
REVIEW PAPER 
 
 

SOIL CONSERVATION PRACTICES USED IN THE SOUTH AFRICAN SUGARCANE 
INDUSTRY OVER THE LAST 80 YEARS – A REVIEW 

 
VAN ANTWERPEN R1,2 AND STRANACK RA1 

 
 

1South African Sugarcane Research Institute, Mount Edgecombe 
2 Department of Soil, Crop and Climate Sciences, University of the Free State, Bloemfontein 
 

rianto.van.antwerpen@sugar.org.za 
 

 
Abstract 

 
Soil erosion is one of the most threatening and production-limiting factors in KwaZulu-Natal 
(KZN) agriculture. In the province, about 60-70% of soils under sugarcane cultivation are 
prone to compaction and surface-crusting. They are also highly susceptible to erosion, and 
mitigation practices should therefore be consistently promoted. Gully erosion is far more 
conspicuous than rill erosion, but in KZN, it constitutes only about 87 522 ha, compared to the 
2 138 038 ha affected by rill erosion. The latter occurs despite the abundant availability of 
biomass/residue in the province (in the sugarcane industry and elsewhere) to cover the soil 
surface – which is one of the three legs of conservation agriculture, with the other two being 
reduced soil disturbance and crop rotation. The objective of this paper is to review the soil 
conservation systems that have been used in the sugarcane industry over the last 80 years. 
Field conditions leading to erosion, such as compaction, crusting, bare surfaces, tillage and 
the slope of sugarcane fields, are discussed. The preventative practices that are discussed 
include bunding to control surface water flow (contour banks, ridging, bench terracing and 
basin listing), amelioration of sodic soils, minimum tillage, strip cropping, cover crops, 
mulching and controlled traffic. The paper concludes with an outline of the practice 
combinations that can be employed to protect the soil against erosion, taking compatibility and 
the ease of implementation into account.  
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Introduction 
 
The most widely-recognised definition of Conservation Agriculture (CA) is that of the FAO 
(2008), which indicates that it is “a farming system that promotes the maintenance of a 
permanent soil cover, minimum soil disturbance (i.e. no tillage), and the diversification of plant 
species. It enhances biodiversity and natural biological processes above and below the ground 
surface, which contribute to increased water and nutrient use efficiency and to improved and 
sustained crop production.” For successful implementation, all three principles relating to 
minimum soil disturbance, the maintenance of permanent soil covers and a cropping rotation 
system involving at least three different crops, must be adopted (Pittelkow et al., 2015).  
 
On a global scale, Africa currently contributes only about 0.3% of the area under CA. Its 
adoption across the continent increased from almost zero in 1988, to approximately 300 000 
ha in 2007 (FAO 2008). Subsequently, the estimated area under CA has increased from 480 
000 ha in the late 2000s, to 1.2 million ha by 2013, across 15 countries (Kassam et al., 2015).  
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In South Africa, CA is currently administered under the Conservation of Agricultural Resources 
Act, 43 of 1983 (CARA, 1983). It was estimated that the area of cultivated land under CA was 
368 000 ha in 2008 with no apparent increase evident in the 2013 census data (Kassam et 
al., 2015). This should be seen in the context of the estimated global adoption of CA of 100 
million hectares in 2007 (FAO 2008), which has increased to about 157 million hectares in 
2013, but still represents only 11% of global cultivated land (Kassam et al., 2015). When this 
trend is analysed further, it shows that large-scale adoption has occurred mainly in North and 
South America and Australia (FAO 2008; Kassam et al., 2015). These figures are, however, 
heavily skewed by the adoption of no tillage systems. In the literature, no tillage areas are 
often accounted for as the adoption of CA (Giller et al., 2015), which could be as high as 61% 
of the total area under CA (calculated from data by Derpsch, 2001). 
 
The apparent lack of the widespread adoption of CA in South Africa should be viewed in 
combination with the results of a study on land degradation (Hoffman and Todd, 2000). The 
KwaZulu-Natal (KZN) and Limpopo provinces were found to have the highest veld degradation 
index values. In addition, these two provinces, as well as the Eastern Cape, were also listed 
as having serious soil-degradation problems (Hoffman and Todd, 2000; le Roux et al., 2007). 
The single most important factor contributing to this degradation was soil erosion (le Roux et 
al., 2008). In the KZN region, gully erosion (the removal of soil along the drainage lines by 
surface water runoff) is far more conspicuous than rill erosion (the removal of soil when runoff 
water forms small channels, as it concentrates down a slope). Despite this, gully erosion 
constitutes only about 87 522 ha, compared to the 2 138 038 ha affected by rill erosion (le 
Roux, 2011). The substantial difference between the two is that, with gully erosion, far more 
subsoil, which is less fertile, is removed, compared with rill erosion, where the fertile topsoil is 
eroded. It is important to note that the degradation of soils in South Africa by means of erosion 
was acknowledged by the government as early as 1914 (Cooper, 1996).  
 
It is widely accepted that farming system-type practices that contribute to the adoption of CA 
and sustainable crop production will only be adopted if they are relevant or adapted to specific 
conditions and situations (Schroeder et al., 2019). Because of the nature of sugarcane, crop 
rotation is not practical, and international sugarcane production will therefore not be generally 
eligible for classification as CA. The aim of this paper is to review the conservation practices 
used in the South African sugarcane industry and to compile guidelines for their use in various 
scenarios.  
 

Methodology 
 
Information for this review was obtained mostly from published literature and SASRI research 
reports. As the main objective was to better understand the situation relative to sugarcane, 
the study focused on publications and reports from the South African sugar industry. The main 
causes of soil degradation were investigated, followed by the development of options for 
remedial practices in sugarcane production. 
 

Causes of soil degradation and erosion in the SA sugar industry 
 
Soil erosion is a natural process that is driven by wind and water. The rate of erosion depends 
on many factors including mismanagement of the land (Townsend, 1937; Laker, 2004). In 
seeking to understand the extent and causes of soil degradation and erosion in the South 
African sugar industry, the main soil groupings, classified according to five colour options and 
each linked to associated soil properties (Botha et al., 1999), are summarised in Table 1. The 
predominant soil characteristics suggest that a large proportion of these soil groups are 
vulnerable to soil degradation and erosion and require good on-farm management. Of concern 
is their susceptibility to crusting, compaction and erosion, particularly when considered in 
association with other factors, such as slope and tillage operations. The discussion of these 
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issues will continue below under specific headings, with the remedial strategies being 
highlighted in each case.   
 
Table 1. General soil groups found in the South African sugar industry (after Botha et 

al., 1999) 

Soil 
grouping 
based on 

colour 

Occurrence Predominant characteristics 
Representative 

area (% of 
industry) 

Dark brown 
humic soils 

Confined to the 
Midlands region 

• Often deep 

• High soil organic matter content 

• Mineralise large amounts of N 

• Low in P, K, Ca and Mg 

• Moderately to strongly acid 

• Relatively resistant to erosion 

8 

Black soils Across the industry 

• High clay content 

• High shrink/swell potential 

• Low water infiltration and 
conductance 

• Mineralise moderate amounts of 
N 

• Well-supplied with Ca and Mg 

• Sensitive to salinity and sodicity 

13 

Red and 
yellow soils 

Northern irrigated- 
regions (57%), 

Midlands (34%) and 
coastal lowland 

(15%)  
 

• Generally deep 

• Moderate to high water storage 
capacity  

• High water infiltration rates 

• Moderate soil organic matter 
content 

• High reserves of Ca and Mg in 
the coastal lowlands and 
irrigated regions 

• Acid in the Midlands 

• Generally well-drained 

19  

Grey soils 

North coats and 
Zululand and 

generally across the 
industry 

• Low in organic matter and clay 
contents 

• Crust easily  

• Prone to compaction and 
erosion 

• Low in nutrient reserves 

• Very sensitive to salinity and 
sodicity 

60 

 
 
Sodicity 
 
Sodic soils are particularly susceptible to physical degradation and erosion. Apart from surface 
sealing (see below), the chemical properties associated with higher exchangeable sodium, 
expressed as a percentage of the Cation Exchange Capacity (CEC), cause the dispersion of 
clay in soils and the collapse of soil structure (Nelson et al., 2001) particularly in the subsoil 
layers. Exposure of this chemically-degraded material will accelerate soil loss and erosion, 
especially in susceptible sloping positions in the landscape. 
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Crusting 
 
Crusting, or surface sealing, is the development of a thin (1-2 mm) compacted layer at the 
surface of unprotected (bare) soils (Laker and Nortjé, 2019). Despite the potential abundance 
of biomass in the KwaZulu-Natal region (due to the relatively high rainfall in the province and 
the potential availability of a mulch blanket following green cane harvesting), crusting is still a 
factor that limits water infiltration and causes significant amounts of runoff and erosion. Studies 
conducted at 19 sites in the Limpopo, Mpumalanga, KwaZulu-Natal and Eastern Cape 
provinces showed that the site with the lowest infiltration rate ascribed to crusting, was in 
KwaZulu-Natal where it would be least expected (Mills and Fey, 2004). Practices, such as the 
removal of cover vegetation, whether by ploughing, grazing or burning, tends to reduce the 
levels of soil organic matter (SOM), a key component of the soil structure, without which 
resistance to crusting is reduced (Mills and Fey, 2004). In addition, soils that are prone to 
crusting had one or more of the following properties: an Exchangeable Sodium Percentage 
(ESP) greater than 2%, a clay fraction dominated by shrink-swell clays like smectite, a Ca:Mg 
ratio smaller than 1, or an SOM below 0.2%. The reduced capacity of soils to absorb water is 
an ongoing issue in the sugarcane industry (Townsend, 1937) and the most visible effects of 
crusting are the reduced water infiltration rate, which leads to runoff and erosion, induced 
drought susceptibility, as well as inhibited aeration and root development (Laker and Nortjé, 
2019). Crusted soils may be ameliorated by a shallow soil disturbance (van Antwerpen, 2019), 
mulching or gypsum (Laker and Nortjé, 2019). 
 
Compaction 
 
Traditionally, cane loading after harvest has been a manual operation, with the cane being 
loaded into small rail trucks. Such activities were restricted to areas that did not impinge on 
the cane rows. With the progress in mechanisation, heavy loading and haulage machinery 
then became a common practice. Such advances, however, resulted in soil compaction that 
caused yield-limiting problems (Maud, 1960).  
 
It is well-known that compaction reduces the pore space between the primary soil particles, 
causing restricted soil aeration, water storage and water movement (infiltration and 
redistribution). However, it also impairs the respiration of established root systems, retards the 
water/nutrient uptake and reduces the normal biological processes (Laker and Nortjé, 2020). 
Compacted soils reach moisture saturation sooner than uncompacted soils and are 
waterlogged for longer periods. The risk of runoff and erosion is also drastically increased 
(Maud, 1960). Previous SASRI researchers (BE Beater, unpublished) have shown that cane 
grown in compacted soils retained relatively high stalk populations for longer periods during 
the growing season. Stalks were shorter, the uptake of nitrogen (N), phosphorus (P) and 
potassium (K) was reduced, and there was a lower N and chlorophyll content in the leaf tissue. 
In an associated trial, compaction was imposed by using a tractor and 2.5 ton trailer on a soil 
with 28% clay and 15% silt, which resulted in 23% fewer millable cane stalks at an age of 12 
months, compared to uncompacted soil (Cleasby, 1964). Swinford and Boevey (1984) 
reported a maximum reduction of 24% and 29% in stalk yield and the sucrose yield, 
respectively, in a first ratoon crop, due to compaction. In the subsequent second ratoon, the 
maximum reduction was 47% and 48% in the stalk yield and sucrose yield, respectively. 
 
Subsoiling (ripping) is the most common means of alleviating compaction. Compared to the 
total surface disturbance to a depth of 0.5 m, the effect of subsoiling is short-lived (Raper et 
al., 1994). However, the total soil disturbance does not conform to the principles of 
sustainability that require minimum soil disturbance (FAO, 2008). Although subsoiling 
alleviates compaction, Johnston and Wood (1971) and Boone (1986) showed that the 
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production potential of certain soils did not return that which was achieved prior to the imposed 
compaction. The use of permanent infield traffic zones provides an alternative approach for 
minimising soil compaction (Taylor, 1983). Van Antwerpen (2018) showed that such 
configurations resulted in high soil bulk densities in the interrow areas (traffic zones) but low 
soil bulk densities in the crop row (production zone) (Figure 1). 
 
 

 
 

Figure 1. Soil bulk densities measured in the interrow and crop row zones at depths of 
5, 15 and 30 cm after sugarcane stalks were extracted from fields, comparing 
conventional and controlled traffic systems (van Antwerpen, 2018). 

 
 
Slope 
 
The position in the landscape, the slope of the land and rainfall are natural features that cannot 
easily be changed or modified. As erosion is linked to each of these, Platford (1979) included 
it as one of the uncontrollable factors. However, Dymond (1945) had previously shown that 
the intensity of erosion increased with an increase in the steepness of the slope. In addition, 
the runoff that leads to soil erosion is closely associated with the slope length (Wischmeier, 
1971). Therefore, erosion can, in fact, be controlled by using soil management options and 
certain surface structures, including strip cropping (Wise, 1972), bench terracing (Gardiner 
and Cazalet, 1991), contour banks (Dymond, 1945), ridges (van Antwerpen et al., 1991) and 
basin listing (van Antwerpen, 1996). Another possibility is to ensure that the soil surface is 
covered. Dymond (1945) found that several cover crops (blue grass and the rotation of crops, 
like wheat and maize) were more efficient in minimising erosion, compared with a bare fallow. 
Townsend (1937) highlighted the benefits of surface mulching. 
 
 
Tillage 
 
As with most crops, sugarcane-producing soils are often worked during the preparation for 
planting (Schroeder et al., 2018). It is during this phase that fields are often subjected to bare 
fallowing, with the objective of eradicating, or at least minimising, soil-borne diseases, such 
as Ratoon Stunting Disease (RSD) and phytophthora. This period also enables the 
incorporation of lime and/or gypsum. Ridging is also practised to open the planting furrows. 
The time-span for completing such operations ranged from about three months to one year. 
In the pre-1960s, fallowing could last as long as two years (Archibald, 1960) and it contributed 
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to particular concerns about soil erosion (Townsend, 1937; Dymond, 1945). This led to the 
investigation into, and the development of, minimum tillage for sugarcane (Iggo and Moberley, 
1976). 
Soil erosion 
 
Soil erosion was identified in the early-1900s as a soil potential limiter (Cooper, 1996) in the 
South African agricultural production and in the mid-1900s as a continuing issue, in the 
sugarcane industry (Townsend, 1937; Dymond, 1945; Archibald, 1960). In particular, 
Townsend (1937) described shallow soils with an impermeable layer as essentially non-
absorbent and therefore susceptible to erosion. This was despite the recognition that most of 
the industry’s soils were almost permanently planted to cane, which was regarded by some 
as one of the best soil-holding crops in the world (Dymond, 1945). Townsend (1937) identified 
the denuding of the land, excessive ploughing, incorrect planting methodologies, the burning 
of crop residues and incorrect land drainage systems as the five principal causes of erosion. 
Subsequently, Archibald (1960) provided the following list of practices as options for mitigating 
erosion losses: 
 

1) dividing the fields into strips or bands to suit transport of the harvested crop out of the 
field, and retaining these strips when replanting; 

2) reducing the periods when fields are subjected to bare fallows, covering the soil as soon 
as possible after plough-out by using a cover crop, and refraining from fallowing fields 
on steep hills;  

3) keeping as much mulch in the fields as possible, by not burning; 
4) if ploughing is essential, incorporating as much residue as possible; and  
5) keeping infield vehicle tracks covered with mulch and/or dead weeds to prevent water 

from gaining momentum. 
 
 

Remedial practices to reduce the rate of soil degradation and erosion in the sugar 
industry 

 
The chemical amelioration of sodic soils 
 
It is essential that sodic soils are ameliorated prior to any other remedial practices aimed at 
conserving the soils (Hurney et al., 2008). This will ensure that adverse chemical conditions 
that contribute to the dispersion of clays and the degradation of the soil structure are remedied. 
Central to this strategy is the application of Ca to affected soils by using products such as lime, 
gypsum and filter cake (Meyer et al., 2013).    
 
Minimum tillage 
 
The conventional method of establishing plant cane was the plough-out of the final ratoon crop 
to a depth of about 30 cm, following harvest. Repeated discing, over an ensuing period of up 
to a few months, generally occurred before replanting. The main objective for the repeated 
cultivation was to eliminate volunteer plants being generated from the previous ratoon crop. 
Of particular concern was the possibility that these volunteer plants could have been a 
possible source of sugarcane diseases, such as Ratoon Stunting (RSD), infecting the new 
plant crop (Iggo and Moberly, 1976). The time required to complete this process ranged 
between seven and 14 weeks. During this period, the soil was tilled (loosened), unprotected 
(not covered) and very vulnerable to erosion. With this system, erosion was potentially prolific 
and a great source of concern (Townsend, 1937; Dymond, 1945; Archibald, 1960)  
 
The minimum tillage system that was developed requires the ratooning crop (following the 
final harvest) to grow till the 5-6 unfurled leaf stage, before being sprayed with glyphosate 
(4,32 kg active ingredient/ha). Following a successful kill of the crop, the interrow is loosened 
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with a minimum till rotary hoe, leaving the dead crop’s roots untouched. The loose soil is then 
furrowed and seed-cane is planted according to the on-farm requirements (Iggo and Moberley, 
1976).  
 
The advantages of the minimum tillage system are the substantially reduced risk of soil 
erosion, due to the elimination of land denudation, reduced cultivation costs, and the control 
of perennial weeds by the application of glyphosate. A disadvantage of the system is the 
possibility of a poor kill of the previous crop, due to unfavourable climatic conditions at the 
time when the glyphosate was applied, or the misapplication of the chemical (Iggo and 
Moberley, 1976). 
 
Controlled traffic 
 
Wheeled traffic within cane-fields was found to cause substantial increases in the soil bulk 
density, particularly when it occurred for the first-time (Maud, 1960). Smaller increases were 
also found to occur with every subsequent pass. Such mechanically-induced compaction was 
reported to cause marked losses in the sugarcane yields (Cleasby, 1964). In addition, stool 
damage, due to in-field traffic, resulted in further yield losses (Swinford and Boevey, 1984) 
because of the tendency for operators to drive ubiquitously across fields to remove harvested 
crops (Maud, 1960; Archibald, 1960). Such effects were previously of no consequence with 
the manual recovery and loading of cane stalks. However, the inherent inefficiency and 
onerous nature of such tasks resulted in the mechanical removal of large masses of harvested 
stalks from fields being considered as the only viable option. Therefore, vehicles routinely 
entering fields after the crop harvest created the need for permanent infield tracks (comment 
by Mr AC Barnes in Maud, 1960). Despite the advantage of tractors and trailers being kept off 
the stools and restricted to the traffic zone (comment by Mr Pearson in Archibald, 1960) which 
was not planted to cane (Maud, 1960), this system was not adopted at the time. It was not 
until the system was introduced as a ‘new farming system in sugarcane production in Australia 
(Bell et al., 2003; Garside et al., 2005) that it was promoted within the South African sugarcane 
industry (SASRI, 2002; van Antwerpen, 2007; van Antwerpen et al., 2014). 
 
The main principle of this system is to keep wheeled traffic off the cane row. To achieve this, 
the field is permanently divided into separate traffic and productive zones. In order to comply, 
the farmers have two options: The first is to change the wheel spacing of all the equipment 
entering fields, to suit the interrow spacings. The advantage of this approach is that farms may 
adapt relatively quickly to, and apply, a controlled traffic system. Another approach is to 
change the row-spacing of fields to suit the wheel-spacing of the equipment. With a 10% 
replant programme, it will take a farm at least 10 years to implement the system.  
 
The advantages of controlled traffic include avoiding stool damage, with tramline planting 
follow-up weeding is mainly limited to the traffic zone, improving the traction due to the firm 
surface of the compacted traffic zone, enabling traffic to enter the fields during wetter 
conditions compared to the conventional field layout, and restricting soil compaction to the 
traffic zones. Although the economic benefits will differ among farms, several outcomes will 
be generally applicable when this system is adopted on-farm. These include maintaining or 
improving the yields, reducing herbicide usage, decreasing the energy required in the 
preparation for replanting, using minimum tillage and minimising erosion. The disadvantages 
include the need for increased seed-cane if dual rows (tramline configuration) are planted, and 
the fact that water infiltration is reduced in the traffic zone due to compaction. To overcome 
this problem, rows should have a gradient of about 1:150 and the traffic zones should be 
covered with crop residue (Titmarsh et al., 2004; Tweddle, 2016; van Antwerpen et al., 2014).   
 
Bunding 
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The term ’bunding’ refers to containment. In agriculture it is often used to describe the 
engineering techniques requiring mechanical measures to control erosion. The structures to 
be considered in this section include contour banks, bench terracing, ridging and basin listing. 
Strip cropping will be discussed in the following section. The objective of bunding is to control 
the flow of surface water in such a way that erosion is minimised. To achieve this, the contact 
time of water with the soil is prolonged, to allow as much water as possible to enter the soil. 
The speed of flow of the remaining surface water should be kept as low as possible, to 
minimise soil erosion.   
 
The South African Conservation Agriculture Resources Act 43 of 1983 (CARA. 1983) 
stipulates that all fields with slopes steeper than 2% must be contoured, in order to minimise 
soil loss through erosion. Contour banks are substantial structures that are usually found on 
the up and down sides of a field, with the purpose of intercepting water running from a field, 
and to conduct it along the contour to a grassed waterway. Importantly, these structures need 
to be located at the correct vertical intervals, to minimise their impact on the production area 
and to be effective in their purpose. Platford (1987) recognised this need and developed a 
system that could be used in the sugarcane industry, which became known as the ‘nomograph’ 
(Platford, 1987). Recently, the concept of the nomograph was improved and converted into a 
computer-friendly Contour Spacing Design Tool (CoSDT) (Otim, 2020). This needs to be 
promoted and adopted within the industry. 
 
With bench terracing, wide steps are created on the shallow soils located on steep slopes. 
This is done by cutting into the existing hills to form water-carrying terraces on which crops 
may be established (Gardiner and Cazalet, 1991). Although sugarcane responded favourably 
to being grown on bench terraces, the yields were not significantly better than those achieved 
by using conventional approaches. Economic analyses indicated that a period of six years 
was required to cover the cost of establishing terraces. This concept was not generally 
adopted by South African sugarcane growers. 
 
Ridging is practiced on soils where the depth is limited by an impermeable layer or seasonal 
water table (van Antwerpen, 1991). Soil from the interrow zone is moved to the cane row to 
increase the depth on the row. Thus, every interrow becomes a water-carrying structure and 
it is therefore important that these ridges follow the contour. Should one ridge be broken by 
water, a knock-on effect will occur downslope, leading to gully erosion. In rain-fed regions, 
ridges are effective structures that can be used to improve rainwater use-efficiency, with 
commensurate improvements in the yield. In irrigated regions, wide ridges accommodate two 
narrowly-spaced cane rows (van Antwerpen et al., 2014). This configuration has been found 
to deter drivers from crossing the cane rows in-field. 
  
‘Basin listing’ is similar to the use of ‘planting pits’, which is called zaï in Burkina Faso and 
tassa in Niger. In rain-fed regions it is an effective method of capturing rainwater and reducing 
runoff and erosion. These basins (generally 1 m long and 15-20 cm deep) are generally 
arranged in a staggered position on hill-slopes. The soil excavated from the basins should be 
placed on the down-hill side of the pit (van Antwerpen, 1996). The creation of basins in the 
interrow zones has been mechanised by using a basin-plough. It was found that damage to 
the ratooning crop was substantial when basins were created in a ratooning field. As a result, 
yield improvements only occurred in the third crop after the basins were established, 
compared to the conventional flat surface practice. It is therefore best to create basins before 
planting. As in-field mechanical operations are slowed down by the presence of basins, the 
practice is better-suited to small-scale farming. 
 
 
Strip cropping 
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Strip cropping refers to young and older ratoons on alternative panels on steep hills (Wise, 
1972). Archibald (1960), a grower from the South Coast, commented on this practice as 
follows: “Strip replanting, which I regard as the most easily achieved, and yet most effective 
measure against soil erosion in our cane fields” and “I believe, too, that 75 per cent of our 
former rate of erosion has been stopped by the strip replanting method”. Wise (1972) a grower 
on the North Coast made the following comment: “When the area was purchased in 1957, 
there were 13 dongas on the farm, the largest being 1,7 hectares in extent. By practising strip 
planting and harvesting, I believe that the loss of soil from hillsides has virtually been 
eliminated.” 
 
The technique for creating and maintaining strip cropping was described by Archibald (1960) 
as follows: On steep slopes, graded roads (about 30 m apart) give natural divisions for the 
strips. When fields are planted/harvested, only cane between the upper and lower roads is 
cut, leaving the cane fields on either side to act as water-absorbing buffers and as a filter for 
any soil that might be washed from the planted/harvested strips in exceptionally heavy rain. In 
addition, after harvest, the maximum amount of residue should be retained to cover the 
surface and to prevent the appearance of crusts. 
 
Within the industry’s SUSFARMS programme, which encourages the use of better 
management practices (Hurly, 2013; Maher, 2007), strip cropping (planting and replanting) is 
advised for all fields exceeding a 2% slope, and it is compulsory where the slope exceeds 
12%. It is also advised that not more than three consecutive panels (three times the 
recommended vertical interval for contour structures) should be replanted/harvested at the 
same time. Sugarcane with a six-month difference in age should border either side of the strip 
panel. 
 
Mulching and cover crops 
 
Keeping the surface of agricultural soils covered is an essential conservation practice (FAO, 
2008). The material that is used can be dead or growing. Dymond (1945) regarded sugarcane 
as one of the best soil-holding crops in the world. However, despite this characteristic, 
sugarcane fields will erode if they are bare and on steep slopes. Archibald (1960) suggested 
that fields prone to erosion should not be burnt prior to harvest and that as much residue as 
possible needs to be retained on the land. Townsend (1937) commented on the effect that 
increased SOM have on soil properties when he said “I personally have no doubt whatever 
that if we go properly about the increasing of the organic matter in our soils, we will find two 
results-first, an enormous reduction in sheet erosion. which is the one that causes the trouble; 
and secondly, much more moisture available for the crop, and I do feel that this question of 
increasing the absorptive capacity of the soils is one that we have got to treat very seriously”. 
 
In South Africa, about 90% of all sugarcane fields are burnt in preparation for harvesting. 
Nonetheless, they yield at least 7 t/ha of unburnt leaf material which, if spread, will cover about 
70% of the surface. Other than the prevention of crusting, mulches have been shown to benefit 
sugarcane production in several ways. When a farmer switches from burning at harvest to no 
burning, the first observation is that the weed pressure is suppressed and less is spent on 
herbicides (Thompson, 1966). In dryland areas, evaporation is reduced by about 90 
mm/annum (Thompson, 1966) and the stalk yield is increased by 9 t/ha (Thompson, 1976). In 
irrigated areas, the average reduction in water required for irrigation (and therefore also 
electricity use) is 15% (Olivier and Singles, 2015). Soil carbon is enhanced (Thompson, 1965; 
Mthimkhulu et al., 2018), microbial activity is increased (Graham et al., 2002), soil aggregates 
are more stable (Mthimkhulu et al., 2016), it is a source of nutrients (van Antwerpen et al., 
2001), the water-holding capacity is improved (van Antwerpen, 2001) and the soil is warmer 
by 4ºC in winter and cooler in summer (Thompson, 1966). 
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In the mid-1990s, a grower near Dalton in the KwaZulu-Natal Midlands commenced a 
programme of applying 30 t/ha each of filtercake and fly ash to blocks of cane after harvest. 
A year later, he noticed a marked increase in earthworm casts (an indication that the soil is 
porous) and the water in his dam was less muddy (an indication of reduced erosion). Dymond 
(1945) commented that surplus sugarcane bagasse has a potential agricultural value as a 
surface mulch by itself or mixed with filtercake. 
 
Sugarcane fields are most vulnerable to erosion in the period between the destruction of the 
last ratoon of a crop cycle and the re-establishment of the field for a new sugarcane crop. The 
use of cover crops (green manuring) is an effective option for reducing the erosion risk. 
Popular crops are oats in winter and sunn hemp, or several bean species (velvet beans, 
dolichos beans and cowpeas) in summer. Cover crops have been reported to increase the 
stalk yields in up to three succeeding crops (Rhodes et al., 2010). In Eswatini, which is under 
irrigation, the response to fallowing and green manuring was about 50% in the first crop after-
plant and 25% in the second and third crops, with no response thereafter (Nixon, 1992). 
 

Discussion 
 
Several soil conservation practices have been implemented in the South African sugarcane 
industry over the past 80 years. An important objective was to minimise soil erosion and to 
increase soil organic matter. This paper has shown that soil erosion is an ongoing problem in 
South Africa and in KwaZulu-Natal. As a result, the sugarcane industry needs to focus 
continually on minimising the loss of valuable topsoil from sugarcane fields. All stakeholders 
should be aware of the importance of soil conservation, as the loss of soil is irreversible. If 
correctly implemented, all the practices discussed in this paper have the potential to contribute 
to the effective control of soil erosion. However, not all of these practices can be implemented 
on all farms, due to the differences in infrastructure, soil, climate and topography. It is 
encouraging to note that most individual farms have capacity for implementation of at least 
two of these practices. Since crusting and compaction (together with shallow soils, due to an 
impermeable layer) are the main causes for runoff, which leads to erosion, growers should 
give the management of these factors, high priority. Table 2 indicate the combinations of 
systems that should be considered, where applicable.  
 
Table 2. Primary and secondary conservation practices to be considered for several 

scenarios 

Scenario Time Primary Secondary 

Slope > 2% All seasons Contour banks 
Strip cropping, mulching, ridging, 
controlled traffic, basin listing 

Slope > 12% All seasons Contour banks Strip cropping, mulching 

Crusting 
Replant Minimum tillage 

Cover crop: 
Summer i.e. sunn hemp 
Winter i.e. oats 

Between 
ratoons 

Controlled traffic Mulching 

Compaction Replant Rip 
Cover crop: 
Summer i.e. sunn hemp 
Winter i.e. oats 
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Between 
ratoons 

Rip within a week of 
harvesting. Ensure 
subsoiler is equipped to 
manage surface residue. 

Mulching using cane leaves, 
filtercake, fly ash, bagasse or any 
manures available 

Shallow soils 
Replant Ridge 

Cover crops: 
  Summer i.e. sunn hemp 
  Winter i.e. oats 
Plan for Controlled traffic 

Between 
ratoons 

Maintain ridges Controlled traffic 

High water 
table 

Replant 

Maintain subsurface 
drainage system: 
open drains, mole drains, 
pipe drains 

Maintain ridges on the row. 
Cover crop: 
Summer i.e. sunn hemp 
Winter i.e. oats 

Between 
ratoons 

Surface water control 
Do not cover with a mulch. 
Maintain ridges 

 
 

Conclusion 
 

Sediment-laden water flowing into the Indian Ocean off the KwaZulu-Natal Coast after good 
rains indicates that more needs to be done to curb soil erosion within the South African sugar 
industry. Once the soil is carried from the land, it can never return. In 1937, Townsend made 
the following comment: “We are told that agriculture is the backbone of any country. Perfectly 
true, and hence the urgent necessity for every effort being made to conserve and safeguard 
this wonderful heritage - the land.” It is now 84 years later, and we are still dealing with the 
same problem – soil erosion. This is despite the fact that the proven practices discussed in 
this paper to reduce or even to illuminate soil erosion are known, some since 1937. Given the 
extent of the problem, and along with several other soil health issues, there will be value in a 
more aggressive outreach and education campaign.  
 

Recommendations 
 
The on-farm consequences of erosion are often not visible until they become severe and 
expensive to repair. Therefore, an awareness of soil erosion must be raised within the 
sugarcane industry and it should be accompanied by guiding best practices to mitigate and 
remedy the effects of erosion. Such a campaign requires regular knowledge exchange and 
intervention so that the message can become ingrained in the habits of farmers. The 
knowledge exchange events could include publications, workshops, training events, seminars 
and meetings to showcase the best practices, while on-farm interventions and demonstration 
trials in all extension regions are required to guide and help farmers adapt and adopt best 
practices. Soil erosion is, however, not restricted to the sugarcane industry, but it affects all of 
KwaZulu-Natal. All industries in the province must therefore work together to reduce the 
negative impact of soil erosion on the province.  
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