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1 Executive Summary  

This report documents a mapping exercise aimed at identifying centres of excellence for 

research and innovation for the South African agri-food and horticulture sector, with specific 
focus on sustainable farming practices. The intention was to elicit interest and potential 

inter-country collaboration from Dutch research institutions and companies.  
 
Applying desktop research that identified approximately 80 institutions, a survey 

questionnaire was sent to 45 institutions, and face to face meetings were set up with 27 
people representing 19 institutions. Five institutions, described as “pockets of excellence” 

were identified as part of a wider type of innovation: Fruitlook (Remote sensing application); 
the University of Pretoria’s FABI; the ARC’s digital application, Agricloud (digital mobile 

resources); the deciduous fruit group Hortgro; and Macadamia Nuts South Africa (SAMAC); 
Another 9 examples, including the University of Stellenbosch’s work in producing food-grade 

products from black soldier fly larvae and the soil probes work of the private company, 
DFM, were included as additional notable centres of potential interest for Dutch companies 

interested in innovations in this field. 
 

The most common focus areas among innovating institutions included soil, water, robust 
systems, and technology.  

 
The report concludes with a summary table of key pockets of excellence as a rapid guide to 
interesting CA / CSA / SA innovations in South Africa.   
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2 Introduction 

Jubilee Climate Solutions was contracted to identify and map centres of excellence for 

research and innovation in the South African agri-food and horticultural sector, with specific 
focus on climate smart technologies and sustainable farming practices.  

 
The main purpose of the mapping exercise was to raise the prospects of collaboration 
between Dutch and South African research institutions interested in sharing and 

coproducing expertise, research and innovation.   
 

The questions that this study sought to answer, include: 
 

1. What are the most dominant centres of excellence for research and innovation 
in climate smart technologies and sustainable farming practices in South Africa? 

2. Under which institutions (public and private) are those centres run? 
3. Which commodities are mainly covered in those centres?  

4. What kind of climate resilience related technologies are covered in the research 
and innovation projects undertaken (e.g. genetics, water management, 

renewable energy, plant material etc)? 
5. How do those research and innovation projects collaborate with the private 

sector, government and knowledge institute and how are they funded?  
6. What have been the main strengths and weaknesses of those centres: (1) in 

terms of research and innovation projects undertaken, and (2) in terms of the 

institutional stability of the Centres?  
7. Are there specific stories about their successes, failures and challenges? If yes, 

please provide and explain the main stories?  
8. What kind of collaboration arrangements are existing for research and 

innovation projects undertaken by such centres – who is collaborating with 
who?  

9. Is there any potential for the centres to collaborate with their counterparts from 
the Netherlands? 

It became evident early in the process that classic “centres of excellence” in this aspect of 

South African agriculture are few and far between. Accordingly, the focus of the research 
shifted to identify and analyse “pockets of excellence” that exist in the climate smart/ 

conservation agriculture/ regenerative agriculture/ digitally-enabled “smart” components of 
South Africa’s agricultural sector.  
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3 Climate Smart and Conservation Agriculture in the South 

African context 

The concept of Sustainable Agriculture (SA) (“farming systems which are productive, 

economically viable and environmentally sound over time”) were included in the White 
Paper on Agriculture in 1995, early on in the evolution of democratic South Africa’s 

agricultural policy.  
 

More recently, there have been iterations on Conservation Agriculture (CA) and Climate 
Smart Agriculture (CSA) in policy and some private sector proponents of Regenerative 

Agriculture (RA).1  
 
In May 2017, the Department of Agriculture, Forestry and Fisheries (DAFF), released its draft 

Conservation Agriculture Policy. The policy stated that CA is key in advancing adopted 
sustainable development goals on sustainable agriculture, climate change adaptation and 

mitigation and land degradation neutrality. The same policy recognised that implementation 
of the CA policy would require substantial public and private sector investment, as well as 

use of global donor funds (such as the Green Climate Fund and the Global Environment 
Facility). (see Box 4 in section 8) 

 
In August 2018, DAFF released its Draft Climate Smart Agriculture Strategic Framework. 

Actions identified in the CSA Strategic Framework included: reducing vulnerability, 
increasing adaptive capacity, addressing specific risks related to climate variability and 

climate change, exploring sector-specific opportunities in the context of a changing climate 
and promoting communication and research.2 

 
The DAFF’s annual performance plan 2018/2019 (the latest publicly available) stated as 
medium-term targets: CSA Strategic Framework implemented through prioritised 

programmes (2019/20); and CSA strategic framework monitored through identified 
indicators (2020/21).3 

 

 

                                                           
1 The Regenerative Agriculture Association of South Africa (RegenAG SA) is relatively new well linked to international networks. 
Their aim is to use farming as part of the response to tackle the linked problems of climate change, soil erosion and poor 
human health. Regenerative Agriculture sees soil as a living system, not a growth medium, and pays particular attention to soil 
microbes, soil structure and the nutritional content of food. The approach is undoubtedly something that will become more 
common in the future. See for example https://www.crediblecarbon.com/news-and-info/news/climatechangethe-case-for-
regenerative-agriculture-angus-mcintosh-of-spier/ 
2 https://www.nda.agric.za/docs/media/gazzette-climatesmartagriculturestratframework-draft.pdf 
3 
https://www.daff.gov.za/Daffweb3/Portals/0/Annual%20Perfomance%20Plans/DAFF%202018%2019%20Annual%20Performa
nce%20Plan.pdf 
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4 Methodology of the Climate Smart Agriculture Survey 

With South Africa’s policy as context, the Jubilee team began a systematic process of 

identifying centres of excellence that culminated in a survey and follow-up focus groups to 
find the answers to the questions outlined in Section 2.1. 

 
The process began with an extensive literature and internet search drawing on the team’s 
pre-existing knowledge of, and contacts in, the sector. This yielded a directory of potential 

“centres” of excellence in climate smart / conservation / sustainable agriculture. The 
directory contained approximately 80 institutions, and over 90 individuals.  

 
Emails were sent to each of the identified institutions, and following a positive reception, 

respondents were sent a link to a Google Forms survey.  
 

The survey questions explored the institution’s strengths and weaknesses in the CA/CSA/SA 
field, and to identify programmes or projects that could be construed as being a “centre of 

excellence” or a “pocket of excellence”. Questions were posed about each programme or 
project, and the institutions were given an opportunity to send supporting information and 

documents through to the team. Appendix 3 has a copy of the full survey text. 
 

Ultimately, 45 individuals were sent the survey and 38 people completed the survey. 
 
Survey responses were evaluated to identify institutions or programmes that best met the 

criteria for CSA / CA / SA excellence. Representatives from compliant institutions were 
invited to small group and / or round table meetings in Pretoria and Stellenbosch between 

17 – 24 February 2020; 27 people, representing 19 institutions, participated in the meetings.  
 

It should be noted that, due to time constraints, the survey did not set out to provide a 
comprehensive review of the entire field of players and institutions involved in Sustainable 

Agriculture research, and as a consequence does not represent a definitive or exhaustive 
review of all centres. Many institutions did not respond, even when prompted, and some 

notified that they were not able or willing to respond. While the research takes 
responsibility for the selection procedures, there may be opportunities and prospective 

collaborations that we have not adequately identified. 
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5 Responses to the online survey 

5.1 Key findings regarding institutions 

There were 38 responses to the emailed survey. The chart below shows the proportion of 

replies from each type of institution.  
 

 
 
Findings from the survey point to the following:  

● Commodity associations are very active in research (e.g. Grain SA, SA Sugar 
Research Institute, Hortgro and Citrus Research International); 

● Universities (especially Stellenbosch/Pretoria University) are active in research; 
● NPOs (especially WWF and Mahlathini Development Foundation) active in CA/CSA; 
● Projects often involve collaborations between universities, NPOs, commodity 

groups; 
● Private companies are less forthcoming on their work in CA/CSA, but many appear 

to be innovating. 

5.2 Key findings regarding innovation themes 

The chart below shows the number of respondents to the survey stating that their 
institution / department is actively involved in a sector. As shown in the chart, the most 

common innovations are in soil, followed by water, robust systems and technology. 
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Other noteworthy findings are:  
● Water scarcity in South Africa in recent years has promoted CA/CSA innovation; 

● There is growing awareness of soil and water not just as ‘factors of production’ but 
as critical and complex systems for agriculture.  

● Some elements of “Innovation” include revisiting / adapting traditional methods of 
farming for example crop rotation and mulching; 

● Major barriers to the advancement of CA / CSA / SA include funding (especially 
government funding), space to test innovation and skills or researcher capacity; 

● Certain key weaknesses commonly identified with regards to CA / CSA / SA include: 

o Limitations of capacity and resources for horizontal and vertical scaling of 
CSA practices, (particularly apparent at smallholder level); 

o A paucity of technologies for scientific measurement of soil and water 
indicators; 

o Difficulties are experienced in accessing appropriate drought, stress and 
disease tolerant open pollinated varieties (OPV) and hybrids; 

o Reliance on chemicals, historically subsidised by the Apartheid Government, 
remains systemic in the industry; 

o Problems exist in commercialising new technology developed through 
research; 

o There is a dearth of climate-controlled facilities where the effect of before 
harvest temperature on plant productivity, fruit quality and postharvest 

storability can be studied; 
o Lack of dedicated spatially extensive crop monitoring networks. 
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5.3 Key findings regarding innovations and opportunities   

The online survey identified innovations that have emerged in South Africa in recent years. 
These are presented in detail in Sections 7 and 8.  Some particularly interesting thematic 

opportunities that the survey highlighted included the following: 
o Remote sensing technology is an emerging market opportunity (see 7.1) 

o Expertise in statistical modelling of soil properties (chemometrics). - 
evidence that certain soil properties can be relatively accurately estimated 

from MIR spectra. This is a specialist skill and there appears to be limited 
capacity in the country for such advanced spectral modelling (see 8.6) 

o Holistic farming – waste reduction/water saving/soil health/chemical 
reductions/nutritional focus/best practice (see 7.5) 

o Agricultural waste management (see 7.6) 
o Post-harvest loss reduction - pest management in storage; (see 7.5) 
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6 ‘Birds-eye’ view on the structure of research in 

sectors/sub-sectors where innovations or innovative 

projects occur 

Since the discontinuation of State-led “Organised Agriculture: in 1996, research in this 

sector in SA is being increasingly driven by individual farmers, individual private companies, 
commodity associations. While the Agricultural Research Council (ARC), universities and 

some provincial governments remain active their influence is, with a few notable 
exceptions, diminishing.  

 
Source: Own Diagram based on the surveys with information from institutional websites 

6.1 ARC 

The ARC claims to be “a premier science institution that conducts research with partners, 

develops human capital and fosters innovation to support and develop the agricultural 
sector”.4 The ARC’s revenue in 2018 was ZAR1.3bn. It is funded by a parliamentary grant 

from the Department of Agriculture, Forestry and Fisheries (DAFF) and the Department of 
Science and Technology (DST) (some of which is ring-fenced) and by contract research and 

development income from both public and private sector, locally and internationally.5 86% 

                                                           
4 https://www.arc.agric.za/Pages/Home.aspx 
5 ARC Annual Report,2017/18, p. 
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of the ARC’s external income was from research services (other sources include royalties, 
rental income, investment income and sale of farm goods).  

 
Many research projects in the sustainable agriculture field lend themselves to possible 

innovation. These include livestock methane detection, traceability of agricultural products, 
carbon and water footprint measuring techniques, livestock breeding and genomics 

research. The ARC has experimental farms across the country, some with ongoing trials for 
decades. 

 
An AgriSA survey in 2019 revealed that research spend has systematically moved away from 

the ARC towards a variety of private institutions, universities and other government 
agencies: an estimated 75% of agricultural research spending is now taking place through 

these bodies, in drastic contrast to the traditional position of the ARC serving as the nexus of 
South African agricultural research. This presents a set of urgent policy questions, including 

the privatisation of basic agricultural data necessary for the upliftment and sustainability of 
the sector. 
 

The ARC and other government agencies receive government funding but are largely 
dependent on project-based funding from private organisations. 

 “These developments present challenges, but also opportunities to consider how 
best to organise agricultural research in South Africa. The proliferation of private 

research institutions and the strengthening of agricultural research capabilities in 
previously broad-based research agencies suggests that it may be best to ride the 

trend rather than push against the current. The ARC can in fact focus far better now 
on public good priorities such as bio-security and food safety.”6 

6.2 Provincial Departments of Agriculture  

Provincial Departments of Agriculture (PDAs) are mandated to provide development, 
research and support services to the agricultural community in their province. They receive 

transfers from the National Revenue Fund (provincial equitable share and certain 
conditional grants), and their own generated revenue. Provincial departments are 
responsible for funding and administering agricultural colleges and research institutes in 

each province. Some PDAs are more innovative than others, for example the Western Cape 
DoA recently launched the Smart Agri project looking at impacts from and adaptations to 

climate change, with specific reference to CSA and CA perspectives. 

                                                           
6 Agri SA Media release 24 April 2019 
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6.3 Universities 

Universities in SA are funded by the Department of Higher Education and Training block 
grants and by student fees. The Universities that responded to our survey were those of 

Pretoria, Stellenbosch, Cape Town, Free State and Kwazulu-Natal. Research at these 
universities varies with much being theoretically based and funded by the institutions 

themselves, but there is also much applied research, initiated by the university researchers 
or directed by private enterprise or by donor funders. In each case there are opportunities 

for application to a wider field, either as a service or as a commercial venture. The issue of 
intellectual property rights is determined by the contractual agreements between 

researcher and funder. 

6.4 Agri SA 

Agri SA is a federation of agricultural organisations consisting of nine provincial and 25 

commodity organisations and 48 corporate members.7 Its mission is the development, 
profitability, stability and sustainability of primary agriculture in South Africa by means of its 
involvement and input on national and international policy and the implementation thereof. 

Agri SA does not so much initiate as facilitate research. It has various “Centres of Excellence” 
and runs a “Green Desk” as well as a “Smart Agriculture Risk Management Desk”8 (the latter 

is supported by Senwes).  The natural resources CoE comments on water related matters 
and legislation and policy reform In respect of natural resources. 9 

 
A recent AgriSA conference identified 3 main realities that face the agricultural sector with 

respect to research and innovation (R&I): 
1. Acknowledgement of a shared responsibility and undertaking by academic 

institutions and industry to work towards the establishment of productive future 
orientated R&I partnerships 

2. Organised Agriculture needs to assess and collaborate with appropriate structures, 

incorporating proven approaches, to facilitate sector driven R&I strategies that 
clearly define priorities and set specific objectives to generate the desired outcomes 

3. Academic Institutions and research service providers need to develop strategies to 
mobilise multiple funding sources (public, private, international) with optimal 

alignment of stakeholder interests 
The organisation further recognises that often agricultural commodity and corporate groups 

are looking to work in platforms, rather than pipelines for the delivery of research,  and they 

                                                           
7 https://agrifoodsa.info/af/news/agri-sa-developers-south-african-
agriculture?gclid=Cj0KCQjw9ZzzBRCKARIsANwXaeKfRnGL3rX1zy4SO-
ij2j2Ssg2rsVekB_Vy1jr1MV20zpdCtdpVGhIaApXCEALw_wcB 
8 http://agrisa.infogro.net/download/UQZiSPTuyThSXU5zU0YJEREtgU1brRSncEGuQbnr.pdf 
9 https://www.agrisa.co.za/coes 
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need to identify ways that research and development has impact through the value chain 
and further, to realise that without research, transformation of the sector is not possible. 

6.5 Commodity associations  

Commodity associations in SA derive a levy from their members. This differs from one group 
to another in SA – for example, the Subtropical Growers Association appears to charge a flat 

levy,10 while Grain SA charges a stipulated membership fee and a prescribed commodity 
levy on every ton of grain a farmer produces.11 The current role of commodity associations 

in South Africa has to be understood in the context of ‘Organised Agriculture’ and single 
channel marketing boards that governed South Africa until 1998. This system oversaw a 

complex network of farmers, financiers and universities that managed most agricultural 
research on behalf of farmers. The focus of this research was predominantly on improving 

yields. The current commodity associations represent a new iteration of the former system, 
without the same extent of State support. The same shift has birthed some new R&D 

capacity, such as Du Roi Laboratories12.   
 
A survey of 19 commodity associations revealed the following institutions offered research 

services to commodity associations: Universities, ARC, private companies, CSIR, own 
facilities, PDAs, other commodity groups (SASA, SASRI, NWGA),  

 

 
Source: own diagram based on Report on Agri SA’s Commodity & Corporate Chamber Conference, 2019 

                                                           
10 https://www.subtrop.co.za/wp-content/uploads/2018/06/SAAGA-Membership-Application-ENG-April-2018.pdf  
11 https://www.grainsa.co.za/grain-sa-membership-levels-how-it-works-feb 
12  Du Roi Laboratory Specialises in the production and distribution of disease-free, virus-indexed tissue culture banana and 
sugarcane plants.  https://www.duroilab.co.za/ 

https://www.subtrop.co.za/wp-content/uploads/2018/06/SAAGA-Membership-Application-ENG-April-2018.pdf


   

14 

 

The associations were asked what the total amount (irrespective of the source) the 
organisation spent / paid over to each of the research institutions in the FY 2017/18, they 

answered as follows: 

 
Source: Report on Agri SA’s Commodity & Corporate Chamber Conference, 2019 

 
The CAs were also asked how they obtain research funding. The vast majority (14 of 19) said 

that they received more than 90% of their research funding from levies; 2 said that they 
received more than 90% from trusts; and 2 said they received 87% or more of their funding 

from other sources.  

7  ‘Pockets of excellence’ identified  

The survey and ensuing meetings led to the identification of pockets of excellence in this 

field. In this section, we provide an overview of pockets of excellence and a discussion of 
each. Pockets of excellence are programmes/projects or general institutional innovative 

research activities that could be widely applied or leveraged for greater uptake, and those 
which seem to be the most promising ones with which to cooperate and collaborate. 

7.1 Remote sensing and data collection:  

One of the most rapid advances in recent years in agricultural advisory services has been 
that of data collection, either from ground-based instrumentation or remote sensing. The 

latter has seen a growth in the use of satellite data and products to detect many agricultural 
parameters from soil moisture, greenness, to crop stress and disease. The technology is 

advancing so that much of this data collection can now make od drones to offer a higher 
resolution and more personal and tailored product range. Together with traditional data 

collection (soil moisture – see section 8 - and weather), these applications are now 
marketed as whole farm advisories. One example is quoted below. 
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Fruitlook and Blue North: The Western Cape Department of Agriculture funded the 
development of FruitLook, an open web portal where 

Western Cape fruit growers can access satellite-based 
information on crop growth and water use. Blue North 

provide in-field support to eLEAF and the WCDoA in the 
implementation of FruitLook. The service is eight years 

old, and on-going. Fruitlook provides weekly updates on 
nine growth parameters such as evapotranspiration, 

biomass production and leaf nitrogen content from 
satellite data. Wine and fruit farmers 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. Variations in biomass production between the different blocks and within the 

blocks themselves are visible. This fine-grained information can clarify why yields in one 
field are higher than in others or the effect of irrigation scheduling on crop growth. 
FruitLook also enables the wise use of fresh water supplies in the Western Cape. 

7.1.1 Themes (knowledge/innovation areas), content, and structure (how processes are 
designed)  

Satellite data is downloaded and interpreted for the farmer on a weekly basis. From the 
analysis he/she can make decisions regarding management of a particular part of the 

orchard or field. The innovation allows farmers to access crop health information over the 
whole area without taking individual measurements. The opportunities are to integrate 

other information into the model. Examples here are high resolution soil characteristics and 
moisture data, weather (especially temperature and rainfall) data, and the nature and 

amount of fertiliser, pesticide, herbicide etc. 
 

7.1.2 Models and processes of translating research findings and innovations into 
practical applications and implementation 

WCDoA uses output for strategic purposes to monitor crop distribution and land use, while 
users use the output directly for irrigation scheduling, land management, nutrition/health 
management etc. There are currently over 700 active users and in 2017 a survey was done 

among the regular users where 63% of them indicated that they made a saving of between 
5% - 15% on irrigation application based solely on the use of FruitLook. 

7.1.3 Strengths and weaknesses  

Fruitlook uses remote sensing and therefore is highly efficient; it is easily accessible and has 

a good user-friendly interface (see image above). From a user perspective, one weakness is 
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the one-week delay in response time between a request and response. From the project’s 
perspective, a weakness of the project relates to on-going funding from WCDoA. It is 

necessary to make the project self-sustaining, and it perhaps needs to move to a user-pays 
model.  

The use of individual drones bypasses this delay, but involves a substantial investment into 
the equipment and analytical software. Many service providers are moving into this field 

(see, for example, information on Aerobotics, below) 

7.1.4 Institutional arrangements with relevant stakeholders 

The Western Cape DoA provided funding, eLEAF (https://eLEAF.com) have developed the 
proprietary algorithm and Blue North provide in-field support to WCDoA and eLEAF. The 

move towards a user-pays model has been suggested to improve and increase the efficiency 
and range of data provision and analysis. PiMapping technology is used to provide remote 

sensing data (combination between weather data, satellite imagery of various sensors, 
geographical data) on a weekly basis for 9 different parameters. 2 dedicated scientists are 

used (one from Blue North and one from The University of Stellenbosch) to expand the 
uptake and use and to liaise with farmers.  
Additionally, they are studying the water use of different vegetated surfaces using field-

based and remote sensing technologies. The aim is to transfer this knowledge in support of 
improved water resources management. 

7.1.5 Funding mechanisms/opportunities  

Fruitlook is free for users, and this has been funded by WCDoA for a period of 10 years. 

Suggestions to introduce a user-pays model have been met with resistance. Blue North has 
created a new platform for Fruitlook, and are proposing the integration of innovative tools 

to upscale the usefulness and uptake.  
There are numerous opportunities for investment and partnering in this field. Worldwide 

satellite technology and algorithms are advancing to be able to provide much more nuanced 
and tailored products for agricultural users. 

7.1.6 Propositions for possible partnership  

Public private partnerships may be a proposition here as there are numerous data 

technologies that could be integrated into a full farm management system.  
Other examples of institutions using or testing remote sensing technology are: 
 

Meat Naturally: Remote sensing for integrated management impact monitoring and 
market traceability for livestock production in Southern African communal rangelands. 

In order to optimize opportunities for sales into niche markets (thereby improving prices for 
farmers as a reward/continuous incentive for good land and livestock management), Meat 

Naturally required a web-based application that could allow for remote monitoring and 

https://eleaf.com/
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traceability system of environmental improvement.  In 2017, they contracted ZSV consulting 
to create a rangeland monitoring web application, called Rangeland Explorer, which stores 

and collects satellite-derived information for defined communal grazing lands participating 
in the Herding for Health programme promoted by Conservation International and Peace 

Parks Foundation. 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
BOX 1: Remote sensing for integrated management impact monitoring 

 
SASRI: Soil property detection 

Development of near and mid infra-red spectral libraries for rapid, routine diagnostics and 
analysis of soil fertility and salinity and plant nutritional status for local and foreign 
sugarcane growers. There is early evidence that certain soil properties can be relatively 

accurately estimated from MIR spectra thus would reduce the analytical burden to 
determine these, reduce sample analysis time and lower cost. There is a need for capacity in 

the country for advanced spectral modelling – this may be due to a lack of interest in 
applying such knowledge to agriculturally related practices with preference given to 

pharmaceutical and chemical applications 
 

 

Accuracy and functionality of the remote sensing system as the foundation of Rangeland Explorer 
are critical to enable Meat Naturally to maintain low overheads and extend its services without 
compromising on standards of environmental responsibility.  As such, Meat Naturally is currently 
looking for partnerships that could help to further develop the app’s accuracy and functionality as 
an impact monitoring and traceability system.  Specifically, they are seeking support to: 

1) Analysis of groundtruthing of biodiversity and ecosystem health indicators against 
remote sensing NDVI signals.  Currently, there is no way to inform interpretations or 
build in machine learning model to improve interpretations across all current and future 
sites. 

2) Enable the app to store and measure cumulative inputs over time.  For a particular 
grazing area, we would like to be able to store and measure client information over time to 
derive a system based on a particular grazing area.  Ideally cumulative data on climatic 
factors, particularly precipitation, would need to be integrated to accurately interpret 
results.  . 

3)  Enable the app to be nearer to real time. Currently the app displays base layers 
including fractional bare ground, grass and tree cover, as well as grazing capacity. The app 
currently displays NDVI (vegetation greenness) over time for selected polygons with a ca. 
2-3 month lag time – i.e. near real-time.  The lag in near real-time NDVI data might be 
shortened to a few weeks/days with new datasets becoming available in Google Earth 
Engine that are designed to help alert users to deforestation. These data can be 
repurposed for assessing rangelands.  

 

https://zandersamuel.users.earthengine.app/view/mnp-rangeland-explorer
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Aerobotics: advanced aerial imagery and artificial intelligence 
Aerobotics uses advanced aerial imagery and artificial intelligence to help growers optimise 

yield performance by providing critical data on the health of every tree in the orchard. On 
their platform, Aeroview, a whole farm is captured in a digital space giving insight into every 

orchard boundary, variety, acreage, number of trees and missing trees. The data zooms in to 
the details including the health, size and GPS location of each tree. Aerobotics provides an 

end-to-end solution to help manage a farm throughout the season 

• Orchard Management 

• Problem Tree Identification 

• Pest & Disease Management…. 

• Yield Management 

On request a drone pilot will fly over the area 3 times throughout the season, allowing a 

farmer to track tree health and size, using multispectral, high resolution drone imagery. 
This then allows the farmer to identify areas needing attention from the historical satellite 

health data, and inspect these in the field using their mobile app, Aeroview InField. Then, 
data driven decisions can be made on the farm, using the AI-based analytics platform.  

The company also has clients in over 18 countries worldwide, who require the services of 
licensed drone pilots. They seek out Drone Partners network, to fly & earn per hectare/acre 

depending on where they are based. They also employ agents who take part in their sales 
cycle from start to finish, ensuring that clients get the most value of the entire process. 

A case study for macadamias is shown in the appendix 
 

7.2 Mycology, tree health and agricultural biotechnology: University of 

Pretoria’s FABI 

The University of Pretoria’s Forestry and Agricultural Biotechnology Institute (FABI) is a post-

graduate research institute established in 1997, following the recognition that the future of 
forestry and agriculture will depend on the incorporation of new and emerging technologies 

into these industries. The 300-strong team have received international recognition: it was 
recently ranked second globally for 'mycology' - most of which is linked to plant health 

research. It also has one of the largest culture collections of plant associate fungi (global 
focus), and the largest programme globally focused on tree health. It is globally recognised 

as a leader in forest and agricultural biotechnology, and an incubator for new long term, 
interdisciplinary and integrated (industry, government, academia) programmes focused on 
plant production and protection.  
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7.2.1 Themes (knowledge/innovation areas), content, and structure (how processes are 
designed)  

The main thrust of FABI’s work is to integrate science and technology research into practical 
agricultural applications. There are more than 20 research groups in the institute, providing 

platforms in Tree, Grain and Vegetable crop biotechnology. One of these, the Tree Health 
Biotechnology Platform, has published over 1400 papers (h-index 79) and trained more than 

250 MSc and PhD students. Most research programs have broad international reach, but 
two are based internationally (Brazil and Indonesia, and China), and South Africa’s first 

‘Satellite Lab’ (in Applied Chemical Ecology) run by a researcher based in Canada. The 
institute has a deeply engrained culture of excellence, mentorship and teamwork. This 

provides capacity and critical mass to provide stability over time, systematic development of 
research expertise and able to absorb and develop capacity in new fields and new 

technologies. The institute includes expertise on Agricultural and Forest Biotechnology, 
Forest Entomology and Pathology, Agricultural plant pathology and entomology, Molecular 

plant-pathogen and plant-insect interactions, Applied chemical ecology (fungal, insect, 
plant), Applied mycology and fungal biodiversity, Modelling of biological systems, Molecular 
plant physiology, Plant molecular genetics and breeding, Phytobacteriology, Seed vigour and 

pathology, Genomics, Synthetic biology, Systems biology, Data Science & Bioinformatics, 
Sensor technology. 

Fields such as reverse chemical ecology (going from genetics to predicting chemical 
compound influencing behavior) to gene editing (plants, nematodes, fungi and insects) for 
pest management (and plant breeding) are rapidly emerging in the institute. The institute 
also delivers plant diagnostic services to industry and government on a national level, and 
this includes service to both large and subsistence farmers and industries. (see Box 2: Pests 
and Pathogens). 

7.2.2 Models and processes of translating research findings and innovations into 
practical applications and implementation 

FABI has programmes that link all forestry companies, small growers and government, 
ensuring sustainable forestry and forest protection strategies, a strong base of various other 

interdisciplinary programmes linked to forestry and tree nut/fruit crops, vegetables and 
grains, spanning natural, agricultural and engineering sciences.  The main focus is on plant 

production and protection and FABI work closely with commodity organisations. FABI 
contributes to various developments and new initiatives in the University, from 

postgraduate training and structures to physical developments. Most recently, it has also 
provided a base for the development of a major new transdisciplinary research institute at 

the University of Pretoria, namely Future Africa (www.futureafrica.science).  The UP Future 
Africa Institute is located on the Hatfield Experimental Farm, where the TPCP and FABI also 

have important research facilities, including a nursery, greenhouses and tunnels, and the 
Biocontrol Research Centre. 



   

20 

 

7.2.3 Strengths and weaknesses 

FABI’s base in an academic institution is both a strength and a weakness: it is good to have 

links with strong academic institutions, but it does sometimes constrain growth and 
structure. FABI is working on platforms to allow programme growth, linked to the University 

– “Innovation @ UP”. 

7.2.4 Institutional arrangements with relevant stakeholders 

FABI has a very broad base of collaborating institutions, including research institutions, 
industry, private growers and government in various parts of the world. The collaboration 

between the Tree Protection Cooperative Programme (TPCP) and the DST-NRF Centre of 
Excellence in Plant Health Biotechnology (CTHB), represents a world class example of a 

successful long-term industry-government-university partnership that uses biotechnology to 
promote the health and sustainability of trees. Today these programs not only does world 

leading research and training on trees, but provided the platform for development of key 
national services in plant disease diagnostics, plant molecular typing and molecular breeding 

support, hosts national collections of fungi (more than 50000 cultures from around the 
world), nematodes, bacteria and plants for both forestry and agriculture. 

7.2.5 Funding mechanisms/opportunities  

The university’s research projects are funded through government, industry and commodity 
organisations. The commercialisation of practical applications is always desirable, and 

possibilities exist within the area of plant genetics, biological control products, and chemical 
ecology-based trapping focused strategies. 

7.2.6 Propositions for possible partnership  

As the University of Pretoria looks to further develop the Hatfield Experimental Farm around 
Future Africa as a platform for development of public-private partnerships, FABI and its 
partners in the forestry and agricultural sectors play a leading important role. The project is 
called Innovation Africa @UP and has started to develop joint research centres between the 
University and industry partners, for example a national Plant Health Lab to transfer 
technologies and deliver services linked to frontier research with respect to pest and disease 
diagnostics and monitoring. 
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BOX 2: Pests and Pathogens at FABI 

 
To give one example of the holistic approach that FABI uses in pest management, for the 
Sirex woodwasp (a pine infesting invasive insect), the institute provides a national biological 
control product annually (producing around a billion nematodes a year), as well as 
monitoring of its impact. It is estimated to have saved the industry R100s of millions over 
the past two decades. This service delivery platform is also used to supplement student 
bursaries and provide them with direct industry work experience, while they complete their 
degrees. At the same time, FABI research has amassed by far the largest collections of the 
insect, its mutualistic fungal symbiont, and its biological control agents from all regions 
where it occurs around the world. These are all characterized at the genome and population 
levels, developing novel resources in all these cases. Using this collection, we produce global 

Pests & pathogens 
The convergence between recent advances in sensor technology, biotechnology and data science 
are rapidly transforming decision making and management in crop production, as in many other 
fields. These same technologies also have the possibility to improve the way that pest and 
pathogen management is developed and deployed. This opportunity is especially important given 
the rapid rise in new emerging and invasive pest and pathogens that threaten food production 
and whole ecosystems. FABI broadly used modern molecular and chemical tools can make to 
improve precision in understanding diversity, invasion pathways, ecological interactions, micro-
evolution (accidental and assisted) and general biological traits of relevance to pest management 
systems. This includes the extensive (some the largest globally) collections of plant and insect 
associated fungi, bacteria, insects and nematodes, linked with extensive platforms for generating 
and presenting genetic and genomics information for these collections. The institute leads 
research on many prominent pathogens and pest groups, as well as on specialist topics such as 
the genetics of mating and virulence.  
A growing field in which the institute is leading is understanding interactions between multiple 
tropic layers that affect plant health outcomes, from the sub-cellular level (transcriptomics and 
metabolomics, chemical and molecular defense mechanisms) to the organismal (mating, 
mutualism and parasitism, chemical communication) to communities (a holobiome approach to 
plant health and breeding that connects soil to leaf microbiome with plant genetics and 
environmental influences). Fields such as reverse chemical ecology (going from genetics to 
predicting chemical compound influencing behavior) to gene editing (plants, nematodes, fungi 
and insects) for pest management (and plant breeding) are rapidly emerging in the institute. 
There is a constant focus on improving various traditional morphological, behavioral and 
molecular tools for diagnosis, and with an increasing focus on sensor technologies (from chemical 
to images).  
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maps of diversity and invasion, and match nematode strains to populations of the pest to 
optimize virulence and impact. This very strong knowledge base and experience are now 
allowing them to start breeding for virulence in the nematode through hybridisation 
techniques, and develop both reverse chemical ecology and gene editing approaches to pest 
management that are unique for any forest pest globally. It also allows them to run projects 
for industries and governments from the USA and Australia.  
 
Other projects include those considering the epidemiology of bee diseases and parasites 
and monitoring the population densities of honeybee colonies in undisturbed habitats to 
establish what fluctuations are occurring in the wild population of colonies, and a project 
that characterises fungal communities that produce mycotoxins in agricultural crops, food 
and animal feed, with an aim to using modern taxonomic approaches to provide reference 
datasets and to build national biodiversity resource collections of these fungi. 
 

7.3 Digital and Online/mobile agricultural advisory services:  

The availability of online and mobile accessible information has exploded in the last decade. 

Farmers, input suppliers, buyers, marketers and manufacturers can access information 
regarding weather, area of plantings, crop conditions, projected yields, diseases and market 

prices. Not all of this information is useful in its original form and format so there is a 
proliferation of service providers that interpret, repackage and redistribute advisory 

material. 
Organisations mentioned previously may utilise remote sensed or ground collected data, 

analyse this and produce tailored or focused advice based digital services – eg, Aerobotics, 
Fruitlook, and DRM (see section 8). There are many opportunities for services such as this, 

as each crop, each region, each climatological and soil zone requires appropriate and unique 
information critical for its specific requirements. While many farmers already subscribe and 

use some of these services, the challenge is to widen their uptake and accessibility.  
Innovations include combining aerial imagery and artificial intelligence to help growers 

optimise yield.  
 
An effective strategy for gaining enhanced agricultural production levels should focus on 

sustainable improvements in five major areas:  
• further optimization of resources in currently productive agricultural regions;  

• intensification of production in areas that have good basic agricultural resources but are 
currently under-producing; 

• expansion of local and controlled environment production systems such as urban farms, 
greenhouses, and indoor growing systems that provide high-value crops to local and 

regional markets;  
• improved crop and animal genetics that facilitate higher product ion levels and result in 

less susceptibility to yield-depressing agents such as diseases and insects; and  
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• greater efficiencies and less waste in the food supply chain.  

The deployment of computational and information technologies in farming will play a key 

role in achieving innovation goals. It is a new direction for ‘precision agriculture’, a more 
established concept that is historically aimed at crop production. Digital agriculture offers 

new opportunities through the ubiquitous availability of highly interconnected and data-
intensive computational technologies as part of the so-called Fourth Industrial Revolution. It 
can be applied to all aspects of agricultural production systems, and it reflects a shift from 

generalised management of farm resources towards highly optimized, individualised, real-
time, hyper-connected and data-driven management. For example, instead of treating all 

farm fields uniformly, small field zones may each receive their own highly optimized 
management prescriptions; animals may be monitored and managed individually rather 

than as a whole herd. The desired outcomes of digital agriculture are more productive, 
profitable, and sustainable systems. These innovations are adopted in small measure by 

various institutes reflected below. 
It is clear that small scale and/or developing farmers cannot necessarily afford to pay for 

such services. One solution is Agricloud, operated by the Agricultural Research Council 
(ARC). 

Technology has played a vital role in innovating the agricultural sector. The number of 
smartphone users in South Africa is expected to reach over 25 million by 2022. This also 

means that agricultural stakeholders now have a medium to communicate with farmers, 
retailers and even consumers through cellphone apps. Farmers can take advantage of the 
available applications to improve productivity on the farm and also gain knowledge about 

the farming sector as a whole. 
 

ARC’s Agricloud: Rain4Africa (R4a) is a partnership between SA and Dutch companies and 
institutes supported by the Dutch Embassy and managed by the ARC. The team thus 

includes experts from ARC, South African Weather Service (SAWS) and Dutch HydroLogic 
and eLEAF. It is funded by the Netherlands Space Office via the Geodata for Agriculture and 

Water (G4AW) programme.13 The project is to develop APPs & APIs for tech transfer of 
weather-based advisories. The R4a app aims to provide correct information at the right 

moment to farmers.14  
 

                                                           
13 https://www.agroberichtenbuitenland.nl/actueel/nieuws/2018/09/04/launch-of-the-first-rain4africa-agricloud-app 
14 https://www.facebook.com/NetherlandsEmbassySA/posts/1811897255572653 
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BOX 3: Mobile digital apps examples 

 
AgriCloud is the innovation emerging from this project. It is an online weather based 

agricultural advisory system that enriches weather and climate data with agricultural data 
and local knowledge and generates real-time personalised forecasts and warnings. The 

Some smartphone applications that are available to help farmers. 
PANNAR Sprout 
The PANNAR Sprout app gives detailed information on the full range of products PANNAR Seed offers. 
The app also includes farming tools such as a replant calculator, estimated yield calculators and hybrid 
comparisons. just to name a few. This app is good for farmers who produce grains and beans such as soya 
beans, mealies, and sunflower seeds.  
Agtag 
Agtag is an agricultural magazine app that gives users relevant articles, news, and information from all 
over the world. Topics include news on crops, equipment, livestock, water, agro-processing and many 
more useful links. Users can customise categories to give them news that interests them. Articles can be 
shared with friends on other platforms or saved for later reading. The app is for people who want to get 
the latest information on the agricultural industry.  
Farmboek 
Farmboek is a web-based application that can be accessed from the internet and downloaded as an app. 
This is a system that helps provide information for prospective farmers or existing farmers. The app 
gives agri-information and markets for different sectors in farming. Farmers are able to read up on skills, 
knowledge, and information to promote successful farming. Most importantly, farmers can identify pests 
or diseases or any other problem and obtain access to registered remedies for a specific problem and 
then get access to the local suppliers in his area.  
ARCHub (see more detail below) 
The Agricultural Research Council (ARC) created an app that aims to provide farmers with information 
and best-practice knowledge that enables them to be productive, economically viable and contribute to 
the nation’s food basket. This app creates a medium of communication between farmers, extension 
officers and ARC officials (researchers). ARCHub helps farmers with useful and timely information to 
enable them to be more productive and informed. Content that can be found on the app includes manuals 
and videos on production and a warning for farmers when certain farming conditions are a threat. 
Information on training days hosted by the ARC will also be available on the app.  
Murimi-Umlimi 
Murimi-Umlimi is an app that helps to impart valuable farming advice and information to farmers that 
are not always available on their farms. It provides complete information on crop production, crop 
protection, poultry production, livestock production and all relevant agriculture allied services such as 
market trends and weather information. 
FeedCalculator 
The aim of this app is to generate affordable quality feed recipes from locally available ingredients. The 
FeedCalculator’s feed norms are developed by leading Dutch feed experts, ensuring high-quality feed 
recipes. FeedCalculator offers a new and much-demanded service to enable smallholder farmers to 
source quality feed for a lower price.  



   

25 

 

AgriCloud portal is a commercial service that helps agri-businesses, cooperatives and 
farmers to make well-informed farm management decisions in order to optimise farm 

inputs and reduce weather and climate related risks, and improve food production in a 
sustainable manner. AgriCloud is aimed specifically at small-scale farmers, is free for them 

and can be downloaded via a smartphone application. 15 

 
Source: ARC Introduction to AgriCloud16 

7.3.1 Themes (knowledge/innovation areas), content, and structure (how processes are 

designed) 

Via the AgriCloud USSD and Smartphone App, R4A offers farm specific advice. Weather 

information from SAWS is automatically translated into farm specific advice via smart 
algorithms developed by the ARC to facilitate higher crop yields and more efficient use of 

seed, water, pesticides and fertilizer.  

7.3.2 Models and processes of translating research findings and innovations into 

practical applications and implementation 

The R4A weather toolbox allow NMS's to access the R4A weather and climate information 

and to connect own data sources to enhance data quality for local situations. Web-
applications offer easy access to the data for internal or external stakeholders. Training is 

provided to optimally benefit from R4A services. Agricloud is an extension of this approach.  

                                                           
15 https://www.grainsa.co.za/get-this-weather-app-on-your-cell-phone-2 
16 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjZvfOYjI3oAhXNxYUKHcfgA9sQFjAAeg
QIAhAB&url=https%3A%2F%2Fwww.agrisa.co.za%2Fdownload%2FbDRc9UuFwoHVoAW1fWl8tIlbd6p33EvKp8mHjgzt.pdf&usg
=AOvVaw1fBYRMywwC8S7OilgLF7kS 
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7.3.3 Strengths and weaknesses  

One of the possible barriers with this project is the paucity of IT development skills. 

However it was stated that the fact that it is a joint project and that there are good contacts 
with DAFF’s provincial extension officers has been a strength and has assisted with the app’s 

roll out. A major drawback is ownership and opportunity for commercialisation with added 
value. 

7.3.4 Institutional arrangements with relevant stakeholders  

Collaborating institutions are: SAWS, HydroLogic, WeatherImpact, Royal Netherlands 
Meteorological Institute (KNMI) that provide information and input material. 

7.3.5 Funding mechanisms/opportunities  

Funding mechanisms for this initiative are currently limited by the inability of the ARC being 
able to enter a PPP, and the bureaucratic challenges to developing a commercial offshoot.  

7.3.6 Propositions for possible partnership  

The R4A project invites interested service providers to join and to develop added value 

services. R4A provides a powerful set of API's that provide easy access to R4A weather 
information from SAWS and agricultural advisories from ARC and ease the development of 

added value information and applications.  
The penetration of advanced digital technologies into the agricultural industry is progressing 
rapidly in advanced economies, and is becoming increasingly available developing countries. 

Because of several unique characteristics of agriculture (involving its highly localised and 
variable resources, poor connectedness in rural areas, education and research gaps, support 

businesses, and global players), digital agriculture requires special consideration from 
governments and industry leaders. This will be well worth the effort because it is a primary 

path towards a sustainable food supply.  

7.4 Pesticide and water research: Hortgro 

Hortgro’s is the commodity association for deciduous fruit. Its science team is the research 

engine of the SA deciduous fruit industry. Recent and noteworthy innovations include the 
identification of a number of indigenous entomopathogenic nematodes (EPNs) that 

control various insect pests. A private company has obtained TIA funding through the DST 
to commercialise some of these EPNs. Other innovations include the uptake of shade 

netting (both fixed overhead or draped) which has improved water usage and fruit 
quality. Research on mulching and cover crops has resulted in a large uptake of these 
technologies. Rootstock evaluation trials have resulted in a large demand for new 

rootstocks with improved performance under South African conditions and tolerance or 
resistance to some key insect pests and diseases. The planting of these rootstocks will 
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increase productivity whilst also decreasing the need for pesticides, nematicides and soil 
fumigation.  

Some details on recent initiatives include: 
IRRIGATION AND NUTRITION: 

Water availability is the highest risk to the Orchard of the Future within the Crop 
Production programme. The Crop Production water strategy involves 1) determining how 

much water highly productive deciduous fruit trees use, 2) conducting research on 
various water saving technologies (for example, fixed and draped nets), and 3) 

conducting research to show growers the negative effects of over-irrigation on 
production and quality. Hortgro has commissioned a crop scientist to conduct an 

encompassing knowledge review on deciduous tree water use, irrigation practices, water 
stress etc. that will underpin research and planning relating to the Orchard of the Future 

within the Irrigation and Nutrition theme.  
NEMATOLOGY 

The nematode research programme continues to be highly productive. Past and current 
research has allowed for the development of a number of potential biological control 
agents one of which is being commercialised. Entomopathogenic fungi are also being 

integrated into the research programme and the results are encouraging. The research 
on plant parasitic nematodes is seen as critical and will lead to a better management of 

these pests. 
PRECISION AGRICULTURE 

The application of new technology within integrated pest management and fruit 
production is becoming critical. The development of more efficient spray application 

methods is important to efficient pest and disease control. Coupled to this is the use of 
predictive models and various decision support methodologies. The current research 

programme has addressed both aspects. 
 

The association has a new open-air laboratory and a greenhouse planned, specifically to 
facilitate partnerships in research and linkages with private sector research.  

See information on all projects at: 
https://drive.google.com/open?id=1ZPIGllBnEsmSa1R9qO6YwojF_XiL-0TU  
 

7.4.1 Themes (knowledge/innovation areas), content, and structure (how processes are 
designed)  

Research gaps in key areas (such as phytosanitary market risks, decreased water availability 
and the loss of key chemicals for weed, pest and disease control) are identified by 

workgroups consisting of researchers, technical advisers and progressive fruit growers. 

https://drive.google.com/open?id=1ZPIGllBnEsmSa1R9qO6YwojF_XiL-0TU
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Hortgro funds in excess of 100 research projects and provide bursaries to around 50 
postgraduate students per year.  

7.4.2 Models and processes of translating research findings and innovations into 
practical applications and implementation 

Research results are intensively applied within the organisational structure and 
communicated to members through farmer days and brochures, as well as website 

information. Hortgro is not geared to the commercialisation of the technology developed 
through research funding. If there is no commercial uptake through a private company, 

newly developed technologies are unlikely to become commercial products. 

7.4.3 Strengths and weaknesses  

Hortgro’s strength lies in its research:  it funds in excess of 100 research projects and 50 post 
graduate researchers; many of those then find employment in the industry, giving the sector 

a strong technical base. As mentioned above, Hortgro is not geared to the 
commercialisation of the technology developed. The group also states that it currently lacks 

climate-controlled facilities where the effect of before harvest temperature on plant 
productivity, fruit quality and postharvest storability can be studied under controlled 
conditions. Like many associations, Hortgro finds it increasingly difficult to access 

government co-funding.  

7.4.4 Funding mechanisms/opportunities  

PPPs are favoured by Hortgro, but their main focus is to serve the interests of their 
members, that is the fruit growers, marketers and exporters. It seeks to reduce input risks 

and increase market share through quality and sustainability improvements. The diagrams 
show the funding allocations and external funding for 2018/19. 
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7.4.5 Propositions for possible partnership  

Hortgro focuses on threats to deciduous fruit – it has planned a new open-air lab and Dutch 

funded greenhouse to facilitate partnerships in research and to facilitate linkages with 
innovative private sector research. Focal points are water/drought risks, heat and chill unit 

risks, sunburn and extreme weather conditions, both locally and also to emulate conditions 
in competitor countries. 

An example of partnering is evident where, when considering research strategy, the 
workgroups (of the Post-Harvest research programme) focus on the following objectives):  

• To increase the marketable tons of fruit delivered per ton of fruit loaded;  

• To present clients all along the post-harvest value chain extending up to the 
consumer with a safe product of reliable, good quality;  

• To reduce wastage and losses from defects and pathogens (see the Crop Protection 
programme for post-harvest pathology research);  

• To increase efficiencies throughout the post-harvest value chain;  

• To increase the sustainability of post-harvest practices;  

•  To reduce risk within the post-harvest value chain. 

These, and many other, topics would benefit and benefit from Dutch experience and 

interest.  

7.5 Water and pesticide research in Macadamia nuts: SAMAC 

Macadamias South Africa NPC (SAMAC) was formed in the early 1970’s by a group of 

growers seeking to pool their resources in order to address their common problems and 
issues. The body is not part of the International Nut and Dried Fruit Council, and offers 

growers international collaboration. 
 

SAMAC is one of South Africa’s commodity networks that has actively taken on research, 
development and innovation, and currently has 20 research projects underway. SAMAC’s 

research is significant in representing the new mode of agricultural research since the 
decline of Organised Agriculture in 1996. Interestingly, this commodity-sector driven 
research is focused on sustainability, reduced chemical use and biological controls – 

nematodes and fungi that can be used in managing Nut Borers, Stink Bugs and coccid pests 
on different macadamia cultivars, with and without chemical controls. Nematode and fungi 

are also being used as an indicator of soil health and water uptake by the plant.  
 

South Africa is currently one of the biggest producers of macadamia nuts globally with 19 
500 hectares across Limpopo, Mpumalanga and KwaZulu-Natal producing over 50,000 

tonnes per year. Macadamias are one of South Africa’s most profitable crops, and can 
generate R375,000 per hectare per year. Currently, 95% of South Africa’s macadamia crop is 
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exported to China, Europe, Canada and the US. 7,5 million trees were planted in 2016 and 
2000 hectares are added every year. 17  

 
In response to growing global demand, growth in South Africa’s macadamia nut industry is 

expected to be significant and the threats of water requirement and pest control remain 
uppermost in SAMAC research. The focus on biological controls could have applications 

beyond the macadamia nut industry, especially where proven to reduce cost of chemicals, 
reduce water requirements and improve the health of crop production systems. WRC and 

the ARC, are partnering with SAMAC in this research 
 

 

7.5.1 Themes (knowledge/innovation areas), content, and structure (how processes are 
designed) 

The burgeoning of the macadamia nut industry has instigated studies into water usage, 
the selection and evaluation of new cultivars, evaluation of entomopathogenic 

nematodes, investigation into the use of entomopathogenic fungi for the control of stink 
bugs, studies of soil nematodes and fungus as indicators of soil health. The challenges of 
maximum crop per drop vis-à-vis other food crops makes the economic benefit of this 

industry a balancing act, especially where scarce water resources are concerned. 

                                                           
17 https://www.farmingportal.co.za/index.php/agri-index/68-crops/582-the-nuts-and-bolts-of-sustainable-macadamia-farming-
in-south-africa 
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7.5.2 Models and processes of translating research findings and innovations into 
practical applications and implementation 

Many farmers are switching to and increasing cultivation of macadamias.  While market 
demand has been strong, the expansion of the South African industry confronts the 

challenge of water constraints. SAMAC research provides a resource for facilitating best 
practices among farmers with respect to sustainable water use and pest management. The 

collaboration with FABI assists with research output and application. 

7.5.3 Strengths and weaknesses  

This is a small industry with huge growth potential. The size of the industry offers the 
potential strength in that growth can be directed to maintain sustainability. The potential 

alleviation of the potentially binding constraint of water scarcity makes SAMAC’s research 
strategic in terms of providing the industry with internal cohesion. At the same time, 

unmonitored expansion of macadamia nuts by farmers eager to capitalise on the growth 
trend presents a weakness, especially where given the relative lack of internal organisation 

within the sector.  

7.5.4 Institutional arrangements with relevant stakeholders 

SAMAC has partnered with Agri SA. Research partnerships include with the ARC, the Water 

Research Council, Stellenbosch University, FABI at the University of Pretoria.  

7.5.5 Funding mechanisms/opportunities 

SAMAC is funded through a levy of 50c/kg nut in shell. All growers, nurseries, processors, 
consolidators of nut in shell, exporters and importers are required to register with SAMAC.18 

There would seem to be ample opportunity for investment into macadamia nurseries, 
cultivar breeding, irrigation efficiency and biological pest control, not to mention marketing 

opportunities for the product and possible derivatives, in consultation with SAMAC. 

7.5.6 Propositions for possible partnership 

The use of entomopathogenic fungi for the control of specific pests offers a great 
opportunity for crossover research and application for other crops.  

 

  

                                                           
18 https://www.samac.org.za/statutory-levy/ 
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8 Additional notable centres of interest  

During the project’s research and consultations, the following projects also emerged as 

potentially interesting.  

8.1 Extracting high-value compounds from seaweed: University of 

Stellenbosch:  

A project by the University of Stellenbosch involves the development of green and efficient 
processes for extracting high-value 

compounds from seaweed (specifically the 
SA seaweed, kelp). It investigates different 

methods for recovering high-value 
compounds aimed at the food and 

nutraceutical markets from brown 
seaweeds. The project specifically aims to 

use green processing methods (thus avoiding the use of organic solvents), and employ a 
philosophy of total biomass utilisation where residues that remain after extraction are 

processed into agricultural inputs. Technology for this project has been validated at lab 
scale, but needs to be scaled up to pilot level. The team want to have designs for piloting 

finalized in the next 18 months to 2 years. The project involves two researchers and six 
students. The project is a partnership between Stellenbosch University, a local company, 
CMD Industries, and the Cape Peninsula University of Technology (CPUT).19  

8.2 Producing food-grade products from black soldier fly larvae: University 

of Stellenbosch 

The Departments of Process Engineering and Animal Science 
have collaborated on a whole-chain-approach to produce 

food-grade products from black soldier fly larvae fed on by-
products that come from the food processing industry. The 

project aims optimize all the technology steps required to go 
right from producing the eggs of the larvae, through grow-

out, harvesting up to where the larvae are fractionated to 
produce multiple food-grade products. The project has 
increased the efficiency of farming the larvae, and also 

developed and optimised basic methods for efficiently 
fractionating the biomass. The team state that they have a 

unique combination of skills to cover both the farming and fractionation. 

                                                           
19 http://www.eng.sun.ac.za/news/awesome-seaweeds-researched-in-ambitious-collaborative-project/ 

Image: University of Stellenbosch website  

Image: Stellenbosch 

University  website 
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The global market for turning insects into animal feed is expected to be worth over USD 2 
300 million by 2030, and their use in the food and nutrition sector around USD 8 000 million. 

Dr Michael Woods stated,  
“We are increasingly realising the value of insects as a food source for farm animals 

and humans, to control pests and invasive plants, and to help us get rid of waste 
food and abattoir waste without it having to land on landfills…To make the most of 

these services, we need to provide enough insects to the market in a sustainable, 
consistently and of a consistent quality. That's where large-scale insect farming 

comes in." 20 
The initial research was funded via the university funds. A spin-out commercial company is 

making overtures to potential investors. The end products will result from the larvae that 
are fractionated to produce multiple food-grade products for the retail sector. 

The team states that they have a unique combination of expertise and skills that gives them 
a competitive advantage. Weaknesses are in finding funding.  

A company Susento (which stands for “sustainability through entomology") has been 
founded. Susento is supported by Innovus, the innovation company responsible for the 
commercialization and protection of ideas arising from Stellenbosch University.21  

Funding opportunities exist for investors to scale out and scale up this technology anywhere 
in the world. 

The project aims to develop a whole-chain-approach to produce food-grade products from 
black soldier fly larvae fed on by-products that come from the food processing industry. 

Experience and capacity in these aims from other food value chains would offer an 
appropriate possibility for partnering or collaborating. 

8.3 Soil Moisture: DFM22 

DFM Software Solutions manufactures and markets highly specialized end–user applications 
for the agricultural markets. DF M provides solutions for agriculture needs, be it software or 

hardware. Their products allow farmers to manage and automate their farming, save water 
and produce more. 

 
DFM’s soil moisture probe is said to be one of only two in the world that is accurate enough 
to be used in scientific research. The World Meteorological Organization (WMO) uses the 

probes to monitor the temperature of soil and the changes and effects of global warming, 
and to measure rainfall, because of the probe’s accuracy. According to Mjanyelwa et al, the 

DFM device has been widely accepted by farmers and in the three years to 2015, 15 000 

                                                           
20 http://www.sun.ac.za/english/Lists/news/DispForm.aspx?ID=7035 
21 http://www.sun.ac.za/english/Lists/news/DispForm.aspx?ID=7035 
22 DFM chose not to complete a survey response and were interviewed personally. 
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units were sold in South Africa with 14 250 to agriculture sector and 750 for research 
purposes (D. Mercker, personal communication).23 

 

 
 
The DFM Continuous Logging Probe is a multilevel soil water content and temperature 

logging device. The newly upgraded probe takes readings on 6 depths at hour intervals and 
stores it locally for up to 60 days. Data can be downloaded to a mobile logger, a central 

computer with the use of 1.2km long radio model and GPRS probes that allows data to be 
accessed via the internet anywhere in the world. 

DFM approaches research with the intention of helping farmers to “keep their plants happy 
at the lowest cost”. Their ongoing search for improved methodologies is facilitated by their 

collaboration with academic research institutions. Once these institutions have published 
the tested results, they can be broadcast in popular press articles, such as in the Farmers 

Weekly24. 
DFM’s strengths are their technological capacity which focuses on practical solutions. Their 

weakness is their lack of capacity and skill to market the full package of farmer advisory 
programmes that the probe can be part of. 

                                                           
23 Nokhwezi Mjanyelwa, Zaid A. Bello ⇑, Willnerie Greaves, Leon D. van Rensburg, Precision and accuracy of DFM soil water 
capacitance probes to measure temperature, Computers and Electronics in Agriculture 
Volume 125, July 2016, Pages 125-128, 
https://www.researchgate.net/publication/303325437_Precision_and_accuracy_of_DFM_soil_water_capacitance_probes_to_
measure_temperature 
24 https://www.farmersweekly.co.za/crops/field-crops/carrot-suppliers-success-with-woolworths/ 
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DFM approaches academic institutions for formalising academic research questions that 
require intensive trials and/or scientific testing. This provides the intellectual backing to 

their performance claims. They also make their probes available for various research 
projects that the universities etc. initiate where soil characteristics and moisture 

measurements are required. 
DFM is a private company. However, it seems that the probes are widely used by the ARC, 

WMO and other research institutions. Currently they fund their own R&D, but would be 
open to expansion opportunities. 

Automated monitoring networks of soil moisture probes installed across Africa is the most 
promising initiative to provide in situ soil moisture measurements for calibration and 

validation of remote sensing products and hydrological models. But the sparse distribution 
of these highlights the need to develop, improve and expand the current in situ soil 

moisture monitoring networks in Africa. There is need to take advantage of the cheap, 
accurate, rapid, simple to install and maintain soil moisture sensor for reliable and 

continuous in situ measurements, that DFM offers. Using DFM’s existing skill and capacity 
and to add innovative opportunities for increasing crop yields through effective soil 
management would be advantageous for any investment with this aim. 

 

8.4 Agronomy and crop research: University of Stellenbosch  

The University of Stellenbosch has a vibrant agricultural research facility and amongst others 

are advances in wheat yield research with conservation agriculture, looking at glyphosate 
resistance and alternatives, work on oats, a resurgent crop – specifically for oat milk). 

Experiments with wheat and CA have led to drier growing season yield increases from 
0.5t/ha to 2t/ha. Climate induced rainfall reductions in the region have spurred support for 

CA conversion. Glyphosate resistant weeds have been studied and observations have been 
recorded of farmers requiring 10x the recommended dosage to manage weeds. This has led 

to research into alternative methods.  
University of Stellenbosch involves numerous projects (mainly MSc students) and 

investigating the yields of wheat, maize, canola, barley, lucerne, sorghum, oats. 
Collaborators on the project include Industry, institutions, commodity organisations, private 
companies, Government, and it is funded by the same bodies, and in addition, the NRF. 

With conservation agricultural initiatives especially, the facility works closely with the Dept 
of Agriculture and Grain SA, for example (see Box 4). 
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BOX 4: Conservation agriculture research 
 

They are also experimenting with effluent CO2 gas recycling into greenhouse for 
fertilisation. Collaborators on the project include industry, institutions, commodity 
organisations, private companies, Government, and it is funded by the same bodies, and in 

addition, the NRF. Results of their numerous studies are publicised via farmer days and 
publications. The projects would benefit from additional technological know-how and access 

to equipment.  
 

 

Conservation Agriculture (CA) Farmer Innovation Programme (FIP). The CA Farmer 
Innovation Programme at Grain SA and The Maize Trust recognises, accept and uses farmers 
as CA innovators in their own right, through farmer-centred innovation systems and funding 
mechanisms. The CA FIP uses innovative, well organised and interested farmers and/or their 
structures (e.g. study groups, clubs, associations, etc.) as a platform to launch projects and 
scale out CA to the surrounding farming communities. The CA FIP has listed the following Key 
Strategic Objectives (KSO’s) and themes, which are continuously reviewed and/or improved: 
a) Diagnosis and documentation of CA systems;  
b) Awareness, Marketing and Access to Information;  
c) Farmer-centred Innovation Systems Research;  
d) Incentive and Market Based Mechanisms (IMBMs);  
e) Education and Training; and  
f) Innovation Platforms, Networks, Social learning, Brokering and Facilitation. 
The Western Cape Dept of Agriculture has run a study aiming to determine the short- and 
long-term effects of eight of the most feasible crop and crop/pasture rotation systems 
identified for the Swartland on:  
• Crop yields  
• Weed control  
• Disease suppression  
• Soil production potential 
• Sheep production  
• Economically sustainable land-use in the Swartland  

The expected and in many cases proven responses are: 
• Reduced input costs for wheat production –  
• Increased protein and oil seed production –  
• Increased diversification of the farming system for greater financial stability –  
• Reduced costs to livestock farmers –  
• Increased production potential of soils due to increased organic matter content, and 

micro- and macro-organism activity 
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8.5 Soil and water conservation: Mahlathini Development Foundation 

Mahlathini Development Foundation is an NPO which designs and implements innovative 
projects and programmes promoting pro-poor agricultural innovation. Noteworthy projects 

include:  Awareness raising in CA and development of appropriate implementation of CA 
systems at smallholder level; an Agricultural support initiative, funded by USAID grants 

under ResilmO and Resilient Waters), which has included the introduction of a range of soil 
and water conservation (including RWH, small dams, stone lines, check dams and mulching), 

and CSA practices (including small shade cloth tunnels, drip irrigation, trench beds, mixed 
cropping, CA, fodder production and fruit production option (mainly mangoes for organic 

market, drying and fruit rolls), the development of an organic marketing system in the 
region and attempting to improve stakeholder resilience to CC. MDF works with various 

local and international institutions and agencies depending on the project. While the 
projects are focused on small scale agricultural operations, there is huge potential to utilise 

their approach to upscale small and medium scale enterprises to improve regional food and 
nutritional security. 

8.6 Sustainability of soil and water: Potatoes SA 

Potatoes SA is the commodity association for potatoes in South Africa, and it has a number 

of noteworthy research projects in the field of water and soil. In particular, Potatoes SA is 
overseeing a project with researchers from the University of Pretoria and University of the 

Free State to investigate ecological sustainability (water and nutrient use in irrigated fields 
with sandy soil). It also has projects investigating crop rotation; conservation tillage and 

cover crops in potato production in the Sandveld; and groundwater monitoring in the 
Sandveld. Depending on the project, Potatoes SA collaborates with various bodies including 

Yara, PepsiCo, UP, UFS and US and the Western Cape DoA. Opportunities for collaboration 
would involve funding, assisting with promoting projects and publicising results. In cases 

within the Sandveld in the W Cape it was found that potatoes were overirrigated by 300mm. 

8.7 Shade netting: Citrus Research International 

Citrus Research International is the research and technical services organisation based in 
South Africa that focuses primarily on citrus. It claims to have around 91 research projects, 

many of which it says are relevant to the issue of sustainability. In particular, the group have 
undertaken research around shade netting., and specifically its use in perennial fruit trees. 

The most commonly desired effects from shade netting are reduced light intensity and wind 
speed, as well as buffering of temperature extremes and increasing relative humidity, 

however, there are numerous questions about tree physiology and fruit quality that have 
yet to be answered. A co-funded project between the Department of Science and 

Technology (DST) and CRI in the Research for Citrus Exports programme is under-way to 
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answer questions related to the impact of shade nets on the various aspects of citrus 
production, in order for producers to make informed and sound choices in the near future.25  

8.8 Reducing pests and improving soil: SASRI and Sugar SA  

The Sugar Research Institute has inter alia been developing scanning technology to quantify 
spatial distribution of soil chemicals and physical properties. It is developing a methodology 

to quantify the health of soil with a vision to make maximum use of scanning technology to 
expedite and simplify the process. It has also been evaluating and demonstrating the value 

of best management practices for soil and crop health. Another project involved the 
development of near and mid infra-red spectral libraries for rapid, routine diagnostics and 

analysis of soil fertility and salinity and plant nutritional status for local and foreign 
sugarcane growers. SASRI projects tend to be funded by the sugarcane industry (growers 

and milers).  

8.9 Shaping the future of sustainable communities through SRM 

innovative farming 

Information supplied by SRM is proprietary and confidential – please see separate 
document (appendix 4). 

 

                                                           
25 Jakkie (Opj) Stander& Paul Cronjé, Important considerations for citrus production under shade nets, Technologie CRI 
,Oct/Nov 2016, https://www.citrusresourcewarehouse.org.za/home/document-home/news-articles/south-african-fruit-
journal-safj/sa-fruit-journal-2016/4008-sa-fruit-journal-important-considerations-for-citrus-production-under-shade-nets-oct-
nov-2016/file 
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9 Summary Table: Pockets of Excellence 

 

 Initiative  Institution named Outline information & success stories Opportunities for collaboration  

 

Remote sensing and 
data collection 
 
 

Fruit Look & Blue 
North 
SASRI 
Meat Naturally 
Aerobotics 

Highly efficient portal using satellite-
based information to assist with crop 
growth and water use, developed by 
eLEAF and Blue North. 
Aerobotics provides an end-to-end 
solution to help manage a farm 
throughout the season 

Possible opportunities involve public 
private partnerships to assist 
with/learn from and create more 
products for the projects.   

     

 

Digital and Online 
agriculture & 
advisory services app 
 
 

ARC and Rain4Africa  
Other agricultural 
mobileapplications 

R4A is a partnership between SA and 
Dutch companies and institutions 
supported by the Dutch embassy. The 
app developed, AgriCloud, is an online 
weather based agricultural advisory 
system.  
Other mobile apps offer similar 
advisories 

While funding mechanisms for the 
project are limited by the ARC’s 
inability to enter any public-private 
partnerships, the R4A project invites 
interested service providers to join 
and develop added value services. 
Apps all offer partnership and new 
expanded opportunities 

     

 

Water & pesticide 
research in 
macadamia nuts 
 
 

Macadamias South 
Africa  (SAMAC)  
 

SAMAC is conducting many studies 
around macadamia farming including 
inter alia the investigation into the use 
of entomopathogenic fungi for the 
control of stink bugs, studies of soil 
nematodes and fungus as indicators of 
soil health. 

Macadamia farming is a small but 
rapidly growing industry. The use of 
entomopathogenic fungi for the 
control of pests offer opportunities for 
crossover research and application for 
other crops.  
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Mycology, tree 
health and 
agricultural 
biotechnology 

University of Pretoria 
Forestry and 
Agricultural 
Biotechnology 
Institute (FABI) 

The University of Pretoria Forestry and 
Agricultural Biotechnology Institute 
has received international recognition 
for its work, particularly in mycology, 
tree health and agricultural 
biotechnology.  
 

Numerous biotechnology options 
existed that could be aligned to Dutch 
institutions.   

     

 

Research on pests 
and diseases in fruit 
 
 

Hortgro Hortgro’s innovations include 
identifying entomopathogenic 
nematodes; the use of shade netting; 
research on mulching and cover crops, 
rootstock evaluation trials.  

Hortgro has a Dutch funded 
greenhouse to facilitate partnerships 
in research. But the group state that 
they are not geared to 
commercialisation of technology; 
input could be given to assist with this. 

     
     
Selected Others     
     
 Initiative  Institution named Outline information & success stories Opportunities for collaboration  

 

Soil moisture probes 
 
 

DFM DFM solutions have developed a 
highly accurate soil moisture probe 
with a multilevel soil water content 
and temperature logging device. Data 
can be downloaded to a mobile logger 
that allows data to be accessed via the 
internet anywhere in the world 

There is a need in African agriculture 
to take advantage of the cheap, 
accurate, rapid, simple to install and 
maintain soil moisture. DFM’s existing 
skill and capacity can be used to add 
innovative opportunities for increasing 
crop yields through effective soil 
management. 

     

 

Food grade products 
from black fly larvae 
 
 

Stellenbosch 
University: 
Departments of 
Process Engineering 
& Animal Sciences  

The departments have collaborated 
on a project to develop a whole chain 
approach to produce food-grade 
products from black soldier fly larvae 
fed on by-products from the food 

Funding opportunities exist for 
investors to scale out and scale up the 
technology.  
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processing industry.   
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