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Abstract

This study determined the extent of degradation of soils in Khubelu wetland in Lesotho and the impact this may
have on its water purification potential. Seventy-two soil samples were collected at different sites and depths
around the wetland and characterised for different properties. The values of these properties were then used to
determine the chemical degradation index (CDI) of the wetland soils. The soils were non-saline as reflected by
the electrical conductivity (EC) values (<0.25 mS/cm), mostly acidic (4.5 < pH < 5.22) with moderate organic
matter content (2.06-3.9 %). These soil properties varied with depth and from upstream to downstream of the
wetland. Values for soil CDI were 3.42, 3.25 and 3.06 for soils from upstream, midstream and downstream of
the wetland, respectively, indicating a decrease in soil degradation from upstream to downstream. The
dominance of emergent vegetation in the Khubelu wetland may indicate a potential to get rid of sediments in
influents into the wetland but the soil characteristics may present a challenge with regards to the removal of
nutrients and organic and inorganic pollutants from these influents. The characteristics of the soils and the extent
of soil degradation present some challenges in the performance of the Khubelu wetland as a water purification

system especially with regards to nutrients and organic and inorganic pollutants.
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Khubelu wetland soil and vegetation were characterised to determine the wetland’s
water purification potential. Soils properties varied with depth, and from upstream to
downstream of the wetland with emergent vegetation dominating the wetland. Soil
degradation was highest upstream and lowest downstream. Khubelu wetland needs
to be properly managed to reduce soil degradation and enhance its water purification
potential.
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1. INTRODUCTION

Wetlands cover up to 6% of the earth’s land surface [1] and perform significant ecological functions where they
occur. They retain water during the rainy season, but release it when conditions become drier, hence their
description as sponges [2, 3]. Wetland ecosystem functions include water purification, floodwater storage,
groundwater recharge, carbon storage, biodiversity support, sediment trapping, and pollution control. Water
purification by wetlands remains their most exploited function. According to Huang et al. [4], water purification
by wetlands refers to the removal of contaminants such as organic and inorganic compounds, nutrients, and
sediments from water entering the wetland. Both natural and constructed wetlands, because of their ability to
purify water, are widely used in the treatment of effluents of domestic and industrial origins before their
eventual discharge into streams, rivers, and other freshwater reservoirs.

Studies by Diaz et al. [S] show that wetlands can remove up to 99 and 96%, respectively, of nitrate and total
suspended solids from influents. The role of nutrients in the development of eutrophic conditions in freshwater
bodies and the consequences of eutrophication on water quality and human health have been widely documented
[6, 7]. Tore et al. [8] have highlighted the efficiency of wetlands in the removal of endocrine disruptive
compounds including personal care products (30-96%), pharmaceuticals (16-99%), bisphenol A (80—-100%),
and polyaromatic hydrocarbons (60-70%) which compromise water quality and human health should they be
exposed to these compounds. Sediments, according to Nasrabadi et al. [9] and Pourabadehei and Mulligan [10],
are vectors of potentially bioavailable contaminants in water. In addition, they are stressors of benthos because
they negatively impact light penetration in water bodies as a result of increased turbidity, reducing primary
productivity of benthic zone autotrophs. Wetlands can remove sediments from influents because of their
inherent ability to slow down the velocity of water moving through the wetlands, and the filtration ability of
vegetation found therein.

Processes involved in the removal of these contaminants by wetlands from incoming water include
sedimentation, chemical precipitation, adsorption, uptake by vegetation, microbial interaction, and filtration,
most of which are mediated by wetland soils and vegetation [11, 12]. Wetland soils differ from terrestrial soils
because of the anaerobic conditions caused by persistent saturation. They are hydric in nature and are
characterized by redoximorphic conditions, low chroma, high clay and organic matter contents, and low pH
values. These wetland soil characteristics influence the biogeochemical and water purification processes which
take place in these unique ecosystems. The high soil clay and organic matter contents enhance their ability to
sorb ionic contaminants from water infiltrating them, thereby acting as filters. Both anaerobic and aerobic
conditions occur in wetland soils making them a highly dynamic environment as far as their chemical and
biological processes are concerned. The alternation between anaerobic and aerobic biogeochemical processes
taking place in the wetland contributes to their ability to retain nutrients that may be contained in water, thus
reducing the potential of eutrophic conditions developing downstream [13, 14]. Where wetland soils are
degraded, these soil processes are affected with consequences on the progression of processes involved in the
purification of water and ultimately the quality of water delivered to rivers and streams served by the wetland.
Degradation in wetland soil which could occur naturally or caused by anthropogenic activities such as intensive
agricultural activities, climate change, and water deficiencies, include changes in soil nutrient properties,

salinity, total nitrogen and carbon contents, as well as organic matter [4]. These changes may influence wetland
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soil processes and its water purification potential.

The Khubelu wetland in Lesotho is a montane palustrine wetland which sustains the Lesotho Highlands Water
Project (LHWP) through the Orange-Senqu River Basin. The LHWP supplies water to the Vaal River in South
Africa and any compromise in the health of this wetland may impact water quality in South Africa and
neighbouring countries. Anthropogenic activities including overgrazing and overharvesting of wetland resources
are threatening this wetland and may result in their degradation. In addition, the undulating nature of
surrounding topography of the Khubelu wetland may contribute to high erodibility of the soils in the area which
may further compromise the wetland in terms of sediment load. Most studies on wetlands have focused on
microbial diversity [15], and wetland plant structure [16]. A few studies [17, 18] have characterized wetland
soils but not many studies have focused on wetland soil degradation and how it may affect its water purification
function.

This study is aimed at determining the degradation status of the soils in Khubelu wetland and understanding the
impact that this may have on the wetland’s ability to remove chemical pollutants, sediments, and nutrients from
the water it discharges into surrounding rivers. The extent of soil degradation is determined using the chemical
degradation index (CDI) of soil developed by Huang et al. [4]. Several soil quality indices have been used to
investigate various land and soil conditions. According to Andrews et al. [19], the approach of using soil quality
indices for monitoring the effects of various practices on soil functions is a reliable method as it integrates
physical, chemical, and biological properties of the soil. Chemical degradation index of soils employs the three
main requirements proposed by Andrews et al. [19] for soil indices, which include using a minimum data set,
transformation of indicators to scores, and combining the scores into an index. Different soil properties play
different roles in the maintenance of soil quality. The CDI of soil uses multivariate statistical techniques to
determine the smallest set of these chemical, physical and biological soil properties that account for most of the
variability observed in the soil. According to Andrews and Carrol [20], the use of multivariate statistical
analyses techniques in the determination of indicator scores minimizes bias and transferability of the index. In
the determination of CDI of soils, weights are given to each soil property to reflect their influence on soil quality
for the specific purpose under consideration. These weights are then used in the calculation of the CDI instead
of the values of the soil properties obtained during analyses. Huang et al. [4] used CDI to determine the
degradation status of soil and his studies indicated that CDI scores for degraded wetland soils are usually higher

than those for undegraded wetland soils.

2. MATERIALS AND METHODS

2.1 Study area

The study was carried out in Khubelu wetland located in North-Eastern Lesotho, with geographic coordinates of
29°1'19.10"S and 28°52'26.01"E (Fig. 1). The wetland covers an area of 0.52 km? with minimum and maximum
elevations of 2984 and 3019 m, respectively. Lesotho’s climate is generally sub-humid to temperate cool, with
warm, rainy summers and cool to cold dry winters [21]. The mean annual precipitation in the area ranges from
500 mm in the Senqu Valley to 1200 mm in the north and eastern parts of the country [21]. 85% of rainfall in
the area is received between October and April, with frost and snow being common in winter. Basaltic parent
material of alluvial origin characterises the Khubelu wetland [22], and due to its formation on steep ridges, the

soils in the study area are poorly developed with high erodibility. Khubelu wetland has been utilised by
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communities in the catchment as a grazing area, putting it under immense pressure. As a result of overgrazing,
vegetation cover in the area is declining and signs of erosion are evident. This has threatened sustained water

supply to Khubelu River.

2.2 Soil samples collection

Wetland soil samples were collected from eight sampling sites: four of the eight sites (SS2, SS3, SS4 and SS7)
were upstream, two sites (SS6 and SS8) were midstream, and the other two sites (SS5 and SS9) were
downstream of the wetland (Fig. 2). The downstream region of the wetland is where the wetland empties into
Khubelu River. At each of the eight sites, three cores were placed within a 2 m radius. 500 g of soil samples
were collected at three depths 0--15, 15--30, and 30--45 cm from each of the cores using an auger. These
depths were chosen to characterise the variations in soil properties with depths around the wetland. A total of
72 soil samples were collected from the sampling sites into separate labelled vacuum bags after which they were
transported to the laboratory. The soil samples were air-dried, plant roots and stones removed, then crushed

using a porcelain mortar and pestle, sieved through a 2 mm mesh sieve, and analysed for various soil properties.

2.3 Soil sample analyses

All soil samples were characterised for their texture, electrical conductivity (EC), cation exchange capacity
(CEC), organic matter (OM) content, pH, available phosphorus (P), total carbon (TC) and total nitrogen (TN)
using standard methods. For the determination of soil texture, the Bouyoucos hydrometer method was used to
determine weight percent of sand, silt and clay in the samples [23], after which soil texture was determined
using the textural triangle. A 1 M KCl/soil suspension, 2:1 (v/w), was used for the determination of soil pH as
described by Hendershot et al. [24] whereas the water extract of the soil was used to measure soil EC.

Soil available P was extracted using 0.03 M NH,F and 0.025 M HCI (Bray and Kurtz No. 1 solution) and the
content of P was measured using colorimetry. In this procedure, the phosphorus extracted from the soil by the
solution reacts with ammonium molybdate, to produce a blue phospho-molybdate complex. The colour enables
the colorimetric determination of phosphorus since the intensity of the blueness of the phospho-molybdate
complex is proportionate to the amount of phosphorus contained in the soil [25, 26]. The CEC of the soil
samples was determined by summation of the exchangeable Ca, Mg, K and Na contained in the soils. These
exchangeable bases were extracted using 1 M ammonium acetate [23] after which their concentrations in the
extracts were determined using atomic absorption spectrometry. The values of exchangeable Ca, Mg, K, and Na
were then summed up to give an estimate of the CEC of the soil samples.

A LECO CN 628 analyser with a furnace temperature setting of 950°C was used to determine total carbon (TC)
and total nitrogen (TN) in 100 mg of each soil sample [27]. Results from TN and TC were then used to calculate
the C/N ratio of the soils. Loss-on-ignition (LOI) method was used for OM determination. In this method, initial
combustion of soil samples takes place for 30 min at 105°C to dehydrate the soil in order to prevent
overestimation of soil organic matter (SOM) [28]. The samples are then heated for 3 h at 550 °C in a muffle
furnace [29].The percentage of OM in the soil samples is calculated as percentage loss in weight before and
after heating the sample in the furnace. All analyses were performed in duplicate with sample and reagent

blanks included. The analyses made use of internal laboratory standards for quality control purposes.
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2.4 Wetland vegetation characterisation

Vegetation cover across the wetland was determined using 1 m” size quadrats [30, 31]. Eight quadrats were
randomly placed upstream, seven midstream, and another eight downstream of the wetland to represent the
different sections of the wetland. Vegetation species within each quadrat was counted repeatedly and an average
of the number of species in each of the counts was used to determine species abundance within each quadrat
[32]. The type of vegetation within the quadrats was assessed with the help of the Cowardin vegetation class
reference which describes vegetation classes as emergent, scrub/shrub, forest and aquatic bed [30]. These
different vegetation types are scored 1.0, 0.8, 0.3 and 0.0 for emergent, scrub/shrub, forest and aquatic bed
vegetation, respectively, with regards to their ability to filter out sediments in wetlands [30]. The Cowardin
classification gives emergent vegetation a score of 1 in the assessment of a wetland’s ability to remove
sediments because it is erect, and closer to the ground [31] and is therefore able to trap sediments. This
vegetation is also dense enough to reduce water velocity and gives support to microbial population for

decomposition of organic contaminants [32, 33].

2.5 Data analysis

The mean of each soil property was determined, and one-way ANOVA with Tukey’s Honest significance
difference (HSD) post-hoc test was used to determine differences in the mean values of soil properties between
depths and from one site to the other after ensuring that the data satisfied the assumptions of ANOVA.
Differences in mean values for the various properties between upstream, midstream, and downstream sections of
the wetland were also determined using ANOVA, but Tukey Kramer post-hoc test was used since the sample
sizes from the upstream, midstream and downstream sections of the wetland were unequal. All analyses were
carried at a 95 % confidence limit and an alpha value of 0.05.

The extent of soil degradation in the Khubelu wetland and how this varied from upstream to downstream was
determined using the CDI of soil. The CDI was determined using Eq. (1) as described by Andrews et al. [19], Fu
et al. [34], Ghaemi et al. [35], and Gvozdi¢ et al. [36].

CDI = RW,Q(X)) (1)

where W is the weight vector for the soil property and Q(X;) is the membership value for each soil property,
determined according to Egs. (2) and (3).

According to Wang [37], weights for soil indicators could be assigned using experience, mathematical statistics,
or models. This study made use of principal component analysis (PCA) with Varimax rotation to determine the
weights for each soil indicator as proposed by Fu et al. [34] and to generate factor loadings for the different soil
properties [4, 35]. These factor loadings were then substituted in Eq. (1) as weight vectors (#;) for each of the
soil properties [34]. Only factor loadings >0.5 in components with Eigen values > 1.0 were used [19]. The
membership value of each soil property was determined according to Egs. (2) and (3) [4, 34].

Q) = ;i @

Ximax~Ximin

Q) = ——macti 3)

imax—Ximin
where x;; is the mean value for each soil property, and X; i, and X; max are minimum and maximum values for
each of the soil properties in the study.

Equation (2) was used to determine the membership value for those soil properties which would have high
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values in undegraded soil, whereas Eq. (3) was used for the determination of membership values for soil
properties which would have high values if the soil was degraded. The choice of which soil property is
calculated with either equation was based on the roles of these soil properties in various soil processes as they
relate to vegetation growth and contaminant sorption. Wetland soil sorption and vegetation characteristics play a
major role in water purification. In this study, soil CEC, OM, TN, TC and P were considered to have high values
in undegraded soils because of their positive impact on plant growth and contaminant sorption, so their
membership values (Q(X;)) were determined using Eq. (2). Soil EC, Na and Ca were considered to have high
values in degraded soils because of their negative effect (salinity and crusting) on plant growth, therefore, Eq.
(3) was used to determine their membership values (Q(X;)). Chemical degradation index was determined for
soils from upstream, midstream and downstream of the wetland to understand how soil degradation varied at
different areas of the wetland, and for the whole Khubelu wetland, to determine how degraded the wetland soils
generally were. According to Huang et al. [4], CDI values between 2.80 and 4.36 indicate a degraded wetland
soil, whereas soils with CDI values between 0.49 and 1.92 indicate an undegraded wetland soil. The effects of

the extent of soil degradation on the water purifying ability of the wetland were then inferred.

3. RESULTS AND DISCUSSION

3.1 Physicochemical properties of the wetland soils

Sand and silt contents in the soils were higher than clay contents, with clay content being below 25% in all
samples (Table 1). The soils were therefore classified as either sandy clay loam, or loamy, or sandy loam soils
as indicated in Table 1. Similar textural properties were obtained in soils from natural wetlands in Pennsylvania
by Campbell et al. [38]. The soils showed an increase in the quantities of clay and decrease in sand content with
depth around the wetland, which is typical of most soil profiles due to lessivage. The textural properties of
Khubelu wetland soils imply good drainage which could allow the seepage of water down to the water table.
This may be good for groundwater recharge in the area but if the water is contaminated, it could contribute to
the introduction of contaminants into the aquifer.

Soil EC values were all <0.45 mS/cm (Table 1) with significant differences in EC values from one site to the
other (p = 0.03). The soils in Khubelu wetland could therefore be described as non-saline as soil EC values were
all below the EC threshold (400 mS/m) of soils described as saline. Soil EC decreased with depth as indicated in
Fig. 3a (p = 0.001). A similar pattern of a decrease in wetland soil EC with depth was observed by Raza et al.
[39]. Significant differences were observed in the EC of the soils from upstream to downstream (p = 0.02) with
highest mean values recorded midstream (Fig. 4a).

The pH values of soils around the wetland (Table 1) were all acidic. Differences in soil pH values from one site
to the other (Table 1) were insignificant (p = 0.29). A similar pH range of 4.37 to 5.88 was recorded by
Rasekoele et al. [17] in Khalo-La-Lithunya wetlands, with Olaleye [40] observing a range of 4.69 to 5.44 for
wetlands in Butha-buthe and Ha Matela in Lesotho. The acidic pH of the soils is typical of wetland soils because
of the prolonged and frequent saturation conditions that these soils are subjected to. Frequent saturation of
wetland soils results in lack of oxygen and reduction of NOs;, Mn*, Fe** and SO,*". It also results in
accumulation of CO,, N,O, H,S, CH4 and humic substances in the soils. According to Bianchini Junior et al.
[41] all these have the potential to acidify soils as a result of the release of protons. The acidic conditions of the

wetland soils are therefore explained. Insignificant differences were observed in soil pH with increasing soil
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depth around the wetland (Fig. 3b) (p = 0.015), but significant pH increases were observed from upstream to
downstream of the wetland (Fig. 4b).

Soil OM content around the wetland varied as indicated in Table 1 and Fig. 2, with OM content in soils at site
SS2 being significantly lower than OM content in soils from sites SS4, SS7, SS8 and SS9 (p = 0.0008). Organic
matter content in the surface soils was significantly higher than in lower depths around the wetland (p < 0.05)
(Fig. 3c). High OM in surface soils has been attributed to high density of plant roots, litter fall and microbial
decomposition processes in surface soils. Organic matter content in the downstream soils was also significantly
higher than what was observed in soils upstream (p = 0.01) (Fig. 4c). Similar values and patterns for wetland
soil OM have been reported by Ren et al. [42]. High OM content in wetland soils is usually associated with high
biological productivity.

Values for CEC ranged between 4.04 and 4.42 meq/100 g (Table 1), which are all within the range of CEC of
soils dominated by sand particles and primary minerals. Differences in CEC from one site to the other were
insignificant (p = 0.42) but slight differences were observed from one depth to the other with soil CEC
decreasing with depth (Fig. 3d) (p < 0.05). This pattern of soil CEC with depth is similar to what was obtained
for OM content in the soils. According to Ngole-Jeme [43], soil CEC is determined by its clay content, clay
fraction mineralogy and OM content, with CEC of OM being up to six times higher than the CEC of clay.
Despite the high OM content of the soils, the CEC was low, and this could be attributed to the pH of the soils.
Soil organic matter has pH-dependent charges which increase with soil alkalinity but decrease as the soil
becomes more acidic due to protonation and deprotonation of functional groups contained in organic matter.
The acidic nature of the wetland soils would have resulted in lower negative charge density because of
deprotonation of the functional groups contained in OM at lower pH values. It could also be an indication that
the OM in the soils may not have formed complexes but occur as loose organic material which might not be
contributing to the overall charge of the soils. Similar observations have been made by Ngole-Jeme [43]. Results
from this study show an increase in CEC values in soils from upstream to downstream, similar to what was
observed with soil OM and pH (Fig. 4d). These trends in OM content and CEC of the soils from upstream to
downstream may favour increased sorption of nutrients and contaminants as water moves from upstream to

downstream of the wetland.

3.2 Nutrient characteristics of the wetland soils

The highest value for P content in the wetland soils was 0.34 mg/kg whereas the lowest was 0.11 mg/kg (Table
2). These values are very low compared to what has been reported in other wetland studies [44, 45]. Available P
content in the soils fluctuated with depth (Fig. 5a) and from upstream to downstream of the wetland (Fig. 6a) (p
= 0.02). Highest mean values of available P were recorded midstream of the wetland. Significant differences
were observed in TC and TN content around the wetland (p = 0.05 for TN and p < 0.05 for TC) (Table 2).
Values for mean TN and TC decreased with depth (Fig. 5b) but only differences in TC with depth were
significant (p = 0.04). Mean TN values increased from upstream to downstream of the wetland whereas TC
decreased (Fig. 6b and c). Similar observations have been reported in wetland studies carried out in other
countries. Li et al. [46] and Wang et al. [47] reported a decreasing trend in TC across the Zhalong wetland and
wetlands running into Qingcaosha Reservoir whereas a decreasing TN was observed in a wetland in Jimma

Ethiopia in a study by Sileshi et al. [48]. Soil C and N are expected to show some relationship with soil OM
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content. In this study, as expected, a strong correlation between wetland soil OM with TC (» = 0.74) and TN (r =
0.85) further justifies the patterns of TC and TN observed.

The C/N ratios of the soil samples ranged between 6 and 12, which is lower than what was reported by Wang et
al. [7]. Carbon/nitrogen ratios also decreased with depth, similar to what was reported by Wang et al. [7] in
coastal wetland soils. Soil C/N ratios regulate soil quality and organic matter dynamics through its influence on
soil microbial activity and mineralisation of nutrients, especially N. According to Prescott [49], the critical C/N
ratio for net nitrogen (N) mineralization is between 25 and 30, or 1.7-2.5%. The low rates of C/N ratios
obtained in the wetland soils could indicate a rapid rate of microbial N mineralisation in the wetland, which may
affect the amount of N delivered by the wetland to receiving rivers. There were no differences in C/N values
with depth as C/N values were 9.6 + 0.4 at depths of 0—15 cm, 8.0 + 0.8 at depths between 15 and 30 cm, and
8.2 £ 0.8 at depths between 30 and 45 cm. The C/N ratio of the soils were 10.4 for upstream soils, 8.9 for

midstream soils and 6.6 for downstream soils, indicating a decrease in C/N ratio from upstream to downstream.

3.3 Wetland vegetation cover

The wetland had emergent vegetation, which according to Hruby et al. [32] has a higher ability to trap
sediments. The dominant emergent vegetation around the wetland was Ranunculus meyeri covering 50% of the
wetland, followed by Harplocarpha nervosa covering 30%, while Scirpus, Lobelia and Oxalis depressa species
covered the remaining areas. Ranunculus is a drought-tolerant species but vulnerable to overgrazing. Most parts
of the wetland were therefore bare due to the heavy grazing activities going on in the wetland. The rate of
removal of nutrients like nitrates and phosphates by vegetation in the wetland is therefore reduced because of
the sparce vegetation cover in the wetland. The low density of emergent vegetation in the wetland also presents
a challenge in the ability of the wetland to reduce water velocity, which may contribute to accelerated rates of
erosion within the wetland. Harplocarpha is a water-loving species, but it covered an insignificant area of the

wetland. The ability of the vegetation to trap sediments is therefore also low.

3.4 Extent of degradation of the wetland soils

A total of four components with Eigen values > 1 were obtained from PCA of the soil properties. These four
components accounted for 83.9 % of the total variance observed in the soil properties (Table 2). Only
component loadings >0.5 in components 1, 2, 3 and 4 were considered for further analyses [50]. The component
loadings of the different soil properties which served as weight vectors and the membership values determined
using Egs. (2) and (3) are presented in Table 3. In the determination of membership values, the role of the
various soil properties in vegetation growth and soil sorption were taken into consideration. The values for CDI
are therefore assumed to be a reflection of soil degradation with regards to vegetation growth and soil sorption,
which play significant roles in wetland water purification. The Khubelu wetland soil CDI was 3.29 (Table 3)
which is within the range of CDI values of degraded wetland (2.80 and 4.36) according to Huang et al. [4].
Khubelu wetland soil degradation was highest upstream and lowest downstream with CDI values for soils from
upstream, midstream and downstream of the wetland being 3.42, 3.25 and 3.06, respectively (Table 3). These
soil CDI values indicate a decrease in wetland soil degradation from upstream to downstream. They also mirror
the pattern displayed by the soil properties where the soils in the downstream section of the wetland showed a

higher sorption capacity based on its soil properties compared to the soils from upstream.
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3.5 Implication of soil CDI on wetland water purification function of Khubelu wetland

Water purification by wetlands is determined by the wetland’s ability to remove sediments, nutrients, organic,
and inorganic contaminants from interstitial water, reducing these to the threshold values allowed for discharge
into streams and rivers. The CDI values of the wetland soils indicate that the soils are degraded. According to
Benitez et al. [51], a degraded wetland does not have fertile soil for vegetation growth, and nutrient and
pollutant regulation. Wetlands trap sediments when the velocity of the water passing through the wetland is
reduced, and if filtration of sediments takes place. Sediment trapping and filtration are facilitated by wetland
vegetation. Though wetland soils have no direct role to play in the removal of sediments, they do so indirectly
through their role in vegetation growth. Poor wetland vegetation structure may present a threat to its ability to
trap sediments and absorb nutrients. It could also promote erosion of sediments, increasing the sediment load of
the receiving streams. Results from the analyses of the vegetation cover of the Khubelu wetland indicate that the
wetland had no shrub and forest vegetation but was dominated by emergent vegetation which covered 100% of
the vegetated parts of the wetland. Emergent vegetation according to Faithful [31, 51] is erect, close to the
ground, and dense enough to reduce water velocity and contributes significantly towards sediment trapping and
filtration.

Nutrient removal in wetlands is also influenced by the abundance of emergent species in the wetlands as this
vegetation absorbs nutrients like N and P, reducing their amount in the wetland waters. Organic matter also
binds nutrients because the organic forms of most plant nutrients, including N and P, are immobile and
unavailable for uptake. Emergent vegetation according to Hruby et al. [32] and Wantzen et al. [33] is always in
contact with the soil giving this vegetation type the opportunity to sequester nutrients and pollutants from the
wetland water. Adsorption, desorption and precipitation reactions in wetland soils are influenced by soil pH,
redox conditions, clay, OM content, organo-clay mineral complexes formed and CEC [52, 53]. The results in
this study show that the soils have high OM content but a characteristic low CEC. The low CEC and the
prevailing acidic conditions of the wetland soils may contribute towards an increase in contaminant mobility
within the soil environment and their eventual release into interstitial water. Low clay content of the Khubelu
wetland soil implies reduced sorption capacity which may result in minimal removal of toxic organics through

adsorption, with subsequent leaching into the stream.

4. CONCLUSIONS

Wetland soil properties play significant roles in the purification of water in wetlands. This study has revealed
that the soils in Khubelu wetland vary from one area to the other, and also from one depth to the other within the
wetland. The existing vegetation is dominated by emergent species but most of the wetland is bare due to
grazing activities. The bare soils together with poor vegetation upstream of the wetland may be contributing
towards high velocity of water, increasing the erosivity of storm water. This may consequently decrease the
ability of the wetland to purify water running through it, threatening water quality of the receiving streams.
Values for CDI indicate that these soils are degraded, and the extent of degradation decreased from upstream to
downstream of the wetland. Sound management practices, which would curb wetland soil degradation, need to
be put in place to reduce the discharge of nutrient and contaminant-rich water into nearby streams from the

wetland.
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Table 1: Mean values of soil physico-chemical properties around the Khubelu wetland

Accepted Article

Sampling site Wt % Texture pH EC CEC OM (%)
Sand ISilt Clay (mS/cm) (meq/100 g)

Upstream SS2 (722 (189 9.3 Sandy loam |5.13+0.02 |0.10+0.06 [4.04+0.12 |2.06+0.21
SS3 [52.7 |31.07 |16.7 |Sandyloam [4.96+0.09 |0.13+£0.02 |4.16+0.23 (2.11+0.28
SS4 [68.0 [16.0 |16.0 |Sandyloam [5.02+0.09 |0.13£0.06 [4.09+0.07 (2.83+0.59

50.7 |26.6  [22.7 |Sandy clay

SS7 loam 5.03+£0.13 |0.24+0.04 (4.07+0.07 [{3.90+0.49

Midstream [SS6 [66.0 [16.0 [18.0 |Sandyloam |5.02+0.05 |0.13+0.07 [4.37+0.19 [2.20+04
SS8 |50.8 (359 |13.3 |Loam 511+0.14 |0.25+£0.07 (4.40+0.08 [3.34+0.34

Downstream [SS5 [67.7 |16.3 16.0 [Sandy loam |5.16+0.15 |0.10£0.05 |4.15+0.05 (2.16+0.58
SS9 [57.3 [26.2 |20.0 |Sandyloam [5.22+0.01 |0.20£0.08 (4.42+0.11 (2.77+0.56

Table 2 Component loadings of the different soil properties

Variable Principal component

1 2 3 4

pHinkc 0.284 0.510 0.348 0.642

Avail P --0.090 --0.417 0.782 --0.183

Ca 0.687 0.371 --0.088 --0.391

Mg 0.384 0.708 --0.385 --0.108

K 0.263 0.701 --0.025 --0.249

Na 0.204 0.178 0.801 --0.337

CEC 0.526 0.792 --0.088 --0.176
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EC 0.902 0.179 0.254 0.123
™ 0.897 --0.209 0.022 0.249
TC 0.853 --0.367 --0.010 0.018
OM 0.849 --0.076 0.013 0.338
Eigenvalue 5.245 3.373 2.037 1.096
Total variance % 37.467 24.091 14.547 7.831
Cumulative variance % 37.467 61.558 76.105 83.936

Table 3: Weight vectors and membership values of the different soil properties

Soil property Weight vector Membership value
Upstream Midstream Downstream Entire wetland

pH 0.51 0.41 0.56 0.40 0.46
EC 0.90 0.71 0.50 0.50 0.79
CEC 0.79 0.70 0.67 0.52 0.72
oM 0.85 0.37 0.50 0.51 0.34
Ca 0.69 0.57 0.45 0.47 0.39
Na 0.80 0.69 0.46 0.44 0.69
TN 0.90 0.38 0.51 0.50 0.37
TC 0.85 0.5 0.50 0.50 0.39
CDI 3.42 3.25 3.06 3.29
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Figure 1: Map showing the location of Khubelu Wetland.
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Figure 2: Map of Khubelu wetland showing sampling sites
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Figure 3: Variation of soil physico-chemical properties with depth around the wetland
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Figure 4: Mean values of wetland soil properties showing their variation from upstream to downstream of the

wetland
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Figure 5: Variation of Mean values of soil Total carbon and nitrogen with depth around the wetland
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Figure 6: Variation of mean values of soil nutrients from upstream to downstream the wetland
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