Report:
Local Level Land Degradation Assessment on commercial
farms in Winterton, Kwa-Zulu Natal Province
ARC-ISCW Report Nr. GW/A/2010/36
Project Nr. GW/56/017
Submitted to the:

Food and Agriculture Organization of the United Nations
Submitted by the:

Agricultural Research Council - Institute for Soil, Climate and Water
May 2010
Authors:
1

Liesl Stronkhorst , Gerrie Trytsman2, Lianda Lötter3, Janet Taylor4, Cobus
Botha4, Victor Roberts4, Bright Mashiyana4
1

ARC-Institute for Soil, Climate and Water, Private Bag X79, Pretoria, 0001,
2

ARC-Animal Production Institute, Private Bag X05, Lynn East, 0039;

3

ARC-Plant Protection Research Institute, Private Bag X134, Queenswood, 0120;

4

KZN Department of Agriculture and Environmental Affairs and Rural Development, Private Bag
X9059, Pietermaritzburg, 3200

Main Author: (Tel: 012 310 2686; Fax: 012 323 1157; Cell: 084 556 9861;
Email: stronkhorstl@arc.agric.za)

TABLE OF CONTENTS
TABLE OF CONTENTS ............................................................................................. II
LIST OF FIGURES .................................................................................................... IV
LIST OF TABLES ...................................................................................................... VI
ACKNOWLEDGEMENTS.......................................................................................... VI
EXECUTIVE SUMMARY.......................................................................................... VII
1

INTRODUCTION ..............................................................................................1

1.1

Land Use Systems in the Okhahlamba Local Municipality ............................1

1.2

Assessment team..........................................................................................2

1.3

Assessment approach and time frame ..........................................................2

1.4

Assessment Area and Sites ..........................................................................6

1.5

Materials and Methods ................................................................................10

1.5.1

Soil Assessment..........................................................................................10

1.5.2

Vegetation Assessment...............................................................................10

1.5.3

Water resources assessment ......................................................................11

2

CHARACTERISATION OF THE STUDY AREA .............................................13

2.1

Climate ........................................................................................................13

2.2

Land Types and Geology ............................................................................15

2.3

Water resources ..........................................................................................16

2.3.1

Legislation ...................................................................................................16

2.4

Main forms of land-use................................................................................17

2.5

Main sources of livelihood and food security...............................................17

2.6

Farming system information ........................................................................17

2.6.1

Changes in yield, inputs and practices over the past 10 years....................19

2.6.2

Livestock farming ........................................................................................19

2.7

Important formal and informal institutional features.....................................20

2.8

Organizations ..............................................................................................21

2.9

Main / common land related problems and constraints ...............................21

2.10

Main forms of land degradation ...................................................................22

2.11

Basic services .............................................................................................22

3

STATE ............................................................................................................23

3.1

Erosion ........................................................................................................23

3.2

Soil ..............................................................................................................25
ii

3.2.1

Cultivated land (Cultivated Commercial and Cultivated Irrigated LUSs)......25

3.2.2

Grazing land (Grassland LUS) ....................................................................31

3.3

Vegetation ...................................................................................................31

3.3.1

Veld condition..............................................................................................31

3.3.2

Grazing capacity and stocking rate .............................................................34

3.4

Water resources assessment ......................................................................38

3.4.1

Rapid Overview of Water Resource Degradation........................................38

4

DRIVING FORCES AND PRESSURES .........................................................49

4.1

Inappropriate soil management ...................................................................49

4.2

Over-abstraction / excessive withdrawal of water........................................49

4.3

Disturbance of the water cycle ....................................................................50

4.4

Overgrazing.................................................................................................50

4.5

Formal institutions .......................................................................................50

4.6

Conflict ........................................................................................................51

4.7

Inputs and infrastructure..............................................................................51

4.8

Change in consumption pattern ..................................................................51

5

IMPACTS ON ECOSYSTEM SERVICES .......................................................51

5.1

Provisioning Services ..................................................................................52

5.2

Regulating and Supporting Services ...........................................................52

5.3

Human well-being........................................................................................53

6

IMPACTS ON PEOPLE AND THEIR LIVELIHOODS .....................................53

6.1

Changes in yield, inputs and practices ........................................................53

6.2

Main livelihood constraints ..........................................................................54

6.3

Changes in activities and practices .............................................................54

7

RESPONSES .................................................................................................54

8

LINK BETWEEN NATIONAL AND LOCAL ASSESSMENTS .........................59

9

CONCLUSIONS .............................................................................................63

10

REFERENCES ...............................................................................................64

APPENDIX A .............................................................................................................66
APPENDIX B .............................................................................................................69
APPENDIX C.............................................................................................................87
APPENDIX D.............................................................................................................94
APPENDIX E .............................................................................................................97
APPENDIX F. ..........................................................................................................100
iii

LIST OF FIGURES

Figure 1. The Okhahlamba Local Municipality in the Uthukela District Municipality,
Kwa-Zulu Natal Province, South Africa........................................................................3
Figure 2. Land Use Systems in the Okhahlamba Local Municipality ...........................4
Figure 3. The LADA-L assessment process as discussed at the local training session
and followed during the assessment ...........................................................................6
Figure 4. Distribution of the soil assessment sites on Gourton and The Gums Farms.
....................................................................................................................................8
Figure 5. Distribution of the vegetation assessment sites on Gourton and The Gums
Farms. .........................................................................................................................9
Figure 6. Total annual rainfall, maximum and minimum temperature in the study area
from 1974 to 2009. ....................................................................................................14
Figure 7. Long term (36 years) climatic data for the study area indicating average
monthly minimum and maximum temperatures, as well as average rainfall. .............14
Figure 8. Wheat under pivot irrigation on The Gums Farm........................................17
Figure 9. Maize stubble left on soil surface to provide mulch on the CA farm. ..........18
Figure 10. Ploughed field with irrigated wheat in the background - conventional farm.
..................................................................................................................................19
Figure 11. Cattle from neighbouring community grazing on The Gums Farm. ..........20
Figure 12. Gully erosion around the study area (SPOT 2008 image). .......................24
Figure 13. Map of the veld condition scores in the study area...................................33
Figure 14. Grazing capacities in the study area as determined in the vegetation
assessment. ..............................................................................................................36
Figure 15. Conservation grazing capacity in the study area as determined in the
vegetation assessment. .............................................................................................37
Figure 16. Cattle grazing in a wetland. ......................................................................38
Figure 17. Channel was constructed to drain the wetland. ........................................39
Figure 18. Channel was constructed to drain wetland. ..............................................39
Figure 19. Farm road constructed over the wetland with drainage pipes, restricting
natural water flow through the wetland resulting in the fragmentation of the wetland.
..................................................................................................................................39

iv

Figure 20. Downstream effect of drainage pipes in wetland and the bridge and tarred
road constructed over the Chinchaan river and wetland............................................40
Figure 21. Remains of vehicle visible in water channel. ............................................40
Figure 22. Concentrated algae blooms......................................................................40
Figure 23. Bridge and tarred road constructed over the Chinchaan wetland. ............41
Figure 24. Channel within the Chinchaan wetland flowing into the man made dam. .41
Figure 25. Signs of algae blooms and aquatic vegetation in the channel. .................42
Figure 26. Signs of algae blooms. .............................................................................42
Figure 27. Constructed farm dam surrounded by agricultural land and invasive
vegetation. .................................................................................................................42
Figure 28. Farm dam and adjacent agricultural activity. ............................................43
Figure 29. Farm dam wall with no water outflow control. ...........................................43
Figure 30. Downstream farm dam within the Chinchaan wetland with visible channel
erosion between dams. .............................................................................................43
Figure 31. Third constructed dam within the Chinchaan wetland. .............................44
Figure 32. Upstream view of the third dam constructed within the Chinchaan wetland.
..................................................................................................................................44
Figure 33. Dam wall and aquatic vegetation within the third dam..............................44
Figure 34. Excessive algae growth in the dam probably due to the enriched runoff
from intensive farming practices in the upper catchment...........................................45
Figure 35. Aquatic vegetation create habitat for waterfowl. .......................................45
Figure 36. Signs of water level fluctuation within the third dam. ................................45
Figure 37. Dam wall with no controlled water release mechanisms, causing the
complete disruption of connectivity Chinchaan wetland to the Little Thukela River. ..46
Figure 38. Confluence of the Chinchaan wetland system and Little Thukela River. ..46

v

LIST OF TABLES

Table 1. Assessment team members, indicating their language proficiency, their
position in their organisations and their role in the assessment...................................5
Table 2. Summary of soil survey results at the various sampling sites......................26
Table 3. Summary of soil chemical analyses at the various sampling sites...............29
Table 4. Current and suggested Sustainable Land Management Practices ..............56
Table 5. Comparison of degradation types and indirect causes of land degradation in
LADA local and national assessment results.............................................................60
Table 6. Comparison of direct causes of land in LADA local and national assessment
results. .......................................................................................................................61

ACKNOWLEDGEMENTS
The authors would like to acknowledge and thank the following people and
institutions for their contributions to this assessment:

•

Thank you to GEF for funding this project and to the FAO for their support as
implementing agency of the LADA project.

•

Sincere gratitude goes to Mr. Anthony Muirhead and Mr. Philip Mostert and
their respective families for allowing the assessment on their farms, as well as
for their enthusiastic participation during the interviews.

•

Dr. Alan Manson, Mr. Victor Roberts and Mr. Bright Mashiyana, from the KZN
DAE for conducting the soil assessment.

vi

REPORT: LOCAL LEVEL LAND DEGRADATION
ASSESSMENT ON COMMERCIAL FARMS IN WINTERTON,
KWA-ZULU NATAL PROVINCE
Authors:
1

Liesl Stronkhorst , Gerrie Trytsman2, Lianda Lötter3, Janet Taylor4,
1

ARC-Institute for Soil, Climate and Water, Private Bag X79, Pretoria, 0001,
2

ARC-Animal Production Institute, Private Bag X05, Lynn East, 0039;

3

ARC-Plant Protection Research Institute, Private Bag X134, Queenswood, 0120;

4

KZN Department of Agriculture and Environmental Affairs and Rural Development, Private Bag
X9059, Pietermaritzburg, 3200
Email: stronkhorstl@arc.agric.za

EXECUTIVE SUMMARY
In order to assess land degradation and sustainable land management in a cultivated
commercial land use system (LUS) in the higher rainfall area of Kwa-Zulu Natal, two
commercial farms were chosen as assessment site. The farms were also chosen to
represent both conventional and conservation agriculture farming practices.
The basic methodology of the LADA-L manual was followed for most of this
assessment. However, the methodology was adapted in certain cases and additional
assessment methods were applied in specific instances. To choose the sampling
sites, the variability in the land use was visually assessed and the best sites for
biophyscial measurements were identified. In stead of choosing an exact transect,
the approach was to choose representative areas for sampling on both farms.
The main LUSs assessed were Cultivated Commercial, Cultivated Irrigated and
Grassland. The main land use type is commercial crop production and the main
related forms of degradation are soil erosion in the conventionally managed fields,
soil acidity and a loss in organic matter. A higher demand for irrigation water in the
larger area was also indicated as a concern and challenge in the area. On the
grasslands, management is less intensive and overgrazing and a decline in species
composition is a result. The natural function of wetlands in the area has also been
severely modified through the building of dams in the system, although the dams do
vii

provide additional security in terms of a stable water supply during the dry season.
However, this benefit is limited to the farm owner on whose farm the dams are
located.
The main form of land use in the study area is commercial crop production and the
most resources are therefore dedicated to this land use. Land degradation in this
area is greatly reduced through the implementation of CA and the CA farm is
therefore a good example of what can be achieved through good management
practices. A difference in soil organic carbon (SOC) was found in the top 5cm soil
layer with higher SOC found in the cultivated CA soils compared to the conventional
soils. Differences were also picked up during the livelihood interviews through the
perception and knowledge of the farmers. The continued and out scaled use of CA is
therefore advised, although there are some constraints to its increased adoption.
These include a resistance to change, the cost of changing over to CA machinery,
the increased management required to implement CA and the cost of the learning
curve during the changeover from conventional cropping to CA.
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1

INTRODUCTION

The Kwa-Zulu Natal (KZN) Province is one of the priority provinces in South Africa in
terms of development and contains several poverty nodes and focal areas for
development with the Department of Agriculture, Forestry and Fisheries.
KZN is a high rainfall province and much cultivation is done for both commercial and
subsistence purposes. In order to assess land degradation in a cultivated commercial
and irrigated land use systems (LUS) in the higher rainfall area, two commercial
farms were chosen in the Winterton area in the Okhahlamba Local Municipality,
Uthukela District, Kwa-Zulu Natal (Figure 1). The owner of the one farm (Gourton
Farm), Mr. Anthony Muirhead, was also involved in the national LADA assessment
for the Uthukela District and was chosen to participate in the local assessment due to
his long-term practicing of conservation agriculture (CA). In order to also assess a
commercial farm where conventional tillage is applied and investigate whether
differences in land degradation occur between commercial farms that are managed
differently, a neighbouring farm (The Gums) was chosen as the second assessment
area. The study area therefore contains two main land users and two study areas in
close proximity of each other.
1.1

Land Use Systems in the Okhahlamba Local Municipality

The Okhahlamba Local Municipality consists mainly of the Grassland LUS (78% of
the area) followed by Cultivated Commercial (8%), Cultivated Subsistence (5%) and
Cultivated Irrigated comprising 3% of the total area (Figure 2). The two commercial
farms chosen as study areas include both irrigated and rain fed cropping, while both
also include small sections of the grassland LUS.
Preliminary results from the LADA National Assessment indicate that the area trends
of the Cultivated Commercial and Cultivated Irrigated LUSs are increasing (the area
coverage is increasing in size). The former is increasing slowly, while the latter is
increasing more rapidly. The extent of degradation in these LUSs is quite high with
between 40 and 80% of the Cultivated Commercial LUS indicated to be affected by
soil erosion, acidification, compaction and surface sealing or crusting. The Cultivated
Irrigated LUS was assessed to have a lower level of degradation with approximately
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50% of the surface area being affected by changes in surface water quality and
quantity, as well as soil compaction and surface sealing/crusting. Erosion in this LUS
was only estimated to cover roughly 10% of the LUS area in the Okhahlamba Local
Municipality. For the Grassland LUS, National Assessment results indicate that the
area trend is slowly decreasing and that between 5 and 20% of the LUS area is
degraded, mainly in terms of biological degradation.
1.2

Assessment team

The assessment was coordinated by Ms. Liesl Stronkhorst from the ARC-ISCW who
is the project leader for the LADA project, assisted by Mr. Gerrie Trytsman from the
ARC-API. Ms. Stronkhorst also conducted the livelihood interviews together with Ms.
Lianda Lotter. The vegetation survey was done by Mr. Cobus Botha and Ms. Janet
Taylor from the KZN Department of Agriculture and Environmental Affairs (KZNDAE), while Ms. Lianda Lötter (ARC-Plant Protection Research Institute) and Mr. Piet
Muller (Gauteng Department of Agriculture, Conservation and Environment) were
responsible for the water resources assessment. The soil assessment was conducted
by Dr. Alan Manson, Mr. Victor Roberts and Mr. Bright Mashiyana from the KZNDAE. The complete assessment team and their contributions are indicated in Table 1.
1.3

Assessment approach and time frame

The LADA-L assessment followed a short training session held on 22 October 2009
on the LADA-L methodology and manual. The general approach for the local
assessments was adapted for use in South Africa following a more detailed training
session from 8 to 11 June 2009 in the Limpopo Province (Stronkhorst et al., 2009) as
summarized in Figure 3.
A reconnaissance visit was undertaken by Ms. Stronkhorst and Mr. Trytsman on 8
October 2009 when preliminary GPS coordinates were taken at specific landmarks.
These coordinates were mapped and discussed with the assessment team prior to
the assessment in order to give as much background information as possible on the
study area and its main assessment concerns. During the reconnaissance visit, the
main issues related to land degradation and management of the natural resources
were also discussed with the two commercial farmers, Mr. Anthony Muirhead of
Gourton Farm, and Mr. Philip Mostert of The Gums.
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Figure 1. The Okhahlamba Local Municipality in the Uthukela District Municipality, Kwa-Zulu Natal Province, South Africa.
3

Figure 2. Land Use Systems in the Okhahlamba Local Municipality
4

Table 1. Assessment team members, indicating their language proficiency, their position in their organisations and their role in the
assessment
Name
Ms. Liesl Stronkhorst
(LADA project leader)
Mr. Gerrie Trytsman
Ms. Lianda Lotter

Mr. Piet Muller

Languages
Afrikaans,
English

Position
Researcher

Institution
ARC-ISCW

Expertise
Soil Science, Land
degradation
assessment
Sustainable
Agriculture
Environmental
Impact Assessment
of wetlands; Ecotoxicology
Aquatic health
expert

Afrikaans
English
Afrikaans
English

Chief Technician

ARC-API

Researcher

ARC-PPRI

Afrikaans
English

River Health
Programme Provincial
Champion: Gauteng
Assistant Director: Soil
Fertility and Analytical
Services
Scientist

GDACE

KZN DAEARD

Soil Science

Soil assessment

KZN DAEARD

Soil Science

Soil assessment
Soil assessment

Dr. Alan Manson

English

Mr. Victor Roberts

Liaison Officer

KZN DAEARD

Scientist

Mr. Cobus Botha

English
Zulu
Zulu
English
English

Agricultural Researcher

KZN DAEARD

Ms. Janet Taylor

English

Agriculture Researcher

KZN DAEARD

Vegetation
specialist
Vegetation
specialist

Mr. Bright Mshiyana

Role in Assessment
Assessment coordinator, soil
and erosion assessment
Coordination, vegetation
assessment
Water resources assessment

Water resources assessment

Vegetation Assessment
Vegetation Assessment
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Planning and
area selection

Identification of
Key Stakeholders

Reconnaissance
Visit

Collection of
Secondary Information

Focus Group
Discussion
Community
Mapping
Identification of
transect

Transect Walk

Livelihood
Assessment
Biophysical
Assessment

Key Informant
Interviews
Analysis of
results

Report

Figure 3. The LADA-L assessment process as discussed at the local training session
and followed during the assessment
The vegetation assessment was conducted on 10 and 11 November 2009, the water
resources assessment 17 November and the soil assessments were conducted
intermittently between 18 November and 15 December when the involved members
of the assessment team were available to do so and when the weather permitted.
The data was analysed through a workshop process on 4 February 2010, attended
by 6 team members: Mr. Muller, Mr. Botha and Ms. Taylor were unable to attend due
to other commitments.
1.4

Assessment Area and Sites

The assessment area (902.1ha) consists of two commercial farms (Figure 4).
Gourton Farm where conservation agriculture has been practiced for about 30 years
comprises 539.8ha and lies in the northern section of the area. The Gums Farm lies
in the southern part of the study area, comprises 362.3ha, and is managed with
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conventional tillage practices. Both farms include sections where rain fed and
irrigated cropping is used.
The variability in land use was visually assessed by the team members assessing
the various biophysical indicators and the best sites for biophysical measurements
were identified. Instead of choosing an exact transect, the approach was to choose
representative areas for sampling across the two commercial farms in the different
land use types. Sampling sites were identified in the grazing land and croplands
(including examples of conventional and reduced tillage practices) as indicated in
Figure 4. The vegetation assessments were only done in the grazing lands (Figure
5), while a soil assessment was done at all the sites. The water resources were
assessed around the Chinchaan and Little Thukela rivers in the western and eastern
sections of the assessment areas.
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Figure 4. Distribution of the soil assessment sites on Gourton and The Gums Farms.
8

Figure 5. Distribution of the vegetation assessment sites on Gourton and The Gums Farms.
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1.5

Materials and Methods

The basic methodology of the LADA-L manual was followed for most of this
assessment. However, the methodology was adapted in certain cases and additional
assessment methods were applied in specific instances as described below.
1.5.1 Soil Assessment
The Visual Soil – Field Assessment Tool (VS-Fast) methodology was followed for the
visual soil assessment (Tool 12.1 in Part 2 of the assessment manual). However,
due to the time it takes to do the pH, salinity and carbon measurements in the field
and since a well equipped soil analysis laboratory is available at the ARC-ISCW, soil
samples were taken in the different land use types on which to perform the chemical
analyses. At all sampling sites, four composite soils samples consisting of 5 subsamples were taken - two at a depth of 0-5cm and two at 5-20cm.
The organic C measurements were not done in the field as described in the manual,
since previous experiences indicated that it was a timely process. A lack of capacity
within the ARC-ISCW laboratory to do these analyses was also a constraint and it
was decided to rather analyze total organic C with the Walkley-Black method (The
Non-Affiliated Soil Analysis Work Committee, 1990).
Additional chemical analyses were also done to supplement the VS-Fast data and
obtain a more comprehensive analysis of the soils. The soils were analyzed for
cation exchange capacity (CEC) and exchangeable cations (Ca, Mg, K, Na) using a
1 mol dm-3 ammonium acetate extraction, plant available phosphate (P) using the
Bray I extraction method and pH(H2O) and resistance (R) using a saturated paste
(The Non-Affiliated Soil Analysis Work Committee, 1990).
1.5.2 Vegetation Assessment
Veld Condition
The different veld type units or homogeneous areas occurring in the study area were
determined by looking at topographical features, slope, soil changes, vegetation and
historical utilization and land use patterns using digital photographs and 1:50 000
topographical maps. Four vegetation sampling transects were identified and each
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sampling site was surveyed by making nearest plant observations at 1 m intervals
along a 100 m transect.
Studies conducted on both research and commercial farms have indicated that
certain grass species [and woody species], some more so than others, react to
different management or utilization regimes, and can be placed in broad ecological
groups. The totals of all these species, or ecological groups, counted in a sample of
veld, are recorded as a percentage of the total count of species, and measured
against a benchmark for the veld concerned. This benchmark is the species
composition of the ideal veld for the Grassland types in question. This information,
together with the effective annual rainfall (rainfall received within the growing period)
was used to calculate the grazing capacity for each of the sites. Grazing capacity is
expressed in hectares per animal unit (ha/AU), with an Animal unit (AU) being
defined as an animal with a mass of 450 kg and which gains 0.5 kg per day on
forage with a digestible energy percentage of 55 %.
Grazing capacity and stocking rate
The long term grazing capacities for the veld type units of the research sites were
calculated using the effective rainfall (Effective rainfall = 80% of MAR) and the veld
condition scores from the surveyed condition assessments. As farmer operations
differ, grazing capacities and stocking rates were provided for different utilization
periods ranging from 250 days to 365 days. Stocking rate is a function of the number
of animals per unit area over a specific period of time. The stocking rate of
domesticated or game animals on a farm is determined not only by the type and
condition of available grazing material, but also by certain management objectives.
The stocking rate recommended for the improvement of natural grassland should
therefore always be lower than the maximum grazing capacity for the farm. The
stocking density could, however, for a specific period of time be increased per unit
area in order to achieve the objectives of non-selective grazing (clean graze) or the
browsing or trampling of unwanted plants.
1.5.3 Water resources assessment
A semi-quantitative assessment of the water resources was made using Tool 14.2 in
Part 2 of the LADA-L manual. In addition to this, the Wetland Index of Habitat
11

Integrity (WETLAND-IHI) was also used to obtain a value for the ecological category
of the resources.
The Wetland IHI Methodology (DWAF 2007) used for the Water Resource
Assessment during this study serves as a guideline for determining the integrity of
the habitat for channelled valley bottom (and meandering floodplain) wetlands. Using
this available methodology aids in an unbiased objective evaluation of aquatic
ecosystems integrity by utilizing field assessment parameters such as wetland land
use activities (vegetation alteration), geomorphology, hydrology, and water quality as
contained within the Wetland IHI methodology, as guidelines.
The Wetland IHI model comprises four modules which include Hydrology,
Geomorphology, Water Quality and Vegetation alteration. The integration of the
scores from these four modules provides an overall Present Ecological State (PES)
score for the wetland system that is being assessed.
1) Hydrology
The hydrology module evaluates the catchment as well as “on-site”/within the
wetland system effects on the hydrological regime.
2) Geomorphology
The geomorphology module evaluates the catchment as well as “on-site”/within the
wetland system effects on the geomorphological condition.
3) Water Quality
In the water quality module the water quality of floodplain and channelled valley
bottom wetland systems is assessed in terms of the nutrient loads and sewage
return flows (which is an ever-present impact across the country), as well as oxygen
loads.

• Wetland modifiers
On-site land use activities can modify/alter the conditions which exist at a site, e.g.
the removal of riparian vegetation along a river, or agricultural disturbance across the
floodplain surface of a wetland.
12

4) Vegetation alteration
The vegetation assessment module provides an indication of the intensity of human
land use activities on the wetland surface itself and how these activities may have
altered/modified the condition of the wetland. Because this is a Habitat Integrity
Index (assessing the quality, quantity and suitability of the physical environment), the
examination of the extent of vegetation alteration focuses on the degree of alteration
from the natural structure and density of the vegetation in so much as it may affect
the other biota dependent on it. The vegetation changes are thus not examined at
species or species richness level, but at a broader level so as to address habitat
integrity. The vegetation alteration model therefore considers land use activities that
are practiced at the site and rates the land use activities’ impacts and intensity.
2

CHARACTERISATION OF THE STUDY AREA

2.1

Climate

The study area falls within the Moist Tall Grassveld Bioclimatic Region (UVc2) of
KwaZulu-Natal with a mean annual rainfall of 709mm. The mean annual temperature
is 17ºC with average maximum and minimum temperatures of 24 and 10ºC
respectively. Frost is moderate with occasional severe frosts during winter (Kellner,
2001). The study area mainly has summer rainfall during the months of August to
May.
The total annual rainfall, maximum and minimum temperatures from 1974 to 2009
are given in Figure 6. Data was taken from the Glenisla: Winterton manual weather
station which is situated approximately 8km northwest of the study area. The total
annual rainfall is variable with a few years of rainfall above 1000mm, including the
last two recorded years (2008 and 2009). The average monthly temperature and
rainfall data for the Glenisla station is given in Figure 7.
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Figure 6. Total annual rainfall, maximum and minimum temperature in the study area
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Figure 7. Long term (36 years) climatic data for the study area indicating average
monthly minimum and maximum temperatures, as well as average rainfall.
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2.2

Land Types and Geology

A land type denotes an area that can be shown at 1:250 000 scale and that displays
a marked degree of uniformity with regard to terrain form, soil pattern and climate.
The land type survey has been conducted for the whole of South Africa on a scale of
1:250 000. The land type survey staff considered it convenient to number the land
types according to the broad soil patterns used in the survey. Thus land type number
Ac39, for example, was given to the thirty-ninth land type which qualified for inclusion
in broad soil pattern (or map unit) Ac (Land Type Survey Staff, 2005).
The largest section of the study area falls within land type Ac437 (red-yellow apedal,
freely drained soils), with a small south eastern section in land type Ca115 (Plinthic
catena: upland duplex and/or margilitic soils common). The geology of these land
types consists mostly of shale, siltstone and mudstone of the Estcourt Formation,
Beaufort Group and unconsolidated layered sediments of the Masotcheni Formation
with small areas of dolerite and alluvial deposits (Land Type Survey Staff, 19722006).
In land type Ac437 the dominant soil type consists of deep (800-1200mm) Hutton
soils which comprise 37% of the land type. These Hutton soils have 25 to 35% clay
in the A-horizons and 30-50% in the B-horizons, while the texture ranging from clay
loam to clay. Various sub-dominant soil forms also occur, including the deep Clovelly
soil form (22% of land type with 20 to 35% clay), shallow Mispah and Glenrosa soil
forms (11.6% of land type), deep Dundee and Oakleaf forms (8% of land type) and
the medium depth Westleigh and Avalon soil forms (7% of land type).
In the south-eastern section of the study area, land type Ca115 consist of numerous
soil types of which the dominant form is the medium depth Avalon soil form (24% of
land type) with 28 to 35% clay in the A-horizon and 30 to 50% clay in the B-horizons.
These soils have textures ranging from fine sandy clay loam to clay and are
characterized by Apedal B-horizons. The sub-dominant soil types are from the
medium depth Longlands form (13% of land type), the shallow Westleigh form (11%
of land type), soils from a duplex soil association, namely Swartland (6%) and
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Valsrivier (3%) soil forms, and patches of Estcourt (5%), Clovelly (4%), Cartref
(3.5%) and Oaklands (3%) soil forms.
2.3

Water resources

Gourton Farm has access to several water sources that are all used for drinking,
irrigation and livestock water, which includes three dams in the Chinchaan river, the
Little Thukela river just east of the study area and piped water from the Little
Thukela. The dam water is used during the dry months of the year when the Little
Thukela river is not flowing, while the Little Thukela River is normally used for all
water needs. Annual irrigation scheduling is applicable to the Little Thukela. Gourton
farm had a borehole that was used for drinking water, but it dried up about ten years
ago.
The Gums farm only has access to the Little Thukela river for irrigation purposes,
under the same scheduling regime as Gourton Farm, especially during winter
months. A bore hole is used for drinking water all year round, with restrictions
applying during winter.
2.3.1 Legislation
South Africa is generally a country with limited natural hydrologic resources and only
8% of rainfall is converted into useable runoff. The National Water Act (NWA), Act 36
was passed by Congress in 1998 and seeks to secure water for human and
ecological needs, as well as development objectives. It stipulates that the
government is the trustee of national water resources and limits the development of
new dams and water transfers (Metcalf-Wallach, 2007).
The NWA is enforced by the Department of Water Affairs (DWAF) and regulates the
building of dams in terms of dam safety and the impoundment of water as one of the
eleven stipulated water uses. This NWA replaces the Water Act, No. 54 of 1956.
There are three legal requirements for the construction, alteration or repair of a dam
with regards to dam safety, entitlement to water use and environmental legislation.
Normally, when applying for a license to build a new dam, an environmental impact
assessment must be carried out before construction will be authorized.
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2.4

Main forms of land-use

The main form of land use in the Bio Resource Unit UVc2 is crop production, while
beef and dairy production also occurs (Okhahlamba IDP, 2001). A summary of the
BRU is given in Appendix A. In the study area farmers mainly do commercial crop
production, while grazing of livestock occurs occasionally in areas not suited to crop
production. The main crops planted are maize, soy beans and wheat.
2.5

Main sources of livelihood and food security

Both land users use crop production as a main source of income and livelihood with
maize, soy beans and wheat (Figure 8) being sold at markets for financial income
generation. Mr. Muirhead produces soy beans for commercial seed and sells his soy
beans directly to a seed company. The money generated through crop production on
both farms is used to cover all expenses, as well as for re-investment into the farms.
On the CA farm, livestock production provides a small additional source of income.

Figure 8. Wheat under pivot irrigation on The Gums Farm.
2.6

Farming system information

The main difference between the two commercial farms chosen is that on Gourton
Farm, CA is implemented, while conventional tillage is practiced at The Gums.
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On Gourton Farm, CA has been practiced for about 30 years. Changes in the
cropping practices were initiated for reasons such as high wind and water erosion,
low water infiltration rates and high fuel costs. It took about 15 years to convert the
whole farm to CA and full CA has been implemented since the early 1990’s. The CA
practices include minimum tillage, the use of mulch to maintain soil cover (Figure 9)
and crop rotation and cover crops.
On The Gums Farm, conventional tillage (i.e. ploughing and incorporation of stubble
into the soil) (Figure 10) has always been practiced since 1962 when the family first
started farming. The conventional tillage continued when the farm management was
passed from father to son in 1987.

Figure 9. Maize stubble left on soil surface to provide mulch on the CA farm.
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Figure 10. Ploughed field with irrigated wheat in the background - conventional farm.
2.6.1 Changes in yield, inputs and practices over the past 10 years
On the conventional farm yields have increased over the past 10 years as a result of
better varieties planted, better agro-chemical management and an improvement in
biological technology. Fertilizer inputs have also increased to increase yields and
irrigation has been expanded to a larger section of the farm to ensure more stable
yields across the farm.
On the CA farm the yields did not necessarily increase, but the return per hectare
has increased without changes in fertilizer applications over the past 10 years.
General management of crops has become more intensive, while less machinery is
used and practices have changed to accommodate CA.
2.6.2 Livestock farming
On the conventional farm the farm owner has not owned livestock for the past 15
years since all animals were sold due to high stock thefts. However, livestock owned
by farm labourers (20 cattle and 40 sheep) and the surrounding community (100 to
200 cattle) still graze on the farm uncontrolled, which leads to serious overgrazing
(Figure 11) and yields losses when crops are still in the growing phase. The owner
attempted to keep livestock from the surrounding community off the farm by digging
a trench around the farm border, but partial filling of the trench by the community has
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rendered it ineffective. Occasional vandalism of irrigation equipment was also
indicated as a problem when conflict arises. In order to maintain good relations with
the community, the owner allows cattle to graze on his farm under the supervision of
herders.

Figure 11. Cattle from neighbouring community grazing on The Gums Farm.
On the CA farm the farm owner owns about 65 heads of cattle while farm workers
own 80 heads of cattle and 12 goats. The keeping of livestock is a sensitive issue
since cattle are culturally important to farm workers and wealth is measured in terms
of heads of cattle rather that cattle quality or financial returns obtained from cattle
sales. The owner has decided to sell his livestock within a year to reduce the stock
numbers on the farm and reduce the effect of overgrazing.
2.7

Important formal and informal institutional features

The main formal institutional feature affecting the land users is the regulation of
water use through the National Water Act whereby the building of new dams is
prohibited without prior permission. The issuing of permits to build dams has become
very strict over the past 10 years. The scheduling of irrigation water during summer
and water restrictions during winter months is also regulated. Over the past 5 years
no new water permits were issued due to the area being water stressed.
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2.8

Organizations

Mr. Mostert (conventional farm) has been a member of the water committee for the
past 10 years which has given him access to more information regarding the water
status of the rivers, as well as insight on decisions regarding water use. He also
belongs to the Farmers Association since 1987 and his father before him since 1964
which increases their access to information regarding farming.
Mr. Muirhead has been affiliated with the Water Board for 4 years and is chairperson
for the board in the Winterton area. He gains access to information through his
affiliation and is also involved in the management of finances of the board. The
Water Board acts as a link between farmers and the Department of Water Affairs
(DWAF) to express concerns from farmers to the DWAF and distribute information
from the DWAF to farmers.
2.9

Main / common land related problems and constraints

On The Gums Farm the main problems faced are theft, trespassing by the
neighbouring community and yield losses experienced due to animal traffic through
the croplands. The farm is not fenced as fences are vandalized and stolen and are
costly to maintain. Irrigation equipment is also vandalized or stolen which leads to
continuous input and repair costs which are expensive. Uncontrolled burning occurs
during winter which also affects the crops and results in yield losses.
On Gourton Farm the availability of a stable water supply in the larger area is viewed
as the most important concern. Farmers experience periodic summer droughts that
may last up to two months and increases the irrigation demand and decreases crop
yields when water restrictions apply. The increase in biomass on soils as a result of
CA increases the risk of fires. Fires in the grassland areas are also exacerbated by
severe berg (mountain) winds.
Farmers indicated that input costs have increased and indicated a treble in costs
over the pas 10 years. Farm finances are supplemented by production loans to
increase the financial capacity to manage crop production.
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2.10 Main forms of land degradation
Sheet erosion, losses in soil organic matter, overgrazing, unmanaged burning and a
loss in bird species such as guinea fowl are most important forms of land
degradation experienced on the conventional farm. Erosion is mainly caused by the
cropping practices and the lack of soil cover, mostly in the conventional croplands
and is exacerbated by the heavy rainfall experienced in the area. A drastic decline in
quelea has also been observed since there has been a decline in the amount of
reeds in the wetland area (resulting from a change in the hydrological regime of the
wetland due to channels in the system and dams downstream), combined with
quelea control that was implemented about 20 years ago. This decrease in quelea
numbers is beneficial in terms of reduced grain yield losses, but it also reflects a loss
of natural habitat.
On the CA farm many of the degradation problems have been decreased or
eradicated through the use of CA. Prior to the implementation of CA the land was
affected by erosion (sheet and gully), low infiltration rates, compaction and siltation
of the water sources. All these effects have been greatly reduced due to the increase
in soil cover and soil organic matter. However, siltation of the water sources still
occurs as a result of water runoff from upstream areas where CA is not practiced
and soil cover is not maintained.
2.11

Basic services

Both farmers indicated that extension services in the area have been non existent for
more than 10 years. Extension services used to be an important service provided by
the government and were an important platform for information exchange, the
enforcement of acts, advising on farming practices and planning assistance.
Information on agricultural production is accessed more through researchers
(especially on the CA farm where research trials are often implemented), fertilizer
companies and reading materials.
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3
3.1

STATE
Erosion

Erosion on the in the study area is mostly limited to the conventionally tilled farm
where there are periods of reduced soil cover and mostly sheet erosion occurs. Due
to the fields being ploughed at the time of the assessment and the fact that the
erosion occurs mostly in croplands, pictures of sheet erosion could not be taken and
an assessment of its extent was not possible. Confirmation of sheet erosion was
obtained during the livelihood interview.
Figure 12 indicates the concentration or distribution of gullies in the surrounding
commercial farming area, as well as the communal area to the south east. It is
evident that gully erosion is not a serious problem in the commercial study area and
is mostly concentrated around the water courses.
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Figure 12. Gully erosion around the study area (SPOT 2008 image).
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3.2

Soil

The land in the study area is mainly used for commercial crop production, while
grazing by cattle and goats occurs in smaller sections. Soil samples were taken in
the croplands and grazing lands on two commercial farms (Table 2). Soil samples in
the croplands were taken from fields where both rain fed and irrigated cropping
occurs, as well as in fields were CA and conventional cropping is practiced.
Samples S9 and S10 were taken in LUT Ca115 while all other samples were from
LUT Ac437. The soils are mostly fairly acidic and liming is often needed in the KZN
province.
The visual VS-Fast scores do not differ much between the two farming systems,
although there is a marked difference between the scores for the cultivated lands
and grazing land. The grazing land soil scores ranged between 22 and 26, while the
cultivated soil scores ranged between 13 and 19. This means that visually, most of
the soils fall in the “good” category and do therefore not appear to be badly
degraded.
The chemical analyses for the various soils are given in Table 3.
3.2.1 Cultivated land (Cultivated Commercial and Cultivated Irrigated LUSs)
Differences were observed in the soil analyses between the CA and conventional
tillage practices. However, these differences cannot necessarily be ascribed solely to
the differences in management since the time of sampling, the different application of
lime and fertilizers, as well as the stage of the crop cycle on the particular field at the
time of sampling would affect the nutrient levels and analyses of the soils. The
analyses are therefore only an indication of the soil condition at the time of sampling
and are discussed as such.
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Table 2. Summary of soil survey results at the various sampling sites.
Sampling Site
Land Use
System

S1
Cultivated
Commercial

S2
Cultivated
Commercial

S3
Cultivated
Irrigated

S4
Cultivated
Irrigated

S5

S6

S7

S8

Grassland

Grassland

Grassland

Grassland

Land Use type

Cultivated, notill, maize

Cultivated, notill, maize

Cultivated, notill, soya

Cultivated, notill, soya

Grazing

Grazing

Grazing

Grazing

Ac437
-28.9237
29.5605

Ac437
-28.9236
29.5606

Ac437
-28.9239
29.5604

Ac437
-28.9240
29.5603

Ac437
-28.9079
29.5518

Ac437
-28.9079
29.5513

Ac437
-28.9266
29.5521

Ac437
-28.9265
29.5521

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

Observations

Good cover –
100% maize
stover

Good cover –
100% maize
stover

Good cover –
80% maize
stover

Good cover –
80% maize
stover

Good cover

Good cover

Good cover,
veld may be
poor condition
(species)

Good cover,
veld may be
poor condition
(species)

Soil Structure

Massive /
apedal

Massive /
apedal

Massive

Massive

Medium weak
sub-angular
blocky

Medium weak
sub-angular
blocky

Fine weak subangular blocky

Fine weak subangular blocky

6

3

3

3

6

6

6

6

3

3

3

3

6

6

6

6

4
0
6

4
0
6

2
2
6

2
0
6

4
2
6

4
2
6

4
4
6

4
0
6

Slaking and
Dispersion

6

6

6

6

6

6

6

6

Water
infiltration

3

3

6

6

3

3

3

3

Visual VS Fast
Score

19

16

16

14

24

24

26

22

Land Type
Location: S
E
Sampling
Depth

Soil colour
Tillage pan
Aggregate
distribution
Crusts
Earthworms
Roots
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Table 2. Summary of soil survey results at the various sampling sites continued...
Sampling Site
Land Use
System

S9

S10

S11

S12

Ac437
-28.9318
29.5519

S13
Cultivated
Commercial
Cultivated,
conventional,
dryland, soya
Ac437
-28.9339
29.5683

S14
Cultivated
Commercial
Cultivated,
conventional,
dryland, soya
Ac437
-28.9338
29.5683

S15
Cultivated
Irrigated
Cultivated,
conventional,
irrigated, soya
Ac437
-28.9338
29.5675

S16
Cultivated
Irrigated
Cultivated,
conventional,
irrigated, soya
Ac437
-28.9338
29.5675

Grassland

Grassland

Grassland

Grassland

Land Use type

Grazing

Grazing

Grazing

Grazing

Land Type
Location: S
E
Sampling
Depth

Ca115
-28.9347
29.5738

Ca115
-28.9345
29.5733

Ac437
-28.9316
29.5518

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

0-5cm, 5-20cm

No cover

No cover

Wheel track,
no cover, small
proportion of
field

No cover

Observations
Weak to
moderate
medium subangular blocky

Weak to
moderate
medium subangular blocky

Medium to
large moderate
angular blocky

Moderate,
medium subangular blocky

Apedal

Apedal

Apedal /
massive

Apedal

6

6

6

6

3

3

3

3

6

6

6

6

3

3

0

6

4
4
6

4
4
6

4
0
6

4
0
6

2
0
6

2
0
6

4
0
6

4
0
6

Slaking and
Dispersion

6

6

6

6

6

6

6

6

Water
infiltration

3

3

3

3

3

6

3

3

Visual VS Fast
Score

26

26

22

22

14

14

13

19

Soil Structure
Soil colour
Tillage pan
Aggregate
distribution
Crusts
Earthworms
Roots
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The most marked difference between cultivated soils from the CA and conventional
systems is in the total organic C levels in the top 5cm soil layer where C levels are
markedly higher in the CA system (between 2.39 and 2.78% C), both under irrigation
and dryland cropping, compared to the conventional cropping system (between 1.01
and 1.46% C). In this case, the difference is not only attributed to the time of
sampling, but also to the difference in cropping practices. These results are to be
expected with the use of mulching in the CA system while conventional tillage
practices leave the soil bare for longer periods of time during the cropping season
and crop residues are incorporated into the soil through aggressive tillage practices.
At the time of sampling the CA soils had between 80 and 100% crop residue cover,
while the conventionally tilled soils were bare. There was not much of a difference in
the total organic C in the 5 to 20cm soil layer. The CEC in the top 5cm is also slightly
higher in the CA soils than in the conventionally tilled soils which could be attributed
to the higher levels of organic matter in these soils.
The soil pH is markedly higher in the CA soils, but more so under rain fed cropping
and in both the sampling soil layers. The pH in the top 5cm is also higher than in the
deeper soil layer. The pH levels between 5.5 and 6 are still relatively acceptable for
maize production, but pH levels below 6 (i.e. more acidic) are not preferential for
soyabean production. Both farmers apply lime to their fields to reduce acidicty
although the exact amounts and timing were not recorded during the assessment.
Looking at the calcium (Ca) levels, though, it appears that lime was added more
recently in the CA soils since the Ca levels are mostly more than double that of the
conventional soils. In the top 5 cm all the other cation levels (Mg, K and Na) were
higher in the CA soils than under conventional cultivation which could also be linked
to the higher CEC.
Chemically, the most important form of soil degradation appears to be the inherent
acidity which needs to be managed through liming. Nutrient mining does not seem to
be a problem especially since farmers manage soil fertilization according to crop
needs during the growing season. In the conventional tillage system the lower levels
of organic C are also a form of degradation compared to soils from the CA system.
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Table 3. Summary of soil chemical analyses at the various sampling sites.
LUT

Sampling
Site

Cultivated
Commercial

S1

Cultivated
Commercial

S2

Cultivated
Irrigated

S3

Cultivated
Irrigated

S4

Grazing

S5

Grazing

S6

Grazing

S7

Grazing

S8

Depth

P

Ca

Mg

K

Na

CEC

Total
Org C

Clay

Resistance

cm

mg/kg

cmol(+)/kg

cmol(+)/kg

cmol(+)/kg

cmol(+)/kg

cmol(+)/kg

%

%

ohm

0-5

46.09

11.18

2.30

0.75

0.02

14.871

2.39

36

560

7.26

5-20

38.48

4.97

1.13

0.18

0.02

12.450

1.25

37

1280

5.69

0-5

80.08

13.45

2.65

0.49

0.04

18.314

2.55

34

510

7.32

5-20

40.42

10.30

2.19

0.23

0.03

17.161

1.53

35

730

7.44

0-5

85.36

9.12

2.87

0.89

0.06

18.309

2.78

35

470

6.18

5-20

35.75

5.12

1.71

0.28

0.08

17.060

1.27

36

1090

5.87

0-5

78.93

7.04

2.08

0.56

0.05

19.754

2.5

35

730

5.64

5-20

8.84

4.52

1.52

0.19

0.06

15.560

1.14

37

1240

5.68

0-5

2.43

1.70

1.00

0.04

0.09

12.129

1.74

18

1920

5.43

5-20

2.27

1.25

0.85

0.32

0.12

11.513

0.93

17

2060

5.49

0-5

2.63

2.65

1.42

0.39

0.02

17.628

1.62

22

2050

5.67

5-20

2.39

2.73

1.51

0.13

0.02

10.464

1.28

24

2400

5.72

0-5

2.51

1.54

0.89

0.19

0.04

7.216

1.67

18

2410

5.33

5-20

2.47

1.19

0.61

0.13

0.04

9.302

1.18

15

2730

5.24

0-5

2.63

1.86

0.89

0.21

0.02

6.863

1.47

16

2330

5.67

5-20

2.55

1.01

0.45

0.19

0.01

2.319

0.88

15

3560

5.26

pH(H2O)

29

Table 3. Summary of soil chemical analyses at the various sampling sites continued…
LUT

Sampling
Site

Grazing

S9

Grazing

S10

Grazing

S11

Grazing

S12

Cultivated
Commercial

S13

Cultivated
Commercial

S14

Cultivated
Irrigated

S15

Cultivated
Irrigated

S16

Depth

P

Ca

Mg

K

Na

CEC

Total
Org C

Clay
%

cm

mg/kg

cmol(+)/kg

cmol(+)/kg

cmol(+)/kg

cmol(+)/kg

cmol(+)/kg

%

0-5

52.49

2.72

1.40

0.48

0.02

13.02

1.64

29

2150

5.80

5-20

16.47

2.64

0.95

0.20

0.01

12.32

1.07

31

3110

5.73

0-5

32.30

3.05

1.50

0.58

0.02

14.18

1.80

32

1950

5.87

5-20

11.27

2.93

1.13

0.32

0.02

13.18

1.14

34

2220

5.76

0-5

1.70

1.39

1.15

0.17

0.03

14.09

2.13

27

3370

5.22

5-20

0.53

0.67

0.68

0.09

0.01

11.69

1.60

33

5660

5.13

0-5

0.58

1.93

1.63

0.35

0.01

13.01

2.51

31

2570

5.47

5-20

0.41

0.62

0.63

0.10

0.01

11.67

1.58

32

6660

5.10

0-5

114.83

1.42

0.88

0.30

0.01

11.78

1.01

30

1980

5.08

5-20

35.33

1.39

0.76

0.26

0.01

12.46

1.12

33

1430

4.65

0-5

115.14

2.35

1.47

0.51

0.01

12.10

1.23

31

1430

5.54

5-20

150.24

1.76

1.12

0.43

0.01

14.16

1.18

35

1210

4.95

0-5

87.62

3.02

0.84

0.18

0.02

15.07

1.42

29

1370

5.41

5-20

40.50

2.29

0.64

0.10

0.02

14.91

1.09

30

2200

5.27

0-5

96.80

2.24

0.82

0.14

0.02

14.23

1.46

30

1430

5.04

5-20

87.93

2.39

0.81

0.14

0.02

16.64

1.40

29

1080

5.00

Resistance

pH(H2O)

ohm

30

3.2.2 Grazing land (Grassland LUS)
The grazing land soils scored high in terms of the visual soil degradation assessment
and are therefore not degraded according to the visual parameters.
Chemically, only the soil P levels are low in the grazing land soils while all other
nutrients are at sufficient levels for grass growth. These soils do therefore not exhibit
degradation except in terms of the fairly low soil pH levels below 6 which was also
found in many of the cultivated soils. Degradation in the grazing land therefore
occurs more in terms of the vegetation rather that the soils as discussed under the
vegetation section below.
3.3

Vegetation

Both Gourton Farm and The Gums Farm are commercial crop production farms and
the use of veld is therefore a sideline activity. The study area falls mainly in the
Northern KwaZulu-Natal Moist Grassland with a little of The Gums property falling in
the KwaZulu-Natal Highland Thornveld (SA VEGMAP) or Moist Tall Grassveld (BRG
12) as defined by the Resource Section of the Department of Agriculture.
3.3.1 Veld condition
A total of 4 sites were surveyed within the properties and the detailed assessment
data is presented in Appendix B. The survey results for each site will be discussed
separately below and a summary of the results is presented in Figure 13.
Transect 1 (T1)
The first veld transect, situated to the north eastern side of Gourton Farm, comprises
44.29 ha. Of the four sites, this transect had the highest veld score of 50% although
this is not considered to be of any high standard. Decreaser species (plants
dominating in a veld of good condition) are very scarce. The lack of this plant group
indicates a veld that has been deteriorated through excessive overgrazing. This is
substantiated by the large proportion (64% of all species recorded) of Increaser IIb
species. Increaser IIb species are very common when the veld has been excessively
overgrazed. Eragrostis curvula was very prominent in this site (21%). This fairly
unpalatable grass species grows in places disturbed by overgrazing and trampling.
The lack of any Increaser III plants recorded in this site shows that little/no selective
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grazing takes place in the area and that this veld has been rested quite extensively
in the past. Topographical position greatly impacts the drainage of these soils. Soils
found in this transect were fairly deep and well drained, thereby creating great
potential for plant growth.
Transect 2 (T2)
This section, on a westerly slope, totals an area of 50.0ha. The grasslands here
scored the lowest veld condition score of 33.3% when compared to that of the
benchmark. This area too, comprised a large proportion of Eragrostis curvula, a
grass species distinctive of overgrazing, disturbance and trampling. The large
number of forbs (30% of the sample) common to this site is also characteristic of
selective overgrazing since forbs have no grazing value. With this site having a
slightly north-westerly aspect, it is expected to have a much drier, more palatable
veld than that of a slope with an easterly aspect, although it fell in an area with soils
of poor drainage since it was located in the drainage system above the dam. Both
these factors would have provided an incentive for animals to have overgrazed this
area in the past. The significant decline in Decreaser species is evidence of the area
being overgrazed and hence the drastic deterioration of the veld. The huge increase
in the Increaser IIb species, such as Eragrostis curvula also indicates an excessively
over grazed veld.
Transect 3 (T3)
The third transect was surveyed on The Gums property and covers an area of
43.8ha. This veld was also found to be in a very poor condition, although slightly
better than that of T2. The veld condition score of 43.8% indicates this. Here too, the
veld has deteriorated, indicative by the large decline in Decreaser species. The large
increase in Increaser IIb and III grasses represent that, although over grazing of this
veld occurs, selective grazing is taking place as well. The large numbers of
Eragrostis racemosa (46%) found on this site is indicative of this. E. racemosa are
known to thrive in sites that have been disturbed and are often found in areas that
have been severely trampled, the sign of extreme surface crusting also indicates
this. The increase of this action is, more often than not, correlated with overgrazing.
Transect 3, like transect 2 is located on the drainage line. Soils here comprised
mainly poorer drained plinthic soils that are not well recommended for cultivation.
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Figure 13. Map of the veld condition scores in the study area.
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Transect 4 (T4)
Transect 4, situated to the more eastern side of The Gums property, occupies an
area of 44.6ha. The land in which this transect is located is also badly degraded and
hence scores a low veld condition score of 44.3% when compared to the benchmark,
due to excessive overgrazing. Paspalum scrobiculatum, a grass species from the
Increaser IIc group, comprised a large proportion of the plant count (46.2%). This
plant has a fairly low grazing value, and thereby plays an important role in the very
low veld condition score. This grass, too, is prominent in areas that have been
disturbed and becomes more abundant when excessive overgrazing occurs. Signs
of extreme crusting, seen in this site, are also typical of degraded land and trampling.
3.3.2 Grazing capacity and stocking rate
Summaries of the grazing capacities and conservation grazing capacities in the
study area are given in Figures 14 and 15.
Transect 1 (T1)
The agricultural grazing capacity for Camp 1 is estimated at 3.53 ha/AU for
domesticated animals over 250 days. If the length of stay is extended to 365 days
the grazing capacity is reduced to 5.15 ha/AU for domesticated animals. This
translates into a potential stocking rate of 14.03 animal units over 250 days or 9.62
animal units over 365 days. In a conservation farming situation, grazing capacities
should be reduced to 70% of the agricultural grazing capacity. The conservation
grazing capacity for Camp 1 is estimated at 5.88 ha/AU for domesticated animals
over 250 days. If the length of stay is extended to 365 days the average
conservation grazing capacity is reduced to 8.58 ha/AU for domesticated animals.
This translates into a potential stocking rate of 8.43 animal units of 250 days or 5.77
animal units over 365 days. The provision of licks together with supplementary
roughage is imperative for the wintering of the animals over the additional 115 days.
Transect 2 (T2)
The agricultural grazing capacity for Camp 2 is estimated at 5.30 ha/AU for
domesticated animals over 250 days. If the length of stay is extended to 365 days
the grazing capacity is reduced to 7.73 ha/AU for domesticated animals. This
translates into a potential stocking rate of 8.42 animal units over 250 days or 5.77
animal units over 365 days. In a conservation farming situation, grazing capacities
should be reduced to 70% of the agricultural grazing capacity. The conservation
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grazing capacity for Camp 2 is estimated at 8.83 ha/AU for domesticated animals
over 250 days. If the length of stay is extended to 365 days the average
conservation grazing capacity is reduced to 12.89 ha/AU for domesticated animals.
This translates into a potential stocking rate of 5.05 animal units over 250 days or
3.46 animal units over 365 days. The provision of licks together with supplementary
roughage is imperative for the wintering of the animals over the additional 115 days.
Transect 3 (T3)
The agricultural grazing capacity for Camp 3 is estimated at 4.03 ha/AU for
domesticated animals over 250 days. If the length of stay is extended to 365 days
the grazing capacity is reduced to 5.88 ha/AU for domesticated animals. This
translates into a potential stocking rate of 7.35 animal units over 250 days or 5.04
animal units over 365 days (Table 3, Map 06/2009). In a conservation farming
situation, grazing capacities should be reduced to 70% of the agricultural grazing
capacity. The conservation grazing capacity for Camp 3 is estimated at 6.71 ha/AU
for domesticated animals over 250 days. If the length of stay is extended to 365 days
the average conservation grazing capacity is reduced to 9.80 ha/AU for
domesticated animals. This translates into a potential stocking rate of 4.42 animal
units of 250 days or 3.02 animal units over 365 days. The provision of licks together
with supplementary roughage is imperative for the wintering of the animals over the
additional 115 days.
Transect 4 (T4)
The agricultural grazing capacity for Camp 4 is estimated at 3.98 ha/AU for
domesticated animals over 250 days. If the length of stay is extended to 365 days
the grazing capacity is reduced to 5.81 ha/AU for domesticated animals. This
translates into a potential stocking rate of 11.13 animal units over 250 days or 7.62
animal units over 365 days. In a conservation farming situation, grazing capacities
should be reduced to 70% of the agricultural grazing capacity. The conservation
grazing capacity for Camp 4 is estimated at 6.64 ha/AU for domesticated animals
over 250 days. If the length of stay is extended to 365 days the average
conservation grazing capacity is reduced to 9.69 ha/AU for domesticated animals.
This translates into a potential stocking rate of 6.67 animal units of 250 days or 4.57
animal units over 365 days. The provision of licks together with supplementary
roughage is imperative for the wintering of the animals over the additional 115 days.
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Figure 14. Grazing capacities in the study area as determined in the vegetation assessment.
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Figure 15. Conservation grazing capacity in the study area as determined in the vegetation assessment.
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3.4

Water resources assessment

The water resources were assessed along the Chinchaan en Little Thukela Rivers
using both a semi-quantitative approach and the Wetlands IHI methodology.
3.4.1 Rapid Overview of Water Resource Degradation
3.4.1.1 Semi-quantitative assessment
Visual observations are shown in Figures 16 to 38 and indicate that the wetland
system historically comprised of a channelled valley bottom floodplain, laterally
inundated during high flows seasons (late winter, summer), with natural hydrological
regime. I.e. low flows in winter – little or no natural lateral inundation, high flows in
summer – lateral inundation, supported natural ecological functioning (sustained high
biological diversity: sufficient habitat).
Currently the system is severely modified as a result of high anthropogenic impact
due to settlements, agricultural activities (Figure 16) and road infrastructure (Figures
19 and 20) and gabions (Figures 23) that concentrate flow and resulted in the
canalization and incision of the wetland (increase in velocity of flows) downstream,
thereby preventing natural lateral inundation of the wetland.

Figure 16. Cattle grazing in a wetland.
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Figure 17. Channel was constructed to drain the wetland.

Figure 18. Channel was constructed to drain wetland.

Figure 19. Farm road constructed over the wetland with drainage pipes, restricting
natural water flow through the wetland resulting in the fragmentation of the wetland.
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Figure 20. Downstream effect of drainage pipes in wetland and the bridge and tarred
road constructed over the Chinchaan river and wetland.

Figure 21. Remains of vehicle visible in water channel.

Figure 22. Concentrated algae blooms.
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Figure 23. Bridge and tarred road constructed over the Chinchaan wetland.
The Chinchaan wetland is extensively fragmented as a result of road crossings and
dams (Figures 27 to 37) constructed within the system resulting in the distinct
division of the wetland into 2 definite units by the tar road and gabions (Figure 23).

Figure 24. Channel within the Chinchaan wetland flowing into the man made dam.
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Figure 25. Signs of algae blooms and aquatic vegetation in the channel.

Figure 26. Signs of algae blooms.

Figure 27. Constructed farm dam surrounded by agricultural land and invasive
vegetation.
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Figure 28. Farm dam and adjacent agricultural activity.

Figure 29. Farm dam wall with no water outflow control.

Figure 30. Downstream farm dam within the Chinchaan wetland with visible channel
erosion between dams.
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Figure 31. Third constructed dam within the Chinchaan wetland.

Figure 32. Upstream view of the third dam constructed within the Chinchaan
wetland.

Figure 33. Dam wall and aquatic vegetation within the third dam.
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Figure 34. Excessive algae growth in the dam probably due to the enriched runoff
from intensive farming practices in the upper catchment.

Figure 35. Aquatic vegetation create habitat for waterfowl.

Figure 36. Signs of water level fluctuation within the third dam.
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Figure 37. Dam wall with no controlled water release mechanisms, causing the
complete disruption of connectivity Chinchaan wetland to the Little Thukela River.

Figure 38. Confluence of the Chinchaan wetland system and Little Thukela River.
The upper unit of the Chinchaan wetland is characterised by intensive grazing
(Figure 16) and a change in wetland hydrology due to draining of the wetland as a
result of construction of levees (Figures 17 and 18) on both sides of the wetland.
The lower unit is extensively modified through the construction of the three
impoundments (dams, Figures 27 to 37) within the naturally occurring wetland which
caused a total modification of the natural hydrological regime of the system, resulting
in the extensive loss of ecosystem functioning, habitat and species diversity.
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Although
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constructed

dams
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water,

no
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water

movement/hydrological regime) create artificial habitat for some seasonal waterfowl
and water related bird species, the extensive loss of biodiversity and wetland
function as a result of the construction of these dams is of greater ecological
significance than that of the habitat created by the construction of the dams.
The construction of the dam wall (Figure 37) – obstruction of water flow to the Little
Thukela - within the riparian zone of the Little Thukela has severely modified the
ecological functioning of the riparian zone (silt trapping and nutrient cycle) of the
Little Thukela (Figures 37 and 38).
The fact that there are no hydrological control mechanisms constructed in the dam
walls (Figures 29 and 37) prevent the artificial mimicking of seasonal hydrological
fluctuation within the system and therefore impacts severely on the ecological
functioning of the system as the longitudinal connection with the Little Thukela is
blocked, causing no natural water flow into the Little Thukela, except during
extreme/severe high flow seasons – e.g. 1: 100 and/or 1: 200 year floods.
Water quality, quantity and demand
The brown and cloudy colour of the water and the lush algae growth indicate signs of
eutrophication which is usually the effect of increased levels of phosphates and
nitrates probably due to agricultural activity adjacent to and present in the upper
catchment – resulting in poor water quality.
Animal tracks and faeces were observed at watering points along the channel. The
possibility of the presence of colliforms in the water can not be discarded since no
formal sewage treatment activity was observed and untreated sewage will end up in
the system. Man-made impounds (dams) can sustain aquatic life such as fish and
birds, although water salinity could increase due to water runoff from surrounding
agricultural activities (Figures 28 and 31).
The construction of the three dams within the Chinchaan wetland has extensively
increased the water quantity within the modified wetland by trapping the water that
would naturally flow freely through the system. The hydrological regime has become
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totally artificial. The extensive agricultural activities adjacent to the wetland and in the
upper catchment have placed a significant increase on the demand for irrigation
water.
Aridification and Water Use Efficiency
The construction of the artificial impoundments within the wetland secures the
sufficient storage of water by retaining rainwater runoff, although the large open
water surface of the dams contributes towards excessive evaporation.
3.4.1.2 Degradation assessment of specific water bodies
The wetland area and habitat it provides has been extensively reduced by adjacent
cultivation and extensive hydrological cycle alterations (e.g. construction of levees
and dams). Although the dams provide habitat for some fauna and flora species, the
extensive change in hydrological-, ecological- and biological functionality of the
wetland has resulted in the extensive modification of the natural habitat and
therefore loss of biodiversity.
Causes and impacts of changes in water regime
Changes in the hydrology within the Chinchaan wetland have an impact on the
hydrological regime of the Little Thukela River. The extensively modified upstream
areas – rural settlements, agricultural activities and levees - have resulted in the
extensive loss of the ecosystem functioning (goods and services) of the wetland
system.
Natural causes include: Naturally high rainfall events, e.g. 1:100 year floods will
naturally impact on the catchment. Human induced causes include: land use
activities such as overgrazing, poor land management practices – dam, roads and
rural settlements.
3.4.1.3 Wetland Index for Habitat Integrity (Wetland IHI) Assessment:
The overall Present Ecological State (PES) Score was determined as an E
(Appendix A), which indicates a seriously modified system with the resultant loss of
natural habitat and biota, with an extensive loss of basic ecosystem functions
(Kleynhans 1996, 1999). Although water and soil conservation measures and land
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use management practices are implemented to improve the surrounding areas to the
water source, the results of the assessment prove otherwise, therefore it will be
hardly cost effective to attempt to rehabilitate the wetland system to such a level as
to uphold ecosystem functions.
4

DRIVING FORCES AND PRESSURES

Slight differences were observed in the main pressures behind land degradation
between the CA and conventional farming systems, while the drivers are the same.
In the CA system the most important pressures are over-abstraction or excessive
withdrawal of water, followed by disturbance of the water cycle and overgrazing. In
the conventional farming system the main pressure is inappropriate soil
management, followed by the same pressures in the same order as the CA system
(Appendices C and D).
The main indirect causes or drivers of land degradation are formal institutions, war
and conflict, and inputs and infrastructure. Each of these listed pressures and drivers
are discussed further below.
4.1

Inappropriate soil management

In the conventional cropping system the tillage practices in general result in a lack of
soil cover after crops have been harvested. The soil is then exposed to water and
wind and more vulnerable to especially sheet erosion. A decline in soil organic
carbon was also found compared to the CA soils. Heavy machinery is used on both
farms, although the use and impact of machinery is reduced with CA practices. In
terms of soil conservation there is a need for increased contour maintenance in order
to improve water runoff control under the conventional tillage system.
4.2

Over-abstraction / excessive withdrawal of water

The Little Thukela river is used by many commercial famers for irrigation purposes –
on-site, upstream and downstream. With an increase in irrigation demand there is an
increase in the demand for water from the Little Thukela and supplementary
irrigation during the rainy season leads to an irrigation demand throughout the year.
The highest irrigation demand, however, occurs during the winter months (dry
season) and water restrictions are applied during this time due to limited water
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supply. On Gourton Farm the water demand is supplemented with irrigation from the
dams during the dry months or when the river is not flowing. Not all farms have
access to dams and are solely reliant on nearby rivers for irrigation water.
4.3

Disturbance of the water cycle

Increased water runoff in the conventionally tilled system is caused by the exposure
of the soil surface after harvesting and the lack of mulching and optimum
maintenance of contours. A decrease in underground water is also indicated by the
reported drying up of a borehole on Gourton farm about 10 years ago. This may also
be due to larger upstream effects of increased runoff and a resultant decrease in
water infiltration into the soil and eventually into ground water aquifers. Increased
runoff also leads to siltation of rivers and streams since CA is not practiced upstream
and overgrazing also leads to the exposure of soil surfaces.
The construction of dams in the Chinchaan river has modified the natural
hydrological regime of the wetland system which is now characterized by the
impoundment of water rather than a steady flow of water through the system,
especially during the rainy season.
4.4

Overgrazing

Although livestock production is not a main agricultural activity on these farms, the
areas used for grazing are degraded in terms of vegetation on both farms. This is
caused by excessive numbers of livestock and too long or extensive grazing periods
in specific areas. Especially on the conventional farm, where the farm owner no
longer owns any livestock, the movement of livestock belonging to farm workers and
the surrounding community is especially difficult to manage and overgrazing is
inevitable.
4.5

Formal institutions

Linked with the direct pressure of water demand on commercial farms are the formal
institutions that regulate the use of this water. Irrigation scheduling is regulated to
ensure equitable water distribution and use throughout the area.
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Land tenure on commercial farms is secure in terms of land ownership, but access
rights are difficult to enforce on commercial farms, where access refers to both farm
workers living on-site and off-site neighbours. Trespassing and/or thoroughfare
through land often results in damage to fencing or machinery and can lead to an
increase in theft on farms. This is exacerbated by the grazing of cattle from
surrounding communal cattle without proper management which leads to severe
overgrazing. In principle access to private land can be refused, but human
relationships are considered and compromises are made accordingly. There is the
experience of a general lack of law enforcement in terms of theft and vandalism.
4.6

Conflict

The issue of conflict is closely linked with the enforcement of formal laws and land
rights. This is a very sensitive issue in South Africa in general, but quite severe in
these parts of KwaZulu-Natal and needs to be handled as such. Issues such as theft,
vandalism and the grazing of private land may lead to conflict between different land
users and amicable agreements are reached in the case of these farms in order to
maintain good neighbour and on-farm relations. However, this does not correlate
with formal laws and is the result of a lack of enforcement of land tenure laws.
4.7

Inputs and infrastructure

The use of irrigation water on-site reduces the levels of water continuing downstream
for other users. The existence of dams potentially reduces degradation on-site by
increasing the availability of water for cultivation, especially during dry months,
although its effect is a loss of ecosystem functioning in the wetland system.
4.8

Change in consumption pattern

Changes in consumption patterns occur both on- and offsite and influence the
demand on the natural resources. Firstly, an increase in crop production leads to an
increased demand for water (onsite) on both farms. Secondly, on The Gums Farm,
the expansion of the surrounding communities increases the need for grazing land
and larger numbers of livestock are herded to the already limited grazing lands.
5

IMPACTS ON ECOSYSTEM SERVICES

A summary of the impacts on ecosystem services is given in Appendix F.
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5.1

Provisioning Services

The largest impact on provisioning services is seen on both farms in terms of the
regulated abstraction of water onsite, especially during the dry season (winter), as
well as the sedimentation of the river systems resulting from erosion locally and
upstream.
5.2

Regulating and Supporting Services

The hydrological services are negatively impacted on by the occasional reduced soil
cover in the conventionally tilled croplands which would lead to increased storm
water flow during heavy rain storms and lower infiltration into the soil.
The existence of small dams in the Chinchaan river system have an effect on the
hydrological regulation which may be viewed as positive from an on-site perspective
and negative from a wetland functioning perspective. On-site, the existence of the
dams increases the water available for irrigation (positive impact), especially during
the dry seasons and production is less influenced by or at risk of insufficient water
supplies throughout the year. The irrigation system used on the farm is efficient
(center pivot) with even water distribution and little evaporation loss or leakage.
However, the existence of the dams changes the hydrological regime of the wetland
system and reduces the natural spread of water throughout the system, especially
during summer months when lateral flow of water is prevented during the rainy
season. This in turn has an impact on the natural biodiversity in the system which
has adapted to the larger volumes of stagnant water now available.
The soil services are mainly affected negatively where conventional tillage is
practiced through a reduction in organic matter status, a reduction or loss of soil
cover for between crop cycles, reduced infiltration into the deeper soil layers and soil
nutrient losses due to soil erosion. However, the nutrient losses are remediated
during the growing season through fertilization.
Biodiversity in the grasslands is affected the most in this area at both habitat and
species level as a result of overgrazing. In the croplands, however, the impact on
biodiversity is less due to an improvement in crop rotation as part of the CA system
which generally helps to reduce the impact on especially soil organisms. The use of
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CA also increases the micro climate in soil cover and the top few soil cm which leads
to an increase in biological diversity, relative to conventional tillage.
5.3

Human well-being

The degradation of grazing land leads to an increased desire with farmers to improve
management of these resources, but enforcing this may increase the conflict with
surrounding communities as well as on-site farm workers. This will negatively affect
conflict

transformation

between

the

farm

owners

and

the

surrounding

communities/farm workers, as well as the protection of private infrastructure on the
conventional farm where vandalism of irrigation equipment was indicated as a
problem.
6
6.1

IMPACTS ON PEOPLE AND THEIR LIVELIHOODS
Changes in yield, inputs and practices

On the CA farm, land degradation in the past may be viewed to have had a positive
impact on the farming system since it lead to the gradual change-over from
conventional to conservation tillage methods. Gourton Farm has been under full CA
cropping for the past 15 years (which was introduced 30 years ago) and has had
positive and negative effects. Positive effects include increased returns per hectare
(i.e. not necessarily increased yields, but less input costs resulting in higher returns
for the same yield), less use of machinery and consequently lower fuel use during
the year as indicated by the farm owner. On the negative side, management has
become more intensive and changes were needed in the equipment that is used for
crop management to enable minimum tillage.
On The Gums Farm the cultivation practices have remained the same over time, but
yields have increased as a result of better quality products available and the use of
fertilizers to supplement plant growth. The crop production activities have gradually
expanded as income generated was reinvested in the farming system. This includes
an increase in irrigation systems and the consequent increased production potential
that results from less dependence on the annual rainfall to sustain crop water needs.
On the negative side, the high cost of fertilizers and fuel is expensive and sheet
erosion during the rainy season was reported which leads to a loss of topsoil and
siltation of the water system.
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6.2

Main livelihood constraints

The regular supply of water throughout the year was indicated as the most important
factor that regulates the level of crop production on the commercial farms, which in
turn affects potential yields and annual household income from crop production.
Even though water is one of the main restricting factors during the production year,
the dams on Gourton farm relieve some of the pressure experienced during the dry
seasons. Much agricultural research has also been done on the farm by universities
and research institutions which provide valuable information to the land user and the
broader farmer network.
6.3

Changes in activities and practices

One of the main changes in the past and planned changes in the future is the
relinquishing of livestock ownership by the farm owners as a result of land
degradation, theft and conflict. On The Gums, large stock thefts have resulted in the
owner selling his livestock about 15 years ago, although the property is still grazed
by livestock from neighbouring communities. On Gourton farm, degradation in the
grazing land exerts pressure on the number of livestock currently on the farm. Stock
numbers need to be drastically reduced, but farm labourers residing on the property
do not consider reducing their livestock. Therefore a combination of land tenure
factors, cultural preferences and the maintenance of a good working relationship
between the owner and farm labourers may result in the owner selling his livestock in
order to reduce the total livestock numbers on the farm.
7

RESPONSES

Various measures are implemented on the commercial farms to combat or control
land degradation especially in croplands (Table 5).
On the conventional farm contour bunds were built about 10 years ago to reduce
water runoff and erosion. Contours used to be measured out by government (soil
conservation services) until about 1994, but farm owners now need to perform the
measurements themselves. Fertilizers are applied during the cropping cycle to
combat nutrient mining and fertilization is mainly influenced by the high cost of
fertilizers. Liming is also applied to combat soil acidification which is an inherent
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problem in KZN soils. Liming is expensive and is done less often than would be ideal
in order to save costs. Lime used to be subsidised by the state which made it easier
to apply the needed amounts, but subsidies ceased after about 1990.
On Gourton Farm Conservation Agriculture is the main SLM practice implemented to
combat land degradation. Over the past 15 to 30 years the practice of CA has
improved soil health and protection, which resulted in reduced erosion, improved
water infiltration rates, less soil compaction and less siltation of water sources
downstream. Liming is also applied to combat soil acidity and fertilization is used to
replenish plant nutrients in the soil and avoid nutrient mining.
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Table 4. Current and suggested Sustainable Land Management Practices
Land Degradation
Problem
Current CA
Erosion / low
infiltration rate / soil
compaction /
siltation of water
sources
Soil Acidity
Nutrient mining
Current
Conventional
Erosion

SLM
Practice

Conservatio
n
effectivenes
s +, neutral
or -

Extent of
uptake by land Constraints to Adoption
users (%)

Conservation
Agriculture

+

>50%

Liming
Fertilization

+
+

>80%
>80%

Reluctance to change mindset / lack of interest. Financial
capital costs of changeover. Gaps in knowledge of best
practices under CA as well as long term effects. Cost of
learning curve during changeover and cost of initial
mistakes. Increased intensity of management.
Cost of liming.
Cost of fertilizer.

Contours

+

Many

Time, cost of diesel. Loss of soil conservation officers.

Soil Acidity
Nutrient mining
Suggested
Responses

Liming
Fertilization

+
+

>80%
>80%

Cost of liming.
Cost of fertilizer.

Overgrazing /
reduction in soil
cover

Improved
veld
management

+

Conflict
Cultural differences between farm owners, farm labourers
and surrounding communities
Lack of enforcement of land tenure
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The adoption of CA by the majority of commercial farmers would contribute greatly
towards combating land degradation in croplands in the larger area. The current
adoption rate of CA in the district is estimated at about 50% with a highly positive
effect on land degradation. Despite the many social, environmental and economical
benefits of CA, its uptake is hampered by various factors. These include reluctance
amongst many farmers to change their mindset as conventional farming practices
have been implemented for many years, which can go hand in hand with a lack of
interest in changing cultivation practices. The initial capital costs of changing to CA
can be high, as well as the costs during the learning period when the farming system
is being adapted to CA. There are still gaps in knowledge of best practices under CA
and the short- to long term uncertainty and potential (perceived) risks it poses create
reluctance amongst land users to adopt these practices. In addition, the increased
intensity of management makes CA an unattractive option for some farmers.
Liming and fertilization is done by about 80% of farmers in the larger area and
increased use of these applications is mainly constrained by the high cost of both
liming and fertilization.
In order to optimally manage the grassland areas, improved veld management is
necessary. Sound veld management relies on the implementation of a management
plan that adheres to all of the following principles:
•

Separation of areas with different palatability;

•

Stocking rate should not exceed grazing capacity;

•

Apply adequate rest periods. Complete growing seasons rest once every
three to four years;

•

Use fire for the correct reasons and burn at the correct time;

A grazing plan should incorporate a grazing regime that is beneficial to both veld and
livestock.
In order to adhere to the above the following recommendations are made regarding
the management of the grasslands in the two properties:
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1. Adjust the positioning of internal fences to coincide with ecological boundaries
in order to minimize the current over/selective grazing taking place in some
camps;
2. Design or adjust water reticulation system on order to provide water to new
camps;
3. The area of land should be grouped into four management blocks of
approximately equal stocking rates. Topography, ease of management and
risk aversion should also be considered;
4. This results in a management system of which at least 25% should be rested,
25% be burned and used as primary grazing camps and 50% used as
secondary grazing camps;
5. Block burns should be done between 01 August and 30 September. Burn one
camp per year, starting with the camp of highest grazing capacity in the first
year;
6. Rested camps should be withdrawn from grazing from the first spring rain to
the first frost. Utilization of the rested camps can occur after frosting as most
plants have become dormant. The first camp to be rested should be the camp
of lowest grazing capacity;
7. Determine the utilization period and adhere to the conservation farming
stocking rate norms;
8. In order to maintain the condition of this grassland, stocking rate should not
exceed that of the suggested animal unit capacity for the land, depending on
whether the land is grazed with an agriculture or conservation intention (see
maps 06/2009 and 07/2009);
9. Put the animals into the veld as soon as there is a bite (7-10mm). This will
result in adequate clean grazes of the primary grazing camp;
10. Control invasive alien vegetation with combination of mechanical, biological
and chemical applications.
It must be reiterated that these two study properties do not represent the grassland
resources of the area therefore these results cannot be used to represent the greater
geographical area. The main focus of the farmers is on crop production and grazing
is not their main concern.
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8

LINK BETWEEN NATIONAL AND LOCAL ASSESSMENTS

A direct comparison of LADA local and national assessment results is not possible
due to the differences in scale and method of assessment. However, similarities and
differences between the data can be investigated. Tables 6 and 7 present a
summary of the local assessment results as well as preliminary national assessment
results for the Cultivated Commercial, Cultivated Irrigated and Grassland LUSs in
terms of types (Table 5) and causes (Table 6) of degradation. Local results are for
the present study area, while national assessment results are given for the whole
Okahlamba Local Municipality. In terms of the Grassland LUS it should be kept in
mind that the grasslands in the study area are not representative of grasslands in the
larger district. Differences between the local and national assessments may
therefore also be due to this fact.
From Table 5 there are many similarities in the types of degradation listed in the
local and national assessments. In the cultivated commercial and irrigated LUSs one
of the main differences is in the extent of soil erosion. Soil erosion is not perceived
as a problem on the CA farm due to the positive effect of conservation agriculture
practices protecting the soils. Under the conventional tillage system on the other
hand, mostly the same erosion types were indicated in both the local and national
assessments.
The indirect causes (drivers) of degradation are once again very similar between the
two assessment levels although more detailed causes were mentioned in the local
assessment such as population pressure, changes in consumption pattern and
conflict. The proposed direct causes (pressures) of degradation vary more between
the two levels of assessment, especially in the Grassland LUS. In the local
assessment the degradation of grasslands was greatly attributed to excessive
numbers of livestock, overgrazing and too long or extensive grazing periods. Since
the local assessment is conducted in more detail the causes of land degradation are
also discussed in more detail and a more extensive list is therefore expected. In the
national assessment the causes of degradation in the grasslands was mainly
attributed to the spread of invader plants, trampling, and changes in livestock
composition.
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Table 5. Comparison of degradation types and indirect causes of land degradation in LADA local and national assessment results.
Cultivated Commercial
and Irrigated
Local
National
Type
Soil erosion by water (W)

Soil erosion by wind (E)
Chemical soil deterioration (C)
Physical soil deterioration (P)

Water degradation (H)

Indirect Causes (Drivers)
Population pressure
Land tenure
Poverty / wealth
Governance / institutional
Inputs and infrastructure
Changes in consumption pattern and
individual demand
War and conflict
Education, access to knowledge and
support services

QM
Code
Wt
Wg
Wm
Wo
Et
Cn
Ca
Pc
Pk
Pw
Bs
Bf
Bh
Hs
Hg
Hp
Hw

Description
Loss of topsoil
Gully erosion
Mass movements
Offsite degradation effects
Loss of topsoil
Soil fertility decline and reduced OM content
Soil acidification
Soil compaction
Sealing and crusting
Waterlogging
Quality and species composition / diversity decline
Detrimental effects of fires
Loss of habitats
Change in quantity of surface water
Change in groundwater / aquifer level
Decline of surface water quality
Reduction of the buffering capacity of wetland areas

CA

Conv
X

X

X
X
X
X
X

Grassland
Local
CA

National

Conv

X
X

X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X

X

X
X

X
X

X

X
X
X
X

X
X
X
X

X

X

X

X
X

p
t
h
g
r

X

X
X

X
X

X
X

c

X

X

w

X

X

e

X

X

X

X

X
X
X
X

X
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Table 6. Comparison of direct causes of land in LADA local and national assessment results.
Cultivated Commercial and
Irrigated
Local
National
Direct Causes
(Pressures)
Soil management (s)

QM
Code
s1

s3
s4

Cultivation of highly unsuitable / vulnerable soils
Missing or insufficient soil conservation / runoff and
erosion control
Heavy machinery
Tillage practice

c1

Reduction of plant cover and residues

s2

Crop and rangeland
management (c)

g5
g6

Inappropriate application of manure, fertilizer,
herbicides, pesticides and other agro-chemicals or
waste
Inappropriate irrigation
Inappropriate use of water in rain fed agriculture (e.g.
excessive soil evaporation and runoff
Occurrence and spread of weeds and invader plants
Excessive numbers of livestock
Trampling along animal paths
Overgrazing
Too long or extensive grazing periods in a specific area
or camp leading to over-utilization of palatable species
Change in livestock composition
Others

w1

Lower infiltration rates / increased surface runoff

c2
c5
c6
Overgrazing (g)

c8
g1
g2
g3
g4

Disturbance of the water
cycle (w)

w2
w2
Over-abstraction /
excessive withdrawal of
water (o)
Discharges (p)

Description

Others – siltation of rivers and streams – lack of CA
upstream and others
Others – drying up of borehole/s and E. coli
contamination

o1

Irrigation

p1
p2

Sanitary sewage disposal
Waste water discharge

CA

Conv

Grassland
Local
CA

National

Conv

X
X

X

X

X
X

X
X

X

X

X

X

X
X
X
X
X

X

X

X
X

X
X

X
X
X
X

X

X
X

X

X

X
X
X

X
X

X
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p3
p4
p5
p5
Natural Causes (n)
Over-exploitation
of
vegetation for domestic
use and hence poor
protection (e)

n3
n4
e1

Excessive runoff
Poor and insufficient infrastructure to deal with urban
waste (organic and inorganic waste)
Others – trenches / gullies along wetland areas
Others – security trench on conventional farm boundary
contributes to degradation, but did not serve the
security purpose due to partial filling in sections
Heavy/extreme rainfall
Wind
Excessive gathering of fuelwood, (local) timber, fencing
materials, brooms, thatch

X
X

X

X
X
X

X

X

X
X
X

X
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Generally the level of similarity between the two assessment levels is considered
good and high levels of detail can not be expected from the national assessments. It
appears that the national assessment gives a good representation of the general
issues present in the broader context (Local Municipality), although some of the
issues in the grassland system vary greatly between the two assessments in terms
of direct causes of land degradation. This may also be due to the fact that the
grassland LUS is not used as a main income source and is therefore not managed
as intensively as the croplands, while issues addressed in the national assessment
may focus more on areas dedicated to livestock farming and the more specific use of
grasslands. The grasslands in the study area are not representative of the overall
grassland LUS since this study area was chosen to represent a section of the
cultivated commercial and cultivated irrigated LUSs.
9

CONCLUSIONS

The main form of land use in the study area is commercial crop production and the
most resources are therefore dedicated to this land use. Land degradation in this
area is greatly reduced through the implementation of CA and the CA farm is
therefore a good example of what can be achieved through good management
practices. However, differences between the exact level of degradation could not be
measured with the tools used since too few samples are taken in the context of the
LADA local assessment. Differences were picked up more during the livelihood
interviews through the perception and knowledge of the farmers.
The expansion of CA to all farmers is therefore strongly recommended, and the few
factors hampering its adoption should be addressed through awareness campaigns,
as well as various kinds of research and development initiatives. Some of the most
effective and recommendable initiatives discovered and assessed in this study, are
on-farm, farmer-managed experimentation, involving expertise from outside (e.g.
KZN-DAE), linked with farmer networks (such as the KZN No-till Club).
In the croplands the main forms of degradation are erosion (mostly sheet erosion)
and soil acidification which is an inherent soil problem in many areas of KZN. The
use of large amounts of irrigation water by many land users both upstream and
downstream from the study area puts greater pressure on the available water
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sources (mostly the Little Thukela River) and during the drier months of the year
irrigation scheduling determines the amounts of water available to each land user.
On Gourton Farm, however, the availability of dams greatly reduces the risk endured
during winter months where water is available to supplement irrigation from the river.
Although livestock production is not a main source of income or major activity on
these farms, there are several issues surrounding the keeping of livestock and the
management of grazing areas on both farms. These issues are sensitive and need to
be addressed as such. Cultural differences between the farm owners and other
owners of livestock lead to potential conflict and conflict resolution is necessary to
maintain good human relations. Although land tenure is secure in the area in terms
of farmers’ ownership of the farms, the implementation of this land tenure is subject
to the maintenance of good relations.
Policy recommendations are needed in terms of better enforcement of land tenure,
as well as clarification on the rights of land users and farm workers living on the
farms. The enforcement of such policies is also paramount.
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APPENDIX A
Bio Resource Unit WINTERTON - UVc2
MOIST TALL GRASSVELD

Threats :

An area rated as semi-intensive but management must be good to avoid
degradation of the soil resource.

Development : This zone has a good percentage of arable soil [86%] and high potential
soil [43%] and it is highly advisable that any of the following ecotopes,
A.1.1, A.1.2, A.2.1, A.2.2, B.1.1, B.1.2, B.2.1, B.2.2, C.1.1, C.1.2, C.2.1
and C.2.2, be retained as primary food producing areas. Before any
development other than that of primary food production is undertaken in
this zone, specialist advice should be sought to identify the ecotopes on
which the project is envisaged. While the rainfall is relatively high, it is
unreliable and crop failures will occur on occasions if irrigation is not
available. The Injesuthi [Little Thukela] River provides this possibility.
The poor quality of the veld, particularly in winter, indicates that
supplementary feeding in the form of reserved veld or hay is necessary
to maintain cattle in productive and reproductive condition.

Area :

18 777 ha.

Areas of development :

The town of Winterton is the main centre of the zone and the
road from the N3 highway passes through the town and on to
Bergville- Oliviershoek and the Free State. A road from
Estcourt [and the N3] runs via Loskop and on to Bergville
through the zone. Roads also lead to the Drakensberg resorts
through thia zone and others to Ladysmith and Colenso.

Terrain type :

Rolling with moderate to gentle slopes.

Climate
Climate class :

C4

- Moderately restricted growing season owing to low

temperatures.
Rainfall :

709 mm per year.

Temperature :

17.0oC mean annual.
24.1oC mean max.
10.0oC mean min
3.0oC July min.
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Incidence of frost : Moderate with occasional severe frosts.
Evaporation :
Vegetation :

1 881 mm
Moist Tall Grassveld.

Veld condition :

Reasonable.

Seasonality :

The veld is reasonable from October to March after which
supplementary feed is necessary.

Grazing capacity :
Water resources :

2.3 to 3.0 ha per animal unit.
Generally good but the draw on the rivers for irrigation
purposes causes a shortfall in water, particularly in the winter
and spring.

These rivers are the Injeshuti/Little Thukela,

Sterkspruit and Lindequespruit.

Dams have been built as

reservoirs to cater for the shortfall.
Soils :

Range from well-drained to duplex and care must be taken in
selection for cultivation and management.
Arability :

86% of zone

High potential soil : 43% of zone
Ecotopes steep, non rocky :

0% of zone

Ecotopes rocky and steep :

4% of zone

Dominant ecotopes : B.2.1 @ 37% of zone, 20 - 35% clay, > 800 mm deep, < 12%
slope, Clovelly, Hutton, Oakleaf and Shortlands soil forms.
D.2.2 @ 12% of zone, 28 - 35% clay, 500 - 800 mm deep, <
12% slope, Avalon soil form.
E.2.3 @ 11% of zone, 28 - 35% clay, 300 - 500 mm deep, <
12% slope, Westleigh soil form.
Erosion hazard :

4.4 - Moderate risk

Veld :

High on grey soils and overgrazed areas.

Lands :

Lack of adequate protection a problem.

Riparian areas :

Moderate.

Land degradation :

Moderate.

Land use :
Percentages of commercial and communal use :
Commercial :

97%

Communal :

3%
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Land cover % :

Cropland

Plantation

Settlements

Veld

70.6

0.4

0.5

28.5

Agricultural use :
General :

Mainly a crop production area, but beef and dairy production
plays a role.

Farming system :

Semi-intensive

Land potential :

L3 - good potential, limitations due to erratic rainfall [irrigation
recommended] and marginal soils in places.

Dominant land use : Crop production.
Crop production :
Potential prod./ecotope :

Maize, soya beans and wheat.
B.2.1: cabbage = 72.4, carrots = 49.3, cowpea = 5.1, groundnut
= 1.8, [dry], 4.2 [ir], maize = 4.0 [dry], 9.3 [ir], potato = 52.2,
sorghum = 4.3 [dry], 9.9 [ir], soya bean = 1.6 [dry], 4.1 [ir],
sunflower = 1.4,
wheat = 4.3, coast cross = 7.5, lucerne = 9.6, ryegrass = 7.0,
Smuts = 7.1.
D.2.2: cabbage = 72.4, carrot = 44.3, cowpea = 5.7, groundnut
= 1.6, maize = 4.4 [dry], sorghum = 3.9 [dry], 7.2 [ir], soya bean
= 1.6 [dry], 4.1 [ir], sunflower = 1.4, tomato = 55.8, wheat = 4.3,
coast cross = 7.5, Smuts = 7.1.
E.2.3: Coast cross = 5.2, Smuts = 5.0.

Veld production :

2 750 kg yield per growing season of good grazing for 275
days.

Livestock prod. :

beef and dairy.

Wild life :

Grey duiker and common reedbuck.

Eco-tourism :

A centre for the tourist trade feeding to the Drakensberg.

68

APPENDIX B
Detailed vegetation assessment report as provided by the KZN DAEARD
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APPENDIX C
Complete Wetland IHI assessment data:
Introduction
This tool (the WETLAND-IHI) is a tool for the assessment of Floodplain and Channelled Valley Bottom wetland types only.
It is essential that the Reference (natural, historical) State of the wetland system being assessed is one of these two wetland types.
The Wetland Habitat Integrity (WETLAND-IHI) model is designed for the RAPID assessment of floodplain and channelled valley bottom wetland types, for
the purposes of determining an index of WETLAND-IHI for the purposes of reporting on the Present Ecological state (PES) of the wetland system in
question.
The WETLAND-IHI model is an MS Excel-based model, and the data required for the assessment are generated during a rapid (3 hour) site visit in the
field. Additional data may be obtained from remotely sensed imagery (aerial photo’s; maps and/or satellite imagery) to assist with the assessment.
The interface of the WETLAND-IHI has been developed in a format which is similar to DWAF’s River EcoStatus models which are currently used for the
assessment of PES in riverine environments. Although the model has been designed for application by non-wetland experts, some training in the WHI
model application is desirable. Prior experience with other EcoStatus models is also preferable as this will ensure easier application of the model by the end
user.

Vegetation
Alteration

Hydrology

Geomorphology

Water Quality

Driving Processes

Landuse (modifier)
OVERALL
PES SCORE
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Wetland Type
WETLAND CLASSIFICATION
Level II

Level I
System

EcoRegion

Level III

Dominant
Geology

Landscape
Position/
Setting

Valley
Bottom
INLAND
Slopes
Crest

HydroGeomorphic Unit

River
Lake
Unchannelled Valley Bottom
Channelled Valley Bottom
Meandering Floodplain
Seepage (isolated)
Seepage (connected)
Seepage (connected)
Pan

Type of wetland system:

This model (WETLAND-IHI) is
designed for the RAPID assessment
of floodplain and channeled valley
bottom wetland types, for the
purposes of determining the PES.

PES (Present Ecological State) is an
indication of the current ecological state
of the wetland, relative to its Reference
(natural) State - i.e. the deviation from the
historic/pre-development condition of the
wetland.

Channelled Valley Bottom

Confidence in the assessment (1-5)

3

This current model is only designed for floodplains and channeled valley bottoms.
P an

H ills lo p e s e e p a g e
w e tla n d c o n n e c te d
to a p a n

I so la te d h ills lo p e
s e e p a g e w e tla n d

H i l l s l o p e s e e p a g e w e tl a n d
c o n n e c t e d t o a w a t e rc o u r s e

V a lle y b o tto m w e tla n d s
w ith c h a n n e ls

V a l l e y b o t t o m w e t l a n d s H i l l s l o p e s e e p a g e w e tl a n d
c o n n e c t e d t o a w a t e rc o u r s e
w ith o u t c h a n n e ls

V a lle y h e a d
M id s lo p e
F o o ts lo p e
V a lle y b o tto m

Types of HydroGeomorphic (HGM) units
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Vegetation Alteration
VEGETATION ALTERATION - the impacts of landuse activities within the wetland on the vegetation of the wetland
Estimate the impact RATING (0-5) and aerial EXTENT (0-100 %) of the various landuse activities on the wetland system
Landuse Activities on the wetland

Ranking

Weighted Impact
Score

Weighting Rating (0-5) Extent (0-100%) Impact Score

Mining/Excavation

1

100

1

0

0

0

Infilling/Backfilling

2

70

3

15

0.45

0.315

Vegetation Clearing/Loss/Alteration

3

60

5

80

4

2.4

Weeds or Invasive plants
Percentage in Reference State

4

50

1

5

0.05

0.025

6

0

0

0

0

0

VEGETATION ALTERATION SCORE

280

Confidence
Rating (1-5)

Notes

(describe
the details of impacts here)

3
3
3
3
3

2.74 Confidence:

100

PES %:
PES
Category:

45.2

3.0

D

Reference State: this is what the site would have looked like without the landuse activities and without the on-site and catchment hydrology, geomorphology and water quality
alterations/impacts which have occurred.
Description of the Reference State:
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Hydrology
HYDROLOGY
Ranking

Weighting

Catchment
Within-wetland Effects

1
2

100
70
170

TOTAL HYDROLOGY PES

PES %:
PES Category:
Catchment Effects

Weighting
(0-100%)

Ranking

Weighted
Confidence
Rating
Rating (1-5)
3.8
5.0
3.0
4.9
5.0 Confidence:

0.8
F

3.5

Confidence
Rating (1-5)

Rating

Changes in flood peaks/frequencies

1

100

5.0

Changes in base flows

2

60

5.0

Changes in seasonality

2

60

5.0

Zero flows
Sub-total

3

50
270

5.0

Within-wetland Effects

Rating

Extent (0-100%)

If the weighted value of the "within-wetland effects"
exceeds 3.5, then a threshold value is exceeded
and this affects the overall PES score. This is to
ensure that where wetlands are highly degraded
due to on-site impacts, the resultant scores are not
masked by good catchment conditions

4
4
4
3

Impact
Score

Weighted
Impact Score

5

1.9

3

1.1

3

1.1

2.5

0.9
5.0

3.8

Impact Score

Connectivity - altered channel size/competency

4.0

10

0.4

Increased water retention on the floodplain

5.0

80

4

Decreased water retention on the floodplain

5.0

10

0.5

Reference State conditions
Sub-total

0.0

0
100

0
4.9

Confidence
Rating (1-5)

Notes

Notes

3
3
3
3
3.0

Assessing Catchment Effects
Changes in flood peaks
INCREASE? Is there catchment hardening
(urbanisation) in the catchment?
DECREASE? Are there many small dams, or a
very large dam, upstream of the wetland?

moderate
increase
few

Changes in base flow
INCREASE: are there any interbasin transfers, or
releases of elevated flows to cater for irrigation?

no change

DECREASE: is there extensive abstraction for
irrigation, or extensively afforested areas,
upstream of the wetland?

small
decrease
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Geomorphology
If the weighted value of the "withinwetland effects" exceeds 3.5, then a
threshold value is exceeded and this
affects the overall PES score. This is
to ensure that where wetlands are
highly degraded due to on-site
impacts, the resultant scores are not
masked by good catchment
conditions

GEOMORPHOLOGY
Ranking

Importance of catchment vs on-site effects
Catchment
Within-wetland Effects
TOTAL GOMORPHOLOGY PES

Weighting

(0-100%)

1
2

Confidence
Weighted Score
Rating (1-5)
100
3.0
3.0
3.0
80
3.4
3.2 Confidence:
180

PES %:

36.4
E

PES Category:
Catchment effects

Ranking

Change in SEDIMENT BUDGET (calculate below)

Weighting

(0-100%)

1

3.0

Confidence
Rating (1-5)

Rating

3.0

100

Weighting

(0-100%)

Rating (0-5)

Erosional features

1

80

4.0

Depositional features
Sub-total

2

20
100

1.0

Notes

3.0
3.0

Confidence
Rating (1-5)

Within-wetland Effects
Ranking

3

Impact
Score

3
3

Impact
Score

Weighted
Impact Score

3.2

3.2

0.2

0.2
3.4

3.0

SEDIMENT BUDGET

Notes

If you don't know the answer, leave the cell blank
Increases in sediment supply
Can you see evidence of extensive active erosion
in the catchment?
Is there active bank erosion of the channel in the
wetland?
Are there many dirt roads in the catchment, and/or
are the hillslopes under cultivation?

Change?
moderate
increase
large
increase
few

Increase in sediment transport capacity

Change?
Have flood peaks increased due to catchment
moderate increase
hardening?
Has an interbasin transfer scheme increased
no change
the erosive capacity of the flow?
Have releases from upstream dams
increased the erosive capacity of the flow?
no change
(e.g. sustained high flow releases below very
large dams)

Has the capacity of the channel been
Have any upstream dams or weirs been breached,
increased by, for example, levee construction
no change
causing an increase in sediment supply?
along the channel edges, or channel
deepening/widening and/or straightening?
Has the vegetation cover of the catchment
decreased for any reason?

moderate
decrease

Decreases in sediment supply

Decrease in sediment transport capacity

Is sediment being trapped by dams or weirs
moderate Has the frequency and/or size of floods been
upstream of the wetland?
decrease reduced by an upstream dam?
If there are upstream dams, are there any major
tributary confluences between the dam and the
Has there been a decrease in flow due to
few
wetland system that could introduce replace some
diversions from the upstream channel?
sediment?
Are there weirs or causeways or other obstructions
across the channel, upstream of the wetland,
few
which would trpa sediment?
Has there been sediment mining in any areas?
none
Has there been an increase in the catchment
no change
vegetation cover?
Given the above, to what extent do you think
the sediment supply to the wetland has
changed? (-10 to +10)

Adjusted sediment supply index

large increase

8

2.7

Given the above, to what extent do you
think the transport capacity in the wetland
has changed? (-10 to +10)

Adjusted transport capacity index

Use the table below to assess the change in sediment budget (0-5) :

large decrease

large decrease

8

2.7

3
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Water Quality

4.0

3.0

3.0

Water Temp.

4.0

4.0

Turbidity

3.5

3.0

3.0

Oxygen

2.0

4.0

-2.5

4.0

2.0
RATING

Weighting

Confidence
(1-5)

median or mode)

RATING (use avg,

Solid waste disposal (rubbish
disposal)

Bank disturbance: vegetation
removal, artificial covering.

Bed disturbance: Bull dozing,
sand mining, etc.

Riparian vegetation removal

-1.8

#N/A

3.3

3.0

3.0

3.0

2.9

3.0

3.0

3.0
3.0

-2.0

2.2

4.0

4.0

-2.0

2.3

3.0

3.0

3.0

1.2

2.0

#N/A

1.5

2.0

2.0

2.0

2.0

2.0

Notes

-2.0

0.667

100

3

1

Salts

3.0

0.7

70

3

0.7

Nutrients

3.0

0.5

50

3

0.5

Water Temp.

3.0

0.1

10

3

0.1

Turbidity

3.0

0.1

10

3

0.1

Oxygen

1.5

0.05

10

3

0.1

Toxics

2.0

0.333

50

3

0.5

Percentage:
PES Category:

-1.8

-1.5

2.0

pH

Water Quality: overall scores
Confidence:
Rating:
2.5

Invasive riparian vegetation

Roads & crossings

Forestry

Instream plants
(macrophytes) & algae (incl.
blue-green)

Effluent: Industries

Effluent: Mining

2.5

MODE

3.0

3.0

-1.5

MEDIAN

3.0

Nutrients

Toxics

Water Quality

Effluent: Cultivation
(agricultural activities; return
flows)
-2.0

Salts

AVERAGE

Water Quality
Components

pH

Effluent: Urban areas

Inundation: Dams

Inundation: Weirs

Modified flow conditions

CONSIDER THE IMPACT OF THESE ACTIVITIES ON WATER QUALITY:

3.0

51.0
D
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Overall Present Ecological State (PES)
OVERALL PRESENT ECOLOGICAL STATE (PES) SCORE
Ranking Weighting Score
DRIVING PROCESSES:
100
Hydrology
1
100
Geomorphology
2
80
Water Quality
3
30
WETLAND LANDUSE ACTIVITIES:
80
Vegetation Alteration Score
1
100
Weighting needs to consider the sensitivity of the type of wetland
(e.g.: nutrient poor wetlands will be more sensitive to nutrient loading)

OVERALL SCORE:

3.9
5.0
3.2
2.5
2.7
2.7

3.4

PES %
PES Category:

32.1
E

Confidence
Rating
3.5
3.0
3.0
3.0
3.0

PES Category

Notes (if the weightings are adjusted,

F
E
D
D

Confidence
Rating
1.3
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APPENDIX D
Recording of the main pressures (direct causes) of land degradation in the study area.
Direct causes /pressures of degradation
s: Inappropriate soil management
(s1) cultivation of highly unsuitable / vulnerable soils
(s2) lack or insufficient soil conservation/runoff and erosion control
(s3) heavy machinery (including timing of heavy machinery use)
(s4) tillage practice (ploughing, harrowing, etc.)
(s5) others (specify under column h - Remarks)
o: Over-abstraction / excessive withdrawal of water:
(o1) irrigation – upstream irrigation as well as on-site – higher demand for water from Little Thukela.
Supplementary irrigation leading to whole year round irrigation. But mainly in winter / dry season
(o2) industrial use
(o3) domestic use
(o4) mining activities
(o5) decreasing water use efficiency
(o6) others (specify under column h) Remarks) Lack of sufficient domestic water supply
w: Disturbance of the water cycle leading to accelerated changes in the water level of ground water
aquifers, lakes and rivers (improper recharge of surface and ground water) due to:
(w1) lower infiltration rates / increased surface runoff
(w2) others – siltation of rivers and strams – lack of CA upstream and others
(w2) others – drying up of borehole/s and E. coli contamination
g: Overgrazing (i.e. leading to a decrease in plant cover, fodder quality, soil compaction and in turn soil
productivity decline and erosion.
(g1) excessive numbers of livestock
(g2) trampling along animal paths
(g3) overgrazing and trampling around or near feeding, watering and shelter points
(g4) too long or extensive grazing periods in a specific area or camp leading to over-utilization of palatable
species
(g5) change in livestock composition: from large to small stock; from grazers to browsers; from livestock to

Relevant
CA Conv

X

X

X
X

Major
CA Conv
5

X
X
X
5

4

4

3

3

2

X

X
X

X

X

X

X

X

X
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game and vice versa
(g6) others - specify - management - movement of animals from kraal to grazing area and back due to theft risk
c: Inappropriate crop and rangeland management (annual, perennial, shrub and tree crops)
(c1) reduction of plant cover and residues (e.g. burning, use for fodder)
(c2) inappropriate use of manure, fertilizer, herbicides, pesticides, other agro-chemicals or waste (leading to
contamination or non-point pollution)
(c3) nutrient mining (excess removal and inadequate replacement)
(c4) shortening of the fallow period in shifting cultivation
(c5) inappropriate irrigation: inefficient method (full/ supplementary, over-irrigation, insufficient drainage, use of
salty water
(c6) inappropriate use of water in rainfed agriculture (e.g. excessive soil evaporation and runoff
(c7) bush encroachment and bush thickening
(c8) occurrence and spread of weeds and invader plants
(c9) others (specify under column h) Remarks) Lack of crop and rangeland management (e.g. fencing required,
but risk of theft)
(c9) others (specify under column h) Remarks) Effect of crime and control of animals in terms of increased risk
in outfields
f: Deforestation and removal of natural vegetation due to:
(f1) large-scale commercial forestry,
(f2) expansion of urban / settlement areas and industry
(f3) conversion to agriculture
(f4) grassland fires
(f5) road and rail construction
(f6) others (specify under column h) Remarks)
e: Over-exploitation of vegetation for domestic use and hence poor protection through:
(e1) excessive gathering of fuelwood, (local) timber, fencing materials, brooms, thatch
(e2) removal of fodder
(e3) others (specify under column h) Remarks)
i: Land used for Industrial activities and mining (i.e. leading to loss of land resources and their
functions for agriculture, water recharge, and causing damage offsite through pollution, etc.
(i1) industry
(i2) mining

X

X

X

X
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(i3) waste deposition
(i4) others - specify
u: Land use for urbanisation and infrastructure development (i.e. leading to loss of land resources and
their functions for agriculture, water recharge, and causing damage off-site through high runoff,
erosion, pollution, etc.
(u1) settlements and roads - lack of maintenance of roads leading to erosion
(u2) (urban) recreation
(u3) others (specify under column h) Remarks)
p: Discharges leading to point contamination of surface and ground water resources, or excessive
runoff off-site (neighbouring areas)
(p1) sanitary sewage disposal
(p2) waste water discharge
(p3) excessive runoff - from gravel roads (high density) leading to sedimentation

X
X

X
X
X

(p4) poor and insufficient infrastructure to deal with urban waste (organic and inorganic waste)

X

X

(p5) others – trenches / gullies along wetland areas
(p5) others – security trench on conventional farm boundary contributes to degradation, but did not serve the
security purpose due to partial filling in sections
q: Release of airborne pollutants from industrial activities, mining and urbanisation leading to:
(q1) contamination of vegetation/ crops and soil
(q2) contamination of surface and ground water resources:

X

X
X

(q3) others - specify
n: Natural causes:
(n1) change in temperature
(n2) change of seasonal rainfall (perception of land users that rain has decreased, especially 2009)
(n3) heavy/extreme rainfall (intensity and amounts)
(n4) wind
(n5) floods
(n6) droughts (periodic / seasonal)

X

X

X

X

(n7) topography
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APPENDIX E
Recording of the main drivers (indirect causes) of land degradation in the study area.
Relevant
Indirect causes/drivers of degradation

Formal institutions (gf): formal laws, policies controlling access and use of land
resources. Government induced interventions.

War and conflict (w): leading to reduced options for using the land and reluctance
to invest.

CA
X Land tenure is
secure in terms of
ownership, but
access rights are
difficult to enforce.
Thoroughfare
through land.
Formal regulation
of irrigation water
use from Little
Thukela river to
ensure equitable
water distribution
and use. Law
enforcement in
terms of theft.

X Plan to sell
livestock due to
conflict with onfarm workers
regarding stock
numbers. Potential

Major
Conv
X Land tenure is
secure in terms of
ownership, but
access rights are
difficult to enforce.
Trespassing /
Thoroughfare
through land as
well as grazing of
community cattle
on private land.
Formal regulation
of irrigation water
use from Little
Thukela river to
ensure equitable
water distribution
and use. Law
enforcement in
terms of theft and
vandalism.
X Sold all livestock
15 years ago due
to theft. Conflict
management due
to community
livestock grazing

CA

Conv
5
5

4

4

97

conflict between
users for irrigation
water abstraction.

Inputs and infrastructure (r): (roads, markets, Co-operatives, distribution of water
points, fencing to manage animal movement etc.): inaccessibility to, or high prices
for key agricultural inputs such as fertilizers. Quality of infrastructure will affect
access to input and product markets.

Population pressure (p): High: may trigger or enhance degradation, e.g. by
increasing pressure on resources or ecosystem services. Low: may lead to
degradation through lack of labour to manage resources.

Change in consumption pattern and individual demand (c): of the population or
in the individual demand for natural resources (e.g. for agricultural goods, water,
land resources, etc.)

X Dams on farm
limit water flow to
downstream land
users. Opportunity
cost of having the
dams to
downstream users.
Irrigation pump
reduces water
availability to
downstream users.
X Increased
production leads to
increased demand
for water (onsite)

X Increased
production leads to
increased demand
for water (onsite)

on private property.
Potential conflict
between users for
irrigation water
abstraction.
X Irrigation pump
reduces water
availability to
downstream users.

3

3

X Surrounding
community
expansion
increases need for
grazing land (off
site). Increased
production leads to
increased demand
for water (onsite)
X Surrounding
community
expansion
increases need for
grazing land (off
site). Increased
production leads to
increased demand
for water (onsite)
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X Land tenure is
secure in terms of
ownership, but
access rights are
difficult to enforce.

Land Tenure (t): Poorly defined tenure security / access rights may lead to land
degradation, as land-users are reluctant to invest in management when returns are
not guaranteed.
Poverty (h): limits land-user investment and choice. Poor people often have no
alternative but to use marginal land that may be particularly prone to land
degradation (e.g. steeply sloping areas)
Labour Availability (l): Shortage of rural labour (e.g. through migration,
prevalence of diseases, out migration, aging) can lead to abandonment of
traditional resource conservation practices such as terrace maintenance. May also
alleviate pressure on land resources.
Education, access to knowledge and support services (e): Educated land
users are less likely to be poor and more likely to adopt new technologies. Land
users with education often have higher returns from their land. Education can also
provide off-farm labour opportunities.

Informal institutions (gi): local rules and regulations, social and cultural
arrangements & obligations affecting access to resources.

X Loss of extension
services over time.
Inadequate
agricultural
research to
address specific
needs.
X No till club as
platform to share
information on
resource use and
conservation

X Loss of extension
services over time.
Inadequate
agricultural
research to
address specific
needs.
X Social and
cultural
arrangement
between owner and
surrounding
community in terms
of access to
grazing land.

Others (o): (specify under column h) Remarks) Agriculture seen as labour
intensive and huge capital needed to maintain. Need money to make money.
Resultant lack of interest amongst especially younger generation in agriculture and
other money making options take preference. Movement away from traditional way
of living. Lack of financial returns from agriculture as incentive
Others (o): (specify under column h) Remarks) Effect of crime on increasing risk of
investment - disincentive for investment in agriculture.
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APPENDIX F.
Score sheet for impact on Ecosystem Services
Level of impact on Ecosystem Services:
-3
-2
-1
1
2
3

High negative impact: land degradation contributes negatively (>50%) to changes in ES
Negative impact: land degradation contributes negatively (10-50%) to changes in ES
Low negative impact: land degradation contributes negatively (0-10-%) to changes in ES
Low positive impact: land degradation contributes positively (0-10%) to the changes in ES
Positive impact: land degradation contributes positively (10-50%) to the changes in ES
High positive impact: land degradation contributes positively (> 50%) to changes in ES

Types and level of Impacts of Land Degradation on Ecosystem Services
Level of
Impact
Type of impact on Ecosystem services

CA

Conv

Description of impacts of LD on ES
CA

Conv

Regulated abstraction onsite; sedimentation locally as
well as due to upstream
effects

Small risk increase due to
gradual topsoil loss and
lower infiltration, minor effect
due to degradation of
grazing.
Regulated abstraction onsite; sedimentation locally as
well as due to upstream
effects

P Provisioning services
(P1) production (animal/plant quantity and quality
including biomass for energy) and risk

(P2) water (quantity and quality ) for human, animal and
plant consumption

0

-1

-1

-1
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(P3) land availability (area of land for production per
person)

0

0

(P4) others (specify under description column)
E Regulating and supporting services and indicators
a) Hydrological services:
(E1) regulation of excessive water such as excessive
rains, storms, floods e.g. affecting infiltration, drainage,
runoff, evaporation, etc.

0

Reduced soil cover on
croplands would lead to
increased storm water flow
during heavy rain storms,
lower infiltration as a result
of increased water flow.

-1

Small farm dams have an
effect on hydrological
regulation but can be both
positive and neg depending
on the general water
availability and the value of
the production obtained from
the use of the dam water.
The irrigation system used
on the farms is efficient
(center pivot) with even
water distribution, little
evaporation loss and
leakage, etc.

(E2) regulation of scarce water and its availability eg
during dry seasons, droughts affecting water and
evaporation loss, etc.

b) Soil services:

(E3) organic matter status

-1

Small effect due to levels of
reincorporation of residues
into soil, although erosion
leads to a reduction of OM.
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(E4) soil cover (vegetation, mulch, etc.)

-1

Incorporation of residues,
but continuous production
leads to short periods of low
soil cover. No bare fallow
periods under irrigation.

(E5) soil structure: surface (eg sealing and crusting) and
subsoil affecting infiltration, water and nutrient holding
capacity, salinity etc.

-1

Poorer infiltration that
possible under CA

(E6a) nutrient cycle (N, P, K)

-1

(E6b) Carbon cycle

-1

N losses due to leaching and
denitrification.

-1

Losses of nutrients through
erosion. N losses due to
leaching and denitrification.
Small effect due to soil
erosion.

(E7) soil formation (including wind-deposited soils)
c) Biodiversity:
(E8a) biodiversity at habitat level

-2

-2

(E8b) biodiversity at inter- and intra- species level (plant
varieties, animal races etc)

-2

-2

(E8c) associated species and functions (Pest and
disease control- above and below ground; pollinators;
soil organisms

-1

-1

Improvement in crop rotation
as part of the CA system

Improvement in crop rotation
and adoption of CA.

d) Climate services:
(E9) greenhouse gas emissions (CO2, methane, etc.)
(E10) (micro)-climate (wind, shade, temperature,
humidity)

Increase in micro climate in
soil cover and the top few
cm's - increase in biological
diversity - relative to
conventional

(E11) others
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S Socio-cultural services / human wellbeing and
indicators

Land degradation in the past
has had a + effect in terms of
conversion to CA and
agricultural research on the
farm to improve CA practices

(S1) aesthetic, cultural landscape and heritage values,
recreation
(S2) education and knowledge (including indigenous
knowledge)
(S3) conflict transformation
(S4) food & livelihood security and poverty
(S5) health
(S6) net income
(S7) protection / damage of private and public
infrastructure (buildings, roads, dams, etc.)
(S8) marketing opportunities (access to markets, etc.)
(S9) others
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