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ABSTRACT 

The deforestation of riparian areas is a major concern in southern Africa. These areas 

are characterized as fragile ecosystems which contribute largely to the regional and 

global biodiversity of the world. It is therefore important to restore these degraded areas 

along the natural rivers of South Africa to ensure the sustainability and biodiversity of 

riparian corridors. Riparian areas inside the National Parks of South Africa, and 

especially in Mapungubwe National Park, have a high esthetical value and should be 

preserved for future generations. The study was conducted in the Mapungubwe 

National Park, which is listed as a cultural world heritage site. Plans are in place to 

convert it into one of Africa's biggest Transfrontier Parks, called the Limpopo/Shashe 

Transfrontier Conservation Area (TFCA), which will be situated between neighbouring 

countries Zimbabwe, Botswana and South Africa. The main purpose of this project was 

to establish a demonstration site for the restoration of degraded, previously cultivated 

lands in the deforested riparian areas in the Mapungubwe National Park, Limpopo 

Province. Another aim of the project was to evaluate the theoretical assumption that the 

growth of trees on so called "activity lines" in the environment due to geological and soil 

characteristics is enhanced. "Activity lines" were identified by Mr. Lynn van Rooyen of 

South African National Parks (SANParks) and trees of which the growth was tested, 

were planted both on and off "activity lines". The selection of the right type of trees for 

the restoration of the deforested riparian areas during active restoration applications is 

very important and depends on a multitude of factors. These factors include aspects 

such as the location with its specific vegetation, soil type and climatic conditions, the 

historical background of the management practices such as previous land uses, as well 

as other environmental impacts that previously occurred in the area to be restored. The 

latter can be gained through interviews with previous and present managers of the area, 

as well as maps, reports and aerial photographs. Ten different indigenous tree species 

that previously occurred in the area were planted in an experimental demonstration site 

of approximately 70ha, which was enclosed by an electrical game fence. The ten tree 

species that were evaluated included: Faidherbia albida (Ana tree), Acacia nigrescens 

(Knob thorn), Acacia tortilis (Umbrella thorn), Schotia brachypetala (Weeping boer-

bean), Acacia xanthophloea (Fever tree), Lonchocarpus capassa, recently renamed 

Philenoptera violacea (Apple-leaf), Salvadora australis (Narrow-leaved mustard tree), 

Adansonia digitata (Baobab), Combretum imberbe (Leadwood) and Xanthocercis 
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zambesiaca (Nyala tree). With the aid of aerial photographs, phytosociological studies, 

interviews with previous and present land users and managers, as well as existing 

surrounding vegetation, four different zones within the enclosure were identified 

according to ecotones. The establishment, growth and survival rate of the different tree 

species were monitored using morphological and physiological vegetation sampling 

techniques, as well as leaf component analyses on individuals of selected species. Soil 

physical and chemical analyses were carried out in the four different blocks identified 

within the experimental site. Data analysis was carried out on both the soil and leaf 

component analyses using the CANOCO-package. The establishment of the 

experimental site was successful, and important information was collected on various 

aspects of restoration activities. Positive growth effects were also observed in certain 

indigenous tree species concerning the "activity line" effect, especially with regard to 

Acacia tortilis and Combretum imberbe. However, the preliminary results obtained 

through this pilot study showed no conclusive evidence to what exactly stimulated the 

enhanced growth phenomena observed in certain individual tree species planted on 

"activity lines". Additional watering was identified as the most important factor 

contributing to successful establishment and growth of indigenous tree species in this 

semi-arid area. Various results showed a multiplying effect when a combination of 

additional watering and "activity lines" was applied. It was concluded that, should any 

further restoration work be conducted in the degraded areas of the Mapungubwe 

National Park, the planting of trees should be done on "activity lines" and with the 

addition of water. This will result in higher establishment rates of transplanted trees and 

speed up the succession processes involved in the natural "healing process" of 

degraded areas. Parameters that should be used for monitoring tree growth include the 

trunk thickness at the base, trunk thickness at 30cm from the base, and the length of 

the tree in its natural growth form. Recommendations were also made as reference for 

future restoration practices to ensure better and more successful and sustainable 

outcomes in the planting of trees. These include the use of nurse plants such as Acacia 

tortilis and Salvadora australis to establish a more favourable microclimate for climax 

species, as well as the establishment of a preferred herbaceous layer. Care should be 

taken in the period required for the cultivation of indigenous trees before they are 

transplanted into the field, as a prolonged cultivation period could lead to a circular 

growth form of the root system, preventing sufficient penetration ability of the roots into 

deeper, more nutrient rich soils. Before trees can be planted into the field, a hardening 

period must be applied to all seedlings for at least a three week period. This entails the 
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exposure to more direct sunlight for longer periods as well as a reduction in the water 

applied weekly. Special attention should be paid to the stresses caused by herbivory, 

especially that of termites and porcupines. The maintenance of the exclosure is a critical 

factor contributing to the successful outcomes of this particular restoration project. 

Problem animals, especially elephants, should be kept out of the exclosure at all costs. 

The results of this project can be used in this ongoing restoration program, as well as in 

other related projects in semi-arid, degraded savannah areas over the long-term. 

Key words: "activity lines", indigenous trees, morphological monitoring parameters, 

restoration of riparian areas, exclosures, effect of watering on indigenous trees 
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Opsomming 

Die ontbossing van oewerbos-areas is een van die grootste probleme wat tans in 

suidelike Afrika voorkom. Hierdie oewerbos-areas speel 'n groot rol in totale globale 

biodiversiteit en word gekarakteriseer as bedreigde ekosisteme. Dit is dus baie 

belangrik dat hierdie gedegradeerde areas wat langs die natuurlike riviere van Suid-

Afrika voorkom gerestoreer word om die volhoubaarheid van hierdie oewerbos-areas te 

bewaar. Die oewerbos-areas in die Suid-Afrikaanse Nasionale Parke, veral in 

Mapungubwe Nasionale Park, het 'n hoe estetiese waarde en moet daarom vir die 

toekomstige geslagte bewaar word. Die studie is uitgevoer in die Mapungubwe 

Nasionale Park, wat as 'n werelderfenisgebied geklassifiseer word. Onderhandelinge is 

reeds in plek om hierdie park in een van Afrika se grootste oorgrensparke te omskep 

wat gelee sal wees tussen die buurlande Zimbabwe, Botswana en Suid-Afrika. Hierdie 

oorgrenspark sal bekend staan as die Limpopo/Shashe Transfrontier Conservation Area 

(TFCA). Die hoofdoel van hierdie studie was om 'n demonstrasieperseel op te stel vir 

die restorasie van gedegradeerde, voorheen bewerkte lande in die ontbosde oewerbos-

areas van die Mapungubwe Nasionale park, Limpopo Provinsie. 'n Tweede doel vir die 

studie was om die teoretiese aanname dat die groeipatrone van borne deur 

sogenaamde "aktiwiteitslyne" (as gevolg van geologiese- en grondeienskappe) 

bevorder word, te evalueer. "Aktiwiteitslyne" is deur Mnr. Lynn van Rooyen van die 

Suid-Afrikaanse Nasionale Parke (SANParke) geidentifiseer en die borne wat getoets is 

is beide op en af van die "aktiwiteitslyne" geplant. Die seleksie van die regte tipe borne 

vir die restorasie van die ontboste oewerbos-areas gedurende aktiewe restorasie 

aktiwiteite is baie belangrik en is onderhewig aan 'n verskeidenheid faktore. Hierdie 

faktore sluit aspekte in soos die area met sy spesifieke plantegroei, die tipe grand, die 

klimaat en die historiese agtergrond van bestuurspraktyke soos bv. waarvoor die grond 

gebruik is asook verskeie ander omgewingsimpakte wat voorheen in die area 

plaasgevind het. Laasgenoemde inligting kan verkry word deur middel van onderhoude 

met voormalige en huidige bestuurders van die area asook vanaf geografiese kaarte, 

verslae en lugfoto's. Tien verskillende inheemse boomspesies wat voorheen in die area 

voorgekom het is in 'n eksperimentele demonstrasieperseel van ongeveer 70ha 

geplant. Hierdie area is omhein met 'n elektriese wildsheining. Die tien boomspesies 

wat geevalueer is was: Faidherbia albida (Anaboom), Acacia nigrescens 

(Knoppiesdoring), Acacia tortilis (Haak-en-Steek), Schotia brachypetala (Huilboerboon), 
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Acacia xanthophloea (Koorsboom), Lonchocarpus capassa, onlangs hernoem na 

Philenoptera violacea (Appelblaar), Salvadora australis (Smalblaarmosterdboom), 

Adansonia digitata (Kremetart), Combretum imberbe (Hardekool) and Xanthocercis 

zambesiaca (Njalaboom). Vier verskillende areas is binne die demonstrasieperseel 

volgens ekotone ge'identifiseer met die hulp van lugfoto's, fitososiologiese studies, 

onderhoude met voormalige en huidige landgebruikers en bestuurders, sowel as die 

huidige omliggende plantegroei. Die vestiging, groei en oorlewingssyfer van die 

onderskeie boomspesies is gemoniteer deur gebruik te maak van morfologiese en 

fisiologiese plantegroei-opnametegnieke, asook deur blaarelement-analises wat op 

individue van sekere spesies uitgevoer is. Fisiese en chemiese grondanalises is in die 

vier verskillende blokke, soos ge'identifiseer in die eksperimentele area, gedoen. Data-

analises is uitgevoer op beide die grond- en blaarelement-analises deur gebruik te 

maak van die CANOCO-pakket. Die vestiging van die eksperimentele perseel was 

suksesvol en belangrike inligting is verkry vanuit verskeie aspekte van die restorasie-

aktiwiteite. Positiewe groei is ook waargeneem in sekere inheemse boomspesies wat 

be'i'nvloed is deur die "aktiwiteitslyn"-effek. Dit is veral waargeneem by Acacia tortilis en 

Combretum imberbe. Die voorlopige uitslae wat deur hierdie studie verkry is toon egter 

dat daar geen beslissende bewyse is vir presies wat die verhoogde groei in sekere 

individuele boomspesies wat op "aktiwiteitslyne" geplant is, gestimuleer het nie. 

Addissionele water is ge'identifiseer as die belangrikste faktor wat bygedra het tot die 

suksesvolle vestiging en groei van die inheemse boomspesies in hierdie semi-ariede 

gebied. Verskeie resultate het egter 'n vermenigvuldigende effek getoon wanneer 

addisionele water met "aktiwiteitslyne" gekombineer was. Die gevolgtrekking is dat, 

indien enige verdere restorasiewerk in die gedegradeerde areas van die Mapungubwe 

Nasionale Park gedoen moet word, borne op "aktiwiteitslyne" geplant moet word en 

addisionele water beskikbaar gestel moet word. Dit sal 'n hoer vestigingssyfer van 

oorgeplante borne tot gevolg he en dit sal ook die daaropvolgende prosesse wat te 

make het met die natuurlike "genesing" van gedegradeerde areas versnel. Parameters 

wat gebruik moet word vir die monitering van die boom se groei sluit in die dikte van die 

stam se basis, die dikte van die stam op 30cm vanaf die basis en die lengte van die 

boom in sy natuurlike groeivorm. Aanbevelings is ook gemaak met betrekking tot 

toekomstige restorasiepraktyke om te verseker dat meer effektiewe, suksesvolle en 

volhoubare uitkomste verkry word wanneer borne geplant word. Dit sluit die gebruik van 

hulp- of pleegplante in, soos Acacia tortilis en Salvadora australis, ten einde 'n meer 

gunstige mikroklimaat vir die klimaks spesies te vestig, asook vir die vestiging van 'n 
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voorkeurkruidlaag. Aandag sal gegee moet word aan die tydperk waarin die inheemse 

borne gekweek word omdat 'n te lang periode daartoe kan lei dat die wortelsisteme in 

sikels begin groei, en die dieper penetrasie van die wortels na meer voedingsryke areas 

kan belemmer. Voordat plante in die veld oorgeplant kan word, moet daar 'n 

verhardingstydperk van ten minste drie weke ingestel word vir alle saailinge. Dit sluit in 

die blootstelling aan meer direkte sonlig vir langer periodes sowel as 'n vermindering in 

water op 'n weeklikse basis. Spesiale aandag moet gegee word aan die stres wat 

veroorsaak word deur herbivorie, veral termiete en ystervarke. Die onderhoud van die 

uitsluitperseel is van kritiese belangrik vir die suksesvolle uitkomste van hierdie 

spesifieke restorasieprojek. Probleemdiere, soos veral olifante, moet ten alle koste buite 

die uitsluitperseel gehou word. Die resultate van hierdie studie kan gebruik word in die 

voortgaande restorasieprogram, asook vir ander verwante projekte in semi-ariede, 

gedegradeerde savannagebiede oor die langtermyn. 

Sleutelwoorde: "aktiwiteitslyne", inheemse borne, morfologiese moniteringsparameters, 
restorasie van oewerbos-areas, uitsluitperseel, effek van water op inheemse borne 
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different blocks inside the experimental site. Please refer to the text for the 

explanation of the sample names given in the graph (A-D), as well as to 

Chapter 3, Table 3.2 for the abbreviations of the cations analysed. 

Eigenvalues ( X= 0.963 ) (Y= 0.035). 
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Figure 4.22: Principle Component Analysis (PCA) ordination indicating the correlation 

between the particle size distribution (Sand, Silt and Clay) in the soil and the 

sample sites in the four different blocks inside the experimental site. Please 

refer to the text for the explanation of the sample names given in the graph 

(A-D). Eigenvalues (X= 0.989) (Y= 0.011). 
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Figure 4.23: Principle Component Analysis (PCA) ordination indicating the leaf 

component analyses carried out on selected A. tortilis and C. imberbe 

seedlings, where the elements analysed are shown in blue and the sample 

names of the different leaf samples taken inside the experimental site shown 

in black. Please refer to the text for the explanation of the sample names 

given in the graph, as well as Chapter 3, Table 3.2 for the abbreviations of 

the elements analysed. Eigenvalues (X= 0.322) (Y= 0.230) 
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Figure 6.1: A schematic illustration showing how the vegetation inside the experimental 

site was divided into three different successional stages or phases. 
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Figure 6.2: The circular growth form of the A. tortilis root system, observed during this 

project in seedlings that were transplanted from the nursery into the natural 

environment, a) Picture showing the entire seedling, b) Picture showing the 

circular growth form of the root system. 
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Figure 6.3: An illustration showing how a tree with a crooked growth form should be 

stacked. 
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Figure 6.4: Effects of termite activity visible on some of the seedlings planted inside the 

experimental site. 
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Chapter 1 - Introduction and literature overview 

Chapter 1 

Introduction and Literature Overview 

1.1 Literature overview 

The Worldwatch Institute calculated that approximately 24 billion tons of top soil is lost 

annually from both cultivated lands and rangelands that have deteriorated (Lean, 1995). 

Around 30% of the total land surface of the earth has undergone degradation in some 

way or another. In Africa alone, over a million hectares, the equivalent of 73% of its 

drylands, are moderately or severely altered by degradation (Lean, 1995). 

Desertification and degradation costs Africa alone approximately US$9 billion per 

annum. This affects millions of people by decreasing their livelihoods, reducing 

production potential of their agricultural lands etc. (Jordaan, 1999). 

South Africa occupies 4% of Africa's and 0.8% of the world's total land area. Its 

geographical position accounts for a diverse range of climatic conditions. Tropical to 

temperate climates, desert habitats to rain forests, and an extended period of geological 

stability account for the country's extremely rich biodiversity (Huntley, 1996). The 

threats to biological diversity due to anthropological influences and malpractices will 

almost certainly threaten human populations, because humans are dependent on the 

natural environment for raw materials, food, medicines, and even the water they drink 

(Primack, 2002). The manner in which natural resources are used will directly influence 

their productive capacity in the future (Aucamp et al., 1992). With the increasing human 

population and the concomitant demand for water and food, the pressure on the land 

and other natural resources has never been greater (Kellner, 1999). 

Land is one of our most precious resources and should be conserved. Degradation is a 

common feature in both developed and underdeveloped areas under all types of 

management and land use tenure systems (Kellner, 1999). A main cause of land 

degradation has been the cutting of woody plants for various purposes, such as the 

clearing of vegetation for the production of crops, which is stimulated by the escalating 
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human population (Mengistu et al., 2005). Most arid ecosystems have suffered from 

severe overexploitation by excessive wood harvesting, overgrazing, and agriculture, 

resulting in the depletion of vegetation biomass and soil erosion (Holmgren & Scheffer, 

2001). The intensification of agricultural practices or the abandonment of these activities 

leads to subsequent bush encroachment, loss in biodiversity and erosion (Bakker & 

Berendse, 1999). Vegetation resources, particularly woody plants, are declining both in 

quantity due to deforestation and quality as a result of degradation (Mengistu et al., 

2005). Combating degradation in natural rangelands and improving the production 

potential of these lands by reclamation and restoration has recently become a priority in 

large parts of South Africa. The extent and impact of land degradation in African and 

South African drylands is, however, frightening (Kellner, 1999). Exacerbated by the 

recurrent drought, the ultimate outcome of degradation and deforestation may lead to 

desertification (Mengistu et al., 2005). 

According to Kellner (1999), degraded systems in arid and semi-arid systems will not 

recover by any natural successional processes within a short period of time to a 

potential that can be used for livestock production or conservational purposes. On 

pasturelands in advanced stages of degradation, native forest regeneration occurs 

slowly or sometimes not at all (Ashton et al., 2001). The results of the study carried out 

in East Africa by Duncan & Chapman (1999) suggest that unassisted forest succession 

on degraded, human-disturbed croplands will proceed slowly due to the fact that the 

necessary resources needed for succession are depleted. It may take up to 80 years to 

replace the biomass and nutrients lost in the harvesting and deforestation of the 

northern hardwoods in New Hampshire, USA (Likens et al., 1978). These findings are 

accentuated by a study carried out by Uhl et al. (1982), which stated that, considering 

the slow rates of biomass accumulation, the deforested areas inside the Caatinga 

forests will take a considerable time to reach its pre-disturbed state. The areas 

deforested by means of cutting or cutting and burning will take approximately 100 years 

to restore, whereas those that were deforested with bulldozers will take up to a 1000 

years to reach their original state (Uhl et al., 1982). According to the above mentioned 

literature the degree of disturbance therefore plays an essential role in the amount of 

time it would take for a disturbed area to recover to an original state or reference point, 

which can be identified through previous phytosociological studies. The rate and degree 

of disturbance can be assessed according to the reference point. A reference point 
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represents a point of advanced development that lies somewhere along the intended 

trajectory of the restoration project (SER Primer, 2004). 

Therefore, the restoration of species-rich communities has become a very important 

issue, especially in countries with very intensive farming systems (Bakker & Berendse, 

1999). Reclamation and restoration has become an absolute necessity (Kellner, 1999). 

Unfortunately, the complete restoration of the ecological diversity of these forests or 

riparian ecosystems will most probably be impossible (Naiman etal, 1993). 

Van Adel & Aronson (2006) stated that the practice of ecological restoration and the 

science of restoration ecology are going to be major tools available to humankind for 

mitigating, arresting and reversing the adverse effects human activity has had on the 

Earth system. According to Bakker & Berendse (1999), Harris et al. (1996) and Cairns 

(1995), ecological restoration is the process of repairing damage caused by humans to 

the diversity and dynamics of indigenous ecosystems to restore conditions as they were 

prior to degradation of any sort. This definition was, however, revised by the Society for 

Ecological Restoration International as: the process of assisting the recovery of an 

ecosystem that has been degraded, damaged, or destroyed (SER Primer, 2004). 

When restoring disturbed ecosystems, it is advised to try and restore the landscape as 

a whole rather than just concentrating on the ecosystem, because this will contribute to 

better functioning of the restoration plan. It is important to note that no restoration 

project goes exactly as planned and that there are no flawless recipes available when it 

comes to restoring degraded environments. Therefore, research is needed to establish 

the required information required to compile a successful restoration plan. 

Block et al. (2001) have done a study to evaluate the success of ecological restoration 

on wildlife and found that the ultimate goal of many ecological restoration projects is to 

return ecosystem structures, functions and processes to "natural" or reference 

(benchmark) conditions. This is made possible through the manipulation of vegetation 

or the physical environment to move the system towards pre-defined reference 

conditions that most likely existed at some point in the past. A key assumption is that 

successful restoration will provide favorable conditions for the indigenous biota of the 

area. Therefore monitoring forms an integral part of the restoration or rehabilitation 

process (Morgental, 2000). 

3 



Chapter 1 - Introduction and literature overview 

The restoration of the productivity of degraded ecosystems may involve passive and 

active management (Milton & Dean, 1995). Passive management would include the 

withdrawal and exclusion of game by means of exclosures to remove stresses caused 

by heavy browsing and grazing (the role of exclosures in the restoration of deforested 

riparian areas will subsequently be discussed in full in Chapter 3). Active interventions 

mainly include the browsing, burning or clearing of undesirable shrubs, the overseeding 

of indigenous species to improve depleted seedbanks and the cultivation of native trees 

for re-introductional purposes. The integration of tree planting with other management 

interventions is considered a practical tool for ecosystem restoration (Holmgren & 

Scheffer, 2001). According to Galatowitsch & Richardson (2005), the planting of 

selected indigenous species may be needed to assist successful recovery of riparian 

areas. Planted trees may help to restore previous levels of indigenous functional 

biodiversity (Cusack & Montagnini, 2004). According to Van Rensburg et al. (1997), 

there is a general lack of knowledge in South Africa concerning the multiplication and 

regeneration of indigenous trees. Seedlings are difficult to obtain as a commercial 

source and there are various constraints in the collection of wild seeds. 

Unfortunately, the benefits and results attained from applying restoration technologies in 
arid and semi-arid rangelands would be less than those achieved in areas with sufficient 
or regular rainfall patterns (Ludwig, 1990). Above-average rains may be critical to 
restore higher biomass levels in semi-arid areas (Aerts et al., 2007). 

Sustainable conservation and utilization of the remaining dryland vegetation resources 

and rehabilitation of those that have already been degraded would provide social, 

economic and ecological benefits. This requires the design of economically feasible, 

socially acceptable and ecologically viable management and conservation strategies 

(Mengistu et al., 2005). The economic incentives for restoring natural capital include 

mainly three drivers that make this restoration in southern Africa socially, economically 

and ecologically desirable. They include nature, tourism and the wildlife industry. This 

also entails returning function to damaged landscapes, poverty, water crises and the 

clearing of invasive plants (Milton etal, 2003). 

As mentioned by Kellner (1999), restoration is a necessity to enhance the recovery of 

an ecosystem through natural successional processes. According to Tainton (1999), the 

progressive development of vegetation in any area, through a series of different plant 
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groupings or communities, is known as plant succession. Vegetation of an area 

changes over time, during which plant species replace each other in a regular 

sequence. They do so because the habitat of abandoned fields changes in a predictable 

way once abandoned, a process which occurs with or without man's interference. 

As stated by Kent & Coker (1992) & Tainton (1999), the term succession takes into 

account two basic types of community development: primary and secondary 

succession. Primary succession is initiated on bare areas (such as rock surfaces, or 

where no vegetation has grown before). Secondary succession occurs wherever a plant 

community has been disturbed and is no longer in equilibrium with its environment 

(Tainton, 1999). The end product of succession is the climax community (Kent & Coker, 

1992). In the study conducted by Chapman & Chapman (1999), it was found that many 

factors influence the pathway of succession in abandoned agricultural lands. Most of the 

successional patterns in riparian areas are usually primary succession patterns 

(Malanson, 1993). 

In the past decade, conservation management has moved more in the direction of 

environmental management. This has to do with the effect of human activities on the 

quality of mankind's physical environment, especially air, water and terrestrial features 

(Winterbach, 1998). The relationship between soil, water and vegetation are entwined 

and form an integral part in the functioning of conserved ecosystems. According to 

Winterbach (1998), emphasis is not on strictly policed, protected areas primarily for 

large mammals anymore, but on sustainable resource use, maintenance of ecological 

processes and conservation of genetic diversity. 

The results of events such as the development of new agricultural lands, overgrazing of 

grasslands, and the creation of dams on biological communities are enormous and 

ominous; they are also the stimuli for the growth of conservation biology (Primack, 

2002). 

The fact that nature conservation's main goal in South Africa is to maintain the 
ecological processes and biodiversity within a park (Gotze, 2002), It is therefore 
important that the restoration taking place in these areas should strive to compliment 
these goals. As explained by Block et al. (2001), the monitoring of treatment effects on 
wildlife should be an integral part of the design and execution of any management 
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activity, including restoration. The failure to conduct monitoring for restoration projects 

correctly may lead to erroneous conclusions and wasted resources. 

The fact that this project is situated in one of South Africa's unique landscapes, and 

includes vegetation types with a relatively high biodiversity (especially the riparian 

areas), increases the significance of this restoration project. The riparian areas included 

in the conserved area plays an integral part in the functioning of the ecosystems 

present. Malanson (1993) stated that, in general, the word riparian includes the 

ecosystems adjacent to the river, and that riparian landscapes should not be interpreted 

to mean that a narrow river corridor is a landscape, but rather that the riparian zone is a 

functionally dominant feature which contains and connects elements in a real 

landscape. Riparian areas have aesthetic and recreational values, and they play an 

important role in the ecology and geomorphology of an ecosystem and its biodiversity. 

According to Malanson (1993): "Riparian environments serve diverse functions and 

have different values depending on their physical, biological and cultural setting". These 

areas are extremely complicated as a result of the simultaneous impact of numerous 

natural and anthropogenic influences and disturbances which can significantly affect 

and shape the structural, compositional and functional characteristics of the vegetation 

present (Kemper, 2000). 

The boundaries between terrestrial and aquatic ecosystems are called riparian zones. 

These zones are classified as both ecotones and corridors across regions because they 

include sharp gradients of environmental factors, ecological processes and plant 

communities. Due to their heterogeneity, these areas are not easily defined, and mostly 

consist of a diverse mosaic of landforms, communities, and environments within the 

larger landscape (Naiman etal., 1988,1993, Gregory etal., 1991 and Malanson 1993). 

The riparian zone includes the stream channel between the low and high water marks 

and the section of terrestrial landscape from the high water mark towards the uplands 

where vegetation may be influenced by flooding and by the ability of the soils to retain 

water (Naiman et al., 1993). The boundaries of riparian areas extend outwards to the 

edges of flooding areas and upwards into the canopy of the streamside vegetation 

(Gregory et al., 1991). 
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The riparian vegetation colonizing river banks is extremely diverse with high numbers of 

different indigenous trees and shrubs species. This is an essential refuge for various 

animals including reptiles, amphibians, insects, birds, and a vast range of browsers 

(Birkhead et al., 1995, Le Maitre etal, 1999). According to Oliveira-Filho et al. (1994), 

water is the main factor, directly or indirectly, responsible for the variation in species 

composition of riverine forests. Riparian habitats also have significant effects on the 

material fluxes between the riverine and terrestrial ecosystems (Naiman & Decamps, 

1997). 

The vegetation of the riparian zone should consist of native, non-pioneer species 

(Peterson, 1992). Vegetation outside the zone, which is not directly influenced by the 

hydrologic conditions but which supplies organic matter (leaves, wood and dissolved 

materials) to the floodplain, may be considered part of the riparian zone (Gregory et al., 

1991). 

According to the Water Research Commission (WRC) of South Africa, the Riparian 

Vegetation Index's (RVI) definition of riparian vegetation is: "the vegetation in close 

proximity to rivers in a clearly defined riparian zone and which is dependant on the river 

for a number of functions. It displays structural, compositional and functional 

characteristics which are clearly distinct from the fringing terrestrial vegetation and is 

distributed according to clear inundation and other functional gradients". This definition 

considers the structural, compositional and functional aspects of the vegetation present 

at any site (Kemper, 2000). 

According to Naiman et al. (1993), natural riparian corridors are the most dynamic. 

diverse and biophysically complex habitats on the terrestrial segment of the earth. Due 

to the prominent location of riparian zones within the landscape and their complicated 

linkages with the terrestrial and aquatic ecosystems, their importance exceeds their 

minor proportion of the total land base they occupy (Gregory etal., 1991). 

Riparian corridors are productive systems as a result of their close proximity and access 

to nutrients and water but they are also subjected to various disturbances (Naiman et 

al., 1993). These ecologically diverse corridors rely on natural disturbances to be able to 

adjust to constantly changing conditions in the contiguous environment (Kalliola et al., 

1992). Natural influences could include changes in climatic conditions, which will result 
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in rivers and their floodplains adjusting to both local changes that affect the annual 

variability of flood frequency and size of flow events (Van Adel & Aronson, 2006). Many 

plant communities in the riparian and wetland strips are highly susceptible to changes in 

the depth of groundwater, mostly caused by floods (Le Maitre etal., 1999). 

It unfortunately seems that riparian vegetation have sometimes suffered more than 

other vegetation types from degradation arising from anthropological influences such as 

agricultural activities (Hancock et al., 1996). In a study carried out by Birkhead et al. 

(1995), it was found that the pressure on the rivers flowing through the Kruger National 

Park are ever increasing due to escalating human population growth in the rural areas 

in close proximity to the Park. This is coupled with increasing agricultural developments 

in the upper-catchments areas. 

The degree to which a riparian zone is altered depends on the type of farming practice 

employed and the population pressure on the land (Peterson, 1992 and Hancock etal., 

1996). Deforested or disturbed riparian areas may be invaded by alien species because 

most of the indigenous trees do not act as fast regenerative pioneers able to recolonize 

after disturbances (Galatowitsch & Richardson, 2005). In areas where the riparian 

vegetation has been removed due to agricultural activities, methods are being 

developed to determine the spatial potential for the regeneration of these areas 

(Peterson, 1992). Vegetation monitoring in riparian areas is, however, notoriously 

difficult. Reasons given for this include the slow growth of the trees, the diversity of 

species and their growth forms, and the responses of vegetation to different influences 

and problems (Kemper, 2000). 

A study done in the Western Cape by Galatowitsch & Richardson (2005) found that 

indigenous tree regeneration in riparian areas is much slower compared to that of alien 

trees. According to Peterson (1992), it is not recommended to plant introduced species 

along riparian corridors, although this is done in some of the restoration projects. Trees 

and shrubs are, however, common features of riparian zones. 

Benefits obtained from the correct management and restoration of riparian areas may 

include the provision of diversified habitats for terrestrial wildlife (Naiman & Decamps, 

1997). Effective riparian management could also revolutionize various ecological issues 

related to land use practices, environmental quality, endangered species and 
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sustainability (Naiman et al:, 1993). Site-specific studies are nevertheless needed to 

improve the capability to evaluate the success of restored riparian areas. This will be 

possible through a better knowledge of the hydrological, geomorphic, and biologic 

conditions present in riparian areas (Naiman & Decamps, 1997). 

1.2 Problem statement and substantiation 

The deforestation of riparian areas is a major concern in southern Africa. As explained, 

riparian zones are fragile ecosystems which contribute largely to the regional and global 

biodiversity of the world (Naiman et al., 1993). Deforestation of these areas is mainly 

ascribed to various anthropological disturbances occurring throughout South Africa 

(Birkhead et al., 1995, Kemper, 2000 and Galatowitsch & Richardson, 2005). The main 

disturbances in this specific study area included cultivation practices and military 

activities. It is very important to restore these de-forested areas along natural rivers to 

ensure the sustainability and biodiversity of these important natural areas. Riparian 

areas inside the National Parks of South Africa, and especially in Mapungubwe National 

Park, have a high esthetical value and should be preserved for next generations. 

This project has therefore been developed primarily for the Mapungubwe National Park. 
The main purpose of the project is to establish a demonstration site for the restoration of 
the degraded, previously cultivated lands in the de-forested riparian zone with a number 
of indigenous tree species that previously occurred in the area. The study area will thus 
serve as a demonstration site for future restoration activities in the riparian and wetland 
area, not only for the Mapungubwe National Park, but also other similarly de-forested 
riparian regions. The results of this long-term project can also be used in other 
restoration programs, such as the planned greater Limpopo/Shashe Transfrontier 
Conservation Area (TFCA) between northern South Africa, eastern Botswana and 
southern Zimbabwe. 

This project has also been developed to evaluate the influence of so called "activity 

lines" on the establishment and growth of trees as identified by Mr. Lynn van Rooyen of 

SANParks. According to Mr. van Rooyen, who has carried out many surveys in other 

National Parks, indigenous trees occur on so-called "activity lines", which stimulate the 

growth of these trees. Mr. Van Rooyen states that these "activity lines" are underground 

waterways where large amounts of water are present. There is also a possibility that the 

g 



Chapter 1 - Introduction and literature overview 

magnetic fields of the earth could, in the presence of water, play a role in the 

accumulation of nutrients in the soil on these lines. Another observation by Mr. Van 

Rooyen is that certain species grow more vigorously on these "activity lines", such as 

Adansonia digitata (Baobab tree). All of these observations have, however, never been 

scientifically tested or evaluated. With this project, the theoretical assumption of the 

positive impact of "activity lines" on the growth of trees was tested. 

The selection of the right type of trees, especially trees that previously occurred in the 

de-forested riparian area to be restored, is very important and depends on a multitude 

of factors when used for active restoration applications. These factors include aspects 

such as the specific region and historical background, environmental impacts, especially 

the soil type and climatic conditions, as well as previous vegetation, management and 

land use carried out in the area to be restored. The latter information can be gained 

through interviews with previous and present managers of the area, as well as 

consultation with all previous and current stakeholders. The use of maps, other 

documents and aerial photographs will also play an important role. 

1.3 General objective 

Due to the lack of literature and information available on the restoration of riparian areas 

in South Africa, it was decided to establish a demonstration site for the restoration of the 

de-forested riparian areas in the Mapungubwe National Park, South Africa. 

Consequently, methods and results could be tested and evaluated to eventually 

establish a complete restoration plan to be used in the restoration of the remaining 

disturbed areas in the proposed Limpopo/Shashe (TFCA). 

1.4 Specific objectives 

The specific objectives of this project were to: 

• Monitor and assess the establishment and growth of certain indigenous tree 
species in the degraded, formerly cultivated riparian zone. 

• Evaluate the effect of watering on the establishment and growth of indigenous 
trees. 

• Evaluate the effect of "activity lines" on the growth of trees. 
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• Develop a guideline regarding factors that have to be measured (morphological, 

structural and physiological) when monitoring the growth of indigenous trees in 

similar areas. 

• Develop a guideline for the restoration of de-forested riparian areas. 

1.5 Hypothesis 

The indigenous trees planted on the so called "activity lines" will grow better and faster 

than those not planted on these "activity lines". Trees that are watered will also grow 

better than those depending only on the rainfall. 

1.6 Contents of this thesis 

Chapter 1 includes an literature overview and problem substantiation about the specific 

problems and objectives concerning this project. This is followed by the objectives and 

hypothesis. Chapter 2 is a general overview of the study area with particular reference 

to the historical background of the Mapungubwe National Park, the climate, hydrology, 

geology, vegetation, and cultural and historical assets, including information about the 

newly developed Limpopo/Shashe Transfrontier Conservation Area (TFCA). Chapter 2 

also contains the exact location of the Mapungubwe National Park, as well as the 

location of the experimental site within the Park. 

Chapter 3 describes the experimental design of the project with regards to the 

infrastructures used, seed sampling techniques and gives a short explanation of the 

"activity line" concept. Chapter 3 further includes an exposition of all the materials and 

methods used in the study. This includes morphological parameters used, plant 

physiological surveys done, leaf component analyses carried out, as well as soil 

analyses done. All data analysis techniques used are discussed. 

Chapter 4 shows all the results from the data obtained during the study. This includes 

data from morphological and physiological measurements, leaf component and soil 

analyses. 

Chapter 5 gives a final overview of the study and makes concluding remarks about the 

study as a whole. The last chapter, Chapter 6, includes all recommendations made 

regarding the restoration of deforested riparian areas. 
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Chapter 2 
Study Area 

2.1 Location 

The transnational nature of environmental problems increases the long awaited need for 
cooperation between nations and states. Wildlife conservation in southern Africa has 
already witnessed huge growth in multinational conservation schemes (Duffy, 1997). 
One of those multinational conservation schemes successfully underway is the 
proclaimed Great Limpopo Transfrontier Park between South Africa, Zimbabwe and 
Mozambique. Another eagerly awaited scheme is the proposed Transfrontier 
Conservation Area (TFCA) between South Africa, Botswana and Zimbabwe. A 
Memorandum of Understanding (MoU) has been signed in 2006, indicating that plans 
are well underway to make this scheme a reality. This study was carried out in the 
Mapungubwe National Park, which will form part of the South African side of this 
planned Limpopo/Shashe Transfrontier Conservation. 

2.1.1 Limpopo/Shashe Transfrontier Conservation Area (TFCA) 

The proposed area for the Limpopo/Shashe TFCA will be centred at the confluence of 

the Limpopo and Shashe rivers in an area where South Africa, Botswana and 

Zimbabwe share territorial vicinality. The Limpopo River forms the boundary between 

South Africa and Botswana and between South Africa and Zimbabwe. The Shashe 

River serves as the border between Botswana and Zimbabwe. The prediction is that the 

Mapungubwe National Park, previously known as the Limpopo Valley National Park 

(Robinson, 1996), but also referred to as the Vhembe-Dongola National Park (Gotze, 

2002), will consist of a core area that will be state-owned, with a contractual buffer area 

consisting of privately owned farms and game reserves. The primary core area of the 

Mapungubwe National Park will cover the region from the Pontdrif border post in the 

west to the Weipe farm in the east (Figure 2.1). This will incorporate 22 farms covering 

an estimated 28 000 ha (Robinson, 1996). 
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South African National Parks (SAMParks) is also actively encouraging contractual 

agreement with private land owners in the adjacent buffer areas as indicated in Figure 

2.1. The total potential area that might be included in the Limpopo/Shashe TFCA could 

amount to up to 434 000 ha, with South Africa contributing the largest area with up to 

218 OOOha. This is made possible through contractual arrangements and land 

purchases (Robinson, 1996). 

2.1.2 Study site 

The restoration experimental site is situated on the farm Den Staat (Figure 2.1), which is 

located inside the Mapungubwe National Park (Latitude: 22°11'43.2" South and 

Longitude: 29°12'53.9" East). It covers approximately 70 hectares of old cultivated 

lands, which were fenced by an electrified game fence in January 2006. The fence and 

labour were financed by the Poverty Relief Program allocated to the Mapungubwe 

National Park. A layout of the experimental site is given in Figure 2.2. 

2.2 Historical overview 
2.2.1.1 Limpopo/Shashe Transfrontier Conservation Area (TFCA) 

The Dongola Botanical Reserve was established when a block of nine farms were set 

aside through an initiative of General J.C. Smuts in 1922. The reserve's main aim was 

to study the vegetation present in the area and to assess the agricultural potential of the 

region (Carruthers, 1992). This concept was extended in the early 1940s to what then 

became the Dongola Wildlife Sanctuary (Robinson, 1996). Prime Minister Smuts and 

the Minister of Lands (Minister Conroy) decided, with the aid of Welsh botanist, Dr I.B. 

Pole-Evans, that the area was unsuitable for human settlement and should be 

conserved for further use (Carruthers, 1992). There were considerations that the 

sanctuary should be linked with other conservation areas in the neighbouring countries 

of Zimbabwe and Botswana. This was, however, so heavily debated in parliament and 

in the press that it was later branded the 'Battle of Dongola'. The Dongola Wildlife 

Sanctuary Act No 6 of 1947 proclaimed an area of approximately 190 000 ha near 

Pontdrif, regardless of all the controversy. This act was cancelled a year later by the 

newly elected National Party and the reserve was eradicated and allocated for 

settlement by white farmers (Robinson, 1996). 
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Another proposal to conserve the area was made in 1967 in the form of a memorandum 

by Mr. A.R. Willcox. The size of Willcox's proposed conservation area was much 

smaller (8746 ha) than the previously mentioned Dongola Wildlife Sanctuary (190 000 

ha). Willcox's suggestions were supported by various institutions, including the 

University of Pretoria. In 1967 the Minister of Transvaal proclaimed the farms 

Greefswald, Samaria and Den Staat as the new Vhembe Nature Reserve, covering 

8746 hectares. In the 1980s the conservation efforts were destabilized due to an 

intensive irrigation scheme developed on the farms Den Staat and Samaria, which 

devastated a large area of the riparian vegetation. In 1990 De Beers Consolidated 

Mines established a 36 000 ha reserve situated south of the Vhembe Nature Reserve 

They called it the Venetia Limpopo Nature Reserve. SAN Parks decided at a board 

meeting in June 1994 that the Dongola area, including Mapungubwe, should be 

proclaimed as a National Park. This decision was sent to the then Minister of 

Environment Affairs and Tourism. An agreement was signed on 9 June 1995 to 

establish the Vhembe-Dongola National Park (Robinson, 1996). 

In 2004 a Memorandum of Understanding (MoU) was drawn up between the 

governments of South Africa, Botswana and Zimbabwe to facilitate the establishment of 

the Limpopo/Shashe TFCA. On 22 June 2006, all three the Ministers of Environmental 

Affairs signed the MoU on the sand of the Limpopo/Shashe confluence, and declared 

that on that day there will be no international boundaries between the countries 

involved. This was to symbolise the ultimate goal the three countries involved are 

striving for with the TFCA (Verhoef, pers. comm.)1. 

2.2.1.2 Cultural and historical assets 

Numerous archaeological sites present in the Mapungubwe National Park date back to 
the Early Stone Age (1 million to 250 000 years BP). Many of these sites situated in the 
Limpopo-Shashe area are of major importance and scientific value. These sites are, 
however, spread across the modern political boundaries of South Africa, Zimbabwe and 
Botswana (Robinson, 1996; Gotze, 2002). 

Johan Verhoef - International Coordinator of the Limpopo/Shashe TFCA. 
E l johan. verhoef ©up.ac.za S (012) 420 4314 [Office] (083) 630 4565 [Cell] 
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According to Robinson (1996), there are two sites of great importance inside the 

proposed Limpopo/Shashe TFCA. The Zhizo site, dating back to AD 700-900, and 

named after the Zhizo people with their characteristic pottery, was situated on the farm 

Schroda, approximately 25km east of the experimental site on Den Staat (Figure 2.1). It 

is estimated that between 300-500 people lived on the farm during this period. It was 

also the largest Zhizo settlement in the basin at that time, which indicates that it was the 

capital (Huffman, 2005). The other site of immense importance is Mapungubwe Hill and 

the adjoining Bambandyanalo (dating back to AD 1100-1250). This site was situated on 

the farm Greefswald (Robinson, 1996), approximately 20km east of the experimental 

site on Den Staat (Figure 2.1). According to Voigt (1983), the evidence obtained from 

Mapungubwe documents the rise of the Zimbabwean culture, which is considered the 

most complex indigenous political and social entity in southern Africa. The Zimbabwe 

culture that arose in the Limpopo-Shashe basin was based upon gold and ivory trade 

with east coast traders (Robinson, 1996). The famous golden rhino of Mapungubwe is 

undoubtedly proof of the trade that took place. Other historical and cultural assets of 

importance include various rock paintings and petroglyphs (Gotze, 2002). 

2.2.2 Study site 

According to Robinson (1996), an intensive irrigation scheme was developed on the 
farm Den Staat in the 1980s. This was responsible for the deforestation of a large area 
of riparian vegetation. An interview was conducted with Mr. Wim Neethling2, who rented 
the farm Den Staat from 1995-1998. The following information was gained from the 
interview: 

• The farm Den Staat covers 1900 ha, and was owned by Mr. Tom Freeborn in 

1981. It was sold to Mr. Gert Schoombie who owned it for a year. In 1982 Mr. 

Mees Neethling bought the farm, and farmed there till SANParks bought the 

farm in 1995. As mentioned, Mr. Wim Neethling then rented the land until 1998, 

when all active farming activities ended. 

• Most parts of Den Staat were deforested in 1982 by Mr. Mees Neethling. 

According to Wim, it was a natural plain, mostly consisting of native grasses, 

Narrow-leaved mustard trees (Salvadora australis), and Mala palms (Hyphaene 

natalensis). The occasional Leadwood {Combretum imberbe) and Nyala tree 

2 Mr. Wim Neethling E l openwakker@xsinet.co.za 9 (083) 283 9461 [Cell] 
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(Xanthocercis zambesiaca) also occurred in the area. All trees, except the big 

Nyala trees, were removed with the aid of bulldozers and mechanical 

equipment. 

• According to the farmers in the area, a big drought period occurred between 

1980-1990. The mean annual rainfall of the area between 1990 and 2000 was 

estimated at a mere 250mm - 300mm per year, compared to the long term 

mean of 419mm as indicated by Mucina & Rutherford (2006). Also refer to 

climate section (2.3) of this chapter. 

• Large quantities of natural game were present in the area, mostly consisting of 

impalas, zebras and blue wildebeests. 

• The method of cultivation on the farm Den Staat was based on rotational 

cropping. Potatoes, onions and tomatoes were planted on a rotational three 

year base. Runner crops were also used, mostly consisting of different pumpkin 

types. Paprika and maize were occasionally planted. 

• The water used for irrigational purposes was obtained from boreholes situated 

next to the Limpopo River. Three irrigation methods were used, namely centred 

pivot irrigation, drip irrigation and dragline sprinkle irrigation. A total of 80ha 

was planted and irrigated throughout the year. The quantity of water used for 

irrigation accounted up to an estimated 50mm / ha / week. 

It can therefore be believed that this fertile riparian area on the banks of the Limpopo 

River have been settled and used for cultivation and cattle herding practices for many 

decades. The latter, as well as the more recent cultivation practices by white farmers, 

could all have contributed to the degradation of the region where the current study site 

is situated. The only difference is that the early Stone Age people may not have 

removed all the indigenous trees that occurred in the riparian zone. It is believed that 

the majority of trees were only removed by destructive de-forestation methods when 

clearing for military purposes and the mechanical cultivation practices used by white 

farmers started in the early 1980s. Cultivation of crops by white farmers was also 

accompanied by various fertilizer and insecticide applications, which altered the soil 

structure and chemical composition in these areas. 
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2.3 Climate 

According to Mucina & Rutherford (2006), the region is characterized by a semi-arid, 

summer rainfall climate (September- April), with a mean annual precipitation of 419mm 

per annum. However, according to the rainfall data received from weather testing 

stations in the region (Figure 2.3), the mean annual rainfall in the region for the last 16 

years (1990-2006) was approximately 300mm per annum. An explanation for this 

difference in precipitation can be that the 419mm per annum rainfall, as given in Mucina 

& Rutherford (2006), was calculated over a longer period in time, and intended for a 

larger area in the Limpopo basin. Rainfall events are, however, highly variable and 

sporadic in this region. Extended periods of below average rainfall and droughts are 

common (Robinson, 1996). The mean annual rainfall for the region was calculated from 

rainfall data received from the Pontdrif rainfall station (approx. 10km west of the study 

site) and the Noordgrens weather testing station (approx. 40km east of the study site). 

The annual rainfall figures from 1990 to 2006 are specified in the graph (Figure 2.3). 

From Figure 2.3, it is clear that in the last four years (2002-2006), below average rainfall 

occurred in the region, which could have had an enormous effect and negative impact 

on the establishment rate of new tree saplings planted for the study. 

Monthly rainfall data was monitored for the duration of the project at the study site. A 

rain gauge was mounted on the eastern fence of the experimental site, and rainfall data 

were collected daily (Figure 2.4). Four important events that took place during the 

project are also indicated on the graph in Figure 2.4. The following conclusions can be 

made when studying the rainfall data and important events during the project phase 

(Also see Chapter 3 for Material & Methods): 

1. The planting of the indigenous trees for the project was carried out in February 

2006. This was in the month that received the most rainfall throughout the project 

(125mm/month). The period prior to the planting of the trees was also 

characterized by above average rainfall (December '05 - 42mm and January '06 

- 86mm). The conditions for tree planting were therefore ideal. The soil was 

moist and ground water sources were replenished after the dry winter period in 

2005. 

2. The first morphological measurements were done in the first week of April 2006, 

two months after the trees were planted. A month prior to this, another 63mm of 

rain had fallen in the study area. This ensured that drought stress was kept to the 
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minimum in the first two months after planting. In April 2006, no precipitation was 

recorded. 

3. The second morphological measurements were carried out on the 8th of 

September 2006. These measurements were done after the first winter period, 

which was characterized by the dormant winter period and also very low 

precipitation rates, with only 16mm of rain recorded for the 5 month period of 

April 2006 - August 2006. 

4. The third and final morphological measurements were done on the 13th of 

February 2007. These measurements were done in the middle of the summer 

period of the project. The rainfall measured for the previous four months, 

including February (November 2006 - February 2006), added up to 134mm, 

which was below average for the calculated mean of the months (Nov - Feb) for 

the previous 5 years (177mm). 

According to Mucina & Rutherford (2006), the mean annual temperature for the region 

is measured at 21.6^0, but the temperature data rec eived from the Noordgrens rainfall 

station (Figure 2.5) indicated an average daily temperature of 22.7<C, which was 

calculated over a two year period (June 2005 - June 2007). It is, however, not 

uncommon for temperatures to rise up to 4 5 ^ in the summer months (Robinson, 1996). 

The mean annual evaporation potential from free water surfaces is 2303mm per year 

(Mucina & Rutherford, 2006), but could exceed over 2500mm per year in most parts of 

the region (Robinson, 1996). The winters are mostly mild, with the mean annual frost 

days adding up to 4 days per year (Mucina & Rutherford, 2006). 

2.4 Hydrology 

Surface drainage is predominantly in a northern direction towards the Limpopo River 

(Robinson, 1996). Due to the fact that none of the rivers in the region are perennial, the 

value of the Limpopo River as a water source for the cultivation of crops is limited 

(Robinson, 1996). Ground water provisions are mostly scarce in the region except 

where they occur along fault lines, which is usually well developed (Van den Heever, 

1983). 
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Figure 2.2: The layout of the experimental site situated on the farm Den Staat. Four blocks were 

identified and selected for tree planting in collaboration with Mr. Lynn van Rooyen from South African 

National Parks (SANParks). Blocks A - D were characterized by different tree plantings. See text for 

detailed description (Chapter 3). 
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Figure 2.3: The combined rainfall data of the Ponldrif and Noordgrens rainfall stations for the period 
1990-2006. The mean annual rainfall is also given, calculated over the 16 years (1990-2006). 
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Figure 2.4: The monlhly rainfall data collected for the duration of the project (Jun 2005-Jun 2007), 
obtained from the study site on the farm Den Staat. Four important events are indicated on the graph; 

1. Planting of the indigenous trees 3. Second morphological measurements 

2. First morphological measurements 4. Third and final morphological measurements 
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Figure 2.5: The mean monthly temperature data received from the Noordgrens rainfall station. Indicated 

on the graph are the mean maximum (Tmax) and minimum (Tmin) temperature data, as well as the 

average monthly temperature (Tave), calculated over the two year period. 

The Limpopo River riparian forest and associated plant communities, namely closed 

canopy forest riparian vegetation (associated with deep alluvial soil), as well as 

Salvadora australis and Hyphaenne petersiana plant communities, associated with 

natural flood plains, have been identified as endangered plant communities, and have 

been under severe pressure from agricultural and infrastructure development since 

1978 (De Beer, 1985, 1986, 2000, 2006). 

As a result of all these cultivation practices in the Limpopo basin, there are large 

numbers of bore holes present in the area, especially close to the Limpopo River. The 

latter, as well as the large quantities of water extracted from the River by the Venetia 

mine, situated approx. 20km south of the Mapungubwe National Park, are of great 

concern to the groundwater resources of the region and could have devastating effects. 

The water required by the mine is provided from well-fields on the farms Greefswald 

and Schroda, which are situated along the Limpopo River south of the confluence of the 

Limpopo and Shashe Rivers (Klapwijk, 1990). 
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According to Klapwijk (1990), the water abstracted from the Limpopo aquifer on the 

farm Greefswald can supply the intermediate requirement of 0.6 million m3 of water per 

year to the Venetia Mine as well as the long-term requirement of 4.2 million m3 water 

per year. Geo-hydrological studies of the Limpopo alluvial aquifer on the farm 

Greefswald were carried out and a mathematical model was developed, which indicated 

that a 4 m draw down limit in the riparian forest and a 2 m draw down at the eastern 

pool (Poachers Corner) should not be exceeded at any stage (CSIR Environmental 

Services, 1992). According to De Beer (2006), these limits are unfortunately not 

adhered to by the Venetia mine. 

The lowering of the water table will have direct effects on the regional riparian 

vegetation in general (Le Maitre et al., 1999). According to Le Maitre et al. (1999): 

"many plant communities, particularly those of wetlands and riparian strips are highly 

susceptible to changes in the depth of the groundwater, both annual and seasonal." 

Several studies were done in the past to understand the effect of different pumping 

rates by farmers and mines on the riparian vegetation. Coombes and Kemper (1992) 

concluded that changes in the water regime of the basin due to major water usage will 

have severe implications on the present and future condition of the riparian forest trees, 

and water as a limiting factor in the Limpopo basin show the effect of high water 

pumping activities. They recommended that the maximum pumping rate must not 

exceed 750 mega liters per annum per farmer (Coombes and Kemper, 1992). 

The pumping activities of local farmers and the Venetia Mine will, however, not have a 

direct effect on the trees planted inside the study site, especially not on the short term. 

This is due to the fact that the mine is situated approx. 25km south of the experimental 

site and that there are no active bore holes within a radius of 5km from the site. 

2.5 Geology, geomorphology and soils 

The Limpopo Mobile Belt, as it is called by geologists, includes the Shashe-Limpopo 

basin which lies between two ancient continents, the Zimbabwe craton and the 

Kaapvaal craton of South Africa. Granite forms the two cratons to the north and south, 

while millions of years of erosion are responsible for the sandstones currently present in 

the basin. When the continents moved, magma moved up through the cracks that 
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appeared in the earth's crust and formed basalt sheets and dolerite dykes (Huffman, 

2005). 

The Mapungubwe National Park is situated between 300m and 780m above sea level. 

Conglomerate ridges and koppies are visible south of the Limpopo River and are 

accompanied by flat sandstone fields. Closer to the river, the sandstone flats give way 

to a more rugged terrain with plenty of hills. Soils of the Limpopo valley are derived from 

the southern Archaean granite formations, and in general from the Karoo-system 

(Stormberg, Ecca and Beaufort Series). Soils vary from red-brown sandy loam, to brown 

to dark brown clays with high silt content (Robinson, 1996; Gotze, 2002). Alluvial soils 

tend to become brackish as a result of the salts accumulating due to strong evaporation 

(Mucina & Rutherford, 2006). 

2.6 Vegetation 

2.6.1 Biome 

According to the studies of Acocks (1953), the study area falls in the Tropical bush and 

Savanna types (Bushveld), veld type no.15, which is also called the Mopani veld. The 

veld type concept was, however, incorporated in the biome concept. According to 

Mucina & Rutherford (2006), a biome can be seen as a high-level hierarchical unit, 

consisting of a similar vegetation structure which is exposed to similar macroclimatic 

patterns, also frequently linked to characteristic levels of disturbance such as fires and 

grazing. The study area is situated in the largest Biome of southern Africa, namely the 

Savanna Biome (Rutherford & Westfall, 1986; Low & Rebelo, 1998; Mucina & 

Rutherford, 2006). It occupies approximately 46% of the total land area of southern 

Africa, and covers more than 33% of the land area in South Africa. Main characteristics 

of this biome include its clearly defined grassy ground layer followed by a distinct upper 

layer of woody plants. The main limiting factor in the biome is insufficient rainfall, which 

prevents the woody layer from dominating. Wild fires and grazing, mostly by game and 

cattle conversely keeps the grassy layer from dominating the Savanna Biome (Low & 

Rebelo, 1998). 
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2.6.2 Bioregion 

The Savanna biome is subdivided into six bioregions according to Mucina & Rutherford 

(2006). The Mapungubwe National Park falls into the Mopane Bioregion which covers 

the smallest area of all the bioregions in the Savanna Biome. It lies north of the 

Soutpansberg at a fairly low altitude of approximately 500 m above sea level, 

2.6.3 Vegetation type 

According to Mucina & Rutherford (2006), the experimental site is situated on the border 

of the Musina Mopane Bushveld and the Subtropical Alluvial Vegetation which forms 

part of the newly divided Inland Azonal Vegetation (Figure 2.6). For the purpose of the 

study, the Azonal Vegetation type will only be briefly described. 

Figure 2.6: The different vegetation types present in the Mapungubwe National Park and the location of 

the study site (Mucina & Rutherford, 2006). 
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Environmental factors such as the geology, topology, climate, soil and water are 

responsible for the creation of these different azonal vegetation types. The vegetation 

and landscape features distinguishing the Subtropical Alluvial Vegetation from the 

Musina Mopane Bushveld include the flat alluvial riverine terraces supporting the 

intricate collection of macrophytic vegetation, minor reed belts, flooded grasslands, 

temporary herblands and riverine thickets. Large patches of the Subtropical Alluvial 

Vegetation are conserved in the Kruger and Mapungubwe National Parks, various 

Game and Nature Reserves as well as a number of private reserves (Mucina & 

Rutherford, 2006). 

2.6.4 Land type 

According to Gotze (2002), the experimental site inside the Mapungubwe National Park 

is situated in the la155 land type. The vegetation characterizing this specific land type is 

mostly situated in the riparian zones of the Limpopo River and all of its side-branches. 

As stated by Gotze (2002), the Ia155 land type is undoubtedly the most disturbed land 

type inside the Mapungubwe National Park. These disturbances are mainly caused by 

the over-utilization of the fertile soils for cultivational purposes. The devastating effect 

that migrating elephants from the Tuii Block in Botswana have on this land type is also 

of great concern. 

According to De Beer (2006) the natural migration of elephants were hindered due to 

increased agricultural development and the security of military fences as well as 

veterinary fences along the Limpopo River in South Africa. This resulted in large 

concentrations of Tuli elephants present in the Limpopo River riparian vegetaion. Over 

the past 5 years these elephants have become permanently resident in this area, 

resulting in them having a devastating effect on the vegetation (De Beer, 2006). The 

devastating effects of elephants on the riparian vegetation are clearly visible throughout 

the Mapungubwe National Park (Figure 2.7), and an urgent elephant workshop was 

held on the 9 September 2007 with all stakeholders involved, to address this increasing 

problem as soon as possible. 
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Figure 2.7: The devastating effect elephants have on the vegetation in the Mapungubwe National Park, 
as well as other areas along the Limpopo River, South Africa. 

The four main plant communities, as well as their sub- communities, as distinguished by 

Gotze (2002) in the Ia155 land type: 

1. The Salvadora australis - Cucumis zeyheri Community 

1.1 The Coiophospermum mopane - Eragrostis trichophora Sub-

community 

1.2 The Indigastrum costatum subsp. maculata - Setaria verticillata 

Sub-community 

1.3 The Combretum imberbe - Abuilion ramosum Sub-community 

2. The Hyphaene petersiana - Acacia tortilis Community 

2.1 The Ximenia americana - Fiueggea virosa Sub-community 

2.2 The Cordia monoica Sub-community 

3. The Croton megalobotrys - Combretum microphyilum Community 

3.1 The Cenchrus ciliaris - Faidherbia aibida Sub-community 

3.2 The Acacia schweinfurthii - Maytenus senegalensis Sub-community 

4. The Diplachne fusca - Acacia xanthophioea Community 
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According to the information obtained from Gotze (2002), the study site is characterized 

by a number of indigenous trees as listed above. This information was also used to 
serve as a guideline regarding the tree species that were chosen to be used in the 
restoration experimental site. 
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Chapter 3 
Materials and Methods 

3.1 Experimental design 

The experimental site that covers approximately 70 ha of old cultivated lands has briefly 
been introduced In Chapter 2. The main purpose of the experimental site is to act as a 
demonstration site for further restoration activities in the Limpopo/Shashe TFCA. The 
design of the experimental site was based on various discussions held with the different 
stakeholders involved, on the study of old aerial photographs (1955), as well as on the 
vegetation present in the adjacent areas. It was decided that only indigenous tree 
species would be planted in the experimental site, and that the trees used for this 
project should be cultivated from seeds collected in the neighbouring areas of the 
experimental site, to conserve the local ecotypes and genetic variability. Seed 
germination and seedling growth was assisted and monitored in the Rhodes Drift 
nursery, approx. 5km from the site (Figure 2.1). Over 2000 tree seedlings were planted 
inside the experimental site, consisting of ten indigenous tree species. The trees were 
planted by personnel allocated to the Mapungubwe National Park by the Poverty Relief 
Program (PRP) and SANParks. 

The ten different tree species planted for this project, with their RSA tree 
numbers (as well as the number of individuals monitored in this study), included: 

1. Faidherbia albida (Ana tree) Tree no: 159. Total planted: 44. 

2. Acacia nigrescens (Knob thorn) Tree no: 178. Total planted: 24. 

3. Acacia tortilis (Umbrella thorn) Tree no: 188. Total planted: 26. 

4. Acacia xanthophloea (Fever tree) Tree no: 189. Total planted: 8. 

5. Schotia brachypetala (Weeping boer-bean) Tree no: 202. Total planted: 16. 

6. Xanthocercis zambesiaca (Nyala tree) Tree no: 241. Total planted: 44. 

7. Adansonia digitata (Baobab) Tree no: 467. Total planted: 20. 

8. Combretum imberbe (Leadwood) Tree no: 539. Total planted: 60. 

9. Salvadora australis (Narrow-leaved mustard tree) Tree no: 621. Total planted: 

76. 
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10. Lonchocarpus capassa, recently renamed Philenoptera violacea (Apple-leaf) 

Tree no: 238. Total planted: 68. 

(Van Wyk et al., 2000) 

A decision was made to use the tree species names as they were when the project 

started, therefore the Apple-leaf tree will be referred to as Lonchocarpus capassa and 

not Philenoptera violacea, which is its new name. 

Most of the tree seedlings were planted randomly in the experimental site for general 

restoration purposes, while 386 tree seedlings were planted for experimental purposes 

for this study. These tree seedlings were planted on and off "activity lines" as indicated 

by Mr. Lynn van Rooyen on 9 February 2006. The "activity line" concept is explained in 

section 3.1.2 of this Chapter. The experimental site was divided into four blocks, which 

were compiled according to the tree species that were planted in the specific block, or 

the species which previously occurred in that area, as identified from old aerial 

photographs. In each block, a number of indigenous tree species were transplanted on 

specific areas. There were four different treatments applied on the trees in each block. 

The treatments were applied randomly and included: 

1. Off "activity line" with no watering 

2. Off "activity line" with watering 

3. On "activity line" with no watering 

4. On "activity line" with watering 

The "activity lines" within each block was pointed out by Mr. Lynn van Rooyen, using a 

specialised method (See section 3.1.2). Trees were planted "on" and "off" these "activity 

lines". Some of the trees were also watered with twenty litres of water once a week, for 

the duration of the project. Trees were always watered on a Monday between 7h00 -

12h00 am. This was done to ensure that the evaporation rate of water from free 

surfaces would have the minimal influence on the watering of the different seedlings. 

Trees were planted in four blocks (A-D). Please refer to Appendixes 2-5 for the 

experimental layout of blocks A-D respectively. Block A was situated against the 

eastern fence of the experimental site and included a mixture of six tree species (Figure 

2.2). Block A was 120m long (North to South) and 60m wide (East to West). A total of 
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114 trees were planted in block A, including 20 Faidherbia albida (Ana tree), 20 

Combretum imberbe (Leadwood), 20 Lonchocarpus capassa (Apple-leaf), 20 

Xanthocercis zambesiaca (Nyala tree), 18 Acacia tortilis (Umbrella thorn), and 16 

Salvadora austral is (Narrow-leaved mustard tree). 

Block B was situated just about 100m south of block A (Figure 2.2). Block B covered 60 

m in its length from the eastern fence of the site in a western direction. It was decided to 

plant only S. australis trees in block B, due to the S. australis communities that still 

occur naturally just outside the experimental plot. A total of 52 S. australis trees were 

planted in this particular block. 

A small wetland area could be recognised on the southern end of the experimental site, 

both from old aerial photographs and during the ground observations. It was quite 

apparent when studying the old photographs that a large thicket of Combretum imberbe 

trees previously occurred in this wetland. This area formed the core of block C, which 

was 80m long (North to South) and 100m wide (East to West). A total of 80 trees were 

planted in this block, comprising of 40 Combretum imberbe trees planted inside the 

depression, as well as on the edges of the wetland. In addition, 8 Lonchocarpus 

capassa, 8 Acacia xanthophloea (Fever tree), 8 Faidherbia albida, 8 Acacia tortilis and 

8 Salvadora australis trees were planted around the wetland to increase the diversity. 

Block D was situated in the northern end of the experimental site, 500m north of block A 

(Figure 2.2). This was the longest block, covering an estimated area of 200m in width 

(East to West) and 80m in length (North to South). A total of 228 trees were planted of 

which only 140 plants were monitored. These included 40 Lonchocarpus capassa, 24 

Xanthocercis zambesiaca, 24 Acacia nigrescens (Knob thorn), 16 Schotia brachypetala 

(Weeping boer-bean), 16 Faidherbia albida and 20 Adansonia digitata (Baobab) trees. 

There were almost no trees present in the area where blocks A, B, & C were situated 

(Figure 2.2). Annual grasses and pioneer shrubs were characteristic of the northern side 

of the experimental site, with the occasional big Combretum imberbe and Xanthocercis 

zambesiaca tree present. Block D was situated in this area of the experimental site. 
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3.1.1 Cultivation of tree seedlings for experimentation 
3.1.1.1 Rhodes Drift Nursery 

The Rhodes Drift Nursery is situated on the banks of the Limpopo River, the northern 

border of South Africa (S 22° 12' 10.2" and E 29° 1 0' 28.8"). The nursery covers an area 

of 850m2, and is totally covered with a white 20% shade cloth. The nursery uses drip 

irrigation as a method for watering seeds and small seedlings. Bigger seedlings are 

watered with the help of a hosepipe. There are two big seedbeds inside the nursery, 

both 13m long x 1m wide x 30cm high. The seedbeds are filled with a growth medium 

consisting of a mixture of humus (decomposing litter) and river sand in a 1:1 ratio. The 

litter was collected underneath trees in the nearby vicinity and usually comprised of 

decomposed leaves and branches of trees. The river sand was collected in the Limpopo 

River, about 100m away from the nursery. 

3.1.1.2 Collection and cultivation of seed 

Seed collection methods differed from species to species. The fruits of A. digitata were 

harvested while they were still on the trees, due to the high predation from baboons in 

the area. It seems that baboons have a great liking for Baobab fruits and this could be 

one of the reasons why the regeneration rate of this particular species is so low. Seeds 

of S. australis were also harvested from the trees, while X. zambesiaca seeds were 

picked up underneath big trees. Small seedlings of this species were also removed from 

underneath trees and transplanted in the nursery. All the seeds of the other tree species 

were collected where they had fallen on the ground, while seedlings of C. imberbe, A. 

xanthophloea and S. australis where also removed from underneath big trees or 

thickets to reduce competition and the possible fatalities of seedlings in the field. These 

seedlings were also transplanted in the nursery. 

A general procedure was used in the cultivation of the different seedlings. Seeds were 
directly sown (approx. 10mm deep) into seedbeds, which were filled with a growth 
medium as previously explained. No other treatments, such as the removal of inhibitors, 
or scarification and stratification methods, were used. No precise measurements 
regarding the quantity and quality of the water were made, seeds were just kept wet. 
After about two weeks, or when the seedlings were an estimated 10cm tall, they were 
transplanted into black plastic nursery bags. In the summer months, the seedlings were 
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watered each day by means of drip irrigation, and every second day in the winter 

months. Personnel of the Poverty Relief Program (PRP) and SANParks were used in 

the nursery for watering and general maintenance purposes. Most of the tree species 

were transplanted into the experimental site after eighteen months, except for the S. 

australis seedlings that were transplanted when they were only approx. six months old. 

The S. australis seedlings were actually too small to be transplanted in the field but they 

had to be used due to the fact that there were no bigger S. australis seedlings available 

in February 2006, when all the different tree species seedlings were transplanted into 

the experimental site for this project. 

According to Venter & Venter (1998), the following guidelines and procedures should be 

followed concerning the collection and cultivation of certain indigenous tree species: 

Acacia tortilis: Fruits are formed between March and July. A kilogram seed contains 

approx 32 000 seeds. Cultivation of this species is relatively easy, especially when 

seeds are placed in warm water overnight, and then planted into black plastic nursery 

bags or in seed trays. River sand is a good growth medium. Acacia species have long 

tap roots and should be transplanted when the first leaf appears. A. tortilis can tolerate 

frost and drought. The average growth speed is 500-600mm per year, which could be 

accelerated when the lower branches are removed (Venter & Venter, 1998). 

Acacia niarescens: Fruits are formed between January and June. Trees are easily 

cultivated from seeds and there are approx. 6 200 seeds per kilogram. Seeds should be 

placed in warm water overnight and then separately placed into black nursery bags. The 

seedlings also form long tap roots and should be transplanted when three leaves are 

visible. A. nigrescens is a fast grower, up to 700mm per year. The species is drought 

and cold tolerant but sensitive to frost (Venter & Venter, 1998). 

Acacia xanthophloea: Fruits are formed between January and April. Easily cultivated 

from seed. Despite the large quantities of flowers formed, only a few pods are 

produced, which means that the seeds are not always easily available. Seeds should be 

placed in warm water overnight and then planted into seed trays filled with a growth 

medium of river sand and compost (3:1). Cover seed with thin layer of growth medium 

and keep moist. Transplant the seedlings (when two leaves are visible) into nursery 

bags filled with a mixture of river sand and compost (5:1). Take care that the tap root is 
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not damaged when seedlings are transplanted. Seedlings and saplings are normally 

easily and successfully transplanted. This is one of the fastest growing thorn species in 

southern Africa, which reaches lengths of up to 1.5m per year. A. xanthophloea is 

slightly cold tolerant, but sensitive to cold winds and frost (Venter & Venter, 1998). 

Adansonia digitata: Fruits are formed during April and May. Seeds can be collected 

underneath trees or harvested while still on the trees. The hard woody shell of the fruit 

must be broken to reach the seeds inside. When the sour, dry fruit flesh is removed 

from the seeds, they appear dark brown to blackish and they are kidney shape. Seeds 

should be placed in warm water overnight, and planted into a mixture of washed river 

sand and compost (5:1). Seed should not be planted deeper than 10mm into the growth 

medium. Seed that was planted in the summer will germinate within 2 weeks. The 

germination success is usually between 90-100%. Seedlings should be transplanted 

when they are 60mm high. It is essential that seedlings should be hardened before they 

are transplanted into full sunlight. A. digitata has an average to high growth tempo of 

500-800mm per year, especially in the first 5 years. Areas were Baobab trees can be 

cultivated are limited to regions where frost only occur once a year (Venter & Venter, 

1998). 

Combretum imberbe: Fruits are formed between February and August. Seeds are 

targeted by parasites. Seeds that are not affected by predation can be carefully 

removed from the four-winged fruit. Seeds should be planted into seed trays filled with 

river sand. Lightly press down on the seed till they are level with the surface of the river 

sand inside the seed trays. Lightly cover the seeds with sand and keep moist. Seedlings 

will appear after about 7-15 days. Only a small number of seeds usually germinate 

within the first three weeks and it is therefore advised to sow as much seeds as 

possible. Be on the lookout for rodents, as they have a liking for C. imberbe seed. 

Transplant the seedlings into nursery bags when two leaves are visible. The seedlings 

should be transplanted again when they are 200-250mm high, this time into open soil. 

C. imberbe trees grow especially fast in ideal conditions, up to 1m per year. This 

particular species is protected in South Africa. It is frost sensitive and only 

recommended for frost-free regions (Venter & Venter, 1998). 

Lonchocamus caoassa: Fruits are formed between January and August. This species is 

easily cultivated from seed. Seeds should be placed in water overnight and be planted 
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into seed trays the next day. The seed trays should be filled with a mixture of river sand 

and potting soil (4:1). Lightly cover the seed with river sand and keep moist. To 

accelerate germination, a transparent plastic or clear glass can be placed on top of the 

seed tray. Seeds usually germinate after six days and are transplanted into black 

nursery bags when two leaves are present. Young plants are usually attacked by a 

white orthezia scale insect (coccid). Keep the seedlings under 30% shade for 3-5 weeks 

before they are transplanted into direct sunlight. Seedlings are fast growers in frost-free 

areas, and can tolerate cold when a plant was properly protected from frost in its first 2-

4 years. L. capassa is also a protected tree in South Africa (Venter & Venter, 1998). 

Schotia brachvoetala: Fruits are mainly formed between January and May but 

sometimes even later than May. There are approximately 1900 seeds per kilogram, and 

cultivation is relatively easy. Seeds can be stored for up to two years prior to use. Pour 

boiling water over the seeds and soak them overnight before transplanting them into 

seed trays filled with river sand. Seeds should be covered with a 5mm layer of sand and 

kept moist. Germination of the first seeds should take place within 3-6 days. 

Germination rates are, however, irregular and it is advised to keep the seeds in the 

seed trays for several weeks to ensure the highest possible germination success. If 

there are seeds that did not germinate within a month, the whole process could be 

repeated. Transplant seedlings, when the first leaf is visible, into seed trays filled with a 

mixture of river sand, loam and compost (2:1:1). When the seedling is approx. 100mm 

high, it could be placed into full direct sunlight as part of the hardening process. 

Seedlings and saplings are easily re-introduced back into the wild. S. brachypetala can 

also be cultivated using cuttings. It is a fast growing tree and reaches lengths of up to 

700mm per year (Venter & Venter, 1998). 

Although the procedures described by Venter & Venter (1998) were not precisely 

followed, such as placing the seed in warm water before sowing, many tree seeds did 

germinate and could be used in the experimental site for this project. 

3.1.1.3 Transplanting of seedlings into experimental site 

Seedlings were transplanted into holes dug by personnel of the PRP. The average size 

of the holes was about 30cm x 30cm wide and 30cm deep. These holes were, however, 

different from the sizes recommended, which was given at a minimum size of 50cm x 
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50cm wide and 50cm deep. The latter would have given the roots of the seedlings more 

time and space to spread and penetrate into the deeper soils. A possible reason for the 

smaller holes dug by the personnel of the PRP could be the lack of mechanical 

machinery used, while only pickaxes and shovels were used to dig the holes in the often 

very hard vertisol type soils. The labour was carried out by women as part of the 

Poverty Relief Program in Mapungubwe National Park. The hole was filled with water 

before a seedling was planted. After the seedling was placed in the hole, it was filled 

with soil and compacted by trampling. No hardening process was followed with the 

seedlings before they were transplanted in the site. All seedlings were transplanted the 

same day they were taken from the nursery. 

The different environmental conditions and cultivation techniques used in a nursery can 

create different hardening degrees in seedlings. According to Villar-Salvador et al. 

(1999), hardening is presumed to be a complex process which involves a range of 

morphological and physiological mechanisms, but further research of these 

mechanisms are needed to indicate the capacity of plant species to grow in adverse 

environmental conditions. It is, however, eminent that irrigation shortages affects 

several morphological and physiological features related to the hardening of seedlings 

(Banon et al., 2006). The hardening process of tree seedlings therefore entails the 

gradual exposure of seedlings cultivated in a nursery to the harsh environmental 

characteristics of typical field conditions. This will normally involve a two week period 

during which the seedling will be left outside the nursery under natural climatic 

conditions, and will only receive a limited amount of water. 

3.1.2 The "activity line" concept 

The theory that certain indigenous trees only grow on so called "activity lines", and that 

certain tree species that randomly or by chance occur on these "activity lines" grow 

faster and more vigorously, was developed by Mr. Lynn van Rooyen who was employed 

by South African National Parks (SANParks). Mr. Van Rooyen made these observations 

while exploring for groundwater resources in order to site boreholes. According to Mr. 

Van Rooyen the "activity line" concept can be explained scientifically as detailed in the 

following paragraphs. 
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a) 
Shadow activity 
<ine 

Activity line Shadow activity 
line 

a = Distance between the earth's surface and the groundwater source 

b = Distance between the activity line and the shadow activity lines. 
(The distance is roughly the same.) 

c = Width of Ihe activity/'shadow line 
(Width is roughly the same.) 

x = Radiation angle between the earth's surface and the groundwater soure. 
(Size depends on geological formations,) 

b) 
Shadow activity 
line 

Activity line Shadow activity 
line 

. plant on 1 activity line 

Figure 3.1: Schematic illustration of the "activity line" concept, (a) A side-view of the upper half of the 
earth's crust, with the horizontal line indicating the earth's surface, (b) The "activity line" concept as seen 
from above the ground (earth's surface). 
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According to Mr. Van Rooyen it is postulated that each underground water source has a 

peculiar electromagnetic field associated with it that varies according to the in situ 

geological formation and the geological anomaly that causes the underground water 

source with its own specific spatial dimensions and volume. From the underground 

water source three identical electromagnetic fields are projected towards the earth's 

surface and are schematically depicted in Figure 3.1. There are one perpendicularly 

above the groundwater source and the other two, one on either side of the 

perpendicular one, at an angle that is determined by the in situ geological formation. 

These two electromagnetic fields are called shadow fields, and display identical 

characteristics to the perpendicular field. 

The theory of Mr. Van Rooyen is based on a basic experiment done in physics, where a 

copper-sulphate solution is placed into a container that is fitted with a cathode and an 

anode on opposing sides of the container. The different charges of the anode and 

cathode cause the negatively charged sulphate ions to move to, and assemble around, 

the positively charged cathode. A similar effect is seen where the positively charged 

copper ions move to, and assemble around, the negatively charged anode. 

These electromagnetic fields are detected on the earth's surface by means of two L-

shaped conductors (in Mr. Van Rooyens case two 3mm yellow copper oxy-acetylene 

welding rods). When detected in this manner Mr. Van Rooyen refers to the 

electromagnetic fields as "activity lines". The "activity lines" are so called because when 

the L-shaped conductors are held in a certain manner they become "active" or move 

when a person holding them walks through an electromagnetic field. 

m
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Figure 3.2: Fleming's left hand rule is used as an explanation of the "activity line" theory. 
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The scientific explanation for this phenomenon is a well known rule in electricity, the so-

called Left Hand Rule of Flemming. This rule states that motoric action will be generated 

when a conductor is moved through an electromagnetic field, this is also the principle 

for an electric starter motor (Figure 3.2). The "activity lines" are therefore the zones or 

lines, indicated by the L-shaped conductors, when a person holding them in a certain 

manner, walks roughly perpendicularly over an electromagnetic field. These "activity 

lines" can vary in size from a single line to several meters wide. As explained above, 

each groundwater source has three "activity lines" associated with it (Figure 3.1). 

The hypothesis stated above was tested and proven by Mr. Van Rooyen while divining 

for groundwater sources for potable and game watering points, especially in the Kruger 

National Park and various other National Parks. Through this experience of divining 

more than 200 boreholes, in different geological formations throughout South Africa, he 

has improved his success rate to divine boreholes (boreholes that yield water) to 

approximately 95%. 

According to Mr. Van Rooyen there are a number of indigenous tree species that only 

grow on these "activity lines" in the natural environment (not manipulated by man). 

These species include Combretum imberbe (Leadwood), Adansonia digitaia (Baobab), 

Xanthocercis zambesiaca (Nyala tree), Lonchocarpus capassa (Apple leaf) and many 

more, depending on the region operating in. There are however some indigenous tree 

species that grow randomly in the natural environment (on and off "activity lines"), i.e. 

Coiophospermum mopane (Mopane), Acacia tortilis (Umbrella thorn), Combretum 

appiculatum (Rooibos), and many more. When these randomly occurring tree species 

coincidentiy occur on an "activity line" it will visibly show more enhanced growth in 

relation to those individuals occurring off of "activity lines". 

In the natural environment the same effect will be experienced. For millions of years the 

electromagnetic fields of the earth have been responsible for the accumulation and 

concentration of free anions and cations on the earth's surface, in the presence of 

surface water present as a result of precipitation. This results in the accumulation of 

nutrients on the "activity lines", which act as an enriched growth medium. This forms an 

ideal microclimate for seeds or seedlings to grow in, hence the vigorous growth of 

seedlings and trees that occur on these lines. The additional nutrients on the "activity 

lines" give plants a better chance of survival in the mostly unfavourable conditions. 
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This vigorous tree growth phenomenon seems to have nothing to do with the increased 
availability of water present in the groundwater source on the "activity line". This is 
because It will be impossible for a seedlings root system to reach the groundwater 

source that in all probability is over 30m away from the earth's surface. The fact that 
there is no groundwater present at the shadow "activity lines" compliments this theory. 

Nevertheless, it is possible for a tree, after several years of active growth, to attain 

access to the groundwater source and if this happens the tree is assured of vast 
quantities of water. This, according to Mr. van Rooyen is the case with Mashatu trees 

(Xanthocercis zambesiaca), that mostly occur on the riverine floodplains and are 
probably several hundreds or even a thousand years old, 

3.2 Vegetation surveys 
3.2.1 Plant morphological surveys 

According to the literature reviewed for the project, the two main parameters used to 
monitor tree growth are, the measurement of the trunk diameter at determined heights 

(DDH), as well as measuring the length of the tree (Geldenhuys & Von dem Bussche, 

1997; Mengistu era/., 2005; McElhinny era/., 2006; and Mclver & Ottmar, 2007). 

According to my knowledge, and through a thorough literature review, no other 

standardised parameters were identified for the measurement of short term growth in 
indigenous trees. The lack of standardised parameters enabled us to experiment with 
new parameters in this specific study, which included parameters that were not normally 

used for monitoring purposes. Genera! conclusions will be made at the end of the study 

about the effectiveness of each parameter used for monitoring. The results of this study 

can then be used in similar future restoration studies or projects. 

Various measurements were carried out on all the indigenous trees planted inside the 
experimental site for this specific project (Figure 3.4). All measurements were 

conducted with the aid of measuring sticks and digital callipers (Figure 3.3). The 
measuring sticks were build and modified using a 2m aluminium square tubing, with a 
2m measuring tape mounted onto one side of the square tubing. 

Measurements included the monitoring of the trunk thickness (diameter) at the base, 

which was marked with a strip of white paint, 30 cm from the base and at breast height., 
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approximately 130 cm from the base. The basal part of the tree trunk (just above the 

ground level) was permanently marked with a strip of white paint. This was done to 

ensure accuracy when measurements were repeated. 

Figure 3.3: Measuring sticks and calliper used in the morphological monitoring of indigenous tree species 
planted inside of the experimental site, Mapungubwe National Park. 

The distance to the first branch was measured (A), as well as the length of the first 

branch (B). The first branch was marked with a label, containing general information 

about the tree, tied to the branch with a cable tie. The height of the tree was also 

measured; both in its natural growth form (C), as well as straightened (D). The crown 

cover was measured (E), and a subjective percentage estimation was given to each 

tree, based on their condition, ranging from 0% to 100%, where 0% indicates a dead 

tree and 100% indicates a healthy tree. These estimations were then used to determine 

mortality rates of species over the monitoring period. 

Other factors taken into consideration included whether a tree was watered or not and 

whether a tree was planted on an "activity line" or not (Figure 3.1). The reason why 

these factors were taken into consideration was that they could have a profound impact 

on the establishment and active growth of the different tree seedlings planted. It is 

important to note that a shadow "activity line" is an "activity line" that is radiated from the 

original "activity line" as explained in Chapter 3.1.2. 
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Morphological monitoring was conducted on three separate occasions, this included 

monitoring done in April 2006, September 2006 and February 2007. Continuous data 

analysis was done throughout the project. 

Figure 3.4: Parameters used for the morphological measurements. The different parameters included: 

Distance to Ihe first branch (A), length of the first branch (B), the height of tree naturally (C), as well as 

the height of the tree straightened (D), and crown cover (E). Trunk thickness (diameter) measurements 

were also taken at the base (0cm), 30cm from the base and 130cm (1,3m) from ihe base. 

3.2.2 Plant physiological surveys 

Plant physiological measurements were carried out to determine whether there were 

any stress-induced alterations in the photosynthetic apparatus of the trees monitored. 

By quantifying these alterations general observations could be made regarding the 

performance of certain tree species in relation to the different treatments that were 

applied. 

3.2.2.1 A broad overview of photosynthesis 

Photosynthesis is the fundamental basis of competitive success in green plants and the 

leaf is the principle organ of photosynthesis in higher plants. In order to absorb light 
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efficiently, a typical leaf possesses a large surface area at right angles relative to the 

incoming sunlight. Chloroplasts, which are situated inside the leaf, trap the radiant 

energy of sunlight and conserve some of it in a stable chemical form. The reactions that 

accomplish these energy transductions are identified as light-dependant reactions of 

photosynthesis. Energy generated in this way is subsequently used to reduce inorganic 

carbon dioxide to organic carbon in the form of sugars. Both the carbon and the energy 

conserved in the sugars are then used to build structures inside living organisms 

(Hopkins & Huner, 2004). 

According to Hopkins & Huner (2004), photosynthesis can be viewed as a 

photochemical reduction of carbon dioxide. The energy of light is used to generate 

strong reducing equivalents from water. These equivalents are in the form of reduced 

NADP+ and are strong enough to reduce carbon dioxide to carbohydrate. Additional 

energy is also required for carbon reduction and comes in the form of ATP, which is 

also generated at the expense of light adsorbed by the leaves. 

The principal function of the light-dependant reactions of photosynthesis is therefore to 

generate the NADPH and ATP required for carbon reduction. This is accomplished 

through a sequence of reactions that constitute the photosynthetic electron transport 

chain. The key to this electron transport chain is the presence of two large, 

multimolecular complexes known as photosystem 1 (PS1) and photosystem II (PSII). 

These two photosystems operate in series linked by a third multiprotein aggregate 

called the cytochrome complex (Hopkins & Huner, 2004). 

By quantifying the energy flow through photosystem II, stress-induced alterations, 

caused by several environmental influences in the biophysical parameters of a plant, 

could be observed (Strauss era/., 2006). 

3.2.2.2 Direct chlorophyll a fluorescence 

The procedure of Strasser et al. (1995) was employed for quantification of PS II 

structure and function by analysis of the polyphasic fast fluorescence rise by means of a 

fluorimeter (Plant Efficiency Analyser, Hansatech Instruments Ltd., U.K.) with a high 

time resolution and a large data acquisition capacity. 
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Chlorophyll a fluorescence measurements were conducted in a darkened room in the 

early morning hours. All measurements were conducted on dark-adapted attached 

leaves. Samples were collected just after sunrise, because it was easier to cut off a 

small branch and measure it later, than to take measurements while the leaves were 

still attached to the trees. The samples were placed in brown paper bags and 

immediately stored in a dark container. Trees that were measured during the day period 

were darkened for at least one hour before measurement. The tree species of which the 

leaves were measured included C. imberbe, S. australis, A. tortiiis and A. nigrescens. 

These tree species were chosen because good physiological data could be obtained 

from them and enough individuals per treatment were available. 

The chlorophyll a fluorescence transients were measured by recording 2 measurements 

for each of five different individual trees of the same treatment and species, adding up 

to 10 measurements per treatment. On each plant, the youngest fully expanded leaf 

was measured. Measurements were made for 1s, with a data acquisition rate of every 

10 u.s for the first 2 ms and every 1 ms thereafter, and with 12 bit resolution (Strasser et 

al., 1995). 

3.2.2.3 The JlP-test 

A test has been developed which can be used as a tool for rapid screening of many 

samples, providing adequate information about the structure, conformation and function 

of their photosynthetic apparatus (Strasser & Strasser, 1995; Strasser et al., 1995). A 

typical polyphasic Chlorophyll a fluorescence transient called the O-J-l-P, which is 

plotted on a logarithmic time scale so that the intermediate steps are clearly revealed, is 

shown in Figure 3.5. 

For quantification of the fluorescence transient, i.e. for calculation of the energy fluxes, 

quantum efficiencies, density of reaction centres and vitality indexes, the following 

original data are utilised: 

• The maximum measured fluorescence intensity, Fp, equal here to FM since the 

excitation intensity is high enough to ensure the closure of all RC's of PS II. 

• The fluorescence intensity at 50 u.s, considered to be the intensity F0 when all RC's 
are open. 
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• The fluorescence intensity at 300 ps (F^s) or 150 us (F^o^s), required for the 
calculation of the initial slope M0 = (dV /dt)0 = (AV / At)0 of the relative variable 

fluorescence (V) kinetics. 

• The fluorescence intensities at 2 ms (J step) denoted as Fj, and at 30 ms (I step) 

denoted as F, (Strasser et ai. 2000). 

The JlP-test refers to a translation of the original data, through the formulae of Table 1, 
to the following biophysical parameters, all referring to time zero (onset of fluorescence 

induction), which quantify PS II behaviour: 
(a) The specific energy fluxes (per reaction centre) for absorption (ABS / RC), 

trapping (TR0 / RC), dissipation (Dl0 / RC), electron transport (ET0 / RC); 

(b) The flux ratios or yields, i.e. the maximum quantum yield of primary 

photochemistry (cppo = TR0 / ABS), the efficiency (i|i0 = ET0 / TR0) with which a 
trapped exciton can move an electron into the electron transport chain further 

than QA', the quantum yield of electron transport (cpeo = ETo / ABS = cppo * Yo); 

(c) The phenomenological energy fluxes (per excited cross section, CS) for 

absorption (ABS / CS), trapping (TR0 / CS), dissipation (Dl0 / CS) and electron 

transport (ET0/CS). 

The fraction of active PS II reaction centres per excited cross section (RC / CS) is also 

calculated. See Table 3.1 for the set of formulae used in the JlP-test (Strasser & 
Tsimilli-Michael, 2001). 

A highly simplified working model of the energy fluxes in a photosynthetic apparatus is 
shown in Figure 3.6 (Strasser & Strasser, 1995). Based on the Theory of Energy Fluxes 

in Bio-membranes (Kruger et ai, 1997), formulae for the specific energy fluxes (per 

excited cross section CS, i.e. per active measured leaf area), as well as for the flux 
ratios or yields, have been calculated using the experimental values provided by the 
JlP-test (Strasser et al., 2000). 

The specific energy fluxes at time zero: ABS/RC, TRo/RC and ET^RC, can be derived 

from the experiments, The maximum quantum yield of primary photochemistry TRo/ABS 

= (pP0, the efficiency by which a trapped exciton can move an electron into the electron 

transport chain ETr/TRo = yo, or the probability that an absorbed photon will move an 

electron into the electron transport chain ETo/ABS = <PEO, are directly related to the three 
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fluxes, each as the ratio of two of them. TR/RC expresses the rate by which an exciton 

is trapped by the RC, resulting in the reduction of QA to QA". The maximal value of this 

rate is given by TRo/RC, because at time zero all RC's are open. The link of TRn/RC 

with the experimental data is derived as follows: If the reoxidation of QA" would be 

blocked, as happens in DC Mil-treated samples, TRo/RC would be given by the 

normalisation of the initial slope of the fluorescence induction curve (between 50 and 

300 ps or between 50 and 150 \xs) on the maximal variable fluorescence, Fv = FM - F0. 

This normalised value is denoted as M0,DCMU. However, if the reoxidation of QA' is not 

blocked, the normalised value of the initial slope, M0, indicates the net rate of closure of 

the RC's, where trapping increases the number of closed centres and electron transport 

decreases it: M0 = TRn/RC - E T Q / R C 

The JIP-test reveals changes in the behaviour of PS II that can not be detected by the 

commonly used cpP0 = FV/FM, which is the least sensitive of all parameters. The 

performance index (PI) however is a multiparametric expression taking into account the 

independent parameters of Absorption (RC/ABS), Quantum efficiency of trapping 

((pPo/1-cppo), and Quantum efficiency of electron transport (\j/o/1-yo)-

The performance index (PI) was introduced more recently (Strasser et a/., 1999; 

Srivastava et a/., 1995; Tsimilli-Michael et al.t 2000; review - Strasser ei a/., 2000). 

Here the performance index is presented on absorption basis, PIABS: 

PI - Tm . <P™ . P o =
 RC . <P™ . Vo 

]~7RC ]~<Pro x~¥o MS \-<pPQ \-y/Q 

where YRC is the fraction of reaction centre chlorophylls relative to total chlorophyll: 

TRC = Chi RC / Chi total-

Since: Chi tot = Chi antenna + Chi RC> then: TRC / 1 - YRC = Chi RC / Chi antenna = RC / ABS. 

Substitution of the biophysical by the experimental parameters results in: 

1-(F0 /FM) F M - F 0 1 - V j 
P U B S = • • 

Mo A/j F0 Vj 
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Table 3.1 

Summary of JlP-test formulae using data extracted from the OJIP transients: 

E x t r a c t e d and t e c h n i c a l f l u o r e s c e n c e p a r a m e t e r s 

F0 = Fsons, fluorescence intensity at 50|is 
F100|iS = fluorescence intensity at 100|xs 
F300( l s = fluorescence intensity at 300|is 
Fj = fluorescence intensity at the J-step (at 2ms) 
Fj = fluorescence intensity at the I-step (at 30ms) 
FM = maximal fluorescence intensity 
tF = time to reach FM , in ms 
y = (F2ms - Fo) / (FM - Fo) 
(dV/dt)0 = Mo = 4 • ( F 3 0° - Fo) / (FM - F0) 

Q u a n t u m e f f i c ienc ies or flux ra t ios 

(pPo = TRo/ABS = [1 - (F 0 /F M ) ] = F V / F M 

cpEo = ET0 / ABS = [1 - (F0/ FM)] . \|/0 

\|/0 = ET0 / TRo = (1 - Vj) 

Spec i f ic f luxes or speci f ic ac t i v i t i e s 

ABS/RC = M 0 . ( l / V j ) . ( l / ( p P o ) 
TR 0 /RC = M 0 . ( l / V j ) 
ET 0 /RC = M 0 . ( l / V j ) . \ | / 0 
DIo/RC = ( A B S / R C ) - ( T R o / R C ) 

P h e n o m e n o l o g i c a l f luxes or p h e n o m e n o l o g i c a l ac t iv i t i e s 

ABS/CS = ABS/CSchi = Chl/CS or ABS/CS0 =F0 or ABS/CSM = FM 

TRo/CS = (pP o . ( A B S / C S ) 
ET0 /CS = (pP o . \ | /0 . (ABS/CS) 
DIo/CS = (ABS/CS) - (TRo/CS) 

D e n s i t y of r eac t i on cen t r e s 

RC /CS = (pPo . ( V J / M Q ) . ABS/CS 

P e r f o r m a n c e i ndexes 

PIABS = (RC/ABS). [^/(l-cppo)] . [\|/0/(l-\|/0)] 
Pics = (RC/CS).[(pPo/(l-(pPo)].[\|/0/(l-\|/0)] 
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Figure 3.5: The transient shows a Chlorophyll a polyphasic fluorescence rise O-J-l-P, plotted on a 

logarithmic time scale from 50 us to 1 s (Strasser & Tsimilli-Michael, 2001). 
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Figure 3.6: Simplified scheme demonstrating the energy cascade from PSIl light absorption to electron 

transport (Strasser and Strasser, 1995). 
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The performance index is a product of the expressions of the form [pi / (1-pi)], where the 

Pi ( i = 1,2,3 n) stands for probabilities or fractions. The logarithm of PIABS can be 

regarded as the total driving forces (DF) for photosynthesis of an observed system, 

created by addition of the partial driving forces for each of the several energy 

bifurcations of absorption, trapping and electron transport (all at the onset of the 

fluorescence rise, i.e. at t = 0): 

r 
DFABS = iog(PiABs)= log 

RC 
- \ 

ABS 
V 

r 
+ log 

J 

<PPO 

1 -CPPO 

V. 

+ log 

- \ 
Yo 

1-Yo 
J 

The logarithmic version of the PI proved to be very useful to indicate the contribution of 

each partial energy conversion step as affected by the different stress treatments 

(Strasser & Tsimilli-Michael, 2001). 

3.2.3 Leaf component analyses 

The leaf component analyses were carried out by a well known analytical laboratory 

situated close to Pretoria, called CAL laboratories1. The results obtained from these 

analyses were used to compare the differences in quantities of elements between the 

soil and the leaves. Certain conclusions were then made regarding the uptake of 

nutrients by a plant, as well as the effectiveness in which plants use and store them. 

These analyses were especially done for this project to detect whether the "activity 

lines" influence the availability and the uptake of nutrients in the soil. If this would be the 

case then a logic explanation could be made regarding the enhanced growth of certain 

seedlings or trees on these "activity lines". 

A simplified program of the procedure followed by CAL laboratories in conducting the 

leaf component analyses is as follows: 

1. All the leaves are removed from the branches collected as samples, and are then 

left to dry at 7 0 ^ using a specialised oven. 

2. After the thorough drying process, the leaves are crushed into a fine powder. 

The following process is then used to determine the quantities of all the elements 
(except nitrogen): 

1 CAL Central Analytical Laboratories (PTY) LTD El cal@calsa.co.za S (012)305 5003 
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1. 1g of the sample (crushed leaves) is placed in a mixture of Nitric acid and 

Perchloride and then filled up with distilled water to a level of 50ml. 

2. The samples are then placed in an IGP (lon-linked-plasma), which determines 

the quantities of the following elements present in the sample (Ca, Mg, K, Na, P, 

B, S, Mo, Fe, Mn, Cu en Zn). 

The following procedure is only used to determine the nitrogen quantities in the leaves: 

1. 0.2g of the sample is placed in a mixture of a catalyst and sulphuric acid, and 
then filled up with distilled water to a level of 100ml. 

2. Samples are then placed in an Auto-analyser which uses an automatic 
spectrophotometer to complete the analyses. 

3.3 Soil analyses 

Soil samples were taken and analysed in the first year of the project (2006). The soil 

analysis carried out on the soil samples included a 1:2 water extraction, which indicated 

the different minerals present in the soil. A full chemical analysis was also done on the 

composite soil samples of the different blocks present at the experimental site (Figure 

2.2). These two analyses provided valuable information concerning the pH (KCI) and 

the pH (water) of the soil, as well as the amount and concentration of macro-elements, 

micro-elements and heavy metals in the soil. The particle distribution (amount of sand, 

silt and clay), nutritional value, and amount of exchangeable cations of the soil were 

also determined. All the information gained from the analyses was used for general 

characterization of the soil and to detect differences in the soils sampled in each block 

and outside of the experimental site. 

The soil samples used for the 1:2 water extractions consisted of 3 individual samples 

mixed together to form a composite sample. Six composite samples were taken from 

block A, consisting of three samples taken on "activity lines" and three samples taken 

off "activity lines". A total of four composite samples were taken from block B, two on 

and two off "activity lines". In block C, a total of five composite samples were analysed, 

which included a sample on and a sample off an "activity line", as well as three samples 

taken from the valley which forms part of block C. In block D, six composite samples 

were analysed, including three on and three off "activity lines". There were also three 

composite samples taken outside of the experimental site on the western side of the 
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fenced plot. These results were used to determine the difference in the soil structure 

and properties of the soil samples collected within the experimental site (which 

represents disturbed agricultural land), and those collected outside of the experimental 

site (taken in undisturbed riparian vegetation areas). Soil samples were analysed by the 

soil analysis laboratory of the North-West University, Eco Analytica2. 

Table 3.2: Lists of the different Macro- and Micro-elements, Heavy Metals, and other factors analysed for 

both the soil and leaf analyses. 

Abbreviation Micro-element 

Fe Iron 

Mn Manganese 

Cu Copper 

Zn Zinc 

B Boron 

EC Electron conductivity 

Abbreviation Macro-element 

Ca Calcium 

Mg Magnesium 

K Potassium 

Na Sodium 

P04 Phosphate 

S04 Sulphate 

NC-3 Nitrate 

NH4 Ammonium 
Cl Chlorine 

HCC-3 Hydrogen carbonate 

Abbreviation Heavy Metals 
Se Selenium 

As Arsenic 

Pb Lead 

Ni Nickel 

Cr Chromium 

Co Cobalt 

Al Aluminium 

Cd Cadmium 

Abbreviation Leaf elements 
P Phosphorous 

Mo Molybdenum 

S Sulphur 
N Nitrogen 

3.4 Data analyses 

Multivariate analysis is the branch of mathematics that deals with the examination of 

numerous variables simultaneously: 'The need for multivariate analyses arises 

whenever more than one characteristic is measured on a number of individuals, and 

relationships among the characteristics make it necessary for them to be studied 

simultaneously" (Krzanowski, 1972). 

2 Eco Analytica (Analytical laboratories) El P.O.Box 19140, Noordbrug, 2522 » (018)293 3900 
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The soil data obtained from the analytical laboratory were analyzed using different 
ordination techniques, such as the CANOCO-package, in which the PCA, DCA, RDA 

and CCA-ordinations could be used, depending on the requirements of each project or 
data sheet. These multivariate data analyses techniques are used to "synthesise 

environmental data and to produce an ordination of quadrats based on environmental 
variables alone" (Kent & Coker, 1992). 

The Principle Component Analysis (PCA) ordination has a wide range of applications 

within plant ecology, as it enables one to recognize certain correlations between 

variables and aids in the interpretation of ecological data. Eigenvalues and -vectors are 

calculated for each axis, where the eigenvalue represents the highest possible degree 

of correlation of all the species / variables with the principle axis. This serves as a 
measure of the amount of variation present within the data set accounted for by the first 
axis (Kent & Coker, 1992). In the PCA, only one entity is ordinated at a time, where the 

value of each species is multiplied to determine the plot's value on the PCA axis in 
question. 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. 

Correlations between species occurrence and soil factors were also carried out using 

Multivariate Data Analysis techniques. All the morphological data were recorded on 

specially designed spreadsheets (Annexure 1). These morphological monitoring sheets 

were used for all the trees monitored during this project. Mean growth percentage 

values were calculated as explained in Chapter 4 (Figure 4.1), using the data collected 

in the morphological monitoring sheets. 

The experimental layout were designed as randomized block designs but due to high 

mortality rates experienced by the transplanted seedlings, insufficient repetitions within 
the block were obtained, which prevented the use of other statistical programs such as 
Genstat or Statistica in determining analysis of variance (ANOVA's). Another factor 

contributing to the inability of using the statistical programs mentioned above is the 
diverseness present in the natural environment due to differences in the soil and 
climatic conditions. These continuous natural fluxes make it virtually impossible for 
statistical analyses to be carried out in similar restoration studies. 
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Chapter 4 
Results and Discussion 

4.1.1 Mortalities of trees 

The mortality rates for all ten different tree species were determined on two different 
occasions. The first calculation was carried out in August 2006, which was six months 
after all the trees had been planted in February 2006. The second occasion was in 

February 2007, exactly one year after the initial planting phase. The mortality rates were 

determined by subjective observations made during monitoring, also described in 
Chapter 3 (3.2.1). The results obtained from the subjective monitoring practices are 
shown in Table 4.1 below. These results are also displayed in the form of Figure 4.1, 
which improves the comparison possibility of the recorded data. 

The mortality rates of most tree species were relatively high (approx 75%), especially 

after the 12-month period, except for A. tortiiis and Combretum imberbe (Table 4.1). 
The total mortality rate of all the species was 34.1% after the first six months, and 
63.2% after the total 12-month period. The mortality rates of Adansonia digitata were 

the highest of all the tree species planted, due to the predations stresses caused by 
porcupines. All the planted A. digitata seedlings were dug up and destroyed by 
porcupines, and after efforts to replace the seedlings at three occasions, no positive 
effects were achieved. After every replanting event, porcupines destroyed the seedlings 
again. This is why the mortality rate was 100% on both occasions, and a decision was 
made to exclude this species for the remainder of the project. 

Lonchocarpus capassa had the second highest mortality rate of 92.6%, where 63 
individuals died out of a total of 68 that were planted. It was therefore the most sensitive 
species in this experiment, not taking into consideration the mortality rates recorded for 
A. digitata. The species from which the most individuals were planted for this specific 
project was S. australis, contributing 76 individuals planted out of the 386 seedlings 
planted in total. The S. australis seedling mortality percentage was calculated at a total 
of 63.2%. The mortality percentages recorded for S. australis was primarily caused by 
predation stresses, and not environmental conditions as was the case for L. capassa. 

53 



Chapter 4 - Results and Discussion 

Table 4.1: The mortality rates for the different trees species calculated during the twelve month period 

between February 2006 and February 2007. The total mortality percentage is also given. 

Species Planted 
Feb s06 

Died 
Aug '06 

Mortality 
(%) after 

six 
months 

Died 
Feb '07 

Total 
number of 
Mortalities 

Total 
Mortality 
(%) after 

12 months 
Adansonia 
digitata 

20 20 100.0 0 20 100.0 

Acacia 
xanthophloea 

8 4 50.0 3 7 87.5 

Salvador a 
australis 

76 32 42.1 16 48 63.2 

Faidherbia 
aibida 

44 17 38.6 19 36 81.8 

Acacia 
nigrescens 

24 9 38.0 5 14 58.3 

Lonchocarpus 
capassa 

68 25 36.8 38 63 92.6 

Schotia 
brachypetala 

16 4 25.0 10 14 87.5 

Xanthocercis 
zambesiaca 

44 3 6.8 21 24 54.5 

Acacia tortilis 26 1 3.8 4 5 19.2 

Combretum 
imberbe 

60 0 0.0 13 13 21.7 

Total 386 115 34.1 129 244 63.2 

The mortality rates recorded for the ten different tree species planted in the 

experimental site for the first six-month period, as well as for the total monitoring period 

of 12 months, can be seen in Figure 4.1. All the species showed a higher mortality rate 

after the twelve-month period, compared to the first six-month period. This could be 

ascribed to prolonged exposure to water stress and or heat stress as well as other 

stresses caused by predation, as can be seen in Figure 4.2 and 4.3. 
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Figure 4.1: The different mortality percentages calculated during the twelve-month period between 
February 2006 and February 2007. The ten different tree species that were used are indicated on the X -
axis. 

The two species that recorded the lowest mortality rates over the twelve-month period 

were A. tortilis and C. imberbe, with percentages of 19.2% and 21.7%, respectively 

(Figure 4.1). These results explained the fact that the best data could only have been 

obtained from the two species mentioned above, as well as S. australis, which still had 

a large number of individuals available for monitoring during the twelve-month period in 

which the morphological measurements were carried out. The interesting fact is that 

there were no mortalities recorded for the first six-month period for C. imberbe 

seedlings, and the total of 21.7% mortalities were only recorded during the last couple 

of months.. L capassa and Schotia brachypetala both showed a high increase in 

mortality rates during the latter stages of the project. The mortality rates recorded for L 

capassa was 36.8% during the first six months of monitoring, but increased dramatically 

to 92.6% during the last six-month period. 
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Figure 4.2: Predation effects caused by herbivores on Salvadora australis seedlings planted inside the 
experimental site, a) Seedling without any predation damage b) Seedling with visible predation damage 

The same tendency was observed for S. brachypetala, which recorded mortality rates of 

25% during the first six months, and a severe increase of mortality to 87.5% for the last 

six months of monitoring. These result are concerning, especially regarding the 

sustainable growth and survival of the species mentioned above for restoration 

purposes. 

Other results of interest are the performance of some of the climax riparian species 

needed to completely restore the deforested riparian areas in the Mapungubwe National 

Park. One of the most important species is Xanthocercis zambesiaca, which showed a 

relatively low mortality rate of 54.5% over the twelve-month period, contrary to that of 

Faidherbia albida, which managed a mortality rate of 81.8%. X. zambesiaca recorded 

one of the lowest mortality rates during the first six-month period (6.8%), but also 

recorded a dramatic raise in mortalities during the second six-month period (54.5%). A 

total of 36 F. albida individuals died out of the 44 individuals planted for this project, 

which indicated the difficulties of establishing this species for restoration purposes. 

These differences in mortality rates observed above (Table 4.1 and Figure 4.1) are 

fundamental information, which should be used in the final outcome of the restoration 
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project, and should be incorporated into the consideration phase of any further remedia 

actions planned for Mapungubwe National Park. 

Figure 4.3: Examples of termite predation effects and activities on transplanted seedlings inside the 
experimental site. 

4.1.2 Morphological structure of trees 

The different morphological parameters that were used to monitor tree growth, as 

discussed in Chapter 3.2.1, were all measured with the aid of measuring sticks and 

digital callipers. 

The morphological parameters used to monitor tree growth were (Figure 3.4): 

• Trunk thickness at the base 

• Trunk thickness at 30cm from the base 

• Trunk thickness at 130cm from the base 

• Length of the tree straightened 
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• Length of the tree in its natural growth form 

• Distance to the first branch 

• Length of the first branch 

• Crown cover 

All the data collected when the first measurements were done, which was in April 2006, 

were used as starting values. All the morphological measurements were repeated at 

two five-month intervals, September 2006 and February 2007. Measurements were 

carried out in centimetres and millimetres. These values were converted to percentage 

data for the final results. The difference between the initial starting value (April 2006) 

and the September 2006 measurement was converted to a percentage growth value for 

the first five months (Figure 4.4). This method was repeated for the second five-month 

period. The total percentage growth over the ten-month period was calculated for all the 

morphological measurements, using the difference between the initial measurement 

(April 2006) and the last measurement, done in February 2007 (Figure 4.4). The 

detailed measurement procedure is discussed in Materials and Methods in Chapter 3 

(3.2.1). 

Three measurements: 
A 

April '08 

B 
Sspt '06 

c 
F«b'07 

E~E 
B 

E~E 
E 

E-E 
B 

X 100 = 

X 100 = 

X 100 

l>eicentagegio**h 
Fiict 5 months 

Peic«ntige gioMh 
Second 5 months 

Percentage giowih 
Total 10 norths 

Figure 4.4: An illustration of the calculations carried out to obtain the percentage growth values used for 

the morphological data. 

Morphological measurements were carried out on all ten tree species planted in the 

experimental site, which added up to a total of 386 trees. Only three indicator species, 
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including the pioneer tree species (A. tortilis), a shrub like tree species (S. australis), 

and a climax riparian species (C. imberbe) were used in the analyses of the 

morphological measurements. The selection of these three tree species was due to the 

high mortality rates among the other planted tree species. A mean percentage value per 

morphological parameter (Chapter 3.2.1) was calculated for each species. These 

results are represented in the following graphs (Figures 4 .2 -4 .10) . 

Statistical analyses are explained in Materials and Methods in Chapter 3 (3.4.1). To 

read and understand the results shown below in Figures 4.5 - 4.13, it is important to 

note that the different morphological parameters monitored, as well as the four different 

treatments applied, are presented on the X-axis of each graph. These values are either 

presented as a mean positive or negative value. A positive growth percentage, for 

example, indicates that active growth took place and as a result a seedling would be 

bigger, taller or wider. If a negative percentage value was obtained, it indicated that the 

general loss of tree length, leaves, branches or water caused a reduction in the trunk 

diameter. 

4.1.3 Growth of Acacia tortilis 

A. tortilis (Umbrella thorn) is a pioneer species generally associated with disturbed 

areas. Most of the farmers in the Limpopo region have declared that A. tortilis causes 

bush encroachment, especially on old cultivated lands. The Umbrella thorn, however, 

plays a crucial part in the "natural healing" process (succession) of disturbed lands, 

where it aids the regeneration of climax riparian species through the establishment of a 

favourable micro-climate or -environment in which seedlings can establish themselves. 

It is therefore important to understand the performance and establishment of pioneer 

species such as A. tortilis, in order to quantify their influence on the successful 

restoration of the disturbed areas in the Mapungubwe National Park. 

In Figure 4.5, the percentage growth of A. tortilis seedlings for the first five months after 

planting are given in relation to the different parameters monitored and the different 

treatments applied on them. It is important to note that, during the first five months, all 

the planted tree seedlings were subjected to diverse environmental conditions. In the 

three months prior to their transplantation into the natural fields, they received a total of 

253mm of rainfall (Chapter 2, Figure 2.4). This ensured that the soil was logged with 
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water and water tables raised to satisfactory levels, which made it ideal conditions for 

the establishment and growth of the tree seedlings. The seedlings were transplanted 

into the natural environment in February 2006. 

The first morphological measurements were taken shortly afterwards, in April 2006. The 

seedlings were subjected to a dry winter period of six months (April to October 2006) 

after transplantation, followed by the second measurements taken in September 2006. 

This explains the relatively low growth percentages of more or less below 20% (Figure 

4.5). Reasons for these relatively low growing percentages during the first five-month 

period could be ascribed to the fact that more energy was used by the plants to 

enhance root growth and development, especially after the huge amount of stress the 

seedlings experienced from April to September 2006. Plants will normally use more 

energy for root development to ensure stability and steadiness of the plant, and to 

acquire efficient water and nutrients for optimal growth. Only after this is achieved will 

plants transfer more energy towards the above-ground parts of the plant to increase 

their biomass (Hopkins & Huner, 2004). 
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Figure 4.5: The percentage growth of all the A, tortilisXree seedlings planted in the experimental site for 

the first five-month period (April 2006 - September 2006), indicating the different treatments as well as 

the different morphological parameters monitored. 
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The exception to these low growing percentages was the measurement in trunk 
thickness at 130cm. This parameter was, unfortunately, not used with success, due to a 
lack of individuals reaching that height. The tree seedlings transplanted into the 
experimental site were relatively young and mostly just over a meter tall, which made it 

difficult to obtain proper data using the parameter of trunk thickness at a height of 
130cm. 

From Figure 4.5, it is clear that the trunk thickness at the base was higher of both 

treatments where trees were watered, than of those without any additional water. The 

parameter, trunk thickness at the base, could be used as an example. Both the 
treatments that included watering recorded positive growth percentages of 15% and 

19%, respectively, for the water treatments off "activity lines", as well as on "activity 
lines". Negative growth percentages were, however, observed for the treatments without 
additional watering. The growth percentage recorded for seedlings on "activity lines", 

without water was -3%, and for seedlings off "activity lines", without water -7%. In both 

the watered and the unwatered trees, it is evident that trees on "activity lines" showed 

more positive growth than trees off "activity lines". However, when comparing 

treatments of only watering or only "activity line" effects, it is apparent that water alone 

is the most important factor contributing to the survival and growth of A. tortilis. When 

analysing the results obtained from the morphological parameters used to monitor the 
growth on watered trees, it is dear that the trees planted on "activity lines" had a more 
positive growth than those only receiving water. 

Problems also occurred when measuring the parameters: distance to the first branch, 
length of the first branch and crown cover. This could be due to a lack of accredited 

parameters used for the monitoring of tree growth. Experimentation was therefore done 

on various other parameters that are not normally used, but could possibly be used in 
the future for monitoring tree growth. It was therefore expected that mixed results would 

be achieved concerning the different morphological parameters monitored. 

The problems contributing to the distance to the first branch measurements can be due 
to the dieback stress encountered by the tree seedling when transplanted, causing 

general leaf loss and the dying of the lower branches. This caused multiple problems 

regarding the marking of the first branch, as well as follow-up measurements of a 

particular marked branch. All these factors reduced the accuracy of this particular 
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measurement, as well as the number of individuals that could be monitored- A problem 

contributing to the measurement of the crown cover parameter resulted from the large 

amount of dieback of the seedlings. Dieback particularly occurred at the leaves, which 

resulted in the visible reduction of crown cover of individual A. tortilis species (Figure 

4.5). 

An overall higher positive percentage growth was obtained for most morphological 

parameters measured for A. tortilis seedlings over the second five-month period, which 

was between September 2006 and February 2007. The measurements were carried out 
just after the summer months, which formed part of a higher rainfall period. When 

comparing the data from the first five-month period (Figure 4.5), where the average 

positive growth percentage was approximately 20%, it is clear that it increased to 

approximately 40% in the second five-month period (Figure 4.6). This can most 

probably be ascribed to the fact that the first five-month period was during the dry winter 

months and the second five-month period during the wetter summer months. 

The same tendency was observed when comparing the morphological parameter 

measurements of the first five months with that of the second five months, as well as the 
treatments applied. This emphasizes the importance of watering when transplanting 
trees, as it will enhance the establishment and growth of seedlings. Almost all the 

morphological parameters measured showed a positive effect on growth in experiments 
where a combination of watering and "activity lines" was used (Figure 4.6). 

The parameter: trunk thickness at the base, again gave a good general idea of the 
effect the different treatments have on the transplanted seedlings. The growth 

percentage recorded for the treatment of water and "activity lines" (38%) for this 
particular parameter was far more than the percentage recorded for the treatment of 
water off "activity lines" (3%). This again was an indication of the multiplying effect 

watering and "activity lines" have on tree growth and survival. 

As discussed previously, parameters with questionable results included the 

measurements of the distance to the first branch, as well as length of the first branch. 
The parameter: distance to the first branch, indicated positive growth percentages for all 
four treatments (Figure 4.6). 
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Figure 4.6: The percentage growth of A. tortilis tree seedlings planted in the experimental site for the 

second five-month period (September 2006 - February 2007), indicating the diflerent treatments as well 

as the diflerent morphological parameters monitored. 

This was in contrast to the results that were obtained during the first five-month period, 

and could be ascribed to the fact that, due to the high dieback stress, which resulted in 

the loss of the lower branches during the first two measurements (April 2006 and 

September 2006), new branches were selected to be measured as the "first branches" 

during the February 2007 monitoring. This caused large inaccuracies in the 

measurements taken for this parameter and can therefore not be used as a reliable 

growth measurement parameter in these type of experiments. 

Another reason tor the positive growth percentages represented in Figure 4.6 for the 

parameter: distance to the first branch, could be the positive influence the wetter 

summer period had on seedlings. This contributed to the enhanced growth in the overall 

length of the seedlings and their branches. This statement is, however, not supported 

by the data recorded for the parameter: length of the tree when straightened. The fact 

that there was a positive growth percentage of 68% in the distance to the first branch, 

looking at seedlings that only received water, then the length of the seedlings 

straightened should also show a similar growth percentage. In this particular instance it 

was not the case, with the straightened growth percentage for seedlings only watered 

being -14%. The lower parts of the tree seedlings, which included the trunk thickness 
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measurements and the distance to the first branch, showed enhanced growth in 

seedlings compared to the other parameters measured, especially during the first few 

months after they have been transplanted. This could help the establishment, stability 

and steadiness of the tree seedling during the initial growth stages. 

According to the data obtained for the second five-month period (Figure 4.6), an 

interesting scenario evolved. When looking at all the parameters in genera), it can 

clearly be seen that both the length of the tree straightened, as well as the length of the 

tree in its natural growth form showed almost no sign of growth. In contrast to this, all 

the measurements carried out on the different trunk thickness parameters showed a 

much higher growth percentage than that of the length measurements. This means that, 

during the summer period (September 2006 - February 2006), the thickness of the 

trunk of the majority of A. tortiiis seedlings increased, but the length stayed constant. 

These structural changes indicated that the seedlings used more energy for increased 

stability and steadiness, which was of more significance than the growth in length of the 

tree. 

As seen above, the lower parts of the tree, which included the trunk thickness and lower 

length measurements, showed a high positive growth percentage, but this did not 

contribute to the total tree length measurements. The trunk base of the seedlings (width 

and length) therefore had a positive growth increase, which contributed to better 

establishment, higher steadiness and stability during the first months after transplanting 

of the seedlings. The total length only increased at a later stage of the tree growth. This 

phenomenon is generally present in most tree species. 

A general tendency can be observed when looking at the growth percentages for the 

total period of measurement, which was between April 2006 and February 2007 (Figure 

4.7). The trunk thickness at the base and at 30 cm both showed a positive growth effect 

when plants were watered. According to Figure 4.7, the growth percentages of 

seedlings watered and on "activity lines" were, however, much higher for both the 

parameters (65% and 56% respectively), than it was for the seedlings only receiving 

water (17% and 14%, respectively). 

The effect of the "activity line" treatment In the absence of water only had a positive 

effect on the growth of two morphological parameters, which included the length of the 
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tree straightened and the distance to the first branch. As mentioned before, the 

conclusion can be made that watering is the single most important factor regarding the 

positive growth of indigenous tree seedlings. The multiplying effect of the "activity line" 

treatment in combination with trees being watered can clearly be viewed in Figure 4.7. 

Of all the parameters measured, it is clear that seedlings receiving water and growing 

on "activity lines" were growing faster, followed by seedlings only receiving water. 

Seedlings only growing on "activity lines" showed much lower growth percentages than 

the seedlings only receiving water. This emphasizes the fact that, when a decision 

should be made whether to only plant seedlings on activity lines or only water them, the 

water option should be taken. 

The morphological parameter measurements that were monitored by this study that did 

not give good or consistent results when evaluating the growth of A. tortilis seedlings 

after transplanting included: the trunk thickness at 130cm, length of the tree 

straightened, distance to the first branch, length of the first branch, as well as the crown 

cover. This could be ascribed to a number of factors, such as the dieback of seedlings 

during the first five months, the loss in leaves, as well as the dieback of the first branch. 

All of these resulted from heat and water stress. 
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Figure 4.7: The percentage growth of Acacia tortilis tree seedlings planted in the experimental site for the 
total period of measurement (April 2006 - February 2007), indicating the different treatments as well as 
the different morphological parameters monitored. 
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4.1.4 Growth of Combretum imberbe 

C. imberbe is one of the climax tree species present in the riparian woodlands, or 

"gallery forests" as they are often called. These trees were planted in the lower lying 

flood plain areas where they historically occurred before the onset of agricultural 

activities and disturbances. It is therefore essential that the performance and 

establishment of this climax species receives great attention, due to the important role it 

must play in the restoration of the degraded riparian areas in the Mapungubwe National 

Park. 

In Figure 4.8, the average growth of all the C. imberbe seedlings is given in respect of 

the different treatments applied on them, as well as the different morphological 

parameters measured as indicators of growth during the first five-month period (dry 

winter months of April 2006 - September 2006) after the seedlings were transplanted. A 

similar tendency can be observed if compared to the results obtained for the A. tortiiis 

seedlings (Figures 4.5 - 4.7), especially when looking at the different parameters that 

involved the trunk thickness measurements. It is, however, important to notice that 

above average rainfall events prevailed before this dry period (Chapter 2, Figure 2.4). 

The two parameters: trunk thickness at the base and 30 cm from the base, indicated the 

positive effect only watering had on the C. imberbe seedlings (Figure 4.8), with both 

contributing to positive growth percentages of 14% and 6%, respectively, over the first 

five-month period. These results were also visible in the seedlings receiving watering 

and "activity line" treatments, which managed positive growth percentages of 10% and 

11%, respectively for the same parameters measured. Another example of the effect 

the different treatments had on the seedlings was shown in the parameter: length of the 

tree in its natural growth form. For this specific parameter, positive growth percentages 

were recorded for the treatments watering off "activity lines" (8%) and watering on 

"activity lines" (16%). Negative growth percentages were also recorded for the same 

parameter, which included the treatments on "activity lines" without water (-7%), as well 

as off "activity lines" without water (-10%). 

Negative growth percentages obtained in treatments not watered described a decline in 

trunk thickness as a result of water loss (Figure 4.8). The trunk thickness at the base 

parameter recorded negative growth percentages in both the treatments without water. 
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Growth percentages of - 1 % and -11%, respectively, were recorded for the treatments of 

only "activity line", and no "activity line" treatments. The same tendency was observed 

for the parameter: trunk thickness at 30 cm, where growth percentages of -7% and -

13% were respectively recorded for the same treatments as explained before. 

As for A. tortilis, no accurate results were obtained with the parameter, trunk thickness 

at 130 cm, probably due to the fact that most of the seedlings were shorter than 130 cm 

when transplanted, or seedlings experienced dieback stress and the loss of branches 

directly after they were transplanted. This parameter will however become more 

important and useful as the trees get taller. 

When evaluating the two parameters that were used to assess growth in the length of 

the tree seedlings, it is again obvious that the combination of the "activity line" and 

watering treatments have a more positive effect on the growth of the planted seedlings. 

If all the parameters are taken into consideration, it is clear that both the treatments 

without watering had a noticeable negative effect on the growth of seedlings after they 

have been transplanted, especially due to the fact that the trees were planted directly 

from the nursery to the harsh environment, without any hardening process carried out 

on them. These results again emphasize the importance of watering directly, as well as 

the effect of planting trees on "activity lines", which had a more positive effect on the 

survival and growth of the trees. 

As was the case for A. tortilis, the morphological parameters: distance to the first 

branch, as well as the length of the first branch gave inconsistent data, as is shown in 

Figure 4.8. This is mostly contributed to the dieback stress experienced by the 

seedlings during transplanting. This led to the absence of most of the younger branches 

which were consequently situated close to the base of each of the Individual plants. This 

data could therefore not be used in the monitoring and assessment of tree growth, 

especially during the first year of the experiment. Another interesting observation was 

the negative growth percentages regarding the crown cover for all the treatments 

applied in the first five months (Figure 4.8). This could be due to fact that C. imberbe 

seedlings tend to loose the majority of their leaves after experiencing stress of some 

kind, such as water or heat stress. 
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Figure 4,8: The percentage growth of all the Combretum imberbe tree seedlings planted in the 

experimental site for the first five-month period (April 2006 - September 2006), indicating the different 

treatments, as well as the different morphological parameters monitored. 

During the second five-month period, the crown cover measurements were, however, all 

positive, as the monitoring took place in the summer months, directly after the rainy 

season and when C. imberbe is actively growing (Figure 4.9). Most of the parameters, 

except crown cover, showed minute differences regarding the different treatments 

applied when the morphological parameters were measured (Figure 4.9). No real 

conclusions could be made concerning the parameters measured to evaluate the trunk 

thickness at different heights. 

According to the data, it seemed that only very little growth transpired in the length of 

the different seedlings measured from September 2006 to February 2007. This is quite 

strange taking into consideration that these measurements were carried out after a wet 

summer period, where seedlings normally show signs of active growth. This could be 

attributed to the slow growing rate of this species in general. It must be emphasized that 

only the differences during a specific five-month period are given in Figure 4.8 and 

Figure 4.9. The overall effect of the different treatments and parameters monitored over 

the total monitoring period are given in Figure 4.10. Also refer to Figure 4.4 for a 

detailed explanation. 
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Figure 4.9: The percentage growth of Combretum imberbe tree seedlings planted in the experimental 
site for the second five-month period {September 2006 - February 2007), indicating the different 
treatments as well as the different morphological parameters monitored, 

The completely negative growth percentages recorded in Figure 4.9 for the parameter: 

length of the tree in its natural growth form, could be ascribed to the effects of dieback 

on the transplanted seedlings. As mentioned, the crown cover parameter 

measurements (Figure 4.9) showed exactly the opposite effect observed for the same 

parameter during the first five-month period (Figure 4.8). To conclude, there was a 

dominant negative tendency in the crown cover growth percentages of the C. imberbe 

seedlings monitored for the first five-month period, followed by an overriding positive 

effect shown by the same seedlings during the second five-month period. This could be 

due to the changes in season, as well as the possibility that the mentioned seedlings 

managed to establish themselves after the initial stresses experienced by the planting 

and the adverse environment. 

Figure 4.10 indicates the growth percentages of the different morphological parameters 

monitored during the total monitoring period (April 2006 to February 2007). The effect 

on growth therefore includes a combination of the dry winter (Figure 4.8) and wet 

summer month (Figure 4.9) periods. The data represented in Figure 4.10 show a more 

structured and explainable tendency regarding the different treatments used. Taking 
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into consideration what was observed while analysing the morphological data of A. 

tortilis seedlings for the total monitoring period (Figure 4.7), interesting comparisons can 

be made. 

As for the A. tortilis growth measurements, the trunk thickness at the base and 30 cm 

from the base showed the positive effect watering had on the seedlings, as well as the 

multiplied effect of watering and planting trees on "activity lines". Treatments that 

included no watering showed clearly that the seedlings receiving no water and planted 

off "activity lines" tend to show the least positive growth percentages of all the 

treatments (Figure 4.10). 
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Figure 4.10: The percentage growth of Combretum imberbe seedlings planted in the experimental site 

for the total monitoring period, also indicating the different treatments as well as the different 

morphological parameters monitored. 

Examples supporting these observations are the negative growth percentages of -12% 

and -17%, respectively, which were recorded for the parameters: trunk thickness at the 

base, and trunk thickness at 30 cm. The growth percentages recorded for the same 

parameters, but a different treatment (no water, on "activity lines"), were -6% and -7%, 

respectively. This highlights the fact that seedlings grew better on "activity lines", than 
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seedlings standing off "activity lines". The positive "activity line" effect is, however, not 

as high as the effect of watering alone. This again emphasizes the fact that both water 

and "activity lines" had positive effects on the growth of seedlings if applied alone, but 

the greatest effect was seen when these two treatments were applied together. 

Trunk thickness at 130 cm from the base indicated positive growth percentages for both 

the treatments including watering (Figure 4.10), especially for the seedlings on "activity 

lines". Although this positive effect was visible for this parameter, including the crown 

cover and distance to the first branch parameters, it can possibly indicate the sensitivity 

of this climax riparian species to the "activity line" effect as explained by Mr. Van 

Rooyen in chapter 3.1.2. 

The predominantly negative growth effect observed with the morphological parameters, 

such as length of the first branch, can be attributed to the fact that most of the lower 

branches were lost as a result of dieback stress experienced by the seedlings during 

the first five-month period, which was during the dry winter months of April 2006 -

September 2006. 

4.1.5 Growth of Salvadora australis 

S. australis is a shrub-like tree normally associated with the Mopane veld in the sandy 

plains of the Limpopo Province. It is also locally known as the Salt bush, which refers to 

its preference for brackish soils, and the brackish taste of the leaves and fruits. Through 

various interviews with landowners and previous farm managers, as well as the 

studying of old aerial photographs, it became apparent that S. australis plays an 

essential role in the well-being of the intermediate riparian areas, which are normally 

situated just next to the riparian forests. It was also clear from old photographs that the 

area rehabilitated inside the experimental site once consisted of large stands of S. 

australis trees, which emphasises the importance of this species for this project. 

Due to the lack of older and more mature S. australis seedlings, the majority of 

seedlings transplanted into the experimental site were still very young and small, rarely 

reaching a height of more than 30 cm. This had a big influence on the establishment 

rate of the seedlings, especially through the first couple of months, since mortalities 

were encountered as a result of negligence or a lack of maintenance. Some seedlings 
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were not watered correctly, and when watered some seedlings were uprooted during 

the watering process, predominantly due to their small size and inappropriate watering 

practices. Seedlings that were maintained and watered correctly established and grew 

well when subjectively analysed. 

As a result of the small sizes of the S. australis seedlings, some of the morphological 

parameters could not be measured. The only parameters that gave good results 

included the trunk thickness at the base, the length of the tree straightened, as well as 

the crown cover. The distance to the first branch, as well as the length of the first branch 

was not measured. No difference between the lengths of the seedlings in their natural 

growth form, as well as straightened, could be observed. It was therefore decided to 

only measure the length of the seedlings when straightened. 

During the first five-month period, which was during the dry winter months (April 2006 -

August 2006), an interesting tendency was observed. According to the results shown in 

Figure 4.11, most of the growth during the winter months occurred on the thickness of 

the trunk. This could have led to the improvement in the establishment and the stability 

of the newly planted seedlings. It is, however, inconclusive whether any of the 

treatments had a positive effect on the growth of the seedlings, potentially due to the 

small size of the seedlings when transplanted and incorrect watering methods. While 

assessing the results recorded for the trunk thickness at the base parameter, it became 

apparent that all the treatments had a positive effect on the growth percentages of the 

seedlings measured. It also appears that watering did not have a profound influence on 

the growth of the seedlings for the first five months as was described for other species. 

Due to the small size of the seedlings, as well as the dry winter period between April 

2006 and September 2007, the growth in length of the seedlings was mostly negative 

for most treatments applied, and no accurate data could be obtained for the crown 

cover measurements (Figure 4.11). The only two treatments of which any data have 

been collected for the parameter of crown cover during the first five-month period were 

treatments conducted in the presence of "activity lines". 

As mentioned above, a subjective observation was made during the monitoring process 

which found that when seedlings established themselves through the first couple of 

months, they tended to show a more vigorous growth pattern in the summer month 
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period after September 2006. This observation was supported by the data obtained for 

the morphological measurements (Figure 4.12), carried out after the second five-month 

period (September 2006 - February 2007). From Figure 4.12, it is evident that the 

growth percentages calculated for all the morphological measurements were positive for 

the parameter of trunk thickness at the base. 
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Figure 4.11: The percentage growth of all the Salvadora australis tree seedlings planted in the 
experimental site for the first live-month period (April 2006 - September 2006), indicating the different 
treatments as well as the different morphological parameters monitored. 

The overall positive growth effects contributed to the better establishment rates of this 

species, especially during the wet summer period, characterised by high rainfall events. 

The morphological parameter: trunk thickness at the base, resulted in an interesting 

effect, namely that the seedlings exposed to the harsh, dry winter conditions, with no 

watering and off "activity lines", showed the highest growth percentages during the 

wetter summer months (Figure 4.12). 

The morphological parameter: length of the tree straightened, also showed high positive 

growth effects on seedlings planted on "activity lines", whether watered or not. It seems 

that watering did not have such a great effect on tree growth, where both the watering 

and without watering treatments resulted in almost identical growth percentages 

regarding the seedling length. 

73 



Chapter 4 - Results and Discussion 

This is different compared to the results obtained for A. tortilis and C. imberbe. 

However, as for the other two species, the combination of watering and "activity lines" 

had a multiplying effect on the growth of the seedlings as seen in the parameter: the 

length of the tree straightened of the seedlings studied for this project (Figure 4.12). 
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Figure 4.12: The percentage growth of Salvadora australis tiee seedlings planted in the experimental site 
for the second five-month period (April 2006 - September 2006), indicating the different treatments as 
well as the different morphological parameters monitored, 

As for the other tree seedlings, it was apparent that most of the energy produced by the 

seedlings during the summer months was used to enhance the above ground biomass, 

which included the length of the trees and the crown cover. These results support the 

observation also made for the S. australis seedlings, where their growth was normally 

concentrated on the stability and root production during the first five-month period 

(Figure 4.11), after which more growth in shoot length and crown cover occurred during 

the second five-month period (Figure 4.12) when conditions were more favourable, 

The results shown in Figure 4.13 are unique in the sense that it was the only graph that 

showed only positive growth percentages for all the parameters measured, as well as 

for all the treatments applied over the total monitoring period. This means that S. 

australis seedlings that managed to establish successfully did exceptionally well 
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throughout the period April 2006 - February 2007, which could be ascribed to high 

tolerance levels of this species and the fact that the environmental conditions in the 

area are ideal for the re-establishment and growth of S. australis seedlings. 
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Figure 4.13: The percentage growth of Satvadora australis seedlings planted in the experimental site for 
the total monitoring period, also indicating the different treatments as well as the different morphological 
parameters monitored. 

Given the results shown in Figure 4.13 there is no real tendency that can be observed 

regarding the different treatments monitored. It seems however that the S. australis 

could adapt to the harsh environmental conditions irrespective of additional watering or 

not. There is however enhanced growth visible on the "activity lines", which could mean 

that S. australis is one of the more sensitive species regarding the whole "activity line" 

effect (Figure 4,13). A similar observation was made for the crown cover parameter 

monitored during the first 5-month period (Figure 4.11). An example of these higher 

percentages recorded for the seedlings standing on "activity lines" can be seen in the 

parameter: length of the tree straightened. The treatment of watering on "activity lines" 

recorded a positive growth percentage of 60%, followed by a 66% growth percentage 

for the treatment of "activity lines" without water. 
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When assessing the growth percentages recorded for the parameter: trunk thickness at 

the base", it is apparent that relatively high growth percentages were obtained for all the 

treatments carried out. The treatments without any additional watering did even better 

than those receiving water. The growth percentage recorded for the treatment, "activity 

lines" without watering was 102%, followed by a growth percentage of 116% for the 

treatment off "activity lines" without additional watering. 

The overall mean growth percentage was approximately 60% for all the different 

treatments and morphological parameters monitored for S. australis. The growth in 

crown cover was the highest of all the parameters, showing positive growth percentages 

of above 85% for the treatments of watering on and off "activity lines", as well as 

"activity lines" without watering. The treatment of no watering off "activity lines" recorded 

a growth percentage of 41%. Severe predation effects were observed on some of the S. 

australis seedlings, which was rather concerning. This, however, did not have the 

expected negative impact, and most of the seedlings managed to survive the initial 

attacks. 

4.2 Plant physiological surveys 

Plant physiological surveys were carried out on selected individuals of A. tortilis, S. 

australis and C. imberbe species. Due to irregularities in the data collected, influenced 

by the time of sampling and other related constraints, only the A. tortilis data was used. 

The physiological surveys were used to set up the O-J-l-P transients, Performance 

index (PIABS), and a spider plot. For the purposes of the physiological measurements 

carried out on selected seedlings, treatments were described in the graphs as follows: 

Table 4.2: The name codes used for the different treatments monitored during the physiological 

measurements for this project. 

Code Name Description of treatment 
- water (off) Seedlings planted off an "activity line", without water 

- water (on) Seedlings planted on an "activity line", without water 

+ water (on) Seedlings planted on an "activity line", with water 

+ water (off) Seedlings planted off an "activity line", with water 

control Seedlings already established, used as control plants 
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4.2.1 The O-J-l-P transients 

According to Strauss et al. (2007), the JIP test represents the translation of the original 

recorded data to biophysical parameters that quantify the energy flow through 

Photosystem II (PSII). Refer to Chapter 3 (3.2.2) for a detailed explanation regarding 

the use of the JIP test. Figure 4.14 shows three different graphs: 

a) The original O-J-l-P transients 

b) Normalised O-J-l-P transients 

c) Delta V Curves 

Excitation of dark-adapted leaves with a saturated light impulse induced typical O-J-l-P 

transients in the control plants (blue curve, figure 4.14a). The average values of 

approximately 20 measurements were calculated and are shown in the original O-J-l-P 

transients (Figure 4.14a). Upon excitation, there was a brisk primary rise in fluorescence 

intensity from the initial step O (Fo) to the intermediate step at approximately 2 ms, 

which is also called the J step. There was another rise present at the next intermediate 

step at roughly 30 ms, which is called the I step, after which the transient reached the 

final rise at 200 ms, or the P (FM) step as it is known. According to a revision done by 

Lazar (2006), multiple light-intensity independent turnover redox events are occurring 

throughout this O-J-l-P phase. If actual fluorescence intensities and kinetics are 

compared between the different treatments applied, it is quite clear that there are big 

differences among the A. tortilis species regarding their tolerance towards adverse 

environmental conditions. 

The treatments without the "activity lines" and without any additional watering performed 

the worst of all the treatments shown in Figures 4.14a, b, and c. These negative effects 

caused by the absence of these important treatments led to the general reduction in 

maximal fluorescence intensities (FM). The clearest distinction could be made between 

the treatments that did not receive any additional form of watering (brown curves), and 

those which did (green and blue curves). The decrease in maximal fluorescence 

intensities was slightly larger in the absence of water than it was for the absence of the 

"activity lines". These results show exactly the same tendencies observed from analysis 

of morphological measurements. 
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Figure 4.14: The O-J-l-P fluorescence transienls (original and normalised, plus Delta curves) 

recorded in fully expanded leaves of A. tortilis (see Table 4.2 for explanation of treatment codes 

used). Transients represent the average of approximately 20 measurements (obtained from al 

least four plants per treatment). The positions of the main steps (O, J, I, and P) are indicated in 

figure a. 

The construction of the so-called differences in variable fluorescence (AV) curves, 

shown in Figure 4.14c, were carried out to investigate the treatment-dependant changes 

observed in fluorescence raised kinetics. The construction of the AV curves entails the 

normalisation of the original O-J-l-P transients (Figure 4.14b), which is carried out 
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between the two fluorescence extremes (O and P). This kind of normalisation 

presentation is a more recent method and shows the difference in fluorescence 

transients relative to the control. The normalisation curves are then followed by the 
normalised values of each treatment being subtracted from the values obtained from the 

control plants at the same time intervals to create a zero line. The blue horizontal zero 
line is therefore the line which is constructed when all of the values of the control plants, 

at the different time intervals, are subtracted from themselves. This zero line is then 
responsible for deviances seen in the other curves, which can be interpreted in several 

ways. The zero line (control line) in this case revealed the presence of two clearly 

defined peaks within the other curves, namely the AK peak (at approximately 300us), as 
well as the Al peak at approximately 10 ms. These curves, however, differed, 

depending on the particular treatment applied. 

The AK peak was clearly visible in the treatment that did not receive any water or 
"activity lines", and to a lesser extent in the treatment that only received water, but 
without any "activity lines". The appearance of the Al peak was, however, much more 
unambiguous than the AK peak described prior to this. A clearly defined Al peak was 
also primarily induced by the treatment without any water and "activity line", but became 

progressively better as the treatments became more sustainable, it is, however, 

apparent that all of the treatments exhibit more negative fluorescence intensities than 

that recorded for the treatment plants that were planted on "activity lines" and received 

water, as indicated by the dark green curve (Figure 4.14c). 

Through several studies and experiments, Strasser et al. (2004) concluded that the 
presence of Al peaks was induced by both heat stress and nitrogen deficiencies. It is, 
however, believed that the predominant factor that played a role in this particular case 

was the latter, i.e. insufficient nitrogen. The fact that A. tortilis trees are leguminous 

plants, which enables them to have mutual symbiotic relationships with a nitrogen-

binding bacterium, supports this observation. As a result of the adverse environmental 

conditions the A tortilis seedlings were exposed to, not receiving any water or "activity 
lines", it is most probable that certain adjustments were made by the plants in vivo, 
which reduced, and in some cases blocked the symbiotic relationship with Rhizobium. 
This led to the reduction of available nitrogen, which in return led to the Al peak 

observed in the AV curves (Figure 4.14c). 
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4.2.2 The Performance Index (PUBS) 

The Performance Index (PIABS) was used as a measure of the vitality of the 

experimental trees in an attempt to determine whether tree performance was 

influenced, and to what extent, by the different treatments carried out on the 

experimental trees. The values obtained from the performance index showed that the 

addition of water is most probably the single most important factor contributing to 

establishment and survival of seedlings (PIABS = 22), but when watering is done in the 

presence of "activity lines", it seems to have a multiplying effect on the growth and 

survival of seedlings and mature trees (PIABS = 44), as illustrated by the PIABS values 

obtained. These results were supportive of the preceding results obtained through the 

J1P tests, as well as the morphological measurements carried out. 
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Figure 4.15: The Performance Index (PIABS) calculated for the physiological analyses done on selected 
A. tortilis trees. The analyses were carried out on seedlings that were exposed 1o the four different 
treatments used in the study, as well as data recorded tor controi plants. Please refer to the iexl for 
detailed description of treatments applied {Table 4,2). 

According to Figure 4.15, the seedlings exposed to the treatment of water and "activity 

lines" showed even higher performance indices than the control plants (PIABS = 36), 

which were also planted on "activity lines". Similar results were obtained through the 
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physiological measurements done for the treatments without any watering, where the 
addition of "activity lines" enhanced performance considerably. Seedlings on "activity 
lines", without water, recorded a PUBS value of 16, also twice that of the PUBS value 

recorded for seedlings off "activity lines", without water (PIABS= 8)- This emphasizes the 

multiplying effect water and "activity line" treatments had on the growth and survival of 
transplanted seedlings inside the experimental site. 

4.2.3 The Spider-plot presentation 

The relative values (relative to the corresponding value of the control, which thus 
become equal to unity) of selected expressions, such as the specific fluxes (ABS/RC, 

TRo/RC and ETQ/RC), the flux ratio TRQ/ABS = <pP0, and the density of the active 
reaction centres per excited cross-section (RC/CS), were plotted using a spider-plot 
presentation (Figure 4.16). 

This presentation is a multi-parametric description of the structure and function of each 

photosynthetic sample, presented by an octagonal line. This type of presentation 

provides a direct visualisation of the behaviour of a sample and thus facilitates the 
comparison of plant material as well as the classification of the effect of different 
environmental stressors on it in terms of the modifications it undergoes to adapt to new 
conditions (Strasser etal., 2000). 

Clear deviations can be seen from the corresponding values of the control plants in the 
spider-plot. According to the spider-plot (Figure 4.16), the treatment of watering on 

"activity lines" performed by far the best of all the treatments, and a little better than the 
control plants: an 11% increase in the electron transport per excited cross-section 

(ETQ/CS), compared to that of the control plants, as well as a 5% increase in the density 
of the active reaction centres per excited cross-section (RC/CS). In these cases, if a 
plant performed better, it meant that there was better stimulation of all the reaction 

centres present in the leaf cells, which in return led to enhanced growth and energy 

development. 
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Figure 4.16: A spider-plot presentation done for the physiological measurements carried out on the A. 

to'rtilis seedlings subjected to different treatments, as well as the control plants. Please refer to the text for 

delailed description of treatments applied (Table 4.2). All the different parameters measured are 

explained in Chapter 3 (3.2.2). 

As was seen in the previous results (morphological, performance index and O-J-l-P 

transients), the treatment without water and without "activity lines" also performed worst 

of all the treatments monitored in the spider-plot: a decrease of 42% in the electron 

transport per excited cross-section (ETo/CS) compared to that of the control plants. This 

emphasises the importance of watering in the first place, as well as the additional effect 

of the "activity lines". The reason for the stresses observed in the latter treatment was 

the de-activation of most of the reaction centres, which normally goes hand in hand with 

an increase in antenna size (ABS/RC). The fact that the electron transport decreased 

per cross section (ETo/CS) in relation to the effects discussed above is also a very 

important factor to take into consideration, as this plays an essential part in the optimal 

functioning of the photosynthetic process. 
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4.3 Soil analyses 

Soil samples were taken and analysed at an accredited laboratory in Potchefstroom, 

called Eco Analytica1. All the data were specified in the form of excel sheets and were 

imported into a computer data analysis package called CANOCO. PCA-ordinations from 

the CANOCO package were drawn to show the correlations between the different 

samples and the environmental variables. The PCA-ordinations were done for macro-, 

and micro-elements, nutrient status, exchangeable cations, heavy metals and the 

particle distribution (sand, silt and clay values) of the soil analysed. Soil samples were 

carried out to obtain general information about the soil. These results could be used to 

determine a number of parameters, including whether there are more nutrients present 

on so-called "activity lines", what the characteristics of the soil were at the experimental 

sites, and whether amelioration is needed on the area to be restored. 

In Figures 4.17 - 4.22, all the environmental variables are given in blue. In the case of 

Figure 4.17, the blue-marked environmental variables represent the different macro

elements measured in the different soil samples. The names of the soil samples were 

derived as follows: 

• Firstly it is stated whether the sample was taken in a wetland (VLEI), on an 

"activity line" (A/L), or off an "activity line" (AF). 

• This is followed by the block name in which the sample was taken, for example 

Block A, B, C or D (Chapter 2, Figure 2.2). 

• Lastly the number of the sample is given. This means that if there is a 2 at the 

end, it represents the second sample taken on the same block as well as on the 

same treatment. 

An example of a sample name would be A/L B2. This means that this was the second 

sample taken on an "activity line" in block B. Another example would be Vlei C3, which 

means that it is the third sample taken in the wetland area in block C. A sample name 

comprised of only one letter (A, B, C, or D) represents a composite sample taken on the 

block specified by the letter. A composite sample comprised of all the samples taken in 

a block, which were then mixed together to make a composite sample. This was then 

used to analyse the differences in soil characteristics between the four different blocks. 

1 Eco Analytica (Analytical laboratories) M P.O.Box 19140, Noordbrug, 2522 S (018)293 3900 
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Once the raw data were analysed, a graph (ordination) was created and eigenvalues 

were determined. These eigenvalues describes the variation and correlation between 

the different soil samples on the X - and Y - axes (Kent & Coker, 1992). 

Figure 4.17 shows the trends in the macro-elements analysed in relation to the plots of 

the different samples taken. As can be seen from the diagram, there were not really 

clusters of samples grouped together to indicate similarities. This means that there were 

no real differences between the different samples taken and the elements analysed, 

There was a general positive correlation between the majority of soil samples taken in 

blocks A, B and C, and the macro-elements Nitrate (NO}), Chlorine (Cl), and Sodium 

(Na). 
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Figure 4.17: Principle Component Analysis (PCA) ordination indicating the correlation between macro
elements in the soil and the sample sites in the four different blocks inside the experimental site. Please 
refer to the text for the explanation of the sample names given in the graph, as well as Chapter 3, Table 
3.2 for Ihe abbreviations of the elements analysed. Eigenvalues (X= 0.779) (Y= 0.098). 
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No distinct grouping between sample plots and macro-elements could be observed 

(Figure 4.17). All three the samples taken in the wetland area of block C, which were 

marked Vlei 1, Vlei 2, and Vlei 3, showed higher positive correlations with phosphates 

(PO4) and hydro-carbonates (HCO3). AD the samples taken in block D were grouped 
together, except AF D3, which showed abnormal high quantities of Potassium (K) 

present in the sample. Homogenous soil conditions were therefore present in the block 

D samples, but there were no visible differences between the composition of macro

elements of the soil samples taken on and off of the "activity lines". 

The correlations between the samples in the different blocks inside the experimental 
site and the soil micro-elements are presented in Figure 4.18. As for the macro

elements, no clear correlations could be observed in the ordination, especially between 

samples on- and off "activity lines". 

The majority of the samples are concentrated at the centre of the ordination, meaning 
that most of the samples had a relatively homogenous pool of elements, Two of the 
samples taken in the wetland area (Vlei C1 and Vlei C2), showed high positive 
correlations with pH, Manganese (Mn), Zinc (Zn), and Copper (Cu). These results could, 

however, have been influenced by abnormalities that occurred as a result of previous 

fertilization applications carried out on the old cultivated lands in the sampled areas. 

The correlations between the samples in the different blocks inside the experimental 
site and the different heavy metals are presented in Figure 4.19. Results showed that 
the significant elements in the soil regarding the heavy metals were Cobalt (Co) and 

Aluminium (Al). These elements were seemingly present in the same quantities for the 
majority of the samples, except for soil samples Vlei C2, AF A1 and A/L B2, which are 
more positively correlated to Cadmium (Cd), Selenium (Se), and Nickel (Ni) 
respectively. 
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Figure 4.18: Principle Component Analysis (PCA) ordination indicating the correlation between micro
elements in the soil and the sample sites in the four different blocks inside the experimental site. Please 
refer to the text lor the explanation of the sample names given in the graph, as well as to Chapter 3, 
Table 3.2 for the abbreviations of the elements analysed. Eigenvalues ( X= 0.737) (Y= 0.223). 

It seemed that the three samples taken of the "activity lines" in block A (AF A1, AF A2 

and AF A3), show a high correlation with the heavy metal Selenium (Se), which is 

completely different from the other samples taken. High quantities of Nickel (Ni) and 

Chrome (Cr) were present in the sample A/L B2, but this could just be due to 

abnormalities in the soil, as this is the only sample showing the presence of 

contradictory quantities of heavy metals. 

No distinct pattern of correlations can be made between the micro-, and macro

elements, as well as heavy metals in the soil, for certain sample plots in the different 

blocks inside the experimental site. This could be ascribed to the fact that historical 

events and previous cultivation practices could have influenced and amended the soil of 

the experimental site in such a way that no real conclusions could be made from the 

data obtained from soil analyses. Other factors that could also have played a role in the 

outcome of the soil analyses are the time of sampling, the method of sampling as well 

as the location of the samples used for analyses. 
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Figure 4.19: Principle Component Analysis (PCA) ordination indicating the correlation between the heavy 
metals in the soil and the sample siles in the four different blocks inside the experimental site. Please 
refer to the text for the explanation of the sample names given in the graph, as well as to Chapter 3, 
Table 3.2 for the abbreviations of the heavy metals analysed. Eigenvalues ( X= 0.624 ) ( Y= 0.195 ). 

The nutrient status in the soil was determined from analyses carried out on composite 

samples taken in the four different blocks (Figure 4.20). A clear observation could be 

made that block C, which was situated in the wetland area, showed a high positive 

correlation with the elements Carbon (C), Magnesium (Mg) and Sodium (Na). Blocks A 

and B were more or less grouped together concerning their nutrient status, whereas 

blocks C and D showed two completely different nutrient status results. These results 

can be explained by looking at the topography of the area. 

As seen in Figure 2.2 (Chapter 2), blocks A and B were located next to each other, 

while block C was situated in the southern side of the experimental site and block D 

towards the northern side. The differences in proximity between the blocks could have 

played a role in the variation observed in soil analyses results. Elements that have 
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positive correlations with the different blocks present in the experimental site to a lesser 

extent are, Phosphorus (P) with block A, pH (H2O) with block B, and Electrical 

Conductivity (EC) and Potassium with block D. 

Y-axis 

Figure 4.20: Principle Component Analysis (PCA) ordination indicating the correlation between the 
nutrient status of the soil and the sample sites in Ihe four different blocks inside the experimental site. 
Please refer to the text for the explanation of the sample names given in the graph (A-D), as well as to 
Chapter 3, Table 3.2 for the abbreviations of the nutrients analysed. Eigenvalues ( X= 0.929 )( Y= 0.068). 

The correlations between the samples in the different blocks inside the experimental 

site and the exchangeable cations present in the soil are shown in Figure 4.21. The 

exchangeable cations in the soil were determined from analyses carried out on 

composite samples taken in the four different blocks (Figure 4.21). This provided almost 

identical data compared to the results obtained for the nutrient status of the soil (Figure 

4.20). The following observations could be made while assessing the data obtained for 

the nutrient status of the soil and the exchangeable cations in the soil: 

• Positive correlations were observed for block A, which included Phosphorous (P) 

and base saturation as indicated in Figure 4.20 and Figure 4.21, respectively. 
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Block B showed positive correlations with pH (H20), in both the nutrient status 

(Figure 4.20) and exchangeable cation data (Figure 4.21) 

Block C showed high positive correlations with the elements Magnesium (Mg), 

Sodium (Na) and Calcium (Ca) in both the nutrient status and exchangeable 

cation analyses. 

Block D showed a slight correlation between Potassium (K) and the pH (KCI) in 

both the above-mentioned analyses. 
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Figure 4.21: Principle Component Analysis (PCA) ordination indicating the correlation between the 
exchangeable cations in the soil and the sample sites in the four different blocks inside the experimental 
site. Please refer 1o the text for the explanation of the sample names given in the graph (A-D), as well as 
to Chapter 3, Table 3.2 for the abbreviations of the calions analysed. Eigenvalues( X= 0.963 )( Y= 0.035). 

The best results were obtained when the particle size distribution of the composite 

samples from the four different blocks in the experimental site were compared (Figure 

4.22). The soils in blocks A and B are grouped together and have a high silt content. 

These results are also supported by the fact that the two blocks are situated within 

100m from each other (Chapter 2, Figure 2.2). The soils in block C are clayey, which is 
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explained by the fact that block C is situated in a wetland area. Block D, conversely, 

shows a high correlation with sandier soils. This could be explained by the location of 

the block, which is situated at the northern end of the experimental site towards the 

Limpopo River. The reason for the high sand content could be related to periodic 

flooding events of the Limpopo River basin, which lead to the deposition of sand in 

these areas. 
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Figure 4.22: Principle Component Analysis (PCA) ordination indicating the correlation between the 
particle size distribution (Sand, Sill and Clay) in the soil and the sample sites in the four different blocks 
inside the experimental site. Please refer to the text for Ihe explanation of the sample names given in the 
graph (A-D). Eigenvalues (X= 0.989) (Y= 0.011). 

The following general conclusions could be made regarding the soil analyses carried 

out inside the experimental site. According to the particle distribution, nutrient status and 

exchangeable cations analyses, it is evident that there are three different zones present 

in the experimental site. This could be ascribed to the different fertilizer applications 

applied to the total area when ft was still cultivated for crops. The differences in the soil 

composition and soil chemistry between the four blocks inside the experimental site, is 

therefore not clear. The fact that quite large quantities of Magnesium (Mg) occur in the 
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soil could be due to the application of dolomite lime (MgCOs) as an amelioration 

substance for cultivation purposes. 

It is, however, very important to note that it is evident that although the whole 

experimental site seemed homogenous regarding the soil compilation, topography, and 

exposure, some differences did occur in the soil chemistry between the four blocks 

inside the experimental site. These differences will definitely affect the establishment 
and growth of trees that are transplanted for restoration purposes inside the 
experimental site. It is therefore advised that an in-depth analysis must be carried out 
prior to any trees being transplanted in future restoration activities. The adaptation of 
the indigenous trees to certain soil factors should also be known, or studied, to ensure 

good results. 

4.4 Leaf component analyses 

The leaf component analyses were carried out on selected tree species planted inside 

of the experimental site. There were, however, difficulties regarding the use of leaf 
component analyses, especially due to the fact that there were only a few individual tree 
seedlings alive at the time when the analyses were carried out in February 2007, as well 
as the limited leaf area to work with in especially the Acacia species. 

Nevertheless, leaf component analyses were carried out on selected individuals of C. 

imberbe and A. tortilis. The results are analysed by a Principle Component Analysis 

(PCA) ordination (Figure 4.23). The different elements that were calculated are given in 
blue, followed by the different samples that are orientated according to their correlation 

with the different elements. The names of the samples were compiled as follows: 

• The first two letters describe the species, where AT and Cl stand for A. tortilis -

and C. imberbe, respectively. 

• This is followed by the different treatments applied on the specific individual, 
where AL stands for "activity line" and W for water. 

• The number at the end of the sample names describes the sample number taken 

for the same species with the same treatments (Figure 4.23) 
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Figure 4.23: Principle Component Analysis (PCA) ordination indicating the leaf component analyses 
carried out on selected A. tortilis and C. imberbe seedlings, where the elements analysed are shown in 
blue and the sample names of the different lea! samples taken inside the experimental site shown in 
black. Please refer to the text for the explanation of the sample names given in the graph, as well as 
Chapter 3, Table 3.2 for the abbreviations of Ihe elements analysed. Eigenvalues (X= 0.322) (Y= 0.230) 

An example of a sample name would be CIALW2, which means that the particular leaf 

sample represents the second sampled C. imberbe seedling which was planted on an 

"activity line" and watered. 

A clear grouping of A. tortilis seedlings can be seen on the positive side of the X - axis, 

positively associated with mainly the elements, Potassium (P), Nitrogen (N), Zinc (Zn), 

Boron (B), Manganese (Mn), and Magnesium (Mg). The bulk of the C. imberbe leaf 

samples grouped on the negative side of the X - axis, with positive correlations to the 

elements Copper (Cu), Calcium (Ca), Molybdenum (Mo), and Sodium (Na) present in 
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the leaf content. It is therefore evident that the leaf nutrient contents of C. imberbe and 

A. tortilis differed. The majority of samples taken on "activity lines" were also grouped on 

the positive side of the Y - axis, except for those taken from the A. tortilis seedlings. 

This emphasises the fact that A. tortilis is a species which randomly occurs on and off 

"activity lines", as explained and believed by Mr. Lynn van Rooyen in Chapter 3.1.2. 

This is also supported by the two samples, AT1 & AT2, which were situated in the area 

between the other "activity line" samples. 

These results further show that there were definitely higher quantities of elements 

present in the leaves of seedlings standing on "activity lines". They also illustrate the 

randomness of the A. tortilis species, and the fact that C. imberbe is one of the tree 

species that is affected by, and sensitive enough to react to "activity lines". 

According to the raw data received from the analyses, above average quantities of 

Boron (B) were present in the majority of the leaves analysed, which indicated a 

relatively high transpiration rate for the seedlings. Boron is one of only two elements, 

the other one being Calcium (Ca), that can be transported via the transpiration stream in 

a plant, and then accumulates in the leaves of a seedling as a result of this. The high 

quantities of Boron therefore indicate high transpiration rates, which is caused by the 

semi-arid environmental conditions characteristic of the area. This again emphasises 

the need to plant indigenous tree species that are acclimatised to the specific region, as 

well as the additional watering of the trees to prevent drought and heat stresses. 

General conclusions that could be made from the different soil and leaf analyses carried 
out can be listed as follows: 

• There was a definite correlation between the general availability of nutrients in 

the soil and the quantities of nutrients found in the leaf component analyses. 

• pH could play an essential role in the effectiveness of the "activity line" effect, 

due to the fact that it can influence nutrient uptake and could be the most 

decisive factor. 

• There were four blocks present in the experimental site, but results of the soil 

analyses showed that there were only three different areas present in the site 

(soil chemically). These three areas were characterised by blocks A & B in the 

first area, block C in the second area and block D in the third area. 
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Chapter 5 
Concluding Remarks 

5.1 General concluding remarks 

The general objective of this study was to establish a demonstration site for the 

restoration of the deforested riparian areas in the Mapungubwe National Park. This was 

carried out in an attempt to develop various guidelines for future restoration practises in 

the semi-arid, degraded riparian areas in the National Park and the rest of South Africa. 

The experimental site is situated inside the Mapungubwe National Park, which will in all 

probability form part of the greater Limpopo/Shashe Transfrontier Conservation Area 

(TFCA). The site covers approximately 70ha of old cultivated lands situated within the 

degraded riparian areas of the National Park, and is fenced by an electrified game 

fence. Objectives were successfully met throughout the project, and valuable 

information was obtained concerning the cultivation, preparation and management of 

transplanted tree seedlings into a natural environment, as well as other restoration 

related activities. The monitoring and assessment of the ten indigenous tree species 

planted in the restoration demonstration site were carried out effectively. Great 

emphasis was placed on the different parameters that could be used to monitor the 

establishment and growth of indigenous tree species, especially parameters that could 

be used in restoration activities of natural grazing areas, as the limited parameters 

currently used are mostly valid for forestry studies. Eight different morphological 

parameters were evaluated for the use in monitoring growth of indigenous trees, which 

included: 

• Trunk thickness at the base 

• Trunk thickness at 30cm from the base 

• Trunk thickness at 130cm from the base 

• Length of the tree straightened 

• Length of the tree in its natural growth form 

• Distance to the first branch 

• Length of the first branch 

• Crown cover 
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After a thorough analysis of the results obtained in this study it was concluded that only 

the following parameters provided consistent, trustworthy data which could be used in 

similar future monitoring studies: 

• Trunk thickness at the base 

• Trunk thickness at 30cm from the base 

• Length of the tree in its natural growth form 

Difficulties were experienced with the other parameters used for monitoring, which 

resulted in inconsistent and erroneous data. The reasons for these difficulties 

experienced were previously discussed in Chapter 4. A few however include the 

following, i.e. the measurement of the trunk thickness at 130cm from the base was 

unsuccessfully used as many seedlings that were transplanted were shorter than, or did 

not reach this height during the two years in which this study was conducted. The 

seedlings also experienced a substantial "die-back stress" effect during the first few 

months after being transplanted, which made these measurements very inconsistent 

and incomparable between sampling periods. 

The parameters, distance to the first branch, as well as length of the first branch, were 

also very difficult to measure, and this made it virtually impossible to obtain consistent 

data, also as a result of die-back stress encountered by the seedlings. The seedlings 

constantly formed new "first branches", which led to inconsistency in these 

measurements. It is advised that an older branch, relatively in the middle of the tree 

should be identified as the branch on which monitoring (length of the first branch as well 

as distance to the first branch) should be done. The identification of this specific branch 

is critical to the successful use of these parameters in other restoration projects. The 

parameter, length of the tree straightened, was used to determine whether tree 

seedlings showed an increase in their overall length, and whether these results could be 

compared to the results obtained when monitoring of tree growth in the natural growth 

forms (Figure 3.4). These measurements were also very inconsistent due to die-back 

stress, browsing impacts, dropping of leaves as a result of the season or stress, and 

crooked growth forms of some of the tree seedlings planted in the experimental site. It is 

therefore not recommended to use this parameter in the monitoring of growth of tree 

seedlings in the future. 
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Another very important aspect that needs to be taken into consideration when deciding 

which parameters to use, is to develop a proper guideline of how these parameters 

must be used in monitoring and assessments, as monitoring is often carried out by 

more than one person which could lead to inconsistency between samplers. 

The last parameter that could not be successfully used for this specific project, was the 
measurement of the crown cover, or also called canopy cover. Mixed results were 
obtained while using this parameter, which can essentially be contributed to the fact that 
a general loss of leaves was observed for most of the tree seedlings, especially after 
being transplanted. This led to an overall decrease in the values recorded through the 
crown cover measurements, and irregularities became apparent. Special attention 
should be given to the method used to determine the crown cover for the specific 
project. Clarity should be obtained regarding several factors, such as whether the total 
length is measured according to the spread of the branches, or according to the spread 
of the leaves, as well as when crown cover is determined, should a tree or seedling that 
shows a crooked growth form be straightened, or not. Alternatively, crown volume could 
be measured. This measurement would probably be more reliable and realistic. The 
reasons discussed above are the primary reasons that contributed to the lack of 
effectiveness observed in the use of most of the morphological parameters. 

There were certain tree species that showed enhanced growth when treatments of 

water and "activity lines" were added. A. tortilis showed the best growth of all the tree 

species regarding the addition of the different treatments applied, as well as the highest 

tolerance levels, only recording a mortality rate of 19.2%. These results supported the 

status A. tortilis has as a pioneer and emphasizes the importance of this species in 

successional processes of degraded areas. The C. imberbe species performed the best 

of all the climax species used, recording the second lowest mortality rate (21.7%) of all 

the species planted over the twelve month period. These results indicate that certain 

indigenous tree species will adapt and ultimately survive better than others, depending 

on their tolerance to various environmental stresses. The fact that A. tortilis has shown 

more tolerance than any other indigenous tree species monitored can either be used as 

an aid to speed the successional processes up or, if not controlled develop into a 

management problem through bush encroachment. 
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Generally the survival rates of most of the climax species were quite low which was 

unfortunately expected. The difficulties experienced in the re-establishment of almost all 

the tree species used in this project again emphasized the importance of the use of any 

treatment that can possible enhance the growth and survival of these species in 

adverse natural conditions. 

Other objectives for this study were to evaluate the effect of watering, as well as the 

effect of so-called "activity lines" on the establishment and growth of the indigenous tree 

seedlings planted in the experimental site. Satisfactory results were obtained for both 

treatments, and valuable information was collected regarding the influence of the 

different treatments applied on the seedlings. The positive effect additional watering had 

on the seedlings was identified as the single most important factor contributing to the 

successful establishment and growth of the tree seedlings. Additional water reduced 

environmental stresses considerably, especially those caused by heat or drought 

conditions. These positive growth effects were clearly visible when comparisons were 

made between parameters that applied water, and those that did not, as discussed in 

Chapter 4 (4.1). These observations were also supported by the morphological, as well 

as the physiological data obtained throughout the study. The physiological analyses 

were carried out using a Plant Efficiency Analyser (PEA), and the data recorded were 

used to set up the O-J-l-P transients, a Performance index (PIABS), and a spider plot. 

Water is one of the essential elements needed by any living organism to sustain life, 

and the addition of water should be compulsory in any restoration project, especially 

those carried out in semi-arid and arid areas. 

Results of the physiological analyses were also used to measure the vitality of the 

experimental trees, and to evaluate whether tree performance was influenced by the 

different treatments carried out on the experimental trees. Physiological analyses were 

carried out on A. tortilis, C. imberbe and S. australis, but due to irregularities only the 

data of A. tortilis were used. The results obtained again emphasized the importance of 

watering, as well as the multiplying effect caused by the combination if the water and 

the "activity line" treatments. A tendency was also observed regarding the growth of 

different parts of the seedlings during this project. Growth was mostly concentrated to 

the lower parts (trunk thickness at the base and 30cm from the base) of a seedling 

during the first couple of months, most probably increasing root growth in order to 

improve root movement towards moist, nutrient rich soils and by doing so enhancing 
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stability and steadiness of the plant in general. This was followed by an increase in the 

length of the seedlings at a latter stage, explaining the fact that plants first concentrate 

on establishing themselves before they direct their energy into the growth of above 

ground biomass. 

There was a definite increase in growth observed in seedlings planted on "activity lines", 

which showed that "activity lines" do have an effect on the growth of certain trees. It is 

highly recommended that trees should be planted on these "activity lines" and twenty 

liters of water should be applied once a week per plant for at least the first twelve 

months after the trees have been transplanted. 

The positive growth percentages observed with the help of morphological and 
physiological monitoring were however not supported by the other measurements 
carried out. Both the soil and the leaf component analyses conducted in an attempt to 
prove the mechanism behind the "activity line" theory failed to deliver explanations for 
the results recorded. It was expected that the quantities of elements observed in the soil 
analyses will be comparable with those recorded in the leaves. These results could then 
have been used to explain the enhanced growth shown by the seedlings planted on 
"activity lines". This was however not the case, most probably due to the lack of 
seedlings available from which good leaf data could have been obtained, or 
irregularities in the soil caused by previous land management practices. Various 
elements were analysed for both the soil and leaf analyses, and is summarized in 
Chapter 3 (Table 3.2). 

5.2 Recommendations for future studies of this kind 

It should be emphasized that this was only a pilot study carried out to evaluate whether 

the so-called "activity lines" induced better growth symptoms in certain tree species 

planted on these lines. Although these preliminary results show positive correlations, 

additional research and monitoring is needed over the long-term. 

It is therefore recommended that the following should be taken into consideration when 

a decision is made to continue with the monitoring of tree growth to form part of this or 

other restoration projects, such as the one at the Mapungubwe National Park: 

98 



Chapter 5 - Concluding Remarks 

• Trees should be planted in a proper manner, using the guidelines described in 

Chapter 6 (6.2.3). 

• The addition of compost or organic material in the top layer of soil to increase 

the organic carbon content must be investigated in further studies to assess 

whether it will enhance the survival and growth rate of the trees, as well as 

improve nutrient cycling and retention. This can be gained through the addition 

of organic matter placed in the holes of the trees before planting. 

• Different experiments can be done considering the type of compost used, as 

well as the amount of compost used. Recommendations can then be made 

concerning the use of certain types of compost for indigenous trees, as well as 

taken into consideration different input costs. 

• There can be looked at different ways of tree establishment, for e.g. direct 

seeding which is the natural means of re-establishment, or the transplantment 

of smaller seedlings younger than 8 months. 

• The trees for this specific project were planted in the latter part of summer 

(February) and this could have influenced the survival and establishment rate 

of the trees. It would rather be advised to plant the trees during the early rainy 

season, e.g. November, to utilize the most of the summer for successful 

establishment and optimal growth. 

• Additional leaf component analyses should be carried out and the timing of 

these measurements are of the utmost importance due to the deciduousness of 

certain tree species, as well as different stresses experienced by the 

transplanted seedlings. 

• More detailed soil analyses should be carried out, especially at different depths 

and locations, as well as on the outside of the experimental site between 

undisturbed vegetation. This will aid in the collection of comparable soil data to 

be used for better correlations and to serve as a reference for control samples. 

• The crown volume parameter can be measured in a different way. Monitoring 
can be done by only measuring live twigs and branches instead of the addition 
of leaves. This parameter can then also be used on deciduous trees. 

• The addition of Mycorriza to enhance growth in indigenous trees can be 
investigated. 

• The effects of "activity lines" should be researched in other areas of the park 

and on other tree species. Vegetation composition could probably also be 

related to the "activity line" concept and should be considered in further studies. 
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• Geo-hydrological measurements should be carried out to determine whether 

anomalies are present in the vicinity of the "activity lines". 

• Soil surface moisture levels should be monitored using soil moisture probes in 

order to determine whether nurse plants play the facilitative role they are 

believed to play in the environment. Soil moisture data could also aid in the 

ongoing research regarding the "activity line" theory, as it is believed that an 

accumulation of nutrients occur as a result of the moisture present on the soil 

surface. 

• The effect herbivores have on the vegetation should be determined by 

monitoring areas on the outside of the experimental site and by comparing the 

morphological and physiological measurements carried out on the tree 

seedlings planted inside and outside of the experimental site. 

The last objectives for the study was to develop a guideline regarding factors that have 
to be measured (morphological, structural and physiological) when monitoring the 
growth of indigenous trees in similar areas, as well as develop a guideline for the 
restoration of deforested riparian areas. The conclusions to these objectives are 
described in Chapter 6. 
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Chapter 6 
Restoration Recommendations 

6.1 Restoration recommendations for riparian areas 

In this chapter general recommendations are made concerning the restoration of the 
degraded, previously cultivated lands in the Mapungubwe National Park. It is, however, 
important in any restoration project that clear objectives are set in order to identify a 
reference ecosystem with which a restored site can be compared and assessed. In this 
particular case, a National park would concentrate on increasing and maintaining the 
biodiversity of a specified area, as well as on improving the vegetation cover in 
disturbed areas, instead of concentrating on higher grass production for grazing as for 
farming purposes. According to the study conducted by Gotze (2002), the general 
restoration aims for the Vhembe Dongola National Park (now called the Mapungubwe 
National Park) were as follows: 

• To improve the vegetation cover in especially degraded, old cultivated lands to 
manage erosion. 

• To improve the grazing capacity by means of higher plant production, especially 
in the degraded areas. 

• To improve and maintain the unique biodiversity of the area. 

• To manage the areas identified with bush encroachment problems and alien 

plants. 

The following restoration recommendations should be used as a guideline for the 

successful establishment and survival of indigenous trees in the riparian areas of the 

Mapungubwe National Park. 

6.1.1 Location where trees should be planted 

It is very important that the correct species are planted in the same regions where they 
previously occurred before deforestation practices were initiated or still occur. This 
historical information can be obtained from aerial photographs, old monitoring reports 
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and vegetation descriptions, interviews with previous and present farm managers, as 
well as on-site inspections. 

Through in-depth analyses and on-site inspections, it was concluded that there were 

three different successional phases or stages of vegetation present in the particular 

experimental site situated in the Mapungubwe National Park (Figure 6.1). The 

predominant vegetation that occurred on the southern end of the experimental site 

before deforestation were types you would mostly find on plains, which included species 

such as S. australis and Hyphaene natalensis (ilala palms), as well as C. imberbe 

thickets, which mostly occurred in small wetlands or on drainage lines. The intermediate 

vegetation, which describes the vegetation between the plains and the gallery forests 

(riparian vegetation), was characterized by dense stands of A. tortilis trees and the 

occasional X. zambesiaca tree and occurred roughly in the centre of the experimental 

site. The third stage or phase of vegetation was represented by the riparian vegetation 

or also called "gallery forests". These forests were characterized by large trees of 

several years old. The most common species present in these gallery forests included 

F. albida, L. capassa and X. zambesiaca. 

The information given above is important when sites are selected for new seedlings, to 

enhance the restoration process and obtain the same historical vegetation composition 

that previously occurred in the area. 

6.1.2 The tree species that should be used for the restoration 

In the study carried out by Gotze (2002), a potential list of indigenous tree species was 
identified for restoration and re-establishment purposes, using all the available 
phytosociological studies conducted in these areas. The following tree species were 
identified: 

• Acacia xanthophloea* 

• Acacia tortilis* 

• Combretum imberbe* 

• Croton megalobotrys 

• Faidherbia albida* 

• Flueggea virosa 

• Hyphaene petersiana 
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• Lonchocarpus capassa* 

• Schotia brachypetala* 

• Xanthocercis zambesiaca * 

Species that were used in this project 

* 
Rtpartwi 

Vegetation 

• 
InltrnwJIfliB 
V*g*t«tton 

* 
Pl*ln» 

V»g»taHon 

Figure 6.1: A schematic illustration showing how the vegetation inside the experimental site was divided 

into Ihree different successional stages or phases. 

6.1.3 The use of nurse plants in the regeneration of specific species in riparian 

areas. 

The use of different pioneer species, which act as so called "nurse plants", could be 

advantageous in assisting young tree seedlings of climax species. Nurse plants provide 

a more favourable microclimate which protects a seedling in some way or another 
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against the harsh environmental factors. This will ensure an enhanced survival and 

establishment rate for young seedlings transplanted into the field. 

A good vegetation cover has a major impact on litter accumulation and water infiltration 
into the soil substrate, which results in a higher water use efficiency (WUE) (Snyman, 
1998). Canopy and litter cover will protect the soil surface from raindrop impacts. 
Vegetation also produces organic matter that aids in the binding process of soil 
particles, which increases porosity and fertility of the soil (Le Maitre et al., 1999). In a 
study carried out by Belsky et al. (1989), it was determined that the infiltration rate of 
surface water under the canopy of woody species is much higher than the infiltration 
rate in open fields. This particular study was carried out in Kenya on loamy soils. It 
further determined that the infiltration rate of surface water under the canopy of A. tortilis 

was 100% while it was only 25% in the adjacent open and bare field areas. Similar 
results were obtained under the canopy of a climax tree species such as A. digitata, 

where the infiltration rate was 100% under the canopy and only 20% in the open bare 
field conditions (Belsky et al., 1989). These findings prove that nurse plants or just the 
presence of other vegetation can play an integral part in the trapping of runoff water, 
and thereby increase the overall WUE (Snyman, 1998). 

According to Aerts et al. (2007), nurse plants also have a facilitative effect in reducing 

solar radiation by their canopies, thus controlling and reducing soil-water evaporation 

and seedling transpiration. All the positive effects of the cover provided by so called 

nurse plants will therefore have a positive effect on the water management in especially 

arid environments and will eventually improve general seedling survival. 

It is, however, important to understand that high temperatures and solar irradiation were 

not directly responsible for the high mortality rates of tree seedlings planted in bare soil 

patches inside experimental sites, but they had an indirect negative effect on the 

seedlings which was caused by water stress (Holmgren et al., 1997). 

6.1.4 Acacia tortilis as a pioneer for restoring deforested riparian areas. 

A. tortilis is a small to medium-sized deciduous tree with paired thorns and bipinnately 
compound leaves. They mostly occur in the bushveld and grassland regions (Savanna) 
of South Africa. The leaves and pods have a relatively high nutritional value and are 
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utilized by livestock and game, whereas the bark of these trees are preferred by 

elephants and used for medicinal purposes (Van Wyk et ai, 2000). A. tortilis is also a 

leguminous plant, which enables the species to have a mutual symbiotic relationship 

with a nitrogen binding bacteria called Rhizobium, contributing to the overall nutrient 

cycling in the environment. 

In a study carried out by Ludwig et al. (2003), it was determined that A. tortilis has the 
ability to hydraulically lift water from deeper soil aquifers to the surface. This attribute 
could stimulate the growth of the understory vegetation in semi-arid regions. This is 
another reason why A. tortilis could be used as a nurse plant for the establishment of 
other, climax tree species that naturally occur in the Mapungubwe National Park. 

The water infiltration rate of the environment surrounding A. tortilis trees was also much 

higher compared to the infiltration rate of bare ground patches. A. tortilis is regarded as 

a pioneer species in the Mapungubwe National Park as well as in the experimental site, 

which is situated on an old cultivated land. A. tortilis normally occurs on old cultivated 

lands and is often the first woody plant to establish in such disturbed areas. It would 

therefore be ideal to use this specific species as a so called nurse plant to protect 

seedlings of other climax tree species that are planted between them against the harsh 

environmental factors. These stands of A. tortilis trees can create islands of fertility 

underneath their canopies through the accumulation of fallen organic matter and 

maintaining a pool of water and nutrients in the soil. 

Bush thickening can, however, become a problem as a result of the vigorous growth of 

the A. tortilis trees. This needs careful monitoring and control if required. It is important 

to find the correct tree densities in which the seedlings should be planted to ensure a 

high survival rate and exclude limiting factors such as competition. Tree thinning should 

be done selectively, and the cuttings could be used for firewood and poles in the local 

communities, or as brushpacking for the potential establishment of herbaceous species, 

such as large stands of Panicum maximum grasses in the summer months. The 

cuttings will also aid the nutrient cycle through decomposition. Further research is, 

however, needed to quantify the effective use of A. tortilis as a nurse plant. 
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6.1.5 Salvadora australis as a nurse plant for the herbaceous component. 

In a study carried out by Smit (2003), large stands of Colophospermum mopane were 

thinned to determine negative and positive influences of tree removal. These thinning 

practices were carried out as a result of the high densities of Mopane trees occurring in 

the Mopane veld of the Limpopo Province, South Africa. As a result of these high tree 

densities, the herbaceous layer decreased in these areas. It was found that stands of S. 

australis shrubs, which occurred between the Mopane trees, supported a higher cover 

of herbaceous species than the Mopane fields. Smit (2003) stated that the S.australis 

habitat supported a larger proportion of perennial grasses than the C. mopane habitat, 

acting as valuable seed resources for other herbaceous plants. 

S. australis is described as a shrub or small evergreen tree which is found in the warm 

temperate parts of the low-altitude bushveld, especially on the north-eastern side of the 

Limpopo River (Van Wyk et al., 2000). According to Smit (2003), stands of S. australis 

create areas of superior soil fertility (fertile islands) and higher biological activity, which 

will aid in the re-establishment of a herbaceous layer, which is almost completely absent 

in most of the old cultivated lands in the Mapungubwe National Park. The fact that the 

study area is situated inside a national park makes it essential that a healthy 

herbaceous layer is present in the restored areas inside the park. S. australis can 

therefore be used as a nurse plant for the establishment of a herbaceous layer in the 

experimental site. 

Kellner (2001) advised that the previously cultivated lands in the Mapungubwe National 

Park should be re-seeded using indigenous and adapted grass species from 

neighbouring plant communities, road sides or registered seed companies. This could 

be essential for the restoration of the total biodiversity of the area and should be taken 

into consideration. It could contribute to job creation for the people in the local 

community if they are employed to collect seed from roadsides or neighbouring 

communities. This will contribute to the Poverty Relief Program which is conducted in 

the Mapungubwe National Park. 
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If commercial seed is needed, especially if adapted grass species are to be used, it 

could be obtained from Advance Seed1, which is a company that specialises in the 

trade of natural and coated grass seeds. Coated seeds are grass seeds of different 

species that are coated with a mixture of nutrients, pesticides and growth hormones to 

enhance the establishment and growth of grass species. 

6.2.1 Regeneration of indigenous tree species 

A well-managed nursery is currently present at Rhodes Drift, which is part of the 

Mapungubwe National Park. This nursery supplies all the trees currently used for the 

restoration programme in the Mapungubwe National Park. It is under the management 

of SANParks and all seeds are collected from neighbouring plant communities in the 

area to conserve the local genetic pool of the tree species present in the area. It is 

important that the efficiency of the nursery should continue and be expanded to ensure 

the continuous provision of indigenous trees for restoration purposes. Attention should, 

however, be paid to various topics discussed in this thesis, such as the proper collection 

and treatment of seeds, as well as the correct cultivation of certain indigenous tree 

species, please refer to Chapters 3.1.1.2 and 5.2. 

The duration in which seedlings are kept in the nursery before they are transplanted into 

the field should be managed according to literature and knowledge available. This as 

well as the size and type of bag used in which the seedling is grown, should be 

attended to. It was observed throughout this project that seedlings that were kept for 

long periods in the small black nursery bags, showed distinctive circular root growth 

(Figure 6.2). This affected the orientation of the tap root system, and probably enhanced 

the stress experienced by most of the seedlings. Due to this circular growth form of the 

roots, it is more difficult for a seedling's root system to penetrate into the deeper soils in 

search of nutrients and moisture. It is recommended that seedlings should only be kept 

in the nursery for no longer than twelve months before they are transplanted into the 

field, and if more mature seedlings are needed it is advised that bigger tree bags should 

be used. 

1 Advance Seed El 8 Jacobs Street, Chamdor. Krugersdorp, South Africa, 1740. S 011-7625261 
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Figure 6.2: The circular growth form of the A. tortilis root system, observed during this project in 
seedlings that were transplanted from the nursery into the natural environment, a) Picture showing the 
entire seedling, b) Picture showing the circular growlh form of the root system. 

6.2.2 Hardening of tree seedlings 

Seedlings which leave the nursery with the greater ability to function in adverse 

environmental conditions will have a greater chance of survival {Banon et al., 2006). To 

enhance the survival rate of seedlings from a nursery it is essential that certain 

hardening practices should be carried out on seedlings before they are planted into the 

open field. According to Banon et al. (2006), the hardening process provides a seedling 

with the ability to withstand and adjust to adverse environmental conditions, and this in 

return protects the seedling against the damaging impacts of water stress caused by 

negative water potentials in the soil and atmosphere. Hardening results in a lower 

shoot:root ratio, which entails the loss of leaf surface to reduce transpiration, as well as 

a more thickened root growth to assist in the accumulation of reserves in the roots and 

enlarge the storage capacity of the roots (Banon et al., 2006). 

It is therefore recommended that the tree seedlings in the nursery should be exposed to 

a hardening process of at least 3-4 weeks during which they are gradually exposed to 
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more adverse environmental conditions such as higher light intensities, as well as heat 

and drought stress. These conditions can be applied using a program in which 

seedlings receive a quantity of approximately twenty litres of water per week for the first 

week, followed by a reduction of five litres per week. This will mean that, during the 

second week, each seedling will receive 15 litres per week, followed by ten litres in the 

third week and only five litres in the fourth week. The seedlings can be left outside of the 

nursery in the open sun for the duration of the hardening process. Certain amendments 

can, however, be made to this hardening process, depending on the sensitivity of each 

tree species. 

6.2.3 Tree planting and preparation of soil 

The holes in which seedlings are planted must act as a microbasin, which concentrates 

the runoff water around the surface roots of the seedlings. This is, unfortunately, not 

always the case due to poor planting practises, or inappropriate watering techniques 

which often leave roots exposed. According to Aerts et al. (2007), improper hole 

preparation, as well as high temperatures and herbivory could lead to high mortality 

rates in the re-establishment of trees. 

The recommended specification for the proper planting of a tree is as follows: 

• One of the most important aspects to remember is that the majority of the roots 

of all trees spread out horizontally and concentrate their growth in the first 80-

100cm of soil. This is done due to the need for oxygen, which is only available in 

sufficient quantities in the upper soil layer. 

• A square hole of at least 50cm wide X 50cm long X 50cm deep should be dug. 

This is done to loosen the areas of soil around the root ball to improve root 

penetration, especially where compaction occurred. Alternatively, a saucer-

shaped hole can be dug that is wider than it is deep, which will aid in the 

horizontal spreading of the roots. The latter can be used for tree species without 

a dominant tap root system, but with a well-developed adventitious root system. 

Roots can spread as much as double the height of a tree under optimal 

conditions. 

• The trunk flare, which is situated where the roots and the stem bark meet, must 
be exposed to the air. Care should be taken when watering the plant. The trunk 
flare should not be covered in water for a prolonged period, as this will cause it to 
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rot, which would have a similar affect as ring barking on trees. A type of 

suffocation could also set in, causing the roots to die-back. Trees may even die 

as a result of the improper planting of the tree that can impede the ability of a 

plant to move carbohydrates up and down from the canopy to the roots. 

• The tree should be placed in the hole at a correct height so that the trunk flare 

will still be visible. Care should be taken in the handling of the trees during 

transplantation. It is recommended that trees be carried by the root ball and not 

by the trunk or stem. 

• The dug out soil (0.5 m3) should be mixed with 0.25 m3 of compost. Additional 

fertilizer should be added in the form of Superphosfate or 2:3:2. An application of 

approximately 2kg will be sufficient. The hole should be filled halfway with the soil 

mixture, and the soil should be lightly compacted around the root ball after the 

tree has been straightened in the hole. The rest of the hole should then be back

filled and compacted for a final time. A basin should be constructed around the 

tree to keep the water within the root area of the tree. 

• If a tree has a crooked growth form it should be staked according to the diagram 

shown in Figure 6.3. 

• The area around the tree should be mulched directly after planting. Different 

mulch materials could be used, depending on availability and budget limitations. 

Mulch materials could include woodchips, leaf moulds, road cuttings, brush 

packing or compost. The application of the mulch layer should not be deeper 

than 10 cm, as this could also have negative effects on the growth of the tree. 

• Trees should be watered with at least twenty litres of water twice a week in the 

summer months, and once a week in the winter months. Rainfall events can 

however influence the watering of trees and should be adjusted accordingly. 

Seedlings should be transplanted into the experimental site after the first summer rains. 

It is advised that the planting of the trees must only commence after a total of at least 50 

mm of rain has fallen. Watering of the seedlings just after planting is a necessity, as this 

will aid in the settlement of the soil around the roots, as well as in helping alleviate the 

initial transplantation shock (Aerts ef a/., 2007). The study carried out by Aerts ef a/. 

(2007) concluded that seedlings planted during the summer rains show a higher 

resistance to the first drought period. These observations were ascribed to the 

extensive development of the seedling's root system during these favourable conditions, 

as well as to the higher soil moisture reserve. 
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Figure 6.3: An illustration showing how a tree with a crooked growth form should be stacked. 

6.2.4 Morphological monitoring of tree growth for restoration 

The results of this study indicated that three morphological parameters should be used 

as primary indicators to monitor tree growth, as well as the overall survival rate of the 

monitored trees. These parameters include the measurement of the trunk diameter at 

the base, as well as the trunk diameter at 30cm from the base. These measurements 

should be carried out with the aid of a digital caliper. It is unpractical to measure of the 

trunk diameter at a height of 130cm, as many seedlings are shorter than 130cm when 

they are planted out into the field. The third parameter that should be used is the 

measurement of the total length of the tree seedling in its natural growth form. This 

parameter can be measured with a measuring stick. Trees that are bent in the seedling 

stage should not be straightened when measured. Canopy cover could also be used as 

a parameter to monitor growth of indigenous trees. Strict guidelines regarding the exact 

way in which canopy cover should be measured must be considered beforehand, as 

there can also be a high level of human error when using this particular parameter. 

Another difficulty regarding the measurement of canopy cover is the season in which 

the data will be collected, as this could influence the canopy cover measurements due 

to differences between species, depending on whether they are evergreen, semi-

deciduous or deciduous. Considering the constraints experienced with the crown cover 
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parameter, the probability is there that the crown volume of trees could provide more 

useful and reliable information in this regard. This should however be fully researched. 

Measuring the distance to the first branch, as well as the length of the first branch was 

also unsuccessfully used in monitoring tree growth in this project, as dieback stress was 

experienced by the transplanted seedlings. Seedlings that were transplanted into the 

experimental site experienced die-back of the leaves and branches within the first three 

months, making this monitoring parameter unreliable. This made the measurements 

regarding the first branch difficult and sometimes impossible. 

6.2.5 Preservation of the transplanted indigenous trees 

The continuous watering and maintenance of indigenous tree seedlings already 

established in the experimental site was crucial for the successful restoration of old 

cultivated lands. In degraded riparian areas this entails the proper watering of individual 

trees with twenty litres of water once a week, as well as the removal of any forbs and 

grasses that could negatively influence the successful establishment of the seedling. 

Records should be kept regarding the age of the tree, whether it was planted on or off a 

so-called "activity line", as well as all the morphological data collected over time for the 

individual seedlings. A complete monitoring plan is of utmost importance in this regard. 

6.3 Restoration plan and clear objectives 

According to the SER Primer (2004), the following key points should be seen as the 
minimum requirements for the planning phase of a restoration project: 

• There should be a clear rationale as to why restoration is needed. 

• An ecological description should be done of the proposed site. 

• Clear goals and objectives should be set up for the restoration project. 

• A designation and description of the reference site. 

• An explanation on how the planned restoration will be incorporated in the flow of 

organisms and materials in the landscape. 

• Unambiguous plans, schedules and budgets for any activities, including 

preparation, installation and post-installation activities, as well as any remedial 

steps and actions that should be taken. 
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• Well developed performance standards should be in place, as well as monitoring 

protocols by which the current project can be evaluated. 

• Lastly, the long- term maintenance and protection of the restored ecosystem. 

It is advised that at least one untreated plot should be kept inside the experimental site 

to use for comparison purposes in the future. In this way it will be possible to assess the 

restoration success over time. 

These are just general guidelines that should be taken into consideration by the 

management of the Mapungubwe National Park before initiating the draft phase of the 

restoration plan for the degraded, formerly cultivated lands in the Mapungubwe National 

Park. 

6.4 Management during the restoration of riparian areas at Mapungubwe National 
Park 

The overall management of the restoration activities within the Mapungubwe National 

Park is one of the most important factors to ensure a good success of any restoration 

program. Without dedicated staff and effective management, restoration of the 

degraded areas in the National Park would only stay an objective, and will never 

become a reality. Therefore it is crucial that all stakeholders should give their full 

participation and support to the restoration practices carried out within the park. The 

following are a few of the management guidelines identified through this study that 

should be attended to. 

6.4.1 Maintenance of the exclosure 

The proper maintenance of the exclosure was one of the most important management 

factors concerning the successful restoration of the old cultivated lands in the 

experimental site. It is of utmost importance that re-planted seedlings should be 

protected from herbivory by providing some exclosures in the form of fencing around the 

seedlings. The effect elephants and other herbivores will have on the small trees inside 

the experimental site could be detrimental. All herbivores should be kept out of the 

exclosure during the first 2-3 years, or until the young trees have been successfully 
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established. Some of the problem animals include elephants, impala, warthogs, 

porcupines and other small game such as duiker and steenbuck. 

Elephants can only be kept out with an electrified fence. From personal observations 

made throughout the project, it was clear that no ordinary fence can keep an elephant 

out of the experimental site, not even the military fence on the northern border of the 

park. The problem of impala entering the experimental site during the study occurred 

due to the fact that the gates to the study site were left open, and during the mating 

season impala rams chased each other into the exclosure. The reason why the gates 

were left open was that the road is also used by tourists travelling from the Limpopo 

Forest tented camp to the Maloutswa pan on the eastern side of the experimental site. It 

is therefore difficult and dangerous for tourists to stop at these two gates to open and 

close them. Better control of the animals that could enter the site at the side of the gates 

is therefore needed. 

Although warthogs do not really have a direct effect on the tree seedlings planted inside 

the experimental site, they do dig holes underneath the fence which are then used by 

other animals such as porcupines and small game, which pose a big problem. Special 

attention and protection should be granted to the A. digitata seedlings, which were 

targeted by porcupines. There were twenty A. digitata seedlings planted inside the 

experimental site. All of these seedlings were, however, dug out by porcupines and 

totally destroyed. The seedlings were then replaced on two occasions, and even though 

they were protected by A. tortilis branches which were placed around the individual 

seedlings, they were still dug out and destroyed. It is therefore recommended that 

individual A. digitata seedlings be properly fenced with the aid of diamond mesh, which 

should be buried at least 10cm into the ground around the tree. This will prevent 

porcupines from reaching and destroying the seedlings, or digging underneath the 

diamond mesh. 

It is obvious that the maintenance of the electrified fence is one of the most important 

factors regarding the successful restoration of the cultivated lands in Mapungubwe 

National Park. This will involve proper maintenance, keeping all herbivores out of the 

exclosure, the closing of warthog holes alongside the fence and keeping a continuous 

flow of electricity through the fence. 
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6.4.2 Termites and the possible impact they have on the re-establishment of 

indigenous trees in the riparian area. 

Termites are of a great concern to the experimental site and the successful 

establishment of indigenous trees. Throughout the current research project there was 

evidence that termites have an enormous impact on young seedlings and could be one 

of the main reasons for the high mortality rates among young seedlings (Figure 6.4). It 

is advised that an environmental friendly insecticide be sprinkled around the trunk of 

newly planted tree seedlings to provide protection against termite activity. Insecticide 

application should be repeated regularly over an extended period time and especially 

after rains. Additional research is needed to quantify the effect termites have on the re-

establishment of indigenous trees in the experimental site and elsewhere. Herbivory on 

seeds is also a big problem regarding the regeneration of woody and herbaceous 

species. Further studies are however needed to determine whether nursery-raised trees 

are more prone to browsing than natural ones and how the above mentioned effect 

influence restoration applications. 

The probability is however there that the high occurrence of termite activity could be 

indirectly linked to prior land disturbances which led to land degradation, As a result of 

this degradation natural plant-animal interactions were disturbed and may perhaps be 

one of the reasons why there is currently a termite problem inside the experimental site. 

Figure 6.4: Effects of termite activity visible on some of the seedlings planted inside the experimental 

site. 
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6.4.3 The use of "activity lines" in active restoration programs 

According to the results obtained through this study, it is advised to plant all the 

remaining trees used for restoration purposes on "activity lines". Together with the rate 

of watering the trees, this will ensure better establishment and enhanced survival of the 

tree seedlings in these adverse environmental conditions. The help of Mr. Lynn van 

Rooyen is, however, needed for the proper identification of these so called "activity 

lines". A successor for Mr. van Rooyen should be identified as Mr. van Rooyen is 

already retired, and will not always be available in the future to identify "activity lines". It 

would mean that Mr. van Rooyen and his successor (replacement) should visit the 

Mapungubwe site together to determine whether both of them have the same ability to 

identify these "activity lines" caused by the magnetic fields of the earth. 

6.4.4 Participation and capacity building of local communities 

Each year the Mapungubwe National Park receives a number of students from various 

institutions for academic training. These students normally stay for one year, gaining 

experience in various aspects of wildlife management, finishing their practical year of 

studying in the process. It is important to involve these students in the long-term 

monitoring of the restoration project. This will help with capacity building of students as 

well as to establish a good data base from which long-term data can be collected on a 

yearly basis. Certain morphological measurements of trees, as advised through this 

project, could be used to monitor the growth of the planted seedlings in the 

experimental site over time. Soil samples should also be taken and analysed over a 

three year period to monitor any changes in the soil conditions over time. The 

monitoring of tree growth and soil condition could be a very good project for students 

that have to do their annual practical work at Mapungubwe National Park. 

The Poverty Relief Program (PRP), which is allocated to the Mapungubwe National 
Park, is also currently busy with related issues such as job creation, poverty relief and 
capacity building for the local communities. It is believed that the PRP is doing an 
excellent job and that further resources should be contributed to similar programmes by 
other institutions. The approach of the different institutions should be community-based 
in that the communities managing the resources allocated to them, in or outside of the 
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National Park, should have the legal rights, the local institutions, and the economic 

incentives to take substantial responsibility for sustained use of these resources. 

These Community Based Natural Resource Management (CBNRM) incentives can be 

explained as the management of natural resources under a detailed plan developed and 

agreed to by all concerned stakeholders. Under this natural resource management plan, 

the communities can become the primary implementers and assist in the application 

and monitoring of these technical services. 
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Appendix 

Appendix 1: The spreadsheet used for morphological monitoring. 
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Appendix 

Appendix 2: An illustration of the experimental layout of block A situated within the experimental site. 
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Appendix 

Appendix 3: An illustration of the experimental layout of block B situated within the experimental site. 
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Appendix 

Appendix 4: An illustration of the experimental layout of block C situated within the experimental site. 
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Appendix 

Appendix 5: An illustration of the experimental layout of block D situated within the experimental site. 
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