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ABSTRACT 
 

Soil erosion by water is the removal of soil particles by rainfall and runoff, and it is a problem 

that emanates from a combination of agricultural intensification, soil degradation and intense 

rainstorms. Sugarcane in South Africa is grown on a wide range of soils, sometimes in non-

ideal climates and on steep topographies thereby exposing the soils to erosion. In addition, 

unsustainable soil loss from a field results in a reduction in crop yield, thus necessitating soil 

conservation measures to be implemented. A comparison of design norms in the National Soil 

Conservation Manual (van Staden and Smithen, 1989;DAWS, 1990) and norms used in the 

sugar industry clearly shows discrepancies (e.g. maximum slope and cover factor of sugarcane) 

that need to be investigated. Various sources of literature have been reviewed so as to get a 

clear understanding of production systems and soil conservation practices in the sugar industry 

in South Africa, design norms for soil and water conservation structures, and models used in 

soil erosion estimation. From the reviewed literature, it was established that the common 

production systems in the sugar industry in South Africa include land preparation, planting, 

weed, pest and disease control, and harvesting whereas soil conservation in the South Africa 

sugar industry is achieved mechanically by use of contour banks and waterways. The costs of 

construction of soil and water conservation structures include material, labour and machinery 

components. Other soil conservation practices include conservation tillage and contour tillage. 

It is a requirement for all soil and water conservation practices in South Africa to comply with 

the Conservation of Agricultural Resources Act 43 of 1983 (CARA, 1983). Estimating design 

floods are necessary when designing soil and water conservation structures and the SCS and 

Rational method are widely used in the estimation of design floods. The design of soil 

conservation structures includes the design of contour bank spacing and hydraulic capacity 

design. The sustainable soil loss method is preferred in the design of contour spacing while the 

hydraulic design employs Manning’s equation. Increases in both design rainfall and design 

floods are anticipated in South Africa as a result of climate change and these should be catered 

for in the estimation of design events. Many simulation models for the estimation of soil loss 

exist and can be categorised as empirical, conceptual and physically-based. Of the three 

categories, empirical models are the most robust and provide more stable performances than 

conceptual and physics-based models. Examples of empirical models include the USLE, 

MUSLE, SLEMSA, RUSLE and RUSLE2. Of these models, the MUSLE is the only event 

based model while the rest are lumped models. In general, climate has the greatest influence 

on erosion controlling factors followed by soil parent material while the influence of slope 
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factors is masked by climatic and parent material effects. The purpose of this study is to develop 

updated design norms for soil and water conservation structures in the sugar industry of South 

Africa and the outline of the study is given in the project proposal. 
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1.  INTRODUCTION 
 

Erosion is the process by which soil particles are detached and transported by erosive agents 

(Ellison, 1944). The removal of soil particles by rainfall and runoff is referred to as soil erosion 

by water (Ferro, 2010). Erosion of soil is a serious problem that emanates from a combination 

of agricultural intensification, soil degradation and intense rainstorms (Amore et al., 2004). Soil 

is functionally a non- renewable resource and while topsoil develops over centuries, the world’s 

growing human population has actively depleted the resource over decades (Cohen et al., 2006). 

According to Cogo et al. (1984), soil erosion from cultivated cropland continues to be a major 

concern with significant associated problems, which range from the losses of a non- renewable 

resource and nutrients at its source to the contamination that occurs in the downstream areas 

(Morgan, 2005). Shabani et al. (2014) reported that soil erosion is one of the most important 

factors degrading fertile agricultural soils around the world. According to Lewis (1981) and 

Nyakatawa et al. (2001), erosion may lead to the development of a rough and thin soil layer 

having little or no capacity to store moisture. This reduces soil fertility thereby resulting in land 

degradation and environmental problems (Sutherst and Bourne, 2009). Unsustainable soil loss 

from a field results in a reduction in the capacity of the field to sustain crop yield (Russell, 

1998b).  

 

Research on soil erosion only started in 1915 in USA and the USA has continued to lead the 

world in this field (Matthee and Van Schalkwyk, 1984). According to Haylett (1961), research 

to determine the effects of soil cover on runoff and erosion was started in 1929 in South Africa. 

Many authorities have since tried to estimate the historical and current soil and water losses in 

the country due to soil erosion (Matthee and Van Schalkwyk, 1984). Platford (1979) conducted 

research focusing on soil and water losses from sugarcane fields in South Africa to produce 

recommendations for protective practices.  

 

According to Platford (1987), sugarcane in South Africa is regularly grown in adverse climatic 

and topographic conditions and on a range of soils. Soils in sugarcane growing areas are 

predominantly granular, leached and are characterised by high rates of erosion after the removal 

of the natural vegetation. Protection of cropped land in areas experiencing high rainfall has 

traditionally been provided by water carrying terrace banks built across the hillside at low 

slopes, but sugarcane is not always grown on relatively gentle slopes for which this control 

system was designed (Platford, 1987).  
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SASEX (2002) developed guidelines and norms for the design of land use plans in the sugar 

industry, which includes soil conservation structures (e.g. waterways, contour banks and spill-

over roads), surface water management and cane extraction road networks. The nomograph 

includes the design of soil and water conservation structures as developed by Platford (1987), 

who used observations from runoff plots and the long term average annual soil loss simulated 

using the Universal Soil Loss Equation (USLE). The USLE is a model widely used in the 

estimation of soil erosion and supporting soil conservation measures (Song et al., 2005) and it 

is the standard technique for soil conservation workers (Morgan, 2005). The Revised Universal 

Soil Loss Equation (RUSLE) (Renard et al., 1991) is the revised version of the USLE and it 

has been used on different scales and environmental conditions (Angima et al., 2003;Cohen et 

al., 2006;Prasannakumar et al., 2012).  

 

Currently the Revised Universal Soil Loss Equation - Version 2 (RUSLE2) (USDA-ARS, 

2001), which can be used to simulate the long-term average soil erosion and deposition on a 

specific day, is widely used internationally in the design of soil conservation structures (USDA-

NRCS, 2011). Matthee and Van Schalkwyk (1984) recommended that soil conservation 

structures should be designed so as to cope with 10 – 25 year return period floods. According 

to Smithers (2014), the use of the RUSLE2 model will enable the simulation of the frequency 

distribution of soil loss events which will enable an assessment to be made of whether designing 

for a specified return period event results in sustainable soil losses and if conservation structures 

should be designed for return periods different to the 10 year return period norm currently used, 

and the economic impact of designing for different return period events.  

 

The sugar industry design norms for spacing of contour banks advocate that specific designs 

should be used to design soil conservation structures for slopes less than 3 % and greater than 

30 % (Russell, 1994), although the sugar industry design nomograph includes slopes of up to 

40 % (Platford, 1987;SASEX, 2002). There are also differences between the design norms 

contained in the National Soil Conservation Manual (van Staden and Smithen, 1989;DAWS, 

1990) and design norms used in the sugar industry (e.g. maximum slope and cover factors for 

sugarcane). The sugar industry design nomograph does not (SASEX, 2002): 

(a)  include any regional variations of climate and the impact on soil erosion and runoff, 

(b)  account for large runoff events and how frequently these occur, 



3 

 

(c)  account for unplanned events (e.g. runaway fires) which does occur, 

(d)  include vulnerability during break cropping where the cover may be reduced, and 

(e)  include the potential impact of climate change on runoff and soil loss. 

 

The objectives of this document are to:  

(a)  Review relevant literature in line with developing new approaches and norms for the 

design of soil and water conservation structures used in sugar production systems in South 

Africa. The literature to be reviewed includes: (a) production systems and soil 

conservation practices in the sugar industry in South Africa, (b) design norms for soil and 

water conservation structures, and (c) models for soil erosion estimation. 

(b)  Present a research proposal with details on how the study will be conducted. 
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2. PRODUCTION SYSTEMS AND SOIL CONSERVATION 

PRACTICES IN THE SUGAR INDUSTRY IN SOUTH AFRICA 
 

A number of production systems and soil conservation practices are employed in the sugar 

industry. The underlying sections of this chapter thus contain a synthesis of production systems 

in the sugar industry, soil conservation practices, legislation that governs soil and water 

conservation in South Africa, and costs of soil and water conservation structures. 

 

2 . 1  P r o d u c t i o n  S ys t e m s  i n  t h e  S u g a r  In d u s t r y  
 

Sugarcane production systems in South Africa involve activities ranging from land preparation 

to the transportation of the harvested crop to the mill (SASRI, 2011). A typical production 

cycle lasts for about ten years which is the time frame that allows a farmer to maintain the 

economic viability of sugarcane (Platford, 1987;SASEX, 2002;SASRI, 2015). The activities 

which constitute production systems in the sugar industry include land preparation, planting, 

weed, pest and disease control, and harvesting of sugarcane (SASEX, 2002). An overview of 

production systems in the sugar industry of South Africa is presented below. 

 

2.1.1 Land preparation  
 

According to Meyer (2005), the goal of land preparation is to produce a tilth which results in 

good bud germination and subsequent root development of the new crop. Land preparation 

includes conventional tillage and minimum tillage practices. SASEX (1998) and SASEX 

(2002), advocate for minimum tillage practices on slopes greater than 11% for erodible soils, 

slopes greater than 13% for moderately erodible soils and slopes greater than 16% for resistant 

soils. On the other hand, conventional tillage is acceptable on slopes with smaller gradients as 

long as ploughing is conducted across the slope and not up and down the slope (SASEX, 2002). 

 

2.1.2 Planting 
 

Planting of sugarcane can be done either by hand (manually) or mechanically (Meyer, 2005). 

SASEX (1974) advocates for sugarcane strip planting and harvesting across all steep slopes 

other than short run slopes which are in, and adjacent to valley bottoms. Strip planting involves 

growing various plant species in adjacent panels (Głowacka, 2014). Planting of sugarcane in 
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strips is practiced so as to minimise soil loss and it is recommended on all slopes exceeding 2 

% except on certain irrigation layouts (SASRI, 2015). According to SASEX (2002) and SASRI 

(2015), the strip widths at right angles to the contour should not exceed thrice the maximum 

distance between contour banks as long as the alternate strips have a difference in age which 

is not less than six months. SASEX (2002) and SASRI (2015) further stress the need for 

alternate strip planting to be practiced on all slopes greater than 12 %. 

 

2.1.3 Weed, pest and disease control 
 

Weed control is achieved either by mechanical means or via spraying of chemicals while pest 

and disease control is achieved through manual and mechanical application of chemicals. 

Conventional tillage, conservation tillage and no till or direct drilling practices are vital in the 

control of weeds (Russell, 1998a). Crop rotation is a practice which is vital in the control of 

pests and diseases (Sustainet, 2010). According to SASRI (2015), land should be used in 

accordance with a crop rotation system so as to promote addition of organic matter to soils, soil 

fertility, reduction of pests and diseases, and erosion control. Crop rotation is achieved through 

growing secondary crops that enhance soil health. Generally after five to six harvests, 

sugarcane yield might have been decreased significantly thus calling for rejuvenation of the 

field (Zuurbier and Van de Vooren, 2008). Rejuvenation of a sugarcane field is usually 

performed with an annual leguminous food crop. The legumes improve soil quality, prevent 

soil erosion and contribute to food production (Zuurbier and Van de Vooren, 2008).  

 

2.1.4 Harvesting 
 

Harvesting of sugarcane should be planned so as to minimise negative environmental impacts 

and equipment having the least impact on the environment should be used (SASEX, 2002). 

Burning and mulching are sugarcane harvesting procedures practiced in South Africa (SASRI, 

2015). The burning of sugarcane prior to harvesting is a widespread practice in South Africa 

and the main reason is to eliminate excess residue so as to improve harvesting, handling and 

milling of the cane (SASEX, 2010). Approximately 90 % of sugarcane in South Africa is burnt 

at harvest with the rest harvested green (SASEX, 2013). According to SASEX (2014), 

accidental and runaway fires are common occurrences and often spread over entire hillsides, 

thereby exposing the land to potential erosion. Serious erosion can be experienced if heavy 

rains follow soon after the runaway fire thus making it necessary to leave the tops and residues 
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scattered over the soil surface so as to protect the soil and reduce the velocity of runoff 

(SASEX, 2014). It is a requirement for all burning to comply with the Conservation of 

Agricultural Resources Act (CARA, 1983) and the National Veld and Forest Fire Act (NVFFA, 

1998). Burning of sugarcane at harvest is associated with a number of disadvantages compared 

to green cane harvesting and it should be avoided wherever possible (SASEX, 2010;SASEX, 

2013). Soil and water conservation and yield improvement are some of the benefits associated 

with green cane harvesting, among others (SASEX, 2010). SASEX (2002) and SASRI (2015) 

advocate for mulching wherever possible for maximum conservation of soil and water and 

most especially on steep slopes and erodible soils. 

 

2 . 2  S o i l  C o n se r va t i o n  P r a c t i c e s   
 

Soil conservation is defined as the prevention and reduction of the amount of soil lost through 

erosion (Sustainet, 2010). The purpose of soil conservation is to ensure that the rate of soil 

formation is not exceeded by the rate of soil loss (Morgan, 2005). Soil is the most important 

resource on which agriculture is based. Thus the proper management of soil is vital to ensuring 

long term sustainability of agricultural productivity. According to Morgan (2005), soil erosion 

control is dependent on selection of appropriate strategies for soil conservation which in turn 

requires a thorough understanding of the processes and mechanics of erosion. Many soil 

conservation practices exist and they include mechanical structures (e.g. contour bunds, 

terraces, check dams), soil management practices and agronomic measures (e.g. cover crops, 

tillage, mulching, vegetation strips, re- vegetation, and agroforestry) (Krois and Schulte, 2014). 

It is recommended that all approaches of soil conservation i.e. agronomic, soil management 

and mechanical means be used to manage runoff from cultivated lands (Reinders et al., 2016). 

Literature on the commonly used soil conservation practices in South Africa is reviewed in this 

sub-section. 

 

2.2.1 Waterways 
 

A grassed waterway is defined as a natural or constructed channel which is shaped and/ or 

graded to the required dimensions and with suitable vegetation establishment (ASABE, 2006). 

Waterways for soil conservation purposes accumulate runoff from systems of contour banks 

and convey it under controlled velocities to a drainage line or river system (Carey et al., 2015). 

Primarily, waterways are used for the disposal of runoff diverted from arable lands by storm 
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water drains or contour banks (Matthee and Van Schalkwyk, 1984). According to Carey et al. 

(2015), waterways should ideally be located in natural drainage channels. This is because the 

slopes in most cases are lower than the adjacent parts of the catchment and the topography ends 

up confining the flow to the waterway.  

 

To ensure an effective functioning of grassed waterways, both structural and management 

practices should at least protect the natural resource base through soil losses to sustainable 

levels, maintaining water quality, and avoiding deterioration of the soil and water conservation 

system (ASABE, 2006).  

 

2.2.2 Contour banks 
 

Contour banks are structures made of earth and are constructed across cultivated slopes at 

intervals down the slope (Carey et al., 2015). They are constructed across a slope in order to 

intercept runoff water (Matthee and Van Schalkwyk, 1984) and safely discharge it into stable 

grassed waterways or natural drains (Carey et al., 2015). 

 

According to Morgan (2005) and Carey et al. (2015), the function of contour banks is to reduce 

slope length and to intercept runoff before it concentrates into an erosive velocity. According 

to SCS (1958), the main objectives of building contour banks are to ensure reduction in runoff 

and soil erosion. Reduction of runoff and soil loss can be accomplished through (a) division of 

slope length into a series of short segments, (b) compelling operators to till on the contour, and 

(c) conveyance of storm water at non erosive velocities to safe points of discharge. 

 

For successful functioning of contour banks, maintenance and management should be taken 

seriously as negligence can lead to destruction of the contour banks and cause severe erosion 

in the field (Matthee and Van Schalkwyk, 1984). ASABE (2012) stresses the need for 

structures to be maintained at or near the original design capacity so as to ensure that the system 

is not overtopped and damaged by design events. 

 

2.2.3  Conservation tillage  
 

Conservation tillage is defined as any tillage or planting system in which at least 30 % of the 

soil surface is covered by plant residue after planting to reduce erosion by water (INTECH, 
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2012). Conservation tillage practices ensure soil and water conservation, reduce farm energy 

and increase crop production (Mupangwa et al., 2007). Conservation tillage includes no tillage, 

reduced tillage and mulch tillage (Ahn and Hintze, 1990). According to Bescansa et al. (2006), 

conservation tillage is associated with positive changes in the physical, chemical and biological 

properties of a soil. Conservation tillage influences the bulk density, infiltration and water 

retention of a soil (Osunbitan et al., 2005).  

 

No tillage is when no cultivation takes place at all prior to planting (Russell, 1998a) while 

minimum tillage is the practice of reduction of the amount of soil disturbed when the land is 

being prepared for planting and it is highly recommended at all times (SASEX, 1998). 

Minimum tillage involves in situ killing of old cane plants using glyphosate or by hoeing and 

a furrow drawn between the rows of dead cane, into which the new seedcane and fertilizer is 

deposited (Russell, 1998a). The purpose of minimum tillage is to achieve no- tillage or zero 

tillage (Conti, 2015).  

 

According to Sustainet (2010), mulching is the spreading of dead plant material (e.g. sugarcane 

trash, dry grass, straw, banana leaves and other crop residues) on the bare soil surface or placing 

the dead plant material around the stem of plants in order to control soil erosion and conserve 

moisture. Mulch cover hinders surface runoff and retains rainwater on the surface of the soil 

thus giving it more time to infiltrate into the soil (Mupangwa et al., 2007). Research findings 

by Erenstein (2002) showed that mulching significantly reduced surface runoff and hence soil 

loss. Mulch conservation reduces losses of soil and water from cane fields and specifically on 

steep slopes (SASEX, 2010). 

 

2.2.4 Contour tillage  
 

Effective reduction in erosion is often achieved through ploughing, tilling and planting on the 

contour (Matthee and Van Schalkwyk, 1984) and the practices can decrease soil loss from 

slopping land compared with up-and-down slope cultivation (Morgan, 2005). Small furrows or 

corrugations across the slope are created by contour tillage and when it rains, these should fill 

up and overflow for surface runoff to occur (Matthee and Van Schalkwyk, 1984). Contour 

tillage is effective only during storms of low rainfall intensity and in order to protect against 

more extreme storms, the technique should be improved by supplementing contour farming 

with strip cropping (Morgan, 2005). Terrace sections are usually maintained with minimum 
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additional maintenance measures if contour tillage and a proper method of ploughing are 

practiced (SCS, 1954). The greatest advantage of contour tillage lies on flatter slopes but if 

they are long, there is a need to divide them into shorter lengths by use of suitable diversions 

or terraces (Matthee and Van Schalkwyk, 1984). 

 

2 . 3  L e g i s l a t i o n  G o ve r n i n g  S o i l  a n d  W a t e r  C o n se r va t i o n  i n  S o u t h  
A f r i c a  

 

The Conservation of Agricultural Resources Act 43 of 1983 is the legislation that governs soil 

and water conservation practices in South Africa and states that “The objects of this Act are to 

provide for the conservation of the natural agricultural resources of the Republic by the 

maintenance of the production potential of land, by the combating and prevention of erosion 

and weakening or destruction of the water sources, and by the protection of the vegetation and 

the combating of weeds and invader plants” (CARA, 1983). 

 

Article 6 “Control measures” has five clauses and various sub-clauses. The following sub-

clauses from CARA relate to production systems in the sugar industry and soil and water 

conservation practices in South Africa: 

(a) the utilization and protection of land which is cultivated, 

(b) the prevention or control of waterlogging or salination of land, 

(c) the regulating of the flow pattern of run-off water, 

(d) the prevention and control of veld fires, 

(e) the restoration or reclamation of eroded land or land which is otherwise disturbed or 

denuded, 

(f) the protection of water sources against pollution on account of farming practices, and 

(g) the construction, maintenance, alteration or removal of soil conservation works or 

other structures on land. 

 

2 . 4  C o s t s  o f  S o i l  a n d  W a t e r  Co n se r va t i o n  S t r u c t u r e s  
 

The effects of erosion on productivity and on increased costs of seeds for replanting destroyed 

crops are a major concern to most farmers (Shaxson, 1985). According to Morgan (2005), 

installation and maintenance of many soil and water conservation structures is costly though 

farmers are willing to adopt conservation practices as long as substantial benefits accrue and 
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the investment costs can be recovered. It is difficult to assess returns to soil and water 

conservation investment and studies on the returns to soil and water conservation are few in 

Africa (Reij et al., 2013).  

 

The costs of construction of soil and water conservation structures include both labour costs 

and material costs (Barbier, 1990) and machinery costs (Tweddle, 2016a;Tweddle, 2016b). The 

cost of contour bank construction is significantly impacted by the location of the soil borrowed 

for its construction (USDA-NRCS, 2011). Labour requirements for soil conservation structures 

are frequently found to be excessive (Young, 1989). According to Morgan (2005), there is no 

adequate information on pricing labour as much of it is in form of unpaid inputs from farmers 

and their families and it is also not easy to take account of the effects of different currency 

exchange rates where a black currency market coexists with the official currency exchange 

market. Typical labour requirements for the construction of soil and water conservation 

structures are shown in Table 2.1. 

 

Table 2.1 Labour requirements for construction of soil and water conservation structures (after 

Morgan, 2005) 

Conservation practice Labour (person-days ha-1) 
Construction of contour terraces 100 – 300 
Construction of bench terraces 200 – 500 

Construction of bench terraces with stone side slopes 1000 – 1800 
Annual maintenance of terraces 40 – 60 

Contour stone bunds 50 – 60 
Contour grass barriers 40 – 45 

Construction of Katumani-type pits 100 – 120 
 

Machines used in the construction of soil and water conservation structures include scrapers, 

bull dozers, road graders and farm ploughs (mould board or disc) (Matthee and Van 

Schalkwyk, 1984). Typical agricultural tractor and implement maximum hours required for the 

construction of soil conservation structures are 1000 hours of operation per annum and 300 

hours of operation per annum respectively (Tweddle, 2016a). Hourly tractor costs range 

between R 110 and R 530 while implement hourly costs range between R 5 and R 220 

depending on the efficiency of the machine (Tweddle, 2016a).  
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3. DESIGN NORMS FOR SOIL AND WATER CONSERVATION 
STRUCTURES 

 

Design norms are guidelines applied in the design of structures. The commonly used structures 

in soil and water conservation are waterways and contour banks. In this chapter, norms applied 

in the design of contour banks and waterways are reviewed. 

 

3 . 1  H yd r o l o g i c  D e s i g n  
 

Estimation of design floods is important in the design of hydraulic structures and thus to 

quantify and limit the risk of failure of the structures (Reinders et al., 2016). According to 

Russell (1994), the Soil Conservation Service (SCS) method (SCS, 1972) of runoff prediction 

should be used in instances of design of structures on cultivated land while the Rational Method 

(Kuichling, 1889) is to be used in the case of natural catchments for storage dam and gulley 

stabilization design. Schmidt et al. (1987) came up with adaptations for Southern African 

conditions to the SCS approach. The Rational and Soil Conservation Service – South Africa 

(SCS-SA) methods are the most appropriate for the estimation of design runoff from small, 

rural catchments in South Africa (Reinders et al., 2016). Russell (1994) suggested the return 

periods contained in Table 3.1 for design purposes of soil erosion control structures. 

 

Table 3.1 Return periods for soil erosion control structures  

SN Structure Location Return Period (Year) 

1 Earthen Cultivated land 10 

2 Concrete lined Cultivated land 25 

3 Water bearing Natural water course with 

catchment area of 25 ha and 

below 

10 

4 Water bearing Natural water course with 

catchment area of 26 ha and 

above 

25 

5 Any structure 

on water course 

500 m either side of public 

utility 

Specified by the Soil Conservation 

Engineer and approved by the Chief 

Engineer 
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ASABE (2012) recommended that a 10 year return period be used in the design of contour 

banks but stressed the need for the selection of larger design storms appropriate to the level of 

risk of failure. The risk of failure is related to the return period, T (year] and it is quantified as 

the probability of exceedance, Pe as shown in Equation 3.1 (Reinders et al., 2016). 

T
Pe

1
=           (3.1) 

 

3.1.1 SCS method 

 

The SCS method used in design flood estimation is widely used and it is not as sensitive to 

user inputs as the Rational Method (Smithers, 2012). Schmidt et al. (1987) utilised the 

developments and verifications by Schulze and Arnold (1979), Schulze (1982), Schmidt and 

Schulze (1984) and Dunsmore et al. (1986) to come up with an adaptation of the SCS for South 

Africa. These adaptations for southern African conditions account for regional differences in 

median antecedent soil moisture conditions prior to large events and for the joint association 

between rainfall and runoff. Schulze et al. (1992) computerised these adaptations and the 

method (SCS-SA) is now widely used for the estimation of design floods from small 

catchments (< 30 km2) in South Africa (Smithers, 2012;SANRAL, 2013). The SCS stormflow 

equation takes on the form in Equation 3.2 (SANRAL, 2013) . 

 

SIP
IP

Q
a

a

+−
−

=
2)(

 for aIP >         (3.2) 

where  

Q = stormflow depth (mm), 

P = daily rainfall depth (mm), regularly input as a one- day design rainfall for a 

given return period, 

S = potential maximum soil water retention (mm), and 

Ia = initial abstraction prior to stormflow commencement (mm) 

    = 0.1S for South Africa. 

The potential maximum soil water retention expressed in Equation 3.3 is related to various 

factors namely: (a) hydrological soil properties, (b) land cover and land management 

conditions, and (c) the catchment’s soil moisture status prior to a rainfall event (SANRAL, 

2013). 
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25425400 −=
CN

S          (3.3) 

where 

CN = Curve Number and it is an index expressing a catchment’s stormflow response to a 

rainfall event. 

 

A detailed description on the application of the SCS equation is presented by SANRAL (2013). 

 

3.1.2 Rational method 

 

The Rational method is extensively used worldwide for both small rural and urban catchments 

(Alexander, 2001). Parak and Pegram (2006) reported that the Rational method is the most 

widely used method of estimating design peak discharges from rainfall events and it is easy to 

understand and simple to use. The method which only computes flood peaks, is sensitive to the 

input design rainfall intensity and the runoff coefficient, whose selection is based on the 

experience of the user (Smithers, 2012). According to HRU (1972), the Rational method is 

recommended for application in catchments with areas less than 15 km2 although Pegram 

(2003), showed that the Rational method can be applied to larger catchment sizes than 

commonly accepted. 

 

Van der Spuy and Rademeyer (2010) recommend use of the Rational method in South Africa. 

The peak flow, Q (m3.s-1] is determined from the runoff coefficient, C, average rainfall intensity 

over a catchment, I (mm.h-1), and the area of catchment, A (km2) as shown in equation 3.4. 

 

6.3
CIAQ =           (3.4) 

 

A detailed description on the application of the Rational method is provided or can be found in 

SANRAL (2013).  

 

3 . 2  H yd r a u l i c  D e s i g n   
 

Strong links exist between soil conservation measures and measures for water conservation 

(Hudson, 1987). A number of measures are directed primarily to one or the other, but most 
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contain an element of both. The design of soil and water conservation structures entails design 

of physical protection works namely: contour banks and waterways. This section thus contains 

a review of design norms of contour banks and waterways. 

 

3.2.1 Design of contour banks/ conservation terraces 
 

According to SASEX (2002), contour banks are defined as structures designed hydraulically 

and placed in the field to protect the land situated immediately below. Design of contour banks 

involves the design of vertical and horizontal spacing between contour banks, and the design 

of the contour to safely convey the design discharge (Reinders et al., 2016).  

 

3.2.1.1 Spacing of contour banks 
 

According to ASABE (2012), two methods may be used in the determination of contour bank 

spacing. The methods are described in the following sections. 

 

3.2.1.1.1 Vertical interval method 

 

According to ASABE (2012), the vertical interval method is an empirical method developed 

by the Soil Conservation Service (SCS) in the 1950s and it is not soil, cropping system, or 

rainfall specific. The existing land slope is the slope used in the equation and thus the method 

does not account for the effect of terrace shape on the constructed land slope. Frequently the 

maximum terrace spacing computed by use of the vertical interval method is more conservative 

than that obtained using RUSLE2. The vertical interval equation is shown in Equation 3.5. 

 

YXSVI +=           (3.5) 

where 

VI = vertical interval (m),  

X  = variable with limits 0.10 – 0.60 (metric), depending on rainfall properties 

 (Matthee and Van Schalkwyk, 1984),  

    =  variable ranging from 0.4 – 0.8 for graded terraces and 0.8 for terraces that are 

level (ASABE, 2012),  

Y = variable ranging from 0.3 – 2.30 depending on soil erodibility, crop nature and 

cropping system (Matthee and Van Schalkwyk, 1984),  
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  = variable ranging from 0.304 – 1.22 depending on erosivity of soil, cropping 

systems and practices of crop management (ASABE, 2012), and  

S = land slope (%). 

 

With the VI known, the Horizontal Interval (HI in m) is obtained using Equation 3.6. 

 

S
VIHI 100=           (3.6) 

 

Equation 3.6 was developed in USA with factors X and Y based on runoff and soil loss 

experiments (Reinders et al., 2016). van Staden and Smithen (1989) recommended Equation 

3.7 for use in South Africa. 

 

61.01.0 += SVI          (3.7) 

 

Morgan (2005) discussed various methods of calculating both the vertical interval and 

horizontal interval. The methods are country specific and Equation 3.8 is suited to South Africa. 

 

b
a
SVI +=           (3.8) 

where 

 VI = vertical interval (m), 

a   = variable ranging from 1.5 for low rainfall areas to 4 for high rainfall areas, 

 b   = varies from 1 to 3 depending on soil erodibility, and 

 S   = slope (%).  

 

Russell (1998c) prepared nomographs which can also be used in the determination of vertical 

intervals of contours. The nomographs are shown in Appendix A.1.  

 

3.2.1.1.2 Sustainable soil loss method 

 

This is the preferred method for determining contour bank spacing and it determines contour 

spacing based on evaluation of site specific sheet (interrill) and rill erosion potential of the 

planned contour spacing by employing a sheet and rill erosion prediction tool such as the 
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RUSLE2 (ASABE, 2012). The RUSLE2 is the model used by the Natural Resources 

Conservation Service (NRCS) in the computation of site specific sheet and rill erosion based 

on local climate, field soils, planned cropping system, and existing land slope (USDA-NRCS, 

2011). The maximum allowable spacing for contour systems is based on the NRCS planning 

criteria for the maximum allowed sheet and rill erosion rate for the site and the value is termed 

tolerable soil loss (USDA-NRCS, 2011). According to Hudson (1981), 11 tons.ha-1.year-1 is the 

generally accepted soil loss but values as low as 2 tons.ha-1.year-1 are recommended for 

particularly sensitive areas where soils are thin or highly erodible. Matthee and Van Schalkwyk 

(1984) reported that the required soil depth for sustainable crop production in South Africa is 

250 mm and the acceptable soil loss tolerance ranges between 5 tons.ha-1.year-1 and 10 tons.ha-

1.year-1. According to van Staden and Smithen (1989), the acceptable soil loss in South Africa 

ranges between 3 tons.ha-1.year-1  and 9 tons.ha-1.year-1 for sandy shallow soils and heavy deep 

soils, respectively. Table 3.2 contains suggested soil loss tolerances in South Africa.  

 

Table 3.2 Suggested soil loss tolerances (tons.ha-1.year-1 ) (after van Staden and Smithen, 1989)  

Material Underlying 
Topsoil or E Horizon 

Percentage Clay in B Horizon 
Undifferentiated 0 - 6 6 - 15 15 - 35 Above 35 

Organic O 9     
Vertic A 

Yellow Brown 

 6 7 8 9 Apedal 
Red Apedal 

Red structured B 
E Horizon 

 4 5 6 7 

O Horizon 
Pedocutanic B 
Soft Plinthic B 
Neocutanic B 

Prismacutanic B 
Lithocutanic B 
Hard Plinthite  3 4 5 6 

Rock 
 

According to van Staden and Smithen (1989), the soil loss tolerances in Table 3.2 only serve 

as guides meant to rule out the subjectivity in deciding on a particular soil loss value and any 

deviations from the tolerable limits should be explained in the design. 
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van Staden and Smithen (1989), developed a nomograph used for the estimation of contour 

bank spacing by employing the USLE. The nomograph is shown in Appendix A.2 and it is 

contained in the National Soil Conservation Manual (van Staden and Smithen, 1989). 

Similarly, an approach using the USLE for soil loss estimation was employed by Platford 

(1987) in the development of a nomograph to determine contour bank spacing in the South 

African sugar industry. The average annual soil loss, A (tons.ha-1.year-1] which is computed by 

the USLE model is the product of rainfall-runoff ‘‘erosivity’’ factor (climate), R (MJ.ha-1.mm 

h-1), soil ‘‘erodibility’’ factor, K (tons MJ-1.h.mm-1), slope length factor, L, slope gradient 

factor, S, crop factor, C, and soil conservation practice factor, P, as shown in Equation (3.9). 

 

RKLSCPA =          (3.9) 

 

Differences between the nomograph developed by van Staden and Smithen (1989) and the 

nomograph developed by Platford (1987) exist. The maximum slope, range of sugarcane cover 

factors and maximum horizontal contour spacing in the design norms contained in the National 

Soil Conservation Manual (van Staden and Smithen, 1989;DAWS, 1990) and in the design 

norms used in the sugar industry are 20 %, 0.15 – 0.20 and 60 m and 40 %, 0.09 – 0.15 and 

140 m, respectively. 

 

If A is the acceptable soil loss for a specific field, then R, K and S can be fixed and the USLE 

equation solved for either L with a known C or C solved with a defined L (Platford, 1987). The 

estimated values that were input into the USLE modified for sugarcane management practices 

are shown in Appendix A.3. Values for acceptable soil loss generally range from 4 to 12 

tons.ha-1.year-1 (Platford, 1987) but 20 tons.ha-1.year-1 was used by Platford (1987) as the 

acceptable soil loss in the development of the nomograph to determine contour bank spacing 

in the South African sugar industry. Maintaining soil losses within sustainable limits is 

paramount in sustaining crop yields from cultivated lands (Russell, 1998b) as illustrated in 

Figure 3.1. The USLE was employed to make predictions of soil loss for all possible 

combinations of factors and thereafter the results were used to prepare the nomograph. The soil 

loss predictions by the USLE made by Platford (1987) are shown in Appendix A.4 and the 

nomograph for determining contour bank spacing in the South African sugar industry is shown 

in Appendix A.5. 
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Figure 3.1 Impact of soil loss on crop yield (Russell, 1998b) 

 

3.2.1.2 Hydraulic design of contour banks 
 

According to ASABE (2012), contour banks installed on agricultural land should have the 

capacity to convey the peak rate of runoff anticipated from a 10 year return period, 24 hour 

storm without overtopping, as a minimum. The outlet of the contour bank should be able to 

discharge the 24 hour design storm within 24 hours for most crops or within 48 hours for flood-

tolerant crops. The 10 year-24 hour storm caters for effects of moderately intense and 

moderately infrequent storms which are most likely to cause severe ponding (USDA-ARS, 

2008). Design of earth bank contours is relatively simple and involves determination of the 

correct width, depth, shape and slope to safely discharge the required design discharge 

(Reinders et al., 2016). Manning’s equation for open channel flow is used in the hydraulic 

design of contour banks. The velocity of flow in open channels, v (m.s-1] is determined from 

the hydraulic radius, R (m), Manning’s roughness coefficient, n, and the slope of channel, S 

(m.m-1) as illustrated in Equation 3.10. 

 

5.03/21 SR
n

v ××=          (3.10) 
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Nomographs can be used in place of Manning’s equation and van Staden and Smithen (1989), 

provided a nomograph shown in Appendix A.6 to assist in the hydraulic design of a contour 

bank. In the derivation and construction of the nomograph, a Manning’s coefficient of 0.03 and 

velocities of flow ranging between 0.4 m.s-1 and 1 m.s-1 were assumed. ASABE (2012) 

recommended a maximum Manning’s coefficient of 0.035 and velocities of flow ranging 

between 0.46 m.s-1 and 0.76 m.s-1 for the hydraulic design of contour banks. The detailed 

description on the design of contour banks is presented by Reinders et al. (2016). Alternatively, 

tables prepared by Matthee and Van Schalkwyk (1984) and shown in Appendix A.7 may be 

used in the hydraulic design of contour banks. 

 

3.2.2 Design of waterways 
 

According to SASEX (2002), waterways are hydraulically designed structures, suitably 

protected by vegetation or paving, that are designed to safely convey the discharge from 

contour banks to a natural stream or river. Design of waterways takes into account the size of 

the catchment area, soil type, land slope, land use, and expected grass cover in the channel 

(Carey et al., 2015). Vegetated channels are designed for both stability and capacity conditions 

(Reinders et al., 2016). Stability design is for conditions when vegetation has been recently 

established or cut short while capacity design is for conditions when the vegetation is fully 

established in the waterway. The basis for design of waterways is the Manning’s equation as 

shown in Equation 3.10. As an alternative to Manning’s equation, Matthee and Van Schalkwyk 

(1984) prepared a table which can be used in the design of waterways. The table is shown in 

Appendix A.8. The following factors should be considered in the design of waterways. 

 

3.2.2.1 Water flow velocity 
 

Waterway water flow velocity depends on slope, drag by vegetation and flow depth (Matthee 

and Van Schalkwyk, 1984;ASABE, 2006). The shorter the grass in the waterway, the less the 

flow retardation and the higher the flow velocity and vice versa. When flow velocity exceeds 

a certain rate referred to as the permissible velocity, erosion of the waterway is likely to 

commence. Depending on the prevailing conditions, the permissible velocities to be used are 

given in Appendix A.9.  
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3.2.2.2 Shape of grassed waterways 
 

Grassed waterways are wide and shallow channels with either trapezoidal, parabolic or 

triangular sections (ASABE, 2006). In ensuring that sufficient top soil shall remain for 

establishment of vegetation, the waterway depth should not exceed the depth of the productive 

soil, less 150 mm for establishing vegetation (Reinders et al., 2016). 

 

3.2.2.3 Slope 
 

Preferably, waterways should run straight down slopes so as to prevent water from 

accumulating on the lower side (Matthee and Van Schalkwyk, 1984). Constant slopes rarely 

occur in nature, thus it is important to partition waterways into shorter stretches for design 

purposes so as to cater for the differences in slope (Reinders et al., 2016). In the event that a 

waterway is running skew down a slope, overflow should be prevented by excavating deeper 

and wider so as to ensure that the required flow dimensions are obtained (Matthee and Van 

Schalkwyk, 1984). 

 

3.2.2.4 Discharge capacity 
 

A grassed waterway is designed to convey the peak runoff expected from a minimum storm of 

10 year frequency, 24 hour duration (ASABE, 2006). In instances where a waterway has to 

serve various terraces, there is progressive runoff contributing over the waterway’s length and 

such a scenario would call for the design of the waterway into stretches of approximately 250 

m each (Matthee and Van Schalkwyk, 1984). According to ASABE (2006), the discharge 

capacity of a waterway should be determined using Manning’s equation, the continuity 

equation, and geometric relationships. 

 

3 . 3  C l i m a t e  C h a n g e  Im p a c t s  o n  D e s i g n  F l o o d s  
 

The frequency of climatic fluctuations, including extreme weather events is expected to 

increase as a result of changes in climate (Heltberg et al., 2009). Hallegatte (2009) lists land-

use planning as one of the sectors in which decisions should take into account climate change 

since it involves long-term planning, long-term investments and some irreversibility in choices, 

and it is subjected to changes in climate conditions. There is a likelihood that the frequency of 

heavy rainfall events has increased over most areas, and the average precipitation may reduce 
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in some regions (Bates et al., 2008). From a global perspective, some areas are expected to 

experience an increase in runoff while other areas shall have less runoff, and trends in runoff 

do not necessarily follow the trend in precipitation (Bates et al., 2008). Climate change impacts 

on hydrological processes have been projected and they vary between regions and seasons 

(Kundzewicz et al., 2008). Knoesen (2012) projected an increment in both design rainfall and 

design floods in South Africa as a result of climate change with projections of design floods 

being larger than those for design rainfall. 

 

According to Smithers (2012), the estimation of design floods will be impacted on by the 

changes and distribution of rainfall and runoff. For instance, climate change impacts on design 

rainfall must be quantified in order to assess the impact on the estimated design flood. In 

conclusion, there is a need for new and updated methods of design flood estimation so as to 

account for the impacts of climate change on design flood estimation (Smithers, 2012). 

 

There is a possibility that climate change resulting from increments in temperature and the 

subsequent agitation to rainfall regimes, will lead to increments in the intensity and frequency 

of extreme rainfall events of both short duration (< 24 hours and down to 5 minutes) and long 

duration (one day to seven days) and the associated flooding (Schulze, 2011). This would have 

serious repercussions on the design of hydraulic structures as the failure of such structures is 

associated with potential economic, environmental and societal repercussions. Generally 

across South Africa, an increase of up to 10 % in short duration design rainfalls may be 

expected by the intermediate future (2046 – 2065) while increases of up to 40 % in short 

duration design rainfalls are projected in transitional areas between summer and winter rainfall 

areas (Schulze, 2011). This stresses the need for adjustments to future hydrological designs 

that are based on short duration extreme rainfalls. Schulze (2011) projected increases in design 

rainfalls of long duration over much of South Africa and the implication is that such increments 

should be considered in future designs of hydraulic structures. Areas of transition between 

winter and summer rainfall regions of South Africa were noted to be particularly sensitive to 

changes in design rainfall and especially for lower return periods. This means that the design 

of structures on large catchments for which long duration design rainfalls are critical, require 

extra attention in regards to climate change (Schulze, 2011). 

 



22 

 

4. MODELS FOR SOIL EROSION ESTIMATION 
 

In recent decades, soil erosion by water has become a relevant worldwide issue due to climate 

change, and soils are more exposed to erosion for various reasons, including inappropriate 

agricultural practices and forest fires (Terranova et al., 2009). Erosion models are necessary 

for soil and water conservation and nonpoint source pollution assessments. According to 

Amore et al. (2004), a number of planning and management theories and formulae have been 

developed in order to reduce soil loss from catchments. Various models for prediction of 

erosion are widely documented in literature (e.g. Zingg, 1940;Smith, 1941;Wischmeier and 

Smith, 1978;Renard et al., 1997;Morgan, 2005). This chapter thus contains a review of models 

used for soil erosion estimation. 

 

4 . 1  C a t eg o r i e s  o f  E r o s i o n  M o d e l s  
 

Over time, soil erosion models have been developed to increase knowledge, mitigation and 

degree of resilience regarding erosion processes (Merritt et al., 2003). Merritt et al. (2003) 

further reported that erosion and sediment transport models are sub-divided into three main 

categories, depending on the physical processes simulated, the model algorithms describing 

these processes and the data dependence of the model. The three erosion categories are 

empirical, conceptual and physics-based  and they are discussed below (Terranova et al., 2009).  

 

4.1.1 Empirical models 
 

Empirical models are based on statistical identification of significant relationships between 

assumed important variables for which a reasonable empirical data base exists (Morgan, 2005). 

According to Merritt et al. (2003), empirical models are generally the simplest compared to 

conceptual and physics-based models. Empirical models have less computational and data 

requirements than conceptual and physics-based models, and they are characterised by a high 

level of spatial and temporal aggregation with a small number of casual variables (Jakeman et 

al., 1999). The values of parameters in empirical models may be obtained by calibration, 

though they are more often transferred from calibration at experimental sites (Merritt et al., 

2003). According to Wheater et al. (1993), empirical models are often criticised for basing on 

unrealistic assumptions about the physics of the catchment system and ignoring the 

heterogeneity of the catchment inputs and characteristics. Much as these criticisms are valid, 
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inadequate meteorological networks and the spatial variations in soils, often imply that the 

more complex and dynamic models are not more superior than empirical models (Merritt et 

al., 2003). Empirical models are thus preferred to more complex models since they can be 

employed in instances where limited data and parameter inputs exist. 

 

4.1.2 Conceptual models 
 

Conceptual models represent the evolvement of theoretical and experimental research on 

transportation of sediment in rivers performed mainly by hydraulic engineers (Ranzi et al., 

2012). According to Terranova et al. (2009), conceptual models take into account physical 

processes that govern erosion by water through empirical relationships among the involved 

variables. Parameter values of conceptual models are obtained through calibration against 

observed data (Abbott et al., 1986) and because of this requirement, conceptual models tend to 

suffer from problems associated with the identifiability of their parameter values (Jakeman and 

Hornberger, 1993).  

 

4.1.3 Physics-based models 
 

Physics-based models rely on mathematical equations to describe the processes involved in the 

model and they take into account the laws of mass and energy conservation (Morgan, 2005). 

The computational process of physics-based models is explained by relationships where, next 

to variables, a number of well-defined physical factors are considered and their physical 

significance can be assessed by means of direct and independent measurements (Terranova et 

al., 2009). Theoretically, the parameters used in physics-based models are measurable and 

known (Merritt et al., 2003) yet in practice, the large number of parameters should be calibrated 

against observed data (Beck et al., 1993). This increases the level of uncertainty in the 

parameter values. Physics-based models still rely on empirical equations to describe erosion 

processes and they are strictly referred to as process-based models (Morgan, 2005).  

 

4 . 2  T yp e s  o f  E r o s i o n  Mo d e l s  
 

Many different soil erosion prediction models are available, ranging across the three model 

categories described above. The models differ in complexity, the modelled processes, the scale 

of application, and the assumptions on which they are based (Merritt et al., 2003). Complex 
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deterministic models (i.e. conceptual and physics-based models) which represent erosion 

processes and sediment transport would be desirable for the accurate estimation of soil loss. 

However, use of complex models is limited and not practical due to the requirements of input 

parameters which are obtainable from research catchments, and the reliance of the complex 

models on calibration (Lorentz and Schulze, 1995). Simpler models (i.e. empirical models) are 

more robust, thereby providing more stable performances than more complex models (Merritt 

et al., 2003). Due to these reasons, simple empirical models have proved to be more effective 

in the provision of sufficient estimates of soil loss for initial planning and design purposes 

(Lorentz and Schulze, 1995). An overview of these empirical models is presented below. 

 

The USLE was initially developed by Wischmeier and Smith (1965) and further refined by 

Wischmeier and Smith (1978). The USLE was the first and it is the most important empirical 

model which calculates the long term average annual soil loss from a field resulting from rill 

and interrill erosion (Terranova et al., 2009). It has received the most recognition worldwide 

with the most application and it is the foundation for many other empirical equations (Lorentz 

and Schulze, 1995). The USLE and its successors the RUSLE (Renard et al., 1991), the 

RUSLE2 (USDA-ARS, 2001) are the most used models for prediction of soil erosion 

(Auerswald et al., 2014). The Modified Universal Soil Loss Equation (MUSLE) (Williams, 

1975) and the RUSLE derived from the USLE, are advantageous in that their components have 

been extensively researched for southern African conditions (Lorentz and Schulze, 1995). The 

algorithm for the USLE and the RUSLE models is shown in Equation (3.9). 

 

Williams (1975), modified the USLE by replacing the rainfall erosivity factor with a storm 

flow factor and the modification is termed the Modified Universal Soil Loss Equation 

(MUSLE) (Lorentz and Schulze, 1995). The MUSLE allows for direct prediction of sediment 

yield hence eliminating sediment delivery ratios and it is applicable for individual storm events 

(Williams and Berndt, 1977). The MUSLE is embedded in the Agricultural Catchments 

Research Unit (ACRU) (Schulze, 1975) modelling system and it is used in the estimation of 

individual sub-catchment sediment yields on an event-by-event basis (Heritage et al., 2004). 

The ACRU model is a multi-purpose model with application in design hydrology, crop yield 

modelling, reservoir yield simulation, irrigation water demand and supply, and assessment of 

climate change, land use and management impacts (Schulze et al., 1995). 
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The Soil Loss Estimator for Southern Africa (SLEMSA) model developed by Elwell (1978) 

was developed mainly with data from the Zimbabwe Highveld for purposes of evaluating 

erosion emanating from various farming systems which was used to develop recommendation 

for appropriate conservation measures (Morgan, 2005). The factors employed by SLEMSA 

were specifically built for the Zimbabwean Highveld and sub-models have been employed to 

give best estimates of interrill erosion within Zimbabwe and in other areas in southern Africa 

(Smith, 1999). The SLEMSA is a modelling framework with no mechanistic system 

description and therefore cannot be universally applied (Smith, 1999).  

 

The RUSLE is the revised version of the USLE and it has been used at numerous spatial scales 

through sub-division of areas of application into sub-areas with homogeneous factors and 

combined with GIS applications (Renard et al., 1991). The RUSLE is a set of mathematical 

equations which estimate average annual soil loss and sediment yields emanating from rill and 

interrill erosion (Ranzi et al., 2012). The RUSLE is applied to erosion over extended areas and 

in different contexts (Renard et al., 1997). Just like the USLE, the RUSLE does not allow any 

estimate for deposit and size of sediment for the spatial and temporal distribution of erosion, 

but it is able to assess mean annual soil loss (Terranova et al., 2009).  

 

According to Foster et al. (2003), the RUSLE2 employs a more detailed and accurate 

mathematical approach in integrating background governing equations thereby making the 

RUSLE2 more powerful and accurate for many simulations compared to the USLE and the 

RUSLE. A review of the MUSLE and the RUSLE2 is thus contained in the following section 

of this chapter and a summary of all the models is given in Appendix A.10. 

 

4.2.1 Modified Universal Soil Loss Equation (MUSLE) 

 

The MUSLE (Williams, 1975) is an empirical equation that estimates the total soil yield for a 

storm event (Hui-Ming and Yang, 2009). The MUSLE was originally developed using data 

from eighteen small watersheds (Chen and Mackay, 2004) and it only uses variables of runoff 

to simulate erosion and sediment yield (Williams and Arnold, 1997). Erosive and transport 

energies are accounted for by the MUSLE through the inclusion of stormflow volume and peak 

discharge respectively, both of which are projected to change in the intermediate and distant 

future (Williams and Berndt, 1977). The algorithm for the MUSLE computes event sediment 
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yield (Hui-Ming and Yang, 2009). The event sediment yield, Ysd (tons] is determined from 

stormflow volume for the event, Qv (m3), event peak discharge, qp (m3.s-1), soil erodibility 

factor, K (ton.h.N-1ha-1), slope length factor, L, slope steepness factor, S, cover management 

factor, C, supporting practices factor, P, and location specific MUSLE coefficients, αsy,βsy, as 

shown in Equation 4.1(Hui-Ming and Yang, 2009).  

PCLSKqQY sy
pvsysd ...).( βα=        (4.1) 

 

Smithers et al. (1996) used the MUSLE which was embedded in the ACRU model to simulate 

sediment yield from catchments under sugarcane production at La Mercy. It was established 

that a wide range of values for the MUSLE parameters were applicable and the improved 

estimates of the cover factor resulted in the improved simulation of the sediment yield. 

 

4.2.2 Revised Universal Soil Loss Equation - version 2 (RUSLE2) 

 

The RUSLE2 model is largely used for official purposes by the United States Department of 

Agriculture (USDA) - Natural Resources Conservation Services (NRCS) field offices in 

estimating field erosion (Foster et al., 2001). The RUSLE2 model is founded on the RUSLE 

that is used in the estimation of average annual sediment yield per unit area based on soil 

properties, land use, and daily precipitation and temperature data (Sommerlot et al., 2013). 

According to Foster et al. (2003), the RUSLE2 structure is based on the USLE and RUSLE 

models shown in Equation 3.9 (Wischmeier and Smith, 1965;Wischmeier and Smith, 1978) 

but the method used to solve governing equations in the RUSLE2 is what differentiates the 

RUSLE2 from the USLE and the RUSLE. The RUSLE2 encompasses both empirical and 

process-based science in the prediction of rill and interrill soil erosion by rainfall and runoff 

(Lloyd et al., 2013). Foster et al. (2003) reported that 10,000 plot-years of data from natural 

runoff sites and 2000 plot-years from simulated plots were used in the derivation and validation 

of the RUSLE2 model. The RUSLE2 computes long-term average soil loss on each ith day 

(USDA-ARS, 2008). The long-term average soil loss for the ith day, ai (tons.ha-1.year-1] is a 

product of erosivity factor (climate), ri (MJ.ha-1.mm h-1), soil erodibility factor, ki (tons.MJ-

1.h.mm-1), soil length factor, li, slope steepness factor, S, cover management factor, ci, and 

supporting practices factor, pi, as shown in Equation 4.2 (USDA-ARS, 2008). 
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iiiiii pSclkra =          (4.2) 

 

The RUSLE2 utilises empirical indices for the major factors that affect rill and interrill erosion 

in its underlying structure and, due to the increased complexity of the mathematical procedures 

used in the RUSLE2, the model should be used as a computer program rather than in paper 

version (USDA-ARS, 2001). The computer program is simple to use and it solves mathematical 

equations used by the RUSLE2 (Foster et al., 2003;USDA-NRCS, 2013). The RUSLE2 has a 

database which is a large collection of input data values (climate, soil, topography and landuse) 

(USDA-NRCS, 2013). The user of the RUSLE2 model selects entries from the database to 

describe site-specific field conditions.  

 

4 . 3  R e g i o n a l i sa t i o n  o f  S o i l  E r o s i o n  F a c t o r s  
 

Land resources in South Africa are significantly degraded by soil erosion and assessment of 

erosion factors (i.e. rainfall erosivity, soil erodibility, slope steepness and slope length, crop 

management and support practice) requires an understanding of the spatial and temporal 

variability of the erosion factors (Le Roux et al., 2007). According to Smith (1990), highly 

weathered soils in humid regions are more stable than less weathered soils in drier regions of 

South Africa. Important input to the assessment of soil erosion at varying spatial scales depends 

on local conditions and the spatial data for the regions (Vrieling, 2006). According to Le Roux 

et al. (2007), limited plot-scale measurements of erosion in South Africa only allow limited 

regional validation and calibration of the USLE factors. This stresses the need for empirical 

soil erosion models to be appropriately adapted and validated over a long-term and wide range 

of conditions in South Africa. Manyevere et al. (2016) reported that texture and particularly 

sandy soils and shallow depth were the major factors leading to high erosion. Regionally, soil 

and parent material erodibility in South Africa are the overriding erosion risk factors and not 

the slope gradient as established in the US (Le Roux et al., 2007). Generally, climate has the 

greatest influence on erosion controlling factors followed by the soil parent material while the 

influence of slope factors is masked by climatic and parent material effects (Manyevere et al., 

2016). 
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5. DISCUSSION AND CONCLUSIONS 

 

Soil erosion is a serious problem emanating from a combination of agricultural intensification, 

soil degradation and intense rainstorms. Moreover, when the rate of soil loss is unsustainable, 

it leads to a reduction in crop yield and hence the need to limit soil losses to sustainable levels. 

The mechanical means of soil conservation in the South Africa sugar industry is by use of 

contour banks and waterways, and the standards and guidelines for the design of soil 

conservation structures were published by SASEX (2002). The nomograph for the design of 

soil and water conservation structures in the sugar industry of South Africa was developed by 

Platford (1987) by use of observations from runoff plots and the long term average annual soil 

loss simulated using the USLE. The USLE aggregates soil loss and yet erosion occurs on an 

event basis. The MUSLE on the other hand is an event based model while the RUSLE2 predicts 

the long-term average soil loss on a given day. As a result, the MUSLE will be used for the 

study after verification of its performance. Design rainfall and design floods in South Africa 

are expected to increase as a result of climate change and the risk of soil erosion is high due to 

the increased frequency of large rainfall and flood events. The current design norms for the 

sugar industry specify that soil and water conservation structures be designed for a 10 year 

return period but are silent on the duration of the rainfall events that are used in their designs, 

yet a 10 year return period, 24 hour storm is the minimum recommended. Since the frequency 

of occurrence of extreme events is expected to increase in South Africa, the 10 year return 

period currently recommended may not be adequate considering the projected levels of risk 

and the fact that a few large events are the ones responsible for erosion. Short duration storms 

with high intensities are more likely to cause erosion than long duration storms with low 

intensities. Therefore, it would be necessary to incorporate short duration storms (i.e. < 24 

hours and down to 5 minutes) in the design of soil and water conservation structures. Climate 

has the greatest influence on erosion controlling factors followed by the soil parent material 

while the influence of slope factors is masked by climatic and parent material effects. The 

nomograph for the design of soil and water conservation structures in the sugar industry does 

not include any regional variations of climate and the impact on soil erosion and runoff. 

Therefore, it is imperative to incorporate regional variations in climate in the updated design 

norms for the design of soil and water conservation structures. The simulation conducted by 

Platford (1987) generated various values used in the construction of the nomograph for the 

design of soil conservation structures in the sugar industry. Most of the soil loss values exceed 
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the 20 tons.ha-1.year-1  fixed by Platford (1987) which in itself exceeds the acceptable soil loss 

value of 9 tons.ha-1.year-1  proposed by van Staden and Smithen (1989). The soil loss of 20 

tons.ha-1.year-1 is not sustainable thus giving unsustainable contour bank spacing for soil losses 

in excess of 9 tons.ha-1.year-1. In the development of updated design norms for the design of 

soil and water conservation structures, care should be taken to ensure that the simulated soil 

losses are within sustainable limits hence giving rise to sustainable contour bank spacing. 

The design norms for soil and water conservation structures in the sugar industry also advocate 

for specific designs whenever slopes are less than 3 % and greater than 30 % although the 

design nomograph used in the sugar industry caters for slopes up to 40 %. The slope simulation 

values include slopes (e.g. 45 %) greater than 40% and yet the nomograph has a maximum 

slope of 40% and cannot be used to design structures on lands whose slopes are greater than 

40 % and less than 3 % and yet topographies in sugarcane growing areas are very steep. The 

40 % slope is also greater than the 20 % maximum slope contained in the National Soil 

Conservation Manual (van Staden and Smithen, 1989). The nomograph used in the local sugar 

industry further assumes strip planting which may not generally be practiced in South Africa. 

Failure to practice strip cropping exposes the soils to erosion and hence calling for practices 

like mulching that would curb on the amount of soil loss. Accidental and runaway fires are 

common occurrences in sugarcane harvesting in South Africa and often spread over entire 

hillsides, thereby exposing the land for sugarcane production to potential erosion (SASEX, 

2014). Such an unforeseen occurrence is not accounted for in the design norms for soil and 

water conservation structures in the sugar industry. Crop rotation is important in erosion 

control, ensuring soil fertility and reduction of pests and diseases, yet this important practice is 

not included in the design norms for soil and water conservation structures in the sugar 

industry. During the rotation period, the cover factor of the rotation crops is different to the 

sugarcane cover factors meaning that some practices allowed during sugar production like 

spraying pests and diseases and burning at harvest would not be appropriate. The design 

nomograph used in the sugar industry does not include vulnerability during break cropping 

where the cover may be reduced as a result of field rejuvenation and replanting of sugarcane. 

The sugarcane cover factors in the National Soil Conservation Manual range between 0.15 and 

0.20 (DAWS, 1990) while the factors in the sugar industry design norms range between 0.09 

and 0.15 (Platford, 1987). 
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6. PROJECT PROPOSAL 
 

This chapter presents a project proposal for the development of updated design norms for soil 

and water conservation structures in the local sugar industry. It covers the problem statement, 

hypotheses, objectives of the study that include the research aim and specific objectives, 

originality statement, methodology and area of study, and work plan, time schedule and 

deliverables. The list of equipment and resources, health, safety, environmental and ethical 

considerations and considerations of intellectual property are covered too under this chapter. 

 

6 . 1  P r o b l e m  S t a t e m e n t  
 

Unsustainable soil loss from a field results in a reduction in crop yield. Thus the need to limit 

soil losses to levels that are sustainable through the use of soil and water conservation 

structures. SASEX (2002) published standards and guidelines for the design of soil and water 

conservation structures and they include a nomograph developed by Platford (1987) for the 

design of soil and water conservation structures in South Africa. The design norms employed 

by the sugar industry specify a 10 year return period but make no mention of the the duration 

of the rainfall events in the design of soil and water conservation structures. The adequacy of 

the 10 year return period specified is questionable owing to the projected increase in the 

frequency of occurrence of extreme events in South Africa. The appropriateness of the 24 hour 

storm is also highly questionable as storms of short duration are more likely to cause erosion 

than long duration storms due to their high intensities. The design norms also advocate for 

specific designs whenever slopes are less than 3 % and greater than 30 %, although the design 

nomograph caters for slopes up to 40 %. Discrepancies between design norms in the National 

Soil Conservation Manual and norms used in the sugar industry exist and there is a need to 

accommodate climate change variations, significant events of soil erosion, production and 

management practices, and regional differences in soils and slopes. Thus the purpose of this 

research aims to develop updated design norms for soil and water conservation structures in 

the sugar industry of South Africa.  

 

6 . 2  H yp o t h e se s  
 

This research proposal aims to address seven fundamental hypotheses namely: 
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(a) The current internationally accepted models used in soil loss prediction can be applied 

in the determination of approaches and design norms for the local sugar industry. 

(b)  Regional differences in climate, topography and soils in South Africa can be included 

in the design norms. 

(c) Topographies found in the local sugar industry have significant impacts on design 

approaches and norms. 

(d)  Design norms can be developed to include sugar production systems like crop 

rotations and unplanned for events. 

(e) Extreme events when most soil loss occurs have significant impacts on layout of the 

system design criteria. 

(f) Varying design return periods, use of catchment specific design rainfall durations and 

the layout of the system of contours have significant economic impacts on the system 

design criteria. 

(g) Impacts brought about by soil and water conservation structures adhere to water 

related legislation by limiting soil losses to acceptable limits and cause increases in 

stream flows. 

 

6 . 3  A i m  
 

The aim of this research is to develop updated design norms for soil and water conservation 

structures in the sugar industry in South Africa taking into account the above hypotheses. 

 

6 . 4  O b j e c t i v e s  
 

In order to achieve the aim of this research, the following specific objectives have to be met: 

 

(a) to investigate current internationally accepted models for predicting soil losses and 

the application of the selected model to determine design approaches and norms for 

the industry, 

(b)  to investigate regional differences in climate, topography and soils in South Africa to 

be included in the design norms, 

(c) to investigate design approaches and norms for topographies found in the local sugar 

industry,  

(d)  to develop the design norms to include sugar production systems which include crop 
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rotations and un-planned for events,  

(e) to investigate system design criteria for extreme events when most soil loss occurs, 

(f)  to investigate the economic impact of varying design return periods, design rainfall 

durations and the system of contours on the system design criteria, and 

(g)  to investigate the impacts of soil and water conservation structures on water related 

legislation, including stream flow reduction activities. 

 

6 . 5  O r i g i n a l i t y  o f  t h e  s t u d y  
 

This study will generate updated design norms for soil and water conservation structures in the 

sugar industry of South Africa. The updated design norms will accommodate climate change 

variations, significant events of soil erosion, production and management practices, and 

regional differences in soils and slopes. 

 

6 . 6  S c o p e  o f  R e s e a r c h  
 
This research will concentrate on the development of robust but simple to apply design 

approaches and regionalised norms for soil conservation structures for use in the South African 

sugar industry. This research is mainly a desktop study. It does not involve in-field data 

collection as historical runoff and soil loss data will be used. 

 

6 . 7  S t u d y  A r e a  a n d  Me t h o d o l o g y  
 

A description of the study area and the methodology to be employed in this study is presented 

in this section.  

 

6.7.1 Study area 
 

The area under study includes all sugarcane growing areas in South Africa predominantly in 

KwaZulu-Natal, with a substantial investment in Mpumalanga and some farming operations in 

the Eastern Cape. It lies between latitudes of 25° S and 31° S and between longitudes of 30° E 

and 32° E (SASRI, 2011). The altitude ranges between 0 m and 1143 m (Palmer and Ainslie, 

2006). Annual precipitation ranges from less than 300 mm to more than 1100 mm with annual 

minimum temperatures ranging between 5.5° C and 23° C while annual maximum 

temperatures range between 25° C and 37° C (SASA, 2017). The soil groups comprise of dark 
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brown humic soils (8 %), black soils (13 %), red and yellow-brown soils (19 %), and grey soils 

(60 %) (Botha et al., 1999). The area under sugarcane cultivation is 370 400 ha (SASA, 2016) 

as shown in Appendix A.11.  

 

6.7.2 Methodology 
 

This research will commence with a detailed literature review to ascertain current design norms 

and practices, design approaches, sustainable soil loss, performance of soil loss models, and 

the current internationally accepted models used in the prediction of soil losses. The data 

requirements of the selected models will be established after which the data will be obtained 

from various custodians of the data.  

 

Historical runoff and soil loss data from catchments under sugarcane production collected by 

the former South African Sugar Association Experiment Station (SASEX) which is now the 

South African Sugarcane Research Institute (SASRI), and soil loss data from catchments under 

other rotational crops collected by the former KwaZulu Natal (KZN) Department of 

Agriculture, Environmental Affairs and Rural Development (DAERD) and now the KZN 

Department of Agriculture and Rural Development (DARD) and Agricultural Research 

Council (ARC) will be located and utilised in the study. Rainfall, temperature and soil data will 

also be obtained from their respective custodians. The report by Smithers et al. (1996) where 

the MUSLE embedded in the ACRU was used to simulate sediment yield from catchments 

under sugarcane production at La Mercy will be obtained and used too. Simulations of sediment 

yield by the MUSLE in ACRU relied on less detailed soil loss parameters and were found to be 

acceptable. Unit rates for construction of contours will also be obtained from the KZN DARD 

and SASRI. With the data collected, rainfall and runoff data will be investigated for any 

problems and inconsistencies after which the problems will be corrected. Trends and 

relationships of the rainfall, runoff and soil loss data will be further investigated so as to prepare 

a clean set of data and thus excluding any potentially erroneous events. This would also ensure 

that possible inconsistencies in the observed data between catchments is clarified.  

 

Initially, detailed soil loss parameters for use in the MUSLE will be estimated after which the 

MUSLE model will be used to simulate runoff and soil loss based on the detailed soil loss 

parameters, historical rainfall and management practices at the La Mercy catchments. The 

results of the simulation will then be compared with observed data (runoff and soil loss) from 
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the La Mercy catchments. Comparison of simulation results and observed data will help in 

determining the accuracy of the MUSLE based on detailed soil loss parameters and in the 

verification and gaining confidence in the MUSLE. This comparison would also help in 

determining which of the two sets of soil loss parameters (detailed and less detailed) is more 

accurate than the other and the more accurate soil loss parameters will be adopted for use in 

the MUSLE in this study. The MUSLE model will be used to simulate various scenarios and 

the results will be used to update the design norms and the first step will involve updating of 

climate and soil data in the selected model to suit local conditions in South Africa.  

 

Regional differences in climate, topography and soils will be investigated for purposes of 

inclusion in the design norms. This will be done by simulating different regional climates, 

topographies, and associated soils found in the regions. Simulation will then be conducted for 

various scenarios and for different regions where sugarcane is grown in South Africa, taking 

into consideration sugar production systems like crop rotations and runaway fires, strip 

harvesting and also the various (flat and steep) slopes in sugarcane growing areas. Due to 

changes in climate, simulation will be done to reflect the projected frequency of occurrence of 

extreme events that are expected in South Africa, and not just the 10 year return period 

currently used in the design of soil and water conservation structures in the sugar industry. 

Simulations will also be done with short duration storms which are expected to be more intense 

than the current specified minimum of the 24 hour storm. The soil loss estimated will be gauged 

against the acceptable soil loss tolerance levels with the aim of not exceeding the acceptable 

limits. This will involve proposing various conservation practices and evaluated with the 

MUSLE model, thereby ensuring that parameters and practices not catered for in the current 

design norms are included in the updated design norms. Different contour layouts based on 

varying return periods, specific rainfall durations and systems will be costed using unit rates of 

contour construction from the KZN DARD and SASRI so as to assess the feasibility of moving 

from one system to another. The results generated from simulation will be used to develop a 

simple and easy to apply design approach and norms appropriate for the sugar industry. It is 

proposed that an MS Excel application will be used in the generation of the nomographs and 

the soil loss maintained within acceptable limits. 

 

The benefits of the study include, inter alia, regionalised design approaches and norms for soil 

conservation structures which limit soil loses to sustainable levels and which caters for the 
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specific terrain and current and potential future production practices used in the sugar industry, 

including possible climate change concerns. Runoff and sediment yield will be simulated by 

the MUSLE model and the impacts of soil conservation structures on water related legislation, 

including stream flow reduction activities, will be quantified. The overall benefits and impacts 

will be key in justifying the adoption of the design approach and norms appropriate for the 

sugar industry. During the course of the study, various publications will be prepared, presented 

in conferences and submitted for publication in journals. The various aspects of the study will 

further be documented into a thesis and a design standards and norms handbook/manual and 

submitted to UKZN and SASRI. The work plan, time schedule and deliverables of this research 

are clearly shown in Appendix A.12.  

 

6 . 8  E q u i p m e n t  a n d  R e so u r c e s  
 

This research entails a desktop study, office space will be provided by UKZN and funding by 

SASRI. The research budget is shown in Appendix A.13. 

 
6 . 9  H e a l t h ,  S a f e t y ,  E n v i r o n m e n t a l  a n d  E t h i c a l  Co n s i d e r a t i o n s  
 

Owing to the nature of this research, health, safety, environmental and ethical considerations 

will not arise as a result of the study. The study hopes to generate updated design norms for 

soil and water conservation structures in the sugar industry of South Africa and if applied, soil 

and water conservation will be greatly improved thus reducing soil erosion and improving 

sugarcane yields. 

 

6 . 1 0  In t e l l e c t u a l  P r o p e r t y  C o n s i d e r a t io n s  
 

The official document from the University of KwaZulu-Natal in line with intellectual property 

titled: “Intellectual Property and Proprietary Information Agreement (Form IP2)”, was signed 

and returned electronically to the School of Engineering on 18th June 2015. All the intellectual 

property generated by the project will belong to the South African Sugar Association (SASA) 

and UKZN. 

 

6 . 1 1  W o rk  Pl a n ,  T i m e  S c h e d u l e  a n d  D e l i ve r a b l e s  
 

The work plan, time frame and list of deliverables of this study is shown in Appendix A.12.
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8. APPENDIX A.1 NOMOGRAPHS FOR CONTOUR BANK SPACING IN VARIOUS RAINFALL AREAS 
 

The nomographs for contour bank spacing depending on amounts of rain fall received are shown in Figure 8.1 - Figure 8.3. 

 
Figure 8.1 Graph for determination of contour bank spacing in low rainfall areas (Russell, 1998c) 

 

 
Figure 8.2 Graph for determination of contour bank spacing in high rainfall areas (Russell, 1998c) 

 

 
Figure 8.3 Graph for determination of contour bank spacing in high rainfall areas (Russell, 1998c) 
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9. APPENDIX A.2 NOMOGRAPH FOR CONTOUR BANK SPACING 
 

The nomograph for contour bank spacing found in the National Soil Conservation Manual is shown in Figure 9.1. 

 

 
Figure 9.1 Nomograph for contour bank spacing (van Staden and Smithen, 1989) 
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10. APPENDIX A.3 ESTIMATED VALUES FOR INPUT INTO THE USLE MODIFIED FOR SUGARCANE 
MANAGEMENT PRACTICES  

 

The estimated values that were input into the USLE modified for sugarcane management practices are shown in Figure 10.1. 

  USLE = R K LS C P   

   
Rainfall 
Erosivity 

Soil Erodibility Slope/ 
Length Cover Practices 

  
EROSIVITY        
Code  R Value       

1 Cost  350       
2 Inland 300       
3 Midlands 250       

          
ERODIBILITY         
Code Erodibility K Value       

1 V.high 0.65  Shallow fine grained sandy soils 
2 High 0.42  Shallow coarser grained loamy sands 
3 Moderate 0.28  Moderately deep coarse grained loams 

4 Low 0.22  
Deep sandy loams and deep sandy clay 
loams 

5 V.low 0.15  Deep sandy clay loams and stronger 
          
COVER 
CODE         

Code 
Average annual 
cover        

1 September plant  Cost Sept plant 0.09     
2 September plant  M/lands Sept plant 0.12     
3 February plant  Cost Feb plant 0.11     
4 February plant  M/lands Feb plant 0.15     

          

PRACTICES   
SELECT 
PRACTICE      

Code Type   Value     
P1 Contour plough   0.85     
  Up/down plough   1.00     
  Plough + disc   0.95     

  
Min tilled 
(chemical)   0.15     

  
Min tilled 
(chipped)   0.25     

          

P2 
Strip plant 
(terraces)   0.70     

  Strip plant    0.25     
          
P3 Terrace banks   0.90     
  Spillover roads   1.00     
          
TRASH CODE         
     Value     

1 Trash   0.80     
2 Burnt and scattered tops  0.90     
3 Burnt, reburnt     1.00       

 

Figure 10.1 Values used for input into the USLE for sugarcane management practices (after Platford, 1987) 
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11. APPENDIX A.4 SOIL LOSS PREDICTIONS BY THE UNIVERSAL SOIL LOSS EQUATION  
 

The soil loss predictions used to generate the design norms for soil and water conservation structures in the sugar industry are shown in Figure 11.1 (Platford, 1987). 

 
Figure 11.1 Soil loss predictions (Platford, 1987) 
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12. APPENDIX A.5 NOMOGRAPH FOR DETERMINING CONTOUR 
BANK SPACING IN SUGARCANE FIELDS  

 

The nomograph for determining contour bank spacing in sugarcane fields is shown in Figure 

12.1. 

 

 

 

Figure 12.1 Nomograph for determining contour bank spacing in sugarcane fields (Platford, 

1987) 
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13. APPENDIX A.6 NOMOGRAPH FOR THE HYDRAULIC DESIGN OF A CONTOUR BANK 
 

The nomograph for the hydraulic design of contour banks is shown in Figure 13.1. 

 

Figure 13.1 Nomograph for the hydraulic design of contour banks (van Staden and Smithen, 1989)
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14. APPENDIX A.7 HYDRAULIC DESIGN OF CONTOUR BANKS 
 

The dimensions of parabolic stormwater drains may be obtained from Table 14.1. 

 

Table 14.1 Dimensions for parabolic stormwater drains (after Matthee and Van Schalkwyk, 1984) 

Top width (m) 
Gradient (%) 0.25 0.50 0.75 1.00 1.50 

Velocity (m.s-1) 0.45 0.60 0.75 0.90 1.20 0.45 0.60 0.75 0.90 1.20 1.80 0.45 0.60 0.75 0.90 1.20 1.80 0.45 0.60 0.75 0.90 1.20 1.80 0.45 0.60 0.75 0.90 1.20 1.80 
Depth (m) 0.54 0.82 0.91 1.04 1.34 0.40 0.61 0.70 0.76 0.95 1.40 0.36 0.55 0.61 0.64 0.76 1.10 0.32 0.49 0.55 0.58 0.67 0.91 0.28 0.43 0.46 0.52 0.58 0.76 

Runoff (m3.s-1)   
0.20 3         3 3         4 3         5 3 3       6 3 3       
0.50 5         7 4 3       10 5 3       12 6 4 3     16 8 5 3     
0.70 7 3 3     10 5 3       14 7 4 3     17 8 5 3     22 11 7 5 3   
1.00 9 4 3     14 7 4 3     20 10 6 4     24 12 7 5 3   31 15 10 6 4   
1.20 11 5 4 3   17 8 5 4     24 12 7 5 3   28 14 9 6 3     18 12 8 4   
1.50 14 7 5 3   21 10 6 5 3   30 15 8 6 3   35 17 11 7 4     23 15 10 5   
1.70 16 8 5 4   24 12 7 6 3     17 9 7 4     20 12 8 5     26 17 11 6   
2.00 18 9 6 4   28 14 9 6 4     20 11 8 4     23 14 9 6     30 19 13 7 3 
2.20 20 10 7 5   31 15 9 7 4     23 12 9 5     25 16 10 6 3     21 14 8 3 
2.50 23 11 8 5 3   17 11 8 4     25 14 10 6     29 18 12 7 3     24 16 9 4 
3.00 27 13 9 6 4   21 13 10 5     30 16 12 7 3   35 21 14 8 4     29 19 10 5 
3.50 32 16 10 7 4   24 15 11 6       19 14 8 3     25 16 10 4       22 12 5 
4.00   18 12 8 5   28 17 13 7 3     22 16 9 4     28 19 11 5       26 14 6 
5.00   22 15 10 6   34 21 16 9 4     27 20 11 5     35 23 14 5       32 17 8 
6.00   27 18 12 7     26 19 10 5     33 23 13 6       28 16 7         21 9 
7.00   31 21 14 8     30 22 12 5       27 15 7       33 19 8         24 11 
8.00     24 17 9       25 14 6       31 17 8         22 10         27 12 
9.00     27 19 10       28 16 7         19 9         25 11         31 14 
10.00     30 21 11       32 17 7         22 10         27 12           15 
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15. APPENDIX A.8 HYDRAULIC DESIGN OF GRASSED WATER WAYS 
 

The dimensions of parabolic grassed waterways may be obtained from Table 15.1. 

 

Table 15.1 Dimensions for parabolic grassed waterways (after Matthee and Van Schalkwyk, 1984) 

Top width (m) 
Slope (%) 1 2 3 4 5 6 8 10 12 14 

Velocity (m.s-1) 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 0.6 1.2 1.8 
Depth (m) 0.36 * * 0.27 0.38 * 0.22 0.31 0.39 0.20 0.27 0.34 0.18 0.24 0.30 0.17 0.22 0.28 0.16 0.20 0.24 0.14 0.18 0.22 0.13 0.17 0.20 0.12 0.16 0.19 

Runoff (m3.s-1)   
0.20 Ø * * Ø Ø * 3 Ø Ø 4 Ø Ø 4 Ø Ø 4 Ø Ø 5 Ø Ø 6 Ø Ø 6 Ø Ø 7 Ø Ø 
0.50 4 * * 6 Ø * 8 Ø Ø 9 Ø Ø 10 3 Ø 11 4 Ø 12 4 Ø 14 5 Ø 15 5 Ø 16 5 Ø 
0.70 6 * * 9 Ø * 11 4 Ø 12 4 Ø 14 5 Ø 15 5 Ø 17 6 Ø 19 6 3 21 7 4 23 7 4 
1.00 9 * * 13 Ø * 15 5 Ø 18 6 Ø 20 6 3 21 7 4 24 8 4 28 9 5 30 9 5 32 10 5 
1.20 11 * * 15 4 * 18 6 Ø 21 7 3 24 8 4 26 8 4 29 10 5 33 10 6 36 11 6 39 12 6 
1.50 13 * * 19 6 * 23 7 4 26 8 4 29 10 5 32 10 5 36 12 6   13 7   14 7   15 8 
1.70 15 * * 21 7 * 26 8 4 30 9 5 33 11 5 36 12 6   13 7   15 8   16 8   17 9 
2.00 18 * * 25 8 * 31 10 5 35 11 6   13 6   14 7   16 8   17 9   18 10   20 10 
2.20 20 * * 28 9 * 34 11 5   12 6   14 7   15 8   17 9   19 10   20 10   22 11 
2.50 22 * * 31 10 *   12 6   14 7   16 8   17 9   19 10   22 11   23 12   25 13 
3.00 27 * *   12 *   14 7   16 8   19 9   21 10   23 12   26 14   28 14   30 16 
3.50 31 * *   14 *   17 8   19 9   22 11   24 12   27 14   30 16   32 17   35 18 
4.00 35 * *   16 *   19 10   22 11   25 12   28 14   31 16   35 18   37 19     21 
5.00         19 *   24 12   27 14   32 15   34 17   39 20     23     24     26 
6.00         23 *   29 14   33 16   38 18     20     24     27     29     31 
7.00         27 *   34 17     19     22     24     28     32     33     36 
8.00         31 *     19     22     25     27     32     36             
9.00         35 *     21     25     28     31     36                   
10.00                 24     27     31     34                         
12.00                 28     33     37                               
14.00                 33                                           

 

* Use first width and depth on left 

Ø Use first width below 
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16. APPENDIX A.9 PERMISSIBLE VELOCITIES FOR THE 
HYDRAULIC DESIGN OF GRASSED WATER WAYS 

 

The permissible velocities for the design of grassed waterways are shown in Table 17.1. 

 

Table 16.1 Maximum permissible velocities (m.s-1) (after van Staden and Smithen, 1989) 

Mean Annual 
Precipitation (mm) 

< 600 600 – 700 > 700 

Texture Clay Clay-
loam Sandy Clay 

 Clay-loam Sandy Clay Clay-loam Sandy 

Clay (%) > 15 8-15 < 8 > 15 8-15 < 8 > 15 8-15 < 8 
Grass Type   
Indigenous Kweek 
grass 1.5 1.2 0.8 1.8 1.5 1.0 2.3 2.0 1.2 

Kikuyu    1.8 1.5 0.8 2.3 2.0 1.2 
Bermuda NK37 1.5 1.2 0.8 2.0 1.5 1.0 2.0 1.5 1.2 
Coastcross K11 
(Cynodon dactylon)    1.5 0.8 0.6 2.0 1.5 1.0 

Rhodes Grass 
(Cloris gayana)    1.2 0.8 0.6 1.5 1.0 0.8 

Weeping grass 
(Eragrostis 
curvula) 

1.0 0.8 0.6 1.2 1.0 0.8    

Bloubuffelgras 
(Cenchris ciliaris) 1.0 0.8 0.6 1.2 1.0 0.8    

Dallas grass 
(Paspalum 
dilatatum)  

   1.2 0.8 0.6 2.0 1.5 1.0 
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17. APPENDIX A.10 MODEL REQUIREMENTS AND CAPABILITIES 

 

The summary of model requirements and capabilities discussed in Chapter 4 is shown in Table 17.1. 

 

Table 17.1 Summary of model requirements and capabilities 

Model Data Requirements Support 

documentation 

Licensing and 

related costs 

Suitability for 

sediment yield 

simulation in 

sugarcane fields 

Simulation Model attributes 

USLE (Wischmeier and 

Smith, 1965;Wischmeier and 

Smith, 1978) 

Rainfall and runoff factor, soil erodibility factor, slope length 

factor, slope steepness factor, cover and management factor 

and support practice factor 

Yes No Yes Annual rill and 

interrill erosion 

estimation 

Empirical, paper version model, 

long term average annual soil loss 

estimation 

MUSLE (Williams, 1975) Storm runoff volume, soil erodibility factor, slope length 

factor, slope steepness factor, cover and management factor 

and support practice factor 

Yes No Yes Daily rill, interrill 

and concentrated 

flow 

Empirical, computer based 

modelling system, event based 

estimation 

SLEMSA (Elwell, 1978) Mean annual soil loss from standard plot, combined slope 

length and steepness factor and crop management factor 

Yes No Yes Annual interrill 

erosion estimation 

Empirical, paper version model, 

long term average annual soil loss 

estimation 

RUSLE (Renard et al., 1991) Rainfall and runoff factor, soil erodibility factor, slope length 

factor, slope steepness factor, cover and management factor 

and support practice factor 

Yes No Yes Annual rill and 

interrill erosion 

estimation 

Empirical, computer based 

modelling system, long term 

average annual soil loss 

estimation 

RUSLE2 (USDA-ARS, 2001) Climate erodibility, soil erodibility, slope length, slope 

steepness, land cover management factor and support practice 

factor 

Yes No Yes Event rill and 

interrill erosion 

estimation 

Empirical, computer based 

simulation model, field scale 

erosion estimation and event 

based estimation 

ACRU (Schulze, 1975) Catchment characteristics (location, area, altitude and 

configuration), daily rainfall, reference evaporation, total 

evaporation, land cover, soils (depth and texture class) and 

stream flow (response factors) 

Yes No Yes Daily rill, interrill 

and concentrated 

flow 

Physical conceptual, computer 

based modelling system, event 

based estimation 
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18. APPENDIX A.11 SUGARCANE GROWING AREAS IN SOUTH 
AFRICA 

 

The sugarcane growing areas in South Africa are shown in Figure 18.1. 

 

 

Figure 18.1 Sugarcane cultivation areas in South Africa (SASRI, 2011) 
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19. APPENDIX A.12 SUMMARY OF WORK PLAN, TIME SCHEDULE AND DELIVERABLES 
 

The work plan, time frame and list of deliverables of the study are shown in Figure 19.1. 

 

Year 2016 2017 2018 2019 
Month J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M 
Task                                                                         

Literature review and project proposal writeup                                                                         
Submission of first draft proposal and literature 
review                                                                         
Submission of second draft of literature review and 
proposal                                                                         
Submission of final literature review and proposal                                                                         
Defence of literature review and proposal                                                                         
Write up of paper on literature review (Paper 1)                                                                         
Collation and processing of existing data                                                                         
Research and training on use of ACRU and 
RUSLE2                                                                         
Model calibration and verification                                                                         
Publication of objective 1 (Paper 2)                                                                         
Regionalisation of design approach and norms                                                                         
Publication of objective 2 (Paper 3)                                                                         
Use of simulation results to develop simple to apply 
design approach and norms appropriate for the 
sugar industry                                                                         
Publication of objectives 3, 4, 5 and 6 (Paper 4)                                                                         
Quantification of benefits of the study and the 
impact of soil conservations structures and 
practices on streamflow reduction                                                                          
Publication of objective 7 (Paper 5)                                                                         
Write up of thesis and draft design standards and 
norms handbook/manual                                                                         
Submission of first draft of thesis and draft design 
standards and norms handbook/manual                                                                         
Submission of thesis and final design standards and 
norms handbook/manual and SASRI close out 
report                                                                         

Figure 19.1 A summary of work plan, time schedule and deliverables
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20. APPENDIX A.13 RESEARCH BUDGET 
 

The budget required to accomplish the research is shown in Table 20.1. 

 

Table 20.1 Budget for the research 

Item 
Cost (Rand) 

2016 2017 2018 Total 
Travel     

SASRI (6 trips/year) 4 082.40 4 408.99 4 761.71 13 253.10 
Cedara (4 trips) 907.20   907.20 
ARC (2 trips) 13 000.00   13 000.00 
Conferences     

SASTA 5 000.00 5 400.00 5 832.00 16 232.00 
International  25 000.00  25 000.00 

Operating costs 2 160.00 2 332.80 5 038.85 9 531.65 
Processing, cleaning and 
formatting data for use in 

model 
 10 000.00  10 000.00 

Total Cost 25 149.60 47 141.79 15 632.56 87 923.95 
 


