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ABSTRACT  

 

Large areas of southern Africa are affected by woody plant encroachment. The increase in the 

tree-grass ratio in the savannas has been attributed to the replacement of indigenous herbivores 

by domestic grazing animals and the intense utilization of the natural vegetation by domestic 

livestock. The encroachment of woody species into savanna is a global phenomenon and often 

has an impact in the development of the herbaceous sward. It is especially in the communally 

managed, such as Masutlhe and Lekung and rural areas where woody plants often develop and 

expand at the expense herbaceous vegetation, mainly grasses. The encroachment of woody 

plant species was quantified at the selected sites and compared to nearby reference sites in 

Masutlhe and Lekung Villages. The prominent encroaching woody species included Vachellia 

tortilis, Grewia flava and Ziziphus mucronata. All selected sites, except the benchmark sites, 

had woody plant densities, exceeding 2 000 TE ha-1 that will almost totally suppress grass 

growth. Remote Sensing techniques were used to analyse the overall trend of vegetation in the 

study area. High spatial resolution digital satellite images and appropriate image processing 

algorithms were used to facilitate monitoring of the woody encroachment. Mean Euclidean 

Distance Texture analysis in 3×3 moving windows enhanced woody cover. SPOT images of 

2004, 2006 and 2014 were used to monitor change detection of vegetation. Land cover maps 

were established, comprising three classes woody vegetation, grass and bare area.  Analysis of 

vegetation conditions trends revealed decline in grass cover with an increase in woody 

vegetation, especially in the villages of the study area.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

The encroachment of woody species into grasslands (bush encroachment) is a global 

phenomenon (Schlesinger et al., 1990; Van Auken, 2000; Roques et al., 2001; Simonson 

and Johnson, 2005), having first been recorded in the 1930’s and 1970’s in the savanna 

area of the Northern Province and KwaZulu Natal and in the 1940’s in the arid savanna 

of the Kalahari. Bush encroachment is caused by the increase in cover of usually 

indigenous trees and shrubs, usually, in response to poor management practices (Hoffman 

and Ashwell, 2001). 

 

In southern Africa, the phenomenon of increasing woody plant density is commonly 

referred to as ‘bush encroachment’ and it involves the invasion of grasslands and the 

thickening of savanna (O’Connor and Crow, 1999). The grazing capacity of large areas 

of the South African savanna is reported to have declined as a result of being encroached 

by bush, often to such an extent that many previously economically viable livestock 

properties are now no longer viable. Removal of some or all of the woody plants will 

normally results in an increase of grass production and thus in grazing capacity. However, 

the results of woody plant removal may differ between veld types, with the outcome 

determined by both negative and positive responses to tree removal (Teague and Smit, 

1992).  Although by definition, all savannas consist of a grass and a woody component, 

functionally each situation is unique. Not only are there differences in physical 

determinants, but the biological interactions that are based on these determinants and 

individual species properties are unique to each spatial and temporal situation. In 

addition, past management practices added to the complexity, by bringing about the 

different kinds and degrees of modification (Teague and Smit, 1992). 

 

The phenomenon of encroachment of woody species into grasslands, results in the shift 

from open grass dominated rangelands to thickets of woody plant dominated rangelands, 

particularly in savanna (Joubert et al., 2008; Joubert et al., 2013). According to Wiegand 

et al. (2006), encroachment by woody species into grassland-dominated areas is common 

in savannas and reduces grazing capacity. Moreover, some savanna landscapes have 
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already been completely encroached by woody species (Wiegand et al., 2006). The 

process is on-going in other savanna areas affecting wildlife, and the sustainability of 

pastoral, subsistence and commercial livestock grazing (Archer et al., 2000). Thus, 

encroachment has long been of concern to land managers in grasslands and savannas, but 

most research focused on the effects of woody plants on grass production (Archer et al., 

2001), instead of the underlying ecological mechanisms driving encroachment.  

 

Bush encroachment is the suppression of palatable grasses and herbs by encroaching 

woody species, often unpalatable to domestic livestock (Ward, 2005). According to 

Archer et al. (2000), the reduction in carrying capacity is of great significance because 

savannas in southern and central Africa contain a large and rapidly growing proportion 

and this includes the world’s human population, including many pastoralists whose 

livelihood is threatened by this process. Encroachment of woody plants has been among 

the major threats of the livelihoods of pastoralists and their ecosystem (Gemedo et al., 

2006).  

 

Bush encroachment is a dynamic process that can be rapid and, after the species has 

encroached over the landscape with a high abundance, it can be impossible to manage the 

invasion (Rejmanek and Pitcairn, 2002; Pluess et al., 2012). Removal of woody plants 

will normally result in an increase in grass production and thus in grazing capacity 

(Teague and Smit, 1992). However, the results of woody plant removal may differ 

between veld types (Teague and Smit, 1992). The outcome of woody plant removal is 

determined by both negative and positive responses to tree removal (Teague and Smit, 

1992). This is because, in the savanna vegetation, the physical determinants, biological 

interactions and individual species properties are unique to each situation (Teague and 

Smit, 1992). In addition, past management practices have added to the complexity by 

bringing about the different kinds and degrees of modification (Teague and Smit, 1992).  

 

Human activities have disturbed savanna ecosystems for a long time, as savannas are a 

resource for food and livestock breeding (Bellefontaine et al., 2000). Particularly in 

recent times, man has destroyed vast tracks of natural vegetation to create more arable 

land, often maintained in a highly unstable condition. In most situations, the determinants 

of savanna systems have been modified by man, either directly or indirectly. According 
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to Teague and Smit (1992), the determinants may either be primary or secondary. Primary 

determinants are such as climate and soil, or secondary, such as fire and the impact of 

herbivores (Teague and Smit, 1992). According to Britton and Sneva (1981), examples 

of these determinants are exclusion of fires, replacement of most of the indigenous 

browsers, the restriction of movement of herbivores by erection of fences and provision 

of artificial watering points. Many communal areas in South Africa were subjected to 

‘Betterment’, which was implemented in the 1950’s (Von Maltitz, 1998). These 

communal areas were divided into three main resource areas: 

(a) homestead, 

(b) fields, and 

(c) rangeland (Von Maltitz, 1998). 

In rural areas, communal tenure leads to overstocking and resource over-exploitation 

resulting in ‘tragedy of the commons’ (Hardin, 1968). The study was conducted in 

communal areas of Masutlhe and Lekung in the North West Province of South Africa. 

 

1.2 Problem statement  

Most researchers are of the opinion that bush encroachment is regarded as a serious threat 

to livestock production in southern Africa (Archer, 1990; Hudak, 1999; Shackleton and 

Gambiza, 2008). The selected sites of this study have been invaded by woody species, 

showing clear signs of being highly degraded through exploitation. Cattle grazing are the 

predominant land-use in the region. Dense bush, especially Vachellia tortilis and its 

consequent expansion, showed clear signs of interspecies competition, resulting in the 

rapid spread of woody species throughout the selected sites. The woody species are of 

little use to cattle, which are grazers, although browsing goats and sheep will utilize twigs 

and shoots. Grazing capacity is believed to decrease because the pioneer grasses are less 

notorious and less palatable than those requiring more optimum conditions (Jacobs, 

2000). 

 

Many land-use practices such as field cultivation, garden cultivation, grazing, livestock 

production and tree cutting in rural areas are still driven by inappropriate policy 

frameworks which emphasises the urgent need for local-level institutions assisting land 

users in sustainable land management (Von Maltitz, 2009). According to Squires et al. 
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(1992), most rangeland development projects have failed because they focused on 

addressing the technological aspects, without addressing socio-economic aspects.  

 

The encroachment and expansion of woody species into grasslands results in a decrease 

in grass production and thus decreases the grazing capacity of the veld. This leads to a 

loss of soil structure, causing surface sealing, accelerated runoff, erosion and low 

germination of grasses (Hoffman and Ashwell, 2001). Moleele and Perkins (1998) 

suggested that bush encroachment takes place as a result of the exclusive use of moisture 

by encroachers, high soil nutrient concentrations, low fire intensity and high soil 

selectivity.  

 

Over the past few decades, increasing dominance by woody encroachers and a 

corresponding decline in herbaceous production has been widely reported in the savannas 

(Ward, 2005; Scheiter and Higgins, 2009). Increases in woody plant abundance are 

normally accompanied by decreases in herbaceous production and undesirable shifts in 

composition (Archer, 1990). In southern Africa, the shift is associated with anthropogenic 

activities, especially high cattle densities in communal grazing areas (Van Vegten, 1981, 

Skarpe 1986, Ringrose et al., 1996).  

 

The absence of fires and browsers can also increase the level of competition between 

woody plants by impacting biomass accumulation, survival and growth (Goncalves and 

Batalha, 2011). As a management tool, fire can be used to control bush encroachment 

and in the arid savanna, fire has the role of maintaining trees and shrubs at an adequate 

height and in an acceptable state for browsing animals (Trollope, 1980). Previous 

research, on long-term fire effects, revealed that regular burning reduced tree size 

regardless of the frequency of burning, but failed to eliminate woody plants or drastically 

alter tree diversity at the experimental site (Furley et al., 2008). Frequency of burning is 

an important management strategy to consider when managing woody plants 

(Rutherford, 1991). Fire acts predominantly by controlling the biomass of trees within 

the flame zone (those trees smaller than approximately 2 m), rather than as a cause of 

mortality. Fire browsing together acts as a powerful restriction on recruitment of trees to 

the mature, grass-dominating size classes (Rutherford, 1991). 
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Many studies have been performed on the above-ground competition for light, where 

woody species have a clear advantage, but the most intense competition takes place 

below- ground, where the balance between woody and herbaceous vegetation is most 

likely determined (Stevens and Fox, 1991). Trees have historically been viewed as 

superior competitors to grasses, especially in temperate zones and are widely regarded as 

having an impact on herbaceous production, particularly where livestock production is a 

primary land use (Scholes and Archer, 1997). Although grasses are better at extracting 

water in the upper soil layer, trees are able to persist because they have exclusive access 

to water in the deeper soil layers (O’Connor et al., 2014).  

 

1.3 Aim and Objectives  

 

1.3.1 Aim  

The aim of the study was to monitor and quantify the extent of invasive woody species 

and the rate of expansion in the selected study sites Masutlhe and Lekung villages.  

 

1.3.2 Objectives 

* To use satellite images to detect change of woody plant succession over time  

* To quantify invasive tree densities in selected sites 

* To evaluate the rate of expansion of woody species in selected sites as compared to a 

selected reference site 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Savannas in general  

The term “savanna” once restricted to describe central South America grasslands in Spanish 

is now widely accepted (Edwards, 1983; Rutherford and Westfall, 1994). The Savanna 

Biome of southern Africa spreads from north of 22°S latitude into northern Namibia, 

Botswana, Mozambique and South Africa. Savannas are one of the world’s major biomes 

and are the dominant vegetation of Africa (Scholes and Walker, 1993). Savannas occupy 

54% of southern Africa and 60% of sub-Saharan Africa (Scholes and Walker, 1993) .The 

vegetation of South Africa and Swaziland constitutes the southernmost extension of the most 

widespread biome in Africa (Mucina and Rutherford, 2006). It represents 32.8% of South 

Africa (399 600 km2) and 72.2% of Swaziland (12 900 km2) (Mucina and Rutherford, 2006). 

 

Savannas are part of a continuum that includes arid shrub lands, light wooded grasslands, 

deciduous woodlands and dry forests (Justice et al., 1994).  The Savanna Biome occupies 

most of the far northern part of the Northern Cape, the western and north-eastern parts of 

the North-West Province, extreme western parts of the Free State Province, northern 

Gauteng with the more isolated occurrences in the south of this province, almost the entire 

Limpopo Province, north western and north-eastern Mpumalanga, most of central and 

eastern Swaziland, low-altitude parts of the eastern seaboard, inland of the Indian Ocean 

Coastal Belt in Kwazulu-Natal and the Eastern Cape Provinces and with the southernmost 

extension Albany Thicket of the Komga to Albany District (Mucina and Rutherford, 2006). 

Their importance lies in the large contribution that they make to informal and subsistence 

economics through the supply of grazing, firewood, timber and other resources; their 

contribution to the formal economy as the main location for livestock and ecotourism 

industries and their global impact through the emissions of trace gases from fires, soils, 

vegetation and animals (Justice et al., 1994). 

 

The North West Province (NWP) consists predominantly of open savanna with grazing lands 

evident, especially in the more arid areas where there is inadequate water for either rain fed 

or irrigated cultivation of crops (Hoffman and Ashwell, 2001). Woody plants invade natural 

grazing land on a continuous basis and pose a real threat towards productivity (Hoffman and 
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Ashwell, 2001). This implies that woody plant encroachment can be considered as an 

unwanted successional process. As a result, the encroachment of woody species into semi-

natural grasslands has caused much concern (Partel and Helm, 2007).   

 

Savannas are characterized by the presence of scattered trees, mostly Vachellia erioloba 

(Camel thorn) and Vachellia tortilis (Umbrella thorn). The shrub layer is dominated by 

Senegalia mellifera (Black thorn), Grewia flava (Velvet raisin) and Tarchonantus 

camphoratus (Wild camphor bush) (Smit, 1999). The herbaceous sward mainly consists of 

tufted perennial grasses.  The most common grass is Eragrostis lehmanniana (Lehmann’s 

love grass). The following grass species have a more patchy distribution: Stipagrostis 

uniplumis (Silky bushman grass), Heteropogon contortus (spear grass), Aristida diffusa 

(iron grass), Aristida congesta (Tassel-three-awn grass), Eragrostis obtusa (dew grass), 

Eragrostis superba (Saw-toothed love grass) and Enneapogon scoparius (Bottle brush 

grass) (Gibbs–Russell et al., 1991; Van Oudtshoorn, 1999).  

 

Savannas represent water-limited ecosystems. The broad-scale distributions of the main 

structural savanna types in southern African are highly predictable from a knowledge of the 

water and nutrient availability in the environment (Carter, 1994). Bush encroachment is 

considered a major contributor towards the occurrence and even total absence of herbaceous 

plants in severe cases and this is due to the ability of some plants to survive in a water-

limited environment (Smit et al., 1999). It has been widely assumed that the main 

competition in savannas is for water. Furthermore, rains in these areas are frequently only 

enough to wet the soil surface. After the dominance of grasses has been broken the water is 

more available to shrubs and trees than before. In such a situation, woody species with 

shallow lateral roots have an added advantage compared to those with root systems more 

restricted to deep soil layers (Scholes and Archer, 1997). 

 

2.2 Tree-grass interactions  

Higgins et al. (2000), hypothesised that grass and tree coexistence is driven by the limited 

opportunities for tree seedlings to escape drought and the flame zone (those trees less than 

approximately 2 m) (Rutherford, 1981). Bush encroachment occurs due to increased tree 

recruitment caused by reductions in grass cover and fire intensity (Higgins et al., 2000). The 

classical conceptual model on tree-grass interaction in savannas is based on rooting-depth 
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separation with respect to competition for water (Walker, 1971). This hypothesis proposes 

that trees have roots in both the surface and deeper soil layers, while grass roots are only in 

the surface layer. Van Wilgen (2009), argued that the co-existence of tree-grass interaction 

can traditionally be explained by either equilibrium or disequilibrium models. Equilibrium 

models propose that tree-grass coexistence is possible, because of separation of the root 

niche, with trees having sole access to water in deeper soil horizons and grasses having 

preferential access to, and being superior competitors for water in the surface soil horizons. 

However, disequilibrium models propose that there is no stable equilibrium, and that 

frequent disturbances through the existence of competition of either grasses or trees by 

periodically bringing about conditions in favour of either alternative competitors (Van 

Wilgen, 2009).  

 

Stuart-Hill et al. (1987), argued that the results of the negative and positive interactions on 

grass production is dependent on tree density. Established trees create sub-habitats which 

differ from the open habitat and which extend different influences on the herbaceous layer 

(Kennard and Walker, 1973; Tiedemann and Klemmendson, 1973; Kellman, 1979; 

Grossman et al., 1980; Stuart-Hill et al., 1987; Belsky et al., 1989; Smit and Swart, 1994; 

Smit 2004 and Smit and Rethman, 1998; 2000). 

 

Many savanna woody plants have extensive shallow root systems but not necessarily to the 

exclusion of some deeper running roots. The shallow root system enables them to make use 

of relatively light showers when water does not penetrate far into the soil. The most often 

developed lateral root system, can sometimes extend 7 to 12.5 times that of the canopy radius 

and it includes species such as Terminalia sericea, Burkea africana and Colophospermum 

mopane (Rutherford, 1980; 1983). Savanna evergreen trees tend to have deep root systems, 

at least in dry savannas (Skarpe, 1996). Schulze et al. (1998), found downward transport of 

water in roots (inverse hydraulic lift) with water flow into deeper soil layers. The inverse 

hydraulic lift serves as an important mechanism to facilitate root growth through the dry soil 

layers underlying the upper profile where precipitation penetrates (Schulze et al., 1998). The 

empirical observations of root distributions (Scholes, 1988; Scholes and Walker, 1993) show 

that the rooting depth separation between trees and grass is real but slight. The grass-root 

density exceeds tree-root density to a depth of nearly 1 m. Trees and grasses both have most 
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of their roots in the top 40 cm of the soil, which is not surprising, since in dry climates water 

seldom penetrates below this depth in significant quantities (Scholes and Walker, 1993). 

 

 Competition experiments for water, resources, soil and moisture have shown that mature 

trees are competitively superior to grasses while grasses tend to out-compete immature trees 

(Moore et al., 1988). Furthermore, trees have both competitive and facilitative effects on 

grasses in their vicinity (Stuart-Hill, 1985; Barnard, 1987; Belsky et al., 1989 and Tainton, 

1999).  The water-use niche of grasses, both in depth and time, is completely included by 

the tree niche (Knoop and Walker, 1985). The water-use efficiency of grasses is not 

substantially or consistently higher than that of trees; hence mature trees should always out-

compete grass (Knoop and Walker, 1985). This asymmetry of competitive water use creates 

instability in the interactions between trees and grasses. Grazing effectively weakens the 

suppressive effect of the grass layer on young trees in a patch of a few hectares, leading to 

the conversion of an open savanna patch in a tree-dominated thicket (bush encroachment). 

With time, tree growth and inter-tree competition will convert the bush-encroached patch to 

an open savanna (Scholes and Archer, 1997). 

 

2.3 Grass quality in the savanna  

A number of factors can affect grass quality and consequently, animal production in semi-

arid savannas. Water availability (Milchunas et al., 1995) grazing, fire (Trollope, 1982) and 

soil quality (Snyman 1998, 2002) have been identified as the major factors affecting 

nutritional quality of grasses in semi-arid savannas. “Moderate” leaf removal by grazing 

animals have positive direct effects by improving photosynthetic rates, increasing 

availability of nutrients, reducing water stress for un-grazed plants and increasing nitrogen 

concentrations in some plants (Wolfson and Tainton, 1999). 

 

2.4 Communal farming practices  

Bush encroachment affects the agricultural productivity and biodiversity of 10-20 million 

ha of South Africa (Ward, 2005). Communal rangelands, constituting approximately 12% 

of the country, include the previous homelands such as Bophuthatswana (De Bruyn and 

Scogings, 1998), where the study sites of this research were located. Communal rangeland 

areas, where agriculture is largely subsistence-based, are communally-owned and managed 

(De Bruyn and Scogings, 1998). These areas are degraded, non-sustainable and non-
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productive. Though degraded, these communal areas support a quarter of South Africa’s 

human population and half of the livestock population (De Bruyn and Scogings, 1998). If 

all these plants were condensed into a single area, they would cover the equivalent of 1.7 

million hectares which is more than the total area under commercial forestry and about the 

size of the Gauteng Province. Biological invasion is a major threat to biodiversity and 

economic livelihoods in South Africa. Invasive plants cost South Africa an estimated R 6.5 

billion every year (Wilson et al., 2013). According to Wilson et al., (2013), if left 

unmanaged, the overall impacts on ecosystem services are likely to rise by an order of 

magnitude. 

 

2.5 Tenure (Ownership and Right of Access) 

In many areas of the world, one of the key causes of poor land management is uncertain 

tenure (Bainbridge, 2007). According to Bainbridge (2007), tenure includes land use rights, 

land use control and other forms of access to resources. Tenure agreements may be based 

on ownership, agreement and custom, lease, rent or squatting.  It may be limited to only the 

right to browse branches from individual trees in some areas (Bainbridge, 2007).  

 

Ranching and farming without secure tenure are common in much of the world (Bainbridge, 

2007). Bainbridge (2007) concluded that a rancher, farmer or herder will not invest in careful 

stewardship or environmental repair without secure tenure and the belief of long-term 

benefits which occur from current actions. According to Hoffman and Ashwell (2001), 

communal land tenure, refers broadly to the system affecting the approximately 13% of land 

that was set aside for the homelands and self-governing territories by the colonial and 

apartheid government. Individuals under a communal land tenure system have few rights to 

own or sell land (Hoffman and Ashwell, 2001). Many communal areas have been classified 

as degraded on the basis of the structural differences in the vegetation when compared to 

commercial rangelands (De Bruyn and Scogings, 1999). Free access to communal resources 

is a recipe for environmental disaster as communal land tenure leads to overstocking and 

resource over-exploitation resulting in the “tragedy of the commons’’ (Hardin, 1968).  Here 

‘tragedy of the commons ‘is an economic theory of a situation within a shared-resource 

system where individual users acting independently according to their own self-interest 
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behave contrary to the common good of all users by depleting that resource through their 

collective action. 

 

According to Hoffman and Ashwell (2001), there are two distinct forms of land tenure that 

operate in South Africa, namely freehold and communal land tenure. Freehold tenure 

(commercial land tenure) essentially provides for individual or corporate ownership of a 

surveyed area that may be sold (Hoffman and Ashwell, 2001). Communal land tenure refers 

broadly to the system affecting approximately 13% of land that was set aside for the 

homelands and self-governing territories by colonial and apartheid governments (Hoffman 

and Ashwell, 2001). Political and economic conditions, demographic patterns and land use 

practices differ markedly in communal and commercial areas. According to Hoffman and 

Ashwell (2001) under communal land tenure, individuals have few rights to own or sell land 

which is ultimately owned by the state. On average about twice as much land is used for 

settlements in communal areas than in commercial farming areas (Hoffman and Ashwell, 

2001). 

 

Communal land in South Africa is characterized by continuous grazing usually with higher 

stocking densities than with commercial, commodity-based ranching (Scholes, 2009).  

According to Vetter (2013), communal rangelands are judged to be degraded based on 

several indices including species composition and standing biomass that compare 

neighbouring communal and commercial properties. According Scogings et al. (1999), 

communal rangelands are concentrated in the former homeland areas, which constitute about 

13% of the land surface area but are home to 25% of the human population and hold about 

half of all livestock. Many communal areas in South Africa were subjected to the Betterment 

system, which was implemented in the 1950’s. There are three categories of communal 

rangeland in South Africa (Scogings et al., 1999) 

 Designated rangeland in communal areas that were established as native reserves 

during or before the 1913 Land Act  

 Rangelands that were recently commercial (freehold) farms that were transferred as 

part of homeland consolidation or more recent (post-1994) land redistribution 

 Arable lands that are either abandoned or are still in use and become a common 

grazing resource after harvest, with crop residues providing grazing during dry 

season. 
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Scholes (2009) concluded that, in many communal lands, as compared to the commercial 

lands, there is a strong incentive for the individual to destock and stock animals kept as 

assets rather than production units. Moreover, degradation in southern Africa in communal 

areas can be attributed in part to the inability of land users to respond to environmental clues 

that warn of impending changes on the land (Beinart, 2000).  

 

The population in communal areas comprises a significant part of the communal rangeland 

ecosystem, making it imperative to understand how their activities influence and effect 

ecosystem functioning (Oba and Kaitira, 2006). Moyo et al. (2008) observed that the grazing 

management strategies currently employed in communal areas are principally controlled and 

dictated by interactions between social, ecological and institutional factors. Thus, the poorer 

the resource base, the greater the dependence on rangelands and the greater the mobility that 

lead to increased population pressure and political changes that contribute to the breakdown 

of this type of pastoral production (Bainbridge, 2007). 

 

When the overall vegetation was assessed, the rangeland was not in good condition because 

of the heavy bush encroachment, the communal rangeland was generally in a poor condition. 

Thus, communal areas have more woody species than commercial areas (Terefa et al., 

2007). Communal rangelands in South Africa are generally viewed as being degraded, non-

sustainable and non-productive while commercial farms are perceived to be non-degraded, 

sustainable and productive (the very opposite to commercial farms) (Tainton, 1999; 

Hoffman and Ashwell, 2001). Higgins et al. (1999) concluded that communal grazing 

management significantly changed the composition and structure of woody plant 

communities. 

 

The savanna is used largely for livestock grazing (Bagachi and Ritchie, 2010) and prolonged 

overgrazing is associated with land degradation (Cheng et al., 2004). In open savanna, grass 

biomass always exceeds tree biomass but when heavy grazing occurs, grass biomass per unit 

rainfall is reduced, reducing competition with trees. According to Masike and Urich (2008), 

livestock in Botswana is an important economic activity, practiced in communal areas and 

rangelands. The uncertainty of land tenure (Hoffman and Ashwell, 2001), plays a critical 

role in woody plant encroachment in study sites. According to Bainbridge (2007), 
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colonialism and corporate piracy often have disrupted stable, long-term tenure relationships 

in drylands and rights may still be uncertain or limited decades after colonial powers leave.  

 

Overgrazing is associated with communal grazing because there is no clear land tenure or 

property rights agreement that make it conducive for the farmers to invest in conservation 

of shared rangeland (Thomas, 2008). This then, releases water and nutrient resources for 

trees to germinate. Dembele et al. (2006), reported that the radial gradients of plant densities, 

and hence cover, are related to the regeneration gradient influenced by browsing pressure 

and or trampling on seedlings and saplings and its dire consequence on young and mature 

trees.  

 

 Exploiting natural resources without thought of the future depletes what is left for short 

term gain without any chance of rehabilitation (Reed, 2008). Thus, past failures of 

development initiatives to solve the problem of environmental degradation have been 

attributed to the lack of consultation and involvement of the rural populations (Tainton, 

1999). The degradation of land seems to be most closely related to whether a district was 

managed commercially or communally (Hoffman and Ashwell, 2001). In communal areas, 

land tenure is a complex variable, comprising several more direct influences on degradation, 

such as history, demography, socioeconomic conditions and land-use factors. In South 

Africa, communal tenure is synonymous with high population density, poverty, poor 

infrastructure and a strong reliance on natural resources for survival (Hoffman and Ashwell, 

2001). 

 

Communal lands have much broader livelihood strategies, of which livestock production 

may only be a small part (Dikeni et al., 1996).  Livestock are kept for multiple reasons 

including draft animal power, security, milk and meat. Communal land managers aim to 

maximise animal numbers per area and focus on the maintenance and survival of those 

animals (Dikeni et al., 1996). Management of the communal systems tends to be at low cost. 

Communal farmers see degradation as a long-term decline in livestock survival rates that 

are perceived to be independent of rainfall or drought (Dikeni et al., 1996). The economic 

effects of such degradation in communal areas are often very slow in expressing themselves 

(Dikeni et al., 1996). Communal rangeland management is a challenging process, the 

diversity of stakeholders and their socio-economic conditions make it difficult to apply to 
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communal rangelands (Tainton, 1999). Degradation in South African communal rangelands 

can be attributed in part to the inability of land users to respond decisively to environmental 

clues which warn of impending state changes (Vetter, 2007). As population sizes near 

carrying capacity, increased dependence in the population growth rates decrease with 

increasing population size because of the effects of competition on reproductive and 

mortality rates. Moreover, rangelands are judged to be degraded based on several indices 

(species composition and standing biomass) which compare neighbouring communal and 

commercial properties (Vetter, 2007).  

 

2.6 Causes of bush encroachment  

Changes in woody cover have been attributed to land-use practices. The links between 

causes and effects of bush encroachment are still widely debated (Archer, 2005; Britz and 

Ward, 2007). Homewood and Rogers (1991), argued that it is difficult to generalize about 

causes of change in range condition because of site specific interactions among ecological 

features and human use.  

 

Most often, woody plant increases have been ascribed to poor land-use practices. The 

general increase in savanna trees in South Africa in more recent times has been assisted by 

increasing CO2 concentrations (Bond et al., 2003). The causes of bush encroachment are not 

simple in that bush encroachment, can occur on both heavily grazed areas as well as in areas 

where grazing is infrequent and light (Bond et al., 2003). To efficiently manage on-going 

woody plant invasion, it is necessary to monitor the species spread regularly and there is an 

urgent need for new techniques enabling timely, fast and precise monitoring (Hulme et al., 

2009). Early and fast detection is needed to make the management cost–effective (Vila and 

Ibanez, 2011). It is essential to better understand the demography of thickening species by 

investigating aspects of their phenology and how climate, competition, fire and browsing 

affect large mammalian herbivores indirectly and determine changes in the structure as well 

as the dynamics of vegetation communities across terrestrial ecosystems (Belsky, 1994; 

Jachmann and Croes, 1991; Augustine and McNaughton, 1998; Harmer, 2001). 

 

In many areas of the world, one of the key causes of poor land management is uncertain 

tenure (Bainbridge, 1996). Changes to the structure of an ecosystem affect both its 

ecological and social values and recently, tree and shrub encroachment has presented 
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numerous challenges for land managers (Noble, 1997; Bovey, 2001). Tenure includes land-

use rights, land-use control, and other forms of access to resources (Bruce and Fortmann, 

1989).  A rancher, farmer or herder will not invest in careful stewardship or environmental 

repair without secure tenure and the belief that long-term benefits will result from current 

actions. These land managers usually have large areas under their control that they fail to 

enforce even weak environmental protections and have little funding to support management 

initiatives such as fencing, well building and water projects that would better protect 

resources (Chambers et al., 1997).  

 

Archer et al. (1995) and Van Auken (2009) argued that the primary causes of bush 

encroachment are not apparent, either globally, or in southern Africa (Hoffman et al., 1999; 

Ward, 2005; 2010; Buitenwerf et al., 2012). The establishment of herbaceous plants can be 

considered as secondary succession, which is defined as succession that occurs after the 

destruction of part or all of the original vegetation in a site (Gabriel and Talbot, 1984). 

Gabriel and Talbot (1984) defined plant succession as a progressive development, finally 

terminating in a climax community. Climax vegetation is thus, a final stable plant 

community in an ecological succession which is able to reproduce itself indirectly under 

existing environmental conditions (Gabriel and Talbot, 1984).  

 

Subsistence in the rural dryland areas worldwide depends on the effective and sustainable 

utilization of natural resources, which are increasingly threatened by land degradation 

(Hoffman and Ashwell, 2001). The African continent is spatially the most impacted with 

more than 70% of its agricultural drylands being already deserted (Hoffman and Ashwell, 

2001).  

 

Reed (2008) postulated that Bush encroachment may be caused by the changes in land-use 

practices rather than climate. The most important factor influencing bush encroachment was 

thought to be the replacement of individual browsing animals with grazers such as cattle and 

sheep (Hoffman and Ashwell, 2001). Overgrazing, fire frequency, soil moisture, nutrients 

and global warming, have also been associated with bush encroachment (Van Auken, 2009). 

Climate change and change in historical atmospheric carbon dioxide concentrations, 

([CO2]), fire regimes, rodent populations and livestock grazing have been registered as 



 
 

16 
 

driving forces in this shift in vegetation (Archer et al., 1995; Brown et al., 1997; Weltzin et 

al., 1997). 

Growing populations and diminishing resources still add to the environmental stress. Factors 

such overgrazing, mismanagement and overexploitation of resources and ignorance are what 

lead reduced biodiversity and invasion and expansion of woody species (Oba et al., 2000). 

A review of studies from semi-arid ecosystems (Schlesinger et al., 1990; Wilson, 1998), 

showed that an increase in density of woody plants beyond a critical density suppresses 

herbaceous plant growth (Oba et al., 2000) mainly due to severe competition for available 

soil water. Loss of vegetation cover and lack of tree regeneration caused by heavy browsing, 

grazing and wood cutting are said to initiate a sequence of processes that feedback on the 

local climate, causing a sustained decrease in rainfall (Schlesinger et al., 1990).  

 

Competition is a universal characteristic of all plant (and animal) communities and has a 

major impact on the composition and condition of these communities. The pattern of 

competition may also be changed by elimination of the competition of the grass layer by 

overgrazing. This, however, implies that more water in both deeper and surface soil becomes 

available for woody growth. Thus, the destruction of grasses also reduces fire damage and 

should lead to a regulation of woody individuals by competition between themselves 

(Skarpe, 1990). Competition always occurs when the demands of two or more individuals 

for any growth requirements are in excess of the supplying power of the environment. An 

inevitable consequence of the increasing density of plants in a community is that some or 

all of the individuals may receive an insufficient amount of a limiting resource to fulfil their 

needs (Tainton, 1999). The factors for which plants compete are numerous, but those for 

which competition is generally most intense are light, moisture and nutrients (Tainton, 

1999).  

 

For woody plants with potentially long life-spans and low post-establishment mortality 

rates, seedling recruitment is probably the most critical stage in the life history (Harper, 

1977). Woody plants are able to store carbohydrates from the previous season and therefore 

expand their leaves before or immediately after the first rains (the few deep roots may assist 

here) (Rutherford, 1984). This allows trees several weeks of preferential resource access 

before grasses are able to grow enough leaf to be competitors with trees. Most tree growth 



 
 

17 
 

and shoot development takes place in the first part of the season and sometimes again at the 

end of the wet season (Rutherford, 1984).   

 

The structure of the woody component of savanna is important to animals – for example tree 

height which determines the available browse, dense woody entanglements forming 

impenetrable barriers, availability of shade and protection against predators or scavengers 

are all critical for the animals in the area (Bothma et al., 1994). Thus, the problem of bush 

encroachment is a global concern because it lowers carrying capacity and this reduces 

livestock production (Dean and Macdonald, 1994; Jacobs, 2000; Smit, 2004). In Africa, the 

main encroaching species are the thorn trees (e.g. Vachellia karroo; V. reficiens, V. tortilis, 

Senegalia mellifera and Dichrostachys cinerea) (Kraaij and Ward, 2006). Furthermore, 

these species also tend to have high levels of phenolic compounds (e.g. tannins) in their 

leaves, which reduce their digestibility to livestock and wildlife. The combination of 

thorniness and low digestibility of Vachellia trees reduces their accessibility and natural 

value to consumers (Jacobs, 2000).  

 

The difference in species composition observed between protected (fenced-off and privately 

owned) and unprotected (full access and utilization of resources without proper monitoring 

and management) savannas may be explained mostly by a combined effect on selective 

logging and cutting and livestock grazing. Unprotected savannas are highly subjected to 

human disturbances such as overexploitation, overgrazing, mismanagement total disregard 

of conservation strategies (Noble and Dirzo, 1997; Sagar et al., 2003).  

 

Woody plants are thought to have a competitive edge over herbaceous plants, due to a very 

often extended taproot system, implying that the savanna has an inherent tendency to 

become increasingly woody.  The negative effect of trees on grasses may result from rainfall 

interception, litter accumulation, shading, root competition, or a combination of these factors 

(Scholes and Archer, 1997). The herbaceous component of savanna communities is 

normally relatively shallow rooted, implying that its growth is often dependent on moisture 

held within that layer. The upper layers of the soil profile are available to grasses. Here, the 

grass has a competitive advantage over the woody species because of its fibrous root system 

(Scholes and Archer, 1997). Furthermore, trees are thought to have a competitive advantage 

in resource-rich and heterogeneous soils and less effective in resource depleted soils. Where 
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above-ground competition depends largely on grassland management (grazing, mowing, 

burning), below-ground competition depends largely on soil resource quantity and 

distribution (Partel and Helm, 2007). Tree and grasses interact through harsh root 

competition, but below-ground processes have been neglected in the dynamics of semi- 

natural grasslands. According to Partel and Helm (2007), trees and shrubs have deep root 

systems and they can forage over nutrient-rich and nutrient-poor patches below the ground. 

Herbaceous species, in contrast, have shallow root systems that cannot reach out from poor 

patches (Campbell et al., 1991; Grime, 1994).  

 

The relatively high nutrient status of soil beneath, compared to between tree canopies (Bosch 

and Van Wyk, 1970; Kennard and Walker 1973; Tiedemann and Klemmendson 1973; 

Kellman 1979; Bernhard-Reversat 1982; Belsky et al., 1989; Young,  1989; Smit and Swart, 

1994), would be expected to lead to a relatively higher nutrient content of the grass growing 

in open savanna. Topography, soil structural properties, soil moisture and nutrients all 

contribute to the tree-grass dynamics within savanna systems (Britz and Ward, 2007). The 

specific factors involved in determining the tree-to-grass ratio and bush encroachment are 

not well understood (Ward, 2005; Britz and Ward, 2007). Soil texture is a crucial 

determinant of the tree-to-grass ratio due to its effects on plant growth, soil moisture, 

nutrients presence and availability (Britz and Ward, 2007).    

 

The encroachment of woody species into temperate grasslands has also been explained by 

increased atmospheric nitrogen pollution (Kochy and Wilson, 2001).  The larger the tree, 

the larger the area of resource depletion and the greater its competitive effect on its 

neighbours. Also, a large proportion of the roots are concentrated at shallow depths 

(Castellanos et al., 1991; Smit and Rethman, 1998) where they would actively compete with 

the shallow rooted herbaceous plants.  

 

Evidence that bush encroachment is caused by the changes in land-use practices rather than 

climate exist (Hoffman and Ashwell, 2001). The most important factor influencing bush 

encroachment is thought to be the replacement of individual browsing animals with grazers 

such as cattle and sheep (Hoffman and Ashwell, 2001).  Thus, growing populations and 

diminishing resources add to environmental stress.  A review of studies from semi-arid 

ecosystems showed that an increase in density of woody plants beyond a critical density 
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suppresses herbaceous plant growth (Oba et al., 2000), mainly due to severe competition of 

available soil water. Loss of vegetation cover and lack of tree regeneration caused by heavy 

browsing, grazing and wood cutting are said to initiate a sequence of events that feedback 

on local climate, causing a sustained decrease in rainfall (Schlesinger et al., 1990). 

 

Some species may tolerate disturbances while others may disappear (Houehanou et al., 

2013). The diversity of explanations for bush abundance of trees might be due to the fact 

that different species having varying phenologies in varying climate, soils and thus 

underlying mechanisms of bush abundance and thickening may differ (Joubert et al., 2008).  

 

2.7 The forces known to influence the rate and pattern of bush encroachment  

Woody encroachment drivers are many and complex (Ward, 2005; Archer, 2010). On a 

global and regional scale, atmospheric warming, elevated concentration of carbon dioxide 

and nitrogen deposition could be possible drivers (Archer, 1995; Wigley et al., 2010). 

According to O’Connor et al. (2014), the suppression of fire during the early twentieth 

century is one of the major contributing drivers of bush encroachment. O’Connor et al., 

(2014), argued that severe grazing by livestock or wildlife could promote bush 

encroachment by reducing the fuel load or by reducing grass competition. Historical changes 

in grazing pressure are central to understanding bush encroachment, specifically the effect 

of disease pandemics and the pattern on grass competition and fire suppression and in some 

cases seed dispersal (O’Connor et al., 2014). O’ Connor et al. (2014), however, concluded 

that increased atmospheric [CO2] is the major driver of bush encroachment.     

 

2.8 Extent of woody plant encroachment in the Molopo area  

Woody plant proliferation in grasslands and savannas over the past century has been widely 

documented and its causes debated (Archer, 1994; Archer, 1995; Van Auken, 2000).  

According to Molatlhegi (2008), Mogodi (2009) and Comole (2014), the extent of woody 

plant encroachment in the Molopo Area in the North West Province resulted in the drastic 

shift from a grass dominated area to a woody dominated area, changing the ecosystem 

completely too woodland savanna. Furthermore, the encroachment of woody species 

resulted in the reduction of woody biodiversity (Comole, 2014), limiting the encroaching 

woody species in rangelands to dense areas of Vachellia tortilis, V. hebeclada, Senegalia 
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mellifera and Dichrostachys cinerea (Molatlhegi, 2008, Mogodi, 2009, Comole, 2014) and 

Prosopis velutina in the riparian areas (Comole, 2014). 

 

2.9 Remote Sensing  

2.9.1 Remote sensing application  

Remote Sensing is broadly defined as the science of obtaining information about an object 

without direct physical contact with the object (Lillesand et al., 2004). The term Remote 

Sensing refers to methods and techniques that make use of electromagnetic energy, such as 

light, heat and radio waves as the means of detecting and measuring target characteristics 

(Sabins, 1987). 

 

Remote sensing has been found to be a cost effective approach to detect changes over large 

areas and even geographic regions and it has been of importance in monitoring the changing 

patterns of vegetation (Vrieling, 2006). Mapping and monitoring vegetation species in 

disturbed areas requires that there be extensive coverage and that quantitative, timely, 

accurate and regularly collected information be gathered. All these factors have made the 

use of remote sensing a powerful tool (Austin et al., 2009).  

 

According to Wessels et al., (2006), remote sensing is the advanced tool for surveying and 

provides the synoptic view of the area. This technique offers quick and repetitive data and 

is accurate and potentially inexpensive and natural resource management over large areas 

(Wessels et al., 2006).  

 

However, these traditional methods of mapping and monitoring vegetation have proved not 

to be effective to acquire vegetation cover characteristics because they are time consuming, 

date lagged and often too expensive (Austin et al., 2009). In contrast, remote sensing has 

attracted scientific awareness ensuing in the provision of varied spatial resolution imageries 

that are not physically feasible and cost effective but also give appropriate and precise 

information (Austin et al., 2009).  

 

More recently, there is a growing demand to use information on vegetation condition in a 

broader regional context and to monitor achievement, and to report on progress towards 
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regional, state and national targets of vegetation condition using remote sensing (Parkes and 

Lyon, 2006; Neldner, 2006).  

 

The spatial technologies of remote sensing and GIS provide possibilities for production, 

storage and rapid updating, of habitat maps given the threats to stability of habitats from 

human and natural factors (Munyati and Ratshibvumo (2010). One of the most widely used 

methods in vegetation type mapping using remotely sensed images is pixel-based image 

classification (Munyati et al., 2011).  

 

2.9.2 Application of remote sensing in the assessment of bush encroachment  

In the past, assessment of woody vegetation density and canopy cover in the vast arid to 

semi-arid savanna environments has been limited to analysis of field data (Adjorololo, 

2008). The acquisition of field data for relatively large areas can be impractical, considering 

that longer time of fieldwork is required. In this respect, remote sensing applications can 

provide information that is quick, timely and economical for the estimation of vegetation 

resources over large and complex savanna environments (Adjorololo, 2008).  

 

Moreover, remote sensing has been utilized as a primary source of spatial data to 

characterize patterned woody vegetation density and canopy structure in the southern 

African savanna ecosystems (Hudak and Weissman, 1998; Yang and Prince, 2000; Hudak 

and Weissman, 2001; Wessels et al., 2006). Remote sensing has also been used to develop 

updated vegetation maps and establish statistics about percentage woody canopy cover in 

semi-arid savanna environment (Stuart et al., 2006; Wessels et al., 2006).  

The utility of remote sensing in the assessment of bush encroachment has been demonstrated 

by a number of authors. A variety of imagery has been utilized in the process, ranging from 

aerial photographs (e.g. Hudak and Weissman, 1998; O’Connor and Crow 1999), satellite 

imagery (e.g. Hudak and Weissman, 2001) combinations of aerial photographs and satellite 

imagery (e.g. Hudak and Weissman, 2001; Laliberte et al., 2004) to airborne hyper spectral 

images (e.g. Asner and Martin, 2008). On multispectral panchromatic aerial photographs, 

which are particularly useful in assessments involving periods predating satellite images 

(e.g. Hudak and Weissman; 2001; Laliberte et al., 2004), changing in image texture as 

woody cover increases have been shown to be key indicators of bush encroachment (Hudak 

and Weissman, 1998; 2001; O’Connor and Crow, 1999; Roques et al., 2001).  
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High spatial resolution is important in detecting bush encroachment on remotely sensed 

images (Hudak and Weissman, 2001; Laliberte et al., 2004), primarily because the 

encroaching bushes have small crown diameters.  

 

2.9.3 Remote sensing of savanna vegetation and image texture analysis   

Remote sensing on tree canopy cover often follows the spectral or spatial domains which 

are the two main approaches applied in vegetation studies (Jupp and Walker, 1997). For 

remote sensing investigations, the image texture response therefore, contains important 

information about the spatial and structural arrangement of the remotely sensed objects (Tso 

and Mather, 2001).  

 

Texture information contained in remote sensing data has been very useful for a wide range 

of remote sensing applications, for example, to assess global land cover, image texture 

analysis has played an important role in the classification of vegetation communities, which 

have been remotely sensed (Miranda et al., 1998; Carter and Knapp, 2001).  

 

Texture information extracted from high-resolution multispectral images has been 

intensively studied and considered useful for the discrimination of different land cover 

classes such as water bodies, urban areas and agricultural fields (Atkinson and Curran, 1997; 

Chica-Olmo and Abarca-Hernandez, 2000).   

 

2.10 SPOT images 

Systeme Pour L’Observation de la Terre (SPOT) is a series of Earth observation imaging 

satellites designed and launched by Centre National d’Etudes Spatialles (CNES) of France, 

with support from Sweden and Belgium. SPOT was launched in 1986, with successors 

following every 3/4 years. All satellites are in sun-synchronous, near polar orbits and 

altitudes around 850 km above the Earth (Yichum et al., 2008).  

 

SPOT has a number of benefits over the space borne optical sensors. Its fine spatial 

resolution and pointable sensors are the primary sensors for its popularity. SPOT allows 

applications requiring fine spatial detail (such as urban mapping) to be addressed while 
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retaining the ease and timeliness advantage of satellite data. The potential implementations 

of SPOT data are numerous. Applications requiring frequent monitoring are well served by 

SPOT sensors (Yichum et al., 2008).  

 

 2.11 Remote sensing and image classification  

Image classification serves a purpose to analyse the distribution of vegetation types and 

determine their relationships (Ndou, 2013). Mueller-Dombois and Ellenberg (1974) defined 

the classification of vegetation as a fundamental tool for obtaining knowledge about the 

vegetation cover and its relationship with the Earth’s environment. This process converts 

satellite data into information based on pixel values within the image. This process has made 

it possible for researchers to study the Earth’s surface using satellite data (Goodchild, 1994; 

Gao, 2009).  

 

According to (Campbell, 2006), image classification can be applied to various sensing 

applications, used for image analysis and pattern recognition. Monitoring vegetation 

conditions is accompanied by the classification of remote sensing images (Van Til et al., 

2004). For the purpose of classification and mapping of vegetation cover and scale, 

remotely-sensed data are used (Perumal and Bhaskaran, 2010). Yongxue et al. (2006) 

defined remote sensing image classification as land-use or cover class extraction from 

satellite imagery. Classification smooths out significant variations and simplifies images 

into thematic maps of land cover. According to Gibson and Power (2000), the process of 

classification assigns pixels which have similar spectral characteristics which are assumed 

to belong to the same class are then identified and assigned a unique colour. Once an image 

is classified, the dataset can be interrogated and the area of different classes can be set 

(Gibson and Power, 2000). The unsupervised and supervised class approaches can be used.  

Image classification is separated into a supervised and an unsupervised classification.  

 

2.11.1 Supervised classification  

Supervised classification involves three major steps, namely (1) selection or generation of 

training areas (2) evaluation of training signature statistics and spectral pattern and (3) 

classification of images (Lillesand and Keifer, 1994; Trotter, 1998). Supervised 

classification requires significant interaction with the analyst, to a certain category. This 

method involves the need for prior knowledge of the ground cover of the study site (Hasmadi 
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et al., 2009). The user (analyst) decides on the number and types of classes to be extracted. 

It requires training data to generate classes defined by where the same generated training 

data are used to train a classified algorithm (Kamaruzaman et al., 2009).  

 

 

2.11.2 Unsupervised classification  

The unsupervised classification involves the examination of unknown pixels in an image 

and combining them into a number of classes on the basis of natural groupings or clusters 

present in an image (Babykalpana and Thanushkodi, 2010). This classification method 

requires minimal interaction with the analyst and searches for manual groups of pixels 

within an image (Campbell, 2006). According to Campbell (2002), unsupervised 

classification has the following advantages: human error is minimized, no extensive prior 

knowledge of the region is required and unique classes are recognized as distinct units. The 

disadvantages of unsupervised classification include spectrally homogeneous classes within 

the data that do not necessarily correspond to the information categories that are of interest 

to the analyst. As a result, the analyst also has limited control over the menu of classes and 

their specific identities (Campbell, 2002). It is on this basis that thsunsupervised 

classification was preferred ahead of supervised approach in the current study. 

CHAPTER 3  

 

STUDY AREA AND CLIMATE CONDITIONS 

3.1 Location and description  

The study area was conducted in the semi-arid Savanna Biome in the North West Province, 

South Africa.  The North West Province (NWP) (Figure 3.1.), of South Africa is surrounded 

by the provinces of Gauteng, Limpopo (formerly Northern Province), the North Cape, Free 

State and the Republic of Botswana (Figure 3.1.). It is the 6th largest of the 9 provinces in 

South Africa. The North West Province is predominately rural, with 65.1% of the population 

living in rural areas and 34.9% in urban areas. However, the rate of urbanization is 

increasing, largely due to the lack of employment in rural areas (State of the Environment 

Report Overview, 2002).  
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Figure 3.1: Orientation of the North West Province (Department of Agriculture, 

Conservation, Environment and Tourism, 2002).  

  

The study was conducted along the selected sites along the Mafikeng-Disaneng road, 

approximately 27 km from Mafikeng town (now named Mahikeng) in the Lekung and 

Masutlhe Villages in the North West Province, South Africa (Figure 3.2). The three selected 

sites were located within the coordinates S 25° 47’and E 25° 21’. In general, the North West 

Province, is showing signs of increased soil degradation (Figure 3.9) the most severely 

affected areas are those that are communally managed (North West Province State of the 

Environment Report, 2002). The Benchmark sites (references sites), were located within the 

same ecological zone as the research sites (Figure 3.2).  

 

The study area (Lekung, Masutlhe 1 and Masutlhe 2) and the reference sites (benchmark 

sites), were located within the vast Savanna biome, which covers large parts of southern 

Africa. All the areas were located in the North West Province (Figure 3.1). Each of the sites 

can be described as being in a poor condition because of overgrazing, overstocking of cattle, 

soil erosion, wood cutting and mismanagement of resources.  
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According to the North West Province State of the Environment Report of 2002 (State of 

the Environment, 2002), rural settlements, informal settlements and traditional villages 

generally on state or tribal land are poorly developed or have only a few basic services. The 

three survey sites also had two benchmark sites (reference sites) that were located within 

close proximity to the sites approximately 20 – 30 km from Mafikeng (Figure 3.2) in a 

protected area which were under no human influence such as grazing of cattle, tree cutting, 

littering or exploitation of resources as compared to the study sites. According to Roux 

(1986), a veld benchmark is veld with the best possible botanical composition and cover 

(excellent condition) in relation to prevailing climate. It thus, implies that these benchmark 

sites have been well managed in the past (Roux, 1986). These areas were not affected by 

humans or animals and there were no visible disturbances. Tainton (1999), explained that a 

benchmark site (reference site) should be in a good condition and have production capacity. 

The selected benchmark sites proved to be in good condition as they were fenced off, well 

managed and protected with a standard production capacity. The surrounding community 

had no access to the protected area and thus had no interaction with the area.  
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Figure 3.2:  Geographical location of the study site.  

 

3.2 Climate  

Climate plays an important role in determining the availability of water resources, the nature 

of the natural landscape and vegetation type (State of the Environment Report, 2002). 

According to Tainton (1999), climate is a major determinant of the geographical distribution 

of species and vegetation types. The IPCC (2011), argued that recent changes in climate 

such as temperature in certain regions have already had significant impacts on biodiversity 

and ecosystems. Thus, within any area of general climatic uniformity, local conditions of 

temperature, light, humidity and moisture vary greatly and these factors play an important 

role in the production and survival of plants (Tainton, 1999). Temperature and rainfall are 

considered the major climate entities affecting plant diversity.  

 

3.2.1 Climate in the savanna      

The Savanna in South Africa and Swaziland does not occur at high altitudes and is found 

mostly below 1 500 m and extending to 1 800 m on parts of the Highveld mainly along the 

southern most edges of the Central Bushveld (Schulze, 1997). Temperatures in the savanna 

are therefore, higher than those of the adjacent grassland at higher altitudes. The mean daily 

maximum temperature for February rarely drops below 26°C and exceeds 32°C in the 

Kalahari region and some low-altitude parts of savanna in the east (Schulze, 1997). 
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Worldwide, savannas have a strongly seasonal rainfall with wet summers and dry winters 

(Nix, 1983). The Savanna biome typically has a distinct dry season, with most of the area in 

South Africa receiving 5 mm in each of the months of June, July and August. Most savanna 

areas in Southern Africa have what is classified as strong summer rainfall or summer rainfall 

(Rutherford and Westfall, 1994).      

  

3.2.2 Climate of North West Province and Mafikeng  

There are wide seasonal and daily variations in temperature in the North West Province. 

According to De Villiers and Mangold (2002), the climatic conditions in the North West 

Province vary considerably from west to east. In the western regions the climate is mainly 

hot and temperature while the central regions area dominated by typically semi-arid 

conditions (De Villiers and Mangold, 2002). The summers are warm to very hot with 

average daily maximum temperatures of 30°C in January (North West Province State of the 

Environment Report, 2002). According to Mucina and Rutherford (2006), the temperatures 

remains above 40°C for the most part of the area, with temperatures dropping to below 10°C 

in May-August. The highest altitudes are recorded at 1290 m, with the minimum rainfall 

reaching 541 mm. There are wide seasonal and daily variations in temperature, being very 

hot in summer (daily average high temperature of 32°C in January) and mild too cold in 

winter (average daily minimum in July is 0.9°C) (North West State of the Environment 

Report Overview, 2002).  

 

Mafikeng has a typical semi-arid savanna climate, with a dry season extending from May to 

October. The mean monthly minimum temperatures vary from 2.7°C in July to 17.7°C in 

January, while mean maximum temperatures change from 20.7°C in June to 30.6°C in 

December. Climate diagrams of Mafikeng (Mahikeng) for the period of (1990-2014) are 

represented in Figures 3.3 and 3.4 respectively. 
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Figure 3.3: Average minimum temperatures (ºC) for the years 1990-2014 (South African 

Weather Service.)  

 

Temperature data was obtained from the South African Weather Service. Average monthly 

minimum and maximum temperatures are given for the 1990-2014. Figure 3.3 shows the 

trend for the 26 years. According to Figure 3.3, the years of 1992 and 2009 had the highest 

minimum temperatures with the year 1994 having the lowest minimum temperature.  

 

  
 

Figure 3.4: Maximum temperatures for Mafikeng (1990-2014) (South African Weather 

Service) 
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According to Figure 3.4, the long-term analyses revealed that the maximum temperatures in 

the area have been fluctuating. The year 2010 had the highest maximum temperature at 

30.5°C with 1991 had the lowest at a temperature of 26.1°C. According to Huxman et al., 

2004, climate has a strong influence on dry land vegetation types, biomass and diversity. 

Climate factors such as precipitation, radiation and temperature are key determinants for the 

distribution and productivity of vegetation around the world.  

 

3.3 Rainfall 

Rainfall is the factor which most clearly determines the distribution of plant communities in 

South Africa, as well as the potential productivity of the communities (Tainton and Hardy, 

1999). Rutherford (1978), reported a positive and generally linear correlation between 

rainfall and herbaceous dry matter at a number of sites in southern Africa. Rutherford (1978), 

approximated that two thirds of the country receives less than 500 mm of rain per annum 

while values of less than 100 mm are not uncommon in the western parts of South Africa. 

According to Schulze (1997), the regions which receives a rainfall between 600 mm and 

1000 mm skirt the foothills of the Drakensburg and associated mountains and indicate most 

of Lesotho and Kwazulu-Natal, parts of the southern Cape coast, parts of Mpumalanga and 

eastern and central Free State. Schulze (1997), suggested that successional development of 

the vegetation to a forest or shrub climax is normally possible only in areas which receive a 

rainfall higher than 750 mm per annum. Where rainfall range is between 250 mm to 750 

mm, a grassland or savanna (Bushveld) climax generally develops and below 250 mm a 

Karoo climax which adapted specifically to arid conditions grows.  

 

Rainfall is highly variable in time and regionally. Droughts and floods occur regularly at 

both provincial and local scales. They play a significant role in almost every aspect of the 

social, economic and ecological environment within the Province (North West State of the 

Environment Report, 2002).  
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Figure 3.5: North West Province mean annual rainfall (Department of Agriculture, 

Conservation, Environment and Tourism, 2002) 

 

3.3.1 Precipitation  

 

The North West Province (Figure 3.1) falls within a summer rainfall region, and rainfall 

often occurs in the form of late afternoon thunderstorms (State of the Environment Report, 

2002). Rainfall in the province is highly variable both regionally and in time. The western 

part of the province which is classified as being arid receives less than 300 mm of rain per 

annum, while the central semi-arid regions receive 500 mm of rain per annum. The eastern 

and south-eastern part of the region receives over 600 mm of rain per annum (Figure 3.5). 

Droughts and floods are regular occurrences at provincial and local scale. In most parts of 

the province, evaporation exceeds rainfall (Tainton, 2000).  
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Figure 3.6: Average rainfall of North-West Province (1990-2014) (South African Weather 

Service, Station)   

 

Monthly rainfall data for the period of 1990-2014 was obtained from the South African 

Weather Service (SAWS), Figure 3.6 shows a more accurate presentation of the long-term 

average rainfall for Mafikeng for the period of (1990-2014). A high of 873.6 mm was 

recorded for the year 1997 and a low of 312 mm recorded for 2007.  

 

3.4 Vegetation 

 According to Low and Rebelo (1996), Mafikeng falls within the Savanna Biome. The 

vegetation has been classified as the Mafikeng Bushveld vegetation type. Scholes and 

Archer (1997), define the savanna as vegetation where trees and grasses interact to create a 

biome that is neither grassland nor forest. In the Southern Africa, the savanna Biome is the 

largest Biome, occupying approximately 46 % of its area (Low and Rebelo, 1996).  

 

The study area is situated within the Mafikeng Bushveld. The Mafikeng Bushveld is 

characterised by well-developed trees and shrub layers, dense tracts of Terminalia sericea, 

Vachellia luederitzii, and Acacia species, Grewia flava, Grewia retinervis, Searsia 

tenuinervis and Ziziphus mucronata. The prominent encroaching woody species and 

significant grasses in the study sites included Vachellia tortilis (Umbrella thorn), Grewia 

flava (Raisin bush), Ziziphus mucronata (Buffalo thorn) as encroaching species and 

Eragrostis lehmanniana, Stipragrostis uniplumis as grasses.  
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Figure 3.7: North West Province Vegetation types (Department of Agriculture, Conservation, 

Environment and Tourism, 2002).  

 

 

 

Figure 3.8: Biomes in the North West Province (Department of Agriculture, Conservation, 

Environment and Tourism, 2002). 
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3.5 Geology and soil types   

According to De Villiers and Mangold (2002), soils are dynamic in nature and are constantly 

evolving and degrading by means of natural and man induced processes. Since, the early 

1970’s, our knowledge of the distribution and properties of soils has increased significantly 

especially in the traditionally cultivated parts of the country (De Villiers and Mangold, 

2002).  

 

In South Africa communal rangeland management is often associated with severe soil 

degradation, heavy stocking and poor management such as overgrazing (Shackelton 1993; 

Harrison and Shackelton, 1999; Hoffman and Ashwell, 2001). In general, the North West 

Province is showing signs of increased land and soil degradation (Figure 3.8) (North West 

Province State of the Environment Report Overview, 2002). All magisterial districts show 

signs of degradation and desertification. The most severely affected are those that are 

communally managed. This has numerous negative consequences for agriculture in the 

province such as increased productivity of the croplands (North West Province State of the 

Environment Report, 2002).  

 

3.5.1 Soils  

According to Mucina and Rutherford (2006), the Mafikeng Bushveld vegetation type is 

characterized by Aeolian Kalahari sands of tertiary to recent origin on flat sandy plains at 

soil depths of approximately 1.2 m. The soil consists of Clovelly and Hutton forms (Mucina 

and Rutherford, 2006). Different authors or researchers reported on the soil of Kalahari 

Thornveld in different ways. Acocks (1988) as well as Low and Rebelo (1996) described 

the Kalahari soil as loose sandy soils while De Villiers and Mangold (2002) classified it as 

freely drained to semi-arid, red and yellow soils with a clay content of approximately 15 %, 

which have developed calcareous crusts.  

 

Hutton and Clovelly soils are the most prominent in the area.  

 

Hutton soils are a medium to coarse loamy sand to loam texture and are mostly non-

calcareous with a high bare status (Van der Meulen, 1978). These soils are shallow (300-

600 mm). The shallowness and low clay content of these soils results in a relatively low soil 

or water potential (Van der Meulen, 1979). MacVicar et al., (1977), described Clovelly soils 
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as acidic and noticeably dense in the subsoil layer in spite of being classified as having 

apedal (structure less but physically favourable and clear characteristics of B horizon) 

characteristics.    

 

3.5.2 Land types   

The study area is located in land types. Thus, the land types present in the study area are Ae, 

Ah and Be (Mucina and Rutherford, 2006).  The A land type also refers to as land which 

does not qualify as a plinthic catena and in which one or more of the above soil forms occupy 

at least 40% of the area (Land Type Survey Staff, 1988). Mucina and Rutherford, 2006, 

described land types A-A3 as red-yellow, well-drained soils lacking a strong texture 

contrast. Moreover, land types Ae described as A4-red consists of massive or weakly 

structured soils with high base status (associates of well-drained Lixisols, Cambisols and 

Luvisols (Mucina and Rutherdford, 2006). Ae land types are characterized by Vachellia 

tortilis, and Vachellia erioloba on sandy soil (Mucina and Rutherford, 2006). Ae land types 

refers to red, high base status soils that are more than 300 m deep with no dune (Land Type 

Survey Staff, 1988). All the A land types consist of yellow and red soil. Soil forms in land 

type include Inanda, Kranskop, Magwa, Hutton, Griffin and Clovelly (Land Type Survey 

Staff, 1988). The yellow soil in Ae land type yellow soil occupy less than 10% of the area. 

Ae land type is characterised by Acacia species, mainly Vachellia tortilis and V. nilotica on 

clayey soil and V. erioloba on sandy soil (Mucina and Rutherford, 2006). 

 

The B land type occupies a very large area of the South African interior (Land Type Survey 

Staff, 1988). The South African interior is occupied by a catena which in its perfect form is 

represented by Hutton, Bainsvlei, Avalon and Longlands forms. The valley bottom is 

occupied by one or other gley soil (Land Type Survey Staff, 1988).  

 

3.5.3 Geology 

The geology of the North West Province (Fig.3.10) is significant because of its mineral 

resources which are rich in exploitable platinum, gold, uranium, iron, chrome, manganese 

and diamonds (North West State of the Environment Report, 2002). The geology of the 

Mafikeng Bushveld (SVK 1), occurs on Aeolian Kalahari sand on flat sandy plains with 

relatively deep soils of Clovelly and Hutton forms. Approximately 75% of the Mafikeng 

Bushveld vegetation type is intact but considered to be vulnerable (National List of 
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Threatened Ecosystems, 2011). The main agent of transformation to date is from crop 

farming to further loss of this vegetation type is considered undesirable (National list of 

threatened ecosystem, 2011).  

 

 

 

Figure 3.9: Soil degradation extent per magisterial district (Department of Agriculture, 

Conservation, Environment and Tourism, 2002). 
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Figure 3.10: North West Province Geology (Department of Agriculture, Conservation, 

Environment and Tourism, 2002) 

 

 

 

 

 

Figure 3.11: A clear representation of Bush encroachment and disturbance of land. Á road 

and footpaths are clear evidence of human activity. 
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Figure 3.12: A road and footpaths are clear evidence of human presence. Dense bushes 

visible in the background. 

 

 

 

 

 

Figure 3:13: Animal grazing in the area.  
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Figure 3.14: Dense bushes are clear evidence of bush encroachment  
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Figure 3.15: Dense stands of Vachellia tortilis 
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Figure 3.16: Hard soil surface prevents grass growth  
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CHAPTER 4 

METHODOLOGY 

 

4.1 Materials and methods  

Vegetation is probably the single-most influential characteristics of the environment that 

can reveal many pieces of vital information on various aspects of an area under 

observation (Van Rooyen, 2002). In order to quantify the woody plant densities in the 

respective study sites (Lekung, Masutlhe 1 and Masutlhe 2; see Figure 3.2) the variable 

quadrant method for describing woody plant composition and structure was used 

(Coetzee and Gertenbach, 1977). This method was also applied by various researchers 

(Sidiyasa and Samsoedin, 2003; Molatlhegi 2008; Mogodi, 2009; Comole, 2014) to 

quantify the woody plant densities in their chosen study areas. GIS and remote sensing 

methods were employed to ensure the achievement of the objectives of this research study 

(Chapter 1). ERDAS Imagine 2015 was utilised for image processing, and support 

mapping was undertaken using ArcMap 10.3.1. A handheld GPS was used for position 

location in the field. The materials and equipment used for this research are listed in Table 

4.1. 

 

Table 4.1: List of materials 

No. Material 

1. Measuring poles 

2. Data collection sheets 

3. GPS apparatus 

4. Camera 

5. ERDAS Imagine 2015® 

6. Arc Map 10.3.1 

7. Meter tapes 
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4.1.1 Remote sensing data  

SPOT images were selected for the study, because of the requirement for high spatial 

resolution. The images acquired dated from 2004, 2006 and the newest 2014 (Table 4.2). 

Images were acquired with an appropriate time period in order to study bush 

encroachment where grasses are largely in senescence. 

 

Table 4.2: List of images used 

Date K/J reference Satellite Spatial 

Resolution (m) 

21 August 2004 127/402 SPOT 4 20 

04 September 2006 127/402 SPOT 2 20 

14 July 2014 128/402 SPOT 5 5 

14 July 2014 126/401 SPOT 5 5 

 

4.1.2 Field data and image pre-processing  

Field quantification and validation of woody vegetation was undertaken at the study sites, 

in order to derive data on woody vegetation for use in image interpretation. Training data 

for vegetation density was determined using a detailed field survey procedure. The 

variable quadrant method was utilised for quantification of the woody vegetation.  

 

The variable quadrant method was designed to overcome the shortcomings of fixed-plot-

size sampling of structurally complex vegetation, where there are marked differences in 

the density of plants at different height classes (Coetzee and Gertenbach, 1977, Sidiyasa 

and Samsoedin, 2003). Moreover, fixed-plot methods tend to oversample the lower 

height classes, where plant density is high and under sample the low-density upper height 

classes, while enumerating for each height class according to its density (Coetzee and 

Gertenbach, 1977, Sidiyasa and Samsoedin, 2003). It was for this reason that the variable 

quadrant method was used in this study. According to this method (Coetzee and 

Gertenbach, 1977), each quadrant square starts at a minimum of 10 m × 10 m followed 

by 20 m × 20 m, 30 m × 30 m, 40 m × 40 m and ends at 50 m × 50 m. Species were 

recorded according to their given height classes. The quadrant is namely actually a square 

with centre at the centre of the cross and divided by the cross into four quarters, each size 

of the largest test square (Coetzee and Gertenbach, 1977). The height classes were 0-0.5 
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m, 0.5-1 m, 1-2 m, 2-3 m, 4-5 m, and 5-6 m. Moreover, to determine the appropriate 

quadrant size for each height class, at least one individual woody plant of the height class 

of interest must be found in each of the 5 × 5 m quadrants (marked by the 5-m mark on 

the rope) around the mid-point in one or more of the four quadrants, then the quadrant 

size is expanded another 5 m. The expansion, thus, continues at 5 m intervals until all 

four quadrants have at least one individual of that height class.  

 

 

Figure 4.1: Procedure for determining quadrant size for a height class, e.g. 1 m tall plants 

(Coetzee and Gertenbach, 1977). 

 

For each height class, the phytomass (Tree Equivalents (TE) ha-1) was calculated, using 

the formula, phytomass = n x h x 1.5-1 (n, number of plants ha-1; h, mean height of the 

shrub or tree (m) (Dreber et al., 2014). 

 

Moreover, according to this method (Coetzee and Gertenbach, 1977), canopy regime for 

all woody plants is calculated from the average maximum canopy diameters at that height 

level (𝐴 = 𝜋. 𝑟2). Canopy cover is calculated as a horizontal spread of the canopy 

diameters and is expressed as percentage of sampling unit area. Canopy cover was not 

determined in this study. 

 

4.1.3 Methods to quantify woody species  

For this study, the woody structure and composition were recorded per species and height 

class at different height levels in all three sites (Lekung, Masutlhe 1 and Masutlhe 2, 

Figure 4.1). The quadrant size was thus determined independently at each sampling site 

for each tree height class and thus recorded (Figure 4.1). Figure 4.1 illustrates the 

procedure for 1 m high plants. The procedure by Coetzee and Gertenbach (1977) was 
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repeated at each site to determine a suitable quadrant size for each height class. Thus, for 

each height class four test squares were determined and recorded on a data sheet. 

  

The total densities of woody plants was determined as tree equivalents per hectare (TE 

ha-1) (Hagos and Smit, 2005). According to Hagos and Smit (2005), a tree of 1.5 m meters 

tall, represents 1 tree equivalent (TE) (Hagos and Smit, 2005). It is important to note that 

the total of each class was thus calculated separately.  

 

The data collected by using the variable quadrant method (Coetzee and Gertenbach, 

1977) were used as training data to confirm the remote sensed data to so as to identify 

and map the different categories of bush encroachment (Chapter 5). The guidelines 

adopted by the Department of Agriculture used to describe the extent of bush 

encroachment are shown in Table 4.3 adapted from (Moore and Odendaal, 1987; Bothma, 

1989; National Department of Agriculture, 2000).  

 

Table 4.3: Indication of the extent of bush encroachment TE ha-1 (Moore and Odendaal, 

1987; National Department of Agriculture, 2000). 

 

Tree equivalents per hectare TE ha-1 Extend of bush encroachment  

200-457 Encroached (grass production declines linearly) 

458-714 Highly encroached (Grass suppressed further) 

715-1099 Severely encroached (More grass suppression) 

>2000 Grass growth almost suppressed  

 

 

 

4.2 Data analysis  

 

4.2.1 Ground truthing  

Data collection by recording the woody species in each site per height class was 

undertaken during ground truthing. The data were analysed using bush equivalent factors 

at different height classes by multiplying the number of individuals recorded by the factor 
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for the individual height classes (1 TE = 1 tree of 1.5 m; therefore 2 TE = 1 tree of 3 m, 

etc.) (Tainton, 1999).  

 

According to Tainton (1999), the tree equivalent factor of ƒ = 0.33 was used for species 

at height classes of less than 0.5 m and a factor of ƒ = 0.59 was used for species height at 

0.5 – 1.0 m. Moreover, a bush factor of ƒ = 1.00 was used for species height of 1.0 – 2.0 

m. Factor of ƒ = 1.67 used for species at heights of 2, 0 – 3.0 m, ƒ = 2.33 used for bush 

heights of 3.0 – 4.0 m and lastly ƒ = 3.00 was used for bush heights of more than 4 m 

(Tainton, 1999).  

 

4.3 Remote sensing methods  

4.3.1 Selection of satellite images  

SPOT images were selected for this study primarily because of the requirement for high 

spatial resolution and availability. SPOT has a number of benefits over other space borne 

optical sensors. Its fine spatial resolution and pointable sensors are the primary features 

for this popularity. Moreover, SPOT allows applications requiring fine spatial detail to 

be addressed while retaining the cost and timelines applications of SPOT data. The 

potential applications of SPOT data are numerous. Applications requiring frequent 

monitoring are well served by the SPOT sensors (Huang and Seigert, 2006).  

 

4.3.2 Image processing  

 

4.3.3 Pre-processing   

Pre-processing is aimed at correcting degraded of distorted data to create a more truthful 

representation of the original scene. This typically involves the initial processing of raw 

image data to correct for geometric distortions, atmospheric correction or normalization, 

image registration, and masking and to eliminate noise present in the data (Cheng et al., 

2004). 

 

4.3.4 Geometric rectification   

Geometric correction or rectification is critical for performing a digital change detection 

procedure. The SPOT image imagery of 2004 was used as a reference because it had 

already been orthorectified and georeferenced to the UTM map projection. Thus, image-
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to-image registration was done to co-register all the images to the base image with a Root 

Mean Square (RMS) error of less than 30 meters. The RMS is the error term used to 

determine the accuracy of the transformation from one coordinate system to another. It is 

the difference between the desired output coordinate for a ground control point (GCP) 

and the actual (Sharma et al., 2010).  Using ground control points (GCP’s) that were 

visually identifiable on the images, the SPOT images were geometrically registered to a 

common projection (UTM WGS 84) using the geometric correction function in ERDAS 

Imagine 2015. Pixel sizes varied slightly so that before analysis, the 2014 imagery was 

resampled, degrading from 5m to 20m resolution using nearest neighbour resampling, 

this ensured that the resolution of all imagery was equal, and therefore comparable. 

 

4.4 Image processing  

Image processing was undertaken using ERDAS Imagine 2015 software with additional 

mapping and processing undertaken using Arc GIS 10.3.1. The images were subset to the 

size of the study area in order to include only the area of interest for all the three images.  

It is always beneficial to reduce the size of the image file in order to include only the area 

of interest. This reduction of data is known as sub-setting. Sub-setting the study area 

eliminates the extraneous data in the file and speeds up the processing. This process cuts 

out the preferred study area from the image scene into a smaller more manageable file 

(Fernandez-Manzo, 2015).  

 

Texture analysis was employed in delineating the woody cover. According to Harralick 

et al., (1973), image texture characteristics can be defined as a function of the spatial 

variation in pixel intensities contained in an image, which is often signified as grey scales. 

In addition, image texture response describes the fineness, coarseness, contrast, 

regularity, directionality and periodicity in an image (Harralick et al., 1973). For the 

remote sensing investigations, the image texture response therefore contains important 

information about the spatial and structural arrangement of the remotely sensed objects 

(Tso and Mather, 2001).  

 

Moreover, texture analysis is used to retrieve spatial information contained in the section 

that is related to the different object types in the scene for evaluation. For semiarid 
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savanna studies, researchers have demonstrated that, structural and spectral information 

can lead to significant improvement in woody cover assessment. The output texture 

image generated can be correlated directly or used together with other multispectral raw 

or transformation land cover classification (Puissant et al., 2005). In this regard, the role 

remote sensing plays in dry land savanna environments can be enhanced when texture 

information is incorporated in the analysis (Fisher, 2013) 

 

Texture analysis was used in this research as it proved to be a good indicator of woody 

plant density in savannas. Thus texture analysis was employed in delineating the woody 

cover. The smallest size window 3× 3 was judged to be optimal so as to detect small 

crown woody vegetation. The Mean Euclidean Distance operator was judged to be the 

most suitable option. Woody vegetation was then delineated on the resulting texture 

images, by automated clustering using the K-means algorithm in ERDAS. An 

unsupervised classification with three classes (woody vegetation, grass and bare land) 

was carried out on the three images following the maximum likelihood classification 

algorithm. Unsupervised algorithms compare pixel spectral signatures to the signatures 

of computer-determined clusters thus assigning each pixel to one of these clusters 

(Jensen, 1996).  

 

The resulting texture analysis unsupervised classification was then used to assess the 

differences in woody cover across the acquired imagery. The spatial overall trend in area 

of the image classification classes was examined. Since much concern within the study 

areas is regarding woody vegetation, this analysis was limited to woody cover. 
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CHAPTER 5 

 

WOODY PLANT ENCROACHMENT IN STUDY AREA 

 

5.1 Encroachment and expansion of woody plants in Masutlhe and Lekung  

 

5.1.1. Bush encroachment in the benchmark sites of Masutlhe and Lekung  

According to Tainton (1999), a benchmark site is one whose veld is in an excellent condition 

in terms of management objectives. A veld benchmark is thus veld with the best possible 

botanical composition and cover (excellent condition) in relation to the prevailing climate 

(Tainton, 1999). A benchmark is used for comparison or rating with veld in the same 

ecological zone or experiencing the same macroclimatic conditions to differentiate between 

the influences of climate and management (Tainton, 1999; De Klerk, 2003). According to 

Tainton (1999), the selection of survey sites (benchmark) must represent the veld unit which 

is to be assessed.  

 

Two benchmark sites were selected in this study where two different management regimes 

were practiced (Figure 3.2). One benchmark was in Masutlhe Village (benchmark 1) 

(communally managed) while another was in close proximity of the Mafikeng Airport 

(benchmark 2) (commercially managed) to detect any relationship between encroachment 

and land tenure. The two benchmarks were selected as the most feasible options on the basis 

of their vegetation component as they were situated within the same ecological setting, as 

the research site (study sites). A second benchmark site was chosen because to locate a 

benchmark site in a communally managed area that was still in an excellent condition, was 

hard to find. 

 

Benchmark site 1 was, therefore, compared with study site 1 (Lekung) while benchmark 2 

was compared with study site 2 and 3 respectively (Masutlhe 1 and Masutlhe 2) (Figure 3.2, 

Chapter 3). The benchmark sites were chosen according to the similarities of species 

composition in the study sites. Moreover, the second benchmark site was chosen due to the 

distance between the second and third study sites. It was therefore important to locate a 

second benchmark site for accuracy and as a point of reference in order to establish the 

extent of the encroachment of species and the variety or similarity of species present in both 
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the study sites and the benchmark site. A suitable and ideal benchmark site is imperative 

when dealing with the extent of woody plant species within the area. Therefore, to 

effectively get the desired results, two benchmark sites were chosen for this study. Species 

diversity within this benchmark site (benchmark 1) and study sites (1) (Figure 5.2) is 

dependent on a variety of biotic (e.g. competition, symbiosis, predation) as well as abiotic 

factors, such as rainfall, temperature, fire, soil type and nutrients (Dye and Spear, 1982; Smit 

and Swart, 1994; Tainton and Hardy, 1999).  

 

5.1.2 Bush encroachment in Benchmark 1   

The benchmark was chosen as a suitable benchmark (reference site) (Section 3.2) and was 

kept away from human and animal influence. This area was communally managed (under 

communal land tenure) and in close proximity to the research sites in Lekung (Refer to 

Figure 3.2). The reference site 1 (benchmark 1) was used to serve as a reference for study 

site 1(Lekung).  

 

There was evidence of species variation within this benchmark site (benchmark 1) as 

compared to study site 1 (compare figures 5.1 and 5.5). This benchmark (1) site (Lekung 

Village) was unique in that it was characterized by a thick grass layer (Eragrostis 

lehmanniana) and an even distribution of trees which was not the case within the two study 

sites. Though the species occurrence within the benchmark site was similar to that of the 

two study sites, the density and distribution differed substantially (compare figures 5.1 and 

5.5).  

 

The most prominent woody species within this reference site (benchmark site) was Vachellia 

tortilis (Figure 5.1). Vachellia tortilis dominates extensive regions of semi-arid ecosystems 

in Africa and the Middle East (Zohary, 1973; Ross, 1981). Milton and Dean (1995) stated 

that ecological studies focusing on such ecosystems have shown that Acacia trees play a role 

in structuring associated plant communities by modifying solar radiation, soil moisture and 

nutrient concentration available to understory plants. This implies that Acacia trees will 

eventually have an effect on the herbaceous development. Vachellia tortilis is an important 

species in the pre-Saharan Tunisia zone (Maslin et al., 2003). According to Maslin et al. 

(2003), Acacia is a large genus with approximately 1 350 species. Four subspecies of 

Vachellia tortilis are recognized in arid and semi-arid Africa and the Far East (Wickens et 
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al., 1995). According to Abdullah et al. (2008), Vachellia tortilis is a species that is able to 

tolerate extreme drought (in the range 20 to 200 mm), through special adaptations such as 

deep lateral roots and partial shedding of leaves in the dry season. 

 

The woody plant population locally (Benchmark 1) was dominated by Vachellia tortilis, that 

was present at a density of 322 TE ha -1 (Figure 5.1). Ziziphus mucronata was the only other 

woody encroacher present (Figure 5.1). Ziziphus mucronata is identified as a species that 

grows in areas dominated by thorny vegetation in both temperate and tropical climates 

(Gedda, 2003). 

 

Woody species density within the 0.5 height class (woody species with a maximum height 

of 0.5 meters) occurred at a density of 15 TE ha -1 (Figure 5.2). Large (5-6 m high) trees 

were widely distributed and occurred at a density of 202 TE ha-1 (Figure 5.2). According to 

Treydte et al. (2007), the stronger effect of large trees compared to medium-sized trees, 

reduces herbaceous biomass that increases soil moisture. Soil nitrogen is higher under large 

trees than under medium-sized trees and large trees improve the quality of the herbaceous 

layer in terms of grass digestibility, nitrogen, phosphorus and gross energy. Acacia trees do 

not compete directly with the grasses for water and nutrients because of their deep tap root 

systems, which would then explain the high presence of grasses in the benchmark site as 

compared to the research sites (Treydte et al., 2007).  

 

The benchmark was similar to the benchmark used by Mogodi (2009), in a communally 

managed benchmark site, showed both benchmark sites having similar natural veld with 

large scattered trees and a thick grass layer. Moreover, the species composition within both 

benchmark sites, were similar with species such as Vachellia tortilis and Ziziphus mucronata 

being the two common woody species observed. Although the species occurrence within the 

benchmark sites was similar, the densities differed substantially. Mogodi (2009) recorded 

densities of 44 TE ha-1 for Ziziphus mucronata and 46 TE ha-1 for Vachellia tortilis. Woody 

plants with similar heights were recorded by Mogodi (2009) in Disaneng and the Masutlhe 

benchmarks (Figure 3.3) with large trees (with a maximum height of 6 m) being the most 

abundant. Mogodi (2009), recorded 6 metre high trees at a density of 407 TE ha-1 and 0.5 m 

high woody shrubs at a density of 200 TE ha-1. Woody species within the 0.5 m height class 

was limited in benchmark 1 and occurred at a density of 15 TE ha-1 (Figure 5.2). According 
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to Scholes and Walker (1997) and Stuart-Hill et al. (1987), large trees are able to promote 

grass growth beneath their canopies but the net result is dependent on tree density.  

 

Research done by Comole (2014), in Tshidilamolomo, indicated that trees were scattered at 

a density of 1 110 TE ha-1, while grasses were limited. The non-encroacher and slow 

growing, Vachellia erioloba was the most abundant species present (Comole, 2014). These 

findings were not consistent with the results found in Benchmark 1 (Figure 3.2, Chapter 3) 

of this research (Figure 3.2, Chapter 3), where Vachellia tortilis was the dominant 

encroacher. Moreover, woody plant invasion in Makgori Village (benchmark) (See Figure 

3.2, Chapter 3) (Comole, 2014) recorded a limited woody plant population at a density of 

297 TE ha-1. Although Senegalia mellifera contributed the most to bush encroachment in the 

sites surveyed by Comole (2014), species such as Vachellia tortilis and Ziziphus mucronata 

were more obvious locally. The mutual occurrence of Vachellia tortilis, Ziziphus mucronata 

and Grewia flava was thus the common trend in the Molopo District. 

 

 

 

 

Figure 5.1: Woody species densities in the Benchmark 1 
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Figure 5.2: Woody plant densities in Benchmark 1 according to height classes  

 

5.1.3 Bush encroachment in Benchmark 2 

This reference area (benchmark 2) was situated within a commercially managed area (Figure 

3.2). This benchmark site was compared with study site 2 and 3 Masutlhe 1 and 2 (Figure 
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Vachellia tortilis and Ziziphus mucronata were the only two woody species present with 
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the absence of grazing by cattle and human interference. The total bush density, however, 
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mucronata occurred at a higher density of 146 TE ha-1 (Figure 5.3). Ziziphus mucronata is 

202

62
29

1 14
45

15

368

0

50

100

150

200

250

300

350

400

450

5-6 m 4-5 m 3-4 m 2-3 m 1-2 m 0.5-1 m 0.5 m Total

W
o

o
d

y 
p

la
n

t 
d

e
n

si
ti

e
s 

(T
E/

h
a)

HEIGHT CLASS OF WOODY SPECIES 

WOODY SPECIES (HEIGHT CLASSES)



 
 

54 
 

usually a shrub or a medium-sized tree of up to 9 m tall. It grows in areas dominated by 

thorny vegetation in both temperate and tropical climates (Nakafeero et al., 2007). 

According to Tefera et al. (2007) the grass layer on government ranches (commercial) which 

is commercial is in relatively good condition while in traditional grazing reserves 

(communal rangelands), the grass layer is in a poor condition (limited). The overall growth 

patterns of grass species indicated that a government ranch (commercial) had a better grass 

species composition (Eragrostis lehmanniana and E. rigidior) in land-uses such as grazing 

lands, fuel-cutting and habitation by humans (Tefera et al., 2007). These changes reduced 

current availability of natural resources and will continue to reduce resource production in 

the future. 

 

This reference area (benchmark 2) was characterized by large trees (5-6 m and 4-5 m tall, 

Figure 5.4) and the presence of grasses when compared to that of study site 2 and 3. Smith 

(2004) hinted that an increase in woody plant abundance is primarily brought by the increase 

in the biomass of already established plants (vegetative growth) and by an increase in 

density, mainly from establishment of seedlings (production). Four to five meter high trees 

(trees with a maximum height of 5 meters) were the most abundant in this benchmark site 

and this was significantly different from study site 2 and 3 (Figure 5.10). A survey done by 

Molatlhegi (2008), in a benchmark site near Disaneng (Figure 3.2) in the Molopo Area 

demonstrated that only two Vachellia species were the prominent encroachers, namely 

Vachellia hebeclada at a density of 450 TE/ha and V. tortilis at a density of 100 TE/ha. The 

only other woody species present locally included Ziziphus mucronata. However, research 

done by Mogodi (2009), (commercially managed area) recorded a total woody density 2 244 

TE ha-1. Ziziphus mucronata was the only common species found in the Loporung (See 

Figure 3.2) (Mogodi, 2009) and this reference site. 
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Figure 5.3: Woody species densities in Benchmark 2 

 

 

 

Figure 5.4: Woody plant densities in Benchmark 2 according to height classes  
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5.2 Bush encroachment in Lekung and Masutlhe villages   

The extent of woody plant encroachment in the savanna has been a subject of several studies 

in southern Africa (Gram, 2004).  

 

The presence of encroachment of woody species in the Lekung and Masutlhe villages has 

been highlighted by Ross (1979) and Vachellia tortilis was documented as the most 

widespread, drought-resistant and heat-tolerant species in arid and semi-arid rangelands 

(Fagg and Stewart, 1994). The survival of Vachellia tortilis and its existence in arid and 

semi-arid Northern Africa and Arabian Peninsula is due to its ability to endure harsh 

conditions. Therefore, it generally forms pure open stands in those drylands (Abdelrahman 

and Krzwinski, 2008). Wherever it grows, it plays an important role in human, animal and 

other plant species existence. Woody plants play important roles in ecosystem functioning 

and services. For instance, woody species can reduce soil erosion and slow down 

desertification (Young, 1989) by covering the soil surface. 

 

Leguminous trees, such as Acacia species, improve soil nutrient availability (Gedda, 2003) 

and improve the environment for the growth of highly palatable grasses (Gedda, 2003). 

According to Hagos and Smit (2005) cognizance must be taken of the potential role of 

Acacias in enhancing and maintaining elevated levels of soil nutrients on these nutrient poor 

sandy soils. Woody encroachers such as Senegalia mellifera hold an advantage to the soil 

nutrient status and must be considered to be controlled partially in order to maintain some 

positive effects it has on the soil nutrient status (Hagos and Smit, 2005). According to 

Abdullah et al. (2008), Vachellia tortilis subsp. raddiana acts on the structure of the 

herbaceous vegetation by modifying its composition and cover. According to Akpo and 

Grouzis (2004), species richness is higher under the tree canopies than in the open. Vachellia 

tortilis population is considered as a pseudo-savanna with scattered tree - or shrub 

individuals of V. tortilis associated with several grass species, shrub and ligneous species. 

Abdullah et al. (2008) hypothesized that Vachellia tortilis could facilitate the growth of its 

understory vegetation by improving ecological conditions beneath its canopy. Moreover, 

Vachellia tortilis was expected to enhance soil nutrient content and improve soil structure 

by adding organic matter to the soil (Abdullah et al., 2008). Abdullah et al. (2008) further 

suggested that Acacia trees reduce water loss by soil evaporation, mainly in spring, when 

plants are in maximum growth period. 
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5.2.1. Bush encroachment in Lekung village (study site 1)  

This area at large is characterised by wide distributed vegetation, probably due to 

overgrazing, and where Vachellia tortilis encroachment was evident. Thus this site differs 

significantly from the benchmark site (benchmark site 1, Figure 3.2), as it was subjected to 

overgrazing by cattle and human interference such as chopping of wood and littering. 

According to Wigley et al. (2009) and Yusuf et al. (2011), bush encroachment is especially 

evident in communal areas as compared to commercial areas, but the encroachment is 

considered to be an advantage by local residents because of the fodder production for 

browsers and the increase in woody material that can be used as firewood, for kraal and 

house building purposes.  

 

Surface erosion within this site had varying levels of trampling by cattle ranging from 

moderate to high. Moreover, the absence of fencing of the study site renders it vulnerable to 

over-exploitation, mismanagement and overutilization of resources which was not the case 

in the benchmark site (1) (Figure 3.2). Prevalent woody plants in Lekung, included Vachellia 

tortilis, Ziziphus mucronata and Grewia flava (Figure 5.5).  

 

The reference site was chosen due to the same geographical setting and vegetation similarity 

as compared to the study site. The fenced off area was ideal, as it had previously been 

subjected to the same disturbances (such as trampling and resource exploitation) and was 

undergoing rehabilitation which included the reference site being fenced off. 

 

According to Bothma (2002), heavy grazing leads to soil compaction and this lowers the 

soil water content due to runoff and causes ‘difficulties’ for seedlings of many herbaceous 

species to emerge from the soil, while Wiegand et al. (2002), suggested that without grazing, 

both grass and tree biomass increase linearly with increasing rainfall. 

 

The presence of perennial grasses such as Eragrostis lehmanniana and E. rigidior in the 

benchmark site was evident, however, this was not the case within this study site where 

dense bushes completely supressed the grass cover. Kraaij and Ward (2006) and Joubert et 

al. (2008), argued that a vigorous perennial grass cover may reduce bush seedlings and 

saplings through competition for water, but whether it prevents the establishment of young 

bushes or not is still debatable. According to O’Connor et al. (2014) severe livestock grazing 
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or wildlife could promote bush encroachment by reducing the fuel load and grass 

competition. Historical changes in grazing pressure are central to understanding bush 

encroachment, specifically the effect of disease pandemics and the pattern of increase in 

livestock numbers, through their impact on grass competition and fire suppression and seed 

dispersal (O’Connor et al., 2014). 

 

Overgrazing is the most likely reason why these woody species and especially Vachellia 

tortilis, encroached in the study site (See Figure 5.5) as compared to the benchmark site 

(Figure 3.2). Vachellia tortilis is one of the most common species in arid and semi-arid 

regions across Northern Africa and the Arabian Peninsula (Wickens, 1998; Anderson, 1999; 

Shaltout and Al-Sodany, 2002). According to Ayyad and Gharbhour (1986), Acacia species 

are well adapted to anthropogenic pressures they are the sole source of animal fodder, 

firewood and shelter for nomads. The effect that herbivores can have on the herbaceous 

layer, which ultimately leads to the encroachment of woody species, is well documented 

(Anderson and Walker, 1974; Guy, 1981; Barnes, 1985; Lewis, 1991; Styles, 1993). Recent 

studies show that plant-herbivore interactions also depend on the community context, in the 

way that herbivores, for example, optimize their forage intake in relation to plant species 

composition and food distribution (Baraza et al., 2006).   

 

Fire suppression was evident within this site. Fire suppression was reported or considered 

to have been frequent and widespread across the savanna and grassland areas of South Africa 

during the 19th century (Grout, 1861; Brooks, 1876; Brynand, 1971). According to 

O’Connor et al. (2014), fire suppression would include any instances of a reduction in the 

frequency or intensity of fire compared with the natural historical burning regime. In 

general, fire has a strong negative impact on the survival, growth, adult recruitment and 

seedling regeneration of woody plants (Bond and Van Wilgen, 1996). According to Trollope 

(1980), bushes flourish because of fewer hot fires at the start of the rainy season, when 

grasses are more sensitive. Fire may be infrequent in semi-arid savannas, but a single fire 

can have a pronounced negative impact such as 31% tree mortality of Senegalia mellifera 

and 35% mortality of adult Vachellia erioloba in the Kalahari (Van der Walt and Le Richie, 

1984). According to Tiver and Andrew (1997), long-term browsing of taller shrubs and trees 

by goats was reported to have a significant negative effect on their recruitment and 

regeneration. During the two years (2013-2014) of observation during this study, the adult 
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population of trees and shrubs had declined considerably. This is due to a combined result 

of drought and tree-cutting and to a lesser extent overgrazing and mobility (Kenneni and 

Van der Maarel, 1990). In the site under prolonged combination of drought and exploitation, 

the local population of Vachellia tortilis, at least on drier soils, may be exterminated within 

a few decades. However, the establishment of Vachellia tortilis seedlings, therefore, do not 

require an initial wet season for seed production (Coe and Coe, 1987). Certain woody plant 

seedlings increase because large herbivores browse the pods and disperse the seeds. This 

implies especially in the dry season when palatable grasses are in short supply as compared 

to bush species with tasty pods.  

 

The experimental sites differed in species diversity and woody plant density as compared to 

the reference site (benchmark 1, Figure 3.2). Roques et al. (2001), revealed that bush 

encroachment on communal land with subsistence cattle and goat farming has increased 

from approximately 3% to 40% in 50 years. By comparing this study site 1 to the benchmark 

site (Compare, figures 5.1 and 5.5), it is evident that bush encroachment, may be seen as a 

form of land degradation (Donaldson, 1966). This is mainly because of a decrease in grass 

development and an increase in woody plant density, especially Vachellia tortilis.  

 

Study site 1 was dominated by thorny species, Vachellia tortilis, Ziziphus mucronata and 

Grewia flava (Figure 5.5). Grewia flava was absent in the reference site (Figure 5.1). This 

site had a more woody appearance than the reference site (Benchmark 1) due to prominence 

of Vachellia tortilis and Ziziphus mucronata. There were no traces of a grass cover, while 

the reference site had a dense layer of Eragrostis lehmanniana. The reduction in grass 

biomass makes room for shrubs to grow and reduces the probability of fire hot enough to 

kill shrub seedlings (Buffington and Herbel, 1965). Moreover, bush encroachment leads to 

suppression of palatable grasses by encroaching woody species, often unpalatable to 

domestic livestock (Lamprey, 1983; Scholes and Archer, 1997).  

 

The total woody plant density was recorded at 3 650 TE ha-1 (Figure 5.5), which will almost 

completely supress grass growth. This was substantially higher than the woody plant density 

of 368 TE ha-1 in the reference site (Figure 5.1). Vachellia tortilis was the sole dominant 

woody encroacher at a density of 1 899 TE ha-1, followed by Ziziphus mucronata at 1 384 

TE ha-1. The reference site (Benchmark 1) recorded a density of only 322 TE ha-1 for 
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Vachellia tortilis while Ziziphus mucronata was present at a density of only 46 TE ha-1 

(Figure 5.1). According to Bothma (1989), the indication of the extent of bush encroachment 

will result in the grass growth almost being suppressed. 

 

Research done by Molatlhegi (2008), in Tshidilamolomo Village (See Figure 3.2) recorded 

Grewia flava at a density of 750 TE ha-1 and declared it to be amongst the most prominent 

species in the area. Moreover, similar results within the Molopo area were recorded by 

Mogodi (2009). According to Mogodi (2008), Vachellia tortilis was the second most 

prominent woody species in the Setlhabaneng Village (See Figure 3.2), occurring at a 

density of 818 TE ha-1 an area dominated by Senegalia mellifera. Noteworthy were the 

presence of other common woody species such as Grewia flava and Ziziphus mucronata. 

The three common occurring woody species in Setlhabaneng Village (Mogodi, 2009) and 

in Lekung Village were notably Vachellia tortilis, Grewia flava and Ziziphus mucronata. 

Vachellia tortilis is adapted to dry conditions (Coates Palgrave, 1990). According to Coates 

Palgrave (1990), Vachellia tortilis is often one of the first woody plants to establish on 

disturbed (overgrazed) areas such as old lands. Total woody plant density in Setlhabaneng 

Village was recorded at 3 104 TE ha-1 (Mogodi, 2009) while the total woody plant density 

locally was recorded at 4906 TE ha-1 (Mogodi, 2009).  

 

Research done by Comole (2014) in nearby Loporung Village (Figure 3.2) recorded a total 

woody plant density of 2 791 TE ha-1 which almost totally suppressed grass growth. 

Vachellia tortilis dominated in Loporung and was present at a density of 1 693 TE ha-1. The 

common trend of the occurrence of Ziziphus mucronata and Grewia flava was also evident 

with Z. mucronata recorded at a density of 479 TE ha-1 and Grewia flava at a density of 100 

TE ha-1 (Comole, 2014). Vachellia tortilis trees within the 0.5 m and 4 m tall classes 

contributed the most to woody plant encroachment in Loporung (Comole, 2014).  

 

According to Howaida et al. (2008), Vachellia tortilis is drought resistant, can tolerate strong 

salinity and seasonal waterlogging, has an ability to endure harsh conditions such as drought 

and trampling and generally forms open forests in pure stands or mixed stands in drylands.  

In this site, woody species with a maximum height of 4 meters (3-4 m height class) were the 

most abundant at a density of 1 783 TE ha-1 (Figure 5.6) while 6 metre tall trees were evident 

in the reference site (Benchmark 1, Figure 5.1). Large trees were limited in this site and 
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occurred at a density of 202 TE ha-1 (Figure 5.1). This is a clear characteristic of woody 

plant encroachment, where smaller trees are competing more intensively for resources, thus 

permitting them to grow larger (Tainton, 1999). It is apparent from many studies globally 

that the degree to which shrub encroachment leads to degradation and desertification can be 

influenced by the type of the particular shrub species involved (Ludwig and Tongway, 1995; 

Houehanou, 2001; Cheng et al., 2004; Peters and Havstadie, 2006). Maestre et al. (2009), 

hypothesized that the effect of woody species on ecosystem function was dependent upon 

traits of the encroaching shrubs (and trees), relative to those of the perennial grasses that 

they replace. 

 

 

 

 

Figure 5.5: Woody species densities in study site 1 (Lekung village) 
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Figure 5.6: Woody plant densities in study site 1 (Lekung) according to height classes  

 

5.2.2 Bush encroachment in Masutlhe 1 (study site 2)  

Figure 5.7 indicates that, together with Vachellia tortilis, and Ziziphus mucronata, Grewia 

flava was also present at a density of 1 009 TE ha-1. The latter was absent within the 

benchmark site (Figure 5.3). There were marked differences in both the cover and density 

of woody vegetation between this site and the fenced off benchmark. The total woody plant 

density in this site, was recorded at a density of 4 906 TE ha-1 (Figure 5.7) as compared to 

the reference site with a woody plant density of only 1 055 TE ha-1 (Figure 5.1). Due to the 

dense bushes, grasses were absent in this site. 

 

 According to Moore et al. (1988), competition experiments have shown that mature trees 

are competitively superior to grasses while grasses tend to out-compete immature trees. This 

asymmetry of competition between trees and grasses creates a pattern that outlines the 

dynamics of bush encroachment in the savanna (Moore et al., 1988).  According to Yusuf 

et al. (2008), the pattern and relative abundance of herbaceous and woody life forms in 

savanna-grassland ecosystems are governed by the interactions between climatic variables 

(e.g. rainfall amount and seasonality), topo-edaphic factors (e.g. texture, depth, soil fertility, 

run-off or run-on) and disturbance regimes (e.g. grazing, browsing, and fire). Moreover, 
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Scholes and Archer (1997), suggested that grazing effectively weakens the suppressive 

effect of the grass layer on young trees in a patch of a few hectares, leading to the conversion 

of an open savanna into a tree-dominated thicket (bush encroachment). This can be seen in 

the dense occurrence of 1 - and 3 m high trees which recorded a density of 2 337 TE ha-1 

and 2087 TE ha-1 respectively (Figure 5.7), whereas in the benchmark site, large trees (5-6 

m high trees) were the most evident (Figure 5.2). According to Eldridge et al., (2011), bush-

encroached plots also supported a lower cover of herbaceous vegetation than grassland plots. 

Plots where bush encroachment occurred had a lower woody species diversity than the non-

encroached plots (Eldridge et al., 2011). This was also found by Mogodi (2009), Wigley et 

al. (2009), Yusuf et al. (2011) and Comole (2014). 

 

Soil erosion was evident in this site and was probably caused by long-term trampling by 

livestock. Bothma (2002) suggested that severe trampling by cattle leads to soil compaction, 

which increases soil surface erosion, especially by water runoff. The soil had a fine sandy 

texture and no rocks on the soil surface were noted. Overgrazing by livestock has a negative 

impact on soil structure through trampling and compaction of soil, thus reducing infiltration 

and increasing the rate of runoff. According to Coheen et al. (2007; 2010), cattle promote 

reproduction and regeneration of Acacia trees in Kenya. Most importantly, sheep were 

responsible for containing an increase of the invasive Acacias on rangeland in Queensland, 

Australia which proliferated on properties grazed only by cattle (Tiver et al., 2001). 

 

Cutting of trees was evident in the area. Cutting of trees in South African savannas is 

consequently a common practice, either for direct use or during bush control measures, often 

without herbicides being applied. Wood of Vachellia tortilis was generally used for fire 

wood and kraal building. Wigley et al. (2009) reported that communal residents preferred 

woody areas to open rangelands because of the availability of wood resources for house – 

and kraal building.  

 

Knoop (1982), observed that on a site dominated by Vachellia tortilis, large numbers of 

seedlings germinated and survived in the site cleared of herbaceous vegetation, while few 

were found in a control plot. According to Smith and Goodman (1986) and Milton (1995), 

Acacias and other woody savanna plants are canopy intolerant. As a result competition 

between adult bushes and seedlings will prevent establishment of new bushes when the adult 
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bushes are still alive in a closed (bush encroached) savanna. These considerations show that 

the size of bush-encroached patches is determined by the size of the area within which the 

rainfall was sufficient for germination, seedling survival and the distribution of open 

savanna within this site (Smith and Goodman, 1986; Milton, 1995).  Tree growth and inter-

tree competition over time may convert bush-encroached patches to an open savanna (Smith 

and Goodman, 1986; Milton, 1995). This, however, will only happen if more browsers are 

introduced to the area and proper management mechanisms (camp system) are introduced.  

 

Human influence within the area was significantly high with land-use and cattle grazing 

regularly unsupervised. According to Andrew (1984) and Halwagy (1962 a, b), human and 

animal interference may modify the performance and growth forms of many species 

involved in natural regeneration. This, therefore, explains the absence of grasses in this site 

as compared to the benchmark site.  

 

The high density of Vachellia tortilis in this site (3 897 TE ha-1, Figure 5.7) was due to the 

large clumps of species that were almost unpalatable and unreachable to cattle due to the 

thorns that restricted cattle from grazing. According to Scholes and Walker (1993), savannas 

are home to most of the human population in Africa.  It is in these areas in which population 

growth is most rapid (Scholes and Walker, 1993). The rapid growth of the population, 

including livestock, within this area, is the main driver of dispersal and establishment of 

woody species. This is due to the fact that more grazers are introduced to the area and 

improper management due to the communal farming system ensues. 

 

Although not part of this study, interviews with the residents within the site on a day-to-day 

basis, revealed that fire frequencies were almost totally suppressed. According to Van Auken 

(2000), lower fire rates promote woody plant recruitment and in the long run, may lead to 

shrub encroachment, which is evident in the site. Moreover, it should be noted that the 

benchmark area was under constant fire monitoring. It is obvious that suppression of fire 

frequencies through intensive grazing, reduces the risk of juvenile shrubs being killed by the 

fire. This does explain the varying differences in species diversity in this site (Figure 5.7), 

as compared to the reference site (Figure 5.2). 
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The woody plant density in the site Masutlhe 1, (Figure 3.2) was recorded as 4 906 TE ha-1 

(Figure 5.7) and was the highest recorded woody plant density in the entire study. Woody 

plants occurring at these densities will almost totally suppressed grass growth. This 

eventually will lead to soil erosion which was evident in the encroached sites. Archer et al. 

(1998) indicated that, introduction of woody vegetation, leads to an increase in the 

complexity of the local habitat structure and eventually a transition from a single to multiple-

stratum environment. In general, shrub lands are likely to have a greater diversity of 

microhabitats than grasslands. As woody shrubs are shade intolerant (Hagos and Smit, 

2005), shrub thickening will take place. 

 

Over time, nutrients and water accumulate beneath the encroaching shrubs and allow shrub 

generation while a lack of suitable topsoil, nutrients and water in inter-shrub areas, prevents 

grass re-growth (Bhark and Small, 2003). Hagos and Smit (2005) reported that woody plants 

such as Senegalia mellifera play an important role in soil enrichment and that this must be 

kept in consideration when a bush clearing programme is initiated. Although soil analysis 

did not form any part in this project, Vachellia tortilis may also play a significant role in soil 

nutrient enrichment. 

 

Vachellia tortilis was recorded at a density of 3 897 TE ha-1, Ziziphus mucronata at 72 TE 

ha-1 and Grewia flava at 1 009 TE ha-1 (Figure 5.7). Grewia flava typically grows beneath 

the dominant tree species whereas, under cattle grazing, it may eventually encroach in tree 

interspaces (Skarpe, 1990). Grewia recruitment is associated with ‘good’ rainfall years and 

may outnumber mortality events and bad environmental conditions associated with bad 

rainfall years (Tews et al., 2004). The palatable shoots and foliage of Grewia are important 

fodder for domestic livestock, however, when it reaches encroaching stage, it can prove to 

be a problem (encroachment) to the environment (Watt and Breyer-Brandwijk, 1962). 

 

Grewia flava has been reported to severely encroach and form dense shrub thickets in 

savanna regions (Skarpe, 1990). Grewia flava grows beneath canopies of large Acacia trees 

(Schlesinger et al., 1990). One possibility to increase Grewia encroachment is to isolate 

livestock from areas with high Grewia densities during the fruiting period. Cattle consume 

large quantities of Grewia flava seeds, but only when grasses are limited and spread them 

effectively via their dung (Tews et al., 2004). According to Tews et al. (2004), changes in 
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precipitation pattern through climate change may alter Grewia flava populations, because of 

the strong link between rainfall and important life stages such as emergence and adult 

survival.  

 

Vachellia tortilis is a keystone species, growing across arid ecosystems in Africa and the 

Middle East. According to Odendaal et al. (2010), in Africa, species of the genus Acacia 

often act as encroaching species, for example in Zanzibar, Acacia auriculiformis (Earleaf 

Acacia, Coates Palgrave, 1990) has been identified as a heavy encroacher. Vachellia tortilis 

and V. erubescens have been reported to increase in rangelands in Botswana (Odendaal et 

al., 2010). In Namibia, Senegalia mellifera and Vachellia reficiens are among the main 

encroacher species (Joubert et al., 2008). The roots of Acacia seedlings can reach depths of 

up to 1.2 m after 2 months in dry conditions as a strategy to effectively reach the fluctuating 

alluvial water table (Stave et al., 2003).  

 

 

 

 

Figure 5.7: Woody species densities in study site 2 (Masutlhe 1) 
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under normal circumstances, woody plants play an important role in ecosystem functioning 

and services. Moreover, woody species can reduce soil erosion and slow down 

desertification (Young, 1989). Leguminous trees, such as Acacia species in particular, 

improve soil nutrient availability (Gedda, 2003; Hagos and Smit, 2005) and provide 

favourable environments for the growth of palatable grasses (Eldridge et al., 2011). Archer 

(1995) and Roques et al. (2001) argued that, when woody plant density and cover increases 

beyond a threshold level, the problem outweighs the usefulness and the ecosystem degrades 

in the long term. 

 

 

 

Figure 5.8: Woody plant densities of study site 2 (Masutlhe 2) according to height classes  

 

5.2.3. Bush encroachment in Masutlhe 2 (study site 3)  

Vachellia tortilis was the dominant species in Masutlhe 2 (3 999 TE ha-1, Figure 5.9), 

compared to the occurrence of Vachellia tortilis and Ziziphus mucronata at lower 
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young woody encroachers in the study site, implying a more recent encroachment. The 

reference site also recorded 6 m high trees at a density of 250 TE ha-1 (Figure 5.4), while 

large trees (taller than 5 meters) were limited in Lekung (Figure 5.9).   

 

Findings by Mogodi (2009), within Selosesha Village, (Figure 3.2, Chapter 3) revealed 

Senegalia mellifera as the sole dominant encroacher, occurring at a density of 6 967 TE 

ha-1 while within Masulthe 2 Village (study site 3, Figure 5.9), Vachellia tortilis was the 

dominant species occurring at a density of 3 999 TE ha-1. The occurrence of Senegalia 

mellifera (Mogodi, 2009) and Vachellia tortilis in this survey site as dominant 

encroachers could be a result of intra species competition that suppresses growth of other 

trees (Tainton, 1999). It is important to note that inter - and interespecies competition 

have been regarded as significant determinants of the structure of woody plant 

communities in African savannas (Fowler, 1986; Shackelton, 2002). Mogodi (2009) 

reported that 1 m- and 2 m high Senegalia mellifera trees were the most abundant, 

whereas 2 m – and 4 m high Vachellia tortilis trees were in the majority in Lekung (Figure 

5.10). 

 

This area is being operated under free land tenure and, as a result, the land-users have no 

property rights and therefore take no particular interest in the securing the area and 

properly managing the natural resources. According to Bhenke (1997), in African 

pastoral land tenure systems, the natural landscape frequently is not carved into neat 

territorial packages owned by distinct groups or individuals, instead any defined area is 

likely to be used by a host of different ownership groups of variable size and composition 

with overlapping claims to territory derived from different categories of resources within 

it. 
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Figure 5.9: Woody species densities in study site 3 (Masutlhe 2) 

 

 

 

Figure 5.10: Woody plant densities in study site 3 (Masutlhe 2) according to height 

classes  
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eroded hill slopes supported a thick growth of young Acacia trees because fire had been 

eliminated. In comparison to the other sites, this site was situated in close proximity to the 

benchmark site (Refer to Figure 3.2). 

 

Human interference was prevalent in Lekung. Humans have been identified as the most 

powerful agent of changes in the ecosystem (De Korte, 1984). They are responsible for 

abiotic and artificially caused environmental changes such as cutting down of trees for wood, 

trampling of soil and overgrazing by cattle and footpaths caused by constant movement 

within the site. Many of their activities result in the modification of the actual soil surface 

by trampling and overgrazing by unmonitored animals. Their impacts can be accidental 

(such as acting from a point of ignorance and lack of education regarding conservation of 

natural resources) or deliberate (carelessly exploiting the soil for personal gain without any 

long-term consideration), direct (trampling and neglect of natural environment) or indirect 

(grazing of animals without herders present to facilitate rotational grazing). In some 

instances, human activities have altered the volume, composition and structure of the organic 

components and consequently the nature of the physical habitat (De Korte, 1984). 

 

Browsers such as goats were present but due to the density of woody species in this site, 

movement by browsers was restricted, however goats were still the major contributors 

towards seed dispersal. According to Grunow (1980), browse being available does not 

necessarily mean that it will be eaten because of food preferences. A preferred food species 

is defined as one which is proportionally more frequent in the diet of an animal than it is in 

the available environment and food preference as the extent to which food is consumed in 

relation to its availability (Petrides, 1975). Browsers select among plant species as markedly 

as grazers do (Grunow, 1980). The plant’s defence to browsing can take the form of 

chemical defences (compounds that are toxic or have digestibility-reducing effects) or 

mechanical defences (e.g. spines and thorns), which make food intake more difficult by 

reducing the bite size and biting rate (Bergstrom, 1992). Plant defences can make a species 

so unpalatable that it is totally rejected, or more commonly, that it is less preferred. 

Moreover, chemical defences of plants may include chemical substances which may be 

poisonous (Smith, 1992; Taylor and Ralphs, 1992), or reduce palatability (Robbins et al., 

1987; Bryant et al., 1992).  
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Other animals noticed in the area include cattle, sheep and donkeys. Cattle are kept for milk 

production and meat, providing a ready source of household protein in a region where poor 

nutrition and high infant mortality are common. Bush encroachment refers to colonization 

of species in new or pre-existing ecosystems and dominates otherwise intact pre-existing 

native ecosystem (Dyke and Knick, 2003). This indicates the vast differences between the 

benchmark and the study site (Figure 3.10) and that woody species almost totally suppress 

grass development. Two metre and 4 m high trees were the most prominent in this site 

(Figure 3.10). This eventually leads to the lowering of the production potential of the area 

and thus has a direct effect on the well-being of residents. 

 

The productivity and biodiversity richness in the study site is thus lower than that of the 

benchmark site. Accumulating evidence indicates that, in the past 50 years, savannas 

throughout the world are being altered by this phenomenon, known as bush encroachment 

(Ward, 2005). In general, these studies indicated that woody plant encroachment has been 

increasing over time. Ritcher et al. (2001), also showed that bush encroachment had a 

negative influence on grass biomass production and consequently decreased potential 

grazing capacity. Moreover, Ludwig et al. (1997) demonstrated that the shifts between tree-

grass states are caused by disturbances such as heavy grazing pressure that diminishes 

perennial grasses. 

 

Vachellia tortilis is adapted to dry conditions and is often one of the first woody species to 

establish on degraded areas like old lands (Coates Palgrave, 1990). It has a wide distribution 

and also occurs along dry riverbeds and is cold tolerant (Coates Palgrave, 1990; Smit, 1999); 

Grice (1996); Brown and Carter (1998) and Redford et al. (2001) stressed that, in the 

Kalahari, cattle may acts as dispersal agents of this species and thus contributing to seed 

distribution.  

 

An important determinant of woody seedling establishment is competition from other plants 

(Smith and Goodman, 1983; Smith and Walker, 1983). Many researchers are of the opinion 

that seedling regeneration is a potential bottleneck of encroaching species that can negatively 

impact grass competition (Kanz, 2001; Ward and Elser, 2008). Smith and Goodman (1986) 

indicated that certain trees establish well beneath canopies of others, while others established 

better between canopies in open areas. Thus, sustained heavy grazing should therefore 
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promote woody seedling regeneration through reduction of grass competition, provided that 

seedling mortality is not increased through consumption and trampling (Joubert, 1966; 

Sweet, 1982). However, Eldridge et al. (2011) indicated that Acacias are canopy intolerant, 

implying that young trees do not grow beneath older trees. Moreover, in some regions, 

woody plant encroachment is associated with a decline in livestock carrying capacity 

(Rappole et al., 1986; Bester, 1996). 

 

According to Zaghloul et al. (1999), age structure showed that Vachellia tortilis populations 

growing in South Senai, are healthy and are shrinking with a sharp decline in the last 25 to 

50 years. It has been suggested that changes in the abundance of Vachellia tortilis 

populations may have been significant in impacts on ecosystem functioning and biodiversity 

(Dean et al., 1999).  

 

The soil of the study site was severely eroded when compared to that of the benchmark site. 

Bardgett and Wardle (2003) outlined three key mechanisms by which herbivores potentially 

influence soil properties: 

 Alteration in the quality of resource input into the soil and  

 Long-term alterations in plant community composition  

 

The significant impact of herbivores on the soil leads to soil erosion and thus affects the 

biodiversity. 

 

5.3. Conclusion 

The differences in the woody densities within Lekung and Masutlhe villages were reflections 

of different habitats influenced by various abiotic and biotic factors. It was found that 

Vachellia was associated with deeper, sandy soil, while the other woody species such as 

Ziziphus mucronata and Grewia flava OR Senegalia mellifera were associated with shallow, 

gravelly soil. Acacia species dominate large regions of arid and semi-arid ecosystems in 

Africa and the Middle East (Zohary, 1973; Ross, 1981). It was also found that the most 

widespread plants were mostly forbs and grasses that are associated with degraded areas.  

From this study, it became apparent that a diverse number of aspects related to the 

encroachment of woody species in savannas are complex and received substantial attention 
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in the literature. Vachellia tortilis was the most prominent encroaching woody species in 

this study. Ziziphus mucronata and Grewia flava were the only other encroachers in 

Masutlhe. The study site in Masutlhe 2 (study site 3) was completely dominated by Vachellia 

tortilis. Noteworthy was the absence of Grewia flava in the reference site (figures 5.2 and 

5.9), while it was present in the two study sites examined by Skarpe (1990), who did a similar 

investigation in Botswana. Skarpe (1990) showed that, in areas with no and or moderate 

grazing, shrub densities fluctuated but showed no consistent change. Thus, grazing favoured 

annuals over perennial plants and prostrate over erect (Rutherford and Powrie, 2011). 

Moreover, management changes had not reached the same advanced level in Botswana, 

neither followed the same sequence as was the case during this study where communal 

farming practices is at the order of the day. Exclusion of grazing is suggested as one of the 

rehabilitation techniques to restore vegetation biomass and composition (Kauffman et al., 

2001; Mekunia et al., 2007). 

 

Research by Molatlhegi (2008), Mogodi (2009) and Comole (2014) provided insights into 

the dynamics and the existing differences in vegetation components within the Molopo 

District under similar climatic conditions. There were distinct similarities between the 

climatic conditions and land-use practices (such small- scale farming, grazing of cattle and 

cutting of trees for fire-wood and kraals, unsupervised grazing practices and harsh drought 

and climatic conditions) reported by Molatlhegi (2008), Mogodi (2009) and Comole (2014). 

The similarity could be due to the fact that all the three study projects were undertaken within 

the same geographical settings thus, subjected to the same environmental conditions and 

influences. The methodology also played a huge contributing in the obtained results. 

 

Vachellia tortilis was the dominant woody encroacher recorded in this study at densities of 

1 899 TE ha-1, 3 897 TE ha-1 and 3 999 TE ha-1 respectively in the 3 study sites. According 

to Mogodi (2009), Vachellia tortilis was the most prominent woody species in Setlhabaneng 

Village occurring at a density of 818 TE ha-1. Comole (2014), recorded Vachellia tortilis as 

the dominant encroacher in the Loporung Village at a density of 1 693 TE ha-1. Noteworthy 

was the occurrence of other woody species such as Ziziphus mucronata and Grewia flava. 

It thus seems that Vachellia tortilis is dominant, not only in the surveyed sites, but also in 

other areas within the Molopo area.  
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The Benchmark sites surveyed by Molatlhegi (2008) and Mogodi (2009), displayed the same 

pattern as that of the benchmark sites recorded in this research in the constant occurrence of 

Vachellia tortilis. The results obtained by Molatlhegi (2008) and Mogodi (2009) recorded a 

significant relationship between Vachellia tortilis, Ziziphus mucronata and Grewia flava, 

similar to our findings this study. These findings were of woody species that could almost 

be found growing in the same area within the different sites however recorded at different 

densities and height classes (namely Ziziphus mucronata, Vachellia tortilis and Grewia 

flava). These findings support and validate the findings of this research. Both Molatlhegi 

(2008) and Mogodi (2009) concluded that the encroachment of woody plants jeopardises 

grassland biodiversity and threatens the sustainability of pastoral subsistence and communal 

and commercial livestock. Therefore, the early detection of shrub encroachment is essential 

for assessing the possible drivers and implementation of effective management strategies. 

The benchmark sites surveyed by Comole (2014), yielded varying results with Senegalia 

mellifera and Vachellia tortilis recorded as the dominant encroachers, however noteworthy 

were the reoccurring patterns of Ziziphus mucronata and Grewia flava, especially in the 

sandy soils.  

 

The results were also consistent with a similar study by Bester (1996), where it was 

established that woody encroachment can reduce local cattle carrying capacities by up 80%. 

While it is possible to remove the undesirable woody vegetation, treatment may have to be 

repeated every 2 to 15 years (Rappole et al., 1986). In order to do this, the local inhabitants 

must be involved in gaining advantages from the woody abundance, such as selling of fire 

wood, wood for fencing, house building etc. The results were also consistent with Moore et 

al. (1985) where it was found that dense woody trees resulting from overgrazing, rainfall 

patterns and other factors have competitive advantages over grasses (Moore et al., 1985). 

An almost total absence of grass cover was observed in the study sites except for the 

benchmark sites. Similar findings were reported by Mogodi (2009) and Comole (2014). 

Moreover, these results also showed that the environmental variables did contribute to the 

expressed morphological variables presented by Vachellia tortilis (Stebbins, 1952). Stebbins 

(1952) suggested that this is an indication that, along with climatic change, plants are forced 

to modify their characters so as to be able to adapt to the new environment, in arid lands, 

such rate of evolution is speeded up. Exclusion of grazing is suggested as one of the 

rehabilitation techniques to restore vegetation biomass and composition studied (Kauffman 
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et al., 2001; Mekunia et al., 2007). Higher than average rainfall years can lead to the spread 

of woody vegetation (Fensham et al., 2005). Droughts during the 1960’s, followed by the 

high rainfall of the 1970’s coincided with a pulse of bush encroachment across semi-arid 

and mesic savannas in southern Africa (Ward et al., 2014). According to Frost et al. (1986), 

rainfall and soil type are considered to be the primary determinants, of African savanna 

functioning. Furthermore, fire may appear to override the effects of climate in that many 

areas which should support more woody vegetation do not (Bond et al., 2003). General 

consensus on the primary causes of bush encroachment is not apparent, either globally 

(Archer et al., 1995; Van Auken, 2009), or in southern Africa (Hoffman et al., 1999; Ward, 

2005; 2012; Buitenwerf et al., 2012). O’ Connor et al. (2014), however, suggested that there 

have been multiple causes of bush encroachment of which fire application early in the 

twentieth century, followed by changing livestock grazing, indirect fire suppression during 

the mid-twentieth century, and gradual increase in atmospheric CO2, followed by directional 

changes in temperature and rainfall are the drivers of bush encroachment in southern Africa. 

 

The human population in communal areas comprises a significant element of communal 

rangeland ecosystems, making it imperative to understand how their activities influence and 

affect ecosystem functioning. For rangeland resource management policies and practices to 

be efficacious and effective, knowledge and socio-cultural practices should be taken into 

consideration (Oba and Kaitira, 2006). 

 

Moreover, climate is a primary determinant of fire frequency and intensity (Archibald et al., 

2009, 2010). Succession has also provided a conceptual framework for interpreting changes 

in woody composition as bush encroachment proceeds (Van Auken and Bush, 2012).  

 

The human population in communal areas comprises a significant element of communal 

rangeland ecosystems, making it imperative to understand how their activities influence and 

affect ecosystem functioning. For rangeland resource management policies and practices to 

be efficacious and effective, knowledge and socio-cultural practices should be taken into 

consideration (Oba and Kaitira, 2006). 

 

Further management and rehabilitation procedures are to be implemented with the 

involvement and engagement of the local residents. Idso (1992), argued that, due to these 



 
 

76 
 

differences in their photosynthetic pathways, many woody plant species (C3 plants) may 

benefit more and subsequently grow faster and accumulate more biomass than many of the 

grass (C4) species found in semi-arid regions. Special mechanisms to eradicate these 

encroaching species thus need to be implemented. The involvement of the land-users is of 

critical importance in the rehabilitation and management of the natural resources present in 

the study site. An appropriate model of vegetation is an important prerequisite for effective 

and predictive management of rangelands. Milton and Hoffman (1994) concluded that 

flawed or incoherent conceptual models may result in rangeland mismanagement that results 

in declining productivity and biodiversity.  

 

In order to control the adverse effects of bush encroachment in grazing lands, control 

methods widely applied must include fire (Luken and Shea, 2000; DiTomaso et al., 2006) 

and tree cutting (Smit, 2003) and the combination thereof. Many researchers are of the 

opinion that fire suppresses bush growth by killing and reducing the abundance of 

encroaching woody species (Hoffman, 1988; Ruthven et al., 2003; Ansley and Castellano, 

2006), as does cutting at least in the short-term (Clark and Wilson, 2001). The combined 

effects of fire and grazing (Nolte et al., 1994) and cutting inhibit the recovery of woody 

species (Nolte et al., 1994; Scholes and Archer, 1997; Sawadago et al., 2002), while grazing 

alone might promote bush encroachment (Hadar et al., 1999). 

 

The evaluation and the response of individual woody species to different treatments is useful 

in understanding potential management strategies for controlling the growth of woody cover 

and expansion. By monitoring the performance of individual woody species in response to 

bush encroachment methods, it is to show that the different treatments have varied 

consequences for encroaching species in terms of management and policy implications. The 

policy of banning the use of fire in savanna ecosystems has been largely responsible for the 

expansion of bush encroachment worldwide (Angassa and Baars, 2000). Angasa and Baars 

(2000) further stressed that the combined use of fire with other disturbances substantially 

increased mortality of woody species.  

 

Control of bush encroachment requires changes in the overall policy for the management of 

savanna ecosystems that combine the use of fire with alternative management options. Most 

importantly, bush encroachment or woody plant control methods should be supported by 
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public education. Property rights and collective action are important for the technological 

innovation and adoption and thus sustainable grassland management due to the incentives 

they provide.  

 

In conclusion, woody species or bush encroachment management strategies have not been 

successful because of the lack of public discussions on bush encroachment control methods 

(particularly in communal areas), that can be used to create awareness to the public on 

rehabilitating bush encroached savanna ecosystems. Primary attention should be given to 

protecting open grasslands not to be encroached with bushes. The use of the indigenous 

knowledge supported by scientific methods and communities participation is crucial to 

control the expansion and encroachment in open grasslands and savannas. 
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CHAPTER 6 

 

REMOTE SENSING  

 

6.1 Results and discussion  

Change assessment was performed to determine how much change had occurred in 

woody cover over time. Change detection was used to compare images after classification 

and mapping. Following image sub-setting and texture analysis, all the images (2004, 

2006 and 2014) were classified using unsupervised classification. Classification of land 

cover in the Lekung, Masutlhe 1 and Masutlhe 2 was categorized into three major groups 

namely: woody vegetation, grass and bare area.  

 

The results of the image classification are displayed in Figures 6.1, 6.2 and 6.3. A 

comparison of the three maps was undertaken in order to establish the encroachment and 

expansion of woody species, in order to fulfil the objectives set in Chapter 1. For the 

purpose of this study the main interest was based on expansion of the woody vegetation 

by bush encroachment. The results were considered in terms of actual progression and 

regression of woody vegetation in previously grass dominated savanna.  The graphical 

representation of the various tree groups coverage, as seen over the years, in the study 

area is shown in figure 6.4. Graphical differentiation of the study area of the classified 

images in terms of the tree coverage classes groups in the study area is shown in Figure 

6.4. 

 

Texture analysis enhanced images from the three dates (2004, 2006 and 2014) were 

classified by unsupervised classification into three major classes namely: woody 

vegetation, grass and bare area. An examination of the graph and the classified images 

showed evidence of a gradual increase of woody plant encroachment and expansion at 

the study sites. The strong association between trees and grasses is quite evident.  

 

The 21 August 2004 image (Figure 6.1) shows a modest coverage of woody vegetation 

with a slight domination of grass cover and minimal indication of bare areas. The total 

area under woody cover was 844.4 ha (17.91%) as shown in Figures 6.4 and 6.5. The 4 

September 2006 image showed that there had been a large change since 2004, with some 
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substantial increment in woody vegetation which increased from 844.4 ha to 1 123.76 ha. 

There was substantial increase in grass also. The explanation of the high values can be 

attributed to the normal rainfall in the years prior to the image acquisition (e.g. 1995-

2001) (Figure 6.3).  

 

 

         Figure 6.1: Classified 21 August 2004 image 
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        Figure 6.2: Classified 4 September 2006 image  

 

 

Figure 6.3: Classified 14 July 2014 image  

 

Results from the unsupervised classification revealed that in 2014, woody vegetation density 

decreased slightly as compared to the 2004 and 2006 images resulting in 12.44 % (583.56 
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ha). The 2014 image also showed a marked increase in bare area. A decrease in woody 

vegetation could have been due to a fire before the image date. 

 

 

 

Figure 6.4: Overall trend in image classification per area in hectares 

 

 

 

Figure 6.5: Overall trend in image classification class area in percentages 

 

6.1.1  Accuracy assessment 

To assess the accuracy of each classification, a stratified random sample of 50 pixels was 

generated using ERDAS Imagine 2015. The coordinates of the random points were exported 

to a spreadsheet (Microsoft Excel), and a shapefile was then created using ArcCatalog 10.3. 

In ArcMap 10.3 a KML file was then created from the shapefile. The KML file was then 

displayed on a Google Earth image in order to assess accuracy of the classes. The high spatial 
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resolution image dated 29th March 2016 in Google Earth served as the reference data. An 

error (confusion) matrix was then constructed. The error matrices (Tables 6.1, 6.2 and 6.3) 

showed the User’s accuracy, Producer’s accuracy, Overall accuracy, as well as the Kappa 

coefficient. The overall accuracy of classification of the SPOT 4 (2004) image was 84%, 

SPOT 2 (2006) image was 82% and  the SPOT 5 was 90% (2014). Therefore, the 

classification accuracies were quite high, which makes the classified images useful for 

assessing the encroachment and expansion of woody vegetation and the spatial resolutions 

useful for subsequent analyses. In general the user’s accuracy values for both classifications 

were very high (over 75%). Table 6.1 implies that 68.60% of classification errors which 

would have resulted from a randomly unsupervised classification were avoided. 

 

 

 

 

         Table 6.1: Error matrix for the 21 August 2004 SPOT 4 image classification   

Reference data 

 

Classification data 

  

 Grass Woody 

vegetation 

Bare 

Area 

Row 

total 

User’s 

accuracy 

Grass            29  3  4 36 80.56% 

Woody vegetation 0 11 1 12 91.67% 

Bare Area   0 0 2 2 100% 

Column total 29 14 7 50  

Producers accuracy 100% 78.57% 28.57%   

      

Overall Accuracy= 84%      

Overall Kappa = 0.6860      
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Table 6.2: Error matrix for the 04 September 2006 SPOT 2 image classification   

Reference data 

 

Classification data 

  

 Grass Woody 

vegetation 

Bare 

Area 

Row 

total 

User’s 

accuracy 

Grass            20 1  4 25 80 % 

Woody vegetation 3 18 1 22 81.82% 

Bare Area   0 0 3 3 100% 

Column total 23 19 8 50  

Producers accuracy 86.96% 94.74% 37.50%  

 

 

Overall Accuracy= 82%      

Overall Kappa = 0.6966      

 

 

           Table 6.3: Error matrix for the 14 July 2014 SPOT 5 image classification   

Reference data 

 

Classification data 

  

Grass            20 1  4 25 80 % 

Woody vegetation 3 18 1 22 81.82% 

Bare Area   0 0 3 3 100% 

Column total 23 19 8 50  

Producers accuracy 86.96% 94.74% 37.50%  

 

 

Overall Accuracy=  82 %     

Overall Kappa =  0.6966     

      

 

6.2 Discussion and conclusion   

The results from the images showed an increase in vegetation density between the years 

2004 and 2006 on average across all sites. The study area thus experienced the highest 

annual rate of woody encroachment between the year 2004 and 2006. For the purposes 

of this study the main interest was on woody vegetation and their expansion. According 
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to Figure 6.1 and 6.2 an examination of differences in woody vegetation distribution 

across the area for the years 2004 and 2006 indicates that there was a steady increase of 

woody cover and thus an increased woody cover. Thus there is a clear indication of an 

emerging competition pattern between woody trees and grasses. This pattern is most 

pronounced when looking at the 2014 trend of grass and woody density.  

 

According to Moore et al. (1988), competition experiments have shown that mature trees 

are competitively superior to grasses while grasses tend to outcompete immature trees. 

This asymmetry of competitive effects creates instability in interactions between trees 

and grasses (Scholes and Archer, 1997).  

 

The key informant interviews indicated that the drastic difference of decrease of woody 

cover in the year 2014 is likely the result of different management practices utilized in 

the unprotected areas and communities. The community cleared the land for agriculture 

or homesteads and collected timber resources reducing the number of trees. Thus, this 

contributed to the significant decline of tree cover in the year 2014. The active practice 

of historical fire application in the community areas likely contributed to the ambiguous 

trends of woody vegetation and grasses. 

 

The location of tree clusters is probably the result of both historical community 

development, processes and the influence of variations in either biotic parameters (such 

as herbivory or trampling) which influence tree growth. Despite the modest observation 

of woody cover on the spatial imagery it can be concluded that there is an increase in the 

encroachment and expansion of woody species across the research site. The data suggests 

that an increase in human population and thus disturbance, would lead to a rapid decrease 

in woody cover (Banks et al., 1996). Thus, the disturbance develops due to increasing 

clearing for fields and this intensifies with time as the population grows. 
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CHAPTER 7  

 

GENERAL DISCUSION AND CONCLUSION  

 

7.1 General Discussion 

 

This study offered a detailed insight on the encroachment and expansion of woody species 

in savanna areas of Masutlhe and Lekung in the North West Province, South Africa.  

 

The total woody plant density in Lekung was recorded at 3 650 TE ha-1. This was 

substantially higher than the woody plant density of 368 TE ha-1 in the reference site. This 

site was dominated by thorny species, Vachellia tortilis, Ziziphus mucronata and Grewia 

flava. Vachellia tortilis was the dominant woody encroacher at a density of 1 899 TE ha-1, 

followed by Ziziphus mucronata at 1 384 TE ha-1. There were no traces of a grass cover, 

while the reference site had a dense layer of Eragrostis lehmanniana. Bush encroachment 

leads to suppression of palatable grasses and herbs by encroaching woody species, often 

unpalatable to domestic livestock. Four metre high woody plants, especially Vachellia 

tortilis were the most abundant in the Lekung area. 

 

The total woody plant density in Masutlhe was recorded at a density of 4 906 TE ha-1 as 

compared to the reference site with a woody plant density of only 1 055 TE ha-1. Due to the 

dense bushes, grasses were absent in this site. Vachellia tortilis was present at a density of 

3 897 TE ha-1 and was the sole dominant woody encroacher species. Vachellia tortilis is 

unpalatable to livestock and thickens in areas where there is lack of browsers. Three metre  

and 4 m high Vachellia tortilis trees were dominant in this area. The results are in agreement 

with findings of previous field studies in the Molopo Area in the North-West Province by 

Molatlhegi (2008), Mogodi (2009) and Comole (2014) who also recorded high densities of 

Vachellia tortilis. Inter – and intra species competition has led Vachellia tortilis to be the 

sole dominant encroacher in this study.  

Browsers such as goats were present but due to the density of woody species in this site, 

movement by browsers was restricted.  
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The results demonstrate the usefulness of remote sensing in detecting, quantifying and 

monitoring woody plant species in communal areas of the savanna region in the North-West 

Province. Remote sensing making use of high resolution SPOT images of the years 2004, 

2006 and 2014, supported by ground-truthing, is shown to be a useful tool for quantifying 

and comparing the land and woody vegetation cover over the years. Thus there is a clear 

indication of an emerging competition pattern between woody trees and grasses. Communal 

farmers do not own the land and are often forced to over utilize available grazing lands. As 

the people increase in these areas, there will be more pressure on the available grazing and 

would favour the development of woody encroachers at the expense of a herbaceous stratum, 

especially grasses. 

 

7.2 Conclusion  

 

The results show that extensive land and tree cover changes exist through woody plant 

encroachment. Extensive areas of woody species are replacing natural vegetation, especially 

grasses.  

 

The main findings in this study show that remote sensing identification of woody plant 

species using high resolution multispectral satellite imagery is beneficial in detecting and 

quantifying woody plant species. The results of spatial analysis strongly implicate cattle 

grazing, resources mismanagement as the major cause of savanna change, while direct 

human influence is a primary cause of savanna change in the Masutlhe and Lekung villages. 

Thus, increasingly large areas of woodland, grassland and shrub land will be transformed to 

areas intensely encroached by woody species. Moreover, smaller areas particularly in the 

villages and communal areas are in danger of being completely encroached because of 

anthropogenically induced pressures.  

 

As per change detection results, for the years 2004, 2006 and 2014, there had been 

substantial grassland and woodland losses owing the advancement to severe bush 

encroachment. Thus, the impact of bush expansion on the overall rangeland condition is 

definitely adverse. In conclusion, the findings of the study were that the substantial change 

in vegetation densities has occurred in the area. Long-term information is required to 
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establish the main causes, drivers and impact of bush encroachment particularly in the 

savanna.  

 

This replacement of grasses by woody plants represents a major natural resource loss as both 

grazing and browse are reduced in terms of both quality and quantity. Although, climate 

(rainfall, temperature), increased atmospheric [CO2] and anthropogenic factors such as 

mismanagement (overgrazing and the replacement of browsers by grazers) had a significant 

impact on woody changes, the pattern demonstrates that anthropogenic activities are the 

main drivers of change. Thus, areas encroached by woody vegetation appear to be 

predominantly anthropogenic in origin, with local people as the land managers, appear to be 

causing vegetation depletion, resulting in the expansion and encroachment of woody species 

in previously grass dominated areas. Woody species are unpalatable to livestock and 

browsers such as Boer goats have to be introduced to these areas. However, the communal 

farming system has to be addressed first, before any programme is initiated. Farmers have 

to own the land they are farming on. In this way, they will “treat” it as an asset and 

appropriate farming techniques (camp system and rotational grazing) will only then be 

implemented.  

 

 

7.3 Recommendations  

 

In view of the findings, this study recommends the following: 

 Monitoring and analysis of woody species is important to understand the drivers of 

change and the positive and negative impacts likely at larger spatial scales especially 

in the savanna areas of the North West Province 

 These studies will make important advances in further understanding the 

encroachment and expansion of woody plant species and the impact of natural and 

human ecosystems  

 Change detection studies are valuable especially for woody cover change. Much 

research needs to be done to improve the results of vegetation and change detection 

studies in the Ecology and Environmental field 

 Village inhabitants must be educated and engaged about the encroachment of woody 

plant species 
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 More research must be done especially on the expansion of woody plant species  
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