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Without green plants, all things would perish, and the Earth would
revert to its original barren state. Mankind survives on the Earth only

because green plants grow here. Indeed, “all flesh is grass”.
(McLuhan, 1994)




ABSTRACT

Land degradation and desertification are threatening the livelihoods of millions of people all over
the world, especially those living in sub-Saharan Africa. The problem is mainly ascribed to
climatic factors, exacerbated by anthropogenic factors such as bad management practices. To
combat the problems associated with land degradation and desertification, various approaches
and technologies have been developed and implemented by land users, managers and scientists.
These approaches and technologies are, however, seldom summarized, analyzed and presented in

a single document.

This study has been initiated as part of the Desert Margins Program (DMP), which operates in
nine countries in East, Southern and West Africa. The DMP aims to determine the causes, extent
and severity of biodiversity loss and ecosystem degradation in selected arid and semi-arid regions
in Africa. This study has been conducted in concurrence with the objectives identified by the
DMP and consists of four parts: (1) an overview of National and International environmental
legislation in SA pertaining to land degradation and desertification, and the mitigation thereof,
(2) an overview of the approaches and technologies used for the restoration of degraded
rangelands in South Africa in the DMP target areas, (3) a summary of conservation, restoration
and alternative livelihood technologies used in the nine DMP partner countries, and (4) the
evaluation of a drought tolerant grass species (Cenchrus ciliaris), commonly used in restoration

technologies in South Africa and other countries.

The first part of this study summarized environmental legislation in South Africa concerned with
land degradation, conservation and the restoration of natural resources. The country has a
comprehensive environmental legislative system that includes a range of International and
National legislation. South Africa is also a signatory to a number of International conventions
such as the United Nations Convention to Combat Desertification (UNCCD). In accordance with
these conventions, various National Action Programs (NAPs) have been developed. Jointly with
the NAPs and the Constitution of South Africa, a large number of environmental Acts, such as
the National Environmental Management Act (NEMA), form the baseline for conservation and

restoration activities in the country. It was, however, observed that, even though efficient




environmental legislation is in place, the regulation of the actions set out by the legislation is
often problematic and ineffective. The emphasis should therefore be on knowledge transfer and
capacity building for all levels of stakeholder involvement to ensure the effective implementation

and regulation of environmental legislation.

In the second part of the study, the focus was on determining similarities and differences in
perceptions about land degradation and desertification, as well as approaches towards the
conservation and restoration of natural resources in three different land use systems, i.e.
conservation areas, commercial farming and communal or small-holder farming. The study was
carried out in the four DMP target areas in the Northern Cape and North West Provinces of South
Africa, i.e. Molopo, Kalahari, Namaqualand and Suid Bokkeveld. The majority of land users
from all land use types felt that land degradation is characterized by a change in plant species
composition, the presence of bare areas and poor condition of livestock. Even though most land
users indicated that land degradation is a problem, less than half of them have implemented any
conservation and restoration technologies to address the problem. The technology most
commonly used by land users from all sectors is resting, while active restoration technologies
include the eradication of alien plants, the establishment of wind breaks in croplands and the
over-sowing of perennial herbaceous species into natural rangelands. A lack of ownership and
financial constraints are the most important factors limiting the adoption and implementation of

conservation and restoration technologies in South Africa.

The third part of this study investigated approaches and technologies implemented in the different
DMP partner countries to mitigate the effects of land degradation and desertification and improve
livelihoods. Each of the countries is signatory to one or more international conventions, which
has lead to the development of various NAP documents. National environmental legislation in
the countries deals with aspects relating to forestry, water, pasture, wildlife and agriculture. The
technologies observed in this study have been divided into three different categories, i.e.
restoration, conservation and alternative livelihood technologies. In the Southern and Eastern
DMP partner countries, technologies have focussed on the conservation and the restoration of
natural rangelands, such as resting, dune stabilization and the control of alien invader species. In
these countries alternative livelihood technologies such as food gardens and bee keeping have

been applied. In an attempt to increase the productivity of the natural resources, technologies in
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West African DMP partner countries included more restoration and alternative livelihood
technologies, such as the Vallerani system and African Market Gardens. The major constraint in
the adoption and implementation of all observed technologies is the limited technical and

financial resources available to land users.

The last part of this thesis dealt with the evaluation of the effects of drought stress on the
germination, physiology and morphology of Cenchrus ciliaris. Cenchrus ciliaris is a popular
cultivated pasture in semi-arid and arid areas and is often used in over-sowing technologies in
South Africa and other African countries, as concluded from the previous parts of the study.
Extreme environmental conditions however regularly hamper the germination, establishment and
growth of this species. Seed of C. ciliaris was used in three different laboratory and glasshouse
experiments. The laboratory experiments showed that the germination capacity decreased with
an increase in drought stress. In addition, the seedlings suffered decreased morphological
development of roots and stems. The physiological measurements taken on mature plants
indicated that, even though this species showed sensitivity to drought stress, no significant
changes occurred. It is therefore concluded that drought conditions negatively influenced
germination, seedling establishment and morphology, while it had very little effect on the

physiological processes of mature plants.

This study provides a baseline document, summarizing information concerning legislation and
technologies used for combating land degradation and the improvement of livelihoods. The
information gained through this study can give land users the necessary ‘know-how’ to apply
these technologies in their specific situations. It is, however, essential that the results of this
research are implemented over the long-term as this would facilitate the adoption and

implementation of the ‘best-bet’ technologies identified by this study.

Keywords: Land degradation, desertification, conservation, restoration, alternative

livelihoods, environmental legislation, Cenchrus ciliaris, drought stress
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OPSOMMING

Landdegradasie en verwoestyning bedreig die bestaan van miljoene mense reg oor die wéreld,
veral in die ariede en semi-ariede lande suid van die Sahara. Die probleem word hoofsaaklik
toegeskryf aan klimaatsfaktore wat vererger word deur menslike aktiwiteite, soos swak veld
bestuurspraktyke. Verskeie benaderings en tegnologieé is deur grondgebruikers, bestuurders en
navorsers ontwikkel in ‘n poging om bogenoemde probleme te probeer oplos. Baie min van

hierdie benaderings en tegnologieé is egter in ‘n enkele dokument beskryf en opgesom.

Hierdie studie is onderneem as deel van die Desert Margins Program (DMP), wat werksaam is in
nege lande in oos, suidelike en wes Afrika. Die DMP poog om die oorsake en omvang van
biodiversiteit verlies en ekosisteem degradasie in geselekteerde ariede en semi-ariede areas in
Afrika te bepaal. Die studie is uitgevoer in ooreenstemming met die doelwitte geidentifiseer deur
die DMP en bestaan uit vier dele, (1) ‘n oorsig van Nasionale en Internasionale
omgewingswetgewing in Suid Afrika van toepassing op landdegradasie en verwoestyning, sowel
as die voorkoming en verligting daarvan, (2) ‘n oorsig oor die benaderings en tegnologie€ wat
gebruik word vir die restourasie van gedegradeerde areas in Suid Afrika, (3) ‘n opsomming van
bewarings, restourasie en alternatiewe lewensinkomstetegnologieé wat gebruik word in die nege
DMP lande, en (4) die evaluasie van ‘n droogte weestandbiedende grasspesie (Cenchrus ciliaris)

wat algemeen gebruik word in restourasie projekte in Suid Afrika en ander lande.

In die eerste deel van die studie word die omgewingswetgewing in Suid Afrika met betrekking
tot landdegradasie, bewaring en die restourasie van natuurlike hulpbronne opgesom. Suid Afrika
het ‘n omvattende omgewingswetgewing netwerk wat ‘n groot hoeveelheid Internasionale en
Nasionale wetgewing insluit. Suid Afrika het verskeie konvensies onderteken, onder andere die
Verenigde Nasies Konvensie vir die Bekamping van Verwoestyning (UNCCD). In
ooreenstemming met die konvensies is verskeie Nasionale Aksie Programme (NAPs) ontwikkel.
Verskeie omgewingswette, soos die Nasionale Omgewings Bestuur Wet vorm saam met die
Nasionale Aksie Programme en die Grondwet van Suid Afrika, die basis vir bewaring en
restourasie aktiwiteite in die land. Dit is egter waargeneem dat alhoewel goeie

omgewingswetgewing in plek is, die regulasie van die voorgeskrewe aktiwiteite geweldig
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problematies en oneffektief is. Die klem moet dus val op die oordrag van kennis en die bou van
kapasiteit op alle vlakke van deelname. Dit sal verseker dat omgewingswetgewing effektief

geimplimenteer en gereguleer word.

Die tweede deel van die studie het gefokus op die ooreenkomste en verskille in persepsie ten
opsigte van landdegradasie en verwoestyning, sowel as die benaderings tot die bewaring en
restourasie van natuurlike hulpbronne in drie verskillende landbousektore in Suid Afrika, naamlik
bewaringsareas, kommersiéle en kommunale of klein-boer boerdery. Die studie is uitgevoer in
vier DMP teikengebiede in die Noord Kaap en Noordwes provinsies van Suid Afrika, naamlik
Molopo, Kalahari, Namakwaland en Suid Bokkeveld. Die meerderheid van die grondgebruikers
het gevoel dat landdegradasie gekarakteriseer word deur ‘n verandering in die
plantspesiesamestelling, die voorkoms van kaal kolle en die algemene swak toestand van vee.
Alhoewel die meerderheid van grondgebruikers aangedui het dat landdegradasie ‘n probleem is,
het minder as die helfte enige bewarings en restourasie tegnologieg geimplementeer om die
probleem te beheer of op te los. Die tegnologie wat die mees algemeenste deur grondgebruikers
van alle sektore toegepas is, is die rus van veld, terwyl ander aktiewe tegnologieé¢ soos die
verwydering van indringerplante, die vestiging van windbreke in landerye en die saai van
meerjarige grasspesies ook toegepas is. Eiendomsreg en finansiéle beperkings is die belangrikste

faktore wat ‘n rol speel by die aanneming en toepassing van bewarings en restourasie tegnologieé
in Suid Afrika.

Die derde deel van hierdie studie handel oor die benadering en tegnologie& wat gebruik word in
die verskillende DMP lande om die effek van landdegradasie en verwoestyning te verlig en die
lewenstandaard van mense te verbeter. Elkeen van hierdie lande het een of meer Internasionale
konvensie onderteken wat gelei het tot die ontwikkeling van verskeie NAPs binne elke land.
Nasionale omgewingswetgewing in die verskillende lande sluit aspekte soos bosbou, water,
weiveld, wild en landbou aktiwiteite in. Die tegnologie€ wat waargeneem is gedurende die studie
is opgedeel in drie Kkategorie§, naamlik restourasie, bewaring en alternatiewe
lewensinkomstetegnologieé. In die suidelike en oostelike DMP lande het tegnologieé gefokus op
die bewaring en restourasie van natuurlike areas, insluitende rus, duin stabilisering en die beheer
van uitheemse indringer spesies. Alternatiewe lewensinkomstetegnologieg, soos die gebruik van

groentetuine en byekorwe is ook geimplimenteer. Tegnieke in Wes-Afrika het gefokus op




restourasie en alternatiewe lewensinkomstetegnologieg soos die “Valerani” sisteem en “African
Market Gardens” om sodoende die produktiwiteit van die natuurlike hulpbronne te verhoog. Die
grootste beperking vir die aanneming en toepassing van die waargeneemde tegnologie€ is ‘n

beperkte hoeveelheid tegniese en finansi€le hulpbronne beskikbaar aan grondgebruikers.

Die laaste deel van die studie handel oor die die effek van droogtestremming op die ontkieming,
fisiologie en morfologie van Cenchrus ciliaris. Cenchrus ciliaris is ‘n gewilde spesie vir
aangeplante weiding in semi-ariede en ariede areas en uit die vorige dele van die studie is bepaal
dat hierdie spesie ook gereeld in hersaai tegnologieé in Suid Afrika en ander Afrika lande gebruik
word. Uiterste omgewings kondisies beinvloed egter die ontkieming, vestiging en groei van
hierdie spesies. Saad van C. ciliaris is gebruik in drie verskillende laboratorium- en
glashuiseksperimente. Die laboratoriumeksperimente het aangedui dat die ontkiemingskapasiteit
van die sade afneem met ‘n toename in droogtestremming. Die saailinge het ook verlaagde
morfologiese ontwikkeling van die wortels en stingels getoon. Fisiologiese meetings geneem op
volwasse plante het aangedui dat alhoewel hierdie spesie ‘n sensitiwiteit toon ten opsigte van
droogtestremming het daar geen betekenisvolle veranderinge plaasgevind gedurende die
eksperimentele periode nie. Die gevolgtrekking is dus dat die ontkieming, saailing vestiging en
morfologie van die spesie negatief beinvloed word tydens blootstelling aan

droogtestremmingtoestande, maar dat droogte ‘n beperkte effek het op die fisiologiese prosesse

van volwasse plante.

Hierdie studie voorsien ‘n basis ten opsigte van wetgewing en tegnologieé wat gebruik word vir
die bekamping van landdegradasie en verwoestyning sowel as die verbetering van
lewenstandaarde. Die inligting wat ingewin is deur hierdie studie kan grondgebruikers voorsien
met die nodige kennis om hierdie tegnologie¢ in hulle spesifieke situasie toe te pas. Dit is egter
noodsaaklik dat die resultate van hierdie studie oor die langtermyn toegepas moet word om die

aanneming en implimentering van die beste tegnologieé, soos geidentifiseer deur die studie, te

fasiliteer.

Sleutelwoorde:  Landdegradasie, verwoestyning, bewaring, restourasie, alternatiewe

lewensinkomste, omgewingswetgewing, Cenchrus ciliaris, droogtestremming
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RESUME

La dégradation des terres et la désertification menacent la vie de millions de personnes dans le
monde, particuli¢rement en Afrique sub-Saharienne. Le probléme est principalement attribué aux
facteurs climatiques, exacerbé par les facteurs humains tels que les pratiques inapproprices de
gestion. Plusieurs approches et technologies ont été développées et mises en pratique par les
fermiers, gestionnaires des terres et chercheurs. Cependant, beaucoup sont rarement analysées et

présentées dans un document synthétique.

Cette étude a été initiée dans le cadre du Programme des zones en marge de désert (DMP), qui
opere dans neuf pays en Afrique de I'Est, Australe et de ’Ouest. Le DMP vise a déterminer les
causes, I'étendue et la sévérité de la perte de biodiversité et la dégradation des écosysteémes dans
quelques régions arides et semi-arides en Afrique. Cette étude a été conduite en rapport aux
objectifs identifiés par le DMP et se compose de quatre parties : (1) un apergu de la législation
environnementale nationale et internationale en Afrique du Sud concernant la dégradation des
terres, la désertification et la mitigation, (2) un apercu des approches et technologies utilisées
pour la restauration des terres de paturages en Afrique du Sud, (3) un recensement des
technologies de conservation, restauration et des options alternatives de subsistance mises en
ceuvre dans les neuf pays partenaires du DMP, et (4) 1'évaluation d’une espéce herbacée tolérante
a la sécheresse (Cenchrus ciliaris), communément utilisée en restauration des terres en Afrique

du Sud et dans d’autres pays.

La premiére partie de cette étude fait un résumé sur la 1égislation environnementale en Afrique du
Sud en matiére de dégradation des terres, la conservation et la restauration des ressources
naturelles. L’Afrique du Sud est doté d’un systéme 1égislatif environnemental compréhensif
articulé autour d’un ensemble de 1égislations internationale et nationale. Le pays est signataire
d’un certain nombre de conventions internationales telles que la convention des Nations Unies
sur la lutte contre la désertification (UNCCD). Différents programmes d'action nationaux (NAP)
ont été élaborés. Conjointement & ces NAP et & la Constitution du pays, le principe des activités
de conservation et de restauration dans le pays repose sur un certain nombre de lois (Actes)

environnementales, telles que la loi nationale sur la gestion de I'environnement (NEMA). Malgré
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I’existence d’une 1égislation environnementale efficace, la régulation des actions définies par
cette législation est souvent problématique et inefficace. L'accent doit donc é&tre mis sur le
transfert de connaissances et la formation a tous les niveaux d’implication des acteurs pour

assurer une implémentation et régulation effectives de la 1égislation environnementale.

Dans la deuxiéme partie de cette étude, I’accent était mis sur la détermination des similitudes et
des différences de perceptions sur la dégradation des terres et la désertification, ainsi que les
approches de conservation et de restauration des ressources naturelles au sein de trois systémes
de gestion des terres, a savoir, aires de conservation, systémes de gestion privé et communal.
Cette étude a été conduite dans quatre zones cibles du DMP, dans les provinces du Nord Cape
(Namaqualand et Suid Bokkeveld) et Nord Ouest (Molopo et Kalahari) en Afrique du Sud. La
majorité des exploitants au sein des trois systemes ont estimé que la dégradation des terres se
caractérise par un changement de la composition herbacée, la présence de zones dénudées, et le
mauvais état du cheptel. Bien que la dégradation des terres soit un probléme, moins de la moitié
n’ont implémenté aucune des technologies de conservation et de restauration pour combattre le
probléme. Laisser la terre en "repos" La technologie la plus utilisée est la "mise en repos" ; les
autres technologies actives de restauration incluent 1'¢éradication des plantes ali¢nes,
I'établissement de brise-vent au niveau des aires agricoles et les ensemencement d’herbacées
pérennes dans les aires de paturages. Le probléme de propriété fonciére et les contraintes
financires sont les facteurs les plus importants limitant 'adoption et la diffusion des technologies

de conservation et de restauration des terres en Afrique du Sud.

La troisi¢me partie de cette étude a porté sur les approches et technologies implémentées dans les
différents pays partenaires du DMP pour réduire les effets liés a la dégradation des terres et la
désertification et ainsi améliorer les conditions de vie des populations. Chacun des pays est
signataire d’une ou plusieurs conventions internationales ayant conduit a 1’élaboration des
programmes d’actions nationaux (NAP). La législation environnementale nationale dans ces pays
traite des aspects relatifs a4 la foresterie, I'eau, le paturage, la faune et 'agriculture. Trois
catégories de technologies ont été répertoriées ; technologies de restauration, de conservation et
les options alternatives de subsistance. Dans les pays en Afrique Australe et de I’Est, les
technologies ont porté sur la conservation et la restauration des aires naturelles de paturages,

telles que la mise en repos, la stabilisation des dunes et le contrdle des espéces aliénes
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envahissantes. Dans ces pays, les options alternatives de subsistance telles que les jardins
maraichers et ’exploitation du miel ont été mises en oeuvre. Afin d'accroitre la productivité des
ressources naturelles, les technologies en Afrique de 1’Ouest étaient plus orientées vers la
restauration des terres et les options alternatives de subsistance, telles que le systéme de Vallerani
et les Jardins Potagers Africains. Les contraintes techniques et financicres limitent principalement

’adoption et diffusion de ces technologies par les exploitants terriens.

La derniére partie de cette thése a traité de l'évaluation des effets de la sécheresse sur la
germination, la physiologie et la morphologie de Cenchrus ciliaris. Cette espéce est souvent
utilisée en technologies d'ensemencement en Afrique du Sud et dans d’autres pays africains, mais
les extrémes conditions environnementales limitent réguliérement la germination, 1'établissement
et la croissance de ’espéce. Des semences de Cenchrus ciliaris ont été utilisées dans trois
différentes expérimentations en laboratoire et en serre. Les expérimentations en laboratoire ont
montré une diminution de la capacité germinative avec un accroissement du stress a la
sécheresse. En plus, les plantules ont souffert dune diminution du développement
morphologique des racines et des tiges. Les mesures physiologiques prises sur les plantes a
maturité ont montré que malgré le stress a la sécheresse montré par cette espéce, aucun
changement significatif ne s'est produit. On a conclut que la germination, I'établissement des
plantules et la morphologie étaient négativement influencés lorsque exposés aux conditions de

sécheresse, alors que celle-ci exergait peu d'effet sur les processus physiologiques des plantes

mires.

Cette étude constitue un document de base, résumant de l'information relative a la 1égislation et
les technologies utilisées pour combattre la dégradation des terres et 'amélioration des conditions
de vie des populations rurales. L’information dérivée de cette étude peut servir comme guide de
« savoir-faire » sur comment utiliser ces technologies en fonction des spécificités locales. 11 est
cependant important que les résultats de cette recherche soient mis en application dans le long
terme car ceci faciliterait 'adoption et 'exécution des meilleures technologies identifiées a travers

cette étude.

Mots-clés : Dégradation des terres, désertification, conservation, restauration, options

alternatives, législation environnementale, Cenchrus ciliaris, stress a la sécheresse
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CHAPTER 1 - INTRODUCTION

CHAPTER 1L

Introduction

1.1 Background

It is estimated that land degradation has affected between 6 000 000 and 12 000 000 square
kilometers of land world-wide (UNEP, 2006) and that 73% of the worlds grazing land has
deteriorated to such an extent that it has lost at least 25% of its animal carrying capacity
(Harrison & Pearce, 2000). Each year, approximately 20 000 000 hectares of agricultural land
become too degraded for crop production (UNEP, 2006). The consequences of the increased
occurrence of land degradation and drought include decreased food security, famine and poverty
(UNEP, 2006). The effect of land degradation is highest in the arid and semi-arid lands of the

world. The most widely accepted definitions of arid and semi-arid lands are the following:

e Arid lands are areas characterized by low annual rainfall of less than 250mm (European
Environment Agency, 2006).
e Semi-arid lands describe areas that receive low annual rainfall, usually between 250 and

500mm (Koundouri, 2006, Syngenta Foundation for Sustainable Agriculture, 2007).

In South Africa however, arid areas are described as areas receiving an annual rainfall of 400mm
or less, while semi-arid areas receive less than 600mm annually (Botha & Fouché, 2000). It is
calculated that approximately 25% of the natural arid and semi-arid rangelands in South Africa
are already degraded (Kellner et al., 1999). Land degradation in these areas can mainly be
ascribed to factors such as: poor grazing practices, the incorrect use of fire, the clearing of
woody plants (deforestation), poor soil conditions such as erosion and salination, mining,
industry, urbanization and other land use types (Hoffman and Ashwell, 2001). The degradation
of arid and semi-arid grasslands by overgrazing can be regarded as a type of disturbance of
natural resources and is part of the wider problem of desertification. Desertification is a global
process defined all over the world as land degradation in arid, semi-arid, and sub-humid areas
resulting from anthropogenic activities not adapted to the land use in these regions (UNEP, 1992;
UNCCD, 2003a).. For detailed definitions of land degradation and desertification, refer to
Chapter 2.
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Over 250 000 000 people are directly affected by land degradation and desertification. In
addition, some one billion people in over 100 countries are at risk (UNCCD, 2003). Within the
last century, land degradation and desertification have become the biggest environmental threat
in arid and semi-arid countries throughout the world and were of the first major international
environmental issues, attracting international public attention much earlier than some of the high
profile environmental concerns of today, such as biodiversity loss, climate change and
deforestation (Chasek & Corell, 2002). Characteristic of Africa is the fact that 90% of the
surface is arid, semi-arid or dry-subhumid and falls within the definition of the United Nations
Convention to Combat Desertification (UNCCD, 1995). Some 23 of the 40 countries in
continental Africa are characterised by arid lands and approximately one third of the world’s
‘man-made’ deserts are in Africa (Le Houérou & Gillet, 1986). It has been estimated that 34%
of the surface of Africa is under the threat of land degradation and desertification. The
estimation includes the degradation/desertification of cultivated areas as well as non-transformed

ecosystems.

About one-sixth of the world’s agricultural land area is degraded to the point of impaired
productivity because of overgrazing and poor farming practices. Erosion and nutrient depletion
are not the only ways in which soils become degraded. Irrigation eventually causes salination of
some soils, rendering them permanently unusable (Esler, 2002). In many areas of the sub-humid
tropics, the abandonment of croplands due to a loss in fertility is not followed by the

regeneration of natural vegetation, thereby increasing the degradation/desertification potential
(IFPRI, 2003).

To combat the problems of degrading rangelands, especially those which will not recover easily,
restoration technologies have to be implemented. The fact that conservation of existing
ecosystems is simply not enough to ensure the future of living populations, and that degraded
systems often do not recover through natural successional processes in arid and semi-arid
systems within a short period of time, has made restoration an absolute necessity (Van den Berg,
2002). Restoration of an ecosystem is always difficult and costly to be obtained, and a complete
recovery may often be impossible because some components of the ecosystem may have been
eliminated during the degradation process (Ravera, 1989). A large variety of restoration
technologies have been applied all over the world by land users, managers and scientists in

conservation and agriculturally managed areas. Chapter 4 aims to summarize some technologies
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that have been applied in selected arid and semi-arid areas in South Africa, while Chapter 5 deals

with approaches and technologies applied in other African countries.

Policy interventions such as the ratification of various conventions, amongst others, are
perceived to have had a positive influence in decreasing land degradation in South Africa
(Hoffman & Ashwell, 2001). A vast and confusing array of acts and regulations concerning
issues affecting the environment exist and it is important to consider which are most applicable
for certain circumstances (Chapter 3). The Desert Margins Program (DMP), inter alia, has been
developed in response to a recommendation made to the international research community at the
United Nations Conference on Environment and Development (UNCED) (Anon, 2004) to
consider contributions for the implementation of the three United Nations International
Conventions i.e. United Nations Convention of Biodiversity (UNCBD), Framework for the
Convention of Climate Change (UNFCCC) and United Nations Convention to Combat
Desertification (UNCCD).

1.2 Desert Margins Program (DMP)

The goal of the Desert Margins Program (DMP) is to ensure integrated natural resource
management, to determine the causes, extent and severity of biodiversity loss, as well as the
physical processes of soil and land degradation in selected arid and semi-arid sub-Saharan
regions in Africa, which harbour globally significant biodiversity (Smith & Koala, 2003). The
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) is the executing
agency, while the Global Environment Facility (GEF) is the primary funding agency, with co-
funding contributions from national and provincial departments of Agriculture and Conservation,
Universities, Non-Governmental Organizations (NGOs) and other donors. The implementing
agency is the United Nations Environment Program (UNEP), with support from the United
Nations Development Program (UNDP) (Koala & Tabo, 2004).

Currently, the Desert Margins Program (DMP) operates in three sub-Saharan regions and
includes nine countries: eastern Africa (Kenya), western Africa (Burkina Faso, Mali, Niger and
Senegal) and southern Africa (Botswana, Namibia, South Africa and Zimbabwe). The DMP
governance is organized at three complementary levels: national, regional (western-, southern,

and East Africa) and global (e.g. UNEP, GEF) levels. The governing body is a steering
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committee which provides policy guidance and direction. National Agricultural Research
Systems (NARS) and NGOs are at the center of the organizational structure. Activities in each
member country are carried out through National Coordinating Committees (NCC) which forms
part of the National Coordination Unit (NCU) (Koala & Van Duivenbooden, 1999). The DMP
started in 2002 in South Africa and is executed in four target areas in two provinces i.e. Molopo
(North-West Province), Mier (Kalahari), Paulshoek and Suid Bokkeveld (in the Northern Cape
Province). All of the target areas in South Africa were mainly decided upon due to the
collaboration and networking that could be initiated between South Africa and neighboring

countries i.e. Botswana and Namibia.

The objectives of the DMP include the following:

e The collection and assessment of current dryland management practices, including
traditional small-holder knowledge.

e Understanding the causes, extent, severity and physical processes of soil and land
degradation.

e Developing improved soil, water and biodiversity management strategies that are
ecologically sound, economically viable and acceptable to the people of the desert
margins.

¢ Designing policies, programs and institutional options that would serve as incentives to
people living in the desert margins to adopt these improved practices.

e Enhancing the institutional capacities of Program member countries to conduct research
on sustaining the desert margins.

e Spreading the word: disseminate the knowledge gained to farmers, policy-makers and

other stakeholders and catalyze action plans based on it (Koala & Tabo, 2004).

1.3 Aims of this study

This study forms part of the Desert Margins Program (DMP) — South Africa, and aims to provide
an overview of legislation, approaches and technologies used for the restoration of degraded
rangelands in South Africa and other Desert Margins Program partner countries in Africa. It
does not focus on the causes of land degradation, but rather on the perceptions of land users
towards land degradation and their approaches and technologies to combat this problem. Also

included is an evaluation of a drought tolerant grass species, Cenchrus ciliaris L. (Blue Buffalo
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Grass), which is commonly used in restoration activities in arid and semi-arid rangelands,

especially in southern and East Africa.

As part of the DMP in South Africa, the following objectives were included in this study:

e The documentation of existing policies and legislation regarding restoration and rehabilitation
of biodiversity and the degradation of the natural resources in South Africa, especially in arid
and semi-arid rangeland regions.

e To identify and document the best restoration practices, including traditional methods, to
conserve and restore biodiversity in the identified study areas in the DMP target areas.

e To evaluate and characterize the best approaches and practices of restoration technologies in
the DMP partner countries.

e The evaluation of Cenchrus ciliaris (Blue Buffalo Grass) as drought tolerant species to be
used in restoration practices.

e To strengthen the knowledge base of all stakeholders with regard to restoration through
training and capacity building, as well as farmer to farmer sharing activities, in order to

enhance the adoption of restoration applications.

1.4 Format of the thesis

This thesis consists of eight chapters. The present chapter provides a general background to the
study, while Chapter 2 gives a detailed introduction and literature study on land degradation
processes and restoration treatments. Chapter 3 deals with environmental legislation in South
Africa and is supplemented by a CD containing a webpage linking to various institutions and

extracts of legislation.

An account of the perceptions of land users in the DMP — South Africa target areas concerning
land degradation, and their approaches towards conservation and restoration are given in Chapter
4. In Chapter 5 the experiences, approaches and technologies used by land users for improved
alternative livelihoods, conservation and restoration are explained. Chapter 5 is also
supplemented by a booklet containing the best-bet alternative livelihood, conservation and

restoration technologies applied by land users in the DMP partner countries.
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Chapter 6 gives an account of the performance of Cenchrus ciliaris (Blue Buffalo Grass) under
drought stress conditions. This includes morphological and physiological parameters to evaluate
the various responses of this species under drought stress conditions. Some general conclusions
and recommendations concerning all of the components of this study are given in Chapter 7. A

complete list of references and Appendices follows at the end of this thesis (Chapter 8).
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CHAPTER 2

Literature review

2.1 Land degradation and desertification

Over the past 45 years, about 11% of the Earth’s vegetated soils became degraded to the point
that their original biotic functions are damaged (Okin, 2002; UNEP, 2006). Land degradation
implies the reduction of resource potential by one, or a combination of processes. These
processes include water erosion, wind erosion and long-term reduction in the amount or diversity
of natural vegetation (UNEP, 1992). Land degradation can happen on a local scale, or over vast
areas and is recognized as a forerunner of desertification, which is viewed as a gradual process

rather than a simple switch from vegetated areas to deserts (UNCCD, 2002; UNCCD, 2006a).

Desertification cannot be understood or addressed simplistically. The biological, social, political
and economic aspects of the problem must all be bome in mind (Hoffran & Ashwell, 2001,
King & Hobbs, 2006). Desertification must therefore include both biophysical and socio-
economic dimensions concerning the processes that have an impact on the sustainability of
natural resources. Box 2.1 contains the definitions of land degradation and desertification as it is

used in this dissertation.

Box 2.1: Definitions of land degradation and desertification

Degradation
Degradation pertains to subtle or gradual changes that reduce ecological integrity and health
(SER, 2002).

Degradation is seen as the reduction or loss of the biological or economic productivity in arid,
semi-arid and dry sub-humid areas (UNCCD, 1995). This results from over-utilization by land
uses or from a combination of processes, including processes arising from human activities and
habitation patterns, such as:
¢ Soil erosion caused by wind and/or water
¢ Deterioration of the physical, chemical and biological or economic properties of soil;
and
e Long-term loss of natural vegetation (UNCCD, 1995, Glossary of Environment
Statistics, 1997).

Desertification
Desertification is a global process defined all over the world as land degradation in arid, semi-
arid, and sub-humid areas resulting from anthropogenic activities not adapted to the land use in
these regions (UNEP, 1992, Reigh ef al., 2001; Swearingen, 2006).
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Everyone in the world depends on nature and ecosystem services to provide the conditions for a
decent, healthy and secure life, but the degradation and desertification of natural resources
invariably influence ecosystem services and goods. Ecosystem services are the conditions and
processes through which natural ecosystems and the species that make them up sustain and fulfill
human life (Freeman & Myrick, 2003; Hassan et al., 2005; Boyd & Banzhaf, 2006). These
include services such as the dispersal of seeds and cycling and movement of nutrients.
Ecosystem services maintain biodiversity and the production of ecosystem goods, such as forage
and timber (Daily, 1997; Nunes et al., 2003). An understanding of the changes in ecosystem
goods and services due to land degradation and desertification is of fundamental importance for
devising sound management and conservation strategies. Currently, the loss of ecosystem

services is a significant barrier to the reduction of poverty, hunger and disease (MA Board,
2005).

Natural or semi-natural ecosystems mainly characterized by indigenous, natural vegetation are
often referred to as “rangelands™, which cover large land areas in Africa (Palmer & Ainslie,
2002). These rangelands can potentially be used for different production systems and are
defined as: ‘those areas of the world, which by reason of physical limitations, low and erratic
precipitation, rough topography, poor drainage, or cold temperatures, are unsuited for
cultivation, and which are a source of forage for free ranging native and domestic animals, as
well as a source of wood products, water and wildlife’ (Miller, 1997). Most of these rangelands
are classified as being drylands, i.e. those areas where the ratio of the mean annual precipitation
to the mean annual evaporation is in the range of 0.05 — 0.65 and according to the UNCCD
(2006a) includes all the arid and semi-arid areas in the world. According to Harris ef al. (1996),
rangelands fall into the following land use capability class: Land with severe limitations that
restrict its use to rough grazing. Land capability classes are interpretive groupings of land units
with similar potentials and continuing limitations or hazards. More than 80% of the land area in
southem Africa is characterized as rangelands and livestock production is the dominant form of
land use in the rangelands (Hoffman & Ashwell, 2001). Rangelands are the main source of
fodder for most of the 13 964 000 cattle, 28 952 000 sheep and 698 000 goats in the country
(DoA, 2006). The range resource should be seen as a critical component of food security at local
and national level, but it is evident that the condition of rangelands in South Africa is under a

continuous threat-of land degradation (Kiunsi & Meadows, 2006).



CHAPTER 2 — LITERATURE REVIEW

There are four broad categories of land tenure in South Africa. Approximately 70% of the
country 1s cornmercial farmland under freehold tenure, 14% is allocated to communal areas with
leasehold tenure, 10% is formally conserved and the remaining 6% is used for mining, urban and
industrial development (Palmer & Ainslie, 2002). According to Bamard (2002), 14 000 000 of
the total South African population of 40 580 000 people live in the former homelands where the
soil is unsuitable for farming to a large extent. Both the high population densities in the former
homelands and the unbalanced distribution of land, rather than farming methods, have
contributed to massive soil erosion. An estimated [ 200 000 hectares of rangelands in marginal
areas of South Africa are viewed to be lost to production because of overgrazing. The highest
soil erosion rates globally are in Asia, Africa and South America (30 — 40 tons/ha/year), while
the lowest are in Europe and North America (17 tons/ha/year) (Mosley-Thormpson, 2006). Food
insecurity, leading to poverty and famine, is the most important consequence of soil and land
degradation in the world. Africa has experienced widespread food shortages in 2005 and in

southern Africa ten million people are suffering due to food scarcity (GEQ, 2006).

In 1997 the National Botantcal Institute of South Africa (NBI) and the Program for Land and
Agrarian Studies (PLAAS) undertook to report on the status of land degradation in South Africa
1.e. the National Review of Land Degradation in South Africa (NRLD). The process followed an
integrated approach and included issues such as water, soil and vegetation resources, which led
to a combination of soil (SDI) and veld (VDI) degradation indices to produce a single combined
index of land degradation (CDI) (Figure 2.1) (Hoffman & Ashwell, 2001). This study was the
most comprehensive of its kind in South Africa and shows that large areas in the arid and semi-
arid areas of the country are moderately to severely degraded. The following section aims to

give a more detailed description of land degradation and desertification processes.

2.1.1 Land degradation/desertification processes

(lobal population increases, a limited source of natural resources, erratic climatic conditions
along with an insufficient consideration of the limited carrying capacity of the drylands, are the
underlying causes of land degradation and desertification (Dregne, 1986; Aronson ef al., 2002,
Reynolds & Stafford Smith, 2002, Xue & Fennessy, 2002). Land degradation/desertification,
exacerbated by natural or man-induced mechanisms, is manifested by intricate steps of
vegetation and soil deterioration which could result in an irreversible decrease or destruction of

the biological potential of the land and its ability to support populations (Mainguet, 1991).

9
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Figure 2.1 The Combined Degradation Index (CDI) for South Africa (taken from Hoffman &
Ashwell, 2001).

Figure 2.2 shows the various different components of land degradation. All the different
components are interlinked, forming a hierarchical framework where components interact with
each other and combine to form bigger problems. In most cases, areas are deforested, over-
cultivated and overgrazed, causing environmental problems such as soil compaction, reduced
organic matter and salinization. Once soils have been rendered fragile and depleted and plant
cover has been lost, wind and water erosion will aggravate the damage by loosenting topsoil and
leaving behind a highly infertile mix of transported sand, leading to a loss of biodiversity and

climate change and ultimately to land degradation (IFAD, 2006).

Land degradation and desertification in South Africa have been attributed to a number of bio-
physical and socio-economic causes, such as overgrazing, poverty, over-population and droughts
(Hassan, 2000; Sundquist, 2003; AIACC, 2005). According to Varis and Kajander (2006), the
FAO estimated in 1996 that overgrazing is the main factor contributing to land degradation in
Africa and Australia, while deforestation is the main contributor to land degradation in Asia,
Europe and South America. In Africa and Australia, arable farming and deforestation are the

second and third most important factors, respectively (IFAD, 2006).

10
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Figure 2.2 A schematic representation of the different components of land degradation (Stocking
& Murnaghan, 2001).

Soil erosicn Nutrient

depletion

Loss of
biodiversity

The following types of land degradation are recognized in South Africa (Hoffman ef al., 1999,
DoA, 2006):

e Loss of cover largely as a result of the grazing and trampling pattems of domestic livestock.
¢ Change in species composition of the vegetation, largely as a result of the selective grazing

patterns of domestic animals.

* Bush encroachment as a result of the increase in cover and density of indigenous trees and
shrubs.

o Alien plant invasions

¢ Deforestation as a result of the removal of trees and shrubs by people, usually for fuel
energy or construction purposes.
e Other forms of land degradation, which usually encompass the clearing of rangeland and

forest areas (deforestation) for the planting of agricultural crops or mining and other

development activities.

11
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The subsequent sections investigate the most important factors contributing to land degradation
tn South Africa including erratic precipitation patterns, overgrazing, bush encroachment, soil

erosion and deforestation.

2.1.2 Erratic precipitation patterns

Land degradation/desertification is most often attributed to a myriad of human activities,
particularly overgrazing, but it may be triggered or exacerbated by climatic variability (Reynolds
& Stafford Smith, 2002; Fernandez et afl., 2002; Harou, 2002; Zhou ef al, 2002). Climatic
factors, mainly associated with a decrease in rainfall, are prominent underlying driving forces of
land degradation/desertification (Runnstrom, 2000; Geist & Lambin, 2004). There is mounting
evidence that drought and environmental degradation are reinforcing each other if both are
severe, and degradation could become irreversible (Smith & Wangari, 1996). Drylands are
particularly vulnerable to climatic variability, of which precipitation is the most important
component. Temperature, humidity or wind can, however, be important in some places such as
coastlines and wetland areas (Grimshaw, 1992; Ojima ez al., 1999; Adams, 2002; Nicholson,
2002; Reynolds & Stafford Smith, 2002). Semi-arid regions generally share these
characteristics, but to a lesser degree and it is a widely accepted fact that rainfall variability

generally increases with andity (Livingstone & Belshaw, 2001; Aronson er a/., 2002; Hulme e?
al., 2005).

Drought and famine have affected much of sub-Saharan Africa for a long time, but more
aggressively since the late 1960’s. In recent years the situation seems to have worsened,
reaching disastrous proportions in certain regions (Smith & Wangari, 1996, Teague &
Dowhower, 2003; IFAD, 2006). Dregne (1986) implies that drought places additional stress on
the biological resources and if resource management is good, little, if any, permanent damage is
done. Drought is a period during which the water availability to plants and people is less than
expected under normal climatic conditions. Usually it is droughts that last for the major part of a

growing season, and involve a reduction in grazing, food or water, which attract the attention of

policy makers (See Chapter 3).

Short-term changes in the environment caused by climatic fluctuations should not be confused

with land degradation (Hoffman & Ashwell, 2001). Well-managed land recovers rapidly after

12
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drought, whereas degraded land is less resilient (Hoffman & Ashwell, 2001). Even though the
cycles of drought years and climatic changes can contribute to the advance of desertification
(Cao & Prince, 2005), it is mainly caused by changes in the ways man uses the natural resources.
This includes uses such as overgrazing, land clearance, cultivation of marginalized land and

deforestation of woodlands (Koohafkan, 1996; Prince, 2002).

2.1.3 Specific land degradation processes

The following section deals with specific processes leading to land degradation n arid and semi-

arid regions in Africa, with special reference to South Africa.

2.1.3.1 Overgrazing

Livestock production is an integral part of farming systems in arid and semi-arid regions and
animals are kept for a wide varniety of reasons including the supply of milk, manure, security,
meat, hides and for cultural reasons (Chinombo, 2006). Livestock also plays an important role in
establishing the status of wealth of the farmer (Kunene et al., 2003; Catley e al., 2005). Table
2.1 indicates the total number of domestic animals in South Africa at the end of 2005, indicating
that sheep and goats are the dominant livestock in the country (Directorate: Agricultural
Statistics, 2005). Artificial watering points can lead to expanding pastures and livestock
populations (mainly cattle and sheep) and ultimately contribute to the desertification process
(Dube & Pickup, 2001; Geist & Lambin, 2004). Grazing, trampling and dung deposition by
herbivores often result in a zone of attenuating impact on many vegetation and soil parameters
around and away from watering points (piosphere effect) (Thrash et al., 1993; Thrash & Derry,
1999; Derry, 2004; Sparrow, 2006). Animals will walk long distances for preferred food species
with reports of generally negative impacts two — three kilometres away from the water sources
and affecting up to 28km?® from a single point source (Noble ef al., 1998; James et af., 1999;
Pringle, 2000). Such grazing gradients represent a potential opportunity for differentiating the

long-term effects of livestock activity from other environmental patterns (Todd, 2006).

Table 2.1 The total number of different domestic animals in South Africa at the end of 2005.

Cattle Pigs Sheep Goats
138 000 000 1 656 000 22 236 000 2138 000

13
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Grazing by domestic livestock, in association with rainfall, are the most important factors
influencing rangeland condition (Hoffman & Ashwell, 2001; Adams, 2002; Okin, 2002). When
there is heavy pressure on rangelands, the animals consume palatable vegetation faster than the
vegetation can regenerate and eventually only unpalatable or no vegetation remains (Wang &
Guo, 1993; Kawanabe e al., 1998; Todd & Hoffman, 1999; Wang et al., 2002; Sombroed &
Hadji, 2004). Animals do not only remove mature plants, but they also eat flowers, thus
reducing the seed set and decreasing the soil seed bank composition. Animals also trample and
kill young seedlings (Dean et al., 1995; Finlayson ef al., 2002; Van der Wal & Brooker, 2004).
Trampling by animals causes soil deformation through soil compaction by the high-ground
pressure of hooves and soil homogenization by shear effects (Pietola ef al., 2005). Destroyed
soil structure increases surface runoff and consequently increases the vulnerability to water
erosion (Proffitt er al, 1995). It has been repeatedly observed that, in most heavily grazed
rangelands, dominant perennial palatable grasses without persistent seed banks are displaced and
eliminated from the above-ground canopy as well as from the soil seed bank (O’Connor &
Pickett, 1992).

The degradation of arid and semi-arid rangelands by overgrazing can be regarded as a type of
disturbance of natural resources and is part of the wider problem of desertification (UNEP, 1999;
Xue & Fennessy, 2002) (Figure 2.3 (a) and (b)). Land users all over the world have developed
ways to overcome and mitigate the causes and effects of land degradation and desertification.
Chapters 4 and 5 of this thesis deal with the approaches and technologies used by land users to

overcome the problem of land degradation due to overgrazing.

() (b)
Figure 2.3 Land degradation in communal areas due to overgrazing by livestock forming bare

patches in the natural grazing area (a) as well as around watering points (b).
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2.1.3.2 Bush encroachment and alien plant invasion

The increased density (thickening) and cover, i.e. the encroachment of woody shrubs and trees in
arid and semi-arid grasslands, savannas and woodlands are perhaps the most obvious and
commonly cited form of desertification (Figure 2.4 (a)) (Ludwig & Tongway, 1995; Hoffman &
Ashwell, 2001). Degradation of desert grasslands is often characterized by the replacement of
perennial herbaceous species by long-lived woody shrubs and by an associated reduction in the
capacity of the ecosystem (water and sunlight) (Havstad et al., 2000; Wiegand et al., 2006). If
shrubs encroach, grass production will decrease and cattle and sheep production may be reduced

as the shrubs are often unpalatable to domestic livestock (Donaldson, 1980; Walker et af., 2002;
Wiegand ef al., 2006).

Over 8% of South Africa has been invaded by alien vegetation and millions of hectares are
affected by bush encroachment (Barnard & Newby, 1999, Ward, 2005, DoA, 2006a). It has been
estimated that the control of alien invasive plants could cost as much as $100 million per year for

the next 20 years (Versveld ef al., 1998).

Bush encroachment includes the concept of bush thickening (Figure 2.4 (b)). It encompasses the
large-scale conversion of former grassiand vegetation to a savanna physiognomy by encroaching
indigenous trees, as well as the increase in size and density of woody plants within historical
savanna areas (Smit ef a/., 1999; Hoffman & Ashwell, 2001). Bush encroachment is, in theory,
reversible over a relatively short period, given sufficient knowledge, financial and other
resources, such as fencing and the removal or reduction of livestock. However, the majority of
land users do not have sufficient resources, and cannot remove their livestock for periods long
enough to allow the rangeland to recover, which leads to a decrease in the condition of the
rangeland to an ecological state that has passed the threshold of natural recovery (Reed, 2004).
If this change has occurred, active interventions are necessary to restore the degraded rangeland

to a better state or system (See Section 2.1).

An alien invasive species is one that was introduced, through human activities, into an area
where it did not previously occur. Alien species have the ability to outperform resident life
forms, mostly because they can grow faster, breed more profusely, disperse more widely, tolerate
a wider range of conditions or simply grow bigger than the resident species of the invaded
system (Connor, 2006). Most alien invasive species are introduced species without natural

enemies to control their invasion. These species contribute to the loss in biodiversity, as well as

15



CHAPTER 2 - LITERATURE REVIEW

the valuable natural agricultural systems upon which people depend (Matthews & Brand, 2004}.
Alien invasive species can transform the structure and composition of ecosystems by repressing
or excluding native species — either directly by out-competing them for resources (water and
sunlight), or indirectly by changing the way nutrients are cycled through the system (Matthews
& Brand, 2004). In the majority of cases the alien plant occupies a similar environmental niche
than the native species and responds better to the distribution of resources and competitors in the
system, thereby out-competing them directly or indirectly (Scholes & Walker, 1993;
Amarasekare, 2003). According to the Conservation of Agricultural Resources Act (42 of 1983)
of South Africa, land users are obliged to eradicate alien invader species (Chapter 3). The short-
term cost-benefit ratio is, however, very low when removing alien invaders and it is usually
coupled with the size of the invaded area, type of invader species and whether seed of natural

species still persists in the soil seed bank.

Figure 2.4 Bush encroachment by an alien invasive species (Prosopis sp.) (a), and bush

thickening by an indigenous species (Acacia sp.) (b} of natural grazing areas in South Africa.

2.1.3.3 Soil erosion

Soil is the final product of weathering, and is defined as that portion of rock and mineral
fragments which is capable of supporting plant life. Soils can generally be grouped as either
residual (soils formed on bedrock) or transported (soils formed on material that has been moved
to its current location (Tandarich ef al,, 2002; Camicelli, 2003). Soil erosion involves the

movement (transportation) of this weathered material to a place of deposition (Camicelli, 2003).

