  A.occidentale/  0.3583 0.0609 -0.4923  -0.2244  5.886 11 0.000
Rainforest

Ca Throughfall A.occidentale/ 1.3750 0.2818 0.7548 1.9952 4.879 11 0.000
Rainforest

Stemflow  A.occidentale/  0.1358 0.0367 0.0550 0.2167 3.698 11 0.004
Rainforest

Na Throughfall A.occidentale/  0.1508 0.0149 0.1179 0.1837 10.091 11 0.000
Rainforest

Stemflow  A.occidentale/  0.0950 0.0158 -0.1299  -0.0602  5.999 11 0.000
Rainforest

Mg Throughfall A.occidentale/  0.0833 0.0425 -0.0103  0.1769 1.960 11 0.076
Rainforest

Stemflow  A.occidentale/  0.2867 0.0824 -0.4681 -0.1052  3.478 11 0.005
Rainforest

Table 2. Results of t-test statistics for the mean annual nutrient fluxes by rainwash (kg ha™1 yr'1) between A. occidentale

and rainforest. N = nitrogen; P = phosphorus; K = potassium; Ca = calcium; Na = sodium; Mg = magnesium,;

hectare; yr~ 1 = per year (source: SPSS Output, 2024).

ha™1 = per
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and Na between 4. occidentale and rainforest were
significant; the values of P > 0.05 for throughfall
fluxes of K and Mg between A. occidentale and
rainforest were not significant; and the values of P
< 0.05 for the mean annual stemflow fluxes of ni-
trogen, phosphorus, potassium, calcium, sodium
and magnesium between A. occidentale and rain-
forest were significant. The observed insignificance
in potassium and magnesium fluxes by throughfall
showed that both A. occidentale and rainforest trees
returned about same annual values to the rainforest
soil. These findings corroborate findings by
Ndakara (2016) where exotic trees were reported to
have capacity of returning nutrients to rainforest
soil.

The results presented in Table 3 are the t-test
outputs for the mean annual nutrient fluxes between
throughfall and stemflow from A4. occidentale and

rainforest trees. At 0.05 alpha levels, the values of
P <0.05 for the mean annual fluxes of nutrients be-
tween Tf and Sf from A. occidentale and rainforest
were significant. The levels of significance showed
that although throughfall and stemflow return nu-
trients and contribute to soil nutrient quality under-
neath the tree stands, there is a wide difference in
the amount of nutrient fluxes between the two rain-
wash sources. This is to be expected because the
mean annual nutrient fluxes by throughfall were
higher than the corresponding values for stemflow.

Concentrations of nutrients properties in soil
under A. occidentale and rainforest

The concentrations of nutrient properties in soils
under stands of 4. occidentale and rainforest varied.
This variation was also observed between the top-

TIGHECE Sites Taed Paired Difference T Df SIE:
Elements Samples ®
Mean S.EM Lower Upper
(95% CI) (95% CI)

N A.occidentale Throughfalll  3.2958 0.3376 2.5528 4.0389 9.762 11 0.000
Stemflow

Rainforest Throughfall/  5.6352 0.3712 4.8173 6.4510 15.180 11 0.000
Stemflow

P A.occidentale Throughfalll  0.7767 0.1218 0.5086 1.0447 6377 11 0.000
Stemflow

Rainforest Throughfall/  0.5025 0.1137 0.2523 0.7527 4421 11 0.001
Stemflow

K A.occidentale Throughfalll  9.0417 0.6332 7.6479 10.4354 14279 11 0.000
Stemflow

Rainforest Throughfall/  8.1333 1.1577 5.5853 10.6814 7.026 11 0.000
Stemflow

Ca A.occidentale Throughfalll  5.6267 0.9860 3.4566 7.7968 5707 11 0.000
Stemflow

Rainforest Throughfall/  4.3875 0.7712 2.6901 6.0849 5689 11 0.000
Stemflow

Na A.occidentale Throughfall/  0.7692 0.1248 0.4944 1.0439 6.161 11 0.000
Stemflow

Rainforest Throughfall/  0.5233 0.1417 0.2115 0.8352 3.694 11 0.004
Stemflow

Mg A.occidentale Throughfalll  2.0867 0.4077 1.1893 2.9840 5.118 11 0.000
Stemflow

Rainforest Throughfall/  1.7167 0.4536 0.7182 2.7151 3.784 11 0.003
Stemflow

Table 3. Results of the t-test analysis for the mean annual nutrient fluxes between throughfall and stemflow (kg ha™1 yr 1)
from A. occidentale and rainforest. N = nitrogen; P = phosphorus; K = potassium; Ca = calcium; Na = sodium; Mg = ma-

gnesium;  ha"l = per hectare; yr 1 = per year.
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soil and subsoil profiles under stands of 4. occiden-
tale and rainforest.

Table 4 presents the descriptive statistical results
for nutrient concentrations in soils under the stands
of A. occidentale and native rainforest. The x, S.D
and S.E.M values revealed that soils under rainfor-
est have contained more nutrients than soils under
A. occidentale. Higher nutrient contents of rainfor-
est soils could be due to higher litterfall which sup-
port rapid built up of organic carbon and organic
matter, owing to community of trees contained in
the ecosystem, in comparison with the isolated
stands of 4. occidentale. Higher nutrient content of
rainforest soil was reported in the research carried
out by Ndakara and Ofuoku (2020). Nutrient con-
centrations were generally higher in the topsoils
than the subsoils. This could be as a result that rain-

trients are added to the soil take place within the
topsoil layer before nutrients are leached to the sub-
soil. In both topsoil and subsoil, calcium contents
were highest under the 4. occidentale trees and na-
tive rainforest.

Table 5 presents the paired t-test results for nu-
trient concentrations in soils between A. occiden-
tale and rainforest. At 0.05 alpha levels, values of
P < 0.05 for the concentrations of both topsoil and
subsoil nitrogen, potassium, calcium, sodium and
magnesium under A. occidentale and rainforest
trees were significant; while values of P> 0.05 for
phosphorus concentrations in both topsoil and sub-
soil under 4. occidentale and rainforest was not
significant. Findings here showed that soil nutrient
properties differ strikingly in concentrations be-
tween 4. occidentale and rainforest; while simi-

wash nutrient fluxes and other sources by whichnu-  larities in phosphorus concentrations were
Nutrient Statistics Topsoil Subsoil
Elements
A. occidentale  Rainforest  A. occidentale Rainforest
N (%) X 0.48 0.61 0.20 0.29
S.D 0.05 0.13 0.03 0.05
S.EM +0.01 +0.04 +0.01 +0.01
P (mg/kg) X 12.76 14.74 7.05 7.85
S.D 2.52 1.92 1.16 2.20
S.EM +0.73 +0.55 +0.33 +0.63
K (mg/kg) X 62.33 116.75 17.58 31.08
S.D 4.76 29.15 1.98 11.99
S.EM +1.37 +8.42 +0.57 +3.46
Ca (mg/kg) X 768.33 1667.08 357.75 518.00
S.D 41.78 390.90 16.74 151.70
S.EM +12.06 +112.84 +4.83 +43.79
Na (mg/kg) x 55.25 87.67 19.50 28.33
S.D 4.86 16.29 2.28 2.96
SEM +1.40 +4.70 +0.66 +0.86
Mg (mg/kg) X 253.67 471.75 101.50 182.25
S.D 35.79 49.44 10.33 68.50
S.EM +10.33 +14.27 +2.98 +19.77

Table 4. Descriptive statistical results for the concentrations of soil nutrient elements under 4. occidentale and rainforest.
N = nitrogen; P = phosphorus; K = potassium; Ca = calcium; Na = sodium; Mg = magnesium; S.D = standard deviation;

S.E.M = standard error of mean.
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observed in soils under the A. occidentale and
rainforest.

Relationship between rainwash nutrient fluxes
and soil nutrient properties under A. occiden-
tale and rainforest

Rainwash fluxes add nutrients to soil thereby
improving the fertility status of soils under trees.
The limit to which rainwash nutrients and soil nu-
trients compares, determines their levels of relation-
ships, while the interdependence on these nutrient
elements between the plants and soils explains their
levels of interrelationships.

Table 6 presents the correlation results between
rainwash nutrients and soil nutrients under 4. occi-
dentale and rainforest. Rainwash nutrient fluxes are
correlated positively and significantly with soil nu-

trients. Nutrient fluxes by throughfall are correlated
more with soil properties under 4. occidentale and
rainforest than the stemflow nutrient fluxes. Total
nitrogen flux by throughfall is correlated with
potassium, calcium and sodium for both 4. occiden-
tale and rainforest. While phosphorus is correlated
with potassium, calcium and sodium under rainfor-
est, it is correlated with potassium only under 4. oc-
cidentale. Also, while potassium is correlated with
calcium and magnesium under rainforest, it is cor-
related with calcium and sodium under 4. occiden-
tale. Throughfall calcium flux is correlated with soil
sodium under 4. occidentale.

Stemflow nutrient fluxes are correlated posi-
tively and significantly with soil nutrients. Stem-
flow nitrogen is correlated with soil calcium under
rainforest, and also with soil sodium under 4. occi-
dentale and rainforest. Phosphorus flux is correlated

Nutrient Soil Paired Paired Difference T Df Sig.
Elements Layers Samples ®)
Mean S.EM Lower Upper
(95% CI) (95% CI)
N (%) Topsoil  A.occidentale/  0.1258 +0.0418 0.2179 0.0338 3.010 11 0.012
Rainforest
Subsoil  A.occidentale/  0.0792 +0.0151 0.1124 0.0459 5243 11 0.000
Rainforest
P (mg/kg) Topsoil  A.occidentale/  1.9842 +1.0482 4.2913 0.3229 1.893 11 0.085
Rainforest
Subsoil  A.occidentale/  0.8058 +0.8285 2.6294 1.0177 0973 11 0.352
Rainforest
K (mg/kg) Topsoil  A.occidentale/  54.4167  £8.5701 73.28 35.55 6350 11 0.000
Rainforest
Subsoil  A.occidentale/  13.5000  +£3.3246 20.8174  6.1826 4.061 11 0.002
Rainforest
Ca (mg/kg)  Topsoil  A.occidentale/  898.7500 +£109.9520 114475 656.7470 8.174 11 0.000
Rainforest
Subsoil  A.occidentale/  160.250  £44.5057 258.206  62.2936 3.601 11 0.004
Rainforest
Na (mg/kg) Topsoil — A.occidentale/ 324167  £5.1939 43.8484 209850 6241 11 0.000
Rainforest
Subsoil  A.occidentale/  8.8333 +1.1135 11.2942  6.3825 7933 11 0.000
Rainforest
Mg (mg/kg) Topsoil  A.occidentale/  218.083  +16.7148 254.872 181.294 13.047 11 0.000
Rainforest
Subsoil  A.occidentale/  80.7500  £19.5855 123.857 37.6426 4.123 11 0.002
Rainforest

Table 5. T-test results for the concentrations of soil nutrients between 4. occidentale and rainforest. N = nitrogen; P = pho-
sphorus; K = potassium; Ca = calcium; Na = sodium; Mg = magnesium; S.D = standard deviation; S.E.M = standard error

of mean.
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Throughfall Soil Nutrient Properties
Sources Sites nutrient N P K Ca Na Mg
elements
A. occidentale N 0.680* 0.364 0.523*  0.531* 0518*  0.302
Rainforest 0.721* 0.382 0.626*  0.482* 0.436* 0.223
A. occidentale P 0364  0.615* 0.744* 0364  0.152 0.243
Rainforest 0382  0.713*  0.914*  0.465* 0.459* 0.316
_ A. occidentale K 0.523* 0.744*  0.755*  0.458* -0.457* 0.223
i‘“ Rainforest 0.626* 0.914*  0.834*  0.448* -0.298  0.454*
%0 A. occidentale Ca 0.531* 0.364 0.458*  0.845* 0.512*  0.332
,E Rainforest 0.482* 0.465*  0.448*  0.924* 0330 0.327
A. occidentale Na 0.518* 0.152 -0.457* 0.512*  0.898*  -0.102
Rainforest 0.436* 0.459*  -0.298  0.330  0.741* -0.132
A. occidentale Mg 0302  0.243 0.223 0332 -0.102  0.765*
Rainforest 0223  0.316 0.454* 0327  -0.132  0.902*
A. occidentale N 0370  0.244 0.224 0372  0423* 0.132
Rainforest 0.311 0.263 0.313 0.436* 0.526*  0.231
A. occidentale P 0244 0347 -0.402 0328  0.141 0.236
Rainforest 0263  0.504*  -0.562* 0.423* 0.436* 0.321
3 A. occidentale K 0224  -0402  -0.523* 0316 -0.437* -0.214
= Rainforest 0313 -0.562* -0.551* 0.424* -0.257 -0.341
§ A. occidentale Ca 0372 0.328 0.316 0.546% 0.534*  0.436*
Rainforest 0.436* 0.423*  0424* 0.174 0324 0.248
A. occidentale Na 0.423* 0.141 -0.437*  0.534*  0.568*  -0.415%*
Rainforest 0.526* 0.436* -0.257  0.324  0.667*  -0.649*
A. occidentale Mg 0.132  0.236 -0.214  0.436* -0.415* 0.576*
Rainforest 0.231 0.321 -0.341 0.248  -0.649* 0.659*

Table 6. Correlations between rainwash nutrients and soil nutrients. * = Significant at 0.05 alpha level.
N = nitrogen; P = phosphorus; K = potassium; Ca = calcium; Na = sodium; Mg = magnesium.

with potassium, calcium and sodium under rainfor-
est. Potassium flux is correlated with calcium under
rainforest and Na in soil under 4. occidentale. Cal-
cium flux is correlated with soil sodium and mag-
nesium under 4. occidentale, while sodium flux is
correlated with soil magnesium under 4. occiden-
tale and rainforest. These correlation results are
similar to the findings reported in studies by
Ndakara (2012) and Ndakara (2016), where nutrient
fluxes by non-indigenous trees species are corre-
lated positively and significantly with soil nutrient
properties in the rainforest environment.

CONCLUSIONS

Rainwash fluxes from A. occidentale add nutri-
ents to soil thereby improving the fertility status of
soils under them. The limit to which rainwash nu-
trients and soil nutrients compares, determines their
levels of relationships, while the interdependence
on these nutrient elements between the plants and
soils explains their levels of interrelationships.

Rainwash nutrients from 4. occidentale are cor-
related positively and significantly with soil nutri-
ents. Therefore, the observed level of correlations
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between the nutrient properties of rainwash from A.
occidentale and rainforest and the soil properties
under their stands indicate that 4. occidentale trees
contribute to soil within the rainforest environment.

Over time, A. occidentale add nutrients to soil
through rainwash, therefore its cultivation is recom-
mended for agro-forestry and sustainable ecosystem
management.
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