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Abstract 

The control of Stoebe vulgaris encroachment in the Hartbeesfontein area of 
the North West Province. 

This project forms the research component of a larger LandCare program where 
farms in the Hartbeesfontein area of the North West Province were targeted for 
the eradication of Seriphium plumosum (previously known as Stoebe vulgaris). 
The research was done to give more insight into the population demography of 
S. plumosum, to obtain baseline data to monitor the effect of different control 
technologies on S. plumosum densities and grass species composition, as well 
as to make certain recommendations with regard to the control of S. plumosum 
encroachment. 

With regard to the population demography of S. plumosum, it was determined 
that the period of active growth is from August to early March. The reproductive 
phase of S. plumosum lasts from December to the end of May. This implies that 
control should be done before the reproductive period to prevent seeds from 
being dropped. 

The results obtained from the study sites in the Hartbeesfontein area before 
chemical control of S. plumosum was done showed that encroachment could 
occur in veld in a good condition and in degraded veld if the habitat conditions 
are suitable for the encroachment. This was established from the soil sample 
analyses which indicated that rocky, sandy soils are prone to encroachment. Old 
crop lands are especially prone to S. plumosum encroachment due to the lack of 
competition by grass species. 

The different control technologies used were chemical control, fire and manual 
clearing of the shrub. The results showed that chemical control of the shrub is 
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the most effective control technique, while burning and manual clearing of the 
shrub led to higher densities if not properly managed. Irrespective of the control 
technology used, it is important to have a follow-up control program as well as a 
sound veld management plan to prevent the re-encroachment of the shrub. 

Keywords: Seriphium plumosum, bush encroachment, control technologies, 
phenology, veld condition. 



Opsomming 

Die beheer van Stoebe vulgaris verdigting in die Hartbeesfonteinarea van 
die Noordwes Provinsie. 

Die projek vorm die navorsingskomponent van die LandCare program waar plase 
in die Hartbeesfontein area van die Noordwes Provinsie getyken word vir die 
beheer van Seriphium plumosum (voorheen bekend as Stoebe vulgaris). Die 
navorsing is gedoen met die doel om kennis rakende die populasiedemografie 
van S. plumosum in te samel, om basisdata in te samel om die effek van 
verskillende beheermetodes op die grasspesiesamestelling en S. plumosum 
digthede te bepaal en ook om voorstelle te maak betreffende die beheer van S. 
plumosum verdigting. 

Wat die populasiedemografie van S. plumosum betref, is vasgestel dat die 
aktiewe groeiperiode van S. plumosum van Augustus tot vroeg in Maart 
plaasvind. Die reproduktiewe fase van S. plumosum duur van Desember tot laat 
in Mei. Dit impliseer dat die beheer van die verdigting moet geskied voor die 
reproduktiewe fase begin om te vehoed dat sade afgegooi word. 

Die data wat ingesamel is van die Hartbeesfontein area voor die chemiese 
beheer van S. plumosum toegepas is, het daarop gedui dat verdigting in veld in 
'n goeie sowel as gedegradeerde toestand kan plaasvind mits die 
habitattoestande gunstig is vir verdigting. Hierdie feit word ook gestaaf deur die 
grondmonsteranalises wat wys dat klipperige, sanderige gronde baie vatbaar is 
vir bos verdigting. Ou landerye is veral vatbaar vir S. plumosum verdigting as 
gevolg van die tekort aan kompetisie van grasspesies. 

Die verskillende beheertegnieke wat toegepas is was chemiese beheer, brand en 
uitkap van die struik. Die resultate het gewys dat chemiese beheer die mees 
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effektiewe beheertegniek is, terwyl brand en uitkap van die struik tot hoer 
digthede gelei het indien goeie bestuur nie toegepas word nie. Ongeag van die 
beheertegniek wat gebruik word is dit baie belangrik dat 'n nasorgprogram en 'n 
goeie veldbestuursplan geimplimenteer word, om te verhoed dat herverdigting 
van die struik plaasvind. 

Sleutelwoorde: Seriphium plumosum, bosverdigting, beheertegnieke, fenologie, 
veldtoestand. 
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Chapter 1 

Introduction and Literature review 

1.1 Introduction 
Seriphium plumosum L, previously known as Stoebe vulgaris Levyns 
(Koekemoer, 2003), is one of the main shrub encroachment species into natural 
veld in the Free State and North-West Provinces. Seriphium plumosum 
encroachment reduces the grazing capacity of the natural veld (Moore and Van 
Niekerk, 1987). In 1987, the total area encroached by S. plumosum in the 
grassland of the Free State was estimated at 30 000 hectares. When dense 
stands of S. plumosum occur, the grass production can be suppressed by up to 
75% (Richter, 1988). Several reasons have been proposed to be the major 
causes of the encroachment of this woody shrub species. These include: 
Overgrazing due to high stocking rates, incorrect management practices and 
severe droughts (Richter, 1989). Farmers in the Hartbeesfontein area of the 
North West Province identified the problem of S. plumosum and started to 
combat the encroachment. The farmers estimated that the grazing capacity of 
the veld was about seven hectares per large stock unit (7ha/LSU) without S. 
plumosum encroachment, but with high densities of S. plumosum (between 5 
000 and 10 000 plants/ha) the grazing capacity can decrease to around 12 
ha/LSU. The success of the control technologies implemented by the farmers 
ranged from good to no success at all (See Section 4.11, Historical overview of 
previous control technologies, for more detail). 

1.2 Land degradation and shrub/bush encroachment 
Although most literature refers to encroachment by larger woody plants (trees), 
many of the problems caused by woody shrub encroachment and the principles 
regarding the control of this encroachment are the same. Land degradation is 
defined by the United Nations Convention to Combat Desertification (UNCCD) as 
a "reduction or loss, in arid, semi-arid, and dry sub-humid areas, of the biological 
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or economic productivity and complexity of rain-fed cropland, irrigated cropland, 

or range, pasture, forest, and woodlands resulting from land uses or from a 

process or combination of processes, including processes arising from human 

activities and habitation patterns, such as soil erosion caused by wind and/or 

water; deterioration of the physical, chemical, and biological or economic 

properties of soil; long-term loss of natural vegetation" (UNCCD, 1994). The 

encroachment by woody plants is, therefore, a form of land degradation. Land 

degradation can be caused by climatic changes or human actions (Hudson and 

Alcntara-Ayala, 2006), such as poor management and intense agricultural 

systems (Piccaretta et al., 2006). Land degradation affects food security, 

international aid programmes, national economic development and natural 

resource conservation strategies (Wessels et al., 2007). Hoffman and Ashwell 

(2001) described the following six types of land degradation: 

• Loss of plant cover, where the grass cover is removed through 

overgrazing by livestock. 

• Change in species composition, which is mainly caused by animals with 

selective grazing patterns, where more palatable species are removed 

and less palatable species increase. 

• Shrub or Bush encroachment, which is where the abundance of woody 

plants increase in grasslands as well as in savanna areas (Brown and 

Archer, 1999; Bond and Midgeley, 2001; Chirara, 2001) 

• Alien plant invasion; alien species invade into native vegetation, which 

increases the pressure on native vegetation due to an increase in 

competition. 

• Deforestation, where trees and shrubs are removed for domestic use 

• Other forms of land degradation, where vegetation is removed to 

accommodate agricultural crops. 

Shrub or bush encroachment can also suppress the production of palatable 

grasses and herbs (Fensham, 1998; Brown and Archer, 1999; Pockman and 

Small, 2003; Sheuyange et al., 2005; Ward, 2005; Callaway and Maron, 2006; 
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Sivakumar, 2006). Woody encroachment has lead to changes in the composition 

and structure of semi-arid and arid grasslands in South Africa, as well as in the 

South Western parts of Northern America over the past 150 years (Van Aucken, 

2000). The encroachment of woody species was first recorded in the 1920's and 

1930's in the savanna areas of the Northern Province and KwaZulu Natal and in 

the 1940's in the arid savanna of the Kalahari. During 1980, a workshop was 

held to evaluate the extent of bush encroachment on a 38 million ha area of veld 

in the non communal areas of South Africa. It was found that 1.5 million ha was 

heavily encroached and more than 9 million ha was lightly to moderately 

encroached (Hoffman and Ashwell, 2001). In 1987 it was reported that 8 million 

ha was encroached with woody species and the carrying capacity of the affected 

areas were reduced by up to 80% (Moore and Van Niekerk, 1987). As early as 

1997 and 1998, workshops were held to evaluate the problem of bush 

encroachment in the North West, Northern Cape, Eastern Cape and Northern 

Province and it was found that over 42% of the area was already influenced by 

bush encroachment (Hoffman and Ashwell, 2001). In South Africa, the 

encroachment of woody species is one of the leading causes of land degradation 

and the problem is not confined to certain areas, but to almost the entire country 

(Moore and van Niekerk, 1987). Shrub and bush encroachment is also 

considered to be a form of ecological succession which follows veld disturbance 

(Hoffman and Ashwell, 2001) 

1.2.1 Causes of shrub and bush encroachment 

Several hypotheses have been developed in an attempt to explain why bush 

encroachment occurs. There is no single force that drives bush encroachment, 

but rather a combination of factors (Ward, 2005). Bush encroachment can be 

induced by human activities such as overgrazing and wrongful fire management 

practices that cause an imbalance in the ratio between the herbaceous and 

woody component (UNEP, 1991). This could also lead to a loss in biodiversity, a 

lower carrying capacity and ultimately a decrease in financial gain to the land 

user (Richter, 1989; Brown and Archer, 1999; Van Aucken, 2000; Smit, 2004). 

3 



Encroachment occurs due to the direct competition between the herbaceous and 

the woody component for water, light and nutrients (Moore and Van Niekerk, 

1987). The growth in human population has resulted in an increase in the 

pressure on natural resources, as the amount of livestock required to sustain the 

population increases (Sivakumar, 2006). Bush encroachment has severe 

implications on sustainable land use, but as described by Brown and Archer 

(1999), the rates, dynamics, patterns and the successional processes involved 

are not always understood. The factors that drive the encroachment of woody 

species into grasslands and savannas can either be primary or secondary 

(Tainton, 1999). Primary determinants include climate and soil, and secondary 

determinants include wrongful fire management practices or overgrazing due to 

wrongful management practices implemented by the land users (Richter, 1989; 

Tainton, 1999; Van Aucken, 2000). Changes in historical atmospheric C02-

concentrations and an increase in rodent populations have also been proposed 

as driving factors of bush encroachment (Brown and Archer, 1999). In Walter's 

two-layer model (Walter, 1939), bush encroachment was suggested to be caused 

by extensive grazing. This model stated that grasses out-compete trees for soil 

moisture in the upper layers of the soil because of their ability to grow faster and 

their ability to absorb water more effectively. Furthermore, when grass cover and 

densities are reduced due to overgrazing, the moisture in the upper layers of the 

soil becomes available to the trees, which favours the growth of woody shrubs 

and trees (Wiegand et a/., 2006). Young trees use the same subsurface soil 

layer as grasses when they are at their most sensitive in their early stages of 

growth. This means that differences in root depth can not be used to explain why 

bush encroachment occurs (Ward, 2005). Furthermore, they found that bush 

encroachment occurs on soils that are too shallow for roots to occur at different 

depths (Ward, 2005; Wiegand etal., 2006). Bush encroachment can also be due 

to the exclusion of fire and grazing, because the grass vigour declines in this 

biotic subclimax community (Krupko and Davidson, 1961). Defoliation and 

trampling by livestock cause deterioration in the soil chemical and physical 

composition, which leads to the formation of gaps in the grass layer that are filled 
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by seedlings of encroaching species (Kellner and Bosch, 1992; Brown and 

Archer, 1999; Tow and Lazenby, 2001; Tews and Jeltsch, 2004). 

1.2.2 Control of bush encroachment 

1.2.2.1 General discussion 

When selecting a control technique, it is important to determine whether the 

technique is economically viable for the land user over the short and long-term 

(Moore and van Niekerk, 1987) and whether the method will be environmentally 

friendly (Tainton, 1999). The following aspects have also been proposed as 

important factors before implementing a control strategy (Richter, 1989). 

• The correct identification of the encroaching species. 

• Extensive vegetation surveys to determine the density of the encroachment. 

• Individual plant studies to determine the growth form of the encroaching 

species. 

• Determine the size and accessibility of the area that needs to be controlled. 

• Sufficient resources should be available for follow-up control programmes. 

• Determine the production potential of the area that needs to be controlled to 

financially justify the control programme. 

Each control programme of encroaching species should consist of three phases: 

1. Initial control phase: This phase is where the population of the encroaching 

species is drastically reduced. The focus is on the reduction of the density of 

the encroaching species. It is desirable to control 20% of the species causing 

the encroachment on a farm in order to allow for the next two phases 

(Hoffman and Ashwell, 2001). 

2. Follow-up control, or aftercare: This phase is where seedlings, saplings, 

coppice regrowth and roots are removed. This phase is essential to sustain 

the progress made with initial control work. If this phase is neglected, the 

cleared area will soon become invested with the same species or other 

species (Tainton, 1999). 
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3. Maintenance control: This phase is where the numbers of the encroaching 
plant is controlled at the density achieved by the previous two phases. When 
this phase is reached, the annual maintenance control cost is low and the 
encroaching species is no longer considered a problem. During the 
maintenance phase, it is important to monitor the situation two to three times 
each year. This monitoring should be done during spring, mid-summer and 
autumn to avoid the re-infestation, spread and thickening of the previously 
controlled species (Campbell, 2000). 

When selecting an area to control shrub/bush encroachment with a limited 
amount of resources, it is advised to prioritise the area. Areas of high priority 
during control are the following (Campbell, 2000): 

• Low density infestations: These areas have low densities of the problem 
plant and should be controlled first. The maintenance of these areas is 
rapid and more cost-effective. This will prevent the existing palatable 
grass species from being suppressed by the thickening of the encroaching 
species and it will also prevent the encroaching species to spread into 
surrounding areas (Tainton, 1999). 

• Areas near the top of slopes: The control should start at the top end of 
water courses or at the top of slopes. This will prevent seed from 
spreading downstream or downhill to infest new areas. Erosion should be 
prevented when working on slopes to prevent unwanted species from 
establishing on these eroded areas. 

• Areas where regrowth is present: Follow-up control should be done on 
areas previously controlled before initial control is done on other areas. 
The regrowth should be controlled while the plant is still less than 0.5m 
tall. This is to ensure that thickening does not re-occur in controlled areas 
and the focus of the control programme can shift to the next area that is of 
high priority. 

• Newly disturbed areas: These areas include mechanically disturbed areas 
caused by the hacking-out of undesirable species, areas where the grass 
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cover was lost due to overgrazing and areas where intense uncontrolled 
fires occurred and thus provide an ideal seed bed for pioneer plant 
seedlings. In many of these cases, the plants that do establish here are 
seedlings of encroaching woody plants. 

• Edges of dense spreading infestations: The encroachment should be 
confined by controlling the edges of the population. This is due to the 
lower densities of the encroaching plant at the edges as well as to prevent 
the encroachment from spreading any further. When the edges have 
been controlled, one can start to move into the core of the population 
where the densities will be at the highest. 

• Low density areas inside dense infestations: Areas inside dense stands of 
the encroaching population should be identified and these areas should be 
controlled first. This will break up the large infestation into several smaller 
infestations that could be controlled easier. 

1.2.2.2 Maintaining a vigorous grass cover 

Encroachment of woody species into an arid ecosystem is usually accompanied 
by the loss or reduction in grass cover (Richter, 1989; Rango et al., 2005). Bush 
clearing experiments during the 1930's showed that the grass basal cover could 
increase by up to 14% after the control (Hoffman and Ashwell, 2001). In order to 
prevent unwanted woody species to encroach into an area, it is important for the 
desired grass species to be maintained at a cover where they could out-compete 
the woody encroaching species (Richter, 1989; Skarpe, 1990; Rango et al. 2005; 
Wiegand et al., 2006). It is also important to note that, when the canopy cover is 
reduced through shrub eradication, it leaves gaps that are prone to wind erosion 
as well as to higher water runoff due to a loss in basal cover when active re-
seeding is not done (Rango et al., 2005). To maintain a vigorous grass cover, a 
good livestock grazing system should be allowed with correct stocking rates. 
Paddocks should be well fenced off in order to rotate the livestock and allow the 
veld the appropriate time to rest (Tainton, 1999). To reverse the changes that 
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have occurred due to bush encroachment will be difficult, long-term and perhaps 
impossible, depending on the extent and degree of the encroachment (Van 
Aucken, 2000). It is thus important to use active re-seeding methods to reverse 
this process and to prevent re-establishment of the controlled species (Hatting, 
1953; Smit, 2004; Kellner and Van den Berg, 2005; Rango et a/., 2005,). The 
return of nutrients to the soil through animal excreta can stimulate a vigorous 
grass cover that will decrease the potential of bush encroachment (Smit, 1955; 
Krupkoand Davidson, 1961). 

1.2.2.3 Herbicides for shrub/bush control 

The use of herbicides is usually very expensive, but despite this it is still the most 
widely used technique to control bush encroachment (Richter, 1989; Tainton, 
1999). There are two major categories of herbicides. The first is a soil-applied 
herbicide and the second includes herbicides that are sprayed on the leaves or 
stumps of the plant. Because soil-applied herbicides are used for the control of S. 
plumosum, this method of application will be discussed in more detail. There are 
several factors that influence the success of soil-applied herbicides: 

• Soil moisture or rainfall: Herbicides need moisture to be washed into the soil 
before they become active and can be taken up by the plant. 

• Clay percentage: Sandier soils have less clay particles that can absorb 
herbicides and less herbicide is required to successfully eradicate the 
encroaching species. 

• Soil pH: pH has an effect on the rate of herbicide breakdown and determines 
the residual effect of the herbicide. 

• Humus or organic material content of the soil: The organic fraction of the soil 
acts in a similar way than clay, because the organic material absorbs 
chemical ions. 

• Application method: The type and accuracy of the equipment used for 
application is of utmost importance for successful bush control. (Richter, 
1989; Tainton, 1999; De Beer and Jordaan, 2001). 
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Soil-applied herbicides are available as granules, wettable powders or as a 
liquid. These herbicides need water to be absorbed through the plant roots. The 
herbicide works by inhibiting photosynthesis of the plant, causing the plant to 
loose its leaves and eventually die (Tainton, 1999). The advantages of soil-
applied herbicides are discussed by Tainton (1999) and include: 

• The control is rapid and no mechanical treatment is required. This means 
that the grass layer is not harmed and therefore no seed bed is created for 
the woody plant seedlings. 

• These herbicides have a residual effect of up to five years. During this period 
the newly established seedlings are killed without any further inputs. 

• Only a small amount of herbicide is required, which keeps the cost associated 
with the control to a minimum. 

The disadvantages of soil applied herbicides, according to Tainton (1999) 
include: 

• Some tree roots may extend to areas that have been treated and may be 
killed unintentionally. 

• Water is required for the herbicide to become active, after which it can take 
up to two years for the treated plants to die. 

• Some trees will remain standing after they have died and the nutrients in the 
plant will not become available in the soil. 

• If the clay content is above 35%, the herbicide may not be effective at all. 

• It is important to make a distinction between species that must be treated and 
those that must not be treated and this can complicate matters when people 
are trained for eradication purposes. 

• Trees that remain standing after they are killed make the landscape 
unattractive. 

The use of herbicides for the control of S. plumosum has shown success when 
re-encroachment is prevented by follow-up control of regrowth or by stimulating a 
vigorous grass cover (Smit, 1955; Krupko and Davidson, 1961). Success may 
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be achieved with the control of the species, but the high cost associated with the 
chemicals, the equipment needed and labour is not always validated and 
calculated in eradication programmes (Smit, 1955). The efficiency of shrub 
control is determined by a combination of factors. These include: 

• Time of year that the control is done: When fire is used, the fire should be 
controlled and not out of season. When a herbicide is used, there should not 
be any risk of fire, which could leave the herbicide ineffective as the herbicide 
needs to be transported to the plant roots by rain. The best time to apply the 
herbicide is thus just before the rainy season commences. 

• The type of soil where the herbicide is applied: Soils with higher clay content 
reduces the efficiency of the soil-applied herbicide. This is due to the fact that 
the herbicide is absorbed by the clay particles and cannot be carried to the 
roots of the plant as effectively as in lighter, sandier soils. Soil pH can affect 
the rate of herbicide breakdown and influences the residual effect. The 
organic fraction of the soil acts in a similar way than clay, as the organic 
material absorbs chemical ions (De Beer and Jordaan, 2001). 

• Topography of the encroached area: In order to use fire as a control 
technique, the area should be easily accessible to prevent runaway fires from 
occurring. Rocky terrain can also make it difficult to reach the area with a 
tractor to either slash down the plants, or to use a tractor mounted sprayer. 

• Selectivity of the herbicide: When a herbicide with the active ingredient 
Tebuthiuron is used, it is important to note that all woody species that come 
into contact with the herbicide will be killed and not only the targeted shrubs 
or bushes. 

The herbicide used in this study was a soil-applied herbicide with Tebuthiuron as 
the active ingredient. The trade names of the herbicides that are commonly used 
for the control of S. plumosum are Limpopo, Molopo GG (granules) and Molopo 
SC (suspension). This herbicide is used for the control of broadleaf weeds, 
grasses and brush in non-crop areas and as spot treatment of woody brush on 
rangelands. Tebuthiuron is transported to the plant stems and leaves as soon as 
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it is absorbed by the roots. The herbicide acts by inhibiting the photosynthesis 

function of the plant (Pesticide fact sheet, U.S. Department of Agriculture, 1996). 

Tebuthiuron has a residual effect of 3 years. Micro-organisms metabolize the 

herbicide in the soil and the break-down products are low in toxicity. The 

concentrations of the break-down products are very low and should not be 

hazardous to the environment. Tebuthiuron dissolves in water and is moderately 

mobile in soils. Leaching does not usually carry the herbicide in the soil below 

60cm. The herbicide will kill trees and shrubs with roots which extend into 

treated areas. Tebuthiuron is slightly toxic to birds. Terrestrial animals have the 

ability to break the herbicide down rapidly and the breakdown products are 

excreted in their urine (Pesticide fact sheet, U.S. Department of Agriculture, 

1996). 

1.2.2.4 Biological control methods 

Biological control is usually used in the early phases of encroachment, or as a 

post treatment management strategy. The use of browsers is an effective control 

technique for palatable woody species (Barac, 2003). Boer goats were used to 

control Acacia karroo encroachment by continuously stocking goats on coppicing 

individuals (Tainton, 1999). The use of controlled fires is also considered a form 

of biological control. Fire has occurred naturally in South Africa for decades and 

it plays an important role in the environment (Tainton, 1999; Sheuynge et a/., 

2005). According to the law on the Conservation of Agricultural Resources Act 

(CARA Act no 43 of 1983), permission needs to be obtained from authorities 

before a controlled veld fire is started. Seriphium plumosum is resistant to fire, 

and burning during winter months does not have a drastic effect on the plant. 

When the veld is, however, burned during spring and summer months, the 

establishment of seedlings is prevented and this decreases further encroachment 

into the grasslands (Hatting, 1953; Krupko and Davidson, 1961). As mentioned, 

when fire is excluded from the grassland system, the system is prone to woody 

encroachment (Krupko and Davidson, 1961; Sheuyange et al., 2005). The 
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intensity and frequency of fires depend on the annual rainfall, because the rainfall 
will determine the growth of the grass and ultimately the density, cover and 
biomass of the herbaceous layer (Tainton, 1999; Tews and Jeltsch, 2004). A 
major drawback with burning in early summer (September and October) is that it 
is destructive to the grass cover and is thus an undesirable practice, especially if 
veld is not rested sufficiently after the fire (Hatting, 1953; Smit, 1955, Tainton, 
1999). When veld is burned it may have a large impact on the environment 
because of the greenhouse gases that are emitted which could contribute to 
global warming (Sivakumar, 2006). Soils also become more prone to erosion 
due to a loss in plant cover (Tainton, 1999). 

1.2.2.5 Mechanical control methods 

The majority of bush encroachment control methods in the past included 
mechanical control, such as heavy machinery, bush cutter or manual labour. 
The major drawback of this technique is that it can only be used on small areas 
and areas that are easily accessible. The success of mechanical control methods 
is short-term and when re-encroachment occurs, the grass seedlings are not able 
to compete against the S. plumosum seedlings, which increase the problem 
(Richter, 1989). Many farmers are still implementing these techniques with great 
success where few individual plants occur in scattered stands (Richter, 1989). 
Another drawback of mechanical control is that it affects the grass layer and it 
takes time for the grass to re-establish. At the same time, the disturbed soil is 
ideal for the establishment of seedlings of woody species, which leads to higher 
densities of woody species than before the mechanical control was applied 
(Tainton, 1999). 

1.3 General description of Seriphium plumosum 

1.3.1 Characteristics of Seriphium plumosum 

Seriphium plumosum is a small multi-stemmed woody shrub that grows to an 
average height of 60 cm and a width of 60 cm (Schmidt et al., 2002). It can grow 
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up to 1.5 m high. A shrub is defined as a woody plant with branches at the base, 

without a well-defined main trunk (Brown, 1954). Seriphium plumosum is an 

indigenous plant and occurs in Gauteng, Kwazulu Natal, the Eastern Cape, Free 

State, the North West Province and Angola (Krupko and Davidson, 1961). 

According to Regulation 16 of the Conservation of Agricultural Resources Act 

(CARA) 43 of 1983 (CARA Act, 1983), S. plumosum is a declared indicator of 

bush encroachment in the Free State and the North West Province and poses a 

serious threat to the management of sustainable utilization in grasslands 

(Hatting, 1953; Krupko and Davidson, 1961). The shrub belongs to the 

Asteraceae family. The flowers (florets) are small, but are usually grouped 

together in an inflorescence that is called a head, which gives the appearance of 

being a single flower and led to the family's earlier name of Compositae. Fluffy, 

white to greyish galls are found on the plant. A gall is a plant structure formed by 

abnormal growth within plant tissues as a reaction to an attack on the plant cells 

by an Arthropod (Schaefer et a/., 2005). The Arthropod responsible for the 

attacks on S. plumosum, previously known as Stoebe vulgaris, is Stoebea 

barbertonensis (Schuh, 1974). These organisms are from the family Miridae and 

are found specifically on plants from the genus Stoebe, now known as 

Seriphium. The arthropod does not kill the plant, but slowly uses its nutrients. 

Vegetative reproduction does not normally occur and propagation occurs through 

seeds and seedlings. The seeds ripen from May to June (Hatting, 1953). The 

leaves are small and grey-green of colour (Hatting, 1953; Schmidt et ai, 2002). 

The seeds of this plant are wind dispersed (Hatting, 1953). The mature S. 

plumosum plant develops a thickened rootstock from which several stems grow 

to cover an area that would gradually decrease the grazing value of any pasture 

by shading out the grasses (Smit, 1955). 

1.3.2 Habitat of Seriphium plumosum 

Studies on the ecology of S. plumosum have been conducted at the Field 

Research Station of the University of the Witwatersrand in Johannesburg. It is 
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believed that S. plumosum encroachment is not so much a result of overgrazing 
as of soil with low fertility (Hatting, 1953). The encroachment is, however, 
caused by a multitude of factors. When S. plumosum encroachment has been 
controlled, it is important to use soil fertilizers or manure on the controlled site to 
prevent the re-establishment of the shrub due to low soil fertility (Hatting, 1953). 
It is however not economically feasible to use soil fertiliser in natural veld and 
fertilizers can also have a negative impact on climax species such as Themeda 
triandra. When restoration is done on old crop lands and planted pastures, soil 
fertilizer can be used as Digitaria eriantha, which is the most commonly used 
grass species for planted pastures in this region, is not negatively affected by soil 
fertilizers. The plant prefers slightly sandier soils and, according to previous 
research, it does not grow well in heavy clay soils (Smit, 1955; Krupko and 
Davidson, 1961; Walker and Noy-Meir, 1982). Sandier soils leach water and 
nutrients faster, thus favouring trees and shrubs with deeper root systems 
(Walker and Noy-Meir, 1982; Rango et a/., 2005). The ideal environment for the 
encroachment of S. plumosum occurs when grazing and fire are excluded from 
old croplands and the grass is not able to compete for water and nutrients, 
enabling the shrub to suppress the growth of grasses (Hatting, 1953). When the 
number of rocks in the profile increases, the depth of water infiltration also 
increases, this creates a more suitable habitat to woody species (Teague and 
Smit, 1992). The shrub is mainly found in the Bankenveld (Veld Type 61b) and 
the sandy Cymbopogon-Themeda veld (Veld Type A50) as classified by Acocks 
(Hatting, 1953; Low and Rebelo, 1996). An average summer rainfall of 620-750 
mm is required for the optimal growth of S. plumosum (Hatting, 1953). S. 
plumosum is mainly found in secondary succession on abandoned agricultural 
fields in the grassland regions, as well as in climax veld. Seriphium plumosum is 
also abundant on rocky hill slopes and unploughed areas (Hatting, 1953; Smit, 
1955). Dense S. plumosum stands of 10 000 plants per hectare can reduce the 
grass production by as much as 75% (Richter, 1989). 
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1.4 Phenology and Demography 

1.4.1 Plant Phenology 

Plant phenology is the study of the timing of biological events in the life cycle of 
the plant and the forces (biotic and abiotic) that are responsible for these 
changes. Biotic forces may include grazing or trampling, while abiotic forces 
include light, temperature, water and soil (Pierce, 1984). Phenological changes 
are driven by climate, especially an increase in temperature (Kozlov et al., 2007). 
These different biological events are called phenophases. Observing and 
assessing the phenophase of a plant will depend on the consistency of the 
observer and the methods used. The method used in most studies is a simple 
field observation at specific time intervals. The phenophase of a plant can be 
defined as an observed stage of plant development. To do a representative 
phenological study on a single species, a number of individuals are selected and 
observed. When the data is presented, it is done as the number of individuals at 
a particular phenophase as a percentage of the total number of individuals that 
were selected for observation. These stages include shoot elongation, leaf 
initiation, bud-development, flowering, seed development and maturation. The 
different aspects of the plant phenology that was studied will give an indication of 
when control of this species needs to be done. Flowering time is extremely 
important for the survival of a plant and flowering phenology is affected by 
temperature and photoperiod (Elzinga et al., 2007). It is important to distinguish 
between actively growing shoots and dormant shoots when determining shoot 
elongation. When shoot growth has ceased and actively growing laterals have 
developed it should be clearly indicated and the actively growing lateral should 
be measured. When tags are used to mark the shoots that are measured, it is 
important to make sure that the shoot is not damaged by the tag. Birds are 
sometimes attracted to the tags and they could damage the shoots as well 
(Pierce, 1984). This aspect needs to be considered in the planning of a 
phenological study. 
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1.4.2 Demography 

Plant demographic studies include studies of the change in the size of a 
population over time and give information regarding the dynamics of a 
population, as well as the rate at which individuals of each age group occur in the 
population (Silvertown and Doust, 1993). In this study, only studies of the seed 
viability and germination, as well as a soil seed bank analysis were carried out as 
factors of plant demography. The seed viability can give an indication of the 
ability of a plant to establish under optimal conditions and that is why this was an 
important aspect of S.plumosum to study. 

1.4.2.1 Seed viability 

Seed viability is tested through germination trials as discussed in the 
International Seed Testing Association regulations (ISTA, 1985). Germination 
trials indicate the percentage of seeds that are able to develop into seedlings 
capable of growing into mature plants (Roberts, 1974). During germination trials, 
it is important to know what the optimal conditions for seed germination for a 
particular species are. These factors include an adequate supply of water, 
suitable temperature and composition of gases in the atmosphere, as well as 
light for certain seeds (Mayer and Poljakoff-Mayber, 1975). This is because 
some species require a complex combination of environmental conditions in 
order to break the seed dormancy and enable the seeds to germinate. Seed 
germination success is a good indicator of the plant's ability to persist in the 
environment (Weiersbye and Witowski, 2002). In the Fynbos Biome, the 
alterations in soil micro-climate induced by fire can stimulate seed germination of 
S. plumosum and the plant is able to benefit from winter burns (Cowling, 1992) 

1.4.2.2 Soil seed bank 

Studies concerning the soil seed bank are important in order to understand the 
process and impact of encroachment on the plant community (Mason et a/., 
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2007). Soil seed banks play four important roles in the ecosystem and the 
above-ground vegetation that occur in an area: 
• It is a potential pool of propagules for regeneration of grasses after 

disturbance. 

• It may reduce the potential of a population to go extinct, as some individuals 
are not able to survive conditions above ground. 

• It allows the re-establishment of above-ground communities following severe 
disturbances or changes in the rainfall. The soil seed bank is thus very 
important for the resilience of a community (Fenner, 1985; Ma et al., 2006; 
Olano et al., 2005; Solomon et al., 2006; Zhan et al., 2007). 

• Seed banks can also give an indication of the history of an area that may not 
be visible through above-ground vegetation sampling (Luzuriaga et al., 2005). 
The number of seeds in the seed bank is determined by calculating the 
difference between the seeds formed and the seeds removed through 
germination, predation, senescence and pathogens (Solomon et al., 2006). 
According to Olano et al. (2005), experimental data have shown that the seed 
banks play a role in community structure. Autumn seed bank density gives a 
good indication of annual community cover and weed seed bank densities 
can be used to predict the rate of infestation as well as the species that might 
cause problems in the next rainy season. One of the most important aspects 
of studying the soil seed bank is that it can be used to assess the long-term 
stability of the community, as well as the diversity that will occur in the 
community (Olano et al., 2005). It is important to obtain the ratio between 
seed numbers of target species and other species (Bekker, 1998) because of 
the high competition ratio between the species (Olano et al., 2005), as well as 
to predict short- and long-term vegetation development (Bekker, 1998). 
Overgrazing can also be detrimental to a healthy seed bank, since fewer 
seeds are produced by the plant due to grazing of seed heads. The 
establishment rate of seedlings will also decrease due to the poor soil 
conditions caused by overgrazing (Solomon et al., 2006; Zhan et al., 2007). 
Woody plants are most vulnerable at the seedling recruitment phase. It is 
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therefore important to do soil seed bank tests to determine the potential for 
recruitment of woody shrubs, especially in shrub/bush encroachment studies 
(Harper, 1977). 

1.5 LandCare programme of South Africa 

LandCare South Africa has been established to create awareness of the severe 
resource degradation issues confronting the land to stimulate local action and 
understanding. As mentioned previously, land degradation has severe impacts 
on production, resulting in huge financial losses for South Africa. The South 
African National Department of Agriculture (DoA) is responsible for implementing 
the LandCare programme. This programme is a community-based and 
government-supported approach to the sustainable management and use of 
agricultural natural resources. The main objective of LandCare is to enable land 
users to optimize productivity and the sustainability of natural resources, to result 
in higher productivity, food security, job creation and a better quality of life for all. 
The focus areas of LandCare include (1) Watercare, which targets water 
shortages in the Limpopo Province; (2) Soilcare, which encourages rural farmers 
to combat soil erosion; (3) Juniorcare, which empowers previously 
disadvantaged children, and (4) Veldcare, which entails the promotion of better 
grazing systems, as well as strategies used to prevent erosion to improve 
livestock production. LandCare offers financial support to the farmers when 
combating land degradation and this encourages them to take action. The 
project also promotes local economic development through employment creation 
(LandCare, 1999; Mpofu, 2004). 

In this study, one thousand hectares (1000 ha) that was encroached with S. 
plumosum was controlled. The control methods were carried out by contractors 
who were allocated through a tender process by the provincial government. Fifty 
local unemployed people received the necessary training before they started the 
control programme. This not only created temporary jobs for the people, but also 
the potential for permanent jobs where they could apply these skills gained 
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through the project. The LandCare programme supplied the cost of labour, 25% 
of the cost of the herbicide that was needed (the farmers contributed the other 
75%) and the cost of the research component. 

1.6 Aims of this Study 

Due to a lack of information concerning the demographic characteristics and 
control of Seriphium plumosum encroachment, the following aims were set out 
for this study: 

a) To study some population demographic aspects with regard to S. 
plumosum encroachment. 

b) To develop baseline data to monitor the effect of different control 
technologies on S. plumosum densities and grass species composition. 

c) To make recommendations regarding the control of S. plumosum. 

1.7 Presentation of dissertation 

This dissertation consists of six chapters. Chapter 1 provides a general 
introduction as well as a literature study on land degradation and bush 
encroachment, the control of bush encroachment, the different control 
technologies, the LandCare programme which is responsible for the control of 
the shrub in the Hartbeesfontein study area and general characteristics of S. 
plumosum. Chapter 2 gives detailed information regarding the different study 
sites in the two study areas selected for this study. Chapter 3 describes the 
methods that were used to obtain the data regarding the different aspects of the 
study. The data obtained is given and discussed in Chapter 4. Chapter 5 
includes a general conclusion as well as recommendations regarding the control 
of S. plumosum. Chapter 6 is a reference list of the literature used in this 
dissertation. 
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Chapter 2 

Study area 

2.1 Introduction 
Eleven study sites were selected to study different aspects with regard to S. 

plumosum encroachment. Seven of these sites were situated in the 

Hartbeesfontein study area and four sites in the Potchefstroom study area 

(Figure 2.1). The sites in the Hartbeesfontein study area were all situated on 

privately owned farms (Figure 2.7). The land users were part of a study group 

that identified S. plumosum as a problem plant which causes a serious decrease 

in the carrying capacity of the veld due to the suppression of grass production. 

Vegetation surveys were conducted on these seven study sites. The four sites in 

the Potchefstroom study area were randomly selected in a radius of 50km from 

Potchefstroom, for phenological monitoring of the shrubs. All these sites were 

encroached by S. plumosum. The 50km radius distance was chosen for 

logistical purposes, as the phenological observations and measurements were 

conducted every second week. 

In this chapter the different study sites will be discussed according to 1) biomes 

in which the vegetation units occurred, 2) description of the vegetation units in 

which the study sites were situated 3) location of each study site and the 

historical and management information of each study site according to the land 

users and 4) The climate of the study areas. 

The vegetation units mentioned above are areas within a biome that consist of 

various plant communities that occupy certain habitats of the landscape. 

Vegetation units consist of different vegetation complexes that share ecological 

properties such as the position on major ecological gradients and nutrient levels, 
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and the vegetation structure and species composition are similar (Mucina and 

Rutherford, 2006). 

The seven study sites in the Hartbeesfontein area were, Leeufontein 1, 2 and 3 

(LF1, LF2, LF3), Paardeplaats 1 and 2 (PP1, PP2) and Rhenosterhoek 1 and 2 

(RH1, RH2). All these study sites were located in the Vaal - Vet sandy 

Grassland of the Grassland Biome, between the latitudes 26° 38' 25.0" and 26° 

50' 29.1" and longitudes 26° 16' 27.6" and 26° 25' 15.0" (Figure 2.2 and Table 

2.1). The Viljoenskroon, Randjieklip and Voorspoed study sites of the 

Potchefstroom study area were all located in the Carletonville Dolomite 

Grassland of the Grassland Biome, between 26° 26' 06" and 27° 05' 39" latitude 

and 26° 59' 53" and 27° 12' 07" longitude. The Hartbeespoort study site in the 

Potchefstroom study area was located in the Andesite Mountain Bushveld of the 

Savanna Biome on the 26° 46' 14" latitude and 27° 19' 17" longitude (Figure 2.3 

and Table 2.2). 
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Figure 2.1: The different vegetation units (Mucina and Rutherford, 2006) and the location of the Potchefstroom and 

Hartbeesfontein study areas. The study sites are Paardeplaats (PP), Leeufontein (LF), Rhenosterhoek (RH), 

Voorspoed (VS), Randjieklip <RK), Viljoenskroon (VK) and Hartbeespoort (HP). Map designed by Marie du Toit from 

the North-West University. 
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2.2 Grassland Biome 
The Grassland Biome is dominated by a single grass layer. The canopy cover is 

dependent on the amount of annual rainfall, but other factors such as grazing 

intensity and fire can influence the grass cover. Woody species are mostly 

limited to certain habitats within the grasslands (Rutherford and Westfall, 1994; 

Mucina and Rutherford, 2006). Grasses are able to tolerate fire and grazing and 

these elements are essential to prevent the spread of woody species (Low and 

Robelo, 1998). Good veld management practices are essential to maintain good 

grass cover (Rutherford and Westfall, 1994; Low and Robelo, 1998). 

Overgrazing will cause palatable perennial grasses to be replaced by pioneer, 

creeping and annual grasses (Low and Robelo, 1998). 

Hartbeesfontein study area 

2.2.1 Vaal - Vet sandy Grassland (Gh 10) 

Landscape features 

The altitude of this vegetation unit ranges from 1220m to 1560m above sea level. 

The landscape consists mainly of plains with some scattered, slightly irregular 

undulating plains and hills (Mucina and Rutherford, 2006). 

Geology and soil 

The soil of this vegetation unit consists of aeolian and colluvial sand overlying 

sand stone, mudstone and shole of the Karoo Supergroup (mostly the Ecca 

Group) as well as the older Ventersdorp Supergroup andesite and basement 

gneiss in the north. Soil forms are mostly Avalon, Westleigh and Clovelly. The 

dominant land type is usually Bd and followed by Be, Ae and Ba (Mucina and 

Rutherford, 2006). 

Species composition 

The species composition is dominated by low-tussock grasses and many karoid 

species. The abundance of Themeda triandra in this veld type is associated with 
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veld in good condition, while a lower abundance of this species and the presence 

of Elionurus muticus, Cymbopogon pospichilii (previously known as C. plurinodis) 

and Aristida congesta are indicative of heavy grazing and erratic rainfall (Mucina 

and Rutherford, 2006). 

2.2.1.1 Location, Historical and Management information of the 

Hartbeesfontein study sites 

The locations of the different farms are not shown in the figures. Only Grid 

references of the study sites, as taken by Global Positioning System (GPS) 

readings, where the vegetation sampling took place are given. 

Leeufontein (1) 

The Leeufontein (1) (LF1) study site is owned by Mr W. van Aarde and was 

located between Hartbeesfontein and Coligny (S 26° 41' 09.7"; E 026° 17' 31.5") 

(Table 2.1). Two study sites were chosen on this farm (Figure 2.2). This site 

(LF1) is representative of veld in pristine condition and the species composition 

of this site was dominated by Themeda triandra. The site was moderately 

encroached by S. plumosum. The area was rotationally grazed by cattle and the 

carrying capacity of the site was estimated at 8 hectares per large stock unit 

(ha/LSU) by the land user. The topographical position of the site is on a crest. 

Leeufontein (2) 

Leeufontein (2) (LF2) study site, the second site on this farm was an old crop 

land and lay fallow for 15 years. This site was heavily encroached by S. 

plumosum, before control was done. This site is located next to the Leeufontein 

(1) study site (Table 2.1). The encroachment was controlled with herbicide 

(Molopo SC) in 2005 by using a tractor mounted sprayer. The initial success of 

the control technology was very high when evaluated subjectively, but palatable 

decreaser species have not established and the site is dominated by the 
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increaser 2 species Melinis repens and Cynodon dactylon. The topographical 

position of this site is also on a crest as for the first site. 

Leeufontein (3) 

The Leeufontein (3) study site is by Mr A. Killian. The farm is located on the 

Hartbeesfontein Bospoort road (S 26° 41' 35.0"; E 026° 16 27.6") (Figure 2.2). 

This site was used as a crop land ten years ago and the encroachment of S. 

plumosum was not controlled, which resulted in very high shrub densities. The 

site was dominated by Eragrostis curvula and Cynodon dactylon with large bare 

patches where no herbaceous species occurred. These bare patches are due to 

the high canopy cover of S. plumosum where grass seeds are not able to 

germinate. This site could no longer be grazed by cattle due to the S. plumosum 

encroachment that suppresses the grass production. 

Paardeplaats (1) 

The Paardeplaats study sites are owned by Mr S. Buys and were located 

between Hartbeesfontein and Coligny (S 26° 38' 25.0"; E 026° 20' 50.7") (Figure 

2.2). There are two sites where surveys were done. The first site (PP1) is 

situated on the slope of a hill. This site was moderately encroached with S. 

plumosum. The species composition was dominated by Elionurus muticus and 

Cymbopogon pospichilii (C. plurinodis). The grass cover at this site was high and 

the S. plumosum encroachment did not seem to have an impact on the grass 

cover. 

Paardeplaats (2) 

Paardeplaats (2) (PP2) study site, the second site on this farm is situated on a 

slope with large rocky patches (S 26° 38' 28.3"; E 026° 20' 58.5") (Figure 2.2). 

Manual clearing of S. plumosum was carried out in 2002 and 2003. The shrub 

was hacked down to ground level. The initial success of the control technology 

was high according to the land user, but over the long term the density of S. 
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plumosum was higher than before the control. The density of S. plumosum was 
very high when surveys started in 2006. The species composition consisted 
mainly of Elionurus muticus and Diheteropogon amplectens. 

Rhenosterhoek (1) 
The Rhenosterhoek (1) (RH1) study site is owned by Mr K. de Jager. The farm is 
situated on the road between Hartbeesfontein and Regina. Two sites were 
chosen for vegetation surveys on this farm. The first site was located on the 
Eastern side of the road (S 26° 50' 18.5"; E 026° 25' 15.0"). The herbaceous 
species composition was dominated by species such as Eragrostis gummiflua, 
Triraphis andropogonoides and Setaria sphacelata. This site was moderately 
encroached by S. plumosum, but despite this, the veld seemed to be in a good 
condition with a high frequency of decreaser species. 

Rhenosterhoek (2) 

The Rhenosterhoek (2) (RH2) study site is the second site on this farm and was 
located on the Western side of the road, opposite the first site (S 26° 50' 29.1"; E 
026° 25' 08.3") (Figure 2.2). The grass species composition is dominated by 
Eragrostis gummiflua and Setaria sphacelata. When compared to the first site on 
this farm, this site was heavily encroached by S. plumosum and the canopy cover 
is also higher but fewer decreaser species occur. 
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Figure 2.2: The location of the 7 study sites in the Hartbeesfontein area (LF1, 

LF2, LF3, PP1, PP2, RH 1 and RH2) and the vegetation units that they occur in 

according to Mucina and Rutherford (2006). Map designed by Marie du Toit. 

Table 2.1: Table with the names of the study sites in the Hartbeesfontein study 

area and the GPS-coordinates of the sites. 

Name of study site Abbreviation Latitude Longitude 
Leeufontein 1 LF 1 26° 41'09.7" 26° 17'31.5" 
Leeufontein 2 LF2 26° 41' 09.7" 26° 17' 31.5" 
Paardeplaats 1 PP 1 26° 38' 25.0" 26° 20" 50.7" 
Paardeplaats 2 PP2 26° 38' 28.3" 26° 20' 58.5" 
Leeufontein 3 LF3 26° 41'35.0" 26" 16' 27.6" 
Rhenosterhoek 1 RH 1 26' 50' 18.5" 26° 25'15.0" 
Rhenosterhoek 2 RH2 26° 50' 29.1" 26° 25' 08.3" 
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The Potchefstroom study area 

As for the Hartbeesfontein study sites, the location of the different farms are not 

shown in the figures. Only the Grid references of the study sites, as taken by 

Global Positioning System (GPS) readings, where the vegetation sampling and 

phenological monitoring took place are given. The three study sites described in 

this section formed part of the Potchefstroom study area (Figure 2.3). 

2.2.2 Carletonville Dolomite Grassland (Gh 15) 

Landscape features 

The altitude of this vegetation unit ranges from 1360-1620m, but in most cases 

the altitude varies between 1500 and 1560m. The vegetation and landscape 

features are characterised by slightly undulating plains with rocky chert ridges. 

The veld type is characterised by species-rich grasslands forming complex 

mosaic patterns dominated by many species (Mucina and Rutherford, 2006). 

Geology and soil 

The geology and soil consist of Dolomite and chert of the Malmani Supergroup 

(Transvaal Supergroup) supporting mostly shallow Mispah and Glenrosa soil 

forms typical of the Fa-land type. Deeper red to yellow apedal soils of the Hutton 

and Clovelly forms occur sporadically, representing the Ab-land type (Mucina and 

Rutherford, 2006). 

Species composition 

The most important grass species that occurred on the study sites in this 

vegetation unit and that are listed as important taxa by Mucina and Rutherford 

(2006), consisted of Cynodon dactylon, Diheteropogon amplectens, Loudetia 

simplex, Setaria sphacelata, Themeda triandra, Elionurus muticus, Eragrostis 

curvula, E. gummiflua, Hyparrhenia hirta, Triraphis andropogonoides (Mucina 

and Rutherford, 2006). 
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2.2.2.1 Location, Historical and Management information of the 

Potchefstroom study sites 

Randjieklip 

The Randjieklip (RK) study site is owned by Mr Pretorius. The site was situated 

25km from Potchefstroom on the road between Potchefstroom and Ventersdorp 

(S26° 33' 34"; E 27° 01' 13") (Figure 2.3). The site was located in an area with 

disturbed patches where Cynodon dactylon was the dominant grass species. 

Where these disturbed patches did not occur, the dominant grass species was 

the decreaser Themeda triandra (Figure 2.4a). This site was moderately 

encroached by S. plumosum. The area was grazed by cattle from March 2007 to 

the end of June 2007. 

Viljoenskroon 

The Viljoenskroon (VK) study site is owned by the Viljoenskroon municipality. 

The site was situated 48km from Potchefstroom on the road between 

Potchefstroom and Viljoenskroon (S 27° 05" 39"; E 26° 59 53") (Figure 2.3). The 

site was situated on a steep rocky slope with large rocky patches as shown in 

Figure 2.4b. The encroachment was confined to scattered stands of S. 

plumosum. Loudetia simplex and Diheteropogon amplectens are the dominant 

grass species. 

Voorspoed 

The Voorspoed (VS) study site is owned by Mr van Rensburg. The site was 

situated 40km from Potchefstroom on the road between Potchefstroom and 

Carletonville (S 26° 26' 06"; E27° 12' 07") (Figure 2.3). The site was still grazed 

by cattle when the vegetation surveys were conducted in 2007. The dominant 

grass species were Triraphis andropogonoides, Setaria sphacelata, Elionurus 

muticus and Eragrostis gummiflua. This site was moderately encroached with S. 

plumosum, but shrub density and canopy cover increased dramatically from 2005 

to 2007 (Figure 2.4c + 2.4d). 
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The Potchefstroom study area 

The Hartbeespoort study site of the Potchefstroom study area was situated in the 

Andesite mountain Bushveld of the Savanna Biome. 

2.3 Savanna Biome 

The Savanna Biome is the largest biome and comprises 46.16% of southern 

Africa (Low and Robelo, 1996). In most cases, Savanna consists of a 

herbaceous layer that is mainly composed of grass species and a discontinuous 

to open tree layer of larger shrubs and smaller trees, which can vary from widely 

spaced to 75% canopy cover (Mucina and Rutherford, 2006). Many of the plants 

are highly resistant to fire and regular fires are important to maintain the two 

layers consisting of grasses and trees, respectively (Rutherford and Westfall, 

1994). Bush encroachment is a serious veld management problem in savanna 

areas and is caused by overgrazing (Trollope, 1980; Low and Rebelo, 1996). 

2.3.1 Andesite mountain Bushveld (SVcb 11) 

Landscape features 

The altitude of this vegetation unit ranges between 1350m to 1800m. The 

vegetation and landscape features consist of dense, medium-tall thorny Bushveld 

with a well-developed grass layer on hill slopes and some valleys with undulating 

landscapes (Mucina and Rutherford, 2006). 

Geology and soil 

The geology and soil consist of Tholeitic basalt of the Kliprivierberg Group 

(Randian Ventersdorp Supergroup), also dark shale, micaceous sandstone and 

siltstone and thin coal seams of the Madzaringwe Formation (Karoo Supergroup), 

as well as andesite and conglomerate of the Pretoria Group (Vaaliean Transvaal 

Supergroup). Weathering of these rocks gives rise to shallow, rocky, clayey soils 

of mainly Mispah and Glenrose soil forms. Land types consist mainly of lb and 

Fb, with some Ba and Bb (Mucina and Rutherford, 2006). 
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Species composition 
The grass species that occurred most frequently at this study site and that are 
also mentioned in Mucina and Rutherford (2006) as important grass species of 
the area were Hyparrhenia hirta, Setaria sphacelata and Cymbopogon pospichilii 
(C. plurinodis) (Mucina and Rutherford, 2006). 

2.3.1.1 Location, Historical and Management information of the 
Potchefstroom study site 
The Hartbeespoort study site is owned by Mr G.P. Grobelaar. This site was part 
of the Potchefstroom study area. The farm is situated 25km from Potchefstroom 
on the road between Potchefstroom and Parys (S 26° 46' 14"; E27° 19' 17") 
(Figure 2.4e). The site was situated on a slight slope as shown in figure 2.4e. 
The site was burned in July 2005. The S. plumosum plants that occurred at this 
site were very small because of the fire that occurred in 2005, but the shrub 
density was very high. The grass species composition was dominated by 
Cymbopogon pospichilii (C plurinodis) and Setaria sphacelata. 
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Figure 2.3: The location of the 4 study sites in the Potchefstroom study area 

(VS, VK, RK and HP) and the vegetation units that they occur in according to 

Mucina and Rutherford (2006). Map designed by Marie du Toit of the North-West 

University. 

Table 2.2: Table with the names of the study sites in the Potchefstroom study 

area and the GPS-coordinates of the sites. 

Name of study site Abbreviation Latitude Longitude 
Hartbeespoort HP 26° 46' 14" 27° 19" 17" 

Viljoenskroon VK 27° 05' 39" 26° 59' 53" 

Randjieklip RK 26° 33' 34" 27° 01" 13" 

Voorspoed VS 26° 26' 06" 27° 12'07" 
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Figure 2.4: Pictures of the four study sites in the Potchefstroom study area, a) 

Randjieklip study site; b) Viljoenskroon study site; c) Voorspoed study site (2005); 

d) Voorspoed study site (2007); e) Hartbeespoort study site. 
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2.4 Climate 
The vegetation surveys were conducted in April 2006 and March 2007 at the 

Hartbeesfontein study sites. The average annual rainfall for the period from 2001 

to 2005 was obtained from farmers at different study sites in the Hartbeesfontein 

area. These included Leeufontein, Paardeplaats and Ysterspruit. Although 

surveys were not conducted on the Ysterspruit site, the fluctuations in rainfall 

obtained from the other sites were also visible here and the site was also in the 

Hartbeesfontein area. The long-term average annual rainfall in the area for the 

period from 1990 - 2006 was 676mm per year (Figure 2.5). The rainfall for 2002, 

2003 and 2005 was below the average rainfall for the area and the annual rainfall 

for 2001, 2004 and 2006 was higher than the average. 

The phenological surveys were conducted from 20 September 2006 to 7 August 

2007 in the Potchefstroom study area. The rainfall data was obtained from one 

of the farms in the study area, namely Randjieklip. This was the only rainfall data 

that could be obtained from the land users. The rainfall data of the Randjieklip 

study site for 2006 and 2007 is shown as well as the long-term average monthly 

rainfall for the period from 1996 - 2006 (Figure 2.6). The monthly rainfall data 

was included to see whether there are correlations between rainfall data and 

phenological data obtained for S. plumosum at the different study sites in the 

Potchefstroom study area. The months with the highest rainfall were October to 

April (Figure 2.6). The rainfall for 2006 is considerably higher than 2007. The 

rainfall for 2006 was higher than the average rainfall for the area, where 2007 

was below average except for higher than average rainfall during April, June and 

September. The monthly rainfall data for October - December 2007 was not 

included, because at that time the phenological surveys were concluded. 

Summer temperatures are high with a maximum of 38°C, but the average 

maximum temperature is about 30°C. The average minimum temperature for the 

area is -2°C, although temperatures of as low as -11 °C can occur. Frequent frost 

occurs in the winter months, with up to 37 days of frost, but not as much on 

ridges and hills (Mucina and Rutherford, 2006). 
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Figure 2.5: Annual rainfall as obtained from farmers in the Hartbeesfontein study 

area, as well as the long-term average annual rainfall for the area. 
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Figure 2,6: Annual monthly rainfall for the Randjieklip study site as well as the 

long-term average monthly rainfall for the Potchefstroom area. 
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Chapter 3 

Material and Methods 

3.1 Introduction 
Plant demographic studies entail many aspects. These aspects include studies 

of the change in the size of a population over time which give information 

regarding the dynamics of a population, as well as the rate at which individuals of 

each age group occur in the population (Silvertown and Doust, 1993). The 

demographic aspects that were studied for this project, however, included only 

seed germination and soil seed bank studies, as well as some phenological 

characteristics of S. plumosum. As mentioned, very little knowledge exists about 

the demographic characteristics such as seed germination, seed establishment 

and seed production of S. plumosum. A phenological evaluation was also 

carried out to determine the seasonal trends of S. plumosum. The results of the 

investigation into demographic and phenological aspects will hopefully enable 

land users to better understand and manage the problem of this encroaching 

species. 

3.1.1 Seed Germination trials 

Seriphium plumosum seeds were collected from the four study sites in the 

Potchefstroom area that were selected for the phenological studies. The seeds 

were collected in June 2005, after which they were subjected to a five-day pre-

chilling period. This was done to effectively break the dormancy, as described in 

the International seed testing association (ISTA) regulations for some grass 

species. No dormancy breaking information currently exists for S. plumosum. 

Seed dormancy is an adaptive mechanism of some species to prevent all the 

seeds from germinating simultaneously and the danger of all the seeds being 

destroyed by a natural hazard is thus minimized {ANON, 2006). Seeds were 

collected again in May and June of 2007 to repeat the germination trials as poor 
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germination rates were obtained from the samples collected in 2005. The seeds 

were collected by shaking branches with seeds and then collecting those that 

dropped in plastic bags. Seed germination trials were carried out according to 

the International Seed Testing Association (ISTA) regulations. The top paper 

method was used to determine seed germination. This method is particularly 

suitable for small seeds which may require light for germination (ISTA, 1985). 

Suitable Tupperware containers of 10 cm x 10 cm were cleaned and disinfected 

with alcohol before the experiment was conducted. A paper disc was placed on 

top of a layer of cellulose wadding and cut to the applicable disc size and shape. 

The discs were labelled and the cellulose wadding paper and disc were placed in 

the Tupperware container. Potassium nitrate (KN03) (13 ml) was added to the 

containers as it is another dormancy breaking method commonly used for some 

grass species. The harvested seeds were placed on a work area and mixed 

thoroughly. After the seeds were spread out in a line, to make the counting of 

the seeds easier, one hundred (100) seeds were placed evenly on top of the 

paper substratum in each of the four cleaned containers. The Tupperware 

containers were closed to minimize evaporation and placed into a germination 

chamber and glasshouse. The germination chamber received light for 24 hours 

a day and the glasshouse only received light for 12 hours in every 24-hour time 

period. The temperature in the glasshouse ranged from 20 °C to 30 °C and the 

temperature in the germination chamber was kept between 23 °C and 25 °C. 

The germination was done in the glasshouse because conditions were easy to 

monitor and resembled optimum conditions for germination. Seed viability was 

evaluated by monitoring the germination every seven days for four weeks. The 

evaluation was done by determining the percentage of seeds which produced 

seedlings with well developed leaves and roots and that had the potential for 

developing into mature plants. 

3.1.2 Soil Seed bank analysis 

Soil samples were collected at each of the four study sites in the Potchefstroom 

study area in June 2005. Three quadrates (30 cm x 30 cm) of top soil were 
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collected to a depth of 3cm at each site as shown in Figure 3.1. The samples 

were collected 1m away from the canopy of selected mature individuals of S. 

plumosum. Two cm of soil was placed in seed trays (30 cm x 20 cm x 10 cm) on 

top of 4 cm Hygromix growth medium that had been thoroughly wetted. The trays 

were then placed in a glasshouse and kept under conditions that are generally 

favorable to germination. Shallow layering of soil samples has been shown to 

enhance overall germination rates (Kjellsson, 1992). The day and night 

temperatures in the glasshouse were 25 °C and 20 *C, respectively, with a 12 

hour day and 12 hour night exposure. The soil seed bank was estimated by 

using the seedling emergence method (Leek et a/., 1989). Seedling emergence 

was monitored every ten days for seventy days. Seed trays were watered daily, 

or as needed to keep the soil moist. The species composition in the seed bank 

was determined by counting each individual seedling of all species, but 

specifically any S. plumosum seedlings that emerged. This was done to 

determine the species composition in the seed bank of each of the study sites as 

described by Leckie ef ai. (2000). 

Figure 3.1: Collection of topsoil (30 cm wide and 3 cm deep) for soil seed bank 

experiments. 

3.1.3 Phenological studies 

At each of the four study sites in the Potchefstroom area (as mentioned in 

Chapter 2), five S. plumosum individuals were permanently marked with coloured 

tags for identification as shown in Figure 3.2a. Three shoots were randomly 

selected from each of the plants and a small tag was tied to each shoot. These 
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shoots were measured each time when the sites were visited. The four sites 

were visited every second week from 20 September 2006 to 7 August 2007. The 

phenological studies were done by quantitative measurements, as well as 

subjective field observations (Pierce, 1984). The following measurements were 

carried out: 

• The height of each mature individual plant was measured with a marked 2 

m rod to the highest vegetative point (Figure 3.2b). 

• The width of the canopy diameter of each plant was measured with a 

marked 2 m rod (Figure 3.2c) 

• The lengths of the three marked shoots per plant were measured each 

time when the sites were visited (Figure 3.2d) 
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c) d) 
Figure 3.2: a - The iron pole with a tag that was used to identify each of the 

plants selected for the phenological study, b - The measuring rod used to 

determine plant height, c - The measuring rod used to determine canopy 

diameter, d - Measurement of the marked shoots elongation. 

Several other factors were also monitored at each marked plant. These 

included: 

• Flowering time and when flowers were produced. 

The flowering time was determined by observations done during each 

site visit, to see when the plants started to produce flowers and how 

long the flowers remained on the plants. 
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• Time of seed production after flowers had matured, to see whether any 

seeds were being formed. 

• Time when seeds were dropped - by monitoring the accumulation of 

seeds in the area surrounding the plants, as well as by shaking the 

branches very gently and seeing whether the seeds were ready to be 

dropped. 

3.2 Densities and canopy cover of Seriphium plumosum and 

grass species composition 

Vegetation sampling was carried out to obtain baseline data after the control of 

S. ptumosum encroachment, as well as to determine the effect of different rates 

of encroachment on grass species composition. This data can later be used to 

determine the success of the chemical control carried out by the LandCare 

Programme, which formed the basis of this study. Seriphium piumosurn density 

and canopy cover, as well as grass species composition on the controlled sites 

were assessed to determine whether the veld condition improved and whether 

there was a change in species composition towards a better grass sward 

condition after S. plumosum was removed by the control method of the LandCare 

programme. 

At each of the seven sites in the Hartbeesfontein study area (Figure 2.1, Chapter 

2) specific problem areas where control measurements had to be carried out 

were identified in collaboration with the different land owners. An iron pole was 

used to mark each site permanently. Three belts of 100 m long and 2 m wide 

(200 m2) transects were placed out from each iron pole to determine the density 

and canopy cover of the S. plumosum component in the veld (Kent and Coker, 

1997). 
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3.2.1 Density and canopy cover of Seriphium plumosum 

The belt transects method (Kent and Coker, 1997) was used to determine the 

density and canopy cover spread of the S. plumosum component in the veld. To 

determine the density of the S. plumosum encroachment at a site, each 

individual shrub rooted in the area along the 2 x 100 m transect was counted 

using a measuring tape and a 2m measuring stick. To quantify the canopy cover 

spread of S. plumosum, the width and length of each individual within the 200 m2 

transect was measured (Figure 3.3). 

Figure 3.3: A diagrammatic representation of the 100 x 2 m belt transect that 

was used to monitor the canopy cover spread and density of S. plumosum. The 

shrubs rooted inside the 200 m2 area were measured as indicated by the red 

crosses and the shrubs rooted outside were not measured. 

3.2.2 Grass species composition 

The descending point method was used to determine the grass species 

composition in each of the three marked 100 m transects by recording the 

nearest rooted plant to the point in a 30 cm radius at 1 m intervals (Figure 3.4) 

(Kent and Coker, 1997). When there were no rooted plants within a 30cm radius 

from the point, it was recorded as a bare patch. Each of the grass species was 

then classified according to their ecological status using the classification of Van 

Oudtshoorn (2004). 
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Figure 3.4: A diagrammatic representation of the 100 m line transect used to 

determine grass species composition in a 30 cm radius from the point at 1m 

intervals. 

3.3 Soil sample analysis 

Three composite soil samples were collected from each study site and analysed 

at Eco Analytica*.1 The three samples were collected at a depth of 20 cm at 

each of the seven study sites in the Hartbeesfontein study area as well as the 

four study sites in the Potchefstroom study area. The analyses done on the soil 

samples were a 1:2 water extraction, particle size distribution and pH. See Table 

3.1 for the micro- and macro-elements that were analysed. The particle size 

distribution was determined with regard to particles larger than 2 mm and 

particles smaller than 2 mm in order to classify the soils into the three texture 

classes of sand, silt and clay. All the sites where soil samples were taken were 

encroached by S. plumosum. The soil sample analyses were carried out to gain 

knowledge on the general characteristics of the soils that are prone to 

encroachment by S. plumosum. 
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Table 3.1: Micro- and Macro-elements that were analysed for each soil sample. 

Micro-elements 
Iron Fe 

Magnesium Mn 

Copper Cu 

Zinc Zn 

Boron B 

Macro-elements 
Calcium Ca 

Magnesium Mg 

Potassium K 

Sodium Na 

Phosphate P0 4 

Sulphate S0 4 

Nitrate N03 

Ammonium NH4 

Chlorine Cl 

Hydrogen carbonate HCO3 

*Eco Analytica North-West University PO Box 19140 NOORDBRUG 2522 Tel: +27-18-2933900 
Fax: +27-18-2945740 E-mail: Terina.Vermeulen@.nwu.ac.za 

3.4 Historical overview of previous control technologies 
Previous management information was obtained with a questionnaire (Annexure 
1) from each land user where control technologies have been implemented. The 
first part of the questionnaire included information regarding the general 
characteristics of the study areas, such as: long-term annual rainfall, vegetation 
type, temperature and general soil characteristics. The second part focused on 
the problem species and included questions such as the S. plumosum densities 
as identified by the land user and the affect it had on the veld condition as well as 
the carrying capacity of the veld before control. The third part of the 
questionnaire focused on the actual bush control previously carried out, including 
the aim of the control, the area that was controlled, the time of year when control 
was done and the control technique that was used. The final part of the 
questionnaire focused on the land user's opinion of the general influence of the 
control method on the farm, such as his/her views regarding the change in 
vegetation condition, whether erosion and organic matter increased or decreased 
after bush control and the effect on the biodiversity such as the increase in small 
mammals and insects. The land user also gave a short description of the impact 
that the control had on the farming system and management. The questionnaire 
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was developed for another woody control evaluation, based on indigenous 
knowledge by land users. The study was carried out by A. Barac for her M.Sc 
(Barac, 2003). Only three land users have applied control technologies prior to 
this study and were able to participate in this survey. These included Mr van 
Aarde of the Leeufontein study site, Mr. Buys of the Paardeplaats study site and 
Mr Mare of the farm Yster spruit. This was only a pilot study and more of these 
questionnaires should be answered to evaluate the success of the control 
technologies carried out by the LandCare programme in May 2007, as well as 
other farmers that were not involved with this program, but that have attempted 
to control S. plumosum encroachment with other technologies. 

3.5 Data analysis 

The frequency of occurrence of grass species collected in 2006 and 2007 were 
compiled into spreadsheets for each study site. Each species was classified into 
a specific ecological status category (Van Oudtshoorn, 2004). A percentage 
value was given to each species in the respective categories and the species 
that did not occur frequently were named "other species" in each of the three 
categories. A percentage of occurrence of each species in each study site, as 
well as the percentage each ecological status category contributed to the overall 
species composition, was given. 

The woody shrub component data for each study site collected in 2006 and 2007 
were compiled into a spreadsheet (Annexure 2). This data sheet consisted of the 
density and canopy cover of S. plumosum over 3 x 100 m2 belt transects. These 
values were then analysed to give the density and canopy cover of S. plumosum 
over 1 hectare. 

The phenological data for each study site that was collected every second week 
from 20 September 2006 to 7 August 2007 were compiled into a spreadsheet 
(Annexure 3). The averages of the five marked individuals at each site were 
calculated for all the aspects that were monitored (Section 4.4). 
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The CANOCO program (Ter Braak, 1987) was used to perform the Principle 
Component Analysis (PCA). PCA has a wide range of applications within plant 
ecology. The usual eigen value and eigenvector are calculated for each axis. 
The value of each species is multiplied to determine the plot's value on the PCA 
axis in question. The eigen value represents the highest possible degree of 
correlation of all the species/variables with the principle axis and this is a 
measure of the amount of variation in the data set accounted for by the first axis 
(Kent and Coker, 1992). In the PCA, only one entity is ordinated at a time. 
Distribution or scatter graphs are used to explain the degree of correlation of 
certain species or factors to samples, mainly the first and the second ordination 
axes. The PCA ordinations were used to determine which species occur the 
most frequently at which sites. The ecological status of each species, according 
to Van Oudtshoorn (2004), was used to determine the veld condition. 
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Chapter 4 
Results and discussion 

4.1 Introduction 

The different aspects of this study were investigated to achieve a better 
understanding of S. plumosum encroachment with regard to reproduction, 
growth, the effect on the species composition of the veld and the impact on veld 
condition. The data of the germination trials subjected to the different treatments 
were compared with each other. All these treatments were left to germinate for 
28 days. The data was also compared with previous studies to determine the rate 
of S. plumosum germination. The soil seed bank analysis was carried out to 
determine whether S. plumosum seeds would germinate under controlled 
conditions and also to determine which species occurred in the soil seed bank 
where encroachment occurred. The phenological data obtained at the four study 
sites was compared with each other to determine whether there were any 
differences in phenological parameters between the different sites. Phenological 
data included the determination of the growing and the reproductive period of S. 
plumosum. The vegetation assessments, which included the densities and cover 
of S. plumosum and the occurring grass species, were carried out to determine 
whether there were any correlations between veld condition and the extent of S. 
plumosum encroachment. The soil sample analyses were done to determine the 
particle distribution, macro- and micro-element content of the soil, as well as the 
pH of the soils where encroachment occurred. 

4.2 Seed Germination trials 

Three separate replicates were carried out to determine the germination of S. 
plumosum seeds (Figure 4.1). For the seeds collected in May 2005, as well as 
those collected in May and June 2007, respectively, 4 replicates of 100 seeds 
were used for the germination trials. The seed samples that were collected in 
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2005 and subjected to dormancy breaking with a pre-chilling treatment method 
had a germination rate of 0% after 21 days, after which only 0.37% of the seeds 
germinated. Seed samples collected in May 2007 were germinated in KNO3 as 
dormancy breaking method and showed a constant increase in germination from 
5% germination (day 7) to 33% germination (day 21). Seed samples collected in 
June showed a higher germination rate from 14% germination (day 7) to 53% 
germination (day 21) (Figure 4.1). The higher germination rate obtained from the 
seeds collected in June could be due to seeds being more mature at the time 
and thus having a higher germination potential. This data correlates with the 
data obtained by Hatting (1953) and Weiersbye and Witowski (2002), who found 
40% and 45% germination of this species under optimum conditions, 
respectively. The seeds collected in 2007 were not subjected to pre-chilling and 
showed a high germination rate. The seeds that were collected in 2005 and 
subjected to pre-chilling had a very low germination rate. Although this is an 
effective method of breaking seed dormancy of some grass species, it seemed 
that it was not an effective method to enhance the seed germination of S. 
plumosum. 

4.3 Soil Seed bank analysis 
Soil collected within a radius of 1 m from the canopy of S. plumosum shrubs that 
were used for the soil seed bank analysis carried out in 2005 revealed that the 
majority of seedlings that emerged from the seed bank were that of the weed 
species Bidens bipinata. Weed species are the first to establish after a 
disturbance and their seeds make up the largest contribution to the seed banks 
in grasslands (Roberts, 1974). Seedlings from perennial grasses such as 
Eragrostis sp and Urocloa sp also emerged from the seed bank after one month. 
Only two S. plumosum seedlings emerged from the samples collected from the 
four study sites in the Potchefstroom study area. The seed bank samples were 
kept moist and were monitored for a period of two months. It seems that the 
conditions in the soil were not favourable for the germination of S. plumosum 
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seeds and did not correspond with the germination trials, which showed a much 

higher germination. This could be attributed to habitat conditions such as soil 

temperature that might not have been suitable for the germination of S. 

plumosum seeds, or the higher competition ratio between seeds in the seed 

bank. The age of the seeds in the soil seed bank was not known, but might have 

contributed to the low germination rate. The reason for this low germination rate 

of seeds in the seed bank is unknown and needs further investigation. 
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Figure 4.1: Comparison of the germination potential of seed that was harvested 

in May 2007 (Replicate 1), June 2007 (Replicate 2) and seeds that were 

collected in May 2005 and subjected to pre-chilling, expressed as % germination 

after the number of days up to 28 days. 

4.4 Phenological monitoring 

As mentioned in Chapter 2, four study sites were selected in the Potchefstroom 

area and five S. plumosum individuals were marked at each site. The plant 

height, canopy cover, shoot growth, flowering time, time of seed production and 

time when seeds are dropped were monitored for each plant and will be 

discussed separately for each of the four study sites. 
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• Plant height 
The height of each of the marked plants was measured. This height was taken 
at the highest vegetative point in the plants natural growth form. The plant height 
data from the four study sites were all very similar at the end of March 2007, 
although there were large differences, ranging from an average of 0.49 m to 1.00 
m, between the different study sites when the measurements started in 
September 2006. The plants that were smaller when the measurements started 
showed higher vertical growth than the mature plants. For example the smaller 
plants were 0.49m when the measurements started and 0.85 m when the last 
measurements were taken and the larger plants were 1 m when the 
measurements started and 0.96 m when it ended. The larger mature plants also 
had the tendency to collapse, which resulted in lower height values, for example 
the larger plants were 1 m when the measurements started and 0.96 m when the 
last measurements were taken (Figure 4.2). 

• Canopy cover 
Although some fluctuations in canopy cover occurred for all the marked plants 
monitored at the four study sites, only a small increase in canopy cover occurred 
over the sampling period. This indicates that the canopy cover stayed rather 
constant over the period of sampling from September 2006 to March 2007. On 
average, all S. plumosum plants showed a small increase in the canopy cover at 
all four study sites, irrespective of the fluctuations obtained from the canopy 
cover data (Figure 4.3). The decrease in canopy cover observed at the sites that 
were grazed could be attributed to trampling by the cattle and not to browsing 
impacts, as S. plumosum is unpalatable to cattle. The increase in canopy cover 
shown by the S. plumosum explains why the encroachment of this species is 
such a problem for sustainable livestock farming. As the crown cover continues 
to increase, the area available for the establishment of grasses decreases and 
the grazing pressure on the grasses increases, leading to greater veld 
degradation, as the grazing capacity of the veld is decreased and the veld 
becomes more prone to overgrazing (Figure 4.3). 
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• Shoot growth 
Three shoots where selected from each of the marked plants at the four study 
sites and measured in centimetres (cm) to determine the shoot growth of S. 
plumosum. The average shoot growth of the plants at each site was calculated. 
When measurements were stopped in August 2007, the shoots from the majority 
of the plants started to show a slight increase in length again. It is therefore 
assumed that the active growing period for S. plumosum starts early in August 
when shoot elongation starts and ends between late January and early March, 
depending on the individual plants (Figure 4.4). The fast growing rate of the 
shoots between October and February could be attributed to the environmental 
conditions favouring plant growth with high summer temperatures as well as the 
fact that most of the annual rainfall of the study area occurs during these four 
months (Figure 2.6). 

• Flowering time 
Flowering time is affected by temperature and photoperiod, as these two 
environmental factors are good indicators of seasonal changes (Elzinga et a/., 
2007). Flowers are produced when the conditions are suitable for reproduction. 
Data regarding flowering time was obtained by observing the plants throughout 
the year from September 2006 to August 2007 to determine at which time of year 
the conditions are suitable for S. plumosum reproduction. It was interesting to 
note that all the monitored plants flowered during one month only, namely 
January, starting from early in January until late January. When considering the 
control of S. plumosum, it is important to take this into consideration. It is 
recommended that the plants be controlled before they produce flowers and 
seeds to prevent new seeds from being dropped into the seed bank, which could 
lead to re-establishment of the shrub at the controlled sites (Figure 4.5). 
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• Seed production 

Data from all four study sites showed that the time when seeds were produced 

was approximately one month from the time when the plants started flowering, 

namely mid February to early March, but mostly (60% - 80%) during mid 

February (Figure 4.6). 

• Seed dispersal 

The seeds at all four sites were dropped from early May to early June. The time 

when seeds were dropped differed between the sites, as well as between 

individuals at the same site. The majority of plants started to drop their seeds 

early in May (60% - 100%), with the exception of the plants at the Viljoenskroon 

study site, where seeds were dropped from the second half of May (80%) (Figure 

4.7). 

4.5 Hartbeespoort study site 

• Plant height 

The marked plants measured at the Hartbeespoort study site showed an average 

increase in height from 0.53 m to 0.88 m from September 2006 to February 2007 

(Figure 4.2). The average increase in height of the marked individuals at this site 

obtained at the end of the growing season showed a substantially higher value 

compared to the individuals at the other sites. The marked individuals were still 

very small when the measurements started. This was because of a fire in July 

2005 which destroyed the mature plants. These plants therefore still had to 

undergo a lot of growth before they reached the maximum average height as 

shown by S. plumosum plants throughout this study. The height, however, 

increased very rapidly over the 6 month period. This concurs with studies 

conducted by Richter (1989) and Smit (1955), where the average height of S. 

plumosum was measured at 0.75 m and 0.76 m respectively. 
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• Canopy cover 
The average canopy cover of the marked plants at the Hartbeespoort study site 
increased from 0.39 m2 in September 2006 to 0.85 m2 in March 2007 (Figure 
4.3). This was a drastic increase, given the mature plants were destroyed by fire 
before the surveys started, but was expected due to the small size of the plants 
that occurred at the site after the fire in 2005 (Figure 2.4e). 

• Shoot growth 
The marked shoots at the Hartbeespoort study site showed a fast growing rate 
from September 2006 until early in February 2007. The length of the marked 
shoots increased by an average of 12.64 cm during this time, after which the 
shoot length remained constant to early August 2007 (Figure 4.4). 

• Flowering time 
The flowering time of the plants at the Hartbeespoort study site started in middle 
January, when 40% of the plants started flowering. The flowering time continued 
to the end of January by which time the other 60% of the plants have also 
produced flowers (Figure 4.5). It could be assumed that, when the plants started 
to produce flowers, active growth was seized as the length of the shoots did not 
increase from early February. 

• Seed production 
It was found that 80% of the plants at the Hartbeespoort study site produced 
seeds before 23 February and the other 20% before 9 March (Figure 4.6). From 
this data it could be assumed that seeds are produced rapidly after flower 
production. 

• Seed dispersal 
The majority of plants began to drop their seeds in early May with 80% of the 
individuals starting to drop their seeds from 1 to 4 May, after which the other 20% 
of the individuals dropped their seeds from 4 to 18 May (Figure 4.7). 
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4.6 Viljoenskroon study site 

• Plant height 

The height of the marked plants at the Viljoenskroon study site was very constant 

with very little change occurring over the study period (Figure 4.2). It seems that 

these plants had already reached their maximum height and very little vertical 

growth occurred over the one year period. The average height measured in 

September 2006 was 0.83 m and at the end of January, when active growth 

seized, the average height was 0.90 m. When comparing these findings with the 

data of Richter (1989) and Smit (1955), it is clear that these plants already 

reached their maximum height and very little vertical growth occurred throughout 

the 6 month study period. 

• Canopy cover 

The average canopy cover for the marked plants monitored at the Viljoenskroon 

study site showed an initial decrease in canopy cover from 20 September 2006 

to November 2006 and again in December 2006. There was only a slight 

increase in canopy cover of the marked individuals at this site from 1.38 m2 on 20 

September 2006 to 1.46 m2 in March 2007 (Figure 4.3). The environmental 

conditions, such as the rockiness as well as the dominant grass cover could have 

prevented a more drastic increase in the canopy cover of S. plumosum (Figure 

2.2b). 

• Shoot growth 

The shoots of the marked individuals at the Viljoenskroon study site showed a 

fast growing rate until the end of January 2007, after which the shoot length 

remained constant (Figure 4.4). This data shows that, although the plants did not 

show an increase in their canopy cover, their shoots continued to grow. This 

implies that the overall density of each shrub will continue to increase after 

reaching their maximum canopy cover. Higher shrub densities could lead to a 

lower probability of grass seedling establishment under the canopy of the shrub, 

as germination will be lower in the shade of the canopy. 
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• Flowering time 
Plants at the Viljoenskroon study site produced flowers from 12 January till the 
end of January 2007 (Figure 4.5). No new flowers were formed in February. The 
shoot growth of the plants seized as soon as flowers were produced. 

• Seed production 
The data from the Viljoenskroon study site showed that 60% of the individuals 
produced seed from 9 to 23 February, after which the other 40% of the 
individuals produced seed from 23 February to 9 March (Figure 4.6). Seed is 
produced approximately one month after the flowers were produced. 

• Seed dispersal 
The data from this study site showed that the seeds were dropped approximately 
2 weeks later than at the other three sites, namely 80% of the individuals 
dropped their seeds from 4 to 18 May, after which the other 20% of the 
individuals dropped their seed from 18 May to 1 June (Figure 4.7). The 
difference in time when the plants at this study site began their reproductive 
phase could be ascribed to the locality of the study site (Figure 2.3). This site is 
situated between 50 and 80km from the other three sites and minor differences in 
the climate due to spatial separation could occur, as well as differences in the 
soil, which may have contributed to the delay in reproduction of these individuals. 

4.7 Randjieklip study site 

• Plant height 
The height of the marked plants at the Randjieklip study site was very similar to 
the height of the marked individuals at the Viljoenskroon study site (Figure 2.4a 
and Figure 2.4b). Plants at both sites showed very little change in height from 
September 2006 till March 2007, during which time the average height of the 
marked individuals increased from 0.83 m to 0.88 m (Figure 4.2). The reason for 
this is the same as for the Viljoenskroon study site, namely that all the plants that 
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were measured had reached their maximum height and very little vertical growth 

occurred. 

• Canopy cover 

The average canopy cover of the marked plants measured at the Randjieklip 

study site showed an overall increase form 2.46 m2 in September 2006 to 2.72 

m2 in March 2007. There was a drastic increase in canopy cover from November 

2006 until the end of January 2007 from 2.5 m2 to 3.02 m2, but this was followed 

by a decrease in canopy cover between January 2007 and February 2007, where 

after the canopy cover stayed rather constant at 2.75 m2 (Figure 4.3). The area 

was only grazed from March 2007 to the end of June 2007; which means that 

one of the causes could be that this was the time of flowering and of seed 

forming and most of the energy went into these activities. The damage sustained 

by the plants could not have been due to grazing impact. It is thus not clear as to 

why the decrease in canopy cover occurred at this site from January to February 

2007. 

• Shoot growth 

The marked shoots at the Randjieklip study site showed a fast growing rate up to 

middle January 2007, after which the growth remained constant till middle March 

(Figure 4.4). The shoot growth data does not correlate with the canopy cover 

data, with the shoots growing at a steady rate up to middle March. The shoot 

length however decreased slightly in May 2007. This could be due to damage 

sustained by the plants through trampling by the grazing cattle in the area from 

March 2007 to the end of June 2007. 

• Flowering time 

The majority of the plants at the Randjieklip study site flowered during the second 

half of January, although 20% of the plants flowered before 12 January. All the 

plants at this study site thus flowered during January. The declined shoot growth 
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that started in January is correlated with the initiation of the reproductive phase of 

S. plumosum (Figure 4.5). 

• Seed production 

The data from the Randjieklip study site showed that 60% of the individuals 

produced seed between 9 and 23 February, 20% produced seed from 1 to 9 

February, and 20% produced seed from 23 February to 9 March (Figure 4.6). 

• Seed dispersal 

The data from the Randjieklip study site showed that 60% of the individuals 

started to drop their seed from 1 to 4 May and the other 40% of the individuals 

started to drop their seed from 4 to 18 May. The time when seeds were dropped 

by the plants at this study was very similar to that of the plants at the 

Hartbeespoort study site. As for all the plants at the other study sites except the 

Viljoenskroon study site, these plants produced seed before the start of June 

(Figure 4.7). 

4.8 Voorspoed study site 

• Plant height 

The marked plants at the Voorspoed study site showed an increase in height 

from 1 m on 20 September 2006 to 1.1 m on 12 January 2007. At the end of the 

growing season by the end of March, the average height of the plants at this site 

was 0.96 m. All the marked plants at this study site were already mature and 

had reached their maximum height when the measurements started in 

September 2006. The decrease in average height during January 2007 could be 

due to grazing cattle trampling the S. plumosum shrubs and damaging the plants 

in the process, as well as to the larger mature plants that tended to collapse 

(Figure 4.2). 
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• Canopy cover 

The average canopy cover of the marked plants at the Voorspoed study site 

showed an increase from 3.40 m2 in September 2006 to 3.76 m2 in March 2007. 

There was an initial decrease in canopy cover from September 2006 to 

December 2006. This could be attributed to the trampling of grazing cattle during 

the period of monitoring (Figure 4.3). 

• Shoot growth 

The marked shoots of the S. plumosum plants at the Voorspoed study site 

showed a fast growing rate until middle January 2007, after which the growth 

slowed down in early February and the shoot length remained constant till mid 

August 2007. The shoot growth at this site was very similar to that of the other 

study sites, with growth occurring between August and February (Figure 4.4). 

• Flowering time 

Flowering time of the plants at the Voorspoed study site was the same as for the 

Randjieklip study site, with 20% of the plants flowering before 12 January and the 

rest of the plants before the end of January (Figure 4.5). 

• Seed production 

The seed production data from the Voorspoed study site showed that 40% of the 

individuals produced seed from 1 to 9 February and 60% produced seed from 9 

to 23 February (Figure 4.6). 

• Seed dispersal 

The data obtained from the Voorspoed study site showed that all the individuals 

dropped their seed between 20 April and 4 May 2007 (Figure 4.7). 
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Figure 4.2: Average height (m) of the marked S. plumosum plants at the four 

study sites in the Potchefstroom study area. 
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Figure 4.3: Average canopy cover (m2) for the marked S. plumosum plants at the 

four study sites in the Potchefstroom study area. 
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Figure 4.4: Average shoot length (cm) of the marked S. plumosum shoots at the 

four study sites in the Potchefstroom study area. 
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Figure 4.5: Percentage S. plumosum plants producing flowers from December 

2006 to February 2007 at the four study sites in the Potchefstroom study area. 
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Figure 4.6: Percentage of S. plumosum plants producing seeds from April 2007 to 

June 2007 at the four study sites in the Potchefstroom study area. 
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Figure 4.7: Percentage S. plumosum plants dropping seed from April 2007 to 

June 2007 at the four study sites in the Potchefstroom study area. 

61 



4.9 Densities and canopy cover of Seriphlum plumosum and 

grass species composition 

Initially the aim of this part of the study was to determine the effect of the 

chemical control on the density and canopy cover of S. plumosum, as well as to 

monitor the change in grass species composition after S. plumosum control over 

a three year period. The chemical control was carried out by a contractor who 

was appointed through the LandCare programme. The control was, however, 

only carried out towards the end of this Master study in May 2007, which means 

that no differences could be determined after the control took place. The data 

described in this section will, however, serve as baseline information regarding 

the change of S. plumosum densities and canopy cover, as well as change in 

grass species composition after chemical control at the different study sites. The 

data can therefore be used to evaluate the success of control in further studies, 

and could also give an indication of whether different shrub densities could have 

had an affect on the grass species composition due to possible S. plumosum 

encroachment over time. 

4.9.1 Density and canopy cover of Seriphium plumosum 

The changes in canopy cover and density of S. plumosum were monitored in 

2006 and 2007. Seven sites were monitored in the Hartbeesfontein study area 

and four in the Potchefstroom study area. The results will be discussed together 

with the grass species composition at each study site below. 

4.9.2 Grass species composition 

Grass species were sampled to determine the effect of the encroaching woody 

species S. plumosum on the grass species composition and to determine 

whether there was a correlation between grass species composition and S. 

plumosum densities. As previously mentioned, shrub encroachment can 

suppress the production of palatable grasses and herbs. A change in grass 
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species composition caused by woody species encroachment holds ecological 

implications, because it influences species diversity (Moore, 1989) and 

herbivores have different preferences to different grass species. The long-term 

stability of the veld is determined by the state of the plant succession. The 

species composition can consist mainly of palatable perennial species, meaning 

the veld is in a climax state, or annual pioneer species, which would mean the 

veld is in an early stage of succession (Smit, 2004). The baseline data is 

important as it will give an indication of possible management recommendations 

with regard to the control of S. plumosum encroachment. It also serves a 

purpose to determine the effect the control technologies, which were conducted 

by the LandCare project as part of this study, will have on the grass composition 

and growth when a long-term grazing management system monitoring plan is 

implemented. As mentioned, unfortunately, the control technologies were only 

carried out in May 2007. The changes in grass species composition, as well as 

the changes in canopy cover and density of S. plumosum due to control activities 

could therefore not be described in this study. The results will therefore only 

serve as baseline data for future monitoring purposes. 

The frequency of the grass species were monitored at the seven Hartbeesfontein 

study sites (Figure 2.5) in 2006 and 2007, as well as at the four Potchefstroom 

study sites (Figure 2.6) in 2007. The grass species were classified into Increaser 

- Decreaser ecological status categories as identified by Van Oudtshoorn (2004) 

(Table 4.1). All grass species that occurred at the sites but did not make a great 

contribution to the grass sward were regarded as "other species" in their 

respective categories of ecological status. 

Table 4.1: Grass species with abbreviations and ecological status categories 

according to Van Oudtshoorn (2004). 

Species name Abbreviation Increaser 1 Increaser 2/3 Decreaser 

Anthephora pubescens Anth pub X 

Brachiaria serrata Brae ser X 
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Species name 

Chloris gay an a 

Abbreviation 

Chlo gay 

increaser 1 Increaser 2/3 Decreaser 

X 

Digitaha eriantha Digi eh X 

Diheteropogon amplectens Dine amp X 

Eustachys paspaloides Eust pas X 

Panicum coloratum Pani col X 

Setaria sphacelata Seta sph X 

Sporoboius fimbriatus Spor fim X 

Themeda triandra Them tri X 

Cynodon hirsutis Cyno hir X 

Aristida stipitata Aris sti X 

Digitaria sanguinalis Digi san X 

Aristida canescens Aris can X 

Elionurus muticus Elio mut X 

Eragrostis curvuia Erag cur X 

Eragrostis gummiflua Erag gum X 

Eragrostis lehmanniana Erag leh X 

Eragrostis obtusa Erag obt X 

Eragrostis racemosa Erag rac X 

Eragrostis superba Erag sup X 

Eragrostis trichophora Erag tri X 

Aristida congesta Aris con X 

Heteropogon contortus Hete con X 

Cynodon dactylon Cyno dac X 

Loudetia simplex Loud sim X 

Cymbopogon pospichilii Cymb pos X 

Melinis repens Meli rep X 

Pogonarthria squarrosa Pogo squ X 

Tragus berteronianus Trag ber X 

Trichoneura grandiglumis Trie gra X 
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Species name 

Schizachyrium sanguineum 

Abbreviation 

Schi san 

Increaser1 

X 

Increaser 2/3 Decreaser 

Melinis nerviglumis Meli ner X 

Hyparrhenia hirta Hypa hir X 

Trachypogon spicatus Trac spt X 

Andropogon schirensis Andr sch X 

Cymbopogon excavatus Cymb exc X 

Triraphis andropogonoides Trir and X 

Urelytrum agropyroides Urel agr X 

4.9.3 Hartbeesfontein study area 

Two surveys were carried out at each study site (Leeufontein 1,2,3; Paardeplaats 

1,2 and Rhenosterhoek 1,2) namely in April 2006 and March 2007 to indicate 

whether changes occurred between the years, due to management impacts and 

to secure baseline data for future studies. 

Leeufontein 1 

The density of the S. plumosum plants at the study site showed a slight increase 

from 4217 plants/ha in 2006 to 4783 plants/ha in 2007, but the canopy cover 

increased more drastically from 15.45% in 2006 to 38.52% in 2007 (Figure 4.8). 

The results obtained from this site showed that, when S. plumosum encroaches 

into an area, the density and canopy cover of the shrubs will continue to increase 

if control is not carried out, especially in the first few months. This is due to the 

rapid growth rate of the plant as well as the establishment of new individuals. 

This study site showed an increase in unpalatable Increaser 1 species, as well as 

Increaser 2/3 species such as Cymbopogon pospichilii (previously known as C. 

plurinodis), from 2006 to 2007 (Figure 4.9). The abundance of Decreaser 

species such as Setaria sphacetata, Digitaria eriantha and Diheteropogon 

amplectens decreased. The latter two were classified as "other species". The 

less palatable Increaser 1 and Increaser 2/3 species increased in abundance as 
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a result of grazing by cattle. The biplot of the PCA-scatter diagram ordination 

confirms the positive correlation between this site and grass species such as 

Themeda triandra, Triraphis andropogonoides and Cymbopogon pospichilii 

(Figure 4.22). Although the S. plumosum density was quite high (4217 plants/ha 

in 2006 and 4783 plants/ha in 2007), it could be assumed that this veld was still 

in good condition, if the ecological species classification (Increaser 1, Increaser 

2/3 and Decreaser) was considered. 
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Figure 4.8: Seriphium plumosum canopy cover (%) and density (plants per 

hectare) for 2006 and 2007 at the Leeufontein 1 study site. 
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Figure 4.9: Grass species composition (%) and their different ecological status 

categories for 2006 and 2007 at the Leeufontein 1 study site. The species names 

and abbreviations are given in Table 4.1. 

Leeufontein 2 

At the second study site of the Hartbeesfontein area, where S. plumosum was 

previously controlled with herbicide in 2005, the initial canopy cover and density 

of S. plumosum were very low and only increased slightly from 2% to 9.95% and 

from 250 plants/ha to 825 plants/ha between 2006 and 2007, respectively (Figure 

4.10). The data obtained at this site showed the initial success of herbicide 

control, with very few individuals remaining one year after the control. Because 

there was no follow up control, new individuals established, causing an increase 

in density and canopy cover of S. plumosum. 

The grass species composition at this site was dominated by Increaser 2/3 

species such as Eragrostis curvula, Cynodon dactylon and especially Melinis 

repens (Figure 4.11). This study site was an oid crop land that lay fallow for 

more than fifteen years, which explains the high abundance of pioneer species 

and low abundance of Decreaser species. The soil seed bank of the Decreaser 

species could also have been depleted over the period. It is therefore 

recommended that, for the restoration of old crop lands after successful control of 
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S. plumosum encroachment, active re-seeding, as well as a follow-up control of 

S. plumosum to prevent the re-establishment of the woody seedlings and to 

enhance the growing capacity needs to be done. The strong positive correlation 

of the Increaser 2/3 species such as Cynodon dactylon, C.hirsutus and 

Eragrostis curvula as well as the unpalatable Increaser 1 species, Hyparrhenia 

hirta and Schizachyrium sanguineum is also explained by the PCA-biplot graph 

(Figure 4.22). Due to the high abundance of lower ecological status species, the 

veld at the Leeufontein 2 study site is in a poorer condition then the Leeufontein 

1 study site. 
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Figure 4.10: Seriphium plumosum canopy cover (%) and density (plants per 

hectare) for 2006 and 2007 at the Leeufontein 2 study site. 
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Figure 4.11: Grass species composition (%) and their different ecological status 

categories for 2006 and 2007 at the Leeufontein 2 study site. The species names 

and abbreviations are given in Table 4.1. 

Leeufontein 3 

The Leeufontein (3) study site, which was also an old crop land, showed a slight 

increase in the density of S. plumosum from 2006 to 2007 from 7150 plants/ha to 

7350 plants/ha, and a slight decrease in canopy cover from 83.65% to 82.83% 

(Figure 4.12). It seems that the high densities and canopy cover of S. plumosum 

at this site suppressed the establishment of S. plumosum seedlings as well as 

the growth of grass seedlings. 

The grass species composition at this site showed a very high abundance of 

Increaser 2/3 species such as Eragrostis curvula and Cynodon dactylon and 

almost no Decreaser species. The data obtained from this site correlated with 

the data obtained from the Leeufontein 2 study site, as shown in Figure 4.10 and 

4.12 Both these sites were old crop lands which had fewer Decreaser species. 

This could be attributed to the absence of these Decreaser species in the seed 

bank, as mentioned before. A large area of bare soil patches under the canopy 

of the S. plumosum shrubs, 14% and 19% for the two years, respectively, was 

also observed (Figure 4.13). This contributed to the lower grass establishment 
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rate, because the potential for grass seeds to germinate in the shade created by 

the shrub canopy is lower. As mentioned for the Leeufontein 2 study site, it is 

recommended that active re-seeding be done after the control of S. plumosum in 

order to promote the establishment of palatable Decreaser species, especially in 

old croplands, It seems that old crop lands are particularly prone to the 

encroachment of S. plumosum because the shrub is able to establish faster than 

palatable Decreaser grass species. When considering the phenological data of 

S. plumosum discussed in Section 4.4, it is clear that the period from when 

flowers were produced till the seeds were dropped occurred in about four 

months. The number of seeds that were produced was extremely high and the 

germination potential of the seeds was also high, as discussed in Section 4.2. 

This gave S. plumosum a competitive advantage over many perennial grass 

species, because it acts as a pioneer species characterised by a much higher 

establishment rate. Once established, the growth form of S. plumosum is also 

adapted to grow much faster as discussed in Section 4.4, and competes much 

better if it is not controlled. A second reason for the lack of palatable grass 

species could be that the soil conditions were not suitable for grass growth after 

the cultivation of crops, as the soil was unable to support grasses due to the 

cultivation of the sandy soils, which become too fine for the establishment of 

grasses (Trollope, 1970), and due to a decreased soil fertility that enabled S. 

plumosum to out-compete grasses. Lower soil fertility increased the 

establishment of pioneer species and prevented the establishment of more 

climax grass species which are able to compete with the establishment of S. 

plumosum. There was a strong positive correlation between this site and the 

Increaser 2 species such as Melinis repens and Cynodon dactylon, the Increaser 

1 species, Hyparrhenia hirta and bare soil (Figure 4.22) in the PCA-biplot 

ordination graph. From these results, this veld can be regarded as being in a 

poorer condition than the Leeufontein 1 study site. 
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Figure 4.12: Seriphium plumosum canopy cover (%) and density (plants per 

hectare) for 2006 and 2007 at the Leeufontein 3 study site. 
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Figure 4.13: Grass species composition (%) and their different ecological status 

categories for 2006 and 2007 at the Leeufontein 3 study site. The species 

names and abbreviations are given in Table 4.1. 

Paardeplaats 1 

At the Paardeplaats (1) study site, the canopy cover and density of S. plumosum 

decreased only slightly from 34% to 31.12% and from 4067 to 3150 plants/ha 
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from 2006 to 2007, respectively (Figure 4.14). This could be attributed to grazing 

at the site stimulating the grass growth, which could have prevented new S. 

plumosum individuals from establishing, as well as the trampling effect of the 

cattle on the woody shrubs. Similar results have been obtained by Hatting 

(1953) and Krupko and Davidson (1961), as they found that heavy grazing 

resulted in effective eradication of S. plumosum, ascribed to higher soil fertility 

due to cattle dung and urine which stimulated grass growth. The effect of heavy 

grazing on S. plumosum density is, however, secondary to the higher soil fertility 

enabling a more vigorous grass cover. The trampling caused by grazing cattle 

has a more severe effect on shrubs than on grasses (Trollope, 1970). Heavy 

grazing could, however, easily lead to over-grazing and a loss in grass cover and 

density if careful grazing management is not implemented. Seriphlum plumosum 

densities will increase overtime and grass yield will become lower. 

The grass species composition showed a high number of Increaser 2/3 species, 

which included species such as Elionurus muticus, Eragrostis curvuia, 

Cymbopogon pospichilii and Eragrostis racemosa. The data collected in 2006 as 

well as 2007 showed that there was a high species diversity, which included a 

high number of Decreaser species such as Themeda triandra, Setarla 

sphacelata, Diheteropogon amplectens and Brachiaria serrata (Figure 4.15). 

The species richness was high with 18 different grass species occurring at the 

site in 2006 and 2007. This may contribute to the species recovering more easily 

after a disturbance such as intense grazing or drought. The Paardeplaats (1) 

study site was thus a good example of veld in a better condition despite the 

higher densities of S. plumosum. This study site showed a strong positive 

correlation with the Increaser 1 species Andropogon schirensis, and the 

Increaser 2/3 species Eragrostis racemosa and Elionurus muticus, as well as the 

Decreaser species Diheteropogon amplectens and Brachiaria serrata, according 

to the PCA-biplot graph (Figure 4.22). 
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Figure 4.14: Seriphiurn plumosum canopy cover (%) and density (plants per 

hectare) for 2006 and 2007 at the Paardeplaats 1 study site. 
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Figure 4.15: Grass species composition (%) and their different ecological status 

categories for 2006 and 2007 at the Paardeplaats 1 study site. The species 

names and abbreviations are given in Table 4.1. 

Paardeplaats 2 

The Paardeplaats (2) study site was previously manually controlled in 2002 and 

2003 and very little change in S. plumosum density occurred between the two 
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years. The number of plants/ha remained very high at 8325 plants/ha in 2006 

and 8350 plants/ha in 2007 (Figure 4.16). The canopy cover, however, 

increased from 20.39% in 2006 to 34.12% in 2007 (Figure 4.16). This showed 

that no new plant establishment of S. plumosum individuals occurred, but that the 

individuals that occurred at the site in 2006 increased their canopy cover size. 

The area that remained open for the establishment of grasses therefore 

decreased. 

The grass species composition showed an increase in the abundance of 

Increaser 2/3 species, especially Elionurus muticus, which increased from 1% to 

22% from 2006 to 2007. A decrease occurred in the abundance of Decreaser 

species such as Diheteropogon amplectens which made up 23% of the total 

grass species composition in 2006 and only 3% in 2007 (Figure 4.17). The 

number of individuals per species for the "other species" at this site remained 

constant between the two years. The higher grazing pressure at this site caused 

an increase in the density of S. plumosum, which could have lead to continued 

decline in the abundance of palatable grass species, such as Diheteropogon 

amplectens, as well as the increase in the Increaser 2 species Elionurus muticus. 

From the data obtained from this study site, it is clear that a good follow-up 

control programme is necessary after manual control technologies were applied 

to enable veld to recover and prevent the re-establishment of the shrub. As for 

the Paardeplaats 1 study site, a strong positive correlation of the Paardeplaats 2 

study site with the Increaser 1 Andropogon schirensis species and the Increaser 

2/3 species Elionurus muticus and Eragrostis racemosa, as well as the 

Decreaser species Diheteropogon amplectens and Brachiaria serrata was shown 

by the PCA-ordination biplot (Figure 4.22). 
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Figure 4.16: Seriphium piumosum canopy cover (%) and density (plants per 

hectare) for 2006 and 2007 at the Paardeplaats 2 study site. 
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Figure 4.17: Grass species composition (%) and their different ecological status 

categories for 2006 and 2007 at the Paardeplaats 2 study site. The species 

names and abbreviations are given in Table 4.1. 

Rhenosterhoek 1 

The study site at Rhenosterhoek (1) showed an increase in S. piumosum density 

from 4850 plants/ha in 2006 to 6633 p!ants/ha in 2007. The canopy cover also 
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increased from 30.91% to 49.85% in the one year period (Figure 4.18). The 

results obtained from this site were due to the fact that S. plumosum was able to 

establish and increase in number and size even when the grazing pressure was 

very low. 

The differences in grass species composition for this study site between 2006 

and 2007 were very small, except for the increase in the abundance of Increaser 

1 species such as Triraphis andropogonoides (Figure 4.19). The increase in the 

abundance of Increaser 1 species is often correlated with underutilization (Van 

Oudtshoorn, 2004), but in this case it was characterized by the increase in S. 

plumosum canopy cover and density. The decrease in abundance of Digitaria 

eriantha could also be due to the increase in density of S.plumosum. Seriphium 

plumosum will thus continue to increase in density even when the veld is not 

grazed by livestock. Similar results were obtained for the experiments conducted 

at the Frankenwald Research Station at the University of Witwatersrand of the 

Gauteng Province (Krupko and Davidson, 1961), where it was found that 

vigorous grass cover is stimulated by fire and grazing and when one of these 

factors are excluded, the veld becomes prone to encroachment by woody, as 

well as unpalatable grass species. These results are ascribed to the higher soil 

fertility created by the dung and urine of the grazing animals. At both 

Rhenosterhoek study sites, a strong positive correlation with the Decreaser 

species such as Digitaria eriantha, Sporobolus fimbriatus and Setaria sphacelata, 

as well as the Increaser 2 species Eragrostis gummiflua could be observed if the 

PCA-biplot ordination graph is studied (Figure 4.22). The veld at the two 

Rhenosterhoek study sites is very different from the other sites in grass species 

composition. This could be attributed to the locality of the site (Chapter 2), as 

well as differences in the soil (Section 4.10). 
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Figure 4.18: Seriphium plumosum canopy cover (%) and density (plants per 

hectare) for 2006 and 2007 at the Rhenosterhoek 1 study site. 
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Figure 4.19: Grass species composition (%) and their different ecological status 

categories for 2006 and 2007 at the Rhenosterhoek 1 study site. The species 

names and abbreviations are given in Table 4.1. 

Rhenosterhoek 2 

The second site at Rhenosterhoek (2) showed a slight decrease in S. plumosum 

density from 6533 plants/ha in 2006 to 5225 plants/ha in 2007, but the canopy 
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cover increased slightly from 42.21% in 2006 to 44.6% in 2007 (Figure 4.20). 

Many of the individuals that occurred at this site in 2006 were younger plants. 

The older plants increased in size and dominated the smaller individuals, which 

were not able to compete for resources with the mature individuals, causing a 

high mortality of these small individuals. 

This study site also showed very little change in species composition over the 

period from 2006 to 2007, except for the increase in abundance of some 

Increaser 2/3 species (Figure 4.21). The higher abundance of Increaser 1 

species such as Cymbopogon excavatus and Schizachyrium sanguineum ("other 

species") was due to underutilization by livestock and an overall deterioration in 

veld condition, as was also shown by the decrease in the abundance of 

Decreaser species such as Digitaria eriantha. These results could also be 

ascribed to the poorer veld condition of this study site. 
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Figure 4.20: Seriphium plumosum canopy cover (%) and density (plants per 

hectare) for 2006 and 2007 at the Rhenosterhoek 2 study site. 
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Figure 4.21: Grass species composition (%) and their different ecological status 

categories for 2006 and 2007 at the Rhenosterhoek 2 study site. The species 

names and abbreviations are given in Table 4.1. 
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4.9.4 Potchefstroom study area 

The four sites in the Potchefstroom area were monitored in 2007 to determine 

whether there was a correlation between the canopy cover and density of S. 

plumosum as well as to grass species composition. The results from this data 

are shown in Figure 4.23, 
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Figure 4.23: Correlation between the canopy cover (%) and the density (plants 

per hectare) of S. plumosum at the four study sites in the Potchefstroom area. 

Harfjbeespoort 

At the Hartbeespoort study site, there was no correlation between the density of 

S. plumosum (plants/ha) and the canopy cover (%). This was due to the fire that 

occurred at this site in 2005, which burned all the mature plants to the ground. 

Resprouting of the burned plants contributed to the establishment of many new 

individuals, hence the high density of the species. The increased S. plumosum 

densities could also have occurred due to the germination of the seeds being 

enhanced through the fire at this site (Hodgkinson, 1991). The mortality induced 

by the fire therefore had little or no effect on the density of the shrub, but only 

decreased the canopy cover. This resulted in the fact that the density of S. 

plumosum was still high at 7467plants/ha, but the canopy cover was very low at 

14.27%. The average canopy cover per individual was only 0.20m2 at this site, 
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whereas the canopy cover per individual at the other sites in the Potchefstroom 

study area was more than 1.2m2. Research by Hatting (1953) has shown that 

fire does not control S. plumosum, but that fire enhances the re-sprouting of the 

dormant buds. Previous research also found that S. plumosum seedlings were 

only controlled by fire with great success when the veld was burned regularly 

during November and December, just before flowering time (Section 4.4). The 

fire at this site, however, occurred in July, resulting in the continuous high density 

of S. plumosum. No follow-up control was done to prevent newly established 

seedlings from reaching their reproductive phase (Hodgkinson, 1991). All these 

above mentioned factors resulted in the high densities of S. plumosum. Trollope 

(1970) also proposed that veld fires are only a possible control technique where 

the shrub occurs naturally in the veld and not where it encroaches, such as in the 

Cymbopogon Themeda veld type (Acocks, 1988) where these study sites were 

situated. The grass species composition consisted of a high abundance of 

Increaser 2/3 species such as Cymbopogon pospichilii and Heteropogon 

contortus. The lower number of Increaser 1 species at the site could also 

suggest that the veld was grazed by cattle and the grass cover was continually 

stimulated by grazing (McNaughton, 1979), resulting in the relatively high 

abundance of Decreaser species such as Setaria sphacelata and Brachiaria 

serrata (Figure 4.24). There was a strong positive correlation with the Increaser 

2 species Heteropogon contortus and Cymbopogon pluhnodis and the Decreaser 

species Panicum coloratum, Brachiaria serrata and Sporobolus fimbriatus, 

evident in the PCA-biplot ordination graph (Figure 4.28). 
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Figure 4.24: Grass species composition (%) and their different ecological status 

categories for 2007 at the Hartbeespoort study site. The species names and 

abbreviations are given in Table 4.1. 

Viljoenskroon 

At the Viljoenskroon study site, a good correlation between the density of S. 

plumosum and the canopy cover occurred, with a 9.67% canopy cover and a 

density of 767plants/ha. The lower density could be attributed to the high 

number of bare rocky patches that occurred at this site, reducing the 

establishment of individuals. This study site consisted of a rocky slope 

dominated by Loudetia simplex, which is an Increaser 2 species and 

Diheteropogon amplectens and Setaria sphacelata, which are both Decreaser 

species. AH three of these species that were dominant at this site are indicators 

of rocky areas (Van Oudtshoorn, 2004). At the foot of the rocky slope 

Hyparrhenia hirta, an Increaser 1 species, was the most dominant (Figure 4.25). 

The much lower S. plumosum densities at this site, compared to the other three 

sites in the Potchefstroom area, can be attributed to the fact that grazing was 

excluded from the site, which lead to a dense grass cover, especially on the foot 

of, as well as on the rocky slopes. Although the basal cover of the grasses was 

not quantified, it was found that the foot of the slope was characterized by 

patches where the cover of the Decreaser species, Setaria sphacelata and the 
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Increaser 1 species, Hyparrhenia hirta was very high when subjectively 

assessed. There was a strong positive correlation with the Increaser 1 species 

Trachypogon spicatus and Urelytrum agropyroides, the Increaser 2 species 

Loudetia simplex and Eragrostis gummiflua and the Decreaser species 

Diheteropogon ampiectens as is evident on the PCA-biplot ordination graph 

(Figure 4.28). When considering the species composition, there were 

correlations between this site and the Voorspoed study site (Figure 4.28). 

Figure 4.25: Grass species composition (%) and their different ecological status 

categories for 2007 at the Viljoenskroon study site. The species names and 

abbreviations are given in Table 4.1. 

Randjieklip 

The Randjieklip study site showed a relatively low density of 1350 plants/ha, with 

large individuals of S. plumosum with an average canopy cover of 1.64 

m2/individual. The total canopy cover of S. plumosum was 21.79%. The density, 

as well as the canopy cover, was low when compared to the Voorspoed and 

Hartbeespoort study sites. 

At the Randjieklip study site, grass cover consisted of large Cynodon dactylon 

patches with Themeda triandra in the surrounding areas (Figure 4.26). These 

Cynodon dactylon patches could indicate that disturbances occurred at this site 
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in the past (Janse van Rensbug, 1987; Van Oudthoorn, 2004), but due to the low 

grazing pressure at this site, a high grass cover occurred. This could be 

responsible for the low S. plumosum densities. There was a strong positive 

correlation at this site with the Increaser 2/3 species Cynodon dactyion, 

Eragrostis trichophora, Trichoneura grandiglumis and Aristida stipitata, the 

Increaser 1 species Cymbopogon excavatus and the palatable Decreaser 

species Themeda thandra when studying the PCA-biplot ordination (Figure 4.28). 

Figure 4.26: Grass species composition (%) and their different ecological status 

categories for 2007 at the Randjieklip study site. The species names and 

abbreviations are given in Table 4.1. 

Voorspoed 

The Voorspoed study site showed a high density of 4050 plants/ha as well as a 

high canopy cover (51.2%) for S. plumosum (Figure 4.23). The canopy cover per 

individual was lower than that of the Randjieklip study site with an average of 

1,25m2/individual. 

The Voorspoed study site was moderately grazed by cattle during the 2006/07 

season. Irrespective of the fact that grazing did occur, the species composition 

consisted of 36% Increaser 2/3 species, 29% Increaser 1 species and 33% 
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Decreaser species. The dominant Increaser 2/3 species were Eragrostis 

gummiflua and Elionurus muticus, whereas the dominant Decreaser species was 

Setaria sphacelata (Figure 4.27). There was also 2% bare soil recorded under 

the canopy of the S. plumosurn where no grasses occurred. The bare soil areas 

are due to the large canopy cover of the mature shrubs which prevented grasses 

from establishing. There was a strong positive correlation at this study site with 

the Increaser 2 species Melinis repens, Eragrostis gummiflua and Elionurus 

muticus as well as the Decreaser species Eustachys paspaloides and the 

unpalatable Increaser 1 species Triraphis andropogonoides and Trachypogon 

spicatus as illustrated on the PCA-ordination biplot graph (Figure 4.28). 
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Figure 4.27: Grass species composition (%) and their different ecological status 

categories for 2007 at the Voorspoed study site. The species names and 

abbreviations are given in Table 4.1. 
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Figure 4.28: Principle Component Analysis (PCA) biplot ordination showing the 

correlation of grass species and study sites in the Potchefstroom study area. 

Abbreviations of species and ecoiogical status groups are given in Table 4.1.See 

Table 3.1 for site abbreviations. X-axis Eigen value: 0.487; Y-axis Eigen value: 

0.223. 
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4.10 Soil sample analyses 

4.10.1 The Hartbeesfontein study area 
The soil sample analyses that were carried out for the Hartbeesfontein study 
area consisted of the particle size distribution, macro- and micro-element content 
and the pH of the soil. The detailed results of the soil sample analyses are given 
in Table 4.2. These different aspects of the soil analysis will be discussed for 
each of the three farms of the Hartbeesfontein study area namely, Leeufontein, 
Paardeplaats and Rhenosterhoek. The texture of the soil for all the samples that 
were collected at these study sites was very sandy, with a sand content of 
between 76% and 90% and a very low clay content of between 4% and 9%, 
except for Paardeplaats 1 (PP1) that had a higher clay content of 17%. The soils 
were also slightly acidic with a pH that ranged from 4.62 to 5.27. The slight 
acidity, as well as the high sand content of the soil, favours the establishment 
and growth of S. plumosum, making these areas more prone to S. plumosum 
encroachment (Smit, 1955; Krupko and Davidson, 1961; Walker and Noy-Meir, 
1982). The data from the 1:2 Extraction experiment did not show large 
differences in the Micro-elements that occurred in the soil. The PCA-biplot 
ordination graphs were used to show correlations between the different study 
areas and the data obtained from the soil analyses (Figures 4.29 - 4.34). 

Leeufontein 

When studying the soil data of the three study sites on the Leeufontein farm in 
Table 4.2, the data was very similar, except for the particle size distribution for 
the Leeufontein 1 study site which had 34.26% particles larger than 2mm. This 
was much higher when compared to the other study sites on this farm. The 
positive correlation with particles >2mm of the Leeufontein 1 study site (LF1) is 
also shown by the X-axis in Figure 4.29. This could be due to the fact that the 
Leeufontein 2 and 3 (LF2; LF3) study sites were old croplands where surface 
tillage occurred, which could have contributed to the lower values of the more 
coarse particles (Jacks, 1954). The percentage of sand particles in the soil was 
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high (more than 80%) in all the Leeufontein study sites (Table 4.2). This high 

sand content is expected in this area due to the geology and soil described in 

Chapter 2, section 2.1.1. The soils on this farm were slightly acidic as were the 

soils at all the study sites in the study area. Due to the similarities in particle size 

distribution data it would be expected that the vegetation data will also be similar, 

which was, however, not the case as seen from section 4.9.3. The PCA-biplot 

ordination graph in Figure 4.30 shows that the Leeufontein 1 (LF1) study site had 

a strong positive correlation with Nitrate (N03) as well as Potasium (K) contents 

in the soil at this site. The macro-element data from the Leeufontein 2 study site 

was very similar to that of the first site, except for the lower Chlorine (Cl) value 

and a strong positive correlation with Hydrogen carbonate (HCO3) (Figure 4.30). 

The Cl" ion is highly soluble in water and although the levels were very low, it will 

not have a negative impact on plant growth (Hopkins, 1999). The macro-element 

data from the Leeufontein 3 (LF3) study site differed from the other two sites on 

the farm. These differences could contribute to the high levels of S. plumosum 

encroachment, because the low macro-element content and thus lower soil 

fertility will prevent the more palatable decreaser grass species from establishing. 

This reflects the importance of restoration practices on old crop lands, when 

attempting to restore the area to good grazing veld. 

Paardeplaats 

The Paardeplaats 2 (PP2) study site was characterised by rocky patches that 

could prevent the establishment of grasses. The particle size distribution data 

from these two sites were very similar, except for the Paardeplaats 1 (PP 1) 

study site that had a positive correlation with clay, whereas the Paardeplaats 2 

(PP 2) study site showed a more positive correlation with silt (Figure 4.29). The 

rockiness of the study site could favour the establishment of woody species such 

as S. plumosum. This is due to the deeper infiltration of water created by the 

higher amount of rocks in the profile, which is more suitable to the establishment 

of woody species than to grasses (Teague and Smit, 1992). The particle size 

distribution data in Table 4.2 also showed a high percentage of particles larger 
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than 2mm, which could be due to the rockiness of the study sites on this farm. 
When studying Figures 4.8 - 4.20, which shows the density and canopy cover of 
S. plumosum, it is clear that the density and canopy cover at Paardeplaats 1 
study site were not as high as at the other sites in the study area. This could also 
be attributed to the higher clay content of the soil, which has been shown to be 
less favourable for the establishment of S. plumosum (Smit, 1955; Krupko and 
Davidson, 1961; Walker and Noy-Meir, 1982). The macro-element content of the 
two sites were similar, although the high Sulfate (S04) content of the soil at the 
Paardeplaats 2 (PP2) study site was much higher than at the first site and the 
Ammonium (NH4) value was much lower. Most plants absorb inorganic nitrate 
ions (NO3). These low NH^Ievels should thus not have a negative impact on 
plant growth, because of the high Nitrate (N03) levels in the soil (Hopkins, 1999). 
According to the PCA-biplot ordination graph (Figure 4.31) there was a strong 
positive correlation with Iron (Fe) and the Paardeplaats 1 study site (PP1). The 
Paardeplaats 2 study site (PP2) showed a negative correlation with pH due to the 
low pH of the soil at this study site (Figure 4.31). 

Rhenosterhoek 

The two study sites on this farm were situated further from the other sites and 
this could explain the slight differences in the soil data as shown in Table 4.2. 
The Rhenosterhoek study sites (RH1; RH 2) had a lower Calcium (Ca) and 
Sulfate (S04) content according to the 1:2 extraction. According to the particle 
size distribution, these sites also had fewer particles larger than 2mm, less clay 
and silt and more sand in the soil compared to the other sites in the study area. 
The PCA-ordination graph (Figure 4.29) shows this difference in particle size 
distribution, with a strong positive correlation with sand particles. It is thus 
evident that the sites at Rhenosterhoek had much more sandy soils. The 
percentage of particles larger than 2mm was very low, and so was the clay 
content of the soil. The water infiltration will, however, still be high due to the 
high sand content, which will favour woody plant establishment at these sites 
(Figure 4.18 and Figure 4.20). The macro-element data from these two sites 
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were similar according to the PCA-biplot ordination graph (Figure 4.30) with high 

Hydrogen carbonate (HCO3) and Ammonium (NH4) values and low Sulfate (SO4) 

values in the soil at these sites. SCvdeficiency, however, rarely occurs in soils, 

because many microorganisms are capable of oxidizing sulfides or decomposing 

organic sulphur compounds (Hopkins, 1999). 

Figure 4.29: Principle Component Analysts (PCA) biplot ordination showing the 

correlation of particle size distribution and study sites in the Hartbeesfontein 

study area. See Table 3.1 for site abbreviations. X-axis Eigen value: 0.933; 

Y-axis Eigen value: 0.057 
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Figure 4.30: Principle Component Analysis (PCA) biplot ordination showing the 

correlation of macro-elements and study sites in the Hartbeesfontein study area. 

See Table 3.1 for site abbreviations. X-axis Eigen value: 0.5; 

Y-axis Eigen value: 0.25 
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Figure 4.31: Principle Component Analysis (PCA) biplot ordination showing the 

correlation of micro-elements, pH and study sites in the Hartbeesfontein study 

area. See Table 2.1 for site abbreviations. X-axis Eigen value; 0.885; 

Y-axis Eigen value: 0.112 

4.10.2 The Potchefstroom study area 

The soil sample analyses that were done for the Potchefstroom study area 

consisted of particle size distribution, macro-element content and micro-element 

content. The detailed results of the soil sample analyses are given in Table 4.3 

and the results for the four sites in the Potchefstroom study area are discussed 

below. 

When studying the particle size distribution, the texture of the soil for the 

Voorspoed, Viljoenskroon and Randjieklip study sites were very sandy with a 

sand content of 73%, 88% and 79%, respectively. The soil from the 

Hartbeespoort study site, however, contained a higher percentage of clay (24%), 
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with a smaller percentage of sand in the profile (56%). This can be seen in the 
PCA-biplot ordination graph (Figure 4.32), where a stronger positive correlation 
between the Hartbeespoort study site and the soil clay content can be seen. 
This was expected as the study area was situated in the Andesite Mountain 
Bushveld land type where weathering of underlying rocks give rise to shallow, 
rocky, clayey soils. The percentage of particles larger than 2mm was high at this 
site, which means that the soil had good drainage ability, which favours the 
establishment of S. plumosum. The higher clay content could play a role in 
preventing the shrubs from growing optimally, as it was seen from Figure 4.4. 
That the growth rate of the marked shoots at this site was slightly lower than the 
growth rate at the other three sites. When observing the PCA-ordination biplot in 
Figure 4.32, it is clear that the Viljoenskroon study site was in sandier soils. The 
soils from all four study sites were slightly acidic with a pH that ranged from 5.00 
to 5.76. The results obtained through the 1:2 Extraction experiment showed that 
the Randjieklip study site had the highest magnesium (Mg) content. This 
particular element is less abundant in sandy, acidic soils and could be deficient at 
these sites, because of the sandiness, as well as the slight acidity (Hopkins, 
1999). The Viljoenskroon study site had a high Nitrate (N03) content which is 
confirmed by the positive correlation on the X-axis of the PCA-biplot ordination 
graph (Figure 4.33). There was also a strong positive correlation between 
Hydrogen carbonate (HC03) and the Hartbeespoort study site on the PCA-biplot 
ordination Y-axis (Figure 4.33). The results were very similar and no real 
differences in the micro-element content of the soil could be observed, except for 
the high Iron (Fe) content in the soil at the Viljoenskroon study site (Table 4.3). 
This correlation is also shown in the PCA-biplot ordination graph with a strong 
positive correlation between the Viljoenskroon study site and the Iron (Fe) 
content in the soil (Figure 4.34). The higher Zinc (Zn) content at the 
Hartbeespoort study site is shown in Table 4.3, as well as the strong positive 
correlation between the Hartbeespoort study site and the Zn-content of the soil 
as shown on the Y-axis of the PCA-biplot ordination graph (Figure 4.34). These 
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slight differences in micro-element content did not necessarily have an influence 
on the species composition, nor on the growth of the species that occurred there. 

Table 4.2: Different aspects of the soil sample analyses for the Hartbeesfontein 
study sites. See Table 3.1 for a description of the elements that were analysed. 
Study site abbreviations are given in Table 2.1. 

1:2 Extraction 
Macro-elements (milligram/I) 

Ca Mg K Na S04 N03 NH4 Cl HCO3 

LF1 6.81 1.94 7.69 0.54 7.04 39.68 2.83 4.61 3.05 

LF2 5.34 1.54 6.26 0.69 5.94 31.62 1.65 2.08 6.10 

LF3 4.14 1.70 4.56 0.54 8.01 23.35 2.31 3.78 3.05 

PP1 6.55 1.46 4.04 0.46 6.40 26.25 1.55 3.90 3.05 

PP2 6.15 2.92 6.39 0.69 10.57 28.11 0.45 3.90 3.05 

RH1 3.21 1.22 4.04 0.31 4.45 20.67 3.01 3.43 6.10 
RH2 2.67 1.05 4.82 0.77 4.07 22.94 2.45 2.84 4.07 

Micro-elements (milligram/I) and pH 
Fe Mn Cu Zn PH 

LF1 2.50 0.13 0.00 0.00 4.90 
LF2 3.39 0.09 0.03 0.03 4.78 
LF3 2.34 0.06 0.03 0.00 5.27 
PP1 2.16 0.14 0.00 0.00 5.27 
PP2 1.80 0.12 0.02 0.00 4.62 
RH1 2.43 0.11 0.04 0.01 4.90 
RH2 2.62 0.06 0.01 0.00 5.18 

Particle size distribution 
>2mm Sand Silt Clay 

LF1 34.26 81.99 10.29 7.72 

LF2 17.95 81.38 10.00 8.62 

LF3 13.68 80.10 11.15 8.74 
PP1 60.47 82.25 0.73 17.01 

PP2 56.78 76.05 15.04 8.91 

RH1 1.02 89.86 5.25 4.89 

RH2 6.48 89.92 5.55 4.53 
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Table 4.3: Different aspects of the soil sample analyses for the Potchefstroom 
study sites. See Table 3.1 for a description of the elements that were analysed. 

1:2 Extraction 

Macro-elements (millimol/l) 
Ca Mg K Na S0 4 N0 3 NH4 Cl HCO3 

Voorspoed <0.01 0.08 0.04 0.03 0.09 0.07 0.10 0.05 0.10 

Hartbeespoort <0.01 0.07 0.16 0.02 0.10 0.04 0.09 0.05 0.20 

Vil joenskroon <0.01 0.05 0.23 0.03 0.04 0.37 0.08 0.05 0.10 

Randjieklip 0.02 0.12 0.14 0.04 0.12 0.18 0.09 0.09 0.10 

Micro-elements (micromol/l) and pH 
Fe Mn Cu Zn PH 

Voorspoed 36.32 0.36 0.30 0.04 5.55 

Hartbeespoort 45.08 1.15 0.68 0.63 5.76 

Vil joenskroon 81.02 0.92 0.69 0.16 5.00 

Randjieklip 25.44 0.92 0.14 0.03 5.39 

Particle size distribution 
> 2 m m Sand Silt Clay 

Voorspoed 48.9 73.1 11.1 15.8 

Hartbeespoort 45.0 55.9 19.8 24.4 

Vil joenskroon 24.2 88.0 1.6 10.4 

Randjieklip 11.2 79.4 4.5 16.2 

All the elements that were analysed and had values of zero (0), such as 
Phosphate (P04) and Boron (B) are not shown in the tables above and therefore 
they are not discussed. 
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correlation of particle size distribution and study sites in the Potchefstroom study 
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Figure 4.33: Principle Component Analysis (PCA) biplot ordination showing the 

correlation of macro-elements and study sites in the Potchefstroom study area. 

See Table 2.2 for site abbreviations. X-axis Eigen value: 0.815; 

Y-axis Eigen value: 0.137. 
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4.11 Historical overview of previous control technologies 
As mentioned earlier, this part of the research was only a pilot study and further 
information and analysis of the results obtained through the chemical control 
done by the LandCare programme in the Hartbeesfontein area, as well as other 
control technologies implemented by different land users is needed in follow up 
studies. The preliminary results obtained from the land users of the 
Hartbeesfontein area are discussed below. These results are based on the 
questionnaire completed with land users (Annexure 1). The results serve as an 
example of what type of data can be collected from land users that have carried 
out control techniques. The aim is to build a database of control technologies 
that can serve as a directive for future control by other land users. The data and 
results can also be incorporated into the existing EcoRestore DSS that was 
developed by the North West University (Barac, 2003). 

Yster spruit 
S. plumosum encroachment was controlled with a hand application of the 
herbicide (Molopo SC) in 2003 on this farm. The area that was treated was 1800 
ha with varying densities of encroachment. The density (individuals/ha) of S. 
plumosum was not estimated before control. The individuals were between 0.25 
and 0.5 m high and the plants were multi stemmed, which occurred randomly in 
the veld. The area was used as grazing for cattle before control. The carrying 
capacity of the veld was estimated at 3 to 4 ha per large stock unit (LSU) before 
control by the land user. The soil was characterised as Westleigh tipe, with a 
clay content of 10% - 20%. The soil colour was brown and soil depth was 
between 50 and 100cm. The grass species composition was dominated by 
perennial grasses before control was carried out. 

The main aims of S. plumosum control at this site were to improve grazing as 
well as job creation. The success rate of control was estimated at between 80% 
and 100% by the land user. The initial chemical control was done in November, 
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December and January 2003. The application rate (liter/ha of original 
concentrate) was 2ml/individual and the cost of herbicide was estimated at R 
225/ha. The duration of control was between 1 and 2 man hours per ha, 
depending on the density of the shrubs. 

An after care programme was implemented to control newly established 
seedlings, as no resprouting of controlled individuals occurred. The cost of 
herbicide for the follow up control was estimated at around R 90/ha. The long 
term success of this control method with a follow up control programme was very 
high, with grasses establishing in the bare areas where the shrub was controlled. 

Leeufontein 2 
The control of S. plumosum on this farm was done with herbicide (Molopo SC) 
that was applied with a tractor mounted sprayer in 2005 according to the land 
user. The carrying capacity of the veld was estimated at 8ha /LSU by the land 
user. The soil type was a sandy loam with a clay content of between 10 and 
15%, with a red colour and a depth of 50 -100cm. The grass species 
composition was described as 50% annual and 50% perennial species. The 
area was also an old crop land which was fallow for about fifteen years. 

The density of S. plumosum was "very high" according to the land owner and the 
height class of the individuals was between 0.75 and 1m. The distribution of the 
shrub was random. The area was used as grazing for cattle before control. 

The aim of control was to improve the carrying capacity of the veld. Control was 
done in April 2005. The success of the control was estimated at between 80% 
and 100% by the land user. No follow-up control programme was implemented 
at the time when this pilot study was done. The establishment of seedlings did 
however occur as seen from the S. plumosum density and canopy cover 
between 2006 and 2007 (Figure 4.10). 
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Paardeplaats 2 

Manual control of S. plumosum was done at this site. The plants were hacked 

down on ground level in 2002 and 2003, using picks. According to the land user 

the density of S. plumosum was high at the site. The height class of the plants 

was between 0.25 and 0.5m. 

The manual control of the shrub was a tedious process due to the high density of 

the shrub as well as the rockiness of the site. The initial success of the control 

was high. Over the long term however the density of the shrub increased due to 

resprouting of the controlled plants as well as establishment of new seedlings, 

which lead to even higher densities than before the control. 
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Chapter 5 

Conclusion and recommendations 

The different aspects of the study were carried out to obtain a better 
understanding of certain aspects of the population demography of S. plumosum 
and the effect the control of encroachment has on the grass species composition 
and veld condition, as well as to give guidelines to assist land users when 
considering a control technology to prevent further degradation of veld. In this 
section, a few concluding remarks regarding each of these three different 
aspects, as well as some recommendations regarding S. plumosum control are 
given. 

5.1 Population demographic aspects with regard to Seriphium 
plumosum encroachment. 
With regard to the first aim of the study, which was to study some population 
demographic aspects with regard to S. plumosum encroachment, it can be 
concluded that S. plumosum is adapted to encroach very rapidly into specific 
areas. This is due to the large amount of seeds that are produced, as well as the 
high germination potential of these seeds under favorable conditions. The 
reproductive phase of S. plumosum starts late in December when the first flowers 
are produced and continues to early May or early June when seeds are dropped, 
depending on the locality of the area. Some seeds can, however, remain on the 
plants for several months before they are dropped. These aspects regarding the 
reproduction of S. plumosum are also important to consider when the control of 
S. plumosum encroachment is planned. 

The growth form of S. plumosum also plays a role in the effect it has on the 
surrounding vegetation. For example, the plants that were burned in July 2005 
were able to grow to a height of 0.88 m before the end of February 2007. These 
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shrubs were able to resprout after the fire and grew to their maximum height 
within two growing seasons. This reflects the fast growing rate of S. plumosum. 
The canopy cover of the shrub also increases rapidly after the plant establishes, 
for example the average canopy cover of S. plumosum at all the study sites 
where phenological surveys were conducted increased with between 0.46 m2 

and 0.16 m2 from September 2006 to August 2007. The marked plants showed 
an average shoot elongation of just more than 16 cm in one growing season. 
The result of this is that, as the plant matures, the canopy becomes denser, 
which suppresses the establishment of grasses under the canopy of the shrub. 
The fact that large mature S. plumosum individuals tend to collapse also 
increases the canopy cover of the shrub and prevents grasses from establishing 
in an even larger area. This leads to bare areas where no grasses occur, which 
can be seen from the 2% bare soil at the Randjieklip and Voorspoed study sites, 
as well as the 19% bare soil at the Leeufontein 3 study site in 2007. This 
contributes to the negative impact S. plumosum encroachment has on the grass 
cover. 

5.2 The effect of different control technologies on Seriphium 
plumosum densities and grass species composition. 
With regard to the second aim of the study, which was to develop baseline data 
to monitor the effect of different control technologies on S. plumosum densities 
and grass species composition, it is recommended that long-term monitoring of 
S. plumosum mortalities and regrowth as well as of changes in grass species 
composition needs to be carried out at the Hartbeesfontein study sites that were 
chemically controlled in May 2007 by the LandCare programme. From this data 
it is important to determine the time required for the condition of the veld to 
improve after a control programme was carried out, as well as to determine 
which veld management strategies need to be implemented in order to keep the 
veld in a good condition, to prevent overgrazing and to prevent re-encroachment 
of S. plumosum. The data gathered from the study sites showed that veld in a 
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good condition is still prone to S. plumosum encroachment. This is reflected 
through the high abundance of Decreaser species at the Leeufontein 1, 
Paardeplaats 2 and Rhenosterhoek 1 study sites. All three these study sites 
were heavily encroached by S. plumosum, with densities ranging from 4000 to 
8000 plants/ha. Old croplands are especially prone to encroachment, as seen at 
the Leeufontein 2 and Leeufontein 3 study sites. It is recommended that re-
seeding of palatable Decreaser species be done to establish a more climax, 
perennial grass sward on these soils that were previously depleted by cultivation 
practices. Through the data obtained with the soil analysis, it can be deduced 
that S. plumosum encroachment will occur in a wide range of soils if good veld 
management practises are not implemented. It seems that sandy, rocky soils 
that are slightly more acidic are especially prone to encroachment. Soils with a 
clay content of up to 24% could still be encroached if the drainage is good, which 
would favour the establishment of this woody species. The macro- and micro
element content obtained through the soil analyses showed some differences, 
but to determine whether these differences can affect plant growth, more plant 
physiological experimentation needs to be carried out to determine the specific 
needs of S. plumosum. 

Impact of Encroachment 
From the grass species composition data obtained from this study it is deduced 
that the encroachment of S. plumosum does not necessarily occur only in 
degraded veld, but also in veld in a good condition, which is characterized by 
Decreaser species. When the density of S. plumosum is about 4000 plants/ha 
and the canopy cover about 30-40%, the veld can still be in a relatively good 
condition according to the number of Increaser 2/3 and Decreaser species. S. 
plumosum encroachment will, however, have a negative impact on grass yield 
and thus on the carrying capacity of the veld, because grass seedling 
establishment will be decreased under the dense canopy of S. plumosum. The 
density of the shrub will also continue to increase as a result of bare soil patches 
that could be created because of an increased grazing impact on especially 
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palatable Decreaser grass species. Heavy grazing over a short period can, 
however, stimulate a vigorous grass cover due to higher soil fertility brought 
about through cattle excreta, which will prevent woody encroachment if a loss in 
vegetation cover does not occur (Krupko and Davidson, 1961). The trampling of 
livestock will also negatively affect the growth, density and canopy cover of S. 
plumosum. This makes the implementation of a sound veld management plan all 
the more important to prevent overgrazing, which will lead to bare soil patches 
where unpalatable woody species such as S. plumosum could establish and at 
the same time maintain a vigorous grass cover to prevent the establishment of 
the shrub (Smit, 2004). From the data obtained at the study sites in old 
croplands that had been fallowed, it was deduced that these areas are especially 
prone to S. plumosum encroachment. This could be due to low soil fertility being 
unable to support a vigorous grass cover (Trollope, 1970). The grass is thus not 
able to outcompete the shrubs which will favour species such as annual pioneer 
species and unpalatable increaser 1 species. The results of this study, as well 
as results by Hatting (1953) at the Frankenwald research station, show that it is 
not an effective control technique to rest veld that is encroached with S. 
plumosum. When S. plumosum encroachment is controlled, especially in old 
croplands, it is advised that re-seeding of palatable Decreaser species is done, 
because the soil seed bank is often depleted of seeds due to anthropogenic 
activities. The data of this study also showed that the canopy cover of S. 
plumosum could reach levels where the establishment of shrub seedlings as well 
as grass seedlings is almost impossible due to the dense canopy of these woody 
plants. When the encroachment of woody species suppresses the grass 
production to such an extent as seen at for example the Leeufontein 3 study site, 
it will also have serious implications when considering a control technology. 

106 



5.3 Recommendations regarding the control of Seriphium 

plumosum. 

With regard to the third aim of the study, which was to make recommendations 
regarding the control of S. plumosum, it is recommended that the phenological 
data is carefully considered in order to determine when a control strategy needs 
to be implemented (Pierce, 1984; Moore, 1989). From the phenological data 
gained by this study, it is recommended that control of S. plumosum 
encroachment be done before the reproductive phase commences in December. 
This is to prevent the establishment of S. plumosum seeds in the soil seed bank, 
which could reduce the palatable grass seed production. When the production of 
palatable grass seeds is reduced, it becomes highly unlikely that the veld will be 
able to self-regenerate after the control of woody encroachment (Hodgson and 
lllius, 1998). Follow-up control is extremely important to prevent the 
establishment of S. plumosum seedlings, as well as to prevent the coppicing 
regrowth of mature plants before seeds are produced. The control of woody 
encroachment is, however, essential to increase grass production (Smit, 2003). 

Control with fire 
From the results obtained at the Hartbeespoort study site, it was seen that when 
veld was burned only once in July, it was not affective in controlling S. plumosum 
encroachment successfully. Although the canopy cover was reduced through the 
fire, the shrub density remained high because of seedling recruitment and 
regeneration of the burned shrubs. This is caused by the dormant buds that are 
capable of coppicing after a fire has occurred (Trollope, 1970). It is important to 
note that S. plumosum seed germination can be enhanced by fire, which means 
that higher shrub densities could occur after burning (Hodgkinson, 1991). 
Burning during November and December has been shown to be an effective 
control technology for mature plants, with an average percentage mortality of 
88% and 83%, respectively (Smit, 1955), whereas burning in September and 
October has been shown to prevent the establishment of seedlings affectively 
(Trollope, 1970). Fires that occur in late winter months will not harm grasses, 
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because the grasses are dormant during this time, whereas in spring when 

grasses are actively growing, fire could be detrimental to the recovery of the 

grass (Trollope, 1987). The time between consecutive burns needs to be short 

enough to prevent seedlings from reaching maturity, but when the period 

between burns is too short, the grass yield could be decreased to such an extent 

that the fuel load of the grasses is too low and the fire will not be warm enough to 

kill the encroaching shrubs (Trollope, 1970). When grass production is 

suppressed as seen at the Leeufontein 3 study site, fire is no longer an option for 

initial control of the encroachment (Trollope, 1980). It is recommended that veld 

be burned during November and then rested for two to three years, after which it 

should be burned again during the month of November (Smit, 1955). 

Control with manual labour 

The manual control of S. plumosum is not a desired practice as seen from data 

obtained at the Paardeplaats 2 study site. The plants were hacked out to ground 

level in 2002 and 2003. The control initially seemed successful, but over the long 

term the density of S. plumosum was even higher than before the control, as 

explained by the land user. This is due to the high establishment rate of 

seedlings after the mature plants have been removed (Smit, 2004). The soil 

surface disturbance creates a seed bed for seed to establish. When S. 

plumosum is able to establish very quickly, the establishment of grasses is 

reduced on these newly created bare areas. Grass cover is also destroyed in the 

area that is controlled. The process of controlling dense stands of S. plumosum 

encroachment manually is a very labour intensive technology and the rocky 

terrain found on many of the sites makes this a tedious process. 

Control with Herbicide 

The chemical control of S. plumosum can be done by soil-applied herbicides 

such as Molopo SC, Molopo GG and Limpopo with the active ingredient 

Tebuthiuron. Herbicide control was carried out at two sites in the 

Hartbeesfontein area. Molopo SC was used at both these sites. The initial 
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success rate at both these sites was estimated at between 80% and 100% by the 
respective land owners (Mr W. van Aarde and Mr S. Mare). The low S. 
plumosum density and canopy cover data observed at the Leeufontein 2 study 
site shows that, although the initial success is high, re-establishment does occur. 
The residual effect of Tebuthiuron (Molopo, Limpopo) can be as long as five 
years (Tainton, 1999), which means that re-establishment of S. plumosum will be 
low during this period. The herbicide is dependant on rain to leach the chemicals 
into the soil. It is also slow acting and may take up to 24 months for the 
controlled plants to die. The herbicide must be applied within 15 - 20 cm from 
the base of the plant (ANON, 2002). The correct dosages and application rates 
are essential for the effective control of woody species. These dosages are 
given on the leaflet attached to the herbicide containers. The herbicide is diluted 
with water at 1,5 litre herbicide to 8,5 litre water. The dosages that are required 
are determined by the plant height, with one dose (2 ml) per seedling and two 
doses (4 ml) for plants up to 1 metre high. 

Follow-up control 

Irrespective of the control technology chosen, the control of bush encroachment 
and the management of the veld after control is a long-term process (Smit, 
2004). The follow-up control technology does not necessarily have to be the 
same as the one used initially. When S. plumosum encroachment is controlled 
with a chemical control method, it is recommended that follow-up control is not 
done within 24 months of the initial control, because most herbicides are slow 
acting. According to answers given by landowners, no regrowth of mature S. 
plumosum occurred after chemical control, but there was a high rate of seedling 
establishment. When the control of S. plumosum encroachment is planned, it is 
very important to take the cost of the follow-up program into consideration. The 
cost of a follow-up program using chemical control was estimated by land users 
at approximately 40% of the original control cost (Section 4.11). Fire can also be 
used as follow-up control method after shrub density and cover have been 
decreased by alternative control technologies and grasses have established to 
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produce a good fuel load. After the follow-up program, the land user needs to 
implement a sound veld management plan to ensure the long-term success of 
the control techniques. 

As mentioned earlier the LandCare programme provided 25% of the cost of 
herbicide. Not all the herbicide was used during the initial control of the S. 
plumosum encroachment. The farmers thus have herbicide left for the follow-up 
control, which they can use when shrub seedlings start to re-establish in the 
previously controlled areas. Part of the funds allocated to the research 
component of the study, by the LandCare programme, will be used for 
awareness days regarding the encroachment and control of S. plumosum. This 
will enable other farmers that were not part of this project to better understand 
the negative impact of S. plumosum encroachment on rangelands production 
and will motivate them to control the encroachment on their own farms. 
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Annexure 1 

Seriphium plumosum control questionnaire 

NAME OF SAMPLER: SITE No: 
DATE: 
NAME OF FARMER: 
NAME OF FARM/REGION: 
FARM NUMBER: 
SIZE OF FARM/AREA: 
TYPE OF ENTERPRISE, FARMING SYSTEM, MANAGEMENT: 

DISTRICT/AREA: 
ADDRESS: TEL: 
FAX: 
E-MAIL: 
CELL: 

EXPERIENCE OF FARMERS IN BUSH CONTROL: 
a) Years since first treatment 
b) Total Number of sites treated 
c) Specific years in which treatment took place 
NAME OF FAIRLY HOMOGENOUS AREA: 
VEGETATION TYPE: 
ESTIMATED CARRYING CAPACITY OF AREA BEFORE BUSH CLEARING 
(ha/LSU): 
RAINFALL (mm): 
Short tern (last 5years): Long term (>30years): 
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TEMPERATURE (C°): 

Max average: Min average: 

Frequency of frost: 

SOIL TYPE:... 

Clay content: 

Frequent Infrequent 

0-5 
sand 

5-10 
sand 

10-15 
sa-lm 

15-20 
sa-lm 

20-25 
sa-cl-lm 

25-30 
sa-cl-lm 

30-35 
cl-lm 

35-40 
cl-lm 

>40 
clay 

Other 

Soil colour: 
White Red Yellow Black Red-brown Gray Brown Other 

Soil depth (cm): 
0-5 cm 5-20 cm 20-50 cm 50-100cm >100cm Other 

Topographical position/slope of site that has been controlled: 
Crest Mid-slope Foot-slope Next to riverbed Riverbed Other 

SOIL CONDITION - BEFORE CONTROL: 
>50% bare <50% bare Litter No litter Capped Other 

GRASS SPECIES COMPOSITION BEFORE CONTROL: 
Predominantly annual Predominantly perennial Annual:perennial 50:50 Other 

PROBLEM SPECIES BEFORE CONTROL: 

Density of problem species (individuals/ha): 
<1000 1000-2000 2000-3000 3000-4000 4000-6000 6000-8000 8000-10000 >10000 
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Height class and % contribution of problem species: 
0-0.25 0.25-0.5 0.5-0.75 0.75-1 1-1.5 1.5-2 >2 

Growth form of problem species: 
Single stemmed Multi stemmed 

Distribution of problem species: 
Single Clumped Rows Random Other 

Use of problem species: 
Charcoal Timber Fuel Browsing No use Burning Organic 

matter 
Combination Other 

Description: 
LAND USE BEFORE CLEARING (historical data): 
a) Natural grazing/management: 

Rotational Continuous Holistic No management Other 

b) Animal type (as % of total stocking rate): 
Cattle Goat Sheep Cattle & sheep Cattle & goat Game Mixed Other 

c) Carry ing capac ity (LSUi ha): LSU=450kg/animal 1 LSU=6 SSU 
<10 10-15 15-20 20-25 25-30 30-35 35-40 40^5 45-50 >50 

d) Old land 
Yes No 

e) Old watering point 
Yes No 
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AIM OF BUSH CONTROL 
Natural 
grazing 

Cultivated 
pastures 

Crop 
production 

Eco 
tourism 

Hunting Job 
creation 

Bush 
utilization 

Combination Other 

SIZE OF SITE (ha) 
0-10 10-50 50-100 100-200 200-400 400-600 600-1000 >1000 

SUCCESS RATE OF CONTROL (%) 
10-20% 20-40% 40-60% 60-80% 80-100% 

TIME OF CONTROL (MONTH) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

PERIOD SINCE CONTROL (years) 
1-2 2-4 4-6 6-8 8-10 10-12 12-15 >15 

HEIGHT CLASS CONTROLLED PLANT 
0-0.25 0.25-0.5 0.5-0.75 0.75-1 1-1.5 1.5-2 >2 

TYPE OF CONTROL 
Biological Browsing Natural Mechanical Chemical Resting Controlled 

fire 
Chemical 

& 
manual 

Natural 
dieback 

Other 

1. CHEMICAL CONTROL 
Yes No 

GPS reading of treated area: 
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a) Period since control (years) 
1-2 2-4 4-6 6-8 8-10 10-12 12-15 >15 

b) Type of herbicide 
Molope 
SC 

Molopo 
GG 

Savanna Bushwacker Graslan Grazer Limpopo Access Other 

c) Method of Application 
Aeroplane Leaf Base Soil Tractor Other 

d) Application rate (kg or liter/ha of original concentrate) 
0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-3.5 3.5-4 4^.5 4.5-5 >5 Other 

e) Applied area (ha) 
0-10 10-50 50-100 100-200 200-400 400-600 600-1000 >1000 

f) Duration of control (Man hours per ha) 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 >11 Other 

g) Intensity of first rain/shower after application 
No run-off Medium run-off Heavy run-off 

h) Cost of control per hectare 
• Herbicide 
• Labour 
• Other 
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i) Does the farmer/land user think that this type of chemical bush control 
was a success or not? Explain. 

2. MECHANICAL CONTROL 
Yes No 

GPS reading of controlled area: 

a) Period since control (years) 
1-2 2-4 4-6 6-8 8-10 10-12 12-15 >15 

b) Type of mechanical control 
Bulldozer Bush eater Bush cutter Other 

c) Area applied (ha) 
0-10 10-50 50-100 100-200 200-400 400-600 600-1000 >1000 

d) Working depth of control 
Underground Above ground<0.2 Above ground>0.2 On ground level Other 

e) Duration of control (man hours per ha) 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 >11 Other 
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f) Cost of control (per hour) 
• Machinery 
• Labour 
• Diesel 

g) Does the farmer/land user think the control was successful? Explain: 
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3. MANUAL CONTROL 
Yes No 

GPS reading of controlled area:... 

3. Period since control (years) 
1-2 2-4 4-6 6-8 8-10 10-12 12-15 >15 

4. Type of manua control 

5. Area applied (ha) 

0-10 10-50 50-100 100-200 200-400 400-600 600-1000 >1000 

6. Height class of controlled plant 
0-0.25 0.25-0.5 0.5-0.75 0.75-1 1-1.5 1.5-2 >2 

7. Working depth 
Underground Above ground<0.2 Above ground>0.2 On ground level Other 

8. Duration of control (man hours per ha) 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 >11 Other 

9. Does the farmer/land user think the control was successful? Explain 
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4. BIOLOGICAL CONTROL 
Yes No 

GPS reading of controlled site:.... 
a) Period since control (years) 

1-2 2-4 4-6 6-8 8-10 10-12 12-15 >15 

b) Type of Biological control 
Fire Goat Controlled fire Other 

c) Area applied (ha) 
0-10 10-50 50-100 100-200 200-400 400-600 600-1000 >1000 

d) Height class of problem plant 
0-0.25 0.25-0.5 0.5-0.75 0.75-1 1-1.5 1.5-2 >2 

e) Depth of control 
Underground Above ground<0.2 Above ground>0.2 On ground level Other 

f) Does the farmer/land user think the control was successful? Explain 
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5. AFTERCARE 
a) Was after care done 

Yes No 

GPS reading of controlled site:. 
b) Why was after care done? 

c) Type of after care: 

d) Time after initial treatment: 

e) Cost of after care: 

f) Management after after-care: 

g) Negative effect of bush control on environment: 
1 

2. 

3. 
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GENERAL RESULTS FROM BUSH CONTROL TREATMENT 
Choose one or more of the factors listed, and indicate whether they were 
positively or negatively influencing the following conditions of the enterprise 
a) Environmental factors 

TYPE Pos Neg Neu Reason 

Vegetation condition 

Soil organic 
material content 

Soil erosion 
Soil capping 
Biodiversity 

(Invertebrata) 

Biodiversity (small 
vertebrate) 

Biodiversity (large 
vertebrate) 

Other 

b) Other factors 
TYPE Pos Neg Neu Reason 
Fuel 

Cultivated pasture 

Rehabilitation (type) 

Crops 

Cost input (short 
term) 

Cost input (long 
term) 

Social impact 

Hunting 

Eco-tourism 

132 



GENERAL MANAGEMENT AFTER BUSH CONTROL 

Give a short general description of the impact that the bush control treatment had 

on the enterprise, farming system and management as a whole: 
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Annexure 2 
Data sheet used for sampling of woody component 

Study site: Randj ieklip Transect: 1 
Species Length (m) Width (m) Height (m) Cover (m2) 

S. plumosum 1.9 1.6 0.6 3.04 
S. plumosum 1.7 1.3 0.8 2.21 
S. plumosum 0.8 0.8 0.5 0.64 
S. plumosum 1.7 1.6 0.5 2.72 
S. plumosum 1 1 0.5 1 
S. plumosum 1.5 1.5 0.7 2.25 
S. plumosum 1.5 1.4 0.7 2.1 
S. plumosum 2.2 2 1 4.4 
S. plumosum 1.5 1.7 0.7 2.55 
S. plumosum 1.6 1.5 0.6 2.4 
S. plumosum 1.2 1.3 0.7 1.56 
S. plumosum 0.8 1 0.6 0.8 
S. plumosum 1.5 1.3 0.8 1.95 
S. plumosum 0.5 0.5 0.5 0.25 
S. plumosum 0.9 1 0.6 0.9 
S. plumosum 1.7 1.6 0.7 2.72 
S. plumosum 1.6 1.6 0.7 2.56 
S. plumosum 1 1.1 0.5 1.1 
S. plumosum 1 1.2 0.6 1.2 
S. plumosum 1 1.2 0.5 1.2 
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Annexure 3 
Data sheet used for phenological sampling 

Study site: Voorspoed Plant nr: 4 
Vegetative 20-Sep 06-Oct 03-Nov 17-Nov 01-Dec 26-Dec 
1. Plant height (m) 
2. Canopy (m) 

3.1 Shoot lenght (cm) 
3.2 Shoot lenght (cm) 
3.3 Shoot lenght (cm) 

Reproductive 
1. Flowers produced 
2. Mature flowers 
3. Wilted flowers 
4. Seeds produced 
5. Seeds dropped 
6. Seeds on plants 
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