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ABSTRACT

This study assessed the social factors influencgpmpr communal rangeland
management, which are assumed to result in randj@lagradation. This was followed by,
examination of biophysical characteristics of rdagd degradation in communal areas. To
relate social factors featuring in communal rangeglamanagement with rangeland
degradation, biophysical factors influencing liet grazing distribution patterns were
studied. To establish the solution to communal etargd degradation, rangeland restoration
techniques were evaluated. The study was condattéanakhuze Tribal Authority (ATA)
(S32 38, E26%56, 763 - 1500 m.a.s.) composed of six villagesi @handulwazi
Agricultural High School (S329" and E2655", 747 m.a.s.l). Focus group discussions were
conducted in six villages and questionnaire survayfour randomly selected villages to
assess social factors influencing communal randel@egradation. Communal rangeland
degradation biophysical characteristics were asseg&iophysical factors affecting livestock
grazing distribution pattern were examined throdglect field observations for 12 months.

Restoration techniques were evaluated on 26 plots.

The social factors influencing communal rangelarahagement include lack of skills
on rangeland management for farmers, lack of iddi&i/community obligation on grazing
management, lack of effective policies and/or peonforcement accompanied by lack of
effective institutions governing rangeland utilisatand management. Communal rangelands
were more £ = 2612.07,df = 26, p < 0.01) degraded compared with controlled grazing
areas. Within the communal rangelands, land degjoadwvas higher at the low-lying areas,
compared to foothills, midslopes, and mountaintgpest). Rangeland degradation in
communal areas was characterised by poor foragiuptigity and poor vegetation cover ,

higher soil unconfined compressive strength (UC&)% (kg/cnf) with low hydraulic



conductivity (5.21 x 18) and physical soil loss characteristics such presef terracettes,
pedestals, rills and gullies. Grazing distributisas higher at valley bottomm?(= 0.404,p <
0.001), low altituderf = -0.007,p < 0.001), closer to water points’ € -0.001,p < 0.001),
and on grassland vegetatior® (= 0.620,p < 0.001). Introduction of seedlings with
microcatchment combined with brushpack promofed 0.05) higher number of tillers (13),
leaves (42) and reduced seedling mortality (10.4B6)riandra produced higherp(< 0.05)
number of tillers (12) and leaves (39) but low nembf inflorescence (0.7) with higher
mortality rates (25.3%) comparedRodilatatum. Where plant propagules were introduced as
seeds, use of microcatchment promoted higher seedimation £ = 38.84,p < 0.05) and
maintained higher plant densitf = 37.43,p < 0.05).E. curvula seeds attained higher
germination rate and maintained higher plant dgnsdampared toD. eriantha and P.
Maximum. Use of microcatchment, brushpack, and water giprgasystem promoted soll

water retention.

It is important that any interventions aimed at ioypng communal rangeland
management, controlling rangeland degradationercttimmunal areas, or restoring degraded
rangelands to consider the social factors driviaggeland management and biophysical
factors influencing grazing distribution patternarigeland restoration techniques for
communal areas should be centred on their abiitgdllect and retain water to promote

restoration performance of introduced plant propesgyu

Key words: grazing distribution, communal rangelands, rangkldagradation, rangeland

restoration
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1. INTRODUCTION
1.1. Background

' A communal area can be defined as an area whemgelemds are held under
communal (for or by a group rather than individi&sure, while individuals or households
have some other form of individual right to aratded (Abel 1997). Everson and Hatch
(1999) further defined communal rangelands as tlays@s where agriculture is largely
subsistence-based and where rangelands are ggrmalmunally owned and managed as
opposed to private or individual ownership. The fegture defining communal rangelands is
that these systems are held and administered asman@n property, or common pool
resource (Toulmiret al. 2004). The two most important characteristicemhmon property
resources are that exclusion of users of theseures® is difficult and that each user is
capable of subtracting from the welfare of othé3srkeset al. 1989; Ostromnet al. 1999).
However, some of communal rangelands are opensdceasature than being managed as

common property, hence a waning commitment to tn@inagement (Ainslie 1998).

In South Africa, communal areas were establishetbuthe Natives Land Acts of 1913
and 1936 under which indigenous South African peopkre resettled in specific areas
formally referred to as homelands (Wessstlsal. 2007). Black people engaged in crop-
livestock production, mainly for subsistence, pmadwantly populate these areas (Wesstls
al. 2004). These areas are characterized by high muaral livestock populations,
overgrazing, soil erosion, and loss of more acd#ptgrazable species (Hoffman and Todd
2000). The communal rangeland tenure system is thathall members of the community

have rights to the rangeland resources (Hzlah 2005).

! Written according to the style of African Journal of Range and Forage Science



Communal rangelands are used primarily as a soofceed for livestock. They,
however, provide other secondary resources suéinemgod, wild foods, medicinal plants,
and water. Land degradation is the major challangbe communal rangelands of Eastern
Cape (Palmeet al. 1997), because it reduces primary productivity soil protection. Abel
and Behnke (1996) defined rangeland degradatianaffectively permanent decline in the
rate at which land produces forage for a given tngfurainfall under a given system of
management. While, Hahet al. (2005) defined land degradation as the reductioloss of

biological and economic productivity arising fromappropriate land use practices.

Land degradation results in declining functiongbawaty, increased poverty, and food
insecurity (Coheret al. 2006). Major changes in rangeland surface moggyland soil
characteristics have a drastic effect on the pgnpaoductivity of the rangeland ecosystem,
and in turn on livestock production (Paytah al. 1992). This suggests a need for
interventions to halt degradation and improve thmctional capacity of communal
rangelands. Understanding of the causes, levelpahde of degradation should precede the
intervention. There are a number of factors resptsgor degradation; among others are
climate, grazing (Arnalds and Barkarson 2003), qadlity, and landform and its influence

on rangeland ecosystem hydrology (Garcia-Aguetia. 2007).

Degraded ecosystems characterized by low prodtigtiew diversity or both are often
trapped in stable states, showing little or no iovpment over time. Restoration can improve
their utility. The interventions required to reg@roductivity are often not clear (Cummings
et al. 2007). Identification of putative abiotic and ticadbarriers to the natural regeneration of
more desirable vegetation can lead to the impleatiemt of appropriate restoration

treatments (Whisenant 1999). The potential for gstesn restoration can be optimised if the



functional status of ecosystems is defined befordleand the relationship between ecosystem

structure and functioning can be established (Gadial. 2006).

In communal areas, community members influence gemant of rangelands;
therefore, there is a need to engage them in thetifccation of degradation as a problem,
vegetation restoration, and proper rangeland manageas a solution and identification of a
desirable state. Local communities and other stdkehs such as policy makers and
researchers must play an important part in thegqa®df sustainable rehabilitation is to be
achieved (Eversod al. 2007). Community based natural resource managei@&NRM) is
regarded as the best approach to encourage beHeurce management with the full
participation of resource users in decision-malkaatjvities and the incorporation of local
institutions, customary practices and knowledgetesys in the management process
(Armitage 2005). Kavanat al. (2005) suggest that there should be compleméptarf
modern scientific knowledge and traditional naturesource management for sustainable
livestock productivity, biodiversity, and soil carsation in traditional agricultural systems.
A scientific view might promote restoration goalsriled from geomorphological and
ecological imperatives (Kondolf 1998). However, toegtion is more of a process of
modifying the biophysical environment and captuthe interaction between scientific

definitions and the goals of society as a whole[igitaldet al. 2004).

This study aimed to assess the perceptions ofdaeds on rangeland degradation and
restoration techniques; assess communal rangelegiahtion characteristics and evaluate
restoration techniques in the communal rangelarid&neakhuze Tribal Authority in the

Eastern Cape Province of South Africa.



1.2. Objective

To identify the key characteristics of rangelandgrdeation and evaluate restoration

techniques in communal areas of the Eastern Capenee, South Africa.

1.2.1. Specific objectives

1. To investigate social factors influencing poor ngeraent of communal rangelands and

drivers of communal rangeland degradation.

2. To compare the occurrence of land degradation ltwengeland management
practices, between landscapes, and identify randetdegradation characteristics in

communal areas of Eastern Cape.

3. To examine factors influencing livestock grazingtdbution pattern in the communal

rangelands of Eastern Cape.

4. To evaluate water collection and storage effectestoration techniques on performance

of introduced plant propagules on degraded rangslan

1.2.2. Hypotheses

1. The null hypothesis was that communal farmeve Iskills in rangeland management, take
livestock grazing management as their individuatl aommunity obligation, and have

effective policies and institutions governing w@dtion of rangeland resources and that has
lead to good rangeland management practices, heacangeland degradation. This is based
on the assumption that, if the farmers have skiltsivestock-rangeland management, take
grazing management as individual/community oblagatiand have effective policies and

institutions to regulate access and utilisatiorrasfgelands; there would be proper grazing

management and there will be no rangeland degoadaturthermore, if the farmers have



rangeland management skills, they would understandeland management practices and
their rationale. That would lead to farmers compreting the reasons for responsibility in

livestock movement control.

2. The null hypothesis was that communal rangetiegtadation occurrence is not different
compared to the controlled grazing areas, landatisgion does not vary with landscapes
within communal rangelands, is not characterisegdxyr forage production and vegetation
cover, high soil compaction with low infiltratiomd soil loss. This hypothesis is based on the
premise that grazing intensity and frequency arecoatrolled in the communal areas and
that this leads to rangeland degradation. Rangetimggadation could be indicated by the
dominance of grass species such as increaser dgagt and poor vegetation cover. In
addition, occurrence of physical rangeland degradaindicators such as pedestals,
terracettes, rills, and gullies would be high omeoaunal rangelands due to high runoff rates
preceded by poor soil cover. In the communal areasause of poor grazing management
control, rangeland degradation would vary betwéenldandscapes, thus, areas receiving high

utilisation would be more degraded than areas hithutilisation intensity.

3. The null hypothesis was that grazing distribufp@attern in communal areas is not affected
by landscape, vegetation type, land use pract®easonal climatic changes and grazing
distance from drinking points; thus, grazing pressis distributed evenly, and therefore,
rangeland degradation cannot be associated wittingralistribution. This is based on the
premise that areas subjected to higher grazingsitieand frequency are susceptible to land
degradation due to reduced species compositios@hdover resulting from over-utilisation.
Poor soil cover exposes the soil to high runofésathat successively washes away the soil
particles and simultaneously increases the rateatér loss from the rangelands. The spatial

factors could include landscape and altitude vianatland use practices, vegetation types,



and distribution of water bodies. Temporal factonsthe other hand could include seasonal

variations, which are responsible for change infedi and temperature.

4. The null hypothesis was that rangeland restmmasi not dependent upon water availability
in the soil and therefore, could not be improved rbgtoration techniques that promote
collection and retention of water and introducti@iplant propagules. This hypothesis is
based on the conception that there are barriengegétation natural recovery or artificial
restoration success. These barriers include lownsoisture content, low soil temperature,
poor sunlight-leaf interception, low soil seedbaakd high grazing disturbance. Therefore,
restoration techniques should aim at addressingetimatural vegetation recovery barriers.
Development of microcatchments and use of brustgactuld improve soil moisture
storage. That is through collection of runoff wated reduction of soil moisture loss. These
are achieved through improved infiltration ratesuleng from digging and reduced
evaporative loss by shading effect of brushpadkodtuction of plant propagules (seeds and
seedlings) would address the low soil seedbankidoarfhe higher water collection and
retention levels promote germination of seeds, béistanent, and growth of seedlings.
Furthermore, use of water collection and retenpicattices such as water spreading systems,
use of brushpack, and microcatchment where the plapagules are not introduced could

support germination from the seedbank and regrémoth the remaining tufts.



2. LITERATURE REVIEW

2.1. Causes and extent of degradation in communal rangeland

2.1.1. Livestock grazing patterns and location in different seasons within the

rangelands

Cattle naturally form a herd when they are grazedangelands and the distance
between individuals may be influenced by variouddes. The spatial pattern formed by a
cattle herd is usually aggregated and the areapgtuby the herd does not infinitely
increase (Shiyomi 1995). The area occupied reaeledibrium and attraction activities
(desire to be in a group) are balanced in the hatbdpugh the area they occupy is elastic

within the grazing land (Shiyomi and Tsuiki 1999).

Animals exhibit certain foraging mechanisms durgrgzing; these mechanisms were
divided into non-cognitive, cognitive, and foragimgodels based on rules and optimal
foraging theory (Bailewt al. 1996). The non-cognitive mechanisms do not requarbivores
to use memory during foraging and they requirélijidgement from animal. These include
(i) foraging velocity — the rate at which herbivereansit different portions of the landscape
could affect aggregate grazing patterns. Sloweremmnt through areas of greater nutrient
abundance would ensure that herbivores spend gropally more time in nutrient-rich areas
(Bailey et al. 1996); (ii) Turning frequency and angles — ifraals turn more often during
grazing in nutrient-rich patches or feeding sitegjr twisting grazing pathway would result
in proportionally more time spent in the nutrieitar area (Baileyet al. 1996). (iii) Intake
rate — there is an indirect relationship betweé¢akia rate and forage availability and that can
explain the grazing pattern (Forbes 1988). (iv) WNaagle — Changes in neck angle may

provide a stimulus to initiate small-scale moversebétween feeding stations (Jiang and



Hudson 1993). (v) Slope — slope gradient is an mamb determinant of grazing distribution

of herbivores (Bailewt al. 1996).

Cognitive mechanisms may affect behaviour that @t small and large scales.
Learning and memory affect diet selection and maynbportant in selecting feeding sites
(Bailey et al. 1996). The cognitive mechanisms of animal grazmwagterns are based on
learning and memory. These include (i) learning et@d diet selection — thus diets selected
by herbivores are affected by post-ingestion feekilfeom nutrients and toxins (Provenza
1995). (i) Momentary maximisation — diet selectisrmaximised at each moment along the
grazing pathway (Senét al. 1987), momentary maximisation assumes that asiseéct the
best available alternative at any given time (Pnaaeand Cincotta 1993). (iii) Frequency of
patch and feeding site selection — herbivores neayyrm to nutrient-rich productive patches
and feeding sites. Bailey (1995) reported thatiecatt a heterogeneous grazing area did not
return to a feeding site with lower forage quality 21 consecutive days and alternated

between the remaining two feeding sites with higheality forage.

Rule-based model — grazing mechanisms in some ifyagodels assume that the
search for patches is random while other modelssimsplistic rules for locating patches and
feeding sites within the animals’ habitat (Baiktyal. 1996). Suitability, distance from other
patches, presence of other animals and the tinte $ire last visit were four rules to direct
herbivore movements in a spatially explicit foragimodel (Hymaret al. 1991). Optimal
foraging theory provides a functional approach égamining grazing behaviour, foraging
behaviours are heritable, and that a currency éngrgy, protein) can be identified to link

foraging behaviour with fitness (Pyke 1984).

Sustainable use of rangelands for grazing dependsiainderstanding of how grazing

interacts with the underlying environmental varesbland ecological processes of these



ecosystems (Solomoat al. 2006). Herbivores can influence or regulate ferggality and
availability through influence on changes in pratut plant species composition, and rates
and pathways of nutrient cycling (Perseinal. 2003). Grazing can increase palatability of
forages by increasing nitrogen content of abovegidaiomass or by shifting demographics
of plants toward younger and more mitotically aetimdividuals (Ritchiest al. 1998). The
condition of the grazing area is influenced priadyp by herbivore species, densities and

landscape structure (Persaral. 2003).

Population densities of grazing animals and intgnsi their foraging can determine
some rangeland dynamics. It determines whetherivoggbincreases nutrient cycling and
plant productivity or affects plant communities diyving changes in successional pathways,
decreasing nutrient cycling, and influencing bi@dsity of those communities (Kielamtlal.
1997; Pastor and Cohen 1997; OIff and Ritchie 198&yison and Bardgett 2004). When
herbivores exhibit density-dependent reductionghiysical condition and fecundity with
increasing population size, a corresponding negagffect on the plant community is
expected with reductions in plant productivity amgtrient cycling (Stewaret al. 2006).
Such effects drive changes in successional pathveay(ead to degradation of plant

communities (Pastor and Cohen 1997; Peesah 2003).

Most of the rangelands in the Eastern Cape Prowansist of a mixture of uplands and
lowlands. The lowlands are generally 5 to 30 m loaed are grazed approximately three
times more intensely than associated uplands dusasy access by animals (Sesftal.
1985). Because rangelands occur at heterogenepagrémhy, any activity on rangelands
requires a spatial knowledge of soil physico-champroperties (Corwin and Lesch 2005).

Severe grazing reduces litter cover and increaaesdround portion of land through reduced



plant density and vigour; and this in turn redupkst basal cover and exposes land to soil

erosion (Milchunast al. 1989).

Long term grazing can have effects on soil wated antrient cycling dynamics
(McNaughtonet al. 1988). Furthermore, long term grazing intensiayn @lter litter, plant
basal and canopy cover characteristics, which tsmadfect soil water dynamics by altering
microclimate and soil temperature (Day and Detll®94). Soil moisture, soil temperature,
and soil organic matter are believed to be amoegntiost important soil physicochemical
properties influencing population dynamics, acyivitand ecology of soil microbiota

(Varnamkhastet al. 1995).

Overgrazing of rangelands has often been mentiasezhe of the major causes of land
degradation and desertification (Verburg and varul&e 1999). Grazing impacts on
watershed properties vary naturally from area teaaand over time due to the normal
variability of climate, vegetation, intensity, addration of livestock use (Blackburn 1983).
Many concerns with livestock grazing in arid rargels are the results of uneven grazing
distribution (Bailey 2004). Typically, cattle grazeeas with gentle terrain and near water
more heavily than rugged terrain or areas far framter. Physiographically diverse
rangelands will have areas of over utilization edj# to areas with under utilization because
the negative interaction between slope and distemeeater promotes over concentration of
use on areas adjacent to water sources (Pingthalk 1991). Livestock affect plant species
composition directly by grazing and trampling; altigh impacts vary with animal density

and distribution (Belsky and Blumenthal 1997).

There is an increasing awareness of the importahgeazing and grazing animals in
the dynamics of ecological systems. There is alsmereasing interest in the role played by

large herbivores in shaping and maintaining vegetdbrmations (Pratét al. 1986; Moleele

10



and Perkins 1998; Schumat al. 2002; Oztast al. 2003; Makiet al. 2007). The inter-
relationships between herbivores and vegetation napee complex than many models
recognize. They are influenced as much by the hetimand ecology of the herbivores as by

ecological responses of different plant specidsaimpling or defoliation.

It is generally perceived that rangeland degradaitiocommunal areas is caused by
overgrazing (Varnamkhastt al. 1995; Verburg and van Keulen 1999). The main ahje
of grazing management practices is to achieve antadade distribution of livestock use
among areas and plant communities within a pagRirechaket al. 1991). Grazing-induced
degradation often intensifies natural ecosystermghgoatterns and may largely subsume
simple radial effects (Pickup 1998). While grazivas been reported to be one of the factors
causing degradation, especially species changeiesp@ss has also been observed to occur
in rangeland areas where there has never been tloraesnals grazing (Curry and Hacker
1990). This makes it difficult to separate the irtpaf natural declining land condition and
biodiversity from that of introduced herbivory (Rigp 1998). Livestock reduce plant cover
and compact the soil, increasing the volume of laner water flow (Blasky and Blumenthal

1997).

Animal grazing density and intensity is influendsddrinking water distribution within
rangelands. The degree of water dependency isndetedl by the ability of an animal to
absorb water from faecal material during passageutih the large intestines and by
mechanisms of thermoregulation (Owen-Smith 1999)inrals spend most of the grazing
time around drinking points and that subjects thezigg areas adjacent to water points to
severe grazing and subsequently to soil erosiom Raoyenet al. (1994), and Friedel

(1997), suggested that the reasons for vegetatiamge along a distance gradient from

11



livestock watering points, and in relation to lanse are complex and dependent on the

interaction of rainfall, landscape characteristars] grazing.

The effects of herbivore grazing pressure on ppecies distribution patterns in the
broader landscape are distinct from those affedtiegenvironment of the heavily trampled
sacrifice area immediately around a water-poinie(fal et al. 2003). Large mammalian
herbivore density declines with increasing distatocdrinking points. Water-points provide a
focus for niche separation amongst grazing herbsarhen forage is limited in quantity and
quality (Fensham and Fairfax 2008). Animal spegmy with water dependency, browsing,

and highly mobile animal species are the least midg® on water (Smét al. 2007).

2.1.2. Climate change: impacts, vulnerability and adaptations on rangeland

degradation

Major effects of climate change on rangelands cbeldn vegetation biodiversity, land
degradation, and water dynamics. Climate changebauiversity loss are global problems,
their causes are complex, frequently local and ¥aysn one part of the world to another
(Pickup 1998). Climate change and climate varigbitiave affected, and are projected to
continue to affect, individuals, populations, spscand ecosystem composition and function
(Gitay 2004). Climate change affects land degradatinrough changes in vegetation, soils,
and the hydrological cycle. Grazing with domestiedtock is the major land use in the
communal rangelands in Southern Africa. As the etargls are affected by climate change,
vegetation properties, soil properties, and ramgelaater dynamics will change. That will
lead to the farming and grazing systems, partibularthe arid, semi-arid, and sub-humid
areas being altered as a response to higher famafability, and to changes in the frequency

and intensity of droughts and floods (Gitay 2004).
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Climate change has been identified as a major urssue for the world’s rangelands
(Harle et al. 2007; Henryet al. 2007; Howdenet al. 2008, Weiet al. 2008). Multiple
environmental changes will have positive or negaittonsequences for global vegetation.
The consequences will vary in different areas, gamme areas will benefit from an increased
rainfall while other areas suffer. This will affecrop and pasture yields and forest
productivity (Reilly et al. 2007). It is further expected to bring about mapbange in
freshwater availability, the productive capacitysoils, and in patterns of human settlement
(Raleigh and Urdal 2007). As the impacts of climatenge intensify, this may have
substantial impacts on rangeland ecosystems, dgrialcrops, water resources, and in turn

affect human health and livelihood (Lioubimtseva &tenebry 2009).

Increasing temperatures, precipitation anomaliaes, extreme weather are expected to
aggravate the processes of resource degradatibmrinalready underway (Hormer-Dixon
and Blitt 1998). Meieget al. (2007) reported that decreased vegetation isceded with an
escalation of pastoral conflict in the Horn of A&fi It is important to consider the potential
impact of changing climates, especially with respecrainfall distribution and quantity
(Meadows and Hoffman 2003). Although degradationhes result of interaction between
natural and social dynamics, it is closely, butfedéntly related to the spatial pattern of
human activities (van der Leeuw and Archaeomedeg&eh Team 2005). Climate change
is likely to influence food-producing capacity inany areas. Thus, some areas may
experience a reduction in production while otheacpk are likely to benefit (Raleigh and

Urdal 2007).

An increase in temperature of a few degrees iseptegl to increase crop yield in
temperate areas. However, in tropical areas, wHgrdand agriculture dominates, even a

minimal increase in temperature may be detrimetaafood production (IPCC 2001).
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Climate change affects land degradation throughgésin vegetation and soils, and through
changes to the hydrological cycle. Degradation aff and water resources is likely to be
intensified by adverse changes in temperature aadpitation, although adaptive behaviour
has the potential to mitigate these impacts as leedand management have been shown to
have greater impact on soil conditions than th&aatl effect of climate change (IPCC 2001;

Raleigh and Urdal 2007).

Higher water temperatures are likely to lead tegrddation of water quality; however,
non-climatic factors may influence freshwater aafaility and quality to a larger degree than
climate change. Thus, water management may signifi¢ reduce vulnerability (IPCC
2001). Climate change also alters farming and gopaystems as a response to higher
rainfall variability and to the shortening of falloperiods. Climate change presents multiple
stresses to the rangeland ecosystems; these idoludemperatures, high wind speeds, short
growing seasons, low nutrient availability, andl snoisture. These may limit plant growth

and primary production in rangelands (Walkeal. 1994)

Rainfall variability and uncertainty surrounding iannual reliability have prompted
dryland communities to adapt to dynamic climatieyionmental, and weather conditions
throughout history (Stringegt al. 2009). However, the speed of current climate ghais
feared to exceed the limits of adaptation in maagsof the world (Adger and Vincent
2005). The African continent has low adaptive cégaand it is sensitive to many of the
projected changes and therefore, highlighted ascpkarly vulnerable in the future (IPCC
2007). Vulnerability of the African continent tonkk degradation due to the rapid climate
change will be more emphasised in communal areasodbination of rainfall and
geomorphological factors coupled with the histdrevad political circumstances is likely to

render the communal areas more susceptible toefubensification of the land degradation
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problem especially under the rapidly changing ctim&onditions predicted under most

global warming scenarios (Meadows and Hoffman 2003)

Adaptation is a process of deliberate change, ofteasponse to multiple pressures and
changes that affect people’s lives. The actiong tlexrease vulnerability and increase
resilience, in response to a range of immediatels)aésks, and aspirations could be viewed
as the characteristics of successful adaptaticenrs falstet al. 2008). Vulnerability depends
on the degree to which a system is exposed to aurpation, its sensitivity to that
perturbation, its adaptive capacity, and its resde (Kaspersost al. 1995). The physical
aspects of vulnerability include land degradati@hanges in agricultural productivity
(Mizina et al. 1999; Smit and Skinner 2002), and the availgbdit water resources (Arnell

2004).

There are complexities brought about by climatengeaon the different biophysical
processes as well as how they influence, and &etafl by, human land use (Behrdteal.
1993). There have been important shifts in ecolddlunking, and the present understanding
of the ecological dynamics of semi-arid lands. Aaitd semi-arid savannas were thought to
be stable but fragile, i.e. ecosystems, whicheff undisturbed, would remain in a state of
equilibrium but which were sensitive to human disaince. Now they are viewed as non-
equilibrium systems, i.e. variable but resilienbggstems and the influence of drastic events,
cyclic variation over time, and spatial heteroggneas stressed more than before (Walker
1993). Variation in rainfall and episodic eventsltsas drought explain most of the observed
environmental change, usually overriding effects different management strategies

(Dahlberg 2000).
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2.1.3. The extent of communal rangeland degradation

The sustainable use of communal rangelands depemdfie understanding of the
extent of the rangelands deterioration, and howtlbase grazing areas be restored (Solomon
et al. 2006). Most of the people working in communalaarehave underestimated the
degradation problems (Meadows and Hoffman 2003)e THwophysical and climatic
environment appears crucial for any model of laedrddation (Hoffman and Todd 2000).
Rangeland degradation is not a spatially uniforotess; there are substantial off-site effects.
Some landscapes are more prone to degradatiorothars because they have erodible soils

and palatable species, which attract more grazitigity or both (Pickup 1998).

Land degradation has affected two billion hectd&25%) of world agricultural land,
rangeland, forest, and woodland (Al Dousaral. 2000). Severe degradation is blamed for
the disappearance of about 5-10 million ha of adjucal land annually. Dryland areas are
environmentally fragile, and thus especially sutibépto degradation (Gao and Liu 2010).
The major land degradation features associated detierioration of soil and vegetation

conditions reveals several key areas of degradati@outh Africa.

Hoffman and Todd (2000) categorised land degradatioSouth Africa into soil and
rangeland degradation. The extent of land degmadathen soil and rangeland degradation
indices were combined was found greater on thepktedoping environments along the
eastern escarpment incorporating the communal are#ise former Ciskei, Transkei and
Kwazulu, which emerged as some of the most degradeak in South Africa (Hoffman and

Todd 2000).

The extent of land degradation varies with the gangent history of the farming areas.
There are severely degraded districts and these kacommon history, i.e. they are

characterised by a communal land tenure systenfaanted part of the former “homelands”
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of the apartheid state of South Africa (Meadows &taffman 2003). Furthermore, the
magnitude of land degradation varies with land asiig and management. Thus, if soil and
rangeland degradation are the main assessmenta;rieegely communally farmed areas of
South Africa are perceived to be significantly mategraded than commercial areas
(Hoffmanet al. 1999, Hoffman and Todd 2000). However, while ¢hare the identification
of a structural, socio-political foundation to tlh@d degradation problem; the role of physical

environmental factors on degradation should natrimerestimated.

Hoffman et al. (1999) highlighted that the distribution of commaliand commercial
agricultural land in South Africa, is itself underped by physical environmental
circumstances. The commercial farms are likelygddund in areas characterised by greater
aridity and gentler slopes than the communal sys@mthe other hand, rural South Africa
dominated by communal land is subject to higheelewf land degradation susceptibility
because it is characterised by higher rainfall ate®per slopes (Meadows and Hoffman

2003).

Land degradation has also been reported from qiues of Africa and the world. The
extent varies with different areas being affectgdabnumber of biophysical and socio-
economical factors. Land degradation affects pynpoductivity of rangelands and in turn
affects ecosystem biological and economic functianEthiopia, soil losses through sheet
and rill erosion were reported to have reachedatheming levels of up to 100 — 200 Mtha
yr! (Herweg and Stillhardt 1999). Hakkeling (1989) m¢pd in the same area that at this

level of soil loss 50% of agricultural areas weffeced.

While there are general concerns about the impialetnd degradation, especially with
regard to ecosystem structure and function, Dagl000) highlighted that there is a debate

on environmental change in the semi-arid regionafdta especially when linked to issues
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of land degradation and sustainability. The majeagreement is on the magnitude, severity,
causes, and effects of observed changes. The meas @f contradiction relate to how

findings may be spatially and temporally generaliaad extrapolated, how perceptions of
the environment are recognised and analysed, andvatue-judgement terms are defined

and used.

2.2. Rangeland degradation characteristics

Climate and soil quality represent the most impdrtdactors affecting land
vulnerability to degradation (Bassbal. 2000). Environmental degradation as the antighesi
of sustainability has drawn increasing attentioonfrresearchers, land users, and policy
makers (Johnson and Lewis 2007). The perceptiotiesértification as a simplistic, linear
degradation pattern has been gradually replacedhaty of a dynamic, non-equilibrium,
spatial-heterogeneity process (Westabwl. 1989; Miltonet al. 1994; Dougillet al. 1999;
lllius and O’Connor 1999, Gillson and Hoffman 200&gcording to Hoffman and Ashwell
(2001), desertification may only manifest itselfrural areas but food security, poverty, rural
— urban migration are all associated processesattiain metropolitan and rural areas alike.
This shift in ecological thinking emphasizes thepartance of a place-based approach to
desertification to understand the causal relatipsshvithin specific physical and social

circumstances (Warren 2002; Reynadtial. 2007).

Land degradation is reflected in a decline of lgndductivity that has because of
cyclical causes and effects resulted in a deplaifdhe plant cover, soil exposure to erosion,
reduction of soil organic matter and nutrient catitend the deterioration of soil structure
(Sanche=zt al. 2002). Gullies are some of the land degradatlmaracteristics that indicate
soil loss. Gullies are considered small catchmeasints with a surface area of less than 1ha

(Burylo et al. 2007). They are generally V-shaped and are coetpota bed and sides with
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steep slopes generally around’ 4Rey 2003). As a result, the bedrock is overlaithva
regolith layer made of sediment accumulations tredivy rainfall events transport to the

gully outlet and then to the valley.

Soil properties such as soil surface stability, raggte stability, infiltration,
compaction, and organic matter content affectesmsion and can change with management.
Soil organic matter enhances rangeland sustaihabgicause it binds soil particles together
into stable aggregates that in turn improve poyosifiltration and root penetration reducing
runoff and erosion (Chrisholm and Dumsday 1987). &ganic matter enhances soil fertility
and plant productivity by improving the ability tife soil to store and supply nutrients, water

and air.

Soil compaction is detected when soil particlesprgsically compressed, eliminating
the air spaces, or pores between the soil partiSleis compaction is problematic because the
increased soil density and decreased pore spades kvater infiltration, percolation, and
storage and limits plant growth and nutrient cyglistable soil aggregates are critical to
erosion resistance, water availability, and roaiwgh. Soils with stable aggregates at the
surface are more resistant to water and wind endsian other soils. There have been intense
debates about the causes of soil erosion and edigettie role of grazing (Arnalds and

Barkarson 2003).

2.3. Rangeland vegetation, soil, and soil seed bank condition

2.3.1. Vegetation condition

Plant species differ in environmental requirementsl tolerance and therefore,
vegetation distribution varies along environmentghdients (Swaine 1996). Species

composition is one of the means of studying ecclmgchanges in the development of a
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rangeland (Malan and Van Niekerk 2005). This isfeection of many factors, including past
management (Whalley and Hardy 2000). Any changgaazing practice will cause a change
in species composition (Abel 1997; Hayes and H003). Grazing pressure causes changes
in vegetation structure, composition, and produtstiMoleele and Perkins 1998; Oztetsal.
2003; Makiet al. 2007). Sisay and Baars (2002) indicate that ay-tenm increase or
relaxation of grazing pressure changes a plant aomtgn Under heavy grazing pressure,
decreaser species disappear and are replaced feasec and/or invader species (Sisay and
Baars 2002). Coronato and Bertiller (1996), Svegaal. (1999), Laughlin, and Abella
(2007), however, indicated that the compositionngaais determined more by rainfall than
by grazing pressure. Structural characteristicthef community such as greater cover can
affect efficiencies of water use and offset or ctanmpent physiological response to
defoliation (Milchunaset al. 1989). Species composition is an indicator ofgedand
condition because species vary significantly irirtaeceptability and response to impacts of

herbivores (Abulet al. 2007).

The impacts of herbivores such as grazing and tiaghpre intensified directly around
rangeland resources. Herbivores directly affecgetand ecosystems through defoliation of
vegetation and trampling. Animals physically damggants by cutting, bruising, and
debarking; certain plants may be dislodged or ugaaluring grazing. These physical
damages to plants result in injury to growing psjrhanges in plant moisture relations and
changes in physical strength and flexibility of rmilgparts. Trampling causes a change in
species composition, thus certain species are mesistant while others are vulnerable to
trampling. Furthermore, animal movement affectd pooperties through compaction and
mechanical breakdown of soil aggregates. Howeweretare positive effects of herbivores
on vegetation such as plant distribution, promotibrseed germination and seed dispersal,

and soil nutrient cycling through excretion (Schama al. 2002). Grazing stimulates
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aboveground biomass production, increases tille@mg rhizome production, and root

respiration. These effects of animals on rangelacasystem necessitate proper rangeland
utilisation practices. Uncontrolled grazing mayulesn poor basal cover, change in species
composition and low biomass production, which imtlead to rangeland degradation (Smet

and Ward 2005).

Herbivory affects vegetation dynamics, thus, ovglisation of vegetation changes
rangelands from being dominated by perennial gseassbeing dominated by annual grasses.
Selective grazing and/or under utilisation of rdagd vegetation leads the rangeland to be
dominated by unacceptable or species with lesemmete to animals. The individual plant
species, which make up the grassland communitay, n their adaptive mechanisms and
tolerance to grazing (Abel 1997; lllius and O’Conid@®99; Hayes and Holl 2003; and Smet
and Ward 2005). The composition of the plant comitraswill shift over time in response

to different grazing intensities (Tainton 1999).

Certain plant species characterize different switoral stages during grassland
retrogression and they can be used as indicatoramgfeland condition (Malan and Van
Niekerk 2005). High intensity grazing leads to essiee removal of the most palatable
species, which are usually perennial grasses (Tamdl Hoffman 1999; Anderson and
Hoffman 2006). This opens the way for less pala&taild faster establishing annual grasses
and forbs to take hold (Nsinamweal. 2005). Constant diminishing of the highly desieab
species (Malan and Van Niekerk 2005) can resutaimgeland deterioration. On the other
hand, heavy grazing depletes foliage of the pdatspecies, which results in reduced plant

vigour (Morris and Kotze 2006).

Single animal species grazing systems can haveati@megative effects on vegetation

composition due to selective grazing (Smet and \W&@b). Different animal species have
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different preferences for grazing material; thigfprence could be on plant species, plant
parts, and on grazing location within the rangeladaltle prefer tall grass and their grazing
behaviour has a limited degree of selection, howeamehe presence of many species; cattle
will select certain species over others for grazidlgeep prefer shorter grass and there is a
higher degree of selection on softer plant partth vaigher level of nutrition. Goats are
generally browsers and they select softer leavelstaigs of the trees. The animals have
some level of grazing and/or browsing selectivite most common in rangeland utilisation
is species and area selection. Because of arearapdcies selective grazing, certain parts of
the grazing area and some species will be utilieede than others. That will exert more

grazing pressure on the preferred areas and spelikesothers are not utilised.

Vegetation species composition and cover vary betweifferent vegetation types
(O'Farrellet al. 2007). Species composition can be strongly étidoy abiotic factors such as
total nitrogen in the soil (Laughlin and Abella 200The nutritive value of range forage is
dependent among other factors on species compussid fertility, and physiological stages
of grasses. Annual grasses and forbs are seldosidesed as favourably as their perennial
counterparts are (Arzast al. 2006). Species and chemical composition of fewbseason of
growth affect digestibility of grasses (Dohneeal. 2006). Grass species vary with feed
chemical composition, thus some grasses have higirer content, and that renders them
less digestible than species with less fibre cdnfEne fibre content of grass species varies
with their stages of growth; the younger fresh grhas less fibre and that makes it more
digestible than mature grass. The composition ef dny matter of a rangeland varies
depending on the physiological stage of the grdesjinant species, and soil nutritional
status (McDonaldet al. 1987). The growth of the grass plant is generdilyided into
vegetative and reproductive (flowering), the nuttidistribution within the plant is higher in

the leaves and stems during vegetative growth drehweproductive growth commences the
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nutrients are utilised by the plant for floweringhe solil fertility status also affects the
nutritional quality of the grasses, thus grassesvigrg on the soil with higher fertility status

have higher nutritional quality that grass groworgpoor soil.

Rangeland forage quality has spatial and tempoaaiation (Arzaniet al. 2006;
Laughlin and Abella 2007). Forage quality variesiwdifferent spaces or locations within the
rangeland; this is because of, among other faatitffeyent soil quality, soil moisture regime,
microclimate, and landscape. Certain grass spegc@s well on the deeper soils with high
fertility status and a specific range of soil pHhdawill possess different forage quality
characteristics to those growing on poor and shaBoils. Rangelands have different soil
moisture regimes at different locations, thus s@reas have a high soil moisture content
compared to others, and this is due to reasonsasichngeland water recharge, storage, and

discharge as affected by soil quality, landscapé,microclimate.

Furthermore, rangeland forage quality varies withet of the year. This is because
factors such as climate and physiological stagegraéses change at different times of the
year. Generally, grasses germinate or regrow img@nd become dormant in winter. The
major translocation of nutrients occurs in autumm greparation for dormancy, the
translocation process stores nutrients as resémaésvill help during spring regrowth. These
rangelands usually supply livestock with high giyalood during spring and early summer

and forage quality declines in autumn and winteu@hlin and Abella 2007).

However, the temporal nature of forage quality eamvith ecological zones as affected
by different climate, parent material, and soilrrartts. There are areas with higher rainfall
and parent material with low base status, whileettege other areas with low rainfall where
parent material gives rise to soils with a highebstatus (Hardgt al. 1999). The aspects of

the environment that promote carbon assimilatioatéwsupply and temperature) in relation
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to nutrient supply also determine forage qualityrarigelands. In the higher rainfall areas,
carbon assimilation is high relative to nutrienpgly and in low rainfall areas; nutrient
supply is high relative to carbon assimilation.ehaction of soil moisture and fertility in
rangelands affect forage quality and quantity. Tihasgelands with higher soil fertility status
and low moisture content result in low biomass argh forage quality, while those with
high soil moisture content and low soil fertilitygaduce high biomass with low forage

quality.

Rangelands that are properly managed normally hawe of acceptable species and
higher biomass production (Sisay and Baars 20@##ade yield or biomass commonly refers
to above ground herbaceous material. It is expdeaselry matter weight (Abuks al. 2007).
Biomass production is used to determine the amofirdvailable forage for animals, to
measure the effects of management on vegetationt@ra$sess the rangeland condition

(Abuleet al. 2007).

Forage vyield in rangeland may be described in texhwgiality and biomass production
of the dominant grass species (Peden 2005). Qusilitfluenced by factors such as type and
amount of nutrients, fibre content, unpalatablenuical substances, and percentage moisture,
and varies with species. Palatable species occ¢uratig in rangeland that is well managed,
and decreases with poor management such as oviegy(dorris and Kotze 2006). Biomass
production of natural grassland systems variesiderably according to available moisture

(Noellemeyeset al. 2006).

Acceptable grasses lose their vigour because efted removal of leaves and constant
draining of their nutrient reserves (Malan and \Wiaekerk 2005). When a plant is unable to
replenish the stored resources, it will fail to gwoe new leaves and will eventually have

reduced photosynthetic power (Morris and Kotze 20@& the desirable plants become
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weaker and die off, the number of roots in the upager of the soil decreases. This reduces
the competitive ability of grasses (Sisay and B28G2). Defoliation removes plant biomass,
which changes the light regime in a plant standn{llicson and O’Connor 2005) and this

result in low photosynthetic rate of plants, whichurn reduces rangeland productivity.

The bare areas between grasses become larger aga®e species are exhausted,
causing a decline in the effective use of rainiialthe area. These are ideal conditions for
woody plant establishment (Stuart-Hill and Taintt®89). According to Tainton (1996),
environmental conditions play a role in changesgiass species composition. Perennial
grasses produce more foliage than annual grasshasdorovide more of forage yield than

annuals (Peden 2005).

Perennial grasses have extensive root systems ratecipthe soil from erosion more
effectively than annual species. Annual speciedacepperennial species as the grazing
intensity increases (Maket al. 2007). The dominance of perennial grass specieslly
indicates that the rangeland has good protectiamagsoil erosion (Morris and Kotze 2006).
When annual grasses die, the ground remains bar lftng time becoming susceptible to
erosion (Malan and Van Niekerk 2005). The excessamoval of perennial grass species
reduces ground cover (Eccaedal. 2000; Nsinamwat al. 2005). Annual grasses can only
germinate in bare patches during limited periodemwlvater is available. Their seeds can

survive in the soil during long periods of drou@iktalan and Van Niekerk 2005).

The stage of rangeland retrogression in grasskuetiaracterized by increased rates of
runoff (Svejcaret al. 1999). Water inputs may be intercepted by planfgtrate the soil, or
runoff the surface depending on, among other facteoil characteristics, topography and
vegetation cover (Morris and Kotze 2006). The mwgiortant single factor affecting water

run-off is the amount and type of vegetative cqi#alan and Van Niekerk 2005). Soil cover
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provided by vegetation to soil may be in basal e terms. The base of a rooted plant
provides the basal cover; it depends on the thgkoé the tufts and plant density. The higher
the basal cover, the lower the run off rate anddiaer the basal cover the higher the run-off
rate. Run-off rate is one of the factors respoesibf soil particle transportation. The leaves
provide the aerial cover and stems of the plante min-off rate depends on the spread of
leaves and stems; it reduces raindrop impact osdhewhich normally causes soil particle

detachment.

Herbaceous plants provide more soil protection regaiaindrop impact and run-off
than non-herbaceous ones (Tainton 1999). This ause grasses provide a complex
network of roots immediately below the ground scefavhich hold the solil particles together
unlike deep-rooted trees. Stands of perennial spemie more stable than stands of annual
species; and provide stable soil cover. Influerfdeasal cover and bare ground on grass yield
was reported to be higher on forage biomass pramuce. higher proportion of basal cover
leads to a higher forage yield (Fahnestock andiie2000). Baarst al. (1997) indicated
that, under proper rangeland management practi@ssl cover of excellent vegetation is
expected to be greater than 12%. The basal coeeeakes as the condition of the rangeland
declines (Sisay and Baars 2002). Bare ground isaal gndicator of over utilization and

degree of degradation of the vegetation (Alstilg. 2007).

Varnamkhastiet al. (1995) indicated that long term grazing can gelec genotypes
that are more tolerant to current year defoliatiand basal cover of plants can increase with
grazing. Potential for compensatory regrowth onhtdaafter defoliation is often centred on
resource conservation or utilization efficiency imatisms. Rain use efficiency of plant
communities may be at least as much a function rakigg management influence on

vegetation condition and aridity (Varnamkhagtal. 1995). At low rainfall, relatively more
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water is lost through evaporation, leaving lessewawailable to plants, and so the rain use
efficiency is reduced. However, at high rainfalldés rain use efficiency decreases because
ecosystem productivity becomes limited by nutrierathier than water (Hein 2006). In arid
areas, herbaceous plant production is linearlytedldo rainfall amount, distribution, and
season of rainfall, and drought affects plant potidn by influencing soil moisture and,

therefore, water efficiency (Olshal. 2000).

2.3.2. Rangeland soil quality

Soil forms the basis for all vegetation growth gays a key role in the hydrological,
carbon and nutrient cycles of ecosystems diiLal. 2007). Soil organic matter has been
identified as an indicator of soil fertility based the rationale that it contributes significantly
to soil physical, chemical, and biological propestithat affect vital ecosystem processes of

rangelands (Hopmare al. 2005).

Soil aggregate stability is widely recognized akes indicator of soil and rangeland
health (Herricket al. 2001). It is related to a number of ecosystenpgriies, processes, and
functions, including the quantity and compositioh aganic matter, soil biotic activity,
infiltration capacity, and resistance to erosiooil &ggregation has potential benefits on soil

moisture status, nutrient dynamics, tilth maintex@amnd erosion reduction (Sainju 2006).

Soil aggregate stability is a good indicator ofaomig matter content (L&t al. 2007),
biological activity, and nutrient cycling in theis@Amezketa 1999). The amount of organic
matter increases after the decomposition of litled dead roots. Stable aggregates result
from this process because soil biota produces mhthat binds particles together (Shrestha
et al. 2007). Changes in aggregate stability may ses/ealy indicators of recovery or

degradation of ecosystems (Amezketa 1999).
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Soil aggregate stability indicates the ability bétsoil to be detached by light rainfall
(slow wetting), torrential rainfall (fast wettinghd mechanical disaggregation. Soil aggregate
stability is one of the main factors controllingtsoil hydrology, crustability, and erodibility
(Caravacaet al. 2002). Stability of soil aggregates and poreswbeh them affect the

movement and storage of water, aeration, and smian (Amezketa 1999).

Disturbance of the soil surface by grazing anintas both beneficial and detrimental
effects on aggregate stability. It incorporateeiiind standing dead vegetation into the saill,
increasing the content of organic matter. Howeialso breaks the soil apart, exposing the
organic matter glues to degradation and loss bgi@nqCaravacat al. 2002). Heavy grazing
that significantly reduces plant production diseufite formation of aggregates by reducing
the inputs of organic matter. Grazing is more kk&l increase aggregate stability in areas
where an unusually large amount of standing deaemahis on the soil surface and the risk
of erosion is not increased by removal of plantanal and disturbance of the soil surface

(Shresthaet al. 2007).

Soil quality is defined as the capacity of a soiffdnction, within ecosystem and land
use boundaries, to sustain biological productivityaintain environmental quality, and
promote plant and animal health (Corvenal. 2003). Salinity and especially alkalinity can
have major impacts on plant production. Extremeueslof soil pH, which affect the
solubility of most of the elements necessary fanplgrowth, is an insidious problem in some
regions. Soil pH affects the solubility of nutrisrdnd uptake by plants (Rezaei and Gilkes
2005). Soil pH often affects plant community compos because plants differ in nutrient
requirements and soil acidity or basicity toleran8eil pH is influenced by elevation. Soill

parent materials of higher pH occur at lower elewva(Laughlin and Abella 2007).
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Salinity is a dynamic soil property; it varies teonplly and spatially with depth and
across the landscape. Salinity varies primarily tdune process of leaching with topographic
effects contributing to this variation (Corwiet al. 2003). Surface topography plays a
significant role in influencing spatial EC variatioThe difference in CEC of the soils is
influenced by organic carbon and clay content. TE£ values indicate the capacity of soil

to retain nutrient cations against leaching (Ludetigl. 2001).

There is a positive relationship between soil oilgaarbon and the capacity of the soil
to supply essential plant nutrients including rg&n, phosphorus, and potassium (Rezaei and
Gilkes 2005). Soil nitrogen (N) content follows Istarbon content in grassland soils (Conant
and Paustial 1998). The relationship between oogeanibon and landscape attributes, as well
as the positive relationship between organic carbond nutrient elements, indicates the
usefulness of organic carbon as a reliable andtsenmdicator of rangeland health (Rezaei

and Gilkes 2005).

The soil under rangeland management contains a leigl of organic carbon and
almost all organic constituents (lai al. 1998). Liet al. (2007) indicated that soil organic
carbon plays an important role in improving soiygical, chemical, and biological properties
for sustained plant growth. The soil carbon balaaceaintained by plant litter inputs, which
enter the soil as particulate organic carbon. Rangesustainability is related to soil carbon
and nutrient balance and the capability to maintaitequate soil conditions for water

availability and root development (Noellemegeal. 2006).

Soil under shade such as tree canopy, accumulaies suil organic carbon due to the
influence of the tree canopy on the soil tempeeategime. The different carbon dynamics
are the result of a high proportion of woody debmnsler shade and different removal rates of

aboveground biomass by grazing in the open commesr(iBimionet al. 2003).
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Changes in soil carbon can occur in response tada wange of management and
environmental factors (Schumast al. 2002). Rotational grazing management provides
enough time between occupation periods and indtinmulates growth of herbaceous species
and improves nutrient cycling in grassland ecosystéSchumaiet al. 2002). Disturbance of
rangelands has a negative impact on soil strucpun@gberties and water holding capacity,
which are related to losses of soil organic carpools (Liet al. 2007). Deterioration of soil
structural properties decreases solil infiltratiamd avater retention; and accelerates soill

erosion.

Soil texture is a fundamental property which layggétermines the water balance and
the potential biomass carbon production and in ttarbon input and stabilization. Soil
moisture availability is determined by soil textuvehich can influence the composition of
the plant community (Laughlin and Abella 2007). |1Sekture also has a strong effect on
biomass production and soil organic carbon in rEmgksoils (Scholes and Archer 1997).
There is a positive relationship between texturd aail organic carbon. This could be
attributed to the stabilization of organic compaosiriy clay particles and the influence of

texture on the water availability for biologicaltizties (Noellemeyegt al. 2006).

Standing biomass is lower in soils dominated bydsamd not different in silt and clay
dominated soils (Laughlin and Abella 2007). Plaster change and removal of biomass can
decrease organic matter in soil, reduce importaihpsysical parameters, and, consequently,
increase soil erosion (let al. 2007). Soils that are dominated by sand are Yilmlited in
nutrient and water retention. Soil productivity resduced also by the large proportion of

gravel and stones in the soil due to limited raoingh (Salakcet al. 2006).
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2.3.3. Rangeland soil seed bank

Plants establish themselves by the expansion arhdequent fragmentation of
vegetative parts such as tillers, rhizomes, or emnor by the successful establishment of a
soil seed bank (Freedmah al. 1982). Seeds may have been introduced to the [sadd
during the current or previous years and are rechabveough germination, predation,
senescence, and pathogens (Soloraoal. 2006). The balance between these processes
determines the turnover rate of the seed banklatation. Soil seed banks are important in
grassland and savanna ecosystems where grassea farge part of the vegetation. The soil
seed bank is a potential pool of propagules foemegation of grasses after disturbance
(Bekkeret al. 1997). It reduces the probability of populatiottirction of plants and it is
further likely to be the major source in establighiaboveground plant communities

following environmental changes (Du Preez and Smyfh893).

The recruitment of the seed bank is restrictedetaogs with favourable conditions of
those soil parameters that may control seed getimmahese include soil water, pH, and
temperature and light (Solometal. 2006). Drought and heavy grazing adversely atfeet
size and composition of grasses in the seed bank,dpatially and temporally (Bekketral.
1997; Solomoret al. 2006). The evaluation of soil seed banks caretbez give an idea of

the recovery potential of degraded rangelands (Bedtkal. 1997; Tongwayt al. 2003).

Soil seed bank provides an indication of the paemegetation recruitment rate of
plant seedlings through germination. However, Toehal. (2006) suggested that the soil
seed bank is not the reason for lack of vegetatahsturbed areas. Although soil seed bank
in the degraded areas is generally low, the majctiof determining vegetation germination is
soil moisture. The main factors driving plant coiation could be the very short duration of

available water in soil and high regolith salinighich play an important role during the
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germination stage or chemical variables such asqogfanic carbon or the soil phosphate

concentration (Garcia-Fayesal. 2000; Wiegleb and Felinks 2001).
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2.4. Hydrological and biogeochemical dynamics of arid and semi-arid rangeland

areas.

2.4.1. Significance of water in arid and semi-arid rangelands

In arid and semi-arid ecosystems, water is the mijuoting factor (Cheret al. 2007).
Performance of landscape functions relies heawvilyhe availability of water (Vohland and
Barry 2009). In Southern Africa, a number of stgdia rangeland ecology have been
conducted; however, most of them have been limdddaditional disciplines such as grazing
management, and fire ecology and vegetation clarsiits. The rangeland environment
generally consists of abiotic components such dsasd climate parameters, and a biotic
community including plants and animals. Processeh as photosynthesis, the hydrological
cycle, respiration and many others explain therauon between the biotic and abiotic
components of ecosystems. Therefore, there isdfoea full understanding of the complex
nature of the rangeland environment and of theouarinteractions and feedbacks between

the different processes.

An understanding of the relationship between saltew dynamics and vegetation
density is helpful for recommendations on soil emesontrol and vegetation development in
semi-arid and arid areas (Braetchl. 2001). Water covers almost three quarters oe#reh’s
surface as rivers, lakes and oceans, but only 3tteoplanet’s water is fresh, and two thirds
of this is ice. Plants, animals, and soils contasmall (0.003%) but very important amount
of water while about 0.6% percent is in the earthiderground aquifers. Water is a transient
resource, in continual motion; any stasis in timespace is a fleeting phase (Morse 1996),
therefore, there should be an understanding obfa¢hat influence its stasis and dynamism

within the rangelands. Such comprehension will meva background on improving
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rangeland management and utilization with constderaof water movement within

rangelands.

Soil moisture is one of the most limiting enviromted factors influencing plant
production (Noy-Meir 1973; Bennigt al. 1997; O’Connoet al. 2001) and plant survival in
arid and semi-arid climates (Chenhal. 2007; Snyman 2004). The availability of water is
relatively limited in the arid and semiarid areasd in turn sustainable animal production in
these areas is in danger, therefore, the combiffedt® of plant water requirements and
influence of defoliation on vegetation should bealised (Snyman 1999). Understanding
rangeland water dynamics and WUE is of particutgsartance due to low water availability

in arid areas (Y&t al. 2005).

One of the most important principles in sustainalgiésation of arid and semi-arid
rangelands is efficient soil-water management (Saryi098) and therefore it is essential to
know how water use efficiency is affected by degteoh (Snyman and Fouche 1993) and
soil conditions over the short and long term (Emaferand Heitschmidt 2002).
Understanding the effects of vegetation on soilewatynamics will provide background for
understanding the mechanism of water shortageraaddressing the problem of poor long-
term vegetation recovery (Chehal. 2007). Soil water absorption, storage, and triaatspn
are the basic process controlling interactions retipitation with plant. Water temporarily
stored on plant tissues is transpired through thata and evaporated from the leaf surface
(Keim et al. 2006). Keimet al. (2006) concluded that storage of water in plamatses with
rainfall intensity and suggests that morphologaracteristics of vegetation play a role in

the process.

In order to improve our understanding of soil wategetation interactions it is

necessary to integrate hydrological and biogeoct&processes to estimate, not only water
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dynamics, but also its influence on vegetation dgnsia and Shao 2008). Soil water
carrying capacity is defined as a maximum vegatatiensity that an arid or semi-arid area
will support without soil water experiencing desesa in the ability to support future
generations during plant growth periods, given r@elsclimatic conditions, soil texture and

management program (Xia and Shao 2008).

2.4.2. Relationship between soil propertiesand rangeland water dynamics

In water-limited ecosystems, water stored in thelager occupied by roots influences
vegetation dynamics. The timing of rainfall infless the water availability in soil, and thus
water fluxes between soil and plants, and vegetajrowth (De Michelet al. 2008). Water-
limited ecosystems offer a particularly rich exaenpf space-time species dynamics due to
the complex temporal variability present in interaal precipitation (Fernandez-lllescas and
Rodriguez-lturbe 2004). Soils influence hydrolodjiseocesses by providing the medium for
the capture, storage, and release of water (Whi¢el@99). The flow of soil and water
through rangeland ecosystems is related, becamseofi water can cause soil erosion. Soll
and water are two critical resources for agricaltyroduction. There is, therefore, an urgent
and ongoing need for research to devise ways togenaoil and water resources in a

sustainable manner especially in rangelands (Saeaalg 2004).

The long-term difference between actual evapotigatspn (AET) and precipitation
(P) is patrticularly relevant because it indicatesvhat extent water is retained and used for
primary production. In the case where P is greda@an AET, water losses through runoff or
deep drainage are likely to be important, land @rd can be expected to be poor, and
associated processes such as soil erosion mayibe. &bowever, where P is less than AET,
water inputs by overland or sub-surface flow canelpected to outweigh the losses by

runoff and deep drainage (Domingial. 2001).
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Soil water repellency (SWR) is affected by varidstic and abiotic factors. Some of
the biotic factors are the presence of hydrophobganic compounds released by roots and
plant tissues, fungal activity, or the mineralisathumification rates (Doesmt al. 1998; Jex
et al. 1985; McGhie and Posner 1981). Abiotic factorat thffect soil water repellency
include wild fires, soil texture, temperature and moisture (Doeret al. 2000). Some of the
consequences of SWR are reduced soil infiltratades, enhanced overland flow, soil erosion

and non-uniform wetting fronts with fingered floRi{semaet al. 1993; Jordaset al. 2008).

2.4.3. Grazing practices and water dynamicsin rangelands

In arid and semi-arid areas, shallow groundwatetutates within a system and is
replenished by high intensity precipitation evetitss serves as the main source of water for
grazing and daily nomadic life (Tsujimuetal. 2006). Grazing activities affect the surface
condition and should have a large influence onstiréace-atmosphere interactions (Sugita
al. 2007). Grazing activities reduce surface vegatatover and thus make the soil more

vulnerable to erosion.

Forage production that determines animal produci®ncontrolled primarily by
precipitation (Diaz-Soligt al. 2006). According to the livestock water produityiv(LWP)
framework, there are nine strategies to increasd® L{Wescheemaeket al. 2010). These
include water management, feed type selection,ompg feed quality, improving feed water
productivity, grazing management, increasing aniprabuctivity, improving animal health,
supportive institutions, and enabling policies (Eresemaekeet al. 2010). The strategies
directed at the biophysical components of the fagnsystems are grouped into three
categories related to feed management, water marageand animal management

(increasing animal productivity, improving animadith) (Descheemaeketral. 2010).
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Livestock keeping and feeding are important comptsef agricultural water use in
sub-Saharan Africa and other parts of the worldrijHgton et al. 2009). Livestock convert
water resources into high value goods and serviggisnals derive their water from different
sources (Sileshét al. 2003; McGregor 2004), such as water directly aomsd by drinking
and water consumption through feed intake. The atofudrinking water used varies from
20 | to 50 | dayper Tropical Livestock Uni{TLU, 250 kg body mass), and depends on
various factors related to animal, feed and enwviremtal conditions (Gigar-Reverdin and

Gihad 1991).

Livestock keeping has important impacts on wateoueces at the watershed and
landscape scales (Amedgal. 2009). Livestock grazing affects the hydrologiedponse of
pastures and rangelands and may result in soivagetation degradation (Descheemaeker
al. 2006). Grazing pressure on vegetation and tmepiiag effect of livestock are especially
notable around watering points, where land degralaan be severe (Brigt al. 2002). The
importance of precipitation is highlighted by thaeggestion of water-use efficiency as a
unifying concept in the ecology of semi-arid arlas Houerou 1984). Water use efficiency

is related to infiltration, runoff, and soil stoeff-ischer and Turner 1978).

Water productivity generally is defined as theaati agricultural outputs to the amount
of water consumed. It provides a robust measurth@fability of agricultural systems to
convert water into food (Kijnet al. 2003). Livestock water productivity (LWP) is thatio
of net livestock-related benefits, including botiogucts and services, to the water depleted
and degraded in producing these (Pedeml. 2007). Livestock outputs comprise many
different products varying from food items suchmsat, fibre, and milk, and secondary
product such as manure, draught power, and transput services such as nutrient cycling,

risks spreading and socio-cultural roles (Deschederat al. 2010).
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2.4.4. Managing rangelandsfor water conservation

Soil and water are the two critical resources fynicultural production and there is an
urgent and ongoing need for research to devise teaysganage soil and water resources in a
more sustainable manner (National Research Cod®&P). In the context of agricultural
production in drylands, soil and water conservat{@WC) practices such as rainwater
harvesting (RWH) provide an opportunity to staleiliagricultural landscapes in semi-arid
regions and make them more productive (Wallace R0B@abilization of an agricultural
landscape includes the restoration of degradedvatdtl and /or natural grazing lands
(Vohland and Barry 2009). Many marginal water searcould be used more efficiently such
as road and land runoffs that are normally losbugh erosion processes (Prinz and Malik
2002). Rainwater harvesting (RWH) practices reterall practices whereby rainwater is
collected artificially to make it available for g@ping or domestic purposes (Ngigi 2003).
situ RWH practices refer to micro-catchments at fiedel (Prinz and Malik 2002). These
practices mainly help to overcome dry spells, assthil, which is the main storage siteiof
situ RWH practices, serves only some days to weekssasrage system (Falkenmaaekal.

2001).

Integrated watershed management (IWM) is a vitapregch for sustainable
development as the watershed is the hydro-geolbgiithat harbours the natural resources.
IWM can be defined as a multidisciplinary, holisiay of protecting and managing a
watershed’s natural resources to enhance biomastugiron in an eco-friendly manner
(Sarangiet al. 2004). The watershed is viewed as a hydro-gecddgiomplex and dynamic
ecosystem in which natural and anthropogenic psssesccur and interact, which gives rise

to runoff at the watershed outlet.
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In practice, several factors need to be taken @toount for the water-saving
agricultural system viz (i) the quantity, qualitgpatial and temporal distribution of water
resources. (ii) The establishment of cultivationagtices aimed at reducing water
consumption because of shaping the existing farmtngcture and cropping system in line
with the current distribution pattern of water rnesmes. (iii) Sufficient work force and
equipment for research, development, productioppisti and maintenance of water saving
materials, spare parts, instruments, and facili(ie$ Relevant laws and statutes concerning
water management to be enacted, formulated, ani@gped and a special campaign to

enhance the public’s water-saving awareness (Bealg 2003).

Water utilisation rate and water use efficiencyotlygh maximisation of rainfall use
efficiency is one the challenges in that rangelarahagement research should solve (Detng
al. 2006). The main purpose of water saving in afjuce is to increase the water use
efficiency (WUE) of the system. This could be agki# by maximizing the soil-stored water
content/precipitation volume; water consumptiorl/storage of water; transpiration/water
consumption; biomass yield/transpiration and ecanorbenefits/biomass vyield. The
improvement of these hydro-pedological and planaipeters are the key issues to be solved

(Denget al. 2006).

Most interventions in water management merely nythe flow so that this scarce
resource can be channelled towards the desiredttampich may be people, livestock, or
crops. Water harvesting techniques can be dividéal five basic methods: (1) vegetation
management, (2) natural impervious surface, (3] kEteration (4) chemical treatment of soil
and (5) ground cover. These methods have a widgerahcosts, performance and durability,

which can limit the potential applicability of aatment (Frasier 1975).
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Shan (2002) defined water saving agricultural sysés integrated farming practices
that are able to sufficiently use natural rainéaddl irrigation facilities for improved water use
efficiency. Denget al. (2006) described the scientific measures in @msdving agricultural
system; these include spatial and temporal adjusgtroewater resources, effective use of
natural rainfall, rational use of irrigation watend increased plant WUE. Several factors are
of importance in agricultural practices viz. theaqtity, quality, spatial and temporal

distribution of water resources.

24.5. Rangeland vegetation restoration and water recharge, storage and

discharge

In arid and semi arid regions, vegetation dynandiegend on soil water availability,
which, in turn, results from a number of complexd amutually interacting hydrological
processes (Porporaéb al. 2002). Vegetation restoration, therefore, requoensidering the
soil water dynamics in both time and space. Soiewdynamics are affected by a number of
factors such as topography, soil properties, labnveiG water routing processes, depth to
water table and/or meteorological conditions (Beatd Haberlandt 2002). The relationship
between vegetation and soil moisture varies withore (Domingoet al. 2001; Kerkhoffet
al. 2004). Choosing suitable species in respect itonster balance is crucial for vegetation
restoration where water shortage is a limiting dactThere are a number of factors
controlling plant growth, these include temperatane nutrient availability, however, when
temperature and nutrient availability are not tbetolling factors, soil moisture becomes the
key controlling variable (Dalgt al. 2004). Vegetation restoration in the arid and iszmd
regions has to consider that rainfall is the ordyrse of water recharge to sustain plant

growth (Cheret al. 2007).
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Chenet al. (2007) discovered that semi-natural grassland rhaset soil moisture
compared to sloping cropland. They, however, ndtemt average soil moisture varied
between vegetation types and periods of observatluch temporal dynamics are
pronounced in water-limited ecosystems (Tinley )9&henet al. (2007) attributed this
result to the difference in transpiration of plaatslifferent periods and the difference of soil

moisture among different vegetation types decreagesncreasing soil depth.

2.5. Rangeland vegetation restoration

2.5.1. Role of management in rangeland restor ation

Natural ecosystems have been severely destroyedudec of anthropogenic
disturbances, unreasonable utilisation, and neglegirotection and restoration (Het al.
2007). These disturbed or degraded ecosystems akeownted with poor soil fertility,
shortage of water and deteriorated microenvironmehich would severely restrict their
productivity. How to comprehensively restore andnkas the degraded ecosystem is a key
issue in increasing productivity, improving envinoental conditions and achieving
sustainable development. When the disturbancenmved, the degraded ecosystems will
initiate a succession to the primitive communityg aestoration process is considered as the

progressive succession (Peng 2003).

Management of land degradation can be divided preventative and restoration
measures. Answers to preventative measures cam loftdound within the causes of land
degradation. In view of the massive scale of laagrddation that has already occurred in
parts of southern Africa’s communal rangelandstorasion is of significant importance to
land owners. The fast rate at which intact natecasystems are degraded and decline, has
emphasised the importance of ecological restoratbomaintain the earth’s natural capital

(Young 2000). In order to restore degraded ecosystat is crucial to identify which
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ecosystem functions should be restored first. thésefore, important to define the functional
status of the ecosystem beforehand. It is also itapbto establish the relationship between
ecosystem structure and functioning, and to asthesgotential for ecosystem restoration

(Cortinaet al. 2006).

2.5.2. Theories, Paradigms, and M odels describing rangeland dynamics

There are a large number of conceptual modelshidnat been developed by restoration
ecologists to describe how ecosystem structurefanctioning are related (Cortingt al.
2006). Bradshaw (1984) developed a model for toamneation of derelict land, which later
was termed Linear structure and Function model JL3Rkis model assumes a linear increase
in ecosystem function with an increase in complegit its structure (Cortinat al. 2006).
According to this model, restoration is definedtlas simultaneous increase in structure and
function promoted by human intervention, parallglichanges occurring during secondary
succession. Although the LSF model has a strongidteuvalue and has successfully
captured the essence of ecological restoratioiailg to reflect many real situations, and it
may lead to excessively narrow definitions of refere ecosystems, and to erroneous

estimations of the effort needed to restore degradesystems (Cortiret al. 2006).

The major assumption of the LSF model is the lireead positive relationship between
ecosystem structure and function, however, Hoebal. (2005), suggested the relationship
between community composition and ecosystem funictgpdoes not form a straightforward
universal relationship between both sets. A negatelationship between biodiversity and
productivity (Bakker and Berendse 1999) can sesvaraexample of the inconsistency of the
LSF model. Furthermore, the arrival of a new spedi®es not always translate into
measurable changes in ecosystem function (Coetiala 2006). Species differ in their impact

on ecosystem function and the effect of a partrcsfgecies on ecosystem function may be
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low (Hulbert 1997). In the same vein, species |ldsgs not always directly relate to
functional decline (Smith and Knapp 2003). The Lu8&del is implicit in that the notion of
linear trajectory and a single final ecosystem est&dllow Clementsian successional

trajectories (Cortinat al. 2006).

Hobbs and Norton (1996) reported the alternativéarstable states in the structure-
function space, and this was the basis for statetemsition models. State and transition
models recognise that multiple successional trajexst are possible, and that alternative
meta-stable states can exist under the same emardn(Hobbs and Norton 1996). Different
states represent areas of higher probability indtinecture-function space and may result
from gradual or sudden changes in ecosystem steuatd function. Alternative states can be
targeted as reference ecosystems for restorafi@nparticular combination of both sets of

variables suits society interest (Hobbs and Noii@96).

State and transition models can help define feadialnsitions and those that are not,
and may help to identify restoration techniquesdedeto bring an ecosystem to a desired
state (Cortineet al. 2006). The existence of irreversible transitiansl dynamics has major
consequences for ecological restoration. When datjkee and degradative trajectories
differ, restoration may need to use bypasses tchreaparticular reference ecosystem, and
thus additional efforts may be required (Cortataal. 2006). Restoration may not need to
follow the entire sequence of degradation stagesed&eh the target ecosystem, but may

‘jump’ over partially degraded ones.

Walker (1980) defined three concepts that have dowith system dynamics, viz.
stability, resilience, and a system’s domain afaation. He describes a stable system as one
which when subjected to outside stress (e.g. driooigbrazing) changes little in composition

and production. A resilient system may or may r@stable, but remains attracted towards its
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equilibrium. A domain of attraction is described that region of a system’s state-space

within which the system is attracted towards equitlim.

According to Walker (1980), in a resilient systelne tdomain of attraction is usually
large. If a stable system changes to such an exkexttit falls outside the domain of
attraction, the amounts of the variables will tlegther change to a different equilibrium, or
they will go to zero (extinction). The state andnsition model and its derivative, the
rangeland health model, can be used to charactdreeonditions of different vegetation

states (Westobst al. 1989), which feature high vegetation cover tuergqiNoy-Meir 1973).

Equilibrium (based on range succession) and nonHegum grazing models (such as
state and transition, rangeland health, climatetgh@rbivory models) have influenced
rangeland policy and management (Gdvaal. 2000). Fenandez-Gimenez and Allen-Diaz
(1999) also attested that the two equilibrium basedlogical models have dominated
conventional range science and management. Howehrey, are both founded on the
clementsian successional model of vegetation ché@igenents 1916; Ellison 1960) and the
classical model of plant-herbivore population dyrem(Caughley 1979). Equilibrium and
non-equilibrium models differ in their charactetisa of range ecology, grazing systems and
development (Obat al. 2000). Furthermore, equilibrium model posits tighcoupled
relationships between the abundance of herbivore$ the productivity, and species
composition of plants and non-equilibrium does (fe¢tnanadez-Gimenez and Allen-Diaz

1999).

The range condition (RC) model of vegetation dyresniias been established based on
a presumed relationship between grazing intensit) \&egetation (Dyksterhuis 1949). The
RC model predicts that as herbivore number inceggdant biomass and cover decline and

species composition shifts from dominance by peekngrasses and forbs towards
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dominance by unpalatable forbs and weedy annudia @al. 2000). When grazing is
reduced or stopped, biomass and cover are predictattrease, and species composition
shifts back towards late-successional stages. Tdssical rangeland theory has portrayed
traditional, communal rangeland management as prodoctive and unsustainable form of
land use, invariably leading to irreversible raagel degradation (Abel 1993). However, the
compatibility of traditional pastoral systems witke prevailing uncertainty of the physical,
social, and economic climate under which they dpelas been highlighted (Ellet al.
1993). Equilibrium-based theoretical models and rrsurce management measures based
on them are purported to have failed to predictsssfully the behaviour of complex natural

systems (May 1977; Connell and Sousa 1983).

There are a number of alternative models proposedddressing rangeland dynamics;
these include the state and transition (Walkeriog Meir 1989; Allen-Diaz and Bartolome
1998), threshold (Friedel 1991; Laycock 1991) aathstrophe (Lockwood and Lockwood
1993) models. These models are closely relatedtlzey focus on describing quasi-stable
vegetation states, predicting the circumstances ttigger transitions to specific different
states, and modelling these changes. They emphaiseenon-linearity of vegetation
responses to grazing and other environmental pations (Fernandez-Gimenez and Allen-

Diaz 1999).

The non-equilibrium persistent (NEP) model of rdagd dynamics (Ellis and Swift
1988, Behnke and Scoones 1993) focuses on thetseffdc abiotic factors on plant
community and herbivore population dynamics. Eisl Swift (1988) proposed that many
rangeland ecosystems are dominated by density emdiemt and abiotic factors, rather than
density dependent and biological interactions. Harrhore, Obaet al. (2000) highlighted

some ecological characteristics of a non-equiliorisystem, which are generally inverse to
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the characteristics of an equilibrium system vimnatic variability; variability of primary

productivity, livestock population is controlled bignsity independent factors and livestock
track unpredictable forage production. Vegetationer and plant productivity in the arid and
semi-arid rangelands may be regulated by raintilability rather than by herbivore density

(Ellis and Swift 1988).

The NEP model predicts that in arid and highly alle ecosystems abiotic factors such
as precipitation have a greater influence on veigetdiomass and species composition than
grazing (Fernandez-Gimenez and Allen-Diaz 1999 odel also predicts that in moist
and constant environments, grazing plays a greakerin regulating vegetation productivity

and composition.

The climate-plant-herbivore interactive model i @f the new models in rangeland
management. This model contributes to the imprawetkerstanding of the dynamics of sub-
Saharan rangelands. Most importantly, this modeVides an opportunity to interpret more
effectively the causes of land degradation in amthes (Obaet al. 2000). The linkages
between climate, plants, and herbivory serve akbgmal drivers that influence the dynamics
of sub-Saharan African rangelands (@bal. 2000). The principal driver is the climate with
its variability having a direct impact on the véuigy of plant cover and biomass. However,
herbivory influences biomass, species diversity #ral efficiency with which plants use
rainwater. Pickup (1994), Rietkesk al. (1997) and O’Connor (1994) indicated that in the
arid zones vegetation growth depends on soil m@sgiructure, and water storage capacity,
rainfall patterns over several years, amounts tdcafe rainfall released and duration of

rainfall and season (Ellis and Swift 1988).

Noy-Meir (1973) explained the two synergistic effeof rainfall and grazing on plant

production. Firstly, rainfall, by increasing plagrowth, increases food availability to
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herbivores. Second, moderately intense herbivasynptes productivity that is higher than in
the absence of grazing. Understanding the intenraciimong climate, plants, and grazing
rather than trying to separate their effects wanlgrove understanding of the dynamics of
rangelands (Obaet al. 2000). The climate-plant-herbivory interactive dab has the

components that describe responses of the rangetandimate and grazing, it addresses
linkages between components that describe the ifunsctof grazing ecosystems, and the
components are linked through complex, interacéigelogical and physiological processes
that serve as diagnostic parameters for measumagnaonitoring responses of plants to

rainfall and grazing.

Carrying capacity (CC) has been used as a toohfugeland management purposes and
it is usually expressed as the number of standeddizestock units (LU) of 250 kg that can
be held per unit of land area. The major flaw witis concept is that it assumes that a unique
population of livestock is directly associated wihdefined grazing area of homogeneous
forage growth and quality (Haet al. 1996). The validity of the CC is based on thempse
that grazing systems behave as density-dependetensy, thus rangeland productivity
decreases with increasing stocking rates and waceav The amount of forage produced
mainly varies according to the amount of rainfalhereas forage quality on offer is also
affected by the length of the growing period. Ibest at the peak of the growing season and

declines rapidly until the beginning of the dry s&m (Haryet al. 1996).

2.5.3. Role of vegetation in restoration of degraded rangelands

Vegetation plays an important role in erosion aalnit efficiently mitigates erosion by
active and passive protection (Retyal. 2004). Active protection against erosive agents
consists of raindrop interception (Webal. 1997), and increase in water infiltration in soill

thermal regulation and soil fixation by root sysge(Gyssels and Poesen 2003). Vegetation
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also has a passive action by trapping and retas@agments inside the catchment due to its

aerial parts (Abu-Zreig 2001).

A protective soil cover can be installed efficignth eroded lands using bioengineering
works based on common practices of ecological e@®sging. These structures favour
artificial and natural vegetation dynamics so thegetation predominates over erosive
dynamics and controls it. The long-term goal of tegradation interventions is to restore
ecosystems, in accordance with recent considesafibout ecological engineering concepts
and techniques (Gattiet al. 2003; Odum and Odum 2003). Restoration is comynonl

considered as accelerated succession (Hilderlatzaid2005).

Planting vegetation as a restoration measure fgragded rangelands is preferred over
structural measures since concrete, masonry, woadyoother building materials are subject
to decay and liable to be bypassed (Sarahgi. 2004). Vegetation grows through different
stages while it is improving the function of theosgstem by providing physical soil
protection against erosion by reducing the veloady runoff and its decomposition

contributes to nutrient cycling (Schwatal. 1993).

2.5.4. Rangeland restor ation techniques

In rangelands that have become degraded to the {hainecosystem functions cannot
recover solely through-improved management strasegithin practice-relevant time spans,
active rehabilitation techniques are sought (Dregd@2). Most of these techniques aim at
the improvement of soil water status by increasmiidfration or decreasing evaporative loss
(Thurow 2000). These restoration techniques inciatt®ducing transplants, application of
brush packs or organic mulch and developing mit¢obeaents to capture runoff (Anderson

et al. 2004; Simons and Allsopp 2007; Visseal. 2004; Liet al. 2005).
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Revegetation and improvement of degraded land astioed after development of
better techniques of seedbed preparation and ptamtiethods (Gebremeskel and Pieterse
2008). Seed germination and establishment in naamch artificial revegetation is a result of
the number of seeds in favourable microsites de‘saes’ in the seedbed rather than the total
number of available seeds (Hargeal. 1965). Various techniques to improve micrositas f
sown seeds and to increase the seed germinatmamdtestablishment have been introduced

in the rangeland revegetation process (GebremaskiePieterse 2008).

Some methods used for rangeland restoration coaosisiological and mechanical
approaches. The biological approach includes pignitnethods of seeds using manure,
gravel, and straw. The mechanical approach includesof farm implements to disturb the
soil (van der Merwe 1997). The use of organic mutchmprove establishment of oversown
grass seeds in degraded rangelands has been eseph@Ricket 1970; Winkedt al. 1991,

and Jordaan and Rautenbach 1996).

The objective of the various methods of vegetatestoration among others is to create
favourable microsites to enable seeds to germiraatd establish more successfully
(Gebremeskel and Pieterse 2008). These revegetatbniques are normally practiced when
insufficient desirable forage plants have remainadhe rangelands (Vallentine 1989) and
when sound rangeland management practices carstoteeét to its original grazing potential
(West et al. 1989; Jordaan 1997). Hyder al. (1971) and Stoddast al. (1975) further
indicated that natural revegetation of perennialsges is slow in many areas and therefore,

species adapted to sowing are often desirable.

2.6. Post restoration management of communal rangelands

Animal production systems in semi-arid rangelands eomplex; these production

systems include a myriad of important variableshsag climate, soils, and vegetation (Diaz-
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Solis et al. 2006). Range productivity, stocking rate and raarkonditions influence
management decisions, however, the principal detis determination of the stocking rate
(Redmon 1999). Behnke and Scoones (1993) indidhtedstocking rate affects the balance
between the domestic animal population and avalétage. The establishment of fixed
stocking rates for semi-arid rangelands is inexgediue to climatic variability (Behnke and
Scoones 1993; llliust al. 1998; Diaz-Solist al. 2009). Alternative management strategies
might include increasing or decreasing stocking tzdsed on the current condition of the

rangeland, season of the year, as well as direatidirate of change in animal condition.

There are a number of principles proposed for r@amgemanagement, these include the
principle of adaptive management (Walters and Hiitb1978), Savory’s holistic range
management (HRM) (Savory 1988) and integrated whésl management (IWM) (Sararmgi
al. 2004). Adaptive management entalgpriori construction of a series of management-
related hypotheses, implementation of the relevaabagement actions, monitoring of the
outcome of such actions, and evaluation of the ltesobtained against expectations
(Grossmaret al. 1999). On the other hand, HRM puts more empl@siecord keeping; its
guidelines include proformas for keeping records fimlance, livestock performance,
rangeland productivity, and condition of resoutdewever, unless effective use can be made
of such records, there is no justification for kegpthem (Hardyet al. 1999). IWM is
defined as a multidisciplinary, holistic way of pFoting and managing a watershed’s natural

resources to enhance biomass production in anreswfy manner.

The watershed acts as a social, economic, andigablitinit for planning and
management purposes. Therefore, the watershed msranad policy makers consider all
technical, social, economic, environmental, legald institutional aspects of watershed

planning processes (Saramyal. 2004). Development of a decision support systess) to
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address specific issues of watershed managemeamhassmportance and holds the promise
of making watershed management simpler and moeetafé. DSSs show great promise in
the strategic planning of soil conservation eff@mtsl can aid in selection of appropriate soil

conservation practices for agricultural watershiddisntas and Madramootoo 1992).

Land use is governed by economics, technology,abassues, and environmental
considerations, and is influenced by state, nakjara international policies. However, the
outcome is largely determined by the ways in whHailhd managers respond to the policies
(Teague 1996). Management of rangeland ecosystauss e based on ecological theory;
rangeland management planning should focus on ol@we an understanding of basic
ecological processes, and answering specific emabguestions pertinent to management
problems (Walkeket al. 1978). Teague (1996) highlighted that the chgkeis to understand
how management influences ecosystem structure andtién; and what management
adjustments are required to achieve desired restilisngeland management. In coming up
with the relevant rangeland management practitesdefinition of the rangeland problems
and priorities have to be provided in consideratmnthe three spheres viz, clientele
objectives, research priorities, and extensionstolde definition of the ecosystem structure
and conceptualization of ecosystem function willveefor the establishment of the key

ecological and management questions (Figure 2.1).

Rangelands are a salient renewable resource angrithary land type in the world
(Batabyal 2004). There are a number of importamtioggcal functions such as nutrient
cycling, decomposition of organic matter and inrdilion performed by rangelands.
Furthermore, a variety of goods and services inolyded meat, fibre, recreation, and
wildlife viewing are provided by rangelands (Batab2004). Although range managers have

attempted to provide a sustainable rangeland mamagfe they have little control over
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stochastic environmental events such as droughfiemdBatabyal (2004) further indicated
that a range manager is unable to definitively meitge the impacts of their actions on the
condition of a rangeland. This is therefore, inthea of the fact that effective rangeland

management is fundamentally an exercise in decrsi@king under uncertainty.
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Figure 2.1: A framework for research: detail ofuiss pertinent in the dialogue phase
and ecosystem functions to be considered when a&tadukey ecological and management

guestions (Source: Teague 1996).
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In the state and transition model, the objective aofrange manager is to take
opportunities and circumvent hazards (Batabyal 2008is model puts more emphasis on
timing and flexibility rather than on establishirgg fixed policy (Westobyet al. 1989).
Batabyal and Godfrey (2002) have shown that thezecartain range states in which there is
substantial scope for managerial actions, and therestates in which there is little or no role
for managerial actions. However, Batabyal (2004edahat whilst Batabyal and Godfrey
(2002) acknowledge that some range states arg likdbe undesirable, they do not account
for the possibility that there may be a state oigedand degradation, and that is effectively
irreversible. Both their works emphasise the timetdr in rangeland management. Thus
Batabyal and Godfrey (2002) underline the amountimie a rangeland spends in the
desirable and undesirable sets of states, wheBadahyal (2004) emphasised the amount of

time a rangeland spends away from the irreversitales.

The question in providing a solution to rangelaedrddation is driven from a point of
view that overgrazing is the cause of rangelandatigion. Furthermore, the question would
be, does over grazing depend on the number of &ionahe time that the plants are exposed
to herbivory or both? With regard to this uncergirSavory and Butterfield (1999) have
argued that overgrazing bears little relationsloighte number of animals but rather to the
time that plants are exposed to the animals. Aaogrtb Trollopeet al. (1990), overgrazing
is defined as excessive defoliation of the grasardwby animals to the detriment of the
condition of the rangeland. Excessive defoliationld be due to both higher animal densities
and a longer period of utilisation of rangelands.the same vein, Nelson (1997) has
maintained that it is risky to oversimplify and aegmerely that too many animals pursuing a

limited grazing resource are destroying the drylarehs of the world.
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To understand what is occurring in rangeland prodndbased systems, it is valuable
to contextualise current land management praciitcaserms of their production paradigms
(Richards and Lawrence 2009). This can be largekcdbed as a productivist model; this
mode of production is increasingly contested dusuich things as food quality and security,
and its impact upon the environment (Lang and Heask©04). Productivism is the term that
has been given to a system of agricultural/grazntgerprise that is characterized by the
application of productivity-raising technologiedet introduction of new, more efficient
breeds of animals, the use of antibiotics and offarmaceuticals, and abiding by market

‘signals’ in the allocation of resources (Friedma05).

Lang and Heasman (2004) indicated that productivesmds to emphasize quantity over
guality and as a wider system of food producti@suanes that consumers will be advantaged
by the maximization of food production. It is idgalcharacterized by production
intensification and concentration, along with prodgpecialization (Argent 2002). This
system is based upon unstable ecosystems thaubjected to the vagaries of the global
market (Friedmann 2005; Gray and Lawrance 2001)s Bystem is facing increasing
challenges from consumers who are demanding cledngeeen foods, thus natural foods
derived from sustainable farming systems; thisesalise of environmental, food safety, and

animal welfare concerns with the existing systeyofiset al. 2004).

There have been some proposals for alternative isdoléowing the shortfalls of the
industrialised food production model. Such altauest are referred to as the ecologically
integrated paradigm. In this system, the practiaes grounded in the ecological and
biological sciences, and philosophically gearedaimmvorking with the rhythms of nature,

rather than against them (Lang and Heasman 20045 system requires reduced inputs from
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agribusiness suppliers such as pesticides and pesnaomore interactive approach to land

management aimed at maintaining ecological intggrit

2.7. Perceptions of farmersin communal grazing areas on rangeland degradation

Soil erosion is an insidious process; thereforeméas need to perceive its severity and
the associated yield loss before they can consmlglementing soil and water conservation
(SWC) practices. Soil erosion induces loss of petigity and has an effect on reducing
current and future yields that makes it a majoedhito food security (Chizareh al. 2007).
Yields are a product not only of soil erosion bldoaof past and current management
practices, seed sources, climate, colonial histpgsts and diseases, as well as other
stochastic events in nature (Chizasal. 2007). The farmer’s perspective is often différen
from a researchers’ scientific explanation. Thusfaaner's perspective on soil erosion
utilizes and integrates the view of the farmer wthe ultimate user of the soil (Murwieh

al. 2006).

Farmers in communal areas are aware that soil datypa takes place in various forms
and different forms of erosion are taking placeammunal rangelands. The major indicators
of degradation as identified by the farmers includle and gully erosion, declining
productivity, and reduction of soil fertility (Chama et al. 2007). The challenge for
addressing the problem of rangeland degradatiocommunal areas is the introduction of
conservation measures and making people awaresdighefits through education (Everson
et al. 2007). The reason for involving communities isittlthey are directly affected by
degradation and benefit from land rehabilitatiohefiefore, incorporation provides a greater
chance of acceptance by the communities and esttallthe conditions necessary for success
of a traditional system of natural resource manager(Fernandez-Gimenez 2000). It further

provides opportunities for evaluating natural reses from the perspective of local
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management decisions associated with land degoadatOba et al. 2008). Local
communities have developed systematic methods ofircemental assessment and
monitoring. This is based on personal experiendebe physical and biological resources

that often reflect social-cultural values of resmuusers (Obet al. 2008).

Degradation of biological and physical rangelandotgces has become a serious
challenge, bearing negative influences for pastewsystems, livestock production, and
livelihoods thereof (Vetter 2005). The results ud® reduction in total vegetation cover and
palatable plant species, increases in undesirainleuapalatable plants and depletion of soill
quality and nutrients due to various forms of sodsion (Haileslassiet al. 2005). Gemedo-
Dalle (2004) and Vetteat al. (2006) indicated that policy makers, developnpanners, and
researchers do not fully understand rangeland degom. It is rather confused with
desertification (Mortimore 2005), and influencedtigises of western intellectuals (Ellis and
Swift 1988; Sandford 1983). All this has led to ramperceptions being overlooked (Allsopp
et al. 2007; Gemedo-Dallet al. 2006), and the production system being considasd

ecologically unfriendly and unsustainable (Lampt883).

The importance of pastoralists’ perceptions hashea&n fully appreciated by policy
makers, government staff and nongovernmental peedand the broader public (Azati
al. 2007). Herskovitz (1926) hypothesised that pa$igis accumulate vast numbers of
livestock mostly for reasons of social power anespige. Hardin (1968) noted the concept of
the tragedy of commons; this notion further illagtd the irrational and destructive nature of
pastoral management. Nunow (2000) criticized pabtis as irrational, ecologically
destructive, and economically inefficient producéts a result many scholars and officials in
the international development community have widabcepted the belief that pastoral

livestock management is irrational and inherentgstductive (Sandford 1983). This has
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further resulted in pastoralists and their intexrasdt being very high on national policy
agendas. Furthermore, according to the diffusiombvations theory (Rolingt al. 1976),

the farmers had to accept technologies recommebgestientists to change their irrational
thoughts and behaviour (Roling 1979). The low lesfeknowledge, capacity, and resources
from the farmers has prevented them from voicirgrtliiews and perceptions (Fratkin and

Roth 2004).
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3. GENERAL DESCRIPTION OF STUDY SITES
3.1. Study areas
3.1.1. Amakhuze Tribal Authority and Phandulwazi Agricultural High School

The study was conducted at Amakhuze Tribal Autlio(ATA) and Phandulwazi
Agricultural High School. Amakhuze Tribal AuthoriGpTA) is composed of six villages viz.
Makuzeni, Gomro, Mpundu, Guquka, Sompondo, andoiltThe Amakhuze Tribal
Authority is situated at Nkonkobe Local Municipgliin the central Eastern Cape. It is
located at S3238, E26%56 with the altitude ranging from 763 m.a.s.| in lawtls to 1500
m.a.s.| at the summit of Amakhuze Tribal area bawmied. Phandulwazi Agricultural High
School is located at S339" and E26 55" at an altitude of 747 m.a.s.| (Figure 3.1).
Amakhuze Tribal area was established in the la@048the villages within this tribal area
share the rangelands of approximately 400 ha (Maarl#ekeet al. 1998). Administratively,
the ATA falls within the boundaries of Amatola Dist Municipality (Hebinck 2007). These
villages were subjected to limited betterment plagrduring the early 1960s to the extent

that rangeland and arable land were fenced off ttemresidential sections of the villages.
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Figure 3.1: Map locating Amakhuze Tribal Authoragd Phandulwazi Agricultural High School at Nkon&dbocal Municipality in the

Eastern Cape province of South Africa.
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3.1.2. Climate of the study areas

The study area was covered by climate zones asedefby Dentet al. (1988)
(Homogeneous climate zone - HCZ 165). Accordind&ppen climate classification, the
study area was classified as humid subtropical afithual rainfall ranging from 700 mm to
1200 mm (Bennetet al. 2007; Marais 1975) and the warmest month lesa th&AC
(Thackrahet al. 2002). The main ecotope characteristics thata#gricultural productivity
were characterised in detail to ensure extrapolatibthe results on these ecotopes to all
other similar ecotopes (i.e. pedotransfer funclidhtensleyet al. 2000). The term ecotope
can be defined as a three-dimensional represemtatiche atmosphere-plant-soil (APS)
system in which the natural resources that infleepmduction (climate, topography, and
soil) are reasonably homogeneous (MacVigaal. 1974). The characteristics, productivity,
and stability of the APS system depend on thesaralatesources factors. Points in the
landscape at which the characteristics of one aembthe factors (climate, topography, and

soil) change significantly (Hensley 1995) deterntime boundaries of such a system.

There were two ecotopes identified for the studgaawiz Guquka/Cartref and
Phandulwazi/Westleigh ecotopes. To describe thestoges, the long-term climate data
from nearby weather stations were used to charaetéhe climate. For both ecotopes,
PLEASANT VIEW (11106) weather station for climateithv geographical coordinates
32.67S and 26.% at an altitude of 701 m.a.s.| and was 3 km soegitirom the study area
was used for rainfall. The KEISKAMMAHOEK (30380) ather station for climate with
geographical coordinates 32°68and 27.1% at an altitude 668 m.a.s.| and located at 19 km

to the east of the study area (Figure 3.2).

The AgroMet DataBank was used to find the long-tefimate data representative of

the HCZ of the study area. This databank contaata dollected by organisations including
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the Agricultural Research Council — Institute failSClimate, and Water (ARC-ISCW) and
the South African Weather Services (SAWS). Onefadlirand one climate station were
chosen to represent the area. The rainfall st&®IdBASANT VIEW (11106) best represents
the study area with rainfall data of 39 years, frb®28 until 1968. The mean annual rainfall
was during data collection period was 630 — 640 rhawever, rainfall at the actual sites
(further up valley) is likely to be slightly highdaut still at the very low end of climate

classification (c700 mm/annum).

The ARC-ISCW developed climate surfaces for Soutica with a grid resolution of 1
x 1 km. These surfaces were found to be accuratéthin 1 °C for temperature and 10 mm
for rainfall. These surfaces include maximum, mimim and average temperature, rainfall,

and sunshine hour’s surfaces on a 10 — daily, niygrdhd annual basis.
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Figure 3.2: The map indicating an orientation ofafther Stations relative to the study

area
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3.1.3. Rangeland and livestock management

Livestock grazing at the Amakhuze Tribal Authomtgs described as open-access with
little institutional control on the rangeland arf@ennett and Barrett 2007). During summer
months of the year animals free-range to the uppa&ches of the rangeland and are rarely
kraaled. However, smallstock (sheep and goatskrasded at night to prevent predation and
theft. Grazing management at Phandulwazi Agricaltubchool rangelands could be
characterised as relatively controlled (rotatiagrazing), this has been practiced with the use
of beef cattle (Nguni and Bonsmara), sheep, antsgadth dairy cattle grazing on cultivated
pastures. However, rotational grazing was not deégeinof time intervals of utilisation
(period of occupation, deferment etc) but rathesedaon subjective observation of the
vegetation condition. The rangelands on both locati within the study area were
characterised by high rainfall and become nutraltynpoor during the dry season (Benrettt

al. 2007).

The communal grazing areas at Amakhuze Tribal Aitthovere shared among
community participants and to a lesser extent wilier nearby communities. The boundaries
of the communal grazing land are well defined iatren to residential and arable blocks, but
the high elevation grazing land shared by sevenalnsunities is not well defined. Cattle may

be found at or around the summits of the mountain at 1600 — 1650 m. a. s. I.

Apart from nearby indigenous forest, two major wagien units occur, namely, mixed
grassland and Karoo shrubs on the bottomlandsaavet Islopes, and grassland on the mid to
upper slopes. The grazing area is divided intonoc#d camps and managed as one grazing
unit. The local veld type is a combination of Dotarel Highland Sourveld (Acocks 1988).

However, according to Mucina and Rutherford (200@) vegetation type of the study area
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could be classified as the mixture of Bhisho Theftdy Amathole Montane grassland,

Eastern Cape Escapement Thicket, and SouthernéWtisibrest.

Vegetation in the study area was further classiiedording to the season of use as
sourveld. The sourveld occurs in areas with highfall and where parent material gives rise
to soils with a high base status (Tainton 1999)esehsour veld types are nutritionally
deficient during winter months and do not generatlerate high grazing pressures. Both
cattle and sheep are forced to compete for availédrage on the arable lands in winter.
Preferred grazing resources such as crop residuesjuackly exhausted and thereafter
shortage of adequate winter forage becomes a relblem at the village. The lack of central
control over grazing exacerbates the problem arg] hma many cases forced livestock

production efforts to devolve to the individual ékv

3.1.4. Soil classification and description

The soils at Amakhuze Tribal Authority are domiriatirown in colour overlying iron
concretions, which overlie weathered rock. Thessaik very shallow with maximum depth
of about 600 mm. The dominant soil forms are Charel Westleigh (Potgieter 2005). Bulk
density ranges from 1.9 g/cm in the topsoil to g/@min the subsoil. The clay content

increases from 12.7% in the topsoil to 15.1% ingihlesoil.

The soil at Phandulwazi High School was classifiedording to the Soil Classification
Working Group (1991), as belonging to the HelenmiRaof the Westleigh Form. It is dark
greyish brown, poorly structured, loam orthic Ailzon overlying a yellowish red soft plintic
B horizon at a depth of 400 mm. The bulk densityges from 1.6 g/cm in the topsoil to 1.75
g/cm in the subsoil. The effective rooting depthuis to about 1 m. The clay content

decreases with depth; it is 26% in the topsoil Af%b in the subsoil.
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4. PERCEPTIONS OF COMMUNAL FARMERS ON CAUSES, TYPES OF
DEGRADATION AND TECHNIQUES TO RESTORE DEGRADED

RANGELANDS

4.1. Introduction

Communal rangelands are used primarily for grammgtly domestic animals such as
cattle, sheep, goats, horses, and donkeys. Ther@so some wild animals found grazing in
some of the communally owned areas especially adtise forest. There are other secondary
resources such as water, firewood, and wild foddsese areas are owned and used as
common property resource by low resourced poordesnfor grazing livestock. Rangelands
provide ecosystem services upon which the wellgpeincurrent and future human societies
are predicated (Teaguet al. 2009). These services include maintenance oflestabd
productive soils, delivery of clean water, and aunghg plants, animals, and other organisms
that support the livelihoods and aesthetic anducallt values of people (Grice and

Hodgkinson 2002).

There is a common perception amongst the rangekmehtists that communal
rangelands are degraded and this is caused by peipgrazing management. Gemedo-Dalle
(2004), Vettert al. (2006) and Azadit al. (2007) indicated that policy makers, development
planners, and researchers do not understand rawigeémradation; it is rather confused with
desertification (Mortimore 2005), however, desadfion the form of land degradation.
Degradation in biological and physical rangelarsbtgces has become a serious challenge in
communal rangelands, bearing negative influencesh¢o pastoral ecosystems, livestock
production, and livelihoods thereof (Vetter 2003iologically, degradation reduces
vegetation cover and palatable plant species, whdeeasing undesirable and unpalatable

plants. Physically land degradation causes vafiouss of soil erosion and depletion of soil
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quality (Haileslassiet al. 2005). Land degradation further reduces carrgaqgacity and that

results in the reduced economic productivity ofgeland ecosystems.

Rangeland users’ perceptions have been overlook#tkidetermination of whether the
rangelands are degraded or not (Allsamal. 2007; Gemedo-Dallet al. 2006), and the
communal production system has been considered etoedwlogically unfriendly and
unsustainable (Lamprey 1983). Herskovitz (1926)ettgyed the hypothesis that communal
rangeland users accumulate vast numbers of liviestostly for reasons of social power and
prestige. Hardin (1968) noted the concept of tlagedy of commons; this notion further
illustrated the irrational and destructive natufecommunal management. While there is a
broad perception amongst the scientists that rangsl are degraded and the major cause
being ecologically unfriendly rangeland managenpeattices, the objectives of communal

rangeland users for production from the rangelaradat considered.

Moyo et al. (2008) indicated that there is a failure by pgiakers to recognise that
implementation of scientific knowledge is shapedsdogial, cultural, and political frames.
Incorporating end-users in formulating and impletmgnpolicies affords the policy-makers
an opportunity to capture perceptions of resouse¥s) and hence shape the policy in ways

that will improve uptake.

There are large numbers of factors that influercel Idegradation and its impact on
communal areas of Eastern Cape. In communal amasibers of the community keep
livestock and therefore, influence utilisation ahgelands. Hence, there is a need to engage
communal residents in the identification of degtemhaas a problem, vegetation restoration,
and proper rangeland management as solutionsifidation of land user’s interests such as

an improved livestock production and rangeland d¢ond followed by land production
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capacity assessment governed by rangeland managesimatic, edaphic, and topographic

features could precede improved communal rangetaarthgement.

Kavanaet al. (2005) suggested that there should be complemigedaof modern
scientific knowledge and traditional natural res@umanagement for sustainable livestock
productivity, biodiversity, and soil conservation itraditional agricultural systems. A
scientific view might promote restoration goals ided from geomorphological and
ecological imperatives (Kondolf 1998). However, toegtion is more of a process of
modifying the biophysical environment and captuthe interaction between scientific

definitions and the goals of society as a whole[igitaldet al. 2004).

This chapter aims to investigate land users’ peioep of the causes of rangeland
degradation, the characteristics they use to descdegradation, and the alternative
restoration techniques they propose. The null Hgms was that according to farmers
perceptions, there are no policies for rangelamgssand utilisation, farmers have rangeland
management skills, and control livestock movemeithio/ the rangelands, thus leading to
good rangeland management practices, hence, nelamagdegradation in communal areas.

The assumption on which this hypothesis has beseritbed in section 1.2.2.
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4.2. Materials and methods

4.2.1. Data collection

The soft system analysis (Checkland 1981) was tisedgh informal and unstructured
discussions to determine communal rangeland resideperceptions on rangeland
management, degradation, and restoration. Furthreimiocus group discussions were
conducted to determine the perceptions of men, wonmend youth on rangeland
management, degradation, and restoration at Makiyu@mro, Mpundu, Gilton, Guquka,
and Sompondo. Through the use of the Sustainalielihoods Analysis (Scoones 1998),
approach community members identified and descritred financial, natural, human,
physical, institutional and social capital asskts tommunity have access to. The context of
the perceptions of communal land users was edbtalisthrough local community
consultation that identified strengths, weaknessggortunities, and threats for specific
communal animal production practices (Resdal. 2006). Participatory tools such as
participatory mapping, activity calendar, oral brgts, transect walks were used to describe
communal area livelihood systems (Chambers 20088 frogram for village visits and

activities during village visits are presented ipp&ndix 1 and 2 respectively).

A guantitative structured questionnaire survey (Retal. 2006) was conducted at four
villages viz Gomro, Guquka, Makhuzeni, and Sompohaaepresent Amakhuze Tribal
Authority. These four villages were selected raniyofrom the total of six, and thirty-five
households were selected randomly in each commurtiiy total number of the respondents
was 140. Prior to the administration of questiore®i a reconnaissance survey was
conducted in each of the sample locations to ohlttaennumber of households and their
layout. The questionnaire survey (Appendix 4) wasduto establish an understanding of

perceptions of communal area residents on the ,ssal@pe, and nature of rangeland
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management, degradation, and restoration. Theigoeatre included questions concerning
different aspects of demographic information, ltee& production, communal rangeland

management, and degradation status and restoedility.
4.2.2. Data analysis

Participatory Rural Appraisal (PRA) and focus gradipcussion data were analysed
qualitatively (Beyene 2009). The analysis begamfreevising detailed field-notes and
consolidating similar information with the use of@mmary table. Three steps are crucial to
the qualitative analysis. First, information frohetfield-notes (from focus group discussions)
was sorted out in order to group responses. This eearied out independently for each
village in a way the information source was tra¢eab the second step, data from focus
group discussions were assembled. The third aral 8tep was cross-case comparative
analysis to examine differences and overlaps adiusssix villages with the underlying
themes of the investigation. The comparison hadided on identification of trends and
patterns in order to delineate deep structure amget to the roots of the issues studied. While
analysing, there has been a move from describisgezified situation and processes to
identifying comparable patterns (Miles and Huberm8604) (Summary of PRA analysis is

presented in Appendix 3).

The guestionnaire data were analysed with SPSSdrsion 15.0 (SPSS 1999). The
Pearson’s Chi squatests of independence was used to test whether thbgbeople said
(observed frequencies) tallied with what was exg@dexpected frequencies) amongst the
villages for different aspects of perceptions inigeded. The association between the
observed and expected frequencies was consideyeficant atp < 0.05. The observed and
expected frequencies were reported as percentégesf the total sample siza)( The Chi

square results were reported @Sq( ,» = chi square valueOne way ANOVA was used to
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compare livestock (cattle, sheep, and goats) owineletween marital status, education, and
occupation of the respondents. The villages weesl &s the replicates. The villages were
used as replicates because there are no fundanddfeeénces existing among these villages
are under the same Tribal authority and within Eimtlimatic regimes, soil, and vegetation
types. Before the analysis, the data were testeddomal distribution. The difference was

considered significant g@t< 0.05.
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4.3. Reaults

4.3.1. Household demographics and owner ship of livestock

During the focus group discussion, the majoritypafticipants were men, followed by
women while the number of the youth was low inth# six communities. They identified
cattle and sheep production, availability of waded rangelands, indigenous chicken and
vegetable production as the strengths of theirakrduthority. The opportunities of the
villages were identified by the land users as iditlg cattle and sheep genetic improvement
through the University of Fort Hare Nguni ProjentidRam Program of the Government with
South African Wool Growers Association (SAWGA). Themmunity threats were stock

theft, rangeland burning, land degradation andstivek diseases.

The weaknesses on the communal production incllagdof fencing on rangelands
and arable lands, lack of knowledge on rangelandaggament and low level of commitment
of the youth to agricultural practices. The lan@érgsin all the focus groups (men, women,
and youth) mapped their resources such as grasslamdble lands, mountains, roads,
graveyards, dams, rivers, and settlement areas; dlse identified socio-economic issues
such as major sources of income, which were domihbly government grants; sources of

food mostly coming from agriculture and governmieid packages.

The policy issues included access to rangelanduresautilization, availability, and
implementation of rules governing use of rangel@surces. The participants from men and
women focus groups highlighted that there are rullesvever, these are not implemented.
The youth group indicated that they do not knovamy rules governing rangeland utilization
and rangeland resources are accessed by anyoramutMithitation to quantity of duration of

use. Participants identified cattle, sheep, andsgaa the major components of livestock
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production practice within the villages. Communalrniers also discussed the issues
pertaining to rangeland management, degradatiod, rastoration. The summary of the

Participatory rural appraisal (PRA) and focus grdigzussion is presented in the appendix 3.

The majority (55.5%) of the respondents were ofmEople (> 60 years old), this was
significantly higher £ », 137= 31.547 p < 0.05) than the expected frequencies (33.4%).tMos
(67.9%) of the respondentg { 137= 17.526p < 0.05) were males. Majority (42.3%%)these
were married £ 3 137= 54.328). The greater (39.4%) number of the redeots at least
acquired secondary level of educatig { 137 = 68.511). Most (51.1%) of them were
unemployed £ 4 137= 126.686p < 0.05). Majority (47.5%) of the households wensaer
(1 — 4 members) in size followed by the medium @& members) sized households (44.5%),
the results were significantly highef ¢, 137= 39.650p < 0.05) than the expected frequencies
(32.8%). The number (71.5%) of adults per househad significantly higheryf g 137 =

100.876p < 0.05) at the households that were composed@#2nembers.

People with tertiary education level owned sigmifit & = 2.54,p < 0.05) higher
number of sheep (21) (Table 4.1). The number dlecatas also significantly higheF (=

2.94,p < 0.05) for people who were employed (15).
4.3.2. Rangeland -Livestock management and handling infrastructure

Significantly higher number (65%) of farmers indexh that there is too much forage
available during the wet seasofi{ 137= 63.255p < 0.05) (Figure 4.1). Whilst on the other
hand, farmers significantly (86.9%) indicated thare is a shortage of forage during the
dry season f 1 137= 57.818,p < 0.05) (Figure 4.2). The shortage of forage duyrin
dry/winter season was significantly (67.2%) atttdzl to low rainfall by most of the

respondentsyf, 137= 88.920p < 0.05).
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Table 4.1: Livestock ownership across gender, alastatus, education and occupation

at all four villages (Mean = SH,= 138 p < 0.05)

Number of animals

Household demography Cattle Sheep Goats
Marital status  Divorced 1.00+1.00 0.00+0.06 0.00+0.06
Married 6.58+1.1% 7.73+2.36 4.03+1.28
Single 7.82+1.68 8.82+2.72 2.63+0.96
Widowed 2.68+0.74 2.64+1.22 0.96+0.54
Education Metric 10.3+4.18 5.14+2.25 2.79+1.76
None 5.36+2.28 10.73t5.74  0.55+0.39
Primary 4.60+1.20 4.08+2.14 1.92+0.67
Secondary 7.00+1.50 6.43+1.60 4.35+1.46
Tertiary 4.18+1.89 20.82+11.1 2.00+1.26
Occupation Employed 15.13+6.79 5.25+3.83 4.38+2.54
Learner 7.17+2.53 1.25+0.96 2.17+1.32
Pensioner 5.26+1.95 7.07+2.54 3.98+1.58
Unemployed 5.32+0.93 8.17+2.18 1.90+0.56
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Different superscripts within the same column iaticthat the means of animal numbers

were significantly different within the marital stig, education, and occupation.
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Figure 4.1: Perceptions of Farmers on forage awditladuring the wet season.
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Figure 4.2: Perceptions of farmers on forage algify during dry season.
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There was a significantly higher (86.9%) numbefapiers who indicated that they do
not provide any feed supplements for their aninfgls 137= 74.460,p < 0.05). Those who
indicated (13.1%) that they give feed supplemeattheir animals further highlighted that
they give these supplements in winter (10.2%). Miagority of the farmers (55.5%) indicated
that they use the arable land for grazing and #eestbn about when to use arable land for
grazing is taken by the household hegfd; (137= 111.212,p < 0.05). On the question about
the impact of grazing on the arable land, the nitgjof farmers (54%) significantly pointed

out that grazing on the arable land causes soipeation {4 137= 145.810p < 0.05).

A significantly higher number (43.8%) of farmerslicated that they do not kraal their
cattle at all £ 3 137= 60.869,p < 0.05). Most of the respondents (65.5%) did e cheep
(¢ 1. 137 =9.993,p < 0.05), all of those respondents (34.5%) who alsteeep indicated that
they kraal them daily. Furthermore, few farmers.526 own goats, thus, the majority
(74.5%) of the respondents did not farm with gdgts, 13;= 32.766,p < 0.05). There was a
significantly high (43.1%) number of farmers whdié&ee that there were no conflicts on the
use of rangeland resources between neighbouritages ¢° s 137= 49.175,p < 0.05), the

respondents further believed that this was becaluseoperation between the villages.

The majority (65%) of rangeland users significaraymitted that the rangelands are
demarcated into campg( 137= 12.270,p < 0.05). The purpose of demarcating rangelands
into camps was significantly identified by majori{§6.4%) of farmers as to facilitated the
practice of controlled grazing between the camfs (3= 14.781p < 0.05). There was no
significant associatiory{ 1 137=0.182,p > 0.05)between (51.8%) the farmers who indicated
that they manage livestock movement and farmer8j4&ho do not manage animal's

movement within the rangelands.
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There was significantly Iargepgz(L 137 = 47.881,p < 0.05) number of the farmers
(79.6%) who showed that the distances betweenrgyamieas and drinking points was less
than 1 km. The significany{ 1, 137= 80.474,p < 0.05)number of farmers (88.3%) further

mentioned that they do not experience water prolaleamy time of the year.

4.3.3. Perceptions of farmerson rangeland condition, management, degradation

and restoration

There was a significantly larger (79.6%) numbefasfners who indicated that they
have full access to communal rangelands and thetheiu mentioned that access to
rangelands is a residential righf § 137= 139.153p < 0.05). The larger number (68.6%) of
farmers indicated that no one controls accessngetands f» 137= 95.139p < 0.05). It was
further significantly indicated by farmers (75.2%at communal rangelands are accessed for
grazing and/or browsingA1, 137= 34.752,p < 0.05). The larger number (74.5%) of farmers
significantly %1 137= 32.766,p < 0.5) alluded to the fact that there are no ggziles at

Amakhuze Tribal Authority.

Majority (92%) of rangeland users indicated sigmifitly ¢ 1 137= 34.752,p < 0.05)
that rangelands are accessed for the whole yetr, nwirestrictions (94%) to times of access
and quantities or duration of ugé { 13;= 106.869p < 0.05). It was significantly highlighted
by farmers (92.7%) that the rangelands are note‘td!rﬁ@2 1, 137= 217.87,p < 0.05). They
(92.7%) furthermore, significantly pointed out thangelands are burned regulagy( 137=
99.92,p < 0.05). Farmers did not know (96.2%) as to whaidks to burn the rangelangs (
1,137= 117.73p < 0.05). It was perceived by farmers that thesoea for burning rangelands
was a mistake (8.8%), promotion of an early greesg regrowth (34.3%) and while the

majority (48.9%) thought, it was due to mischigf,(137= 66.29,p < 0.05).

75



Most of the farmers (63.5%) perceived the rangeleomtiition 4 13;= 178.88, p <
0.05)to be poor (Figure 4.3). The poor condition of r@lagds was significantly attributed to
burning (10.2%), bush encroachment (12.4%), lanthdon (14.6%), poor soil quality

(16.8%) drought (20.4%), and poor grazing pract{@&s6%) f°s 137= 12.91,p < 0.05).

7 =178.88, df=4,n=137,p<0.05
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Figure 4.3: Perception of farmers of the condittdmangelands

Farmers (87.6%) perceived that the rangelandsegeded 1 137= 77.44,p < 0.05)
and they indicated that the reasons for this péi@ey” s 137= 29.22,p < 0.05) were
presence of rills (8.8%), general soil erosion 4%d). and presence of gullies (39.4%),
however, some still believe that the rangelands reot degraded (20%). The level of
degradation was perceived to range from averag8¥a4to high (51.8%),f 3 137= 80.66,p
< 0.05). Farmers (89.1%) indicated that they haotetnied to apply any rehabilitation control

measures on degraded parts of rangelghnd:6,= 83.66,p < 0.05).

Farmers (43.8%) pointed out that animals grazedwat the grazing area in summer

and winter, thus, arable lands, foothills, mourtgis are without much of area grazing
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preference )€ 4 137= 92.09,p < 0.05). Nevertheless, they (45.3%) indicated i@ats
exhibited some degree of movement in terms of geppreference throughout the yegr
137= 15.61,p < 0.05). The movement of animals within the grgzameas was significantly
(65.7%) perceived to be due to the variationesfdf quality at different areas and times of
the year §*» 137= 72.5,p < 0.05). It was indicated by farmers (33.6%) thnat &rea that was

preferred by cattle/ 5 137= 14.39,p < 0.05) was the midslope.

Farmers (57.7%) perceived that livestock grazingfgeence is influenced by the
quality of forage #*» 137= 49.15,p < 0.05). The majority of farmers (75.2%) perceivbdt
fencing of camps € 4 137= 271.58,p < 0.05) could serve as the best way to ensure
sustainable utilization of grazing resources. Tl#9.6%) have suggested that the major

constraint in ensuring rangeland management isdaféncing 4 13;= 115.96p < 0.05).

Rangeland degradation indicators identified byfreners include vegetation change,
soil deposition, pedestals, and gullies (Figurg.43bwever, the highest (54.8%) indicator
identified was the presence of rillg’ ¢, 137= 161.73,p < 0.05). On answering the question
about the types of soil erosion occurring in raagdk, farmers named sheet erosion (6.7%),
gully erosion (38%) and the highegf ¢ 137= 96.14,p < 0.05) was rill erosion (52.6%).
Rangeland areas with sloping terrain were iderwtiby the farmers (86.9%) to be the most
(¢* 4, 137= 384.42p < 0.05) degraded. Such grazing areas with higifer {s7= 95.14,p <
0.05)degradation level as perceived by farmers (70.1%evocated at the midslope along
the mountain gradient. On the level of degradatioth the distance from the homesteads,
farmers (85.4%) indicated that grazing areas claséromesteads were the mogt{ 137=

226.91,p < 0.05)degraded.
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Figure 4.4: Perceptions of farmers on rangelandadzgion indicators at Amakhuze

Tribal Authority

Grassland vegetation type was perceived by far@§5%) as the mosya4, 137=
195.66,p < 0.05) degraded part of rangeland (Figure 4.9st\f the farmers (65.69%) are
of the perceptionyf 1 137= 13.5,p < 0.05)that degraded rangeland still has a potential to
recover. The proposed possible methods to fa@li@igeland recovery from degradation are
presented in Figure 4.6. However, the method theet % ¢ 13;= 63.45,p < 0.05) proposed

by the majority (34.3%) of farmers was the buildofgtonewalls.
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Figure 4.5: Perceptions of farmers on rangelandatdksgion at different vegetation
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A higher proportion of farmers significantly recomanded that fencing and dividing
rangelands into camps (32.9%), appointment of nan@22.6%) and rotational grazing
practices (14.6%) would improve rangeland managénssml therefore, prevent land
degradationf ¢ 137= 136.50,p < 0.05). The respondents during the focus groapudision
indicated that they have less knowledge on randelamanagement. Whilst on the
guestionnaire, they significantlyz(g, 137= 21.86,p < 0.05) indicated that their knowledge for
rangeland management could range from none (29.2%)(35.8%) and average (26.3%).
They (91.2%) furthermore, indicated that there waser a training program on rangeland
management previously at Amakhuze Tribal Authogify; 137= 93.20,p < 0.05). The larger
number of (54%) rangeland users indicated withii@mce §°s 13;=169.88,p < 0.05) that

they would like to be trained on rangeland managegme
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Figure 4.6: Rangeland rehabilitation methods preddsy farmers at Amakhuze Tribal

Authority.

4.4. Discussion

4.4.1. Participatory Rural Appraisal (PRA) and Focus Group Discussion

During the focus group discussion, the majoritpalticipants were men, followed by
women whilst the number of youth was low in all $ie communities. This could indicate
the dependency and reliance of men and women ial @mnreas on communal grazing
resources. Beck and Nesmith (2001) indicated tbatncunal property resources are central
poor women and men’s coping and adaptive strategiestributing to sustainable
livelihoods, and play a major role in poverty retilie. It was further mentioned that even
those youth who were still within the villages derstrate low interest and commitment in
agriculture. The low level and/ or lack of partaijpn of the youth in agriculture and
specifically in livestock-rangeland management dauértly contribute into poor rangeland

management. This is because of the fact that nigjoirparticipants are old and struggle with
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the strenuous work of cultivation and herding angr{oyo 2009) and that further appends

to the challenge of adherence to community rules.

The implication of poor youth participation is ththe indigenous skills transfer from
the elders to youth is affected and that could lead further rangeland mismanagement.
This is in contrast with the work of Freudenbergerl. (1997) at Gambia, Guinea, and
Sierra Leone who indicated that the monitoring anfbrcement was the responsibility of the
village youth, which ensures the transfer of comityuknowledge to youth. The fact that
participants perceived livestock production, avaliy of water and rangelands as the
community’s strengths, could be related to the aten the study area has relatively higher
rainfall, which makes the water available for aninh@nking. This could also have effect on
soil moisture and lead to more forage producti@amfrangelands, which together with high

forage quality, could result in higher animal protion performance.

The participants also held the view that keepindjgenous chicken and producing
vegetables from home gardens is the communityéngth. Keeping indigenous chicken and
growing vegetables from home gardens are activitb@sducted within and around the
homesteads. Since the majority of participants wddemen and women, the interest of
keeping indigenous chicken could be ascribed tateedistribution and gender composition
of the participants. The low input costs and lownagement requirements associated with
indigenous chicken and home garden vegetable ptioducould also be the reason,

especially given that most of the participants weseemployed.

The opportunities of the villages were identifieg the land users as including cattle
and sheep genetic improvement through the UniyedditFort Hare Nguni project and the
Ram program of the Government with South African dlVdGrowers Association.

Identification of the need for livestock geneticpravement could serve as an indication that
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participants want to improve animal production. Tp@ximity of these villages to the
University of Fort Hare could be the reason whyytheelieve that benefiting from the
university is the opportunity at their disposalrthermore, the thought that keeping sheep is
their strength could be the reason why the ram argaent project of the government was

considered as the opportunity.

The communities identified stock theft, rangelandrning, and degradation and
livestock diseases as their challenges. The idedtiktrengths were based on animal
production performance, availability of rangelanti®refore, threats were more related to the
issues that are negatively affecting the agricaltproduction potential of these villages. This
suggests that the communities require interveriormeasures that will reduce stock theft,
unplanned rangeland burning, mitigation on landraégtion and improvement of livestock

health.

Most of the participants at different villages itiéad the lack of fencing on both
rangelands and arable lands as the weaknesseblefarotnmunity. This suggests that for
these villages to achieve maximum animal productiemcing of rangelands and arable lands
should be considered. They furthermore, cited lzicknowledge on rangeland management
and low level of commitment of the youth to agriouhl practices as the community’s
weaknesses. This suggests that the view of paatitspis that those activities that can
improve their skills on rangeland management ancb@mage youth participation could
strengthen production at these villages. The péamephat animal production and rangeland
management, improvement of animal genetic matesahn opportunity, lack of skills and
youth commitment as the weaknesses were consigiigéimtthe report of Gogwanat al.
(2008). They reported that the improvement of ligek breeds, provision of camps through

fencing, improvement of veterinary services andoenggement and empowerment of the

82



youth and women in agriculture were identified bg farmers at Blinkana and Hohobeng as

the best options for agricultural production in counal areas.

The land users in all the focus groups (men, woarah youth) were able to map and
identify communal resources during the transectkwdlhis suggests that communal
rangeland users are aware of the available respame structures and their location within
the villages. The socio-economic issues that wdestified by land users include major
sources of income and food. The major sources adnre at the Amakhuze villages were
dominated by social grants such as old age andl adrhnt. However, contribution of
livestock and crop production was sparingly merdgtbas the other sources of income at the
communities. This is consistent with the findingsGoqwanaet al. (2008) who indicated
that the most important source of income was ollgrgnt and contribution of livestock and
crop production as a secondary source income fat miothe respondents at Blinkana and
Hohobeng in Sterkspruit. Sources of food that weeaned include government food
packages and food production at homestead level.cbBmmunity responses on sources of
income and food suggest that these communitiesndelpegely on government support. This
further indicates the low level of community sedftance, resource independence, and self-

sufficiency.

The policy issues discussed by the participant®weore inclined to rangeland access
regulation and control. There was consistency betwke focus groups about access to
rangelands. They all indicated that everyone witHmnitations to quantity and duration of
use, accesses the rangelands. However, there alaaradisparity between the focus groups
on availability and implementation of rules on ralagpd management. These came with
differences in age between the focus groups. Timesplder people, both men and women

indicated that there were rules regulating androdiimtg rangeland access and management.
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However, they are not implemented. Whilst on theeohand the youth pointed out that, they

were not aware of any rules on rangeland management

Although the respondents who indicated that theeerales for managing communal
resource utilisation there are number of formal afdrmal policy frameworks. Most of
these policies have been reviewed overtime. Thadade an Environmental Conservation
Act (Act 100 of 1982) which was the first attempt3outh Africa to address environmental
protection, it was reviewed in 1989 and became fBnwmental Act of 1989 (Brauteseth
2000). The Common Property Association Act of 1986 established to ensure security of
tenure for all, even within common property resesr¢Makhanya 1999). The National
Heritage Resource Act of 1999 gives communities apgortunity to take part in the
management of their cultural and religious resau{@eni and Mistri 2005). The Communal
Land Rights Act of (ClaRA) 2004 was aimed at suppg communities living in communal
areas by promoting security of tenure for Southicafis living on rural areas. In these
communities, interests in communal land are heldr®ans of formal and informal land
rights generally known as “permission to occupyhiet are managed and administered by

traditional authorities (Mokhahlane 2009).

There were some informal rules which were discavéyeMokhahlane (2009) working

at three communities (Tsaba, Lashington and Mapimijihe Eastern Cape. These include:

- There are clearly defined boundaries in commuredsrwhich exclude neighbouring

villages from utilising the rangelands.

- There are rules which describe the structure ofdibesion making body and the

cooperation between members of the communitiesrmg of adhering to set rules.

- Herding is practiced when a portion of rangelanalt isest.
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- Controlled burning of grass in the rangelands ig édme common management

practices in communal areas.

- The chairpersons of the agricultural groups and tt@mmittees are responsible for

monitoring and enforcing the set rules.

- Penalties for violation on the use of grazing laadswidely used in the communities

and

- The chairperson and his committee, which consistespected elders and the chief,

are responsible for solving the community problems.

Although some people at Amakhuze Tribal Authoriiglicated that the rules are there,
Twine (2005) argued that in some rural areas oftheon Africa, rules imposed by the
traditional authorities are no longer effectiveaditional institutions for natural resource
management have been weakened and communitie® domager able to impose some rules
regarding the use of rangelands. The differenceesponses between youth and elders on
whether rules are there or not could be attribtivethe fact that the communal Land Rights
Bill and the Traditional Leadership and GovernakRemework Act No. 41 of 2003 stripped
structures of all functions except land adminisbratand cultural affairs. Thus most of their
former functions, and even some related to land,reaw under control of municipal and
government departments. This conflicting authorgyound land administration could

influence the lack of commitment to obey communities.

Agricultural production practices that were ideietf by participants were livestock
production utilising cattle, sheep, goats, and tedge production in the villages. These
production practices were identified by all thedsgroups at all the villages. This suggests

that there was a consistency in the knowledge mhifey practices between youth, women,
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and men. The animal production practices identif@dAmakhuze Tribal Authority are
similar to those reported by Gogwadaal. (2008) in the study that was conducted at two
villages in Sterkspruit. The rangelands were pgatkto be degraded by the majority of the
focus groups; however, the youth at Gomro and Gaglid not perceive rangelands to be
degraded. This indicates that there are differencéise way youth and old people view the
rangeland condition. This could be ascribed to taet that youth were reported to
demonstrate low level of commitment on agriculturence, their limited interaction with the

rangeland ecosystems.

The perception that rangelands were degraded wgtfigd by identifying some of the
degradation indicators viz. presence of gullidks, rand vegetation change. Most of the focus
groups perceived that rangelands still have thergiat to recover from degradation. The
methods suggested for rangeland recovery includetiply agave, building stonewalls and
developing diversion furrows. The responses on gogwup discussions indicate that
participants are aware of rangeland degradatiah¢cators and have knowledge on measures

used to rehabilitate degraded rangelands.

4.4.2. Demographic information and Livestock ownership

The demographic information reveals that the mijasf household heads were old
people, married, who acquired secondary educatdnage not employed. This suggests that
people with lower economic activity particularly daeise of age and employment status
headed most of the households. This is in agreemghtthe work of Moyoet al. (2008)
which was conducted in eleven communal areas oE#stern Cape. They indicated that old
people who struggle with the strenuous work ofieation and herding the animals headed
most of the households. Rwelamaiaal. (2000) obtained similar results in a study of 586

households in 24 villages of the Northern Proviot&outh Africa.
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People with at least tertiary qualification owndw targer number of wool sheep at
Amakhuze Tribal Authority. This suggests that theel of exposure to information has the
effect on selection of livestock production systeimshe communal areas. The fact that
majority of sheep were owned by people with teytiaducation could be ascribed to the
access of information about sheep production, ehseanagement, low level of production
costs and shorter generation interval but largeranncome primarily from wool. According
to Moyo et al. (2008), literacy levels may be an important dateant of the farmers’ view,
on management, and on accepting new interventiahé@nmanagement of their resources.
This could further be attributed to the people diswing enough disposable income from

other jobs due to being educated to buy and keegpsh

The people who owned large numbers of cattle waréormal employment. The
relationship between formal employment status amwtheoship of cattle was not clearly
understood. However, this could imply that whils¢ employed people are not available to
monitor their animals and grazing resources, treyehmoney to pay somebody to look after
their animals. This further suggests that peopté wonstant incomes in the communal areas

are spending their money to invest in livestockdpiaiion.

4.4.3. Livestock grazing management

The majority of farmers perceive that forage avmiity is high during the wet season
and too little during the dry season. The shortafjdorage in winter/dry season was
attributed to the low rainfall experienced in wmtd'he seasonal variation of forage
availability at Amakhuze Tribal Authority could bleecause of the seasonal climatic
variations since this is a sourveld area and sedicidncies are characteristic. The perception
that forage availability is low during winter at Akhuze Tribal Authority is in agreement

with the perception that was reported at Blinkama ldohobeng (Gogwargh al. 2008). They
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reported that, farmers perceived that there wased for support with winter or drought feed
as an option. This need was attributed to the ivelgt dry winter season, which was
described as a difficult period with inadequatedfeapplies as the productivity of the natural

grazing declined.

Livestock farmers at the Amakhuze Tribal Authoiitgicated that they do not provide
feed supplements to their animals. This could kWebated to the lower income from
livestock and livestock products sale. However, fdwe who indicated that they do provide
feed supplements to animals indicated that theg tirem in winter. This could be attributed
to the fact that forage quality and quantity in t@imbecomes low. For the same reason of low
forage quality and quantity in winter, farmers wsable lands for grazing in winter after
harvesting maize. The fact that farmers indicatet they use arable lands for grazing in
winter corresponds with the work of Hoffmaenal. (2001) that was conducted in northern
Nigeria. They reported that after harvesting, tiséd§ were opened for pastoral herds and
village flocks for uncontrolled grazing during thest of dry season. However, grazing in the
arable land at Amakhuze Tribal Authority was peredi by farmers to cause soil

compaction, this was ascribed to trampling.

At Amakhuze Tribal Authority, cattle were not kredl This suggests that they spend
most of the time in the grazing areas. Althoughthebshe farmers indicated that, they do not
farm with sheep and goats, the few that are keepigg indicated that they kraal them daily.
This could be attributed to the higher susceptibf sheep to predation and theft compared
to cattle. The fact that the cattle at AmakhuzedlriAuthority were not kraaled does not
agree with the report of Moyet al. (2008), working at eleven villages in the East€ape,
they reported that in most villages, animals weawaled daily, which was attributed to the

fear of theft. The reason for cattle not being ledaat Amakhuze Tribal Authority is not
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fully understood, especially where stock theft weysorted (during focus group discussion)
as a threat and lack of fencing as a weaknessofminainal livestock production. Kraaling
the animals in the communal areas could be an atidit of high responsibility by the
farmers especially where stock theft is a threatcing absent, some arable land used and

rangeland degraded.

The fact that farmers at Amakhuze Tribal Authodty not control movement of their
livestock within the rangelands is not consisteithwhe work that was reported by Allsopp
et al. (2007) working at the Namaqualand commons. Intrash to Amakhuze Tribal
Authority, it was reported that communal farmers Nemaqualand practice livestock
movement control through herding by which herdextycselect a “target zone” for grazing
and routes through which animals get to the taggating zone. The differences for control
that herders exercise over their herds on dailgihgrroutes, have led into herders being
divided into four categories viz. “leaders”, “de#tgry leaders”, “managers when necessary”
and “followers” (Allsoppet al. 2007). While using the Namaqualand case to rthistthe
guestion of farmers’ responsibility, livestock hiegl and kraaling practices could

demonstrate daily and seasonal livestock-rangetzsanthgement.

The land users admitted that their rangelands ameadcated into grazing camps and
they perceive that these camps are meant to &eildontrolled grazing, however the camps
are not fenced. The fact that land users are athataangelands are demarcated into camps
and that the camps were meant for controlled ggaazinplies that land users have an
understanding of some rangeland management pract®eme of the livestock farmers
control their livestock movement within the rangela. However, some do not have any
control on their livestock movement. This impliésitt there are inconsistencies in livestock

movement management amongst the farmers at Amakhuzal Authority. This in turn
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means that other land users monitor changes sudisease occurrences in their livestock as
well as change in rangeland vegetation. This isab&e of periodic interactions with the
animals and rangeland ecosystems. However, someotl@are much about the periodic
occurrences to livestock and rangelands. Becauteesé inconsistencies in the frequency at
which farmers interact with their animals and rdagds, livestock and rangeland

management becomes difficult.

The fact that the majority of farmers indicatedtttiee distance between grazing and
drinking areas was less than 1 km suggests thatrthking points are within the rangelands
and are accessible to livestock. They have indic#tat livestock drinking points are in the
form of dams, rivers, streams, and natural wellss Was evidenced during the transect walk.
Amakhuze Tribal Authority has a larger numbers efnpanent water bodies (rivers, dams,
waterfalls) some extending from the Hogsback watkstfFarmers held a view that their area
does not experience water scarcity. The responsewater points imply that livestock
farmers at Amakhuze Tribal Authority thought thatestock drinking water is available,

sufficient, and accessible within the rangelands.

The availability, accessibility, and distributio water could be the cause for low
livestock mobility and higher concentrations arowinithking points in communal rangelands.
The findings were different with the work of Kaseatet al. (2008) working with the Somali
pastoralists in Eastern Ethiopia, who reported thatpastoralists perceive water availability
to be a problem for 7 months of the year and thiatthe reason for livestock mobility within

rangelands at different times of the year.

The farmers at Amakhuze Tribal Authority perceiNettthere is no conflict on
rangeland resources between them and the neighigocommunities. The reasons for the

absence of conflicts amongst the villages at Amakhdribal Authority and other
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surrounding villages could be attributed to the taere is sufficient water, therefore there is
no scarcity in rangeland resources. However, tbisldc mean that the Amakhuze Tribal

Authority has cooperation with the surroundingagiés.

4.4.4. Per ception of farmers on the communal rangeland condition, management,

degradation and restor ation

The fact that most of the respondents indicatetittiey have access to rangelands and
that they gained access because they are resioethe villages suggests that access to
rangeland resources is a residential right. Thendées also mentioned that access to
rangelands was not controlled by anyone. They ialdizated that rangelands are accessed
the whole year with no restriction to time and ditgn This suggests that communal
rangelands at Amakhuze Tribal Authority are chamastd by open access and no restrictions
to duration and intensity of utilization of rangataresources. The fact that rangelands are
characterised by open access concurs with thetiasstitat current rangeland management in
the central Eastern Cape Province of South Afrieacharacterised by an open-access
approach (Benne#tt al. 2010). This implies that the rules are not impabted or are not
there together with the absence of monitoring pedicand controlling access to rangeland
resources that could lead to overutilization obregses. More crucially, open access suggests

that resources are also available to other usens dutside the community.

Rangeland users indicated that these areas weessmtt mostly for grazing and / or
browsing. This suggests that at Amakhuze TribalhAtity grazing and/or browsing are the
main traditional land use practices and serve agribst productive (livestock production)
way in which communal rangelands are utilised. This agreement with the work that was
conducted in Eastern Ethiopia by Kassateinal. (2008) who reported that communal

grazing/browsing is the main traditional land-usenagement system.
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It was indicated by farmers that the rangelandsewert fenced and this was verified
during transect walks and livestock grazing distfidn survey. Lack of communal rangeland
fencing was identified as the major constraint amgeland management and hence the
perception that rangelands should be fenced torersmustainable utilization of rangeland
resources. Fencing of rangeland boundaries, divigito camps and appointment of the
rangers were thought be a solution on institutiogtiolled grazing practices. The absence of
fencing is perceived to have led into difficultyimstituting rangeland management practices
and controlling access to quantities of rangela@asdurces harvested and the duration of their

utilization.

The perception that lack of fencing is the probland addressing it could help in
improving communal rangeland management has becam@chthonic in a number of
reports (Ainslie 1999; Moyat al. 2008, Bennetét al. 2010). This could support the logic
that fencing may be regarded as the ultimate swlub poor rangeland management in the
communal areas and results in reduced rangelanadbggpn. However, Moyet al. (2008)
reported that the need for fencing was motivatedhleybenefits of reduced labour and time
spent herding rather than improved grazing managenand rangeland condition.
Furthermore, Bennett al. (2010) reported an irony in communities such ashington and
Roxeni, which destroyed their fences as politidatesnents, expressing a desire for their
reinstatement to facilitate boundary definition.isTleould serve to underline the endemic

“fencing complex,” which prevails in the region (Beettet al. 2010).

There was an indication of regular burning on réengds and it was indicated that the
people who decide to burn were not known. Furtheemibhere were a number of reasons for
burning identified by farmers and these includening to promote an early green grass

regrowth. However, the majority perceive rangelandhing as accidental or deliberate acts
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of arson. The fact that rangelands were burnedowttiauthorization for unknown reasons
and by the unknown people implies that there wadammed rangeland burning. This could
be attributed to lack and/ or poor enforcement afgeland management rules, low

knowledge on rangeland management practices, aatbsaness.

The rangeland users perceive that their rangelanelsin poor condition and they
attribute this poor condition largely to droughdgmoor grazing practices. This implies that
the communal rangeland users are aware of the leamtheondition change and whilst they
ascribe that to natural causes, they take respbtysithrough accepting that the grazing
management was poor. There was a perception arherrgrigeland users that the rangelands
are degraded. The reasons for this perception stated to be the observation of vegetation
change, rills, and gullies. The results suggedt fdraners are aware that the rangelands are
degraded, they can identify some degradation italisaand they suggest the causes of
degradation. This is in agreement with the workQifa and Kaitira (2006) in northern
Tanzania who reported that pastoralists could iflel@ndscapes that were degraded; they
also associated land degradation with loss of pig@cies in response to the changing

patterns.

Furthermore, the pastoralists indicated that laspolss vary with vulnerability to
degradation, thus some landscapes due to the naitdheir soils were more at the risk of
degradation. As the response to the fact that tapds vary with vulnerability, the
pastoralists had adopted a rangeland managemesticpraOba and Kaitira (2006) further
indicated that degradation vulnerable landscapes wezed mostly during the wet season,
and landscapes that are more resilient were grdemedg the dry season. Proximity of
rangelands to homesteads was also identified bfatheers at Amakhuze Tribal Authority as

the factor that causes some landscapes to be ableeto degradation. The same was
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reported in the northern Tanzania (Oba and Kali@@6), thus under the conditions of
settlements, some landscapes were continuousled@mpared to the traditional system of

wet-dry season grazing cycles.

The level of degradation was reported to be highheyfarmers at Amakhuze Tribal
Authority. It was further reported that no rangelarhabilitation control measures applied in
the past. The perception that rangelands were dedraand some rangeland degradation
indicators identified, and that rangeland degraaatievel was high, indicates that the
rangeland users were aware that there was degradatcommunal rangelands. The fact that
farmers have not done anything to restore the tands could be attributed to lack of
knowledge on restoration, poor commitment to sostality of rangeland resources and

inconsistencies in the concern about rangelandiress.

The farmers indicated that livestock show lessgegfce for arable lands, foothills, or
mountaintop during summer and winter. This impliest the animals are left at liberty to
choose where to feed on within the different laages throughout the year. That could lead
to certain areas being more utilized than othessadrich could expose them to degradation.
However, the farmers have noted that goats exhdnte degree of movement and grazing
preference within the rangelands throughout the. ydae movement of goats was attributed
to the variation of feed quality at different seas®f the year. The farmers indicated that
cattle preferred midslope of the mountain and Ws ascribed to the variation in forage

quality at different locations within the rangeland

Rangeland degradation indicators identified byfreners include vegetation change,
soil deposition, pedestals, and gullies while tlle were dominant. They further identified
the types of soil erosion occurring on the rangdtaas sheet erosion, gully and rill erosion.

This implies that the rangeland users have knovdedgangeland degradation indicators and
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the type of degradation occurring in their rangdtanOn locating areas that are mostly
degraded, the areas with sloping terrain were ifieditby the farmers as the most degraded
within the rangelands. These grazing areas weddoon the midslope along the mountain
gradient. This could be attributed to the rateusfaff accelerated by slope gradient. This also
indicates that famers identified the areas withglouerrain as more susceptible to

degradation; the same perception that sloping aamore susceptible was also reported at

Namagqualand (Allsopgt al. 2007) and northern Tanzania (Oba and Kaitira 2006

Grassland vegetation was believed by the farmelsetthe most degraded part of the
rangeland. This implies that different vegetatigipes within the rangelands vary in
vulnerability to degradation. This perception cobkl credited to higher grazing pressure on
grasslands that renders areas covered by grasstaods susceptible to runoff, raindrop
impact and soil mechanical disaggregation througking objects. This is in agreement with
Lesoli et al. (2010) working at Magwiji and Upper Mnxe villagesthe Eastern Cape, they
reported that soils at the areas with differentetagon types responded differently to
mechanical disaggregation test. This was attribtaeithe low contribution of litter material,
which after defoliation contributes into soil orgacarbon, which together with clay content
is responsible for soil aggregate stability. Lownirdoution of litter material could result from

severe overgrazing leaving no litter to accumudate decompose in the soil.

Nevertheless, farmers held the view that degrad@dmunal rangelands can still
recover. The possible measures proposed by thesfarfor restoration include rangeland
resting, planting grasses, planting agave, buildstgnewalls, fencing and the use of
stonewalls. The fact that farmers believe thatléimel degradation can be reversed and they
came up with set of activities that could aid mersing land degradation implies that farmers

have some knowledge on restoration practices. Hewdand users both during the focus
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group discussion and during questionnaire survedicated that their knowledge on
rangeland management is poor. They perceive tlatrdining on rangeland management
could be important to reduce rangeland degradamhwill enhance livestock production.
Moyo et al. (2008) reported the same and they suggeste@doattion levels might hamper
the dissemination of information on policies andgaland management; hence, the high
number of respondents indicating little knowleddeamgeland management practices. This
could indicate that literacy levels may be an int@oir determinant in the way farmers view,

manage, and accept new interventions in the manageoh their rangeland resources.
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45. Conclusion

There are no policies or rules and/ or poor enfosr® of such policies for rangeland
access and utilisation at Amakhuze Tribal Authoritythere were policies or if the policies
were enforced, the access and utilisation of ramgis would be regulated. When rights and
duties are adequately enforced through common propegimes, common property
resources would not always be subject to open acasd degradation (Cousins 2000; Dietz
et al. 2002).

Farmers do not have livestock-rangeland manageskdig, and livestock movement
within the rangelands was not controlled. If thernfars have livestock-rangeland
management skills, they would understand rangetaaagement practices and the rationale
behind such practices. That would lead to farmessnprehending the reasons for
responsibility in livestock movement control, whicbuld be accomplished by among other
means kraaling at night and herding during grazing.

Lack policies or rules and/ or poor enforcementk laf skills for livestock-rangeland
management and poor responsibility of farmers esga@ by uncontrolled grazing movement
have lead to poor rangeland management practiced, smbsequently to rangeland
degradation in communal areas. Development andfewiew of community livestock-
rangeland management policies, livestock-rangelammhagement capacity building to
farmers, and assumption of responsibilities andedubn livestock movement control by
farmers would result in a proper livestock-rangdlamnagement and subsequently to less or

no land degradation with higher animal productienf@rmance.
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5. RANGELAND DEGRADATION CHARACTERISTICSIN THE COMMUNAL

LIVESTOCK PRODUCTION AREAS OF EASTERN CAPE

5.1. Introduction

Rangeland degradation is a worldwide phenomenofi &0d Roundy 1991, Ludwig
and Tongway 1996). Rangeland degradation is noyne&ident as a decline in productivity,
loss of biodiversity and an increasing rate of sidbsion bearing on the inability of the
rangeland to support animals and provide an inctoméand-users (Beukes and Cowling
2003, van den Berg and Kellner 2005). Land degraadtirther involves loss of vegetation
cover, plant density, species composition, andugissn of the hydrological cycle, including
increased surface run-off, causing changes in ticeoolimate (Curtin 2002; Snyman 2003;
van den Berg and Kellner 2005). South Africa ha®ray history of concern about land
degradation, particularly soil erosion (Vetter 2p0Zhrisholm and Dumsday (1987) defined
rangeland degradation as the loss of utility; aeeptal utility reduction, and loss or change

of features of rangeland ecosystem.

Land degradation results in declining functiongbaty, increased poverty, and food
insecurity (Coheret al. 2006). Major changes in rangeland surface moggyland soil
characteristics have a drastic effect on the pynpaoductivity of the rangeland ecosystem
and in turn on livestock production (Paytah al. 1992). This indicates a need for
interventions to halt degradation and improve thmctional capacity of communal

rangelands.

Rangelands in the arid and semi-arid areas areeipert as non-equilibrium systems,
thus they are variable but resilient ecosystemd, the influence of drastic events, cyclic
variation over time, and spatial heterogeneity emgphasised (Walker 1993). However,

Dahlberg (2000) indicated that arid and semi-aaitgelands are stable but fragile, and thus if
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left undisturbed, would remain in a state of eduilim, but which, are sensitive to human
disturbance. The variation in climate especialinfedl and episodic events such as drought
explain most of the observed environmental chaageshave overriding effects on different

management strategies (Dahlberg 2000).

The null hypothesis for this research was that ergl degradation does not vary
between rangeland management practices, and itrdegary in terms of occurrence and
intensity between landscapes within communal ramgle. Furthermore, rangeland
degradation is not characterised by poor vegetatmid soil compaction/infiltration
characteristics, and physical land degradationcatdrs. This hypothesis is based on the
premises that, grazing intensity and frequencynatecontrolled in the communal areas and
this leads to rangelands degradation. Rangelandadaipon could be indicated by the

dominance of grass species such increaser |l aytegyad poor basal cover.

Furthermore, occurrence of physical rangeland diedi@n indicators such as pedestals,
terracettes, rills, and gullies would be high omawunal rangelands due to high runoff rates
preceded by poor soil cover. In the communal areasause of poor grazing management
control, rangeland degradation would vary betwéenldndscapes, thus, areas receiving high
utilisation would be more degraded than areas leithutilisation intensity. The rate of soll
loss varies within the rangelands, thus, it hascifd and related to innate characteristics of

physical indicators such depth, length, breadtd,@@ichment area covered.

99



5.2. Materialsand Methods
5.2.1. Data collection
5.2.1.1. Visual assessment of rangeland degradation indicators

To conduct visual rangeland degradation assessioentexperimental units were
selected and these were Valley bottom (672 to 778s), Foothills (780 to 893 m.a.s.l),
Midslopes (894 to 1131m.a.s.) and Mountaintops32Lito 1825 m.a.s.l). In each
experimental unit eight plots (10 00G)mvere selected randomly adding up to 32 plotién t
study area. Each plot was subdivided into 25 olagienv sub-plots (20 m x 20 m), 12 sub-
plots were selected randomly out of 25 and eadhefkelected sub- plots was further sub-
divided into four quadrats (10 m x 10 m each). bche quadrat identifying groups of
herbaceous vegetation species according to themndmce, three dominant groups were
identified viz; dominant, sub-dominant | and subyoant 1l visually assessed herbaceous
vegetation characteristics. Dominance refers todingree of influence that a plant species
exerts over a community as measured by its mabasal area per unit area of the ground
surface or by the proportion, it forms of the tatal’er, mass or basal area of the community

(Trollopeet al. 1990).

Herbaceous species were further categorised irioebological status. The ecological
status of grass refers to the grouping based anremeection to different levels of grazing. A
grass species react to grazing in one of two wiagan increase or decrease (van Oudtshoorn
2009). The following were the grass categoriesraiser, increaser |, increaser I, increaser
[l and others (forbs, sedges, Karoo vegetatiorn). dtcreaser | are grass species that are
abundant in underutilised rangeland, they are lswslacceptable, robust climax species
than can grow without any defoliation, and exampledude Hyperthelia dissoluta and

Trachypogon spicatus. Increaser 1l are grass species that are abundamvergrazed
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rangeland. These grasses increase due to thehiigfueffect of overgrazing and include
mostly pioneer and sub climax species sucArasida adscensionis andEragrostis rigidor.
They produce much of viable seed and can thus lyuedtablish on new exposed ground.
Increaser Il are grass species that are commanlgd in overgrazed rangeland. These are
usually unacceptable, dense climax grasses suclEliasaurus muticas and Aristida
junciformis. These grasses are strong competitors and incbegseise the palatable grasses
have become weakened through overgrazing (van Bamits 2009). In each quadrat, soil
cover was estimated visually as the proportiorantllcovered by vegetation compared to the

total size of each quadrat.

The presence and extent of pedestals, terracstdtgion notches, sedimentation, rills,
and gullies were also visually assessed withinsidnme experimental units, plots and sub-
plots (Figure 5.2). However, eight sub-plots (2& 0 m) were selected randomly out of 25
sub-plots in each of 32 plots. In each sub-plat,glesence of pedestals, terracelets, solution
notches, armour layer, sedimentation, rills, antlieguwas recorded as present/absent per

unit area (20 m x 20 m).

The extent of degradation as indicated by pedestalscelets, and rills was estimated
by depth/height in centimetres and categorised rdowp to the intensity at which they
indicate rangeland degradation. Thus, Pedestadelet height/depth - Negligible =0 - 5 cm,
Light =5 — 10 cm, Moderate = 10 — 20 cm, High 2B0-cm, Severe = > 30 cm; Rill depth-
Negligible = 0 — 5 cm, Light =5 — 20 cm, High = 2080 cm and Severe = > 30 cm. The
extent of rangeland degradation indicated by gailliolution notches, amour layer, and
sedimentation was estimated by the percentage dreyuat which they were observed at

each sub-plot.
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5.2.1.2. Physical soil loss characteristics asindicators of rangeland degradation

To quantify rangeland degradation, seven degraded €00 m x 100 m each) were
selected based on visual impression of degradatidioothills and midslopes. The rangeland
degradation indicators were measured in each plo¢rding on their presence. The presence
of rangeland degradation indicators was alreadysored on visual degradation assessment
and therefore, this section put more emphasis ereittent of degradation. The indicators

measured were gullies, rills, pedestals, and tetres.

Rills and gullies are channels cut by flowing wdtéigure 5.2 F). The presence of rills
and gullies indicate that water flows rapidly dfietlandscape, carrying both litter and soll
particles. Pedestalling is the result of soil realdwy erosion of an area leaving the buses of
surviving plants on a column of soil above the mmeral level of landscape (Figure 5.2. B).
Exposed plant roots are typically further indicatdior pedestalling (Figure 5.2. D).
Pedestalling indicates that the soil type is eredémd that loss of vegetation in the landscape
was preceded by erosion and not the other way droterracettes are abrupt walls about 10
cm high, aligned with the local contour. Terracetéee progressively cut back up-slope by
water flow, eroded material being deposited in Haveal fan down-slope of the feature

(Coetzee 2005).

Gullies were present in five sites (D1, D4, D5, Rd D7); the extent of gully
formation was estimated by measuring top and bgsd} breadth and gully height at 2 m
intervals along the gully length. Furthermore, guéingth was measured and cross-sectional
area and soll loss per metre equivalent were caledl Rills were present in all the seven
sites (D1, D2, D3, D4, D5, D6, and D7); the extehtangeland degradation was estimated
through measuring rill breadth, length, and heagmth. Rill cross sectional area was

calculated for each site and volume of soil lossriie per catchment area was estimated.
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Pedestals were present at six sites (D1, D2, D3, and D7), the extent of rangeland

degradation characterised by pedestals was estrttateugh measuring pedestal heights and
volume of soil loss per catchment area was caledlaterracettes were observed on three
sites (D5, D6, and D7) and the volume of the sist per catchment area was calculated. The
following sections explain further details on hoack of the physical rangeland degradation

indicators was measured.

5.2.1.2.1. Measurement of soil lossin gullies

The gully length was measured with a tape measueach plot of 100 m x 100 m area.
The gully top and bottom breadth (base and cetaske) were measured with the tape
measure and depth was measured with the 2 m alumirad at regular intervals (2 m) along
the gully length. The mean gulley top and bottomablth, and depth were calculated for each
plot. The following mathematical formula was usedestimate the soil loss through gully

erosion (Stocking and Murnagham 2000):

Y = (% bh * 2 + Cb * h) GL

Where: Y= Soil loss,

b = Gully base,

h = Gully height,

Cb = Central base,

GL = Gully length
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Figure 5.1: The hypothetical schematic depictiothefgully.

Rangeland degradation intensity and potential ef dhllies to develop further were
estimated through observation of vegetation presand soil physical appearance along and
around the gully. The gully head (physical and vaten), gully wall (physical, soil and
vegetation) and gully base features (physical, @od vegetation) were visually assessed on
11 gullies found on site D1, D4, D5, D6, and D7eully walls and bases were assessed for
vegetation cover on the wall and base, physicata@mce and soil features at the interval of

2 m along the length of the each gully.

5.2.1.2.2. Measurement of soil lossindicated by rills

The rills were counted in each plot; their lengiteye measured with a tape measure.
The width and depth were measured with a measstidk (1m) at regular intervals (1 m) for
each rill. The average cross-sectional ared @rills was determined using the formulae for
triangle (i.e. ¥ horizontal width x depth). The wwle (nf) of soil lost from the rill was
calculated by multiplying its cross-sectional afe®) by length. Soil loss was calculated

from each rill with the mathematical formula (Stoakand Murnagham 2000):
Yn=(*2bh*2)RL.

Where:
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Y, = soil loss for each rill

b = base
h = height
RL = Rill length

The total volume of soil lost was converted to &uate per square metre of a catchment

area (20 ). Thus: volume lost (AY catchment area (2Gin= soil loss (M¥m?)

5.2.1.2.3. Measurement of soil lossindicated by pedestals and terracettes

The heights of the pedestals and terracettes weesumed with the measuring stick (1
m), a minimum of 20 pedestals and 20 points peadefet within an observation area and 20
root exposures were measured at each plot. The medestal and terracette height per
measurement area were used to estimate the s®ilHomugh sheet erosion. The net soil loss
(represented by the average pedestal height) fredegtals and terracettes was calculated
using an average bulk density of 1.3gictA 1 mm loss of soil is equivalent to 13 tha

(Stocking and Murnagham 2000).
5.2.1.3. Vegetation characteristics of degraded rangelands

Herbaceous vegetation and soil samples were oetleat two sites, which were
visually assessed for rangeland degradation immisasuch as presence of gullies, rills,
pedestal, solution notches, sediment accumulatomt,exposures, bare patches, amour layer,
terracettes, and soil build up against barriers 3iees were selected based on whether the
visual degradation indicators were present or Rot. this study, the sites with no visible
rangeland degradation indicators were referred tocs-degraded sites and sites with visible

indicators as degraded sites. Five non-degraded 1100 x 100 m each) were selected at
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Phandulwazi Agricultural High School and five detgd sites at Amakhuze Tribal
Authority. In each site 3 x 100 m line transectgeMaid randomly and along each transect

four quadrats (1m x 1m) were systematically plaateithe regular interval of 25 m.

In each quadrat species were identified (Van Owatish 2009) to determine species
composition, the tuft diameter of every plant thats located and tuft-to-tuft distance was
measured with the 100 cm ruler to estimate the |beseer. Vegetation species were
classified according to life form, functional gr@jpgrazing values, and grazing status
according to Van Oudtshoorn (2009). The presencdodds, sedges, and invaders was
acknowledged by indication and their contributioaswegarded as the whole, therefore, they
were not classified as the grass species but vegarded as the classes or categories on their

own.

5.2.1.4. Soil resistance and hydraulic conductivity

Along each transect a pocket penetrometer (ModelQ%/1, 1999) was used to
measure unconfined compressive strength (UCS)eokthl. Fifty penetrometer points were

collected at an interval of two meters.

Furthermore, in each transect a mini disk irditbeter was systematically placed at
four observation times at the interval of 25 m gldhe line transect (100 m) to estimate
infiltration rate as described by (Decagon Devides, 2007). The infiltration was measured
15 times at the time interval of 30 seconds, whiebulted in total infiltration time per

observation point into the total of 420 seconds.

5.2.2. Data analysis

The association of visual rangeland degradationndated by vegetation species

composition, soil cover, pedestals, terracettefls, risolution notches, armour layer,
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sedimentation and gullies was tested with Chi-sguaetween valley bottom, foothills,
midslopes and mountaintop. The data for visual ygalharacteristics, thus, gully head
(physical and vegetation presence), gully wall gt¢e, soil and vegetation) and gully base
features were analysed with Chi-square to estimae frequency at which such
characteristics were occurring. Furthermore, datsevanalysed by cross tabulation with

(SPSS 1999) the results were considered signifagng 0.05.

The data for physical land degradation measuremeets analysed with descriptive
statistics and displayed by the use of box and kehiplots. The relationship between all
possible paired combinations of degradation vaesibr gullies and rills was determined
using Pearson correlation coefficients and was idensd significant ap < 0.05. Before

Pearson correlation was ran, the data were testetbfmality.

The Chi-square test was used to determine assotiagitween the species composition
related variables and degraded and non-degradeeleantls, the association was considered
significant atp < 0.05. The difference between degraded and ngraded rangelands for
tuft diameter, tuft-to-tuft distance, plant densityconfined compressive strength (UCS) and

hydraulic conductivity was determined using one-W&§OVA in SPSS (1999).

Hydraulic conductivity was determined using minsldiinfiltrometer user’'s manual,
version 4 (Decagon Devices, inc. 2007). The sow wiassified as silty clay loam and the
values ofA (value relating the van Genuchten parameters fpven soil type to suction rate
and radius of the infiltrometer disk) computed tiee mini disk infiltrometer at the suction of
4 cm for degraded and non-degraded rangelandswsa#s9.6. Soil hydraulic conductivity

was determined according to Zhang (1997).

I=C,(msHYt+C(msYHt
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Where:
| = is infiltration
C.(m s%) =is related to hydraulic conductivity
C,(m s*?) = is related to soil sorptivity

t =time

K =CJ/A
Where:
K = is the hydraulic conductivity of soil
C, = is the slope of the curve of cumulative infitioa vs. the square root of
time

A = is a value relating the van Genuchten paramébera given soil types to

suction rate and radius of the infiltrometer di&kywas computed from:

A=11.65 (**-1) exp [2.9516 — 1.9)ah)] n>1.9

((Xr())o'gl

A=11.65 (*"1) exp [7.50—1.9)ahg] n> 1.9

(1)

Where:

n anda are the van Genuchten parameters for the soil
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ro=is the disk radius

h, = is the suction at the disk surface

The van Genuchten parameters for the 12 textussetawere obtained from Carsel and
Parrish (1988). One way ANOVA was used to comptie infiltration rate difference

between degraded and non-degraded sites.
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Figure 5.2: Rangeland degradation indicators; (@ghvegetation patches, (B) pedestals, (C) TetesmgD) root exposures, (E) Armour

layer and (F) gullies.
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5.3. Results
5.3.1. Degradation characteristics of the communal rangelands
5.3.1.1. Visual observation of degradation

Rangeland degradation along the landscape gradeemharacterised by herbaceous
species ecological status, was such that the valepm (54%) and foothills (49%) were
dominated by increaser Il specig8 £ 1059.284df = 12,n = 1536,p < 0.01). The midslopes
were dominated by increaser 1l species categdfiable 5.1). While decreaser species were
dominant at the mountaintops, (54%) followed byréaser | species (37%). Rangeland
degradation as indicated by poor vegetation coas igh at valley bottom (65%), foothills
(62%), and midslopes (59%)° 825.58,df = 9,n = 1536,p < 0.01). On the mountaintops,

rangeland degradation as indicated by vegetatibie®@eer was light (79%).

The pedestals were dominant at valley bottom (9886hills (100%), and midslopes
(100%), they were low at mountaintop (61%3 £ 78.26,df = 3,n = 256,p < 0.01). The
extent of rangeland degradation as indicated begtatiheight was significantly severe (>30
cm) at the valley bottom (63%) and foothills (53%2)= 196.28df = 12,n = 256,p < 0.01).
There was an indication of moderate (10 — 20 crgyal#ation extent at the midslope (44%).
Rangeland degradation extent as indicated by padesinged from negligible (36%) to light

(34%) at the mountaintop (Table 5.2).

The presence of terracettes was also higk @0. 47,df = 3,n = 256,p < 0.01)at the
valley bottom (83%) followed by foothills (69%) andidslopes (58%) and low at the
mountaintop (30%). The extent of rangeland degradats characterised by terracette depth
ranged between high (20 — 30 cm) (33%) and sew@@ ¢m) (33%) at the valley bottor (

= 121.36,df = 12,n = 256,p < 0.01). The most severe terracettes were obseatdde
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foothills (44%). The terracettes on the midslod24) and mountaintops (94%) were at the

negligible extent (0 — 5 cm) (Table 5.3).

The presence of rills was higher at the valley dtt(72%) and foothills (83%)
compared to midslopes and mountaintgp=(74.95,df = 3,n = 256,p < 0.01) (Table 5.4).
The magnitude of rangeland degradation as chairseteby rill depth was severe at the
valley bottom (48%) and foothills (44%) (>30 cm} € 101.12,df = 9,n = 256,p < 0.01).
The extent of land degradation indicated by rilpttewas negligible (0 — 5 cm) at the

midslopes (63%) and mountaintops (84%).

Rangeland degradation was further characterisethéypresence of gullies, solution
notches, armour layer, and sediment accumulatidheavalley bottom, foothills, midslopes,
and mountaintop. Rangeland degradation as chassrieby the frequency of gullies was
high (75%) at the valley bottomy’= 71.23,df = 3,n = 256,p < 0.01). The valley bottom was
further observed to have more (41%) of solutiorches ¢° = 10.35,df = 3,n = 256,p <
0.05). The presence of an armour layer was aldo (&i§%) at the valley bottom4~ 22. 0,
df = 3,n = 256,p < 0.01). The frequency at which sedimentation wlserved was high

(86%) at the valley bottomy{ = 64.52,df = 3,n = 256,p < 0.01) (Table 5.5).
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Table 5.1: Indication of rangeland degradation bmihant herbaceous vegetation species categgfiesl(059.28df = 12,n = 1536,p <

0.01) and by vegetation covef € 825.58df = 9,n = 1536,p < 0.01) along the landscape.

Herbaceous vegetation species categories (%) Degradation indicated by vegetation cover (%)

Experimental unit
Decreaser Increaser | Increaser Il Increaser lll  Other Severe  High Light None

Valley bottom 7.8 7.0 54.2 115 19.5 135 65.1 121. 0.3
Foothills 13.3 2.6 49.0 18.8 16.4 21.6 62.5 15.9 00
Midslope 27.3 2.1 16.9 52.9 0.8 1.8 59.1 39.1 0.0
Mountaintop 54.4 37.2 0.8 7.6 0.0 0.0 1.0 79.7 319.
Average 25.7 12.2 30.2 22.7 9.2 9.2 46.9 38.9 4.9

Severe = vegetation cover < 25 %, High = soil cdatween 26 — 49%, Light = soil cover between 5@%, and None = no indication of saill

cover loss with cover > 75 %.
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Table 5.2: Frequencyd{= 78.26,df = 3,n = 256,p < 0.01) and intensity{ = 196.28df = 12,n = 256,p < 0.01) of pedestals as indicators

of rangeland degradation at Amakhuze Tribal Autlyori

Experimental unit

Pedestals (%)

Pedestal height (%)

Present

Valley bottom

Foothills

Midslope

Mountaintop

Average

98.4

100.0

100.0

60.9

89.8

Negligible Light Moderate High Severe
1.6 4.7 4.7 26.6 62.5
0 0 9.4 37.5 53.1
0 23.4 43.8 17.2 15.6
35.9 34.4 26.6 3.1 0
94 15.6 21.1 21.1 32.8

Pedestal height: Negligible = 0 - 5 cm, Light = 56-cm, Moderate = 10 — 20 cm, High 20 — 30 cmgegew > 30 cm
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Table 5.3: Visual observation of the frequeng@=(40. 47 df = 3,n = 256,p < 0.01) and intensityf = 121.36df = 12,n = 256,p < 0.01)

of terracettes as indicators of rangeland degrawlati Amakhuze Tribal Authority.

Experimental Unit

Terracettes (%)

Terracettes depth (%)

Present

Valley bottom

Foothills

Midslope

Mountaintop

Average

82.8

68.8

57.8

29.7

59.8

Negligible Light Moderate High Severe
17.2 9.4 32.8 32.8
26.6 .0 18.8 43.8
53.1 4.7 31.3 7.8
93.8 6.3 .0 .0

a7.7 5.1 20.7 21.1

Terracettes depth

: Negligible = 0 — 5 cm, Light = 50 cm, Moderate = 10 — 20 cm, High = 20 — 30 8avere = >30 cm
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Table 5.4: The distribution of rills (presenc,eﬁzé 74.95,df = 3,n = 256,p < 0.01) and extent (deptmz(z 101.12df =9,n = 256,p <

0.01) as an indication of rangeland degradation.

Rills Rill depth

Experimental unit

Present Negligible Light High Severe
Valley bottom 71.9 28.1 6.3 17.2 48.4
Foothills 82.8 28.1 125 15.6 43.8
Midslope 35.9 62.5 26.6 9.4 1.6
Mountaintop 15.6 84.4 12.5 1.6 1.6
Average 51.6 50.8 145 10.9 23.8

Rill depth: Negligible = 0 — 5 cm, Light =5 — 2th¢High = 20 — 30 cm and Severe = > 30 cm
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Table 5.5: The distribution of gullieg’= 71.23,df = 3,n = 256,p < 0.01), solution notcheg*= 10.35,df = 3,n = 256,p < 0.05), amour

layer ¢* = 22. 0,df = 3,n = 256,p < 0.01), and sedimentatiop?(= 64.52,df = 3,n = 256,p < 0.01) along the topographic position at

Amakhuze Tribal Authority.

Gullies Solution notch Armour layer Sedimentation

Experimental unit

Present Absent Present Absent Present Absent nPrese Absent
Valley bottom 75.0 25.0 40.6 59.4 51.6 48.4 859 141
Foothills 46.9 53.1 29.7 70.3 34.4 65.6 60.9 39.1
Midslope 21.9 78.1 25.0 75.0 15.6 84.4 92.2 7.8
Mountaintop 7.8 92.2 15.6 84.4 48.4 51.6 32.8 267.
Average 37.9 62.1 21.7 72.3 375 62.5 68.0 32.0
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5.3.1.2. Physical characteristics of rillsin the communal rangeland

The rills varied with the breadth, length, and deptithin the degraded sites in
communal rangelands. The broadest rill was more 12® cm and the narrowest was about
20 cm (Figure 5.6). The length of the rills variggtween 5 m to 32 m between the degraded
sites. The rill height ranged between 17 cm to 8 The cross-sectional areas of the rill in
degraded rangelands ranged from about 0.8%0n9.4 nf between the degraded sites. The
volume of the soil lost from the rills was estingteetween 0.03 to 0.72 ni. The length of
the rill had the greater effect on the volume of lest. Degraded site D2 had the longest rills
and in turn had the highest volume of soil los720n?) (Figure 6.3). The volume of the soil
lost per unit area varied between the sites, igedrbetween 0.5 #m? and 760 Ym®. The
volume of soil lost per unit area was higher in tegraded sites that had longer rills than
those that had shorter but wider rills. The site With 32 m length had lost 760 °m?

volume of sail.

There was a significant positive and strong retediop between rill length and depth (
= 0.462,p < 0.05), rill length and breadth € 0.433,p < 0.0.5) (Table 5.6), rill length and
volume of the soil lost per catchment area (0.710,p < 0.01), and rill length and soil loss
per unit arear(= 0.710,p < 0.01). The depth of the rill was significantlggitively related to
rill breadth ¢ = 0.499,p < 0.01), cross sectional arga=0.620,p < 0.01), volume of soil lost
per catchment area € 0.711,p < 0.01) and volume of soil lost per unit afea 0.711,p <
0.01). The rill breadth was significantly positiyednd strongly related to the cross-sectional
area ( = 0.638,p < 0.01), volume of the soil lost per catchmentdare= 0.718,p < 0.01) and
per unit arear(= 0.718,p < 0.01). There was a significant positive and rgjroelationship
between rill cross-sectional area and volume dflest per catchment area € 0.719,p <

0.01) and per unit area€ 0.719,p < 0.01).
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Table 5.6: Correlations between rill characterssit Amakhuze Tribal area € 28)

Length  Depth Breadth  Cross sectional

Volume of soil

Volume of soil lost

area lost/catchment area /meter equivalent
Length 1.000 0.462* 0.433* NS 0.710** 0.710**
Height 1.000 0.499** 0.620** 0.711* 0.711*
Breadth 1.000 0.638** 0.718** 0.718*
Cross sectional area 1.000 0.719** 0.719**
Volume of soil lost/catchment area 1.000 1*900
1.000

Volume of soil lost /meter equivalent

* Correlation is significant at the 0.05 level, €orrelation is significant at the 0.01 level
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5.3.1.3. Characteristics of gulliesin the communal rangeland

The gully depth character varied between shallo® (®) and deeper (1.6 m) within the
degraded rangelands. The top breadth ranged freorowmg1.3 m) to wider (6.8 m) gullies
(Figure 5.4). The bottom breadth varied betweemomaibottom (1.5 m) and wider bottom
gullies (3.7m). The gully length varied from shor80 m) to longer (180 m) gullies. The
gully cross sectional area ranged from 1%2amd 4 mi. The volume of the soil lost from the
gullies varied across the degraded rangelands, ithamged between 20 vand 700
(Figure 5.5). The volume of soil lost per metre ieglent also varied with the rangelands

sites, thus, 0.005 #m? to 0.06 ni/m?.

There was a strong positive correlation betweergthly length and height (= 0.845,
p < 0.01), between the gully height and volume of kst (r = 0.855,p < 0.01) and length
and volume of solil lost per metre equivalent(0.855,p < 0.01) (Table 6.7). The gully top
breadth was significantly positively and strongijated ( = 0.769,p < 0.01) to gully bottom
breadth, the top breadth was also significantlgtesl to cross sectional area=0.848,p <
0.01). Furthermore, the bottom breadth was signifiy positively and strongly related £

0.796,p < 0.01) to gully cross sectional area.
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Table 5.7: Correlations between gully features smibloss at Amakhuze Tribal Authoritp € 11)

Cross sectional Volume of the Volume of soil lost/
Height Top breadth Bottom breadthLength

area soil lost metre equivalent
Height 1. NS NS 0.845** NS 0.855** 0.855**
Top breadth 1. 0.769** NS 0.848** NS NS
Bottom breadth 1. NS 0.796** NS NS
Length 1. NS 0.959** 0.959**
Cross sectional area 1. NS NS
Volume of the soil lost 1. 1.000**
Volume of soil lost/ metre
1.

equivalent

** Correlation is significant at the 0.01 level
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5.3.1.4. Pedestal and terracette characteristics of degraded communal

rangelands

The pedestal height on degraded rangeland sitgedabetween 100 mm to 400 mm
(Figure 5.6). The volume of soil lost measured tigio pedestals ranged between 2393 t/ha
and 4329 t/ha. The terracettes were also obsermedegraded rangelands, their heights
ranged between 380 mm to 1400 mm. The volume dflgsi through terracettes ranged

between 5083 t/ha and 13559 t/ha.
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Figure 5.6: Distribution of pedestal and terracetteross the degraded sites: (a)

Pedestal and (b) terracettes height

Gullies were assessed for characteristics of tlael loait, gully walls, and gully base.
Gully head cuts were characterised by loose $bit(13.36,n = 11,df = 3,p < 0.05) and
with bare internal surfaceg®c 4.45,n = 11,df = 1,p = 0.05). The gully wallsyf = 643.87n
= 428,df = 5,p < 0.05) were solid with poor vegetation covgr£ 199.38n = 428,df = 2,p
< 0.05). The gully bases were characterised byelsofl base)f = 234.82n = 428,df = 2,p
< 0.05), sediment accumulatioff € 311.46,n = 428,df = 2, p < 0.05) and barely covered

with vegetation > = 169.38n = 428,df = 2,p < 0.05).
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5.3.2. Vegetation characteristics of degraded rangelands
5.3.2.1. Species composition between degraded and non-degraded rangelands

Non-degraded sites had a significantly higher (93.@roportion of perennial tufted
grasses compared to degraded sites (54.3% 2612.07p < 0.01). Other categories such
as annual tufted, creeping, forbs, invader, weakrnpeal, and sedge species were low at non-
degraded sites compared to degraded sites (Figufe Rangeland degradation was
significantly associatedy{ = 1675.79,p < 0.01) with vegetation ecological status (Figure
5.8). The non-degraded sites were dominated byagligrass species (67.1%) such as
Themeda triandra andTristachya leucothrix.
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Life forms

Figure 5.7: Herbaceous vegetation distribution etiog to their life form between
degraded and non-degraded rangelands (* = invapeses were not categorised into life

forms and their inclusion in the figure only indiea their occurrence).
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The degraded sites were dominated by sub-climassgspecies (43.7%) such as
Soorobolas africanus, Eragrostis capensis, and Eragrostis chloromelas. Furthermore,
pioneer grasses were higher in degraded range(a6ds’) while they were not observed at

non-degraded rangelands.
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Functional groups

Figure 5.8: Herbaceous plant species functionaliggdoetween degraded and non-
degraded rangelands (* = invaders were not catsggbrinto functional groups and

their inclusion only indicates their occurrence).

There was a significant associatigf £ 1044.82p < 0.01) between the degradation
and grazing values of grass species (Figure 5i).nbn-degraded rangelands (63.3%) were

dominated by grass species with average to highirgraalues.
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Figure 5.9: Species composition according to ggzialue between degraded and
non-degraded rangelands (* = Forbs, invaders, addes were not categorised into

grazing values and their inclusion in the figurédyandicates their occurrence).

Rangeland degradation was significantly associgtée¢ 2323.69,p < 0.01) with
vegetation grazing status. Degraded rangelands daménated by increaser Il and increaser
lll grass species, while the non-degraded were datad by decreaser and increaser | species

(Figure 5.10).
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Figure 5.10: Species composition according theazigg status between degraded and
non-degraded rangelands (* = exotic grasses, fahd,sedges were not categorised into

their ecological status and their inclusion onlgigates occurrence).

5.3.2.2. Characteristics of vegetation for soil protection against erosion

The tuft diameter was significantly differerft € 8.07,p < 0.01) between degraded
(5.31 cm) and non-degraded (5.62 cm) sites. Furtber, the tuft-to-tuft distance was
significantly different E = 18.05,p < 0.01) between the degraded (4.01 cm) and non-

degraded (3.46 cm) sites (Figure 5.11).
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Figure 5.11: Grass tuft diameter and distance berviafts as an indication of basal
cover between degraded and non-degraded sitesréiff letters within the pair indicates
that the means for tuft diameter and tuft-to-tuistahce between degraded and non-

degraded sites were significantly different).

Tuft diameter was significantly differenff & 23.56,p < 0.01) between the perenniality
categories (van Oudtshoorn 1999) of herbaceoustattge species. The tuft diameter was
higher on forbs, weak perennial (growing for < 5Sang and perennial tufted grasses
compared to creeping grasses, annual tufted grasskesedges (Figure 6.12). Non-degraded
(98.27 plants/f) rangelands were significantly highdt £ 9.93,p < 0.01) in plant density

than degraded (72.4 plant$jmangeland sites.
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Figure 5.12: Plant diameter of the herbaceous atigat according to their life form
(Different letters denote that means for tuft ditene between herbaceous vegetation
species categories were different; * = forbs, ireradand sedges were not categorised into

their life forms and their inclusion in the figuoaly indicates their occurrence).

Plant density was significantly negatively relat@d= -0.702,p < 0.001) with tuft
diameter. The tuft diameter was significantly rethteciprocally (= -0.627,p < 0.001) with

tuft-to-tuft distance.

5.3.3. Penetration and infiltration characteristics of communal rangeland soil

The value of unconfined compressive strength (UGS)he soil was significantly

different F = 165.75p < 0.01) between degraded and non-degraded sitpe¢r5.13).
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Figure 5.13: Unconfined compressive solil strengié $) between degraded and non-

degraded rangelands.

Cumulative infiltration rate was significantly diifent ¢ < 0.05) between Non-
degraded (Phandulwazi Agricultural High School) atebraded rangelands (Amakhuze
Tribal Authority) at all measured time intervalshel hydraulic conductivity) was 1.59 x
102 cm/s and 5.21 x Idcm/s for non-degraded and degraded rangelandeatisgly.
Figure 5.14 demonstrates cumulative infiltratiorierars. square root of time between

degraded and non-degraded rangelands.
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Table 5.8: Cumulative infiltration rate (Mean, SB, and P) between Phandulwazi Agricultural Highh&d (Non-degraded) and

Amakhuze Tribal Authority (degraded) at 30-secantktinterval.

Mean cumulative infiltration rate (cm®) Std. Deviation
Time (seconds) PhandulwaziAHS  AmakhuzeT A PhandulwaziAHS AmakhuzeT A F Sig.
(Non-degraded) (Degraded) (Non-degraded) (Degraded)

Initial (O seconds) 0 0 0 0 - -

30 -1.44E-26 -2.41E-102 -1.12E-102 -2.78E-120 7.064 0140.
60 -1.25E+29 -2.98E-47 -2.34E-55 -7.14E-72 8.326 0.008
90 -6.75E+83 -3.12E-16 -3.47E-65 -5.33E-67 31.583 ©.00
120 -5.27E+115 -2.15E+05 -1.75E-15 -3.47E-54 37.883 0@.0
150 -8.84E+136 -1.37E+22 -2.91E+13 -3.47E-45 34.017 0@.0
180 -1.94E+157 -6.72E+41 -2.55E+29 -7.92E-41 34.422 0@.0
210 -3.74E+175 -2.01E+69 -5.04E+43 -2.48E-20 39.635 0@.0
240 -4.14E+207 -2.43E+86 -2.96E+100 -1.28E+08 31.395 00@®.
270 -4, 72E+226 -2.12E+105 -1.12E+107 -9.00E+35 31.764 .00®
300 -3.64E+246 -4.29E+122 -4.30E+141 -1.24E+54 30.654 .00®
330 -1.08E+262 -3.13E+142 -4.31E+168 -3.37E+80 25.559.00®
360 -3.20E+282 -3.30E+162 -2.36E+191 -1.78E+96 23.337 .00®
390 -1.56E+306 -8.82E+177 -1.07E+201 -2.18E+120 26.793%.000
420 5.21E-299 -1.39E+197 -4 50E+218 -1.68E+136 25.788 .00
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Figure 5.14: Cumulative infiltration rate (§mvs. the square root of time between

degraded and non-degraded rangelands.
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5.4. Discussion

5.4.1. Vegetation characteristics asindicators of rangeland degradation in

communal rangelands

Vegetation species presence and dominance on eatigelvere used as indicators for
land degradation. The results of the visual rangkldegradation assessment indicate that
rangeland located on the valley bottom and aloegfadbthills were the most degraded. This
was indicated by the presence and dominance oéaser Il grass species suchAasstida
congesta, Cynodon dactylon, andEragrostis obtusa. This was in contrast to species presence
and dominance on the mountaintop, where the mauonfaiwas dominated by decreaser
species such afhemeda triandra andHeteropogon contortus. Under heavy grazing pressure,
decreaser species disappear and are replacedrbgsec or invader species (Sisay and Baars
2002). Decreaser grass species are abundant iraigeland on good condition, but they

decrease in number when the rangeland is overg@azaaudergrazed.

Increaser Il species are generally regarded asahmmmal pioneer grass species. These
species are indicators of the early stages of skrgrplant succession. Secondary succession
indicates that there is a disturbance in plant camty development (Tainton and Hardy
1999). Secondary succession starts on the secornmaey area; secondary bare area is
facilitated by disturbance such as overgrazingugho, flood, and fire. The dominance of
increaser Il species on the valley bottom and atbegoothills could be ascribed to localised
grazing pattern, which has resulted in variationl@gradation intensity along the landscape.
Different grazing pressure within the different fganf rangelands could result in change in

species composition (Abel 1997, Hays and Holl 2003)
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In the rangelands, depending on the history of mament there are plant species that
are more acceptable to grazing animals and thosk ate less acceptable. Thus, when
animals are grazing in one area they tend to sefssties that are more acceptable and they
leave other species not grazed. The species tlatgi@zed repetitively are not given
sufficient time to recover and they lose plant vg@and subsequently some tufts do not
recover depending on the severity of defoliatiod amailability of reserved carbohydrates.
Plant species that were not grazed increase in etgrdnd vigour, that is because they get
more chance to grow and produce seeds and subsiggouerome dominant in the area. The
higher grazing intensity results in changes on tagm structure, composition and rangeland

productivity (Moleele and Perkins 1998, Oz¢hsl. 2003, Makiet al. 2007).

Rangeland degradation as indicated by poor vegetabil cover was characterised as
high along the valley bottom, foothills and midséspand light on the mountaintop. The poor
soil cover indicates that most of the soil is banés further indicates higher rates of run-off.
The poor soil cover could be due to smaller andefeplant tufts, or fewer thicker plant tufts
resulting from high grazing pressure. High intensifrazing at the certain portion of
rangelands leads to excessive removal of mostrggamceptable species, which are usually
perennial grasses (Todd and Hoffman 1999, AndeaswhHoffman 2006). This opens the
way for less acceptable and faster establishingi@ngrasses and forbs, which in turn are
providing poor cover to soil (Nsinamvetal. 2005). The fact that soil cover varies within the
landscape is an indication that land degradatioresaalong the landscape within grazing
areas. The dominance of increaser Il grass spsagggests the loss of climax species and this
has resulted in poor soil cover. This is in agresnveith Tainton and Hardy (1999) who
indicated that rangeland degradation proceeds dubet breakdown of cover, the loss of

climax species and their propagules, and the ionasi pioneer grass species.
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The observation of pedestal presence and theirhtseigdicate the frequency and
intensity at which land degradation has occurrecthbse of sheet erosion. The presence of
pedestals further denotes erodibility of the swhich indicates loss of vegetation in the
landscape being preceded by loss of soil whileplaats are present (Coetzee 2005). That
could be attributed to high runoff rate on a susibép soil with poor soil cover. The
frequency and intensity of rangeland degradatiortregacterised by pedestals were both
higher at the grazing areas located on the valleftom and foothills compared to
mountaintop. The presence of severe pedestalsataley bottom and foothills could be
attributed to poor soil cover, which in turn fatabes runoff. Runoff on the poor soil cover
washes away the soil around the plant tufts orest@nd leaves the soil that is anchored by

plant roots or directly covered under the stonesthat result into pedestal development.

These results imply that considering the frequerayd intensity of pedestal
development as an indicator of rangeland degratatommunal rangeland degradation
could be characterised as higher at the low-lyingas than upper areas. This could be
ascribed to landscape variation and grazing didgiob, thus the landscape on a sloping
terrain is more susceptible to degradation dueaBy enovement of water from higher lying
areas. As indicated in chapter 6, grazing pattedngakhuze Tribal communal grazing areas

was more concentrated on the valley bottom andifit®than mountaintop.

The frequency and intensity of rangeland degrada® characterised by the presence
and depth of terracettes was also observed to ¢le &t valley bottom, foothills, and
midslopes and low at the mountaintop. The presefdtke terracettes could be due to poor
soil cover and diverged water distribution becaoséand shape and slope. Thus, the land
with a convex-slope uphill diverts water over tlangeland and can cause terracettes if

vegetation cover is poor. Furthermore, if the updldpe is convex and downhill is concave,
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the water flow converges into narrow channels tesylin rills and gullies on the valley
bottom. Hancocket al. (2003) indicated that soil-mantled, fluvial emsi— dominated
catchments generally have convex upper-hill slapdilps with concave profiles developing
further down-slope. In water flow dynamics withiretrangelands, it is important to consider
that there is less force at the top of the slopeabse that is where the flow starts and
increases momentum as it flows down slope. Thatdvalso subject the down slope areas to

soil erosion especially where the vegetation caveoor.

The occurrence and severity of rills was highethat valley bottom and foothills as
other variables were observed. The presence oiegulVas also localised towards valley
bottom and foothills. The results imply that thetdbution of land degradation in communal
rangelands at Amakhuze Tribal Authority was biasedards the valley bottom. Land
degradation was decreasing with an increase ituddtiresulting in areas at the mountaintop
being least degraded. The land with convex shageskping terrain has higher waters flow
because of the run-off water convergence into legicentrated water channels. The higher
concentration of running water into channels rasutt soil within such channels being

washed away and that in turn results in rills, Wrsabsequently result in gully formation.

Other rangeland degradation indicators such agptégence of solution notches and
armour layers were insignificant, thus they wereegally not observed. However, that does
not imply that there was no degradation, but jug that the indicators are more dependent
on presence or absence of rocks. The absence s# thdictors could be attributed to the
absence of rocks and stones on which to mark solutdbtches as well as the absence of
debris, which are generally used on assessingraauairlayer. However, soil deposition was
observed to be especially high on the valley botémd foothills. The presence of sediment

indicates that the soil was washed away from upjogres, which are more susceptible to soil
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erosion and deposited into the low-lying areasc8pighility of the rangeland to degradation
could be due to poor soil cover and roughnessetdirain. The poor soil cover could be as a
result of low plant species distribution densitytloe presence of plant species with poor soil
cover such as annual grasses. As the soil paroaegd in runoff get to areas with gentle
terrain or a bit of soil cover with reduced watemf in terms of both quantity and speed, they
settle down and accumulate into sediment. Landadkizgion caused by soil erosion does not
only involve the loss of topsoil and reduction dfil sproductivity, but also leads to
sedimentation of reservoirs and increases suspesgtikohent concentrations in streams, with

consequent effects on ecosystem health (Le Rbalx 2007).

5.4.2. Physical rangeland degradation measurementsin communal grazing areas

As indicated in the sections above, rangeland diagian could be characterised by the
rills as indicators of soil loss. In this studyethlisual observation of the presence and
estimation of the rill height was further supporteyl physical measurements of rills. The
important variables in characterising the rillsluged length, breadth, and depth. These
variables indicate the degree to which soil was tlmough rill development. The volume of
soil loss through rill formation was affected bif dross sectional area and rill lengths. The
length and number of the rills per catchment ardarchines the total volume of soil lost and

the volume of soil loss per unit area.

The rills present in degraded portions of Amakhti#leal grazing communal areas
varied in depth, length, and breadth. The rill bteadepth, and length influence the rill cross
sectional area. The rill cross sectional areasthegevith rill length indicates the volume of
soil lost. The rill length had a greater impacttba volume of soil lost than the rill breadth.
This shows that the longer rills even if they asrow have more soil loss compared to

shorter ones. Thus, degraded rangelands that araatbrised by lengthy rills have lost the
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more volume of soil than the areas with multiplersér and wider rills. The major question
to answer would be “what causes variation in @fidth within the ecosystem?” Although the
cause of variation between rill characteristics wasmeasured in this study, the speculation
is that differences could be due to variation igetation characteristics, soil infiltration rate
and landscape formation within catchment areassé tiactors determine runoff rates and
concentration, and in turn, the volume of soil Iddartin-Fernandez and Martinez-Nufiez
(2011) indicated that interill and/or rill superiterosion is one of the important types of soill
erosion. This is because it influences further dégtion of natural systems, the loss of soil
and alteration of hydrological processes. Furtheen&osmaset al. (1997) indicated that
factors determining the response of soil water dyos by influencing infiltration and runoff
rates for a given rainfall include spatial disttiba of land use, vegetation cover, topography

and soil type, as well as erosion processes.

The fact that there was a positive strong relahgndetween the length, height and
breadth of the rill indicates that rill formatiorcaurs simultaneously in increasing breadth,
depth, and length. This implies that the shorteallswer, and narrower rills could be at an
early stage of degradation and would increasergetdimensions with time. As the length of
the rill increases the volume of soil lost per batent area and per unit area®(malso
increases. That makes it necessary for rangelamhtsts to develop and/or evaluate
techniques specifically to address early and k#ges of rangeland degradation in communal

areas.

There was a positive relationship between rill deptd breadth. The rill cross sectional
area was determined by the depth and in turn affeaiume of soil lost per catchment area
and per unit area. This implies that as the ridlsdime deeper the soil loss per catchment area

and per unit area increases. This suggests thdireddth had a positive effect on cross
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sectional area, volume of the solil lost per catafinaeea and per unit area. The information
on rill characteristics such as rill cross sectioaeea are ecological significant if the
characterisation of such degradation indicatorsintended to inform the restoration
procedures. The relationship between rill crossizeal area and both soil loss per catchment
area and per unit area indicates that the largectbss sectional area the higher the soil loss
volume both per catchment area and per unit ateia. therefore, important in rangeland
restoration intervention to consider the restoratiwechanisms that can reduce the breadth
and depth of the rills and that in turn would regltice volume soil loss per catchment area

and per unit area.

It is important to note that communal rangelanasragarded to be degraded by most
of rangeland scientists and policy makers. In ageeg with this popular conception, the
findings in chapter 4 of this study indicated thatd users also perceive rangelands to be
degraded. It is however, more fundamental to asseggeland degradation characteristics in
detail, that serves to provide a detailed diagnimsthe problem. As discovered with the rills,
it was further found that gullies were present. ldoer, these vary with length, breadth, and
depth within the grazing areas. Gully formatiompisceded by rill formation, thus as the rills
deepen, widen and lengthen they result in gullMachadoet al. (2010) stated that gully
formation begins with interill erosion followed lgoncentrated runoff, thus initiating rill
formation, which further evolves into gullies besawf the increase in dimensions of the

channel.

The volume of soil lost through gullies was higbarlonger than wider shorter gullies.
This implies that the greater length of gulliesde#o higher soil loss than the wider shorter
gullies. The presence of the rills and gullies preceded by poor vegetation cover (Gyssels

and Poesen 2003), number of factors, such as eiarad drought, could affect vegetation
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cover in rangelands however, the most cited faetducing soil cover is overgrazing (Bull
1997; Fanning 1999; Moiet al. 2000). Staviet al. (2010) indicated that the decrease in
vegetative cover also reduces the ability of edesysto retain resources. Hence, the
reduction in plant biomass and vegetation cover oy indicates degradation of the
ecosystem, but also enhances this process leaglifhgther degradation of formerly more

productive rangelands.

The results further indicate that length and degtthe gully are directly proportional,
thus, as the length increases the depth incre@kesimplies that the longer gullies are the
deepest; hence, the shorter gullies are the shediowwhe explanation for the relationship
between the length, depth, and breadth of theegudould be that shorter gullies develop into
longer gullies with time. The results also point that the longer gullies have higher soil loss
per gully and per mitre equivalent. The fact thallyglength was related positively to the
volume of solil lost indicates that gully length @wbibe used as a characteristic feature for
communal rangeland degradation. According to Naghtdeet al. (2001), the length of the
gully is the key parameter to determine the volwhgully erosion. Furthermore, Hughets
al. (2001) and Chengt al. (2007) indicated that there was a strong colelabetween the
length and volume of the gully and they have suggethat gully length is a significant and

useful index to estimate the volume of gully erasio

It was further reported in the results that theatiehship between top and bottom
breadth were directly proportional. Thus, as thedally breadth widens so the bottom and
they both affect the cross-sectional area of tHly.gAs the cross-sectional area of the gully
increases, the volume of the soil lost also in@sea€ommunal rangeland degradation could

be characterised by the presence of gullies, howeviehin degraded sites gullies vary in
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length, breadth, and depth. This variation in @glliphysical characteristics denotes that

degradation extent varies within the catchment areblandscape.

The fact that gullies on the head cut had looskevath bare internal surfaces indicates
that gullies are progressively developing, thus sb# on the head cut is loose and there
waiting for water flow for transportation. The poeegetation further signifies little
resistance for gully head cut to fall and soil lgeimashed away easily. The gully walls were
characterised by solid walls however, with pooretagon cover. This announces that the
gully walls are not protected from further develgmnand that threatens for further gully
formation and broadening of existing gullies. Tlasds were characterised by loose soil, lack
of vegetation and sediment accumulation. This &rrihdicates that soil erosion has higher
potential of increasing in terms deepening of thkies due to lack of vegetation even within
the gullies. Vegetation within the gullies signdia positive trend in terms of land recovery
and the absence therefore, signifies the oppos$ite. premise at which gully head-cut,
sidewall, and internal base characteristics wesessed in this study is that they could
indicate stability or the vulnerability of gully dnits catchment areas. Thus, a gully that
shows vegetation development at the head-cut, sitleand internal base indicates recovery
and stability. Initiation and further developmeifitloe gully could be related to the stability
of the gully head-cut, sidewall, and internal baBettset al. (2003) indicated that gullies
may initiate normally through fluvial transport,tlibey rapidly develop into mass-movement
complexes, Herzigt al. (2011) further indicated such complexes can tesukngulfing

whole first order catchments.

The question would be “can alterations in rangelandnagement reverse the
degradation problem in communal areas and/or caoektoration of vegetation with

consideration of degradation characteristics sawe mitigation procedure for communal
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rangeland degradation?” The assumption is thatragibem of communal rangeland
management may reverse the scourge of degradattahdi will take longer and/or be costly
especially on severely degraded rangelands. Cansidehat, this work was done on
communal rangelands, there would not straightfodwaanagement plan recommendation.
However, at the centre of any management plan stevald be consideration ways to control
livestock movement within the grazing area. Thisuldobe achieved through fencing,
herding, and kraaling. Livestock movement contrdl provide rationality on the place to
graze and period of grazing based on the numbaniofals. Adaptive management that was
proposed by Walters and Hillborn (1978) and furteeplained by Grossmast al. (1999)
could help in introducing the change in communalgedand management. In this proposed
management change, there should be developmenstdokerangeland management
objectives, determination relevant management @stiononitoring of the outcome such
actions and evaluation of the results obtained nsgjaexpectations could help change

introduce change in communal rangeland management.

The presence of pedestals was observed in commamgélands and could serve as a
characteristic feature of communal rangeland degiacal The pedestals occurred on
majority of the sites and their heights were useddétermine the extent of rangeland
degradation and to estimate the volume of soil fmst catchment. Terracettes were also
present and indicate rangeland degradation in camhareas. The terracette presence and
depth indicates that there is a large volume of lsst. This implies that there was sheet
erosion occurring on the sloping terrain in commuaagelands. Pedestals and terracettes
are important indicators of the movement of soilvilgter and/or by wind (Satterlund and
Adams 1992, Hudson 1993). Abundance of pedestadlimd) numerous terracettes together

with their depth indicate the degree of degradation
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5.4.3. Vegetation characteristics of degraded rangelands

Vegetation characteristics between degraded (Anmkfuibal authority-communal)
and Non-degraded (Phandulwazi Agricultural High &h rangelands were different.
Rangeland degradation as characterised by vegetapecies composition indicates that
perennial tufted grasses were low in communal @) rangelands, while the forbs and
annual grasses were increasing. This implies thatha rangelands become degraded the
perennial grass species decrease in frequencycafrence and density. This could be due to
species selectivity of grazing animals and highdspeduction of annual grasses, which

could result in high germination rates in the rgeawing season.

The results from this study furthermore, denote thas of perenniality of the grass
species within the communal rangelands can be dedaas the characteristic feature for
rangeland degradation. This is in agreement witintda (1999) who indicated that,
vegetation changes from being dominated by perégrasses to being dominated by annual
grasses with overutilization. One of the functi@ighe communal rangeland ecosystems is
to provide forage for livestock production. Forgg®duction can be assessed through its
quality and quantity; both these parameters areergély inherent in species composition.
The poor species composition could advocate ferdeseduced ability of a these ecosystems
to support forage production and hence expected paonal production potential. The
nutrient value of range forage is dependent, anuthgr factors, on species composition and
as such, annual grasses and forbs are seldom ecewsids favourable to livestock as their
perennial counterparts due to their poor nutritiatiaracteristics (Arzargt al. 2006). The
dominance of these annual grass species in the noalmangeland ecosystems indicates
that there has been retrogression in vegetatiomuonty development. This implies that

retrogressive succession patterns in communal lamdge can serve as the characteristic
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feature of rangeland degradation. Retrogressiveactexistics of the rangelands are indicated
by species composition, thus the dominance of landeby annual grass species indicates
degradation as the farmers indicated in chapténat,some of the indicators of degradation
included the change in species composition. Thismisigreement with Malan and Van

Niekerk (2005) who indicated that certain specibkaracterize different succession stages
during grassland retrogression and they could sasveharacteristic attributes of rangeland
degradation. Vegetation indicators for rangelandra@ation serve as the early warning
system for rangeland degradation and subsequeiatty jastify the early intervention.

Rangeland degradation occurs in different stagelsigmesignated by different indicators;

thus, vegetation indicators demonstrate early stéagklight degradation intensity, soil loss

indicators demonstrate mid-term to late stage andre degradation.

Amakhuze Tribal communal rangelands compared tatively non-degraded
Phandulwazi Agricultural High School were dominatad grass species with low grazing
value. This suggests that grasses with low grazahge dominate communal rangelands, and
therefore, this could serve as a lineament of adlgtacommunal rangeland. The fact that
communal rangelands are degraded could directbteelo poor forage productivity and
subsequently to low livestock production. Rangelalegjradation reduces the value and
utility of rangeland through replacement of grasséh high grazing value and with grasses
with low grazing value and hence ensues loss difyutRangeland degradation result in a
loss of utility and change of features of rangelandsystem into features that do not support
production (Chrisholm and Dumsday 1987). Livestpe&duction in communal rangelands
plays an important role in the rural economy, grgzon rangelands serves as one of the

means of production, thus, it reduces productisiso
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Rangeland ecological status as deduced from Clesia@ntheory of plant succession
states that plant communities progress or regréssg apredictable courses of defined
environmental regimes, including grazing and priéailon (Clements 1920, Dyksterhuis
1949). In relation to the above assertion, the flagt communal rangelands were dominated
by increaser Il species, which was in contrastaiw-degraded rangelands, suggests that there
has been more grazing pressure on communal ramigeldhe ecological status of grasses

refers to their grouping based on their reactiodifi@rent levels of grazing.

The difference in ecological status between commuanragelands and non-degraded
sites projects that poor ecological status couldabeharacteristic feature of communal
rangeland degradation. Ecological status of gragfess to the grouping of grasses based on
their reaction to different levels of grazing. V&udtshoorn (2009) who indicated that a
grass species reacts to grazing in one of two whys, it can either increase or decrease
supports the concept of vegetation ecological stafthe mechanism through which
rangeland vegetation species change as a resujtaging pressure could relate to the
repetitive removal of leaves from acceptable specwehich weakens the plant nutrient
reserves useful for recovery after defoliation.agreement with the foregoing assertion,
Malan and Van Niekerk (2005) indicated that acdeptgrasses lose their vigour because of
repeated removal of leaves and constant draininth@n nutrient reserves. When a plant is
unable to replenish the stored resources, it faijsroduce new leaves and eventually reduce
photosynthetic power (Morris and Kotze 2006). As tlesirable plants become weaker, die
off, the number of roots in the upper layer of Hml decrease, and result into a reduced

competitive ability of grasses (Sisay and Baars2200

The fact that vegetation species in communal ramgisl had smaller tuft diameters

with larger spaces between the tufts compared with-degraded sites indicates that
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communal rangelands had poor soil cover. Thus,lemalfts and larger space between them
exposes more soil surface to direct sun-heat, stitgeland to desiccation, exposing land to
raindrop impact, which detaches soil particles, armleasing the rate of runoff, which is
responsible for soil particle transportation. Watgruts may be intercepted either by plants,
infiltrate the soil, or run off the surface depearglion, among other factors, soll
characteristics; topography and vegetation coveor(ig and Kotze 2006). In rangeland
ecosystems, little can be done to improve soil attaristics and topography cannot be
changed but through proper management practicestatean cover may be improved, which
in turn may improve soil conditions. The most intpot single factor affecting water run-off
is the amount and type of vegetative cover (Malad ®an Niekerk 2005). The poor soill
cover could be attributed to uncontrolled grazimgcfices in the communal grazing areas.
This could indicate that the tuft diameter and -taftuft interspaces could serve as the

degradation characteristic attribute on communagetands.

The fact that vegetation cover varied between fites scould be associated with
perenniality of the species present and therefeegetation cover is related to species
composition. The poor basal cover, plant densityl species composition could be due to,
among other factors high grazing intensity, subeatiy resulting in accelerated runoff. In
support of the foregoing assertion, Ma&kial. (2007) indicated that perennial grasses have
extensive root systems and protect the soil fromsien more effectively than annual species,

however, replaced by annual species as the gra#iegsity increases.

The dominance of certain species and their densitgommunal rangeland bears
implications to basal cover, which in turn indiGat@ngeland degradation. Therefaieso
facto, basal caver, plant density, and species compnositould be considered the

characteristic features of rangeland degradatiocommunal grazing areas. The dominance
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of perennial grass species locally indicates gamdeption against soil erosion (Morris and
Kotze 2006). The excessive removal of perenniadggspecies reduces ground cover (Eccard
et al. 2000; Nsinamwat al. 2005). While on the other hand, the dominancanofual grasses
indicates instability of the ecosystem, thus, rdenye ecosystems become susceptible to soil
erosion. This is in agreement with Malan and Vaekdrk (2005) who reported that when
annual grasses die, the ground remains bare fon@ time becoming susceptible to soil

erosion.

The fact that plant density and tuft-to-tuft infeeising were negatively related to plant
diameter indicates that, as the tuft diameter exes the distance between the tufts decreases,
thus the higher the tuft diameter the lower aresipaces between the tufts. This implies that
the tuft diameter have positive effects on the basaer and therefore, in soil protection
against erosion. The base of a rooted plant previde basal cover and it depends on the
thickness of the tufts and plant density (Svegaal. 1999, Malan and Van Niekerk 2005,

Morris and Kotze 2006).

The conception that there was higher unconfined pressive strength (UCS) on
degraded than non-degraded rangeland proposesaujpaction on degraded rangelands.
Soil compaction could be ascribed to animal tranmpland have negative effects on
rangeland production and water dynamics. Negatifexts of trampling and its subsequent
high UCS could include poor root growth performaacel reduced infiltration rate of water
during rainfall and that leads to the loss of wdtem the system. The higher rate of water
loss from the rangeland ecosystem leaves the wegetaith little water to survive on and
subject the rangeland higher run-off, which in twesult is soil erosion. The higher soil
compressive strength is an important characterfsiture negatively affecting aspects of

agricultural soils, such as the performance of gyotth, least-limiting water range, and the
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trafficability (Vanagset al. 2004). This could imply higher resistance of doil plant root
growth and limited water storage resulting intohhiginoff and consequently soil erosion.
Herrick and Jones (2002) pointed that soil compactian easily reduce production and can
lead to water and soil quality degradation duenttvaased runoff. Rangeland degradation in
communal areas could be further characterised bycsmpaction, which could be related

among other factors to animal trampling.

The fact that communal rangelands had low hydraadieductivity and low cumulative
infiltration rate indicates that during rainfall stoof the water runs off the system. This
implies that other than vegetation characteristios,soil-water relation characteristics could
be a factor that increases runoff. The poor imilon rate and hydraulic conductivity could
be related to soil compaction. Soil compaction & infiltration rates on communal
rangelands could lead into accelerated runoff, iwm@shes away soil and water out the
ecosystem. Therefore, high soil compaction and Mater infiltration rate could be
considered characteristics of communal rangela@dsnpaction of surface soil and the
removal of plant cover have been identified asntlagor impacts of grazing on the hydrologic
cycle (Thurowet al. 1986). Infiltration rates on rangeland integréite complex interactions

of soil and vegetation factors and could be useddisators of hydrological conditions.
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5.5. Conclusion

Rangeland degradation occurrence and extent wghehat the communally managed
rangelands compared to the controlled grazing atedee communal areas, because of poor
grazing management control, rangeland degradatarress between the landscapes, thus,
areas receiving high utilisation such as low-lymazing areas were more degraded than
areas with low utilisation intensity. Communal ratand were characterised by poor forage
production and vegetation cover, high soil uncadircompressive strength with low soil
hydraulic conductivity due to overgrazing and tréimp Poor forage production and
vegetation cover are because of the dominancecoéaser Il grass species, which indicates
over utilisation. The higher UCS and lower hydrautonductivity of the soil result into
higher run-off rate and the higher run-off coupleih poor vegetation cover resulted into
soil erosion. Soil erosion features such as thegomee and depth of the pedestals, terracettes,
rills, and gullies in communal rangelands servethasphysical characteristics of rangeland
degradation. In conclusion, Communal rangeland atkgion could therefore, be
characterised by vegetation characteristics sucpoas forage productivity and vegetation
cover, soil properties such as high unconfined gesgive strength and lower hydraulic
conductivity, and physical soil erosion indicatasch as pedestals, terracettes, rills and

gullies.
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6. LIVESTOCK GRAZING DISTRIBUTION PATTERN IN THE COMMUNAL

RANGELANDS

6.1. Introduction

Communal rangelands are used primarily as souréeedf for livestock and secondary
source of other resources such as firewood, foomdslicinal plants, and water. Sustainable
use of communal rangelands for grazing dependshenutderstanding of how grazing
interacts with the underlying environmental vareabland ecological processes of these
ecosystems (Solomat al. 2006). The condition of the grazing area is infleed principally

by herbivore species, herbivore densities and Eamisstructure (Persehal. 2003).

The impacts of grazing on ecosystems and the respohthe ecosystems to grazing
are observed initially as the change in vegetasipecies composition and basal cover, and
soil compaction, which result in an increase obaerland volume of water flow (Belsky and
Blumenthal 1997). The reduction of soil cover exgmthe land to runoff and soil particles’ to
detachment by raindrop impact and movement of dsimihis leads to soil erosion that
reduces primary productivity of rangeland ecosystémnough poor forage productivity, and
poor soil protection (Palmet al. 1997), and reduces secondary productivity thraegliced

livestock production performance.

Communal rangelands have been reported to be dafjrattd overgrazing has been
blamed for this. These grazing areas are gendmllyd on the heterogeneous landscapes and
therefore, livestock grazing distribution patteright be affected by variations in landscape.
That could result in certain areas being utiliseorenthan others are, which in turn could

expose such areas to land degradation. Furthermtien grazing areas on a rough terrain
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are subjected to a similar grazing intensity tcaaednt areas on gentle terrain, the areas with

rough terrain are more susceptible to soil erosion.

The quality and quantity of forage in rangelandanges seasonal climate changes.
That could cause changes in livestock grazingildigion within the rangelands at different
times of the year. Water availability, distributjoseind accessibility vary between different
areas within the rangeland ecosystem and betweBeretit seasons. This could also
influence the distribution of drinking points, whién turn could influence livestock grazing

distribution within the rangeland landscapes.

Grazing distribution in the communal rangelandsdsde be explored in order to come
up with specific factors that can relate grazingrémgeland degradation. This chapter
explains livestock grazing distribution in the coomal rangelands along the landscape,
vegetation type, land use, seasonal climatic chaage the grazing distance from drinking
point gradients. The null hypothesis was that grgadistribution pattern in communal areas
is not affected by landscape, vegetation type, lasel practices, seasonal climatic changes
and grazing distance from drinking points; thuszgng pressure is distributed evenly, and

therefore, rangeland degradation cannot be asedaidth grazing distribution.
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6.2. Materialsand M ethods

6.2.1. Data collection

To conduct visual rangeland degradation assessioentexperimental units were

selected and these were Valley bottom (672 to 778s), Foothills (780 to 893 m.a.s.l),

Midslope (894 to 1131m.a.s.) and Mountaintop (11821825 m.a.s.l). The cut-off for

altitudinal ranges for each slope category wasregéd through visual observation of the

different landscape demarcations. Thus, the extrpoiets (lowest and highest) at which

valley bottom, Foothills, Midslopes, and Mountapdowere observed were confirmed with

the Global Positioning System (GPS) (Table 6.1).e Tdetails for visual rangeland

degradation assessment are presented in chapter 5.

Table 6.1: The general experimental design basddmuiscape positions and altitude at

Amakhuze Tribal Area

L andscape position

Altitude (m.a.sl)

Valley bottom

Foothills

Midslope

Summit

VB

FH

MS

SM

<750

785 - 851

851- 1146

1146 — 1500

Direct field observations for animal grazing distriion were conducted during two

seasons based on rainfall viz. dry (May to Augasi) wet (September to April) seasons in
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2008-2009. The observations were taken for two weg@kdays/week) per month for 12
months from 06h00 to 13h00. The direct field obaton technique was tested by observing
the animal activities (such as times for activezgrg, drinking times, period during the day
when they are laying) for two weeks in the villadgpegore it was used. Animals were actively
grazing between 06h00 to 13h00 and at 13h00 theg mestly assembling at the drinking
points after which they would be laying down runting. In every observed grazing
location, GPS coordinates were marked, animals werented according to their types

(cattle, sheep, goats, horses, and donkeys).

Animals form herds/flocks when grazing in rangelRrghd the distance between
individuals is influenced by various factors. Thanaals that were found grazing together
within the area of 1 ha (10 000°hwere considered as a herd/flock. The herds/flockee
considered separate if the distance between thesmmm@e than 100 m. The distances
between the left-most and right-most individualgevestimated with step counts (two steps
~ 2 m) on one dimension and referred to as herdgitteagth (Shyomi and Tswiki 1999). The
area occupied by animals was estimated as the tharokthe herd length. The distance
between grazing location and nearest drinking paed measured with step counts, and the
distance between two steps was considered equivaldnm. The vegetation types, land use

practices, and season were also recorded.

The independent variables were land positions (Maatop, Midslope, Foothills and
Valley bottom), Land use practices (Forest, ranggldnhomesteads, abandoned arable land
and cultivated arable land), and season (wet agil Brependent variables were distance
between animal grazing locations and drinking mifgrazing-drinking distance), altitude
range at which animals were located, herd-lengtth mmmber of observed animals per

herd/flock (cattle, sheep, goats and other).
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6.2.2. Data Analysis

The association of visual rangeland degradationndEated by vegetation species
composition, soil cover, pedestals, terraceletdls, risolution notches, amour layer,
sedimentation and gullies was compared betweerey&bttom, Foothills, Midslopes and
Mountaintop. Data were analysed by cross tabulatiith * (SPSS 1999) the results were

considered significant @< 0.05 (Chapter 5).

The data for livestock grazing distribution werealgsed with loglinear model - or
Poisson regression (SPSS 1999). The Poisson regresas used because the response (the
number of animals) was a count variable, and tbeeefwas not normally distributed, but
rather Poisson distributed, which was much betiged for count data. This type of analysis
is often used to analyze data from contingencyetghbut it goes further than a contingency
table by including, not only categorical variabksch as land use, but also quantitative

variables such as elevation and distance to water.

For the variable Experimental unit, the base catefr this categorical variable was
"Valley bottom.” Therefore, the parameter estimafes "Foothills,” “Mountaintop” and
“Midslope” were the expected differences in thenzali frequency compared to the Valley
bottom category. Similarly, for variable Land usarable" was the base category, and the
estimates for "Forest (plantation),” "Homestead'd atRangeland” were the expected
difference in frequencies compared to the "Araldategory. For the variable season, the
parameter estimate for "Wet" was the differencéequency compared to the base category

of "Dry.”

The other variables were all quantitative, anddfoee, if the parameter estimate was
negative, then it means that the frequency of alsimahat particular category was expected

to be less compared to the base categories. Marettve&eompare a category to another
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category that was not the base category, the twmaes were compared. If one estimate

was smaller, then it means that this particulaegaty had a lower expected frequency.

For the quantitative variables, if the estimate wagative, it means that as that
guantitative variable increases, then the freq=snof animals were expected to decrease. In
addition, if it was positive, it means that the egj@d frequency of animals was expected to
increase as the quantitative variable increases. Hdrses/Donkeys were only included on

the total livestock units.

In order to carry out the analysis in such a wat the results for the different animal
types were comparable, the livestock counts werevexted into animal units (AU). One
cattle was equivalent to one unit, five sheep wemeivalent to one unit, five goats were
equivalent to one unit, and one horse, or donkey aguivalent to 1.3 unit§Torell and

Zollinger 2008).

Mode:

Yikm = M + L+ LU; + S+ LLUj; + LSk + LUSk + LLUSjiq + Bjm

Where: Yjum = Livestock grazing distribution
K = Overall mean;
L; = effect of " land positions (i = valley bottom, midslope, fatithmountaintop);
LU; = effect of j" land use practices (j = arable land, Forest, Hoeaels rangeland);
S = effect of K" season (k = dry season, wet season);
LLUj = interaction betweer'iland position and"jland use practices;

LSi = interaction betweer{'iland position and"kseason;
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LUS; = interaction betweerljland use practices andf keason;
LLUS; = interaction betweetf'iland position, '] land use practices andf keason;

Eijum = random error term.
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6.3. Results
6.3.1. Summary for the visual rangeland degradation assessment

Increaser Il species dominant at the valley bot(&4%) and foothills (49%)y{ =
1059.28,df = 12,n = 1536,p < 0.01). Poor vegetation cover was more at valtletom
(65%), foothills (62%), and midslopes (59%F € 825.58,df = 9, n = 1536,p < 0.01).
Pedestals were more frequent at the valley bott@8fo], foothills (100%), and midslopes
(100%) * = 78.26,df = 3,n = 256,p < 0.01). Severe pedestals (>30 cm) were at tHeyal
bottom (63%) and foothills (53%)4 = 196.28,df = 12,n = 256,p < 0.01). Terracettes
frequency was high at the valley bottom (83%) fatkdl by foothills (69%) £ = 40. 47 df =
3, n = 256,p < 0.01). The terracette depth ranged between {#fh- 30 cm) (33%) and
severe (>30 cm) (33%})4 = 121.36,df = 12,n = 256,p < 0.01) at the valley bottom. Rills
were more frequent at the valley bottom (72%) aswttfills (83%) 4° = 74.95,df = 3,n =
256, p < 0.01). Severe rills (>30 cm depth) was obseraethe valley bottom (48%) and
foothills (44%) §* = 101.12df = 9,n = 256,p < 0.01). The high frequency of gullies (75%)
was at the valley bottomA= 71.23,df = 3,n = 256,p < 0.01). The frequency of occurrence
for solution notches (41%){= 10.35,df = 3,n = 256,p < 0.05), armour layer (51%)1"
22.0,df = 3,n = 256,p < 0.01) and sedimentation (86%f € 64.52,df = 3,n = 256,p <

0.01) was higher at the valley bottom.
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Table 6.2: Summary for visual rangeland degradatidicators and their severity in Amakhuze Tribaitority in Eastern Cape Province

(details in chapter 5).

Dominant her baceous vegetation species categories along the landscape
[x*= 1059.28df = 12,n = 1536,p < 0.01]

Degradation indicators

Valley bottom Foothills Midslope M ountaintop
Category % Category % Category % Category %
Vegetation species Inc i 54 Inc Il 49 Inc Il 92. Dec 54.4

Indication of rangeland degradation by vegetation cover
[ 4= 825.58df =9,n = 1536,p < 0.01]

Indication % Indication % Indication % Indication %
Soil cover High 65.1 High 62.5 High 59.1 Light 79.7

Presence and extent of pedestals terraceletsand rills
[Frequency #° = 78.26,df = 3,n = 256,p < 0.01 and intensity y*= 196.28df = 12,n = 256,p < 0.01]

Presence Extent Presence Extent Presence Extent Presence Extent
Pedestals 98.4 +++++ 100 +++++ 100 +++ 61 + - +++
Terracettes 82.8 ++++ - +++++ 68.8 +++++ 57.8 + 729. +
Rills 71.9 Fekokk 82.8 Fekokk 35.9 * 15.6 *

Presence and per centage of occurrence of Gullies, solution notches, amour layer and sedimentation
[ Frequency #° = 40.47df = 3,n = 256,p < 0.01, intensity y* =121.36df = 12,n = 256,p < 0.01]

Presence % Presence % Presence % Presence %
Gullies # 75 # 46.9 # 21.9 # 7.8
Solution notches # 40.6 # 29.7 # 25 # 15.6
Amour layer # 51.6 # 344 # 15.6 # 48.4
Sedimentation # 85 # 60.9 # 92.2 # 32.8
Inc Il = Increaser Il, Inc Il = Increaser Ill, DecDecreaser, Pedestals and Terracelets [+ = Om @egligible), ++ =5 — 10 cm (light), +++ = 1@0 cm (moderate), ++++

=20 — 30 cm (High), +++++ = > 30 cm (severe)]|Kjf = 0 — 5 cm (negligible), ** =5 — 20 cm (ligh *** = 20 — 30 cm (High), **** = > 30 cm(severg)# = present
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6.3.2. Livestock grazing distribution at different land position

The number of cattle (AU) was significantly posétiy related i = 0.404,p < 0.001) to
the foothills and significantly negatively relatéd = -1.00,p < 0.05) to the midslopes. The
relationship between cattle numbers and both mouofa and valley bottom was not
significant ¢ = 0.098,p > 0.05). There was a significant negative relatiop ¢ = -0.922p
< 0.001) between sheep numbers and grazing ardlas ftothills. There were no significant
relationships between goats and foothills, midstopalley bottom, and mountaintop. The
minimum, median, and maximum animal units for tditadstock, cattle, sheep, and goats are

displayed in Figure 6.1.

There was a significant negatively weak relatiopgh = -0.004,p < 0.001) between
the interaction of foothills and herd length, ahd tattle number. In addition, the relationship
between cattle numbers and the interaction of naatap and herd length there was a weak,

positive, but significantr¢ = 0.005,p < 0.01).

161



80 » 201
3604
X266
2 g i
B &5 o s
289 87
5 404 181 8292 *262 Q 265
8 - 2 201
> S —
20 o
P = SRy —
E o4 T —— E
-20 -10
N = 184 78 15 11 N = 188 78 15 11
Valley Bottom Midslope Valley Bottom Midslope
(a) Foothills Mountaintop Foothills Mountaintop
Experimental unit Experimental unit
12 801
10« vy E o 3898
2 2271
81 239 = Ce3z0 Cwso
\U E 40 85 Ceza 262
(SR | -
E 5
g as 6197 3€198 g 204
. s 1 280 oms
E 2 ] 256 S E |_'_l o<
2 32?24 . O«
o Sl — &
2 -20
N = 188 78 s 11 N = 188 78 s 11
Valley Bottom Midslope Valley Bottom Midslope
(C) Foothills Mountaintop Foothills Mountaintop
Experimental unit (d) Experimental unit

Figure 6.1: Livestock grazing distribution alondfelient landform positions — Animal units for - @gttle, (b) Sheep, (c) Goats, and (d)

total livestock units.

162



6.3.3. Livestock grazing distribution between the different land use practices

There was a significant positive relationship £ 0.62, =p < 0.001) between grazing
areas around the homesteads and the number of ¢Attl). Furthermore, there was a
significant positive relationshipq = 0.20,p < 0.01) between the number of cattle located at
the rangelands compared to arable land. The rekdtip between cattle numbers and

forestland was not significant’(= 0.24,p > 0.05).

However, there was a significantly negative relahip ¢ = -0.48,p < 0.01) between
sheep and grazing areas around the homestead. @eats higher in the forest than
homestead, rangelands, and arable land; howewerethtionship was not significanp €
0.05). The homestead and rangelands had fewer dgoats arable land. The minimum,

median, and maximum distribution of cattle, sheal goats are demonstrated on Figure 6.2.
6.3.4. Relationship between livestock grazing distribution and altitude

There was a significantly negative relationship % -0.007,p < 0.001) between the
cattle and higher altitude (>850 m.a.s.l). Morepvéirere was a weak but significant
relationship * = 0.000003p < 0.001) between cattle numbers and lower altitahge of
750 to 850 m.a.s.l. The relationship between simespbers and low elevation (750 m.a.s.l)
was weak but significantly positiver’(= 0.065, p < 0.001). Whilst in contrast, the
relationship between sheep and higher altitude @8%.s.I) was significantly negative €
-0.037,p < 0.01). There was no significant relationshpp<(0.05) between goats’ numbers

and altitude.
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6.3.5. Relationship between season and animal grazing distribution

The parameter estimate for the dry season was aseal base category for animal
distribution between dry and wet season. Thereansignificantly positive relationship(=
0.322,p < 0.001) between cattle grazing distribution andt \8eason. There were no
significant relationship between both sheep andsgyonambers, and grazing season. Thus,
during both dry and wet seasons the similar anumék were observed for sheep and goats

(Figure 6.3).
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6.3.6. Relationship between animal numbers, herd length and distance to water

points

There was a significantly positive relationshig € 0.009,p < 0.001) between the
number of cattle and herd length. The relationdbgpveen sheep and flock length was
positive, but not significant{ = 0.002,p > 0.05). Furthermore, the relationship betweert goa

numbers and flock length was negative but not fiiganit 2 = -0.002,p > 0.05).

The relationship between frequency of cattle anstadice to drinking points was
negative, weak and not significamf € -0.001,p > 0.05). There was a significant negative
relationship (> = -0.018, p < 0.01) between sheep and distance to drinkingitpoi
Furthermore, there was a significantly negativatiehship ¢ = -0.018,p < 0.05) between

goats and drinking points (Figure 6.4).

The interaction between distance to water pointd wet season was significantly
negatively relatedrf = -0.002,p < 0.001) with cattle numbers. However, interacti@tween
elevation and distance from water points was pasibiut weak, nevertheless, significantly
related (% = 0.0000014p < 0.05) to cattle frequency of occurrence. Therttion between
elevation and distance from water points was wesiggificantly relatedr€ = 0.000017p <
0.05) to sheep numbers. The interaction betweeratbm and distance from water points

was also significantly negatively related £ 0.000026p < 0.05) to goats numbers.
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6.4. Discussion

6.4.1. Rangeland degradation and grazing distribution along the landscape

gradient

Vegetation species dominance, vegetation covesepe, and magnitude of pedestals,
terracettes, rills, armour layers, sedimentatiord gullies on rangelands were used as early
indicators for land degradation. The results of ¥isual rangeland degradation assessment
indicate that rangelands located on the valleydnotand along the foothills were the most
degraded compared to midslopes and mountaintoptfcRangeland degradation occurrence
along the landscape gradient was used as the fmsg®zing distribution pattern along the
landscape gradient, thus grazing distribution wesessed along the valley bottom, foothills,
midslopes and mountaintops. However, the detailetjeland degradation assessment is

discussed in chapter 5.4.1.

The number (animal units) of cattle was positiveglated to the foothills and
negatively related to the midslopes. This indicdted cattle were grazing on the foothills
more than on valley bottom, midslope, and mount@niThis could be due to the lower
forage availability at the valley bottom, which tdibe attributed to severe grazing related to
easy access of animals and proximity to homestéduds.could also be because of the fact
that the valley bottoms were already degraded aserobd during visual degradation
assessment. This is in agreement with Lesoli (20@88king at two communal areas of the
Eastern Cape, South Africa, who suggested thatvahiey bottom was the most degraded
because of its easy access to animals, proximitiioimesteads and location of drinking
points for animals. The hypothetical picture ofzyng distribution patterns and degradation

trend along the landscape is demonstrated in Fig&re
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Grazing distribution pattern along the landscape

Foothills Valley bottom Midslope Mountaintop
i . L ower
Higher Degradation trend along the landscape
Valley bottom Foothills Midslope Mountaintop

Figure 6.5: Hypothetical picture depicting catttazijng distribution and degradation

trends along the land position gradient at AmakhLrdgal Authority.

The fact that animals were found in small numberd frequencies on the midslopes
and mountaintops than on the reference locatiofiegvdbottom) and foothills could be
attributed to the terrain morphology. The midslopese very steep and not easily accessible
to animals, steepness of the slope is likely aedrfor cattle grazing preference within the
rangelands. The results are in agreement with Bedskl Blumenthal (1997) who indicated

that cattle typically graze areas with more getdteain than rugged terrain.

The fact that cattle distribution was not relatedtlie grazing areas on mountaintop
could be due to difficulty in accessing these rdamgs, which could be assigned to distance
and altitude from valley bottom and homesteads. graging concentration was higher at the
valley bottom and foothills, which have resultedaim uneven degradation distribution and
extent within the rangelands. Bailey (2004) pointed that many concerns about rangeland
degradation related with livestock grazing in aadgelands are because of uneven grazing
distribution. Livestock grazing distribution alotige land position could explain the reasons

why certain parts of rangelands are more degraldad other areas. Pinchakal. (1991)
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supported this, thus, they indicated that physiplgilly diverse rangelands have areas of
over utilisation adjacent to the areas with unddisation. This was attributed to negative
interaction between slope steepness and distarwatéw, which promotes over concentration

of use on areas adjacent to water sources.

The fact that the relationship between sheep aathilts, midslope, and mountaintop
compared to valley bottom was negative indicateg #heep grazed more on the valley
bottom than on other parts of the rangelands. bidd be attributed to the fact that sheep
are selective grazers and therefore, because efdgeneity of the landscape at Amakhuze
Tribal Authority, they have selected to graze om valley bottom because they were easily
accessible compared to the foothills, midslopes amslntaintop. Senftet al. (1995)
supported the impression that animals exhibit a&action characteristics when grazing.
They have pointed out that on the rangelands tbasist of a mixture of uplands and
lowlands, lowlands are generally 5 to 30 m lowed are grazed approximately three times
more intensely, than associated uplands due to aasgss by animals. The grazing
distribution of sheep that was characterised bydriggrazing intensity at the valley bottom
could explain the reason why low-lying areas ofgelands were more degraded than higher
laying areas. The conception that sheep grazed worthe valley bottom than foothills,
midslopes, and mountaintop, could be assignededaitt that sheep were kraaled during the
night and released in the morning. That could Haagk an impact on time for movement and

selection of grazing areas within the rangelands.

The fact that there was a negative relationshipvéen herd size and the interaction of
foothills and herd length could indicate that, oothills as the herd size increases the herd
length decreases. This implies that on the fosthiliere were few cattle per herd and they

were more scattered in the bigger grazing areas. flither indicates that animal units per
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unit area for cattle were smaller in the foothillfis could be attributed to the sparseness of

vegetation caused by overgrazing, which resuloiorgorage availability on the foothills.

The herd length of cattle grazing at the mountantwreases as the animal grazing
density increases. This proposes that as the aniwele grazing on the mountaintop, they
aggregate at one grazing patch, which increase$dltk sizes and lengths. This could be
attributed to the heterogeneity of grazing aredsere certain parts of the grazing areas could
be more nutritious than other parts. Animals aggi@gogether on the areas with more
nutritious forage and scatter on the grazing amds low nutrition. This implies that at
Amakhuze Tribal Authority, the herd structure (hesite and length) varied with the
landscape at which animals were grazing and thag hesulted in varying impacts of animals
on vegetation at different landscapes. The negafifexts of grazing on vegetation could be
due to higher intensity of defoliation and trampgliThese could be manifested as the change
of species composition and could be dependent anirgy intensity and distribution within
the landscape. The fact that effects of grazing dependent on grazing intensity and
distribution, and that they are manifested by thange in vegetation species composition,
poor vegetation cover and low biomass productios supported by (Belsky and Blumenthal

1997).

The fact that there was a positive relationshipveen herd size and area occupied by
animals indicates that as the number of animaleases the area occupied increases. This
implies that the number of animals per herd (hé&d)determines their distribution per unit
area, which in turn, determines grazing intens8kiyomi (1995), who indicated that the
number of animals per herd per unit area (AU/heed)a determines grazing intensity,

affirmed this.
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6.4.2. Relationship between animal grazing distribution and land use

The fact that there was a positive relationshipveen cattle herd size and grazing
areas around the homesteads indicates that them mvere animals (cattle) around the
homesteads than on the reference variable (arabt®.IThe positive relationship between
cattle and grazing areas around the homesteadgyrasdland vegetation types could be
attributed to the fact that cattle are grazers peder areas with grass than other types of
vegetation. The implication on the relationshipwesn cattle herd size and grazing areas
close to homesteads and grassland vegetation $yfeti grazing intensities were higher at
grazing areas around homestead and grassland tiegetsa the herd size determines grazing
intensity (Shiyomi 1995; Belsky and Blumenthal 1p9%s the grazing intensity increases
due to lager herd sizes, the area becomes sudedgatitangeland degradation. The negative
effects of grazing drive changes in successiondhwsys or lead to degradation of
rangelands (Pastor and Cohen 1997; Peesat. 2003), these negative effects determine
rangeland dynamics and are due to population desf grazing animals and intensity of
their foraging (Kielandet al. 1997; Pastor and Cohen 1997; OIff and RitchieB1®ewariet

al. 2006).

This relationship could further be associated toftdrmers’ perceptions as discussed in
chapter 4, thus, areas that were more degradedgr@zeng areas at the closer proximity to
homesteads and grassland vegetation. The resdltaie that cattle preferred grazing areas
around homesteads, rangelands, and forestlandatfadme land. This could be due to the
difference in vegetation species composition betwte land uses and the fact that the
arable lands were only open (officially) for pafttbe year. Furthermore, most of the arable
lands at Amakhuze Tribal Authority were abandonad anost were occupied by grassy

vegetation and therefore, used for grazing. Thenddaed arable lands were disturbed
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through ploughing before and therefore, were at dbeondary succession of vegetation
community development. Most of the grass specigBinvihis land use practice are annual
grasses and increaser Il species which are lefs e by animals especially cattle. Tainton
and Hardy (1999) indicated that vegetation on abaed cultivated lands passes through a
succession of plant communities usually startinghwbroad-leaved weeds and annual

grasses.

The conception that sheep were grazing on the alpaadarable land than other land
use practices could be attributed to vegetationpasition on the abandoned arable land,

which includes the forbs and short grasses thgpraferred by sheep (Bennettal. 2007).

6.4.3. Animal grazing distribution along the altitude

The positive relationship between the lower lyiraytp of the rangelands and cattle
herd sizes, and a negative relationship betwedle caimbers and higher altitude indicates
that cattle preferred low-lying grazing areas. T¢vsild be attributed to the fact that energy
requirement and use by animals in accessing cepaits of rangelands varies with the
distance and the terrain at which animals walk.sTlwegetation located at distant and rough
terrain may not be accessible, animals would inenergetic costs for travel to other
rangeland sites for grazing, and that result iruced movement and in turn leads to high
concentration of animals on easily accessible ¢Badeyet al. 1996). The balance between
energy requirement, energy gained from grazing,eedgy spent to get to the rangelands is
important and can influence animal movement witthia rangelands. Walking on rough
terrain is about 10 times as costly in energy akimg on horizontal plane, and thus the
animal grazing a hill rangeland expends more enarg@iting to find the herbage in addition

to other muscular activities (Osuji 1974).
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The positive relationship between cattle and loimgygrazing areas could further be
attributed to the difficulty of cattle movementdocess the rangelands at the higher altitude
because of the terrain steepness between lower &was and high-lying areas. Baiktal.
(1996) further support the fact that slope gradienan important determinant of grazing
distribution of large herbivores. Animals recogni$manges in slope and use that information
to remain on contours or to minimise changes ivatlen while grazing. Several large
herbivores such as cattle generally avoid grazioges over 10% (Bailegt al. 1996). This
in turn exposes low-lying parts of rangeland toesevgrazing and result in an uneven
distribution of rangeland degradation. Sestftl. (1985) alluded to the fact that the low-lying
areas within the rangelands are easily accessidmimals for grazing and are grazed more
severely than less accessible high-lying areasthatsubject low lying grazing areas to

rangeland degradation.

The positive relationship between sheep and loitud#, and negative between sheep
and high altitude indicate that sheep were grazhghe lower altitude. This could be
attributed to kraaling, which could have providel@sser time for movement for sheep since
they were kraaled at night and released in the mg@rThis could also be ascribed to the
grazing behaviour of sheep; sheep grazing habite haen reported to be gregarious which
makes them graze together, and within the samefarea longer time that limits grazing
movement. Social factors, such as the developmfeathmme or territorial area can inhibit
movement of sheep on large rangeland areas. Slwamlly spend more time-consuming
food and ruminating and little time in searching food, therefore, that would limit

movement.
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6.4.4. Grazing distribution of animalsduring dry and wet seasons

The fact that there was a positive relationshipvben cattle and the wet season
indicates that there were more animals per heré@rabd grazing within the grazing during
wet season than dry season. This implies thatecattiAmakhuze Tribal Authority were
aggregated during wet season and become scattatiad dry season, hence the numbers per
herd increased during wet season compared to dasome The aggregation and
disaggregation of cattle between seasons couldibe@adopportunistic movement that occurs
in response to seasonal fluctuations in quantity gumality of available forage. This was in
agreement with Scoones (1992), and Turner and Hien(@002) who indicated that
opportunistic cattle movements may occur over esttenareas and often in response to
seasonal fluctuations in the quantity and qualitywailable forage, or drought episodes. It
could therefore, be inferred that higher grazinggnsity in communal grazing areas was
observed during the wet season, thus, there wege ferds within smaller distances during
wet season compared to dry season where therenwarerous small herds scattered. During
the wet season, grasses are actively growing, laadégative effect of grazing would be
higher compared with the dry period during whiclasges are dormant. Therefore, if the
grazing intensity is high during growing period thegetation species composition, basal

cover, and plant vigour will be affected and thesalbecomes vulnerable to soil erosion.

The fact that sheep and goat distribution withie tlangelands did not vary with
seasonal changes could be because smallstock dmawetthe same seasonal movement as
cattle and so numbers were more constant arouncestead through the year. Sheep are
normally habituated to a home range, within whicbyt forage for herbage throughout the

year (Ashworthet al. 2000).

176



6.4.5. Relationship between animal grazing location and distance to drinking

points

The negative relationship between both sheep aatsgand the distance to drinking
points indicates that sheep and goats were mos#lgirgy at the areas closer to drinking
points and therefore their grazing distribution \aéfected by distribution of water within the
rangelands. This could be credited to the fact Statep and goats have higher water
dependency and have smaller home ranges than. ddtttesuggests that grazing areas were
not grazed evenly because of water distributiomiwithe rangeland, which could be related
to rangeland degradation at certain parts thanr@tfdis is in agreement with Pickup and
Chewings (1988) who indicated that animals use deapes unevenly, with respect to
distance to water points. Thus, any efforts to abti@rise and/or combat rangeland

degradation in the communal areas should consiagyetand water distribution.

The negative relationship between the interactiogrioking points and the wet season,
and herd sizes indicates that the herd sizes besama#ler with more water available on
rangelands during wet season. This could be at&ibto the availability and distribution of
drinking points because of higher rainfall durifgstseason. Thus, because of an ample
amount and distribution of drinking water withiretrangelands the herd sizes for cattle were
smaller but often with shorter distance betweenhdls. This implies that during the wet
season cattle aggregate in several small herdsameshpo fewer large herds during the dry

season.

This relationship further indicates that cattle’atear dependency is associated with
season. It implies that cattle are grazing closevater points during wet season because
water is distributed throughout the rangelands; dwar, they will be grazing further away

from designated water points. During the wet seas@ter requirements for cattle are lower
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compared to their requirement during dry seasoe. réBults are consistent with the work of
Western (1975) and Owen-Smith (1999) who indicaled water dependency influences the

distance that animals will move from water pointsig dry season.

The positive relationship between herd/flock siaed the interaction of elevation and
distance from water indicates that the two faciwese not independent of each other and
therefore, the relative influence of each factorammmal distribution cannot be determined.
Thus, it is impossible to know if the greater abaimzke of animals closer to water is due to
them trying to minimise how far they walk or thenying to avoid steeper slopes. This
implies that as the altitude at which the anima¢ésgrazing is increasing the distance to water
points becomes shorter, thus animals graze clostetwater points. The animals grazing at
higher altitude were more aggregated, thus there weny animals per herd/flock, and the
herds/flocks were closer to water points. Bagewl. (1996) also highlighted the interaction
between both water points and high altitudes wiéles terrains and their relationship with
animal grazing. They indicated that grazing sitesated far from water and on steep slopes

are less preferred by herbivores even though tregyhmave abundant forage.

In the rangelands with heterogeneous topographyn ag the Amakhuze Tribal
Authority, as the altitude at which animals arezgrg increases, grazing areas adjacent to
drinking points are more utilised than areas faayirom drinking points. At Amakhuze
Tribal Authority, the water points at higher altiei (midslope and mountaintop) are located
further apart from each other unlike at the fodgéhénd valley bottom. The fact that areas
near water points are more utilised could be aedrib the unevenness of water distribution
within the grazing areas due the heterogeneityopbdgraphy. The perception of uneven
grazing distribution due to uneven water distribatis in agreement with Pinchak al.

(1991), they highlighted that the diverse rangetanave areas of over utilisation adjacent to
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areas with under utilisation. This was attributedhe negative interaction between slope and
distance to water, which promotes over concentratb use on areas adjacent to water

sources.
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6.6. Conclusions

Grazing distribution pattern in communal areas atakhuze Tribal Authority was
affected by landscape, vegetation type, land usetipes, seasonal climatic changes and
grazing distance from drinking points. Grazing ¢y was not distributed evenly, thus low-
lying grassland around homesteads at the closeirptgxto water points were grazed
intensely during wet season. The low-lying areaseweore degraded compared to the high-
lying grazing areas. The varying degree of degraddietween landscapes, vegetation types,
land uses, and distance to drinking points suggstis areas subjected to higher grazing

intensity were susceptible to rangeland degradation

In conclusion, grazing distribution pattern in coomal areas is affected by spatial and
temporal factors. Spatial factors include landscape altitude variation, land use practices,
vegetation types, and distribution of water bodiesnporal factors on the other hand include
seasonal variations, which are responsible for gham rainfall and temperature. Rangelands
that are spatially and temporally heterogeneoussalgect to uneven grazing distribution
pattern, thus, some areas are intensely utilised tiheir adjacent areas. That leads to
degradation of proffered grazing patches. To misanrangeland degradation in the
communal areas there is a need develop a grazamy @hd such a plan should consider the
factors such as landscape, vegetation types, laadotactices, distribution to water points

and seasons.

180



7. EVALUATION OF RANGELAND RESTORATION TECHNIQUESIN THE

COMMUNAL GRAZING AREAS OF EASTERN CAPE

7.1. Introduction

Communal rangelands are used primarily as a sadreed for livestock; and for other
secondary resources such firewood, wild foods, omedli plants and water. Land degradation
is the major challenge in the communal rangelarfdBastern Cape (Palmet al. 1997),
because it reduces rangeland primary productivity soil protection. Rangeland degradation
results in declining functional capacity, increasgadverty, and food insecurity. Major
changes in rangeland surface morphology and sailacteristics have a drastic effect on the
primary productivity of the rangeland ecosystem andurn, on livestock production. The
fact that primary productivity and livestock protina are affected by rangeland degradation
translates to the negative impact of degradationeconomic and ecological position of
communal rangelands. The negative effect of deggadan economic and ecological status
of rangeland suggests a need for interventionsatd land degradation and improve the

functional capacity of communal rangelands.

There are a large number of conceptual modelshthat been developed by restoration
ecologists to describe how ecosystem structurefanctioning are related (Cortingt al.
2006). Bradshaw (1984) developed the model for¢bhamation of derelict land, which later
was termed linear structure and function model (LSRis model assumes a linear increase
in ecosystem function with an increase in compleaftits structure (Cortinat al. 2006). In
the context of rangeland degradation and restorattbe relevance of LSF model is
underlined by an assumption that rangeland dedgoadatterferes with ecosystem structure
and in turn linearly affects ecosystem functionshbm terms of primary and secondary

production.
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The linear relationship between ecosystem structamd function suggests that
ecosystem degradation and restorability are dyreethted. In the context of the LSF model,
rangeland ecosystem structure can be any descripticangeland community composition,
and the way organisms within are organised andtifmumcAccording to the LSF model,
restoration is defined as the simultaneous incréassructure and function promoted by
human intervention, paralleling changes occurringrdy secondary succession. Restoration
is therefore, commonly considered as an accelessedndary succession. Management of
land degradation can be divided into preventatiud gestorative measures. Answers to
preventative measures can often be found withinctheses of land degradation. In view of
the massive scale of land degradation that haadreccurred in parts of southern Africa’s

communal rangelands, restoration is of significgargortance to land owners.

To evaluate water collection and storage effects redtoration techniques on
performance of introduced plant propagules on degtaangelands. The null hypothesis was
that rangeland restoration is not dependent upderveaailability in the soil and therefore,
could not be improved by restoration techniques gramote collection and retention of
water and introduction of plant propagules. Thipdthesis is based on the conception that,
there are barriers to vegetation natural recoveryartificial restoration success. These
barriers include low soil moisture content, low Istémperature, poor sunlight-leaf
interception, low soil seedbank, and high grazingsgure (disturbance). Therefore,

restoration techniques should aim at addressirggthatural vegetation recovery barriers.

Development of microcatchments and use of brustypaduld improve soil moisture
storage. That is through collection of runoff wated reduction of soil moisture loss. These
are achieved through improved infiltration ratesuleng from digging and reduced

evaporative loss by shading effect of brushpadkottuction of plant propagules (seeds and
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seedlings) would address the low soil seedbankidoarfhe higher water collection and
retention levels promote germination of seeds, béistanent, and growth of seedlings.
Furthermore, use of water collection and retenpicactices such as water spreading systems,
use of brushpack, and microcatchment where the plapagules are not introduced could

support germination from the seedbank and regrémoth the remaining tufts.
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7.2. Materialsand M ethods

7.2.1. Description of study area

The study evaluating restoration techniques waslucted at Amakhuze Tribal Authority.

The detailed description of Amakhuze Tribal Autkywrs provided in chapter three.

7.2.2. Experimental layout

7.2.2.1. Vegetation restor ation techniques on degraded rangelands

Although in chapter 5 it has been reported thatroamal rangelands were observed to
have been degraded, the level of degradation varighddifferent sites within rangelands and
as such, there were patches, which were visualgemied to have been not degraded.
Therefore, to minimise an introduction of speci@®ign to the ecosystem (Amakhuze Tribal
Authority) and promoting local grass ecotypes, tgussses that were found present in the
ecosystem;Themeda triandra, and Paspalum dilatatum, were collected from the sites that
were considered not degraded within the tribal auth It is important to remark that
Paspalum dilatatum is a foreign grass species introduced from Soutterca, however, it
was found present in communal rangeland. The gsaseee separated into single tillers and
propagated in the nursery with growing medium (kygix and pine buck with the 1: 2 ratio)
for four weeks at Fort Cox College of AgricultunedaForestry. After four weeks, the grass

seedlings were taken to the field for transplanting

The grass seeds Banicum maximum, Digitaria eriantha andEragrostis curvula were
purchased from commercial seed producers (Souticakfrecotypes). A degraded site (100
m x 100 m) was selected based on the visual depadadicators present; the indicators
include presence of gullies, rills, pedestals, amimmtayer, solution notches, plant root
exposures, and sediment accumulation. Twenty-xs pbf (30 m x 10.25 m) each were
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identified, laid and marked with 60 cm wooden pe@bke spot planting technique was
applied in all the plots in which seeds and/or 8rgd were used to restore vegetation. The
original vegetation was not cleared; rather vegataivas introduced on bare patches. The
grass seeds were planted according to the produeecsnmendations for specific grass

species.

Restoration treatments were based on the perfomnaigrass seeds and seedlings of
different grass species. This was conducted unifareht microsite development, which
included the use of brushpack to reduce soil masiss through evaporation and raindrop
soil detachment impact. Development of microcataiisievas used to collect and store
runoff water and make it available for use by thents. Brushpack refers to the pack or pile
of tree or shrub branches to provide vegetatiorecown a specific area of land in order to
reduce direct raindrop impact and sun heat andrimtb reduce the rate of soil moisture loss

through evaporation.

Acacia karroo was selected as a brush material because it leas reported to be a
problem in encroaching grazing areas and therefitseuse as brush material could be
justified, furthermore, it was the most abundanbdyp species within the rangelands. The
seedless branches dicacia karroo brush material were selected in order to avoid
transportation seeds to the restoration areas. mMim soil disturbance was done for
preparation of a seedbed for planting of grasssseatth and without brushpack. There were
eleven treatment plots for vegetation restoratiwvglve treatment plots for estimation of
water collection and retention, and a control. Eehtment was replicated twice giving 26

plots in total.
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7.2.2.1.1. Vegetation restoration with grass seedlings under different microsites

Treatment 1: Microcatchment/brushpack/ Paspalum dilatatum

Twelve arch or semicircle shaped microcatchmentg\dag in each plot (Hanlet al.
2011). The diameter of each microcatchment was anoh tapered to a depth of 10-cm.
Existing vegetation and rocks were not removed tmimmse soil disturbance. The
microcatchments were aligned with slope, and plargrof microcatchments was alternated
with those in adjacent rows to ensure maximum irappf runoff waterPaspalum dilatatum
seedlings were transplanted in each microcatchatethie depth of 2 mm. Each seedling had
a single tiller with three to four leaves durin@rsplanting Acacia karroo branches were
spread evenly over at least 70 — 75% of soil serfat each microcatchment. The branches

were packed in a 200 mm thick layer.

Treatment 2: Microcatchment/brushpack/Themeda triandra

Twelve arch or semicircle shaped microcatchmentedag in each plot. The diameter
of each microcatchment was 2 m and tapered to & dgpl0-cm. Existing vegetation and
rocks were not removed to minimise soil disturbaacé retain existing vegetation. The
microcatchments were aligned with slope, and placgraf microcatchments was alternating
with those in adjacent rows to ensure maximum irgppf runoff water.Themeda triandra
seedlings were transplanted in each microcatchatethie depth of 2 mm. Each seedling had
a single tiller with three to four leaves durin@rsplanting Acacia karroo branches were
spread evenly over at least 70 — 75% of soil serfat each microcatchment. The branches

were packed in a 200 mm thick layer.
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Treatment 3: Microcatchment/Paspalum dilatatum

Twelve arch or semicircle shaped microcatchmentgwag in each plot. The diameter
of each microcatchment was 2 m and tapered to & agpl0-cm. Existing vegetation and
rocks were not removed to minimise soil disturbancé retain existing vegetation. The
microcatchments were aligned with slope and thiEicgment was in an alternating order
with those in adjacent rows to ensure maximum frappf runoff waterPaspalum dilatatum

seedlings were transplanted in each microcatchatehte depth of 2 mm.
Treatment 4: Microcatchment/Themeda triandra

Twelve arch or semicircle shaped microcatchmentedag in each plot. The diameter
of each microcatchment was 2 m and tapered to & agpl0-cm. Existing vegetation and
rocks were not removed to minimise disturbance #&mdretain existing vegetation.
Microcatchments were aligned with slope and th&ce@ment was alternating with those in
adjacent rows to ensure maximum trapping of rumaiter and accumulation of sediment.

Themeda triandra seedlings were planted in each microcatchmeeatiépth of 2 mm.
7.2.2.1.2. Vegetation restoration with grass seedsunder different microsites
Treatment 5: Brushpack/minimum soil disturbance/Panicum maximum

Twelve subplots (4 A) were selected on the bare patches of each plead¢h subplot,
minimal soil disturbance was done by breaking soiface to a depth of 20 mm aRadnicum
maximum seeds were spread and lightly covered with gailcia karroo branches were
spread evenly over at least 70 — 75% of soil serfaic each sub-plot. The branches were

packed in a 200 mm thick layer.
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Treatment 6: Minimum soil disturbance/Eragrostis curvula

Soil surface was broken to the depth of 20 mm atbidwre patches within the plot and

the seeds dEragrostis curvula were spread and covered with the soil.

Treatment 7: Minimum soil disturbance/Panicum maximum

Soil surface was broken to the depth of 20 mm atbidwre patches within the plot and

the seeds dPanicum maximum were spread and covered with the soil.

Treatment 8: Microcatchment/brushpack/Digitaria eriantha

Twelve arch or semicircle shaped microcatchmentgwag in each plot. The diameter
of each microcatchment was 2 m and tapered to th a#gplO-cm. Existing vegetation and
rocks were not removed. The microcatchments wegned across the slope and their
placement within each plot was in an alternatindeomwith those in adjacent rows to ensure
maximum trapping of runoff waterDigitaria eriantha seeds were planted in each
microcatchment at the depth of 2 mAtacia karroo branches were spread evenly over at
least 70 — 75% of soil surface on each microcatcitnikhe branches were packed in a 200

mm thick layer.

Treatment 9: Microcatchment/brushpack/Panicum maximum

Twelve arch or semicircle shaped microcatchmentedag in each plot. The diameter
of each microcatchment was 2 m and tapered to & agpl0-cm. Existing vegetation and
rocks were not removed to minimise soil disturbaacé retain existing vegetation. The
microcatchments were aligned across the slopethadplacement within the plot was in an
alternating order with those in adjacent rows teue@ maximum trapping of runoff water.

Panicum maximum seeds were planted in each microcatchment atepth f 2 mmAcacia
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karroo branches were spread evenly over at least 70 — @b%oil surface on each

microcatchment. The branches were packed in a 20Q@hick layer.
Treatment 10: Microcatchment/Eragrostis curvula

Twelve arch or semicircle shaped microcatchmentgdag in each plot. The diameter
of each microcatchment was 2 m and tapered to & agpl0-cm. Existing vegetation and
rocks were not removed to minimise soil disturbaand to retain existing vegetation. The
microcatchments were aligned across the slopethadplacement within the plot was in an
alternating order with those in adjacent rows teue@ maximum trapping of runoff water.

Eragrostis curvula seeds were planted in each microcatchment atejpih @f 2 mm.
7.2.2.2. Water collection and retention techniques on degraded rangelands

The following treatments together with all the treants mentioned above were used

for estimation of a vegetation restoration’s apiti collect and store rainwater.
Treatment number 11: Brushpack (BP)

Brush packing was done by covering the soil surfaitie tree branches. This treatment
on exposed soil simulates the protective effegilaft cover. Twelve brushpack sub-plots (4
m?) were established in each plot. The brush was osetpof branches @fcacia karroo tree
collected at the areas that were heavily encrogalpedt consideration was taken to select
the trees and branches that have no seedpods tmisgrimmigration ofAcacia karroo into
the restoration areas. The branches were spreatlyesieer at least 70 — 75% of soil surface

on each sub-plot. The branches were packed in an@20@hick layer.
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Treatment 12: Water spreading system

A network of diversion/conversion furrows was deysd within each plot across the
slope terrain. The minimum of twelve diversion/cersion furrows with 15 cm depth and
varying from 5 to 10 cm length, with the distanegvieen the furrows maintained to 150 cm.
The furrows were curved, and the curved sectionh iilethe downstream direction of water
flow and helps to dam run-off water. The generalioa of the furrows was such that they
converge towards each other or diverge away frooh edher to spread rangeland water
across the plot. The spillways were allowed at onéboth ends of the furrow into the
adjacent furrows to allow movement of water in cmefurrow becomes full and that would

prevent water from opening the outlet anywhere.

Using diversion/conversion furrows involves makifigrows for water collection
across the soil surface for rangeland restorafibis vegetation restoration technique results
into number of effects on rangeland water movemenot| deposition and vegetation
development. Such effects includes: (i) furrowsakréhrough impervious soil capping and
collects runoff water during rainstorms resultimg infiltration rather than runoff; (ii) the
cumulative and erosive runoff on degraded rangetardbe slowed down, and much of it
held back, by means of an extensive network ofofust (iii) Silt and organic material
transported by runoff water collects in the furroessd retained; (iv) Windblown seeds,
humus, animal droppings and dry plant material atdtect in the furrows, after rains, seeds
germinate in the moist soil within the furrows atity are protected as they grow, by
accumulated plant debris; (v) A network of divergamnversion furrows covering a
degraded area results in numerous protected ptablesshment sites helping to transform
and improve the soil moisture and microclimate.eEfifve restoration becomes possible

under the more favourable microclimatic conditianghe furrows.
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Treatment 13: Control

The control plot was identified and marked; soitl aregetation were left as found

throughout the study period.
7.2.2.3. Soil seedbank status on degraded communal rangelands

A soil seed-bank test was conducted to determiaeettailability and density of seeds
between degraded (Amakhuze Tribal Authority) andh-degraded sites (Phandulwazi
Agricultural School). This was done in order toiraste the possibility of germination of
vegetation if disturbance is minimised. The assuwnpis that if the soil seed-bank is high,
then the problem of poor vegetation in degradedekamds is not the availability or density
of seeds but other barriers of natural recoverye Bites (100m x 100 m each) were selected
at Amakhuze Tribal Authority (ATA) (degraded) antl Rhandulwazi Agricultural High
School (non-degraded). At each site three linestars (100 m) were selected randomly.

Along each transect, three surface soil samples w@tected randomly.

The soil samples were collected at the depth ah3an a 0.25 farea. The total soil
seed-bank samples were 45 cores for degradedasite45 cores for non-degraded sites. The
samples were placed in plastic bags for immediatesportation to the green house for
germination. Soil seedbank samples were collectedh@ end of the growing season
(September-October) after seed production (Solomtoal. 2006). This can serve as an
indication of viable seeds not germinated in tieddfiduring the season. However, this does
not leave out the fact that some seeds might bigleviaut dormant hence they would not

germinate.

In the green house, labelled plastic pots with 2ldepth and 24 cm diameter were

filled with pine buck (growing media) to the demhl17 cm. Plant roots and fragments were
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removed from the soil samples, the soil within esample was mixed thoroughly. Soll

samples were spread over the pine buck in eachiqofas to a depth of 2 cm. The pots were
placed at random in the greenhouse. The tempernattine greenhouse was kept between 19
and 22°C during the day and 10 and i@ during the night throughout the experimental

period of eight weeks.
7.2.3. Data collection
7.2.3.1. Rangeland restor ation with grass seedlings under different microsites

Twelve sub-plots (1 x 1m) were established in dwtshpack plots, microcatchments,
and other combinations. Ten seedlings were plaat&dd® cm inter and intra-line spacing in
each sub-pot. Six permanent tufts were selectedsandval rate was measured by counting
available plants. Tillers, leaves, and infloresesnavere counted to estimate growth
performance of seedlings at an interval of 4 weeksl6 weeks. Other plant species that

geminated were also counted to further estimat#éadoiflty of seeds in the soil.
7.2.3.2. Rangeland restor ation with grass seeds under different microsites

Restoration performance of grasses that were estedl with seeds under different
microsites was estimated through measuring gerromaate, plant population density, and
biomass production. The measurements were estiméthoh a quadrat (30 x 30 cm), the
guadrat was placed on 6 randomly selected micrboaots/sub-plots in each plot.
Germination rate was measured on tfeadd 16' day from planting. Plant population
density and biomass accumulation data were cotleatehe 18 week. Biomass production
data were collected by cutting the grass in eacuigi to a height of 3 cm, the fresh weight
of grass samples was taken, and the samples weme dried for 48 hours at @0.

Germination rate and plant density were expresseduaber of plants germinated/present
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per unit area (900 cfh Biomass production was expressed as dry matséghi per unit

area.
7.2.3.3. Soil moisture retention improvement on degraded rangelands

Soil samples were collected at six brushpack sotspper plot and from six
diversion/conversion furrows from each diversionigersion furrow treatment plot.
Furthermore, from all the restoration plots, siX samples were collected at six fixed points
per plot at an interval of two weeks for 16 weéekse total of 156 soil samples was collected
from six subplots within each of the 26 plots akeery two weeks. The soil samples were
collected with a calibrated soil probe to the depth30 cm. The moisture content was

measured gravimetrically in the same day of cabect
7.2.3.4. Soil seedbank test on degraded communal rangelands

The soil seedbank experiment ran for six weeksd@), the seedlings were counted

in all the pots on the" 16", 24" 32 40", and 48" days.
7.2.4. Data analysis
7.2.4.1. Restoration practices using grass seedlings

The data were subjected to the normality test lefanalysis. Grass seedling
establishment and growth performance were measaretms of tillering, leaf production,
mortality rates, flowering, presence of other spe@nd tuft diameter. These variables were
compared between the observation periods at 4-waekval for 16 weeks. One way -
Analysis of variance (ANOVA) with SPSS (1999) wased to compare the difference

between the observation intervals in order to estgngrowth performance trends.
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The effects of brushpack and microcatchment treatime grass seedling establishment
and growth were also measured with tillering, lpadduction rate, mortality rate, flowering
rate, presence of other plant species and tuft etiim These variables were compared
between two treatments thus, microcatchment witlasgr seedlings (MCGS), and
microcatchment with brushpack and grass seedliM@GBPGS). The similar variables
(tillering, leaf production rate, mortality ratdpdering rate, presence of other plant species

and tuft diameter) were compared between grassesp@ctriandra andP. dilatatum).

The differences between restoration treatments lagiveen grass species were
determined with the analysis of variance (ANOVA)ttwiSPSS (1999). The differences
between means were separated with multiple comperisinalysed with least significant
difference (LSD). The difference between grass iggagsed as seedlings for restoration and

between restoration treatments were consideredfisegnt atp < 0.05.

7.2.4.2. Restoration practiceswith grass seeds under different treatments

Restoration performance d?anicum maximum, Eragrostis curvula, and Digitaria
eriantha was compared between the treatments. The treadmamne grass seedsragrostis
curvular and Panicum maximum) planted under minimum soil disturbance (MDGSysgr
seeds Digitaria eriantha and Panicum maximum) planted in the microcatchment (MCGS),
grass seedsPénicum maximum) planted under minimum soil disturbance and braskp
(MDBPGS), and grass seedBiditaria eriantha and Panicum maximum) planted in the
microcatchment covered with brushpack (MCBPGS).n@eation rate, plant density, and
biomass production were measured between treatnarisbetween grass species. The
comparisons between treatments and between grasesmwere done with the analysis of

variance (ANOVA) SPSS 1999. The difference was idaned significant ap < 0.05 and
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differences between means were separated with pleultomparisons analysed with least

significant difference (LSD).

7.2.4.3. Soil moisture collection and storage

Soil moisture collection and storage from the nedion treatments and from soll
moisture conservation plots was compared with a@malyf variance (ANOVA). The

difference was considered significance at 0.05.

7.2.4.4. Soil seedbank assessment

Soil seedbank was assessed through the germinabomts between degraded
(Amakhuze Tribal Authority) and non-degraded sifghandulwazi Agricultural High
School). The differences between the sites werepaoea with one-way analysis of variance

(ANOVA). The difference was considered differenpat 0.05.

Model:

Yigm = B + G+ §+ A+ CS§j+ CR+ SK«+ CSRu + Ejm

Where: Yium = Rangeland restoration;
M = Overall mean;
Ci = effect of {"soil water collection (microcatchment);
S = effect of J" soil water storage (brushpack);
P« = effect of K" introduction of plant propagules (seeds and segsj
CS; =interaction betweer!'soil water collection and"jsoil water storage;
CP« = interaction betweer{'isoil water collection and"kplant propagules;
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SR« = interaction betweerl'jsoil water storage and'lplantpropagules;

CSR = interaction betweer{'soil water collection,"] soil water storage, and

k™ plant propagules

Ejm =random error term
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7.3. Results

7.3.1. Restoration of degraded communal rangelands with grass seedlings under

microcatchments and brushpacks

The tiller number was significantly (< 0.05) different between the observation datém T
tiller number was increasing with observation ingés (time), thus, it was lowest in the
fourth week (4.4), and increasing through the éightek (6.6), twelfth week (14.2) and
highest during the sixteenth week (16.6). The nurmobé&aves also significantly increasqd (

< 0.05) between the fourth, eighth, twelfth andestxith weeks of observation (Table 7.1).

Table 7.1: The performance (Mean = SE) of trandpthrgrass seedlinggHemeda

triandra andPaspalum dilatatum) at four weeks observation interval after transpiey

Week Numberof  Number of Mortality  Flowering Number of Tuft
interval tillers leaves (%) (%) Other plants diameter
4" week  4.4+0.4% 15.3+1.8 14.3+4.83 - 16.4+4.2 -

g"week 6.6+0.76  27.3+3.9° 16.4+3.9 14.8+52 38.2+10.8 -

12"week 142421  42.5+5.8 20.9+4.7 20.9+7.4 38.0+7.7 -

16" week 16.6421  45.6+5.9 225+48 28.9+8.3 26.445.7 4.9+0.4

Mean values with different superscript within tlaene column are significantly different

The number of tillers was significantly highgr< 0.05) on microcatchment plots with
brushpack (13.1) than on microcatchment plots witharushpack (7.2). The number of

leaves was also significantly highgr € 0.05) on microcatchment plots with brushpack
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(41.7) than on microcatchment plots without brushkp@7.5). The grass seedling mortality
percentage was significantly lowep & 0.05) on microcatchment plots with brushpack
(10.4%) compared with microcatchment plots withdarush (28.7%). The flowering

percentage was significantly highgs € 0.05) on microcatchment plots with brushpack

(21.7%) than microcatchment plots without brushp@ck%) (Table 7.2).

Table 7.2: Effects of microcatchment and brushpackgrassThemeda triandra and

Paspalum dilatatum) seedling growth (Mean + SE).

Treatment Numbe of Numbe of Mortality (%) Flowering  Number of Tuft

tillers leaves (%) other plants diameter

MCGS 7.2+0.91 21.5+2.12 28.7+3.94 9.4+3.46 24.5+4.95 1.4+0.39

MCBPGS 13.2+1.47 41.7+4.08 10.4+1.7% 21.7+5.08 33.7+5.44 1.1+0.29

Mean values with different superscript within tlaene column are significantly different

NB: MCGS= microcatchment with grass seedlings, MGBP= Microcatchment with brush

pack and grass seedlings

The number of tillers was not significantly diffatgp > 0.05) between grass species.
However,Paspalum dilatatum had a significantly lowerp(< 0.05) number of leaves (26.7)
compared withThemeda triandra (39.7). The mortality rate was significantly highlp <
0.05) forThemeda triandra (25.2%) tharPaspalum dilatatum (12.2%) (Table 7.3). Flowering
percentage was significantly highep & 0.5) with Paspalum dilatatum (31.0%) than

Themeda triandra (0.7%).
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Table 7.3: Growth (Mean + SE) of different graseaes P. Dilatatum andT.

triandra) under microcatchment and brushpacks

Grass Numbe of Numbe of  Mortality Flowering Number of Tuft diameter

species tillers leaves (%) (%) other plants (cm)

P. dilatatum 9. 4+0.9 26.6+2.2 12.2+2.0 31.0+5.6 29.6+4.9 1.5+0.4

T.triandra 11.8+1.7 39.0+4.8 253+3.7 0.7+0.3 29.5+5.8 1.0+0.3

Mean values with different superscript within tlaene column are significantly different

7.3.2. Restoration of degraded communal rangelands with grass seeds under

microcatchments and brushpacks

7.3.2.1. Effects of microcatchment, brushpack and minimum soil disturbance

on restoration performance

There was a significant difference € 38.84,df = 3, p < 0.05) between the treatments

with brushpack combined with minimum soil disturbar{(180.4), minimum soil disturbance

(82.4), microcatchment with brush (75.9) and miatobment (339.0) (Figure 7.1). Plant

density was significantlyR = 37.43,df = 3, p < 0.05) higher on the microcatchment plot

(348.83) than on the plots with brushpack and mummsoil disturbance (198.25),
microcatchment with brushpack (70.82) and minimumh disturbance (76.01) (Figure 7.2).
There was no significant differencé € 1.11,df = 3, p > 0.05) between treatments for
biomass production (Figure 7.3). The mean diffeesnéor seed germination and plant

density between restoration treatments are pres@mtable 7.4.
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Brush pack/Minimum s 1
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Figure 7.1: Germination (Mean) between vegetatestaration treatment$ (= 38.84,

p < 0.05).
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Figure 7.2: Plant density (Mean) between vegetatstoration treatment§ = 37.43,

df = 3,p < 0.05).

Brush pack/Minimum s 1

Minimum soil disturb

Treatment

Microcatchment/brush 1

Microcatchment o

1.6 18 2.0 2.2 2.4 2.6 2.8 3.0

Mean of Dry mass (g/30x30cm)

Figure 7.3: Biomass production (Mean) between raitm treatmentsH = 1.11,df =

3,p>0.05).
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Table 7.4: Multiple comparisons (LSP < 0.05) between vegetation restoration treatmfntseed germination (counts) and plant density

(plants/900 crf) (* = p < 0.05, NS = > 0.05).

Dependent Variable (1) Treatment (J) Treatment Mean Difference  Std. Error
(1-J)
Brushpack/Minimum soil disturbanceMinimum soil disturbance 97.98* 26.87
Microcatchment/brushpack 104.46* 26.87
. Microcatchment -158.63* 31.03
g Minimum soil disturbance Brush pack/Minimum soil disturbance -97.98* 26.87
& Microcatchment/brushpack NS -
5 Microcatchment -256.60* 26.87
= Microcatchment/brushpack Brush pack/Minimum soil disturbance -104.46* 26.87
= Minimum soil disturbance NS -
S Microcatchment -263.08* 26.87
o Microcatchment Brush pack/Minimum soil disturbance 158.63* 31.03
Minimum soil disturbance 256.60* 26.87
Microcatchment/brushpack 263.08* 26.87
Brush pack/Minimum soil disturbanceMinimum soil disturbance 104.50* 27.47
Microcatchment/brushpack 112.67* 27.47
Microcatchment -150.58* 31.72
- Minimum soil disturbance Brush pack/Minimum soil disturbance -104.50* 27.47
D Microcatchment/brushpack NS 22.43
T Microcatchment -255.08* 27.47
= Microcatchment/brushpack Brush pack/Minimum soil disturbance -112.67* 27.47
§ Minimum soil disturbance NS 22.43
Microcatchment -263.25* 27.47
Microcatchment Brush pack/Minimum soil disturbance 150.58* 31.72
Minimum soil disturbance 255.08* 27.47
Microcatchment/brushpack 263.25* 27.47
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7.3.2.2. Restoration performance of grass seeds of selected species

There was a significant differencé € 9.19,df = 2, p < 0.05) between grass species
planted under various rangeland restoration treatisn®r germination of seedBragrostis
curvula (218.02) had the highest germination rate comp#oddigitaria eriantha (109.38)
andPanicum maximum (96.86) (Figure 7.4). Plant density was signifibahigher ¢ = 9.08,
df = 2,p < 0.05) forE. curvula (230.08) tharD. eriantha (120.5) and®. maximum (108.36)
(Figure 7.5). There was no significant differenEe=(1.57,df = 2, p > 0.05) between grass
species used for restoration in biomass produdifegure 7.6). The multiple comparisons
between grass performance for germination, plamsitle and biomass production are

presented on table 7.5.

Digitaria eriantha 1

Eragrostis curvulad

Grass species

Panicum maximum+

80 100 120 140 160 180 200 220 240

Mean Germination (seedlings/30x30cm)

Figure 7.4: Germination performance betweBn eriantha, E. curwula, and P.

maximum under different restoration treatmerfis< 9.19,df = 2,p < 0.05).
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Figure 7.5: Plant density between grass seeds ws@er restoration treatments €

9.08,df = 2,p < 0.05).

Digitaria eriantha 1

Eragrostis curvula {

Grass species

Panicum maximum

1.0 15 2.0 25 3.0

Mean of Dry mass (g/30x30cm)

Figure 7.6: Biomass production betwebBn erientha, E. curvula, and P. maximum

under different restoration treatmenfis< 1.57,df = 2,p > 0.05).
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Table 7.5: Multiple comparisons (LSP< 0.05, SE) between grass species on germinagidarmance, plant density, and biomass

production under different restoration treatments p < 0.05, NS p > 0.05).

Dependent Variable (I) Grass species (J) Grass species Mean Difference (1-J) Std. Error
Germination average Digitaria eriantha Eragrostis curvula -108.64* 39.041
Panicum maxi mum NS -
Eragrostis curvula Digitaria eriantha 108.65* 39.041
Panicum maxi mum 121.16* 29.099
Panicum maxi mum Digitaria eriantha NS -
Eragrostis curvula -121.16* 29.099
Plant density Digitaria eriantha Eragrostis curvula -109.58* 39.51
Panicum maximum NS -
Eragrostis curvula Digitaria eriantha 109.58* 39.51
Panicum maxi mum 121.72* 29.45
Pani cum maxi mum Digitaria eriantha NS -
Eragrostis curvula -121.72* 29.45
Dry weight Digitaria eriantha Eragrostis curvula NS -
Panicum maximum NS -
Eragrostis curvula Digitaria eriantha NS -
Panicum maxi mum NS -
Pani cum maxi mum Digitaria eriantha NS -
Eragrostis curvula NS -
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7.3.3. Soil moistureretention techniques used in rangeland restoration

There was a significant difference € 11.034p < 0.01) among soil moisture retention
practices. The use of brushpack alone was significhigher p < 0.01) than the control in
terms of moisture retention in the soil (Figure)7Soil moisture retention was significantly
higher p < 0.01) on the plots covered with brush, underimah soil disturbance whetre.
maximum seeds (BP/MSD/PaMa/SD) were planted compareddactimtrol. However, the
BP/MSD/PaMa/SD was not significantly differenp & 0.05) from the plot that had
brushpack only. The minimal soil disturbance (MSth both P. maximum andE. curvula

seeds were not significantly differemt¥ 0.05) with the control for soil moisture retemti

The plots with microcatchment, brushpack and mimmsoil disturbance planted with
D. eriantha (MC/BP/DIEr/SD) orP. maximum (MC/BP/PaMa/SD) were significantly higher
(p < 0.01) than the control plots in soil water réem Furthermore, the use of
microcatchment and brushpack with boBaspalum dilatatum and Themeda triandra
seedlings was also significantly high@r< 0.01) than the control in soil moisture storage.
The soil water storage was significantly higher  0.01) on microcatchment without
brushpack planted witBragrostis curvula seedsP. dilatatum, andT. triandra seedlings than
control. Water spreading system plots were sigafily higher p < 0.01) compared with the

control plots for soil water retention.
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F=11.034, p<0.01
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Soil moisture retention practices

Figure 7.7: Soil moisture content under differeainwater harvesting practices in
rangeland restoration (different letters above liaes demonstrate that the means for

moisture retention between treatments were difteren

BP = Brush park, MSD = Minimum soil disturbance, SBb grass seeds, MC =
Microcatchment, SL = Grass seedling, ThTfremeda triandra, ErCu =Eragrostis curvula,

DiEr = Digitaria eriantha, PaDi =Paspalum dilatatum.
7.3.4. Evaluation of soil seed bank on degraded rangelands

The seed bank means were significantly higper 0.01) on degraded sites (Amakhuze
Tribal Authority) (5.7, = 4.8) than non-degraded sites (Phandulwazi Higo8l) (1.7,
D = 1.5). The minimum seed bank at the degraded sites (0) with the maximum of (20)
while for the non-degraded sites it was (0) and f@@) the minimum and maximum

respectively (Table 7.6).
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Table 7.6: Seed germination (seedling counts) timage soil seedbank measured in 48

days at the interval of 8 days between AmakhuzdalrAuthority and Phandulwazi

Agricultural High Schoolf < 0.05).

Site Seed Germination

Mean SD Sum Min Max
Amakhuze Tribal Authority 5.671 4827 397.0 0.0 20.0
Phandulwazi Agricultural H S 1.6%2 1.462 147.0 0.0 6.0

Means with different superscript within the samiiom are significantly different
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7.4. Discussion

7.4.1. Use of grass seedlings under microcatchments and brushpacks on

vegetation restoration

The observation that number of tillers and leavesewchanging with time indicates
that the success of vegetation restoration tredtmigh grass seedlings depends on duration
from transplanting to establishment. This couldalseribed to the fact that tillering process
depends on leaf development. The larger the nurabéeaves the more tillering, this is
because tillers start as buds in the leaf axilsulpport of the observed behaviour of a number
of tillers and leaves, Wolfson and Tainton (19%)arted that tillers arise as buds in the leaf
axils; therefore, the potential rate of tilleringgp#nds on the rate at which leaves are

produced.

The results show that the number of tillers andidea and flowering and mortality
percentages were different between the restorateaiments, thus, where microcatchment
was combined with brushpack and where microcatchmes used without brushpack. The
fact that tillering, leaf production and floweripgrcentages were higher with low mortality
rates on the plots with microcatchment combinedhwitushpack could be attributed to the
high moisture retention resulting from runoff calien in the microcatchment and reduced
evaporation loss due to shade provided by brushpHuls implies that the integration of
vegetative measures with physical structures iretaggpn restoration treatment may produce
complementary effects resulting in an effective asaccessful restoration. Structural
measures such as microcatchment and brushpaclokcompoff, sediment transportation and
evaporation loss, whilst vegetative measures imgsnil cover. This is in agreement with
Singhet al. (2011) who indicated that physical structuresupedthe runoff flow velocity in

the channel resulting in an increased infiltratom sediment deposition. Handteal. (2011)
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reported that infiltration rates were increasedh@ microcatchment and that was explained
by the accumulation of coarse sand and organicriabie the pits, which also decreased soil
surface compaction. Coetzee (2005) highlighted thmtrocatchment breaks through

impervious soil capping and runoff water collectsridg rainfall resulting in infiltration

rather runoff.

The results imply that the combination of microbatent and brushpack support
higher rate of grass tillering, leaf developmetwwering and reduces seedling mortality.
These variables (tillering, leave development, #awg, and mortality) could be used as the
early indicators of vegetation restoration sucéessegraded rangelands if the seedlings are
to be used. The complete growth of grass plantéstlly dependent on the vegetative growth
characterised by number of leaves and tillers, whioproves the plant’'s photosynthetic
capacity, however, depends on water availabilitp@agnother factors (Rodriguez-Iturbe and
Porporato 2004). The availability and retentiorsoil moisture captured by microcatchment
and brushpack are important factors for vegetatstablishment and growth as indicated by
vegetative growth (tillering and leaf productiomdareproductive growth (flowering) attained

on restoration treatment with both microcatchment lrushpack.

Microcatchment and brushpack simulates and enhamu@gation and canopy
interception processes resulting in higher moistwtention for the use of transplanted
seedlings. Rainwater input into the soils in drdans determined by infiltration-runoff
partitioning and by canopy interception relatedcgsses (Noy-Meir 1973). The two methods
of restoration, individual or combined improves sege and reduce evaporative soil water
depletion, that results retains increased soil waimaining for plant growth performance as

indicated by tillering, leaf development, floweriagd reduced mortalities. Lo# al. (2004)
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indicated that soil water remaining for plant grovmight be further reduced by evaporative

depletion and seepage.

In the short term, continuous production of tillensd development of leaves could
indicate a successful trend in vegetation restmmadin degraded rangelands. This is because
the larger the number of tillers and leaves thgdathe tuft diameter, which in turn reduces
the space between the tufts and increase the awesed by individual tufts. Simultaneous
increase of tuft diameter and reduction on tuftetiv-distance collectively improves basal and
aerial cover, which in turn reduces raindrop impgacbare soil and runoff rate. Svejehal.
(1999) pointed that the stage of rangeland retssyoe in grassland is characterised by
increased rates of runoff. Therefore, improvemdngad cover resulting in reduced runoff
presents rangeland restoration progression. Mam$ Kotze (2006) indicated that water
inputs may either be intercepted by plants, whieduces raindrop impact, improves
infiltration rates and reduce runoff. However, tlipends on, among other factors, soil
characteristics, topography and vegetation covdrilé\soil characteristics and topography
are not underestimated in vegetation restoratiatess, Malan and Van Niekerk (2005)
emphasised that the most important single facttecthg water runoff is the amount and

type of vegetative cover.

There was a high flowering rate &aspalum dilatatum planted on microcatchment
combined with brushpack compared with the sameispgadanted under microcatchment
without brushpack. This could indicate that imprvsoil moisture retention due to the
reduced evaporation rate because of brushpackma$fext on grass reproductive growth.
The flowering ability of the plants is an importafdctor in vegetative growth and
development, it signifies maturity of grass plamtsd furthermore, seed production indicates

vegetation recruitment possibilities, which as wetluld be an indicator for rangeland
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restoration success. Noy-Meir (1973) indicated thatvering, seed set, dispersal, and
germination is vital especially in the arid systdmesause the occurrence of times suitable for
these processes is highly uncertain. The factThateda triandra had higher leaf number
compared with Paspalum dilatatum under similar treatment of microcatchment and
brushpack could be ascribed to the genetic matefittie species used for restoration. This
implies that when vegetation restoration perforneaiscdetermined by leaf development, the

success of such a treatment is dependent on thespdifference.

The fact that P. dilatatum produced more flowers thad. triandra under
microcatchment with brushpack could be as wellibedrto genetic difference between
species, because flowering is genetically indu€edtthermore, flowering is also induced by
biochemical process that may require a cold pratment (vernalisation) or a certain day
length or series of day lengths (photoperiodismjriandra has been shown to be one of the
species that requires over wintering for it to feavin the next spring. Therefore, its failure to
flower could be attributed to the requirement dtiqare-treatment and photoperiodism. Dahl
(1995) alluded to the fact that floral initiatiasinterpreted as a biochemical process that may
require a cold pre-treatment, that is photoperioditat requires favourable growing
conditions and in some plants, it is geneticalljguced. Wolfson and Tainton (1999)
indicated thafT. triandra requires resting from midsummer of one year fadssg in the
following spring. This implies that when flowering) considered as a performance indicator
for rangeland restoration, the factors that affglcénological phases of different species

should be considered.

The observed mortality percentages on grassesptearted under microcatchment
without brushpack could indicate that the seedligsl due to soil desiccation, which might

have been caused by loss of soil moisture througtpagation. The high mortality was
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observed foiThemeda triandra on the microcatchments without brushpack. Thisligsphat

the establishment ofhemeda triandra was more dependent on soil moisture content than
Paspalum dilatatum. Furthermore, this means that the effectivenesmiofocatchment and
brushpack on degraded rangeland vegetation reistonedries with plant species used. That
could be attributed to the adaptation of differgrass species to low water supply, which
could be due to variation in stomatal conductafi¢es was in agreement with Wolfson and
Tainton (1999) who indicated that the effects ofishoe stress on growth and development
of grass varies among different plant species, tir@tage of the plant, duration of moisture

stress period and management prior to and durregssperiod.

7.4.2. Introduction of grass seeds under microcatchment and brushpack

Germination rate of grass seeds was used as araiadiof restoration performance
between the restoration techniques in which midaboaent, brushpack, and minimum soll
disturbance and their combinations were used. Thsults indicate that use of
microcatchments in restoring degraded rangelandsbiced with grass seeds performed
better than the use of brushpack, use of microoacih combined with brush, minimum soill
disturbance, and combination of brushpack and mimmsoil disturbance on seed
germination. The higher germination performancettte use of microcatchment compared
with other treatments could be attributed to theitghof microcatchment to hold water and

release some through evaporation, which reduces \\agging.

Brushpack reduces evaporative soil moisture loss ahen combined with
microcatchment results in the soil remaining wetddonger period, which deprives grass
seeds oxygen necessary for germination. The inttamtu of seed and seedlings into
overgrazed rangelands could re-establish foraggespan an area, which in turn can increase

the plant diversity. The use of microcatchment langh serve as a microsite or microhabitat.
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The creation of favourable microhabitats for septtagpment or planting, germination, and

seedling establishment could assist in rehabibitatf grazing induced vegetation change.

Artificially created safe sites such as microcatents and brushpacks can act as traps for
water, sediments, litter, and seed resulting inftmeation of fertile patches (Noblkt al.

1997) which facilitate the establishment of seegiin

On the other hand, the low germination performanoce use of minimum soil
disturbance alone or combined with brushpack cdaddascribed to low soil moisture
retention, which deprives grass seeds sufficient moisture required for germination.
Furthermore, use of brushpack could provide shaduhgch reduces the light intensity
sufficient for germination of grass seeds. Snyn#200%) indicated that light intensity serves
as one of the important factors influencing gerrmiara The implication of these results is
that while in all the treatments there was gernmomatthe degree of germination varied with
treatments. Light intensity, moisture availabiliggmount, and length of time at which soll
stay moist, and availability of free oxygen in sl could affect germination of grass seeds.
Snyman (1998) emphasised the importance of sostun@ in seedling germination, which in

degraded rangelands is lost due to runoff and eafipa on the bare ground after rainfall.

The similar trend was observed with plant densitglar different rangeland restoration
techniques. Thus, the plant density was high orptbes where microcatchments alone were
used, followed by the plot where brush-pack comdbimeth minimum soil disturbance,
minimum soil disturbance alone and the least whee glots where microcatchment was
combined with brushpack. These results indicatentherocatchment alone could serve as a
restoration technique where grass seeds are t@dz to attain maximum germination and
growth performance. The similar trends between getion rates and plant density between

treatments could imply that the larger effect ofishure excess/deficit in terms of both
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availability and storage provided by combinationbofishpack and microcatchment, which

controls oxygen availability could be more duriregmination than post-germination stages.

7.4.3. Complementary role of soil moisture retention techniques in the

restoration of degraded communal rangelands

The fact that treatment with brushpack retained emoroisture than the control
indicates that the brushpack had an effect on suilsture storage. This implies that
brushpack had positive effect on soil water storafleat could be due to a reduced
evaporation rate from the soil resulting from shgdeffect of brushpack. Simons and
Allsopp (2007) demonstrated that brushpacks haglesing effect to the ground from harsh
climatic conditions, and trapping of organic maikand seeds, in addition to that, brushpack
may have increased the soil water content througbigatation combing. Akpet al. (2005),
who indicated that in restoration treatments cavened, shaded the soil surface delayed soil
water depletion, further reported protection ofl $gmyer from the sun and wind as result of
brushpack. The results propose that combinatiomimrocatchment with brushpack on
rangeland restoration leads to higher soil moistatention than the land that does not have
both microcatchment and brushpack. Rainwater ingotthe soil in drylands is determined
by infiltration-runoff partitioning and by canopwyterception related processes (Noy-Meir
1973). Soil could serve as a water reservoir, ripelss, on degraded rangelands this
property might not be the reality due to factorshsas poor soil cover and soil compaction.
These factors enhance the rate of runoff and ewatiperwater loss from the rangeland

ecosystems.

Furthermore, the use of microcatchments and wateraging system has higher water
retention potential than the land that does noehhese structures (control). This could be

attributed to the fact that after rainfall, the micatchment holds rainwater within the
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catchment, the water spreading system spread \@atess the wider areas on rangelands,
both of these structures reduce water loss througbff, and brushpack reduces water loss
through evaporation. Microcatchments are widely sunctessfully applied for water and soil
conservation throughout Africa (Critchlest al. 1994) and microcatchments effectively
harvest surface runoff and mitigate water erosiansed by heavier rains. This implies that
the use of brushpack, microcatchments, and wateadmg system should be considered as
the water harvesting techniques and could sigmflgacomplement the vegetation

restoration techniques.

Microcatchments mimic the role of natural depressiand act as zones of increased
soil moisture. Elevated soil moisture levels unbenshpack are also encouraging plant
growth and this suggests that brush helps to maimesources such as water within the
system, preventing it from being lost as runofif{fBns 2005). Whilst the concept of soil as a
reservoir for water is more acknowledged in irrgghtareas (Veihmeyer and Hendrickson
1950), for rangeland restoration exercise, it ipontant that as much water as possible be
collected and stored in the soil to support vegatahat is being restored. The improvement
of soil property as water reservoir on degradedekands in the short to mid-term until the
natural capacity to hold the soil has been restomdd be achieved with microcatchment

and brushpack on restoration of degraded rangeland.

7.4.4. Soil seed bank status of degraded communal rangelands

Degraded rangelands were found to have more seledloam non-degraded rangelands.
This difference could be attributed to lack of awvop rangeland resting practices and
prevailing seed germination conditions in non-ddgrtharangelands. Thus, even if rotational
grazing is practiced, if a rangeland-resting pemot implemented, the chances of available

species to produce and shed seeds is reduced.efmadite, if the conditions of seed
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germination are conducive, the seeds that were sbigld have germinated. Rests designed
specifically to benefit individual plant or planbrmmunity requirements may vary and aim to
meet different requirements such as species comtgpasplant density, and vigour (Tainton
and Danckwerts 1999). Summer rests are aimed plymar promoting seed production
(Tainton and Danckwerts 1999, Trollope 1986), whoduld result in improved seedling

recruitment through germination.

On the other hand, the relatively high seed ban#ieigraded rangelands indicates the
potential for plant recovery if the disturbanceemoved and the germination conditions are
improved. Bekkeet al. (1997) pointed out that soil seedbanks indicapot@ntial pool of
propagules for regeneration of grasses after diahge. Venable and Brown (1988) also
indicated that the presence of a seedbank redhegsrobability of population extinction of
plants. Degraded rangelands have poor vegetatioer,cavhich results in low soil moisture
retention in the soil due to high runoff rates. Lewil-moisture conditions in degraded
rangelands renders the soil less conducive for igatron, and therefore, the seeds may be
retained. There are a number of factors, whicha&selve as barriers to natural recovery of
degraded rangelands. These factors could includemsosture (Snyman 1998), which in
degraded rangelands is lost due to runoff and ea#ipa on the bare ground after rainfall.
Storage of viable seeds in the soil and subsegesablishment depend on the degree of
disturbance (Thompson 1986). The dry soil cond#iomay adversely affect the seedling

recruitment of the seedbank (Kinloch and Fried€l3)0

This proposes that, for communal rangeland restorarestoration techniques and
practices should be aimed at among other factopowement of soil moisture retention,
which may promote seed germination. Sufficient swmibisture at certain patches of

rangelands renders such patches into being favieunaicrosites for germination. Harpetrr
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al. (1965) indicated that seed germination and astabent in natural and atrtificial
revegetation is due to the number of seeds in faad@ microsites or ‘safe sites’ in the
seedbed rather than the total number of availadels Therefore, available soil seed bank
supported with soil moisture retention techniquesilad serve as complementary units in
communal rangeland restoration. Snyman (1993) aagatt (1999) highlighted that the
availability of a seedbank could serve as a sourestablishing plant communities following

environmental changes such as rainfall.

Grazing poses a disturbance in rangelands and®8et seedbank through continuous
consumption of grasses, which deprives the vegetdhie chance for reproductive growth.
Grazing may also interfere with new vegetation ugnrent through continuous defoliation,
which results in new recruits being consumed be&s®blishment. This proposes that if
rangeland restoration in the communal areas isdbase soil seedbank availability and
density, and subsequently on germination of avkiladeeds, therefore, grazing and/or
defoliation practices should be given a consideraltiention. Bekkeet al. (1997), Solomon
(2003), and Snyman (2004) indicated that heavy iggady livestock introduces a
disturbance to grasslands and can negatively atfecsize and composition of grasses in the

seedbank.
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7.5. Conclusion

Abiotic factors such as poor water collection aatkmtion coupled with biotic factors
such as poor soil seedbank and disturbance mdstbudh grazing are the barriers of
rangeland natural recovery. ldentification and elation of such barriers are fundamental in
the attainment of successful rangeland restoragail. moisture availability is essential for
rangeland restoration exercise and therefore, nagiao techniques that promote collection
and retention of water are important for a suceggsingeland restoration. Development of
microcatchments and brushpack improved soil masstiorage through collection of runoff
water and reduction of evaporative soil moisturgslorhis was achieved through improved
infiltration rates resulting from digging and reédcevaporative loss by shading effect of
brushpack. Introduction of plant propagules (seadd seedlings) addressed the low soil
seedbank barrier. Introduction of vegetation onrdegd rangelands with the use of
microcatchment and brushpack afford the rangelacwbystem with active and passive
protection, and promote forage productivity. Actpr®tection against erosive agents consists
of raindrop interception, an increase in waterltirgftion in soil, thermal regulation, and soill
fixation by the root systems. Passive action isvigked by trapping and retaining sediment

inside the catchment due to its aerial parts.
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8. GENERAL DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

8.1. General discussion

Communal rangelands provide services such as maimte of stable and productive
soils, delivery of clean water and sustaining aahimals, and other organisms that support
the livelihoods and, aesthetic and cultural valoepeople (Grice and Hodgkinson 2002,
Teagueet al. 2009). Based on the economical and ecologicalevaf communal rangelands
and on the notion that such areas are threatendshdydegradation, an assessment of land
degradation characteristics was central for ingaston in this study followed by evaluation
of vegetation and soil restoration techniques. Ldedradation affects primary productivity
of rangelands and in turn affects ecosystem bio&gand economic function (Herweg and

Stillhardt 1999).

Communal rangelands are utilised by farmers primdor grazing livestock, and
overgrazing have been blamed for being the roatinfeland degradation. Rangelands are
considered salient renewable resource because afuimber of ecological functions such as
nutrient cycling, deposition of organic matter anfitration. In addition, there are variety of
economic goods and services including meat, filmereation, and wildlife production found
from rangelands (Batabyal 2004). Therefore, farimgesceptual experience on causes and
status of communal rangeland degradation and gesgstoration techniques were explored.
The farmers’ perceptions were supported by biomaysinvestigation on rangeland
degradation characteristics, indicators for degradaranged from soil hydrological,
vegetation change and soil loss characteristice &ktent of rangeland degradation in
communal areas varies with different areas beifgcted by a number of biophysical and

socio-economical factors (Herweg and Stillhardt9)99
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Grazing distribution pattern was explored to essablvhether grazing could be one of
the drivers of rangeland degradation. The assedswes based on the key perceptions of
farmers and key biophysical characteristics of edangd degradation. The completion of this
study was grounded by an investigation on rangelastbration techniques. Factors that
influence livestock grazing distribution patterrclude landscape, vegetation type, land use
practice, distance to water points and seasonatiars. Thus, within the rangelands, some
landscapes especially low-lying, such as valleydmetand foothills are grazed more severely
than higher lying areas. The areas that were expang higher grazing intensity were
perceived by farmers to be more degraded, and vediened through biophysical
assessment to be degraded. Farmers cited the isiaree and/or lack of policies for
livestock-rangeland management. That was furthekel with low individual and/or
community obligation and lack of skills on rangelamanagement. This was conceived to
have lead to unplanned grazing distribution pafterhich in turn exert scratchy grazing

pressure on certain portions of rangelands andtteeahgeland degradation.

Vegetation change was cited by the farmers andchadti through biophysical appraisal
as the major rangeland degradation characterisiccommunal areas. Higher grazing
intensity results into vegetation change from puoiiche and stable to unproductive and
unstable vegetation structure through the changespEcies composition. Rangeland
degradation resulting from higher grazing presdeagls to changes in vegetation structure,
composition, and productivity (Moleele and Perkii808; Oztaset al. 2003; Makiet al.
2007). Thus, degraded portions in communal areag wWeminated by increaser Il grass
species such a&ristida conjesta, Cynodon dactilon, andEragrostis obtusa. The dominance
of these species indicates low rangeland forageyatovity and poor soil protection, and that

characterises rangeland degradation. Decreaseliespédisappear under heavy grazing
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intensity, and are replaced by increaser Il anddev species (Sisay and Baars 2002; Abel

1997, Hays and Holl 2003).

Poor vegetation cover, low hydraulic conductivimd high-unconfined compressive
strength (UCS) of the soil were discovered throdgbphysical assessment as other
characteristics of communal rangelands. These ctaaistics reflect high livestock grazing
intensity, which further suggests soil compactioe tb livestock trampling (Milchunaes al.
1989). High intensity grazing leads to excessiveaeal of acceptable species (Anderson and
Hoffman 2006) and that opens the space for lesgpsaile and faster establishing annual
grasses. Combination of these variables leads to pdiltration and higher water loss

through run-off and subsequently into soil erosion.

Rangeland degradation occurrence and extent wasowdieed through farmers’
perceptual experience and biophysical assessmeatydetween landscapes and vegetation
types. Thus, low-lying grassland areas were moggadied than higher lying areas; this
suggests variation in vulnerability between thedkrapes and vegetation types in communal
areas (Bailey 2004; Pinchakal. 1991). The variation in vulnerability could beridnuted to
the nature of soils, terrain morphology, poor gmgzmanagement, and vegetation type.
Rangeland degradation is not a spatially uniforotess because there are substantial off-site
effects. Thus, some lands are more prone to deywadthan other lands. This could be
because they have erodible soils and acceptabss g@ecies, which attract more grazing
activity (Pickup 1998). The fact that rangeland rdelgtion occurrence and extent vary
between landscapes implies that the approach teessldangeland degradation should be
landscape specific, thus, landscapes that are mdrnerable should be given the highest
preference. Warren (2002) and Reynaddal. (2007) emphasised the importance of a place-

based approach to rangeland degradation to unddrdte causal relationships within
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specific physical and social circumstances. Hoffnagid Todd (2000) indicated that the

extent of land degradation was found greater orstieply sloping environments.

Communal Rangeland degradation was characterisqmbbiy vegetation, which leads
to low-forage productivity and poor vegetation covEhis low level of forage productivity
and soil protection were characterised by the dange of annual grasses (increaser Il) with
low forage value and those grass species, whialease with overgrazing. Land degradation
is reflected in a decline of land productivity, whihas resulted into cyclical causes and
effects resulted in a depletion of plant coverl emposure to erosion and deterioration of soil

structure (Sanchea al. 2002).

Land users indicated that among other factors, elang degradation could be
attributed to poor grazing management resultingmfroon-existence and/or lack of
implementation of rangeland utilisation policy urloeed by lack of fencing. Although
farmers acknowledge the fact that rangelands ageaded, they perceive fencing to be some
form of panacea. The relationship between livestacigeland management and fencing
could lead into the hypothesis that there is arowetsy between “farmers’ obligation” and
“fencing complex” in relation to rangeland degraolat Thus, the fact that animals are
neither kraaled nor herded signifies low level tdehment of farmers to their livestock, and
that coupled with their need for fencing indicatke complexity on developing communal
rangeland management strategies. Melyal. (2008) argued that the need for fencing by
communal farmers was motivated by the benefiteedticed labour and time spent herding,
rather than improved grazing management. The pgocepf famers that fencing could solve
rangeland management anarchy coupled with the mea®o fencing cited by Moyet al.

(2008) twinned with an irony in communities, whidbestroyed their fences (Benrettal.

223



2010), leaves fencing alone as unsustainable saltwi communal rangeland degradation and

livestock production enhancement.

Fencing of communal rangelands was tried beforevaaslabortive due to among other
factors, vandalism by community members (Corneykerdington 1998). These two aspects,
thus low farmers’ and/or communities’ responsipiland lack of fencing used as the
foundation facts for poor rangeland management dcounldicate the “policy versus
infrastructural requirement controversyHowever, introduction of an effective policy and
fencing in communal rangelands could complement eatber, but the cost of fencing
communal rangelands might be unbearable considénmgxtent of communal rangelands
and their low level of production. The art of hewgliis fast disappearing due to low
involvement of the youth in livestock productiomn€ing is considered an alternative to
herding by farmers, and however this is not feasiNiamir 1990) given the extent of
communal rangelands and financial requirementrstailation and maintenance. However,
considering the rate of unemployment, introductioh rangers and/or herders could

contribute into job creation and in turn indireatduce food insecurity in rural areas.

Farmers’ and community responsibility in livestoekangeland management could be
installed through establishment and/or reintrodurctiof livestock herding practices.
Livestock herding refers to the art of guarding @oedducting livestock (Niamir 1990) to,
from, and within a grazing area. Herding consi$tsioving animals against the wind so that
they can smell predators, night grazing, contrgllivestock in a grazing area and drinking
times especially during dry season and learninghedl signs, cries and songs needed to
communicate with livestock (Ba 1982). Introductioh herders in communal rangelands
could improve livestock productivity and reducedategradation. This could be achieved if

herders are trained on the basic livestock prodncéind rangeland management practices
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including breeding, nutrition, health, animal add#jin to environment and grazing
management. However, this should be based on thefaand/or community objectives for

livestock-rangeland management.

The role of herding in livestock-rangeland monigriand management is significant
especially in communal areas, that could improwesliock productivity and should therefore,
be rationalised. Herding-kraaling practices andrtafect on rangeland management could
be demonstrated by Liliefontein Commons of Namaapl (Allsopp et al. 2007) and
communal rangeland system of Lesotho and Sterks{aigwiji) (Moyo et al. 2008; Moyo
2009), the Wodaabe Fulani and the Fulani of nontidigeria (Niamir 1990), and Northern
Kenya and Southern Ethiopia (Pavanello and Levi®d1lp That could be used to
demonstrate the individual farmer and communitypoesibility on livestock-rangeland
management. Herders closely monitor their livestaio#t environment for signs that indicate
a need to move and the best direction to go (Nidr@80). At Amakhuze Tribal Authority
and even the whole of central Eastern Cape Pro\iBeanettet al. 2010), the communal
rangelands are not fenced and herding is not peattiThus, livestock select areas on which
to graze and that would be based on their prefetetits subject areas that are more

livestock preferred to overgrazing and subsequeatlgnd degradation.

Uncontrolled grazing distribution pattern in comraumangelands is influenced by
factors such as landscape, altitude, land useigeactdistance to water points and seasonal
variations. This indicates the fact that other sr@@ more attractive to grazing animals than
others are and that subject selected areas toravzerg. Thus, low-lying areas are grazed
approximately three times more intensely than aasst uplands due to easy access by
animals (Senfet al. 1985). Therefore, grazing management should denghe variation

between landscapes, altitudes, land use practwwaser points, and seasons. Grazing
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distribution pattern could therefore, be managedugh introduction of fencing or herding.

This proposes that landscape and other factors atetresponsible for heterogeneity in
rangelands should be considered if any intervestiongrazing management or restoration
activities are to be practiced in communal areasvéver, the complete cost benefit analysis
between fencing and herding-kraaling practices @&k separate or combined effect on
improving and sustaining communal rangelands shbeldgiven a priority. The analysis

should emphasise on establishing the equilibriunwéen the economic and ecological
benefits from the ecosystem. Rangeland degradatidhe communal rangelands could be
driven (Figure 8.1) by social and biophysical drsv@and any intervention should consider
such factors. Rangeland degradation is a complergrhena, it could be caused by complex
set of factors. Its extent varies with differenéas being affected by number of biophysical

and socio-economic factors (Herweg and Stillha8®9).

Where herding-kraaling system is considered asxm&acontrol livestock movement,
overgrazing can be minimised. That could be achietreough an effective control of
livestock grazing distribution, thus animals wi# lguided to the grazing area and stay there
for determined period. The idea of livestock grgzmanagement brings the three identified
social deficient factors (lack of skills, lack intiual and/or community responsibility and
ineffective policies) and uneven livestock-grazpajtern together in addressing the problem
of rangeland degradation. The relationship betweenders, livestock, and rangeland
management could be demonstrated by the respotysibiken or assigned to herders. The
presence of herders in communal grazing systems$dvemldress both animal production and
rangeland management requirements. Thus, animatys&bm predators, toxicity, theft,
injuries etc, temporal and spatial nutritional ngeraent by selecting where animals will
graze during different seasons, provision of otfrazing support elements such as access to

drinking water and finally the state of grazingaareould be monitored daily and the decision
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to move animals could be made. Thus, among otlseless herders classify grazing areas
according to the complex set of criteria and comstdese when deciding seasonal and daily
herding patterns (Allsopgt al. 2007). These include (i) the safety criteria -ewtthere are
young animals in the herd, animal safety is compsech by the presence of toxic plants,
predators, steep or rough terrain, and cold weafheanimal intake is dependent on season
and amount of rainfall. Thus different seasons amés vary with grazing quality depending
on plant composition; (iii) grazing strategies musensider water availability, presence of
croplands and other herds, and try to guarantedehismeeds for minimum comfort (Allsopp
et al. 2007). Based on the mentioned criteria, herdesgponsibilities are to select a “target

zone” for grazing and the routes through which aénshould move to these “target zones.”

The perception that communal farmers do not hawés sk livestock and rangeland
management and their requirement for capacity mgldould improve community utility of
the unemployed rural area dwellers as rangers aidimers. Eversoet al. (2007) also
highlighted lack of skills as the challenge; thegntioned that the challenge in addressing the
problem of rangeland degradation in communal areabe introduction of conservation
measures and making people aware of their bertbfilsigh education. Therefore, capacity
building would improve the understanding of commufaamers on management of the
ecosystems and that will subsequently improve thences of some village members for
employment as herders at household, or user gradforacommunity levels. Fratkin and
Roth (2004) indicated that the low level of knowded capacity, and resources from the
farmers has prevented them from voicing their viemsl perceptions. Traditional herder
systems have not been used in the development«aptitis could be because they did not fit
into the classical fenced “commercial” model. Hoeewvheir effectiveness enhanced with

modern livestock - rangeland management technigunes relatively low cost of hiring
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herders as local range monitors are advantagescHmatform an integral part of more

effective rangeland management and restoratiorvieiéions.

Rangeland forage quality has spatial and tempoaabktions (Laughlin and Abella
2007). Herders direct animals on temporal (dails@asonal) and spatial bases (landscapes,
land use, water points and vegetation type). Tiungre to graze in the morning, in other
areas they even chose the route with considerdhiah animals cause degradation with
trampling if one route is overused. This rather destrates an objective interaction between
herders, livestock, and rangeland ecosystems, @ctu is not the case at Amakhuze Tribal
Authority and many other communal rangelands espigcin the central Eastern Cape
Province. Allsopet al. (2007) highlighted that one of the basic advaegagf herders is that
they direct the herd in the morning so that theesamate is not taken on consecutive days to
avoid excessive trampling which they perceive widistroy vegetation and increase soil

disturbance.”
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229



The lack of effective policy, low level of respob#ity in livestock movement and the
extent of rangeland degradation, together withf#loe that there was no attempt in restoring
degraded portions of the rangelands could sufbaghtiracterise communal rangeland system
as negligent and degradative. Nunow (2000) crégtisommunal system as irrational,
ecologically destructive, and economical inefficieThe irrational nature, ecological
destructiveness, and economic inefficiency couktdfore, be invoked as the characteristics
of communal rangelands. This could propose thesthagpf commons as outlined by Hardin
(1968), which portrays African pastoralism as amesive and maladaptive system and calls

for system change before disaster strikes.

The lack or low level of involvement of farmers cangeland livestock-management
and the response of communal rangeland ecosystengsazing pressure could thus, be
associated with the concept of the tragedy of conmgblardin 1968) and equilibrium theory
of vegetation change (Ellis and Swift 1988). Thensideration of social factors, thus,
ineffective policy, low individual, and/or commuyibbligation underpinned by ineffective
institutions on communal rangeland management aakhmze Tribal Authority could align
with the concept the tragedy of commons. In suppbthe foregoing assertion, the response
of vegetation to grazing distribution could be maBg with the equilibrium model
propositions. Thus, the equilibrium theorem is lbase the analogy that rangeland ecosystem
dynamics could have the elements of stability liszsgte and a domain of attraction (Walker
1980). Stable systems are those that when subjertadside pressure (e.g. grazing) changes
in species composition and production. Rangelargtadiation as indicated by vegetation
change, which in turn leads to low production arabrpvegetation cover both, which
subsequently result into loss of soil through rdinave the consequences of poor grazing

management.
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The concept of equilibrium is in accord with pripleis of the succession model of
rangeland vegetation change. According to this mfyagtazing pressure is balanced against
the successional trend of an orderly and predietpbbcess where plants replace each other
to maintain a stable sub-climax (Stodddrtal. 1975). Equilibrium theory narratives are
based on the three basic assumptions. (i) That eoramrangeland ecosystems are
potentially stable systems; (ii) are frequentlytdbgised by improper use on the part of
pastoralists and (iii) alterations of system suuetare needed to return these systems to an

equilibrium and more productive state (Ellis andf6®988).

Although the social factors direct the comprehemsiof communal rangeland
degradation towards the tragedy of commons, Hasdparadigm has been explicitly
acknowledged to be failing because of its confusiboommon property with “open access”
(Cirlacy-Wantrup and Bishop 1975). The social festolentified as deficiencies or courses
of deficiencies in livestock — rangeland managemehich results into uneven and negligent
grazing distribution pattern thus together servédaccomponents responsible for communal
rangeland degradation. The rampant grazing managemmctices precede communal
rangeland degradation and could be dependent ommaoity organisation. Community
organisation would predominately be in terms o&lelsshment of local level institutions to
govern rangeland resource utilisation. The majogstjan would be “could the failure of
Hardin’s paradigm as described by Ciriacy-Wantrag 8ishop (1975) for the communal
system be corrected through institutionalisatiohRé recognition of the failure of Hardin’s
paradigm has subsequently influenced developmettefnew institutionalist” paradigm.
This paradigm recognises the fact that the commumars be managed sustainably on
communal bases and formally defines the socialiasiitutional environment necessary to

facilitate this (Berkest al. 1989, Ostrom 1990).
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Land users indicated that there are no institutigngerning rangeland utilisation,
however, little acknowledgement of the existencanstitutions such as the chief and the
tribal council was given, however, they were sagtabout their functionality. Lack and/or
ineffectiveness of local institutions to govern goonal rangeland resources would prove it
difficult to plan, implement, and monitor commurrangeland management or any other
intervention to halt and reverse rangeland degm@adafThe lack of effective institutions
charged with overseeing rangeland management has teported as one of the main
limitations to the existence of functioning comnmqmoperty resources (CPRs) (Ainslie 1999,
Bennett and Barrett 2007; Moy al. 2008). Bennetét al. (2010) further indicated that the
communal grazing lands of central Eastern Capeifgeystruggle in most areas both within
and between communities, over the management omoompool grazing resources. Mogo
al. (2008) highlighted the absence and ineffectivenefs the local-level institutions and

structures monitoring access and use of rangetantbst villages of Eastern Cape.

The perception that the local institutions are ipliyt or non-existent, accompanied by
the uneven grazing distribution pattern could seffthe social and ecological drivers for
communal rangeland degradation. Communal farmerepe that the solution to rangeland
degradation lies on fencing. Institutionalism couldrk very well in improving communal
rangeland management propositions compared todieeiped fencing panacea. Mogtal.
(2008) emphasised the need for local-level instiigt and supported that with the fact that
fences are being stolen suggesting a need forgstomal-level institutions. The perception of
fencing as a solution to enhance rangeland manageamel reduce rangeland degradation
articulated by land users especially based on ¢lasans for fencing could practically be
counteracted and/or complemented by introductiolocdl institutions. Rohdet al. (2006)
illustrates how the promotion of Rangeland Manageamessociations (RMAS) in Lesotho

without fencing is the culmination a century of dstock development and rangeland
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management policies. Some of the results of latstitutions in rangeland management as
observed in Lesotho’s RMASs include improvementmg@es composition and accumulation
of organic matter. The community members in Leso#tivibuted the improvement on
rangeland condition at the RMAs to proper monitgrof the rotational grazing system that
had allowed recovery and regeneration of some spdétohdeet al. 2006). On the other
hand, Marake (2000) indicated that there were higghesls of organic matter on soils in the
RMA compared to off-RMA and that was attributedtih@ greater levels of erosion in off-
RMA areas. RMAs were promoted by USAID, based enntfodel used for Native American

Reserves in the USA (Quinlan 1990).

To address rangeland degradation problem, livestodduction and rangeland
management should be objectified if both economit ecological functions of communal
rangelands are to be earned. The concept of unmdnggazing distribution pattern
combined with low level of farmers’ and communitycauntability underlined by lack of
effective institutions and policies has lead to pdegree of interaction between farmers,
livestock, and rangelands. That has subsequentlylteel into degradation of rangeland
resources, therefore, this emphasises the needrdionalisation of utilisation and
management of communal rangelands in order to asererangeland ecological and
economical efficiency. Rohds al. (2006) present the proponent where introductitloaal
level institutions was used in rationalisationigéstock production and communal rangeland
degradation management in Lesotho. The Lesotho RMAére designed to promote
commercial livestock production and communal raagelimprovement based on the idea

that high animal stocking rates drove rangelandatigion and lead to low productivity.

The RMA concept had number of objectives centrethenmprovement of rangeland

management through a formation of grazing associstianimal improvement through the
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establishment of an association stud service aedthick extension activities, and promotion
of higher levels of market off-take of livestockogucts (Rohdet al. 2006). Rationalisation
of communal rangeland utilisation and managemeuldctherefore, be achieved through and
should be based on the participatory developmentiptes and practices. In this study, the
suggestions in approaching rationalisation of comahurangeland utilisation and
management are that: (i) there should be cleatlyssegeland utilisation and management
objectives and such should be aimed at promotirly bommunity livelihoods and primary
productivity. (ii) Identification of rangeland magement activities, which would help in
attaining the set objectives. (iii) Establishmerft sirategies for implementation and
monitoring of selected activities. (iv) Evaluatigmocedures for the output in the short,
medium and long- term. (v) Finally, the establishinef procedures and strategies for
sustaining favourable output and long term ingsondl, economic and ecological

development of the whole community.

Degraded communal rangelands have lost their viégetstructure and that could be
expressed by few vegetation species with low ecodbgtatus. That has lead to the loss of
ecosystem functions such as forage productivityl pootection, nutrient cycling, and
rangeland hydrological properties. Land degradat®nreflected in a decline of land
productivity and that because of cyclical causeas effects result in a depletion of the plant
cover, soil exposure to erosion, reduction of seganic matter and nutrient content, and
deterioration of soil structure (Sanchea al. 2002). Despite recognition and
acknowledgement of the fact that communal rangslamne degraded, there was no attempt to
restore these areas by the land users. Howeverefamperceive that degraded rangelands can
recover if grazing practices such as rotationatings introduction of plant propergules,
introduction of plants that can hold soil partictegether such as agave, building catch dams

and fencing of the rangelands could be installetbrbvement in grazing management as
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indicated in the above sections can yield remagkabtovery of degraded rangelands and
that could restore their ecological functions. Heere natural recovery of degraded
rangelands supported by proper management couéd ltadger to occur. Thus, ecosystem
functions cannot recover solely through-improvednagement strategies within practical-
relevant time span and hence, active rehabilitatemhniques are sought (Dregne 2002).
Therefore, to hasten the vegetation and soil regova degraded rangelands, restoration
should be considered. Restoration is commonly demed as an accelerated succession

(Hilderrbrandet al. 1993).

Therefore, management of communal rangelands toiceedhe impact of land
degradation should consider strongly the preverdaind restorative measures. Both sets of
measures could be successful if the socio-econamnid ecological drivers for land
degradation could be identified and used as th&dvsaand for decision support system.
Thus, elimination of the causes of rangeland degiad could remedy the scourge in
communal areas. Preventative measures are retatbd tauses of land degradation (Young
2000), thus, identification of the causes of degtiath is based on rangeland degradation

preventative theories.

Preventative strategies to communal rangeland datjom should therefore, consider
the installation of local level institutions, skl of the farmers and communities on
livestock-rangeland management and developmenbarel/iew of local policies to be used
for utilisation and management of these ecosyst&ims.should further consider the fact that
areas such as valley bottom, grassland vegetatioser proximity to homesteads and water
points, and wet season are more attractive totbeksand therefore, subject to overgrazing
and susceptible to rangeland degradation. Thisetbes, calls for the control of livestock

grazing distribution pattern, thus there are atbas are vulnerable to overgrazing due to
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their physical characteristics. Although an amenumef rangeland management with
consideration of the foregoing assertions can iwgroangeland productivity, natural
recovery would alone take longer time to get to tbquired stage through successional
processes. Therefore, rangeland restoration peactishould be considered in the
enhancement of rangeland vegetation productionvezgcand soil conservation. Successful
rangeland restoration will result in an improveadurctivity and environmental conditions

(Hai et al. 2007).

Rangeland restoration should consider the use bioeering techniques such as
brushpack, microcatchments, and water spreadirtgrags These are intended to collect and
store soil water through increased infiltration aeduced evaporative loss (Thurow 2000). In
the absence of soil seedbank, the use of bioengugeechniques will not hasten recovery,
therefore, it is important to introduce plant prgpkes, which will utilize the retained soil
water for germination, establishment, and growtleed germination and/or seedling
establishment depends on the development of “mtesysand that could be in the form of
brushpacks or microcatchments or their combinatidre objective of various methods of
vegetation restoration among others is creatingueable microsites to enable seeds to

germinate and establish successfully (GebremeskeP&terse 2008).

In rangeland restoration, it is important to pretke target ecosystem condition, which
should be done with consideration of the fact thegiradation process could have taken
longer to occur. However, it is important to nokatt restoration is aimed at stimulating
recovery faster than natural and therefore, ideatibn of barriers of natural recovery
becomes fundamental. Rangeland restoration mayeed to follow the entire sequence of
degradation stages to reach the target ecosystemmay skip partially degraded portions.

Restoration exercise may need to use bypasseadb aeparticular referenced ecosystem and
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thus additional efforts may be required especiallgen aggradative and degradative
trajectories vary (Cortinet al. 2006). It is important to further note that, altigh additional

efforts for restoration will increase the rate e€overy such efforts are costly and depend on
climatic and biological factors. These factors d¢me the rates of passive recovery on

degraded rangelands (Milton and Dean 1995).

It is significant to identify the rangeland ecogyatfunctions and select of the functions
to be restored first. Degraded rangelands are riyrmaor in hydrologic conductivity with
higher unconfined compressive strength, that resufto poor water retention and
subsequently poor vegetation cover, which in twads to high run-off and soil erosion.
Thus, the rangeland soil protection function (vagjeh cover) becomes impaired because of
degradation. The other important ecosystem functimold be forage production, which
translates to animal production and nutrient cyglifRestoration success indicated by
improved soil cover, soil moisture retention, woukhd into reduced soil erosion and

subsequently into the improved forage production.

It is fundamental in rangeland restoration to ds&hbthe relationship between
ecosystem structure and function. Thus, when tlesystem structure is poor the functions
will also become affected and the opposite is titlge logical implication is that, if the
vegetation structure is improved through restormattbe functions of the ecosystem will be
improved as well. Bradshaw (1984) and Cortetaal. (2006) indicated that the linear
structure and function (LSF) model for reclamatadrderelict land assumes a linear increase
in ecosystem function with an increase in complexit its structure. Thus, when the

structure of an ecosystem is improved then linetdyfunction will be improved.

Although rangeland degradation could be causednopntrolled grazing distribution

pattern that is presided by lack of effective pebg lack of obligation from the farmer and/or
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community and lack of local institutions, climatrariations such as drought and/or flood
could be also predisposing factors. It is therefamgortant to consider that there are no
straight away connections of rangeland degradatiagnazing without considering the effects
of climatic variations. The causes of rangelandragagtion could therefore, be considered
complex and multi-linked, the underlying causesuo@t larger scales than can be influenced

by the actions of land users alone (Kereeal. 2003).
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8.2. Conclusions

The null hypothesis that communal farmers havdsskilrangeland management, take
livestock grazing pattern as their obligation, ha¥ective policies governing utilisation of
rangeland resources, and have effective localtutigths overseeing rangeland management
was rejected. Thus, communal farmers have no shildivestock-rangeland management,
they do not take livestock grazing management as thbligation, and they do not have

effective policies and institutions for rangelandmagement.

The null hypothesis that communal rangeland degi@daccurrence is not different
compared to controlled grazing areas, is not diffebetween landscapes within communal
rangelands, is not characterised by poor foragdymtton and vegetation cover, high soil
compaction with low infiltration rate and soil logss rejected. Thus, communal rangelands
were more degraded than controlled grazing areggadation within communal areas varied
between landscapes, communal rangelands are atvésadtby poor forage production and
vegetation cover, high-unconfined compressive gtredow hydraulic conductivity and soil

loss.

The null hypothesis that grazing distribution patten communal areas is not affected
by landscape, vegetation type, land use pract®easonal climatic changes and grazing
distance from drinking points was rejected. Grazdigfribution pattern was affected by
landscape, vegetation type, land use practicegiibdison of water points and seasonal
variations. Thus, animal grazing concentration \Wwagh at the low-lying grassland areas
closer to water points and they were concentratiem larger herds during wet season. This
implies that grazing pressure was not distributeendy, thus there were areas that were
grazed more compared to the adjacent areas, anefdtes rangeland degradation can be

associated with poor grazing distribution.

239



The null hypothesis that rangeland restoration @geris not dependent upon water
availability in the soil and therefore, could nat mproved by restoration techniques that
promote collection and retention of water and idtrction of plant propagules was rejected.
Successful rangeland restoration treatment is dakp#non ability of the restoration

techniques to collect and retain soil water to tlesad by introduced plant propagules.

Rangeland degradation in communal areas is chaissreby poor forage production
and soil protection resulting from vegetation changhich successively results from change
in species composition, and reduced vegetationrcd®angeland degradation was further
indicated by poor soil hydraulic conductivity andlrunconfined compressive strength. This
in turn resulted into soil loss, which was charastsl by the presence of pedestals,
terracettes, rills, and gullies. Rangeland degradatharacteristics indicate high run-off rate,
which could be attributed to poor vegetation col@w, soil hydraulic conductivity, and high-
unconfined compressive strength resulting from graing and trampling. Communal
rangeland degradation is preceded by poor graziagagement, which could be explained
by the set of social and biophysical factors. Theia factors include lack of skills on
livestock-rangeland management for farmers, ladkdividual and/or community obligation
on rangeland management, lack and/or ineffectivécipe and institutions governing

rangeland utilisation and ensuring proper commusrageland management.

These social factors subsequently resulted inteefumed grazing distribution pattern,
thus animal movement within and between rangelantgns were not managed, therefore,
animals were selecting areas to graze based on phefierence. That has resulted into
preferred areas being utilised more than theircadjaareas and that resulted into areas of
higher utilisation being degraded. Farmers perckidleat low-lying areas were more

degraded than higher-lying areas. This was confirmath biophysical assessment for
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grazing pattern and degradation occurrence. Thos;hling areas experienced higher
grazing intensity and therefore, became more degkadhe major factors that influence
grazing distribution pattern in communal areas udel landscape, land use, proximity to

homestead and water points, and seasonal variations

Improvement of rangeland management in communalsaoé Eastern Cape can be
achieved through capacity building of the farmers livestock-rangeland management,
introduction of livestock movement control measum@svelopment of effective rangeland
management policies, and introduction of local lewestitutions. The lack institutional
structures result in lack of rules or difficulties enforcing grazing management rules
(Ainslie 1998; Bennetet al. 2010). Whilst the foregoing social factors arepartant in
improving communal rangeland management, the b&ipllfactors such as landscape, land
use, distribution of water points within rangelamaigl the proximity of rangeland portions to

homesteads should be considered in any commurgeleard management plan.

However, the improvement of rangeland managementdjin incorporation of social
and biophysical factors alone would take a longeretfor the recovery of degraded
communal rangelands. Therefore, restoration ofekmgls should be considered if the quick
recovery should be realised. Restoration shoulgetaat improving both ecosystem structure
and function. The major ecosystem functions of coamah rangeland could be categorised
into economical and ecological. Therefore, restonatshould address both functional
categories, thus, it should emphasise on the ingonent of forage productivity and soll
protection, which leads to enhanced livestock petidity. If these ecosystem functions are
restored, ecological functions such as improvedyetand hydrology and nutrient cycling

could be attained.
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Rangeland restoration should utilise the bioengingdgechniques and such techniques
should be selected based on their ability to coleeed store rainwater for the use by
introduced plant propagules. The bioengineeringpriepies include the use of bruchpack,
microcatchment, and water spreading systems. Theotibrushpack and microcatchment

and/or their combination has been found to yiekteasful restoration output.

In conclusion, it is important that any intervemsoaimed at improving communal
rangeland management, controlling rangeland degoedan the communal areas, or
restoring degraded rangelands to consider thelsfaciors driving rangeland management
and biophysical factors influencing grazing digttibn. Rangeland restoration techniques for
communal areas should be centred on their abititgdllect and retain water to support

introduction of plant propagules.
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8.3. Recommendations

It is recommended that communal rangeland managelneerationalised. This can be
achieved by objectifying livestock production arahgeland management. Thus, objective
rangeland management should consider four impoptarspects. These are; (i) establishment
of an objective rangeland management program, wsticluld include community setting of
livestock-rangeland management objectives; (iinidieation of activities that can aid in
attainment of the set objectives; (iii) monitoriatyategies of the progress and measurement
of the rangeland management output; and (iv) liinadstoration of the degraded rangeland,
this should begin with identification of barrierbw@getation natural recovery and restoration

should target addressing such barriers.

The development of rangeland access and utilisgimlicies, capacity building of
farmers on livestock-rangeland management, strengij farmers’ responsibility on
livestock grazing movement and institutionalisatafrcommunal system could assume some
positive results. Farmers’ responsibility could b&engthened through introduction of
kraaling and herding and in turn, this can influetize practicality of rotational grazing in the

communal areas.

Consideration of employment of people for herdingld improve livestock production
and rangeland management compared to fencing. @mgy the wideness of communal
rangeland areas in South Africa, it will be unbéfraand unsustainably expensive to fence
and maintain fences. Furthermore, with the evidentevandalism from the side of
community residents experienced from the previameihg in some areas, fencing exercise
might be a waste. In contrast, with consideratiérthe rates of unemployment and low
livestock productivity in communal areas, employmeh people for herding might be

relatively beneficial and that would address lolkealisehold income, livestock production
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improvement, and rangeland management. Thus, wiéh pgroposed capacity building,
livestock herders would be trained on basic livelstand rangeland management practices
and that will improve the interaction between hesgdéerders and livestock and herders and
rangeland ecosystems. This interaction will helpdentifying early livestock production
related problems and rangeland condition trend® iffprovement of livestock-rangeland
responsibility of farmers would influence the gragdistribution pattern and that will reduce
grazing pressure on areas that are more suscepithmé will subsequently result into resting
some areas and will lead in recovery of degradadaiands and will subsequently result in

reduced rangeland degradation.

It is further recommended that restoration of ddgdarangelands be introduced in
communal rangeland management policies in Soutlcafif the quick recovery is to be
attained. Disturbance (grazing) has been identifeedone of the major barriers of natural
recovery and in the absence of fencing, the comtralisturbance brought by grazing might
be impossible. However, an introduction of herdamgl daily kraaling practices can reduce
the intensity of disturbance on restored areashEunore, because of poor vegetation cover
in degraded rangelands predisposes the land tdesaaisal runoff, which in turn results in
water and soil loss from the system. Therefordpraton techniques that improve soil water
collection and retention such as development ofecatchment, use of brushpack and water
spreading system (diversion/conversation furrovm)lat lead to a successful restoration in

communal rangelands.

Further avenues for research include:

» Rangeland degradation has been caused by certghsposing factors; however,

poor management largely contributes. Such factotddcstill exist after restoration
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and therefore, might still pose a challenge ororest rangelands. Therefore, a follow

up research on post rangeland restoration managesrecommended.

Recovery of degraded rangelands and their sustairagtlictivity largely depends on
the ability of the ecosystem to collect and retamter. Therefore, it recommended
that further research on rangeland water dynanmmcsdmmunal rangelands be
conducted. This will result in developing managetrgactices that promote healthy

rangeland hydrology.

Rangeland restoration results ought to indicatbilgta and sustainability. These
variables can be recognised after a long timeemtitural ecosystem and can provide
succession trend over time and that warrant a faedllow up research. Therefore,

it is recommended that restoration-monitoring reseae conducted.
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