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Soil Factors are the Drivers for Wetlands Colonization by Pneumatopteris afra in
Nigeria

(Faktor Tanah adalah Pemacu Penjajahan Tanah Lembap oleh Preumatopteris afra di Nigeria)

AKOMOLAFE GBENGA FESTUS* & RAHMAD ZAKARIA

ABSTRACT

The relationships between soil factors and plant community characteristics of some wetlands invaded by
Pneumatopteris afra and non-invaded ones were investigated. Sixty soil samples were obtained from six wetlands
comprising three invaded and three non-invaded in Lafia, Nigeria using sixty quadrants arranged on six 200 m
transects. The samples, after air-dried and sieved using 2 mm mesh were analysed for the physico-chemical properties
which include pH, organic matter (OM), percentage nitrogen (% N), phosphorus (P), calcium (Ca), sodium (Na),
potassium (K), magnesium (Mg), exchangeable acidity (EA), percentage base saturation (% BS), particle size, porosity,
bulk density (BD), hydraulic conductivity (HC), and moisture content (MC) using standard methods. Direct ordination
in canonical correspondence analysis was used to determine the influence of these soil factors on P. afra abundance,
Shannon diversity, and species richness of both invaded and non-invaded sites. All sites differ from each other in terms
of their physico-chemical parameters. The invaded sites appeared to be more acidic (pH = 3.22), less sandy, more
porous (38.11%), low HC (1.23) as compared with non-invaded ones. Soil factors that favoured abundance of P. afra
(% OM and EA) correlated negatively with Shannon diversity index of invaded sites which was positively influenced
by % N, pH, and cation exchange capacity (CEC). At the non-invaded sites, Shannon index and density were influenced
positively by % BS, pH, AP, and % N. All these observations showed that the soil factors played significant roles in
the establishment of P. afra at the invaded sites, and also on the plant diversity at non-invaded sites.
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ABSTRAK

Hubungan antara faktor tanah dan ciri komuniti tanaman di sebilangan tanah lembap yang diserang dan yang tidak
diserang oleh Pneumatopteris afra telah dikaji. Enam puluh sampel tanah diperoleh dari enam tanah lembap yang
terdiri daripada tiga yang diserang dan tiga yang tidak diserang di Lafia, Nigeria menggunakan enam puluh kuadran
yang disusun pada enam transek bersaiz 200 m. Sampel yang telah dikering udara dan diayak menggunakan jaring 2
mm telah dianalisis untuk sifat fiziko-kimia yang meliputi pH, bahan organik (OM), peratus nitrogen (% N), fosforus
(P), kalsium (Ca), natrium (Na), kalium (K), magnesium (Mg), keasidan tertukarkan (EA), peratus ketepuan bes (%
BS), ukuran zarah, keliangan, ketumpatan pukal (BD), kekonduksian hidraulik (HC) dan kandungan kelembapan (MC)
menggunakan kaedah piawai. Pengordinatan langsung dalam analisis penghubungan berkanun digunakan untuk
menentukan pengaruh faktor tanah terhadap kelimpahan P. afra, kepelbagaian Shannon dan kekayaan spesies
daripada kedua-dua tapak yang diserang dan tidak diserang. Kesemua tapak adalah berbeza antara satu sama lain
daripada segi parameter fiziko-kimia mereka. Tapak yang diserang kelihatan lebih berasid (pH = 3.22), kurang
berpasir, lebih berpori (38.11%), rendah HC (1.23) berbanding dengan tapak yang tidak diserang. Faktor tanah yang
memihak kepada kelimpahan P. afra (% OM dan EA) berkorelasi secara negatif dengan indeks kepelbagaian Shannon
dari tapak yang diserang, dipengaruhi secara positif oleh % N, pH dan keupayaan pertukaran kation (CEC). Pada
tapak yang tidak diserang, indeks dan ketumpatan Shannon dipengaruhi secara positif oleh % BS, pH, AP dan % N.
Semua pemerhatian ini menunjukkan bahawa faktor tanah memainkan peranan penting dalam penubuhan P. afra di
lokasi yang diserang dan juga kepelbagaian tanaman di kawasan yang tidak diserang.

Kata kunci: Lafia; parameter fiziko-kimia, Pneumatopteris afra, tanah lembap; tumbuhan invasif



352

INTRODUCTION

Plant invasion has been identified globally as one of
the principal causes of native biodiversity loss and
alterations of ecosystem structures and functions (Russell
& Blackburn 2017). The absence of natural enemies in
new habitats, low plant diversity of resident communities,
plant-fungi interactions, shift in climatic niches, rapid
evolutionary process, and response to some abiotic factors
including soil conditions are some of the predictors which
explain the invasiveness of several plants in newly
occupied geographical areas (Broennimann et al. 2007;
Callaway et al. 2004; Klironomos 2002; Maron et al.
2004; Mitchell & Power 2003; Richardson et al. 2000;
Sabelis & Crawley 1992; Wardle et al. 2011). Just like
animals migrate during unfavourable climatic conditions
in order to survive, plants also do the same by occupying
new geographical territories of native plants, and this
already threatened by climate change (Thomas et al. 2004).
Such phenomenon results in new sets of invasive plants
that are problematic to the environment.

The importance of soil to plants cannot be
underrated as it forms the reservoir of nutrient elements,
which are needed for metabolic activities in plants. Both
major and minor elements necessary for plants growth
and survival are domiciled in the soil (Landon 2014). Apart
from dispersal of seeds, grazing, and other forms of land
use, soil is an important factor that is responsible for the
occurrence and distribution of plants in general (Laughlin
& Abella 2007; Normand et al. 2011; Ozinga et al. 2005;
Ripple & Beschta 2012). Changes in the nutrient contents
of soil are known to influence the biomass accumulation
of' some plant species (Wang & Chen 2019). These changes
in soil biotic and abiotic properties are sometimes
directly influenced by the invasive plants growing on
the soil (Badalamenti et al. 2016; Gibbons et al. 2017).
Researches have also shown that the invasive plants do
require wide range of soil factors for their successful
establishment, as compared to other species (Wamelink
etal. 2014).

There were several reports on the roles of soil factor
in plant species distributions in tropical and neotropical
regions of the world (Khairil et al. 2011; Paoli et al. 2008).
Soil pH, organic matter content, cation exchange capacity,
and nutrients were identified as the determinants of
plants distributions in some tropical countries (Clark et
al. 1999; Khairil et al. 2014). As climatic factors have
been used to predict the invasiveness of many plants
across the world, soil factors can also be harnessed to
determine the invasive potential of plants as a part of
risk assessment program (Lodge et al. 2006; Schulz et
al. 2013). It is important to relate the status of a soil with

the activities of invasive plants on the same soil in order
to understand the mechanisms and impacts of invasion
(Gioria & Pysek 2016). In this study, we investigated the
relationship between soil physico-chemical parameters
of some wetlands in Lafia, Nigeria (comprising those
invaded by Preumatopteris afra and non-invaded ones)
and plant abundance, density, Shannon diversity index,
and species richness.

Pneumatopteris afra (Christ.) Holttum is a tropical
fern that has been reported to be a problematic colonizer of
wetlands in some parts of North-Central Nigeria. This plant
is also synonymously known as Cyclosorus afer (Christ.)
Ching. There are lots of research gaps in the soil factors
requirements of this fern at the invaded wetlands. Thus,
it is very necessary to examine and compare the soil
parameters of invaded and non-invaded wetlands with a
view to isolate soil factors that mostly influence the plant
abundance, diversity, and richness of those wetlands.

MATERIALS AND METHODS

STUDY AREA

The study was carried out in Lafia, Nasarawa State,
Nigeria. Lafia is a city with guinea savannah vegetation
comprising many woody shrubs, few trees, and grasses.

COLLECTION OF SAMPLES

Soil samples were collected from three wetlands invaded
by P. afra and three wetlands that were not invaded
by the plant (Figure 1). Soil samples were collected
randomly at each wetland by digging the soil up to the
level of underground rhizome/root of the plants (0 - 15
cm) at the invaded and non-invaded sites using an auger.
These soil samples were collected using ten 1.5 x 1.5
m? quadrats laid at 10 m interval on one 200 m transect
in each study site. This gives a total of 10 soil samples
from each site and 60 samples from all study sites. The
collected samples were properly labelled and air dried at
room temperature in the laboratory for 3 days. Data for
the species diversity, abundance, and richness of both
invaded and non-invaded sites was obtained from our
previous study (Akomolafe & Rahmad 2020).

DETERMINATION OF SOIL/SEDIMENT PHYSICAL AND
CHEMICAL PARAMETERS

Soil samples were sieved using 2 mm mesh. The physical
parameters were determined using standard procedures.
Soil pH was determined by glass electrode in a soil:water
ratio of 1:2 (Chapman & Pratt 1961). Mechanical method
was used to obtain particle size distribution of the soil
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FIGURE 1. Map of Lafia, Nigeria, which was the study area (Akomolafe & Rahmad 2020)

samples (Bouyoucos 1951). Also, soil texture, hydraulic
conductivity (HC), moisture content (MC), bulk density
(BD), and total porosity (TP) were determined (Ashman &
Puri 2013). As for the chemical properties of soil samples,
following parameters were determined: percentage
organic carbon (% OC) and organic matter (% OM) by
wet acid digestion (Walkey & Black 1934); percentage
nitrogen (% N) by Kjeldahl digestion method; available
phosphorus (AP) (Olsen 1954); sodium (Na) and potassium
(K) by flame photometer; calcium (Ca) and magnesium
(Mg) by atomic absorption spectrophotometer (AAS)
(Rowell 2014); as well as exchangeable acidity (EA) and
percentage base saturation (% BS) by titration method
(Pawluk & Carson 1963). Cation exchange capacity (CEC)
was obtained by adding the values of all cations together.

STATISTICAL ANALYSES

Canonical correspondence analysis (CCA) was carried out
to determine the relationship between diversity indices,
abundance of P. afra, and soil environmental factors at
the invaded sites using PAST software 3.19 (Hammer
et al. 2001). CCA was also carried out to determine the
relationship between plant density, diversity indices, and
soil environmental factors at the non-invaded sites. Monte-
Carlo Permutation test with 1000 bootstrap replicates was
performed to determine the significance differences in

the Eigen values of axes. One-way ANOVA with Duncan
multiple range test was used to determine the significance
differences in the means of each soil environmental factors
between sites. This was achieved with 1000 bootstraps
replicates using IBM SPSS 24.0.

RESULTS AND DISCUSSION

The success of some invasive plants has been linked with the
activities of soil abiotic factors rather than the interactions
with other plants (Czortek et al. 2020). In this study, the
analysis of soil physical and chemical properties of
invaded sites shows that there are variations among the
sites (Table 1). These significant variations observed in
the soil physical and chemical parameters among invaded
and non-invaded sites showed the peculiarity of each site.
Though they may look alike structurally and within the
same geographical boundary, they still do not have the
same physico-chemical properties which influence plant
growth, survival, and diversity. There is no significant
difference (P > 0.05) in soil pH, % N, AP, EA, CEC, % BS,
% Sand, and % Silt of the invaded sites. However, there
are significant differences in the soil % OC, %0 M, % Clay,
HC, % MC, BD, and %TP of these invaded sites. Site 1 has
the highest MC and TP of 85.83 and 41.33%, respectively.
TABLE 1. Soil physical and chemical parameters of invaded
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sites

Soil environmental factors Site 1 Site 2 Site 3

pH (H,0) 2.43 +£0.08° 424 +£1.08° 2.99 +0.08
% Organic carbon 1.31 +£0.06% 1.12+0.01° 1.60 £ 0.18°
% Organic matter 2.24 £ 0.09% 1.92 +£0.02¢ 2.75+0.31°
% Nitrogen 0.03 +£0.00" 0.15 £ 0.06 0.05+0.01°
Available phosphorus (ppm) 1.61 +0.04¢ 220+0.41¢ 2.04 £ 0.04¢
Exchangeable acidity (Cmol/Kg) 1.74 £ 0.05" 1.49 £ 0.67" 1.92 +0.46"
Cation exchange capacity (Cmol) 3.51 £0.06 5.00 +0.83! 4.12 +£0.26'
% Base saturation 50.13 £ 0.59i 62.43 £ 2.46 70.78 £ 4.110
% Sand 81.03 +3.14¢ 88.40 £ 0.40¢ 81.43 +3.73k
% Silt 4.07 £0.67' 3.40 £ 0.00' 5.97 +£1.29'
% Clay 14.67 £2.57" 7.83 £0.03™ 11.77 £ 1.98™
Hydraulic conductivity (cm?®) 1.59 + 0.00° 1.04 +0.00° 1.06 £0.01°
% Moisture content 85.83 +0.17° 68.67 £0.33° 64.67 £ 1.20¢
Bulk density (g/cm?®) 1.56 + 0.00" 1.77 £ 0.00¢ 1.71 £0.01
% Total porosity 41.33+0.33¢ 38.33 £0.33¥ 34.67 £0.33v

Values represent mean + Standard Error (SE). Means with the same superscripts across same rows are not significantly different (P > 0.05) and vice versa

As for the non-invaded sites, there are significant
differences in the soil parameters between the sites, except
for % Silt, % Clay, HC, % MC, BD, and % TP where
there are no significant differences (Table 2). Moreover,
in comparison to the soil parameters between invaded
and non-invaded sites, it was observed that there are no
significant differences in their % OC, % OM, % N, EA, %
BS, % Silt, % Clay, and % MC (Table 3). However, they
only differ significantly in pH, AP, CEC, % Sand, HC, BD,

and % TP. Non-invaded sites had higher pH, AP, CEC,
% Sand, HC, and BD than invaded sites which had the
highest % TP. It is worthy to note from our results that the
non-invaded sites are less acidic and sandier than invaded
ones. They also had less moisture content and porosity than
invaded sites. This could imply that the sites invaded by
P afra are more physically suitable for its colonization
due to their higher moisture content, acidity, and porosity.

TABLE 2. Soil physical and chemical parameters of non-invaded sites

Soil environmental factors Site 1 Site 2 Site 3
pH (H,0) 3.23+0.01° 5.61+0.01° 4.45+0.01°
% Organic carbon 1.27 £ 0.04¢ 1.21+£0.01¢ 1.34 +0.06¢
% Organic matter 2.19 +0.06° 2.09 £+ 0.02¢ 2.32 +0.06"
% Nitrogen 0.07+£0.01° 0.21£0.01¢ 0.09 + 0.02f
Available phosphorus (ppm) 2.03 +0.00" 2.66 +0.01 2.49 +0.037
Exchangeable acidity (Cmol/Kg) 1.49 £ 0.01! 1.12 £ 0.06™ 1.34+0.01"
Cation exchange capacity (Cmol) 4.54 +£0.04° 5.54 £0.04° 4.99 +0.074
% Base saturation 67.34+0.22" 79.83 £ 1.20° 76.00 +£2.07°
% Sand 86.77 £ 0.15 88.37 +0.26" 88.49 +(0.33¢
% Silt 3.41 +£0.02" 3.40 + 0.00" 3.43+0.117
% Clay 9.80 + 0.06" 8.00£0.10v 9.02 +£0.06"
Hydraulic conductivity (cm?) 24.25+0.05% 24.25+0.03* 2422 +£0.22%
% Moisture content 68.00 + 0.58* 68.00 + 0.00” 68.46 +0.31¥
Bulk density (g/cm?) 1.94+£0.017 1.93 +£0.00” 1.95+0.01%
% Total porosity 28.33 £0.88* 28.67 £0.33* 29.97 £0.08°

Values represent mean + Standard Error (SE). Means with the same superscripts across same rows are not significantly different (P> 0.05) and vice versa



TABLE 3. Comparing the soil physical and chemical parameters of invaded and non-invaded sites

Soil environmental factors

Invaded sites

Non-invaded sites

pH (H,0)
% Organic carbon
% Organic matter
% Nitrogen
Available phosphorus (ppm)
Exchangeable acidity (Cmol/Kg)
Cation exchange capacity (Cmol)
% Base saturation
% Sand
% Silt
% Clay
Hydraulic conductivity (cm?)
% Moisture content
Bulk density (g/cm?)
% Total porosity

322+041* 443 +0.35°

1.34 +0.09° 1.28 +0.03¢

2.30 +0.15¢ 2.19 £ 0.04¢

0.08 +0.02¢ 0.13 £0.02¢

1.95+0.15° 2.39 £ 0.09¢

1.72 £ 0.24" 1.31£0.06"

4.21+0.33" 5.02£0.15
61.11 £ 1.50% 74.39 +£1.97%
83.62 + 1.85! 87.87 £0.31™
448 £0.57 3.42+0.03"

11.42 +1.36° 8.94 +0.26°

1.23 +£0.09» 24.23 +£0.069
73.06 £ 3.26" 68.15 £ 0.20"
1.68 +0.03¢ 1.94+0.01"
38.11 £ 0.98" 28.99 +0.37Y

Values represent mean = Standard Error (SE). Means with the same superscripts across same rows are not significantly different (P> 0.05) and vice versa

In terms of nutrient composition of both invaded and
non-invaded sites, there seems not to be any contradiction
because both sites are similar. Hydraulic conductivity
(HC) has been known to be closely related with texture,
organic matter, and bulk density of soils in such a way that
it increases with increasing pore spaces (macropores)
of the soils (Vereecken 1995; Wosten & Van Genuchten
1988). These macropores are either created by soil
organisms (faunas) or roots of some specific plants such as
legumes (Beven & Germann 2013; Edwards et al. 1990).
However, massive growth of some plant roots normally
closes the macropores and thereby decreases hydraulic
conductivity of soils (Bodner et al. 2008). This might be
the cause for very low amount of HC reported at invaded
sites as compared to the non-invaded sites where there was
no massive growth of plants. Other studies reported that
soils with mixture of grasses and legumes tend to have high
HC due to the enhancement of macropores by their roots
which also promote organic matter content and abundant
earthworms (Fischer et al. 2014; Obi 1999). Therefore,
high HC observed at the non-invaded sites might have
been favored by the mixture of grasses, legumes, and other
plants there. Also, a negative correlation was established
between soil coarseness and HC due to the poorly formed
soil structure and low macroporosity, except for soils
with high composition of legumes (Jarvis & Messing
1995; Lin et al. 1999; Six et al. 2004). It is expected that
the non-invaded sites with higher proportion of sands

(coarseness) will have low infiltration capacity. However,
contradictory finding was observed for the non-invaded
sites, which have higher HC despite the coarseness nature.

The sandy nature of soils at invaded sites coupled
with the rhizomatous nature of roots of P. afra which
dominated there, could have led to the reduction of
macropores and population of earthworm in soils, thereby
resulting in very low HC (Archer et al. 2002; Bens et al.
2007; Kordel et al. 2008). Furthermore, soils that are more
biologically active have been closely associated with high
organic carbon, high organic matter, low bulk density, and
high porosity (Pérés et al. 2013; Zacharias & Wessolek
2007). Such soils are regarded as having more stable
aggregates. Therefore, the soils of invaded sites can be
inferred to be more stable and biologically active than
the non-invaded. In agreement with this work, Sharma
et al. (2017) also observed that soils invaded by Hyptis
suaveolens in India were more acidic, with a higher % OC
and % OM than the non-invaded. High % OC and % OM
observed at the invaded sites could be attributed to high
biomass of P. afra at the sites, which usually promotes
high soil organic carbon and matter (Koutika et al. 2007;
Liao et al. 2009).

Twelve soil environmental factors were used for the
Canonical Correspondence Analysis (CCA). The results
of CCA established the relationship between these soil
factors and plant community characteristics of both
invaded and non-invaded wetlands studied (Khairil et al.
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2014). Eigen value has been known to be an important
parameter representing the strength and degree of variation
along an axis (Khairil et al. 2015). The Eigen values,
percentage variation, and significant values of axes are
shown in Table 4. Axes 1 and 2 for invaded sites have 86.69
and 13.31% strength, respectively. Those of non-invaded
sites include 89.02% for axis 1 and 10.98% for axis 2.
The permutation test showed no significant difference in

the Eigen values of three ordination axes of both invaded
and non-invaded sites (P > 0.05). This showed that the
degree of variation of axis 1 is higher than axis 2 for both
invaded and non-invaded sites. This is also an indication
that soil physico-chemical parameters examined had
much influence on the plant community characteristics
(abundance, richness, density, and diversity index) of both
invaded and non-invaded sites.

TABLE 4. The relationship between the study sites and soil factors

Invaded sites

Non-invaded sites

Axis 1 Axis 2 Axis 1 Axis 2
Eigen value 0.8669 0.1331 0.8902 0.1098
% Variation 86.69 13.31 89.02 10.98
P-value 0.48 0.65 0.68 0.66

The CCA result shows the relationship between
the Shannon diversity, species richness, abundance of
P afra, and environmental variables (soil parameters)
at the invaded sites (Figure 2). Hydraulic conductivity
(HC), % MC, and % TP were the factors that influenced
species richness at the invaded sites. Percentage organic

matter (%OM) and EA correlated positively with the
abundance of P, afra. Meanwhile AP, % N, pH, and CEC
correlated negatively with it. Shannon diversity was
influenced by the % N, pH, CEC, and AP which correlated
negatively with the abundance of P. afra at the invaded
sites.

Axis 2

Axis 1

FIGURE 2. Canonical Correspondence Analysis (CCA) biplot showing
the relationship between abundance of P. afra, Shannon diversity, species
richness, and soil environmental variables of the invaded sites in Lafia, Nigeria



At these invaded sites, the factors that influenced
Shannon diversity index (i.e. AP, % N, pH, and CEC) also
affected the abundance of P. afra negatively. This is so
significant because it has been reported in our previous
study that the colonization of P. afra has negative impact
on the plant diversity of resident wetland communities.
This means that, the higher the AP, % N, pH, and CEC, the

Axis 2
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lower the abundance of P. afra. As for the non-invaded
sites, species richness was influenced positively by EA,
% OC, and % OM (Figure 3). Shannon diversity index and
density were influenced positively by % BS, pH, AP, and
% N. All these diversity indices of the non-invaded sites
were negatively influenced by HC, % MC, BD, % TP,
and CEC.
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FIGURE 3. Canonical Correspondence Analysis (CCA) biplot showing the
relationship between plant density, Shannon diversity index, species richness,
and soil environmental variables of the non-invaded sites in Lafia, Nigeria

Thus, it can be deduced that P. afra prefers to thrive
well in more acidic, less phosphorus, and nutrient-poor
soils. This more-acidic (low pH) nature of invaded sites
could have been directly caused by the activities of P.
afra. This is supported by the report that invasive plants
directly or indirectly alter the acidification of soil through
the release of some secondary metabolites as root
exudates to promote their competitive advantage over
other plants (Weidenhamer & Callaway 2010). A positive
correlation has been established between the invasion of
Wedelia trilobata through allelopathy and soil acidity in
South China (Wang et al. 2012). Also, the invasion of
Solidago gigantea increased the soil acidity of invaded
grassland communities (Teixeira et al. 2020). Another
invasive fern Lygodium microphyllum is known to be
associated with increased soil acidity in its native range

than the invaded range (Soti et al. 2020). However, these
studies contradict the report on the invasion of another
plant (Acacia dealbata) which increased the alkalinity of
soil where it invaded in Northwest Spain (Lorenzo et al.
2010). Hence, the activity of invasive plants on the soil
acidification is dependent on the type of plant. As for P.
afra, one of the ways to limit its invasive success could be
through the addition of lime to the wetlands because lime
tends to reduce soil acidity (Athanase et al. 2013). A recent
research on the influence of nitrogen on the competitive
performance of an invader Aegilops tauschii showed that
this plant was able to thrive well and grew abundantly
over other plants in a condition of high nitrogen stress in
China (Wang & Chen 2019). However, this contradicts
our result which showed that P. afra prefers nitrogen-
poor environment. These same soil factors (% N, pH, and
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AP) still affected the diversity index of non-invaded sites
positively. It should also be noted that the non-invaded sites
are more basic. This explains why the plant diversity index
is influenced by the amount of basic ions (% BS) in the sites.

Soil pH, salinity, and nutrient have also been reported
to have much influence on the distribution of some other
invasive plants across tropical and temperate regions
of the world (Flowers & Colmer 2008; Galatowitsch et
al. 1999; Wamelink et al. 2018). Unlike P. afra which
was not positively influenced by increased nitrogen in
the soils, some other invasive plants have very strong
positive correlation with increased nitrogen in the soil
(Thuiller et al. 2005; Wamelink et al. 2014). Therefore, the
invasion of P. afra in these wetlands strongly disagrees
with the hypothesis that increased deposition of nitrogen
in the environment will influence the threats of plant
invasion (Galloway et al. 2004). This simply denotes
that the wetlands invaded by P. afra in Lafia, Nigeria are
less polluted with nitrogenous compounds, hence lower
amount of nitrogen found in the soils. As suggested by the
European Union on management of invasive plants, early
reports on soil abiotic requirements of potential invasive
plants should be utilized rapidly in combating the future
menace of invasion (Wamelink et al. 2018).

CONCLUSION

This study has provided an early report on soil abiotic
preferences of P. afra in some wetlands in Nigeria. This
could also serve as early warning for its future spread if
not properly managed. It showed that the soil physico-
chemical parameters had very much effect on the
abundance of P, afra, Shannon diversity index, and species
richness at the invaded wetlands. They also have similar
influence on plant diversity and richness of non-invaded
wetlands. Although two categories of sites have similar
structure and geographic boundary, they still differ in their
preferences for soil parameters as shown by the results
of physico-chemical analyses and CCA. The preferred
soil parameters that favored the colonization of P. afra at
invaded sites were found to have low pH, low HC, low %
N, high EA, and OM. Therefore P. afra can be regarded as
an invasive species with a wide range of soil factors. The
prevention of further spread of this plant may be ensured
by reducing the acidification and increasing nitrogen
contents of the wetlands.
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