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ABSTRACT

Key issues of concern regarding the environmental impacts of livestock on grazing land are their effects on soil, water
quality, and biodiversity. This study was carried out to determine how grazing intensity influences soil physical and
chemical properties and occurrence of herbaceous plant species in dambo wetlands. Three categories of grazing inten-
sity were selected from communal, small scale commercial and large scale commercial land. Dambos from the large
scale commercial land functioned as the control. Data analysis included ANOV A and multivariate tests from CANOCO.
There were significantly negative changes to soil nutrient status in communal dambos though with a higher number of
rare taxa. Sodium, phosphorous, pH and infiltration rate were significant determinants of plant species occurrence.
Overgrazing is threatening the productivity, stability, and ecologica functioning of dambo soils in communa Zim-
babwe. These dambos also require special conservation and management priorities as they contain a large number of
rare plant species.
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1. Introduction or development pressures, more recently they have be-
come the focus of intense conservation interest [5], par-
ticularly since the establishment in 1971 of the Conven-
tion on Wetlands of International Importance especially
as Waterfowl Habitat (the “Ramsar Convention”). This
convention promotes sustainable use of wetlands and
provides a framework for the conservation of more than
1600 wetlands that have been nominated as internation-
ally important on the basis of their ecological, botanical,
zoological, limnological or hydrological values[6].
Dambo wetland is a small-scale environmental resource
o . . which iswidespread in Africa s tropical plateau savannas
the provision of glean water supplies, the Cap_aC'W N Se [7]. The main area of dambo occurrence is located in
quester atmospheric carbon (C), and the potential to main- Southern and Central Africa, with sporadic occurrence in

tain biodiversity [1]. ) central West and north Central Africa, south of the Sa-
Although many wetlands in the past have been de- hara [8,9]. With the exception of a typicaly narrow

graded or destroyed s a result of inappropriate land use (<150 km) humid zone around the southern and eastern
*Corresponding author. margins of the subcontinent, the interior and western

Key issues of concern regarding the environmental im-
pacts of livestock on both public and private grazing lands
are their effects on soil, water quality, riparian areas, and
biodiversity [1]. The direct effects of livestock grazing
on ecosystems are well known and include reduction in
plant biomass, trampling of plants, including below ground
parts and soil, nutrient inputs and bacterial contamination
from dung and urine, introduction and dispersal of seeds
and other propagules [1-4]. Properly managed grazing
lands provide positive environmental benefits, including
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margin are mostly drylands, with annua potential evapo-
ration greatly exceeding annual precipitation [5]. Across
southern Africa, wetlands (including more than 20 Ram-
sar listed sites) can be found in a variety of coastal and
inland settings [5] but the emphasis here is on those wet-
lands that occur within the dryland interior. In Zimbabwe,
wetlands are estimated to cover some 1.28 million hec-
tares of the country’s land surface. Some 20% of this
wetland arealiesin communal areas[10].

Dambo wetlands are highly sensitive to grazing pres-
sure. As such, they are considered as useful environmental
indicators of environmental pressures [8,11]. Land pres-
sure has forced communities to concentrate on land and
water availability irregardless of the state of these envi-
ronmental resources [12].

A number of studies have been carried out on the ge-
ography and hydrology of dambos. These have focussed
on socia and agricultural importance of dambos in Zim-
babwe [8,13-15]. However, only a few make any refer-
ence to important factors shaping the plant communities
in wetlands, particularly in the dry ecological Natural
Region (NR) of Zimbabwe [16].

Scientific interest in wetlands has aso increased rap-
idly over the last few decades [3,7,14,17,18], largely in
response to growing pressures for increased data to in-
form management decisions regarding conservation, re-
habilitation or artificial construction of wetlands, and par-
ticularly in view of the potential adjustments that may
result from global climate changes [5]. Despite the in-
creased interest in research, thereis still lack of scientific
understanding especially of wetlands in the world's ex-
tensive drylands [5], a collective term that includes sub-
humid, semiarid, arid and hyperarid regions and incur-
porates almost 50% of the global land area and nearly
20% of the global population [6].

The objective of this study was to determine the extent
at which grazing influences soil nutrient dynamics, inter-
action with plant community and how these influence
occurrence of herbaceous plant species in wetlands. Also
to determine if communa dambo wetlands are worth-
while to conserve. In order to make valid comparisons,
dambos in the same catchment area under different man-
agement were compared. It is hypothesized that grazing
in dambos results in changes to important soil physical
and chemical properties which influence occurrence of
plant species.

2. Materialsand Methods
2.1. Description of the Experimental Site

The study area is located to the north of Masvingo town
in Zimbabwe. The area falls within Natural Region IV
(NR4) of the Zimbabwean ecological classification sys-
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tem [19]. Altitude is 1204 m above sea level on latitude
19°50'S and longitude 30°46'E. NR4 is suitable for ex-
tensive farming, and receives an annual rainfall of 450 to
650 mm. Mean maximum temperature during summer is
about 28°C, and the minimum temperature during winter
is about 6°C. It is characterised by sandy soils with low
organic matter and humus content, and consequently low
fertility. Farming activities in the area are considered
risky because of highly variable rainfall [20].

2.2. Dambo Wetland Selection

Three categories of dambos from contrasting land use
history were identified based on frequency and severity
of defoliation. Two sites per category were selected and
were the ungrazed (UG), moderately grazed (MG) and
continuously grazed (CG). The three categories were se-
lected from communal, small scale commercia and large
scale commercial land respectively. Ungrazed sites func-
tioned as the control treatment. Aerial photographic maps
and a Global Positioning Satellite (GPS) atitude-meas-
uring unit were used as aids for selection. Using mileage,
amotorbike was run along and across dambos to estimate
their varying sizes.

2.3. Vegetation Sampling

At least three transects measuring 100 m or less were laid
in each dambo, this depending on size of the dambo
sampled (dambos ranged in size from 0.9 - 4.5 ha). All
transects were laid perpendicular to the general dambo
hydrologic gradient to capture any variations due to mois-
ture gradient [3]. Transects were also laid at least 30 m
from roads to minimise border effects. Within each dambo,
vegetation was sampled from 0.5 m” quadrats systemati-
caly placed 10 m intervals along transects [21]. Sam-
pling was started at the center and then transversing to
the edge of the dambos. In each dambo, at least 30 sub-
samples were obtained. Edges of dambos were deter-
mined by sampling until the vegetation cover was >90%
pasture grass cover [22]. A GPS unit was used to meas-
ure altitude and coordinate points within each sampling
unit (quadrat). Variables recorded from each quadrat to
determine species composition were: name of species
(nomenclature followed [23]), erosion estimates (scale of
1- 10, were 1 isno erosion while 10 is badly eroded).

2.4. Soil Ssampling

For soil sampling, subsamples were collected along tran-
sects from the center of every third 0.5 m? quadrat. A
minimum of 10 soil subsamples were collected from
each dambo. A soil auger was used to collect soil at a
depth of top 15 cm. Upon return from field, subsamples
were air dried under shade for afew days and then stored
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in plastic bags for later analysis. Due to homogeneity of
vegetation and soils within dambos, fewer subsamples
were collected for analysis [24]. Samples were then ana
lysed for bulk density, Na, P and pH (CaCl,).

2.5. Water Infiltration Rate

A double ring infiltrometer was used to measure water
infiltration rate. The instrument was assembled as out-
lined in the product manua [25]. The instrument was
placed at every third quadrat (where a soil sample was
taken). This also yielded a minimum of 10 subsamples
from each dambo. The rate of infiltration was determined
as the amount of water per surface area and time (cm/min)
that penetrated the soil. Water percolation isinitially fat,
but reduces gradually to a constant value, and this is the
infiltration rate [25].

2.6. Data Analysis

One way ANOVA from SPSS ver. 13 was used to test
for significant differences in soil physical and chemical
properties and also in vegetation attributes. Least Sig-
nificance Difference was used to separate the means.
Species data were converted to a presence absence matrix
consisting of six dambos by 65 herbaceous plant species.
Detrended correspondence anaysis (DCA) and hierar-
chical canonical correspondence analysis from CANOCO
ver. 4 were used to assess multivariate relationships be-
tween vegetation and environmental data and compared
vegetation composition among different dambos. Monte
Carlo tests were done to test for significance of soil
properties in explaining the observed patterns. Multivari-
ate methods provide a means to structure the data by
separating systematic variation from noise [26,27].

3. Results
3.1. Soil Physico-Chemical Properties

Soil physical (Table 1) and chemica (Figures 1 and 2)
properties varied significantly across the three grazing
categories. Phosphorous, sodium and water infiltration
were significantly higher under moderate grazing when
compared to ungrazed and overgrazed sites. Bulk density,
erosion and pH were significantly higher under continu-
ous grazing while lower under both moderate and un-
grazed.

3.2. Plant Species Relationshipswith
Environmental Variables

The Eigenvalues for axis 1 (horizontally) and axes 2
(vertically) are 0.16 and 0.12 respectively and they ex-
plained a total variance of 64.1% of the observed varia-
tion (Table 2). Thefirst synthetic gradient (axis 1) showed
a significantly positive correlation of plants with Na and
pH (P < 0.05). The second synthetic gradient showed a
positive correlation of plants with water infiltration rate
and bulk density while negatively with phosphorus and
erosion (Figure 3). Monte Carlo tests showed signifi-
cance of al axesin predicting the observed differencesin
plant species occurrence (P < 0.05).

3.3. Plant Species Occurrence acr oss Different
Dambos

The ordination diagram (Figure 4) is a cluster of species
produced from HCCA. Results from the plot shows three
clusters based on plant species presence or absence. Re-
sults indicate differences in species occurrence across
sites. Sites with same species are indicated by forming a
cluster. Continuously grazed sites had a significantly
higher number of rare plant species (P < 0.05).

4. Discussion and Conclusion

4.1. Influence of Grazing on Environmental
Variables

While a number of studies have investigated the effects
of livestock on soil quality in arange of ecosystem types,
very few have been conducted in dambo wetlands [28].
Other studies have also found that in old embanked salty
marshes, trampling altered the soil structure (to lamellar
structure indicative of compaction) reducing soil infiltra-
tion and preventing salt from being leached from the soil
[28].

Theimpact on soils was reflected by differencesin soil
properties between the differently grazed dambos. Infil-
tration rates were significantly lower in continuously
grazed sites as compared to moderately and ungrazed
sites. Continuously grazed sites had significantly higher
soil bulk density and higher erosion estimates as com-
pared to other sites. Trampling and compaction of soils
by livestock decreases water infiltration and increase run-
off hence exposing the soil to erosion hazard [14]. Ex-

Table 1. Mean soil physical propertiesin dambos subjected to different grazing intensities.

Variable Ungrazed Grazing intensity Moderate Continuous
Basic Infil. rate (cm/min) 0.53° 0.78" 0.24°
Erosion (estimate:1 - 10) 0.85° 1722 1.76°
Bulk density (g/cm?) 1.10° 1.10° 1.22°

Meansin rows with different superscripts are significantly different (P < 0.05).

Copyright © 2013 SciRes.
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5P (ppm) ®Na(ppm)

Nutrient level
(ppm)
(Wa]

Ungrazed Moderate Continuous
Grazing frequency
Figure 1. Mean soil phosphorus and sodium levels at sitesunder different grazing intensities. Values presented are + standard
deviation.

HpH

pH

Ungrazed Moderate Continuous
Grazing frequency

Figure 2. Mean soil pH levels acr oss dambo sites subjected to different grazing management regimes. Values presented are +
standard deviation.
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Table 2. Summary of eigenvaluesfor species environment correlations.

Axes 1 2 3 4 Total inertia
Eigen values 0.16 0.12 0.08 0.56 9.90
Species-environment correlations 0.62 0.54 0.43 0.00
Cumulative % variance
of species data: 1.40 2.40 3.00 7.8
of species-environment relation: 37.0 64.10 81.80 81.90
0.6
Erosion Basic infiltration
v
F (ppn:) O latifolia
F dichotomus Cype,(,fs’”de”
\ . . L martin
A juncifomis Cyperus C benahalensi
Bulbosty C esculenta ; engnaiensis
A eucomus P lurid H contortus [S_}p innata
H nyassae uriqu S alba Iy mulseel
L issoluta
E chap e]l) dregea S. palidifusca E trichofolia
E inamoena P » B. density cyp0py6
U mozambicus > H P squarosa
G celosi C planta N F Cm,?, H filipendula
C obtusi E bicola L simplex
E plana Na .
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C rotundus P scrobi
D pentzi M ’ﬂ h%ayanus Cyperus
s Cd‘i‘ll?’y lon g guianensis
ramidalis
0.5 4 P patens
-0.6 1.0

Figure 3. HCCA hiplot indicates how environmental variables influence the occurrence of herbaceous plant species in dam-
bos.
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Figure 4. HCCA cluster based on species presence/absence in dambo under different grazing intensities.
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cessive compaction has negative conseguences on plant
growth [29]. Grazing increases bulk density or decreases
soil porosity [1,30,31]. Even though soil changes can
result from excessive compaction during grazing, studies
also have shown that natural processes such as soil wet-
ting and drying cycles and livestock can affect soil qual-
ity through compaction, erosion, and changes in the plant
community [3,4]. Soil compaction by livestock is com-
parable to farm machinery and is most severe in thetop 5
centimetres of the soil but can extend as deep as 30 cm
[29]. The degree of compaction depends on soil moisture
levels, type of soil and stocking densities. Maximum com-
paction occurs at soil moisture levels of between 20% to
30% moisture-holding capacity (depending on soil type)
and field capacity, as well as at high stocking densities
[1].

Dambos in Zimuto have been continuously grazed for
over 6 decades with subsequent increase in livestock
numbers over the years. Reduced water infiltration rates
under continuous grazing suggest soil compaction and
reduced pore size of soil. Soil deterioration and erosion is
high under continuous grazing. This is evidenced by pres-
ence of grass species tolerant to heavy grazing like
Sporobolus pyrimidalis, Cynodon dactylon and several
Eragrostis species. We suggest that soil deterioration
could be limited by reducing stocking intensities during
dry periods in the communal areas. Similar results have
been reported where water filtration rates on silty clay
and silty clay loam soils were 2.5 times greater in an area
grazed at 1.35 acresAUM compared to an area grazed at
3.25 acresAUM [1,32]. After 22 years of grazing at this
intensity, not only had species composition altered but
soil properties had been changed as well.

Continuously grazed sites had significantly higher soil
pH values (Figure 2) as compared to the other sites. This
possibly can be explained by the fact that desiccation is
higher. As the water evaporates, it leaves the soil with a
higher concentration of salts hence a dightly higher pH
value as compared to the other sites. Generally dambos
have increased agricultura fertility due to higher con-
centrations of potassium, phosphate and organic matter,
and greater cation exchange capacities [7]. Dambo soil
characteristics reflect the greater biomass production,
lower decomposition rate and the inwash of ions from
upslope [7]. In line with our findings, it was reported that
calcareous fens had lower pH and higher nitrate (NO5)
levels, with no differences in ammonium between grazed
and ungrazed sites [33]. These results suggest that ma-
nure inputs were being nitrified and that although the fens
were accumulating nitrogen, there may be some resil-
ience to increase in potentially toxic ammoniacal nitrogen
levels.

Copyright © 2013 SciRes.

4.2. Species-Environmental Relationships

Our results indicated strong vegetation-explanatory vari-
able relationships in all studied dambo sites. A detrended
correspondence analysis (DCA) was first carried out to
ascertain on the behaviour of data [27]. Results of DCA
indicated that most of the species behaved approximately
unimoidal along environmental gradients as indicated by
the length of maximum gradient which was greater than
45d [34]. Inorder to define the links between species and
the environment, hierarchal canonical correspondence
analysis (hCCA) followed.

The analysis of species environment relationships and
the identification of indicator species are traditional ac-
tivities in ecology [35]. Knowing how human activity
influences the fascinating diversity of biological commu-
nities raises much interest in people. However, this very
diversity creates problems for the statistical analysis of
ecological observations [36]. Thisimplies alarge number
of species and a large inherent variability. A set of com-
munity samples and associated environmental measure-
ments typically yields an enormous amount of noisy data
which isdifficult to interpret.

By using hCCA, it has been shown that plant structur-
ing and composition in the studied community are con-
siderably influenced by individua effects of ecological
factors. Sodium and pH were positively correlated with
axis 1 (Figure 3) and as such are major gradients influ-
encing the structuring and diversity of the plant commu-
nities. Other factors like infiltration rates, bulky density,
phosphorous and erosion are linked to the second axis
and are important as well. Any factors leading to changes
in water filtration, pH and sodium levels in the dambo
wetlands will lead to changes in herbaceous species com-
position and occurrence of these fragile ecosystems.

Weed species like Oxalis latifolia, C. triden and C.
bangalensis occurred on well drained soil usualy soils
close to the top land. Soil moisture gradient could be im-
portant in determining or governing the occurrence of
these plants. Any factors affecting the drainage condi-
tions of wetlands e.g. infiltration rate will affect what
species will occur there. The occurrence or abundance of
a species along an environmental gradient often follows
shelford's law of Tolerance [37]. Each species thrives
best at a particular value (its optimum) and cannot sur-
vive when the value is either too low or too high. Each
species occurrence is thus confined to a limited range, its
niche. Species tend to separate their niche, partly so as to
minimise competition. If the separation is strong, succes-
sive species replacements occur along environmental gra-
dient. The composition of biotic communities thus changes
along environmental gradients according to unimoidal
functions [37].
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Some individual factors may have a minor influence,
for example the effects of erosion and litter cover and
total species richness, but their interactions with each
other or with other factors, such as litter accumulation,
may have a substantial influence on total species diver-
sity and composition. Consequently, knowledge about the
role of individual factors only, and ignorance of their
interactions, may lead to false predictions about commu-
nity structure and function.

The cluster (Figure 4) indicates that communities of
same ecological background are segregating based on
species composition and soils. Plant species composition
and structure can be atered indirectly through the modi-
fied soil environment and directly through trampling [29].
The overgrazed sites had a relatively higher number of
rare plant species. This may indicate the need for higher
priority for conservation in communa dambo wetlands.

4.3. Importance of I nteractions

A number of biotic and abiotic factors have been pro-
posed as determinants shaping plant species structure and
diversity [38]. However, when considering the rates of
species gain or loss in the community, most attention has
been directed to the roles of disturbance, physical re-
sources, species interactions and propagule availability.
The failure to identify any single factor as the major de-
terminant of species diversity on a more local scale sug-
gests that interactions between several factors are often
more important. There are significant strong correlations
between sodium and pH, and also between bulk density
and pH. The more factors that are involved in an experi-
ment the more complex the possible interactions, and the
more sophisticated the analytical techniques required to
interpret them. Although a complexity of interactions
between different factors has been assumed in plant com-
munity theory [17,37,38], few experiments have com-
bined more than two factors to test such effects.

5. Conclusion

Continuous grazing is threatening the productivity, sta-
bility, and ecological functioning of dambo wetlands in
communal areas. There are deleterious changes to soil
nutrients which are important vegetation determinants in
the dambos. There are evident changes in species com-
position among differently grazed sites. Communal dam-
bos are less fertile and have a higher number of rare taxa,
hence requires special conservation and management pri-
ority. Debate over grazing needs to move beyond the
simple dichotomy of whether it is good or bad. Evalua
tion of practical alternatives should be done through ex-
perimental studies.

Copyright © 2013 SciRes.
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