
�
���������	�
����
�����
 �

���	�
����
�����
 �
�����	���������������� �

���������������������������� ����
�������������!"����#��������������

$���%������&���������'�(�����(���
����������)�*�����+������

$���%������,��+����� �������-�������
.������)�/����+�����)�$���%������

0��1��� �
�

������������	
���������������	
���������������	
���������������	
��� ����
��
������������
������������
������������
����������� ���

��
��	�������
��	�������
��	�������
��	������ ���
��	
�������	
���
�����	
�������	
���
�����	
�������	
���
�����	
�������	
���
�����
����������� ��
�������������
�������������
������������ ���

 



 
 

��� � �����	� � �
�����
 � ��	��
���� � �
� �

���������� � ��� � �
���� � �����������
 � �� � ��� � ����
 �

����� � �
� � �������� � ������
���� � �����
� �

������������� � ���� � ������ � �� � ����
	� �

����������
 � �
� � 	�
��������
 � ������� �

�������� � ���� � ��
�����
�� � �������������
 �

����� � ������������ � 	������ � 	��
�� �

���������
 � �
� � ���
� � ������	� � �
 � ����� � �� �

���
���
 � ��� � ����� � ������ � �������

�

�
�

���� ���� !��  "#$���%�  "� ���� �&� "� �'���� �$((����� '�

(��!����)����*%�(��#$!����) &&��*%�+,-.��#�!��'���� �� ��

 /('!�� �"� ���� * �# 0��� �%� ����$1��  /(��0�#� 0�&#�

/'"'1�/�"�� '"#� ������'� �"�� )� &��� ($��$ "1�  "!��'� �#�

(��#$!� �"� *'��#� �"� ��$"#� ����'�!�� ��� ���' "� '"#�

�2('"#�  "���"'� �"'&� '"#� &�!'&� /'�3���



 a 

 
 

CONTENTS 
 
1. THE PRINCIPLES AND OBJECTIVES OF REHABILITATION ....................................1 
 
2. REHABILITATION METHODS .....................................................................................2 

 
2.1 SOIL EROSION RESULTING FROM ROADS AND TRACKS ..............................2 

 
2.1.1 WATER DRAINAGE OFF ROAD SURFACES...............................................2 
2.1.2 DRAINAGE CROSSINGS AND RETAINING WALLS ....................................5 

 
2.2 SOIL EROSION RESULTING FROM OSTRICH PATHS......................................7 

 
2.2.1 THE REHABILITATION OF OSTRICH PATHS..............................................7 

 
2.3 DEGRADED OSTRICH FEEDING CAMPS...........................................................7 
 
2.4 REHABILITATING SHEET EROSION...................................................................9 
 
2.5 GULLEY AND RILL EROSION............................................................................16 

 
2.5.1 STEP 1 - REMOVE AND STOCKPILE THE TOPSOIL ................................16 
2.5.2 STEP 2 – SHAPING THE GULLY SLIDES ..................................................16 
2.5.3 STEP 3 - TOPSOILING AND STABILIZATION OF THE SOIL SURFACE...17 
2.5.4 STEP 4 – SEEDING.....................................................................................20 
2.5.5 STEP 5 – MULCHING..................................................................................20 
2.5.6 GENERAL GULLEY EROSION TREATMENTS ..........................................21 

 
2.6 REHABILITATING DAMAGED EARTH DAMS....................................................25 
 
2.7 PLANT ESTABLISHMENT ..................................................................................26 

 
2.7.1 SPECIES......................................................................................................26 
2.7.2 PLANT ESTABLISHMENT...........................................................................26 

 
2.8 ALIEN PLANTS ...................................................................................................26 
 
2.9 EXCLUSION FROM GRAZING...........................................................................26 

 
3. RECORD KEEPING AND MONITORING ..................................................................27 

 
3.1 RECORD KEEPING............................................................................................27 
 
3.2 FIXED-POINT PHOTOGRAPHIC MONITORING................................................27 
 
3.3 KEEPING A RECORD OF RAINFALL.................................................................28 

 
 
 



 1 

1. THE PRINCIPLES AND OBJECTIVES OF 
REHABILITATION 

 
 
With the rehabilitation of four study sites, no attempt should be made to try and 
restore the sites to a pre-settlement condition.  The rehabilitation should rather 
focus on the stabilization of soil erosion, the establishment of a dense and 
protective plant cover and the introduction of some of the more palatable plant 
species that were lost due to general habitat degradation. 
 
The general aridification of the soil has been the most important result of land 
degradation.  Rehabilitation methods must thus focus on rehydration or methods 
that ensure that the maximum amount of rainwater infiltrates the soil.  Decreasing 
runoff through the “capture” and retention of water is thus a primary objective.  
Establishing a soil protecting plant cover is another important objective. 

 
There is usually no single “quick-fix” miracle cure for veld degradation and the 
results are equally varied, ranging from severe gulley erosion systems to patches of 
unvegetated, capped soil.  Soil chemistry varies from site to site, as does the soil 
subsurface and permeability and these factors all influence which plants will grow 
on the site.  The design of rehabilitation treatments must thus also vary from site to 
site, and each site must have its own custom designed treatment, tailored for the 
site.  Using the correct plants for revegetation is critical.  
 
No amount of rehabilitation treatment, however, can be successful if the cause of 
the degradation (which is the heavy, continuous overgrazing and trampling of 
ostriches) is not significantly reduced or removed.  The complete or partial 
exclusion of ostriches from the rehabilitation camps, even if temporarily, is critical 
for any amount of rehabilitation success. 
 
The study areas under consideration are all part of actively farmed agricultural land.  
It is necessary to design a range of rehabilitation treatments that are both practical 
and affordable to ensure that they can be easily implemented by landowners who 
wish to rehabilitate their degraded veld. 
 
It is important, however, to appreciate that veld rehabilitation in the Little Karoo is a 
very slow process and that its success is largely dependent on climatic conditions 
following the rehabilitation work. 
 
It is also critical to appreciate that no veld rehabilitation plan be implemented as a 
once-off action.  With veld rehabilitation, particularly the physical soil stabilization 
part, timeous follow-up maintenance of the soil erosion control structures, or 
treatments, is critical.  Failure to do so will result in the failure of the project and a 
great deal of money wasted. 
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2. REHABILITATION METHODS 
 

The following is a general description of the rehabilitation methods that can be used 
at Sites 1 - 4.  In most cases, elements of all the methods described will be needed 
at each site.  The specific needs are summarized at the end of the report in Section 
5. 

 
 

2.1 SOIL EROSION RESULTING FROM ROADS AND TRACKS 
 

Without proper provision for off-road drainage, roads in the veld are often the cause 
of accelerated soil erosion.  The road tracks effectively channel water, accelerating 
the flow downhill where the outflow often results in gulley erosion in the natural veld.  
 
Inadequate roadway runoff at Sites 1, 2 & 3 have resulted in accelerated gulley 
erosion and consequent aridification of the veld alongside the gulleys.  The 
installation of effective road drainage management is thus a priority, not just in 
terms of the preservation of the road itself, but also in terms of the negative impact 
that the road-induced soil erosion has on the adjacent veld.  The following methods 
are recommended: 

 
2.1.1 WATER DRAINAGE OFF ROAD SURFACES 

 
The objective with road drainage is to deflect runoff water off the road surface and 
into the natural vegetation alongside the road.  This can be achieved effectively by 
constructing drainage deflection humps across the road surface as illustrated in 
Figure 3A. 
 
Effective drainage will prevent the continuous loss of road surface gravel, obviating 
the need for expensive resurfacing every time it rains.  The drainage hump slows 
the water flow, directs it off the road surface and concentrates it at a stable overflow 
site. 
 
The number of drainage humps required depends on the steepness of the slope, 
nature of the runoff, type of terrain, soil and vegetation cover through which the 
road passes as well as the number of natural drainages that cross the road. 
 
Generally, in the type of terrain in the study area, a good practical guide is to build 
the humps no more than 50m apart. 
 
Drainage humps are easy to build, but certain essential requirements must be met 
for them to be effective.  Figure 3A highlights the particular design requirements. 
 
Drainage humps must be constructed with a solid core of either stones or coarse 
gravel covered with road surface material to form a gradual slope on both sides, 
and should extend well beyond the edge of the roadway on each side to prevent 
water from simply flowing around the hump and back into the road. 
 
Drainage humps, particularly the core of rough material, are best built by hand 
because great care must be taken to ensure effective water deflection.  The final 
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road gravel topping can be put down with a front end loading machine or hand-
shovelled off a tractor trailer or truck. 
 
The key to successful cross-road drainage is effective construction and continual 
maintenance to clear any blockages of water flow and repair storm damage as soon 
as it occurs. 
 
Where runoff water is deflected off the roadway and into the surrounding landscape, 
particularly on slopes, the force of the water flow may eventually result in the 
formation of an erosion gulley on the slope.  It is therefore critical that soil erosion 
be prevented at these sites of runoff water concentration and a practical way to do 
so is to line the outflow area with tightly packed stones, to create a cobblestone 
effect.  This acts as a silt trap and the water flow force is broken up and spread, 
preventing erosion.   
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FIGURE 3A 
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2.1.2 DRAINAGE CROSSINGS AND RETAINING WALLS 
 

Wherever a road crosses a natural drainage, however small, runoff water will 
repeatedly wash away part of the road surface, leaving gulleys of varying depth and 
width across the roadway.  These gulleys deteriorate with each period of rainfall, 
the ride becomes more uncomfortable and the vehicle takes more strain each time 
it is taken through these washaways. 
 
Figure 3B illustrates a method that will prevent washaways and help to build a firm 
and permanent road surface, but also permit the unimpeded flow of the drainage 
channel’s water.  The structure consists of a simple retaining wall which holds the 
road surface in place, while permitting runoff water to flow over it (or through it).  
The structure is built like an erosion gabion, consisting of a wire netting-enclosed 
stone retaining wall.  The gabion must extend well beyond the width of the road, on 
both sides of it, to prevent runoff water eating its way around it. 
 
If wire netting is unavailable, the wall can be built in the same way, but greater care 
must be taken to ensure that each individual stone is firmly lodged into position. 
 
The gabion must be made a little lower at the centre of the drainage line to ensure 
that most of the runoff water is concentrated into midstream below the road.  This 
can either be done with a curved dip in the top surface of the gabion, or with a 
stepped lower section built into the gabion top surface.   
 
The upstream side of the wall should be lined with a fine geotextile or shadecloth, to 
hold back fine silt and sand.  Water-carried sand, silt and mud is held back by the 
structure and consolidates to form a firm and stable road surface over which runoff 
water can flow freely without eroding the surface. 
 
Wire netting should be used to prevent stones from getting washed away during 
flash floods.  First a foundation channel is dug across the drainage line in which to 
construct the gabion wall.  This foundation should be no less than 300 mm deep.  
The channel must then be lined with the wire netting before the stone packing 
proceeds.  When the stone packing is completed, the mesh is folded up over it like 
a blanket and fastened as illustrated. 
 
Stones should be packed up against the overflow side of the structure to prevent 
the drainage flow from eroding the streambed at the main point of impact.  With 
larger structures, the streambed should be lined with stones for 1-2m adjacent to 
the structure, and should also be wire netting-enclosed for maximum effectivity. 
 
Once the drainage crossing is fully stabilized, silt and sand will fill up between the 
stones and plants will take root, forming the final stage of drainage crossing 
stabilization.  Retaining walls can thus be completely vegetated and obscured by a 
plant cover, which will also make them more aesthetically acceptable.  Suitable 
plant seeds can also be sown into the structure.  Organic material will become 
trapped in between the stones, making the structure a fertile site for seed 
germination. 
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FIGURE 3B 
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2.2 SOIL EROSION RESULTING FROM OSTRICH PATHS 
 

Well defined tracks or paths are a feature of ostrich farmed areas, and like road 
tracks, they serve to channel water and are often the cause of accelerated runoff 
and soil erosion.  The paths provide areas of unprotected fine sand which is easily 
blown away by wind or carried away by water.  Heavy, constant patch use by 
ostriches prevents the recovery of a biological soil crust and prevents the 
germination of plant seedlings in the pathway. 
 
An extensive network of ostrich paths represents a cumulative area of exposed soil 
surface which also contributes to the general aridification of the veld.  The method 
recommended for the rehabilitation of the paths is as follows: 

 
 

2.2.1 THE REHABILITATION OF OSTRICH PATHS 
 

Rainfall infiltration can be improved and runoff reduced by constructing hollows in 
the line of the path.  The hollows can vary in size, but should be about 600mm x 
500m.  Each hollow is made by hand by picking out a hole in the hard soil with a 
pick, then shovelling the loosened material into a low berm (wall) on the downhill 
side of the hollow.  (See Figure 4 for details).  In this way, a small dam is made that 
will fill with water that runs down the path.  Each of these hollows will trap and hold 
at least 50 litres of water - all of which will infiltrate the soil. 
 
The hollows provide protected sites for seed germination.  Their effectivity can be 
improved by mulching the hollow with fine chopped brush (locally abundant Karoo 
bush and succulent bushes will work well). 
 
Each hollow can be seeded using the recommended plant seeds or plugs.  (See 
Section 4.7 of this report). 
 
Hollows can be made by hand every 2m along the ostrich paths.  This will result in 
the breaking up of the path, reduced runoff and improved water infiltration and the 
establishment of useful plants for soil protection and food.  By treating the defined 
ostrich paths in this manner, many thousands of litres of precious water, which was 
previously quickly lost to the nearest drainage, will infiltrate the soil and help to 
rehabilitate the aridified soil condition. 

 
 

2.3 DEGRADED OSTRICH FEEDING CAMPS 
 

Trampled and compacted feeding camps, with little or no plant cover, are a feature 
of the ostrich farming enterprise and they provide the habitat rehabilitation 
practitioner with a difficult challenge.  There are no proven methods for this 
particular type of rehabilitation, so the study area provides an ideal opportunity to 
test a variety of methods that have the potential to rehabilitate these completely 
transformed areas. 
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The suggested method for establishing hollows and mulching and seeding them 
was described in 4.2 - constructing hollows in ostrich paths.  It will also be 
discussed further in the next section (4.4) and mulching and seeding is discussed in 
more detail later in this report. 
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Deep ripping:  This entails the breaking up of the capped, compacted soil with a 
single-tine ripper drawn by a tractor.  It simply cuts through the soil surface and 
subsurface down to a depth of about 600m, breaking the compaction and opening 
the soil to air and water infiltration.  Rip lines can be approximately 1m apart and 
must be cut along the contour, ie: not downslope, as this will result in rapid water 
runoff and possibly soil erosion along the rip line.  

 
 

2.4 REHABILITATING SHEET EROSION 
 

The sheet erosion referred to here differs from that of the degraded ostrich feeding 
camps in that it is caused by the loss of the soil-protecting plant cover through 
extensive long-term overgrazing of the veld.  The effects of rain impact and soil 
chemistry then result in a sealed (capped) soil surface).  The sheet erosion occurs 
in the veld as bare patches where little or no rain water can infiltrate the capped soil 
surface.  In the study area, the sheet eroded areas are not very big, which makes 
them easier to rehabilitate.  The primary method for the rehabilitation of these sheet 
erosion sites is using hollows (or puddles) for rehabilitation. 
 
The method involves making hollows for water collection across the soil surface, 
resulting in the following: 
 
�  Hollows, or small dams, which break through impervious soil capping and in 

which runoff water collects during rainstorms, resulting in infiltration rather than 
runoff. 

 
�  The cumulative and erosive rain water runoff on degraded veld can be slowed 

down, and much of it held back, by means of an extensive network of hollows. 
 

�  Silt and organic material transported by runoff water, collects in the hollows and 
is permanently retained in them and not lost to the area. 

 
�  Windblown seeds, humus, animal droppings and dry plant material also collect 

in the hollows.  After rains, seeds germinate in the moist soil of the hollows and 
are protected as they grow, by the accumulated plant debris. 

 
�  A network of hollows covering a degraded area results in numerous protected 

plant establishment sites helping to transform and improve the soil moisture and 
microclimate of the area.  Effective rehabilitation becomes possible under the 
more favourable microclimatic conditions in the hollows. 

 
�  Hollows also provide some protection from the effects of wind erosion. 
It must, however, be appreciated that vegetation cover is dependent on the long-
term rainfall and position of a particular site in the landscape.  it would thus be 
unreasonable to expect a total cover of perennial plants in an area with a rainfall of 
below 250 mm per year.  The expectation should rather be to help the site attain a 
former, more natural, condition, albeit a sparse cover of pioneer vegetation.  
Reactivating natural processes on a formerly degraded site is thus the practical 
objective. 
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Figure 5A illustrates the construction of hand-made hollows suitable for treating 
capped, bare areas with uneven terrain.  The curved section lies in the downstream 
direction of water flow and helps to dam runoff water.  The hard soil capping is 
loosened with a pick to a depth of the pick tine.  The loosened soil is then shoveled 
onto the curved edge to form a low earth retaining wall.  These hollows can be 
made 2m apart in rows, which are 1,5m apart.  A large number can be made 
inexpensively by one person in one day. 
 
If, for example, only 50 hollows are made by hand in one day, and each one holds 
50 liters of water, approximately 2 500 liters of rainwater will be held back and will 
infiltrate the soil through the hollows.  Formerly, all of the 2 500 liters of water would 
have been lost into the nearest drainage system with little or no contribution to soil 
moisture and the local water table, and this process is known as aridification. 
 
The puddling plough, illustrated in Figure 5B, can be specially made for treating 
extensive, capped and exposed areas.  This simple implement is drawn by a tractor 
and makes a line of small dams which are approximately 1,8m long, 300mm wide 
and 250mm deep and the water holding capacity of each is about 136 liters.  Rows 
of hollows are made 2m apart and must lie across the direction of water flow.  In 
this way, an entire patch can be worked into a series of hollows, which trap runoff 
water after every rainstorm. 
 
It is extremely important that implements such as the puddling-plough are used with 
great care in areas that do still have some vegetation cover.  It would make very 
little sense to rip out the roots, or whole plants, of already established vegetation in 
an effort to restore a protective vegetation cover.  In areas with widely spaced or 
sparse cover, it will be more practical, in between the plants, to cut hollows by hand 
so that the existing plants will not be disturbed.  It is important to remember that 
every individual rooted plant within any restoration area is valuable.  They provide 
shade for seedlings, intercept raindrops and protect the soil, produce seeds and 
organic mulch and harbour a range of micro fauna.  These are exactly the services 
that are required for restoration of the ostrich camps. 
 
With such an implement and the will to improve large patches of degraded veld, 
large volumes of runoff water can be harvested and used for plant establishment.  
The groundwater situation of extensive areas of degraded veld can be easily 
improved by means of this simple action.  Only 100 hollows will ensure the 
infiltration of approximately 13 600 liters of precious moisture. 
 
Using a machine with ordinary grader, bulldozer or loader blades and buckets for 
constructing small dams is illustrated in Figure 5C.  The principle is exactly the 
same as for the previous two methods, except that a larger water storage hollow is 
made.  Rectangular hollows are made with an earth wall on the “downstream side”.  
These small dams can be approximately 3 - 4m long, 1,5 - 2m wide and 50cm - 
100cm deep.   
 
These larger hollows must be further treated with the application of a 100 – 200mm 
layer of organic mulch or fine brush packing.  The reason for this is that the soil of 
the larger hollow may again seal after the first few rains.  The mulch will keep it 
moist and encourage new topsoil formation and the germination of seedlings. 
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Veld restoration using hollows can be greatly advanced by seeding and mulching 
each hollow.  Grass seed is most effective, but local pioneer annual and perennial 
shrubs can also be sown.  Care must, however, be taken to try and establish plants 
that are suitably adapted to the harsh environmental conditions in the degraded 
rehabilitation area.  This aspect is dealt with further in this report. 
 
A little animal manure added to each hollow will help to improve soil quality and 
mulching with any available organic plant material or finely chopped brush will help 
to protect germinating seedlings and keep the soil moist. 

 
THE USE OF MULCHED “FENCES”:  

  
On sites where there is a slight slope and where accelerated runoff can be 
expected, the construction of mulched fences is recommended in conjunction with 
the described hollows.  These low “fences” are made across the flow of water and 
are spaced approximately 3 – 5 m apart.  Each “fence” consists of a line of short 
pegs with an upper wire (at about 250 – 300 mm) and a bottom wire, both 
connected to the line of pegs. (See Figure 5D).  Wire netting is then fixed to the 
wires to create a fixed “barrier” with an apron strip flat on the ground which must be 
firmly “stapled” to the ground. 

 
 The “fence” is then lined with jute geotextile, folded double, and the apron section 

densely packed with branch mulch. This barrier will slow down water flow and hold 
back silt, droppings and other organic material, including seeds.  Water will flow 
through he “fence” but at a much slower and less destructive rate, permitting a great 
deal more infiltration into the soil.  Alternatively, shadecloth or biddum plastic 
geotextile can be used.  Woven jute geotextile, however, is more suitable as it is 
designed specifically for soil erosion control. 

 
 The mulched apron strip must be seeded before mulching commences. (See next 

section for details about a suitable grass seed mixture, sowing rate and timing). 
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FIGURE 5A 
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FIGURE 5B 
 
 
 
 

 
 

FIGURE 5C 
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FIGURE 5D 
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FIGURE 5E:  Mulched wire netting and geotexile fences 
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2.5 GULLEY AND RILL EROSION 
 

In severely degraded gulley erosion systems, the stream banks were stripped of 
their protective plant cover by livestock; presumably they were attractive because of 
the more persistent moisture and accumulated nutrients in the alluvial deposits.  
Today the banks are eroded and aridified and gullies continue to eat back into the 
soil deposits on both sides of the drainages with each rain event in many areas. 
 
Gulley erosion occurs in all of the ostrich rehabilitation camps, in varying degrees of 
severity. 

 
 In most cases, it is practically impossible to reseed these eroded banks due to the 

loss of soil micro-organisms, aridification, steep slope, capping and exposure.  The 
recommended treatment must stabilize the slopes and provide a more hospitable 
environment for rapid and lasting plant establishment. 

 
 

2.5.1  STEP 1 - REMOVE AND STOCKPILE THE TOPSOIL: 
 
 All patches of vegetated topsoil within these erosion areas must be stripped to a 

depth of 100 – 200 mm and the topsoil removed to a “safe” site and stockpiled for 
re-use.  The removal of topsoil can be done with a machine (backacter arm) or by 
hand.  This topsoil will provide the soil micro-organisms needed to kickstart the 
rehabilitation process and the more that is removed and stockpiled, the greater the 
chances of a swift and effective plant recovery. (See Appendix 1 for a description of 
soil micro-organisms, and in particular, the important micorrhiza).   

 
 Topsoil can be stockpiled, preferable with the plant growth still on it, in long heaps 

(approximately 3 m long and 800 mm high).  Heaps should be no bigger because 
air and water penetration will be restricted and the valuable micro-organisms may 
be lost.  Topsoil stockpiling must take place immediately prior to the following 
shaping work because topsoil stockpiling time should be as short as possible, so 
that minimal soil organisms are lost, the topsoil must remain “alive”. 

 
                          

2.5.2  STEP 2 – SHAPING THE GULLY SLIDES: 
  

To create a more hospitable environment for plant germination the steep-sided and 
eroded river banks and gullies must be reshaped into a more gradual slope.  A 
slope of between 40 º and 30 º will be ideal.  This requires the complete reshaping 
of the drainage, on both sides and the effect will be to “flatten” out the banks in 
preparation for stabilization and reseeding.  (See Figure 6A).  It is very important, 
however, that the drainage itself remains unobstructed. 

 
 The reshaping can be done with a tilted grader blade, a front end loader or a digger/ 

loader with a backacter arm.  The most suitable machine to use will depend on the 
size of the bank and degree of reshaping required.  In the case of smaller banks 
and gullies the shaping can also be done by hand.   

 
 Reshaping must also get rid of the dry crumbling and isolated mounds of soil 

around which gullies have removed most of the soil.  These mounds can be 
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flattened out or pushed into side gullies to fill them as part of the overall shaping 
process. 

 
 Shaping must be accompanied by a small measure of compaction of the loose soil.  

This compaction will partly occur during the shaping and bank cutting but it will be 
necessary to ensure that most of the new slope is fairly compact prior to surface 
stabilization. 

 
 

2.5.3 STEP 3 - TOPSOILING AND STABILIZATION OF THE SOIL 
SURFACE 

 
Topsoiling :  Once the banks have all been reshaped, the stockpiled topsoil can be 
broadcast over the newly shaped surface.  (See Figure 6B).  There will not be 
enough organic-rich topsoil to completely cover the shaped surface but it can be 
generally spread to form a patchy and relatively thin cover.  The grass sods and 
other plant material must be included in this re-topsoiling.  Where topsoil is in very 
short supply, small amounts of stable, vegetated topsoil can be harvested from 
undisturbed veld nearby to provide the necessary biotic inoculants.  This can be 
done by simply removing a spadeful every 2 m over a widespread area, but it must 
be removed from well vegetated, stable sites. 

 
 Stabilization of the soil surface:  This is done by spreading out strips of the jute 

geotextile across the entire shaped bank area.  Once rolled out the geotextile is 
pinned down with hooked steel rod or wooden pegs.  (See Figure 6B).  This jute 
material has a “hole” size of about 2 cm², which when it lies flat on the surface will 
trap any loose sand, topsoil or organic material that may move over it.  The jute 
geotextile thus prevents any movement of soil across the sloped bank area, and will 
ensure that the constructed banks remain stable for long enough to get a protective 
plant cover established.  The jute material will eventually break down and become 
part of the topsoil in a number of years. 

 
 The jute surface cover is also useful in that it prevents raindrop splash erosion, it 

retains moisture and keeps the soil surface wet for longer and it also reduces the 
overall soil temperature, which is important for grass seed germination.  It thus 
physically protects the soil and also creates a favourable microclimate for plant 
seed germination. 
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FIGURE 6A:  Shaping the eroded gulley to a gradual slope. 



 19 

  
 

FIGURE 6B:  Preparing, stabilizing and sowing the reshaped g ulley sides. 
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2.5.4 STEP 4 – SEEDING: 
 
 Seeding:  Seeding the shaped and stabilized slopes should occur once the 

geotextile has been fixed into place.  Seeding prior to the fitting of the geotextile 
may result in the seeds being pressed too deeply into the soil during the laying and 
pegging process. The recommended plants to use for seeding as well as planting, 
are given in Section 4.7 later in this report. 

 
  

2.5.5  STEP 5 – MULCHING: 
 
 Once the newly shaped slope has been stabilized with a layer of the geotextile and 

is seeded, the site is ready for mulching.  In some parts of the study area, a handy 
and nearby source of excellent mulch is the abundant Acacia karroo trees which 
occur along drainages.  The thorn trees are a valuable renewable resource and if 
carefully harvested will leave no visible impact or have any adverse ecological 
impact.  When cut down, the trees readily coppice and quickly replace the stems 
and branches lost.  A source of mulch is always something of a problem in the Little 
Karoo.  If not enough material is available from the veld, then it is suggested that an 
alternative source of mulch material be found.  Alien gum trees and pepper trees 
which are abundant in the area can be sourced.  Care must, however, be taken to 
apply mulch from these trees only once dried out, as the live branches and leaves 
have an allelopathic (chemical) impact on soil. 

  
Another potential source of mulch is Spanish reed, but it must be roughly cut, 
otherwise it blows away in windy weather if too fine.  Although finding suitable, and 
enough, mulch material is a problem in the area; every effort must be made to 
provide adequate mulch material because of the important function that it has in the 
rehabilitation process. 

 
 Harvesting can be done by cutting down every third or fourth tree or large shrub, 

about 300mm above ground level, in densely bushed areas.  Along drainages, trees 
that are displaced by shaping can be used.  Along the undisturbed drainages, a 
selective approach, removing only some of the trees will ensure that the habitat is 
not too drastically altered. 

 
 While the preparation work of topsoil removal and stockpiling is done and while the 

gulley sides are being shaped, a team of workers can be put onto the cutting out of 
thorn trees for mulch.  By cutting in a wide area around each site to be mulched, the 
complete removal of thorn trees on site is avoided.  Over a large area selective tree 
thinning is thus spread along the length of the erosion area.   

 
 The cut branches of the thorn trees are then fed through a PTO-driven (or 

motorised) chip mulch machine.  The chip mulch machine can be positioned at 
each core rehabilitation site and enough mulch produced, at each site, to 
adequately cover the newly shaped area. 

 
 It is important to appreciate that a great deal of mulch will be required and that this 

requirement may significantly reduce the ready supply of some areas.  It is, 
however, also important to understand that the temporary loss of thorn trees and 
other bigger shrubs is extremely valuable for the rehabilitation work and also that 
the cut trees will resprout and with time, replace what was removed. 
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 The chip mulch machine must be set to produce a rough mulch consisting of bits 
that are approximately 100 – 150 mm long.  This will ensure that the mulch will form 
a dense mat on the surface rather than lie ineffectively above it, as is often the case 
with branch mulch or brush packing. 

 
 The mulch should be put down to completely cover the surface but not seal it or 

shade it out too much.  A layer of about 60 to 100 mm should be suitable but this 
must be tested on site to confirm the ideal thickness of the mulch.  There must be 
enough mulch to create a microclimate suitable for plant germination, which means 
adequate but not too much shading. 

 
 In this way, all of the shaped surfaces that are covered with the geotextile must also 

be covered with a layer of plant chip mulch. 
 
 The chip mulch can also be used without the geotextile layer on very slight slopes 

and flat areas and it must also be used on the apron of the “fences” that were 
described in the previous section. 

 
2.5.6 GENERAL GULLEY EROSION TREATMENTS: 

 
Where smaller gulley erosion systems can be effectively treated by hand and 
quickly, the following methods can be used: 

 
It is much simpler, and cheaper, to treat this type of erosion in the early stages of 
formation than to try repair the damage once a deep gulley has formed.  Small ruts 
that are just starting to open up can be easily controlled by filling them with brush, 
straw, manure or even stones.  Prevention, rather than a cure, yields the best 
results. 

 
The following aspects must be taken into consideration when planning the control of 
gulley erosion: 
 
�  Priority should be given to erosion in the initial stages rather than gulleys in an 

advanced stage of erosion. 
 

�  Runoff into gulleys should be minimized by range conservation and soil erosion 
control measures in the catchment area of the gulley, especially those measures 
that retard runoff and promote rainwater infiltration. 

 
�  The stabilization of gulleys (preventing further degradation) must be given 

priority over attempts to completely reclaim the gullies (complete obliteration). 
 

�  Control should be concentrated where gulleys have only advanced for short 
distances into the catchment, rather than gulleys that have advanced far into the 
catchment and can go no further. 

 
�  Treatments should be concentrated in areas of clearly active soil erosion, rather 

than relatively stable (vegetated) gulleys).                                                         
 

An extremely important principle with any soil erosion control method is that when 
natural materials are gathered for use in control structures, care must be taken to 
ensure that the removal (for example, of stones) does not become the cause of a 
new erosion problem at the source of the material.  Stones, for example, should 
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only be collected along roads, where they are displaced during road-making, or 
from piles of stones cleared off irrigation lands.  Similarly, natural vegetation should 
not be destroyed by vehicles collecting or delivering materials for gulley control. 
 
Where stones are in short supply, consideration should rather be given to the use of 
alternative construction materials that will result in lower environmental impact. 
 
Figures 6C, 6D, 6E & 6F illustrate some of the frequently used methods for gulley 
erosion control that are suitable for use on Highlands.  Figure 6G illustrates the 
most effective approach for the control of a network of gulleys.  This sequence 
should guide all erosion control actions. 

 
Gulley checks, or gabion structures, often fail if the treatment does not include the 
establishment of a vegetation cover.  Seeding, or planting, should thus immediately 
follow the check dam construction for the most effective results. 

 
The type of gabion, or barrier, that is used should be determined by the availability 
of material close to the erosion system to be treated.  It makes little sense to 
transport stones over great distances, at great expense, when alternative materials 
are available closer to the work site.  A certain degree of imaginative innovation is 
thus required when determining which type of barrier to construct. 
 
The indiscriminate removal of stones from natural rangeland is not a good idea 
because each stone may shelter a microhabitat, shades the soil, reduces 
excessively high soil temperatures and preserves soil moisture.  Removing stones 
will thus destabilize the site they are removed from, thereby risking a new source of 
erosion. 

 
Consider stones as animal habitat.  Turn a number of stones over in any natural 
rangeland and you will probably find an amazing variety of invertebrates including 
ants, termites, beetles, woodlice, centipedes, slugs, spiders and scorpions.  These 
creatures, together with the more microscopic soil organisms on which they are 
dependent, are the architects, miners and builders of soil.  To build and enrich the 
soil, they need moisture, protection from the sun and protection against the host of 
larger predators that feed on them. 
 
Loading and removing all the handy-sized loose stones from an area of rangeland 
for the construction of an erosion control gabion may therefore disrupt a great 
number of micro habitats, food chains and possibly the productive potential of the 
soil at the site. 
 
Surface stones in stable rangeland also play an important part in soil erosion 
prevention.  They divert and reduce the speed and force of runoff water and they 
trap water-carried soil particles and organic matter.  They help to trap valuable plant 
litter and keep it in place over the soil, protecting and enriching the soil and the 
important detritivores that live in it. 
 
Stones thus have an important function in rangeland ecology and soil protection 
and their removal, for whatever purpose, must therefore be very carefully 
considered. 
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FIGURES 6C & 6D 

 
 

FIGURES 6E & 6F 
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FIGURE 6G 
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The range of alternative gulley control methods should thus be explored rather than 
simply using traditional stone gabions.  Brush (branches), for example, is a 
renewable resource, if sensitively harvested, but the removal of a stone cover will 
modify the structure of a site forever.    

 
2.6 REHABILITATING DAMAGED EARTH DAMS 

 
In many cases these dams silted up, broke through the wall and then became the 
source of new soil erosion within the silt accumulated behind the dam walls.  It is 
recommended that these earth dams be repaired, but rather as a soil conservation 
measure than as water storage dams.  Breaches in earth walls can be closed off 
with simple stone gabion-type structures as illustrated in Figure 7.  The gabion walls 
should be wire netting enclosed to prevent losing stones during periods of heavy 
water flow and careful attention must be given to the stabilization of the overflow of 
the gabion; so that a new erosion gulley does not form below the wall.  The stone 
packed wall should be lined with the geotextile to help seal the wall when water 
flows.  The geotextile will trap and hold back silt and organic material but allow the 
water to percolate through.  

          
FIGURE 7 

 
 

The exposed soil and gravel surfaces of earth dam walls can be vegetated by using 
the method of slope stabilization, planting and mulching described in the previous 
section (severe gulley erosion). 
 
Deposits of accumulated silt behind earth dam walls can be vegetated using the 
recommended plant species. 
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2.7 PLANT ESTABLISHMENT  
 

The establishment of an effective soil protecting vegetation cover should be seen as 
the ultimate objective for all of the rehabilitation project sites of the study area.  
Each of the soil erosion/habitat rehabilitation methods involves the establishment of 
locally indigenous plants, either from seed or by planting rooted cuttings. 

 
 

2.7.1 SPECIES 
 

The establishment of plants must be carefully considered in terms of the varied 
requirements and tolerances of the range of local plant species.  The study area 
typically contains alkaline (lime patch) soils and also saline soils - the soil is 
generally not very deep and often underlain by hard stone layers (dorbank) 
 

2.7.2 PLANT ESTABLISHMENT  
 

All plant establishment should be accompanied by some form of microhabitat 
treatment to be effective.  Conditions otherwise will simply be too environmentally 
harsh (high temperatures, exposure, arid) for successful seedling establishment.  
The forms of microhabitat treatment have already been described and include:  
Creating moisture capturing hollows, mulching with plant material, surface covering 
with jute geotextile and overmulching with chip mulch. 
 
All plant establishment within the study sites must thus be within, or accompanied 
by one or more if these treatments. 

 
2.8 ALIEN PLANTS 

 
All invasive alien plants should be removed from the “camps” during the 
rehabilitation process.  Alien plants are nowhere numerous and generally consist of 
a small number of isolated plants.  The species observed were Opuntia ficus indica 
(turksvy), Agave americana (garingboom) and Atriplex nummularia (ouman 
soutbos). 
 
The oumansoutbos can be cut off at ground level and used for chip mulching on the 
treatments.  The turksvy and garingboom plants should be dug out and removed to 
a site where they can dry out and die. 
 

2.9 EXCLUSION FROM GRAZING 
 

The application of the suggested rehabilitation methods must be followed by a 
substantial period of exclusion from grazing by ostriches (and other livestock) if the 
rehabilitation is to be a success.  Ideally, the rehabilitation camps should be 
indefinitely rested from ostrich utilization but this may not be practical. 
 
The rehabilitation trials are to serve as demonstration sites where visiting 
landowners can view the varying success of the different treatments over an 
experimental period.  These camps therefore need to be excluded from use for at 
least 3 to 5 years so that the effects of at least one reasonably good rain season 
can develop and be observed.  Rehabilitation progress in the low rainfall and harsh 
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climatic Little Karoo is painfully slow.  A rehabilitation exclusion period of at least 5 
years must be seriously considered. 
 
In the case of the experimental treatments envisaged for the denuded feeding areas 
on Môrester, the experiment area must be completely excluded from the rest of the 
farm.  The proposed intensive experimental treatment layout cannot be 
compromised by ostrich feeding.  It is thus critical that the landowner commits to the 
long-term exclusion of the experimental area. 

 
 

3.  RECORD KEEPING AND MONITORING 
 

It is essential that the rehabilitation trials are carefully monitored at each site - 
monitoring will be done as part of a student project as described by Prof Sue Milton.  
Aspects that will require input are: 

 
 

3.1 RECORD KEEPING 
 

In order to correctly interpret the monitoring information collected, it will be 
necessary to provide accurate details of the rehabilitation methods applied.  The 
following information must be recorded when the rehabilitation work is done:  
 
A. Site description. 
B. Date of treatment. 
C. Description of method: 

- Materials used and quantities. 
- Origin of materials. 
- Measurements like depth of ripping, spacing, thickness of soil, mulch, etc. 
- Plant seeds used and volumes. 
- Any other details like species of plant mulches used, manuring hollows. 
- Timing of treatments, ie: how long it takes and labour required. 

D. Modifications of method needed, 
E. Alternatives to prescribed methods. 
F. Photographs of the steps in rehabilitation treatments. 
G. A plan of treatment “plots” where applicable. 

 
 

3.2 FIXED-POINT PHOTOGRAPHIC MONITORING 
 

Whatever monitoring methods are to be used, it is important to establish a number 
of fixed-point photos sites within each of the rehabilitation camps.  Within each 
rehabilitation camp, a fixed-point photo site should be established to: 
 
- Record veld improvement in a sheet eroded site. 
- Record veld improvement in a gulley eroded site. 
- Record veld improvement in an area heavily impacted by numerous ostrich 

paths. 
- Record veld improvement at damaged earth dams and roads. 
- Record general improvement in overgrazed, but otherwise intact veld. 
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This monitoring technique is simple to implement and inexpensive to establish.  A 
number of widely spaced fixed-point photographic sites need to be established 
throughout the rehabilitation area.  Use of this technique results in a set of four 
photographs taken from a single fixed-point in each of the compass directions (See 
Figure 8A).  The photographs are taken from a fixed point, at a fixed height and in a 
fixed direction every time which means that different sets of photographs, taken on 
different dates (however long the intervening period) are completely comparable.  
Figure 8B illustrates the design that ensures these fixed measurements. 

 
 The photographs will show changes in ground cover, vegetation density, plant 

canopy height and to some extent, species composition.  At each photo point 
details of plant species composition, cover description and utilisation by animals 
can be recorded on a fixed-point photograph record sheet (Figure 8C), which is 
then filed together with the photographs for future reference. 

 
 The location of each of the fixed-point monitoring sites should be marked on a map 

of the rehabilitation camp and map co-ordinates or the GPS reference of each site 
should be written on the record sheet.  Each of the photographs must also be 
clearly marked with the photo site number and the date that the photograph was 
taken.  This procedure is critical and will ensure that photographs do not get mixed 
up, which would make them useless for comparative assessment purposes. 

 
 

3.3 KEEPING A RECORD OF RAINFALL 
 

Other than fixed-point photographic monitoring, keeping an accurate record of 
rainfall is essential.  Rainfall should be recorded within each of the rehabilitation 
sites.  This is considered to be a minimum requirement.  If at all possible, other 
aspects of the weather such as cloudy days/full sun days, temperature and wind 
should also be recorded.  Perhaps portable automatic weather stations can be 
obtained for the research/monitoring project.  If weather stations are not obtainable, 
the basic specifications for recording rainfall are given in Figures 8D and 8E. 
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FIGURE 8A 

 
 

 
     
 
 
 
 



 30 

         
 
 
 

FIGURE 8B 
 
 



 31 

 
 
 
 

FIGURE 8D 
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RAINFALL RECORD FORM 
 
Station……………………… ……………….….         Year ending………………  
 

 
Month 

            

1st             
2nd             
3rd             
4th             
5th             
6th             
7th             
8th             
9th             

10th             
11th             
12th             
13th             
14th             
15th             
16th             
17th             
18th             
19th             
20th             
21st             
22nd             
23rd             
24th             
25th             
26th             
27th             
28th             
29th             

 

30th             
31st             

Year’s 
Totals 

Month’s 
Total 

             

AVERAGE 
PREVIOUS 

YEAR 

             

Instructions:   Rainfall should be recorded at 08h00 each morning and may be prefixed “L, M or H” as 
follows: 
L:  Light rain;  very good penetration. 
M:  Medium;  anything that is neither noticeably light or heavy. 
H:  Heavy rain or thunderstorm;  high runoff with little penetration. 

FIGURE 8E 
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