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CONCEPTS AND DEFINITIONS

Concepts employed in this project are divided into “general definitions” and “indicator definitions”:

General definitions

General definitions are provided for each concept, along with the source of the definition at the end
(DAFF, CeSTll, the OECD Frascati manual, 2002, or the OECD /Eurostat Oslo manual, 2005).

Agricultural extension agents: People who are employed, either permanently or on contract, to
extend access to products, services and technologies developed to progress agriculture. Extension
agents include extension officers and researchers who perform an extension function but are based at
research institutions, higher-education institutions and provincial departments of agriculture. Extension
work may include some R&D (usually feedback R&D) but mostly involves applying proven technologies,
methods and systems. Extension work bridges the gap between R&D and the application of new
knowledge on farms. (DAFF)

Agricultural research: Research on crops, livestock, forestry, fisheries, natural resources and the
socioeconomic aspects of primary agricultural production. Agricultural research also includes research
on pre- and post-farm aspects such as input supply, post-harvest or food-processing research. Ideally,
pre-, on- and post-farm research should be itemised separately to facilitate analysis, although the
reality is that research at this level of detail is rare. (DAFF)

Applied research: Original research directed towards a specific practical aim. (Frascati manual, 2002)

Basic research: Experimental or theoretical research undertaken to understand underlying phenomena
and observations without a particular application in mind. (Frascati manual, 2002)

Development: The application of research findings (or other scientific knowledge) to create new or
significantly improved products, processes or services. Development aims to devise or develop an
invention, design or computer programme of a scientific or technological nature. (DAFF)

Experimental development: Systematic work that draws on existing knowledge to produce or devise
new or improved materials, products, devices, processes, systems or services. (Frascati manual, 2002)

Extension work: Refers to technology transfer of relevant industrial and agricultural processes and
products to parties that apply them in practice (see “Technology transfer”) and the provision of science
and technology services that farmers cannot perform for themselves, for example, soil testing (see
“Science and technology transfer”).

Full-time equivalent (FTE) employment: Number of full-time employees that could have been
employed if the reported number of hours worked by part-time and full-time employees had been
worked by full-time employees exclusively. (DAFF)

The number of hours (person years of effort) spent on R&D activities. (CeSTII)

Gross domestic product: Sum of the value all producers add to an economic territory during an
accounting period. (DAFF)

Headcount: The number of people (“physical persons” involved with R&D. (Frascati manual, 2002)



Impact indicator: A measure of the effect of a given outcome on society. Also measures general
objectives in terms of national development and poverty reduction. (DAFF)

Imputation: A procedure for entering a value for a data item where the response is missing or
unusable. (CeSTII)

Indicator: An instrument to objectively measure progress towards achieving a defined objective. (DAFF)

In-house/intramural R&D: R&D done by a unit or entity itself. This includes R&D done in South Africa
but using foreign funding. (CeSTII)

Innovation: The implementation of a new or significantly improved product (goods or service), or
process, a new marketing method, or a new organisational method in business practices, workplace

organisation or external relations (Oslo Manual, 2005).

Input indicator: A measure of resources (for example, financial, administrative and regulatory inputs)
used or applied, for example, the expenditure budget or employee hours. (DAFF)

In-scope entities: Entities that conduct in-house R&D. See also “Out-of-scope entities”. (CeSTII)

Non-response: Failure to obtain measurements on one or more variable selected for the survey. These
include out-of-scope entities (Sarndahl, Swensson and Wretman, 1992).

New materials: New materials include multi-functional materials, advanced materials, nanomaterials,
nanocomposites and nanotechnology. (CeSTII)

Ovutsourced R&D: R&D done by an independent entity on behalf of, and paid for by, the reporting
unit. (CeSTII)

Outcome indicator: A measure of results at beneficiary level. (DAFF)

Other personnel directly supporting R&D: Skilled and unskilled craftspeople, secretarial and clerical
staff participating in, or directly associated with, R&D projects. (CeSTII)

Ovut-of-scope entities: Entities that have not been included in sampling because they did not conduct in-
house R&D in the reference period (and so do not belong to the target population). (CeSTII)

Ovutput indicator: A measure of immediate and concrete deliverables achieved using inputs. (DAFF)
Process indicator: A measure of the ways programme services and goods are provided. (DAFF)

Process innovation: The use of new or significantly improved methods for the production or supply of
products and services (OECD /Eurostat, 2005).

Product innovation: The introduction to the market of a new product or service or a significantly
improved product or service with respect to its capabilities, such as improved user-friendliness,
components or subsystems (Oslo manual, 2005).

Reference period: The length of time for which data are collected. (CeSTIl)

Reporting unit: A unit that supplies data for a given survey instance. (CeSTIl)

Researchers: Professionals engaged in conceiving or creating new knowledge, products, processes,
methods and systems, including planning and managing the research projects concerned.



Research and development (R&D): A term covering three activities: basic research, applied research
and experimental development. (DAFF)

Response: Response was defined as entities that were not counted as non-response. (CeSTIl)

Science and technology (S&T) services: Activities that support research and experimental
development, and contribute to generating, disseminating or applying scientific and technical
knowledge. These include patenting, geological surveys, standards generation, and the operation of
libraries and national scientific databases (Department of Science and Technology, DST). S&T services
in agriculture cover agricultural national public good assets, and analytical and diagnostic services.
(DAFF)

Sector: Refers to agriculture, forestry and fisheries sectors. (DAFF)

Technicians directly supporting R&D: People doing technical tasks in support of R&D, normally under
the direction or supervision of a researcher.

Technology information dissemination tools: Any tool that facilitates access to technology generated
by research in the agricultural sector. It includes novel ways of delivering technology to farmers.

Technology transfer: Making available industrial and agricultural processes, products and enabling
technologies to recipients for practical application. This can be done by, for instance, disclosing R&D
results; licensing intellectual property rights for such results; education and training; information
exchanges; or joint ventures. Technology transfer includes technology dissemination, extension and
adaptive research. (DAFF)

Vacancy rate: The time taken to fill vacancies in R&D or S&T in publicly funded institutions in the sector.
(DAFF)

Indicator definitions

These indicator definitions were derived from the DAFF draft document, Tracking System for Public
Investment in Research and Development, and from discussions between CeSTIl and the DAFF.
Availability of standard technological services that support public good assets

Comprises three independently computed indicators: the total number and description of available
services, the number of new services developed, and the level of subsidies/funding for these services.
Standard technological services include diagnostic and analytical services, advisory services, decision-
support services and plant and animal health services, which are necessary to ensure that the research
sector helps farmers identify disease, test samples, deal with outbreaks and take appropriate
quarantine measures, as an example. Standard technological services can take the form of information
repositories such as geo-referenced information systems, websites, biobanks, herbariums or
laboratories.

Government subscriptions to R&D donors: The total donor subscriptions are the total number of
subscriptions that national and provincial government pay to international R&D donor organisations. The
projects implemented by donor-funded institutions describe the total benefits specifically accrued by
Africa, Southern Africa and South Africa in terms of projects implemented.

Number of new, innovative ways to address the human capital challenge: The number of new and
innovative mentorship, incentive and other programmes introduced to address the scarce skills gaps in

the sector.

Number of new research projects addressing agricultural productivity: The number of new research
projects whose key research areas address agricultural productivity.
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Number of new technologies/products implemented or adopted: The number of new products
released /commercialised /adopted within the category natural resource management.

Number of research areas linked to strategic priorities: The number of research areas linked to the
DAFF’s five national priorities, specifically, economic growth, job creation, rural development,
sustainable use of natural resources and food security.

Number of research projects completed that address production of specific commodities: The total
number of research projects that have an output of /impact on specific commodities. This includes a sub-
indicator that assesses the number of new drought- or pest-resistant cultivars/breeds developed.

Number of technology-transfer events conducted: A measure of the total effort by researchers and
extension officers to train and interact with farmers to ensure access to, and active participation in,
agricultural R&D opportunities.

Percentage increase in research infrastructure to support the sector: This is calculated in relation to
the baseline of total infrastructure in the sector. Research infrastructure includes infrastructure that
supports research, technology development, technology transfer and services in the sector and includes
equipment with a value equal to, or in excess of, R500 000 but excludes buildings, laboratories,
renovations or building of new centres.

Percentage increase in technology information dissemination tools: A technology information
dissemination tool is any instrument that facilitates access to technology generated by research in the
agricultural sector. It includes novel ways of delivering technology to farmers.

Percentage of famers benefiting from research: The proportion of the total number of farmers who
have tried or infroduced a new research product or process innovation.

Percentage of new products released/commercialised: The proportion of the total number of
agricultural products or services developed from basic research that have been commercialised and
introduced to the market.

This indicator is divided into four sub-indicators: the number of new products and services released for
the benefit of smallholding and commercial farmers, the number of trademarks registered, the number
of patents registered and the number of intellectual property registrations, all of which are expressed
as a percentage of the total number of new agricultural products and services developed through basic
research.

Proportion of technological services that comply with standards (in-house, accredited or other): The
proportion of standard technological services that operate within an international accreditation
framework or other in-house standards framework.

Ratio of farmers to extension agents (farmers: extension agents): The proportion of farmers versus
agricultural extension agents. (See also Agricultural extension agent)

Response capacity: The human capital, infrastructure and funding available to respond to farmers’
queries in a timely, efficient and effective manner. The response capacity is a qualitative component
that relates directly to the response rate.

Response rate: A measure of R&D’s response to client needs for technology development and services.
It is measured as the number of needs resolved versus queries received, i.e. how often is research able
to solve the client’s problem or need. The queries vary in scale, from a simple request for information to
a request for help in developing a new drought-resistant cultivar. The only requirement is that the
research is informed by the need of a farmer.
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Status and quality of infrastructure: A qualitative indicator of the maintenance condition of
infrastructure that supports research, technology development, technology transfer and services in the
sector.

Total agricultural scientists/researchers, engineers and technologists/technicians (agricultural
research workers) employed in sector: The sum total of the FTEs for agricultural researchers,
technicians/technologists (agriculture technical research disciplines only) and engineers employed in the
sector. The following is also calculated:
e the proportion of agricultural research workers who hold doctorate, master’s or
honour’s /undergraduate degrees (or equivalent) in agriculture and non-agriculture-related
degrees;
e the proportion of agricultural research workers who are women;
e the proportion of agricultural research workers who are over the age of 55.

Total number of collaborative networks: A measure of the extent of research collaboration between
role-players in the sector.

Total research scientific outputs per year: The total number of research papers published in peer-
reviewed journals, non-peer-reviewed journals, and books (including citations). Also includes the number
of patents and royalties received.

University and graduate enrolment: The sum of doctorate, master’s and honour’s (or equivalent)
enrolments at universities, and their corresponding demographics (the number of women researchers
and researchers over the age of 55). The proportion of these variables, relative to the total number of
enrolments, is also calculated.
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EXECUTIVE SUMMARY

Agriculture plays a crucial role in South Africa’s economic and social development. Not only did it
contribute R58.6 billion! to the gross domestic product (GDP) in the 2010/11 fiscal year, it also
provided employment to 624 0002 and food security to millions of families.

However, the sector faces a number of challenges, including drought, adaptation to climate change and
crop production to meet the need of the biofuel industries as well as for food security, biosecurity, etc.
Although South Africa is considered to be food-secure on a national basis, rural communities are still
vulnerable to food insecurity as a result of these and other concerns. Indeed, according to the national
Department of Agriculture, Forestry and Fisheries (DAFF), in 2013 as many as 12 million people have
insufficient access to food.

New farming techniques, technologies and products have the potential to ameliorate these risks and
ensure greater productivity, which would, in turn, improve agriculture’s contribution to the economy and
minimise food insecurity, especially for the country’s vulnerable rural communities. Well-managed, new
technologies also have the potential to create more jobs, directly in agriculture and indirectly in
supporting industries like food processing.

These new techniques often require months, if not years, of intensive research and development (R&D)
by scientists and researchers who are highly skilled in fields ranging from soil science to animal
genetics. This investment of time and skills makes research a costly exercise — one that needs to be
carefully monitored to ensure that the country is investing enough, and in the right fields of study, to
make a difference to agricultural production.

To this end, in 2009 the DAFF devised a system to track the level of investment in agricultural R&D and
other scientific services, as well as the resulting outputs. The aim of this system is to monitor performance
on human resources, investment levels, collaborations and partnerships, scientific outcomes and
technology transfer in the agricultural sector over time. This information can then be used to determine
appropriate investment levels in agricultural R&D, spotlight operational areas that may need
development and ensure that agricultural R&D aligns with national priorities, specifically food security,
reducing inequality, employment creation, and rural and economic development.

This report contains baseline measurements for the DAFF’s tracking system. It provides a snapshot of
agricultural R&D and other science activities during the year spanning 1 April 2010 to 31 March 2011
(2010/11). Since there are no historical or subsequent data available for comparison at this stage, this
report is limited in its ability fo comment on trends. Such in-depth analysis will require additional studies
for subsequent years.

The survey also acted as a test-bed for the tracking system’s indicators, providing an indication of how
they can be expanded or refined in future.

! Based on Stats SA GDP Report, 37 Quarter, 2011.
2 Based on Stats SA Quarterly Labour Force Survey Report, 3" Quarter, 2011.
1



PART 1: INTRODUCTION

1.1 Scope of study and indicators

The survey was limited to agriculture as a key subsector of the greater economic sector that includes
forestry and fisheries. The following institutions were surveyed:

e the DAFF;

e provincial agricultural departments;

e science councils;

e higher-education institutions;

e not-for-profit institutions.

Most of these institutions were engaged in agricultural R&D and scientific services, and extension work
(the act of communicating and transferring these services to the end user — in this case, farmers) and are
either state-managed or use public funding to conduct research and extension work. In total, units from
one national government department, seven provincial government departments, eight science councils,
24 higher-education institutions and six not-for-profit institutions responded, for a total of 49
respondents (a 92.5 per cent response rate). Representatives from each of these institutions were
interviewed in person and asked to complete a questionnaire formulated to gather information on the
following indicator categories: human resources; investment levels; collaboration and strategic
partnerships; scientific outcomes; and extension work.

1.2 Key findings
1.2.1 Human resources

Table 1: Key indicators for human resources in agricultural R&D and extension

Key indicator Value

R&D Extension
Total full-time equivalents! for agricultural researchers 7817 45.8
Total number of technicians/technologists 613 149
Total number of engineers 50
Proportion with doctorates 12.8% 11.3%
Proportion with master’s, honours, bachelor’s or equivalent 24% 53%
Proportion of researchers over age 55 14.3% 12.3%
Proportion of woman researchers over age 55 2% 0.6%
Total number of vacancies and scarce-skill areas 154
Number of vacancies filled in 2010/11 89
Average time (in years) taken to fill vacancies 6.4 (>12 months)
University enrolment: postdoctoral 29
University enrolment: doctorate 478
University graduates: doctorate 58
University enrolment: master’s 944
University graduates: master’s 185



The survey confirmed that agricultural R&D and extension work require highly skilled staff. Indeed, in
2010/11, a substantial proportion of them — 24 per cent of researchers and 53 per cent of extension
workers — held at least a bachelor’s degree. Presumably, given the large number of students and
fellows still enrolled in university (no less than 478 doctorate candidates and 944 master’s students),
this will continue to be the case in future.

During 2010/11, there were substantially more male than female agricultural researchers for most age
cohorts, indicating that some work may be needed to improve this indicator in future. The most
concerning finding, however, was the significant drop-off in researchers and extension workers under
the age of 30: among researchers, for example, there were 167 workers between the ages of 31 and
35 (the largest age cohort) but only 74 workers under the age of 30. The large population of students
still in the human-resources pipeline may fill the future skills gap that this disproportion may create, but
only if there is an understanding of why there was a decline in this age group in the first place.

Additional monitoring and careful management of the future skills pool is therefore recommended.

Also worth noting was that only 57.8 per cent of jobs in scarce-skills areas were filled in 2010/11 and,
on average, it took more than 12 months to fill vacancies. This, too, should be closely monitored and
corrective action taken if this finding proves to be a trend.

1.2.2 Investment levels

Agricultural R&D expenditure by the surveyed entities amounted to R1.216 billion in 2010/11. Most of
this — 42.9 per cent — was funded by the government, followed by science councils (36.2 per cent) and
higher education (20.8 per cent).

Most expenditure — R733.5 million, or 60.3 per cent of total investment — went to labour, while only
R179.9 million (14.8 per cent) went to capital expenditure, which includes maintenance of existing
facilities.

The latter figure would have been substantially higher had facilities received their full maintenance-
budget request of R159.2 million for the year. As it was, they received only R30.4 million — a
significant under-expenditure that could hobble future R&D and extension work, should the condition of
facilities, which was rated as being only slightly better than average during the period under review,
deteriorate or become outdated due to insufficient maintenance and upgrading.

1.2.3 Collaborations and strategic partnerships

The number of linkages between various R&D-performing facilities is a measure of how well a sector
leverages its R&D infrastructure and investment. The survey assessed the number of collaborations
between the types of organisation surveyed (provincial government departments, national government
departments, higher-education institutions, science councils and not-for-profit organisations) and
potential partners (farmers, other universities, industry, state-owned enterprises, other provincial
departments and other state entities), both local and international.

In general, most of the institutions collaborated primarily with farmers, and most of these collaborations
were on technology transfer. Higher-education institutions and science councils reported the most
collaborations (also primarily with farmers). Universities in particular had strong ties to international
partners on R&D.

Provincial departments of agriculture had a substantial number of partnerships with higher-education
institutions, industry, state-owned entities and other provincial agriculture departments.

The DAFF reported very few partnerships (19 in total), most of which were with higher-education
institutions and farmers. This is to be expected, given that the role of a national department is primarily
to provide guidance and strategic direction to provincial and local government. However, the fact that
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the DAFF only reported one partnership with a provincial department of agriculture is noteworthy. It
would be informative to closely monitor this indicator in future surveys for possible intervention.

1.2.4 Scientific outcomes

Scientific outcomes refer to the results of basic research that were regarded as viable and of use to
farmers during 2010/11.

Of the 246 new agricultural products developed, 121 (48.2 per cent) were regarded as viable and of
benefit to farmers. Of this, a total of 85 products (33.9 per cent of all new products and processes)
went on to be commercialised. Furthermore, of the 135 new processes developed, only 32

(23.7 per cent) were regarded as viable.

The viability of new agricultural products and processes should be closely monitored to determine
whether these relatively low rates are a trend. If so, steps to further incorporate farmers’ input during
the R&D process may help increase the success rate.

Of the new technologies that were regarded as viable, the survey found that it was mostly smallholding
farmers who implemented them. Further study is required to determine whether implementing them
actually resulted in production benefits for farmers.

The survey found that a total of 208 new R&D projects addressing agricultural productivity — a key
focus area for agriculture — were introduced in 2010/11.

1.2.5 Extension work

Extension work refers to the process of transferring new technologies to farmers and of responding to
farmers’ requests for agricultural R&D, technological services and information. Most of the queries
received were for technology services (9 995 queries), followed by technology transfer (8 933
queries). There were relatively few requests from farmers for R&D (1 807 queries).

Overall, the rate at which these requests were successfully was high — 86.6 per cent.

Extension workers were asked to identify possible areas where tight resources may be affecting
response performance. Constrained funding and staff numbers and insufficient training and skills were
identified as the three areas most in need of additional resources in 2010/11. These indicators should
be closely monitored in future surveys to determine whether these constraints are indeed a general
trend. An audit of human-resource numbers and skills may be required to determine the optimal
numbers of each to provide effective, sustainable R&D and extension work in agriculture.

Scientific research outputs in the form of articles, books and presentations are important tools for
disseminating the results of R&D to farmers and other interested stakeholders. Local agricultural
researchers were prolific in their output. They produced:

e 896 articles in journals;

e 112 academic books or chapters in books (including citations);

e 903 papers and posters for presentation conferences;

e 484 popular publications.

The majority of the above (65.8 per cent of all products) were peer-reviewed, and a substantial
amount (34.2 per cent) was for an international audience, indicating that local research is well
respected around the world. Extension work was mostly carried out in KwaZulu-Natal, the Western
Cape and the Eastern Cape. Most extension work was done through personal interactions with farmers
(through workshops, presentations, study groups and the like). The survey also showed that electronic
communications through TV broadcasts, video presentations and SMS services are also being explored.
This is promising since these technologies are often also available in remote rural areas, possibly
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extending the reach of extension workers. Future surveys may provide a clue as to whether these
technologies are being fully utilised.

Note: Unless otherwise indicated, all data presented in tables and analyses are for the 2010/11
period and are limited to the agricultural sector.

1.3 Agricultural R&D and other S&T in South Africa

This report presents the results of the first national survey on R&D, S&T and related aspects such as
infrastructure, technology transfer and extension work in agriculture in South Africa in 2010/11.
This survey also serves as a pilot to:
e evaluate the indicators identified by the DAFF in its tracking system for public investment in
R&D in the sector;

e provide baseline measurements for each indicator; and
e assess the tracking system toolkit’s efficacy as a national survey.

The survey only covers the public sector and excludes forestry and fisheries, which also falls under the
DAFF’'s mandate. These sectors will be covered in subsequent surveys.

This chapter provides a brief overview of the role of agriculture, agricultural R&D and other S&T
activities in South Africa, and developments in the measurement of agricultural R&D/S&T indicators. It
also provides a background to the survey and outlines the survey’s aims, objectives and scope. Finally,
it summarises how this report is structured.

1.3.1 The role of agriculture and agricultural R&D/S&T

Agriculture plays an important role in low-income countries, especially those in the Sub-Saharan Africa.
It is the source of livelihood for 80 per cent of the population of Africa, while about 60 per cent of the
economically active population gain employment in this sector (African Development Bank, 2010).
Growth in agriculture therefore has the potential to improve food security, help develop rural areas
and reduce poverty by creating employment.

South Africa’s farming community consists of a well-developed commercial sector, smallholder farming
and subsistence farming, which the rural community still depends on (Baiphethi and Jacobs, 2009). The
country is regarded as nationally food secure but, according to several literature reports, rural
communities are susceptible to food insecurities (Leroy et al, 2001; Drimie and MclLachlan, 2013; De
Cock et al, 2013; Altman et al, 2009). The DAFF’s recent statement that 12 million people have
insufficient access to food attests to this (DAFF, 201 3).

Agricultural R&D in most low-income and developing countries is carried out by the government. It is
imperative that other sectors — higher-education institutions, the private sector, not-for-profit and
farmers’ organisations — be supported in carrying out agricultural research, whether privately or
publicly funded, without crowding out each other’s efforts.

The DAFF is aware of the issues impeding production, development and growth in agriculture. In
response, it has developed several strategies and policies that prioritise food security, inequality,
unemployment and rural and economic development. The DAFF is also well aware of the importance of
R&D in generating and adapting technological, sociological and economic innovations for use by
farmers and others involved in the agriculture sector.

The setting of priorities should rely on credible information based on accurate, reliable and timely
data. Agricultural R&D indicators are used to accurately describe specific, measurable characteristics of
R&D in the country. They provide the government with the basis for reliable analysis that can be used
to develop policies and interventions that will ensure performance and accountability.
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1.3.2 Developments in measuring agricultural R&D (and other S&T) indicators

Internationally, attempts have been made to collect information on agricultural R&D and S&T indicators.
Of particular interest is Agricultural Science and Technology Indicators (ASTI) programme, an initiative
led by the International Food Policy Research Institute that gathers quantitative and qualitative data on
investment, capacity and institutional trends in low- and middle-income countries. These countries are
grouped into three regions, namely, Asia and the Pacific, West and North Africa, and Sub-Saharan
Africa.

The ASTI survey instruments gather data on a range of relevant indicators, including research staff
qualifications and training, investment trends (including sources of funding), and the full-time equivalent
(FTE) for researchers working on enhancing the production of specific commodities — an important focus
area given that the allocation of resources to different lines of research is a significant policy decision.
According to ASTI' data, in 2008 South Africa spent R1 billion (or 272 purchasing power parity dollars,
both in 2005 constant prices) on agricultural R&D and employed 784 FTE research staff, positioning it
second after Nigeria in terms of agricultural R&D investment. By 2010, it had still not met its investment
target of 3 per cent of agricultural GDP. Traditionally, most agricultural research is conducted by the
Agricultural Research Council (ARC), which is still heavily funded by the government through fluctuating
parliamentary grants. The council also sells goods and services, and receives support from producer
organisations. Funding from sales has declined through the years, while donor contributions have
increased.

In 2009, the DAFF, guided by the National Agricultural Research and Development Strategy (2008),
launched a tracking system that uses a suite of indicators to monitor R&D (and other S&T activities) as
part of an initiative to close information and developmental gaps within the sector. The tracking system
describes indicators that are likely to inform strategies for the development of the sector.

1.4 About this survey

1.4.1 Background

The National Agricultural Research and Development Strategy was developed with the priorities
outlined in the 2001 Agricultural Sector Plan in mind, that is, equity, enhanced natural-resource
management and sustained competitiveness within the agricultural sector. The strategy identifies various
challenges facing the sector, as well as key areas where baseline data (and tracking of subsequent
variations) would contribute to understanding the sector’s performance.

The strategy calls for stronger collaboration, together with improved efficiency, efficacy, transparency,
accountability and participation in agricultural research. To this end, the DAFF is developing a national
agricultural research agenda, drawing on input from a wide range of stakeholders, including the
National Agricultural Research Forum.

R&D within the DAFF is guided by, among other plans, policies and strategies:
e the Forestry Research Strategy;

the Integrated Growth and Development Plan;

the DAFF’s contributions to the government’s outcomes;

the National Aquaculture Strategic Framework for South Africa;

the Marine Aquaculture Research and Technology Development Implementation Plan.

A tracking system has been developed to gather data on a suite of strategically identified indicators
that reflects the performance of R&D/S&T, technology transfer and extension in agriculture, forestry
and fisheries, taking into consideration relevant inputs (including investment and human resources),
outputs and impacts. Each indicator has been defined and substantiated, and its assessment/calculation
method, scope and data sources have been outlined.
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This tracking system is an integral component of a results-based accountability system. As such, the
indicators were developed taking cognisance of the government’s strategic goals, the Medium Term
Strategic Framework outcomes that form part of the DAFF’'s mandate, and the sector’s defined targets.
It will support decision-making processes when formulating policies by providing quantitative and
qualitative data on the constraints and capabilities of R&D/S&T in the sector.
The tracking system requires regular data-sourcing to improve the availability and quality of
information, and to build referral systems to streamline R&D efforts. To obtain baseline measurements
for future tracking, the DAFF commissioned CeSTIl to conduct a survey of R&D activities in agriculture.
CeSTIl designed a measuring instrument that captures the following:

e the level of collaboration between public agricultural research institutions;

o the level of coordination between public agricultural research institutions and

industry /international research organisations;

e the level of funding required to ensure the viability of agricultural research systems.

This instrument will help with policy-making and assessing the impact of policies after implementation.
1.4.2 Obijectives

This survey aims to:
e evaluate the indicators identified by the DAFF’s tracking system;
e recommend database options to manage data for long-term analysis; and

e conduct a pilot survey to establish the effectiveness of the tracking system as a monitoring and
evaluation tool.

1.4.3 Scope

The study is limited to public-sector and state-owned organisations that conduct agricultural research,
innovation, development or transfer. It excludes private entities. CeSTll identified entities to be
interviewed in collaboration with the DAFF.

1.4.4 Report structure

This report is organised as follows:

e Part 1 (this section) provides an introduction to this document and to R&D/S&T in South Africa
today. It also provides a background of research into R&D/S&T in agriculture in South Africa
and internationally, and details the objectives and scope of this survey.

e Part 2 presents the methodology used for the survey.

e Part 3 presents the key findings, divided as follows:

o Summary of key findings

o Detailed results on human resources in agricultural R&D and extension

o0 Detailed results on investments in agricultural R&D and extension, including
infrastructure and facilities

O Detailed results on collaborations and strategic partnerships

o Detailed results on scientific outcomes of research and other S&T activities

o Detailed results on technology transfer.

e Part 4 concludes the report by presenting the general discussion and recommendations.



PART 2: METHODOLOGY

2.1 Introduction

The design and conduct for this survey was guided by the 10 United Nations principles of international
statistical activities (United Nations Statistical Division, 201 3), which promote the production of statistics
that are impartial and transparent. As far as possible, international concepts, classifications and
methods have been used. Scientific principles and professional ethics have informed the methods and
procedures for collecting, processing, storing and presenting statistical data.

Procedures that protect respondent confidentiality and minimise respondent burden were followed.
Data was drawn from various sources, chosen to maximise quality, and minimise cost and respondent
burden.

Statistical organisations collected data in a coordinated manner. Statistical agencies are entitled to
comment on erroneous interpretation and misuse of statistics. They are to present information according
to scientific standards on their sources, methods and procedures.

This survey presented certain methodological challenges, most notably:
e constructing a suitable representation of the units of interest;

e developing a survey instrument capable of producing the desired indicators that also
integrates with local and international concepts of science, technology and innovation.

Establishing a network of contacts that could help extract data from respondents who had their own
busy schedules also presented some operational challenges.

2.2 Key concepts

2.2.1 Reference period

The reference period for the survey was 1 April 2010 to 31 March 2011, or the nearest complete
financial year of the reporting institute. (See “Concepts and definitions” for a definition of “reference
period”.)

2.2.2 Scope

The survey included the relevant units of all public-sector, state-owned and academic organisations that
were likely to conduct agricultural R&D or extension activities, including science councils.

2.2.3 Register

The survey register (that is, all possible participants in the survey) was compiled from a comprehensive
list of units that HSRC-CeSTIl had identified using available information from the National Surveys of
Research and Experimental Development survey series, and complemented by CeSTIl and DAFF
specialists.



2.2.4 Frame

A frame is a list, map or other specification that defines the population to be sampled. The frame
should have enough information so that a unit in the sample may be located and taken up for inquiry.

The survey frame was established by examining the register for units that were likely to perform
agricultural R&D/S&T. If a unit was not a likely R&D performer, it was assumed that it also did not
conduct significant technology-transfer activities either.

The following auxiliary information was gathered through preliminary investigation or desktop
research:

® sectors;
e contact details;
e status as being in- or out-of-scope.

2.3 Questionnaire design and piloting

The survey ran from December 2011 to January 2013. A questionnaire was designed based on the
indicators that the DAFF required for its tracking system for public investment in R&D and HSRC-CeSTIl’s
recommendations regarding practicalities and alignment with concepts in national R&D and innovation
surveys in South Africa. The information requirements were amended so that the questionnaire could, as
far as possible, be integrated with International Food Policy Research Institute questionnaires.

A pilot survey of 18 units was run to test survey procedures and evaluate the survey instrument. The
data collected were processed and analysed to ensure relevance, but were not included in the final
survey results. Based on the pilot survey, production systems were finalised, including the development
of a survey database. This was done using purposive, consensus-based sampling that drew on the
combined experience of HSRC-CeSTIl and DAFF experts.

2.4 Data collection, capturing and processing

Fieldworkers were employed to collect data from the selected units. Experienced HSRC-CeSTIl staff
trained these workers in survey-collection techniques in science, technology and innovation before
assigning them to the field. The strategy was to phone respondents to set up face-to-face interviews,
with follow-ups to secure full response. Most respondents reacted favourably, although some units
refused to participate despite attempts by HSRC-CeSTIl agents to obtain their cooperation. Even
intervention by the DAFF was not enough to secure a response from two higher-education institutions.

Non-response may be of two types: “unit non-response” and “item non-response”. Unit non-response
occurred when a unit failed to respond to the request for information. Unit non-response included out-
of-scope entities, which are those units that should not have been included in the sampling frame
because they did not belong to the target population in the reference period (Sarndahl, Swensson and
Wretman, 1992). ltem non-response was when the unit responded partially, resulting in incomplete
responses for some questionnaire items. Incomplete responses necessitate imputation procedures
(entering a data value where the response is missing or unusable). Good practice dictated that these
potential sources of error were kept to a minimum.

“Response” was defined as entities that were not non-responsive.
Double-capturing and internal-consistency checks were used to endure valid results during data-
capturing and -editing. Cross-checking against unpublished estimates obtained for use in the National

Survey of Research and Experimental Development for 2010/11 ensured consistency with externally
available statistics. All data and metadata will be kept on record, in line with HSRC institutional policy.
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The compilation of data for statistics was done to represent, as closely as possible, the measurable
features of the target population. This representation may be adversely affected by insufficient
modelling of the true population during the frame-construction process, and by the number of
completed responses received by fieldwork.

Table 1 presents the units selected for the survey from the register as being likely to be in-scope, as
well as the survey response and imputation rates.

The survey covered the public sector which included government and quasi-governmental organisaions
and the higher education sector. This included public enterprises and not-for-profit organisations that
undertake R&D and/or extension activities Appendix B). The original list had 253 target units, of which
210 were in-scope (see. Due to changes in reporting arrangements3, the total number of questionnaires
expected back was 49, of which 37 responses were received (a 92.5 per cent response rate). No units
were imputed.

Table 2: Survey size and responses by sector of performance

Target entities Reporting units

Sector T Number Number Non- Out-of- Response Sloeshonnoirs ) Un“,
on . response rate imputation

register in-scope surveyed response scope s (%) rate (%)

Government 56 36 8 2 1 6 85.7

Science 20 16 8 0 0 8 100

councils

Higher 161 149 27 6 4 21 91.3

education

Other 16 9 6 4 4 2 100

Total 253 210 49 12 9 37 92.5

A reporting unit is a unit that supplies the data for a given survey instance. The questionnaire response
rate was calculated using the following formula:

Response

(Response + non-response) - (out-of-scope)

Imputation is a procedure for entering a value for a specific data item where the response is missing or
unusable. The unit imputation rate was calculated using the following formula:

Number of unit imputations

(Response + non-response) - (out-of-scope)

Appendix B contains a detailed description of the methodology followed for each phase of the project.

3 Some of the units preferred to collate data from all subunits into a single questionnaire
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PART 3: SURVEY FINDINGS

3.1 Summary of key findings

This chapter presents the survey’s results in a way that facilitates evaluation of South Africa in 2010/11
in terms of the indicators in the tracking system for investments and performance in agricultural R&D
and other S&T activities.

The tracking system was designed to manage and monitor the performance of investments while
assessing the outputs and benefits of research and technology development in agriculture, forestry and
fisheries. This document groups the information gathered by populating these indicators using data from
the agriculture subsector into the following themes:

o human resources;

® investments;

o collaborations and strategic partnerships;

e scientific outcomes; and

e technology transfer.

3.1.1 Human resources

Table 3 summarises human resources data in agricultural R&D and extension. The total FTE for
agricultural researchers was 781.7 for R&D and 45.8 for extension. The headcount stood at 3 726 for
R&D and 345 for extension. Men were predominant in both groups. The total number of technicians/
technologists was 613 for R&D and 149 for extension. Fifty agricultural engineers were active.

The total number of doctorate holders was 478 (12.8 per cent of total R&D personnel) for R&D and 39
(11.3 per cent of total extension personnel) for extension. However, the proportion with master’s,
honour’s or bachelor’s (or equivalent) degrees was lower for R&D (24.0 per cent of total R&D
personnel) compared to extension (53.0 per cent of total extension personnel).

There was a large pool of students feeding into the human-resource pipeline, with 58 doctorate
graduates, 185 master’s graduates and 734 graduates with bachelor’s/honour’s (or equivalent)
degrees. During the review period, there were an additional 478 doctorate enrolees and 944 master’s
enrolees (the Frascati Manual does not include undergraduate or master’s enrolees, so this figure is not
provided).

The proportion of researchers over the age of 55 years was 14.3 per cent for R&D (as a percentage
of all R&D researchers) and 12.3 per cent for extension (as a percentage of all extension researchers).
The number of women researchers over 55 years was 18 for R&D (2.0 per cent, expressed as a
percentage of all R&D researchers) and 1 for extension agents (0.6 per cent, expressed as a
percentage of all extension researchers).

The total number of vacancies in scarce-skills areas was 154 during the review period, of which 89
were filled during the year. On average, it took more than 12 months to fill vacancies.
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Table 3: Key indicators for human resources in agricultural R&D and extension

Key indicator Value

R&D Extension
Total FTE for agricultural researchers 781.7 45.8
Total number of technicians/technologists 613 149
Total number of engineers 50
Proportion with doctorate 12.8% 11.3%
Proportion with master’s, honour’s, bachelor’s or equivalent 24.0 % 53.0 %
Proportion of researchers over age 55 14.3% 12.3%
Proportion of women researchers over age 55 2.0% 0.6%
Total number of vacancies and scarce-skills areas 154
Number of vacancies filled in 2010/11 89
Average time (in years) taken to fill vacancies 6.4 (>12 months)
University enrolment: postdoctoral 29
University enrolment: doctorate 478
University graduates: doctorate 58
University enrolment: master’s 944
University graduates: master’s 185
University graduates: bachelor’s/honour’s (or equivalent) 734

3.1.2 Investments

Expenditure by public institutions for 2010/11 was R1.217 billion for agricultural R&D and
RO.179 billion for extension. Expenditure on R&D represented only 0.074 per cent of the total value
added, which is low considering the importance of the sector in the economy.

Table 4 provides the proportionate breakdown of sources of funding for R&D and extension in
2010/11. The figures indicate a higher proportion of contracts and grants from within South Africa for

R&D, and a higher proportion of own funds used for extension.

Table 4: Key indicators for investments in R&D and extension

Key indicator Value
R&D and extension R&D Extension
Total expenditure on agricultural R&D (public) (R 000 excluding VAT) 1216 532 179 392
Total value added at basic prices R'000 1 646 664 000
R&D as percentage of total value added at basic prices 0.074% 0.011%
Sources of funds
Own funds (R 000 excluding VAT) 348 949 159 000
Contracts from within South Africa (R 000 excluding VAT) 535 274 5566
Grants from within South Africa ((R 000 excluding VAT) 308 311 12976
Contracts and grants from abroad (R 000 excluding VAT) 23 998 1 850

! Data being sourced from the DAFF and Stats SA
2 Third quarter 2011 Stats SA value (includes Forestry and Fisheries)
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On the maintenance of infrastructure, the results indicated that 143 infrastructure and facilities were
maintained and that, on average, the condition and quality of infrastructure were just better than
moderate.

3.1.3 Collaborations and strategic partnerships

Table 5 shows that higher-education facilities’ key collaborations were with farmers (53.8 per cent of
higher-education facilities’ collaborations), while provincial departments of agriculture mainly
collaborated with state-owned entities (10.7 per cent of provincial departments’ collaborations).
Public-sector institutions involved in agricultural R&D and/or extension work mainly collaborated with
farmers on technology transfer. Provincial departments of agriculture reported a moderate number of
partnerships with each other, but only one reported having a partnership with the DAFF. International
R&D partnerships were mainly with other universities.

Table 5: Proportion of key strateqic partnerships in agricultural R&D and extension

Key indicator Per cent
Proportion of higher-education institution and farmer collaborations 53.8
Proportion of provincial departments of agriculture and state-owned entities collaborations 10.7

3.1.4 Scientific outcomes

Table 6 sets out the key indicators for scientific outcomes of R&D and S&T. The total number of
agricultural products developed was 246. Of these, 33.7 per cent were released or commercialised
and 48.4 per cent were viable, benefiting smallholder and commercial farmers. A total of 135
agricultural processes were developed, 23.7 per cent of which were viable and in use.
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Table 6: Key indicators for scientific outcomes of research and S&T in agriculture

Key indicator Value
Number of commercial famers benefiting from research’ 35126
Number of smallholding famers benefiting from research! 104 856
Number of farmers with income from on-farm activities' 84 953
Ratio of R&D personnel to farmers (number)! 3726
Number of farmers who have tried/adopted new research product or process 11 899
Number of new products/processes implemented by farmers 5430
Number of farmers who have tried/adopted new natural-resource management technique 3 074
Number of new research projects addressing agricultural productivity 208
Number of commercial farmers who benefited from new research projects addressing 26 285
agricultural productivity

Number of smallholding farmers who benefited from new research projects addressing 72 272
agricultural productivity

Number of new mentorship programmes 203
Number of new incentive programmes introduced 10
Number of new agricultural products developed 246
Percentage of new products released /commercialised 33.7%
Percentage of viable products in use by smallholder and commercial farmers 48.4%
Number of new agricultural processes developed 135
Percentage of viable agricultural processes in use by smallholder and commercial farmers 23.7%

! Data being sourced from the DAFF and Stats SA

3.1.5 Technology transfer

Table 7 indicates the rate of response to farmer queries, calculated as the total number of queries
received (for R&D, technology transfer and extension services combined) divided by the number of
needs resolved. This proportion was high, at 86.6 per cent.

Broken down by type of query, the response rates were as follows:
e 77.6 per cent of requests for R&D were resolved;
e 79.4 per cent of requests for technology transfer were resolved;
e 947 per cent of requests for extension services were resolved.

These figures indicate high to very high levels of response.

Locally, there were 917 publications in peer-reviewed journals/books and 794 publications in non-
peer-reviewed journals/books. Internationally, a substantial 751 publications were published in peer-
reviewed journals/books, while 92 publications appeared in non-peer-reviewed journals/books. New
incubation models and decision-support tools for extension stood at 359, new information packs at 99
and new methods of transferring technologies to farmers at 796.
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Table 7: Key indicators for technology transfer in agriculture

Key indicator

Response rate (needs resolved + queries received)

Number of research publications in local peer-reviewed journals, books (including citations)
Number of research publications in local non-peer-reviewed journals, books (including citations)
Number of research publications in international peer-reviewed journals, books (including citations)

Number of research publications in international non-peer-reviewed journals, books (including
citations)

New incubation models and decision-support tools (extension)
New information packs

New methods of transferring technologies to farmers
Number of farmer training sessions

Number of farm demonstration trials

Number of farmers trained

Extension officers trained on new technologies

Total number of available services

Number of new services undertaken

Level of subsidies/funding for services (total) (R 000)
Total internationally accredited services

Total nationally accredited services

Total in-house standards services

3.2 Human resources

3.2.1 Introduction

Human resource is the most valuable R&D resource in South Africa. In a country facing many

Value
86.6%
917
794
751

92

359
99
796
7 629
835
20 234
628
247 280
114
164113
1747
3078
2083

developmental challenges, advancement in S&T is crucial for building national resources, economic
freedom and social development. South Africa, with the support of the government and business, has set
a course towards building the contfinent’s strongest knowledge economy. Agribusiness and agri-research

require appropriately skilled, qualified and resourced research personnel to address the

developmental hurdles the country is facing. This section documents the headcounts and FTEs of research
and extension personnel within this sector, as well as the number of graduating students and the rate at

which vacancies are filled in agricultural research.

3.2.2 Headcount and FTE

Highly qualified and competent human resources are necessary for R&D initiatives to succeed. It is no
wonder that human resources for R&D accounts for a major portion of expenditure associated with S&T
projects. The FTE for agricultural R&D in 2010/11 was 3 226.22, with a combined FTE (for R&D and
extension) of 3 397.45. This implies that 95.0 % of human resources in this category work on R&D,

while the remaining 5.0 % work on extension (
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Table 8: Headcount and FTE of R&D and extension personnel in agriculture

Personnel categories and highest qualification

Total R&D
headcount

Researchers (including research executives and research managers)

Doctorates
Master’s /honour’s/bachelor’s or equivalent

Diplomas, senior certificate and other
qualifications

Researchers total
Technicians /technologists
Doctorates
Master’s /honour’s/bachelor’s or equivalent

Diplomas, senior certificate and other
qualifications

Technicians total
Other directly supporting personnel
Doctorates
Master’s /honour’s /bachelor’s or equivalent

Diplomas, senior certificate and other
qualifications

Other support total

Total human resources

470
522

22

1014

271

336

613

2
103

1994

2 099
3726

Total FTE for ex.ir:r::ilon
R&D headcount
326.94 38
433.9 82
20.9 13
781.74 133
55 1
210.08 91
317.1 57
532.68 149
1 0
71.7 10
1 839.1 53
1911.8 63
3 226.22 345

Total FTE
for
extension

7.9
25.6

12.3

45.8

63.13

40.9

105.03

0
5.2

15.2

20.4
171.23

Table 9 provides more detail about the human resources involved in agricultural R&D. The total
researcher headcount was 3 726, of which 68.4 per cent were men and 31.6 per cent were women.
Analysis by qualification and gender indicated that 12.8 per cent of R&D staff held doctorates, with
twice as many male doctorate-holders as female doctorate-holders. The bulk of human resources held
diplomas, senior certificates and/or other qualifications (63.1 per cent). Of this group, 74.8 per cent

were men.

Table 9: Headcount and FTE of R&D personnel in agriculture

R&D personnel headcount

Highest qualification

Men Women

Doctorates 322 156
Master .s/honour s/bachelor’s 468 428
(or equivalent) degrees
Dipl i tificat

iplomas, SenIC?F'CQI’.I icate 1 759 593
and other qualifications
Total 2 549 1177
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Total

478

896

2 352

3726

FTE for R&D

Men Women

221.21 112.23

363.8 351.88

1 635.1 542

2220.11 1006.11

Total
333.44

715.68

21771

3 226.22



Table 10 shows that a considerably smaller cohort of S&T personnel was devoted primarily to
extension work. This may be because, in most of the entities surveyed, the same R&D personnel
members were also involved in extension work. Staff members who held doctorates accounted for

44.9 per cent of total extension staff, of which 23.9 per cent were women. The majority of extension
staff held a higher qualification, with 71.4 per cent holding a master’s degree or a doctorate, going up
to 83.9 per cent (469 workers) when bachelor’s or equivalent degrees were added. Of these,

30.7 per cent were women.

Table 10: Headcount of extension personnel in agriculture, by gender and highest qualification

Men 191

Doctorate 251
Women 60
Men 87

Master’s 148
Women 61
Men 47

Bachelor’s 70
Women 23
Men 55

Diploma 68
Women 13
Men 12

Other 22
Women 10

Total extension personnel 559

Agricultural engineers are trained engineers working in agricultural research. Table 11 shows that there
were 50 agricultural engineers active within the sector, the majority of which (78.0 per cent) did not
have a doctorate. However, of those that reported holding a doctorate, 55.0 per cent were women.

Table 11: Agricultural engineers, by qualification and gender

Agricultural engineers Men Women
Doctoral 5 6
Non-doctoral 22 17
Total 50

Table 12 shows the age and gender profile of R&D personnel. Researchers between the ages of 31
and 35 are the largest age cohort, of which 53.3 per cent are men. Women between the ages of 51
and 55 reflect a majority of 80.3 per cent within researcher personnel while male technicians represent
56.0 per cent of R&D personnel. The age and gender profile illustrates a gradual increase in number
from the age of 30 to 55, which decreases from 56 onwards. There is a general trend of more male
than female personnel in all age cohorts.
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Table 12: R&D personnel by age and gender®

R&D
Gender
personnel
Male
Researchers
Female
Male
Technicians
Female
Male
Other
Female

<25

8
13
10
7
35
24

26—
30

5
48
57
39

134
67

Age
31-35 :;60_ 41-45

89 78 73

78 70 53

64 59 64

50 38 34
155 177 217

53 77 83

*Not all personnel age profiles are recorded above.

50
74
39
59
37
230
77

51-55

114
28
42
21

182
77

PR
67 34 10
10 6 2
20 20 0
12 6 0
138 82 0
39 30 1

Table 13 groups the younger age cohorts to focus on the gender profile of personnel over the age of
55. There are not many women over the age of 55 working in agricultural R&D, possibly due to an
historic gender bias in this sector, which is being addressed.

Table 13: R&D personnel by age and gender

R&D personnel

Researchers

Technicians

Other

Gender
Male
Female
Male
Female
Male
Female

Total

26-55

433
316
345
219

1095

434

2 842

49.32% (of total
35.99% (of total
55.47% (of total technicians)
35.21% (of total technicians)
60.2% (of total “other”)
23.86% (of total “other”)

56+
111
18
40
18
220
70
477

%
12.64 (of total
2.05 (of total
6.43 (of total
2.89 (of total

12.09 (of total “other”)
3.85 (of total “other”)

Extension refers to a range of activities that includes technology transfer and technology services.
Technology transfer is the act of making available industrial and agricultural processes and products.
Table 14 groups extension workers according to area of specialisation, qualification and gender. The
figures indicate that 44.9 per cent of agricultural extension workers held doctorates, of which

76.0 per cent were men and 24.0 per cent were women. There were relatively few master’s, honours
and bachelor’s degree-holders involved with agricultural extension work by comparison. This may have
implications for extension work going forward: as older, more experienced personnel retire or leave
the sector, there may be relatively few qualified experts available to replace them. There are also a
greater number of men working in agricultural extension, with 70.1 per cent of all extension staff being

male.
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Table 14: Extension personnel by area of specialisation, gender and qualification

Area of specialisation Qualification and gender
Doctorate Master’s Bachelor’s Diploma Other
Men Women Men Wome Men Women Men Women Men Women
0 0 0]
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The specialisation areas with the greatest number of extension workers are also the areas with the
highest-qualified workers. Crop genetic improvement, animal genetics, pastures, crop pests and
diseases, farming systems, soil, post-harvest and training account for 37.2 per cent of all extension
workers (headcount) and 82.9 per cent of all doctorate holders involved in extension work.

3.2.3 Scarce skills

An advanced skills base is imperative to agriculture as only the most skilled scientists, researchers and
technicians are able to deliver the outcomes required of agricultural science and technology projects.
However, as in all sectors, some skills sets are considered scarce and are valued above others.

Table 15 identifies key areas where skills are scarce in agricultural S&T, the number of vacancies in
these areas and the time taken to fill these vacancies.

Within these areas, 68.18 per cent of all vacancies in agricultural S&T were in the livestock, soil, crop-
related, pastures, disease prevention and “other” areas of specialisation. There were 154 reported
vacancies in 2010/11, of which, 89 vacancies were filled and 65 remained open, resulting in a scarce-
skills employment rate of 57.8 per cent.
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Table 15: Scarce-skills vacancies in_agriculture

Scarce-skills area Numbel: of Number ?f vacancies Average ﬁ.me taken to fill
vacancies filled vacancies (months)

Crop genetic improvement 9 6 14
Agronomic 9 8 20
Crop pest and disease 10 11 11
Other crop-related 14 0 0
Animal genetic 3 2 7
Animal management 3 1 3
Pastures 10 0 0
Animal pest and disease 5 3 4
Other livestock 24 24 2
Soil 17 4 10
Water 2 0 4
Other natural resources 2 0] 0
On-farm storage 1 0 0
Off-farm post-harvest 3 2 2
Agricultural engineering 6 4 16
Food safety 1 1 4
Farming systems 1 6 2
Socioeconomics 15 7 9
Training 4 4 6
Climate change 0 0 0
Other 15 6 21
Total 154 89 6.4

The average time taken to fill scarce-skills posts was six months. However, some posts were harder to
fill than others, taking as long as 21 months to be filled.

3.2.4 Mentorship and incentive programmes

Mentorship and incentive programmes are some of the ways the agricultural sector strives to address
the gap in scarce skills. During 2010/11, 203 new mentorship programmes and 10 incentive
programmes were put in place. Mentorship programmes are more readily available than incentive
programmes. Creating more incentive programmes may be a good starting point for increasing the
number of research projects, products and processes developed. This could, in turn, lead to
commercialisation of products and processes developed.

3.2.5 Contribution and cost of postgraduate students and fellows

Graduates are a vital source of human resources in any sector and, as such, should be directed and
nurtured. Table 16 shows the headcounts and FTE for various categories of postgraduate students and
fellows.

An adequate number of students/fellows were enrolled at all levels of higher education. Of particular
importance are the doctoral candidates and master’s students, which together totalled 1 422 students,
representing 44.7 per cent of all students in the sector. More encouraging was the large number of
undergraduates studying agricultural sciences. Students with an honour’s (or equivalent) and lower
accounted for 1 731 (54.4 per cent) of the total 3 182 agricultural students recorded, addressing some
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concerns regarding the human-resource pipeline. The total cost of these students was R26.517 million,
with most of that funding devoted to master’s students, followed by doctoral candidates and post-
doctoral fellows.

Table 16: Headcount, FTE and cost of undergraduate and postgraduate students and fellows

Headcount FTE Total value of
Postgraduate categories salaries, stipends
Men Women Men Women and bursaries
Post-doctoral fellows 20 9 0 4 5180
Doctoral students 277 201 148 23 9 621
Master’s students! 469 475 207 214 10 506
Honour’s student 498 487 270 242 1210
Diploma/certificates holders 364 382 0 0 (0]
Total 1628 1554 625 483 26 517

1 Only those with at least a 40 per cent research component in their master’s degree.

3.2.6 Graduates entering workforce

Table 17 sets out the number of agricultural-sciences graduates entering the workforce in 2010/11. Of
the 1 345 graduates, 749 (55.7 per cent) were men and 596 (44.3 per cent) were women. Most
graduates (734 students, or 54.6 per cent) obtained bachelor’s/honour’s degrees. Fifty-eight
doctorates and 368 diplomas (or equivalent) were awarded.

Table 17: Headcount of graduates

. Number of students (headcount)
Postgraduate categories

Men Women
Doctorates 35 23
Master’s degrees 92 93
Bachelor’s /honour’s (or equivalent
pa— / (or eq ) 450 284
Diplomas/certificate-holders 172 196
Total 749 596

3.2 Conclusion: Human resources

The majority of workers in agricultural R&D and extension work are aged between 31 and 55. There is
a noticeable decline in numbers among younger age cohorts, which may present a human-resource
challenge in future if not managed correctly.

The headcounts and FTEs indicate that a greater number of men are active in this sector than women,
despite there being 156 female doctorate-holders active in the sector. More work is required to
achieve gender equity in this sector.

In terms of scarce skills, there appears to be strong expertise in crop genetics, pasture animal and field
management sciences, with many doctorate-holders devoted to these specific areas of specialisation.
That said, only 89 of the 154 vacancies identified in scarce skills were filled in 2010/11.
Feeding the human-resources pipeline is a large number of agricultural S&T students and graduates.
The total student headcount was 3 182, 51.2 per cent of which were men while 48.8 per cent were
women. The number of graduates was 1 345, of which 44.3 per cent were women and the balance
were men.
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Agricultural S&T depends on an efficient, experienced and highly qualified workforce to manage
projects and solve problems. The above findings indicate that the country is in a favourable position in
relation to its human-resource needs in agricultural S&T.

These figures also act as a relatively good baseline indicator for human resources within this sector.
Future research will indicate where progress has been made and in which areas further work is
required.

3.3 Investment levels

3.3.1 Introduction

Agriculture plays a distinctive role in most developing and low-income countries. The contribution of
agricultural production towards the GDP of some of these countries can be as high as 30 per cent. It is
therefore imperative that these countries develop crucial new agricultural technologies to boost
production. Investments in agricultural R&D and extension can result in particularly high pay-offs if
properly managed and coordinated. In developing countries, these investments are often the
responsibility of the government as either a performer or a funder of R&D, innovation and related
activities. It also falls to these governments to ensure a high-quality regulatory framework to promote
agricultural R&D and extension as well as innovation.

The role of, and the support required by, the higher education, business and not-for-profit sectors in
agricultural R&D should not be underestimated. Besides creating an environment conducive to
investment in agricultural R&D, governments in developing countries should ideally support these sectors
directly through grants, contracts and procurements, and/or indirectly through tax credits, allowances
and social-security contributions.

It is common practice in developing countries for expensive resources such as R&D equipment and other
infrastructure to be shared by researchers and other users nationwide. It is therefore crucial that these
infrastructure and facilities are sufficient, appropriate and well-maintained across all levels of the
agricultural sector. These resources are necessary for cutting-edge research and extension work, the
outcomes of which feed directly into production.

This section presents the levels of investment in R&D and extension in the country, including agricultural
expenditure by area of specialisation, sources of funds, type of R&D, research fields, and province.
Investments in infrastructure and facilities, the usage and maintenance of these resources and how they
are shared by users are also reported. Data on R&D projects by national priority areas, including R&D
into drought- and pest-resistant cultivars and breeds, conclude this section.

3.3.2 Expenditure on agricultural R&D and extension

Agricultural R&D expenditure amounted to R1.216 billion at current prices in 2010/11. This amounts to
a contribution of 0.074 per cent of the total value added4 at current prices. Of all the sectors surveyed,
the government was the largest performer of agricultural R&D, spending 42.9 per cent of total
agricultural R&D expenditure. This was followed by science councils, which spent 36.2 per cent. Higher
education spent R253 million, or 20.8 per cent, of the R&D expenditure.

Most of the total agricultural R&D expenditure — 60.3 per cent — went to labour (Table 18). The total
labour cost of postgraduate students comprised only 2.1 per cent of the total R&D expenditure. The
lowest R&D expenditure was on capital goods, which amounted to 14.8 per cent.

4 Total value added at basic prices, which amounted to R1 646 664 million in 2010 (Stats SA, 2010), plus taxes
less subsidies on products amounts to GDP at market prices.
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Table 18: In-house R&D expenditure

Per cent of

total R&D
Type of expenditure R 000 expenditure
CAPITAL EXPENDITURE 179 916 14.8
Land: buildings and other structures 105 817 8.7
Vehicles, plant, machinery, equipment 74 099 6.1
LABOUR COST EXPENDITURE 733 472 60.3
Labour costs: R&D personnel 708 157 58.2
Labour costs: postgraduate students 25 315 2.1
OTHER CURRENT EXPENDITURE 303 146 24.9
*Other current 303 146 24.9
TOTAL R&D EXPENDITURE 1216 534 100.0

*Qther includes expenditure on materials, water and electricity, payments for facilities and R&D services,
maintenance and repairs, and consultant expenses carried out by the unit.

3.3.2.1 Capital expenditure on infrastructure facilities

Respondents were asked to list their infrastructure and facilities, including their value, maintenance
levels and usage. Responding institutions reported 143 new facilities during 2010/11. On a scale of

1 to 10 — where 1 was “very bad”, 10 was “excellent” and 5 was “average” — an average of 5.2 was
reported for the condition of all infrastructure and facilities (The condition was used as a proxy for
measuring how good a facility or infrastructure was). An average of 4.9 out of 10 was reported for
the quality of maintenance for reported facilities. The institutions further reported that a budget of
R159.237 million was required to maintain these facilities, of which only 19.0 per cent (R30.411

million) was met.

Table 19: Number, condition, maintenance and capital expenditure on infrastructure /facilities

Condition’

Number of (scale of 1 Maintenance quality!  Actual expenditure Required expenditure
facilities’ (scale of 1 to 10) (R 000) (R 000)
to 10)
143 5.2 4.9 30 411 159 237

' The original indicator required was “percentage increase in new infrastructure to support the sector”. However,
since this is a baseline study these details cannot be provided. Instead, the number of available research facilities,
their condition and maintenance levels have been assessed.

Use of infrastructure and facilities
Some organisations that host specialised facilities or infrastructure allow others to use their facilities for

research and other purposes. Private companies, higher-education institutions and science councils were
the main users of infrastructure hosted by other institutions.
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Table 20: Shared infrastructure usage, by sector and purpose

Sector o:;::‘i:::i::s R&D Te;:::::?y Technology services
Private companies 9 7 5
Higher education 10 10 8
Science councils 5 5 1

O'rhe.r (schools, 3 5 3 5
public)

Table 20 above indicates that organisations often used the shared infrastructure for more than one

purpose. Private companies and science councils tended to use shared facilities for R&D, while higher-

education institutions were heavily involved with all three types of work (although R&D was still the

primary use). By contrast, schools and the public, classified under “other”, tended to use shared facilities

for technology transfer rather than R&D or technology services.

3.3.2.2 Expenditure by source of funds

Local sources accounted for R1.192 billion (98.0 per cent) of total expenditure on agricultural R&D and
extension. Most of this expenditure was through contracts (R535.3 million), with grants (R308.3 million)
and own funds (R349.0 million) accounting for the rest. Contracts issued by government departments
accounted for more than 57.3 per cent (R306.9 million) of local contract funding. The remaining
contracts were divided between the private sector (17.2 per cent of total contract funding); higher
education (15.1 per cent); science councils (6.7 per cent); not-for-profit organisations (3.3 per cent) and
sources such as philanthropists and donations (0.4 per cent).

Government departments were also the largest grant-makers in agricultural R&D, contributing
67.2 per cent of the total funding from grants.

Funding generated from the sale of goods and services amounted to R 297.1 million while loans were
relatively low, at R1.041 million.

Funding from abroad accounted for 2.0 per cent of total agriculture R&D expenditure. Most of this
funds came from government funding agencies and not-for-profit organisations which contributed
R9.825 million and R7.378 million respectively. Local agriculture R&D did not receive funding from
foreign businesses and loans from development banks. Most funding for extension work came from
organisations’ own funds and amounted to R159 million (82.8 per cent of total expenditure on
extension work). Other key sources were grants (6.8 per cent) and contracts (2.9 per cent).
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Table 21: Sources of funds for agricultural R&D and extension

R&D
expenditure
Sources of funds (R 000,
excluding
VAT)
Own funds 348 951
Sale of goods and services 297 143
Loans from development banks 1041
Other 50767
Funding from within South Africa 843 584
Contracts 535 273
Private enterprises (business) 92014
Government departments 306 862
Science councils (including agencies) 35 981
Higher-education institutions 80730
Not-for-profit organisations 17 573
Other! 2113
Grants 308 311
Private enterprises (business) 47 573
Government departments (core
funding) 207 296
Science councils 7916
Government funding agencies 21 546
Higher-education institutions 8 150
Not-for-profit organisations 7 145
Other! 8 685
Funding from abroad (contracts and 23 997
grants)
Private enterprises (business) -
Venture capital -
Loans from development banks -
Government institutions 1128
Government funding agencies 9 825
Higher-education institutions 1 048
Science institutions 1028
Not-for-profit organisations 7 378
Other! 3 590
Total 1216 532

% of total R&D
expenditure

28.7
24.4
0.1
4.2
69.3
44.0
7.6
25.2
3.0
6.6
1.4
0.2
25.3
3.9

17.0

0.7
1.8
0.7
0.6
0.7

2.0

0.0
0.0
0.0
0.1
0.8
0.1
0.1
0.6
0.3
100.0

1Other includes private donations, philanthropists and foundations

3.3.2.3 Expenditure by type of research

Extension
expenditure
(R 000,
excluding
VAT)
159 000
155 668
2 654
678
18 542
5 566
4 427
1061
78

12976

11 691

285

1 000
14 450

6 900
5000

700

1 850
191 992

% of total
extension
expenditure

82.8
81.1
1.4
04
9.7
2.9
0.0
2.3
0.6
0.0
0.0
0.0
6.8
0.0

6.1

0.0
0.1
0.0
0.0
0.5

7.5

0.0
0.0
0.0
3.6
2.6
0.0
04
0.0
1.0
100.0

Applied research accounted for 57.5 per cent of total expenditure on agricultural R&D, of which
27.1 per cent was performed by science councils. Basic research followed, at 28.3 per cent, and was
mostly performed in government departments. Experimental development research was the least
performed, at 14.2 per cent. This type of research was spread relatively evenly between the three

sectors. (See “Concepts and definitions” for definitions of the different types of research.)

The National Survey of Research and Experimental Development has found a similar pattern of research
activity over the years, with the business sector focusing research on experimental development while
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higher-education institutions mostly focus on basic research, and science councils and the government

focus more on applied research.

Table 22: R&D expenditure by type of research

Type of research

Expenditure

Percentage of total R&D

(R 000) expenditure
Basic research 344 085 28.3
Government 206 920 17.0
Science councils 57 608 4.7
Higher-education institutions 79 557 6.5
Applied research 700 034 57.5
Government 241 986 19.9
Science councils 330 066 27.1
Higher-education institutions 127 982 10.5
Experimental development 172 414 14.2
Government 73128 6.0
Science councils 53 386 4.4
Higher-education institutions 45 900 3.8
Total 1216 533 100.0

3.3.2.4 R&D expenditure by province

R&D expenditure by province refers to the province in which R&D is performed; not where the source of
funding for that R&D is from. For instance, a firm or institution based in Gauteng may undertake R&D in
the Free State. The expenditure and personnel associated with that R&D will be counted under Free
State province.

Agricultural R&D was mostly conducted in KwaZulu-Natal (Figure 1), attracting 28.2 per cent of total
agricultural R&D expenditure. This was followed by the Western Cape (17.8 per cent), Gauteng

(15.2 per cent) and the Eastern Cape (15.1 per cent). The provinces that had the least agricultural R&D
conducted in their territories were the Northern Cape (5 per cent), Free State (2.7 per cent) and
Limpopo (2.5 per cent). This differs from the National Survey of Research and Experimental Development,
which has traditionally placed Gauteng as the main hub for general R&D performance, followed by the
Western Cape and KwaZulu-Natal.

Figure 1: R&D expenditure by province (as per cent of national expenditure)
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3.3.2.5 R&D expenditure conducted by the provincial department of agriculture

Table 23 shows the agricultural R&D expenditure for each provincial department of agriculture (PDA)
in South Africa. The Eastern Cape spent R142 million in R&D, followed by KwaZulu-Natal

(R89.0 million) and the Northern Cape (R33.6 million). Mpumalanga and the North West province had
the lowest R&D expenditure, at R22.3 million and R21.9 million respectively. The provincial
departments with no R&D expenditure noted had outsourced their R&D to other entities. The outsourced
R&D is counted as in-house R&D by the R&D performing unit, not the funder and only if performed
within South African borders.

Table 23: Agricultural expenditure by provincial agricultural departments

In-house R&D expenditure (R

Provincial agricultural department Per cent of total expenditure

000)

Eastern Cape 142 826 34.9
Free State’ - -
Gauteng No R&D
KwaZulu-Natal 89 038 21.8
Limpopo! - -
Mpumalanga 22 399 5.5
Northern Cape 33619 8.2
North West 21 998 5.4
Western Cape 99 320 24.3

Total 409 200 100.0

1 Entity did not respond to survey.
3.3.2.6 R&D expenditure by research field

The majority of R&D expenditure in the agriculture, forestry and fisheries sector — 86.2 per cent — went
to agricultural sciences. Crop and pasture production was the main contributor to the sector

(26.3 per cent of total R&D expenditure), animal production (16.5 per cent) and horticulture

(13.9 per cent). Expenditure into research on engineering, biological sciences and environmental
sciences had relatively similar, but also far lower expenditure.
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Table 24: Agricultural R&D expenditure by research field

Percentage of

Category Subcategory RF codes! .
total expenditure

Earth sciences

Earth sciences RF 10401 1.3
Engineering sciences
Engineering sciences RF 10706 3.6
Biological sciences
Biological sciences RF 10801 4.1
Agricultural sciences
Soil and water sciences RF 109011 8.2
C}rop c.md |c.>dsture production RF 109021 26.3
(including rice)
Horticulture (including plantation and RE 109031 13.9
86.2% of total fruit crops)
. Animal production RF 109041 16.5
expenditure Veterinary sciences RF 109051 11.3
Forestry sciences RF 10906 2.1
Food and nutrition development RF 10907 4.1
Plant physiology RF 10908 0.2
Agricultural economics RF 10909 3.6
Environmental sciences
Environmental sciences RF 11101 2.9
Fishery sciences
Fishery sciences RF 11301 1.1

! See appendix for explanation of RF codes and the codes table.
3.3.2.7 Agricultural R&D by national priority area

The National Agricultural Research and Development Strategy emphasises those research areas and
specialisations relevant to the core priorities of the government and the sector (economic growth, job
creation, rural development, sustainable use of natural resources and food security). Of the 3 191
projects undertaken in the agricultural sector in 2010/11, 1 653 projects were in animal management
and were evenly distributed across the five national priority areas. This was followed by agronomic
research (223 projects) and crop genetic improvement (175 projects). Agricultural engineering (nine
projects) bio-nanotechnology (eight projects) and agro-energy (five projects), had the fewest. Mapping
the developmental components of these projects to the government’s priorities indicate that agricultural
R&D projects primarily contributed to economic growth (773 projects), food security (754 projects) and
the sustainability of natural resources (696 projects). While they did contribute somewhat to rural
development and job creation, these components were rarely a primary aim, with only 574 projects
contributing to rural development and 394 projects adding to job creation.
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Table 25: Agricultural R&D projects by specialisation field and national priorities

Area of specialisation

Crop genetic improvement

Agronomic

Crop pest and disease
Other crop-related’
Animal genetic

Animal management
Pastures

Animal pest and disease
Other livestock?

Soil

Water

Other natural resources?®
On-farm storage
On-farm post-harvest
Agricultural engineering
Food safety

Farming systems
Socioeconomics

Training

Other4

Biotechnology
Agro-energy
Bio-nanotechnology
Climate change

Water resources
Precision agriculture
Indigenous crops
Market development
Other?

National priorities total

2 Other livestock: wildlife, milk quality, cattle/dairy, animal fertility.
3 Other natural resources: geography.

4 Any other: market development and conservation agriculture.

> Emerging critical themes: horticulture.

3.3.2.8 Projects addressing production of specific commodities

Specialisation
area total

175
223
77
55
66
1653
70
39
53
65
53
15
14
52
9
56
48
24
175
11
65
5

8
39
14
20
56
15
36
3191

3

Economic
growth

76
77
75
19
22
11
21
6
8
12
1
1
11
25
0
4
9
3
25
1

w
0

O WO N — W —= =

—_

773

1 Other crop-related specialisations: horticulture, biochemistry, forage breeding and modern biotechnology.

National priorities

Job
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394
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32

N
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338

—

O NOOW—= W= =0 NN O—=90

1N
N
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574

Sustainable

use of Food

natural security
resources

29 33
48 67
2 0
7 21
11 14
377 322
17 23
3 18
10 26
22 26
28 15
11 1
1 0
9 6
6 1
5 38
10 12
4 7
17 57
4 4
14 11
2 1
5 1
21 8
5 3
9 4
15 13
0 3
4 19
696 754

A total of 635 projects addressed the production of specific commodities. Together, these projects
produced 418 new drought- and pest-resistant breeds and cultivars. Most of the research was on
cereals (160 projects) and animals (133 projects). Animal research had a higher success rate, however,
producing 132 drought-resistant breeds compared to the 53 drought-resistant cereal cultivars

produced.
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Table 26: Number of drought resistant cultivars and pest resistant breeds

Commodity Number of projects Nur.nber of drought NU|T1ber of pest-resistant
cultivars/breeds cultivars/breeds
Cereals 160 53 12
Roots and tubers 35 8 13
Pulses 38 8 9
Oil-bearing crops 29 8 5
Horticulture 27 6 7
Nuts 27 14 12
Other crops 113 37 44
Animals 133 132 22
Pastures and forages 30 7 6
Off-farm post-harvest 4 4 0
Non-commodity categories 39 7 4
TOTAL 635 284 134

3.3.3 Conclusion: Investment levels

Investment into R&D in the agriculture, forestry and fisheries sector amounted to R1.216 billion in
2010/11. This amounts to a contribution of 0.074 per cent of the total value added.

The agriculture, forestry and fishing sector’s contribution to the economy is low. The agriculture, forestry
and fishing sector contributed 2.5 per cent to the total value added in 2010/11. This is low compared
to other sectors such as finance, real estate and business services (23.5 per cent), manufacturing

(17.2 per cent) and the wholesale, retail, motor trade and accommodation (13.7 per cent). Increasing
investments in agricultural R&D is essential not only for the agriculture sector, but for the economy as
well.

Expenditure on R&D infrastructure was also low. Maintenance of infrastructure and facilities was
reported as just above average — 5.2 on a scale of 1 (bad) to 10 (excellent). The approved budget
for such maintenance provided only 19 per cent of the required funds.

Other users use existing agricultural facilities and infrastructure, albeit infrequently. Timeline series data
and case studies would be needed to determine exactly why usage is so low, although lack of
awareness about these resources and their limited /inappropriate functionality are two possible
reasons. Low maintenance expenditure may also lead to deterioration or obsolescence of infrastructure,
exacerbating the situation.

Insufficient infrastructure and lack of funding have often been cited as impediments to R&D and
innovation, which are particularly important in the agricultural sector, which relies heavily on up-to-date
and well-maintained infrastructure for output. It is therefore advisable to increase funding for
establishing and maintaining infrastructure for agricultural R&D and other S&T activities.

Of the R1.216 billion investment, 98.0 per cent came from local sources, primarily through government
contracts and grants. Foreign investment accounted for only 2.1 per cent of agricultural R&D
expenditure. This could perhaps be improved by strengthening collaboration between local and
international agricultural researchers.

The survey was limited to research conducted by public and related organisations like universities and
excluded the business sector. However, the national research and development survey indicated that
the business sector’s contribution to agricultural R&D is not substantial. Nevertheless, future surveys
should aim to capture the private sector’s role in agricultural R&D and extension too.
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The National Survey of Research and Experimental Development has, over the years, shown Gauteng and
the Western Cape to be the country’s top-performing provinces in terms of conducting general R&D.
However, when it comes to agricultural R&D, other provinces such as KwaZulu-Natal are more
prominent. Regional agricultural R&D and innovation policies and strategies should therefore be
strengthened to ensure R&D performance and the uptake of resulting technologies.

Of the 3 191 agricultural research projects, only 12