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Abstract
The aim of this thesis is to outline sustainability concerns, working responses, and opportunities for
South African wine producers to safeguard the wine industry's long-term survival, particularly its
resilience to climate change.
A literature review investigates relevant aspects of viticulture, viniculture, and packaging to gauge
the cause, extent, and knock-on effects of existing environmental concerns, including biodiversity,
pollution, and climate change. Investigation of the importance of a thriving ecosystem in the
vineyard, the implications of untreated winery waste, the risks of ongoing fertilisers and pesticide
applications, and the factors impacting the wine industry's carbon footprint. The impact of climate
change on wine producers and the potential to effect change within land, soil, water, fertiliser,
electricity, packaging, plant material, and renewable energy management practices are studied. The
literature review concludes with a summary of the tools and guidelines currently supporting wine
producers to improve sustainability, particularly the proven benefits of precision agricultural
practices.
Interviews with growers and producers, IPW audit results and CCC datasets document the real
situation on wine farms in South Africa. In analysing responses, the author develops an approach
outlining factors that are within the producers and wider industry's control to track, evaluate, and
change. The research finds that sustainable practices like crop covers, building the organic carbon
content of soil and integrated pest management are restoring biodiversity and cutting waste in the
vineyard, and are already widely implemented. The research shows that there is phenomenal
potential to better capture, analyse, and share data to deploy more efficient applications of water,
energy, and agrochemicals.
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Glossary of Terms
Agrochemical- a contraction of agricultural chemical, agrichemical refers
to pesticides including insecticides, herbicides, fungicides and nematicides. It also includes
synthetic fertilisers, hormones and other chemical growth agents, and concentrated stores of raw
animal manure.
Allelopathy- a competitor plants ability to suppress other plants growth or its seeds germination.
Biocontrol - Biological control or biocontrol is a method of controlling pests like insects, weeds and
plant diseases using other organisms. It relies on predation, herbivory, or other natural mechanisms,
but typically also involves an active human management role.
Cultural Control- the deliberate alteration of the production system to reduce pest populations or
avoid pest injury to crops.
Carbon sequestration- a natural or artificial process by which carbon dioxide is removed from the
atmosphere and held in solid or liquid form.
Decanter centrifuge – a machines installed in large cellars that allows for continues grape pressing
and skin separation process.
Denitrification- the microbial process in which nitrates and nitrites are reduced or removed from
soil, water, or air by their conversion into nitrogenous gases. This process is environmentally
significant, as


in the treatment of wastewater, which depends on denitrification to eliminate toxic levels of
nitrogen, making the water safe for plants and animals.



It has a negative effect in removing valuable nitrogen fertiliser from the soil and releasing
the GHG N2O and the pollutant NO.

ELISA -enzyme-linked immunosorbent assay- is a plate-based assay technique designed for detecting
and quantifying proteins, significant in testing plant material.
Eutrophication - is the process by which a body of water becomes overly enriched
with minerals and nutrients which induce excessive growth of algae. This process may result in
oxygen depletion of the water body after the bacterial degradation of the algae. Eutrophication is
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often induced by the discharge of nitrate or phosphate-containing detergents or fertilisers, into an
aquatic system.
Fertigation - Fertigation is the application of dissolved fertilisers through an irrigation system to the
vineyard. Most commonly this is done through a drip irrigation system but it can also be done with
micro-sprinklers.
Flexitank- is a flexible bag that is fitted into a standard 6,25m container to export wine in bulk.
Monoculture - is the agricultural practice of growing a single crop or plant variety in a field or
farming system at a time. Monocultures of perennials, such as vineyards can lead to environmental
problems such as biodiversity depletion and the increase the risk of diseases or pest outbreaks.
PV: Photovoltaic – materials that generate electric power by converting energy from the sun.
Registered Product - an agrochemical formulation that is commercially available. Registration is the
legal permission for a particular agrochemical to be used according to the directions on the label.
Riparian area - is the interface between land and a river or stream. Plant habitats and communities
along the river margins and banks are called riparian vegetation.
WISE - the wine industry strategic exercise is an industry funded initiative. It drives key industry
goals of profitability, global competitiveness and sustainability.
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1. Introduction
South Africa's wine industry is an important contributor to the country's GDP and the second-largest
exporter of agricultural products. Besides providing direct and indirect employment to an estimated
290,000 people (WOSA, 2020), the industry has grown in value to top R16.4 billion in domestic sales
and R9.1 billion in exports in 2018 (SAWIS, 2020).
Despite the industry's gain in value over the past ten years, the number of wine producers has
declined by 34%, from 3 839 to 3 027 in 2018 (SAWIS, 2020). To keep up with demand, a more
concentrated industry will likely further intensify farming and production optimisation practices. As
an industry that depends on the natural environment for its existence, its commitment to
environmentally sustainable practices is essential to curb the depletion of resources and pollution.
The industry is also under increasing pressure from regulators and consumers to measure, report,
and improve its environmental performance.
Sustainability is a far-reaching topic with multiple stakeholders in the wine value chain, including
industry bodies, regulators, viticulturists (winegrowers), viniculturists (wine producers), packaging
suppliers, and distribution channels. This research focuses on the areas that wine growers and
producers can control and influence to advance the industry's sustainability. It investigates current
practices in the vineyard and cellar and the tools and support at their disposal.
The most significant threats to the environment in the context of the wine industry are group under
biodiversity, pollution, and climate change. Monoculture farming practices required to produce wine
break down essential ecosystem services and biodiversity loss in the vineyard. Without the support
of these services, the ecosystem is less resilient to changes in the environment and requires
pollutants like pesticides and fertilisers to yield the desired results. In the cellar, the use of grid
electricity and glass packaging are the most significant contributors to the wine industry's carbon
footprint. Mitigating the industry's impact on the environment and vulnerability to climate change
requires innovation in carbon emissions and land, plant material, water, and fertiliser management.
Improved sustainability will lead to better quality grapes, lower input costs, and, if marketed well,
improved consumer perceptions (Smyth and Russell 2009). Studies have proven that consumers are
willing to pay a premium for sustainable wines (Sellers-Rubio and Nicolau, 2016) and biodiversity
conservation (Mazzocchi,Ruggeri and Corsi, 2019).
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The research points to several opportunities for wine producers to pursue more sustainable
practices, particularly in the areas of data capture and analysis to deploy more targeted applications
of fertilisers, pest management methods, and water and benchmark water and electricity usage
across the farm. Encouraging advances in packaging also open the door for producers to deviate
from traditional glass bottles and cut carbon emissions.
Structured across two phases, the research firstly identifies and groups concerns through a literature
study and interviews with industry experts. Secondly, it investigates existing industry responses to
gauge the real situation on the ground and identify opportunities.
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2. Research Methodology
The aim of the research is to explore and describe environmental sustainability concerns, and
explore current approaches within the South African wine industry.

2.1 Problem statement
Environmental sustainability is a broad topic with a host of different interpretations and definitions.
Within the wine value chain each producer and stakeholder has different challenges and priorities:


Viticulture is a complex field reliant on the ever changing natural environment; each
vineyard site has its own unique combination of soil and microclimate



Vinicultural practices vary greatly due to scale and differing wine goals



Packaging types and transport mode have a big effect on the total environmental impact

The research attempts to hone in on what producers feel they can control and influence. Without
clearly defined goals and plans, broad topics become immeasurable. Thus, by identifying the
concerns and simplifying the options available to improve the impact, growers and producers will be
in a better position to set clear targets and measure results.
The goal of part one of the research:


to identify and group the biggest environmental concerns



study the available support to address the environmental concern.

2.2 Research Approach
2.2.1 Exploratory contextual research
Part one of this research adopted an Exploratory Contextual approach.
Burns and Groove (2001:374) clarified exploratory research as that used to construct and define
central concepts when dealing with a broad subject that is amorphous. The study tries to identify the
key environmental concerns during wine production.
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As the word implies, contextual research examines the findings within the time, space and value
circumstances in which the study is conducted – as espoused by Gall, Gall and Borg (2007). In this
regard, the focus is on the current South African wine industry.
Personal interviews with 13 local wine industry experts and internet research formed the basis of
environmental sustainability exploratory research. Table one on page 16 summarises the person
interviewed and the focus areas. The exploratory research was undertaken between September
2019 and April 2020.
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Person Interviewed

Topic

Anel Blignaut

Carbon Foot printing SA model, best methods to measure entire

Natural Scientist and project manager for

value chain.

the CCC initiative
Jaco Engelbrecht

Environmental concerns, Latest innovation in viticulture.

Independent Viticulturist, GIS specialist
Isabel Habets

Vineyard sustainability measures in practice in South Africa.

Distell Viticulturist
Hendrik Heyl

Innovation in soil preparation and new products.

SALG Lime and gypsum suppliers
Lucinda Heyns

Current Winetech products focussing on environmental concerns.

Winetech Innovation in Cellars and
vineyards
Kathleen Hoogenhout

South African packaging market share, key trends and innovation.

Distell procurement category manager
Anlia Kok

Packaging innovation, Carbon emissions, Environmental impact

Amcor Packaging

measurement.

Alistair Oates

Vineyard establishment, greener alternatives.

Viticulturist
Anton Reinke from

Vineyard establishment, greener alternatives, vineyard electricity

Reinke Precision Irrigation

management options.

Pierre- Andre Rabie and

Vineyard environmental sustainability concerns, available

Yolandi van der Merwe

innovation and technology.

Vinpro Agricultural Economist
Jacques Rossouw

Environmental sustainability concerns and waste water treatment

Distell environmental manager

processes.

Daniel Schietekat

Environmental sustainability concerns and IPW objectives.

IPW manager
Charl Theron

Environmental sustainability concerns in cellars and biggest

CEO of the Cape Vintners, member of the

opportunities to reduce harmful impact.

Wine and Spirit Board. Former lecturer in
Oenology, Stellenbosch University.

Table 1: List of Industry Experts Interviewed
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2.2.2 Descriptive research
Part two of this paper adopted a descriptive research approach.
Descriptive research involves direct exploration, analysis and description of the particular
phenomena (Gall, Gall and Borg, 2007). These sorts of studies are used to document the real
situation. Data was gathered during semi structured interviews with participants and followed by a
questionnaire. Data was collected qualitatively, but was analysed quantitatively, using percentages
to determine relationships.
Between April 2020 and August 2020


14 Interviews with growers and producers



IPW audit results of 22 farms and 12 cellars and 4 Carbon Calculator datasets (reports) were
studied. These reports include constructive recommendations. (It’s important to note that
consent to study the reports was given by the respective producers.)

The goal of part two of the research was to understand the current responses to environmental
sustainability concerns.
Part two will follow after the literature and industry research.
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3. Literature Review
3.1 Defining sustainability
The seminal definition of sustainability is ‘meeting the needs of the present without compromising
the ability of the future generation to meet their own needs’ (Robinson, 2015). Needs are defined as
environmental, social and economic requirements.
Sustainability in the wine industry
The continued existence of the wine industry rests critically on sustainability. Christ and Burritt
(2013), Von Loeper et al.(2019), and Kucharik et al. (2000) highlight the changes in our natural world
that pose a hazard to environmental sustainability. Specific threats can be grouped under 1)
BIODIVERSITY, 2) POLLUTION, and 3) CLIMATE CHANGE. Over the course of this literature review,
each of these sections will be examined in order to gauge its significance in the wine industry, along
with recent developments in the sphere.

3.2 Biodiversity
3.2.1 The depletion of biodiversity
The interaction of both plant and animal communities with each other and their non-living
environment – including rainfall, temperature, wind, and soil nutrients – all characterize and define
the vineyard ecosystem (Robinson, 2015). Essential ecosystem services play a critical role in
regulating erosion and soil carbon content, carbon sequestration, water retention, and biological
control against pests and weeds (Halleen and Holz, 2001). The risk of pathogen transmission, pest
outbreaks and ability to cope with variations in climate are lessened by an ecosystem which is both
healthy and resilient. But manual alterations to this vineyard ecosystem lead to biodiversity loss and
that in turn hampers or limits its ability to either absorb or adapt to changes in the environment.
Large scale deforestation, intensively managed monoculture farming typically involving high
landscape simplification or vineyard establishment (EOS, 2020) and soil tillage operations (Nicholls et
al. 2008) are a few of the main factors responsible for biodiversity depletion. The damaging effects
of invasive alien plants and pollution of soil and water bodies (Goodall, 2014) also play a significant
role.
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The nett result of this ecosystem disruption is a potential increase in reliance on external inputs,
many which involve agrochemicals like pesticides and fertilisers (Hasler, 2017). While these inputs
are useful in inflicting short-term toxic effects on directly-exposed organisms, the long-term impact
can include changes to the habitat and food chain (Heyns, 2006). As documented by Halleen and
Holz (2001), these sorts of external inputs are detrimental to biological diversity.
Viers et al. (2013) proposed that vinecology – the integration of ecological and viticultural practices –
can produce mutually beneficial solutions for wine production and nature conservation: a win-win
scenario. The goal is a diverse landscape yielding sustainable economic benefits, combining species
and habitat protection as well as long-term provision of a full range of ecosystem services.

3.2.2 Boosting biodiversity in the vineyard landscape
A technique to enhance biodiversity in the vineyard and the development of improved sustainability
is an increasing focus of the viticulture industry (Paiola et al. 2020). The prominence in recent years
of sustainability certifications giving growers guidelines to follow is illustrated by those from
Sustainable Winegrowing New Zealand (SWNZ), South Africa’s Integrated Production of Wine (IPW),
and the World Wide Fund for Nature (WWF). Other available recommendations based on viticultural
integrated control strategies include IOBC (Europe), entWINE (Australia), and Greening Waipara
(New Zealand). The goal remains to trim down the use of external inputs like agrochemicals and
maximise essential ecosystem services.
Terms like agro-ecology, ecological engineering, and green infrastructure describe opportunities for
viticulturists to amplify or improve biodiversity and reduce the impacts of monoculture farming.
Major focus areas include improvements to the availability of quality water, advancing biocontrol
within vineyards, not just conserving natural areas but improving or benefiting them, scaling down
the use of agrochemicals and making soil quality better. The latter two focus areas will be further
discussed in section 3.3 under Pollution.

3.2.2.1

Water quality and availability

The quality and availability of water can be enhanced by eradicating invasive alien plants. Chamier et
al. (2012) states that these aliens increase evaporation rates while also reducing stream flow and
dilution capacity. Their biomass inputs, especially nitrogen fixers such as Acacia spp., alter nutrient
cycles and can raise nutrient concentrations in groundwater. An additional problem is that these
aliens are also a fire risk. More intense fires are known to play a role in further or accelerated soil
erosion and thus decrease water quality.
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Manual and mechanical eradication entails the physical felling and removal of alien species whereas
environmentally safe herbicides fall under chemical control. (Zimmermann et al. 2004) Biocontrol
involves the introduction of species-specific insects and diseases from the alien plant’s home or
country of origin. To date, South Africa has seen 76 biocontrol species released to combat 40 weed
species. An integrated control approach typically involves a combination of all three methods in
order to effectively manage these alien invaders (IPW, 2020).

3.2.2.2

Biocontrol and conservation

SNAP is a pithy acronym (Zalom, 2019) that captures the requirements for beneficial insects in
vineyards. These good insects are at the forefront of the battle against pests or bad insects. SNAP
stands for shelter, nectar, alternative food and pollen – the four key prerequisites to both attract
and retain these vineyard warriors. The distance from their shelter to the vineyard is also significant
to ensure the success of this sort of insect control approach (Zimmermann et al. 2004). Monoculture
farming, soil between vine rows either left bare or sown with non-flowering cover crops means that
the SNAP requirements are either low or absent (Zehetner et al. 2015). Commonly found in
vineyards, grasses are typically wind-pollinated and unable to produce nectar if left to flower.
However, the recent inclusion of Phacelia, Buckwheat, and Alyssum in cover crops have been shown
to improve the supply of nectar (Zaller et al. 2015). Furthermore, the adoption of wind breaks,
hedges, nature conservation corridors and other methods to create the right conditions for these
good insects is on the rise. Heterogeneity in the vineyard can be boosted by alternating cover crops
and including different plant species in hedges and natural corridors to augment the system’s
resilience (Paiola et al. 2020).

3.2.2.3


Beneficial insects in the vineyard

Wasps feed on slugs, codling moth larvae, thrips, stink bugs, weevils, grubs, caterpillars, and
scale insects.



Spiders and predatory shield bugs are effective against all target pests.



Beetles are effective against mealy bugs.



Centipedes not only feed on caterpillars and slugs, but also help break down compost.



Hoverflies prey on scale insects, mealy bugs, and mites. Their larvae also eat aphids,
caterpillars, and slugs.
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Lacewings feed on aphids.



Ladybirds prey on aphids, thrips, and the larvae of many leaf-eating insects.

3.3 Pollution
Visible signs of pollution – smoggy layers of brown air, rusted cans, plastic bottles and discarded
cigarette butts – are a common facet of modern life. Within the sphere of wine and grape
production pollution takes the form of soil and water degradation from agrochemicals in farming
and winery waste as well.

3.3.1 Winery waste
Aivazidou and Tsolakis (2019) state that water is fundamental to wine production and its processes.
Large volumes of low quality wastewater are a by-product of grape processing during the harvest
season. International research into this particular field has documented that it varies from winery to
winery – and can run to between two and 14-litres of waste water for every litre of wine produced.
(APHA, 2006; Musee, 2004)
The organic load in this winery waste water is high – containing a lot of potassium (K+), and sodium
(Na+) (Bonamente et al. 2015). The primary quality parameters in water are chemical oxygen
demand (COD), electrical conductivity (EC), sodium adsorption ratio (SAR), and acidity (pH). Left
untreated, waste water can be harmful to both water sources and soil (Christ and Burritt, 2013).
Released or disposed of in natural systems it can boost salinity levels as well as nutrient levels while
depleting oxygen saturation; a process known as eutrophication. This would apply equally to rivers,
groundwater and wetlands (Van Schoor, 2005). Profitt and Campbell-Clause (2012) found that waste
water can also lead to soil waterlogging and anaerobiosis, loss of soil structure through soil sodicity,
salinity, contamination with a wide range of chemicals, and consequently be more susceptible to
erosion. One obvious manifestation of solid waste presence in such waste water is in the smell or
stench. A consequence of both soil and water contamination through seepage is the potential
inhibition of vegetative performance. (Van Schoor, 2005).

3.3.1.1

Treating winery waste

Pollution in both the winery and on the farm can be reduced by means of an effective waste
treatment infrastructure. There’s a proverb which holds that one man’s rubbish is another man’s
treasure. And this is true for wine producers too. Solid winery waste can be up cycled and sold to
other companies. Once treated, winery waste water has the potential of being used for irrigation.
(Maicas, 2020; Conradie, 2000).

21

3.3.1.2

Solid waste

Solid waste consists of grape waste (stems, pips and skins), lees and filter rests (Howell and Myburg,
2017). There are well established protocols for solid waste treatments in regions like Australia, New
Zealand, California and Europe (APHA, 2006). Similarly, in South Africa, the IPW guidelines are clear
and specific. According to IPW tenets, solid waste storage and treatment protocols address the risks
associated with organic acids leaching. It also advocates a closed loop system to minimise waste.
One example would be that items such as bentonite, lees, and synthetic tartaric acid, as well as
filtration material like diatomaceous earth, should be made available for the recovery of alcohol or
tartaric acid (IPW, 2020).

3.3.1.3

Water waste

Typically, wineries create large volumes of waste water because of the production process and
subsequent cleaning since hygiene is essential. Biological oxygen demand (BOD) is a measure or
index of the amount of organic pollution contained in waste water. Naturally, this is high due to the
quantity of organic material and salts lost during the hosing down of picking crates, tanks and floors
during harvest and production. (Bonamente et al. 2015) Using more environmentally-friendly
cleaning products can have significant – and immediate – effects on the potential for recycling.
Opting to use potassium hydroxide (KOH) instead of sodium hydroxide (NaOH) and phosphoric acid
(H3PO4) rather than citric acid (C6H8O7) renders the waste water suitable for irrigation or re-use for
other purposes (Howell and Myburg, 2017).
In South Africa, the National Water Act of 1998 (Act 36 of 1998) stipulates that all waste water must
be treated and discharged into a water resource to sustain the environment or be available to a
potential downstream user. The reduction of BOD and increase in pH are prerequisites. (Mulidzi,
2008). One effective treatment option is a constructed wetland, comprising shallow pits planted
with suitable water plants that remove both nitrogen and phosphates as the waste water flows
through this system. Other bacteria and algae further assist with additional purification so the water
can be used for irrigation. Biological water treatment options include aerobic and anaerobic
methods (Musee, 2004; Heyns, 2006).
As the word aerobic implies, oxygen is introduced to the water mass – either by spraying it into the
atmosphere or by rotating or stirring it. Construction costs are low but operation can be expensive
because of the high energy demand of constant pumping. However, monitoring the dissolved
oxygen level in the liquid through chemical oxygen demand (COD) sensors can prevent unnecessary
pumping and ultimately save energy (Bonamente, 2015; Bouwer, 2018).
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Anaerobic waste management is a more expensive option since it operates in the absence of oxygen,
and can incorporate lighting as part of the technology. One potential benefit lies in the recovery of
the biogas released which can be used as an alternative energy source.

3.3.2 Pesticides and fertilisers
The simplicity and specialisation which led to better efficiencies is one of the reasons that
monoculture farming found favour and became popular with grape growers and wine producers
(Santos, 2020). But its increased application has added to the loss of diversity in the vineyard
ecosystem as well as dependence on external, mostly oil-based, agrochemicals.
Sud (2020) states that the development of synthetic pest control chemicals during World War II, in
combination with improvements in delivery methods, has dramatically increased pesticide use since
the mid-1960s.
Wine farming often involves an intensive and incorrect use of pesticides and fertilisers. Chemicals
can transfer to surface water by runoff, drift or spraying, also through erosion and contaminate
groundwater by leaching through the soil profile (Shaxon et al. 2014). Furthermore, pesticide residue
retained in soil can hinder short-term access to water while also poisoning non-target organisms.
Serious health risks associated with exposure to certain pesticides not only affect employees and
neighbouring communities, but also end users (Nel et al. 1999).

3.3.2.1

Defining pesticides

A pesticide is any substance or mixture of substances intended for preventing, destroying, repelling
or mitigating any pest. And pests could take the form of insects, rodents, animals, unwanted plants
or weeds, fungi, or microorganisms like bacteria and viruses. It’s a common misconception that
pesticides refers only to insecticides; but in actual fact, the term also applies to herbicides,
fungicides and various other substances used to control pests. It also includes natural products such
as copper (Sud, 2020). There are three major groups of pesticides important in viticulture:
herbicides, fungicides, and insecticides (Nel et al. 1999).
IPW’s IP coding list publishes the potential impact or risk of chemicals on the environment. As part of
its auditing process, participating producers are required to report on the both the type and amount
of chemicals applied. The IP coding refers to the grading of all pesticides registered for wine grape
cultivation. Four categories of toxicity include low risk or IP-1, medium risk or IP-2, medium to high
risk or IP-4, and high risk or IP-8. The higher the risk, the more strict the application guidelines.
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The next section deals with the main pesticides in terms of purpose, application rate, toxicity or IP
coding, and associated environmental concerns.

3.3.2.2

Herbicides

Herbicides are used to control unwanted weeds. They reduce competition for water and nutrients as
well as limiting the development of habitats for vineyard pests and diseases. In terms of application
and total use, herbicides are the most important group of pesticides (Santos et al. 2020) and the
most regularly applied chemical in vineyards. Toxicity is relatively low and application typically only
occurs on the berms or ground directly under the vine.
The biggest risks associated with herbicide usage are weed resistance and higher dosage
requirements. It also results in the loss of organic matter which impacts the soil’s ability to regulate
temperature. If applied to working rows, it can cause soil erosion and the loss of water infiltration.
All of which influences the soil health and water use efficiency. (Heyns, 2006; Santos et al. 2020).
Compared to other pesticides, herbicides receive the most amount of negative media attention.
Frequently flagged for concern are glyphosate and its potential link to cancer (Trivellone et al. 2014)
and the ongoing resistance and higher dosage requirements of certain types of weeds (Heyns, 2006;
Santos, 2020). The best known glyphosate resistant weed is ryegrass which occurs in Australia and
South Africa (Fourie et al. 2015). Ryegrass can consume up to 40 litres of water a day, impacting
water stressed vines. Its allelopathic properties can also be detrimental to young vines (Smith et al.
2008). Herbicide resistance has been largely induced by the exclusive use of the same non-selective
variants for an extended period (Santos et al. 2020). In South Africa, paraquat and glyphosate have
been on the market for around 60 and 40 years, respectively. These products form the basis of nonselective weed control in perennial crops (IPW, 2020). When glyphosate came on the market in the
mid-1970s, it largely displaced paraquat due to its lower toxicity, lower volume requirements and
wider spectrum of weed coverage – both annuals and perennials (Heyns, 2006). Round-up™ is the
brand name of a systemic, broad-spectrum glyphosate-based herbicide originally produced by
Monsanto, acquired by Bayer in 2018.
Misguided interpretations or wrong information published by the media can raise unnecessary
environmental concerns and force producers to use alternatives with more adverse effects on the
environment (Sachs et al. 2019). Compared to cooler European areas, the higher soil temperatures
and UV light levels in South Africa are more effective at breaking down the active ingredients in most
herbicides. A current example is the ongoing concerns about the use of triazine and atrazine
herbicides in South Africa. Triazine is registered for the pre- and post-emergent control of broadleaf
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and grassy weeds. The group’s active ingredients, including atrazine, simazine and terbuthylazine,
are banned in Europe (Schietekat, 2020) due to fears of water contamination. The latter two
chemicals are however still approved for use in South Africa due to the country’s hotter climate and
the subsequent faster compound break down and subsequent lower risk of water contamination
(IPW, 2020).
These regional variations are a consideration when conducting an analysis of approved substances
for South Africa.

3.3.2.3

Fungicides

Fungicides are used to control fungal diseases. Some compounds also act as general biocides against
fungi and bacteria (Santos et al. 2020). Because fungal diseases typically require more regular
application of fungicides or persistent compound ingredient behaviour (Heyns, 2015), this is the
second most important class of pesticide in viticulture. It is by far the most significant method of
chemical pest control.
In France, fungicides can account for more than 90% of all pesticide applications (Baldi, 2012).
Predictions are that its use will increase due to rising fungal resistance – and invasive fungal species
– as a result of changes in climate (Conradie, 2000; CCC, 2019). Many French vine growers start
application early in spring and repeat spraying around two to three times per month throughout the
growing season. While this strategy curbs damage, it fuels carbon emissions and includes on average
7.9 annual treatments per vineyard (Balafoutis et al. 2012).
Toxicity is mixed. To humans, fungicides are considered low threat. Not so for aquatic ecosystems,
however (Santos, 2020). This includes a wide range of non-target aquatic organisms that act on basic
biological processes such as energy production that are not specific to fungi (Heyns, 2015). The
environmental fate and effects of fungicides have received far less attention compared to
insecticides and herbicides (Fageria, 2016).
The three most common fungus threats are downy mildew, powdery mildew, and botrytis
(Robinson, 2015). Fungicide spray programmes in South Africa are commonly applied to control
mainly powdery mildew and botrytis (Heyns, 2015).


Caused by the oomycete Plasmopara viticola, downy mildew is a worldwide grapevine
disease (Baldi, 2012) that occurs after rainy weather and during humid conditions. Left
untreated, downy mildew attacks can reduce grape quality and result in major yield losses.
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Attacks are infrequent in South Africa but widely feared due to its potentially severe
financial impact (Halleen and Holz, 2001).


Caused by the fungus Uncinula necator, powdery mildew, also known as oidium, has
emerged as the most important vine disease since it can bring about crop loss, reduced vine
growth and compromised fruit and wine quality. The disease varies in severity between
seasons and growers typically apply between five and seven fungicide sprays to control it
(IPW, 2020). Wineries in South Africa specify that fruit may not contain more than 5%
powdery mildew infected berries (Halleen and Holz, 2001). Increased acid concentration and
off-flavours produced by the fungus can lead ultimately to poorer wine quality (Kucharik et
al. 2000).



Caused by the fungus botrytis cinerea, botrytis bunch rot survives in the mummified tissue
of infected berries left on the vine. Bunch rot spreads when infected berries crack and
spores are released. It leads to a significant decrease in juice volume or yield and wine
quality. Wines made from infected grapes are characterised by off-flavours, sensitivity to
oxidation, and bacterial contamination, making them unsuitable for aging (Van Zyl, 2010).

3.3.2.4

Insecticides

While the overall use rate of insecticides is relatively low when compared to herbicides and
fungicides, toxicity is particularly high. Insecticides are harmful to aquatic ecosystems, including
community structure, reproduction and developmental processes of several amphibians and fish
(Santos et al. 2015). Consequently, many are regarded as priority pollutants among chemicals
entering aquatic systems. Their water solubility is relatively low and enters surface waters mainly via
erosion and runoff or via spray drift.
Of particular economic importance to grape producers in the Mediterranean region, South Africa
and Argentina, Walton (2003) states, is mealy bugs or Planococcusficus (P.ficus) and its associated
spread of leafroll virus. Since it inhibits photosynthesis, the leafroll virus impact is felt in reduced
fruit production, lower or insufficient sugar levels, above average acidity and retarded ripening.
Affected vines are also less drought resistant and susceptible to corky bark and Shiraz disease.
Mealy bug control has raised fears because of ineffective chemical applications. Choice of registered
chemicals is limited because of the development of genetic resistance. Compounding this is a lack of
optimal application rates and intervals. Furthermore, mealy bug colonies are protected by wax
threads – and populations usually occur beneath the bark and in crevices on the main stem and
roots, making it particularly difficult to target accurately (Nel et al. 1999).
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If dosage and the acceptable or advised intervals between application and picking are not adhered
to, harvested grapes may contain unacceptable levels of pesticide residues (Ongley, 1996).

3.3.2.5

Fertilisers

Fertilisers are important and necessary for productive agriculture to overcome nutrient deficiencies
in soil (Monzelle and Thach 2014; Robinson 2015). However, the high levels of greenhouse gas (GHG)
emissions observed during the production and application (Tilman et al. 2002; Petti, 2015) impact
the environment adversely. It’s problematic if the nutrients applied in fertilisers or manures are lost
from the soil to either water or the air. Nitrogen (N), for example, can leach nitrate into water or be
released into the air through denitrification as nitrogen oxides or volatilisation of ammonia (Nkoa,
2014).
Fertiliser sources can be mineral-based or from animal or plant waste. Hasler (2017) investigated the
effects of mineral fertilisers on climate change and listed the environmental impacts as follows:


High GHG emissions, mainly carbon dioxide or CO2, are largely attributed to the use of fossil
fuels in the production of ammonia.



High Fossil fuel use involves the required oil equivalents within the production and supply
chain.



Eutrophication can happen during excessive routine use of fertiliser, or wrong application
period or conditions. Conditions inhibiting fertiliser uptake are cooler climates, high
humidity, and compacted soils (Nkoa, 2014).



Natural resource depletion encompasses the use of minerals, such as phosphate rock and
potash salts.

The three major elements most often applied when fertilising are NPK – or nitrogen, phosphate and
potassium:
Nitrogen (N) (LEAF): Nitrogen is fundamental for protein synthesis and photosynthesis. Vines low in
nitrogen generally display low vigour and poor production. Further down the line, insufficient
nitrogen can create stuck fermentation in the winery, leading to longer production times and
increased energy usage with consequent higher GHG emissions (Iland, Proffitt and Tyerman, 2011).
Nitrogen can be applied as a fertiliser in three forms, including ammonium, urea, and nitrate. The
latter is more readily-absorbed by the vine roots. Nitrogen-based fertilisers are seen as the thirdbiggest carbon emission hotspot in vineyards (CCC, 2018). Both organic and inorganic nitrogen forms
are criticised for high carbon emissions (Conradie, 2000).
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Phosphate (P) (ROOT): Phosphate is involved in the transfer of energy and vine metabolism. Sub-soil
Phosphate levels need to be corrected during soil preparation when the vineyard is being
established. So it needs to be done with caution to prevent undue build-up in the soil (Goodall,
2014). Phosphate has the potential to induce eutrophication in surface waters and may become
prone to transport via surface runoff and subsurface leaching.
Potassium (K) (FRUIT): Potassium facilitates the regulation of water movement within the vine.
Losses of potassium to water are not of environmental concern. Potassium is also not lost to the air
from soil (Nkoa, 2014).

3.3.2.6

Organic fertilisers

Organic fertilisers are natural products like slow-release chicken manure pellets, mulch and
compost. Soil micro-organisms break down the organic material to make its nutrients available to
the vine. While growing in popularity as another soil amendment to improve soil structure, boost
water retention and stimulating vital microbial activity (Vinpro, 2020), relying solely on organic
fertilisers is not viable. In contrast to inorganic alternatives, organic fertilisers contain low and
inconsistent nutrient levels and require unrealistically large amounts to achieve equivalent results.
Imbalanced nutrient supply can also lead to crops suffering deficiencies and toxicities. What’s more,
applying volumes of organic fertilisers simultaneously might accelerate a sudden and significant
release of nitrous oxide (N2O) and high carbon emissions.
Potentially, a combination of organic fertilisers used with inorganics could decrease the danger of
over-fertilisation, erosion and soil crusting caused by rain and wind (Gunnion, 2018; Herath et al.
2013; Heyns, 2006).

3.3.2.7

Reducing Pesticides

There’s an incentive for exploring alternative strategies and reducing the environmental pesticide
load because of the challenges of controlling pests with conventional pesticides, the global backlash
against its use – and evidence of pesticide resistance. (Heyns 2006; IPPC 2006)
Today, research and innovation in sustainable pest management focuses on an integrated approach,
including year-round planning, programme revision and ongoing research of emerging management
tools (Lozano, 2013). Developed in Europe during the 1970s, integrated pest management (IPM)
aims to replace the wasteful, regular calendar-based chemical sprays in favour of a site-specific
strategy in the most cost-effective, environmentally sound and socially acceptable manner (Food
and Agriculture Organization, 2012). While considered part of sustainable viticulture, IPM differs
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from organic pest management because of its tolerance for commercial pesticides and fertilisers
(Fourie, 2015; Rossouw, 2020). It’s a flexible system utilising the latest research, technology,
knowledge and experience. Part of the IPW guidelines, IPM’s six basic concepts act as practical
guidelines to prevent, monitor and intervene during pest management.


Acceptable pest levels. Emphasis is placed on control, not eradication. The system works to
establish pest- and site specific action thresholds for application. Allowing a pest population
to survive at a reasonable threshold reduces selection pressure and inhibits resistance.
Alternating controls also helps prevent pest populations developing resistance (Mocke,
2017).



Preventative cultural practices. Selecting varieties best for local growing conditions and
maintaining healthy crops is the first line of defence (Mollah and MacGregor, 2002). When
planting a new vineyard, IPM recommends using certified clean material and ensuring there
are no traces of leafroll in the soil. Guidelines dictate canopy management and fertilising
programmes limiting dense clusters and excessive shading to reduce humidity and prevent
powdery mildew. Other good practices include regularly cleaning pruning shears to prevent
infection spread, rotating cover crops to attract beneficial insects and incorporating natural
corridors between vineyards. The simple practice of placing mulches under vines has been
proven to intervene in the life-cycle and spore production of Botrytis bunch rot, reducing
incidence to below the economic spray threshold (Robinson, 2015). Finally, expert pruning is
vital to ensure the correct period and the application of Thricoderma on fresh pruning
wounds (Matese and Gennaro, 2015).



Monitoring. It cannot be stated strongly enough that regular observation is critical. The
physical development of insects is dependent on area temperatures. Many insects’
development cycles are modelled in terms of degree days and determine the optimal time
for an outbreak. Plant pathogens follow similar patterns in response to weather patterns
(Kanianska, 2016). More advanced methods of pest monitoring include alerts issued by
regional monitoring stations to warn of imminent pest pressure and threats. The technology
is designed to incorporate weather forecasts and vineyard pest monitors (OIV, 2018).



Mechanical controls. When acceptable pest levels or action thresholds are crossed,
mechanical controls include simple barriers around individual vine stems, pheromone traps
and shallow tillage to disrupt breeding. Vines showing leafroll symptoms are physically
removed.

29



Biological controls. Natural biological processes and materials can be effective at providing
control. The SNAP approach can lure beneficial insects to prey on target pests.



Responsible use. Synthetic pesticides must be applied as and when required and
applications must reach their intended targets. Low-volume spray equipment is useful to
reduce overall pesticide use. Well managed programmes incorporating alternate sprays and
appropriate withholding periods can prevent the development of resistance to chemical
sprays among pests (Musee, 2004).

In the present agricultural landscape, managers will likely rely on a combination of monitoring,
biological, chemical, and cultural management tactics (Nicholls et al. 2008).

3.4 Climate change
This is a global phenomenon characterised by modifications or variations in climate patterns in terms
of temperature, rainfall and wind as a result of human activity. Disturbances in the earth’s weather
is threatening the sustainability of the planet’s ecosystems (Monzelle and Thach, 2014; IPCC, 2006).

3.4.1 The wine industry’s carbon footprint
Greenhouse gases (GHG) cause climate change by trapping heat in the earth’s atmosphere. Carbon
footprints are measured in tons of carbon dioxide (CO2) produced over the span of a year (CCC,
2020). In the context of the wine industry, the carbon footprint can be defined as the amount of
GHGs produced to support the entire wine production supply chain, both directly and indirectly
(Ashenfelter and Strochmann, 2016).
International carbon footprint guidelines and tools to measure the impact of different wine
production activities include the Intergovernmental Panel on Climate Change (IPCC), the guidelines
published by the Greenhouse Gas Protocol (GHG Protocol), and the ISO 14064 standards. South
Africa launched its own measuring tool and support system, the Confronting Climate Change (CCC)
Initiative, in 2011. A 2018 report identified carbon footprint hotspots at both farm and winery level
(Refer to figures 1 and 2 below). In the cellar or winery, the largest sources of CO2 emissions are grid
electricity and glass packaging or bottles (CCC, 2018).
Viticultural activities emit two main GHG’s: carbon dioxide (CO2) and nitrous oxide (N2O). CO2
emissions occur in a host of vineyard activities in which fossil fuels are burned: fuel use for tractors,
quad bikes and irrigation pumps; and soil management practices like tillage or mowing. (CCC, 2018;
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Pewclimate, 2020). While N2O emissions occur in lower volumes than CO2, it’s about 300 times more
effective at trapping heat. As depicted in figure 1 and 2 below, the use of nitrogen fertiliser, whether
synthetic or organic, is a significant source of NO2 production (Aslund, 2013).

Farm Carbon Emissions
6% 1%
22%

Electricity

43%

28%

Direct Fuel

Fertiliser
Agro Chemicals
Land Use Change

Figure 1: Farm Carbon Emissions (Source: CCC Benchmark Report, 2018)

Winery Carbon Emissions
5%

5% 2%

1%
Electricity
Glass

11%

Plastic
Processing Inputs

76%

Fuel
Waste

Figure 2: Winery Carbon Emissions (Source: CCC Benchmark Report, 2018)

3.4.2 Global climate change
Climate change is expected to have a significant impact on the wine industry worldwide. Wine
regions globally will continue to see the mercury in thermometers rise at varying rates. Warming will
be accelerated in areas with continental climates and higher latitudes. Rainfall patterns and annual
averages will differ greatly between regions and it’s predicted that extreme weather events will
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increase in both frequency and intensity or severity. Temperatures are expected to continue
climbing during growing seasons which will in turn force the fruit through its life cycle prematurely
and accelerate the onset of harvest. Characteristics like tannins and anthocyanins, the compounds
responsible for grape skin colour and astringency, will consequently not develop appropriately and
wine will most likely have higher alcohol levels and lower acidity (Climatetracker, 2020).

3.4.3 Climate change in the Western Cape
In the South African context, the CCC initiative has identified a number of direct and indirect
consequences of climate change in the Western Cape. The region has already felt the effect of
decreased water availability, one direct result. Others include altered seasonal temperatures and
climatic patterns, along with an increased prevalence of pests and diseases (FAO, 2005). Rising CO2
levels and higher temperatures will spur vine growth with a consequent increase in sugar
concentrations, decrease in acid concentrations (especially malic acid), lower anthocyanins and
methoxypyrazine levels, and thicker skin on the fruit (Jones, Reid and Vilks, 2012). A drop in the
diurnal temperature range will compromise freshness and the development of trademark flavours
and aromas, especially in warmer regions. Overall, an escalation in heat, drought, and light intensity
will affect phenolic metabolism and chemical composition. Finally, the resulting physical damage and
loss of productivity has the potential to cripple the wine industry (CCC, 2018).
Other indirect impacts include a hike in fuel and energy costs, as well as carbon tax policies, rising
insurance premiums and a decline in tourism because of frequent natural disasters. Combined with
growing market pressure, retail demands for transparency, traceability, and greener products are
also likely to be felt. (Daniels, 2020; CCC, 2018)

3.4.4 Reducing carbon emissions
The potential severity of the above-mentioned consequences highlights the need to be proactive in
order to mitigate the impacts of climate change on the wine industry. Land, plant material, water
and fertiliser management along with innovation and technology have to focus on not only reducing
carbon emissions, but also building resilience to rising temperatures and declining water availability
(Ashenfelter and Strochmann, 2016).
The biggest opportunities to reduce carbon emissions are based on the findings of various carbon
calculating tools. The South African CCC concurs with international data that packaging, distribution,
electricity and fertiliser reductions will have the most significant influence on reducing carbon
emissions (BFAP, 2018).
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3.4.5 Adapting to climate change
In warmer areas, mitigation initiatives centre on adapting to higher temperature and becoming
increasingly less reliant on water. The availability of accurate information to plan and a push for
sustained vine productivity are the overriding themes (Smith et al. 2008; WOSA, 2020).

3.4.5.1

Land management

Location
Regions at higher latitudes or inland are expected to warm faster than those in coastal zones
(Robinson, 2015). Higher altitude will improve diurnal variance, which can assist in the retention of
acidity in warmer areas. Growers might take these findings to heart by planting at higher sites,
establishing new regions with lower latitudes or expanding vineyards in coastal areas (Pewclimate,
2007).
Vineyard establishment
High carbon emissions associated with vineyard establishment is resulting in a move towards more
accurate planning and implementation (Nistor, 2018). In addition to a smaller carbon footprint, the
end goal is also sustained vine productivity. In South Africa, it has become increasingly challenging to
plant vineyards on virgin soil – which is defined by the IPW as any land that has not been worked for
more than 10 years. Before any farming can take place, a ploughing permit must be obtained from
the National Department of Agriculture. For this permit to be granted, producers must provide
assurance that the environmental impact has been considered and clear guidelines on how to
protect biodiversity and re-establish the disturbed environment are in place. More and more,
ecosystem considerations like natural corridors and retaining indigenous fauna and flora are gaining
traction.
Vineyard establishment is one of the most singular and critical periods for soil analysis and
rectification. Terrain mapping makes it possible to consider important future climatic factors,
factoring in drought tolerance and solar radiation. Practices to eradicate all traces of leafroll and
correctly match varieties to soil types are already well developed (Heyns, 2015; Aslund, 2013).
Soil preparation
Innovation in soil preparation and associated products allows producers to build resilience and
reduce carbon emissions (Medrano and Tomas, 2014; CCC, 2018; Fourie, Kruger and Malan 2015).
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Firstly, sufficient drainage is a key consideration during soil preparation. Improvements in the
durability of pipes and drains will reduce the need for replacement work and subsequent deep soil
disturbance during vineyard re-establishment.
Secondly, South African soil is characteristically acidic. The best way to ameliorate or rectify this
acidity is through the application of lime and/or gypsum. An effective soil neutraliser, lime improves
soil structure, water penetration and the absorption of essential plant nutrients. Gypsum (calcium
sulphate dehydrate) works to loosen heavy, clay soils by allowing air and water to penetrate. The
substance also eliminates surface crusting while the calcium is also essential for healthy plant
growth. According to Hendrik Heyl of SALG, over time, the range of products available to local
producers has improved both in terms of efficiency and refinement. Options include additional
hydroxide blends or blends incorporating root-protecting remedies.

3.4.5.2

Soil Management

In the past, soil management strategies focused on preventing competition and vine diseases which
had the potential to render soil unfertile and dependant or reliant on fertilisers. Today, the scope
has shifted to ‘building soil’ and soil health, including improving the structure and profusion of
microbial life and maintaining and improving organic carbon while cutting back on chemical
interventions (Robinson, 2015; IPW, 2020; Riedo, 2019).
Improving the organic carbon of soil
Soil ecosystems are extraordinarily diverse including thousands of species of bacteria, fungi and
insects that can be either harmful or beneficial to plants. A well-functioning soil ecosystem is better
equipped to turn organic matter into stable soil carbon (Sud, 2020). Carbon sequesters CO2 to
reduce GHG. It also promotes plant productivity by enhancing water-holding capacity. A mere 0.1%
increase in organic matter in soil sequesters an additional 8.9 tonnes of CO2 per hectare per year
(Smyth and Russell, 2009).
The breakdown of organic matter within soil is notably accelerated by aeration during mechanical
cultivation or soil tilling combined with high soil temperatures as a consequence of clean vineyard
cultivation without mulching and cover crops. “Keeping soils cool is the key to facilitate the slow
release of nutrients and the effective build-up of organic matter” (Kucharik et al. 2000).
Mulching
There are benefits associated with the use of organic mulch in vineyards. These could comprise crop
residues, bark, straw and grapevine prunings. The reported benefits of mulch applications in the
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vineyard include reduced water loss (Myburgh, 2013), decreased erosion and runoff, reduction in
topsoil temperature variation as well as increased soil porosity, moisture retention and aggregate
stability (Sales, 2015). Because of its biological nature, mulch is also likely to enhance the beneficial
fungi population. Depending on the texture of mulch, applications at depths of between 5 and 15 cm
can provide effective weed control by preventing growth. Soft mulches have been found to attract
beneficial mites, hoverflies and lacewings while hard wood mulches can attract centipedes and
ladybirds (Gril et al. 1989).
Cover crops
Considered the cornerstone of modern day soil protection and restoration, the use of cover crops
has grown in popularity in South African vineyards over the past 10 years (Walton, 2003; Zaller et al.
2015). Set between the rows or under the vines, this vegetal cover serves the vineyard in a variety of
ways. They are effective at preventing erosion during periods of heavy rainfall (Bugg, Waddington
1994), while during dry spells, the crops can be flattened or mulched to preserve moisture in the soil
(Fageria, 2016). Depending on the crop sown, it’s possible for these plants to also supply nitrogen
which is essential for microbiological activity as a result of better soil aeration. Not least of all, cover
crops keep the soil cool to preserve organic matter (Fourie, Louw and Agenbag, 2006).
As part of Vinpro’s Gen-Z Vineyard Project, 16 cover crop demo plots were established and
monitored throughout the Western Cape (Heyns, 2020). The results proved that cover crops not only
reduce irrigation, erosion and product run-off, but also improve soil structure and water
penetration. In addition to creating a habitat for bio-predators, cover crops have also demonstrated
weed growth suppression (Trivellone et al. 2014).
Types of cover crops and attributes
To date, legumes and grasses are the most common cover crops in use locally. There is also
increasing interest in brassicas and mixed-field blends to enhance the ecosystem and biodiversity of
specific sites and bolster the availability of pollen and nectar to improve SNAP for beneficial insects
(Zaller et al. 2015).


Legumes include vetch, lupins, faba beans, clover, and serradella. They bind nitrogen from
the atmosphere and conveys it to the vine via the soil.



Grasses include annual cereals like rye, barley, and saia oats. Grasses produce large amounts
of biomass, adding organic matter to the soil. It also inhibits weed germination and growth.
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Brassicas include sito white mustard and canola. The genus supresses weeds and improves
drought tolerance and soil penetration due to its deep root system. Its biofumigants inhibits
soil pests like root pathogens and nematodes.



Forage radishes are fast growing with a large tap root that can break through compacted
layers (Cloete, 2020) and facilitate deeper rooting for the next crop cover. It also improves
water infiltration and storage.



Phacelia is a fast-growing annual herb that shows a lot of promise despite its limited use to
date. It is an effective biological pest control that attracts hoverflies which eat large amounts
of aphids. It also absorbs excess nitrogen and calcium in soils (Fourie, 2015).

Soil type typically determines the most suitable combination of cover crops. Mixtures like cereal and
triticale or rye and vetch have been proven to fare well in most regions. For shale soils, vetch and rye
work well in combination. Poor soils like sand or schist will benefit from nitrogen-fixing legumes or
grasses. Fertile soils use grain mixes of triticale, rye, and oats (Fourie et al. 2015; Fageria, 2016).
Mechanical weed control
IPW guidelines stipulates that “mechanical weed control should be avoided and may only be done to
establish a cover crop or to control undesirable weeds that cannot be controlled chemically” (IPW,
2020). Cultivation destroys or buries weeds, disrupting their growth and preventing seed set. Most
forms of cultivation are very disruptive to soil structure and to soil organisms (Myburgh, 2013).
Mechanical cultivation can also spread seeds and rhizomes of noxious weeds, is energy-expensive
and increases the risk of soil compaction (Aslund, 2013).

3.4.5.3

Water management

A host of climate change models and observations suggest that projected warming is likely to lead to
a decline in rainfall and thus greater water stress (Pewclimate, 2007). Across the world, there is a
concerted drive towards improving vineyard water-use efficiency and reducing irrigation
requirements (IPCC, 2006; FIVS, 2015).
Improving the organic carbon of soil
As discussed under soil management, the organic carbon of soil enhances the water-holding
capacity. By reducing mechanical cultivation and by keeping the soil cool, effective build-up of
organic carbon can be achieved.
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Irrigation
According to SAWIS, 67% of the South African wine growers use irrigation. Irrigation allows growers
to manipulate and ameliorate drought and heat risks. The focus is on minimising run-off or
evaporation (Aslund; 2013). With an incidence of 66%, including an increase of 12% since 2009, drip
irrigation dominates as the preferred method in all regions (SAWIS, 2019).
Micro irrigation is only significant in the Breedekloof, Little Karoo, Worcester and Robertson areas.
Its current contribution stands at 22%, down from 32% in 2009. It is still preferred in valleys with
high fire risks (Oates, 2020).
Flood irrigation is only used in the Olifants River Valley and Northern Cape regions with a
contribution of 28% - yet even this has shown a downward trend, declining from 37% in 2009
(SAWIS, 2019).
Correct application period
Technology is every producer’s friend when it comes to on-going monitoring of soil and plant
moisture as well as weather patterns because it can inform accurate irrigation. The practice can also
mobilise automatic precision water management in the vineyard (Bouwer, 2018).
Water is required in different amounts during the various stages of the growing season. There are a
host of factors to be considered when irrigating effectively: climate, soil type, soil moisture and
water-holding capacity, root depth, the phenological stages of the grapevine, the desired or
anticipated crop load and the combination of grape variety or rootstock. Red grape varieties
generally bear more water stress than white varieties (Heyns, 2015). The key to understanding
irrigation and curbing water waste is following the annual growth cycle and tracking differences in
fluid requirements.
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Goldammer (2018); Iland et al. (2011) and Robinson (2015) group the main growth stages and
quantify the amount of water required as follows:
Growth stage

Water

Functional aspects

requirements
Budbreak to

9%

flowering

Critical for root growth, establishing the vine canopy,
and potential yield for the current and following
season.

Flowering to fruit set

6%

The most sensitive stage where severe and prolonged
water stress may result in poor flower-cluster
development and berry set.

Fruit set to veraison

36%

Insufficient canopy development during this time will
limit the photosynthetic capacity of the vine and may
restrict fruit development and quality.

Veraison to harvest

35%

Maintain canopy health and avoid vine stress.

Harvest to leaf fall

14%

Ensure that the vine is able to build up sufficient
carbohydrate reserves in the wood of the vines for
the subsequent season before going into dormancy.

Table 2: Growth Stage and Water Requirements (Source: Groenewald
extrapolated from Goldammer,2018; Iland et al. 2011 and Robinson, 2015)
If normal rainfall occurs during the preceding winter, the three most common irrigation periods are
when berries are pea sized (November), followed by veraison (January), and post harvest (March) in
vineyards with well-developed and deep root systems (Heyns, 2015).

3.4.5.4

Fertiliser management

Fertilisers play a vital role in vine productivity, yield and grape quality (Fourie, 2015). Concerns
around its negative environmental impact due to high GHG emissions are typically as a result of
excessive routine use or applying it at the wrong time. More specifically, nitrous oxide (N2O) is a
particularly powerful GHG that can be released in the vineyard when nitrogen fertiliser is added to
the soil. Winegrowers fertilise vines and cover crops in accordance with the vine growth cycle, soil
variability and water status. The best times for application are when the roots of the grapevine are
actively growing. This typically occurs four weeks after bud burst, after fruit set and immediately
post-harvest – depending on soil temperatures (Heyns, 2006). Conditions inhibiting the uptake of
fertiliser are cooler climates, high humidity, and compacted soils (Nkoa, 2014).
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Fertiliser application methods
Over the years, application moved from exclusively soil based to alternatives like fertigation via drip
irrigation. This reduced losses of nitrogen traditionally brought on by denitrification, volatilisation,
leaching, and run-off. It also cuts tractor use and saves on diesel.
Foliar application sprays facilitate fast micro nutrient uptake and many advances in chelates ensure
small dose effectivenes. Doronae (2019) argues that it is the prefered method to reduce reliance on
irrigation. Foliar nutrient sprays can correct deficiencies of micronutrients and build the vines
resilience to heat and drought (Faasen, 2020).
Cover crops
Clean vineyard cultivation without mulching or cover crops may hamper the efficiency of postharvest fertilisation. Without protection, unabsorbed nitrogen could potentially be lost through
leaching during periods of rain. Cover crops can prevent leaching (Conradie, 2000).
Data analysis
Nutrient requirements can be explored or scrutinised with vigour maps and soil and leaf analysis.
Soil investigation provides information about the physical, biological and chemical nature of the root
zone and the distribution of prior fertilisation but, unlike leaf-tissue analysis, lacks the ability to
quantify nutrients (Fourie, 2015). Leaf samples are typically collected in January and sent away for
examination so consultants can advise on specific requirements (Rossouw, 2020).

3.4.5.5

Electricity management

Decreasing electricity usage and dependence is potentially the most significant single impact on
carbon emissions (Greencape, 2017; Galitsky et al. 2005). The key to conserving energy is to reduce
the need for pumping in both the vineyard and cellars, along with cooling in the cellars (Blignaut,
2020; Balafoutis et al. 2017).
Pumping
As already stated, the number one carbon emission hotspot on farms is electricity usage. It’s been
quantified that red and white grape variety irrigation requires 1 160kWh and 1 500kWh respectively
(CCC, 2018). Pumping requires high energy (Brent, Sanetra and Silinga, 2014) and consumes the
most electricity. Nistor (2018) states that pumping for irrigation will play an increasingly important
role in moderating heat waves and drought.
Reducing energy demands of pumping
Changes or adjustments to the equipment and method of water delivery in the vineyard can realise
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major electricity savings. Smaller pumps, even floating pumps and shorter distances have been
proven to save energy (Reinke, 2020). Reducing bends in the design and utilising gravity and water
feeds can also show a marked improvement. Remote sensing and valve control help with
management and curbs both excessive electricity and water usage (Medrano and Tomas, 2014).
Variable speed drive pumps also use require less energy and are readily available in South Africa
(Reinke, 2020).
Cooling
The biggest carbon emission hotspot in the winery is also electricity, accounting for 165kWh and
180kWh for red and white wine production respectively (CCC, 2018). Cooling is the single biggest
energy user but it plays a vital role in wine making.
Cooling controls the rate of fermentation (Van Heerden, 2020) and must cooling limits phenolic
oxidation and premature fermentation. Juice clarification also take place at a lower temperature to
facilitate the settling of solids. Additionally, the ideal temperature range for wine storage is between
12-18°C to slow down oxidative browning and the volatilisation of aroma compounds.
An indepth Winetech electricity study split the energy usage in South African cellars as depicted in
figure 3.

Figure 3: Cellar Electricity Split (Winetech, 2014)
Reducing energy demands of cooling
Receiving grapes at the cellar when it is not excessively hot or warm has a natural knock on effect or
reduction in the amount of energy required for cooling. As a result, harvesting continues to shift to
the coolest possible parts of the day and night (Conradie, 2020).
Another big contributor of energy expenditure in the winery is cooling the juice for prolonged
periods to ensure optimal fermentation. Fermentation can last up to 20 days for white grape
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varieties and 10 days for reds. Research has, however, shown that the extreme low temperatures
initially believed to enhance flavour profiles are no longer required. The ideal temperature for the
fermentation of whites has changed from 12°C to between 14°C and 18°C and between 24°C and
30°C for reds (Deed, 2017; Van Heerden, 2019).
The big shift away from cold stabilisation in recent years is also saving both time and energy (Van Zyl,
2019). Carboxymethylcellulose (CMC) is still very popular but poses problems with filterability.
Potassium polyaspartate (KPA) is a potassium salt of a polyamino acid produced from L-aspartic acid,
a natural amino acid present in grapes. Approved and registered in South Africa since 2018, the
uptake of KPA overrides filterability challenges to ensure that cold stabilisation continues to decline.
Energy efficient pH/Ion machines for tartaric stabilisation in bulk cellars have also gained in
popularity over the past decade (Werth, 2020).
Finally, affordable wood ageing alternatives have been gaining traction since the late 1990s, saving
millions on vessel imports and long ageing times. Wine maturation in wooden barrels requires ongoing energy to ensure the maintenance of the ideal temperate and humidity. Wood alternatives do
not require long ageing periods and are ideal for everyday, easy-drinking wines, since it saves on
energy as wine does not need to be stored at a specific temperature over a long period of time
(Theron, 2020; Deed, 2017).

Other opportunities to reduce electricity consumption in the cellar:
Pressing technology
Decanter machines facilitate a continuous pressing process and a more efficient way of separating
skins from the grapes. Using this technology in lieu of pressing and clarification equipment results
not only in faster processing but also requires less energy (Maicas, 2020; Theron, 2020).
Settling white wines
The traditional method of cooling to 14°C and settling white wine with gravity is not only time
consuming but electricity intensive. Today, most wineries instead opt to add a pectolitic enzyme and
use flotation to settle and clarify juice. Adding a gas to float impurities to the top saves time, tank
space and energy (Doroneau, 2017; Theron, 2020).
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4. Industry Data
The Literature Review section is supplemeted by additional, original research due to the lack of data.
What follows is a continuation of the CLIMATE CHANGE section (3.4) exploring South Africa’s
packaging status, plant material procurement, and renewable energy sources.

4.1 Packaging
While glass still dominates as the preferred wine packaging method both globally and in South
Africa, alternatives are gaining market share and customer acceptance is slowly improving as
depicted in figure 4 below (Hoogenhout, 2020). All packaging involved in the distribution of wine
should be examined for opportunities to reduce or recycle. Figure 4 shows the shifts in packaging
use over the past 14 years.

Figure 4: Shift in South African Packaging Mix Over Time (Groenewald, 2020,
extrapolated from SAWIS 2005-2019 data)
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4.1.1 Exports
In 2019, 51% of the total wine produced in South Africa was exported (SAWIS, 2020). Of these
exports, 34% was exported in glass and 58.9% in flexitanks. Up from 34% in 2005, bulk exports in
flexitanks has a positive impact on environmental sustainability, eliminating the need to transport 32
000 x 750ml glass bottles per 24 000-litre shipping container (Kok, 2020).
Flexitank exports and bottling in Central Europe or the United Kingdom are becoming a popular
choice for wines which do not require ageing. The positive impact of reduced transport
requirements is further compounded by warehousing benefits and proactive, ‘green’ packaging
solutions and policies. In addition to shorter lead times for new European orders and lower
electricity usage for cooling, warehousing offers better financing and insurance rates. European
packaging benefits include lower costs compared to South Africa where glass prices are 18% higher
and tax benefits for using recyclable packaging (Smit, 2020).
The risks associated with bulk exports include diminished control over the final product and lack of
traceability if blended with other, inferior wines – something potentially detrimental for South
Africa’s brand image. Considering that sustainability also accounts for financial and social impact,
unregulated bulk exports can result in local job losses for bottling companies and lower profit
margins for all local stakeholders. WISE addressed these concerns by negotiating a duty free quota
to the United Kingdom (UK), stipulating that shipments had to be at least 70% packaged and 30%
bulk. Table 3, on page 44 summarises the packaging formats and shifts observed over the last 10
years in South Africa.
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Format

Shifts

Opportunities

Secondary packaging

Re-usable transport packaging

Use high % recycling content

Recyclable content in box and box dividers

to manufacture secondary

Phase out of: polystyrene box dividers and plastic wrap used to

packaging

secure pallets
BIB Bag-in-Box

Glass

Grew from 33.6% in 2005 to 38.7% in 2019

Bigger uptake by the rest of

Improved recycling facilities and accessibility – reported a 68%

the market to improve the

recycling rate (Kok, 2020)

content quality (Woolworths

Improved technology to extend longevity once opened (from

recently launched top selling

5days to 6 weeks)

estate wine in BIB)

Constant market share of 44.3%

Reduce the high production

Weight reduction of 3,968 tons in 2019

carbon emissions

Energy saving during production

Raw material- higher recycled
content will allow for lower
furnace temperature.

The Combined market share declined from 21.9% in 2015 to 17% in 2019 for Plastic, Tetra Pak and Cans
Plastic

Light, 100% recyclable.

Change shape to allow for

Short shelf life limitations

better trunking and stacking
efficiencies. Encourage
recycling programs.

Tetra Pak

Recent investments in SA recycling infrastructure

Use recovered polyethylene
and aluminium in the local
industry.

Cans

Mobile fillers and lower upfront packaging quantity

Export to the USA

commitments

Expansion in the local market

Table 3: Summary of Packaging Format Shifts (Source: Groenewald, 2020)

4.1.2 The status and opportunities for major packaging formats in
South Africa
4.1.2.1

Secondary packaging

One of the most dramatic changes for the South African wine industry has been the rapid
development of secondary packaging. In producer cellars, at least 80% of products are transported
in reusable packaging. Boxes and box dividers contain less virgin material and more fully-recyclable
content. Polystyrene box dividers and clingwrap plastic used to transport pallets are also being
phased out (Hoogenhout, 2020). There is a further opportunity to use materials with a high recycling
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percentage to manufacture secondary packaging. While these improvements might go unnoticed by
consumers, they undoubtedly have a positive impact on the environment.

4.1.2.2

Bag-in-box

The use of bag-in-box (BIB) packaging has increased from 33.6% in 2005 to 38.7% in 2019. A number
of factors account for this growth. Not only are BIB more convenient to transport and handle, they
have a six week shelf life once opened thanks to improved technology. Containing 100% renewable
materials, the environmental-friendly packaging format also has a high recycling rate of 68% (Kok,
2020). In recent years, the quality of BIB wine has also improved. Leading South African retailer
Woolworths now carries a top-selling range estate branded BIB wines, paving the way for a bigger
uptake by the rest of the market – as well as a premiumisation of the segment.

4.1.2.3

Glass

Glass production is one of the highest contributors to energy consumption and natural resource use
(Petti et al. 2015). There has been little change in its market over the past 15 years: from 44.6 % in
2005 to 44.3% in 2019. Local supply is dominated by Consol with 75% and Nampak with 25%
(Hoogenhout, 2020). Energy saving during production and light weighting are their two key
sustainability drivers (Hoogenhout, 2020). Consol reports a 3,968 ton weight saving as a result of
reductions in average glass weight. There is further scope to reduce high carbon emissions during
production, including using more recycled content as raw ingredients to lower required furnace
temperatures. Table 4 shows the Consol weight saving breakdown for 2019 in South Africa.
Bottle weight

Units sold 2019

Weight saving from

Total

(million)

previous format (g)

weight reduced (ton)

350g

13

110

1,430

460g

6

110

660

400g

31.3

60

1,878
3,968

Table 4: Consol Glass Weight Reduction (Source: Groenewald 2020, Consol
sustainability reports)
4.1.2.4

Cans

Aluminium cans are recyclable, weigh less and offer better trunking efficiencies. The format is
gaining in popularity with big brands and small independents like Spier, JC le Roux, Bruce Jack and
Trizanne Signature Wines releasing product lines packaged in cans. In the past, high upfront
packaging volumes and expensive fixed bottling lines were barriers to entry, which are now
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overcome by mobile fillers. While unit costs are still very high at around R4 per unit, this is expected
to decrease as supply improves.
One of the biggest users of wine cans globally (Hoogenhout, 2020), the USA shows great potential
for the format as a recently identified new export focus area for South Africa.

4.1.2.5

Recycling

South Africa has very limited data on recycling for wine-specific formats. The figure below indicates
the recovery rates for generic packaging formats in 2018.

Figure 5: Recycling Rate in South Africa (Recycling International, 2020)
Cans and BIB are shown to have the highest recycling rates in the country, which stands to bolster
acceptance of the formats among customers. Reusable secondary packaging has enormous potential
to boost sustainability, but no recycling recovery data is available.

4.2 Plant material procurement
While the majority of winegrowers nowadays order plant material from nurseries, there is scope to
explore alternative methods to build resilience in the vineyard. The historical massal selection
method is gaining popularity in the media but global uptake remains limited. A French wine growing
term, massal selection is the practice of replanting new vineyards with cuttings from exceptional old
vines in the vicinity. This allows winegrowers to not only bolster resilience and diversity in the
vineyard, but also preserve clonal variations of a region’s most successful vines and retain the
terroir’s genetic mutation developed over time. Massal selection empowers winegrowers to identify
the strongest vines most capable of adapting to climate change. Accurate phytosanitary tests like
ELISA can test for fanleaf and leafroll to guarantee virus-free material (Heyns, 2008; Vinding-Diers,
2016).
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4.2.1 Clones
Founded in 1986, the Vine Improvement Association (VIA) scheme addresses limitations in
availability and quality of clones for South African producers. The scheme makes provision for the
continuous upgrading and in-and-out phasing of clones (Heyns, 2008). Producers tend to prefer
higher-yielding clones like Chardonnay CY95 and CY55 and Cabernet Sauvignon CS15 and CS163.
While cultivars and rootstocks impact drought resistance, the production of clones has the potential
to influence a plant’s water consumption. Lower yielding, more water efficient clones like Cabernet
Sauvignon CS46 or CS169 and Chardonnay CY9 are available in South Africa (Visser, 2020).

4.2.2 Cultivars
Drought-resistant cultivar options and market share have grown over the last ten years in South
Africa (SAWIS, 2020). According to Marco Ventrella, viticulturist at KWV, the Paarl-based producer is
proactively experimenting with ‘unknown’ varietals to mitigate climate change (Ventrella, 2020).
Janno Bruwer, owner and winemaker at Eenzaamheid, adds they will only consider varieties that will
deliver optimally with minimum intervention in dryland conditions (Bruwer, 2020). Table 5
encapsulates the drought resistant varietals most metioned by industry experts interviewed.
Chenin blanc

Grenache noir

Roussanne

Marselan

Cabernet sauvignon

Grenache blanc

Verdelho

Piquepoul blanc

Shiraz

Carignan

Sangiovese

Assyrtiko

Pinotage

Tempranillo

Marsanne

Viuara (Macabeu)

Cinsaut

Touriga nacional

Vermentino

Anglianico

Table 5: Drought-resistant varietals (Source: Groenewald, 2020; Riedo, 2019;
Medrano and Thomas, 2014)
Literature studies (Riedo, 2019; Medrano and Thomas,2014) and interviewees identified 20 drought
resistant varietals. Of those 20, 19 are planted in South Africa where the share of plantings has
increased from 49.3% in 2009 to 49.8% in 2019. Figure 6 shows that these numbers are heavily
influenced by the top 10 most-planted varietals which make up 86% of total plantings and include
chenin blanc, cabernet sauvignon, shiraz, pinotage, and cinsaut. These five drought-resistant
varietals have largely maintained share while interest in the 14 smaller drought-resistant varieties
appears to have increased among South African growers and winemakers from 0.5% of total
plantings in 2009 to 1.3% in 2019 (or 4% to 9% of varietals outside of the top 10). Led by Grenache
noir and blanc, hectares planted with smaller drought-resistant varieties increased by 120%.
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Figure 6: Drought-resistant Varieties Uptake in South Africa (Source:
Groenewald 2020, extrapolated from SAWIS 2019 data)
Table 6 on page 49 details the changing varietal plantings in South Africa over the past decade with
drought resistant varieties highlighted (SAWIS, 2020)
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NO

CULTIVAR

2009

2019

NO

CULTIVAR

2009

2019

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

CHENIN BLANC
COLOMBAR
CABERNET SAUVIGNON
SAUVIGNON BLANC
SHIRAZ (SYRAH)
CHARDONNAY
PINOTAGE
MERLOT
RUBY CABERNET
CINSAUT
MUSCAT D'ALEXANDRIE
PINOT NOIR
SEMILLON
MUSCAT BLANC
CABERNET FRANC
VIOGNIER
PETIT VERDOT
MALBEC
MATARO (MOURVEDRE)
GRENACHE (RED)
NOUVELLE
PINOT GRIS
MUSKADEL (RED)
VILLARD BLANC
ROOBERNET
DURIF
CROUCHEN (CAPE RIESLING)
CLAIRETTE BLANCHE
TINTA BAROCCA
UGNI BLANC
GRENACHE BLANC
WEISSER RIESLING
CARIGNAN
PALOMINO (WHITE FRENCH)
TANNAT
TEMPRANILLO
TOURIGA NACIONAL
GEWURZTRAMINER
MORIO MUSCAT
ROUSSANNE
IRSAY OLIVIER
VERDELHO
SANGIOVESE
FERNAO PIRES
THERONA
BUKETTRAUBE
SOUZAO
BARBERA
WYNDRUIF VARIA
EMERALD RIESLING
ALVARINHO/ALBARI
CHENEL
MARSANNE
NEBBIOLO
ZINFANDEL

18,666.85
11,938.53
12,469.01
9,445.60
10,006.24
8,348.98
6,105.04
6,588.30
2,281.03
2,135.87
2,263.98
843.85
1,176.45
684.10
957.86
894.51
649.75
442.76
373.20
169.80
397.72
215.92
364.33
170.68
138.95
23.09
727.02
305.43
244.32
66.42
44.05
222.27
81.53
330.23
61.89
19.86
89.45
115.72
36.11
36.04
0.00
22.41
65.85
153.11
99.99
75.78
47.19
48.94
18.30
126.97
0.00
92.19
0.00
18.36
33.84

17,102.81
10,601.36
10,086.82
9,653.87
9,178.24
6,685.38
6,661.70
5,371.39
2,009.34
1,658.76
1,605.62
1,201.42
1,023.41
841.25
789.30
744.18
740.56
582.75
486.71
422.90
417.43
385.59
376.89
281.53
281.35
222.24
191.95
172.85
162.52
156.18
137.99
130.33
124.21
115.36
108.82
103.84
103.01
94.28
81.57
81.14
79.35
78.57
71.47
49.93
47.66
43.60
40.87
33.49
31.29
30.89
30.00
29.44
24.46
22.97
22.51

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

MEUNIER
CHAMBOURCIN
TINTA AMARELLA
HARSLEVELU
GRASA DE COTNARI
RAISIN BLANC
CARMENERE
VILLARD NOIR
GRUNER VELTLINER
PORTSOORTE
GRACIANO
VIDAL BLANC
VERMENTINO
PINOT BLANC
ALICANTE BOUSCHET
MUSCAT OTTONEL
GAMAY NOIR
KANAAN
NERO D'AVOLA (CALABRESE)
VIURA
MARSELAN
HANEPOOT (RED)
SYMPHONY
TAMIOSA ROMANEAS
AGIORGITIKO
PEDRO LUIS
BOURBOULENC
GRAND NOIR
PETIT MANSENG
TOURIGA FRANCA
PONTAK
COLOMINO
GRENACHE (GRIS)
CINSAUT GRIS
TINTA FRANCISCA
PIQUEPOUL BLANC
ARINARNOA
SYLVANER
GRACHEN
LLANDONER PELUT
RIESLING TROLL
BEOGRADSKA CRNA
SEYVAL BLANC
WELDRA
COUNOISE
MOURISCO TINTO
CINSAUT BLANC
CORNIFESTO
BASTARDO DO CASTELLO
SAUVIGNON GRIS
ASSYRTIKO
GRILLO
KERNER
SCHONBURGER

11.17
0.00
23.85
62.25
0.00
73.58
0.00
0.00
0.00
3.13
0.00
0.00
0.00
18.46
12.75
14.51
19.08
29.68
0.00
0.20
0.00
2.97
0.00
0.00
0.00
3.70
2.20
0.00
0.00
3.25
3.95
4.58
2.47
0.00
1.89
0.00
0.00
1.09
2.30
0.00
0.81
0.00
0.00
14.91
0.00
0.00
7.02
1.54
0.03
0.00
0.00
0.00
2.13
0.32
101,259.49

15.39
15.39
13.52
13.30
13.17
13.07
12.17
11.81
10.95
10.46
10.41
10.27
8.81
8.63
7.96
7.94
7.92
6.08
5.71
4.85
4.65
3.76
3.48
3.10
2.49
2.26
2.20
2.15
2.12
1.79
1.65
1.65
1.56
1.50
1.39
1.31
1.23
1.09
0.89
0.86
0.81
0.78
0.75
0.60
0.48
0.32
0.30
0.17
0.12
0.12
0.11
0.11
0.00
0.00
92,066.96

Table 6: South African Varietal Plantings (Source: SAWIS, 2019)

4.2.3 Rootstocks
South Africa has shown a marked increase in the uptake of more drought-resistant rootstocks. These
rootstocks not only help to mitigate climate change, but also enhance a vineyard’s productivity
lifespan. The knowledge and research on rootstock performance is well developed, including its
dependence on soil structure, climate, and cultivar combinations. Currently, the four most-used
rootstocks are 110 Richter, Ramsey, 140 Ruggeri, and 1103 Paulsen. When used in the right context,
all four rootstocks result in an improved drought tolerance. (Strever, 2017; Vinding-Diers, 2016).

With an uptake of 19.4% of total rootstocks planted in South Africa, Ramsey occurs most frequently
in the Breedekloof, Olifants River Valley, Robertson, and Worcester regions. Richter 110 comprises
19.8% of total rootstocks planted in South Africa and is most prevalent in the Paarl, Robertson and
Stellenbosch regions (SAWIS, 2020).

4.3 Renewable energy
Renewable energy sources reduce carbon footprint by relying on sources of energy that do not
generate carbon emissions (Viers et al. 2013). The most common example is photovoltaic (PV)
materials that generate electric power by converting energy from the sun without producing any
emissions (Galitsky, 2005). A long-term investment with higher installation costs, renewable energy
sources offer tax benefits, reduce monthly energy costs and require little maintenance over an
approximate 20-year lifespan (Greencape, 2015). In the South African context, it has the added
benefit of reducing dependence on the country’s volatile national power grid.

4.3.1 Energy supply in South Africa
Energy demand has increased exponentially since the 1950s. South Africa has a single utility model
managed by Eskom, with a total installed generation capacity of 44 GW. Coal-fired power stations
generate 80% of Eskom’s power – and also produce high levels of CO2. The country’s supply has been
plagued by maintenance and capacity issues and the subsequent implementation of load shedding in
2007. Since the establishment of the Independent Power Producers Office (IPPO) in 2010, over 6.4
GW of electricity has been procured from renewable energy sources and just under 4 GW is already
connected to the national electricity grid. In recent years, greener energy supply has becoming more
readily available with improved storage solutions. (Ritchie, 2018; Greencape, 2015).

4.3.2 Solar energy
PV materials and devices convert sunlight into electrical energy. Referred to as a cell, a single
photovoltaic device typically produces around one or two watts of power. Cells are linked in chains
to form larger units known as modules or panels to boost power output. Panels are connected to the
electrical grid to form a PV system. Due to its modular structure, PV systems are flexible and can be
built to meet all power needs. Innovative applications include floating systems on farm dams with
added water saving benefits. Floating systems can act as a buffer to the sun and reduce evaporation
from the dam. The first floating system was installed at Paarl’s Marlenique Estate in 2019
(Schietekat, 2020).
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In addition to the mounting structures that direct panels to the sun, PV systems include inverters
that convert its direct-current (DC) electricity to alternating-current (AC) electricity required to
power winery or vineyard irrigation processes. It also includes monitoring portals which ensure
systems are running at optimal efficiency and that producers can manage their power effectively.
Power systems can range from a basic supply grid, with or without Lithium-ion batteries, to
sophisticated energy systems feeding or selling energy back into the national grid. The market is very
active with a fast growing number of leasing or selling companies offering renewable energy
solutions. There are currently over 40 solar energy companies in the South African agricultural sector
(Agribook, 2020).
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5. Environmental Sustainability Support
Over the past decade, the use of tools to help producers plan and monitoring their inputs have
become increasingly commonplace. Tools include precision viticulture, the CCC carbon calculator,
and Fruitlook. Guidelines to improve waste management, energy efficiency, and integrated pest
management in the vineyard and cellar are also supporting wine farmers to trial both new and
proven sustainability measures.

5.1 Precision agriculture and viticulture
Precision agriculture is an older, more developed concept than precision viticulture. Information
technology is harnessed by farm management to maintain optimal health and productivity of soil
and crops. The goal of precision agriculture is to ensure profitability, sustainability and protection of
the environment.
Balafoutis et al. (2017) discussed precision agriculture practices stating that “high-tech equipment
has the ability to reduce agricultural inputs by site-specific applications, as it better target inputs to
spatial and temporal needs of the fields, which can result in lower greenhouse gas emissions”. The
technologies presented span all agricultural practices like site selection, site-and- cultivar matching,
fertilising-, spraying-, and irrigation management.
Precision viticulture is the implementation of precision agriculture in the vineyard. Due to the
heterogeneity of vineyards, precision viticulture is more difficult to implement and develop than
precision agriculture (Antweiler, 2014). Variables like seasonal weather, different soil types,
maintenance of perennial crops, and varying canopy management techniques compound the
challenges associated with precision viticulture (Smyth and Russell, 2009).
Precision viticulture seeks to use the widest range of available observations to accurately map
spatial variability in the vineyard and provide recommendations to improve management efficiency.
Important spatial information includes soil mapping, soil moisture mapping, canopy mapping and
yield mapping. The goal is to measure outputs and control inputs on a granular – or per vine – level
and reduce the environmental impact.
“The rapid evolution of technologies and geographical science offers enormous potential for the
development of precision viticulture across a spectrum of vine growth. This can help the wine
industry to become more environmentally sustainable” (Greenagri, 2015).
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5.1.1 Tools for precision agriculture
The practical implementation of precision agriculture is dependent on the availability of tools to
acquire baseline data for inputs, inform trends and support planning. Tools vary from country to
country and their use is gaining in popularity in the USA, Australia, and New-Zealand. The three main
functions of precision viticulture include: the gathering of data, recording and analysis of data and
reacting technologies.
Gathering of spatial data is well developed to generate very accurate information about all the
characteristics of a vineyard (Bonthuys, 2016; Badenhorst, 2020). Recording technologies are limited
and include crop sensors and yield monitors, local and remote sensors, vigour maps, global
positioning systems (GPS) and geographic information systems (GIS) (Engelbrecht, 2019). Accurate
data aids the development of regional baseline data for water, agrochemical and energy
consumption (CCC, 2019).
Reacting technologies are systems for data analysis and interpretation. Tools are available but costly.
Wine growers are able to apply spatial data and achieve differentiated agronomic management and
inputs, dosed across space and time. This includes variable rate irrigation and fertiliser and pesticide
application. The technology uses software to combine GPS data with prescription maps generated
for each specific operation. No longer applied based on estimated averages per hectare, inputs are
now calculated according to the vines’ needs (Balafoutis et al. 2017).

5.1.1.1

Variable rate technology (VRT)

The concurrent development of standard electronic communication in agricultural machinery has
facilitated the connection between tractors and equipment to bolster automation. Variable-rate
application (VRA) equipment and machinery enables the use of inputs based on accurate data to
optimise crop production. In South Africa, VRT is not readily available and uptake has been slow.
VRT has explored many application solutions, including the differentiated distribution of fertilisers,
pesticides and pruning methods. The implementation of site-speciﬁc vineyard management aims to
abandon the concept of the vineyard as a territorial unit in favour of breaking it down into a parcel
or sub-parcel-level approach. Technological advancements, particularly in the ﬁeld of satellite
navigation systems, will improve the affordability, accuracy and usability of VRT over time. Table 7
shows examples for the most common VRT tools and its use.
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VRT tool

Purpose

Spectron and Multiplex

Handheld device sensors for grape quality proximal monitoring, inform quality maps.

Pellenc Australia 600 LM SP

Selective harvester.

Tecnovit Mod. 111 S VRT

Variable-rate leaf stripper.

VRT 150

Tractor mounted variable-rate fertiliser spreader.

Table 7: Examples of VRT Tools and Purpose (Source: Rossouw, 2020;
Engelbrecht, 2019)

5.2 Precision viticulture in South Africa
While still limited, grape growers in South Africa are increasingly making use of smart agri-tools.
Improved understanding of vineyard status on a granular level holds potential significant
improvements for the local industry. Tools are accessed via private suppliers or open source online
facilities like Fruitlook, initiated by the Western Cape Department of Agriculture. With an integrated
database and tools at their disposal – especially satellite data that links aerial imagery of vineyard,
grapes, and soils – growers can practise precision winegrowing at scale. Other advantages include a
reduction in the use of water, energy, herbicides and insecticides. The end result is better raw
materials, lower-impact farming, and smarter use of scarce resources (Tilman et al. 2002).
Improvements in artificial intelligence and machine learning will undoubtedly boost the practice. The
ultimate goal is to interrogate and constantly evaluate the data and its application to optimise
precision viticulture. More often than not, it’s a case of blending new information with practical
experience and learnings in the field (Matese and Gennaro, 2015).
Currently in South Africa there is no centralised database consolidating data for specific areas. A
central network will simplify and validate baseline data for all inputs to support accurate planning. In
terms of input-specific data, the application rate of agrochemicals is found to be the best developed.
Efforts to mine accurate data for water use is still in development and electricity consumption
records remain largely manual (Greenagri, 2015; Heyns,2020). Essentially, there is no simplified
recording of data per action for water or electricity currently available.
The limited number of reacting technologies in South Africa, including both mechanical tools and
VRT, remain inaccurate and expensive (Engelbrecht, 2019; Du Toit, 2019; Matese and Gennaro,
2015). Once recording technologies are established and widely used, advances in the availability and
accuracy of reacting technologies can be expected to follow.
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5.2.1 Smart monitoring
Smart monitoring is still relatively new in the South African market but shows great promise.
Monitoring yield and canopy sizes, reflectance spectroscopy (an optical technique that measures
electromagnetic radiation at different wavelengths and maps it) and other sensor technology picks
up changes in transpiration or photosynthesis in vine leaves, leaf temperature and the vines’
nutritional status (Rossouw, 2020). Together, they provide a detailed and accurate account of vine
shape, vigour, berry size, health, and variability within each vineyard.
Drone cameras and sensors can include spectral technology and has great potential for a wide range
of data generation. For example, combining multi- or hyperspectral cameras or thermal sensors and
drones, smart monitoring becomes affordable for many (Balafoutis et al. 2017). Smart monitoring
enables better-informed decisions and improved responses to vintage variations as a result of
weather conditions. More detailed findings have the potential to modify soil and water stress
management, irrigation protocols, trellising and canopy architecture to match intra-vineyard
variations. The practice mobilises a significantly more targeted response to pest management and
fertilisation for specific vines (Matese and Gennaro, 2015). Barriers to the adoption of remotesensing applications in precision agriculture include drone licencing, technology costs, limited
funding, limited awareness of precision agriculture and a lack of technical knowledge (Engelbrecht,
2019).

5.2.2 Soil mapping
Predictive soil mapping is the latest innovation in precision viticulture. The practice entails truly
understanding specific areas and pre-empting changes required to mitigate future risks which could
take the form of drought, excessive heat or solar radiation.
Independent international viticulturists use this technology to correctly match sites with cultivars.
They also analyse data on crop responses to act with speed and precision in applying the best
practices (Engelbrecht, 2019).
On an institutional level, Winetech is currently piloting TerraClim™ to establish integrated maps with
data on topography, climate, and crop responses. “This tool will allow the wine industry to better
understand the complexity of the Western Cape’s climate and terrain by using a higher spatial
(geographical) resolution for improved adaptation to climate change” (Doronae, 2019).
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5.3 Fruitlook vigour mapping
The Western Cape Department of Agriculture released Fruitlook in 2012 to help local fruit and wine
producers reduce water usage. Currently funded by the department, the technology supports
producers with more precise data on growth patterns. Winegrowers can register their irrigation
blocks and analyse crop growth and water status over time and space (Fruitlook, 2020).
Fruitlook comprises spatial-data with a resolution of 20m x 20m. It integrates satellite data with
geographical and weather information in complex models. The data is converted into user-friendly
maps and graphics to provide weekly updates on nine growth parameters. The parameters highlight
changes in vigour patterns and include actual evapotranspiration, biomass production and leaf
nitrogen content as depict in Figure 7 below.

Figure 7: Data Reports on Growth Parameters (Source: Fruitlook, 2020)
Fruitlook advocates a move away from standard block irrigation towards more precise application
practices. Precision irrigation requires specific, real-time data to accurately determine vine needs.
Fruitlook sets out to guide viticulturists to identify erratic vineyard growth behaviour at a granular
level. In-field observations are critical for correct interpretation which makes management more
realistic and achievable when farming on scale. Many viticulturists refer to this as ‘field proof’
investigations (Engelbrecht, 2019).
Over time, Fruitlook will amass a history of growth variation on a macro scale. This will enable
farmers to identify trends and deploy long-term strategic planning.
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5.4 Carbon calculator
The Confronting Climate Change (CCC) Initiative is a carbon foot printing project developed to
support the South African fruit and wine sectors to identify and respond to the risks and
opportunities associated with carbon emissions.
The CCC Initiative includes an online carbon calculator, a range of wine industry benchmark reports
and up-to-date and relevant energy and emissions-related news and information. The online
calculator enables producers to calculate their carbon emissions. The South African CCC is based on
three international methodologies, including Guidelines of the Intergovernmental Panel on Climate
Change (IPCC), the guidelines published by the Greenhouse Gas Protocol (GHG Protocol) and the ISO
14064 standards. It discloses greenhouse gas emissions in terms of kilograms of carbon dioxide
equivalent per unit (kg CO2e/kg fruit) (Blignaut, 2020).
The wine industry benchmark report
The CCC’s benchmark report tracks carbon emissions at farm-, winery-, and distribution-level and
has done since 2011. The report improves the industry’s understanding of fossil fuel-based resources
and identifies carbon emission hotspots (refer to Figure 1 and 2 on page 31). Wine producers are
able to benchmark their own emissions against industry averages to earmark key areas of
improvement.
Individual carbon reports
Individual carbon reports are based on data submitted by wine producers and audited and approved
by the CCC. The reports identify hotspots on specific farm- and cellar levels to help wine producers
direct their carbon reduction efforts. Figure 8 demonstrates that it shares the anonymous data
amongst farms in the same region to facilitate benchmarking in specific areas (Blignaut, 2020).
Participation is currently limited among wine producers. In viniculture, the cellar-level uptake is 30%
of the South African hectare coverage. In viticulture, the farm-level uptake is only 8% of the South
Africa hectare coverage (Refer to figure 8, page 58). There is huge potential to improve.
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Figure 8: Uptake in CCC by South African Producers (Source: CCC Benchmark
Report 2018)
Industry support projects and guidelines
The intention is to give growers access to the latest research findings and technology to make
appropriate vineyard and cellar management decisions in the face of climate change and water
scarcity concerns.
The industry bodies in South Africa supporting and actively guiding the wine industry is summarised
in Table 7 on page 59.
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Body

Sustainability goals

Current projects & guideline references

IPW – Integrated

Provide and monitor

www.ipw.co.za/guidelines.php

Production of Wine

environmentally friendly practices

www.ipw.co.za/content/guidelines/Biodiversity

and ensure full traceability.

Guidelines.pdf

WWF – The World

Expanding long-term conservation



Alien eradication programmes.

Wide Fund for

commitments.



Cape Nature partnership to link conservation areas and

Nature

Driving innovation in climate

establish bigger biodiversity corridors between farms.

adaptation, water, and energy



efficiency.

awsassets.wwf.org.za/downloads/rv_restoration_guidelines.

Soil-erosion repair programmes.

pdf
https://www.wwf.org.za/our_work/initiatives/water_stewar
dship
Winetech

Coordinating research and



Weather station data upgrade.

technology in the South African



Cellar water waste for smaller cellars.

wine industry.



Drought resistant -rootstock scion combinations.



Drought resistant cultivars.



Electricity guidelines.

www.sawislibrary.co.za/dbtextimages/BrentA.pdf
Vinpro

Consulting on climate adaptation,



Gen-Z vineyard – practical demonstrations on greener

water and energy efficiency at

developments, including cover crops, cultivars, trellis

vineyard- and cellar levels.

systems and pruning systems.

OIV – International

Intergovernmental organisation



Pesticide-reduction plans.

Organisation of

promoting international standards



Precision viticulture technologies.

Vine and Wine

and guidelines on science-based



Sustainable use of water in viticulture: varietal

knowledge.

adaptation related to water consumption.


Protecting, restoring, and promoting the sustainable use
of terrestrial ecosystems, sustainably managing forests,
combatting desertification, halting and reversing land
degradation, and preventing biodiversity loss.

Porto Protocol

Aims to engage the entire wine

Platform and database of resources and workable solutions.

industry worldwide, encouraging

https://www.portoprotocol.com/tag/winemaking/

cooperation to reduce the impact
of climate change. Including
distribution and packaging.

Table 8: Summary of Industry Support and Guideline Links (Source:
Groenewald, 2020)
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6. Research
Part two of this paper adopted a descriptive research approach.
Descriptive research involves direct exploration, analysis and description of the particular
phenomena (Gall, Gall and Borg, 2007). These sorts of studies are used to document the real
situation. Data was gathered during semi structured interviews which were then followed by a
questionnaire. Data was collected qualitatively, but was analysed quantitatively, using percentages
to determine relationships.
Between April and August 2020


14 Interviews with growers and producers



IPW audit results of 22 farms and 12 cellars and 4 Carbon Calculator datasets (reports) were
studied. These reports include constructive recommendations (consent to study the reports
was given by the respective producers).

The goal of part two of the research was to understand the current responses to environmental
sustainability concerns.

6.1 Sample
The sample was chosen to represent a cross-section of the South African wine industry across
different operating scales. It included information from all Western and Northern Cape wine regions
in South Africa.
Farm sizes varied between 14 to 412 hectares. Some of the viticulturists interviewed at big
organisations managed vineyards on numerous farms. Figure 9 on page 60 shows the breakdown
across the various South African wine regions. Table 9 on page 61 reports on the farms studied.
Collectively, the sample represents 19% of the total area planted for wine production in South Africa
(SAWIS, 2020).
Cellar production sizes ranged from 76 tons to 742 000 tons to ensure that both boutique and bulk
producer responses and concerns were considered. The combined output of the cellars in the
sample represents 55% of the South African total. Table 10 on page 61 shows the cellars studied.
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Figure 9: Sample Hectares per Region Studied
Farm

Electricity source
Eskom Grid or Solar PV system

Avondale boerdery

Grid 100%

Bergendal Estate

Grid 100%

Blue gum Farm

Grid 100%

Darling Cellars

Grid 100%

Du Toitskloof Cellars

Grid 100%

Durbanville Hills

Grid 100%

Eenzaamheid Wines

Grid 100%

Goedgedacht farm

Grid 100%

Goedgemeen farm

Grid 100%

Groot Constantia

Grid 100%

Hoogland farm

Grid 100%

Jason’s Hill

Grid 100%

Morelig boerdery

Grid 100%

Pakhuis dam farm

Grid 100%

Paul Cluver

Grid 80%

Plaisir de Merle

Grid 100%

Roodewal farm

Grid 100%

Spruitdrift farm

Grid 100%

Uylenkraal

Grid 100%

Van Loveren

Grid 100%

Villiera

Grid 100%

Wolwedans farm

Grid 86%

Table 9: Farms Studied and Electricity Source
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Cellar

Electricity source
Eskom Grid or Solar PV System

Haskell wines

Grid 100%

Ashton Winery

Grid 100%

Bosman Family Vineyards

PV 80%

Du Toitskloof Cellars

Grid 100%

Eenzaamheid Wines

Grid 100%

Groot Constantia

Grid 100%

KWV mentor range cellar

Grid 100%

Namaqua wine cellars

Grid 100%

Orange river cellars

Grid 100%

Paul Cluver

PV 100%

Van Loveren

PV 60%

Villiera

PV 60%

Table 10: Cellars Studied and Electricity Source

6.2 Questionnaire: Response to Environmental
Concerns:
6.2.1 Viticulture
1. Which measures do you employ to improve your biodiversity in your vineyard?
2. Which measures do you employ to build your organic carbon in soil?
3. Which measures do you employ to reduce your pesticide use?


List “Greener” pesticides in use

4. Which measures do you employ to use less fertiliser?


Do you incorporate organic fertilisers?

5. Which measures do you employ to reduce your fuel use?
6. Which measures do you employ to reduce your water use?
7. Which measures do you employ to reduce your electricity use?
8. How do you measure your consumption of:
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Pesticides



Fertiliser



Water



Electricity



Fuel

6.2.2 Viniculture
1. Which measures do you employ to reduce your water use?
2. Which measures do you employ to reduce your electricity use?
3. How do you measure your consumption of?
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Water



Electricity

7. Results and Discussion
7.1 Viticulture
22 farms ranging in size from 14 to 412 hectares were interviewed. Their responses are tabulated
below, along with an indication of the percentage of respondents who applied each practice.
1. Which measures do you employ to improve your biodiversity in your vineyard?
Result from 22

%

Response and Comments

81%

Improve soil quality

12

55%

Limited soil tillage & compaction

10

45%

Reduce the use of pesticides

18

81%

Use cover crops

56%

Improve water availability and quality

10

45%

Follow an alien eradication program

5

23%

Wetland on farm

21

95%

Buffer areas retained along all water courses

29%

Improve the presence of beneficial insects

18

81%

Provide shelter within the vineyards

4

18%

Provide additional food sources- flowering cover crop

3

14%

Provide a variety of plants (mixed cover crops and hedges)

4

18%

Natural corridors next to all vineyards

farms

Biodiversity responses show that there are a good understanding and implementation of soil quality
improvements and water quality and availability improvements.
Soil quality is largely improved by implementing cover crops. Big advantages of cover crops include
the reduction in herbicides by supressing weed growth and the reduction in pesticide use as
beneficial insects are attracted by their shelter. Mechanical practices focus on reducing frequent and
deep tillage and by preventing frequent machinery traffic. Examples that contribute to this are the
use of smaller and more efficient equipment and advance monitoring techniques to only react when
a threat is confirmed.
Farm water availability and quality can be improved by following a clear alien eradication program
and by using a built or natural wetland, but the use of these practices are moderate in the industry.
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Incorporating buffer areas along water courses and conserving riparian areas are the best
implemented practice driving the protection. Only 45% implement alien eradication, on some farms
they have very little to no alien plant threats and on others it seemed lower down their priority list.
One producer said that government is great in supporting the eradication but that they only get to
visit his farm every 2-3 years.
Improving the presence of beneficial insects remains a challenge with only 29% of the respondents
believing that this is currently effective in their specific vineyards. Beneficial insects require shelter,
nectar, alternative food and pollen (SNAP) in close proximity to vineyards. The provision of shelter in
the form of cover crops, hedges and wind breaks amongst the respondents are high at 81%.
Provision of plant diversity (14%) and natural corridors next to all vineyards (18%) are low and
require more focus.
2.

Which measures do you employ to build your organic carbon in soil?

Result out of 22

%

Responds and Comments

81%

Implemented cover crops

farms
18

Cover crop management regime:
15

Alternate between the type of cover crops used
Just before vine budding stage:

12

Use herbicides to kill it off

6

Use Mechanical rollers to flatten it
In summer:

10

Use it as dry matter to cover the mid row

3

Use it as mulch on the benches
Type of cover crops planted

18

Legumes – vetch, lupins, faba beans, clover, and serradella

10

Grasses – annual cereals like rye, barley, and saia oats

17

Brassicas like white mustard (eg. sito) and canola

3

Forage radish

2

Phacelia

12

55%

Minimise the depth and frequency of mechanical cultivation
Minimise tillage by the use of shallow discs, only when needed.

48%

Minimise soil compaction

13

59%

Minimising traffic of machinery

13

59%

By using smaller machinery

6

27%

By using fertigation

1%

Add organic matter / mulches under vines

2

9%

Mulching with straw- external source

2

9%

Mulching with dried cover crop – own farm

3

14%

Mulching with chipped alien plants – own farm
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By reducing mechanical cultivation and keeping the soil cool, greater build-up of organic carbon can
be achieved. The uptake in planting cover crops is the most drastic change over the last decade, and
is becoming more specialised per region to address specific needs. Legumes and Brassicas are the
most widely implemented. Large tap root cover crops like forage radishes are new and gaining
popularity in clay soils to improve drainage. Reducing tillage is well understood and moderately
(55%) implemented. Tillage is still used to prepare the work row to plant cover crops. Minimising soil
compaction is moderate at 48% and achieved through methods such as minimising the use of heavy
machinery and reducing traffic. 59% said that they use smaller machinery where possible, for
instance quad bikes with rollers to flatten cover crops. The use of fertigation is relatively small at
27% and limited by the irrigation program. Some respondents believe that it can reduce the use of
fertiliser application machinery significantly if overlaid and planned along with the irrigation
program.
Adding organic matter and mulches under vines are still limited at 9%. The respondents that
implemented it believe that this has a highly beneficial impact on soil quality and reduces
evapotranspiration. Sourcing mulches from the same farm reduces the risk of bringing “new”
unwanted weeds into the vineyard, in contaminated mulch material. Using alien plant material saves
on transport and allows for better control to ensure no alien seed germination or further spreading
is possible (Badenhorst, 2020; Cloete, 2020).
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3. Which measures do you employ to reduce your pesticide use?
Result out of

%

Response and Comments

59%

Plan and revise pesticide application program every year

22 farms

Based on:
15

68%

Pest and weed monitoring by trained vineyard scouts

6

27%

Pheromone traps hanging in the vineyard

18

81%

Pesticide supplier recommendations

4

18%

Effective biological pest control

28%

Cultural tactics to pest control

18

81%

Incorporated cover crops (habitat for predators)

6

27%

Rotate cover crops on an annual basis

4

18%

Natural corridors between all vineyards linked to bigger, natural habitats.

6

27%

Rolling

2

9%

Mulching

6

27%

Pheromone traps -Mating disruption

4

18%

Bands around vine trunks

12

55%

Mechanical weed control
List the “greener” products that you incorporate?

2

9%

Copper sprays

17

77%

Sulphur sprays

5

23%

Neem oil

20

91%

Trichoderma – applied to pruning wounds

Integrated pest management (IPM) is gaining traction. Pests include all insects, weeds, fungus and
bacteria that can cause damage to the vine. All agreed that a generic calendar-based pest prevention
approach is wasteful and will lead to biodiversity depletion. Monitoring is a key tool to understand
the risk posed by a specific pest population and to support management decisions. Monitoring is
widely implemented but relies mostly on pesticide supplier recommendations (81%). The
recommendations are based on updated industry data such as high disease pressure threats in a
specific area. Pesticide suppliers will notify the growers about the risk.
Vineyard scouts are a reliable way to monitor specific pests with the additional advantage of farm
specific expertise gain and trend recording. Pheromone traps are used by 27% of the respondents
and is highly recommended. The trap catch numbers can be directly linked to action thresholds to
guide growers on when pest management steps are required. Their use supports more cost efficient
use of insecticides by optimising their time of use to when the pest is present. In combination with
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an understanding of the target insect development they allow pesticide treatments to be timed
when a specific life-stage is present. Digital recording of the trap number information is a big
opportunity to support farmers in planning pesticide programs.
Biological pest control is the use of beneficial organisms (natural enemies) to reduce insect pest
populations. It can be achieved through release of bio-control agents like predatory mites and
parasitic insects or by naturally attracting them. 29% feel that they are attracting beneficial insects
successfully. (as discussed under Biodiversity) Examples of bio-control agents mentioned during
interviews were the successful use of Parasitic wasp Coccidoxenoides perminutus to combat vine
mealybug (Planococcus ficus). The uptake of biological pest control to manage pest risk is low (18%).
Only 4 respondents believe that it is currently an effective measure. It will improve once vineyard
biodiversity improves. Current chemical pest control can also kill beneficial insects and the reduction
in chemical use will result in improved biological control.
In cultural pest control the goal is to alter the environment, condition of the host or the behaviour of
the pest to prevent or suppress an infestation without using chemicals. It disrupts the normal
relationship between the pest and the host and makes the pest less likely to survive, grow or
reproduce (Goldammer, 2018). As discribed previously, most respondents use cover crops which
also act as a habitat for predators. Implementation of annual cover crop rotation is still low at 27%,
but the ongoing research in region specific mixed cover crops will improve this. This is currently part
of the Gen-Z Vinpro projects. Natural corridors next to all vineyards will ensure that IPM work more
effectively, but this is not a widely used practice today. 27% of respondents incorporate rolling
(instead of chemical herbicides). Rolling leaves the plants largely intact, so they break down more
slowly and create a longer-lasting mulch layer.
Mulch inhibits weed growth and germination of weed seeds by blocking sunlight and light rainfall
from reaching the soil surface. It also forms a physical barrier to weed growth. This is not a widely
implemented practice with only two respondents reporting its use.
Pheromone traps use is more widespread at 27% and very successful for codling moth. Bands for
snout beetles (calandra Phlyctinus callosus) are mentioned by four respondents to reduce the use of
synthetic pesticides. “Strips of corrugated cardboard can be wrapped around the stems of vines.
Adult vine snout beetles will use the cardboard to shelter in during the day and can easily be
detected by vineyard scouts” (Faasen, 2020).
Although the IPW guidelines stipulate that “mechanical weed control should be avoided and may
only be done to establish a cover crop or to control undesirable weeds that cannot be controlled
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chemically” (IPW, 2020) it is still a relatively common practice at 55%. All respondents are
consciously reducing the frequency and depth. Standard tools such as disc ploughs are generally
used to cultivate the vineyard work-row area. The under vine area is cultivated with specialised
equipment. This equipment is still niche but availability and efficiency is improving.
The uptake in “greener” pesticides is growing. The two most popular products are sulphur sprays
(77%) and trichoderma applied to pruning wounds (91%). Trichoderma expertise grew and along
with current pruning period is seen to significantly reduce wound infection by trunk pathogens.
Neem oil application causes insects to reduce or cease feeding, can prevent larvae from maturing,
reduces or interrupts mating behaviour and, in some cases, the oil coats the breathing holes of
insects and kills them (Du Toit, 2019). It’s proven to be effective in fighting off aphids, mealy bug,
mildews and rust. Copper use is low at 9% and although seen as non-chemical has raised concerns.
Continuous and frequent use can cause soil accumulation and negative effects on soil biota.
Overall, growers feel that they use fewer pesticides than previously. IPM is being practiced but
reliance on chemical-based pesticides remains common.
4. Which measures do you employ to reduce your fertiliser use?
Result out of

%

Response and Comments

81%

Plan and revise fertiliser application program every year

22 farms
18

Based on:
22

100%

Soil type

15

68%

Active root growth stage

18

81%

Consultants recommendations (soil & leaf analysis)
Application methods

12

55%

Broadcasting under vines

6

27%

Fertigation

4

18%

Foliar sprays

36%

Use cultural tactics to improve soil fertility

18

81%

Incorporate cover crops (habitat for predators)

6

27%

Rolling

2

9%

Mulching

12

55%

Incorporate organic fertilisers
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Concern about the adverse environmental impact of fertilisers resulted in great interest in fertiliser
management. The goal is to match the application program to the soil, active root growth stage
(timing) and method to meet the grapevine’s needs and achieve optimum levels of fertiliser.
All of the respondents consider the soil type when planning a fertiliser program. 68% base their
programs on active root growth stage and 81% use the soil and leaf analysis. Only 81% said that they
change their program every year.
The most used application method is fertiliser spreaders that target only the vine rows. Fertigation
seems to be a good solution for sandy soils, allowing for more frequent application with less carbon
emissions by omitting machine use. Foliar sprays are popular with dry land farms but low at 18% in
general. Dry land farmers like Pietman Faasen, owner of Wolwedans farm in Stellenbosch,
demonstrated he could sustain yields throughout the 2016-2018 drought period with the use of
foliar sprays.
The use of nitrogen fixing legumes as cover crops reduces the need for nitrogen application during
spring. The use of rolling (27%) and mulching (9%) are low but the beneficial effect on soil
temperature and fertility shows great promise to reduce the need for fertilisers.
The incorporation of organic products is gaining popularity. Currently 55% of the respondents use
commercialised chicken manure slow release pellets.
5. Which measures do you employ to reduce your fuel use?
Result out of

%

Response and Comments

4

18%

Applying less agrochemicals and less cultivation

18

81%

Use of more fuel efficient machines

22

100%

Practice preventative maintenance

10

45%

Improved pumping efficiency

2

9%

Use of electric cars or more fuel efficient machinery, for instance, miniature bench row

22 farms

tillage machine.

Reducing fuel is one of the most obvious and effective ways to reduce the vineyard GHG footprint.
Reduction in tractor passes by applying less agrochemical as a result of the positive outcomes of
implementing more sustainable practices. (Practices mentioned at Questions 1 – 4) Only 18% of the
respondents felt that they are already using less fuel due to more effective environmental
management practices. Most producers (81%) agreed that machinery fuel efficiency improved over
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the last decade and will continue to improve. All agreed that preventative maintenance by ensuring
all machinery work optimally avoids unnecessary fuel consumption; this is widely implemented by
all. IPW requires records of maintenance and service plans. 45% of the respondents felt that they
improved their pumping efficiency. (* 4 respondents are not using irrigation – practicing dry land
viticulture) Irrigation pumps are seen as a big driver in fuel consumption, any strategy resulting in
less pumping or more effective pumping will have a positive impact. Producers focus on matching
the correct pump sizes to a specific function; incorporating variable speed drives and horizontal
pump actions. Niche products like electric cars and innovative machinery like miniature vine row
tillage machines have been mentioned. It is likely that the offer and choice on smaller and more
efficient machinery will increase.
6. Which measures do you employ to reduce your water use
Result out of

%

Response and Comments

45%

Cultivar selection

50%

Building organic carbon in soil

16

73%

Use drip irrigation

2

9%

Precision application- water deficit technique

0

0%

Using cellar treated water

22 farms
10

Increased sustainability of water resources for vineyards can be achieved using both grower control
strategies and cultivar selection. 45% of the respondents indicated that they are currently
experimenting and growing drought resistant cultivars on at least 1 hectare on their farms. This is a
deliberate attempt to increase the practical experience and knowledge on these relatively unknown
varieties. (Refer to table 5; page 45 for the list of cultivars) Grower water control practices focus on
increasing soil water retention and storage capacity and reducing direct soil water loss. 50% are
successful in organic carbon soil building. This is done by incorporating cover crops, minimising
mechanical practices and compaction and adding mulches under vines.
Water application encompasses everything from the decision of when to apply, how much to apply,
and the best application method. 73% use drip irrigation that is considered to be the most effective
way to irrigate vineyards. The measurement of the vine’s specific water needs are still in the
developing phase. Two (9%) of the respondents use precision water application based on the grape
vine’s evapotranspiration and growth phase. They describe it as a time consuming and complex
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method but with significant water saving potential. The development of analytical and information
technologies to quantify the water requirements will significantly improve application.
Recycling the large amounts of water used during the cellar processing can serve as an alternative
water source – no one is currently using it. Most growers are sceptical and concerned about the
long-term use of low-quality water causing a build-up of salts and sodium in the soil. Ongoing
research is needed to demonstrate waste water recycling success.
Which measures do you employ to reduce your electricity use?
Result out of

%

Response and Comments

5%

The use of PV solar panels to supply energy for vineyard functions.

45%

Optimised designs and planning

22 farms
1

By:
5

22%

Implement gravity flow

15

68%

Increase quantity of smaller pumps rather than one big pump
Improve the pumping efficiency
Strategies mentioned include:

15

68%

Remote sensing and valve control

18

82%

Make use of horizontal pumps

18

82%

Use variable speed drives that are appropriate for demand.

The uptake in PV solar energy supply is very low at 5%. When probed respondents said that they
would like to install smaller systems at the pumps. The amount of panels required to sustain
pumping will be too big to incorporate at this stage. They all feel that technology will improve and
that stronger, smaller units will become available. Those with already big structures – like cellar
roofing – choose to use the solar energy for cellar energy needs. Some prefer to irrigate at night to
reduce evapotranspiration and this would require batteries to store the day’s energy.
Water pumping is the biggest electricity user on farms (Blignaut , 2020). Electricity usage in the
vineyard can be decreased by adjusting the water delivery design and equipment, including the
pumping distance and pump type. The uptake in design optimisation is good at 68%; it includes less
bends, shorter distances and using smaller pumps. Gravity feed systems are the ideal but this is
topography dependent and possible for 22% of the respondents. In both wide and narrow valleys
the uptake in building of gravity flow dams improved over the last decade (Rabie, 2020).
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Remote sensing and valve control help with management and the uptake is good at 68%. Variable
speed drive pumps and horizontal pumps use significantly less energy; the uptake is good at 82% for
both.
7. How do you measure your consumption of the following inputs?
Result out of

Input

Measurement technique

Pesticides

Pesticide supplier bill accounting

22 farms
22
5
22

Data management tools - use software like wineMS and Capterra.
Fertilisers

5

Pesticide supplier bill accounting
Data management tools - use software like wineMS and Capterra.

Water

Detailed in water measurement section below:

15

68%

Fruitlook

2

1%

Evapotranspiration measurement

2

1%

Soil-moisture probes

1

1%

Pressure chambers

2

1%

On-site weather stations

10

45%

Use flow meters on main irrigation lines

19

86%

Measuring irrigation time as proxy for volume used

22

Electricity

Supplier bill accounting

5
22
7

Data management tools - use software like wineMS and Capterra.
Fuel

Supplier bill accounting
Installing fuel meters in farm vehicles.

All measurements and reporting are dependent on manual data capturing. This is time consuming
and leaves a lot of room for inaccurate data capturing. Most growers track their usage by reviewing
their supplier statements. Data management software is useful in planning and management, but is
also still mostly relying on manual data input. 23% of the respondents use data management reports
to inform the next year’s strategy.
There are many different water measuring techniques mentioned by respondents. Fruitlook is the
most popular measuring tool with an uptake of 68%, with additional benefits such as providing
advice on irrigation scheduling. Flow meter use is 45% but only on main lines and not per vineyard
block. 86% use time as proxy for volume use. These three methods do not indicate the volume
required. This is the biggest challenge raised by most growers. Accurate water quantity
requirements are complex and will be discussed in the next section.
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Water Measurement
The actual water requirements are influenced by many external factors, such as soil type, waterholding capacity, climate, mulching and cover crops. Internally, plants’ water needs vary due to
factors such as crop load, vine age, rootstock and availability and ratios of nutrients. Accurate field
data can be obtained through many different measurements. Some examples mentioned by
respondents are: Fruitlook; evapotranspiration; moisture probes, pressure chambers, on-site
weather stations, flow meters, measuring time irrigated as proxy for volume used.
Fruitlook: Fruitlook provides weekly updates on evapotranspiration and biomass production.
Winegrowers can register their irrigation blocks and analyse crop growth and water status over time
and space during the growth season. Fruitlook data is provided at a 20m x 20m spatial resolution,
showing detailed variation across an irrigation block. Variations in biomass production between the
different blocks and within the blocks themselves are visible (Fruitlook, 2020).
Soil-moisture probes: Winegrowers are somewhat apprehensive regarding the accuracy of this
method. It requires soil mapping and homogenous soil to give a valid reading and the depth is
limiting, excluding deep-root water uptake.
Pressure chambers (bombs): Measuring grapevine water potential using a pressure chamber, or
pressure bomb, can be done in three ways – predawn leaf water potential, midday leaf water
potential and stem water potential. There are misperceptions about which method is best in a
specific situation (Bruwer, 2019). Water potential does not tell a grower how much to irrigate, but is
a useful aid or tool for making decisions concerning the best application period.
On-site weather stations: on-site weather station availability, cost and accuracy improved over time.
It has a sensor to measure relative humidity and record rainfall.
Evapotranspiration measurement: One of the most-used methods to estimate grapevine water
requirements is based on the calculation of the grapevine evapotranspiration through the PenmanMonteith equation (Riedo, 2019; GreenCape, 2018). The equation relates evapotranspiration of the
grapevines (ETc) with the volume of water loss in a specific period (ETo) and a coefficient specific for
each crop (Kc):
ETc= Kc x ETo
The specific coefficient for wine grape (Kc) depends on the seasonal growth stage, the trellis system,
and soil evaporation (Riedo, 2019; GreenCape, 2018). Seasonal grapevine crop coefficient (Kc) is
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calculated on the basis of the percentage shared area. This is measured through the average width
of the shaded area beneath the vine row and the vine’s specific slope.
Growers can get evapotranspiration data from Fruitlook or from weather stations. The difference
between evapotranspiration and the effective rainfall over the same period is the amount of water
deficit that should be applied via irrigation.
The average water requirement per hectare per year of:
6,2m3
will vary according to the different climates across regions (Riedo, 2019).
Flow meters: These are widely applied at winegrowers (Reinke, 2020), giving the impression that
measuring should be straightforward. The challenge is that most are only installed on the main
receiving water lines. Growers pump their water allocations into their dams, and very few have
meters at specific blocks. This is a feasible and affordable solution at a cost of R5 000 per meter.
Precision technology can be applied to record and model the data.
Irrigation based on time: Most growers seem to measure their irrigation based on per-hour
application. They record this per hour and do not specify any pumping efficiencies. This measure can
help in quantifying water use but lacks precision to enable water savings.

7.2 Viniculture
1. Which measures do you employ to reduce your water use in your cellar?
Result out of

%

Response and Comments

12

100%

Avoid harmful cleaning products

10

83%

Recycle water and cleaning products

10

83%

Use high pressure water saving sprayer heads

7

58%

Use valves and time regulators of washing equipment

7

58%

Use dry-cleaning aids

11

92%

Reduce the number of rakings

12 cellars

Water saving strategies in cellars is well understood and implemented. Clear guidelines and
protocols are developed. Products are readily available and include cleaning products, equipment
and technology. All avoid sodium hydroxide (NaOH) and citric acid to ensure recycling of wash rinses
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and improve waste water treatment processes. The uptake in high pressure sprayers is high at 83%,
valves and time regulators installed on washing equipment reduce the risk of waste, the uptake is
moderate at 58%. “Valves and time regulators are something that is easy and affordable to install
and should be considered by all” (Rossouw 2020). The use of peroxide based dry cleaning aids is
58%, this has a significant water saving potential. Clever process planning can reduce the number of
rackings – resulting in fewer rackings which will result in less water use for flushing pipes and
cleaning.
2. Which measures do you employ to reduce your electricity use?
Result out of

%

Response and Comments

4

33%

Use solar PV system for energy demand

7

58%

Less pumping via innovative designs and planning

12 cellars

Implement gravity flow where possible, plan flow processes from mezzanine level tanks to
floor level.
8

67%

Improve the pumping efficiency
Strategies mentioned include:
Pumping liquids over shorter distances, optimise energy efficient designs
Make use of smaller mobile and horizontal pumps
Use VSD - variable speed drives that are appropriate for demand.

8

67%

Improved cooling efficiency

11

Installing better insulation around all tanks and cooling rooms.

5

Building design - to allow natural cool air in

6

Roof ventilators – extracting hot air

Cellar uptake in PV solar energy supply is better (33%) when compared to growers’ results at 9%. All
respondents said that they investigated solar options and that it is part of their future sustainability
plans.
Deliberate design and planning to improve pumping include using gravity flow as much as possible.
Installing tanks on mezzanine level and careful planning can result in less pumping if top tanks are
filled first. Pumping efficiency improvements include more efficient designs, for instance minimising
sharp bends. The uptake in replacing large single pumps with smaller pumps is good; this is largely
driven by floatation processes. Using correct variable speed drives are well understood and
implemented.
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Cooling uses the most energy in cellars. Improving its efficiency should be a key focus for all.
Insulation implementation is high, building design is becoming more topical and 5 respondents
reported that they upgraded their current cellar designs to allow natural air flow and reducing
cooling needs significantly. Roof ventilators are seen as an easy and accessible way to manage room
temperature without any energy demand.
3. How do you measure your consumption of the following inputs?
Result of 12

Input

Measurement technique

Water

In and out flow water meters

cellars
11
12
12

Municipality water bills
Electricity

Supplier bill accounting

0

Meters per output function

4

Solar recon reports

Most cellars measure their water in- and outflow due to clearly stipulated requirements in the IPW
guidelines. They also review municipality water bills. There is an opportunity to measure more
granularly which will help identify high water use functions and assist in managing and reducing
water use. This is not yet implemented at any of the respondents.
All producers rely on supplier bills to measure their electricity use. All agreed that installing
electricity meters per process seems like a good management tool but no one has this in place. The
respondents felt that this would be even harder to achieve than with water meters. As with water,
per function measurement will assist in managing and reducing electricity use.
For the producers who have implemented PV systems, solar recon reports help analyse energy
trends. It reports on daily consumption and self-generation. This is a great tool to monitor use and
track improvement over a 12month period. See figure 10 on page 78 for an example of a solar daily
report.
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Figure 10: Solar Consumption and Generation Report
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8. Summary and Findings
8.1 Biodiversity
Improving biodiversity requires an improvement in water availability and quality, reduction in
pesticide use, an increase in soil organic carbon levels and the conservation of natural areas.
In most cases respondents understood the importance of improving biodiversity in the vineyards
and all have implemented practices to drive this. The guidelines from IPW and WWF biodiversity
management in particular have led to large strides being made in water and soil quality. The big
uptake in cover crops and the reduction in mechanical operations such as deep and frequent tillage
improved the organic carbon levels in soil.
Water quality protection is well incorporated. Untreated waste water dumping is strictly prohibited
by the National Water Act of 1998 (Act 36 of 1998). Alien eradication is well supported by
government and is enjoying ongoing research and focus. All have implemented buffer areas around
water sources to ensure minimum run-off risk of agrochemical. Correct agrochemical rates and
periods and cover crops all contribute to an even lower risk in water source contamination.
More efforts are required to reduce the use of broad-based chemical pesticides and to conserve and
extend natural areas.

8.2 Pollution
Wine industry pollution stems from pesticide and fertiliser inputs and untreated winery waste.
Results show that pesticides, fertilisers and winery waste are being treated responsibly.
The pollution risks of overdosing and run-off of synthetic pesticides are dramatically reduced by
growers that apply integrated pest management principles – which ensures accurate application
rates and times. Other positive contributors are that “Greener” pesticides are becoming more
commercially available and the good uptake in cover crops.
Synthetic fertiliser is still the main tool for a viticulturist to adjust specific nutrients in the soil. Good
progress has been made in terms of more accurate application rates and methods, but some
application programs are not based on available measurements and could lead to overdosing 19%.
The associated pollution risks with Nitrogen and Phosphate based fertilisers are well understood to
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ensure the risk of eutrophication remains low. Correct application climate (avoid cooler periods and
high humidity) and soil requirements (avoid application on compacted soil) are well understood and
followed.
Winery waste water management enjoyed a lot of industry focus over the last two decades and is
well monitored and controlled. All wineries treat and dispose of waste water in the correct manner
and can show supporting documentation. As stipulated by the South African National Water Act
(Act 36 of 1998) and by the IPW requirements.

8.3 Carbon emissions
Carbon emissions from viticulture derive mainly from electricity use and fuel. None of the
respondents targeted carbon emissions as a stand-alone goal, rather their responses were part of
their greater sustainability framework and practices – many leading to reduced emissions through
more efficient input use.
The big uptake in cover crops and the cut back on broad-based chemical interventions ensued
improved soil quality. This conscious building of soil organic carbon levels helps reduce carbon
emissions due to its ability to sequester more CO2, reduce fertiliser and pesticide use, and reduce
pumping requirements due to more efficient use of green water.
Recent droughts and climate change demanded a bigger focus on efficient water management.
Although this is a high priority for all, a lot more needs to be done to measure and control water use.
There are many measuring tools that can allow precision application, but this has not yet been
implemented by the respondents.
Reducing fossil fuel generated electricity will have the most significant impact on carbon emissions.
The key to energy conservation is decreasing the need for pumping in both the vineyard and cellars
and cooling in the cellars. Improved pumping equipment and designs are well understood but are
normally only implemented during replacement programs. There remains an opportunity in
improving the precision measurement and control of energy use. Implementation of this remains
low despite reasonable availability of equipment and technology.
Solar PV systems are widespread and trusted. In cellars the use of PV systems are becoming
common while use is still low in viticulture. Capital expense is the biggest current obstacle, but this is
continuing to reduce while unreliable grid supply adds an additional benefit to own generation.
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Organic and synthetic fertilisers raise concerns due to the high GHG emissions associated with its
production and application. All respondents consciously monitor and try to reduce fertiliser use. Soil
and leaf analysis are widely used to plan optimal application, but more granular measurement and
control is possible through using monitoring technology. More research needs to be done for
producers to understand the differences and benefits of different application methods.
The next section will summarise the South African industry research findings.

8.4 Packaging
Packaging accounts for the majority of wine lifecycle carbon emissions. Globally, packaging is under
the spotlight and there is a lot of focus on reducing weight and supply chain emissions.
In 2019, 51% of South African wine was exported vs 49% domestic sales. Exports have seen a
dramatic shift towards flexitank transport and grew by 24% since 2005. This eliminates the need to
transport 32 000 glass bottles with an average CO2 emission saving.
The domestic market is still dominated by glass at a share of 44.3%. Efforts to reduce the weight
have enjoyed good progress. Glass production remains a heavy GHG emitter, but both glass
suppliers (Consol with 75% market share and Nampak with 25%) are working on plans to reduce this.
Lowering of furnace temperatures and incorporating greener energy sources for production are
starting to be implemented at all glass production plants.
The BIB format is the second biggest format used and grew from 33.6% to 38.7%. Greener benefits
include its much lower weight and the fact that it requires less energy to produce (less GHG
production emissions) in comparison to glass. Previous quality concerns are being addressed with
improvements in both shelf life and wine quality choice.
Alternative greener formats like cans are emerging and although currently having a small market
share, it can grow due to its lower weight and better trunking efficiencies compared to glass. High
production energy requirements concerns are similar to those of glass.

8.5 Plant material
Greener Plant material research and availability in South Africa is constantly refining. The uptake of
planting drought resistant varieties is 49.8%. New “unknown” drought varietals interest increased
from 0.5% in 2009 to 1.3% in 2019. Led by Grenache noir and blanc, the hectares planted with
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smaller drought-resistant varieties increased by 120%. This is encouraging and will help to adapt to
climate change and reduce current irrigation needs.

8.6 Greener energy
The South African electricity grid is based on highly polluting coal fired power generation. The
availability of renewable electricity has expanded dramatically over the last 10 years with the
establishment of the Independent Power Producers Office (IPPO) in 2010 and signing the energy and
climate policy (the Paris deal) in 2015.
In 2016, 11% of South Africa’s primary energy supply derived from renewable (hydro, solar, wind) or
waste sources. The current target is to increase the installed capacity of renewable to 36% of total
generation capacity by 2030 (Department of Energy, 2019).
Figure 11 on page 83 depicts the summary of the research findings.
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Figure 11: Summary of Research Findings (Source: Groenewald, 2020)
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9. Conclusion and Recommendations
Sustainability in the wine industry is a vast topic with varying implications at every stage of the wine
value chain. The impact of climate change on the South African wine industry and the pressing need
to take action are well documented, widely accepted, and supported by industry experts, growers,
and producers. The challenge is two-fold – reducing carbon emissions and building resilience to
rising temperatures and water scarcity. The availability of standardised and historical data, lack of
resources or tools locally, and varying conditions on farms limit the implementation of a standard
response with proven results. In most cases, wine farmers continue to experiment with various
methods based on their financial resources and land attributes – combining innovations with
practical experience to close in on the desired result in the vineyard and the cellar.
Several industry bodies, guidelines, regulations, and certifications are driving the development and
broader adoption of more sustainable practices. And the availability of improved measurement tools
over the past ten years is helping wine farmers deploy more targeted applications of agrochemicals,
water, and electricity. However, while some sustainability practices are gaining popularity,
limitations and barriers to entry prevent more data-driven methods and tools from gaining
widespread traction in South Africa.
The research shows the following sustainability practices have shown the most progress across the
industry 

Cover crops. 81% of respondents reported they use cover crops in the vineyard, marking the
most drastic improvement among sustainability measures over the past ten years. The
widespread practice is improving biodiversity, reducing water requirements and fertilizer
and pesticide use, and increasing the soil's organic carbon content. The uptake of cover
crops is also becoming more targeted to address area-specific needs.



Soil health. Viticulturists are increasingly focusing on soil health and building the organic
carbon content of soil over time. The majority of respondents use crop covers and minimise
mechanical cultivation to keep the soil cool and reduce disruptions.



Integrated pest management (IPM). IPM is gaining wider acceptance and cutting routine
applications of chemical pesticides, particularly pest and weed monitoring by vineyard
scouts, creating a habitat for beneficial insects through crop covers, and applying
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Trichoderma on fresh pruning wounds to curb infections. Pheromone traps to inform action
thresholds are also gaining in popularity.


Reduction in water, chemical, fuel, and electricity use. There is a general focus on reducing
inputs and using resources more effectively in the vineyard and cellar to cut carbon
emissions. Data capture remains largely manual. Global advances in precision viticulture
technology are trickling into South Africa but remain inaccurate and expensive.



Renewable energy. Given the country's volatile electricity grid, the availability of renewable
energy sources has grown dramatically over the past ten years. Uptake of PV solar energy
supply is encouraging in the cellar but remains low in the vineyard. However, there is an
appetite for installing smaller systems to power energy-intensive pumps when it becomes
available.



Packaging. An increase in bulk exports and light weighting of glass are reducing wine value
chain GHG emissions. Other greener packaging formats like BIB and cans are steadily gaining
in popularity.

Given the well-developed understanding of the need for more sustainable practices among wine
farmers and the wider industry, there are significant opportunities to improve, especially on a
granular level. The capture, standardisation, and analysis of accurate data through better technology
will not only deploy more precise applications of inputs but also record the latest findings and chart
trends to aid better decision-making in the vineyard and cellar. As proven with the widespread use
and subsequent specialised application of cover crops, rolling out sustainability practices will in itself
lead to advances in the application of those practices.
The research has identified the following opportunities to improve sustainability practices in
viniculture, viticulture, and packaging.


There are no quick fixes. Sustainability improvements have to form part of a wine farmer's
broader, long-term strategy. In the present agricultural landscape, sustainability is
introduced through a practical approach, essentially gradually phasing out more harmful
practices in favour of greener alternatives that work with nature. Gradually restoring
balance in the vineyard environment through a combination of biological, chemical, and
cultural management tactics will eventually reduce the reliance on external inputs.
Optimising sustainability practices requires data that takes time to collect, benchmark,
analyse, and implement.
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Granular measurement. Reporting on pesticide, fertiliser, water, electricity, and fuel usage
remain dependent on manual data capture. The use of smart agri-tools is still limited but has
significant potential to aid understanding of the vineyard on a granular level.

81% of respondents rely on pesticide supplier recommendations which are based on industry data
for area-specific threats. Digitising recordings of increasingly popular pheromone trap numbers can
further support farmers to use pesticides more accurately. Reducing fertiliser use is high on the
agenda for all respondents. Soil and leaf analysis dictate application, but granular measurement and
control can improve accuracy and minimize runoff with more in-depth readings, including nutrient
requirements.
Instruments for the granular measurements of water and electricity to deploy better control of these
resources are already available and affordable but not without its challenges. Unlike precision
technology, current popular water measuring techniques do not indicate the exact volume required.
Only 9% of respondents currently use precision water application methods. While complicated and
time-consuming, it has significant water-saving potential. Not a single respondent employs the
granular measurement of water and electricity inputs in the cellar.
Technologies to react to more granular data remain costly but empower wine growers to apply
inputs based on the real vine needs instead of estimated averages. Added to that, emerging smart
monitoring and sensor technologies provide a more complete picture of the vine, vine leaves, and
berries within each vineyard. Drone cameras and sensors also have great potential for data
generation.
Investment and the subsequent evolution and availability of these technologies in South Africa have
enormous potential to develop precision viticulture solutions at scale and cut waste.


Standardise data. Currently, in South Africa, there is no central database with area-specific
data for the application of all inputs. The accurate recording of data remains challenging.
Accurate data will establish regional baselines so winegrowers can benchmark their energy
efficiency and water usage and track progress over time. The development of such a
database is hugely reliant on measurement technology and the participation of farmers.
Access and ease-of-use should be the top priorities to ensure consistent data entry and
accurate tracking. There is significant potential to improve the scope, accuracy, and uptake
of existing tools like Fruitlook and CCC carbon reports.
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Knowledge sharing. Research shows that winegrowers have an appetite for trialling
sustainability practices. 45% of respondents are currently experimenting with droughtresistant cultivars of at least 1 hectare. Sharing results and recommendations based on areaspecific findings has the potential to fast-track sustainability practices. Beyond real-time and
numeral measurements, a platform for multimedia knowledge sharing will add depth to
understanding each factor's integrated dependence. A comprehensive sustainability report,
including local and global case studies and tracked progress released every two years, will
further aid the uptake and accessibility of new and proven practices.



Water recycling research. The production of wine generates large amounts of low-quality
wastewater. Recycling has vast potential to repurpose the water for irrigation. However,
concerns about the long-term effects of low-quality water on the soil, particularly the buildup of salts and sodium, see wine farmers steering clear of the practice. Ongoing research
into the success of wastewater recycling is required to change perceptions and boost
adoption of the approach to create alternative water sources, especially in the face of
chronic water shortages.



Government regulation. Environmental regulations play an active role in monitoring and
enforcing more sustainable practices. Established government regulations in South Africa
are key to protecting virgin soil and water sources from wastewater dumping. New
regulations have the potential to improve conservation and pass critical sustainability
practices into law.



Renewable energy. While the uptake of solar panels at cellars is encouraging, further
research is required to address specific needs on farms. Solar panels at pump stations are
more sustainable than electric cables. Panels on dams have also been proven to reduce
evaporation.



Packaging innovation. Further research is required to fully understand and develop more
sustainable packaging solutions. Improvements in more sustainable BIB packaging options
have extended the shelf life once opened, which has led to a renewed interest in the format.
There is significant scope to implement more sustainable practices across packaging
production, transport, and recycling.
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The South African wine industry has shown great strides in the improvement and implementation of
sustainability measures. Current practices for enhancing biodiversity and building soil content will
continue to yield benefits into the future as climate change concerns escalate.
In addition to improvements in data capture and analysis tools and technologies, the industry can
significantly benefit from increased collaboration and sharing best practices to chart its path to a
sustainable future.
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