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Executive Summary
The Environmental Biosafety Cooperation Project (EBCP) between South Africa and Norway set
out to develop a framework for environmental monitoring of insect resistant maize (MON810).
The project was coordinated by the South African National Biodiversity Institute (SANBI) and
Directorate of Nature Management (DN) in Norway. Project partners included the Centre
for Biosafety (GenØk) in Norway and the North-West University, University of Fort Hare and
University of the Free State in South Africa.
The EBCP and the resulting framework were based upon a series of scientific studies undertaken by
researchers in South Africa and Norway, including field, glasshouse and laboratory assessments.
The research was conducted over two maize planting seasons (2008/2009 and 2009/2010).
The areas investigated ranged from impact on target and non-target organisms, impact on soil
organism biodiversity, as well as the impact of gene flow and its subsequent contribution to the
development of insect resistance. A few, noteworthy scientific research outcomes include:
l

l

l

l

l

Varying levels of Bacillus thuringiensis (Bt) toxin production in different maize tissues, implying
a possible contribution to resistance development.
Gene flow from Bt maize to non-Bt maize results in the production of low levels of
Bt toxin, also another potential contributor to resistance development.
Detection of the presence of another Bt-resistant population in the North-West Province, and
possible further spread into other provinces.
Current refugia requirements will not suffice to manage resistance in areas where resistance
has already developed.
The genetic background of the variety used and the growing environment are important
considerations in terms of study design.

The research results obtained have potentially wide socio-economic implications, and are of
interest to a variety of stakeholders including consumers, industry, agriculture, as well as the
scientific community.
In addition to the resulting framework, other achievements of the EBCP include an extensive
contribution to human capacity development in biosafety and an increase in biosafety knowledge,
through the successful training of 11 post-graduate students. It is expected that these students will
continue to pursue biosafety related research and remain in, and contribute to, the development
of the sector in the future.
The EBCP also contributed to the training of 65 local and regional researchers and experts from
across the Southern African region, through the hosting of a Southern Africa Biosafety Course.
This gathering also fostered national and international collaboration and research links and has
led to the development of a network between institutions within South Africa and abroad.
The resulting post-market monitoring framework for GM maize developed through this project will
be of direct relevance to the monitoring of MON810. It will also form a blue print for research
and monitoring for other GM crops in South Africa. This will serve to strengthen and support the
regulatory framework governing GMOs in the country and contribute to the responsible and
sustainable use of this technology in meeting the national imperatives.
Section 1 of this report documents the progress of the project, from initiation in 2008 up until
the end of 2010, including the main findings of the research, conclusions and recommendations
for the future. Section 2 includes the scientific component of the EBCP, which contributed to
establishing a baseline in the long-term development of a comprehensive monitoring system for
GMOs.

1

Monitoring the environmental impacts of GM maize in South Africa

Contents
SECTION 1:
INTRODUCTION

4

Current global status of GMOs

4

GMOs and South Africa

5

Regulatory framework in South Africa

5

Genetically Modified Organisms Act

6

The National Environmental Management Act

7

The National Environmental Management Biodiversity Act

7

Biosafety landscape in South Africa

8

South Africa – Norway Environmental Biosafety Cooperation Project

8

Why GM Maize?

9

ACHIEVEMENTS

10

Southern African Biosafety Course

10

Student training and development

10

Biosafety Centre of Excellence

13

		

GenØk: lessons applicable to South Africa

13

		

Proposed elements for the Centre of Excellence

13

MONITORING OF GMOs

15

Current monitoring activities in Europe

15

Current monitoring in South Africa

16

Compliance monitoring

16

Independent Monitoring

16

A framework for monitoring GMOs in South Africa

17

Conclusions and the way forward

20

2

Monitoring the environmental impacts of GM maize in South Africa

SECTION 2:
Assessing the impact of commercially produced GMOs on the environment
(with specific reference to Bt maize) using a sound scientific approach

23

Principal Investigators

23

The use of a multi-stakeholder ERA framework to determine
post-market monitoring criteria for MON810

25

Protein profiling of GM and non-GM maize plants

28

Study to characterize the protein structure of the CryIAb transgenic
(Bt) protein from MON810 maize and a comparison to the same
protein produced in bacteria

32

Profiling of MicroRNA

35

Study of Bt expression in diverse plant tissues at
different stages following planting

38

A study on the impact of gene flow on the expression of Bt toxin

40

Assessing the impact of target pests (Lepidoptera) in areas cultivated
with MON810 maize

42

The role of refugia in resistance development

44

Assessing the impact of Bt maize on non-target Lepidoptera and
selected non-target insects on Bt and conventional maize

45

The effect of direct and indirect consumption of Bt maize on
selected non-target insects

47

Effects of growing Bt maize and its incorporated leaf litter on microbial
diversity and mycorrhizal fungi in soil

50

Conference submissions

53

Publications

53

Conferences

54

3

Monitoring the environmental impacts of GM maize in South Africa

Section 1
INTRODUCTION
Current global status of GMOs
During 2009, the overall planted area of biotechnology (biotech) crops across the globe rose by 5.1% to reach 311.6 million acres
(or 126.1 million hectares). This increase in use contributed significantly to the revenue created by the sale of biotech seed, which
rose by 15.5% to US$10 570 million. In addition to the larger area planted with this seed, the other key factor influencing this boost
in value was a rise in the proportion of maize and cotton area planted with stacked trait1 varieties of the crops.
Also in 2009, a record number of small– and large-scale farmers planted these biotech crops – peaking at 14 million in 25
countries. The countries were, in order of hectarage: USA, Brazil, Argentina, India, Canada, China, Paraguay, South Africa,
Uruguay, Bolivia, Philippines, Australia, Burkina Faso, Spain, Mexico, Chile, Columbia, Honduras, Czech Republic, Portugal,
Romania, Poland, Costa Rica, Egypt and Slovak Republic. Almost half (46%) of the global area planted was by developing
countries, and it is expected that by 2015 these countries will take the lead from the industrial/developed countries in the
uptake of biotech crops. See Figure 1.

Figure 1. Global status of GMO crops in 2009 (James, C., 2009. Global status of commercialized biotech/GM crops: 2009. ISAAA
Briefs no. 41. Ithaca, New York: International service for the acquisition of Agri-biotech applications).

1

A stacked trait, also known as a gene stacked trait, is when more than one gene from another organism has been transferred.
4
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GMOs and South Africa
South Africa recognizes potential benefits from using biotechnology and to this end, adopted a National Biotechnology Strategy (NBS)
in 2001 identifying biotechnology as a tool for sustainable development. As a result, South Africa has developed a stringent biosafety
regulatory system to ensure that the technology is utilized in a manner that minimizes disruption to the environment whilst simultaneously
contributing to the country’s sustainable development goals and imperatives. The South African government believes that in the future,
applications of biotechnology, including Genetic Modification (GM) or Genetically Modified Organisms (GMOs), may contribute to
mitigating the environmental impacts of agriculture and so continues to invest in capacity building initiatives to this end.
South Africa has been planting GM crops commercially since 1999 and leads the African continent as the first country to commercialize
the production of such crops in agriculture. This example is now being followed by Burkina Faso and Egypt. The traits approved via
the regulatory system in South Africa for commercial cultivation are: insect resistant cotton, herbicide tolerant cotton, herbicide tolerant
soybean, insect resistant white maize, and insect resistant yellow maize.
Table 1. Hectarage of GM crops planted in South Africa versus the non-GM counterparts
(Department of Agriculture, Forestry and Fisheries [DAFF]).

Crop

Status plantings

Cotton

GM

Non-GM

Insect resistance Cotton 10%

Conventional cotton 2%

Herbicide tolerance 10%
8 300 hectares

Stacked insect resistant and herbicide tolerance 75%

Maize

Insect resistant 70%

GM Maize 78.3% of national produc-

Herbicide tolerant 14%

tion 1.878million hectares

Stack (herbicide/insect) 16%

Soya beans

Herbicide tolerant 85%

Conventional maize 21.7%

Conventional maize 15%

270 000 hectares

Regulatory framework in South Africa
There are numerous pieces of legislation related to GMOs in South Africa, and implementation of these is shared by various government departments, as shown in Figure 2.

SA Regulatory Framework
Department of Science
& Technology

Department of
Agriculture, Forestry
and Fisheries

Department of
Environmental Affairs

National Biotechnology
Strategy 2001

GMO Act, 1997

National Environmental
Management Act, 1998

Cartagena Protocol
on Biosafety

National Environmental
Management
Biodiversity Act, 2004
Convention on
Biological Diversity/
Cartagena Protocol on
Biosafety

Figure 2. An overview of the legislation related to GMOs in South Africa.
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However, there are only two key legislative instruments that are directly related to the issue of monitoring
of GMOS, and these are:
Genetically Modified Organisms Act no. 15, 1997 as amended:
The regulation of GMOs is principally governed by the Genetically Modified Organisms Act (GMO
Act) and its subsequent amendments and their applicable regulations. The two relevant acts are:
l

Genetically Modified Organisms Act 1997 (Act No. 15, 1997)

l

Genetically Modified Organisms Act Amendment (Act No. 23 of 2006)

The GMO Act was put in place to regulate the prudent and responsible use of GMOs in South Africa.
This encompasses the entire pipeline of GMO development including research and development (R&D)
(contained use2 and field trial3 activities), production (general release4 activities), import and export,
transport, use and application of GMOs. Accordingly, the act aims to ensure that any GMO related
activity in South Africa is conducted so as to limit potential risks to the environment, to human and animal
health, and takes socio-economic considerations into account. The GMO Act and its amendment and the
relevant regulations monitor all activities with GMOs according to permits issued in terms of this Act. A
number of types of permits can be applied for relating to the particular GMO activity, including permits
for import, commodity clearance, general release, field trials and contained use.
The amendment of the GMO Act, which comes into force in 2011, became necessary when South
Africa ratified the Cartagena Protocol on Biosafety5 in August 2003. To comply with the provisions of
the protocol, it required the review of the existing national biosafety framework. Other ‘new’ legislation,
which has also come about after 1997 such as the National Environmental Management Biodiversity
Act (NEMBA), also had to be taken into account in terms of the GMO Act.
The GMO Act is implemented by the Directorate Biosafety of DAFF and is administered by the GMO
Registrar. The regulatory process involves two specific bodies: the Advisory Committee (AC) and the
Executive Council (EC). The AC and relevant specialist sub-committees are composed of independent
scientists with various scientific backgrounds. The AC reviews individual applications and makes
recommendations to the EC as to the level of risk associated with the activity. This may include risk
management strategies that may need to be implemented should the permit application be approved.
The EC is the final decision making body and is made up of representatives from a number of government
departments. If the EC is satisfied with the findings of the AC and any other issues raised are resolved,
(e.g. trade issues or consideration of public comments), a permit for that particular activity may be issued
by the Registrar. Compliance to permits issued/approved under the GMO Act is ensured through a
network of inspectors.

Field trials refers to the testing of a specific GMO in a designated, limited area under strictly regulated,
confinement conditions to monitor the performance of the GMO in the field for a specific period of time.

2

Contained use refers to any activity involving work with GMOs in a facility where a number of barriers
such as chemical, physical and biological containment methods limit the contact between the GMOs
and the external environment, including work conducted in laboratories and greenhouses.

3

General release refers to a particular GMO event that has been deliberately introduced into the environment in South Africa for the commercial production of food, feed, fibre or fuel.

4

The Cartagena Protocol on Biosafety is an international agreement which aims to ensure the safe
handling, transport and use of living modified organisms (LMOs) resulting from modern biotechnology
that may have adverse effects on biological diversity, taking also into account risks to human health.

5
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The National Environmental Management Act
The National Environmental Management Act (NEMA) provides established general principles for decision making with regards to
activities that affect the environment and promotes cooperative governance. The Act and relevant amendments include:
l

National Environmental Management Act (Act no. 107 of 1998)

l

National Environmental Management Act Amendment (Act no. 14 of 2009)

General guidance has been provided by the Department of Environmental Affairs (DEA) regarding the objectives of environmental risk
assessments for GM plants, including the criteria that may trigger an Environmental Impact Assessment (EIA) and the administrative
procedure to follow should the trigger requirements be met6. If an EIA of a GMO is conducted under NEMA with the result that the
particular activity is deemed acceptable, the EC of the GMO Act retains the authority to make a final decision on the granting of the
permit. However; if the EIA concludes that the particular activity with a GMO poses an unacceptable level of risk, then the EC may
not instruct the Registrar to issue the permit (section 78 of NEMBA).
The National Environmental Management Biodiversity Act
The National Environmental Management Biodiversity Act (Act no. 10 of 2004; NEMBA) confers to the South African National
Biodiversity Institute (SANBI), the responsibility to monitor and report on the environmental impacts of GMOs released into the
environment in South Africa. Specifically:
‘11(1)(b) must monitor and report regularly to the Minister on the environmental impacts of all categories of genetically
modified organism, post commercial release, based on research that identifies and evaluates risk.’
SANBI’s role within the GMO regulatory system is indicated in Figure 3 and this function is performed by the GMO Research and
Monitoring Unit in the Applied Biodiversity Research Division. NEMBA also establishes a mechanism whereby the Minister responsible for
Environmental Affairs may request an EIA of the GMO under NEMA.
To date, an EIA for a GMO has not been required under NEMBA and consequently an EIA under NEMA has not been conducted
for a GMO.
Figure 3.
Graphical
representation
of South African
GMO regulatory
system, indicating coordinated
research by
SANBI which
feeds back into
the system.

GMO Regulatory Authority
Application for release

Pre-release
testing

Permission to release

Dea Minister

Commercial
Release

Field
Trials

Monitoring by industry

General & specific monitoring of
environmental impacts

Coordinated
Research

SANBI Role

For more information see ‘Environmental Risk Assessment Framework for Genetically Modified Organisms: A Guidance Document’
available from DEA.
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Biosafety landscape in South Africa
The fast development and adoption of biotechnology in South Africa has not been adequately supported by a comprehensive biosafety
research focus. As a result, a concerted effort is necessary to ensure that developments in biotechnology are complemented with
stringent, scientifically based biosafety requirements. It is expected that technological developments in the area of GM will present
significant challenges for biosafety regulatory regimes. To manage the potential risks associated with these developments and to further
strengthen the regulatory framework, adequate competencies in the relevant scientific fields and institutional capacity are required.
The lag in biosafety research in parallel to biotechnology R&D has contributed to the fragmentation of this research, which is mainly
undertaken by those directly involved in developing GMOs, especially by the private sector with the required financial means. However,
in the last decade and despite the lack of biosafety capacity in South Africa, several researchers and universities7 independently
attempted8 to bridge the gap between developer-based biosafety research and independent university research. The results of this
research have been published in several South African publications and focus on issues including gene flow, the development of insect
resistance, soil studies and the impact of GMOs on non-target organisms. This collaborative effort has helped catapult South African
biosafety research to an international level with regards to GM technology, particularly in the area of post-market monitoring of GMOs.
Independent biosafety research is part of a current global trend. While biosafety research associated with the development of
technology is expected and necessary, it is essential to establish independent (non-developer associated), risk-based research.

South Africa – Norway Environmental Biosafety Cooperation Project
In December 2005 a collaboration agreement was signed between the South African9 and Norwegian governments. This agreement,
termed the Environmental Cooperation Programme (ECP) between South Africa and Norway, provided a framework for cooperation in
the environmental sector between the two countries for the five year period from 2006–2010. The ECP established an overall structure
for the identification, coordination, implementation and monitoring of all co-operative activities within the field of environment. Priority
aspects of three environmental themes were covered, including:
l

Pollution and Waste

l

Biodiversity and Conservation

l

Environmental Governance

The Biodiversity and Conservation theme encompassed nine projects, aiming to promote the conservation and development of South Africa’s
natural resources. Together, these nine projects contributed to establishing a national system of biodiversity management and conservation.
The Environmental Biosafety Cooperation Project (EBCP) is one of these projects and the aim of phase one was to establish a baseline
for measuring the impact of GMOs released into the environment. This included implementing a pilot project to assess the impact of
GMOs in the environment and to establish a knowledge database and network to monitor the impact of GMOs in the environment.
This one-year project10 undertaken in 2007 focused on GM cotton in the Makhatini Flats in KwaZulu-Natal. The results from this pilot
provided valuable inputs into the final phase of the EBCP which is the focus of this report, ‘Monitoring the environmental impacts of
GM maize in South Africa’.
Given the rapid adoption of GMOs in South Africa, sound mechanisms are needed to ensure an adequate level of protection of the
environment. This project11 contributes to ensuring that there are effective mechanisms in place to address any potential adverse impacts
from the deployment of GMOs into the South African environment and is essentially an implementation of the specific SANBI role
required under NEMBA.

7

Including the University of Stellenbosch, University of the Free State (UFS), and North-West University (NWU).

8

These efforts were uncoordinated and conducted independently of one another. See page 21 for research publications.

9

Specifically the Department of Environment and Tourism (DEAT), which became the Department of Environmental Affairs in May 2009.

10

This one year project, ‘Raid Assessment of the impact of Genetically Modified Organisms on the Makhatini Flats’ was implemented

From this point forward in the report, ‘the project’ refers to the ‘Monitoring the environmental impacts of GM maize (MON810) in
South Africa’ of the Environmental Biosafety Cooperation Project (EBCP).
11
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The overall aim of the EBCP was to develop a comprehensive monitoring
system for post-market GMOs in the long-term, by establishing a baseline
through:
l

MON810 is a variety of genetically engi-

Developing and making available improved tools to conduct research,
monitoring and assessments on environmental impacts of GMOs used in
agriculture. This involves assessing the impact of commercially produced
GMOs on the environment, with specific reference to Bt maize using a
sound scientific approach.

l

MON810

Improving biosafety management and research capacity in South Africa
by developing and building upon capacity in SANBI and DEA related

neered maize that produces an insecticidal
protein, Cry1Ab derived from Bacillus thuringienis (Bt). MON810 is the event name for
this maize variety, also known commercially
as ‘Yieldgard’ maize. MON810 is approved
for human consumption in more than a dozen
countries worldwide, including South Africa.

to biosafety of GMOs. One output includes organizing and hosting of a
biosafety workshop in South Africa for the Southern African region.
l

Strengthening the national infrastructure needed for risk assessment and
monitoring of GMOs. A first step involves conducting mapping and
evaluation of existing monitoring programmes and proposing further
action. This aim also relates to developing terms of reference for a
Centre of Excellence (CoE) for Environmental Biosafety.

The knowledge achieved through this project is critical to strengthening the
scientific basis of risk assessment and risk management of decision making
related to GMOs. To date, the outcomes from this research have provided
invaluable information to develop a post-commercial GMO monitoring
framework, specifically for insect resistant maize (MON810).

African bollworm larva (Helicoverpa armigera)

Why GM Maize?
The justification for selecting Bt maize as the study crop for developing the
monitoring framework was for various reasons:
l

GM maize is the most widespread GM crop grown in South Africa.

l

Extensive experience and expertise held by project partners related to
maize.

l

Most research partners in EBCP had ongoing GM maize research
programmes.

l

Maize cropping systems are very well understood and extensive
published knowledge exists.

l

Two of the main partners, the University of the Free State (UFS) and

Bt test strips

North-West University (NWU) were already implementing independent
biosafety research (self-sponsored), including post-graduate students
addressing GM maize.
l

The problem of resistance evolution of the target pest started to appear
and prompted an urgent research response on maize.

Stem borer damage on maize leaves
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Achievements
Southern African Biosafety Course
The Southern African Biosafety Course was held 28 June—3 July 2009, in Bloemfontein, South Africa. The 65 participants were
selected by the Centre for Biosafety in Norway (GenØk), the UFS, and DEA. This included 12 presenters sourced from the partner
institutes in Norway and South Africa and from Biosafety South Africa and the Council for Scientific and Industrial Research (CSIR).
The participants included a mix of government officials, scientists, civil society and 13 of the current reviewers of GMO applications
in South Africa, who contribute to the work of the AC under the GMO Act, also attended. Participants included representatives from
Botswana, Ethiopia, Kenya, Lesotho, Malawi, Mauritius, South Africa, Swaziland, Tanzania, Uganda, Zambia, and Zimbabwe.
The course material was adapted from the GenØk training course ‘Holistic Foundations for Assessment and Regulation of Genetic
Engineering and Genetically Modified Organisms’ held in July and August 2007 in Tromsø, Norway. The three South African
delegates that attended the Norwegian course evaluated and tailored the content for relevance to the Southern African region.
The course included the following topics:
l

Holistic overview of genetics, genes and gene expression

l

Applications of genetic engineering

l

Potential impact of GMOs on the environment and human health

l

Cartagena Protocol on Biosafety

l

Economic and legal aspects of GMOs

l

Socio-cultural and ethical issues of GMOs

l

Regulatory systems and GMO labelling

l

Risk assessment of GMOs and risk assessment review

l

Laboratory practical on protein and Polymerase Chain Reaction (PCR)
based GMO detection

Maize stem borer (Busseola fusca) larvae feeding
on Bt maize ear

This course was favourably received by participants, with many expressing the desire for similar and follow up regional courses in
the future. The project also contributed to the fostering of appropriate partnerships and networks between diverse institutions in South
Africa, Norway and various Southern African countries.
In line with the purpose of the EBCP to improve biosafety management and research capacity in South Africa, this component
focused on human capital development and improving the biosafety knowledge base by increasing the depth and quality of
expertise already available.

Student training and development
The scientific component of the EBCP project is reported in detail in Section 2 of this report. However, the scientific research itself
provided a further output and achievement in the form of student training and development, also contributing to improving biosafety
management and capacity in South Africa.
All the South African based research described in this report (Section 2) was undertaken by students supported by the EBCP through
either partial or full bursaries. A total of 11 post-graduate students have been trained, including two PhD, six MSc and three Honours students (see pages 11 and 12). Of these 11 students, (five female and six male), three were from previously disadvantaged
backgrounds. During the EBCP, various visits were made to each institute and/or study area by senior DEA, SANBI and Norwegian
Embassy officials enabling interaction with the students. In turn, these officials were exposed to the laboratory research and field work
behind the project. It is anticipated that all of the students will complete their research and graduate in early 2012 at the latest.
In November 2009, six of the students and principal investigators attended the 11th International Symposium on Biosafety of
GMOs (ISBGMO) in Buenos Aires, Argentina. Eight poster presentations were given by this EBCP delegation, and the students also
participated in the various workshops of the symposium which further added to their exposure to the international biosafety fraternity.
10

Monitoring the environmental impacts of GM maize in South Africa

Ms Marlene Kruger, North-West

Ms Jean-Maré Truter, North-West

Mr Bheki Maliba, North-West

University

University

University

PhD: Kruger, M., 2010. An investigation

MSc: Truter, J., 2011. A comparative

MSc: Maliba, B.G., 2011. Plant

into the development and status of

study of arthropod diversity on

diversity and selected insect visitors along

resistance of Busseola fusca (Lepidoptera:

conventional and Bt-maize at two

maize fields, South Africa.

Noctuidae) to Bt maize.

irrigation schemes in South Africa.
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of selected non-target Lepidoptera,
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Bt expression in diverse plant tissues at

Coleoptera and Diptera species to

ecosystems and the effect of Bt maize

different stages following planting and

Cry1Ab protein expressed by genetically

on Chrysoperla pudica (Neuroptera:

the impact of gene flow thereon.

modified maize.

Chrysopidae).12

12

Co-funded by Biosafety South Africa
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in a sandy loam soil from the Eastern
Cape, South Africa.
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Biosafety Centre of Excellence
In recognition of the importance of ensuring an ongoing system for generating
biosafety research information for the management of GMOs, the concept of
a Centre of Excellence (CoE) for environmental biosafety was raised. This is
an extensive process, and informed discussions were required to inform the
scope and nature of the research required. The first step of this process was
to develop terms of reference for such a CoE, and this was initiated through
a visit by a South African delegation to GenØk in February 2008 with the
following objectives:

A Norway – South Africa partnership

l

To identify and explore emerging issues at the frontiers of biosafety.

The importance of developing sustainable relation-

l

To investigate the need for, and possible nature and scope of, new or

ships between institutions and organizations in

adapted forms of biosafety research capacity.

South Africa and Norway is highlighted in the

To begin the process of ensuring there is consolidated groundwork for a

‘Declaration of Intent’ in the bilateral agreement

biosafety CoE in South Africa.

between the two countries. This is clearly demon-

l

The trip was in divided into two phases; the first being a fact finding mission
to GenØk, to see the centre, better understand the type of research being
conducted and to learn more about how to establish a similar centre in
South Africa. The second phase of the trip included an introduction to the
Norwegian Directorate for Nature Management (DN) and other Norwegian
institutes involved in the regulation of GMOs, which included a discussion of

strated by the EBCP in which the two countries,
while they have different perspectives on GMOs,
recognize the importance of sound biosafety systems and the need for such a collaborative project.
Although Norway has no existing policy or
strategy regarding the application and use of

specific activities of the EBCP.

biotechnology, national legislation for its regula-

GenØk lessons applicable to South Africa

Norway, and few GMO applications. Through

tion is in place. There are no GMO field trials in
a trade agreement with the European Community

The example of GenØk provides one possible approach to developing a

(EC), Norwegian regulators also review

CoE. GenØk demonstrates the impact of comprehensive, centralized world

commercial release GMO applications intended

class research on biosafety and the influence of such a centre on informing

for countries of the EC.

relevant policy and so contributing to the wellness and protection of biodiversity

This long-term institutional cooperation between the

and human health. However, in South Africa, the biosafety landscape is very
different, largely due to the inadequate funding available and the limited
biosafety expertise that is dispersed across the country. Therefore a network
approach, as suggested by Plantbio in 2006, may be more appropriate. The
possible functions of this network could include:
l

Collating biosafety data for GM products developed, especially for those
Ensure regulatory compliance of institutes engaged in R&D of GM
products; and

l

Biosafety research to answer questions raised by regulators and the public
on environmental and human health.

This fulfils the desire expressed by these partner
countries to cooperate in following up internaincluded exchanging views on specific topics
related to the annual meetings of the Conference of the Parties (COP); better understanding
and interpreting the objectives and articles of the
Cartagena Protocol on Biosafety national acts and
regulations; as well as discussing activities to be
implemented by the management authorities for

Proposed elements for the Centre of Excellence
A CoE in South Africa would need to provide biosafety training, disseminate
of information and provide a biosafety resource centre that would:
l

Offer/host training courses in biosafety;

l

Maintain a bibliographic database of references on biosafety;

l

follow-up to the Cartagena Protocol on Biosafety.

tional conventions and treaties. This cooperation

developed by research institutes;
l

two countries also took place through facilitating

Provide surveillance and applied research programmes on selected topics
in biosafety;
13
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The Norwegian Biosafety
Centre of Excellence –

l

Provide independent scientific data to support the national regulatory framework;

l

Collaborate with other Centres of Excellence on projects that add value to the
regulatory system in South Africa; and

GenØk
l

GenØk was founded in 1998 as a

Publish research findings in peer-reviewed journals.

non-commercial foundation located

The terms of reference for a CoE have been compiled and submitted to relevant

within the research environment of the

authorities for further consideration. In the interim, the collective network of the EBCP

University of Tromsø and a science

collaboration, coordinated by SANBI, has functioned as a ‘virtual’ CoE for biosafety

park. The 23 employees of GenØk

of GMOs. Through this project, South African and Norwegian researchers formed a

are mainly research scientists and the

collective for independent biosafety research. This has had immense benefit for the

majority of these are based in Tromsø,

researchers themselves and for their countries as a whole, especially for South Africa in

Norway with some representatives

terms of expansion of knowledge and human capital development.

in Trondheim, Norway; Christchurch,
New Zealand; and in Kuala Lumpur,
Malaysia. GenØk receives approximately 70% of its funding from the
Norwegian government and the

This bilateral collective will position South Africa in the forefront of biosafety research
when new technologies such as pharmaceutical crops, nanotechnology and synthetic
biology emerge. In this event, an actual, rather than a virtual, CoE on biosafety will have
a significant role to play in the adoption of future technologies.

remaining income is in the form
of grants from philanthropic
organizations.
Scientists at GenØk study the impact
of new technologies (particularly
GMOs and, in the near future,
bio-nanotechnology) in regard to
various aspects of the environment,
human and animal health, and
bioethics. The work at GenØk is undertaken in collaboration with the Centre
for Integrated Research in Biosafety in
Christchurch, New Zealand and a nongovernmental organization in Malaysia
called the Third World Network. In ad-

Ladybird beetle

dition to undertaking research, GenØk
implements a capacity building
programme called the ‘Gateways
Initiative Program’.

The green stink bug (Nezara viridula)
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Monitoring of GMOs
This sub-section provides an overview of activities undertaken in Europe and South Africa related to environmental monitoring of GMOs
that may contribute to the design and implementation of a new monitoring framework/system in adherence with NEMBA requirements.
Relevant activities in Europe are related to post-market monitoring of GMOs, mapping of existing general (not GMO) environmental
monitoring programmes, and in South Africa, compliance and independent monitoring of GMOs.

Current monitoring activities in Europe
As of December 2010 in Europe, just over 30 GMO products13 (29 for food & feed, and three for cultivation) were approved for
release into the environment (import, processing, food, feed and cultivation) or were in process for renewal. This indicates very limited
cultivation of GM crops in the European Union (EU), both with regard to the specific crops and traits implemented and the number of
countries actively cultivating GM crops. Currently, only insect resistant maize (MON810) is cultivated to any extent. Six countries in the
EU currently have a MON810 cultivation ban: Austria (1999), France (2008), Germany (2009), Greece (2006), Hungary (2005),
and Luxembourg (2009).
In mid-2010 the European Commission (EC) published a draft proposal suggesting changes in the Directive 2001/18/EC on the
environmental release of GMOs and in the guidelines for co-existence – a process which will continue in 2011.
Despite the fairly low rate of GMO cultivation in the EU to date, monitoring has been the focus of attention for a number of years.
This is partly due to the legislative requirement for monitoring, including the release of GMOs for food and feed. With the increase in
numbers of GMO approvals for food and feed, there has been a reflected increase in the number of annual monitoring reports from the
consent holders – reports that are distributed to and considered by the member countries. GMO approvals in the EU, including those
solely for food and feed, have sparked interest and preparation for an eventual increase in approvals for cultivation.
In Europe, the focus on mapping existing general environmental monitoring programmes for GMO monitoring purposes began with
a request from the EU Commission to the competent authorities in 2004. The resulting study and report14, has since been followed up
more extensively at the national level in several European countries, providing better insight into the applicability of the programmes
for monitoring of GMOs.
Mapping existing general environmental monitoring programmes provides baseline data for monitoring as well as a tool for conducting
general surveillance. Many European countries have a variety of monitoring programmes in place aiming at observing short and longterm trends in the environment.
A study commissioned in Norway by the DN in 2008 required GenØk to map all existing environmental monitoring networks in
Norway and to indicate their suitability for GMO monitoring. The report (Bøhn, et.al., 2009) raises questions that are relevant for
consideration in South Africa when setting in place a post-market environmental monitoring according to NEMBA.
The UK has also undertaken a similar mapping exercise, commissioned by the UK Department for Environment, Food and Rural Affairs
(Defra). The resulting report (Hugo, et.al., 2006) identified 17 key datasets that would be useful for the post-market monitoring of
GMOs and also makes specific recommendations regarding the future implementation of a general surveillance monitoring programme
for GM crops in the UK.
It is also important to note that when planning to use existing monitoring programmes and data it is necessary to clarify the availability
of the data. Hugo and co-workers pointed out that in the UK, Defra may have to negotiate for the use of/purchase the raw data from
the owners; and/or obtain specific authorization for the use of data. A similar experience in Germany was found by Wilhelm, et.al.
(2010) related to a German research project by the Federal Ministry of Education and Research. Such issues may make the attempt
to link existing monitoring programmes to GMO monitoring programmes more challenging.

13

These include maize MON810, maize T25 and starch modified potato ‘Amflora’.
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Entitled ‘Existing environmental monitoring programmes suited for some aspects of general surveillance’
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Current monitoring in South Africa
Compliance monitoring
At present the post-market monitoring of GMOs in South Africa is largely only for reasons of compliance. Permits issued also set
conditions for post-market monitoring to be performed by permit holders. The GMO Act includes provision for the post-market monitoring
of GMOs. Monitoring for compliance to permit conditions is carried out by inspectors within the DAFF, specifically:
l

l

Inspection officials are authorized by the Registrar in terms of the GMO Act and perform functions aimed at:
m

Ensuring adherence to permit conditions including possible contravention, investigation and warrant.

m

Measure effectiveness of risk management measures.

m

Detection of possible adverse impacts.

Findings are reported through the submission of inspection reports.

Also in terms of the GMO Act, permit holders are obliged to:
l

Develop a monitoring plan and evaluate the impact of GM crop on the environment.

l

Undertake planting regimes and assess impact on agricultural practices.

l

Keep records of planting locations, hectares planted as well as Global Positioning System (GPS) coordinates and monitor farmer
compliance.

l

Monitor resistance development and reporting thereof (insect or herbicide), including:
m

Monitoring resistance management strategies.

m

Developing a compliance management plan to counteract resistance development.

m

Developing a surveillance plan for detecting resistance development.

l

Generate annual reports.

l

Monitor residue build-up in the seeds.

l

Undertake grower educational programmes and provide reports thereof.

Other stakeholders are also involved in monitoring related activities in South Africa in addition to DAFF. The South African National
Seed Organisation (SANSOR) plays an active role in permit holder compliance monitoring through the SANSOR GMO Seed Standing
Committee15. Objectives of this Committee include:
l

Ensuring industry compliance with regulations.

l

Promoting good stewardship – to ensure biotechnology products are utilized properly to maximise value and longevity.

l

Harmonization of monitoring requirements with the insect resistance management plan (IRM16), which aims at delaying the potential
development of resistance to Bt-proteins expressed in Bt crops.

Independent Monitoring
In implementing the assigned role of NEMBA, SANBI is required to develop a monitoring system for post-market monitoring of GMOs
in the environment. An important function of SANBI monitoring will be to catch any unintended, unpredicted effects of GMOs on
biodiversity. The post commercial monitoring to be implemented under NEMBA in the future, will mostly be targeted at hypothesis
based research to serve as an early warning and as a system of oversight of biodiversity. An early warning system looks at cause and
effect relationships in a more systematic and methodological approach, using a non-GMO comparator. The function of overseeing
biodiversity is a broader observation role to identify trends in populations etc. Both approaches are necessary to perform monitoring
of GMOs according to the conditions in the NEMBA, which states in section 11(1)(b)
‘…must monitor and report regularly to the Minister on the environmental impacts of all categories of genetically modified organism,
post commercial release, based on research that identifies and evaluates risk.’
Participating stakeholders in the SANSOR GMO Seed Standing Committee include: Bayer CropScience, Dow, Monsanto, Pannar,
Pioneer-Hi Bred (Du Pont) and Syngenta, along with the South African Agricultural Research Council (ARC) and the CSIR.
15

The IRM includes the detection of changes in pest susceptibility and remedial actions in case of any confirmed development of
resistance. The success of the IRM plan is dependent on grower acceptance and implementation of the proposed management
practices designed to preserve pest susceptibility to Bt proteins.
16
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Data from such independent monitoring activities under NEMBA may be justified by four rationales:
1.

An early detection instrument – The lack of ability to predict outcomes in complex systems points to the need for early
detection. Better and more accessible monitoring‐based information is required to help minimize both environmental and
health impacts.

2.

Surveillance – Does the ‘product’ have unintended effects – e.g. Can Bt plants affect the surrounding ecosystems? Are
glyphosate resistant GM plants causing a change in herbicide usage? There is a need for continued oversight of trends, and
changes in human activities and in the environment. If and how GMOs respond to environmental changes such as climate
need to be better understood along with the ability of pest species to build resistance to transgenic17 toxins. This requires
continued monitoring after release.

3.

Action related protection goals – This means that monitoring must be linked to relevant parts of the national and international
regulatory system for protecting the environment e.g. biodiversity and ecosystem health. Where there is scientific uncertainty
or a lack of scientific knowledge, the international community has agreed through the Cartagena Protocol on Biosafety that
the precautionary approach should be applied to avoid unwanted and unexpected harm to the environment and to human
health.

4.

New working hypotheses for biosafety assessment, research and management – This makes a monitoring programme a
natural part of national competence building and biosafety research activities.

The data generated from independent, hypothesized research and the data from current compliance monitoring are complementary.
This emphasizes the importance of coordination and information exchange. To a small extent, the two monitoring regimes (compliance
and independent) may overlap in monitoring of potential adverse effects of GMOs on the environment.
Table 2. Monitoring requirements as per the different legislation.

Distinction between GMO Act and NEMBA specific monitoring
GMO Act (DAFF)

NEMBA (SANBI)

Regulatory

Research based

Permit conditions

General surveillance

Specific to each GMO

Hypothesis based

Permit holder responsible for generating the data

Multiple data sources including the GMO Act

A framework for monitoring GMOs in South Africa
To implement such monitoring in future, several fundamental questions need to be asked in the development of a post-market monitoring
framework for GMOs in South Africa. This includes identifying what should be monitored and which existing monitoring programmes,
both global and domestic, may be of use. These considerations were discussed at an EBCP workshop held in January 2010 in
Pretoria. Participants included those involved in biosafety activities under the GMO Act, including DAFF, SANSOR as well as Biosafety
South Africa, DEA and SANBI. The discussions at the workshop were based on the following proposed objectives of an environmental
post-market monitoring system, namely:
l

Confirm that any assumptions regarding the occurrence and impact of potential adverse effects or benefits of the GMO or its use
in the environmental risk assessment are correct.

l

Identify the occurrence of adverse effects of the GMO or its use on human health or the environment which were not anticipated
or intended in the environmental (pre-release) risk assessment.

The word transgenic is a synonym for GM, i.e. it is an organism whose genetic material has been altered using genetic engineering
techniques.
17
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The possible goals of a GMO environmental monitoring system proposed by the
workshop participants included:
l

l

are, as with any technology, potential risks.

environment before point-of-no-return (some cause-effect relationships-

These include effects to health and environ-

requires comparators with non-GM crops).

ment through both direct and indirect effects
in transgenic fields, and in nearby related
ecosystems.

Compliance with approval conditions.

Oversight/observation:
m

l

provided by the use of GM crops, there

Detection of adverse impacts of GMOs on human health and the

Enforcement of regulations:
m

l

In addition to the intended benefits

Early warning:
m

Through the GMO Act and NEMA/NEMBA,

Biodiversity (no cause-effect-relationships established).

the South Africa government provides the
principles for environmental responsibilities

Validation of identified risks in ERA:
m

Unintended effects of GMOs

and liabilities and aims at comprehensively

Can feed into future approvals.

addressing measures to promote the respon-

The function of such a framework is to serve as an indicator of the use of GMOs

sible development, production, use and

in South Africa, should the GMO cause unintended harm to the environment or

application of GMOs.

biodiversity.

History demonstrates the consequences of not
closely monitoring and predicting the impact
new technologies on complex environments.
Post-market monitoring of GMOs (as per
NEMBA section 1) in South Africa works
to ensure that this is prevented, as it allows
for the detection of unintended (unknown)
effects that were not originally accounted
for during the pre-release risk assessments. It
also offers an opportunity to approach GM
biosafety issues in a more comprehensive,
holistic way, especially when it is undertaken
by independent researchers not involved in
the development of the GM technology. Such
monitoring would contribute to widening both

Participants at a Monitoring workshop held January 2010 at SANBI.
Back (L-R):W.Mandivenyi, J. Van den Berg, K.Neilsen, P.Muchaonyerwa,
K.Machaba, N.Vik, T.Frantz, P.Kershaw Front (L-R): T.Bøhn, N.Nhelko,
L.Chetty, A.Hilbeck, U.Puta, OG. Wikmark

the knowledge base and known risk related
to these unintended effects, and ultimately
lead to an even more rigorous regulatory system – and so demonstrate the South African
government’s commitment to the responsible
use of biotechnology.
A number of areas have been identified
where further research is required; to
supplement risk based research (pre-release),
including: the toxicity of products, the toxicity
of metabolites or by-products; and the direct
and indirect effects in food chains. There
is also often a time lag between exposure
and effect. The research work included in
this report (Section2) represents the first step
towards filling these knowledge gaps.

Scouting for pest damage in maize
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Figure 4. The framework developed is based upon the results from the scientific component of the EBCP and shows the process of post-market monitoring of Bt maize, which
incorporates compliance and independent research.

Baseline studies
Molecular baseline studies are an
integral part of monitoring and for the

Post-market monitoring framework
for MON810
Step 1: Establish baseline information
l
l

Reiterative
process

l
l
l

Farming practice
Natural environment
Application of herbicide and/or pesticide
Scale of use
Interaction of GMO with the receiving
environment

identification of unintended effects
occurring in particular environments.
Despite extensive research being
undertaken on MON810 to date,
research appears to be contradictory
on issues such as the production of allergens (e.g. Zolla, et al., 2008), the
unknown effects of novel messenger
ribonucleic acid (mRNA)18 species
(Rosati, et al., 2007), as opposed
to claims by other studies where no
differences are found between the

Step 2: Problem formulation exercise for
specific GMO in a specific environment
E.g. of Priority of hazards:
l
l
l
l

Impact
Impact
Impact
Impact

on target organisms
on non-target organisms
of gene flow on expression levels
on soil organisms including microbes

effects of the GM crop compared to
the conventional comparator.
This indicates the need for continued and wider research to resolve
these conflicts and to add the body
of scientific knowledge and so get
a more complete, comprehensive
understanding of unintended effects in

Step 3: Conduct hypotheses based
research

GM plants.

E.g. research outcome:
The difference in the level of toxin between
plant tissues and between plants may benefit

New
Questions

target insect resistance development. Therefore
an important consideration in stacked events
to counter insect resistance development is to
evaluate the levels of different Cry proteins.

Step 4: Monitor
E.g. monitor toxin expression variability
in resistance hot-spots

Industry (compliance monitoring):
Monitoring data from event
specific monitoring according to
permit requirements

REGULATORY
PROCESS

Report to the Department
of Environmental Affairs

Messenger RNA (mRNA) is a molecule of RNA that is the recipe for the protein product; it acts as a messenger from the genetic
information stored in DNA to the machinery that makes the proteins.
18
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Conclusions and the way forward
The aim of this project was to contribute to the development of a post-market monitoring framework for GMOs in South Africa using
GM maize (MON810) as a model. This was a three-year bilateral collaboration between Norway and South Africa and included
a multi-disciplinary research programme, with research undertaken in institutions in both countries. Although Norway has no GMOs
approved for use, they have benefited from the grass roots expertise of the South Africa researchers whilst contributing cutting edge
scientific technology. This project team functioned as a virtual CoE for Biosafety in the interim until approval for an actual CoE is given.
Some key scientific research outcomes include:
l

Verification of the effect of local environmental conditions on the content of the insecticidal Bt-protein in the plants, thus demonstrating
that continuous feeding of ‘target pest’ on plants with low levels (sub-lethal) of Bt toxin may contribute to resistance development in
target organisms.

l

The impact of gene flow may also result in sub-lethal dosage and hence further contribute to resistance development.

l

The influence and importance of the design of the research study, the genetic background of the variety used and the growing
environment utilized.

l

Non-compliance to refugia is a major contribution to resistance development.

l

Limitations of such research i.e. in terms of limited growing seasons and geographical regions and time dedicated to such research
i.e. a three year project such as EBCP.

These, and other key findings, have enabled SANBI to develop the monitoring framework of MON810, (Figure 4) as well as providing
practical inputs on how to establish and implement such a framework. These lessons will also prove useful for similar frameworks for
other GM traits and crops, especially with insecticidal stacked traits such as MON89034. In addition to the development of the
framework, a strong research network on biosafety has been developed both nationally and internationally. This will provide a strong
foundation for independent biosafety research of other GM crops and new, emerging technologies e.g. pharmaceutical crops and
nanotechnology.
Some potential research questions emanating from this project for implementation in the future, include:
l

What is the level of toxin expression on a stacked trait variety?

l

What is the impact of Bt toxin on soil microbes in soils on which Bt maize has been grown for a long time particularly on
commercial farms in the maize triangle of South Africa?

l

Is there a development of secondary pests?

Another key achievement of this project was the expansion of the biosafety knowledge base in South Africa and the human capital
development. It is these essential biosafety human resources that will pave the way for the future safe development and use of
biotechnology in South Africa.
The resulting, well coordinated, internationally based research network of the EBCP is a considerable achievement, considering the
humble beginnings of a few independent researchers sharing their vision and combining their efforts and expertise.
Non-compliance by users of GMOs is a critical issue and may compromise the safe, responsible use of GMOs biotechnology benefits
can only be properly attained if the strategies managing this technology are adhered to optimally – as defined by outcomes of risk
based research.
The next stage is to implement this framework using the South African network developed through the EBCP and to optimise the
parameters of the regulatory system by combining compliance monitoring data with independent hypothesis based monitoring data.
It is hoped that this monitoring framework provides the first step in guiding this process in South Africa.
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A green lacewing (Chrysoperla spp). See study on page 45 ‘Assessing the impact of Bt maize on non-target Lepidoptera and
elected non-target insects on Bt and conventional maize’ (Source: http://www.dereila.ca/whispers/others.html)
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Section 2
Assessing the impact of commercially produced GMOs on the environment
(with specific reference to Bt maize) using a sound scientific approach
This section summarizes the scientific contributions of the EBCP, which contribute to establishing a baseline in the long-term development
of a comprehensive monitoring system for GM maize. Under the terms of the cooperation, the research was undertaken jointly by
GenØk in Norway and SANBI and its partners in South Africa. For a more extensive report on individual research, please refer to
publications cited and/or the principal investigator of the specific project.

Principal Investigators
Dr Thomas Bøhn,
GenØk

Dr Genya Dana,
University of Minnesota

Thomas’s research interests
are focused on the impact

Genya combines biological

of modern biotechnologies,

and social science training

especially GMOs on

to investigate stakeholder

experimental model systems

involvement in ecological

and on real food-webs. He

risk analysis, focusing on

is particularly interested in

the impacts of emerging

effect studies of modern

technologies such as

biotechnological products and uses multiple model systems

GMOs, nanotechnology, and synthetic biology. She has

from viruses and bacteria to Daphnia magna and rodents

a PhD in ecological risk assessment from the University of

in the laboratory. One focus has been on the food quality

Minnesota’s Conservation Biology Graduate Program and

and ecotoxicity of GM plants (e.g. Bt-maize and Roundup

an MSc in science, technology and public policy. She

Ready soy) in a feeding model using the waterflea Daphnia

has worked and completed research in Europe, Africa

magna, also in combination with chemical stressors

and the USA, focusing primarily on the sustainable use

(herbicides and other chemical pollutants). In the field

of biotechnology in agriculture and aquaculture systems.

he works on the impacts of modern biotechnologies on

Genya currently holds a post-doctoral position at the US

biodiversity and food-webs, both in terrestrial and aquatic

Environmental Protection Agency, where she works on

systems. He also has an interest in evolution, biodiversity,

nanotechnology risk assessment strategy development and

ecological interactions and invasion biology.

participatory decision analysis methodologies.

Dr Pardon
Muchaonyerwa, University of Fort Hare
Pardon is a Senior Lecturer in the Department of Agronomy at the University of Fort Hare. His
research interests are anchored on the management of soils for sustainable food production and
environmental protection. In the past 12 years he has been involved in a number of research
projects focusing on conservation agriculture, nutrient and waste management, ecological
sanitation, and Bt maize. His contribution to Bt maize research includes work on adsorption of Bt
proteins on soil particles and its effect on decomposition, degradation of Bt maize plant material
in/and on soil, silage quality, effects of Bt maize on soil organisms and microbial functions.
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Dr David Quist,
GenØk

Prof Johnnie van
den Berg, University of North-West

David originally trained as
a microbial ecologist at

With a research focus

the University of California

on applied ecological

(Berkeley) and has been

research of Arthropoda

working in the field of

in agro-ecosystems, Chris

GMOs in agriculture for

focuses his principle

the past ten years. Along

research on resistance

with ongoing field and

evolution and the effects

laboratory research work

of GM crops on non-

focused on the structural and functional characterization

target organisms and the environment. Other research

of maize produced Cry1Ab (Bt), he heads GenØk’s

projects include the study of gene flow between insect

Advisory Unit, which focuses on risk assessment of

populations, insect-plant interactions and development

existing and emerging gene technologies. He is a

of integrated pest management (IPM) systems for grain

member of the Roster of Experts under the Convention

crops such as maize, sorghum and groundnut. He has

on Biological Diversity (CBD), and serves on the Ad Hoc

supervised many MSc and PhD students within South

Technical Expert Group on Risk Assessment and Risk

Africa and internationally, and has published widely

Management of the Cartagena Protocol on Biosafety.

in peer-reviewed scientific journals. He serves as peer
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The use of a multi-stakeholder ERA framework to
determine post-market monitoring criteria for MON810
Principal investigator: Dr Genya Dana
Introduction
Defining the focus of a GMO monitoring and research programme for potential impacts on biodiversity is a challenge. Approaches
that analyse ecological risks specifically evaluate threats to species, natural communities, and ecosystem processes (Burgman, 2005).
These approaches include a ‘problem formulation’ phase where the socio-ecological system is investigated, and possible important
hazards (interactions that may cause harm) are identified. This phase helps to assess the scope of the problem being addressed and
identifies important interactions for further analysis. It is also particularly important for stakeholder engagement, which introduces
new information and perspectives into the process, as well as enhancing the transparency of the analysis and the identification of
ecologically and socially relevant research and monitoring targets.

Pre-workshop activities
Identify
Boundaries
and Scope

Identify
Participants

ERA Workshop Activities
Develop Conceptual Models of
Socio-eological System

Practitioners Co-develop
Human Practices Matrix

Incorporate Human
Practice Matrix
Identify Hazards
Prioritize Hazards

Define Assesment
Endpoints
Define Risk
Acceptance
Criteria

Risk Estimation by
Technical Team

Figure 5. Multi-stakeholder ecological
risk analysis framework.

Reconvene Participants to Deliberate on
and Refine Risk Estimates
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This study aimed at testing a participatory Ecological Risk Assessment (ERA) framework for its ability to: 1) include diverse stakeholders,
particularly during the problem formulation stage; and 2) to see if the inclusion of diverse experts and practitioners improved the quality
of the information generated for biodiversity research and monitoring.

Materials and methods
A participatory ERA framework (Figure 5), designed to incorporate diverse stakeholders and knowledge types, was implemented
via two workshops in Pretoria, South Africa in 2008. The first workshop included four biological scientists, who were joined by 18
diverse participants in the second workshop. ERA outputs resulting from the workshops (e.g. conceptual maps, hazard matrices etc)
were analysed to assess whether the ERA process generated additional ecologically relevant information for research and post-market
monitoring with the inclusion of diverse stakeholders.

Results and discussion
The participants successfully completed the following steps of the ERA process: conceptual mapping, human practices evaluation
and hazard identification — but they were not able to agree on a prioritized list of hazards, especially in workshop 2 (WS2). The
diverse range of participants identified more ecologically relevant components (biotic, abiotic, and ecological processes) of the
agro-ecosystem in WS2 (Figure 6). WS2 participants also identified 102% more interactions between MON810 and in-field and
surrounding biodiversity.

Figure 6. The number of biotic
elements, ecological processes
and abiotic elements depicted on
participants’ conceptual maps of
the agro-ecosystem increased between the first workshop (WS1)
and the second workshop (WS2)
which contained more diverse
participants.

Conclusions
The addition of diverse stakeholders in the ERA process increased the amount of ecologically relevant information considered in
the problem formulation process, including on-the-ground observations from biodiversity and farming practitioners. Specifically, the
complexity of the agro-ecosystem was better represented and the number of hazards, (or interactions between MON810 maize and
biodiversity), increased. Such a comprehensive understanding of the system and various interactions provided a more robust problem
formulation for informing GM monitoring research activities, and more transparency in how research directions are chosen. However,
collective support is lacking from workshop participants on which hazards are the highest priority for research and monitoring activities.
In a nutshell, it was found that including diverse participants with a broader range of expertise and perspectives led to the identification
of more relevant issues. However, it was difficult to reach an agreement on the importance of these issues for research and post-market
monitoring.
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Recommendations and research gaps
Alternative methods need to be tested involving multi-stakeholders
prioritizing hazards to help generate a shared understanding
and support for research and monitoring priorities.

Implications for post-commercial monitoring
GMO and biodiversity research hypotheses are being informed
by on-the-ground environmental conditions and knowledge,
increasingly the likelihood that eventual monitoring approaches
and results are sensitive to South African conditions. The
inclusion of diverse stakeholder representatives may increase
both the transparency of the programme and the support for risk
management outcomes.

Literature cited
Burgman, M., 2005. Risks and Decisions for Conservation and
Environmental Management. Cambridge: Cambridge University
Press.

Participant discussions during the multi-stakeholder
workshop, November 2008, at SANBI
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Protein profiling of GM and
non-GM maize plants

Quantitative expression
Some research undertaken describes GM crops and
compares them to non-GM crops to investigate differences

Principal Investigator: Dr Odd-Gunnar Wikmark

in quantitative expression, i.e. the differences in quantity
of specific proteins. Some studies cite no significant differences between the groups, but others do find statistical

Introduction

significant differences (e.g. Zolla, et al., 2008). The

The regulation of protein expression19 can be very complex and hard
to predict. In some cases, up or down regulation (i.e. increasing or
decreasing protein levels) of one protein can impact many others, in a
cascade reaction. In addition, genetic elements that are encoded in the
DNA20 in a non-protein coding region can also interact and impact the
regulation and expression of proteins. If, for instance, inserting genes
through genetic engineering knocks out regulatory RNA, this could have
a major impact on protein expression and modify how the plant functions.
Genetic engineering in plants can cause unpredicted effects, some of
which may be unwanted in human food or animal feed. For example,
a study by Zolla and co-workers showed that several proteins varied
between GM maize kernels and the non-GM counterpart kernels
(Zolla, et al., 2008). Specifically, the production of a known allergen21
(gamma-zein) was significantly increased in GM-maize. In addition, the
GM maize showed a size reduction (truncation) of many seed storage
proteins. The conditions leading to these protein changes are unknown,
as is the frequency of this effect in the field where MON810 is grown.
In other growing environments, the GM plant may not produce these
proteins at the same level detected by Zolla, et al., but could potentially
produce raised levels of gamma-zein or other unknown unwanted
proteins. It is therefore absolutely essential to monitor and profile plant
protein production in many growing environments, assessing every
introduced variety on a case-by-case basis.
In an effort to reproduce standardized conditions for protein expression
studies in plants, this often involves growing them inside greenhouses.
Although greenhouse conditions provide an important baseline for understanding how plants are affected by genetic engineering under controlled conditions, it is impossible to understand how such changes or lack
of changes may manifest itself in the field.

discrepancy between studies may be explained by differences in growing conditions, the use of different plant
varieties (i.e. genetic background) or by the choice of
protein extraction methods. The limitation of the 2D gel
electrophoresis protein profiling method, is that only a
very small number of the total proteins in a plant can be
investigated – meaning that even if significant differences
in protein expressions are not detected, it does not mean
that such differences do not exist. Conversely, any detectable changes that are significant need to be taken seriously
and would require further research and monitoring in more
varieties and growing environments.

An egg batch of the maize stem borer (Busseola fusca)

The aim of this study was, by investigating protein expression and
regulatory RNA expression in the whole plant, to see what, if any,
unintended effects are present for a specific variety grown in a particular
environment.
19
Proteins are molecules that are essential for all living cells and perform
a wide variety of tasks. Protein expression is a subcomponent of gene
expression and in simple terms, it is the production of a specific protein
from the ‘recipe” encoded in the genes.

DNA (deoxyribonucleic acid) is the genetic code or recipe of an
organism.
20

Some allergens, which are undesirable in food or feed, are proteins
e.g. trypsin inhibitors and gamma-zein. Although maize is not generally
considered as an allergenic food, some studies have reported allergic
reactions to maize (Pastorello, et al., 2000).
21
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Materials and methods
Maize leaves were collected from both GM and non-GM plants grown in an experimental maize field located near Bloemfontein,
South Africa. The leaves were immediately frozen in liquid nitrogen and freeze dried. The proteins were then extracted and analysed
using two-dimensional (2D) gel electrophoresis22. The 2D gels were coloured with Coomassie-Brilliant Blue, causing coloured spots to
become visible in the in the gel, with the spot size indicating the amount of protein present (Figure 7). The same proteins migrate to
the same place in the different gels and this forms the basis for quantitative analysis of protein expression in the different samples. In
simple terms, this means that the bigger the spots — the more of a particular protein is expressed.

Figure 7. Example of a Commassie-Blue stained 2D gel from GM (Bt) plants collected
in Bloemfontein, South Africa.

Results and discussion
An average number of 400 spots per gel were detected (Table 3). The GM plant gels were found to have more detectable spots
which should be further investigated.

2D Gel electrophoresis is the principal tool for protein profiling. It uses an electrical charge to separate compounds out, allowing
the comparison in quantity of specific proteins between samples (quantitative expression).
22
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Table 3. Number of detected spots in all gels, indicating the amount of protein present.
Gel number (GM plants)

No. of detectable spots

Gel number (Non-GM plants)

No. of detectable spots

1

575

1

357

2

381

2

322

3

383

3

396

4

516

4

277

5

434

5

335

6

523

6

356

7

421

7

368

Average (GM plants)

462

Average (Non-GM plants)

344

Average (Both treatments)

403

The percentage volume of the spot was chosen as the main variable for analysis as it couples the area and the intensity of a spot. The
volume is represented as a percentage rather than absolute values to enable comparison of all results (Figure 8).

Figure 8. Example of differences in expression
levels between GM and non-GM samples from
Bloemfontein, South Africa. The protein spot
ID number is underneath the graph and a = GM
(MON810) samples and b= non-GM samples.
The scale corresponds to the intensity (volume)
of the spot.

Statistical analysis of the data indicated a significant difference in the amount of MON810 produced by the two treatments, indicating
that the GM and non-GM plants produce different amounts of the specific proteins studied (Table 4).
Table 4. Number of differentially expressed spots on Bt and Non-Bt plants
Spot ID

Non-GM Plant expression (%
volume of a spot)

GM Plant (% volume of a spot)

Differential expression

3577

207

103

50,24%

3374

152

107

29,60%

3573

126

0,39

99,69%

3579

152

0,04

99,97%

3462

121

0,89

99,26%
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Conclusions
GM plants grown in the same environment as the near isogenic-parent (non-GM counterpart), respond differently to the same
environmental conditions, as shown by the differences in protein expression, for a number of proteins. Due to limitations in the method,
this study has focused only on the spots (i.e. proteins) that have a high expression difference between the GM and non-GM groups.
Even though it is only possible to investigate a limited number of proteins by 2D gel electrophoresis, this study shows that some proteins
have different expression levels (i.e. they are present at different amounts) in the GM and the non-GM comparator, even though both
plant types are grown in the same field. Further research is needed to identify what effects these have on the environment and if these
differences also are present in other growing environments in South Africa.

Recommendations and research gaps
Further research is needed to understand what types of proteins are expressed differently in different varieties of GM and non-GM
plants under different environmental conditions.

Implications for post-commercial monitoring
Protein expression, and thus many protein-related unintended effects, is largely dependent on the environment and the genetic
background of the crop plant. Due to the unpredictable nature of these unintended, unwanted effects, it is essential to monitor and
identify such effects in field-based baseline studies in several growing conditions, and with several genetically modified varieties.

Literature Cited
Pastorello, E.A., Farioli, L., Pravettoni, V., Ispano, M., Scibola, E., Trambaioli, C., Giuffrida, M.G., Ansaloni, R., GodovacZimmermann, J., Conti, A., Fortunato, D., & Ortolani, C., 2000. The maize major allergen, which is responsible for food-induced
allergic reactions, is a lipid transfer protein. Journal of Allergy and Clinical Immunology 106(4): 744-751.
Zolla, L., Rinalducci, S., Antonioli, P., & Righetti, P.G., 2008. Proteomics as a complementary tool for identifying unintended side
effects occurring in transgenic maize seeds as a result of genetic modifications. Journal of Proteome Research 7(5): 1850-1861.

Bheki Maliba (MSc student) in a maize
field at the Tshiombo irrigation scheme
in Venda (Limpopo Province)
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Study to characterize the protein structure of the
CryIAb transgenic (Bt) protein from MON810 maize and
a comparison to the same protein produced in bacteria
Principal Investigator: Dr David Quist
Introduction
Crop varieties expressing the CryIAb gene derived from Bt make up the single largest class of transgenic insecticidal crop plants
worldwide, and are consumed as foodstuffs by millions of people every day. Globally, Bt crops account for at least 20% of total GM
crop production, and are on the rise (James, 2009).
Currently, risk assessment studies of Bt GM-crops primarily use the Bt protein genetically engineered in bacteria, rather than the plant
version of the protein for which approval is being sought. Recent scientific evidence has documented that the structure of specific
proteins made in different organisms (e.g. bacteria vs. plants) are found to be significantly different in way they stimulate immune
systems, or produce other biological reactions. This has led at least one expert scientific body to recommend:
‘The EPA [regulator] should provide clear, scientifically justifiable criteria for establishing biochemical and functional
equivalency when registrants request permission to test non plant-expressed proteins in lieu of plant expressed proteins.’
(National Research Council, 2000)
Similarly, product assessments of plant-made pharmaceuticals have shown increased immunogenicity23 in plant-made protein forms,
compared to non-plant forms. These comparative studies have been essential to prevent potentially harmful products from entering
the marketplace. Unfortunately, similar product quality or immunogenicity testing frameworks in transgenic crops are lacking. Despite
a report of protein similarities between CryIAb and a known allergen called vitellogenin (an egg yolk precursor protein), follow-up
allergenicity studies have not been performed as recommended.
This study aims at determining whether there are any meaningful structural or functional differences between bacterially produced
transgenic CryIAb (Bt) insecticidal proteins (used in safety assessments), and the plant produced versions of the protein (which are
consumed once the GM crop is approved but not directly tested for safety). The study outcomes will help elucidate the relevance of the
current practice of using bacterial versions as surrogates for safety testing in lieu of the plant version for which commercial approval is
being sought. Results will help guide future frameworks on safety testing for plant-produced proteins, including the wave of plant-made
pharmaceuticals, now entering the global marketplace.
The project hypothesis is:
a) The size and shape of the transgenic CryIAb protein (primary structure) is different when produced in different biological host (e.g.
bacterial host vs. maize host).
b) CryIAb proteins expressed in plants contain secondary structural modifications (known as ‘post-translational modifications’ compared
to bacterially produced CryIAb proteins.

Materials and methods
To produce leaf tissue for protein extractions, transgenic Bt maize (MON810) from South Africa was grown under greenhouse
conditions. The CryIAb protein was extracted and isolated to determine its size and amino acid structure. In parallel, CryIAb-expressing
Escherichia coli (bacteria) were grown under standard laboratory conditions and the target CryIAb protein extracted. Analytical
methods were used to determine the protein sizes and amino acid compositions of the different versions of the CryIAb protein.
Computer simulations of secondary structural features (post-translational protein modifications) of each of the proteins were undertaken
to assess possible differences in biological functioning by the two versions.
23

Immunogenicity is the ability of a particular substance to provoke an immune response in the body of a human or animal.
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Results and discussion
A significant difference was found between the sizes of the CryIAb protein produced in different hosts (Figure 9). The composition of
identified amino acids was found to be identical between the two CryIAb proteins, although the analysis was limited to a portion of the
whole protein length. Differences in the secondary structure (post-translational modifications), particularly for addition of certain types
of biochemical groups added to the plant version of the CryIAb protein, suggest potential differences in biological activity (Figure 10).
Figure 9 (left). Differences in sizes of the CryIAb produced in the
MON810 maize event (Lanes 1 and 2) compared with the native CryIAb
from bacteria (Lane 3). Size ladder in lane 4. The different bands represent proteins of different sizes.

Figure 10 (below). Computer simulation of possible secondary posttranslational modifications of the bacterial version of CryIAb (first line,
in green) and the maize version (second line in green). The grey and
blue bars represent the possible secondary features on the plant version
of CryIAb. The bacterial versions are not projected to include any secondary modifications, consistent with the present state of knowledge of
bacterial protein expression.
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Conclusions
The CryIAb protein expressed in bacterial and maize hosts differ in protein size, and hence are likely to differ in other structural ‘protein
folding’ characteristics. The similarity in amino acid composition is largely expected, as otherwise the protein would fail to produce
the desired trait in the host plant. Computer projections of secondary modifications to plant versions of the protein strongly suggest
differences in levels of bioactivity between the two forms, and it is unlikely that these features would be observed through routine
biosafety assays. The extent to which these differences would affect current safety testing practice should be re-examined and further
analysed.

Recommendations and research gaps
The differences in size and possible bioactivity between maize expressed and bacterially expressed CryIAb ‘Bt’ proteins suggest that
the practice of using the bacterial version as a replacement for maize versions of the same transgenic protein in safety testing should
be re-evaluated. Further characterization work is necessary to determine the actual differences in composition that may be related to
the size differences detected, and to confirm whether the computer simulations of changes in bioactivity accompanying secondary
structure differences exist in bioactivity assays. Regulators may wish to re-examine policies of the use of bacterial versions in place of
maize versions, as suggested by at least one expert body.

Literature cited
James, C., 2009. Global status of commercialized biotech/GM crops: 2009. ISAAA Briefs no. 41. Ithaca, New York:
International service for the acquisition of Agri-biotech applications.
National Research Council, 2000. Genetically Modified Pest-Protected Plants: Science and Regulation. Washington, DC:
The National Academies Press.

David Quist (GenØk) taking samples from maize seedlings planted
in the glasshouse

Maize seedlings for laboratory analysis
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Profiling of MicroRNA
Principal Investigator: Dr Odd-Gunnar Wikmark
Introduction
Small pieces of RNA have recently been recognized as important regulators of the process of converting genetic information into
proteins. These molecules are called microRNA (miRNA) and are only 20-24 nucleotides24 in length and operate in a very specific
manner. Their most common mode of action is binding to the target molecule (messenger RNA25 [mRNA]) and initiating degradation
thereby preventing the mRNA from being processed into proteins. Understanding how miRNAs function is an ongoing process and
new modes of action for miRNAs have recently been described where degradation is not involved (Voinnet, 2009).
The discovery of plant miRNAs is ongoing with new research publications emerging every month and in late 2009, the maize genome
was published along with a genome-wide characterization of miRNA genes (Zhang, et al., 2009). The discovery of miRNAs is being
coordinated through an online database (miRBase) which allows easy access and availability for comparative miRNA studies. The
database is expanding fast, as more miRNAs are discovered via ongoing genome projects. In June 2007, version 9.2 of miRBase
was released with a total of 959 miRNA genes from ten plant species. Just over three years later, in 2010, version 16 of miRBase
included over 3000 miRNA genes from over 40 plant species, including 170 miRNAs genes solely from maize.
Due to the highly stringent sequence specificity and the preference of miRNA to bind to mRNAs in protein coding regions, miRNA in
plants are thought to have only a limited number of targets in the cell. It should therefore be easier to predict which protein is affected
by a newly discovered miRNA in plants than in animals.
Genes regulated by miRNAs tend to be related to tissue development, growth and responses to stress factors. For instance, the gene
miR-399 is induced by phosphate starvation, and miR-393 is induced when the plant is infected by the bacterium Pseudomonas
syringiae (Voinnet, 2009). Maize has a very complex genome26, which is reflected in the 170 proposed miRNA genes. As indicated
for other plants, maize miRNAs seems biased towards genes in the regulatory and metabolic27 pathways, and genes involved in
endogenous28, hormone and chemical stimuli.
Since miRNAs are important in responding to very specific environmental conditions such as stimuli responses and defence against
bacterial infections, this offers the possibility of using miRNA expression as a tool for monitoring. However, more needs to be
understood about how miRNA functions under different environmental conditions, and what exactly is the mode of action and what is
the target. The vast majority of studies discovering new miRNAs in plants are limited to laboratory conditions despite it being known
that many miRNAs are tied to very specific stress responses. Research on plants grown under different field conditions is needed to aid
the discovery of new miRNAs induced by other, as yet unknown, conditions that can be useful for monitoring and new modes of action.
Evidence from extensive numbers of protein and mRNA studies on GM plants (especially maize MON810 and Roundup Ready Soy),
shows that unpredictable effects may occur in the engineered plants. The increase in the production of unwanted proteins (known as
up regulation) due either to the insertion of engineered genes, the environment and/or the genetic background of the specific variety,
is of concern. Little is known about how the regulation of protein expression is affected by genetic engineering, with no published
studies on miRNA in GM plants, or how the engineered plants react to environmental conditions, as measured by miRNA expression.
This study is the first to investigate miRNA expression in developmental GM plants in comparison with the near-isogenic parental29 line.
The study hypothesizes that miRNA expression is affected by the insertion of the genes constituting the MON810 trait.
Nucleotides are molecules that make up the structure of DNA and RNA. On average, the genes encoding human proteins are made
up of around 3000 nucleotides.
24

Messenger RNA is a molecule of RNA that is the recipe for the protein product, it acts as a messenger from the genetic information
stored in DNA to the machinery that makes the proteins.
25

26

The genome constitutes the entire pool of genetic, hereditary information in an organism.

27

Metabolism is the set of chemical reactions inside an organism that is necessary to maintain life.

28

Endogenous means ‘proceeding from within’, so endogenous hormones are hormones produced by the organism.

When comparing a GM plant to a non-GM plant, the comparator needs to be as genetically close as possible to the GM plant. The
term ‘isogenic’ means the same genetic content as, so two isogenic lines have identical genetic content except for the modified gene.
29
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Materials and methods
MiRNAs are important in tissue development and plant growth and accumulate in the shoot apex of maize (Nogueria, et al., 2009).
Total RNA30 was isolated from seedlings after three days growth on a petri dish. The samples were collected from MON810 seeds
and the near-isogenic parental line. The presence of miRNAs was determined and the integrity of the plants was verified to ensure they
were GM and non-GM. The total RNA was then size separated into miRNA fractions where the lower bands indicated small RNA
fragments containing also the miRNAs (Figure 11).

Figure 11. Integrity of isolated total RNA from non-GM (lane 1-4)
and GM plants (5-8). The molecular marker is in lane 9 (Ambion).

For the microRNA microarray analysis, total RNA from six GM and six non-GM plants were labelled with fluorophores Cy3 and Cy5,
switching fluorescence marker every other chip to eliminate bias from always analyzing one treatment with one fluorophore (Figure 12).

Figure 12. Cy3/Cy5 from a microarray chip containing total RNA
from one non-GM plant (Cy3) and one GM plant (Cy5). In this Cy3/
Cy5 ratio image, when Cy3 level is higher than Cy5 level the colour
is green; when Cy3 level is equal to Cy5 level the colour is yellow;
and when Cy5 level is higher than Cy3 level the colour is red.

Results and discussion
In total, 12 samples were analysed (six GM and six non-GM) and compared and tested statistically to identify any significant expressional differences between the two groups. A summary of all differentially expressed miRNA found in this study is shown in Figure 13.
Identification of the target of the miRNAs needs to be verified. Presently, very little is known about miRNA expression under field conditions and as yet no studies have investigated miRNA expression in full-grown GM plants.

30

Total RNA refers to all the RNA present in the cells, including all the microRNAs.
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Conclusions
The miRNA expression in the developing seedlings differs significantly
for some miRNAs, between this particular variety of MON810 and
its non-GM, near-isogenic parental line. The miRNA targets of the
differentially expressed miRNAs need to be identified and miRNA
expression of full-grown plants taken from different field conditions needs
to be described.

Recommendations and research gaps
Most studies on miRNA in plants have been conducted under laboratory
conditions and this may have selected for a certain type of miRNAs
expressed under ‘no-stress’ conditions. To gain a better understanding of
environmentally induced miRNA expression and its effect on GM plants,
it is absolutely essential that miRNA expression is studied in plants that
undergo major environmental stresses. Such studies may also detect
new miRNA classes, new modes of action and help elucidate the role
of miRNAs as a novel monitoring tool.

Implications for post-release monitoring
Due to its importance in plant responses to stress and attacks from
bacteria, monitoring the level of certain specific miRNA could be
important in future regulatory decisions, biosafety assessments of new
GM plants and monitoring of released GM plants.
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Studies on the effect of MON810
on target insects
Development of insect resistance to Cry1Ab in the

may be due to inadequate levels of Cry1Ab expression in plants,
local environmental conditions, and farmer compliance to the refugia strategy, amongst others. It is important to better understand

target-pest population is of great concern, particu-

why this resistance has developed and how rapidly it is spreading

larly in South Africa where this already has been re-

in South Africa, to more effectively manage newer GM pest control

ported (Van Rensburg, 2007). Contributing factors

strategies.
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Study of Bt expression in diverse
plant tissues at different stages
following planting

High dose strategy
The intention behind genetically
modifying plants to provide protection against pests involves equipping
them to produce a specific toxic
substance targeting the key insect

Principal Investigator: Prof Chris Viljoen

pest. This strategy is known as a
‘high dosage strategy’, aiming at

Introduction

producing enough pesticide in the

The development of insect resistance to Bt crops is of concern to farmers as it negates

plant to kill the target whilst not allow-

the benefits of using this GM crop. In 2007, Van Rensburg published the first report of

ing it to develop tolerance towards

resistance to Cry1Ab in the African stem borer (Buseola fusca), in South Africa. This

the toxin or insecticide. In the case

work suggested two reasons for the development of resistance to the Bt toxin in the target

of MON810 maize, the toxin is

insect. The first was non-compliance to refugia. Refuges are provided to the target insect,

Cry1Ab, also called the Bacillus thur-

usually in the form of non-Bt plants in close proximity to the Bt maize plants producing
high doses of toxin. The principle behind this is that any resistant insects emerging
from the Bt crop are more likely to mate with their susceptible counterparts found in the
refugia (non-GM plants). This limits the transmission of resistance to their offspring by
encouraging a large population of pests so that any genes for resistance are greatly
‘diluted’. The second reason for resistance development identified in the study by Van
Rensburg (2007) is the application of sub-lethal or inadequate levels of the Bt toxin.

ingiensis (Bt) toxin or protein. Local
environmental conditions and genetic
background of the variety engineered
to contain the MON810-trait may
influence Cry1Ab expression. Thus,
it is vital to understand how Cry1Ab
varies between different plant tissues
(i.e. within a plant) and if it varies

Several studies have published data on the levels of Cry1Ab toxin found in certain parts

between plants in the same field dur-

of the maize plant, including the roots, stems, leaves, anthers, pollen and kernels over

ing the growing season.

the growing season up until ripening. However, little research has been undertaken on
the levels of Bt toxin found in the silk, cob sheath and cob tissue, which are important
sources of food for the African stem borer. Van Rensburg (2007) found that B. Fusca
larvae had an increased survival rate on Bt maize after feeding on silk as the primary
food source. In addition, it appears that migration between tissues, i.e. moving to parts
of the plant that are not producing high doses of the toxin may also play an important
role in larval survival (Van Rensburg, 2007).
This study hypothesizes that a major factor in the development of insect resistance is
the fluctuation in levels of Cry1Ab in different tissues within and between plants and at
different growth stages. Thus, the aim of the study was to determine the levels of Cry1Ab
found in roots, stems, leaves, anthers, silk, cob sheaths and cobs – within and between
plants at different growth stages from pre-flowering, flowering, green cob stage and
seed maturity.

Materials and methods
A MON810 converted maize variety was grown according to commercial farming
practice in South Africa, but without the use of herbicide or insecticide spraying, at
Bainsvlei during the 2008/2009 and 2009/2010 growing seasons. Plant tissue was
collected at four growth stages: pre-flowering, flowering, green cob stage and seed
maturity and the concentrations of Cry1Ab determined.
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Results and discussion
A significant difference was found in the level of Cry1Ab at the different growth stages as well as between different types of tissue
when compared to published data (Figure 14). There was an overall increase in the level of Bt toxin from pre-flowering up to flowering
followed by a decrease up to seed maturity in roots, stems and leaves. A considerable range of Cry1Ab was also found in the same
tissue between plants.

Figure 14. Combined levels of Cry1Ab (ug/g dry weight) in a MON810 converted maize variety for different tissues at different
stages during the 2008/2009 and 2009/2010 growing seasons.

Conclusions
The difference in the level of toxin between plant tissues and between plants may benefit target insect resistance development.
Therefore an important consideration in stacked events, to counter the development of insect resistance, is to evaluate the levels of
different Cry proteins.

Literature cited
Van Rensburg, J.B.J., 2007. First report of field resistance by the stem borer, Busseola fusca (Fuller) to Bt-transgenic maize. South
African Journal of Plant Soil, 24(3): 147-151.
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A study on the impact of gene flow
on the expression of Bt toxin
Principal Investigator: Prof Chris Viljoen
Introduction
Gene flow31 from GM to non-GM crops may have several consequences including
the development of insect resistance to Bt crops. However, the effects of gene flow
from Bt to non-Bt maize to see if the non-GM crop starts producing higher levels of
the Bt toxin, have not yet been studied. In 2005, Bates, et al. suggested that nonexpressing ‘off-types’ in Bt seed may compromise the high dose strategy to maintain
the efficacy of Bt, or that gene flow from Bt to non-Bt maize could result in low levels
of Bt toxin. This would be especially relevant in small-scale or subsistence farming,
where seed is retained for replanting. Thus the aim of this study, conducted during
the 2008/2009 and 2009/2010 growing seasons, was to determine the impact
of GM maize cross-pollination under South African conditions on the levels of the
Bt toxin.

Figure 15. Levels of Cry1Ab (ug/g dry weight) in an F1 population for
different tissues at different stages for the 2009/2010 growing season.
The corresponding range and mean of Cry1Ab in a MON810 converted
maize variety is indicated as

Study site in Bloemfontein where
trials were planted to support the
various research projects
31

Gene flow is the movement of genes from one population to another.
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Materials and methods
A MON810 converted yellow maize variety was grown next to a non-GM white maize variety, at Bainsvlei during 2008/2009,
according to commercial farming practice in South Africa, but without the use of herbicide or insecticide spraying. Gene flow was
determined through the presence of Bt yellow maize kernels in the non-GM white maize. F132 yellow kernels were harvested from
the white cobs and planted in the 2009/2010 growing season. Leaf samples were taken from pre-flowering F1 plants and tested to
confirm the presence of the Bt toxin. Plant tissue was collected from Bt F1 plants at four growth stages: pre-flowering, flowering, green
cob stage and seed maturity and the concentration of Cry1Ab (the Bt protein) determined.

Results and discussion
The F1 plants were found to have a significantly lower level of Cry1AB compared to the parental variety (Figure 15). However, the
trend in Bt production was similar to that of the Bt parent over the growing season period. There was an overall increase in the level
of Bt toxin from pre-flowering up to flowering followed by a decrease to seed maturity in roots, stems and leaves. There was also a
considerable range of Cry1Ab in the same tissue between plants.

Conclusions
The reduced levels of the Bt toxin may result in a sub-lethal dose of Cry1Ab. This may contribute to target insect resistance development.
If this is the case, the advantage of using Bt stacked events may be negated by sub-lethal doses of individual Bt gene expression. In
addition, gene flow may result in a gene dilution effect33, the consequence of which is similar to the variation in Bt toxin levels found
in this study.

Literature cited
Bates, S.L., Zhao, J-Z., Roush, R.T., & Shelton, A.M., 2005. Insect resistance management in GM crops: past, present and future.
Nature Biotechnology 23: 57-62.
James, C., 2009. Global status of commercialized biotech/GM crops: 2009. ISAAA Briefs no. 41. Ithaca, New York:
International service for the acquisition of Agri-biotech applications.

Collecting arthropods adjacent to the maize field

32

F1 stands for the first filial generation, which is the offspring of distinctly different parental types.

33

Gene dilution is when the effect of a gene is reduced.
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Assessing the impact of
target pests (Lepidoptera)
in areas cultivated with
MON810 maize
Principal Investigator:
Prof Johnnie Van Den Berg
Fully grown maize stem borer larvae (Busseola fusca)

Introduction
Since the first deployment of GM crops with insecticidal properties,
there has been concern with regard to resistance evolution of
target pests (Tabashnik, 1994; Gould, 1998). Monitoring this
resistance helps provide a better understanding of how it evolved
and the contributing factors. Insect resistance negatively impacts the
environment by opening up new exposure pathways of Bt-toxin to
other trophic levels in the food chain and can result in changes in
farming practices, such as reverting back to using broad-spectrum
insecticide sprays.
The aim of this study was to determine the incidence of damage

Stem borer larva feeding inside a maize ear

caused by target pests in maize farming systems in two diverse areas
of South Africa where Bt maize has been cultivated since it was
introduced.

Material and methods
Surveys were conducted on maize fields under irrigation in the
Vaalwater and Springbok flats areas in Limpopo Province and
dryland farms in Lichtenburg and Ventersdorp districts in the
North-West Province. In each Bt and non-Bt fields, 900 plants
were inspected for damage at different plant growth stages and
the incidence of damage caused by target pests was compared.
Maize planting at Vaalharts, South Africa

Larvae were collected from infested plants and reared until the adults
(moths) appeared, which were pinned and preserved to facilitate
identification.

Results and discussion
The incidence of plants exhibiting damage caused by target pests
in the monitored Bt-fields was extremely low, indicating that the
pest populations were still susceptible to the Bt toxin at most sites.
However, high incidences of damage on fields in the Lichtenburg
area in the North-West Province may indicate the presence of
another Bt-resistant population.

Silk of a young maize ear
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Conclusions
Monitoring target pest damage to maize in Bt maize fields provides
valuable information on resistance evolution and identifies possible
hotspots where resistance may occur. Field monitoring could be
effective in highlighting problem areas.

Literature cited
Gould, F., 1998. Sustainability of transgenic insecticidal
cultivars: integrating pest genetics and ecology. Annual Review of
Entomology 43: 701-726.

Busseola fusca larva

Tabashnik, B.E., 1994. Evolution of resistance to Bacillus
thuringiensis. Annual Review of Entomology 39: 47-79.

Pink stem borer larva (Sesamia calamistis)

Maize seed for the next season (Tshiombo irrigation
scheme, Venda)

Seed of a traditional maize variety planted in Venda
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The role of refugia in resistance development
Principal Investigator: Prof Johnnie Van Den Berg
Introduction
As the use of Bt crops continues to grow, so does the pressure in pest populations to evolve and overcome the toxicity of Bt proteins
produced by Bt maize. The documented research of field resistance of the African maize stem borer (Busseola fusca) to Bt maize by
Van Rensburg in 2007 was the first recorded incidence in the world of resistance development by a target pest to a GM crop.
The appearance of insect resistance to Bt maize in South Africa prompted international and local interest to identify the reasons for this
rapid evolution. Research was initiated into certain aspects of the high-dose/refuge strategy that is used internationally for resistance
management.
This study hypothesized that when farmers comply with refuge requirements, this refuge of non-Bt maize is effective in sustaining
susceptible pest individuals, enabling them to mate with possible resistant survivors on the Bt maize crop and in this way, delaying
resistance development. If, in the absence of the Bt toxin (on non-Bt maize), Bt resistant insects are less fit than susceptible insects, this
delays the development of resistance as the surviving resistant insects are selected against (i.e. do not survive or are poorly developed)
in the refuges. Information on the fitness of individuals that survive on Bt maize helps to better understand the evolution of resistance
and contributes to development improved resistance management strategies.

Material and methods
Laboratory and field studies were conducted using both field collected and laboratory reared insects and the life history parameters
of susceptible and resistant strains of the target pest were compared. Where applicable, stem borer larvae were reared on Bt maize
plants and its non-GM counterpart. The fitness of Bt-resistant populations was compared to that of susceptible populations and fitness
costs associated with resistance was also studied.

Results and discussion
The resistant population of target stem borers used in this study showed very high levels of resistance to the Bt-toxin in laboratory
experiments and studies in which potted plants were used. The fitness of field collected Bt-resistant stem borers feeding on Bt maize
were only slightly reduced compared to that of susceptible individuals feeding on non-Bt maize. Resistant insects showed lower pupal
mass, shorter longevity of moths and fewer eggs laid. However, the range of the fitness of resistant individuals was however within the
general range of that reported for this pest in other studies before the advent of Bt maize.

Conclusions
Fitness costs associated with resistance evolution were not evident and it was shown that while a susceptible strain of the target insect
species was maintained on non-Bt maize refugia, other individuals of the same population were resistant to Bt maize. This implies that the
refugia strategy has been compromised in the area where resistance occurs, and this resistance can be partly attributed to the initial high
level of non-compliance with refuge requirement – meaning that farmers did not comply with the requirement to plant certain proportions
of their maize fields with non-Bt maize. However, the high-dose component of the resistance management strategy was monitored and
if protein expression levels were low, this would also have contributed to resistance evolution.

Literature cited
Tabashnik, B.E., 1994. Evolution of resistance to Bacillus thuringiensis. Annual Review of Entomology 39: 47-79.
Van Rensburg, J.B.J., 2007. First report of field resistance by the stem borer, Busseola fusca to Bt-transgenic maize. South African
Journal of Plant and Soil, 24: 147-151.
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Assessing the impact of Bt maize on non-target
Lepidoptera and selected non-target insects on
Bt and conventional maize
Principal Investigator: Prof Johnnie Van Den Berg
Introduction
Assessing the impact of Bt maize on the environment is currently hampered by the lack of even the most basic checklist of species found
in maize ecosystems. One of the risks of the widespread cultivation of GM crops with insecticidal properties is the possible effect on
non-target species (Meeusen, et al, 1989; Dutton, et al.; Bigler, 2002). To ensure all possible impacts of Bt maize are monitored,
information on the diversity of arthropods in the maize agro-ecosystem is needed. The biodiversity of an agro-ecosystem is important
for its intrinsic value and due to its influences on ecological functions vital for crop production in sustainable agricultural systems and
the surrounding environment (Hilbeck, et al., 2006). The species found in a specific agro-ecosystem fulfill a variety of ecosystem
functions that may be harmed if changes occur in these niche assemblages (Dutton, et al., 2002). The elimination of a target pest and
subsequent changes in species composition can lead to the development of secondary pests. For this reason it is essential to assess the
potential environmental risk the release of a GM crop may hold and to study its effect on species assemblages34 within that ecosystem
(Van Wyk, et al., 2007).
In order to identify possible future secondary pests and non-target impacts, knowledge is needed on arthropod biodiversity in maize.
This information can be used to evaluate the possible impact of Bt maize on non-target organisms at different trophic levels. For this
reason it was necessary to assess arthropod diversity in and around Bt and non-Bt maize fields. This study aimed at determining
arthropod diversity and abundance on maize and to compare diversity between Bt and non-Bt maize. It included a specific study to
develop an efficient survey strategy for eggs of one of the most important beneficial insects in cropping systems, i.e. green lacewings
(Chrysoperla spp).

Material and methods
The research involved conducting a series of three separate surveys using methods developed by Van Wyk, et al. (2007). The first of
these was a biodiversity survey undertaken over two cropping seasons (2008/09 and 2009/10) in maize fields of small-farmers in
Venda in the Limpopo Province and on commercial high-input farms in the Vaalharts irrigation scheme.
The second survey studied arthropod and plant diversity inside and around maize fields (up to a radius of 400m outside the field) and
were conducted in four provinces of South Africa. These surveys were undertaken in Venda, Makathini, Amersfoort and Potchefstroom
during the 2009/2010 growing season.
The third survey was conducted during the 2008/09 season on 12 maize fields in the Groblersdal area in the Limpopo Province
and Ventersdorp area in North-West Province to compare the incidence of non-target Lepidoptera between Bt and non-Bt maize fields.
Throughout these surveys it was important to determine what, how and when to monitor certain species as indicators of potential impact
of Bt maize on the environment. A technique was developed to optimize searching for eggs of the green lacewings, Chrysoperla spp.
The preferred location of egg laying was determined by inspecting large numbers maize plants and recording the exact position of
eggs on leaves.

34

A species assemblage refers to all the various species that occur in a specific ecosystem or habitat.
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Results and discussion
A total of 6230 different arthropods made up by 281 different species were found on maize plants during this two-year study. The
composition of different groups (decomposers/detritivores, herbivores, predators and parasitoids), of the species collection did not
differ between Bt and non-Bt maize. No differences were found in species richness and evenness (diversity and abundance) between
Bt and non-Bt maize. Further analyses are being done to determine if differences existed between different functional groups between
Bt and non-Bt maize.
Surveys of plant and arthropod diversity in and around maize fields showed that between 850 and 900 different insect species and
approximately 250 plants species occur inside and within a 400m radius from maize fields. These data sets are being analysed to
determine if certain species are present for different functional groups within maize fields as well as the surrounding natural habitat.
Preliminary analyses indicate that both insect and plant diversity increased with movement away from fields.
Lower numbers of non-target Lepidoptera infested plants and lower infestation levels were found in Bt fields than in non-Bt fields,
possibly indicating that some of these species may be affected by Bt maize. Large numbers of the noctuids35 Helicoverpa armigera
and Acantholeucania loreyi were observed on Bt-maize in many fields. On the basis of this high incidence of larvae per plant and
exposure to Bt-toxin throughout their life cycles, these species can be considered important non-target lepidopteran herbivores on maize
in South Africa.
A technique facilitating rapid search and location of eggs of lacewings was developed. It was observed that oviposition (laying of
eggs) on plants was non-random and a clear spatial distribution pattern of eggs on plants was observed – with the eggs occurring
mainly on leaves near maize ears. However, other research conducted locally and internationally indicates that the effect of Cry1Ab
protein produced by Bt maize plants is unlikely to affect populations of lacewings under field conditions. For this reason, lacewings,
which are high up in the exposure pathway of the Bt toxin may not be good candidates for monitoring.

Conclusions
Arthropod biodiversity in maize was high and no difference was observed in total arthropod diversity and abundance between Bt
and non-Bt maize. An ecological model previously used to prioritize Lepidoptera species for further testing (Van Wyk, et al., 2007) is
being used to identify potential candidates amongst arthropod species that will be used in further testing and identification of species
to monitor in maize fields.
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The Noctuidae or owlet moths are a family of robustly-built moths that includes more than 35,000 known species, the majority of
which prefer to fly at night.
35

46

Monitoring the environmental impacts of GM maize in South Africa

The effect of direct and indirect consumption
of Bt maize on selected non-target insects
Principal Investigator: Prof Johnnie Van Den Berg
Introduction
Concerns have been raised that large-scale production of transgenic crops may carry potential ecological risks to the natural enemies36
of the target insects (Hilbeck, 2002; Hilbeck, et al. 1998a, 1998b; Kennedy and Gould 2007). Although these organisms are not
targets of the Bt toxin, they may be directly (as herbivores) or indirectly (as predators and parasitoids37) exposed to it as it moves through
the food chain inside agro-ecosystems.
Studies looking at the way in which the different trophic levels38 interact, indicate many different types of interactions, which may have
either a positive or negative impact on natural enemies (Bourguet, et al. 2002; Schuler, et al. 2004; Romeis, et al. 2006).
The potential negative effects of this interaction on the natural enemies include: a lack of food or host availability due to the reduced
availability of the target pest; direct effects of the toxins produced by the GM plant; and, negative effects that are mediated through
insect herbivore hosts (Pilcher, et al., 2005). Potential benefits could include: a reduction in insecticide use, meaning less natural
enemies are directly killed by wide spectrum sprays; increased secondary insect pest prey/host availability; and indirect impacts
making herbivore’s more vulnerable to natural enemies. The degree of these beneficial and negative effects would vary, depending
on whether the natural enemy is a generalist (targets many other species as prey) or specialist (targets only a few species as prey)
(Pilcher, et al., 2005).
Feeding studies are a valuable source of information, and are essential in screening the toxicity of the higher trophic-level species, as
these organisms are exposed to the toxin in an altered form due to processing by the herbivores (Hilbeck, 2002). The effect of the
toxin processing in the herbivore gut needs to be studied at the tri-trophic level, as otherwise, important ecological interactions may
be missed (Hilbeck, 2002).
Bt resistant populations of the target pest, Baccharis fusca, are found in South Africa (Van Rensburg, 2007), providing an ideal
opportunity to evaluate the possible indirect effects of the Cry1Ab protein on the third trophic level, i.e. on the natural enemies.
Information on the effects of Bt-toxins on non-target organisms, whether they are beneficial insects or non-target pests of maize, is
important in the risk assessment process. A number of less important pests of maize in the target group (Lepidoptera) of the Cry1Ab
toxins occur in South Africa. For effective risk assessment, information is also needed on the effect of exposure to Bt-toxin on non-target
pests as it helps to determine the possibility of secondary pest development and can highlight non-target species that should be studied
further or be included in a monitoring programme.
The non-target species were selected39 from Lepidoptera, including the common cutworm (Agrotis segetum), African bollworm
(Helicoverpa armigera), black maize beetle (Heteronychus arator) and wire worms (toktokkie beetles) (Somaticus angulatus). Also
selected was the parasitic fly, Sturmiopsis parasitica, which is an important larval parasitoid of stem borers in Africa and parasitizes
various lepidopteran stem borer species40 of importance in South Africa.
The aim of this study was to determine the effects of Bt maize on life history parameters of these species, hypothesizing that they would
not be adversely affected after realistic exposure to Bt maize.
36

‘Natural enemies’ refers to the enemies (predators) of the insects that eat/damage specific crops which are targeted by the Bt toxin.

A parasitoid is an organism that spends a significant portion of its life history attached to or within a single host organism, which it
ultimately kills (and often consumes) in the process.
37

The trophic level of an organism is the position it occupies on the food chain. The crop plant represents the first trophic level, the pest
insect the second trophic level and the natural enemy (which eats the pest insect) the third trophic level.
38

The non-target Lepidoptera species testing in this study were selected using an ecological model described by Andow and Hilbeck
(2004a, 2004b) and previously used in a South African study on Lepidoptera (Van Wyk et al., 2007).
39

Species parasitized include the African stem borer (Busseola fusca) (Noctuidae), the spotted stem borer (Chilo partellus) (Crambidae), the pink stem borer (Sesamia calamistis) (Noctuidae) and the sugar cane borer (Eldana saccharina) (Pyralidae).
40
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Material and methods
Feeding studies were conducted under laboratory conditions to determine the effect of exposing specific non-target pests and beneficial
organisms to the Bt toxin. The herbivores evaluated in these experiments were collected in the field and in most cases their offspring (F1)
was used in experiments. The fitness of the non-target species (including non-target pests) was compared between individuals feeding
on Bt maize plants and plants of the non Bt plants. The experiments were designed to evaluate insects during all stages of their life
cycles using the whole-plant method41. In the case of the black maize beetle, long-term exposure to Bt maize leaf material as food was
undertaken and larval fitness and subsequent adult fitness was monitored for up to 319 days after egg hatching.
The study of the parasitic fly (Sturmiopsis parasitica) involved inoculating stem borer larvae at suitable development stages that were
exposed to either Bt or non-Bt plants. Various parameters such as the percentage of parasitism of inoculated larvae and developmental
period were measured, as an indicator of fitness.

Results and discussion
Common cutworm (Agrotis segetum)
The effect of the Bt toxin on the biology of the cutworm (A. segetum) was found to be largely insignificant and it was concluded that
Bt maize is unlikely to have any significant effect on this species under field conditions.
Black maize beetle (Heteronychus arator) and wire worms/toktokkie beetles (Somaticus angulatus)
The Bt toxin did not affect larval survival and mass gain in any of the two beetle species and prolonged exposure to Bt maize seedlings
showed that the effect on the fertility of these beetles was insignificant. It was concluded that the Cry1Ab toxin targeting lepidopteran
pests will not have an adverse effect on these beetles at field level.
African bollworm (Helicoverpa armigera)
A significant effect of Bt maize was observed on the African bollworm with significant numbers of larvae surviving after feeding on Bt
maize ears. This indicates that the Bt toxin of MON810 does not meet the high dosage requirement to effectively control this pest of
maize. Since only the bollworm numbers are suppressed on Bt maize, it is likely that resistance has been developed by this non-target
species.
Parasitic fly (Sturmiopsis parasitica)
This study on the effect of Cry1Ab protein on the parasitic fly was the first study of this type worldwide in which a representative of the
Diptera (fly family) was exposed to the Bt toxin. The study represented field situations where resistant target pests (stem borer larvae)
carry the Bt protein to the third-trophic level. The percentage of parasitism of Bt-consuming host larvae was always found to be higher
compared to host larvae fed on non-Bt maize, but was not always found to be significant. It could be that the Bt toxin affected the fitness
of B. fusca larvae to such an extent that their immune systems were weakened, but that the larvae were still suitable for parasitisation.

Conclusions
While the effects of Bt maize on cutworm and beetle species were negligible this was not the case for the African boll worm. Survival
of this lepidopteron species on Bt maize is of concern since it could develop resistance and become an important secondary pest.
Decreasing the target pest populations to minimal numbers through the use of GM crops such as MON810 can drastically change
existing multi-trophic interactions in the field, resulting in a dramatic decrease in stem borer specific parasitoids. This reduction is most
likely due to the reduced host numbers (i.e. the target pests killed by the Bt toxin) and not because of the indirect effect of Bt toxin on
parasitoids. One of the most obvious ways in which GM maize may affect the level of parasitism is by decreasing the availability of
host numbers. However, S. parasitica parasitizes more than one lepidopteran species and so even if the number of parasitoids declines
due to stem borer depletion in Bt maize fields, their persistence in the environment is probably not threatened.

41

The whole plant method uses a whole, actively growing plant as a food source rather than dissected plant parts.
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Effects of growing Bt maize and its
incorporated leaf litter on microbial
diversity and mycorrhizal fungi in soil

Effects of GM plants
on non-target soil
organisms

Principal Investigator: Dr Pardon Muchaonyerwa

Substances released from the

Introduction

roots of live and decomposing

Research on the impact of GM crops on soil and soil dwelling organisms, which are vital for

isms found in the region of soil

nutrient cycling, has produced conflicting results (Saxena and Stotzky, 2001; Icoz and Stotzky,
2008; Lehman, et al., 2008). In 2001, Saxena and Stotzky reported that Bt maize releases
Cry proteins into the rhizosphere. Microbial diversity and function are thought to be affected
by elevated levels of lignin42 contained in the residues (plant material left in the field after
harvesting) of Bt crops (Poerschmann, et al., 2005). However, other research (Griffiths, et al.,
2007) reported minimum, non-persistent, and site specific effects with fewer nematodes43, more
protozoa44 and fewer amoeba45 with Bt maize (MON810) residue than with the non-Bt maize.

GM plants may affect organsurrounding the roots, which
is called the rhizosphere. To
date, only few studies have
investigated these effects and
even less have been designed
to investigate the long-term
effects of these secretions upon

Similarly, although no effects of Bt maize on soil dwelling organisms was found in 2001

soil organisms. In 2009, it was

(Saxena and Stotzky), a later study (Zwahlen, et al., 2003) reported reduced earthworm growth

concluded by the Biological

after 100 days of exposure to Bt maize residues. Earthworms are particularly vulnerable in South

and Ecological Evaluation

Africa as several native species are already facing extinction due to human activities (Edwards

Towards Long-term Effects

and Bohlen, 1996). Bt maize root exudates (secretions) containing Cry proteins, and stems and

(BEETLE) that research on the

leaves with high lignin contents, could potentially negatively affect earthworms in cultivated soil.

impact on soil ecosystems is

The objective of this study was to determine the effects of growing Bt maize, or amending soil
with Bt maize stems and leaves, on microbial diversity.

limited, as the effects measured in the laboratory may not
necessarily predict impacts

Materials and methods

in the field. The BEETLE study

Glasshouse study

recommended monitoring and

Leaves of Bt maize and non-Bt maize produced at the UFS farm in the 2008/09 growing season
were incorporated into a sandy loam soil in pots. Pots containing soil in which no leaves were
incorporated were also included in the study for comparison/control purposes. Bt maize seeds
were planted in pots where Bt maize leaves were incorporated and non-Bt maize seeds were
planted in pots where non-Bt maize leaves were incorporated. Some of the pots without maize
leaves were planted with Bt maize and others were planted with non-Bt maize.
The experiment was carried out under glasshouse conditions and samples were taken from bulk
soils (not directly around the root) and rhizosphere soils at 14, 28, 42, and 90 days after planting.
Microbial diversity in the soils was determined based on the ability of microorganisms to use
different substrates and the data were analysed with principal component analysis46. The samples
were also analysed for spores of mycorrhizal fungi47 by wet sieving and decantation (Sylvia, 1994).
Lignin is a chemical compound found in most plants and is one of the most slowly decomposing components of dead vegetation.
42

Nematodes or roundworms are microscopic worms found in soil and are one of the most
diverse animals found on earth.
43

Protozoa are single-celled microscopic organisms that live in the soil and belong to a group
of eukaryotes.
44

45

An amoeba is a microscopic one-celled organism and type of protozoa.

Principal component analysis is a classical statistical method used to identify the factor causing the most variability.
46

Mycorrhizal fungi are types of fungus that colonise the roots of plants usually in a symbiotic
relationship.
47
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Field studies
Field studies were carried out at the UFS farm in the 2008/2009 and 2009/2010 growing seasons and at the University of Fort
Hare (UFH) farm during the 2009/2010 season. The treatments (maize hybrids) at the UFS farm were white Bt, yellow Bt, and
the white conventional parent of the white Bt and were planted at 20 000 plants per ha. At the UFH farm the treatments included
two Bt maize lines, (white, medium season and yellow, short season), and their non-GM counterparts, and these were planted at
40 00048 plants per ha. Rhizosphere samples were collected throughout the season and analysed for the Cry1Ab protein, microbial
diversity and micorrhizal spore counts49. Throughout the study at the UFH farm, earthworm counts and biomass in the plots were also
determined.

Results and discussion
Glasshouse
For the rhizosphere soil samples, the time of sampling was found to be the primary cause (77%) of variation in the microorganisms
found, followed by the incorporation of the leaves (i.e. presence of residue) causing 8%. In the bulk soils samples, the time of sampling
was attributed to 55% of the variation and the incorporation of leaves 14%. There was no significant influence found from Bt maize
plants and incorporated Bt maize leaves on the microbial diversity in the rhizosphere and bulk soils.
Higher numbers of mycorrhizal fungi spores were found in the rhizosphere of Bt maize treatments than the non-Bt treatments, except
at the end of the experiment, where the treatments without residues had similar numbers of spores. The highest number of fungi spores
was recorded in samples collected 14 days after planting.
Field studies
In the UFS trial in the 2008/09 season, variation in the rhizosphere soils was caused primarily by the time of sampling (65.4%) and
the genetic modification factor (13.1%). In the 2009/10 season, sampling time was 40.6% and genetic modification 26.1%. Midseason differences in microbial diversity were found due to the Bt maize but these differences did not persist and disappeared by the
end of the season – and could be due to differences in chemical composition of root exudates of the maize lines as a result of genetic
modification.
In the UFH trial in the 2009/10 season in the rhizosphere soil samples, sampling time accounted for 50.7% and genetic modification
accounted for 24.3% of variation of microorganisms. Only the Bt crop differed from the other treatments but this difference was
inconsistent. The earthworm counts and activity results appeared to follow similar trends with those of the mycorrhizal spore counts in
that genetic modification treatments differed during the season (Table 5) but were similar at the end of the season.
Table 5. Earthworm activity in soil grown with Bt maize cultivars and their near-isogenic lines.
Treatment

Earthworm activity (casts m-2)

DKC61-25B

21.8a

DKC61-24

45.8b

PAN6Q-321B

28.0a

PAN6777

21.7a

LSD (p<0.05)

12.94

Across all the experiments the levels of Cry1Ab protein were not detectable in the soil, possibly because it decomposed rapidly once released
or that the buffers used for extraction were not strong enough to free the protein from soil particles to which it adheres (Tapp, et al., 1994).

Conclusions
Bt maize did not show consistent effects on microbial functional diversity, mycorrhizal spore counts and earthworm numbers under both
field and glasshouse conditions in the short-term. Longer term studies may be necessary.
48

The difference in planting density between the two sites was due to irrigation at the UFH farm.

49

Mycorrhizal spore counts were collected for UFH samples only.
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Recommendations and research gaps
These results indicate that Bt maize cultivars (MON810) can be grown without negative effects on soil dwelling organisms, at least
in the short-term. Further studies need to focus on soils on which Bt maize has been grown for between 5-15 years, particularly on
commercial farms in the maize triangle of South Africa.

Implications for post-commercial monitoring
The findings suggest no negative effects on microbial diversity, earthworm and mycorrhizae. It is not expected that post commercial
release monitoring would find negative effects of Bt maize of soil biological function in the short term. However, attention is needed
on farms where Bt maize has been grown for the medium to long-term.
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