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ABSTRACT: Gully erosion is a common phenomenon in arid and
semi-arid areas and is mostly influenced by soil type, topography,
vegetation type and cover. The objective of the study was to determine
the effect of topo-edaphic, vegetation type and cover on gully
occurrence, hence map their spatial distribution in SWRA. A
conventional method was used where field visit to known gully sites was
done. At each site, GPS points were marked at three points, that is, at
the head site, the middle and lower end of the gully. Soil samples, gully
width, depth, length, vegetation type and cover were recorded for each
point where GPS coordinates were collected. GPS points were overlaid
on SWRA processed vegetation, soil and topographic map for analysis
on the spatial distribution of gullies. Fifty-six gullies were recorded
with highly affected areas on the southwestern side of the park.
Associated soils types were clay and loam of the Madumabisa
mudstone, colluvial and alluvial located at altitudes below 1000 meters.
Gully occurrences were sighted more in mopane dominated woodlands
with few recorded in areas dominated by acacia woodlands and on the
edges of miombo woodlands, which occupy the high grounds of SWRA.
Gully length varied from 20m in less developed gullies to 2520m for
mature gullies with volumes ranging between 52m® and 4649.4m?®,
Hence, topography, soil type, vegetation cover and type influence gully
location and occurrence. Future research should aim to monitor
changes in gully development using remote sensing as it provides a
great potential for monitoring gully changes across the landscape.

KEYWORDS: Gully, SWRA, Vegetation cover, Topography,
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INTRODUCTION

A gully is defined as a miniature valley cut by concentrated runoff, but through which water
commonly flows only during and immediately after heavy rains (Kotlyakov, 2010). According
to Poesen (2003) gullies are recently developed drainage lines of temporary streams with steep
banks and a nearly vertical gully head. Active gullies are characterised by a retreating head
(Daba et al., 2003; Nyssen et al., 2006).

Background

Gullies are viewed as relatively permanent steep-sided watercourses that experience seasonal
flows during the rainy season (Morgan, 1995). They can form in dendritic, linear, rather long,
narrow and uniform. The size of gullies varies from shallow 0.3 to 1 meter deep gullies to over
20-meter deep ravine gullies (Dondofema, 2007). Gullies have normally a distinctive
propagating head, which is a morphological expression between stable and unstable gully
regimes and occurs where the overland flow from the catchment above enters the gully.

According to Milton (1971), activities at the uppermost headwall controls the development of
a gully. Water running over the ground surface falls over the gully headwall, carving out
undercuts and washing out fine material in plunge pools below. Where the wall is destabilized
by undercuts and tension cracks, parts of the wall break off, are deposited within the gully and
later washed out of the system. Rieke-Zapp and Nichols, (2011) mentioned that with
progressing erosion, the head cut retreats upslope and continually enlarging the gully area.

Most gullies are formed due to a combination of hydrological and other environmental factors
(Amare et al., 2019). Factors such as soil type, topography, rainfall, soil characteristics, profile
characteristics and vegetation cover are considered the key determinants of the intensity and
rate of gully advance (Zhao et al., 2019). Salleh and Mousazadeh (2011) mentioned soil type,
topography and vegetation cover as key factors that influence gully formation in the semi-arid
regions.

Topographic factors contribute to the erosion process and in most cases determined by the
degree of the slope where a steeper slope results in increased velocity of runoff thereby
initiating erosion (Jain and Goel, 2002; Valentin et al., 2005). A study by Seutloali et al. (2016)
found that soil erosion occurs on steeper slopes that are greater than 30m. In contrast, Guanglu
et al., (2004) found that shallow gullies that are 0.3—2 m deep generally occur on the lower and
middle areas of the slope and rill erosion in the upper/ middle areas. Soil properties, such as
texture, structure, moisture, roughness, and organic matter content that determine the soils
aggregate stability (Vrieling, 2006).

Vegetation cover and type are important factors controlling soil erosion and can significantly
decrease soil loss, due to its ability to bind soil particles, thereby protecting the soil (Jain and
Goel, 2002). Good vegetation cover helps to reduce runoff impacts on soil (Luo et al., 2020).
Erosivity is the ability of rainfall and runoff to cause soil detachment and transport. The ability
of rain to cause detachment and transport is partly the result of raindrop impact, and partly due
to the runoff that rainfall generates (Lal and Elliot, 1994). Vegetation cover plays a pivotal role
in protecting the soil surface against erosion (Vrieling, 2006). It is defined as the fraction or
percentage of the ground surface covered by vegetation (Purevdorj et al., 1998).
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Achten et al., (2008) note that gully erosion is one of the major problems affecting ecosystems
integrity and their occurrence varies spatially. Continuation of gully formation in the ecosystem
leads to a loss in ecosystem quality as a result of habitat fragmentation according to Desta and
Adunga (2012). Dondofema (2007) highlighted several problems associated with gully
formation which include loss of soil quality, degradation of the ecosystem and less capacity of
the area affected to prevent natural disasters such as flooding. Gully erosion is geologically a
widespread problem (Lal, 1992) and is common in semi-arid regions which are characterised
by the denuded landscape. Frankl et al., (2020) pointed out that gully erosion is more difficult
to control.

Gully erosion occurrence had been recorded extensively in SWRA especially in the northwest
side of the park covering the Samapakwa area. One of the ecological challenges in SWRA is
land degradation caused by gully erosion. Continued expansion of gullies in SWRA has
contributed to the loss of soil and fragmentation of major ecosystems. However, information
on explaining the influence of topo-edaphic and vegetation cover characteristics and gully
erosion in SWRA is still rudimentary yet is important in monitoring spatial distribution and
change in gully formation in SWRA, hence developing strategies to control their occurrence.
The objective of the study was to determine the effect of topo-edaphic, vegetation cover and
type on gully occurrence, hence map the spatial distribution of gullies in SWRA.

METHODOLOGY
Study area

The study was done in SWRA located in the Sebungwe region, north-western Zimbabwe
(Figure, 1). The area lies between 28.803° and 28.820°E and 18. 801° and 18. 813°S and it
covers a surface area of 373 km?. SWRA experiences three climatic seasons: a hot wet period
from November to April, a cool dry period from May to July and a hot dry period from August
to October (Mapaure and Campbell, 2002). The mean annual rainfall is 600 mm, with a range
from 346.6 to 1010 mm, while the mean annual temperature is 23. 6C with October being the
hottest month and July the coldest. The altitude varies from about 808 m in the river valleys to
about 1043 m on the Samapakwa plateau (Clifford et al., 2018). The geological formation has
been dissected by three north-flowing major rivers, the Sengwa, Manyoni and Lutope, which
dissect the sandstone escarpment into several sections. The surface geology comprises the
lower and upper Karoo age. The lower area is represented by the Madumabisa mudstone
formation weathering grey carbonaceous shale while the upper karoo overlies the mudstones
which gave rise to geologically significant colluvial deposits with carbonaceous and siliceous
matrices. The western side of the area experience high erosion as a result of the soil type and
terrain. Major vegetation types include mopane woodland, riverine dominated acacia
woodlands, miombo and Combretum bush.
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Figure 1: Location of SWRA and its drainage system in relation to topography.

Data Collection

In this study, direct measurement and observation at individual sites were done. All known
gully sites were visited. Field data were collected from the 8™ of July to the 30" of July, 2021.
Initially, data on known gully sites from Sengwa Wildlife Research Institute records were used
to identify sites. Data collection was done using a handheld Etrex Global Positioning System
(GPS) receiver to collect points. Gully dimensions i.e. length, width and depth were measured
using a surveyor’s 100 meters tape measure and 3 meters ranging poles for the estimation of
gully volume, which is equivalent to the volume of soil lost. Gully dimensions were measured
at three points that is the upper, middle and lower parts and then averaged to account for the
change in topography. Gully depth was measured at the maximum deepest point of the gully
coinciding with the measured upper, middle and lower parts. Soil samples, altitude, vegetation
type and cover were also collected at three sites coinciding with the measured sites. It was
assumed that the presence of gully erosion is possibly attributed to the drainage area and the
amount of vegetation cover surrounding it. The slope was divided into three levels that is upper
areas of ridges, steep areas and lower gentle areas usually occupying flat low lying areas.
Vegetation cover was classified as bare, low, moderate, relatively high and completely covered.
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Analysis
The gully volume was estimated using the formula expressed in the equation below.
V=Lx[(Wt+Whb)/2]xD (1)

Where: V is the volume in cubic metres; L is the total length in metres; Wt is the average top
width in metres; Wb is the average bottom width in metres; D is the average depth measured
in metres.

Percentage vegetation cover was visually estimated, using the method by Daubenmire (1959).
10x10m plots were demarcated to estimate percentage vegetation cover coinciding with the
identified gully points where samples were collected. Soil samples collected were tested using
a simple method by mixing water and soils in a small bottle and mark the percentage of sand,
clay and silt to determine how much soil each site have. The soil texture triangle was then used
to determine the dominant soil type for each area. Mapping was done in QGIS software on a
raster map where GPS coordinates collected during sites visit were superimposed on a Digital
Elevation Map (DEM) of the Sengwa area of 30m x 30m which was downloaded from the
USGS Earth Explorer website (http://earthexplorer.usgs.gov). GPS coordinates were overlaid
on topographic, vegetation and soil maps of SWRA to determine distribution in relation to
topography, soil and vegetation cover.

RESULTS

Small and less developed gullies were recorded around the Ntabamangwe area while the
longest and mature gullies were recorded in the central-southern side of the park in areas to the
west of Lutope River. Gully length varied from 20 m to 2520 m with width from 1.1m to 4.2m
while depth ranged from 1.1m to 3.5m. The volume of gullies measured varied from 52m? to
4649.4m3 with deep gullies recorded in the Madumabisa mudstone and mostly U- shaped while
small V-shaped gullies were recorded in the eastern side of the park.

Topography and gully occurrence in SWRA.

More gullies were recorded in the southern central area of the park. Their occurrence showed
to be influenced by the type of terrain. All mapped gullies in SWRA occur at an altitude below
1000m above sea level (Figure 2). No gullies in SWRA were recorded on top of ridges as well
altitude above 1000m above sea level. Gullies recorded in the southern side of the park drained
in the South East towards the Lutope River.
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Figure 2: Map showing gully distribution points in relation to topography in SWRA.

Edaphic characteristics and gully occurrence in SWRA.

Gully occurrence in SWRA was found in areas dominated by clay soils of Madumabisa
Mudstone, Colluvial and Alluvial soils located in low-lying areas (Figure 3).

Figure 3: Map showing spatial distribution of gullies in relation to soil type in SWRA.
(Major soil types of SWRA S = Escarpment Grits, M = Madumabisa Mudstone, C =
Colluvial, A = Alluvial, O/C =Rock Outcrops, SM = Grit Mudstone, D = Dolerite Dyke, R =
Undifferentiated Red Soils).
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Vegetation type and cover influence on gully occurrence in SWRA

Mapped gullies in SWRA were mostly recorded in areas associated with mopane dominated
woodland with few gullies recorded in other vegetation types (Figure 4). The association with
mopane woodland was a characteristic of sparse woodlands associated with bare grounds. No
gullies were recorded in areas dominated by grasslands and in Baikiaea-Combretum thickets.
Grasslands areas and Baikiaea-Combretum thickets have a good ground cover.

‘ Manyoni R.

e Gully Head Point

[ ] Grassland

- Acacia woodland
- Mopane woodland
B Viombo woodiand

Baikiaea-Combretum

L.
[ ] suibernadia

Xerophyta bushland

Figure 4: Map showing spatial distribution of gullies in relation to vegetation type in
SWRA.

DISCUSSIONS
Topography and gully occurrence in SWRA.

Gully occurrence showed variation in relation to topographic factors and terrain for example
in high areas (Top of ridges), middle areas (steep sides of higher areas) and lower sides (gentle
to flat grounds located in low areas). Topography showed to play a pivotal role in concentrating
water flow which influences gully development on steep sides of ridges. The survey indicated
more gullies occur in the middle to lower gentle areas. Middle to low gentle areas have high
flow accumulation and drainage with a large catchment area as well flow paths. The findings
of this study agree with those by Descroix et al., (2008) who noted that gully growth preferred
foot slopes and valley floors. These areas according to Beckedahl and Dardis (1988) represent
areas where overland flow is focussed into ideal pathways of flow especially in concave
hollows adjacent to drainage lines in deep soils.

Several authors (for example, Flugel et al., 2003; Kakembo et al., 2009) agree that gullies are
mainly located on gentle slopes with gradients less than ten degrees. However, Tamene et al.
(2006) found in Ethiopia that gully erosion is less severe on steep slopes, probably due to steep
areas being less accessible and less exposed to wildlife activities and other disturbances. Poesen
et al. (2003), explained that the critical drainage area needed for gully initiation decreases as
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the slope steepens while Kakembo et al. (2009) observed that gullying in several catchments
of the Eastern Cape Province predominantly occur on gentle slopes where the critical drainage
area or upslope contributing area is large.

The effects of topography were observed to be related to slope steepness and slope length.
Kahalu (1994) mentioned slope is important when considering the overall transport of soil
particles. As the slope steepens, the proportion of downslope movement increases due to
increases in speed and size of surface runoff. Gentle slopes usually erode less, because there is
more surface ponding and gentler flow which defend the surface against the impact of rain.

Gully formation and soil type in SWRA

The study revealed that gullies in SWRA are associated with Madumabisa mudstone, alluvial
and colluvial soils. Madumabisa soil types are a characteristic of moderately deep to deep
vertisols (Nyssen et al., 2002), while colluvial occur mostly in downslope. Alluvial soils are
deep and highly sodic with layered profiles, hence easily affected by surface runoff. The results
agree with findings by Mousazadeh and Salleh (2014) who highlighted that soil type play a big
role in erosion and movement of particles which is influenced by erosion sensitivity.

According to Chaplot (2012), flow velocity overpowers a point of resistance of the soil
materials, which initiates macro channel formation. According to Hudson (1989), the erosion
process is a three-phase consisting of a detachment of soil particles from the soil mass and their
transportation by erosive agents with successive removal of the eroded sediments into
depressions, as influenced by geology or human activities. This process is faster in
Madumabisa mudstone, colluvial and alluvial soils in SWRA compared to other soil types that
exist in the area from personal observations.

Infiltrating precipitation and overland runoff increase soil weight and saturation. The added
weight destabilizes the gully bank in areas associated with colluvial, alluvial and Madumabisa
mudstone, hence could be the reason for reducing soil shear strength. According to Wijdenes
et al., (1999), tension cracks affect gully bank instability as gully mass wasting processes are
commonly followed by the existence of tension cracks. It was observed in semi-arid Kenya
that tension cracks cause gully mass wasting by allowing more water into the cracks resulting
in increased soil pore water pressure according to Wijdenes et al., (2001). This is a
characteristic of Madumabisa mudstone and colluvial soils making them more prone to gully
development in SWRA and other areas.

The study results contradict findings by Amare et al., (2019) who postulated that there is not
specific soil type in which gully development does not occur but what varies is the size and
form of the gullies in various soil types, arguing that major soil characteristics that govern
mass-wasting after hydrology are soil strength, erosion resistance, type of soils and the type of
soil deposits for example alluvium and colluvium. However, vertisols are the dominant types
reported mostly for areas with valley bottom gullies. According to Tilahun, et al., (2014)
vertisols create a good form for gully development and faster progress with subsequent gully
formation. According to Nyssen et al., (2006), the high swelling and shrinkage nature of
vertisols promotes the formation of gullies.

The primary soil characteristics associated with alluvium and colluvium deposits in the valley
bottoms are greater depth (Mukai 2016) and low roughness and stoniness (Descroix et al.,
2008). The low roughness and stoniness may ascribe to the valley bottom areas having well-
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sorted fine-textured alluvial and colluvium formations (Thomas et al., 2009). Because alluvium
and colluvium deposited materials near the ground surface are generally unconsolidated and
loose, they, coupled with other factors, may create a conducive situation for their erosion by
water. Alluvium and colluvium deposits can also exhibit valley bottom lithological
discontinuities across the soil profile. Such lithological discontinuities at the valley bottom, in
turn, cause pipe occurrence, leading to gully formation and expansion (lonita et al., 2015).

Vegetation cover and type

The study found that low vegetation cover areas favour gully erosion as this is where drainage
lines converge and surface runoff is increased. These areas are mostly dominated by mopane
woodlands which cover mostly the low laying areas of SWRA (Figure. 5a). The estimated
vegetation cover within the catchment ranges where gullies recorded in SWRA have been
classified as fairly bare to bare vegetation cover. A few gullies were identified in areas with
high vegetation cover and these were a characteristic of acacia woodland along the riverine and
at the edges of miombo woodlands that occur on high areas along Sianinga ridge. Short steep
slopes, a common feature in the SWRA were noted to render the affected areas extremely
susceptible to gully development bare areas with poor vegetation cover. In addition, large and
well-developed U-shaped gullies were associated with low vegetation cover and bare grounds
(Figure 5b) while moderate to high vegetation cover were associated with lower mean gully
volumes of less than 418 m®,

Tamene et al. (2006) also found that gully erosion favour areas with low vegetation cover as
they are more accessible to disturbances than areas with high vegetation cover. These findings
were supported by Kheir et al. (2007) who reported that gullies mainly occur on gentle slopes
where the upslope with relatively low soil cover. High soil loss was also noted to favour steep
to gentle slopes characterised by bare grounds.

Figure 5a: Sparsed mopane woodland. Figure 5b: U-shaped gully type in Lutope.
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Vegetation cover and type also influence the actual gully occurrence risks in SWRA.
According to McPhee and Smithen (1984), the surface cover including mulch, gravel and
canopy are effective to reduce surface runoff, hence minimise the chance of gully formation.
According to Le Roux et al., (2008), good vegetation cover protects the soil from been prone
to erosion even in steep gradients. Several studies carried out elsewhere indicated that reduction
in vegetation cover is one factor that accelerates gully erosion in different areas (Tamene et al.,
2006; Descroix et al., 2008). Hochschild et al., (2003) mention the impacts of paths and tracks
in creating gullies that are associated with bare grounds.

Spatial distribution of gullies in SWRA.

In this study, results indicate gully occurrence vary spatially and are associated with
Madumabisa sandstone, colluvial and alluvial soils mostly occupying low-lying areas of the
park at an altitude below 1000m above sea level. Gullies in the study area were observed along
drainage lines which were formed in a network of gullies extending upslope. The western side
of the park that is bounded by the western and northern boundary and the Sengwa and Lutope
River recorded the highest number of gully development than any other area in the park. This
could have been influenced by rugged terrains and several large surface water catchment areas.
Vegetation type and covered showed influence on gully occurrence in SWRA. Mopane
woodland-dominated areas are highly affected while few gullies were recorded on the edges of
Miombo dominated woodlands along the edges of Sianinga Ridge. In low laying areas along
the Lutope River, dominated by acacia woodlands, less developed gullies were also recorded.

Implications for Research

This research contributes to the scientific knowledge on explaining the influence of
topography, soil type and vegetation type and cover on gully development in protected areas.
This information is necessary to park managers and field ecologists in finding mitigation
strategies to control further soil loss. It highlights the need to cooperate land rehabilitation in
park planning for general ecosystem integrity.

CONCLUSION

The results of the study showed that gully development is influenced by topography, soil type
and vegetation cover and this influence spatial distribution and occurrence in SWRA. Gully
erosion with the associated soil loss favours steep areas to gentle slopes. The findings of this
study should inform park managers of the need for rehabilitation of the affected areas to curb
further developments.

Future Research

Future research should, therefore, aim to monitor changes in gully development using remote
sensing as it provides a great potential for monitoring gully changes across a large scale. Other
possible environmental variables that may have an influence on gully development needs to be
researched as gully erosion is a multifaceted phenomenon influenced by numerous
environmental variables.
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