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Development of pesticide use maps for 
South Africa

Over 3000 pesticides are registered for use in South Africa. Many studies have highlighted the movement of 
pesticides to agricultural crops from the point of application into non-target environments, particularly surface 
and groundwater resources. Exposure to pesticides can lead to serious human health and environmental 
effects. It is therefore important to identify critical areas where specific pesticides may result in a high 
risk of exposure to humans or the environment. Crop specific pesticide use data were obtained from a 
market research company and integrated into a geographical information system detailing the distribution of 
agricultural crops in South Africa as determined by an agricultural census performed in 2002. By estimating 
the total application of a specific pesticide to all crops produced in a magisterial district, it was possible 
to generate maps which provide an estimate of the application rate of over 200 pesticides per magisterial 
district. These maps were intersected with an agricultural land-cover map to provide a refined map giving 
details of the spatial distribution of pesticide use across the country. These maps are the first of their kind in 
South Africa and provide a spatial overview of the likely distribution of specific active ingredients based on 
the distribution of crops throughout the country. While there are a number of limitations and uncertainties 
associated with the data used to produce these maps, these are not unique to South Africa, and similar 
methodologies have been applied in more developed countries. 

Introduction
According to the South African Department of Agriculture, Forestry and Fisheries (DAFF) there are in excess 
of 3000 pesticide products approved for use in South Africa.1 Pesticides are important to crop management 
because they contribute to increased crop yields and improve the quality of crops. However, pesticides tend to 
move from the point of application into non-target environments, which can result in serious acute and chronic 
human health and environmental effects. A number of studies, located throughout the country, have detected 
a variety of current-use pesticides in surface and groundwater.2-5 In South Africa, studies have linked pesticide 
exposure to acute poisoning6, acetylcholine esterase inhibition7, possible occurrence of Guillain–Barré syndrome 
in a rural farming community8, birth defects9 and endocrine disruption10,11 in human communities. Additionally, 
studies performed in South Africa have linked pesticide contamination with toxic effects in aquatic and terrestrial 
ecosystems.12-14 These effects are concerning from an environmental and human health point of view, particularly 
in the latter case, considering that many communities in South Africa use groundwater for drinking purposes or do 
not have access to, or reliable access to, treated water and often drink untreated water. 

The risk a pesticide poses to human health or the environment is dependent on a number of factors, including the 
quantity of the pesticide applied, the toxic mode of action and the physico-chemical properties of the pesticide, such 
as half-life and solubility (which influence their mobility and thus the potential to move from the point of application 
into non-target environments).15-17 These factors vary considerably among pesticides. However, considering the 
number of different pesticides used in agriculture, it is important to identify and prioritise those most likely to be of 
human health and environmental concern. Yet, despite the risks posed by pesticides, to date, freely available public 
information on the quantities used in South Africa is unavailable and is generally the factor that limits our ability 
to prioritise, manage and predict environmental health risks posed by pesticides. As a result thereof, there are a 
limited number of studies that have prioritised pesticide risks to human and environmental health in South Africa. 
Dabrowski and Balderacchi18 prioritised pesticides in terms of their mobility and risk to the aquatic ecosystem in 
the Lourens River catchment, Western Cape. Their study relied on pesticide use data provided directly by farmers 
in the catchment. In larger, national-scale studies, pesticide sales data are often used as a proxy for pesticide use 
data. In South Africa, Dalvie et al.19 published information on national pesticide use for the years 1994 and 1999 
which was used to prioritise acute health risks of pesticides. A more recent study has been published in which the 
relative human health risks of pesticides used in South Africa were prioritised based on factors such as quantity 
of usage, evidence of toxic effects (e.g. carcinogenicity, neurotoxicity, mutagenicity, teratogenicity and endocrine 
disruption) and their mobility in the environment.20 

Prioritisation studies are an important initial step with respect to identifying those pesticides most likely to pose 
the greatest risk to human and environmental health. This step is particularly useful in a country where resources 
and expertise for pesticide monitoring are limited. The next step is to identify where these priority pesticides are 
applied. This identification is vital in terms of designing monitoring programmes and identifying hotspot areas (e.g. 
where access to treated water is limited or ecologically sensitive areas) for more detailed risk assessment studies. 
While the estimate of pesticides applied only provides an idea of where pesticides might be washed off into the 
environment, few practical alternatives for risk assessment exist. Measuring pesticides in water and sediments 
is possible but requires advanced analytical instruments, specialised personnel and sample collection in remote 
areas in different seasons and flow regimes. Furthermore, spatially explicit pesticide use information is essential for 
the development of environmental fate and transport models that relate pesticide use to concentrations in surface 
and groundwater.21 The aim of this study was to present a methodology that provides a spatial assessment of the 
use and likely sources of pesticides across the country through the development of pesticide use maps. This study 
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forms part of a larger integrated project examining the risks to human 
and animal health of current agricultural pesticide use.22

Methods

Crop distribution
Knowledge on the spatial distribution of pesticide use is dependent 
on the spatial distribution of the crops to which they are applied. The 
Census of Agriculture Provincial Statistics performed by Statistics South 
Africa (Stats SA) in 200223 was used to estimate the spatial distribution 
of crop production in South Africa. The census collected data on crop 
area (ha) and production (tonnes) for commercial crops at a magisterial 
district level, which was used to estimate the percentage agricultural 
area covered by a specific crop type within a magisterial district. Each 
magisterial district falls within one of South Africa’s nine provinces 
and summarised data of percentage crop area per province have been 
included as supplementary material online (Supplementary table 1). 
These data have allowed for the production of maps that provide a spatial 
overview of important production areas for specific crops (Figure  1). 
For the purposes of this study, the magisterial district boundaries as 
demarcated in 2002 were used for the spatial mapping of crop coverage 
and pesticide use. The census provides data only for farmers that 
responded. Consequently, the census underestimates total area and 
production at a magisterial district and national level, but does provide 
as accurate an estimate of the relative distribution of crop coverage and 
production as is possible at this level of spatial detail. The census data 
were therefore normalised to take this underestimation into account, as 
well as to account for changes in area and production over time, so as to 
provide an estimate of total crop coverage per magisterial district in 2009. 
The normalisation procedure compared total crop coverage estimated by 
the 2002 Stats SA census data (i.e. the sum of the area of each crop 
type for all nine provinces) with total crop area statistics collected by 
DAFF24 and the Food and Agriculture Organization of the United Nations 

(FAO)25 for 2009. DAFF only publishes crop area for a limited number of 
crops, whereas the FAO publishes data for a larger number of crop types. 
Therefore DAFF data were compared to FAO data to determine whether 
the two sources of data corresponded. As can be seen from Table 1, the 
DAFF data were almost identical to those published by the FAO and so the 
FAO data set, with a greater crop representation, was considered reliable 
for the data normalisation procedure. The crop normalisation quotient 
was calculated as the ratio of FAO to Stats SA crop coverage. The crop 
coverage reported by Stats SA for each magisterial district in South 
Africa was multiplied by the respective crop normalisation quotient to 
derive a normalised crop coverage for each crop type in each magisterial 
district. The normalised area of each crop in each magisterial district 
was expressed as a percentage of the national crop area for the crop.

National pesticide use data
Pesticide use data for South Africa were obtained from the Sigma™ 
program, a proprietary database maintained by the market research 
company GfK Kynetec (this database is now referred to as the 
AgroTrak™ database). The company provides quantified data on the 
use of agricultural active ingredients (collected from, amongst other 
sources, agrochemical manufacturers, distributors, trade associations 
and importers) on a country-by-country and crop-by-crop basis. Data 
purchased from GfK Kynetec were for the year 2009 and were the latest 
data available at the time of the study. These data were used to prioritise 
pesticides at a national level for South Africa.20 The US Geological Survey 
has sufficient confidence in the data provided by GfK Kynetec to use the 
data for estimating pesticide use in the USA as part of their National 
Water Quality Assessment Programme.26 

Pesticide use per magisterial district
The amount of each pesticide applied to a crop was expressed as a 
percentage of the total national application. For example, approximately 

Figure 1: 	 Proportion of national agricultural area under maize per magisterial district in South Africa. 
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88% of the total national use of atrazine is for maize (Table 2). These 
percentages were used to estimate the percentage of the total amount 
of each pesticide applied to each crop in each magisterial district (P%):

P0
0 x,y,z

= x CAppx

Areay,z

100 	 Equation 1

where Area is the proportion of crop type (y) in a magisterial district (z) 
expressed as a percentage of the total national coverage of the crop and 
CApp is the proportion of the pesticide (x) applied to the crop, expressed 
as a percentage of the total application of the pesticide. The assumption 
in this equation is that a specific pesticide was applied equally (or at an 

identical application rate) to a specific crop regardless of the magisterial 
district in which the crop was produced.

The total estimated quantity (Pq, in kg) of each applied pesticide (x) 
to each crop type (y) in each magisterial district (z) was calculated 
as follows:

P0
0 x,y,zPqx,y,z =

100
x T Appx 	 Equation 2

where TApp is the total quantity of pesticide x applied to all crops in the 
country. From these data it was possible to estimate the total quantity 

Table 1: 	 National crop area statistics reported by Stats SA23, the Food and Agriculture Organization of the United Nations (FAO)25 and the Department of 
Agriculture, Forestry and Fisheries (DAFF)24 for the year 2009. The ratio of FAO to Stats SA statistics was used to normalise crop area data for 
each magisterial district in South Africa.

Crop
Area (ha) Ratio

Stats SA FAO DAFF FAO/Stats SA

Maize 184 1887 2 427 500 2 896 000 1.32

Wheat 591 008 642 500 648 000 1.09

Sunflowers 298 548 635 800 636 000 2.13

Sugar cane 224 167 391 000 391 000 1.74

Lucerne 128 640 128 640 1.00

Grapes (wine) 65 592 89 448 1.36

Citrus 64 596 69 480 1.08

Soybeans 58 991 237 750 238 000 4.03

Sorghum 56 487 85 500 86 000 1.51

Groundnuts 53 152 54 550 53 000 1.03

Barley 45 433 74 760 75 000 1.65

Potatoes 41 667 55 000 1.32

Dry beans 35 782 43 800 44 000 1.22

Cotton 22 099 11 500 7000 0.52

Grapes (table) 18 737 25 551 1.36

Apples 16 685 21 000 1.26

Bananas 15 904 7500 0.47

Peaches 11 149 10 000 0.90

Pears 9694 10 500 1.08

Avocadoes 9264 14 500 1.57

Mangoes 8708 3500 0.40

Tomatoes 7938 7700 0.97

Pumpkins 7776 7776 1.00

Pineapples 6352 11 500 1.81

Onions 6082 20 500 3.37

Cabbages 5583 2400 0.43

Carrots 3671 5300 1.44

Green beans 3559 4000 1.12

Plums 2996 6500 2.17

Sweet potatoes 963 21 000 21.81

Green peas 612 5500 8.99
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(Ptot, in kg) of pesticide (x) applied within a magisterial district (z) 
regardless of crop type (y):

P totx,z = Pqx,y

y=1

n

	 Equation 3

Table 2: 	 Example of a summary of the application of atrazine to crops 
produced in South Africa for the year 2009

Crop
Total application 

(kg) 

Application

(% of national use)

Maize 890 981 87.83

Sorghum 43 015 4.24

Sugar cane 75 924 7.48

Other 4500 0.44

Total 1 014 420 100

Summarised estimates of total pesticide application per province are 
available as supplementary material online (Supplementary table 2). 
In order to estimate the application rate of a pesticide per magisterial 

district it was first necessary to calculate the total area (Atot) of all crop 
types (y) within each magisterial district (z):

Atotz = Areay,z

y=1

n

	 Equation 4

The pesticide application rate (Pr, in kg/ha) of each pesticide (x) in each 
magisterial district (z) was estimated by:

P totx,zPrx,z = Atotz 
	 Equation 5

Map displays of pesticide use data
Estimation of the application rate of different pesticides within all 
magisterial districts in the country enabled the production of maps 
displaying the estimated distribution of applied pesticides as well as 
their estimated application rate. The derived pesticide use database, 
containing estimated pesticide application rates of 217 pesticides per 
magisterial district, was imported into ArcGIS (Esri) as a table and joined 
to corresponding magisterial districts in a shapefile demarcating their 
location as they appeared in 2002.27 This process produced a shapefile 
containing information on the estimated application of pesticides per unit 
area of all agricultural land per magisterial district and allowed for the 
production of maps providing a spatial estimation of pesticide use per 
magisterial district across the country (Figure 2). 

Each map displays, in six intervals, the amount of active ingredient 
applied over a magisterial district. The first interval depicts areas where no 
application (No Estimated Use) is expected to occur. The other five class 
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Figure 2: 	 An example of a map showing the average annual use of atrazine per hectare of agricultural land in magisterial districts of South Africa for the year 
2009, estimated from pesticide sales and agricultural crop census data.
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intervals were established independently for each of the compounds for 
which the magisterial districts had an associated pesticide application 
data point (greater than zero kilograms applied per hectare). Each of 
the five class intervals represents an equal number of data values from 
the distribution of the pesticide data, with upper boundaries representing 
the 20th, 40th, 60th, 80th and 100th percentiles, respectively. The Stats 
SA census did not provide agricultural statistics for some magisterial 
districts, particularly those that fall within the former homeland areas, so 
no pesticide use estimates could be calculated for these areas. For these 
areas, data were displayed as ‘No Data’ instead of displaying data as ‘No 
Estimated Use’. As part of each map, a table lists, in order of use, the 
crop treated with the compound, the total amount (in kilograms) of the 
active ingredient applied to the crop, and the percentage of national use. 
Because the percentages are rounded, they do not always total 100%. 

Display of the pesticide use information was improved by using additional 
data. The spatial distribution of agricultural land cover was extracted 
from the 2009 national land cover map.28 Using ArcGIS, the agricultural 
land cover was intersected with the shapefile displaying pesticide use 
per magisterial district so as to create an improved graphical display 
of the distribution of agricultural land within each magisterial district 
(Figure 3). These maps provide a more refined estimate of where in 
each magisterial district pesticides are most likely to be applied. The 
boundaries depicting 2004 water management areas and coverage of 
major rivers in South Africa were also added.29 The class intervals in 
Figure 2 are based on magisterial districts while those in Figure 3 are 
based on the number of agricultural land-cover polygons.

Application of maps
These pesticide maps are the first of their kind for South Africa and 
provide a spatial overview of the likely distribution of specific active 
ingredients based on their application to crops and the distribution of 

those crops throughout the country. While a number of geographical 
and physico-chemical factors influence the movement of pesticides 
into surface waters, the quantity and rate of application of pesticides 
used (and by implication the relative application rate) in an area is the 
most important indicator of the potential for contamination of non-target 
environments.30 In this respect, the maps provide important information, 
not only in terms of estimated application rates, but also in terms of 
identifying where in the country specific pesticides are most likely being 
applied. Integrating these data together with geographical data of slope, 
soil and climate in a GIS platform can significantly improve our ability 
to identify ground- and surface water resources at risk of pesticide 
exposure through leaching and run-off. Considering the large number 
of active ingredients used in South Africa, as well as the expense of 
monitoring these chemicals, the use of these maps in combination with 
existing information on the relative risks of pesticides to human health 
and the aquatic ecosystem18-20 provide guidance on which pesticides 
should be monitored and where they should be monitored. By combining 
the maps with information on community access to water, we can identify 
those communities that may be at risk of pesticide exposure through use 
of river or groundwater for drinking purposes. Additionally, use of the 
Blue Drop Report on Drinking Water Quality Performance Management31 
could potentially be used to flag communities at risk of exposure through 
poor drinking water quality management. A similar approach could be 
adopted with respect to identifying potential pesticide risks to sensitive 
aquatic environments. For example, use of pesticide maps produced in 
this study in combination with maps of Freshwater Ecosystem Priority 
Areas32 could identify hotspot areas where specific pesticides may pose 
a risk to aquatic ecosystems with a high conservation status. 

Constraints of spatial analysis
The pesticide maps are intended to provide a qualitative distribution of 
the likelihood of pesticide use in South Africa, directing more costly 
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Figure 3: 	 An example of a map showing the average annual use of atrazine per hectare of agricultural land in South Africa for the year 2009, estimated from 
pesticide sales, agricultural crop census and land-cover data.
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quantitative monitoring efforts to those regions where they will be most 
cost effective. Known uncertainties exist in the agricultural census and 
pesticide usage data, as discussed in more detail here.

Agricultural census data
The distribution of crops across the country formed a critical component 
of the final pesticide use estimation. These data were obtained from 
the Stats SA census performed in 2002. While the data provide a 
good estimate of the relative distribution of crops across magisterial 
districts in 2002, agricultural patterns may have changed since then 
and current pesticide use patterns may also have changed as a result. 
Additionally, as described in the normalisation procedure, not all farmers 
within a magisterial district may have responded to the census. As a 
result, total crop area estimates were underestimated in comparison 
to national estimates and data had to be normalised accordingly. This 
normalisation procedure applied a normalisation factor to each crop 
type equally across all magisterial districts and therefore increased 
the crop production area by an equal proportion across all magisterial 
districts. This procedure may have built inaccuracies into the estimates 
as the ratio of Stats SA estimates to FAO statistics may vary from one 
magisterial district to another.

The agricultural census did not collect crop production statistics 
from magisterial districts in former homeland areas. This omission is 
most likely because agriculture in these areas is largely restricted to 
subsistence agriculture and therefore is not important for the country’s 
national food production. However, this does not mean that pesticides 
are not being applied in these areas. Given the subsistence nature of 
crop production and the relative expense of plant protection products, 
it is assumed that pesticide application in these areas is relatively low. 

Pesticide use data
Currently there is no publicly accessible source of information on 
pesticide use in South Africa. Market-related sales data thus provide 
the best available indication of pesticide usage in the country. A major 
limitation of the data is that the use of different pesticides is aggregated 
and quantified at a national level. The data therefore do not necessarily 
reflect an accurate assessment of actual use or regional differences in 
the use of a chemical as a result of variations in climate (and associated 
pest problems) or farm-management practices. Furthermore, farmers 
may stock up on specific agro-chemical products in anticipation of 
forecasted weather events or pest outbreaks. These may not materialise 
and the product may therefore not actually be used. There is thus a large 
amount of uncertainty related to the use of these data and results or 
outputs should be interpreted accordingly. However, this type of surrogate 
data is often all that is available, even in more developed countries such 
as the USA and member states of the European Union.33-35 

Methodology
The methodology assumes that the total quantity of pesticide applied 
to a specific crop is evenly distributed across the whole country. The 
estimates therefore do not take into account the local variability in pesticide 
application and management practices found within a magisterial district 
or across a regional landscape. As outlined in the Methods section, the 
relative quantity of a pesticide applied to a crop was expressed as the 
total application of the pesticide to a specific crop (kg) type per unit area 
of all agricultural land within a magisterial district. The main variable in 
differentiating pesticide use among magisterial districts is therefore the 
percentage composition of all agricultural land in a magisterial district 
covered by the specific crop to which the pesticide is applied. 

Integration with land-cover maps
The agricultural land area displayed in the maps does not correspond 
with the area used in the estimation of the calculation of pesticide use 
statistics. The agricultural land cover is used to indicate where pesticide 
application is most likely and calculations of total pesticide use based 
on area calculations using the land-cover map will not necessarily 
correspond with those used in the calculation of pesticide use. The 
agricultural land-cover layer does not indicate the location of specific 

crops, so pesticide use was aggregated up to a magisterial district 
level and assumed to be distributed across all agricultural land within a 
magisterial district. All agricultural land cover that fell within a magisterial 
district was therefore assigned a pesticide use category for the pesticide 
in question. In reality, a section of agricultural land may not necessarily 
have an application of the pesticide if that specific land-cover area is 
not covered by a crop to which the pesticide is applied. The land-cover 
maps should therefore be used as a guide to indicate where agricultural 
land is located and the likelihood of application as represented by the 
application categories. 

Conclusions
The pesticide use maps and supplementary data developed in this 
study provide the most detailed overview of pesticide use in South 
Africa produced to date. This information can be used to make national, 
provincial and catchment-based assessments of pesticide use which 
are essential for performing spatial assessments of human and 
environmental risk associated with pesticide use. Considering the large 
number of pesticides used in the country, the maps are particularly useful 
in identifying where specific pesticides are most likely to be applied, 
thereby prioritising those that are likely to be of greatest concern; the 
maps can therefore make useful contributions to the design of water 
quality monitoring programmes and interpretation of data. This activity 
is particularly important considering the high cost associated with the 
analysis of pesticides in environmental samples. 

The maps display average annual pesticide use intensity expressed 
as average weight (kilograms) of a pesticide applied to each hectare of 
agricultural land in a magisterial district. Use estimates are based on (1) 
the spatial distribution of crops at a magisterial district level as reported by 
Stats SA in the Census of Agricultural Provincial Statistics (2002) and (2) 
national estimates of pesticide use rates for individual crops as compiled 
by the market research company GfK Kynetec. The area of mapped 
agricultural land for each magisterial district was obtained from the 2009 
national land-cover map (NLC 2009) produced by the South African 
National Biodiversity Institute. The areas of uncertainty in these maps are:

1.	 The magisterial district coverage is based on the 2002 Census 
of Agricultural Provincial Statistics and did not represent all total 
coverage as accurate statistics were dependent on farmers that 
responded to the census. Data were therefore normalised to reflect 
actual crop coverage as reported by the FAO (i.e. the area of each 
crop type in a magisterial district was multiplied by the ratio of total 
national area reported by Stats SA to total national area reported 
by the FAO). 

2.	 In the methodology, we assumed that a specific pesticide was 
evenly distributed to a specific crop regardless of the magisterial 
district in which the crop was produced. Pesticide use data as 
displayed in the maps may therefore not reflect the local variability of 
pesticide management practices found within a magisterial district. 

3.	 Because the agricultural land cover does not discriminate between 
different crop types, pesticide use was aggregated up to a 
magisterial district level and assumed to be distributed across all 
agricultural land within a magisterial district. All agricultural land 
cover that fell within a magisterial district was therefore assigned a 
pesticide use category for the pesticide in question.

4.	 Crop production statistics may not have been available for all 
magisterial districts in which a pesticide may have been applied to 
agricultural land, and if so, are not displayed on the maps. 

5.	 Pesticide use estimates are based on market research data for the 
year 2009.

6.	 Agricultural land cover used to display pesticide use rates is for 
the purpose of providing an indication of the spatial distribution of 
pesticide application and is not representative of actual agricultural 
land area used in the calculation of pesticide use rates. 

Despite the limitations listed above, the data used in this study represent 
the best information currently available and therefore provide the best 
possible estimate of crop distribution and pesticide use in the country 
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at present. Furthermore the limitations discussed here are not unique 
to South Africa. The uncertainty can be reduced by performing this 
type of assessment annually in order to obtain a range of pesticide use 
patterns and evaluate variation over time. Freely available, annual data on 
pesticide use are essential to meeting these objectives. Furthermore, the 
reliability of the maps could be improved through an updated census of 
crop production statistics in magisterial districts of South Africa. 
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