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Disclaimer 

 

Information contained in this document results from research funded wholly or in part by the Potato Industry Development 

Trust upon request of Potatoes South Africa acting in good faith. Opinions, attitudes and points of view expressed herein do 

not necessarily reflect the official position or policies of the Potatoes South Africa. Potatoes South Africa makes no claims, 

promises, or guarantees about the accuracy, completeness, or adequacy of the contents of this document and expressly 

disclaims liability for errors and omissions regarding the content thereof. No warranty of any kind, implied, expressed, or 

statutory, including but not limited to the warranties of non-infringement of third party rights, title, merchantability, fitness for 

a particular purpose or freedom from computer virus is given with respect to the contents of this document in hardcopy, 

electronic format or electronic links thereto. References made to any specific product, process, and service by trade name, 

trade mark, manufacturer or another commercial commodity or entity are for informational purposes only and do not 

constitute or imply approval, endorsement or favouring by Potatoes South Africa. 

Vrywaring 

 
Die inligting vervat in hierdie dokument is die resultaat van navorsing wat ten volle of gedeeltelik befonds is deur die Potato 

Industry Development Trust op versoek van Aartappels Suid-Afrika, handelend in goeder trou. Menings, sienings en 

standpunte hierin vervat reflekteer nie noodwendig die amptelike standpunte of beleid van Aartappels Suid-Afrika nie. 

Aartappels Suid-Afrika maak geen aansprake, beloftes of waarborge oor die korrektheid, volledigheid of toereikendheid van 

die inhoud van hierdie dokument nie en ontken uitdruklik aanspreeklikheid vir foute en weglatings oor die inhoud daarvan. 

Geen waarborg van enige aard, hetsy geïmpliseerd, uitdruklik, of statutêr, insluitende maar nie beperk tot die waarborge van 

nie-skending van derdeparty-regte, titels, verkoopbaarheid, geskiktheid vir ŉ bepaalde doel of vry van rekenaarvirus word 

gegee te opsigte van die inhoud van hierdie dokument in gedrukte formaat, elektroniese formaat of elektroniese koppeling 

daaraan. Verwysings na enige spesifieke produk, proses en diens by wyse van handelsnaam, handelsmerk, vervaardiger of 

ander kommersiële kommoditeit of entiteit is slegs vir inligtingsdoeleindes en vorm of impliseer nie goedkeuring, 

onderskrywing of begunstiging daarvan deur Aartappels Suid-Afrika nie. 



 

 Final report: Resource use efficiencies and risks of potato production in SA       Page 3 

 

Table of Contents 

 

EXECUTIVE SUMMARY.......................................................................................................................................................... 4 

1. Background of study .................................................................................................................................................. 6 

2. General introduction .................................................................................................................................................. 7 

3. Resource use efficiencies and sustainability of potato production ............................................................................ 9 

3.1  Introduction 9 

3.2 Materials and Methods 11 

3.3 Results and Discussion 15 

3.4  Overall efficiency and sustainability of production 25 

3.5 Concluding remarks 28 

4. Grower perceptions of biotic and abiotic risks of potato production ........................................................................ 30 

4.1 Introduction 30 

4.2 Materials and Methods 31 

4.3 Results and Discussion 32 

4.4 General Discussion 43 

5.  References .............................................................................................................................................................. 47 

6. Outputs .................................................................................................................................................................... 53 

7. APPENDICES .......................................................................................................................................................... 55 

7.1  Resource Use Efficiencies Per Grower in Each Region 55 

7.2  Risk Perceptions per Grower in Each Region 70 

 

  



 

 Final report: Resource use efficiencies and risks of potato production in SA       Page 4 

 

EXECUTIVE SUMMARY 

1. Potato is produced in many distinct geographical regions of South Africa, differing in climate, soils, 

production seasons and management practices. These differences affect the amount of input resources 

required to produce potatoes, as well as yields and crop value, and therefore the use efficiencies of land, 

water, nutrients, seed and energy. 

2. Resource use efficiencies affect the ecological and financial sustainability of potato production in the 

region, which has in general less favourable potato growing conditions than north-western Europe and 

the U.S.A. 

3. This study aimed to assess and benchmark South African potato production regions, representing a 

wide range of growing conditions, regarding their use of input resources and to identify resource-

intensive practices, which may suggest inefficient use of inputs. 

4. A further aim was to assess grower perceptions of the occurrence and severity of pests, diseases and 

weather risks in each region. 

5. Surveys were conducted in 2013 and 2014 by interviewing growers in all production regions to obtain 

data on input resource levels, yields achieved and perceived risks. 

6. Quantitative modelling approaches were applied to calculate carbon footprints as a proxy of energy use 

efficiency, potential crop yields and irrigation needs for each region. Variability in the gap between 

potential and actual yield was used to identify yield-limiting factors. 

7. Yield gap analysis results showed that actual yields achieved by growers were, on average, 60 % of the 

potential yield, suggesting fairly efficient use of available production factors. About 50 % of regions 

produced yields higher than 65 % of their potential attainable yield, which indicates good farming 

practices and land use efficiency. 

8. Fertilisers (34 %) and irrigation (30 %) were the greatest contributors to energy use in potato production. 

9. Energy required to pump water was strongly related to the amount of irrigation water applied, pumping 

depth and distance. Long-distance travel of produce to retail points contributed substantially to energy 

use. 

10. Water, seed and nutrient use efficiencies differed widely between and within regions, which can partly 

be explained by varying climates and soil types. However, in some cases, input levels were not 

proportional to the yields achieved, suggesting that significant improvements in efficiencies are possible 

by improving management practices. 

11. Although in most regions actual irrigation amounts were substantially higher than the calculated irrigation 

need, the average water use efficiency was 80 kg/ha/mm, which compares favourably with international 

data. 

12. Analysis of the variability in resource use efficiencies between farms and regions provides production 

sustainability indicators that can assist growers in identifying inefficient practices and yield-limiting 

factors. These can be addressed through the use of decision support systems, such as irrigation 

scheduling tools, to improve resource use efficiencies and the sustainability of production. 
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13. Weather-related hazards resulted in losses over 25 % virtually each year in the Gauteng growing region 

due to hail, frosts and floods. In the Sandveld area, where growers take a risk by producing potatoes in 

hot summers, losses occurred less than once every five years, for example due to extremely high 

temperatures. 

14. Regarding the biotic factors, every pest or pathogen assessed was reported to occur on at least one 

farm in each growing region. Countrywide, the lowest frequency of 50 % was recorded for powdery scab, 

whereas the insects tuber moths, leaf miners and aphids were reported most frequently, by between 

88 % and 98 % of the growers. 

15. The complex of silver scurf and black dot resulted in the greatest yield losses in all growing regions, 

followed closely by tuber moth, early blight and the blackleg/soft rot disease complex. Yield losses due 

to potato virus Y, potato leaf roll virus, and aphids were not reported as being very severe. 

16. When the growers’ perceptions of severity of biotic factors were accumulated, significant differences 

between the regions appeared, with the Eastern Cape being most prone with an accumulated score of 

700 due to an array of pests and diseases, and the North West with a score of only 50, mainly attributed 

to root knot nematodes. 

17. There were no significant correlations between frequency of biocide applications and severity of the 

disease as reflected in yield losses, most likely because growers use biocide applications as insurance 

against pests and diseases. This is common among crop farmers around the world. 

18. Although potato production in South Africa appears to carry more risks than production elsewhere does, 

South African commercial potato growers are economically competitive when compared with growers in 

other areas of the globe, with comparable planting conditions and risks. 
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1. Background of study 

Over the past decade, the input cost to produce potatoes in South Africa has risen sharply, while the market 

price of fresh potato products has stagnated. This had a significant negative impact on the financial sustainability 

of potato production, resulting in many smaller-scale growers leaving the potato industry and as a result, the 

number of commercial growers has declined by about 50 % over the past decade. 

The levels of inputs used by growers, compared with the final yields achieved, affect the efficiency and therefore 

the profitability of production. Production efficiency depends on various factors, including the suitability of the 

environment in which the potato crop is grown, and the management practices employed by the grower. In South 

Africa, potatoes are grown in 16 different production regions under a wide range of soil and climatic conditions, 

which for example affect the yield potential, fertiliser and irrigation levels, and pest, disease and weather risks, 

as well as the crop protection measures required. All these factors not only affect input resource use efficiencies, 

but also the environmental sustainability of potato production. 

Before growers can improve their production efficiency, they should be able to benchmark themselves against 

other growers in their region, other regions of the country, and other parts of the world. A comprehensive 

assessment of the resource use efficiencies and risks of potato production in South Africa has never been 

conducted before. This study was therefore conducted to quantify the input levels used and risks of potato 

farming in the different production regions, with the aim of identifying resource-intensive practices and to suggest 

remedial actions to improve efficiency and sustainability. 

Surveys were conducted in all potato growing regions of South Africa and a representative sample of growers in 

each region was interviewed in order to establish their input levels, yields and perceived risks in producing 

potatoes. A yield gap analysis was also conducted using a potato crop growth model, which calculates the 

potential yield for a region under ideal, irrigated conditions. Data was processed per grower, per region and for 

the country as a whole. After completion of the study, feedback sessions were presented to growers in all the 

production regions in 2014 and 2015, during which the research findings were reported and possible remedial 

actions proposed. Two scientific journal articles were published in 2016 and the results will also be further 

disseminated to growers in Chips articles. 

Project team: 

Prof JM Steyn, University of Pretoria (Project Leader) 

Prof JE van der Waals, University of Pretoria 

Dr AC Franke, University of the Free State 

Prof AJ Haverkort, Wageningen University and Research Centre 

Project Duration: 1 July 2013 – 30 June 2015 
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2. General introduction 

The production of potatoes, like any other crop, requires inputs such as land, water, fertilisers and pest control 

chemicals. Furthermore, energy is required for farm operations such as tillage, planting, spraying, harvesting and 

transport. Energy in the form of electricity is also needed for irrigation, grading and cold storage of tubers. In 

addition, direct inputs such as seeds, chemical fertilisers and crop protection chemicals, require energy for their 

production (“embedded energy”) (Hillier et al., 2009). 

The amounts of inputs and energy needed to produce a ton of potatoes affect the sustainability of production in 

two ways. Firstly, if more inputs or energy is needed to produce the same ton of potatoes, it implies undesirably 

high production costs for the farmer. The cost of energy (direct fuel and electricity cost, and indirectly the cost of 

chemicals and fertilisers) has risen drastically over the past decade. This has had a significant negative impact 

on the profit margin of potato production. Since producers have little control over the cost of inputs, the only option 

to ensure financial sustainability is to ensure higher output (yield or income) per unit input, i.e. to farm more 

productively. 

Furthermore, the amount of energy used to produce the electricity and chemicals needed for farming directly 

impacts on the amount of carbon dioxide that is released into the atmosphere. Carbon dioxide is a “greenhouse 

gas” which acts as a blanket and prevents heat energy from escaping into outer space. This is called the 

“greenhouse effect” and is known to cause a gradual increase in atmospheric temperatures (or global warming). 

The higher the concentration of greenhouse gases in the atmosphere, the greater the global warming effect. The 

wasteful use of resources (electricity, fuel and chemicals) therefore contributes to climate change, which will 

negatively affect the long-term sustainability of potato production. 

Climate change and global warming can have some serious negative consequences for agriculture, including 

changes in temperature and rainfall patterns and an increase in the frequency, duration, and intensity of extreme 

weather events, such as floods, droughts and heat waves. These will obviously impact negatively on the 

production of agricultural crops, such as potatoes. The total amount of greenhouse gases produced by any activity 

can be defined as its carbon footprint and is usually expressed in equivalent tons of carbon dioxide (CO2) 

produced per ton of product. The carbon footprint is therefore a powerful tool to understand the impact of actions 

or behaviour on global warming. The “Cool Farm Tool” (CFT) was developed for growers to calculate the amount 

of CO2 released through the production of different crops, including potatoes (Hillier et al., 2009; Haverkort and 

Hillier, 2011), and is intended as a decision support tool for growers to calculate their current CO2 footprint and 

to explore options to lower their footprint with altered practices, e.g. changing chemical applications and field 

operations. 

The input data required to run the Cool Farm Tool can also be used to calculate other footprints of potato 

production, e.g. land-use efficiency (land footprint) and water-use efficiency (water footprint). These can give an 

indication of how efficiently resources are utilised to produce a ton of potato for different farming systems. This 

approach was followed in the current study, with the ultimate aim to quantify the inputs (energy, land, water, 

nutrients) used for potato farming in South Africa. This assisted us to identify input intensive actions and to explore 

management options that could reduce the footprints and thereby also the sustainability of potato production in 

SA. 
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The specific objectives for the study were to: 

1. assess and benchmark potato production areas regarding their use of land, water, energy, nutrients and 

seed to produce potatoes; 

2. assess the perceived risks attributable to diseases, pests and extreme weather events; 

3. recommend interventions to address resource-intensive practices, in order to improve environmental 

and economic sustainability. 

 

The input data required to address these three objectives of this study were collected during surveys that were 

conducted in all 16 potato production regions of the country. The resource use efficiency and sustainability results 

are presented in Section 3, while the biotic and abiotic risk results are presented in Section 4 of this report. 
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3. Resource use efficiencies and sustainability of potato production 

3.1  Introduction 

Potato is the fourth most important food crop in the world (FAOSTAT, 2016). Egypt is the leading producer in 

Africa in terms of volume of potatoes produced, followed by Algeria, Malawi, South Africa, and Rwanda 

(FAOSTAT, 2016). Of these five countries, South Africa has the smallest production area (about 50 000 ha), but 

the highest average yields (about 43 t ha-1). Potato is produced in 16 geographically and edaphically distinct 

regions of the country (Figure 3.1; Table 3.1). The main growing regions are located in the eastern and western 

Free State, northern Limpopo and the Sandveld, but sizeable production also occurs in other parts of the country. 

Commercial potato growers in South Africa are generally skilled and have access to First World crop production 

and protection technologies. Potato is usually produced under irrigation due to low and unreliable rainfall, with 

the exception of the eastern Free State where dryland production is dominant. Limited supplementary and full 

irrigation occurs in this region when irrigation water is available. The availability of irrigation water is limiting in 

almost all production regions, but especially in regions relying on boreholes as a water source (e.g. Sandveld, 

Limpopo and North West). In most inland regions (except Limpopo), potato production is limited to the summer 

season due to winter frost. As a result, crops are often exposed to unfavourably high daytime temperatures, which 

limit productivity. Sandy soils are generally preferred for potato production, but soils vary substantially between 

regions. In the Sandveld and Ceres regions, the soils are very sandy with low water and nutrient holding capacity, 

which complicates management. The diversity in growing regions and planting times ensures that fresh potatoes 

can be supplied to the market all year round (Potatoes South Africa, 2015a). 

Potato is a high-yielding crop, but its production requires relatively high uses of inputs such as water, seed, crop 

protection agents, energy and fertilisers (Sincik et al., 2008). The amount of inputs needed to produce a given 

amount of potato, also referred to as the resource use efficiency, affects the ecological and financial sustainability 

of production. Although potato yields and sales in South Africa have gradually increased over the past decade 

(Potatoes South Africa, 2015a), the potato sector is facing serious concerns about the financial sustainability of 

production. Costs of most inputs, especially energy (both direct fuel and electricity cost, and the indirect cost of 

chemicals and fertilisers) have risen dramatically over the past decade (Strydom and van Zyl, 2015). This sharp 

increase in production costs, combined with a stagnation in product prices is detrimental to the financial 

sustainability of potato production. For example, in 2015 the average operating input cost per hectare for a target 

yield of 65 t ha-1 in the North West region amounted to 14,030 US$, with gross income of 15,660 US$, resulting 

in a gross profit of only about 1,630 US$ per hectare. It should be clear that if target yields are not achieved, or 

product prices drop due to over-supply to the markets, the profit could easily turn into a loss (Pieter van Zyl, 

personal communication). As a result of this harsh economic environment, the number of commercial growers in 

South Africa has declined by about 50 % in the past decade. The international competitiveness of potato 

industries in developing countries (e.g. in South America and Africa) is also of concern to domestic growers 

(Haverkort et al., 2014). In South Africa, for example, the processing of raw potato tubers into frozen products is 

currently only economically viable due to tariff walls protecting the domestic market against cheaper imports from 

north-western Europe.  
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Figure 3.1. Map indicating the approximate positions of potato production regions in South Africa. EC = Eastern 
Cape; FS = Free State; GT = Gauteng; KZN = KwaZulu-Natal; LP = Limpopo; MP = Mpumalanga; NC = 
Northern Cape; WC = Western Cape; NW = North West (adopted from Van der Waals et al. (2016); 
designed by L. van Zyl, TerraGIS, South Africa). 

 

Climate change is also expected to impact on the sustainability of potato production globally. Potato is a heat-

sensitive crop and in regions where it is presently being produced under relatively warm conditions, increased 

heat stress is expected to reduce yields (Haverkort et al., 2013; 2015) and therefore income per unit input. In 

cooler regions, or where production can be shifted to cooler seasons, however, the positive impacts of increased 

CO2 levels on potato yield and water use efficiency may override the negative impacts of increased temperatures 

(Franke et al., 2013). Furthermore, pest and disease pressure on potato crops is expected to increase as a result 

of higher temperatures in southern Africa (van der Waals et al., 2013), and therefore crop protection measures 

will further add to input costs. Since potato growers have little control over the cost of inputs, the best strategy to 

improve financial (and ecological) sustainability is to optimise the output (i.e. optimise yield and quality) for 

maximum income per unit input, i.e. to farm more efficiently (De Koeijer et al., 2003; De Wit, 1992; Nyagaka et 

al., 2010). 

Input resource use efficiencies are often used as indicators of production-ecological sustainability of crop 

production (de Vries et al., 2010; van Ittersum and Rabbinge, 1997). Van Asselt et al. (2014), on the other hand, 

proposed a framework for the evaluation of the sustainability of agri-food production systems, which also includes 

aspects not directly related to production efficiency and sustainability (e.g. food quality and safety, human health, 

animal and human welfare). Although resource use efficiencies do not cover all aspects of ecological or 

environmental sustainability, such as biodiversity impacts of land use or animal welfare, they have the advantage 

of being relatively easy to quantify and they can facilitate comparisons between crops, growers and regions 

(Franke et al., 2011). 

A previous study that was limited to the Sandveld region of South Africa showed large differences among potato 

growers in the use efficiency of land, water, fertiliser, and biocides, despite the fact that they were farming under 

relatively homogenous agro-ecological conditions (Franke et al., 2011). This suggested that there is considerable 
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scope for some individual growers to improve input use efficiencies per unit of potato produced. Besides the 

above-mentioned study, literature on the variability in input resources within and between diverse production 

regions, and their effect on input use efficiencies and overall sustainability of crop production of a region or 

country, is scanty. A study was consequently initiated with the objective of quantifying and understanding 

variability in the use and use efficiencies of land, water, nutrients, energy and seed among potato growers within 

and between production regions in South Africa. A survey was employed to capture actual input levels per 

individual grower in each production region and a crop growth model was used to calculate the yield gap between 

actual and potential yields (van Ittersum et al., 2013). The information generated by this survey should enable 

growers to benchmark their efficiency of production and overall production sustainability relative to other growers 

in the same region and between regions. This also serves as a tool to identify input intensive activities and explore 

management options that could improve resource use efficiencies and economic competitiveness of the industry 

as a whole.  

 

3.2 Materials and Methods 

All 16 potato production regions of South Africa were visited in 2013 and 2014 to conduct surveys on the use of 

input resources such as land, water, fertilisers, chemicals, energy and seed. Three or more commercial growers 

per region, depending on the size of the region and diversity of production systems (Table 3.2), were randomly 

selected and interviewed. In the South-Western Cape region, the number of potato growers has lately declined 

to the point that only two growers were available for interviewing, and this region was consequently excluded from 

further analyses. A total of 106 growers were interviewed, thereby covering approximately 17 % of all commercial 

potato growers in the country (Potatoes South Africa, 2015a). The sample included producers of table, seed and 

processing potatoes, as well as dryland and irrigated production (Table 3.2). Growers were asked approximately 

one hundred questions regarding the following inputs and outputs (average over the past five years): yields, levels 

of inputs used such as seed, chemicals and fertilisers, field operations like land preparation and harvesting 

practices, and off-site transport of seed and manure. Irrigation questions included the amount of water applied 

per season, depth of water table, and horizontal pumping distance between water source and fields. 

For each grower, resource use and use efficiencies of land, water, N, P and K fertilisers, energy, and seed per 

unit of fresh potato produced were calculated. The use efficiencies of inputs such as land, water and fertiliser 

were expressed as the amount of output produced per unit of input used or applied (e.g. LUE = tons of potatoes 

produced per hectare of cultivated land). However, energy use is often not so easily measured due to the various 

forms of energy involved, and the need to quantify energy embedded in the inputs used to produce a crop (Hillier 

et al., 2009). Energy use can also be related to the carbon footprint of any action, expressed as the amount of 

CO2 equivalents emitted per amount of produce grown (Haverkort and Hillier, 2011). For this study, the Cool Farm 

Tool-Potato (CFT-Potato) (Hillier et al., 2009; Haverkort and Hillier, 2011) was used to calculate the amount of 

CO2 equivalents emitted (carbon footprint) as an indicator of input energy needed (Hillier et al., 2009), although 

other greenhouse gasses such as methane and nitrous oxide, that are not directly related to energy use, also 

contribute to the carbon footprint. 

Yield gap analyses were conducted to assess how actual yields achieved by growers compared with simulated 

potential yields of each region, following the approach recommended by Van Ittersum et al. (2013). The LINTUL 

crop growth model (Caldiz et al., 2001; Haverkort et al., 2015; Kooman and Haverkort, 1994) was used to 

calculate potential potato yields, defined as the theoretical upper yield limit in a situation where water, nutrients 

and biological factors are not limiting. The LINTUL model has a daily time step and calculates potential yield 

based on planting and harvest dates, temperature and the amount of solar radiation available, depending on the 
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fraction of radiation intercepted and a temperature and CO2 dependent radiation use efficiency (Haverkort et al., 

2015). The yield gap was calculated as the difference between potential yield and actual yield (Haverkort and 

Struik, 2015; Van Ittersum et al., 2013). 

LINTUL also calculates potential water use, from which irrigation requirements were calculated. Irrigation need 

was defined as the difference between the calculated theoretical evapotranspiration (ET) and the average long-

term precipitation (P) recorded between planting and harvest, divided by an assumed irrigation efficiency of 75 % 

(Haverkort et al., 2015). Both potential yields and irrigation requirements were simulated for non-limiting (i.e. full 

irrigation) conditions. Daily evapotranspiration (ET) was calculated by LINTUL as the product of reference 

evapotranspiration (ETo, according to Allen et al., 1998) and simulated canopy cover (Franke et al., 2011). The 

LINTUL model was previously calibrated and successfully used for other potato simulation studies in southern 

Africa (Franke et al., 2011, Franke et al., 2013, Haverkort et al., 2013, Molahlehi et al., 2013). Observed long-

term daily meteorological data (10–15 years), including maximum and minimum temperatures, global solar 

radiation, ETo and rainfall, were obtained from ARC-Institute for Soil Climate and Water weather stations in each 

region and used as inputs for the model. Water use efficiency (WUE, expressed in kg m-3) was calculated as the 

fresh tuber yield produced per total amount of rainfall and irrigation applied during the growing season (van 

Halsema and Vincent, 2012). 

 



 

Table 3.1. Agro-ecological conditions during the growing season of potato production regions in South Africa 

# Region 
Name 
abbre-
viation 

Mean 
altitude 

(m) 
Growing conditions 

Total solar 
radiation1 
(MJ m-2) 

Mean daily 
temperature (oC)2 

Main 
planting 
month3 

Total 
rainfall4 
(mm) 

Predominant soils 

Max Min 

1 Eastern Free State EFS 1700 Wet summer 2872 24.5 11.5 Sep 319 Loam 

2 Limpopo Lim 1000 Dry winter 2368 25.8 9.3 Jun 37 Loam 

3 Western Free State WFS 1250 Wet summer 2588 28.4 12.1 Jan 230 Sand – sandy loam 

4 Sandveld Sand 120 Wet winter / dry summer 2219 23.3 6.3 Jun 127 Sand 

5 KwaZulu-Natal KZN 1400 Wet summer 1739 24.3 12.9 Aug 251 Loam – clay loam 

6 Mpumalanga Highveld HV 1600 Wet summer 2442 25.2 8.2 Aug 246 Sandy loam 

7 North West NW 1350 Wet summer 2621 28.7 9.4 Aug 127 Sand 

8 North Eastern Cape NEC 1300 Wet summer 2125 21.6 9.7 Sep 326 Sandy loam 

9 Northern Cape NC 1050 Wet summer 2479 28.9 13.2 Jan 184 Sandy loam – loam 

10 Eastern Cape EC 50 Wet summer 1731 22.8 9.5 Jul 181 Loam 

11 Loskop Valley  LV 900 Wet summer 1946 24.2 5.6 May 18 Sandy loam 

12 Ceres Ceres 550 Wet winter 2140 25.1 11.1 Oct 107 Sand 

13 South Western Free State SWFS 1300 Wet summer 2219 27.4 9.0 Aug 142 Sandy loam 

14 Gauteng GT 1580 Wet summer 1996 23.3 7.9 Jul 111 Loam – clay loam 

15 Southern Cape SC 220 Wet summer / winter 1413 19.6 8.9 Jul 242 Sandy loam 

16 South Western Cape SWC 25 Wet winter 1825 21.9 11.3 Aug 406 Sandy 

Notes: 1Total solar radiation is accumulated incident global radiation (MJ m-2) from emergence to maturity; 2,4during the growing season; 3 main period indicated, but some regions have 
multiple planting times. 
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Table 3.2. Potato production regions in South Africa and their relative contribution to the national production (Potatoes South Africa, 2015a), number of table, processing 
and seed potato growers interviewed per region 

# Region 
Name 
abbre-
viation 

Area 
(ha) 

Relative 
share of 

total area 
(%) 

Annual 
Production  

x1000 t 

(x1000 t) 

Number growers interviewed # Irrigated / Dryland Total # 
inter-

viewed 

Average area / 
grower (ha) 

Table Processing Seed Irrigated Dryland 

1 Eastern Free State EFS 9 989 20 331 4 2 1 3 4 7 240 

2 Limpopo Lim 9 619 19 457 5 4 0 9 0 9 132 

3 Western Free State WFS 6 776 14 338 6 0 3 9 0 9 90 

4 Sandveld Sand 6 409 13 282 7 4 6 17 0 17 68 

5 KwaZulu-Natal KZN 4 204 8 183 7 0 4 7 4 11 64 

6 Mpumalanga Highveld HV 2 333 5 103 1 0 4 5 0 5 112 

7 North West NW 1 917 4 105 3 0 2 5 0 5 79 

8 North Eastern Cape NEC 1 590 3 72 4 0 3 5 2 7 155 

9 Northern Cape NC 1 524 3 61 4 1 3 8 0 8 54 

10 Eastern Cape EC 1 354 3 54 3 0 0 3 0 3 90 

11 Loskop Valley LV 1 113 2 48 1 4 0 5 0 5 102 

12 Ceres Ceres 1 046 2 45 3 2 3 8 0 8 61 

13 SW Free State SWFS 970 1.9 51 3 0 0 3 0 3 69 

14 Gauteng GT 835 1.7 32 4 0 0 4 0 4 100 

15 Southern Cape SC 206 0.4 10 0 0 3 3 0 3 53 

16 South Western Cape SWC 57 0.1 2 2 0 0 2 0 2 21 

 Total  49 942 100 2 174 57 17 32 96 10 10  



 

Correlations between parameters were assessed with the Spearman Rank Correlation Test. Statistical analyses 

were done with Genstat, version 15.1.0. Radar diagrams were constructed to simultaneously allow comparisons 

of the relative performance of regions for different indicators. A relative scale from 0 to 100 was used in the 

diagrams, where 100 represents the performance of the best region with respect to that specific indicator, and 

values less than 100 indicate performance relative to the best performing region, except for phosphorus use 

efficiency (PUE), where values were not expressed relative to the best region (Southern Cape), but relative to the 

second best performing region. For instance, a value of 65 indicates a use efficiency equivalent to 65 % of the best 

performing region. The PUE of other regions was not compared with the Southern Cape because of the very high 

PUE values (average 2007 kg potato/kg P) recorded for this region, compared with the other regions (147-690 

kg/kg P). As a result, the PUE performance of all other regions as a percentage of the Southern Cape gave very 

small values, which skewed the diagrams. 

 

3.3 Results and Discussion 

Results on resource input levels applied for each region are presented in Table 3.3, and calculated resource use 

efficiencies for each region are presented in Table 3.4. More results on input levels and efficiencies per grower in 

each region are presented in Section 7.1 of the Appendices. 

 

3.3.1 Land 

The land use efficiency (LUE, or fresh tuber yield) averaged across regions was 45 t ha-1, which compares well 

with the reported national average yield of 43 t ha-1 (Potatoes South Africa, 2015a). However, the range in yields 

between growers within regions is striking (Table 3.4, ranges in brackets). Highest LUEs were achieved in regions 

that produce potatoes under irrigation in summer (Mpumalanga Highveld, North West, South Western Free State 

and Western Free State), where solar radiation is high, but heat stress is limited due to their mid-altitudes (Table 

3.1). 

The high productivity of these regions corresponds well with the relatively high simulated potential yields (Table 

3.4). Lowest land use efficiencies were reported for the predominantly dryland (Eastern Free State) and partially 

dryland regions (North Eastern Cape and KwaZulu-Natal), where drought stress is common due to unreliable 

rainfall during the growing season. Yields are also low for the Eastern Cape, where full irrigation is practised. This 

can partly be explained by the lower radiation levels in this region, and furthermore probably also by the very short 

crop rotation cycle practised in this region (potatoes grown every year to every three years, compared with a typical 

cycle of once in four to six years for other regions), with high associated disease pressure risk (van der Waals et 

al., 2016). 
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Table 3.3. Average resource input levels for potato production regions in South Africa. Values in brackets represent 
the minimum and maximum input values recorded in each region 

Region1 
Actual irrigation 
amount (mm) 

Calculated 
irrigation need 

(mm) 

Manure / compost 
(t/ha) 

Total N2 

(kg/ha) 

Total P2 

(kg/ha) 

Total K2 

(kg/ha) 

Seed 

rate (t/ha) 

Energy use3 

(t CO2/ha) 

EFS 121 

(0-450) 

271 0.6 

(0-4.0) 

142 

(100-260) 

75 

(45-110) 

123 

(60-260) 

1.6 

(0.9-4.0) 

4.1 

(2.4-7.7) 

EC 393 

(300-480) 

263 0.9 

(0-1.8) 

218 

(160-293) 

96 

(83-105) 

96 

(70-118) 

3.9 

(3.3-4.4) 

7.2 

(6.2-8.2) 

NEC 228 

(45-400) 

132 0.0 256 

(200-300) 

112 

(60-160) 

221 

(140-300) 

3.9 

(3.0-5.0) 

6.9 

(5.3-8.2) 

KZN 263 

(0-500) 

115 0.0 163 

(80-300) 

145 

(105-200) 

239 

(140-300) 

3.1 

(1.7-5.0) 

6.7 

4.8-10.4 

LV 475 

(300-800) 

292 0.0 212 

(190-240) 

84 

(70-100) 

206 

(190-230) 

3.7 

(3.3-4.3) 

7.3 

(6.7-8.6) 

NC 400 

(350-500) 

303 1.9 

(0-15) 

249 

(200-390) 

104 

(55-165) 

193 

(85-410) 

4.1 

(3.0-6.9) 

7.3 

(5.6-10.4) 

SC 250 

(200-300) 

146 2.3 

(0-4.0) 

132 

(110-166) 

36 

(12-70) 

149 

(120-180) 

2.2 

(0.5-3.0) 

7.4 

(5.6-8.8) 

GT 513 

(300-800) 

279 16.3 

(0.1-65) 

368 

(201-600) 

381 

(210-485) 

510 

(350-750) 

3.5 

(2.5-4.3) 

14.0 

(7.4-17.4) 

Sand 604 

(280-880) 

380 0.0 310 

(255-344) 

169 

(125-200) 

453 

(400-550) 

3.6 

(3.0-4.5) 

15.0 

(10.5-24.6) 

Lim 454 

(360-800) 

445 1.0 

(0-5.0) 

257 

(220-320) 

103 

(30-200) 

203 

(140-285) 

4.5 

(3.3-5.0) 

10.8 

(6.8-14.4) 

Ceres 774 

(600-900) 

321 1.0 

(0-2.0) 

373 

(300-400) 

117 

(100-175) 

431 

(350-480) 

4.3 

(3.8-5.3) 

14.0 

(11.1-18.7) 

WFS 421 

(350-700) 

298 0.0 254 

(120-320) 

136 

(78-240) 

188 

(89-300) 

3.9 

(1.5-5.5) 

9.9 

(4.0-17.0) 

SWFS 550 

450-700) 

516 0.0 253 

(230-280) 

136 

(115-154) 

126 

(114-150) 

3.3 

(3.1-3.5) 

8.9 

(8.2-9.4) 

NW 440 

(300-650) 

382 0.2 

(0-1.0) 

321 

(290-360) 

214 

(150-260) 

335 

(300-390) 

4.1 

(3.0-7.5) 

11.1 

(9.1-14.8) 

HV 270 

(200-400) 

240 0.0 228 

(200-250) 

90 

(80-120) 

263 

(220-293) 

3.6 

(2.4-5.0) 

8.0 

(6.3-9.4) 

Overall 
Average 

427 242 1.1 255 134 273 3.6 9.8 

1See Table 3.1 for abbreviation of region names; 2Total from organic and inorganic sources; 3Energy use is expressed as ton 
CO2 equivalents emitted per hectare 
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Table 3.4. Average resource use efficiencies, potential Land Use Efficiency (LUE) and ratio of actual to potential 
Land Use Efficiency (LUE) per region. Numbers in brackets represent the minimum and maximum values 
recorded in each region. Resource use efficiencies are expressed as the amount of fresh tuber yield per 
amount of input used 

Region1 
LUE2 

(t/ha) 

Potential 
LUE (t/ha) 

Actual: 
potential 
LUE(t/ha) 

WUE3 

(kg/m3) 

NUE4 

(kg/kg N) 

PUE5 

(kg/kg P) 

KUE6 

(kg/kg K) 

SUE7 

(t/t seed) 

EUE8 

(kg/kg CO2) 

EFS 
27.7 

(24-35) 

106.9 0.26 
7.0 

(4.2-9.1) 

210 

(115-264 ) 

387 

( 318-533) 

265 

(115-400 ) 

20 

(8.8-28.6) 

7.04 

(3.91-9.80) 

EC 
39.7 

(28-41) 

64.9 0.61 
7.0 

(6.2-8.3) 

194 

(137-235) 

418 

(380-494) 

435 

(339-586) 

10 

(9.4-11.7) 

6.58 

(3.91-5.52) 

NEC 
41.4 

(38-50) 

74.7 0.55 
7.8 

(5.5-11.6) 

165 

(133-200) 

414 

(238-650) 

205 

(127-307) 

10.8 

(8.6-14.3) 

6.00 

(5.08-7.52) 

KZN 
41.8 

(33-52) 

64.8 0.65 
9.1 

(5.3-14.8) 

310 

(167-563) 

300 

(200-476) 

186 

132-357) 

14.9 

(8.3-23.5) 

6.14 

(3.82-10.2) 

LV 
43.2 

(40-45) 

63.2 0.68 
9.9 

(5.5-13.5) 

205 

(182-237) 

524 

(400-643) 

211 

(196-237) 

11.8 

(9.4-13.8) 

5.95 

(5.26-6.45) 

NC 
44.8 

(38-70) 

72.7 0.62 
8.0 

(6.0-14.9) 

183 

(123-250) 

487 

(291-714) 

278 

(117-447) 

12.6 

(5.5-23.3) 

5.86 

(4.44-10.0) 

SC 
45.7 

(42-50) 

54.1 0.84 
9.3 

(8.3-10.2) 

361 

(253-455) 

2007 

(714-3750) 

131 

(278-375) 

14.5 

(14-15) 

6.06 

(5.10-8.93) 

GT 
48.1 

(40-60) 

65.8 0.73 
8.6 

(5.5-14.6) 

149 

(71-199) 

147 

(88-286) 

105 

(57-171) 

14.9 

(9.4-24.0) 

3.25 

(2.53-8.13) 

Sand 
49.2 

(42-56) 

90.1 0.55 
7.8 

(4.6-16.2) 

160 

(131-187) 

194 

(250-373) 

110 

(82-138) 

13.9 

(11.3-18.7) 

3.24 

(1.83-5.21) 

Lim 
51.6 

(40-60) 

83.6 0.62 
11.1 

(7.2-15.7) 

202 

(180-250) 

665 

(265-1833) 

274 

(167-429) 

11.8 

(8.4-16.9) 

4.74 

(3.28-6.71) 

Ceres 
55.2 

(45-80) 

73.7 0.75 
6.4 

(4.5-9.3) 

151 

(115-220) 

475 

(431-660) 

129 

(106-189) 

12.7 

(10.5-16.0) 

3.85 

(2.67-5.62) 

WFS 
57.1 

(45-66) 

80.2 0.71 
8.8 

(6.3-11.1) 

245 

(166-375) 

491 

(242-846) 

351 

(193-742) 

16.8 

(10.5-30) 

5.84 

(3.52-11.11) 

SWFS 
58.0 

(51-63) 

91.2 0.64 
8.7 

(6.1-10.1) 

229 

(222-240) 

427 

(409-443) 

465 

(400-553) 

17.6 

(15.7-19.2) 

6.41 

(5.41-7.35) 

NW 
58.2 

(45-70) 

82.9 0.70 
10.5 

(9.0-12.9) 

182 

(132-197) 

281 

(225-407) 

173 

(150-179) 

15.9 

(8.0-20.3) 

5.23 

(4.42-6.76) 

HV 
60.7 

(47-67) 

83.9 0.72 
12.2 

(7.3-15.0) 

271 

(188-335) 

690 

(500-838) 

238 

(160-305) 

18.0 

(13.4-24.9) 

7.48 

(5.85-10.64) 

Overall 
Average 

45 78.9 0.60 8.7 209 467 224 14.3 5.67 

1See Table 3.1 for abbreviations of regions; 2LUE = land use efficiency, 3WUE = water use efficiency, 4NUE = nitrogen use 

efficiency, 5PUE = phosphorus use efficiency, 6KUE = potassium use efficiency, 7SUE = seed use efficiency, 8EUE = energy 

use efficiency 
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Simulated potential LUEs for the different production regions are given in Table 3.4. Potential yields are usually 

not achieved commercially (Van Ittersum and Rabbinge, 1997), as with each additional unit of input added beyond 

the economical optimum, the crop will benefit less and growers will therefore stop applying inputs when they cost 

more than they yield in monetary terms (Haverkort and Struik, 2015). The difference between potential and actual 

yields is referred to as the yield gap (Van Ittersum and Rabbinge, 1997; Van Ittersum et al., 2013). This can also 

be expressed as the ratio of actual yield to potential yield, which illustrates how successful growers are in making 

best use of their environment and available resources to attain high yields (Lu et al., 2003). Actual:potential LUE 

ratios exceeded 60 % for most regions (Table 3.4). Ceres, Gauteng, Mpumalanga Highveld and especially the 

Southern Cape have relatively small yield gaps, suggesting that the available environment is being efficiently 

utilised and there is limited scope to further increase yields in these regions. 

Substantial yield gaps were evident in regions with dryland cropping, e.g. the Eastern Free State, which has highest 

yield potential due to high total seasonal solar radiation and moderate air temperatures (Table 3.1), but lowest 

actual yields of all regions. However, some irrigated regions also showed large yield gaps, e.g. the Sandveld region 

only attains 55 % of its potential, suggesting that the available environment and input resources are not being 

optimally utilised. This could be due to insufficient input levels, or the inefficient use of input resources applied, 

giving room for improved practices. The production practices and environmental factors that could play a role in 

limiting LUE in these regions are further deliberated on later in the discussion of overall efficiency and sustainability 

of production. 

All input variables in Table 3.3 had a significant positive correlation with actual yield, except for input rates of 

manure/compost, with the strongest correlations between yield and total N, energy input and total irrigation (Table 

3.5). As input variables were in most cases also significantly correlated with each other, except for total solar 

radiation that did not correlate with other input variables (data not shown), the contribution of individual input factors 

in the explanation of yield variability was difficult to assess. The results suggest that high yields are achieved by 

the combined high application rate of different inputs. Figure 3.2 shows the relationship between total available 

seasonal solar radiation and actual yield per region. When all regions are included, there was a poor correlation (r 

= 0.12) between accumulated seasonal solar radiation and actual yields recorded. The two outliers in Figure 3.2 

are the Eastern Free State (EFS) and Southern Cape (SC). In the EFS, potential yields were high (Table 3.4) due 

to high solar radiation and moderate summer air temperatures, which are favourable for potato growth. However, 

actual yields fell way behind the potential because this is predominantly a dryland production region and yields are 

limited more by water stress than by available radiation. For the SC region, yields are relatively high, given the 

available radiation. Here, radiation use efficiencies are probably higher due to more cloudy conditions during the 

growing season (lower available radiation, Table 3.1), resulting in less saturation of the photosystem. This region 

is also generally efficient in the use of other resources (nutrients, water) and as a result shows the smallest yield 

gap. When these two outliers are excluded, the correlation between available radiation and actual yield becomes 

significant (r = 0.6), confirming that differences in yield between regions is quite well explained by variability in 

available solar radiation. 

Although commercial growers generally follow appropriate pest and disease control programmes, regions can 

differ substantially in pest and disease pressures. Variability in crop yields, and therefore also resource use 

efficiencies, may thus be highly dependent on the severity of pest and disease incidences. As part of our survey, 

growers were also questioned about their perceptions of the most important biotic and abiotic risks in each region. 

These results are presented in detail in Section 4 of this report. 
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Table 3.5. Correlation between input variables and potato yields per farm in various production regions of South 
Africa. 

Input Correlation coefficient t pr 

Total radiation 0.216 0.028 

Actual irrigation 0.319 0.001 

Manure / compost -0.040 n.s. 

Total N 0.478 0.000 

Total P 0.245 0.012 

Total K 0.296 0.002 

Seed 0.268 0.006 

Energy 0.455 0.000 

 

 

 

Figure 3.2. Correlation between cumulative solar radiation and average actual potato yields in various regions of 
South Africa. The correlation coefficient (r) is 0.12 for all regions, and 0.60 if Southern Cape (SC) and 
Eastern Free State (EFS) are excluded. 

 

3.3.2 Water 

The potato crop is sensitive to water stress and therefore the amount of water available, compared with what is 

needed, is regarded an important yield determining factor in any agro-ecological environment (Onder et al., 2005; 

Steyn et al., 1998; Van Loon, 1981). In our study, crop water use was regarded as the sum of total rainfall during 

the growing season (from long-term weather data) and irrigation water applied (from grower surveys). Table 3.3 

shows the average actual irrigation amounts (with ranges in brackets) applied by growers and the simulated 

irrigation needs per region, based on long-term ETo, seasonal rainfall and crop water requirements. Irrigation 

amounts applied by growers ranged widely, from an average of 121 mm in the Eastern Free State (mainly dryland) 

to 774 mm in Ceres. A good agreement between actual irrigation amounts and calculated irrigation needs existed 
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in only four regions. In all other regions with full irrigation available, the actual irrigation amounts applied exceed 

calculated irrigation needs by far. The scatter in the data may partly be explained by the erratic nature of rainfall in 

the summer rainfall regions of South Africa (Mason and Jury, 1997; Tyson, 1986), which can interfere with irrigation 

management and result in drainage losses. However, it was evident from the surveys that many growers do not 

appropriately use irrigation scheduling tools to determine crop water needs, resulting in regular over-irrigation and 

wastage of water. This suggests that in several regions, improvements in irrigation management could save 

irrigation water and the energy required to pump water (a major contributor to total on-farm energy use), and 

improve water use efficiency (WUE). 

Regions with the closest agreement between irrigation needs and actual irrigation amounts also had the highest 

WUE (Table 3.4). Lowest WUE was recorded for Ceres (6.2 kg m-3), where high yields were achieved at high 

irrigation cost, as the irrigated amounts exceeded the need by more than double. Highest average WUE (11.7 kg 

m-3) was achieved for Mpumalanga Highveld, while the average WUE across all production regions was 8.0 kg m-

3. This compares well with values reported for studies in Europe and the Mediterranean region (range of 3 – 15 kg 

m-3 with typical values around 7 kg m-3 – Ati et al. (2012); Badr et al. (2012); Darwish (2006); Ferreira and 

Goncalves (2007); Magliulo (2003); Molden et al. (2010); Onder et al. (2005)). Nevertheless, the large variations 

within and between regions suggest that there is substantial scope for improvement in management by some 

growers and regions as a whole. 

 

3.3.3 Nutrients 

The total amount of nutrients (N, P and K) applied to potato differed greatly between and within regions in South 

Africa (Table 3.3, ranges in brackets). By far the highest total fertiliser rates were applied in Gauteng (well over 

1200 kg NPK ha-1) and the lowest in the Southern Cape, where the focus on seed potato production is associated 

with lower (about 350 kg NPK ha-1) nutrient input rates (Hoffman and Salomez, 2000). Moreover, in this region 

potatoes are grown in rotation with pastures for dairy farming. These pastures are fertilised with nutrient-rich 

effluents from dairy parlours and when the fields are ploughed, organic matter in the sod mineralises and becomes 

available to the successive potato crop. 

The fertiliser rates reported in the present study are higher than those typically used in European countries. For 

example, Vos (2009) reported that in north-western Europe, the economical optimal point of N input is commonly 

in the range of 150–250 kg ha−1. Haverkort and Hillier (2011) also reported substantially lower total inorganic NPK 

application rates, ranging from 117 to 392 kg ha-1 for different production systems (table, seed, starch) in the 

Netherlands. However, substantial amounts of manure and slurry are in most cases also applied to potato fields in 

the Netherlands, although manure is often not applied in the same cropping season as potatoes. In Chile, a large 

variation in the amount of fertilisers applied by growers was also found, ranging from 295 to 1010 kg ha−1 NPK 

(Haverkort et al., 2014). In the present study, the K fertiliser rates showed the widest nutrient range between 

regions (from 96 kg ha-1 for Eastern Cape to 510 kg ha-1 for Gauteng), followed by N (from 132 kg ha-1 for Southern 

Cape to 368 kg ha-1 for Gauteng) (Table 3.3). Svubure et al. (2015) found a similar wide range in fertiliser rates 

among potato growers in Zimbabwe: 94 to 272 kg ha-1 N, 40 to 160 kg ha-1 P and 75 to 329 kg ha-1 K. 

The large variation in tuber yields and applied nutrient levels per region resulted in a wide range of nutrient use 

efficiencies (Table 3.4). High nutrient levels often did not coincide with high yields, resulting in low nutrient use 

efficiencies. Nitrogen use efficiencies (NUE) ranged widely, from 149 to 361 kg fresh potato yield (FY) kg-1 N 

applied. These values are in the same range as those reported for studies in the USA (Zotarelli et al., 2015: 58 – 

225 kg potato FY kg-1 N – recalculated from dry matter yield values, assuming a tuber dry matter (DM) content of 
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20 % and a harvest index of 75 %), Germany (247 kg potato FY kg-1 N – recalculated from Haase et al., 2007) and 

Lebanon (Darwish et al., 2006: 72 – 304 kg kg-1 N, assuming a tuber DM content of 20 %). However, the NUE 

values for most regions in South Africa were substantially higher than the range of 97 to 162 kg potato FY kg-1 N 

reported for a survey in neighbouring Zimbabwe (Svubure et al., 2015). 

Potassium use efficiencies (KUE) varied even more between regions than NUE did, ranging from 105 (Gauteng) 

to 465 kg potato FY kg-1 K applied (South Western Free State) (Table 3.4). These values fall within the same range 

as those reported for studies in Lebanon (190 – 475 kg kg-1; Karam et al., 2009), but are substantially higher than 

those for Germany (162 kg kg-1 for an inorganic K treatment; Haase et al., 2007). Similar to NUE and KUE, 

phosphorus use efficiency (PUE) varied widely between regions, from 147 kg potato FY kg-1 P (Gauteng) to a very 

high 2010 kg potato FY kg-1 P (Southern Cape). This very high PUE value was excluded from the radar diagrams 

used for overall sustainability assessment (Fig. 3.5), for reasons discussed later. Phosphorus fertilisation rates and 

PUE are influenced by residual soil P status, especially in soils with substantial residual P levels, such as land that 

has been manured. Although it is common practice in South Africa to take residual soil P status into account when 

fertiliser programmes are designed, residual soil P level information was not collected during the survey. PUE 

values for most regions in this study were lower than the 984 kg kg-1 P reported for Germany (calculated from 

Haase et al., 2007), but similar to the 468 – 737 kg kg-1 P range for the Czech Republic (Šrek et al., 2010). 

 

3.3.4 Seed 

Seed comprises the biggest single direct input cost component of potato production in South Africa (van Zyl and 

van der Westhuizen, 2015) and therefore the efficiency of seed use directly affects the profitability of potato 

production. Factors that normally affect the amount of seed required to plant a field include seed size, physiological 

age, the purpose of production (table, processing or seed), and irrigation intensity (Pieterse and Nel, 2012). A 

substantial variation in the amount of seed planted occurred between and within regions (Table 3.3), often without 

obvious justification. The lowest seed rate of 1.64 t ha-1 was reported for the dryland Eastern Free State, a region 

with low yield potential, followed by Southern Cape (2.2 t ha-1). Higher seed rates were expected for the latter 

region, since it is exclusively a seed producing area, where the tendency is to plant at high seed densities to ensure 

a higher proportion of smaller daughter tubers. However, some growers use extremely expensive mini-tubers for 

the production of high quality seed, and this leads to a lower average seed mass planted per hectare. The Limpopo 

and Ceres regions have the highest average seed rate of about 4.5 t ha-1, while for the remaining regions, average 

seed rates varied between 3.1 and 4.1 t ha-1. 

Seed use efficiency (SUE or seed multiplication ratio), expressed as fresh tuber yield harvested per ton of seed 

planted (Pieterse and Nel, 2012), ranged between 10 and 20 t t-1 (Table 3.4). The low-yielding Eastern Free State 

dryland production region had the highest SUE (20 t t-1). High seed use efficiencies were also achieved in regions 

with high fresh tuber yields but moderate seeding rates, such as Mpumalanga Highveld (18 t t-1) and South Western 

Free State (17.6 t t-1). Some farmers use rather high seed rates as a risk mitigation strategy, since too low seed 

rates can be risky under unfavourable climatic conditions, such as very hot or wet periods during planting time, 

posing a risk of seed rotting (van der Waals et al., 2016), leading to a poor plant stand and low yields. Therefore, 

growers may try to avert risk by planting more seed. 
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3.3.5 Energy 

Total energy use per hectare ranged from 4.1 to 15 t CO2 eq. ha-1 across the production regions evaluated (Table 

3.3). High energy use was not directly related to yields achieved and in some regions with high yields (e.g. Highveld 

and South Western Free State), farmers had moderate to low energy use. This resulted in a wide range of energy 

use efficiencies, ranging from a low of 134 kg CO2 eq. t-1 for the Mpumalanga Highveld to 309 kg CO2 eq. t-1 for 

the Sandveld region (Table 3.4). 

Figure 3.3 gives a breakdown of the major contributors to total energy use per ton of potato produced. In almost 

all regions, irrigation and the addition of fertiliser were the major contributors to the energy use (CO2 emissions), 

followed by on-farm transport and grading, cooling and storage. In the Netherlands, fertiliser-related emissions 

contribute by far the most to the CO2 equivalent emissions of potato production, followed by storage and field 

operations (Haverkort and Hillier, 2011). 

 

 

 

Figure 3.3. Major contributors to farm-gate energy use (CO2 equivalent emissions) per region (including fertilisers, 
irrigation, grading, cooling and storage, on-farm transport and other emissions), as well as for transport 
to the market place (patterned bars) for potato production in different regions of South Africa. See Table 
3.1 for abbreviation of region names. 

 

In regions where dryland production is practised (Eastern Free State, North Eastern Cape and KwaZulu-Natal), 

energy use for irrigation is low and total energy use is also relatively low. The irrigated regions vary substantially 

in energy use for the pumping of irrigation water. For example, Limpopo and Ceres use more than twice as much 

energy to pump irrigation water than Mpumalanga Highveld and Loskop Valley do. 

The amount of energy needed for irrigation correlated well with the amount of irrigation water applied (r = 0.59), 

but also with the depth of the water table from which the irrigation water was retrieved (r = 0.66) (Figure 3.4). The 

latter relationship is illustrated by the fact that growers in the Limpopo and Ceres regions used the same amount 
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of energy for irrigation (83 kg CO2 t-1), but in Ceres 773 mm per season is withdrawn from surface reservoirs, 

compared with only 454 mm in Limpopo, where water is often pumped over long horizontal distances (up to 2 km) 

from deep boreholes (average depth of 59 m). 

 

  

Figure 3.4. Scatter plots of average energy needed per region for irrigation indicating (a) actual irrigation amount   
(r = 0.59) and (b) depth of the water table (r = 0.66), based on data obtained from the different potato 
production regions of South Africa   

 

 

Fertiliser-related energy use was directly related to the amount of NPK nutrients applied and the potato yields 

achieved. The four regions with highest fertiliser energy use per ton of potatoes (Gauteng, Ceres, Sandveld and 

North West) also applied the highest total amounts of NPK (Table 3.3). Grading, cooling and storage only made a 

substantial contribution to total energy use in regions where seed potatoes were produced and stored in 

mechanically cooled storage facilities (Southern Cape, Ceres, KwaZulu-Natal, North Eastern Cape, Western Free 

State and Mpumalanga Highveld). Of these primary processing activities, cold storage requires by far the most 

energy. Potatoes for table consumption or processing are usually not cold stored, which explains the low energy 

requirement for primary processing in the other regions (Figure 3.3). These potatoes are transported to the different 

points of sale immediately after harvesting and primary processing, which negates the need for cold storage 

facilities. However, this practice can result in extreme fluctuations in supply vs demand, and consequently erratic 

changes in product prices. 

 

a b 
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Figure 3.5. Relationship between the total energy use (CO2 emissions)  
associated with (a) irrigation and fertiliser (r = 0.665, t pr = 0.005) (b) fertiliser and seed input (r = 0.785, t 

pr < 0.00) and (c) irrigation and seed input (r = 0.785, t pr < 0.00) for potato production in different regions 

of South Africa. 

 

Figure 3.3 also shows the energy used per region for transporting the harvested potatoes to points of sale (e.g. 

fresh produce markets). For seed growers, there is no energy cost for harvested product transport (e.g. Southern 

Cape), as that cost is borne by the seed buyer. For fresh market potatoes, regions far away from markets (e.g. 

Limpopo and South Western Free State) have highest energy need for transport. As a result, total energy use 

(production plus transport to markets) for these regions increases to similar levels as those of Sandveld, Gauteng 

and Ceres, which have high energy use because of generally high fertiliser rates and irrigation levels. This 

illustrates that there is a high energy penalty for transport of fresh produce over long distances. 

There were clear linear relationships between the three main capital and energy intensive aspects of potato 

production (seed, fertiliser and irrigation) (Figure 3.5). Increased energy use associated with irrigation was 

positively correlated with the energy use for fertiliser, as an increase in yield expectation from increased irrigation 

b 

c 

a 
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(and higher seeding rates) prompts growers to increase their fertiliser application rates. It may also suggest that 

more irrigation leads to more fertiliser leaching, meaning more fertiliser needs to be applied. Optimising both should 

lead to an improvement of one of the others (e.g. more efficient irrigation optimises efficiency of fertiliser use). 

Similarly, higher yield expectations from higher fertiliser and irrigation rates are made possible by higher seeding 

rates. This supports the optimum law of Liebscher, which states that “a production factor which is in minimum 

supply contributes more to production, the closer other production factors are to their optimum” (De Wit, 1992). 

 

3.4 Overall efficiency and sustainability of production 

The radar diagrams in Figures 3.6a and 3.6b illustrate the overall efficiency or sustainability of potato production 

for all regions of South Africa and facilitate comparison of the relative performance of regions regarding their use 

efficiencies of the most important input resources assessed in this study, i.e. land, N, P and K nutrients, seed, 

water, and energy use. Regions with high use efficiencies in most resources are characterised by larger shaded 

areas on the diagrams, while those that are generally inefficient for use of most resources have smaller shaded 

areas. In these diagrams, resources are not weighted in terms of their contribution to sustainability; instead, the 

assumption is that all criteria are of equal importance to overall sustainability (de Vries et al., 2011), which is not 

necessarily true from an economic point of view. Furthermore, it should be appreciated that the direct comparison 

in sustainability performance of one region with other regions is not always possible because of differences in 

biophysical conditions, such as soils and climate. Therefore, not all regions can increase their sustainability 

performance up to the level of the better performing regions. 

The Southern Cape seed producing region generally performed well in most of the efficiency criteria and can be 

considered the best overall performing region in terms of efficient use of available environmental resources. The 

high irrigation and energy use efficiencies observed for this region can be explained by the fact that rainfall almost 

meets evapotranspiration and little supplemental irrigation is therefore needed. Mpumalanga Highveld and the 

Western Free State also achieved good relative resource use efficiencies. 
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Figure 3.6(a): Radar diagrams illustrating the overall sustainability of EFS, Lim, WFS, Sand, KZN, HV, NW and NEC potato 
production regions in South Africa, based on seven measured resource use efficiencies. Values are in percentages 
relative to the best performing region (100 %) with respect to each efficiency parameter. The larger the shaded area of 

a region, the higher the overall efficiency. See Table 3.1 for abbreviation of region names. 
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Figure 3.6(b): Radar diagrams illustrating the overall sustainability of NC, EC, LV Ceres, SWFS, GT and SC potato production 
regions in South Africa, based on seven measured resource use efficiencies. Values are in percentages relative to 
the best performing region (100 %) with respect to each efficiency parameter. The larger the shaded area of a region, 

the higher the overall efficiency. See Table 3.1 for abbreviation of region names. 



 

 Final report: Resource use efficiencies and risks of potato production in SA      Page 28 

 

For the Eastern Free State, intermediate overall sustainability is recorded. Although input levels for this region are 

generally low, yields are often restricted due to untimely drought, resulting in crop failures and low resource use 

efficiencies. The shaded areas on the radar diagrams for the Gauteng and Sandveld regions are both small and 

their shapes almost identical. Nutrient and energy use efficiencies were especially low for both of these regions. 

In the Sandveld region, this is partly explained by the very sandy soils of this region which are difficult to irrigate 

and have a high risk of nutrient leaching, which necessitates frequent small nutrient applications (in essence a 

hydroponic production system). The same is not true for Gauteng, where soils are generally loamy in texture. The 

low nutrient use efficiencies observed for Gauteng mainly stem from over-fertilisation. In both regions, energy use 

efficiency is also low, which can mainly be linked to high fertiliser rates and irrigation levels, but with only moderate 

yields. Actual irrigation exceeded irrigation needs substantially in both regions, which suggests over-irrigation. In 

both regions, but especially in the Sandveld, irrigation occurs from deep boreholes and water is pumped over long 

distances, further contributing to energy use. 

 

3.5 Concluding remarks 

The survey of potato growers across the various production regions in South Africa provided detailed and useful 

input data to assess on-farm resource use efficiencies, which can be used as indicators of ecological production 

sustainability. When presented together in a radar diagram, this information can serve as a rapid and effective 

method for the visual assessment of overall sustainability of any farming or production system. This study revealed 

strong differences in the efficiencies of resource use (land, water, solar radiation, energy) between the sixteen 

potato growing regions assessed. The data indicated that these differences can be attributed to availability in 

resources (light and water), and the over- or under-application of resources, notably fertilisers and irrigation. 

With regard to overall efficiency of production, there is a clear grouping of high input regions (e.g. Gauteng, 

Sandveld and Ceres), high efficiency regions (Mpumalanga Highveld, Southern Cape and Western Free State) 

and a low input region (Eastern Free State). The reasons for high input levels in regions differ, for example in the 

Sandveld and Ceres the very sandy soils lead to a high risk for water and nutrient leaching, resulting in higher use 

of these inputs. In Gauteng, the background of growers probably plays an important role: many are historically 

vegetable growers, who traditionally apply large amounts of manure to their fields, but these rates often exceed 

the nutrient requirements of potatoes. Some high efficiency regions (e.g. Southern Cape and Mpumalanga 

Highveld) are characterised by more favourable growing environments, including sandy loam soils, moderate air 

temperatures and high rainfall during the potato growing season, which favour potato production and reduce 

irrigation demand. However, it is interesting to note that some regions under pressure due to limited resources 

(e.g. Limpopo and South Western Free State that experience limited water and high energy costs for irrigation and 

transport), tend to be among the most efficient. High input costs may thus stimulate farmers to become more 

efficient, even if environmental conditions are not optimal. 

Yields and input resource use efficiencies reported here are generally lower than those of western European 

countries (Darwish et al., 2006; Haase et al., 2007), but compare well with developing countries, such as the rest 

of Africa (Svubure et al., 2015) and South America. Although on average most resource use efficiencies reported 

in this study fall within the ranges reported for the rest of the world, variability is huge within and between regions, 

and yield variability can often not be explained by the input levels used. A combination of lower production efficiency 

and higher production cost renders the South African potato sector less competitive and more vulnerable to 

competition by low cost imports. Finally, this study suggests that on some farms there is substantial room for 
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improvement in production efficiency through better management. For example, irrigation and nutrient 

management can be improved through the use of decision support systems (e.g. for optimised fertilisation and 

irrigation scheduling). This will assist growers in making better strategic, tactical and operational decisions in order 

to improve sustainability, profitability and competitiveness of potato production. 
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4. Grower perceptions of biotic and abiotic risks of potato production 

4.1 Introduction 

In South Africa, potatoes are produced in 16 distinct regions (Figure 3.1), differing in soils and climatic conditions. 

The regions also have different planting times throughout the year, resulting in four main agro-ecological seasons 

(Haverkort et al., 2013), namely a dry or rainy winter season, or dry or rainy summer season. Table 3.1 gives the 

names of the regions, their relative importance, abbreviations used in this paper and the type of potato crop 

produced. Although total potato production and consumption are rising steadily (Potatoes South Africa, 2015a), 

there is concern in the South African potato producing community about its competitiveness in a globalising market, 

especially with frozen potato products becoming a globally traded commodity. Competitiveness can be enhanced 

by improved use of resources – land, water, energy, labour, machinery, fertilisers and pesticides – and by reducing 

risks. The potato crop is subjected to numerous abiotic and biotic risks, which affect sustainability of production. 

Abiotic constraints related to potato production in South Africa are primarily temperature- and precipitation-related 

events (Steyn et al., 1998; Franke et al., 2013; Haverkort et al., 2013). Potato crops in the various regions may 

suffer from low temperatures, such as from late frosts that occur after winter, early in the planting season, thus 

damaging crops after emergence; or early frosts at the beginning of winter which kill crops prematurely (Haverkort 

et al., 2013). Heat waves during the growing season and at the time of tuber bulking may lead to temporarily 

reduced or halted crop growth, as well as reduced quality of the tubers (UNECE, 2014). When temperatures drop 

again, resumed tuber growth leads to secondary growth symptoms and malformation, such as growth cracks and 

knobbiness (Wale et al., 2008; Denner et al., 2012; Potato Council, 2013). Precipitation-related events that pose a 

risk to potato are excess rain during tuber growth, leading to waterlogging and crops rotting in the soil due to 

asphyxiation, or too much rain at harvest rendering harvest impossible (Wale et al., 2008; Denner et al., 2012; 

Potato Council, 2013). Too little rain poses risks, especially where crops are rain-fed, primarily in the Eastern Free 

State, although elsewhere drought may lead to restrictions on irrigation from dams or rivers, thus affecting potato 

production as well. Also after a drought period, secondary growth symptoms and malformation could occur when 

soil moisture is replenished. 

The most important air-borne pathogens of potatoes in South Africa are Alternaria solani (early blight), Alternaria 

alternata (brown spot) (van der Waals et al. 2011), and to a lesser extent, Phytophthora infestans (late blight). 

Dominant tuber- and soil-borne fungi and fungus-like pathogens are Rhizoctonia solani (black scurf), 

Helminthosporium solani (silver scurf), Spongospora subterranea f.sp. subterranea (powdery scab), Fusarium spp. 

(Fusarium wilt), Verticillium dahliae and V. albo-atrum (Verticillium wilt) (Denner et al., 2012). The incidence and 

severity of the soft rot/blackleg disease complex in the South African potato industry has increased substantially 

in recent years, with Pectobacterium carotovorum subsp. brasiliense being the primary causal agent (van der 

Merwe et al. 2010). Root knot nematodes are common and destructive pests of crops in South Africa (Fourie et 

al., 2001). Meloidogyne javanica and M. incognita are the most important species on potatoes in South Africa 

(Kleynhans et al., 1996). The potato crop is also subjected to diseases caused by viruses (especially Potato Virus 

Y (PVY) and Potato Leaf Roll Virus (PLRV)), which are primarily vectored to new crops by winged aphids 

(Hemiptera: Aphididae) (Radcliffe, 1982). Thus, the presence of aphids in a crop is often an indicator of virus 

infection. Beside aphids, tuber moth (Phthorimaea operculella) and leaf miners (Liriomyza spp.) are important 

pests affecting potato crops in South Africa (Denner et al., 2012) and were therefore included in this survey. 
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The aim of the current survey on abiotic risks in South African potato growing regions was to establish the 

competitiveness of the different regions and develop means to mitigate risks. Also, it is assumed that the increased 

risks of abiotic and biotic stresses necessitate growers to increase their inputs (as an insurance), leading to the 

excessive use of irrigation, fertilisers or seed potatoes in order to mitigate these risks. Knowledge of the incidence 

and severity of certain risks may assist growers in adapting the mitigation strategies to become more economically 

sustainable. 

 

The aim of the section of this study regarding biotic influences on potato production was to determine growers’ 

perceptions of the occurrence and severity of pests and diseases in potato growing regions of South Africa, and 

the frequency of control thereof with biocides. From this information, the relative threats from deleterious organisms 

between regions can be assessed and the justification of the use of biocides established. 

 

4.2 Materials and Methods 

The biotic and abiotic risk perception data was collected during the same surveys as described for the assessment 

of input resource use (Section 3.2). The methodology specific to the risk assessments was as follows: 

1.2.1 Extreme weather events 

The frequency of extreme weather events was determined by asking growers to indicate how often over the ten-

year period (from 2003 to 2012) each of the following weather events had caused more than 25 % yield losses. 

The extreme weather events included in the questionnaire were too much or too little rain (flood or drought, 

respectively), hail damage, and extreme temperatures (high or low). Growers were also asked to indicate during 

which stage of the growing season the damages were caused: at planting, during the season, or at harvest. The 

frequencies of different abiotic risks in a region were accumulated to achieve a combined score for abiotic risks in 

a region. 

1.2.2 Diseases and pests 

Growers were asked whether certain important potato pathogens and pests were observed on their farm during 

the period 2008–2012 and if so, whether the associated yield losses when control practices were applied were 

more or less than 3 %. The pests and diseases concerned were three insects (tuber moth, leaf miners and aphids), 

root knot nematodes, two viruses (PLRV and PVY), eight fungal diseases (silver scurf and black dot, black dot, 

powdery scab, fungal wilts (Fusarium and Verticillium), brown spot, early and late blight) and two bacterial diseases 

(common scab, and the blackleg/soft rot disease complex). 

For each region and pathogen or pest, occurrence and severity indices were calculated, based on the answers 

given by growers. Occurrence was calculated as the number of growers who reported the presence of the pathogen 

or pest on their farm, divided by the total number of respondents in that region (presented as a percentage). The 

severity index was calculated as the number of growers who regarded the yield losses due to a specific pathogen 

or pest as more than 3 %, divided by the total number of respondents in that region and then multiplied by the 

occurrence value previously calculated. Growers were also asked to provide information about the seed and soil 

treatments applied, as well as number of insecticide and fungicide spray applications during the growing season. 

Long-term weather data for each region was obtained from the Agricultural Research Council (ARC-SCW). 
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Relationships between pest or disease occurrence and severity, and between weather events and pest or disease 

occurrence or severity, were assessed using Spearman’s Rank Correlation Test. In cases where the sample size 

was too small for analysis using this test, Kendall’s test was used instead. Simple linear regression analysis was 

also used to assess relationships between variables in case a causal relationship was expected. The results from 

this survey were communicated to growers during interactive grower days in each region, to provide guidance to 

them regarding sustainable pest and disease management and mitigation measures for extreme weather events. 

 

4.3 Results and Discussion 

4.3.1 Extreme weather events 

As indicated in Figure 4.1, in Gauteng potato production is perceived to be most risky in terms of extreme weather 

events. Here, the cumulative risk is almost 10, meaning that on average, in every year during 2003–2012 an 

extreme weather event resulted in yield losses of 25 % or more. The main causes of yield loss in this region are 

too much rain, hail and frost. This suggests that yields in Gauteng could be up to 25 % higher than the current 

average 48.1 t/ha, if these abiotic risks could be avoided or the effects thereof mitigated. The second region most 

prone to extreme weather events is the Eastern Free State, followed closely by Limpopo. The greatest risks in the 

Eastern Free State are too much rain during the growing season, dry spells, and occasional hail. Limpopo growers’ 

greatest challenges are extreme temperatures, too much rain in the summer planting season and a small chance 

of hail. The region perceived to be the least risky for growing potatoes is the Sandveld, with only high temperatures 

during summer plantings posing a threat. Without the abiotic risks in the Sandveld, yields may be 4.5 % higher 

than what they are currently (49.2 t/ha). More detailed results on the risk results per grower are presented in 

Section 7.2 of the Appendices. 

Hail is responsible for extensive damage to crops in the South Western Free State, the Highveld, the North Eastern 

Cape, KwaZulu-Natal and the Western Free State, while too much rain often occurs in Gauteng, the North Eastern 

Cape, the Eastern Free State, the Eastern Cape and the Southern Cape. In areas prone to severe hail storms, 

growers often insure crops against yield losses due to hail damage. It is important that growers be able to quantify 

the frequency and severity of these events, in order to determine the economic feasibility of such insurance. 

Drought is a recognisable risk in the Eastern Free State, which is predominantly a rain-fed growing region. 

However, in regions which irrigate from dams, such as the Highveld, North Eastern Cape and eastern parts of the 

Western Free State, drought in the preceding season can result in low dam water levels and consequently water 

restrictions on irrigation. 
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Figure 4.1. Cumulative frequency of weather events causing more than 25 % crop damage between 2003 and 2012 
in potato growing regions in South Africa. 

 

Despite South Africa being a relatively dry country, too much rain appeared to be one of the most common abiotic 

risk factors for potato production in South Africa. This is partly because South Africa’s mean annual precipitation 

is highly variable (Tyson, 1986; Mason and Jury, 1997), but also because of the untimely occurrence of heavy 

rainfall events. In areas where crops are planted in poorly drained soils, anaerobic conditions in the soil after heavy 

rainfalls in the beginning of the season can lead to rotting of the seed potatoes. During tuber bulking, erratic rainfall 

events could result in physiological growth cracking, tuber malformation and rotting, while heavy rainfalls at the 

end of the season will delay harvest and increase the incidence and severity of various tuber diseases and defects, 

such as soft rot, black dot, white mould, powdery scab and hollow heart (Adams and Stevenson, 1990). 

In Gauteng, late frosts affect many of the growers who plant early in spring to market their potatoes in mid-summer. 

These growers should weigh up the advantages of marketing in mid-summer against the losses incurred due to 

late frosts. In Limpopo, the Eastern Cape, the South Western Free State and Loskop Valley, mid-season frosts 

can kill or severely set the potato plants back, thus significantly reducing yields. The frost risk in these regions is 

also weighed up against the opportunity of fetching higher market prices in September to December. Usually prices 

are higher at this time, as other regions such as the Western Free State, Eastern Free State and Highveld have 

finished marketing, so volumes on markets are lower, resulting in higher prices. In the Northern Cape, most of the 

losses are due to early frosts which occur at the end of the growing season. In this case, earlier plantings might 

reduce the risk of losses due to frosts at the end of the growing season (van der Waals et al., 2013). 
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4.3.2 Diseases and pests 

Pathogen and pest occurrence and severity indices varied considerably between organisms (Figure 4.2). Much of 

the variation can be attributed to differences in planting season and environmental factors (Table 3.1). Based on 

the severity index, the silver scurf/black dot disease complex and tuber moth are perceived by growers to cause 

the most losses of all the diseases and pests in question. These data confirm reports in recent years which have 

shown that black dot and silver scurf are diseases which are increasing in importance in global potato production 

(Erampalli et al., 2001; Avis et al., 2010). These were followed closely in severity by early blight, the blackleg/soft 

rot disease complex, and leaf miners. The most predominant pests and diseases in the country were tuber moth, 

leaf miner, aphids and early blight, with 98 %, 97 %, 88 % and 88 % of growers reporting the occurrence of these 

pests and diseases, respectively, on their farms between 2008 and 2012 (Figure 4.2). These data may be partly 

biased as growers recognise insect pests more easily than some of the fungal and bacterial diseases such as 

powdery scab, which had the lowest occurrence and second lowest severity index. 

 

 

Figure 4.2. South African potato growers’ perceptions of the occurrence and severity of various diseases and pests 
on their farms, for the period 2008–2012. 

 

Despite a positive trend, there was no significant correlation using Spearman’s ranking between total pest and 

disease occurrence and total severity index for the country, or for most of the organisms when analysed on their 

own, for example late blight and tuber moth (t = 0.379 and t = 0.138, respectively). However, in a few cases, such 

as the silver scurf/black dot and blackleg/soft rot disease complexes, respectively, a significant positive correlation 

was observed between occurrence and severity indices (t = 0.009 and t = 0.017, respectively). The variations in 



 

 Final report: Resource use efficiencies and risks of potato production in SA      Page 35 

 

correlation between occurrence and severity can be explained by the differences in efficacy and availability of 

control methods, as well as time of symptom expression. In the case of late blight and tuber moth, pesticides are 

usually applied preventatively if the grower is aware that the pathogen or pest is present in the area. Thus, 

occurrence will not be linked to severity. Silver scurf and black dot are normally only observed on tubers at harvest 

when qualitative yield losses linked to reduction in marketability or seed certification have already been incurred 

(Erampalli et al., 2001; Avis et al., 2010). In the blackleg/soft rot disease situation, no chemicals are available to 

control this disease (Charkowski, 2015), thus occurrence is often linked to severe quantitative yield losses. 

When considering each biotic threat individually, it was noted that late blight was reported to occur in all regions, 

although not all respondents in all the regions recorded having observed the disease on their farms in the past five 

years (Figure 4.3(a)). The lowest occurrence was recorded in the North West growing region and the national 

average was 80 %. The only regions where the disease was perceived to cause yield losses above 3 % were the 

Eastern Cape, KwaZulu-Natal, the Eastern Free State, Limpopo, Gauteng and the Sandveld (in order of decreasing 

importance) (Figure 4.3(a)). In all these regions, there was a likelihood of cold, wet or humid conditions during the 

growing season (Table 3.1), thus providing a favourable environment for the development of late blight (Harrison, 

1992). The average severity was 17 %, indicating that although the disease can cause yield losses in some regions, 

P. infestans is not considered a destructive pathogen in South Africa. This is due to the predominantly hot and dry 

climatic conditions in South Africa, as well as the fact that the A2 mating type is not present in the country (Pule et 

al., 2013).   

The average occurrence of early blight was relatively high at 88 %, and respondents in 9 out of the 15 regions 

indicated that yield losses incurred due to early blight were greater than 3 % (Figure 4.3(b)). As most of the potatoes 

were grown in summer under irrigation, environmental conditions are highly favourable for the development of 

early blight in South Africa (van der Waals et al., 2001). Losses due to early blight were perceived to be highest in 

the Eastern Free State and North Eastern Cape. 

Brown spot, caused by Alternaria alternata, was reported to occur in all growing regions, with the exception of the 

Eastern Cape (Figure 4.3(c)). The national occurrence of this emerging disease was 73 %. Similarly, and for the 

same reasons as the early blight severity results, brown spot reportedly caused yield losses of more than 3 % in 9 

of the 15 growing regions (Figure 4.3(c)). The brown spot severity index was highest in the South Western Free 

State growing region. 

Since it is often difficult for growers to distinguish between Fusarium and Verticillium wilts in the field (Fradin and 

Thomma, 2006), these two diseases were grouped together as “fungal wilts” in this study. The average incidence 

was 76 %, with the diseases being reported in all regions, although the losses incurred due to these wilts were 

much lower than those caused by late blight, early blight or brown spot (Figure 4.2 and Figure 4.3(d)). Respondents 

from only six regions reported yield losses of more than 3 %, with the highest severity index being for the Eastern 

Cape (Figure 4.3(d)). 

There was no significant relationship between the severity or occurrence of foliar diseases and average rainfall in 

the growing season (Figure 4.4). When rainfall events create favourable environmental conditions for disease 

development and spread, disease pressure increases and control is ineffective or difficult (Potato Council, 2013; 

UNECE, 2014). 
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Figure 4.3(a)–(d). Severity and occurrence indices for (a) late blight, (b) early blight, (c) brown spot and (d) fungal 

wilts in the potato growing regions of South Africa, for the period 2008–2012. 

 

 

 

Figure 4.4. Relationship between average rainfall (mm) in the growing season and severity of yield losses (left) (Df = 
13; Fpr = 0.237; R2 = 0.1059) and occurrence (right) (Df = 13; Fpr = 0.72; R2 = 0.0142) due to total foliar 
diseases (late blight, early blight and brown spot), for the period 2008–2012. 
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There was a significant positive correlation between hail and brown spot severity (t = 0.038), using Spearman’s 

ranking. Alternaria alternata is an opportunistic pathogen (Thomma, 2003) and thus the severity of the disease can 

be expected to be higher after hail storms. 

The blackleg and soft rot disease complex was reported to occur in all growing regions, although only five regions 

had occurrences of 100 % (Figure 4.5(a)). This is not surprising as the causal agent is primarily seed-borne (Lim, 

1975; Pérombelon and Hyman, 1988; Ali et al., 2012), and seed movement and trade within the country is not 

restricted. The average occurrence was 79 %; and respondents in 10 of the 15 regions stated that this disease 

complex causes yield losses of more than 3 %, with an extremely high severity index in the Eastern Cape (Figure 

4.5(a)). 

The average occurrence of common scab was 73 %, with the disease being reported in all regions except the 

Loskop Valley. This could be because growers in the Loskop Valley plant in cooler periods of the year, thus 

escaping infection by Streptomyces spp. The profile for common scab severity index was similar to that for blackleg 

and soft rot, with yield losses of more than 3 % in 11 of the 15 regions, and an extremely high index value in the 

Eastern Cape (Figure 4.5(b)). Besides the Loskop Valley, only the KwaZulu-Natal, Gauteng and Western Free 

State growers stated that common scab did not cause serious yield losses. In KwaZulu-Natal, the turf soils and 

cool, moist conditions were not conducive to the development of common scab (Loria et al., 1997). In Gauteng and 

the Western Free State, the predominant cultivar planted (Mondial) was relatively tolerant to common scab 

(Potatoes South Africa, 2015b). 

Powdery scab occurrence and severity index values were considerably lower than those for the other diseases, 

with an average occurrence of 50 % (Figure 4.5(c)). Respondents in the Highveld and the Loskop Valley growing 

regions did not report the presence of the disease on their farms during the period in question (Figure 4.5(c).) Yield 

losses above 3 % were only noted in six regions, with the disease index once again being highest in the Eastern 

Cape (Figure 4.5(c)). The national severity average was only 5 %, despite the fact that powdery scab can be 

considered to be one of the most economically important diseases in the South African potato industry (J.E. van 

der Waals, personal observation). 

In contrast to powdery scab, black scurf was reported to occur in all growing areas and the average occurrence 

was 83 % (Figure 4.5(d)). Eight of the 15 regions surveyed reported yield losses of more than 3 % due to black 

scurf, with the highest severity index once again being reported in the Eastern Cape (Figure 4.5(d)). All of these 

eight regions plant during cold, wet conditions and on predominantly heavier soils, with the exception of the 

Northern Cape. These are conditions favourable for the development of black scurf on potato (Carling and Leiner, 

1990). 

The tuber diseases, silver scurf and black dot, often co-occur and are easily misdiagnosed (Erampalli et al., 2001; 

Lees and Hilton, 2003) and were thus grouped together in this questionnaire. This disease complex was reported 

to occur in all growing regions (Figure 4.6(a)). Severity indices indicated the importance thereof for the South 

African potato industry. All but three regions reported the disease complex to cause yield losses above 3 %, with 

a national severity index of 30 %, the highest of all the pests and diseases surveyed (Figure 4.6(a)). There were 

no commonalities among the eight regions in which this disease complex caused yield losses >3 %. Potatoes are 

not commonly kept in cold storage in South Africa, as they are in many countries in the Northern Hemisphere. 

However, in some of the eight regions potatoes are stored in the soil during cool conditions before harvesting, 

while in others, heavy, moist soils at harvest prevent early lifting of potatoes. Both practices lead to an increase in 

disease development (Erampalli et al., 2001; Lees and Hilton, 2003). 
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Figure 4.5(a)–(d). Severity and occurrence indices for (a) blackleg and soft rot, (b) common scab, (c) powdery scab 

and (d) black scurf in the potato growing regions of South Africa, for the period 2008–2012. 

 

 

In seed producing regions such as the Western Free State and Ceres, which both have sandy soils, yield losses 

due to the disease were probably perceived to be high because disease severity ranging from >0.5 % in Elite G1-

G3 seed to >30 % in Standard G4-G8 seed will lead to downgrading or rejection of the seed (Potato Certification 

Service, 2015). These data corroborate with those from other studies which have shown that both diseases are 

increasingly important for potato production globally (Erampalli et al., 2001; Lees and Hilton, 2003). 

In the case of Potato Virus Y (PVY), respondents in all regions acknowledged the presence of the virus on their 

farms (Figure 4.6(b)). The average occurrence of PVY was 72 %, although yield losses greater than 3 % due to 

this virus were only reported in six regions (Figure 4.6(b)). A similar picture was observed for Potato Leaf Roll Virus 

(PLRV). Although it was also reported to occur in all growing regions, the average occurrence was 67 %, and only 

five regions recorded losses greater than 3 % due to the occurrence of this virus (Figure 4.6(c)). The severity of 

these viruses in seed crops was kept low due to the Potato Seed Certification Scheme (Potato Certification Service, 

2015). There were no distinct correlations between the regions where these viruses were reported to cause severe 

losses and climate, rotational crops or type of potato crop produced. 
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Figure 4.6(a)–(c). Severity and occurrence indices for (a) silver scurf & black dot, (b) Potato Virus Y (PVY) and (c) 

Potato Leaf Roll Virus (PLRV) in the potato growing regions of South Africa, for the period 2008–
2012. 

 

 

The occurrence of aphids, leaf miners and tuber moth (90 %, 97 % and 98 %, respectively) (Figures 4.7(a), (b), 

(c)) was much higher than those of the diseases surveyed. Losses incurred attributable to aphids were only 

considered higher than 3 % in 3 of the 15 regions (Figure 4.7(a)), while respondents from 11 and 12 regions 

reported yield losses greater than 3 % attributable to leaf miner and tuber moth, with national severity indices of 

27 % and 30 %, respectively (Figures 4.7(b), (c)). Many growers commented that the numbers of leaf miners in the 

potato crop increase substantially after the harvesting of neighbouring vegetable crops. Communication of this 

observation to other growers can help assist in correct timing of insecticide applications, thus allowing for better 

management of this pest. In order to reduce severe outbreaks of leaf miners, proactive management decisions 

must be made and all growers in a region must adopt similar integrated pest management (IPM) strategies so that 

one or a few growers do not adversely affect neighbouring growers (Reitz et al., 2013). 

As with PVY and PLRV, Root Knot Nematode (RKN) was reported to occur in all regions (Figure 4.7(d)). The 

average occurrence was 79 %, and respondents from 10 of the 15 regions considered the yield losses caused by 

this pest to be greater than 3 % (Figure 4.7(d)). 
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Figure 4.7(a)–(d). Severity and occurrence indices for (a) aphids, (b) leaf miners, (c) tuber moth and (d) root knot 

nematode in the potato growing regions of South Africa. 

 

The cumulative pathogen and pest severity index was highest in the Eastern Cape and lowest in the North West 

growing region. Distribution of pathogens and pests throughout the regions was relatively even (Figure 4.8). The 

Eastern Cape has an average crop rotation cycle of less than three years and potatoes are grown year-round, 

which will result in a constant increase in inoculum and thus high disease pressure. The only pathogens and pests 

which were not reported to cause yield losses greater than 3 % in this region were brown spot, PVY, PLRV and 

aphids. Brown spot is likely to be a serious problem in the Eastern Cape production region, due to the previously 

mentioned production practices and climate in the region, but has most likely been misdiagnosed by growers. 

There were no seed growers in the Eastern Cape, and thus viruses and the aphid vector were not perceived to 

cause serious losses. For certification purposes, two compulsory field inspections are conducted on seed growers’ 

farms during the season (South African Seed Potato Certification Scheme, 2013); however, this is not required for 

table or processing potato growers. Thus, seed growers were acutely aware of the problems aphids cause in their 

fields, in terms of vectoring viruses which may result in rejection or downgrading of seed crops. 

The South Western Free State ranked second highest in terms of the cumulative pathogen and pest severity index. 

This region has a rotation cycle of 4–5 years with only a summer planting. Disease pressure in this region was 

probably high due to hot summers, overhead irrigation, and sandy soils, which resulted in plants growing under 

stressed conditions and thus being more susceptible to attack by pathogens and pests. Diseases and pests that 

were not reported to cause serious yield losses in this region were late blight, fungal wilts, black scurf, PVY and 

PLRV. The first three can be explained by the hot conditions under which potatoes were produced, which were 

unfavourable for the development of these diseases. Potato production in this region was all ware and thus losses 

incurred due to virus infection were not regarded as important. 
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Figure 4.8. Cumulative pathogen and pest severity indices for the different potato growing regions in South Africa, 
for the period 2008–2012. RKN = Root Knot Nematode; PLRV = Potato Leaf Roll Virus; PVY = Potato 
Virus Y; SS = Silver Scurf; BD = Black Dot. 

 

 

Growers in the North West regarded only three biotic risks as causing yield losses more than 3 %, namely common 

scab, powdery scab and root knot nematode. Planting times in this region ranged from August to February, 

although the major growing season was summer. Potatoes are irrigated and soils are sandy, with pH values ranging 

from 4.5 to 8.0. None of the foliar diseases, viruses or insects were regarded as economically important. This was 

probably because of the long crop rotation cycles, which were between 4 and 10 years, depending on the 

availability of land. In addition, potato production in the North West is relatively isolated; farms were far apart and 

not many other crops were produced in this region. 

Large differences were observed in farm-level management of pests and pathogens, both between regions (Figure 

4.9), and among growers within regions; refer to the South Western Free State as an example (Table 4.1). There 

was no significant relationship between occurrence of diseases and pests, and the number of biocides applied by 

growers, although a weak negative relationship was observed between severity of damage caused by diseases 

and pests and number of biocides applied on farms (data not shown). There were also no significant relationships 

between applications of specific biocides and the occurrence or severity of the target organism(s). 
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Figure 4.9. Total number of biocide applications per season for each potato growing region in South Africa, for the 

period 2008–2012. 
 

 

 

Table 4.1. Number of biocide applications per season for each farm surveyed in the South Western Free State 
growing region 

Grower number Seed Treatments Soil Treatments Insecticides Fungicides 

1 1 1 11 11 
2 2 2 7 7 
3 0 1 13 13 
4 1 1 11 11 
5 2 2 7 7 
6 0 1 13 13 
7 0 2 14 14 
8 0 1 11 11 

 

 

A negative relationship was found between extreme weather events and yield, as well as between pest and disease 

severity and yield (Figure 4.10). Biotic risks, however, were shown to pose a greater risk to potato yield reduction 

in South Africa than abiotic risks. 
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Figure 4.10. Relationship between abiotic or biotic risks and yield of potatoes in South Africa, for the period 2008–
2012. Each dot represents a growing region. (Severity index: Df = 13; Fpr = 0.17; R2 = 0.148; Weather 
risk: Df = 13; Fpr = 0.614; R2 = 0.0201). 

 

 

4.4 General Discussion 

Knowledge of the frequency of weather events in each growing region leading to strongly reduced yields of potato 

enables us to (i) benchmark regions in terms of risk, (ii) identify the most appropriate measures of mitigation and 

communicate these to growers, and (iii) possibly in future, investigate options for expansion of production to new 

growing regions in the case that current regions cannot cope with the demand, e.g. due to a changing climate, 

reduced water availability or an increasing demand. The feedback sessions highlighted the need for regular, 

focused researcher–grower interactions. Most growers were keen to discuss the yield losses caused by abiotic 

factors, and actions taken to mitigate them. In the majority of cases, there was also a positive discourse and 

exchange of ideas among growers and researchers regarding pest and pathogen problems, and control strategies 

applied. The same response from growers was observed in the survey conducted by Dillard et al. (1993) in South 

Australia. 

 

Although growers’ answers from this survey were their perceptions and not necessarily a true reflection of the pest 

or pathogen status in a region, the results obtained generally correlated well with the expected pathogen or pest 

occurrence and severity in each region, based on prevailing climatic conditions, with the exception of powdery 

scab and brown spot. Growers’ responses regarding the occurrence and severity of brown spot substantiated the 

results of Breukers et al. (2012) from their study on decisions made by growers to manage invasive pathogens at 
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farm level. They concluded that knowledge of a pathogen, being made aware of its presence, and previous 

experience with it, were interrelated. The growers can only perceive the risk presented by a pathogen or pest when 

they are aware of its existence. Brown spot can be considered to be a new disease in South Africa (van der Waals 

et al., 2011) and has increased in importance and severity in almost all growing regions over the past decade 

(Dube et al., 2014). Unpublished data from the Potato Pathology Programme Diagnostic Clinic at the University of 

Pretoria and personal observations in the field indicate that brown spot has caused more yield losses than early 

blight in most growing regions over the past five years. This was, however, not reflected in the responses from this 

survey. 

 

Similar explanations can be provided for the discrepancy in perceptions and reality of the importance of powdery 

scab. Firstly, powdery scab symptoms can easily be confused with those of common scab, especially in the early 

stages of the disease (Bouchek-Mechiche et al., 2011; Qu et al., 2011). Growers not trained to distinguish between 

the two diseases might easily make an incorrect diagnosis. Secondly, because the survival structures of the 

pathogen Spongospora subterranea f.sp. subterranea persist for decades in the soil (Merz and Falloon, 2008) and 

because tuber lesions render potatoes unmarketable or cause rejection of seed lots, growers might be hesitant to 

admit the presence of the pathogen on their farm or the severity of the disease at harvest. Yield losses due to 

powdery scab far in excess of 3 % have been observed in a number of growing regions over the past five years; 

however, growers in these regions did not regard the disease as causing major yield losses. 

 

Grower perceptions of occurrence and severity of pathogens or pests are not only related to their ability to correctly 

identify the disease or pest, and knowledge of the epidemiology of the disease (Breukers et al., 2012), but also to 

the frequency of field visits and harvest inspections done, and willingness to share information. The case of PVY 

and PLRV is an example of how knowledge of a certain pest or pathogen affects the perception thereof. Breukers 

et al. (2012) quantified “knowledge” in two ways, namely recognition of symptoms and knowledge of sources of 

introduction on the farm. The symptoms of PVY are difficult to recognise and physiological disorders can be easily 

mistaken for PVY infection. This could have led certain growers to perceive losses due to PVY to be higher than 

they actually were. We would have expected the values for PVY/PLRV and aphids to be very similar, but this was 

not the case, thus substantiating this argument. 

 

The lack of significant relationships between the number of biocides applied and perceived occurrence of the target 

organism(s) indicated that the majority of growers did not use any form of detection or forecasting models in their 

disease and pest management programmes. It is clear from our results that growers use biocide applications as a 

relatively cheap insurance against pests and pathogens, as is also observed outside South Africa. Dillard et al. 

(1993) conducted a similar survey among potato growers in South Australia and their results showed the need for 

demonstration programmes on the use of disease forecasts, such as those developed for early blight. A review by 

Gent et al. (2011) highlighted the point that, despite the extent and diversity of available disease prediction systems, 

only a minority of growers have adopted such systems and often only for a limited period of time. Among the 

reasons provided for this are that (i) use of such models provides the grower with experience in successful crop 

management, which can be achieved without the use of the model and thus the use thereof is discontinued after 

a while, (ii) information provided by grower education and growers’ advisors nullifies the need for a prediction 

model, and (iii) growers are not willing to risk a severe yield loss as a trade-off for what may only have a limited 

economic advantage (Gent et al., 2011). Scientists and research or extension officers should focus on alerting 

growers to the availability and usefulness of decision support systems in South Africa, e.g. PLANT-Plus for early 

blight (van der Waals et al., 2003). Bentley and Thiele (1999), Doré et al. (2011) and Schaap et al. (2013) also 



 

 Final report: Resource use efficiencies and risks of potato production in SA      Page 45 

 

emphasised the importance of knowledge exchange between growers and crop management experts, such as 

extension officers and applied scientists, in the prioritisation and design of farm-level adaptation strategies for 

multiple-risk scenarios. 

 

This survey indicates that the biotic and abiotic risks of potato production in South Africa were varied and often 

resulted in significant yield losses. This was due to the diverse and often unfavourable conditions under which 

potatoes were produced. Lack or excess of rain was the main abiotic cause of yield reduction of potato in South 

Africa. Studies by Franke et al. (2011) and Steyn et al. (2016) showed that the yield gap between potential 

(calculated using models) and actual yields varies between potato growing regions in South Africa. According to 

FAO data (FAOSTAT, 2015), the average producer prices of potatoes from 2011 to 2013 in South Africa were 

higher than that of prices in the Netherlands, Germany, Argentina, Belgium, the United Kingdom and the United 

States of America (Table 4.2). This indicates that it is less cost effective to produce potatoes in South Africa than 

in these countries, which makes South African potato growers less competitive on a global scale. Nonetheless, 

locally the demand for potatoes is high, making the industry economically viable. When the South African potato 

prices were compared to prices in countries with similar biotic and abiotic challenges, such as Australia and Israel, 

the picture changes dramatically, where the costs of producing potatoes were 1.5 to 2.5 times higher. 

 

 

Table 4.2. Average potato producer prices in USD / ton for 2011 – 2013 for selected countries (Source: FAOSTAT, 
2015). 

Country Producer Price Ave 2011-2013 (USD/ton) 

Australia 510 

Israel 718 

Netherlands 207 

South Africa 300 

Germany 242 

Argentina 206 

Belgium 188 

UK 276 

USA 205 

 

 

This is the first survey of the perceptions of South African potato growers of the risks affecting production. The 

results of this study, although affected by responder bias, can serve as a baseline on which to benchmark pest 

and pathogen spread, increase and trends, when similar studies are conducted in future. Future surveys could 

include sampling of fields in season and at harvest to confirm answers of growers. It is, however, important to 

remember that since this study presents perceptions and not accurate scientific assessments, scientifically 

conducted surveys may prove these perceptions to be incorrect. Nonetheless, the current results can be used as 

guidelines for planning research and development programmes for sustainable pest management of potatoes in 

South Africa and in other potato producing countries with similar conditions. Many previous studies have 

highlighted the additional stresses that climate change will place on potato production, in terms of not only changing 

weather patterns, but also shifts in pest and pathogen populations (see for example Coakley et al., 1999; Hijmans, 

2003; Kapsa, 2008; Savary et al., 2011; van der Waals et al., 2013). According to the study by van der Waals et 

al. (2013), root-knot nematodes, M. persicae, early blight, brown spot and the soft rot/blackleg disease complex 
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are likely to increase in intensity in most potato growing regions in South Africa over the next 25 years. This could 

be the case for other potato growing regions with similar climatic conditions, such as Israel and certain parts of 

Australia, North and South America. It is important that scientists and extension officers are in constant 

communication with growers and those involved in potato production, to inform them about these imminent pest 

and pathogen shifts and the latest agricultural technology, high yielding or resistant varieties and biotechnological 

advances, which can be used to improve the resource use efficiency and thereby the competitiveness of potato 

producers in South Africa and elsewhere. 
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Grower feedback sessions 
 
Steyn, J.M., van der Waals, J.E. 2014 – 2015. Resource use efficiencies and risks associated with potato 

production in South Africa. 18 feedback sessions to growers in all potato production regions between 2014 
and 2015.   
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7. APPENDICES 

7.1  Resource Use Efficiencies per Grower in Each Region 

7.1.1  Eastern Free State 

  

  

  

 

Figure A1: Land use efficiency (t /ha), water use efficiency (L water/10 kg potatoes), nutrient level (kg/ha N, P and K 

applied), energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), seed rate (t/ha) and seed 

use efficiency (ton potatoes harvested / ton seed planted) for individual growers in the Eastern Free 

State region who participated in the surveys. Solid red lines represent averages for the region. 
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7.1.2  Limpopo 

  

  

  

 

Figure A2: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the Limpopo region who participated in the surveys. Solid red lines represent averages for the region. 
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7.1.3  Western Free State 

  

  

  

 

Figure A3: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers in 

the Western Free State region who participated in the surveys. Solid red lines represent averages for the 

region. 
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7.1.4  Sandveld 

  

  

  

 

Figure A4: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha K 

applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed rate (t/ha) 

and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers in the 

Sandveld region who participated in the surveys. Solid red lines represent averages for the region. 
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7.1.5  KwaZulu-Natal 

  

  

  

 

Figure A5: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers in 

the KwaZulu-Natal region who participated in the surveys. Solid red lines represent averages for the 

region. 
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7.1.6  Mpumalanga Highveld 

  

  

  

 

Figure A6: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the Mpumalanga Highveld region who participated in the surveys. Solid red lines represent averages 

for the region. 
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7.1.7 North West 

  

 
 

  
 

 

 

Figure A7: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the North West region who participated in the surveys. Solid red lines represent averages for the 

region. 
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7.1.8  North Eastern Cape 

  

  

  
 

 

 

Figure A8: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the North Eastern Cape region who participated in the surveys. Solid red lines represent averages for 

the region. 
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7.1.9  Northern Cape 

  

  

  
 

 

 

Figure A9: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the Northern Cape region who participated in the surveys. Solid red lines represent averages for the 

region. 
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7.1.10 Eastern Cape 

  

  

  
 

 

 

Figure A10: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level 

(kg/ha N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) 

seed rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual 

growers in the Eastern Cape region who participated in the surveys. Solid red lines represent averages 

for the region. 
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7.1.11 Loskop Valley 

  

  

  
 

 

 

Figure A11: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the Loskop Valley region who participated in the surveys. Solid red lines represent averages for the 

region. 
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7.1.12 Ceres 

  

  

  
 

 

 

Figure A12: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the Ceres region who participated in the surveys. Solid red lines represent averages for the region. 
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7.1.13 South Western Free State 

  

  

  

 

 

 

Figure A13: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the South Western Free State region who participated in the surveys. Solid red lines represent 

averages for the region. 
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7.1.14 Gauteng 

  

  

  
 

 

 

Figure A14: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the Gauteng region who participated in the surveys. Solid red lines represent averages for the region. 
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7.1.15 Southern Cape 

  

  

  
 

 

 

Figure A15: (a) Land use efficiency (t /ha), (b) water use efficiency (L water/10 kg potatoes), (c) nutrient level (kg/ha 

N, P and K applied), (d) energy use efficiency (expressed as kg CO2 equivalent / ton potatoes), (e) seed 

rate (t/ha) and (f) seed use efficiency (ton potatoes harvested / ton seed planted) for individual growers 

in the Southern Cape region who participated in the surveys. Solid red lines represent averages for the 

region. 
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7.2  Risk Perceptions per Grower in Each Region 

7.2.1  Eastern Free State 

 

 
 

 

 

Figure B1: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the Eastern Free State region. 
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7.2.2  Limpopo 

 

 
 

 

 

Figure B2: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the Limpopo region. 
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7.2.3  Western Free State 

 

 
 

 

 

Figure B3: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the Western Free State region. 
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7.2.4  Sandveld 

 

 
 

 

 

Figure B4: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the Sandveld region. 
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7.2.5  KwaZulu-Natal 

 

 
 

 

 

Figure B5: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the KwaZulu-Natal region. 
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7.2.6  Mpumalanga Highveld 

 

 
 

 

 

Figure B6: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and 

severity index (top graph), and (b) extreme weather events (number of incidents that results in 

>25 % yield loss per 10-year cycle) for the Mpumalanga Highveld region. 
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7.2.7  North West 

 

 
 

 

 

Figure B7: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the North West region. 

 

 



 

 Final report: Resource use efficiencies and risks of potato production in SA      Page 77 

 

7.2.8  North Eastern Cape 

 

 
 

 

 

Figure B8: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the North Eastern Cape region. 
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7.2.9  Northern Cape 

 

 
 

 

 

Figure B9: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity index 

(top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-

year cycle) for the Northern Cape region. 
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7.2.10 Eastern Cape 

 

 
 

 

 

Figure B10: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity 

index (top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss 

per 10-year cycle) for the Eastern Cape region. 
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7.2.11 Loskop Valley 

 

 
 

 

 

Figure B11: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity 

index (top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss 

per 10-year cycle) for the Loskop Valley region. 
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7.2.12 Ceres 

 

 
 

 

 

Figure B12: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity 

index (top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss 

per 10-year cycle) for the Ceres region. 
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7.2.13 South Western Free State 

 

 
 

 

 

Figure B13: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity 

index (top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss 

per 10-year cycle) for the South Western Free State region. 
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7.2.14 Gauteng 

 

 
 

 

 

Figure B14: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity 

index (top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-year 

cycle) for the Gauteng region. 
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7.2.15 Southern Cape 

 

 
 

 

 

Figure B15: Individual grower perceptions of (a) the pathogen and pest incidence (% occurrence) and severity 

index (top graph), and (b) extreme weather events (number of incidents that results in >25 % yield loss per 10-year 

cycle) for the Southern Cape region. 

 

 


