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Rangeland deterioration is a major challenge faced especially by communal
farmers in most of the developing countries including South Africa. The high
population of people and livestock exert pressure on the rangeland leading to
deterioration which results to economic loss, due to a reduction in agricultural
activities such as livestock production. The rehabilitation of degraded lands has
substantial returns from an environmental, economic and social perspective.
Except for the powerful economic justification, initiation of restoration and
rehabilitation of lands is still required to address the continuing land degradation
across the world. To gain an insight on the impact of rangeland degradation, the
basic restoration strategies need to be assessed and implemented. In this
review, we have highlighted an overview of rangeland degradation in South
Africa; Livestock dependency in rangelands; causes and consequences of
rangeland degradation which include the economic impact of rangeland
degradation; and rehabilitation strategies. Soil, climate, grazing management
are some of the major factors to consider when adopting the veld restoration
strategies. In South Africa, all restoration methods can be practiced depending
on the area and the nature of degradation. Moreover, past land use system
records and rehabilitation resources such as material and skilled labour can be
required to have a successful rangeland rehabilitation.

KEYWORDS

rangeland rehabilitation, rangeland deterioration, ecosystem, livestock, economy

1 Introduction

Generally, rangelands are commonly denoted as pristine or natural ecosystems
primarily inhabited by a diversity of vegetation that includes forbs, natural grasslands,
and shrubs or trees, which are suitable for livestock grazing and wildlife (Allen et al., 2011;
Zerga, 2015). About 25% of the total land surface worldwide is natural arid and semi-arid
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rangelands (Liebig et al, 2006; Alkemade et al, 2013).

Rangelands have the most land re-sources in Africa,
accounting for approximately 65% of the total land surface, as
demonstrated by Nalule (2010), and provide a variety of
ecologically, culturally, biologically and socioeconomically
beneficial goods and services (Asner et al, 2004; Liebig et al,
2006; Mussa et al., 2016).

Typically, rangelands play a critical role as a primary source
of feed for both livestock and wildlife (Moyo and Swanepoel,
2010).

resources such as medical plants, firewood, wild foods and

Nonetheless, rangelands provide other secondary

support livelihoods through the provision of essential foods
such as milk and meat as sources of nutrients (Mannetje,
20025 Zerga, 2015). The provision of animal products helps
smallholder farmers to generate income and also improve
household nutrition through sales and consumption of those
animal products (Asner et al., 2004). According to Abusuwar and
Ahmed (2010), herbivore productivity is generally considered
poor in communal grazing systems due to rangeland degradation
caused by the heavy grazing, availability of the low-quality
pioneer species, invasiveness of unwanted species, climate
change and sub-optimal resource use activities.

The impact of land degradation is found to be the major
challenge in rangelands world-wide (Palmer et al, 1997). As
documented by United Nations Environment Program, 1992,
approximately 7-14 million square kilometers of global land is
affected by land degradation and an estimation of about 75% of
the world's grazing land has already deteriorated to the point
where it has lost a minimum of 25% of its animal carrying
capacity (Harrison & Pearce, 2000; Moyo et al., 2013). According
to Reynolds et al. (2007) and Myburgh (2013), it has been
estimated that about 15%-25% of semi-arid areas have been
significantly degraded, which means that soils have been exposed
to severe climatic conditions and significant erosion has
occurred, allowing nutrients to run off the land surface. Every
year, approximately 25,000 ha of agricultural land surface
become too degraded for crop production (UNEP, 1992).
According to Donald and Jay (2012), reduced food security,
famine, and hunger are some of the effects of increased land
degradation and drought. The influence of land degradation is
greatest in the world’s arid and semi-arid areas (Snyman and Du
Preez, 2005). All over the world, the problem of rangeland
degradation is well documented and proven that these
rangelands are more susceptible to degradation over time
(Palmer et al.,, 1997; Hoffman and Todd, 2000; Mekuria and
Aynekulu, 2013). Due to the increasing of human population
(3.2 billion) around the world, the loss of biodiversity and
ecosystems can normally lead to a delay in the development
of sustainable goals (Scholes et al., 2018; Mani et al.,, 2021). Gibbs
et al. (2015) indicated that almost one to six billion hectares of
world land are highly degraded.

An estimated 25% of South Africa’s natural arid and semi-
arid rangelands are already degraded (Kellner and de Wet,
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2021). Hoffman and Ashwell (2001) stated that poor grazing
practices, the inappropriate use of fire, and poor soil conditions
such as erosion and salinization cause land degradation.
Furthermore, urbanization, mining and deforestation by
clearance of woody plants, and other land use types lead to
land degradation in these areas (Tizora et al., 2016). Overgrazing
of sub-Saharan grasslands can be considered a form of natural
resource disturbance, and is partly blamed for desertification
(IFPRI, 2003).

For improved and sustainable livestock production and
continued provision of other eco-system services, restoration
technologies must be applied to combat deterioration in
rangelands, particularly those that cannot recover easily. The
fact that preserving existing habitats is insufficient to ensure the
survival of the biotic community and that damaged systems often
do not return to their form by natural successional processes in a
reasonable amount of time in arid and semi-arid environments
has made restoration an utter necessity (Van den Berg, 2002).
According to Ravera (1989), reclamation of an ecosystem is
usually complicated and very expensive to acquire, and a
complete recuperation is unlikely be-cause certain ecosystem
components may have been damaged during the degradation
process. For sustainable livestock productivity, soil conservation
and biodiversity in conventional agricultural systems, Kavana
et al. (2005) proposed that modern scientific knowledge and
traditional resource management should be complementary.
Restoration objectives derived from geomorphological and
ecological imperatives can be a scientific perspective (Kondolf,
1998). McDonald et al. (2004) reported that restoration is more
of a method of altering the biophysical environment than a
concept, and it captures the relationship between scientific
definitions and social objectives. Landowners, administrators,
and scientists have used a wide range of restoration methods in
conservation and agriculturally managed areas all over the world.
Bush clearing, reseeding, prevent erosion, grazing management
practices, and some of the methods applied when restoring the
rangelands (Liniger et al., 2011). The actual aim of rehabilitation
is to restore an ecosystem to its natural state. Saco et al. (2006)
indicated that the usual common aim in the rangelands is to
promote palatable productive perennials grass species as they are
beneficial to animal and other positive environmental output.
One of the major obstacles to reduce land degradation and
improve rangeland productivity, as well as promote the
adoption of sustainable land management among agro-
pastoral and pastoral communities, is a lack of rangeland
management awareness and skilled rangeland management
2011). though the
and consequences of rangeland

practitioners  (Liniger et al, Even
information on causes
degradation in the world and South Africa is available in
literature, the best methods to rehabilitate the land can
depend on the type of land degradation and management
technique and or approached used. As a result, this review,

describes the major causes of rangeland degradation and their
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effects; success and challenges of site-specific rehabilitation
methods in degraded rangelands of South Africa are evaluated.

2 Livestock dependency in
rangelands

The small-scale farmers’ farming system has developed over
time and is now managed by a complex cultural and social
organization whose methods and needs are poorly understood by
outsiders of the system (Abate, 2006). In arid and semi-arid areas,
livestock production is the mainstay of the farming systems in
both rural areas and ruminants are reared for a variety of reasons,
such as meat, milk, manure, hides, cultural practices, and security
purposes (Quirk, 2000). According to FAO (2009), ruminants are
the most common users of rangelands, putting a strain on the
biodiversity and natural resources. Over some years, the use of
extensive grazing animal systems has shown that the animals
tend to use a diverse range of grasses as their primary source of
feed and impose variable pressure on the ecosystems (Bati, 2013).
Rust and Rust (2013) argued that the majority of ruminant
livestock populations around communal grazing lands in
Southern Africa are dependent mainly on natural vegetation
as a primary source of forage to meet their nutrient needs. In
general, natural vegetation such as forbs, grasslands and browse
species provide nutrients that are essential for ruminants feeding
on extensive production systems (Bati, 2013). Rangelands as a
whole can be considered the cheapest source of feed (Ismail et al.,
2014), due to their capacity to feed a large number of livestock
and their ability to meet the animal nutrients requirements.
According to Mary-Howell and Martens (2008), there is
spatial variation in the quantity and quality of forage and
nutrients provided by rangelands. Assessment of nutritive
value and estimating the carrying capacity of communal
rangelands in arid and semi-arid areas is critical for designing
This
encourage competitive livestock production while maximizing

effective livestock development interventions. will
the use of local rangelands.

However, livestock production in many communal grazing
areas of South Africa has been negatively affected by rangeland
deterioration caused by overgrazing that leads to a loss of
palatable grass species, and bush encroachment. These results
in reduced herbaceous biomass which is dominated by low
grazing value grasses that limit livestock productivity (Ward,
2005). Due to a limited information about livestock and grazing
management, small-scale rural farmers are facing severe
profitability ~constraints from livestock development on
communal rangeland. Rangeland practitioners have a pressing
need to improve the nutritional status of pastures in order to
boost animal production, especially in areas where animal
products are in high demand and where people’s livelihoods
are at risk, such as in developing countries (Boval and Dixon,

2012).
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3 Rangeland degradation in South
Africa

There are several definitions of rangeland degradation.
Conacher and Conacher. (1995) defined land degradation as a
process whereby biophysical environmental values are negatively
affected by the contribution of human-induced processes on the
land. Han et al. (2008) describe rangeland degradation as a
decrease in plant height, forage production, vegetative
protection, and grass diversity. Ndandani (2014) emphasizes
that there is no single distinguishable description of land
degradation, but all the meanings explain how various land
resources (water, air, soil, and vegetation) have deteriorated
from satisfactory to unsatisfactory conditions in the supply of
ecosystem services. For example, rangeland degradation resulted
in the transition from a favorable palatable perennial grass-
dominated regime to an encroachment of unpalatable woody
plants, shrubs and/or grasses (Snyman, 2004; Hare et al., 2020).

Rangeland degradation is still a major concern across Sub-
Saharan Africa as it results in a drop in environmental quality
and productivity, such as loss of cover, change in species
composition, alien plant invasions, bush encroachment, and
deforestation (Hoffman and Todd, 2000; Palmer and Ainslie,
20065 Jama and Zeila, 2005). Increases in woody cover are
thought to affect 10%-25% of
(Reynolds et al.,, 2007). Densification is expected to grow at a
rate of 0.5%—-2% per year globally (Cho and Ramoelo, 2019). The
studies by O’connor et al. (2014) highlight that the state of woody
species changes has moved from 0.13% to 1.28% per year. The

rangelands  worldwide

arid and semi-arid rangelands of Sub-Saharan Africa, which are
vital for livestock production, have been steadily transforming for
the past few years and are now under pressure due to
of the (United Nations
Environment Program, 1992). Increased hunger or starvation,

mismanagement rangelands
food shortages, and decreased livestock production are other
consequences of rangeland degradation (Al-bukhari et al., 2018).
Rangeland ecosystem degradation poses a serious challenge to
the African population, threatening communal societies and
economies, as well as sustainable animal production (Darkoh,
2003; Wassie et al., 2020).

Even though rangeland deterioration is a global problem, it is
particularly acute in Southern Africa’s communal grazing lands
(Hoffman and Todd, 2000; Moyo et al., 2013). With an estimation
0f 60% of South African land being degraded (Bai and Dent, 2007),
91% of this land degradation is due to desertification (Hoffman
and Ashwell, 2001), as a result of overgrazing (Snyman and Du
Preez, 2005). Le Roux et al. (2007) indicated that 70% of the South
African land surface is affected by erosion, which causes a severe
consequence on soil fertility and will result in lower soil
productivity due to the different intensity of soil erosion.
(2017) to bush
one of the factors behind rangeland

Belayneh and Tessema also  pointed

encroachment as

degradation. In South Africa, rangeland management is
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FIGURE 1

Combined degradation index of South African rangeland degradation, darker shading indicates areas with severe degradation. Adopted from

Hoffman et al. (1999), Meadows and Hoffman (2002).

different in commercial livestock farms, wildlife (game) farmlands
and communal areas, which are mainly found in the former
“homelands” communal areas. Tokozwayo (2016) argued that
communal production systems tend to be known for their
composite nature since many individuals share the resources.
Nevertheless, Moyo et al. (2013) stressed that in semi-arid of
South Africa mismanagement of the rangelands has drastically
reduced the capacity of the communal rangelands to produce
sufficient livestock food. Also, a research study conducted by
Ravhuhali et al. (2021) support that most of the communal
grazing areas of South African rangelands, such as North-West
province, are not well managed. Furthermore, Tefera et al. (2010)
argued that poor grazing management has a negative impact on
grazing rangelands, with the most desirable and high-grazing-
value species being largely replaced by low-grazing-value and less
desirable species. While, the study conducted by Meadows and
Hoffman (2003) highlights that it is not only mismanagement that
negatively affects South African rangelands, there are other
environmental attributes that contribute to negatively impacting
areas of the country that are already severely degraded, such as
future precipitation changes coupled with other changes in
climatic variables. The South African National Report on Land
Degradation (NRLD, Wessels et al., 2007) indicates that the
severity of rangeland degradation is predominantly confined
largely to communal lands and small patches of commercial
lands, although not all parts of the communal lands are
degraded. Again, Wessels et al. (2007) stated that communal
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areas are characterized by increased human and animal
populations, bush encroachment, overgrazing, climatic change,
soil erosion, excessive wood removal, loss of more palatable
grazing species, and drought are among the well-known and
are thus significantly regarded as degraded. However, mapping
and quantification of the extent of the problem are hampered by a
weak database. Erosion is considered a pernicious threat to the
productivity of the land and to water resources (Critchley and
Netshikovhela, 1998). Below, Figure 1 represents South African
land degradation with a combined degradation index.

3.1 Causes of rangeland degradation

3.1.1 Bush encroachment and alien plant
invasion (Woody densification)

In South Africa, bush encroachment occurs when there is a
rise in the abundance of woody plants in previous grassland
regions especially in semi-arid areas (Magandana, 2016), which is
accompanied by changes in the herbaceous cover and
composition of the natural vegetation (Safriel, 2009). The
rapid spread of woody densification and invasion of woody
plant species in arid and semi-arid rangelands of South Africa
has been well established as a frequent form of rangeland
degradation (Mussa et al., 2016). Msiza and Ravhuhali (2019)
argued that rangeland vegetation alters from herbage to woody
plants as the bush encroaches, resulting in the rise of bare patches
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FIGURE 2

Bush encroachment, spread of acacia species around North West province of South Africa. Photo taken by H. S. and K. E.

in the area and a decrease in herbage cover. In the North West
province of South Africa, the spread of acacia species has been
noted to be the one encroaching the land in semi-arid zones
(Figure 2) (Msiza and Ravhuhali, 2019). Woody vegetation
expansion decreases the relative amount of forage grasses, and
rangeland carrying capacity with adverse effects on animal
productivity (Al-bukhari et al., 2018). Reduction of forage and
grasses decrease grazing capacity and livestock carrying capacity,
as demonstrated by Long et al. (2010). The grazer carrying
capacity can be reduced by up to 89% in severe cases (de
Klerk, 2004).

Several authors have reported the worldwide challenges of
densification such as threatening the herbaceous layer, and
weakening the ecosystems services (Asner and Heidebrecht,
2003; Wigley et al,, 2010; Reich et al.,, 2019). Despite the fact
that woody densification does not reduce primary production, it
meets the IPBES definition of degradation by reducing certain
ecosystem services and biodiversity over time (Diaz et al., 2019).
The effects of woody densification on carbon stocks are mixed,
and the findings are inconclusive. According to Berthrong et al.
(2012), most sites lose soil organic carbon, but this is
compensated for by aboveground carbon gains. Gebeyehu
et al. (2019) found a decrease in carbon stocks in heavily
disturbed areas when compared to the less disturbed sites, and
this might have been due to the fact that woody encroachment
normally increases the amount of carbon stored in the ecosystem
as influenced by the amount of above-ground biomass.

The causes of woody densification is unknown, but it is
thought to be heavy grazing, which causes grass loss thereby
decreasing the potential of rangeland fires, which reduces
competition between grasses and woody plants. At the end
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woody plants will outcompete the grasses. Furthermore, there
is also mounting evidence that increased atmospheric CO,
fertilization effects, which favour C3 tree growth more than
C4 grasses thus aiding densification of woody species (Kgope
et al,, 2010; Higgins and Scheiter, 2012). In areas such as natural
dense sites, there is an increased CO, which normally contributes
to the increase of woody species as this is due to better climatic
conditions associated with greenhouse gas concentration and
nitrate availability in the soil (Huang et al., 2007).

Invasive alien species have increased by 71% between
2006 and 2016 (O’Connor and van Wilgen 2020), are known
for their negative impact on biodiversity and rangeland
production (Ntalo et al., 2022) and as a result of that, they
contribute to economic or financial loss around the world as they
are the drivers of environmental changes (Richardson et al., 2014;
Shackleton et al, 2014; Stanfford et al., 2017). Though the
beneficial effects of some of these alien species are observed,
Shackleton et al. (2017) indicated that these species can have
harmful effects on social ecological systems. The spread of alien
species threatens livestock productivity due to their negative
impact to the environment (Ntalo et al, 2022), and also
affects the water supply (Ravhuhali et al., 2021). O’Connor
and van Wilgen (2020) highlighted that the densification of
woody species such as Prosopis spp., Acacia mearnsii, and
Pinus spp., can reduce the herbaceous layer (reduce carrying
capacity), leading to lower animal productivity.

3.1.2 Overgrazing

Rangelands in large parts of grazing areas in developing
countries are not properly managed (Ravhuhali, 2018). Jeddi and
Chaieb (2010) indicated that the grazing systems practised in
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FIGURE 3

Aristida species, less palatable grass species. Photo taken by H. S. and K. E.

communal areas such as continuous grazing are the most
of
Excessive heavy grazing has frequently been blamed for the

common causes communal rangeland degradation.
resultant decline in biodiversity in arid and semi-arid regions.
Overgrazing is a huge threat in most parts of South Africa’s
rangelands, and according to Smit (2003), is one of the major
causes of woody densification (bush encroachment). It is believed
that the increased bush encroachment in the savannahs of Africa
has been caused by the removal of wildlife animals and
replacement by domestic livestock which mainly graze than
browse. Furthermore, communal areas have high stocking
densities (Owen-Smith, 1989), which lead to poor grazing
management (Smit, 2003). Barac (2003) and Van den Berg
(2007) argued that excessive overgrazing leads to soil cover
(top soils) exposure to runoff, compaction of soils, soil
erosion, decrease in carrying capacity, and changes in species
composition as well as bush encroachment. Ravhuhali (2018)
stressed that overgrazing pressure leads to subsequent changes in
botanical composition, species diversity and soil moisture
properties. Overgrazing pressure, which occurs in tandem
with an increase in livestock and human population, has been
reported to result in an increase in less palatable grass species,
and woody plant species in communal rangelands (Chipika and
Kowero, 2000; Kraaij and Ward, 2006). Figure 3 below presented
semi-arid area located in North West province South Africa
which is infested with less palatable grass species such as
Aristida spp.

In addition, domestic livestock grazing on local communal
grazing areas has a negative effect on soil, hydrology, and local
vegetation (Ibanez et al., 2007). According to Saini et al. (2007),
negative impacts of poor livestock grazing systems result in a loss
of plant cover, diversity, and productivity, topsoil disruption, and
soil compaction because of animal trampling, resulting in
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decreased water penetration and increased erosion (Figure 4),
aggravating the effects of drought (Taube et al, 2013;
Tesfahunegn, 2018). According to Sullivan and Rohde (2002),
animals selectively graze plants according to their dietary
preferences (palatable herbaceous plants), resulting in an
increase in unpalatable herbaceous plant species (pioneers,
annual plants, and bushes), and leading to a reduction in
species richness (Figure 3). Grazing pressure has resulted in a
decline in rangeland condition around the world, as well as a
decrease in forage quality and quantity (Kirkman and de Faccio
Carvalho, 2003).

3.1.3 Climate change

The challenges of biodiversity and climate change are global
problems with complex causes that vary in different parts of the
world (Lischer et al., 2014). Climate change is the primary
driver of rangeland dynamics in both arid and semi-arid
regions, particularly in Africa (Bloor et al, 2010; UNCCD,
2015).
hydrological cycles, and rangeland water patterns all lead to

Changes in vegetation diversity, soil profiles,
land degradation, and all of these are the results of climate
change (Hopkins and Del Prado, 2007). As the rangelands are
affected by climate change, farming and grazing systems are
also altered as a response to the increased precipitation
variability and intensity of floods and droughts, particularly
in semi-arid and arid regions (Nicholson, 2000; Mussa et al.,
2016). According to Zerga (2015) and Fereja (2017), climate
change had vast negative impacts on the rangelands, which
include a decrease in plant diversity, topsoil, water scarcity and
enhanced rangeland deterioration. In recent years, South
Africa, has experienced increased drought frequency and
severity that lead to approximately 10% of soil moisture
most (Hermans and

decline across semi-arid regions
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FIGURE 4

Photo displaying soil erosion and bare patches in some grazing area around semi-arid area in North West province of South Africa. Photo taken

by H. S. and K. E.

McLeman, 2021) and with the high temperatures drawing salt
to the soil surface (Ramamurthy and Pardyjak, 2011). Because
of frequent droughts in Africa, notably in South Africa most
woody cover has been enhanced due to its high ability to survive
extreme temperature, which is more unfavourable to grasses
and other herbaceous species (Teague and Smit, 1992). Ward
et al. (2014) stressed that the growth of woody plant trees in
South Africa is favoured by the increased levels of atmospheric
(CO,) accumulated in the area. The high growth of C3 plants
(trees) versus the C4 (grasses) serves as evidence that the
of CO, in
environment plays a huge role in bush encroachment (Ward,
2010). According to Wigley et al. (2010) the increased
of atmospheric CO,
environment tend to lead to high biomass of the roots which

increased levels atmospheric semi-arid

concentration levels in a given
normally causes the rapid re-growth of C3 (woody trees) plants
after the above-ground biomass has been disturbed by various
factors such grazing, fire as well as other anthropogenic factors.

4 Impacts of rangeland degradation

The impacts of rangeland degradation are presented in
Figure 5. Rangeland degradation has a significant impact on
the livelihoods of inhabitants of communal areas and the
economy of South Africa due to its deleterious impact on
2006),
(Mekuria et al., 2007), and livestock productivity (Kwon et al.,

rangeland condition (Rouget et al, soil profile
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2015). These communal area inhabitants tend to lose their
livestock assets and become destitute. As a result, the local
population normally experiences food insecurity, and the
government has to provide assistance to maintain food
security and sustain livelihoods through alternative sources of
revenue diversification and other sources of money (Teshome
and Ayana, 2016). Solomon et al. (2007) indicated that in other
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countries such as Ethiopia, this leads to poverty and tribal
disputes over grazing land and water supplies in the long
term. In addition, bush encroachment has been shown to
affect 10-20 million hectares of agricultural productivity and
biodiversity (Ward, 2005) and has emerged as one of the top
perceived rangeland problems in about 25% of South Africa’s
districts (Hoffman et al., 1999).

Most farmers normally prioritise livestock more than the
resources available to sustain the livestock. Due to the
unregularly usage of rangelands, high stocking rates can result
in plant cover and species diversity reduction, leading to
rangeland degradation which will negatively affect animal
production (Ravhuhali, 2018). Rangeland degradation can
result in a depletion in soil quality (Nutrients loss, poor soil
structure, soil compaction, unbalancing of elements, high
salination and acidity) due to human and climate change
(Eswaran et al., 2001; Mekuria et al., 2007). Eswaran et al.
(2001) highlighted that there is a severe economic impact in
most parts of semi-arid zones through nutrient depletion as a
form of rangeland degradation. These nutrients leaching from
the land can affect plant growth and yield.

Rangeland degradation can alter the species composition of
the herbaceous layer. Through overgrazing, the grass species
diversity declined, followed by infestation of unpalatable pioneer
species and some invasive non-native species in a space of
perennial and high grazing value grass species (Huxman et al.,
2005; Wheeler, 2010), and this can affect the sustainability of
ruminant animal farming (Nenzhelele, 2017).

Due to the increasing population globally, the demand for
animal products tends to increase. The biggest threat of
rangeland degradation lies in the sustainability of livestock.
The reduction of animal production normally happens as a
result of land degradation (lack of palatable and more
nutritious grass species). The number of livestock, animal
gains, low reproductive rate, and more mortality are some of
the rangeland degradation highlights (Tesfa and Mekuriaw,
2014).

5 Rehabilitation of the degraded
rangelands in South Africa

Understanding the conservation of existing ecosystems is
insufficient to secure the future of the world population (Yirdaw
etal, 2017). Degraded ecosystems in semi-arid areas often do not
improve under the natural process of succession within short
periods of time to a potential that can be utilized for livestock
production (Van den Berg, 2002). Kellner (2000) and Tuffa et al.
(2017) stressed that restoration is a possible intervention once
vegetation transitions and rangeland conditional states tend to
cross the threshold limitations for natural recovery. Several
authors have described rangeland improvement efforts using
various terminology, such as reinforcement, rehabilitation,
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reclamation, re-vegetation, and restoration (Le Houerou, 2000;
Bainbridge, 2003). Most of these terms are used to characterize
restoration ecology in the context of the current review.

The ecological restoration is known as the process of
the
ecosystems (Schlesinger et al., 1999) after they have been

maintaining, conserving and repairing world’s
degraded, damaged, or destroyed (Bainbridge, 2007). Harris
etal. (1996) stressed that ecological restoration is the process of
restoring the diversity and dynamics of indigenous ecosystems
to their original condition before any decline. Ecological
restoration may require considerable investments in decision
support tools and associated outlines or frameworks that can
help to ensure and guarantee that the technique is successful
and that the restoration goals are accomplished. Restoration
techniques are required worldwide, notably in Africa’s
communities in order to restore the communal rangelands’
structure and functions. These restoration techniques can help
with social, economic and environmental problems not only in
South Africa, but also around the world. Rangeland restoration
may help local communities adapt to land degradation,
desertification problems and climate change by providing
alternative food security in Sub-Saharan regions (Mureithi
et al.,, 2016).

To ensure proper rehabilitation of degraded rangelands,
we need to understand how they functioned before they were
degraded, and then use this knowledge to reinstate essential
processes that are highly needed (Fayiah et al., 2020).
Generally, there are two types of restoration depending on
the degree of damage, which include passive and active
restoration. According to Kauffman et al. (1997), active
of biota
reintroducing animal or plant species that have extirpated

restoration means manipulation

through

from an area, while passive restoration means the restoration
of degraded by
perturbations that are causing degradation. For effective

ecosystems removing anthropogenic
rehabilitation of the rangeland, we can use numerous active
restoration practices such as direct seeding, reseeding, or
the of

regeneration. In addition, water and soil conservation

passively by allowing progression natural
measures, water harvesting, surface scarification, grazing/
livestock management, control of bush encroachment and
the use of controlled fires (Figure 6) (Li et al, 2011) are
other active restoration activities. The following are some
of the most frequently utilized approaches for rehabilitation

of degraded rangelands.

5.1 Management of bush encroachment
(the removal of encroached trees and
invasive species)

Bush encroachment has received increased attention
recently, notably in South Africa, and it is now one of the
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FIGURE 6
A diagram showing some of the techniques when
rehabilitating the rangeland. Adopted from Li et al. (2011).

most prevalent forms of rangeland degradation all over the world
(O’connor et al,, 2014). Because it is one of the most prominent
factors of degradation in rangelands, it is important to control
bush encroachment and rehabilitate the rangeland to its normal
form. According to Angassa and Oba (2008) and Mussa et al.
(2016), bush encroachment control is described as a method of
reducing and suppressing the excessive spread of invasive woody
plant community structures and shifting the rangeland
vegetation from woody tree domination to herbaceous
vegetation in order to create a suitable habitat for grazers. To
accomplish this, we can employ a variety of ways of controlling
bush encroachment that are well known, viz, mechanical,
chemical, and biological technique. Nevertheless, for a better
degraded rangeland rehabilitation, integrated approaches are
recommended (Belachew and Tesema, 2015).

One of the studies conducted in South Africa, it shows that
with the appropriate management and control of woody
encroachment and alien plant invasions, the ecosystems can
be rehabilitated to its normal form (Stafford et al., 2017). The
same authors stressed that the removal of woody plants
community will likely decrease the amount of atmospheric
CO; in an ecosystem since the woody plants are a significant
carbon sink. Several authors in South Africa have investigated
various techniques to restore heavily encroached rangelands and
those invaded by alien plants, and they include the use of fire
(Trollope, 1974; Kraaij and Ward, 2006), chemicals (Wigley et al.,
2010), and competent grazing management (Lesoli et al., 2013).
The study by Smit et al. (2016) revealed that the application of
high intensity fire treatments reduced the tree species by up-to
70% in Kruger National Park. Gordijn (2010) recommended one
burn every 2—4 years for the best output through the use of fire on
the encroached areas. Debushing through mechanical is one the
most affordable bush encroachment control done by farmers
around semi-arid areas of South Africa. Most of the famers
around North West province are applying this particular
methods in controlling bush encroachment (Figure 7). Kellner
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and de Wet. (2021) also found that introducing different
(which
disturbance, brush packing and reseeding (CSRSBP); clearing

restoration  treatments include  clearing, soil
and brush packing (CBP); and clearing, brush packing and
reseeding (CRSBP) increased the carrying capacity of some
selected rangelands in South Africa. However, there are some
significant risks in terms of attaining the ecosystem service
benefits from rangeland restoration techniques. Although
the benefits

rangeland affected by bush encroachment and alien plant

there are numerous risks, from restoring
invasions depends on the subsequent land use and land use
practices (Lesoli et al., 2013; Stafford et al., 2017). Ultimately,
proper management of bush encroachment and invasive alien
plant species can deliver significant ecosystem services benefits
that surpass costs of restoration.

In addition, to be successful in rangeland restoration
initiatives, indigenous traditional knowledge of the local
community should be included, as well as the promotion of
awareness and an integrated strategy by rangeland practitioners
(Patel, 2011; Tessema et al, 2011). Alien invasion and bush
encroachment problem has become a major concern in African
rangelands, as well as in South Africa, notably in the Savannah
biome rangelands, it transforms grasslands into shrublands by
competing with herbaceous fodder and reducing the stocking
rate (Abule et al., 2007; Angassa and Oba, 2008). Controlling the
bush encroachment can assist in establishing a grazing area with
palatable herbaceous species for the livestock, and if done
consistently, it can help stabilize rangelands and reduce the
negative consequences of future feed and food shortages. The
combined actions of regulating fire, controlling grazing and
cutting can prevent woody species succession (Sawadogo
et al,, 2002; Milton, 2004). Mussa et al. (2016) stressed that
herbaceous vegetation generates more feed as the number of
woody species declines.

5.2 The use of invasive species such as
prickly pear to arrest the top soil loss

Species such prickly pear is one of the invasive species that
normally disturb the vegetation due to its contribution to the
reduction of carrying capacity and, most importantly, causing
injuries to people and some livestock (Walters et al., 2011). They
are also known for hampering livestock movement due to their
thicket form. The invasiveness of this species can result in social
and ecological costs (Shackelton et al., 2017; Pysek et al., 20205
Seebens et al., 2021). In semi-arid regions, prickly pear especially
its spines can be regarded as an excellent rangeland restoration,
rehabilitation plant and can be used in the recovery of degraded
and dry lands (Neffar et al,, 2013). In South Africa, the role of
prickly pear as a biological resource for adaptation in poor
environmental conditions because of its resistance to dry
lands has been reported (Habibi et al., 2009; Neffar et al,
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FIGURE 7

Mechanical method of controlling bush encroachment in communal grazing areas around North West province of South Africa. Photo taken by

H. S.and K. E.

2013). This phenomenon is supported by findings of Singh
(2004) that these invasive species have an ability to strengthen
poor soils subjected to erosion and erratic rainfalls of arid zones.
Apart from being an alien species, prickly pear has become a
dominant plant in most countries, it spreads aggressively by
anchoring top soils from degrading due to adverse climatic
conditions (Milton and Dean, 2010; Sipango et al., 2022). In
most semi-arid and arid regions, the use of prickly pear plants,
which are salt tolerant and adapt to different soils makes them an
ideal plant for sustainable agriculture production (Singh et al.,
2014). Prickly pear adapt in poor degraded soils and facilitate the
reduction of soil erosion (Sipango et al., 2022). This invasive
plant species uses its extensive deep root stem to survive in
severely degraded soils with a limited or no nutrient supply
(Snyman, 2006; Sipango et al, 2022). Cactus species is well
known as an invasive species which are defined as one of the
non-native aliens that are harmful to the ecosystem [Convention
on Biological Diversity (CBD), 2008; Pejchar and Mooney, 2009].
In South Africa, studies reported that cactus availability play an
important part in the control of top soil erosion and degradation
(Van Wilgen and Scott, 2001; Pejchar and Mooney, 2009).

5.3 Rangeland re-vegetation and
reseeding

Introducing seed techniques in rangelands is extremely
useful (Tessema et al, 2011), and very important for areas
that have experienced prolonged veld degradation to fill up
the bare patches. Degraded rangelands have been successfully
rehabilitated in a short period of time by introducing native
grasses that are well-adapted to the harsh environment of that
area (Snyman et al, 2013), and this has also enhanced the
necessary habitat for many local animals, which tends to
improve animal production (Palmer and Ainslie, 2005; Opiyo
et al., 2011). Several authors advocated for the use of grass
reseeding as a cost-effective and successful rehabilitation
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technique for degraded rangelands, particularly in Africa,
because most African countries are still underdeveloped, and
the lower the cost, the higher the chances of its widespread use
(Van Den Berg and Kellner, 2005; Mganga, 2009; Tilahum et al.,
2017). Successful reseeding/re-vegetation, on the other hand, has
been shown to be dependent on factors such as weed control,
seedbed preparation, for
germination and climatic conditions (rainfall, temperature and
humidity) (Mganga, 2009). Snyman (2003) stressed that semi-
arid rangelands, which have retrogressed beyond a certain

seed pre-treatment improving

threshold and cannot be rest-covered, can only be repaired by
mechanical inputs in order to assist the re-establishment of
rangeland vegetation. This is because most of these areas have
already been severely damaged, and natural succession processes
will make recovery difficult or practically impossible.

However, there are some studies conducted in South Africa
where degraded rangelands have successfully recovered by the use
of proper re-vegetation and rotational grazing, and high forage
production and wood density reduction were observed (Bolo et al,,
2019). Furthermore, due to their establishment rate and frequency
over three seasons, Kellner and de Wet (2021) recommend
restoration of degraded semi-arid rangelands by over sowing
forage species such as C. ciliaris and A. pubescens in a sandy
soils (8%-42%, respectively), and D. eriantha, and C. gayana
(30%-64%, respectively) when the soils have more silt and clay.
These species were also supported by Msiza et al. (2021). Knowing
the soil type of the certain area assists in choosing the grass species
that are well adapted to the environment and significantly reduce
the over-sowing expenses, making this rehabilitation approach
more accessible to land managers.

5.4 Grazing management (resting of the
overgrazed areas)

Rangeland grazing management techniques are mostly

focused on Dbalancing livestock numbers with forage
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availability, equal distribution of animals in the veld, sustaining
vegetation by alternating grazing periods and rest times, and
utilizing the most suitable livestock (Mussa et al., 2016). In semi-
arid areas, veld degradation is linked to poor livestock
management, so it is critical to improve grazing management
strategies in relation to the amount and kind of livestock, as well
as the type of vegetation, in order to maintain productive and
healthy rangelands (Mitchell et al, 2009; Ash et al, 2011).
According to previous studies documented in South African
degraded rangelands, the reduction of livestock numbers and
controlled grazing activities optimize the grazing pressure in the
veld and improve the chances of rangeland restoration.
Woodfine (2009) corroborates the findings of that proper
grazing management in degraded rangeland has great
potential to restore and protect the biodiversity of the
degraded area, as well as enhancing the processes and
functions of the ecosystem. On the effect of precipitation and
grazing-induced degradation on vegetation productivity, the
same authors found that the normalized difference vegetation
index of degraded areas were between 1.4% and 20% lower than
non-degraded areas. Furthermore, Harmse et al. (2020) stressed
that rotational grazing is one of the techniques successfully used
to restore the degraded rangelands of South Africa.

Sankaran et al. (2005) stressed that a proper understanding of
the effects of grazing management systems on vegetation
ecosystem dynamics is required to maintain optimum
carrying capacity and species diversity, since changes in
species composition has a substantial impact on animal
production sustainability. Grazing management is the best
strategy for rehabilitating degraded rangelands in areas with
poor vegetation cover, overgrazed, and have degraded soils,
and this is considered the most promising initiative for
restoring degraded rangeland (Woodfine, 2009), since it
enhances the vitality of mature perennial grasses. Neely et al.
(2010) argued that knowing the grazing history and ecological
variation can assist when practicing timely grazing management
and can enhance a positive impact on rangeland condition, as
well as the functioning of dry-land hydrological systems and the
restoration of biodiversity in the ecosystem.

5.5 Manipulation of the rangeland to
improve livestock distribution

South Africa is a semi-arid nation and characterized by
prolonged drought periods (Rountree et al., 2000) that have a
negative impact on rangeland vegetation and soils. Interventions
which involve manipulation of the distribution of watering
points, shaded and rested areas, forage and mineral salts can
be initiated to improve veld condition (Vaniman et al., 2004;
Kapu, 2012). Animals are obviously attracted to water in arid
areas, however the supplementation of salt and mineral was
reported to have mixed results (Ganskopp, 2001; Vaniman et al.,
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2004). Even though veld recovery might become extremely
difficult if soil quality deteriorates, the distribution of mineral
salt and watering developments and fencing has been used
successfully to improve veld conditions in arid regions.
Mineral salt and major watering points such as water holes,
troughs and dams can be strategic initiatives needed to limit and
reduce grazing pressure in certain areas of the rangeland in arid
regions (Porath et al., 2002). Mapiye et al. (2008) added that
rangeland managers can manipulate South African rangelands
and livestock productivity by using an appropriate planned fire
type, season and burning frequency. However, prescribed
burning must be integrated with other grazing management
techniques in order to improve livestock distribution.

5.6 Rangeland enclosures

Rangeland enclosures halt grazing for a certain period, and is
a common strategy that has been successfully examined in the
rehabilitation of damaged rangelands (Mohammed et al., 2016).
Based on their experience in various locations in Ethiopia, Mussa
etal. (2016) found that rangeland enclosures are a good structure
for rangeland restoration, as long as they completely specify their
users, resource restrictions, and realistic norms originating
locally. In South Africa, Bolo et al. (2019) and Treydte et al.
(2021) highlighted that this can be an ideal method for improving
vegetation regeneration and promoting land restoration for
degraded lands than open grazing of rangelands. Milton et al.
(1998) and Verdoodt et al. (2009) added that this can transform
degraded rangeland to its productive stage, with an increased
seedling proportions and the stimulation of high palatable forage
density with the great chances of enhancing livestock production
in South Africa. Gidey and Van der Veen, (2014) in Ethiopia and
Nyberg et al. (2015) in Kenya reported similar results. However,
if scientific and indigenous knowledge are not integrated, bush
encroachment will become a major threat in these enclosures
over time, as compared to more regular grazing rangelands
(Ayana, 2005; Angassa, 2007).

5.7 Prescribed fire

Fire is a phenomenal force that influences the ecological
process in woodland and grassland systems throughout the
world, notably in African savannah biomes (Higgins et al,
2000; Hamman et al., 2011). Prescribed fires have a history of
maintaining the diversity of grassland ecosystems in semi-arid
regions by creating the vegetative composition of rangelands
(Williams, 2003; McGranahan & Kirkman, 2013). Tefera et al.
(2010) stressed that the main role of prescribed fires on rangeland
is to suppress undesirable grasses, woody species, clearing, and
controlling pests and wildfires to enhance desirable grasses’
ability to regenerate, because through fire, unwanted seeds
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and trees can be destroyed when exposed to lethal temperatures.
Fire is also known to remove dead plant materials on the
rangeland and, because of this, can produce several benefits,
such as an increase in grass nutritional quality, palatability and
availability, as well as improving new grass growth (Croft et al,
2015).

In the South African rangeland, Mapiye et al. (2008) reported
that controlled fires play a beneficial role in enhancement of
proliferation of high quality forages through preventing the
spread of undesirable C3 (woody plants) plants. However, fires
can also remove desirable and palatable plant species if not
carefully planned in advance and prepared appropriately
This
malpractice leaves behind the non-palatable big stemmed

according to seasons (summer and late autumn).
woody plant species, which tend to lead to rangeland
degradation. Similarly, in the South African rangelands, early
winter burns has been found to leave soil cover exposed to
erosion and insolation throughout the winter season (Trollope
etal, 1989), which lead to severe erosion and compaction with the
first coming rainfall. Although, there is a lot of information
regarding the positive effects in the use of fire as a management
tool in South African savannah rangelands, the information needed
to carry out specific prescribed burns is often disjointed (Mapiye
etal, 2006). Van Langevelde et al. (2003) stressed that throughout
the post-fire growth season, post-burned grassland vegetation had
a higher aboveground nutrient content than unburned vegetation.
Again, Coppock et al. (2007) and Gebru et al. (2007) reported
similar results, on investigations conducted in Southern Ethiopia
rangeland using fire to burn the land, and the vegetation cover of
highly valuable grass (Themeda triandra) had increased from 18%
to 40% of basal cover and the quantity of bare ground was
drastically reduced after burning. The burning strategy, when
combined with other suitable rangeland management strategies,
can successfully minimize bush encroachment and increase forage
production and quality for grazing animals. Government
guidelines in South Africa recommend burning immediately
after the first springs to improve the removal of amassed
moribund and unwanted materials. Generally, without fire,
organic waste and litter would accumulate, thus increasing tree
density and eventually leading to woodland biomes.

6 Economic cost of rehabilitation
techniques

Historically, economic development in most countries is based
on the exportation of natural resources, particularly land resources
(Worlanyo and Jiangfeng, 2021). Globally, land degradation has
been the greatest threat, posing a major economic challenge for
farmers (Zhao et al., 1991; Utuk and Daniel, 2015; Megerssa and
Bekere, 2019). Degradation is hampering the developing world
economically, and this is because of high human population
pressure on land. Restoration of degraded lands is a positive
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return action from both an environmental and an economic and
social standpoint (Arneth et al., 2001). The case study of Nkonya
et al. (2016) reported that the money invested in land restoration
yields high economic returns over the years. Except for the powerful
economic justification, initiation of restoration and rehabilitation of
lands is still required to address the continuing land degradation
across the world (Mirzabaev et al., 2019; Hermans and McLeman,
2021).

Some of the main specific barriers to the restoration of
degraded lands are a lack of financial benefit, prohibitive
adoption costs, and a lack of knowledge (Mirzabaev et al,
2019). When compared to other approaches with no system
baseline, spatial prioritization of restoration efforts could deliver
benefits in biodiversity conservation and carbon storage at
significantly lower costs (Strassburg et al., 2019). When land
is restored, farmers breed animals at a high rate for economic
considerations (Hermans and McLeman, 2021). It was reported
that small camp erection by farmers has key implications caused
by the cost of fencing (Hobbs and Harris, 2001). In the near
future, the economic implications should be weighed against the
future of rich biodiversity and the introduction of ideas that
government subsidies to farmers should be reconsidered to lower
the cost of these rehabilitation techniques on degraded lands
(Cupido, 2005). It was discussed that economic and technical
factors have an impact by hindering the effective restoration of
degraded areas (Milton et al, 2003). Aside from financial
suggestions, veld restoration may be hampered by a scarcity
and lack of palatable grass seeds (Aronson et al., 2010).

The availability of funds for the seed companies to produce
indigenous seeds rely on governments land care entities and these
entities can fund research based on restoration techniques. The
study highlighted that if the financial investments in
rehabilitation techniques are not justified; veld restoration
could be funded by ecosystem services (Mugido, 2011).
Restoration of degraded lands is not only ecological,
hydrological, and the focus of research; sound investigation
rules and information are required to improve the success of
restoration economically and practically (Hobbs and Harris,
2001). Furthermore, the rehabilitation cost depends on the
density of space in that particular area, and rehabilitation
processes  that
implications (Spurgeon, 1999). Therefore, projects such as
Land Redistribution (LRAD), Comprehensive Agricultural
(CASP),
planning and local governments (SKEP) should be used as

costs are complex involve  economic

Support  Package Succulent Karoo ecosystem
vehicles to reduce these challenges facing degraded veld by
way of creating jobs in these regions through establishing
indigenous seed farms (Esler and Kellner, 2001).

It was discussed that since degraded lands cannot contribute
effectively to sustained economic development, land restoration is
the best option to increase the chance of attaining sustainability and
improve economic returns for farmers (Brown and Lugo, 1994). In

this context, establishing a financial mechanism for compensating
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land users and improving ecosystem delivery could increase
investment in land restoration and rehabilitation, and redirecting
misdirected subsidies is a serious approach that must be taken
(Wilson and Lovell, 2016). The cultivation of sustainable
lignocellulosic energy plants provides economic returns while
playing a part in the rehabilitation and restoration of degraded
lands (Mentis, 2020). Even though the economic benefit of
restoration, is higher than the cost of restoration land restoration
could provide an economic return (WRI, 2017), more investments at
the global level stage (Bakshi et al., 2014).

7 Summary

The best method for rangeland restoration is based on several
factors, such as soil, climate and grazing management.
rehabilitation degraded
rangelands is critical for existing ecosystems in order to

Understanding strategies  on

ensure the survival of living organisms. In South Africa, all
restoration methods can be practiced depending on the area
and the nature of degradation. Ecological restoration may need
considerable capital injection, skilled labour, in decision support
tools and the integration of other stakeholders that can help to
ensure and guarantee that the technique is successful and that the
restoration goals are accomplished. In order to have better
rangeland rehabilitation programs, there should be records of

the past land use system, and these records are needed to
reinstate essential processes for successful rangeland restoration.
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