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1.0 Executive 
Summary

2.0 Background 
A workshop was held by Business for Development (B4D), the 
International Council on Mining and Metals (ICMM) and the 
Mine Water Co-ordinating Body (MWCB) and the South African 
Minerals Council during October 2019. Amongst many topics, the 
workshop unpacked the assets and enablers currently available 
to the mining sector and how they could potentially transition to 
different sectors including tourism, energy, waste and agriculture. 

The workshop was the impetus for the development of a Steering 
Committee (SteerCo) which included Glencore Operations South 
Africa (Pty) Ltd’s Coal division (Glencore Coal), ICMM, Impact 
Catalyst and MWCB to invest in an agricultural pilot programme 
to be designed and implemented by B4D. The pilot’s scope was 
to investigate whether rehabilitated land and mine-affected 
water could be used for small-scale agricultural practices to offer 
livelihood opportunities for local communities. 

The pilot programme was executed from April to January 2021 
during the height of the COVID-19 epidemic around the world. 
Strict protocols had to be followed to protect both staff and the 
community. Unfortunately, the COVID-19 epidemic affected and 
delayed many aspects of the pilot programme, and it is thus 
important to consider the report in context of this background.

The purpose of the pilot was to test the 
performance of mine-affected water 
and rehabilitated land for agriculture 
using both modern and small holder 
farmer techniques.
The Report provides a detailed account of the pilot and is 
presented in partnership with the consortium and testing  
partner Agreenco. Overall, very positive results not withstanding 
more work will be needed to fully implement the reuse of the 
region’s mine assets in agriculture.

The findings provide an opportunity for interested parties  
to consider how the ideas presented can be both leveraged  
and transferred to other agricultural pursuits in the resource 
sector’s just transition programs. Inclusion of a broader 
stakeholder group, primarily government and regulatory  
bodies is the next step for the region to ensure mining assets  
can be considered in agriculture long term.

It is very apparent climate change will alter the agronomic 
conditions worldwide therefore reclassification of mine assets 
and by-products such as land and water could offer solutions 
to the complex issues ahead. Understanding and monitoring 
the agronomics will of course be a requirement especially if 
considering food crops. 
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3.0 Introduction

With an area of approximately 76,500km, 
Mpumalanga stretches from the eastern 
boundary of Johannesburg and Pretoria to 
Mozambique and Eswatini on the Indian Ocean. 
Over the past 130 years, the focus on coal mining 
has resulted in Mpumalanga’s infrastructure 
largely being directed toward meeting the needs 
of the mines. This focus has overshadowed 
the advancement of the inherent agricultural 
economy in the province. 

There are currently around 80 coal mining 
projects in the province (Africa Mining iQ, 2022), 
supplying more than 80 percent of South Africa’s 
coal and also servicing the export coal market 
(McSweeney and Timperley, 2018), which is one 
of South Africa’s largest exports by value at $3.91 
billion (Workman, 2020), followed by agriculture 
with the province having half of South Africa’s 
arable land. With the closure of many mines 
in the coming decades, it is envisaged that 
the land will eventually revert to agricultural 
developments, and pilots are required now to 
support this transition. The policy and regulatory 
frameworks for mine closure are currently being 
moulded along such logic to enable viable post-
mining economic, societal and environmental 
benefits.

With South Africa being rated as the fourteenth 
highest emitter of greenhouse gases globally 
(McSweeney and Timperley, 2018), the 
Government responded by developing a revised 
Nationally Determined Contribution (NDC) to 
reduce domestic carbon emissions by 350 to 
420 metric tonnes of carbon dioxide equivalent 
by 2030 (Government of South Africa, 2021). 
The upper range of the proposed 2030 target 
range represents a 28 percent reduction in 
GHG emissions from the 2015 NDC targets 2030 
(Government of South Africa, 2021). This plan was 
further boosted at COP26 with a commitment 
from the United Kingdom, the United States of 
America and the European Union, to provide $8.5 
billion to support South Africa’s decarbonisation 

efforts (Commissione Europea, 2021). To meet 
these targets, South Africa will need to transition 
from thermal coal as a primary energy resource 
to alternative energy sources. 

Most mining operations in Mpumalanga are not 
exempted from the social ills such as civil unrest, 
poverty, corruption and inequality common in 
the country. Mining operations in Mpumalanga 
tend to be located in isolated areas far from 
major populations and economic centres. 
Therefore, local communities are dependent on 
mining as a primary economic driver, directly 
as a source of employment or indirectly through 
local development and services provided. Mine 
closure can subsequently lead to a loss of 
direct and indirect jobs, contraction or closure 
of local businesses, a decline in property values, 
a decrease in tax revenues and declines in 
provision of public services and infrastructure 
(World Bank Group, 2018).

Against this background, it is critical that mining 
operations aim to achieve a sustainable and just 
transition. A just transition has been defined as 
“a fair and equitable process of moving towards 
a post-carbon society” (McCauley & Heffron, 
2018). Historically, mine closure has primarily 
focused on environmental rehabilitation to 
ensure minimal residual environmental and 
health impacts post closure. It is important that 
rehabilitation efforts broaden to encompass 
more than just environmental considerations. 
A mine closure strategy should also mitigate 
against negative impacts on people, local 
infrastructure, local services and the community 
as a whole. 

The Centre for Social Responsibility in Mining 
(2020) highlights that “repurposing utilises 
elements of the existing mining infrastructure 
(i.e., roads, mine housing, operational buildings) 
and/or the reconfigured aspects of the 
landscape (i.e., mine voids and mine features) 
for a different activity post closure” (Holcombe 

The Mpumalanga province is a key contributor to the  
South African economy, particularly in terms of agriculture  
and coal mining.

Responsible mining 
can play a key 
role in a circular 
economy through 
repurposing of 
infrastructure and 
use of natural 
assets (water 
and land) to 
achieve a positive 
economic, social 
and environmental 
legacy.

and Keenan, 2020). Thus, responsible mining can play a key role in 
a circular economy through repurposing of infrastructure and use 
of natural assets (water and land) to achieve a positive economic, 
social and environmental legacy. There are many examples of 
mine repurposing where countries have effectively transitioned 
coal mine sites to industrial parks, tourism attractions and 
agriculture (Beer et al., 2021; and Caldecott, et al. 2017). However, 
there are few examples of repurposing by mining companies 
where the local economy has been left in an isolated and fragile 
state (Holcombe and Keenan, 2020).

The sustainable transition of an economy is complex, requiring a 
multi-stakeholder strategy where local and national governments, 
the mining sector, supportive industries and communities 
work together to develop and implement solutions that create 
multi-faceted socio-economic and environmental benefits. 
Supportive industries, such as buyers of crops, play a central 
role in the transition of the economy, and must be engaged 
early in the transition of an economy, so that whatever is 
designed is sustainable. To add to this, re-purposing a local 
economy sustainably takes time, perhaps even more so in a 
developing country where there is less access to inputs and 
fewer industries to diversify to. The key is to identify opportunities 
for implementation in collaboration with key stakeholders and 
implement pilot projects to demonstrate their effectiveness and 
provide confidence in achieving beneficial outcomes. 

This report discusses one of the pilot programmes where Glencore 
Coal, the ICMM, the MWCB and Impact Catalyst partnered 
together on an operation to grow winter wheat on repurposed 
mined land using mine-affected water. The pilot programme was 
designed and project managed by B4D, specialists in developing 
sustainable developments in partnership with the resource sector. 
The buyer engaged to be the offtake partner of the winter wheat 
was Kellogg’s South Africa. Agreenco was engaged by Glencore 
Coal to provide expert environmental analysis and reporting.

The scope of the pilot investigated whether rehabilitated mined 
land and mine water could be used for small-scale agricultural 
practices to offer livelihood opportunities for local communities. 
The primary aim was to provide a pathway to alleviate poverty, 
diversify the local economy proximate to the mine site and 
leverage mine affected land and water. Development of 
agricultural post-mine economic options must be tailored to the 
specific circumstances of the particular mine site. These include 
environmental, economic and social factors. The following outlines 
these factors with reference to Mpumalanga’s socio-economic 
situation. 
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Land

About three percent of land in South Africa 
is considered excellent potential arable 
land, and half of this land is situated within 
the Mpumalanga province (Simpson et al., 
2019). More than ~934,000 ha (68 percent) of 
Mpumalanga’s land is being used for agriculture. 
However, some ~93,632 ha (14 percent) of the 
province’s high potential arable land is currently 
being mined (Mpumalanga Green Cluster 
Agency, 2021). Returning this land to future 
agricultural use post mining would significantly 
add to the agriculture sector, improve 
household food security and provide economic 
opportunities for the local communities. 

Land degradation, soil toxicity and nutrient 
deficiency are major challenges in achieving 
agricultural land for cropping post mine closure. 
Technical attributes that contribute to how land 
is repurposed include the availability of land 
that can be reclaimed for commercially viable 
agricultural development, matched with arable 
soils, and structural integrity and the absence 
of environmental contamination, especially 
for remediated land. From a repurposing 
perspective, the soils need to be analysed to 
determine which crops can be commercially 
grown in the area. The type of crops grown 
needs to be carefully screened with a scientific 
evaluation applied to predict the potential yield 
and quality of harvestable material (Musvoto 
and de Lange, 2018). If a mine wants to return 
rehabilitated land to agriculture, long-term 
planning is required to ensure that the land 
remains viable and healthy. 

The land suitability for certain crops is primarily 
determined by the health of the topsoil at the 
rehabilitated site. The soil pH is a broad indicator 
of the chemical processes, deficiencies, toxicities 
and the capacity of the soil to support a healthy 
environment. When soil pH becomes too acidic, 
it cannot fully support healthy plant growth 

Environmental Considerations 
Mining ultimately impacts a number of environmental systems 
– it changes existing landforms, impacts hydrological / geo-
hydrological systems and alters soil chemistry. There are three 
major natural inputs: land, water and climate, which must be 
considered when weighing up post-mine agricultural options.

and beneficial soil microbes may not be able 
to survive (Parikh and James 2012). Acid soil 
conditions are prevalent in the eastern parts 
of South Africa (Miles, and Farina, 2013) and 
common to many mine sites. Soil microbes 
carryout essential macro soil functions such as, 
ensuring aggregate stabilisation (a necessary 
condition for maintaining structural stabilisation 
of the soil) (Nakazawa et al., 2016), improving 
pore size (porosity) (Mahar et al., 2016), and 
enhancing decomposition. They are crucial 
to facilitate the uptake of essential nutrients 
like nitrogen and phosphorus in exchange for 
carbon (Festin et al., 2018). 

On the other hand, high pH (alkaline) conditions 
are also detrimental to crop health and can 
have a profound effect on nutrient “lock-up” 
and thus plant growth (Burns, 2006). Alkalinity 
restricts water supply to roots, thus obstructing 
root development. It results in phosphorus and 
zinc deficiencies, and possibly iron deficiency 
and boron toxicity. Plants have less ability to 
extract essential nutrients from the soil when 
subjected to high alkalinity.

Moreover, the three most important plant 
nutrients (nitrogen, phosphorus, and potassium) 
for agriculture must be considered in land 
rehabilitation practices. Otherwise, there may be 
over reliance on fertiliser to achieve increased 
plant growth, and this can lead to fertiliser runoff 
which can be detrimental to local streams and 
aquaculture. 

Soil electrical conductivity (EC) is a measure 
of the level of soluble salts in soil (salinity of 
soil). Salinity is one of the major concerns 
associated with coal mine spoils (CMS) and 
their environmental impact (Li et al, 2014). Soil 
microorganism activity declines as salinity 
increases and high salt levels can limit 
plant growth (Zhu 2001). This can be a major 

constraint for natural biological colonization 
and phytoremediation in CMSs (Madsen and 
Mulligan, 2006). For soil EC to be acceptable, 
widespread sampling from multiple locations 
should be taken. 

A frequently overlooked aspect for establishing 
crops on rehabilitating post-mined land is soil 
compaction. This governs the potential root 
penetration for crops, the pore spaces available 
for microbial activities, the oxygen penetration 
to govern chemical reactions, and the moisture 
ingress, retention and availability. Due to 
improper methods for replacing soils (as well as 
poor soil harvesting and handling procedures), 
the bulk densities (measures of soil compaction) 
of post-mined soils are most often limiting to 
crop production (Rethman, 2006).

It is preferable that rehabilitated land for 
cropping be as flat as possible, or match 
existing landform contours, with protection 
against erosion, devoid of excessive leaching of 
nutrients, yet self-draining. The site also needs to 
be readily accessible for the people working the 
land and for machinery to be brought in when 
needed on a seasonal basis. 

Figure 1: Share of water 
sources used by farms in 
Mpumalanga from crop 
production (Mpumalanga 
Green Cluster Agency, 2021).

Water 

The Umsimbithi Mining (Pty) Ltd`s held 
Wonderfontein Mine (Wonderfontein)’s falls 
within the highveld climatic zone, which is sub-
humid, with summer rainfall and cold winter. The 
mean annual precipitation falls around 723mm 
and mean annual evaporation of 1,759mm. 
The pilot area receives 90 percent of its annual 
rainfall outside the winter wheat growing season, 
and this may further decrease due to climate 
change. 

Risks such as South Africa’s arid climate, 
high water consumption in agriculture 
(approximately 67 percent of the country’s water 
supplies (IASS et al. 2020)), high evaporation 
rates, the lack of sustained surface water 
supplies over large areas and climate change 
(World Bank, 2022), places the agricultural sector 
in a vulnerable position. 

Wonderfontein is north of the Mpumalanga 
dryland wheat belt, hence very marginal for 
production under systems other than irrigation. 
As B4D found during the pilot, the seasonal 
rains failed, undermining the capacity for the 
smallholder farmers to trial the crop.  
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Figure 2: Decision Support System (DSS).

From a smallholder farmer production 
perspective, there is even higher vulnerability 
to climate change with a significant reliance on 
rainfall (Figure 1). With the increasing likelihood 
of climate change exacerbating the available 
water situation, strategies are required to 
potentially incorporate irrigation of suitable or 
partially treated mine-affected water to address 
smallholder vulnerability. 

In South Africa, there are large volumes of mine-
affected water suitable for irrigation (Annandale 
et al., 2019). The change in hydrological regimes 
post-mining is likely in many instances to result 
in ‘excess’ water becoming available, potentially 
allowing for utilisation in local agricultural 
development. Mine water irrigation can be 
sustainable, but in order to be successful, 
one has to rely on good overall management 
practices, which include monitoring of the site 
and the irrigation water quality (Annandale et 
al., 2009). A good understanding of the chemical 
composition of the irrigation water, as well as the 
soil properties and the type of irrigation system 
is required in order to successfully irrigate with 
saline water (Annandale et al., 2001). Another 
thing to keep in mind, is that not all crops are 
suitable for mine water irrigation and salt 
tolerant crops may need to be considered.

A key tool to assess the suitability of using  
mine-affected water is the water quality 
Decision Support System (DSS). The DSS 
was developed (Figure 2) to understand the 
fitness-for-use of water based on a scale as 
being either ‘ideal’, ‘acceptable’, ‘tolerable’ or 
‘unacceptable (du Plessis et al., 2017). 

The DSS recognises the quality of mine-affected 
water depends on a number of factors ranging 
from commodity mined, mining processes, 
remediation implemented and external 
(anthropogenic) factors. 

Irrigation using mine-affected water involves a 
complex interaction between crop, soil, water 
quality and geohydrology. Key areas of concern 
include salinity and metal accumulation in soils/
vadose zone, toxins and potential morphological, 
physiological, biochemical and ultrastructural 
changes in plants (Musvoto and de Lange, 
2018; Annandale et al., 2009). Irrigating with 
mine-affected water needs to be continuously 
monitored to ensure it does not pose any health 
risk to consumers (DWAF, 1996). Every mine 
site, and its potential post-mine economic 
opportunity, must be reviewed specifically to 
each site, so that the optimum outcome can be 
achieved for all stakeholders. 

Climate

Wonderfontein is in the highveld region. This high 
lying escarpment has contrasting temperatures 
of 8 to 26 degrees during summer, and winter 
temperatures average in the range of 19 degrees 
during the months of April to August. With this 
temperate climate, a number of crops can be 
grown.  

Considering that access to water and land is 
restricting Mpumalanga’s ability to expand 
crop production and meet increasing local 
and international commodity demand, there 
is likely to be increased demand for greenfield 
development which would in itself, create a 
separate challenge for the local environment 
and biodiversity of Mpumalanga. Accordingly, 
the greatest opportunity is to apply a circular 
economy approach and work towards using 
rehabilitated mine land and mine affected 
water in crop production. However, land that 
does not have a measured land capability of 
being ‘arable’ should not be considered for crop 
production as it will not be sustainable in the 
long-term.

Fitness-for-use category Description

Ideal A water quality that would not normally impair the fitness  
of the water for its intended use

Acceptable A water quality that would exhibit some impairment  
to the fitness of the water for its intended use

Tolerable A water quality that would exhibit increasingly unacceptable 
impairment to the fitness of the water for its intended use

Unacceptable A water quality that would exhibit unacceptable impairment  
to the fitness of the water for its intended use

Smallholder agriculture provides about 70 percent of the 
employment in rural households and serves as their main source 
of income (Hlatshwayo et al., 2021). Approximately 80 percent 
of the food produced in South Africa comes from large-scale 
commercial farms (StatsSA, 2020). On the contrary, there are 
more smallholder farmers in terms of numbers, however, their 
farms do not generate a high yield per hectare relative to the 
larger farms (Mpumalanga Green Cluster Agency, 2021) .

Like much of South Africa, Mpumalanga is marked by high 
unemployment and significant disparities between its citizens’ 
incomes and living standards (Simpson et al., 2019). Smallholder 
agriculture can play a vital role in supporting Mpumalanga’s 
transition away from mining and improving food security, creating 
jobs, and supporting a reasonable distribution of income, poverty 
alleviation, and linkage creation for economic growth. However, 
agronomic practices and the level of extension support must 
improve, whilst links to potential markets must be strengthened  
in order to reap the economic benefits of the sector. 

Farming on rehabilitated mine land, combined with agronomic 
training would work to upskill communities and assist in meeting 
the growing demand for food, fibre and possible biofuels. Irrigation 
with certain mine-affected waters on carefully selected and 
managed sites, with proper training would be a key component 
to addressing socio-economic challenges – like job creation – 
especially after mine closure. 

Successfully repurposing mine land for agriculture use, boils 
down to not only technical viability, but also market viability, 
which is dependent on demand for agricultural produce. Luckily, 
Mpumalanga is close to some of the largest food processing 
companies in the world including Kellogg’s, Nestle, McCains and 
PepsiCo – who all source produce from the province. Community-
focused advocacy efforts are needed to bolster awareness of 
the merits associated with repurposed mine land. Following this, 
careful community consultation is required to discuss how post-
mine land can be repurposed and reconfigured to achieve a just 
transition (Edwards and Maritz, 2019).

Agriculture is not the only economic option available to 
Mpumalanga, indeed a multi-prong strategy, entailing a 
combination of manufacturing, agriculture, services, and natural 
resources, is needed to support the region’s rehabilitation (Stiglitz, 
2018). However, agriculture remains an important part of the 
closure mix and will support a sustainable and just transition for 
the region. 

Economic and Social 
Considerations 
In South Africa, the agriculture sector 
accounts for around 2.3 percent of the 
country’s GDP, 40 percent of export 
earnings and 4.6 percent of employment.
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Winter wheat was grown on rehabilitated mine land and 
unmined land, this was further compared through using mine 
affected water on some plots and groundwater on other plots. 
An additional review was conducted on the agronomic skills of 
two farmers with the aspiration they could represent their local 
community agronomic skill base, in conjunction with the standard 
inputs commonly available to smallholder farmers in the region.

Site selection 

Wonderfontein was selected by Glencore Coal for the pilot 
programme as it is working towards mine-closure in the 
coming decade. An extensive inventory of soil fertility exists for 
Wonderfontein’s rehabilitating lands. The results from sampling 
points closest to the mined land areas for the pilot were utilised, 
rather than taking new samples from the exact trial plots for the 
pilot. For the unmined land, no prior analyses were available, 
hence new samples were taken from the identified areas. These 
samples were analysed for winter wheat cultivation suitability, 
acidity/alkalinity, electrical conductivity, base cations (calcium, 
magnesium, potassium, sodium) and phosphorous. Follow-up site 
assessments and observations of the topography of the land were 
conducted. 

Based on the soil laboratory analyses, fertiliser recommendations 
were made by Agreenco, and two plots were selected for the 
rehabilitated mine land and unmined land.  

Site Configuration and Options

The 1.2 ha of rehabilitated land and 0.8 ha of unmined land were 
measured out and divided into 100x20 m sites which were then 
divided into two (Table 1 and Figure 3). The unmined land had 
been used for cropping purposes approximately 7-10 years 
ago, laying fallow until it was used for this pilot. In addition, B4D 
engaged two smallholder farmers outside of the mine and utilised 
their land in a separate trial (Table 2, noting no site division). In 
total there were 11 sites that were separated by the variables. The 
site variable intention was to compare results and understand the 
optimum combination to adopt the best practices post closure.

4.0 Methodology
To the extent to which is it feasible to create a post-mine 
economy using mine-affected water and rehabilitated mine 
land, the pilot adopted an experimental research approach.

1 Seeded & Irrigated: Each site was divided into two parts, with only differentiation being seeding and irrigation. Soil additives: For topdressing (a process 
where fertiliser is added to the soil to supply nutrients to a crop) 100kg/ha of topdressing Urea (TDU) was applied at weeks five and eight and finally at the flag 
leaf stage (a critical stage in the development of wheat) for sites 2, 4, 5, 6, 7, 8 and 9. Ammonium sulphate was recommended to be used as a topdressing by 
Agreenco for week 8, but was replaced by TDU instead because of miscommunication. 

#

Description

Size Hs

Seeded

Irrigated

Seed variety

Soil Additives

Rehabilitated land

Unmined land

Irrigated w/mine water

Irrigated w/ground water 
(from a bore hole

Dryland (rained)

Application of pesticides

Hand planted

Soil Analysed

1
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0.2
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P

P

2
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0.2

P
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P

P

P

P

3

UDL
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P

PAN 
3111
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e

P

P

4

UGI

0.2

P

P
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l, 
m
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U

P

P

P

P

5

RLMI

0.2

P

P
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l, 
m
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U

P

P

P

P

6

RLGI

0.2

P

P
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l, 
m
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U

P

P

P

P

7

RLMI

0.2

P

P
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P

P

P

8
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0.2

P
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9
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P

P
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U

P

P

P

P

Table 1: Site configuration and Variables1

Unmined Dryland = UDL
Unmined Ground Irrigation = UGI 
Rehabilitated Land Mine Irrigation = RLMI 
Rehabilitated Land Groundwater Irrigation = RLGI
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Figure 3: Site Configuration at the mine.

Unmined Rehabilitated

Table 2: Site Configuration and Variables for the smallholder farmers (located on the perimeter of the 
mine rather than on site).

Figure 4: Images of site 10 and 11 of the smallholder farmer’s land.

10 11

Water Analyses 

Wonderfontein undertakes monthly water quality analyses of the 
mine-affected water. The water originates from the mining pits 
and is then directed to a reservoir with a capacity of 98,000m³. 
The dam was used as the source of mine-affected water for 
irrigation in this pilot. The other source was groundwater, obtained 
from a pit at the colliery, via a borehole. This was the water used 
by Wonderfontein for drinking and other domestic use. Prior to the 
pilot execution, only the mine-affected water was analysed for pH, 
electrical conductivity, total dissolved solids and alkalinity. 

Community Participation 

With the community playing a pivotal role in ensuring a transition 
from a mining economy to an agriculture economy, their 
involvement in this pilot was critical. Smallholder farmers were 
identified by Glencore Coal. Nine community representatives 
surrounding the colliery attended a project inception meeting 
where the project objectives were unpacked, farmer involvement 
was explained, and the criteria for farmer participation was 
highlighted. Interested members were identified and engaged 
for a series of in-depth interviews. Farmer participation was on a 
voluntary basis and four farmers were selected to participate due 
to their proximity to the mine and desired agronomic skills. 

The four smallholder farmers’ own farms were assessed based 
on topography and measured soil pH. Two plots were deemed 
suitable for growing winter wheat, although the soil pH was very 
low and needed conditioning to be raised to the desired level of 
at least 6.5. To avoid burdening the farmers with financial risk, a 
compensation package based on what the farmers expected to 
earn for harvesting a successful crop was provided. 

Site management 

In ideal circumstances, management of the site – including the 
rehabilitated land – would have been under the control of the 
smallholder farmers, to demonstrate their ability to successfully 
grow the crop. Due to mine health and safety regulations, 
community members were not allowed on the mine site. Instead, 
a local contractor was appointed to secure staff who were either 
farmers, or possessed agricultural skills to prepare the land, 
monitor and manage the pilot sites. Sites 1, 3, 7, 8 and 9 were 
designed to mimic the agronomic skills of smallholder farmers 
in the area, and at all other sites the contractor was employed to 
use modern agronomy practices. 

At the smallholder farmer sites, participation focused on 
individual farms. Each site consisted of two people from the same 
household. This approach aimed to encourage the accumulation 
of a new farming skill and to balance the home chores dynamics. 
Participants were comprised of 1 male and 3 females in the 
25–40-year age cohort. 
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10 Unmined dryland 0.2 P PAN 
3111
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Land Preparation and Soil Management

Land preparation for all three types of sites (rehabilitated, 
unmined and smallholder (sites 10 and 11)) was carried out by 
the contractor. The smallholder farmers’ land had not been tilled 
for years as they are reliant on formal employment in the mines 
and did not have tools conventionally used to till the land. To 
alleviate compacted layers of soil, the land was ripped and disked 
to a depth of at least 300mm in the rehabilitated sites. Due to 
the variable soil placement and quality during the rehabilitation 
performance assessments, ripping of the soil by the contractor 
was limited to the upper 200mm of the soil profile in both the 
rehabilitated mine and unmined sites.

Soil analysis for the unmined site was done at the exact site prior 
to land preparation noting soil analysis for rehabilitated sites 
was done in advance (approximately two months) in the vicinity. 
The mean soil pH values of 5.1 and 6.2 respectively were deemed 
satisfactory for wheat production. Dolomitic lime applications of 
2t/Ha via broadcasting was recommended to be worked 200mm 
into the soil at least 4 weeks before planting, however due to time 
constraints to meet the planting window (June-July), this critical 
stage was omitted. At smallholder farmer sites 10 and 11, the pH 
was acidic, therefore 2t/Ha of lime was applied in late June to 
adjust the low soil pH below 5. 

Based on the soil analyses for pre-planting fertility amelioration, 
basal fertiliser (350kg/ha 2:3:2(34) + Zn) was applied across 
the three sites and worked in 100mm in the soil. Two tonnes of 
locally sourced manure were added to both the rehabilitated 
and unmined sites to improve the organic content of the soil. For 
topdressing, 100kg/ha of urea was applied after five and eight 
weeks and finally 110Kg/ha at flag leaf stage for both rehabilitated 
and unmined plots. Ammonium sulphate was recommended to 
be used as a topdressing by Agreenco for week eight, however 
was replaced by urea because of miscommunication with the 
contractor. 

Water Management 

Gravity feed irrigation systems were used at the unmined and 
rehabilitated land sites (Figure 5), this allowed smallholder 
farmers who could not afford pivot sprinklers (usually used for 
commercial production) to replicate the pilot. The rehabilitated 
mine site was divided into two irrigation sources, namely the 
mine-affected water and groundwater. These were further divided 
into irrigated and dryland plots (Table 1 and 2). There were 14 rows 
of drip lines arranged at 700mm apart and planting occurred at 
200mm intervals from the drip line.

Note: the pilot was competing with the mine to access 
groundwater during crop key growth periods. To address water 
unavailability during the critical stages of plant growth three 
5,500 litre water tanks were set up at both the rehabilitation and 
unmined sites. The smallholder farmer plots were rain-fed to 
replicate typical weather patterns. 

Figure 5: Laying of the 
irrigation system.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unmined Land

Rehabilitated

Seed

A certified local seed variety was selected for its suitability to the Mpumalanga region and resistance 
to a number of wheat diseases. Two varieties, Pannar 3400 for irrigation and Pannar 3111 for dryland 
production, were sourced for the mine and smallholder farmer sites respectively. Pannar 3111 is a 
winter type with excellent yield potential and has excellent standability due to its shorter straw. 
Pannar 3400 has a medium to quick growing period and excellent yield potential and is thus ideal  
for medium to later plantings (see Table 3). 

Characteristic PANNAR 3111 (Dryland) PANNAR 3400 (Full-Irrigation) 

Planting date 10/06-25/07 15/06-30/07 

Seeding rate 45 kg/ha 115 kg/ha 

Yield potential Low-high Low-high 

Growth period Long Short –medium 

Straw strength Excellent Good 

Pre-harvest sprouting Sensitive Medium 

Aluminium tolerance Poor Excellent

Hectolitre mass Good Good 

Stem Rust Moderately susceptible Resistant 

Leaf Rust Moderately susceptible Moderately resistant 

Stripe Rust Resistant Resistant 

Russian wheat aphid Resistant Resistant 

Table 3: Traits for Pannar winter wheat Cultivars.
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Planting 

The planting window for winter wheat in Mpumalanga is June to 
July, with early planting recommended to maximize yield. Due 
to the timeline of pilot approvals, planting occurred in the last 
two weeks of the season. Noting also water piping for unmined 
land was delayed by two weeks from seeding. Mechanical 
planting with a seed drill occurred on the first week of July at the 
rehabilitated and unmined plots. Inter-row spacing for a seed-
drill was 200mm while intra-row spacing ranged from 30-50mm. 
A seeding rate of 115kg/ha Pannar 3400 seed for irrigated trial 
sites and 45kg/ha Pannar 3111 seed for rain-fed sites was used. 
For smallholder farmer sites 10 and 11, Pannar 3111 seed was hand 
broadcasted, as is the norm with conventional farming in rural 
areas. At one of the rehabilitated sites using mine-affected water 
(site 9) the Pannar 3400 seeds were hand planted. This was done 
to compare mechanisation with typical smallholder production.  

Pest Management

An effective spraying programme for the control of weeds, 
insects and diseases was followed for the sites 2, 4, 5, and 6. The 
other sites were not sprayed to replicate what is experienced by 
smallholder farmers who often cannot afford to mitigate against 
pests. Routine scouting and weeding to control emerging weeds – 
especially during the rains – was carried out on all plots.

Harvesting 

At physiological maturity, the wheat was selectively hand-
harvested with sickles followed by thrashing on a fine wire mesh. 
Harvesting was only possible on irrigated plots, as the grain 
production on the dryland sites was too low. Winnowing using a 
conventional basket fan helped to separate the chaff from the 
grain before sorting and packing into five 50kg bags. 

Testing 

Analyses for residual trace elements on the wheat plant material 
and grain samples from rehabilitated sites irrigated by mine 
water were done by the Agricultural Research Council (ARC) at 
the milk stage of the crop and Agreenco reviewed the grain at 
physiological maturity. The soil chemistry was analysed for impact 
post-pilot by Agreenco. The following heavy metals were checked 
for in the grain: Arsenic, Cadmium, Zinc, Lead and Mercury and 
their accumulation levels compared against World Health 
Organization guidelines and the recommended South African 
threshold levels for food safety. 

Start Well Foods, a South African breakfast cereal producer,  
were supplied 250kg to test in their mill. B4D has converted 10kg  
of the wheat into bran and has been tested by Kelloggs  
for commercial production.

Although yields were not at commercial levels (Figure 7), it is recognised that if a number of actions 
were executed higher yields could have been achieved. It should be noted that a decision was made 
to prioritise testing of mine-affected water at the expense of yield. By comparing results between 
sites, greater yields were generated using rehabilitated land and mine-affected water versus 
unmined land and groundwater. Tests for levels of heavy metals have shown the grain to be safe 
for human consumption and in compliance with World Health Organisation and South African food 
safety standards. However, even though the grain production from this plot was the highest (mine-
affected water), EC values were close to the maximum threshold in the soils where mine-affected 
water was used for irrigation. 

5.0 Results 
The pilot programme was successful insofar as it proved  
it is feasible to grow winter wheat at Wonderfontein using  
mine-affected water and rehabilitated land.

Crop Yield

Good germination rates were achieved considering how late 
the pilot was in the planting season. As the data demonstrates 
(Table 4) the rehabilitated sites irrigated with consistent mine-
affected water on average had superior yields to the unmined 
groundwater irrigated sites. 

The groundwater sites at rehabilitated and unmined plots were 
both compromised at critical growth stages due to restricted 
availability of groundwater (being shared with the mine for daily 
use). Setting up of three 5000-litre water reservoirs helped to 
achieve uniformity in irrigation scheduling, however it was at a 
later stage resulting in poorer crop growth. 

Interestingly when sites irrigated with groundwater water were 
compared, the rehabilitated sites (site 6 and 8) performed better 
than the unmined (site 2 and 4). 

As expected, performance of irrigated winter wheat (regardless 
of the water type) exceeded non-irrigated sites (residual ground 
moisture only). Due to moisture stress experienced by the dryland 
crops, they quickly matured and attracted birds in the process 
resulting in substantial grain losses spreading to the irrigated 
sites. 

The overall grain yield obtained was low for commercial 
significance and below the average South African winter wheat 
yield per hectare. The production potential of Wonderfontein’s 
winter wheat could be significantly improved towards commercial 
levels if the optimum pH for growing wheat is attained through 
proper soil conditioning (e.g. liming, basal and topdressing 
fertiliser), planting within the planting window and ensuring proper 
fertiliser management through the growth cycle.

 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 6: Grain ear comparison 

between the irrigation sites 
(left side) and dryland sites 
(right side).
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They were found to be all lower than the 
recommended international and South African 
safety thresholds. The plant available Cadmium 
and Lead ranged between 0.01 to 0.02mg/kg 
and 0.02 to 0.04mg/kg respectively, levels that 
are way below the maximum recommended 
soil screening values (SSV1) and too insignificant 
to pose environmental or health risks. No plant 
available Mercury and Arsenic were detected in 
the sample soils and the grain. Further detail is 
available upon request.  

Test results from Agreenco show the following 
heavy metals in grains:

Zinc was slightly above tolerance levels for 
rehabilitated mine land using mine-affected 
water, however, it is worth noting that this 
mineral is commonly deficient in African diets 
(Harika et al., 2017). When selecting future seeds 
for piloting it would be interesting to test zinc 
fortified seeds versus non-fortified to measure 
the impact. 

Iron, like zinc, is a desired micronutrient in African 
diets to address malnutrition. The highest 
concentration of iron in the grain was found in 
unmined dryland sites. 

Aluminum was near or above threshold at all 
the unmined sites and dryland rehabilitated 
sites. The total and plant available aluminum in 
the soils and in the water sources were below 
threshold values. Further testing is required to 
understand the root causes. 

Deriving essential micronutrients such as iron 
and zinc from crop residue irrigated with mine-
affected water presents a potential opportunity 
to address micronutrient deficiencies in South 
Africa. If managed properly, the commercial 
value of micronutrient richer crops could 
potentially be marginally higher. 

Table 4: Yield per kilogram at harvesting of the winter wheat.

Figure 7: Yields achieved at aggregated sites by description  
(GW= ground water; MW= mine-affected water)

Description Yield kg/ha

Unmined Dryland 0

Unmined Groundwater Irrigated 20

Unmined Dryland 0

Unmined Groundwater Irrigated 10

Rehabilitated Land Mine Water Irrigated 50

Rehabilitated Land Groundwater Irrigated 50.2

Rehabilitated Land Mine Water Irrigated 62.7

Rehabilitated Land Groundwater Irrigated 25

Rehabilitated Land Mine Water Irrigated 80
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The wheat grain grown using mine-affected water  
in Wonderfontein was tested by Agreenco and ARC  
– Institute for Soil, Climate and Water for heavy metal  
levels of concern. 

Grain quality 
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At the start of the production season, the soil pH for both rehabilitated and unmined sites were acidic. 
With the mine-affected water being alkaline the soil pH at the rehabilitated site increased by 1.05 pH 
(Figure 8). The unmined sites used groundwater with a nominal 0.05 pH increase. Recommend future 
tests should include site specific water quality data (improving comparative results).

Soil acidity is a significant issue in South Africa, with both commercial and smallholder farmers 
relying heavily on using lime to address acidity. The hefty financial burden of liming can potentially 
be reduced by using mine-affected water. 

Groundwater is generally assumed to be of higher quality than mine-affected water, however, 
pilot results indicate the groundwater did not yield better results than the mine-affected water, nor 
contribute to improved soil pH.  

Irrigation Water Quality 

The quality of the groundwater from the borehole and the mine-affected water used for irrigation 
was assessed by Agreenco. The water quality is of acceptable levels except for the sulphate 
concentration, which was almost three times more than the recommended value for human 
consumption from the mine-affected water source and nearly double the recommended value from 
the groundwater (Figure 10). However, when assessing the grains, the sulphate ranged from 0.12 to 
0.15 percent, which is at an acceptable minimum threshold (Figure 11). 

Nitrate concentrations in both irrigation water sources were below the minimum threshold. Having 
reasonable nitrate concentrations in the irrigation water can help to supplement the nitrogen 
requirement of crops. Nitrates should be added when topdressing with a nitrogen rich fertiliser, noting 
this did not occur in the pilot due to unforeseen circumstances. 

Geochemical assays and modelling the impacts of expected changes in both groundwater and 
mine-affected water qualities over time is essential, as the chemistry does evolve. 
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The rehabilitated sites irrigated with mine-
affected-water had a three–fold increase 
in soil salinity when compared to the initial 
representative soil samples (Figure 9). This was 
near the maximum threshold level for crop 
production, indicating risks of using this water 
source over the long-term without intervention. 
While wheat is tolerant to soil salinity, most 
crops are not. Proper soil conditioning helps to 
improve the EC. The EC of mine-affected water is 
expected to have a negative impact especially 
on saline soils with low buffer capacity. Although 
irrigation with saline water is possible, rigorous 
water management and monitoring will need 
to be done. Growing crops continuously using 
mine-affected water may salinize the soil and 
limit its future capabilities for crops and pasture 
production.

Figure 8: Measured pH values of the soil samples from the sites. 
GW= ground water; MW= mine-affected water)

Figure 10: Sulphates concentration of irrigation water.

Figure 11: Sulphur content of the sampled grain.

Figure 9: EC levels in irrigation water
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Post-Harvest Soil Fertility and 
Risk Factors

The macronutrients (phosphorus, calcium and 
magnesium) in the soils were not eroded by 
the pilot. Organic carbon, a key sustainability 
indicator for rehabilitated soils, was reasonably 
good especially at the rehabilitated sites.

Residual nitrates in both rehabilitated and 
unmind land were extremely low as the plants 
utilised all the nitrogen in the soil. Effectively 
treating mine-affected water and rigorously 
following a nitrogen fertilisation regime will 
address low nitrate levels.

Use of Contractor 

The use of a contractor to demonstrate updated 
agronomy and conventional smallholder 
farming methods practiced in local community 
in this pilot proved difficult. The contractor was 
not a farmer and therefore fell short of the 
desired skills and basic agronomic know how  
to effectively prepare, monitor and manage  
the plots. 

Market 

Kellogg’s is a buyer partner in the pilot. Due to 
COVID the crop plan, wheat processing and 
testing were delayed. The wheat was processed 
at the end of the harvest and distributed to two 
offtake partners, namely StartWell Foods (250kg 
of grain donated for use in their production) and 
Kellogg’s (10kg for testing).

StartWell Foods’ quality assurance team have 
reviewed the grain and confirmed the samples 
are suitable and safe for production at StartWell 
Foods plant in Springs, Gauteng.  

Kellogg’s tested the red wheat noting (wheat 
flour) it has the quality to be used in breads, 
bakeries, extruded snack or other such purposes. 
A typical commodity flour as such which could 
be used in a breakfast cereal application. 
The bran is characteristic of a coarse wheat 
bran which could also be used in stockfeed 
applications by adding this to pellet mix 
formulations. Both are suitable for consumption 
in the applications noted. Kellogg’s would 
consider a white cracked wheat product to align 
with their South African products and would be 
milled using their patented process.

Partnerships

This pilot was conducted in the context of a 
partnership between Glencore, ICMM, MWCB, 
Impact Catalyst and executed by B4D. Each 
partner brought resources and knowledge to the 
table. Together more was achieved than would 
have been feasible if the pilot was conducted 
alone. On a micro-scale, the pilot clearly 
demonstrated it is incumbent on organisations 
to work together in order to achieve a truly just 
transition. Collaboration focus should consider 
challenging traditional paradigms vis-à-vis 
rehabilitated land and mine-affected water. 

Smallholder Farmer Skillset

The local communities around Wonderfontein mine rely 
on conventional production practices with the levels of 
mechanisation depending on crops and scale of operation.  
There is still heavy reliance on animal manure composting as 
fertiliser prices are inhibitory. The community is cognisant of the 
inevitable shift to smallholder farming post the mine closure. 
There were more women than men involved in the pilot regardless 
of the multiple roles they hold in the home. This can be attributed 
to the critical role women play in cushioning household food 
security. Their eagerness to participate in the pilot even off the 
mine sites devoid of water for irrigation showed their willingness 
to learn and improve on the traditional methods they are 
acquainted with. These were tested on their farms. 

The sites where smallholders trialled the winter wheat did not 
germinate due to the unreliability of rains. This further highlights 
the importance of irrigation for wheat production on the 
Mpumalanga Highveld where climate change is encroaching and 
increasingly hindering effective production. Licensing of tested 
mine-affected water by the Department of Water Affairs for 
agricultural purposes provides opportunities for smallholders to 
successfully grow crops for the market. 

This pilot undertook the use of a food crop to demonstrate its 
feasibility. The success of the pilot opens up the possibility for 
different types of crops, such as biofuels and stockfeed crops, 
to be trialled in future. Broadening the trial to include additional 
crops could lead to greater community benefit, allowing locals 
to become acquainted and comfortable with the use of mine-
affected water and rehabilitated land. Follow-up trials are 
therefore likely to bolster positive shifts in attitude towards 
mine assets, leading to longer term economic value and the 
enablement of a just transition. 

Regulatory

The pilot was executed under an existing Water 
Use Authorisation for inter alia, use of water for 
irrigation. The current policy drivers support the 
use of mine-affected and other impacted water 
sources for irrigation, provided that fitness-
for-purpose is substantiated. A Water Use 
Authorisation may be required for such activity, 
the application for which will be in terms of the 
Regulations for the Application for Water use 
Authorisation per the National Water Act, Act 36 
of 1998.This is an important planning element 
that requires due attention upfront by mines, 
when developing closure scenarios entailing 
final land use for agricultural development. 
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6.0 Lessons Learned
Outlined below are the collective lessons learned from Glencore, 
ICMM, MWCB, Impact Catalyst, B4D and Agreenco.
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Pilot quantitative outcomes demonstrated crops using rehabilitated land and 
mine-affected water achieved higher yields and with appropriate practices is  
a potential viable option for mine closure. 

Recommend further research is obtained for:
 •  EC: The trials left the mined rehabilitating soils only marginally below  

the salinity threshold where mine water was used;  
 •  pH: Evidence suggests the use of mine-affected gypsiferous water  

can improve soil pH. 

The use of untreated mine-affected water must follow a structured risk-based 
approach, such as the Decision Support System (DSS) developed by the Water 
Research Commission (Annandale et al., 2019).

Early interfacing with regulatory authorities to realise a maximal value-add in the 
water-food-waste-energy value chains.

The mine-affected water and rehabilitated land had the desired zinc properties 
for fortified foods. Further trials are required to test variable inputs (seed genetics 
and fertilisers) to achieve optimum zinc levels in crops. 

Further investigation is required on the properties of mine-affected water and 
how it can be used in crop production and fortified foods. 

Improving nitrogen management through partial water treatment and soil 
conditioning is expected to increase yields to levels that may cover input costs 
and reduce soil risks. 

Precision agriculture is essential to success on marginal soils, or where water 
qualities are poor. Precision agriculture may be a barrier to smallholder farmers.

The impact on groundwater recharge was not evaluated in this pilot. To ensure 
proper water management it is recommended to monitor the recharge. 

Site specific data for all trials should always be utilised rather than assumptions.

Build on data on growing crops in rehabilitated mine land in Mpumalanga, 
especially fibre crops and bio-fuels.

Best practice of catching the ‘planting window’ is critical. 

In the highveld, the poor winter rainfall patterns make cropping risky for 
smallholder farmers without irrigation. 

Partnership ecosystems should include consultation with external experts.

Consider budget vs scope to prevent overruns (pilot budget ZAR780,000).

Adoption of strong ESG (Environmental, Social and Governance) principles 
resonates with a wide range of potential fast moving consumer goods partners 
that would buy farm produce. These principles include ensuring:
• The approach advantages smallholder farmers. 
• The environment is positively impacted as a result of the activity. 
•  The effort is sustainable for the smallholder farmers by providing  

the mechanics and access to the inputs needed. 
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The winter wheat pilot at the Wonderfontein 
site proved repurposed mine land and mine-
affected water are valuable assets that can offer 
tangible benefits to local communities, however 
more work is required to mitigate against 
some of the negative soil impacts of using 
mine-affected water. Such use for agricultural 
purposes, if correctly applied, could offer much 
needed local economic growth in Mpumalanga. 

With mine closure imminent in many areas 
of Mpumalanga, smallholder farmers must 
be equipped with relevant updated climate 
smart agriculture training and agronomy 
technologies to enable an effective transition 
from mining into viable and profitable 
farming enterprises. If properly managed, 
“Mpumalanga offers numerous opportunities 
for investors, agricultural and green technology 
manufacturers, service providers, distributors, 
and others in the value chain to support and 
enable the transition to a more sustainable 
agriculture sector” (Mpumalanga Green Cluster 
Agency, 2021).

Although this pilot does demonstrate 
opportunities, further detailed assessment of 
other mine sites is required to ascertain whether 
results can be replicated and to estimate the 
level of investment needed to refurbish mine 
land and to utilise mine-affected water so 
agricultural post-mine economies can be 
implemented. Furthermore, such transition 
strategies will consider how the long-term 
environmental impacts of coal mining can be 
mitigated. The impact of climate change and 
its potential influence on the future economic 
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