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Abstract 
This study uses geospatial technologies (remote sensing and geographic information system) to assess the 
agricultural potential of the Nebo Plateau, a rural area in the Limpopo Province of South Africa. This approach 
entails assessing the suitability in terms of land/soil and climate, which are determinant factors for agricultural 
development. The environmental requirements of selected crops were analyzed using ArcView™ GIS. Various 
spatial analysis techniques were used to model and assign classes of suitability based on the most important and 
yield-limiting parameters such as rainfall, temperature and soil characteristics. Results indicate that the area is 
potentially suitable to a variety of agricultural commodities where 65% of the area is suitable for cultivation. 
This is however considerate of environmental and climatic constraints such as the availability of water for 
irrigation, improvement of the state of the environment, prevention of soil degradation due to erosion and 
compaction, improvement of soil fertility by means of sound farming and management practices. These outputs 
are presented within a user friendly GIS platform for a better decision support to the development agencies and 
government. The results also help to provide inputs for assessing financial feasibility of farming projects. This 
study therefore emphasizes the importance of geospatial technologies in informing and promoting sustainable 
agricultural development. 
Keywords: geospatial technologies, agricultural potential, rural, sustainable agricultural development 
1. Introduction 
Limpopo Department of Agriculture (LDA) commissioned the development of a Provincial Agricultural 
Development Strategy in 2004. This strategy responded to a national call for a coordinated and effective rural 
development that will become sustainable. It advocates for re-establishment of agriculture as an important 
contributor to the rural economy in a sustainable fashion that will not compromise the environment (EnviroGIS 
& ARC, 2007). Agriculture as a sector, contributes significantly to the sustenance and livelihoods of rural 
communities. This study is conducted in a rural area of Nebo at Sekhukhune District of Limpopo Province. LDA 
is currently spearheading the revival of agricultural production in Sekhukhune through agricultural hubs 
development programme.  
An agricultural hub as per agricultural development strategy (EnviroGIS & ARC, 2007), refers to a 
concentration of agricultural enterprises, which include amongst others projects within the value chain such as 
agricultural production, agro industries, value adding services and marketing. The development may include a 
variety of implementation models, which may vary from establishment of small scale farmers as entrepreneurs, 
commercial units and also investment by foreign business. This is aimed at supporting participation of 
agriculture in the mainstream economy. The geo-physical location should be on good land with at least medium 
to high land capability, with available water bodies and other institutions that could support the development of 
the hub. The Nebo Plateau Agricultural Hub is therefore such a focal area which aims at putting agriculture in its 
place as a contributor to the rural economy. Nebo is a high potential agricultural production area. The area 
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consists of approximately 10 000 ha of land which if managed effectively can have a significant contribution to 
rural development. This justifies the need to assess and characterize different agricultural areas at farm level to 
evaluate their agricultural development potential and manage them according to their capability. According to 
the district Integrated Development Plan, Sekhukhune is one of the poorer districts in the province with an 
unemployment rate of about 65% where 77.4% of the households receive below the minimum income level of R 
1100 (rands) per annum. Despite relative abundance of agricultural resources, only 1.2% of the households 
depend on the sales of farm produce as their only source of income, while 38% depends on pensions and social 
grants (Greater Sekhukhune District Municipality, 2005). A need was therefore identified to use geoinformatics 
tools validated with field data to assess a natural resource potential for agricultural development. 
The purpose of this study is to demonstrate the importance of using Geographic Information System (GIS) and 
Remote Sensing (RS) in supporting decisions for sustainable agricultural development. This is experimented 
within a rural setting where use of such technology is limited, despite having been used elsewhere in developed 
and developing nations. 
2. The Role of GIS and Remote Sensing in Agriculture 
Sustainable agriculture and rural development (SARD) practices have potential to reduce hunger and poverty 
while sustaining the ecosystems that poor rural people rely on for livelihoods (International Institute for 
Sustainable Development, 2010). Because of lack of research, rural areas face challenges related to agricultural 
sustainability, natural resource management, business diversification, agriculture efficiency, and long term 
growth and planning (Ohio Geospatial Program: Agriculture and Natural Resources, 2003). Sustainable 
agricultural productivity in the 70s was not a major issue as food resources did not appear to be threatened. The 
attention was on producing enough food to overcome the immediate problems of food deficit. However, the 
environmental effects of intensive agriculture, such as soil erosion, salinization, pollution of ground and surface 
water, and loss of biodiversity resulted due to land that was not utilized according to its sustainable potential that 
ultimately led to the concerns of sustainability of agricultural production challenges at global and national scale 
(FAO, 1995). Sustainable agriculture involves efficient and effective management of environmental, economic 
and social aspects. Moreover, it involves dynamic interactions between technology, environment and society. 
The challenge for agricultural research systems’ management in the 21st century is to enable the transition to 
sustainable agricultural development through functional integration of the sustainability concept into agricultural 
research policies, programmes and projects (Parris & Kates, 2003; Clark & Dickson, 2003). This challenge can 
be overcome through utilizing geospatial information technologies (Wikipedia, 2010). 
GIS has proved to be an efficient and effective tool for spatial analysis and management of natural resources. 
GIS is a specialized branch of geo-spatial information technology that helps store, manage and analyse 
geographically referenced data. Remote sensing data collection systems such as aerial photographs and satellites 
provide periodic land use, land cover and other thematic information (Deichmann & Wood, 2001). GIS, Global 
Positioning System (GPS) and image processing software systems for processing RS data, form basic 
components of the geo-spatial information technology. These geo-spatial technologies are the foundations for 
precision farming, a paradigm shift in agriculture (Mandal & Ghosh, 2000). Geo-spatial decision support 
systems are based on variability of crops, soils and other related factors. A study reported by Bobade et al. (2010) 
in Seoni district of Madhya Pradesh, India on land evaluation for agricultural planning was carried out based on 
soil survey data incorporating a GIS technology. The soil-based GIS data was compiled and interpreted for land 
use suitability and fertility assessment for Seoni district. Maps of fertility and land use suitability were generated 
from geographical information system records. A suitability map for each agricultural land use was developed by 
combining the climatic and soil site factors for each crop in the study area using precision agriculture approaches. 
They found the use of geospatial technology to be of great importance in farm production planning and decision 
support. Presently, geo-spatial information technologies are becoming increasingly important in the 
decision-making process of land management planning. GIS coupled with satellite data provides 
decision-makers with a unique view of the landscape that enables land managers to improve natural resource 
management. The use of geo-spatial information establishes a dialogue linking local knowledge and science, 
together with national development strategies. One general advantage of geospatial data is the capability to 
increase the accuracy of data gathering and analysis (Blaschke, 1999). These technologies have been widely used 
successfully to manage land-related resources in most of the advanced industrialized countries. The increasing 
availability of remote sensing images, acquired periodically by satellite sensors on the same geographical area, 
makes it extremely interesting to develop the monitoring systems capable of automatically producing and 
regularly updating land cover maps of the considered site (Bruzzone et al., 2002). Naesset (1997) reported on the 
use of GIS technology as a decision support tool for the preservation of forest biodiversity in Norway. Better 
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assessment of the changes of land cover by using digital analysis of remote sensing satellite data help decision 
makers to develop effective plans for sustainable management of land (Gordon, 1980; Milington et al., 1986; 
Franchek & Biggam, 1992). Policy issues on natural resources and agriculture in South Africa rely mostly on 
information obtained from the scientific community. Such information is incorporated with data obtained from 
various social science sectors to derive policy decisions. Remote sensing has been used as a tool for monitoring 
natural resources and for agricultural applications in South Africa. It has been used in a policy oriented approach 
to provide information to influence development decisions (Petja et al., 2004). 
3. Methodology 
3.1 Study Area 
The study area is situated in the Greater Sekhukhune District Municipality of Limpopo Province (Figure 1).  
3.2 Data Collection 
This study used a combination of both primary and secondary data acquisition approaches. Long term 
environmental and climate data were acquired from the Agricultural Research Council – Institute for Soil, 
Climate and Water in a GIS format (ARC-ISCW, 2008). Although usable to some extent for decision support, 
most data was processed to a national scale and as such subject to coarse resolution. This therefore warranted 
collection of field data to verify and validate such data at a local and farm scale. Other topographic data was 
acquired from the Department of Rural Development and Land Reform. Because of the bigger extent of the area 
in question, several consultants were appointed to assist the department in conducting field surveys and analyses 
to correct the national vector data to a local scale. EnviroGIS, NRM Consulting and PriceWaterhouseCoopers 
were appointed to assist with such a task at a shorter time period, so that development decisions can be arrived at 
and implemented timeously. The initial stage in conducting field surveys included the identification of the 
variables needed to assess agricultural potential at a farm scale. The variables involved the state of natural 
resources and environmental parameters, which cover amongst others the areal extent of arable land available, 
climatic situation, soil analysis and crop suitability. Farm boundaries were demarcated using GPS for easy 
integration into a GIS system. Data on the previous and current land use were acquired from the departmental 
archives and satellite images. As a result of analysis of environmental data and resultant crop suitability 
assessments, it was possible to project the financial requirements and economic viability for establishing 
agricultural projects. 
 

 
Figure 1. Locality map of the Nebo Agricultural Hub 
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3.3 Data Processing and Analysis 
Geospatial technologies play a significant role in producing suitability maps. These involve using inverse 
distance weighting techniques and combining different map layers. Base maps were created for each of the farm 
areas using coordinates acquired during the field survey. These base maps were overlaid with a subset of 
national soil layer to determine sampling points for a detailed soil survey and field verification. Data from these 
observations were used to establish the boundaries between the soils thereby demarcating soil units. This verified 
field data was captured using ArcView® GIS software. Soil unit boundaries were delineated as areas that are 
relatively homogenous with respect to soil form and family, total soil depth and effective soil depth, slope 
gradient, slope shape, climate (rainfall and temperature) and lithology. The soil units as represented on the soil 
maps were used to define suitability of different crops. Land capability was determined for both the dominant 
and sub-dominant soils at each of the farms based on climate data, soil physical and chemical properties and 
environmental risks for each of the crops. Land use maps were extracted from the National Landcover 2000 
database which was generated using Landsat Thematic Mapper. Long-term mean monthly rainfall and 
temperature surfaces were created using ArcView. Rainfall totals were interpolated between the stations and a 
filter was used over the interpolated surfaces to create a smooth trend surface. Multiple regression equations 
were used to estimate the difference between the actual mean rainfall at each station and the value approximated 
by the trend surface. These multiple regression equations utilized parameters such as rain shadow, standard 
deviation of elevation points, distance from the ocean and altitude. The difference surfaces obtained through the 
use of the multiple regression equations were added to the trend surface to obtain the final surface for each 
month. For each soil unit, financial analysis was conducted per crop based on normal agronomic practices. The 
results are analysed at farm level for Ditshilwane, Sterkfontein, Ga Tisane and Mooiplaats respectively. 
4. Results and Discussion 
4.1 Land Capability and Climate 
The Nebo Plateau area is considered to be marginal for cultivated agriculture. Certain areas are however highly 
suitable if an adequate supply of water for irrigation is possible. Approximately 34% of the area that has been 
assessed (1,370 ha) is suitable only to natural and/or planted pastures. The remaining area (2,642 ha) is 
potentially suitable to horticulture as well as grain and oil seed production. The main environmental constraint is 
the state of the natural vegetation and low biodiversity of the area. The ecosystem is regarded as highly degraded 
with evidence of severe erosion and over-utilization of the land. The sandy nature of most of the soils contributes 
negatively to an increased risk to erosion. The hydrology of the area is considered sensitive to cultivated 
agricultural practices. The main climate risk is the low annual rainfall coupled with high potential evaporation in 
some areas which may not be suitable for dryland production. The average annual rainfall received ranges from 
619 – 631 mm with the mean average annual temperature of 20°C. The area has a mean average growing season 
of about 167 days considerate of 27.5% of rainfall coefficient variance. The high evaporation risk results in low 
moisture supply capacity. Irrigation is therefore essential for cultivated farming practices (EnviroGIS, 2009). 
Figure 2 shows the overall land capability for the whole municipality. In the municipality, 18,000 ha is suitable 
for dry-land cultivation whereas 45,000 ha suitable for irrigation. The Nebo Plateau constitute about 10 000 ha of 
arable land in the area.  

 

 
Figure 2. Land capability classes for makhuduthamaga 



www.ccsen

4.2 Soils a
Figures 3 t
current act
demarcate
improve th
when taken
 

 

net.org/jas 

and Land Use 
to 6 show the l
tivities on the 
d soil forms in
he mapping sc
n into conside

land use and so
land extracted

n the farm extr
ale. Different 
ration with cli

Figure

Figure

Figur

Journal of A

oil form for th
d from the sat
racted from the
soil units refle
mate data. 

e 3. Land use a

e 4. Land use a

re 5. Land use 

Agricultural Sci

14 

he selected farm
tellite imagery
e national data
ected on the so

and soil maps f

and soil maps f
 

and soil maps 

ience

ms in the Nebo
y and verified 
abase and furth
oil map represe

for Ditshilwan

for Sterkfontei

for Ga Tisane

o Plateau. The 
in the field. T

her validated w
ents suitability

ne 

n 

e 

Vol. 6, No. 4;

land use show
The soil map sh
with field surve
y for different c

2014 

ws the 
hows 
eys to 
crops 



www.ccsen

4.3 Crop S

 
Table 1. P

 

Table 2. T

 
Table 3. M

net.org/jas 

Suitability 

otato suitabilit

Tomato suitabil

Maize suitabilit

Figure

ty 

Suita

Optim
Unsu
Unsu

Total

lity 

Suit

Opti
Suit
Uns
Uns

Tota

ty 

Suita

Marg
Marg
Suita
Suita
Unsu
Unsu

Total

Journal of A

e 6. Land use a

ability 

mal 
uitable 
uitable-Margin

l 

tability 

imal 
table 
suitable 
suitable-argina

al 

ability 

ginal 
ginal - Suitable
able 
able-Optimal
uitable 
uitable-Margin

l  

Agricultural Sci

15 

and soil maps 
 

Area (ha)

2829.25
382.78 

nal 809.47 

4021.5 

Area (ha)

219.82 
2658.66 
333.54 

al 809.47 

4021.5 

Area (ha)

1255.13
e 828.34 

809.67 
382.59 
10.76 

nal 735.01 

4021.5 

 
 
 
 
 

ience

for Mooiplaats

) Percentage

70.35 
9.52 
20.13 

100 

Percentage

5.47 
66.11 
8.29 
20.13 

100 

) Percentage

31.21 
20.6 
20.13 
9.51 
0.27 
18.28 

100 

s 

Vol. 6, No. 4; 2014 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 4; 2014 

16 

Table 4. Groundnuts suitability 

Suitability Area (ha) Percentage

Marginal 1299.86 32.32 
Suitable 1529.38 38.03 
Suitable–Optimal 49.24 1.22 
Unsuitable 333.54 8.29 
Unsuitable–Marginal 809.47 20.13 

Total  4021.5 100 

 
A variety of crops were deemed suitable in the Nebo Plateau which may be subject to crop rotation or different 
forms of management. The suitability per each commodity is linked to a specific soil unit and the corresponding 
climatic situation. In some areas, there are recommendations for irrigation. Table 1 shows the suitability for 
potato production. Conditions at Nebo are highly suitable to potato production, mainly due to favourable 
temperatures. Soil preparation and cultivar choice are however critically important towards successful potato 
production. Table 2 shows the suitability for tomatoes. The temperatures at Nebo are considered favourable for 
tomato production. Approximately 70% of the area is suitable looking at both soils and climate. Irrigation at soils 
with optimal properties is however essential. Table 3 represents maize suitability in the area. About 30% of the 
area is considered suitable (>= 3.5 t/ha) for dry land production with good management practices and 50% 
marginal (>= 1.5 t/ha). Yield will increase with irrigation on good soils. Table 4 shows the suitability for 
groundnuts. About 40% of the area is suitable for groundnut production. It is recommended that they should be 
rotated with other crops. 
4.4 Economic Feasibility 
For calculation of financial models to ensure profitable farming practices, financial projections are linked at a 
commodity level which is derived from its suitability with reference to a soil unit (Figures 3 to 6). A 
comprehensive financial analysis for each farm portion was conducted. These generated the total financial 
requirements for establishment of each agricultural project at farm level, providing sufficient direction for 
government budgetary considerations. This financial analysis include the needs to develop irrigation systems, 
prepare land, fence the land and develop basic farm building structure as sheds, offices and/ or store rooms. The 
Net Present Value (NPV) was also calculated and the investment costs are included which demonstrate in some 
cases that the Internal Rate of Return (IRR) is at least equal to the cost of capital. In such cases recommendations 
are that the outstanding investment costs be covered by grant finance or any similar development support. 
Projects which demonstrate sound financial viability are immediately recommended for implementation and 
investment may therefore be attracted.  
5. Conclusions 
Rural areas are the most underdeveloped and poverty stricken in South Africa despite the fact that some of them 
are rich in natural resources. Under-development in these areas could be to some extent attributed to exclusive 
separate development policies of the past. Since establishment of the new democratic government in South 
Africa, focus shifted to the development of rural areas. This study showed how geospatial technology could 
contribute to informing efficient rural agricultural development. It provides an opportunity for holistic 
assessment of natural resources to inform sustainable agricultural development. Based on the site specific 
characteristics, it is possible to recommend particular crops and agricultural management practices that will 
contribute to the betterment of the rural economy. Within the context of rural South Africa, a geospatial 
technology approach provides a decision support platform to encourage implementation of sustainable 
agricultural development solutions. This demonstrates their importance in informing successful implementation 
of policy. 
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