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This paper aims to update the public on 
activities and increased concerns since 
South Africa first approved the cultivation 
of genetically modified (GM) crops before 
the turn of the century. We are now living 
through a global pandemic, pointing to 
the imbalanced relationship between 
humans and our life-supporting systems 
and illustrative of the multiple planetary 
boundaries outstripped and exploited. This is 
a foreshadowing of an uncertain future, an 
embodiment of the climate crisis and impact 
of widespread ecological collapse. 

Industrial agricultural expansion plays a 
central role in biodiversity loss and ecological 
destruction, driving and deepening social 
and economic inequalities, and putting the 

future of human civilisation at risk. However, 
industrial agriculture remains at the heart 
of the false solutions being offered, and 
genetically modified organisms (GMOs) are 
an integral part of these so-called ‘solutions’. 

This paper aims to: paint a picture of where 
we are in South Africa; the impact of GMOs 
on the environment, on biodiversity, on food 
and nutritional security and on other socio-
economic aspects; and the inadequacy of the 
risk assessments used in decision-making. 
This paper also reinforces  public outcries 
to halt the cultivation and consumption 
of GMOs, especially with the lack of safety 
monitoring of GMO products such as maize 
that many people rely on, to meet daily 
nutritional needs. 

Introduction
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Globally, South Africa was one of the earliest 
adopters of GM crops. Today the country 
ranks within the top 10 producers of GMOs, 
having planted about 2.7 million hectares in 
2018 (ISAAA, 2018).

Permits may be issued for contained use, 
field trials, general release or for commercial 
commodity imports of GM grains for direct 
use as food, feed and processing. Since 
1997 authorities have approved the general 
release of 20 GM events, for maize, soya, 
and cotton.1 The majority of these are for 

stacked insect resistance and herbicide 
tolerance in commodity crops, as well as one 
drought resistant maize, although the latter 
has not yet been commercially planted. It 
is estimated that in 2018, 94% of our maize 
crop was genetically modified and 80% of 
those plantings were stacked varieties. South 
African authorities have given thousands 
of permits over the decades for commodity 
import of GM grain, and also export of GM 
grains to neighbouring countries, including 
Zimbabwe, Mozambique and Eswatini (see 
DAFF permit list).2 

1. www.dalrrd.gov.za/doc/General%20Release%20Approvals%20%20_GMO%20Act%2015%201997%20%20%202018.pdf
2. www.dalrrd.gov.za/Branches/Agricultural-Production-Health-Food-Safety/Genetic-Resources/Biosafety/Information/

Genetically modified crops and foods present a complex nexus of issues that include environmental 
and ecological concerns, health, socio-economic impacts, corporate control over knowledge and the food 
system, climate change, strategic responses to persistent global hunger and diet-related disease, trade, 
culture and ethics, amongst others. 

In the South African National Biodiversity Institute’s (SANBI’s) 2011 monitoring report on MON810, 
the authors point out that the capacity of the industry to research and develop new GMOs outstrips 
government’s capacity to develop appropriate protocols to monitor and assess impacts. This situation 
persists today, when we have second-generation technologies on the horizon, yet still have not assessed 
and understood the impacts of first-generation GM crops.

Many concerns have been neatly sidestepped by international and domestic legislation. This narrows 
the ambit of risk assessment to “science-based decision-making” and puts a laser focus on the genetic 
modification of concern, largely removed from its context. For example, associated herbicides that the 
modification works with, or the socio-economic context in which the technology will be deployed, are 
ignored. The assessments are so narrow that they can ignore the context of the organism in which the 
gene of interest will be inserted. This problem was highlighted in SANBI’s 2011 report, which showed 
the influence of the genetic background of the variety used and the environment in which it grows on 
gene expression (SANBI, 2011). The narrow parameters of risk assessment put in place by our government 
has essentially rigged the system to privilege the superiority and dominance of corporate science and 
the promotion of a particular type of agriculture, while effectively stripping citizens and independent 
scientists of the capacity to engage in these complex and important decisions about how our food is 
produced and who has control of our food system.

Brief history of GMO releases in 
food and agriculture in South Africa 
and public concerns
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Regulatory system and risk evaluation 

Civil society interest groups have 
continuously acted in the public interest as a 
watchdog on GMO activities in South Africa. 
As a research and advocacy organisation, 
the African Centre for Biodiversity (ACB) 
has played a historical role in regulatory 
oversight and decision-making processes on 
biosafety, particularly in light of biodiversity, 
agricultural biodiversity, and environmental 
and socio-economic impacts. 

South Africa, unlike many other countries 
on the continent, allows for some degree 
of participation of the public in decision-
making processes, and access to information 
through the Promotion of Administrative 
Justice Act (2000), the Promotion of 
Access to Information Act (2002) and the 
Constitutional provisions on access to 
information. 

However, it is deeply concerning that civil 
society receives heavily redacted information 
and that the applicants are at liberty to 
decide what constitutes “confidential 
business information” (CBI). This has made 
meaningful engagement with the science 
underpinning the technology very difficult. 

Furthermore, regulators have been slow to 
upload decisions and risk assessments to 
the international Biosafety Clearing-House; 
an international legal obligation designed 
to assist public participation as well as 
decision-making in other countries. There is a 
general concern that the EC bases decisions 
on limited information and largely ignores 
the views of the public and civil society. 
This is, of course, deeply concerning and 
raises questions about the legitimacy and 
objectives of such public participation.

Commodity imports and permits for 
problematic events 
Due to South Africa’s zero tolerance for 
unauthorised events, industry applies for 
permits for events that are not approved 
for commercial growing in South Africa. 
This is highly dubious in terms of biosafety. 
For example, maize that is stacked with 
“enhanced ethanol production” (Syngenta’s 
3272 x Bt11 x MIR604 x GA21)4 or that 
is dicamba resistant (e.g. MON87708 x 
MON89788 x A5547-127).5

Consumer choice and labelling 
Current labelling provisions are found under 
the Consumer Protection Act (2011) and 
related regulations. The food industry claims 
that the regulations are confusing and 
difficult to implement. They are therefore 
implemented in an ad hoc fashion, with little 
oversight from government. Furthermore, 
while labelling may give consumers 
information about the GM content of 
various products, they often have no capacity 
to make alternative choices, given the 
saturation of GM-derived ingredients in our 
staple foods and processed foods.

3. https://biowatch.org.za/download/a-landmark-victory-for-justice/?wpdmdl=495&refresh=5efeda5ca517a1593760348
4.  https://www.acbio.org.za/sites/default/files/documents/Alert_GM-agrofuel-maize-to-enter-SA-food-system.pdf
5.  https://www.acbio.org.za/sites/default/files/documents/GMO%20Alert%20News%20and%20status%20quo%20in%20South%20Africa.pdf

General concerns

These difficulties of public 
access to information were 
first challenged by Biowatch in 
court in 2002.3 In 2018 the ACB 
successfully challenged Monsanto 
in court for access to field 
trial data on drought resistant 
maize, that had been hidden 
from the public for a decade.
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Public participation 

There is limited involvement by civil society in 
decision-making processes on GMO trials or 
releases into the environment. Public input is 
limited to objecting to applications, where it 
is alerted to such applications through public 
advertisements in national newspapers. 
In cases where civil society, and the public, 
is made aware of an application for field 
trials or commercial release, due process is 
followed, by submitting a request for access 
to information through PAIA and receiving 
the non-CBI version of the application, the 
risk assessment, and risk management 
measures. 

These processes are unfortunately incredibly 
limited, and to a large extent restrict 
meaningful public engagement. The 

applicant may deem what is considered CBI, 
which prevents meaningful interrogation of 
the application. 

Civil	society	groups	and	the	public	at	large	
have	influenced	the	regulatory	framework	by
• Ensuring a broad scope of the GMO Acts, 

so they apply to all GMOs, including, for 
example, GM vaccines for humans and 
animals.

• Campaigning for stricter labelling 
regulations, which have yet to be clarified. 
South Africa remains without effective, 
enforceable labelling laws.

• Having zero tolerance of unapproved 
GMOs.

• Ensuring that applications for approvals 
for any use are dealt with on a case-by-
case basis and in a step-wise manner.

Here are some key controversies that civil society has raised with South African authorities 
over the years.

Lack of peer-reviewed science 
• Dearth of studies regarding long term safety/toxicity of GM foods for humans and animals; 
• Concerns regarding scientific discourse and practice for testing protocols and risk assessment 

parameters.

Substantial equivalence 
• Disagreement with the unscientific notion of “substantial equivalence”, which underpins food safety 

risk assessment. 

Non-peer-reviewed data 
• Decision-making based on non-peer-reviewed data prepared by the producers of GMOs and shielded 

from public oversight as CBI;
• Concerns with poor level of science presented in many safety dossiers, often using inappropriate or 

deficient experimental design, and displaying faulty analysis of data;
• Inappropriate use of CBI, often used to cover up a lack of evidence or hide a lack of scientific rigour. 

Difficulties of public access to information 
• Information is hard to access and when shared, highly redacted;
• Lack of compliance with obligations to update the international Biosafety Clearing-House.

Administrative justice 
• Lack of administrative justice in terms of short public comment windows;
• Lack of feedback on submissions;
• Lack of timely access to decisions and difficulties regarding appeal processes. 

Secrecy regarding members of the advisory committee 
• Concerns about vested interests in decision-making as well as questions regarding scientific capacity to 

assess and apply the latest scientific information; 
• Regulators’ inherent bias toward corporate science and a tendency to label independent science as 

“junk” and disregard lay opinions that may speak to a wide array of concerns, e.g. seed sovereignty, 
cultural or personal preferences, ethics, etc.



8    AFRICAN CENTRE FOR BIODIVERSITY – GMOs in South Africa 23 years on: Failures, biodiversity loss and escalating hunger

Over the years, civil society has contributed 
to providing information that may have had 
an impact on decision-making to restrict and 
limit the commercialisation of some GMO 
crops. Specific GMO crops and events have 
been rejected, such as: 
• GM sorghum, because it is an indigenous 

crop with many wild relatives;
• GM potato, due to biosafety concerns 

raised by independent scientific analysis 
presented by civil society and socio-
economic concerns regarding potential 
loss of markets;

• Triple-stacked drought-tolerant events, 
made possible only when access to 
information was made possible.

While there may have been some decisions 
concerning GM applications that were 
rejected based on skewed or limited evidence, 
there is generally outrage at the: 
• Pervasive use of GM seed being cultivated; 
• Poisoning of South Africa’s staple crop with 

glyphosate, in particular;
• Concentration of seed companies in the 

South African seed sector, leading to a lack 
in farmer choice (ACB, 2018c);

• Increasing price of seed and agricultural 
inputs;

• Corporate ownership over seed;
• Pest resistance and increase in the use of 

increasingly toxic cocktails of chemicals, 
as evidenced in failures such as Bt cotton 
in the Makhatini flats (Pschorn-Strauss, 
2005);

• Contamination of farmers’ seed (Iversen et 
al., 2014);

• Lock-in of smallholder farmers into a 
technological model, including through 
farmer support programmes (ACB, 2018c).

Many people remain uninformed and 
unaware of civil outspokenness and petitions, 
such as one spearheaded by the ACB, which 
over 22 000 people and organisations signed 
to prevent the entry of Corteva’s triple-
stacked maize adapted to be resilient to 
herbicide 2,4-D, an active chemical in war 
chemical, Agent Orange.6 We remain deeply 
concerned at the lack of precaution taken by 
the government in this regard. 

Impacts on the environment 

Reported	environmental	impacts	of	GMOs	
include:
• Changes to plant biochemistry and toxicity 
 (Mesnage et al., 2016; Bollinedi et al., 2017; Li et al., 

2009; Olsen et al., 2005; Rosatti et al., 2008; 
• Impact on non-target species
 (Castaldini et al., 2005; Chen et al., 2016; Hilbeck and 

Otto, 2015; Hilbeck et al., 1998; Hilbeck et al., 2012; 
Latham et al., 2017; Pott et al., 2020; Ramirez-Romero 
et al., 2008; Van Frankenhuyzen, 2013; Van Wyk et al., 
2007; Venter and Bøhn, 2016)

• Pest resistance
 (Dively et al., 2016; Huang., 2014; Van den Berg et al., 

2013; Vélez et al., 2013; Wu et al., 2018)
• Impacts on human health
 (de Vendômois et al., 2009; Mesnage et al., 2012; 

Séralini et al., 2014; Vázquez-Padrón et al., 2000; 
Vázquez-Padrón et al., 1999)

• Secondary pest emergence
 (Bergé and Ricroch, 2010; Catarino et al., 2015; Lu et 

al., 2010; Kranthi et al., 2020; Wu et al., 2002) 
• Issues with the production system itself
 (Campbell et al., 2017; IPBES, 2019; IPES-food, 2016)

However, these have failed to trigger an 
environmental impact assessment (EIA), 
provided for under the GMO Act. In 2019 
the ACB requested an EIA to be triggered 
regarding the approval to release 2,4-D 
maize. However, no response was received 
from the Minster of Environmental Affairs.7

Insect and weed resistance 
leading to complex stacked traits 
and pesticide cocktails 
With the advent of insect resistant and 
herbicide tolerant GM traits, we have seen 
the biological evolution of insects and 
weeds resistant to these technologies, 
and the emergence of secondary pests. 
This creates the condition where stacking 
of traits is necessary to keep up with this 
natural evolution of species, with unknown 
effects more complex to assess. In SANBI’s 
2011 report on the insect resistant maize 
event, MON810, which is now obsolete, the 
authors highlighted concerns regarding 
insect resistance and refugia management. 
Furthermore, about 80% of the maize 
cultivated globally is Roundup Ready maize, 
and therefore resistant to glyphosate 

6. https://awethu.amandla.mobi/petitions/south-africa-says-no-to-mansanto-s-bogus-drought-resistant-maize-with-cancer-causing-agents
7. https://www.acbio.org.za/sites/default/files/documents/Objection%20against%20general%20release%20of%20three%202%204%20D%20GM%20maize%20

varieties.pdf
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(Benbrook, 2016), with the emergence of an 
array of glyphosate resistant weeds (Heap 
and Duke, 2018). The industry is responding 
by developing stacked GM events to deal 
with this issue, which is further creating 
multiple resistance in weeds. This never-
ending cycle creates a dangerous reliance on 
increasingly toxic chemicals and pesticide 
cocktails to deal with insect and weed 
resistance, often going unassessed, and 
putting	farmers,	farm	workers	and	farm	
ecologies	at	risk. 

Our regulators continue to assert that the 
benefits outweigh the risks, a position 
that is not science-based in a regulatory 
environment where the pesticide industry 
is largely left to regulate itself and may 
continue to hide behind CBI. It is not clear 
how these findings feed into current risk 
assessment and management protocols, 

permit conditions and enforcement. The 
biotech industry has managed to convince 
authorities to sidestep best safety practice 
on the assessment of stacked traits, putting 
their profits above concerns of public health 
and environmental safety. 

South Africa is the biggest importer and user 
of pesticides in sub-Saharan Africa, with more 
than 500 registered active ingredients (Quinn 
et al., 2011). About 80% of the maize cultivated 
globally is Roundup Ready maize, and 
therefore resistant to glyphosate (Benbrook, 
2016). In South Africa, figures from 2012 
indicate that 42% of GM maize produced was 
stacked maize consisting of both Bt and Ht 
traits: 29% single trait Bt maize, and 13% single 
trait Ht maize (Van der Walt, 2012). Increased 
GM crop cultivation has been met with 
drastic increases in the use of glyphosate-
based herbicides, rising almost 15-fold since 
“Roundup Ready” genetically engineered 
glyphosate-tolerant crops were introduced 
worldwide in 1996 (Benbrook, 2016). 

Due to insufficient crop management and 
excessive glyphosate use, stacking of traits 
is on the increase, to withstand more toxic 

pesticides. In South Africa this includes 
glufosinate as well as 2,4-D, with dicamba 
on the horizon. International levels for 
maximum residue levels are established 
by the World Health Organisation Codex 
Committee on Pesticide Residues, though 

This never-ending cycle creates a dangerous reliance on increasingly toxic 
chemicals and pesticide cocktails to deal with insect and weed resistance, 
often going unassessed, and putting farmers, farm workers and farm 
ecologies at risk. 
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individual nations set their own, which may 
be lower or higher than the recommended 
Codex level. This said, the safe levels for 
pesticides determined by regulators, based on 
the acceptable daily intake, are inadequate, 
heavily influenced by the industry and often 
outdated (ACB, 2017a; Mesnage et al., 2014).

Impacts on genetic, agricultural 
biodiversity and biodiversity 
Large-scale industrial agriculture has massive 
environmental impacts for on- and off-farm 
biodiversity. GM production takes this a step 
further. The prolonged use of associated 
toxic chemicals and reliance on intensive and 
indiscriminate use of synthetic fertilisers and 
agrochemicals more broadly: destroys soil 
biodiversity; negatively affects soil microbial 
functions and biochemical processes; 
depletes soil fertility; and negatively affects 
the presence of microbial community and 
composition, thereby creating unfavourable 
conditions for plant growth (Meena et al., 
2020). 

This results in either a reduction in nutrient 
availability and/or an increase in disease 
incidence, which may have profound 
effects on food supply, nutritional security, 
and human and animal health. This is all 
besides the ever expanding need to increase 
economies of scale, which creates barren, 
single-crop landscapes, as evident across 
South Africa. These single-crop landscapes 
cause direct displacement or extermination 
of biodiversity, as well as having negative 
effects downstream through polluting 
waterways. 

Experts across the globe are calling for an 
urgent shift away from industrial agricultural 
food systems towards more ecologically 
based, biodiverse practices (De Schutter, 2010; 
HLPE, 2019; IPES-Food, 2016), yet the emphasis 
remains on large-scale monocropping. The 
effect of industrial agriculture is well-known, 
depleting soil fertility, requiring endless use 
of pesticides to combat the vulnerability 
due to large-scale production of genetically 
uniform crops, reducing agricultural 
biodiversity and genetic diversity, as well as 
destroying natural habitats and large-scale 
reduction of biodiversity, contributing to 
climate change, the ecological crisis, and of 
course, the health crisis we find ourselves in 

in 2020. GM crops are situated within this 
extractivist model of agriculture, which is 
known to be unsustainable, ineffective, and 
based solely on short-term yield gains, yet 
this myth is persistently offered as a solution 
to global food insecurity (Berners-Lee et al., 
2018; HLPE, 2019; IPBES, 2019; IPES-Food, 2016). 

Contamination, displacement of traditional 
seed, and compensation for failed crops 
In South Africa, the horizontal gene flow 
from GM varieties to local varieties has 
been extensively documented (see Iversen 
et al., 2014), which is worrying, particularly 
for those who wish to maintain the genetic 
integrity of their varieties.

Support for industry from the public purse 
is used for the purchase and distribution 
of proprietary technology that displaces 
smallholder and traditional practices and 
knowledge systems, creating dependency on 
proprietary technology. Government has not 
assessed the impact of GM seeds distributed 
in government support programmes 
for smallholder farmers, in relation to 
contamination, knowledge of and capacity 
for planting refugia, breeders’/farmers’ rights, 
safe pesticide use, nutritional diversity or 
compensation to smallholder farmers for 
failed crops. 

For example, Monsanto compensated 
commercial farmers when MON810 crops 
were destroyed due to failed insect resistance 
(Van den Berg et al., 2013); similarly in 2009 
Monsanto compensated farmers for 200 
000 ha of GM maize that failed to seed.8 
There is no clarity around what, if any, 
assistance smallholders would receive in such 
circumstances.

Concerns regarding the trajectory of 
agricultural production 
Government’s unquestioning promotion of 
industrial agriculture as the sole trajectory 
to dominate the food production system 
in South Africa is baffling. The focus on an 
export-orientated, high-yielding industrial 
model of agriculture, in which GM-based 
agriculture is situated, as the only approach 
to crop production, creates a centralised, 
corporatised and highly vulnerable food 
system. 
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This is particularly important considering 
the ecological and climate crisis we face, 
rooted in industrial agriculture’s unabated 
expansion (IPES-Food, 2020) and highlighted 
by the current COVID-19 pandemic. Such a 
model relies on the use of synthetic fertilisers 
and agrochemicals, locking farmers into an 
increasingly expensive technological package 
of external inputs, with massive, undisputed 
negative impacts on both on- and off-farm 
biodiversity and human health, especially 
that of farm workers. Beyond this, around 
80% of agricultural inputs are imported,9 
which puts the entire food system at risk 
when the value chain is disrupted. 

It is vital that we support the transformation 
of agricultural and food systems that 
ensure the conservation and sustainable 
use of agricultural biodiversity, as well as 
the upstream and downstream impact on 
biodiversity more broadly. Unfortunately, 
agroecology has been relegated to 
subsistence agriculture, despite the role of 
industrial agriculture in land concentration, 

corporate concentration, job shedding, health 
risks related to agrochemicals, environmental 
damage, diminished dietary diversity 
and well known driver of climate change. 
There is an unexamined assumption that 
agroecological methods cannot produce 
enough food. There has also never been 
discussion regarding the problems organic 
farmers have with GMO contamination 
and pesticide drift, and associated loss of 
certification and markets. Similarly, the 
role of GMOs in diminishing our export 
market options has not been discussed.

Biosafety risks 

Genetic engineering transgenic techniques 
are inherently unpredictable processes 
associated with unintended effects at 
the molecular level, with documented 
examples of potentially adverse agronomic, 
environmental and health effects (Bauer-
Pankus et al., 2020; Bollinedi et al., 2017; Li 
et al., 2009; Mesnage et al., 2016; Séralini 
et al., 2014), as acknowledged by the UN 
Food and Agricultural Organisation’s Codex 
Alimentarius guidelines on food safety.10 

From a biosafety perspective, there are 
major concerns regarding the implications 
of unintended effects for human health, but 
these are generally inadequately assessed. 
Safety assessment limitations are based on a 
handful of industry made-up principles that 
remain controversial and widely critiqued for 
being, at best, pseudo-science, resulting in 
permissive attitudes towards approvals as a 
result.

Substantial equivalence 
One such principle used in safety 
assessments is the concept of substantial 
equivalence. As reviewed by Ho and 
Steinbrecher (1998) this concept, which is 
used to compare the nutritional content of 
GMOs with their conventional counterparts, 
is an analytical exercise and not a safety 
assessment. The practice conveniently allows 
the comparison of a transgenic line to any 
variety within the species, and even to an 
abstract entity made up of the composite 
of selected characteristics from all varieties. 
As Ho and Steinbrecher assert (2008), “it 
offers less than minimalist protection for 
consumers and biodiversity, because it 

8. https://www.acbio.org.za/wp-content/uploads/2015/02/ACB_Open-letter_Monsanto_crop_failure_November-2009.pdf
9. Personal communication GrainSA, 2020
10.  See http://www.fao.org/fileadmin/user_upload/gmfp/resources/CXG_068e.pdf

The world is waking up to the devastating impacts of industrial 
agricultural expansion, genetically uniform agricultural 
systems and the global agri-food trade. 
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is designed to be as flexible, malleable, 
and open to interpretation”. Even when 
statistically significant differences are 
found in risk assessments, they are often 
dismissed as not “biologically meaningful” 
and do not trigger further investigation. In 
contrast, more thorough analyses have been 
performed by independent studies, reporting 
substantial “non-equivalence” (Abdo et al., 
2013; Bøhn et al., 2014; Mesnage et al., 2016). 
The Mesnage (2016) study, which performed 
“multi-omics” profiling as a means for 
unbiased global profiling of altered 
transcriptional, translational, or metabolic 
profile differences, noted a 1.8–28-fold 
increase in metabolites that are potentially 
toxic under certain conditions. 

Herbicide residues
Bøhn et al. (2014) report on the presence 
of herbicide residues present on Ht crops. 
Testing pesticide levels is as important as 
substantial equivalence assessments for GM 
glyphosate-tolerant crops, considering that 
glyphosate is taken up by the plant, and also 

alters the metabolism 
and biochemistry of 
the plant as well as 
surrounding soils, and 
hence the chemical 
composition of crops. 

Herbicides are also 
widely associated with 

human toxicity, including 
glyphosate which is 

causatively linked to human 
disease at legally permitted 

levels (Mesnage et al., 2015). 
Glyphosate has been shown to 

reduce photosynthesis and nutrient 
uptake in soybeans (Bellaloui et al., 2008). 

Their study reveals the importance of the 
interaction between the environmental 
and genotype, which are dependent not 
only on chemical use but also on differing 
environmental conditions, such as soil type. 
This is currently not considered regarding 
substantial equivalence. Any assessment of 
equivalence can thus be deemed of limited 
relevance when herbicides are not included.

Biosafety of stacking traits
The biosafety of stacking of traits is also 
not considered. Claims of safety are done 
without considering the stacked event, and 
are often based on individual traits, rather 
than on the final stacked event, failing to 
account for the combinational/synergistic 
effect that may occur during the stacking 
of multiple transgenes. Contrary to South 
Africa, other regulatory bodies stipulate 
that stacked traits are risk assessed as a 
new entity, for example, Regulation (EC) 
No 1829/2003 in European Union Law.11 
An assessment of stacked traits can take 
into account the possibility of stacked 
varieties showing potential synergistic/
combinatorial interactions between the 
individual modifications. Such interactions 
have been documented in stacked maize 

11. https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32003R1829
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that carries both Bt toxins and glyphosate 
tolerance, showing alterations of transgene 
expression in the stacked versus single event 
lines (Vilperte et al., 2016). A 2020 study has 
also revealed increased stress responses and 
metabolic differences in stacked versus single 
event traits (Zanatta et al., 2020), detected 
with the use of global profiling techniques, 
which the authors recommend should be 
performed in risk assessments to detect such 
unintended effects. 

History of safe use
Another major principle of safety assessment, 
the concept of a “history of safe use”, is often 
based on natural counterparts or bacterially 
produced versions, neither of which are 
identical to those in GM crops. Nor do they 
take into consideration any unintended 
effects that may alter the whole plant itself. 
As documented by Latham et al. (2017), such 
differences that are not considered between 
the modified Bt toxins in GMOs and their 
natural counterparts have biological and 
safety implications, such as increased toxicity, 
broadened toxicity to additional organisms, 
and environmental persistence. Evidence 
that GM crop-derived Bt toxins are detected 
in human blood (Aris and Leblanc, 2011) also 
contrasts to the lack of survival of surrogate 
counterparts reported in risk assessments, 
serving as a warning of the limitations of 
“history of safe use” extrapolations. 

Other health implications
A similar lack of rigour is used to assess other 
health implications, such as allergenicity, 
which tends to rely on bioinformatics 
predictions to known toxins, and not on 
empirical data. Such a method assumes that 
sequences of all the toxins that exist are 
known and fails to recognise the potential 
generation of novel allergens that may 
be generated by the genetic engineering 
process.

Scant supporting studies
Often supporting information is sorely 
lacking, with the absence of notable, or 
long-term, toxicity studies to validate claims 
of safety for human consumption. Risk 
assessments are often approved without 
any feeding study being performed on the 
whole GM plant, let alone long-term or 
intergenerational studies that can be used to 

conclude lack of long-term effects.
Further to this, a lack of supporting 
information including poor or no risk 
assessment data on environmental impacts 
and effects provided in applications, such 
as the impact on non-target organisms, 
overlook the monitoring and risk 
management measures that need to be done. 

Receiving environment disregarded
When data on effects on non-target 
organisms is assessed, no consideration 
of the relevant receiving environment is 
taken into account. For example, lack of 
adverse effects on a US species may be 
used to provide evidence in the South 
African receiving environment, despite 
no assessments on South African species 
being conducted. This concept of ‘data 
transportability’ pushed by GMO developers 
does not take into consideration either the 
genetic differences between species or the 
genetic environmental interactions in a 
particular receiving environment, such as 
insecticidal toxins produced by a GMO, and 
how these may affect the response to traits. 

With current characterisation of the 
receiving environments lacking, it remains 
impossible to ascertain whether the biology 
and ecology of non-target organisms can be 
compared across entirely different receiving 
environments spread across continents. Field 
trials provide the opportunity to begin to fill 
such data gaps but unfortunately are yet to 
form part of risk assessment practice. Indeed, 
any claim that different species will respond 
identically to a potentially toxic compound 
goes against the very claims of the specificity 
of GMOs, such as insecticidal Bt crops, to 
target single organisms.

Often supporting information 
is sorely lacking, with the 
absence of notable, or long-
term, toxicity studies to 
validate claims of safety for 
human consumption. 
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Weak monitoring framework
Despite South Africa’s history of growing 
GM crops, lack of systematic and consistent 
monitoring continues to be a major point of 
concern. It is known that extensive pest and 
weed resistance has taken place in South 
Africa and globally, which poses significant 
threats to biodiversity, food production, pest 
control and therefore food security more 
broadly (Bøhn and Lövei, 2017; Heap and 
Duke, 2018; Kranthi and Stone, 2020; Van 
den Berg et al., 2013). Indeed, pest resistance 
and refugia management were key concerns 
raised in SANBI’s monitoring report on 
MON810 (SANBI, 2011).

Socio-economic implications

South Africa has a dualistic agricultural 
system with a small number of large-scale 
commercial farmers, and a historically and 
continuously marginalised large number 
of small-scale farmers. The deepening 
disparities between these groups due to 
the high costs, economies of scale and input 
capital, among other barriers to entry, limit 
emerging farmers from participating actively 
in the agricultural and food sector. 

Smallholder farmers are unable to purchase 
expensive inputs, and do not have the 
necessary protective gear; or the spatial 
and other aspects needed to ensure refugia 
requirements are adhered to. They are 
unable to use pesticide in a manner that 
protects from exposure and concomitant 
adverse impacts. Despite these disparities, 
the South African government promotes a 
single market-oriented model of agricultural 
support for smallholders, locking farmers into 
technological dependency, and ultimately 
increasing the local threat of food insecurity 
(ACB, 2018c; Fischer, 2013; Mtero, 2012; Sikwela 
and Mushunje, 2013). 

In South Africa, almost all the maize, soya, 
and cotton are genetically modified (ISAAA, 
2017). Maize and soya are primary food and 
feed crops in South Africa, and the fact that 
there are few or no alternatives is great 
cause for concern (ACB, 2016). Disparities 
continue across the food sector, with 
unequal access to nutritious and diverse 
foods. The majority of South Africans rely 
on mono-maize diets and are severely 
malnourished, with widespread hunger 
persisting (Oxfam, 2014; Stats SA, 2017). This 
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may not be attributable solely to the advent 
and pervasiveness of GM cultivation, yet it 
is staggering that while the main argument 
for growing GM crops is to cater to the need 
to feed growing populations through high-
yielding cultivation, hunger and malnutrition 
continue to rise.12 

South Africa is considered a food secure 
country and yet almost half the population 
remains highly vulnerable and experience 
hunger daily (Oxfam, 2014). Therefore, the 
claim that high-yielding GMOs can feed a 
growing population remains only a myth. 
To address these systemic issues, food and 
agricultural systems need to look beyond 
yield and productivity, to include indicators 
such as nutrition, quality, accessibility, and 
diversity of food (IPES-Food, 2016). 

Even	with	the	narrow	emphasis	on	yield	
and	productivity	gains,	GMOs	have	
continuously	failed	to	yield	sustainably	
more	than	their	non-GM	counterparts	
(Heinemann et al., 2013; Kranthi and 
Stone, 2020; Rodale Institute, 2011). While 
statistics from South Africa show maize 
yields outstrip neighbouring countries, and 
even internationally, this may be due to a 
number of additional variables, including 
the hybrid seeds used and the quantities 
of inputs (Greyling and Pardey, 2019). Yet, 
efficacy	failures	are	illustrated	by	the	South	
African	government’s	2019	rejection	of	the	
triple-stacked	GM	maize	variety,	marketed	
as	being	drought-tolerant, for performing 
worse, or equal to non-GM varieties across 
national trials.13 Additional indicators, beyond 
simply yield and productivity, are desperately 
needed to ensure the sustainability of food 
supply and to acknowledge the benefits and 
negative impacts of production systems (see 
IPES-Food, 2016).

The seed sector is similarly unequal, as it 
focuses exclusively on the formal sector, 
neglecting the genetic and agricultural 
biodiversity in farmers’ fields, which is the 

genetic material for modern breeding (FAO, 
2004). Policies, laws and programmes are 
oriented solely towards centralised markets, 
leaving diverse crops, diets, and preferences 
at the wayside. An additional concern is 
the fact that many GM varieties have plant 
breeders’ rights (PBR), and these intellectual 
property rights may ultimately have 
implications for smallholder farmers to reuse 
farm-saved seed.14

Beyond this, we have witnessed increasing 
vertical and horizontal integration of seed 
and agrochemical companies, with ever-
larger mergers controlling all agricultural 
inputs (ACB, 2017a). This requires urgent 
attention from competition authorities, as 
this will have a dire impact on access to seed 
and will result in the continual tying of our 
seed to increasingly toxic chemicals. 

Shortfall of socio-economic studies
There is a chronic paucity of independent 
socio-economic studies being done for 
consideration by the EC, especially at 
commercial release stage. This is extremely 
worrying, taking into account: 
• Displacement of smallholder farming 

systems and the knock-on effects 
of expanding large-scale corporate 
production of maize (Stats SA, 2007);15

• Rising cost of agricultural inputs (ACB, 
2012; ACB, 2016; Fischer et al., 2015);

• Food safety and nutrition concerns 
(Hilbeck et al., 2015; Schubert, 2008); 

• Impact on farmers and farm workers 
exposed to toxic pesticides cocktails, to 
deal with pest resistance (Kranthi and 
Stone, 2020);

• Corporate concentration of South African 
seed sector and reduction of farmer choice 
for maize seed and the knock-on effects 
of the expanding of large-scale corporate 
production of maize (ACB, 2017a). 

This locks smallholder farmers out of the 
market and contributes to rising nutritional 
insecurity. With deepening hunger and food 

12. See https://www.businesslive.co.za/bd/opinion/letters/2020-02-28-letter-after-20-years-of-growing-gm-maize-malnutrition-remains-staggering-in-sa/?fbclid=IwAR
3pqd37oKMyK7vozn4bYammkNpK4BuiJ7igahFMemxmoHyrQBwl09snJuI

13.  https://www.acbio.org.za/sites/default/files/documents/Minister%27s_final_decision_on_Monsanto_appeal.pdf
14. See ACB’s briefings on South Africa’s Plant Breeders’ Rights Act and Plant Improvement Act to understand the connections between seed trade, plant variety 

protection, and GM. https://www.acbio.org.za/en/south-africas-new-seed-and-pvp-acts-undermine-farmers-rights-and-entrench-corporate-capture-control
15. This is despite the global recognition of the role smallholder farms play in feeding the world, and for sustainable agriculture http://www.fao.org/family-farming-

decade/home/en/ ; and the Declaration on the Rights of Peasants and Other People Working in Rural Areas: https://digitallibrary.un.org/search?f1=author&as=1&sf=ti
tle&so=a&rm=&m1=e&p1=UN.%20Human%20Rights%20Council%20(39th%20sess.%20:%202018%20:%20Geneva)&ln=en
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insecurity in the country, we urgently need 
to rethink agricultural practices and broader 
food system in South Africa. 

Differentiated impacts between large-scale 
and small-scale farmers
With rising input costs, commercial 
agriculture in South Africa has reduced 
overall numbers of farmers, while expanding 
in size and outputs (ACB, 2016; Stats SA, 
2007). Between 1993 and 2007 the number 
of maize farmers reduced from 60 000 to 
40 000. Expanding industrial agriculture 
encroaches on natural habitats and 
biodiversity and reduces on-farm biodiversity. 
This is particularly true with regards to GM 
varieties with their associated chemicals, 
most notably Ht crops. 

For large-scale, commercial farmers the 
impact of this would point specifically 
to the reduced fertility of the soil, due 
to the single crop production, synthetic 
fertilisers, etc. (Barnard and du Preez, 2004; 
Singh, 2018; Wang et al., 2014). This has 
an overall impact on the quality of the 
food being produced. But for smallholder 
farmers the impact of reduced on-farm 
biodiversity can be more directly felt. 

Many smallholder farmers consume the 
food they produce, and therefore the 
shift from biodiverse production systems 
to homogenous production systems, 
often of market-oriented flexi-crops, has 
a direct impact on dietary diversity and 
nutritional security (IPES-Food, 2016). 

This is particularly important as the South 
African government’s farmer support 
programmes, Ilima Letsema and Fetsa Tlala, 
often provide GM maize to resource-poor, 
smallholder farmers (ACB, 2018c). Beyond 
the direct food security impact to already 
marginalised groups of the population 
through reduced on-farm biodiversity, these 
varieties are intricately linked to increasingly 

expensive fertilisers and chemicals, much 
out of the financial reach of smallholder 
farmers. This creates a technological lock-in 
for farmers, deepening their dependency on 
government hand-outs, and an inability to 
obtain promised yields without these inputs, 
putting additional strain on financial and 
food security in already precarious conditions. 

Globally, and in South Africa, we are 
experiencing increasing corporate 
concentration in the agricultural input 
supply markets, with significant negative 
implications for farmers and consumers. 
This concentration is part of an ongoing 
process, globally and nationally (ACB, 2017b). 
Intellectual property rights regimes enable 
and entrench corporate concentration in the 
agrochemical and seed sectors. In the case of 
seed, it is protected in two main ways: plant 
variety protection/plant breeders’ rights (PVP/
PBR) and patents. South Africa uses a PVP 
based on the International Convention for the 
Protection of New Varieties of Plants (UPOV) 
1991, despite the fact that the World Trade 
Organisation allows for the implementation 
of an effective sui genesis PVP regime, while 
UPOV 1991 is a copy and paste regime, 
skewed towards private interests and 

preventing the meaningful realisation 
of farmers’ rights (Correa et al., 2015). 

Furthermore, patents on living organisms, 
especially for GM traits and processes, are 
granted through the Patent Cooperation 
Treaty to which South Africa is a Party. 
Both these forms of intellectual property 
protection grant the plant breeder/
patent holder with exclusive rights to use 
and restrict others from using the seed/
trait unless royalties have been paid. This 
intellectual property regime has permitted a 
handful of biotechnology/seed multinational 
companies operating in South Africa to 
construct a dominant technological platform 
based on their own patented innovations 

Expanding industrial agriculture encroaches on natural habitats and 
biodiversity and reduces on-farm biodiversity. This is particularly true with 
regards to GM varieties with their associated chemicals, most notably Ht crops.
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and seed traits used in the development 
and marketing of GMOs and agrochemicals. 
These multinational companies have been 
able to use licensing to control research and 
technological development (ACB, 2017b; Moss, 
2010). Significant cross-licensing reinforces 
the dominance of this technological 
platform, resembling forms of collusion and 
cartel behaviour (ACB, 2017b). This places 
smallholder farmers in a double lock-in, 
where farmers are currently unable to reuse 
and exchange protected seed, and it also 
has implications for small seed businesses 
(ACB, 2019). Regulations for the revised South 
African Plant Breeders’ Rights Act16 and Plant 
Improvement Act,17 are still being developed. 

The negative impacts for on- and off-
farm biodiversity are often exacerbated 
in smallholder farming contexts, where 
farmers are in close proximity and unable to 
ensure refugia requirements to delay pest 
resistance, as in the case of Bt maize (SANBI, 
2011; Van den Berg et al., 2013). With limited 
information provided and poor monitoring 
taking place, this expected pest resistance 
poses an elevated element of risk and has 
already been widely documented in other 
parts of the world (Kranthi et al., 2019; 
Tabashnik and Carrière, 2019; Tabashnik et 
al., 2013). Furthermore, pest resistance will 
increase the stresses to smallholder farmers’ 
food security and their livelihoods. 

Impacts on human health

While GMOs are promoted as safe for human 
consumption, there is no scientific consensus 
on GMO safety (see Hilbeck et al., 2015). To 
date, claims of safety by promoters of GM 
technologies have largely relied on studies 
performed or funded by the GM industry 
themselves (Domingo et al., 2011), with 
obvious conflicts of interests undermining 
the findings (Lesser et al., 2007; Moses et 
al., 2005).  Nevertheless, some independent 
studies have revealed toxic effects (Carman 
et al., 2013; Domingo et al., 2011; Diels et 
al., 2011; Séralini et al., 2012; Mesnage et 
al., 2016). Therefore, it is prudent, and 
expected, that the precautionary principle 

is adhered to at all times. However, even 
when unintended effects are found these are 
often dismissed, despite a lack of consensus 
regarding the interpretation of such 
differences (e.g. Dona and Arvanitoyannis, 
2009; Diels et al. 2011; Séralini et al., 2011). 
To	date,	no	epidemiological	study	has	
been	performed	to	assess	the	effects	of	
GMO	consumption	on	human	health; 
largely hindered by a lack of labelling of 
GMO-containing foods in major GMO-
consuming countries like the United States. 

Despite these limitations there is increasing 
evidence of the negative impacts on 
human health of the associated chemicals 
sprayed with GM crops. This is particularly 
worrying for farmers and farm workers. 
In 2015, the World Health Organisation’s 
International Agency for Research on Cancer 
announced that both pure glyphosate 
and glyphosate formulations are probably 
carcinogenic to humans.18 A plethora of 
health conditions and chronic diseases 
have increased at the same pace as 
glyphosate-based herbicide use globally. 

A 2019 study found that exposure to 
glyphosate – the world’s most widely used, 
broad-spectrum herbicide and the primary 
ingredient in the weed killer Roundup – 
increases the risk of cancer by more than 
40% (Zhang, et al., 2019). Despite the fact 
that the EC may reconsider decisions based 
on new and relevant information (Article 
2(g)), there is no evidence that this has ever 
been done. Current approvals of glyphosate 
and glyphosate-based herbicides rest on 
hopelessly out-dated information, often 
supplied by the agrochemical industry itself. 
Also, the “adjuvants” (chemical additives) 
used in the formulation of Roundup make it 
even more toxic than glyphosate alone, a fact 
largely unknown to the public and decision-
makers (Mesnage et al., 2015). 

Globally, glyphosate and glyphosate-based 
herbicides have penetrated all spheres of our 
environment and food systems (Alonso et 
al., 2014; Battaglin et al., 2014; Sanchís et al., 
2012) The persistence and ubiquity of these 

16.  https://www.gov.za/sites/default/files/gcis_document/201903/4234729-3-2019plantbreedersact12of2018.pdf
17.  https://www.gov.za/sites/default/files/gcis_document/201903/4234829-3-2019plantimprovementact11of2018.pdf
18.  http://www.iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112.pdf
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chemicals place us at the cusp of one of the 
world’s biggest health crises. The ACB has 
called for a continental-wide glyphosate ban, 
as well as in South Africa. This call has been 
supported by other civil society organisations, 
including Friends of the Earth International, 
Friends of the Earth Africa, Third World 
Network, Argentina’s union of doctors and 
health professionals (FESPROSA), and the 
European Network of Scientists for Social and 
Environmental Responsibility, to name a few. 

As more Ht GM varieties enter the South 
African market, such as 2,4-D GM maize, 
greater threats are likely to emerge. 
Already 2,4-D has been found in South 
African waterways, and this may become 
exacerbated with the commercialisation 
of 2,4-D maize and soya. A 2019 study 
found that in the North-West Province, 
2,4-D was detected at all sites, with 
concentrations exceeding those approved 
for drinking water, according to European 
guidelines (Horn et al., 2019). This was prior 
to the approval of 2,4-D maize events for 
commercial growing, which is likely to 
increase these concentrations considerably, 
placing entire communities at risk. 

As indicated previously, another expected 
concern regarding “insect tolerant” GM events 
is the development of insect resistance, which 
requires additional pesticide use. A long-term 
study in India, published in 2020, shows that 
despite initial reductions in pesticide use, 
farmers use more pesticides today compared 
to before the introduction of Bt cotton 
(Kranthi and Stone, 2020). Local campaigns by 
South African organisations, such as Women 
on Farms, are calling for an end to the use of 
such toxic chemicals that put farmworkers at 
the frontline of this risky technology (Payne 
and Tobias, 2019). 

Many unanswered questions remain 
regarding human health impacts, and 
concerns cannot be dismissed. Indeed, the 
widespread documentation of unintended 
effects warrant further investigation of GM 
crops on a case-by-case basis; unfortunately, 
this has not taken place thus far. Too often, 
risk assessments are flawed, faulty, and 
flippant about potential negative impacts 
to human health and the environment, 
and applications are approved with little 
interrogation.19 

19. See examples of risk assessments and objections: https://bch.cbd.int/database/record.shtml?documentid=113370; https://acbio.org.za/sites/default/files/documents/
Objection%20against%20general%20release%20of%20three%202%204%20D%20GM%20maize%20varieties.pdf
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Advance of second-generation GM 
technologies

Amid the current crises, GMO developers are 
reinvigorating efforts to present new genetic 
engineering techniques, such as genome 
editing, cisgenesis, paratransgenesis and 
gene drives as solutions to the very problems 
that they are responsible for. Suggested 
applications include the development of 
gene drive technologies for conservation 
and disease control, paratransgenesis 
approaches for the latest locust infestations 
and disease control, and genome editing for 
generating novel traits to direct the evolution 
of undomesticated crops, to regain lost 
biodiversity. 

Genome editing

New and emerging gene-editing techniques 
are providing a means for faster and more 
targeted methods to engineer changes 
in genetic information and expression. 
Such techniques include clustered 
regularly interspaced short palindromic 
repeats (CRISPR), oligonucleotide directed 
mutagenesis, meganucleases, zinc finger 
nucleases and transcription activator-like 
effector nucleases (TALENs). The development 
of such techniques has prompted intense 
debates about their safety and whether 
they should be subjected to the same risk 
assessment and management requirements 
as GMOs produced by transgenic techniques. 

Suggestions have been made to engineer 
animals using genome editing to increase 
heat tolerance or reduce methane release, 
though such suggestions appear far from 
realistic at present. Projects such as the 
African Orphan Crops Project, which involve 
data mining of African orphan crops across 
the continent, may potentially facilitate 
genome editing applications, further 
threatening the biodiversity of crops that 

thus far have evaded the industrialised 
food system. Such developments in new 
genetic engineering technologies present 
an increased threat to biodiversity by 
broadening the scope of species that can be 
modified. In theory, CRISPR-based genome 
editing can be applied to all plants and 
animals but is currently limited by the 
genetic engineering processes of tissue 
regeneration and delivery methods for 
introducing the CRISPR machinery into 
the organism. However, major efforts 
are underway to tackle these technical 
bottlenecks. If such bottlenecks are overcome, 
the technical ease and flexibility of genome 
editing tools could rapidly accelerate the 
commercialisation of new species of GMOs. 
The advent of controversial gene drive 
technologies also presents concerns for 
biodiversity loss, considering their design to 
alter or eradicate entire populations, with 
potential knock-on effects on non-target 
species and ecosystems.

Arguments for the exemption of genome 
edited organisms from biosafety 
regulations are largely based on the 
premise that genome edited organisms 
are indistinguishable from conventionally 
bred organisms, or those produced by 
random mutagenesis techniques. With this 
argument comes the assumption that the 
risks associated with genome editing would 
not be higher than conventional breeding 
techniques that are already exempt from 
regulation, and would have fewer risks 
than existing GMO techniques included in 
regulations. As expanded upon below, current 
evidence emanating from the scientific 
literature suggests that such assumptions 
are premature, with well-established 
evidence of unintended effects, comparable 
to those associated with existing GMOs. 

Arguments based on distinguishability 
also fail to recognise the definition of a 

Biosafety risks of genome 
editing and gene drives and 
challenges to risk assessment 
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GMO as set out in the Cartagena Protocol 
on Biosafety, where neither the technique 
nor the description of the technique 
is relevant (Agapito-Tenfen et al., 2018; 
Heinemann, 2015). As Agapito-Tenfen et al. 
(2018) also highlight, it is problematic that 
genome editing can be simultaneously a 
novel technique and a technique with a 
long history of use. Distinguishability has 
also become a convenient rationale for 
proponents who are against regulatory 
burdens, who argue that genome edited 
products are untraceable. However, there 
is evidence to the contrary, and proposals 
are being made for methods to deal with 
the complexities of detecting and tracing 
(Bartheau, 2019).

Unintended off-target effects
Unintended effects of genome editing 
techniques are becoming increasingly 
documented in the scientific literature, 
with both on-target and off-target effects. 
Off-target effects – the modifications of 
unintended regions of the genome – are now 
well-established and can include for example 
mutations, complex rearrangements, 
translocations, insertions and deletions (e.g. 
Kosicki et al., 2018; Mou et al., 2017; Shin et al., 
2017; Wolt et al., 2016; Zhu et al., 2017). 

While developments to reduce off-target 
effects continue, these effects are yet to 
be eliminated with novel genome editing 
tools, such as base editors, which are still 
prone to off-target activity (Murugan 
et al., 2020; Xin et al., 2019). Of crucial 
importance to the regulatory discussion is 
the increasingly documented unintended 
on-target effects associated with any 
genome editing nucleases that induce 
double-stranded DNA breaks (such as CRISPR, 
double nickases, TALENs and zinc finger 
nucleases). These unintended effects include 
mutations, chromosomal recombination 
events (documented in insects – see Bruner 
et al., 2019), high-frequency production of 
aberrant protein products (Tuladhar et al., 
2019), and unintentional incorporation of 
foreign genetic material, creating unintended 
transgenic organisms (Ono et al., 2015). 

A recent study documented the surprising 
incorporation of foreign DNA derived from 
common laboratory reagents that edited 

mouse cells were exposed to, including 
bacterial DNA (derived from the standard 
use of bacteria as a production source of 
the genetic engineering machinery), as well 
as goat and bovine DNA (derived from the 
animal serum present in the culture medium 
used to grow the mouse cells) (Ono et al., 
2019). Also incorporated were goat and 
bovine retrotransposons ( jumping genes), 
exposing the potential for genome editing 
to facilitate infectious transfer of unwanted 
pathogens, including viruses. Incorporation 
of transgenic DNA, including antibiotic 
resistance genes were also incorporated 
into a genome edited “hornless” cow (Norris 
et al., 2020). The generation of unintended 
transgenic organisms also highlights the 
importance of a process-based regulatory 
system; such insertions would have gone 
undetected under product-based regulations 
only. Critically, such findings expose the 
incorrect assumptions that genome editing 
techniques are precise. 

Adequately assessing the implications of 
unintended effects associated with genome 
editing techniques poses challenges to 
current GMO risk assessment protocols. The 
issue of off-target effects will require more 
detailed analysis than current protocols 
allow for in terms of the GMO Act and its 
regulations, where the focus is largely on 
detecting changes at target sites, within 
the realm of the concept of ‘substantial 
equivalence’. Genome editing moves the 
focus away from assessing the target site 
alone, which is vital to capturing off-target 
effects. The novel production of RNA, peptides 
or metabolites, and modifications to coding, 
as well as non-coding DNA regions, also pose 
challenges, considering that such alterations 
may occur at unknown sites in the genome. 
Proposals to incorporate global “omics” 
profiling techniques may address some of the 
challenges in detecting such unanticipated 
effects that may have health implications, for 
example, the generation of novel allergens or 
toxins. 

Assessing the effects of knocking out gene 
function also requires a move away from 
the substantial equivalence approach, which 
will require more than merely assessing the 
effect of the introduced trait. Establishing 
methods to assess effects of the entire 
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plant, rather than the introduced 
trait, is more pertinent (Agapito-
Tenfen et al., 2018). Challenges 
for post-release monitoring are 
also raised by the more complex 
detection methods that will 
be required for genome edited 
products where transgenic 
material is not inserted. In such 
cases, prior knowledge of the 
modifications introduced would 
be required from the developers to 
assist in monitoring, detecting and 
labelling efforts, in order to ensure 
consumer choice and that current 
requirements are met in South Africa to 
label GMO products under the Consumer 
Protection Act. 

Gene drive technologies

Gene drive technologies, for the first time, 
allow for population-wide engineering, 
where traits are “driven” through 
populations. These novel characteristics 
present unprecedented challenges to risk 
assessment and management. Whereas 
currently, GMOs are genetically engineered 
in the laboratory and then released into 
the environment, gene drive organisms are 
engineered in the laboratory to carry and 
spread the genetic engineering machinery 
(for example, CRISPR/Cas9 genome editing 
machinery) to other organisms or to future 
generations, carrying out genetic engineering 
in each generation for perpetuity. 

As described by Simon et al. (2018 p 2), “gene 
drives imply a shift from the release of a 
finished and tested product to the release of 
an adjustable tool for genetic modification 
that is released into ecosystems”. 
Consistently, gene drives typically require 
dozens of generations to establish the 
desired effect in the target populations 
(Oye et al., 2014), requiring repeated genetic 
interventions including DNA cutting and 
inserting of genetic sequences, with a broad 
range of specific and unintended next-
generation effects. 

Gene drive technologies are also being 
developed for wild, propagating organisms, 
instead of cultivated, annual crops that are 
genetically uniform and harvested at the 
end of the season. Such features raise the 
potential for unintended next-generation 
effects that will be extremely difficult to 
predict prior to release, due to the influence 
of wild genetically diverse backgrounds and 
changing environmental conditions. This 
makes any risk assessment deployed in the 
lab prior to release of limited relevance to 
the characteristics of future generations. 
Unintended molecular effects can vary with 
differing genetic backgrounds (Canver et al., 
2018), presenting a particular challenge for 
gene drive organism risk assessment. 

This is distinct from current commercial 
GM plants, where they are introduced 
into genetically uniform varieties that are 
harvested annually. As experienced with 
first-generation GMOs, unexpected effects on 
fitness have already been documented when 
crossed onto other genetic backgrounds, 
for example, rice to weedy relatives, or with 
oilseed rape outcrossing to conventional 
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varieties (reviewed by Bauer-Panskus et 
al., 2020). The current focus on molecular 
characterisation is arguably of limited value 
when next-generation effects are taken into 
consideration. Genetic stability or fitness, for 
example, can also not be calculated regarding 
the strains used in the laboratory or under 
confined conditions, as this is dependent 
on environmental and future changes, with 
potentially evolutionary consequences. 
Modelling can only take into consideration 
known interactions and characteristics and 
is thus insufficient to predict all potential 
outcomes. 

Altering or eradicating populations also 
raises fundamental issues regarding the 
assessment of effects on potential receiving 
environments, given that gene drive 
organisms are designed for wild populations. 
Receiving environments will not be static 
over time and space. Therefore, it is also 
not possible to fully simulate the receiving 
environment in laboratory tests or via 
modelling, considering the complexities 
of ecological effects that may result from 
eradicating or replacing entire populations. 
For the first time in a GMO risk assessment 
context, it will also require assessing the 
effects of removing a population or even 
a species, instead of just the effects of 
introducing a novel GMO.

The novel “driving” feature of gene drives 
designed to spread a trait throughout 
a population also raises fundamental 
risks and challenges to risk assessment. 
A phased approach to risk assessment 
that incorporates field trials of gene drive 
organisms is not possible due to the inability 
to recall the organisms once released. 
This also raises the issue of validating any 
modelling that may be incorporated into 
risk assessments, considering a model is 
only as good as its ability to be validated. 
With any field trial essentially becoming an 
open release, no safe trial releases can be 
conducted to assess any model’s validity. 
While there have been suggestions for gene 

drive releases in island locations in Uganda, 
island locations are also not contained 
environments, preventing their use for safe 
trial releases (Lukindu et al., 2018). 

Another key concern of gene drives is their 
inability to be recalled once released. This 
calls into question the utility and, indeed, 
relevancy of any monitoring protocol for 
the detection of organisms following 
release. Currently, remediation strategies 
remain theoretical. Rescue drives take 
several generations to establish themselves, 
still suffer many technical and biosafety 
challenges, and cannot revert populations 
to wild type (Frieß et al., 2019). Conventional 
pest and vector control strategies are 
already proven to be unable to eradicate 
entire populations of target organisms, 
such as mosquitoes or rodents, and thus 
cannot be relied upon to recall gene drives 
if unintended effects are observed following 
release. 

The novel characteristics of spread, and the 
depth of intervention that gene drives permit, 
along with the suggested applications 
into serious sectors such as public health, 
necessitate a debate that goes beyond merely 
risk assessment. Mechanisms for effective 
public participation, where potentially 
affected people have control over the 
decision-making process and their full, prior 
and informed consent is operationalised, 
must be in place. The rights of affected 
communities to make such decisions must 
be respected (Meghani, 2019). Broader 
processes need to consider issues of cost-
benefit analyses and alternative solutions, 
particularly considering how gene drive 
projects may restrict or hamper development 
of sovereign solutions to issues such as 
disease control. The ACB, along with 170 civil 
society organisations globally, has called for 
a moratorium on gene drive releases due to 
its inherent risk to the environment.20 The 
ACB calls on the South African government 
to support this moratorium on such risky 
extinction technologies. 

20. https://www.etcgroup.org/content/160-global-groups-call-moratorium-new-genetic-extinction-technology-un-convention



It is well-known that the rise of industrial 
agriculture has had massive impacts on 
biodiversity. This is well documented in the 
IPBES report (2019), which clearly identifies 
industrial agriculture as a major driver of 
biodiversity loss. Industrial agricultural 
expansion has resulted in widespread 
deforestation, land degradation, habitat 
loss, biodiversity loss, and wholesale 
ecosystem collapse. The monocropping 
of genetically uniform crops and livestock 
breeds increases overall vulnerability 
of our food and farming systems. This 
has many other downstream impacts, 
such as the rise in zoonotic infectious 
diseases – including HIV/AIDS, SARS, and 
malaria, among others (UNEP, 2016). 

The genetic erosion of crops is well 
documented and a great cause for concern 
(De Schutter, 2009; FAO, 2010; Kyratzis et al., 
2019; Mathur, 2011; Tripp and van der Heide, 
1996; Van de Wouw et al., 2010). Genetic 
erosion, due to agricultural policies and seed 
and plant variety protection laws that are 
skewed towards an industrialised agricultural 
approach, is a global concern. Extensive crop 
diversity is being lost due to the spread of 
commercial varieties, putting the entire 
future of food production at risk (ACB, 2018a; 
Correa et al., 2015; De Schutter, 2009; Global 
Alliance for the Future of Food, 2016). With 
intensifying climatic variations, crops and 
farming systems need to be adaptable and 
resilient. 

It	is	vital	we	support	the	use	of	genetically	
diverse	seeds,	most	of	which	are	held	in	
the	hands	of	farmers. The International 

Treaty on Plant Genetic Resources for Food 
and Agriculture (ITPGRFA) recognises the 
significant role that smallholder farmers 
have and continue to play in developing, 
maintaining, conserving and using crop 
diversity (FAO, 2004). For farmers’ rights to 
be realised, it	is	essential	that	the	farmer-
managed	seed	system	of	saving,	reusing,	
exchanging	and	sale	of	seed	is	provided	for,	
strengthened	and	supported. 

Currently, South Africa is aiming to join 
both the ITPGRFA as well as UPOV 1991 (ACB, 
2018b). These two systems are incompatible. 
It is therefore vital that South Africa 
implements the necessary measures to: 
realise farmers rights to reuse, save, exchange 
and sell seed; recognise, support and 
strengthen farmer-managed seed systems; 
and create avenues for farmers seed to be 
available and accessible. 

GMOs are central to the industrialised 
version and vision of agriculture punted 
across the globe. Expanding monocrops 
and GMOs severely affect global ecological 
functions through deforestation (specifically 
the large grain producers of the world) 
and encroachment into natural habitats, 
polluting soils and waterways by highly toxic 
chemicals. There is an overall reduction in 
the nutrition of food through the creation 
of nutritionally depleted soils (Schjoerring 
et al., 2019). The environmental and social 
toll of industrial agriculture has been 
recognised widely, with many experts calling 
for an urgent shift towards biodiverse 
agroecological production systems (De 
Schutter, 2010; HLPE, 2019; IPES-Food, 2016). 

GMOs in the context of  
rampant biodiversity loss 
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While the world is in lockdown and disarray 
due to the COVID-19 pandemic, we cannot 
sit back and let the biotech industry root 
deeper into African agriculture. We are 
witnessing increased pressure on the 
continent to transform African agriculture 
from biodiverse, mixed cropping systems 
to industrial models, with long-term 
implications for food security. This is the time 
to wake up and ensure food sovereignty, built 
on economies that protect small producers, 
and on the intricate link between smallholder 
farmers, agroecology, farmer seed systems 
and biodiversity conservation. 

We urgently need to rewrite our relationship 
with the planet, upholding the rights of 
nature, farmers’ rights, and the right to 

self-determination. It is vital, at this pivotal 
moment in history, that we shift the 
trajectory, phasing out industrial agriculture 
and transitioning towards a just and 
ecologically sound agricultural and food 
system. 

The world is realising the devastating 
impacts of industrial agricultural expansion, 
genetically uniform agricultural systems 
and the global agri-food trade, highlighted 
by the recent COVID-19 outbreak. We call 
on the South African government to rein in 
corporate agribusiness and begin a process 
to decolonise and decorporatise our food 
system to ensure the liveability of the planet, 
where everyone’s basic needs are met. 

Conclusion 
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Hilbeck A, McMillan JA, Meier M, Humbel A, Schläpfer-Miller J and Trtikova M (2012) A controversy re-visited: Is the 
coccinellid Adalia bipunctata adversely affected by Bt toxins? Environmental Sciences Europe 24:10–22. DOI: 
10.1186/2190-4715-24-10

Hilbeck A, Moar W, Pusztai-Carey M, Filipini A and Bigler F (1998) Toxicity of Bacillus thuringiensis Cry1Ab toxin to the 
predator Chrysoperla carnea (Neuroptera: Chrysopidae). Environmental Entomology 27:1255–1263

HLPE (2019) Agrocecological and other innovative approaches for sustainable agriculture and food systems that 
enhance food security and nutrition: A report by the High Level Panel of Experts on Food Security and Nutrition. 
http://www.fao.org/3/ca5602en/ca5602en.pdf

Ho MW and Steinbrecher RA (1998) Fatal flaws in food safety assessment: Critique of the joint FAO/WHO Biotechnology 
and Food Safety Report. Environmental & Nutritional Interactions 2:51–84

Horn S, Pieters R and Behn T (2019) A first assessment of glyphosate, 2,4-D and Cry proteins in surface water of South 
Africa. South African Journal of Science 115(/10). 

Huang F, Qureshi JA, Meagher RL Jr, Reisig DD, Head GP, Andow DA, Ni X, Kerns D, Buntin GD, Niu Y, Yang F, Dangal V 
(2014). Cry1F resistance in fall armyworm Spodoptera frugiperda: single gene versus pyramided Bt maize. PLoS One 
9(11): e112958. doi: 10.1371/journal.pone.0112958 

IPBES (2019) The global assessment report on biodiversity and ecosystem services: Summary for policy makers. https://
ipbes.net/sites/default/files/2020-02/ipbes_global_assessment_report_summary_for_policymakers_en.pdf

IPES-Food (2016) From uniformity to diversity: A paradigm shift from industrial agriculture to diversified agroecological 
systems. http://www.ipes-food.org/_img/upload/files/UniformityToDiversity_FULL.pdf

IPES-Food (2020) COVID-19 and the crisis in food systems: Symptoms, causes and potential solutions. http://www.ipes-
food.org/_img/upload/files/COVID-19_CommuniqueEN.pdf 



AFRICAN CENTRE FOR BIODIVERSITY – GMOs in South Africa 23 years on: Failures, biodiversity loss and escalating hunger    27

ISAAA (2017) Global status of commercialised biotech/GM crops in 2017: Biotech crop adoption surges as economic 
benefits accumulate in 22 years. Brief 53. https://www.isaaa.org/resources/publications/briefs/53/default.asp 

ISAAA (2018) Brief 54: Biotech crops continue to help meet the challenges of increased population and climate and 
climate change. https://www.isaaa.org/resources/publications/briefs/54/executivesummary/default.asp 

Iversen M, Grønsberg IM, van den Berg J, Fischer K, Aheto DW and Bøhn T (2014) Detection of transgenes in local maize 
varieties of small-scale farmers in Eastern Cape, South Africa. PloS ONE 9(12): e116147. https://doi.org/10.1371/journal.
pone.0116147

Kosicki M, Tomberg K, Bradley A. Repair of double-strand breaks induced by CRISPR-Cas9 leads to large deletions and 
complex rearrangements (2018). Nat Biotechnol.  36(8):765-771

Kranthi KR and Stone GD (2020) Long-term impacts of Bt cotton in India. Nature Plants 6:188–196
Kranthi S, Kranthi KR, Rodge C, Chawla S and Nehare S (2019) Insect resistance to insecticides and Bt cotton in India. 

Natural Resource Management: Ecological Perspectives, pp.185–199
Kyratzis AC, Nikoloudakis N and Katsiotis A (2019) Genetic variability in landraces populations and the risk to lose 

genetic variation: The example of landrace ‘Kyperounda’ and its implications for ex situ conservation. PLoS ONE 14(10). 
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0224255&type=printable 

Latham JR, Love M and Hilbeck A (2017) The distinct properties of natural and GM cry insecticidal proteins. 
Biotechnology and Genetic Engineering Reviews 33(1):62–96. doi:10.1080/02648725.2017.1357295

Lesser LI, Ebbeling CB, Goozner M, Wypij D, Ludwig DS (2007) Relationship between funding source and conclusion 
among nutrition-related scientific articles. Version 2. PLoS Med. 4(1):e5. doi: 10.1371/journal.pmed.0040005

Li XG, Liu B, Heia S, Liu DD, Han ZM, Zhou KX, Cui JJ, Luo JY and Zheng YP (2009) The effect of root exudates from two 
transgenic insect-resistant cotton lines on the growth of Fusarium oxysporum. Transgenic Res. 18(5):757–67. doi: 
10.1007/s11248-009-9264-1.

Lu Y, Wu K, Jiang Y, Xia B, Li P, Feng H, Wyckhuys KAG and Guo Y (2010) Mirid bug outbreaks in multiple crops correlated 
with wide-scale adoption of Bt cotton in China. Science 328:1151–1154

Lukindu M, Bergey C, Wiltshire R, Small S, Bourke B, Kayondo J and Besansky N (2018) Spatio-temporal genetic structure 
of Anopheles gambiae in the Northwestern Lake Victoria Basin, Uganda: Implications for genetic control trials in 
malaria endemic regions. Parasites & Vectors 11:246. doi: 10.1186/s13071-018-2826-4

Mathur PN (2011) Chapter 4: Assessing the threat of genetic erosion. Collecting plant genetic diversity: Technical 
guidelines, 2011 update. http://cropgenebank.sgrp.cgiar.org/images/file/procedures/collecting2011/Chapter4-2011.
pdf 

Meena RS, Kumar S, Datta R, Lal R, Vijaykumar V, Brtnicky M, Sharma MP, Yadav GS, Jhariya MK, Jangir CK, Pathan SI, 
Dokulilova T, Pecina V and Marfo TD (2020) Impact of agrochemicals on soil microbiota and management: A review. 
Land 9(34):1–21

Meghani Z (2019) Autonomy of nations and indigenous peoples and the environmental release of genetically 
engineered animals with gene drives. Global Policy. doi: 10.1111/1758-5899.12699

Mesnage R, Agapito-Tenfen SZ, Vilperte V, Renney G, Ward M, Séralini GE, Nodari RO and Antoniou MN (2016) An 
integrated multi-omics analysis of the NK603 Roundup-tolerant GM maize reveals metabolism disturbances caused 
by the transformation process. Sci. Rep. 6, 37855

Mesnage R, Arno M, Costanzo M, Malatesta M, Séralini GE, Antoniou MN (2015). Transcriptome profile analysis reflects 
rat liver and kidney damage following chronic ultra-low dose Roundup exposure. Environ Health. 25;14:70.

Mesnage R, Defarge N, Spiroux de Vendômois J and Séralini G-E (2014) Major pesticides are more toxic to human cells 
than their declared active principles. Biomed Res Int. 179691

Mesnage R, Defarge N, Spiroux de Vendômois J, Séralini GE (2015) Potential toxic effects of glyphosate and its 
commercial formulations below regulatory limits. Food Chem Toxicol. 84:133–53. doi: 10.1016/j.fct.2015.08.012. PMID: 
26282372

Mesnage R, Clair E, Gress S, Then C, Székács A, Séralini GE (2013). Cytotoxicity on human cells of Cry1Ab and Cry1Ac Bt 
insecticidal toxins alone or with a glyphosate-based herbicide. J Appl Toxicol. 33(7):695-9. doi: 10.1002/jat.2712. Epub 
2012 Feb 15. PMID: 22337346.

Moses H 3rd, Dorsey ER, Matheson DH, Thier SO (2005) Financial anatomy of biomedical research. JAMA 294: 1333–1342.
Moss D (2010) “Transgenic seed platforms: Competition between a rock and a hard place?” American Antitrust Institute. 

https://www.justice.gov/sites/default/files/atr/legacy/2010/02/24/254998b.pdf
Mou H, Smith JL, Peng L, Yin H, Moore J, Zhang XO, Song CQ, Sheel A, Wu Q, Ozata DM, Li Y, Anderson DG, Emerson CP, 

Sontheimer EJ, Moore MJ, Weng Z and Xue W (2017) CRISPR/Cas9-mediated genome editing induces exon skipping 
by alternative splicing or exon deletion. Genome Biol. 18(1):108

Mtero F (2012) “Commercialisation, deagrarianisation and the accumulation/reproduction dynamic: Massive maize 
production schemes in the Eastern Cape, South Africa”, Working Paper 23. PLAAS: Bellville

Murugan K, Seetharam AS, Severin AJ and Sashital DG (2020) CRISPR-Cas12a has widespread off-target and dsDNA-
nicking effects. J Biol Chem. 295(17):5538–5553

Norris AL, Lee SS, Greenlees KJ, Tadesse DA, Miller MF and Lombardi HA (2020) Template plasmid integration in germline 
genome-edited cattle. Nat Biotechnol. 38(2):163–164. doi: 10.1038/s41587-019-0394-6

Olsen KM, Daly JC, Finnegan J and Mahon RJ (2005) Changes in Cry1Av Bt transgenic cotton in response to two 
environmental factors: Temperature and insect damage. J.Econ.Entomol. 98(4): 1382–1390

Ono R, Ishii M, Fujihara Y, Kitazawa M, Usami T, Kaneko-Ishino T, Kanno J, Ikawa M and Ishino F (2015) Double strand 
break repair by capture of retrotransposon sequences and reverse-transcribed spliced mRNA sequences in mouse 
zygotes. Scientific Reports 5:12281

Ono R, Yashuhiko Y, Aisaki K, Kitajima S, Kanno J and Hirabayashi Y (2019) Exosome-mediated horizontal gene transfer 
occurs in double-strand break repair during genome editing. Communications Biology 2:57

Oxfam (2014) Hidden hunger in South Africa. https://oi-files-d8-prod.s3.eu-west-2.amazonaws.com/s3fs-public/file_
attachments/hidden_hunger_in_south_africa_0.pdf 



28    AFRICAN CENTRE FOR BIODIVERSITY – GMOs in South Africa 23 years on: Failures, biodiversity loss and escalating hunger

Oye KA, Esvelt K, Appleton E, Catteruccia F, Church G, Kuiken T, Lightfoot SB-Y, McNamara J, Smidler A and Collins JP 
(2014) Regulating gene drives. Science 345(6197): 626–628. doi:10.1126/science.1254287

Payne S and Tobias N (2019) Women farmworkers demand an end to use of harmful pesticides. https://www.
dailymaverick.co.za/article/2019-08-30-women-farmworkers-demand-an-end-to-use-of-harmful-pesticides/ 

Pott A, Bundschuh M, Bundschuh R, Otto M, Schulz R (2020). Effect of Bt toxin Cry1Ab on two freshwater caddisfly 
shredders - an attempt to establish dose-effect relationships through food-spiking. Sci Rep. 10(1):5262.

Pschorn-Strauss E (2005) Bt cotton in South Africa: The case of the Makhathini farmers. https://www.grain.org/media/
W1siZiIsIjIwMTEvMDcvMjEvMDRfMjJfNTdfOTgyX29yaWdpbmFsLnBkZiJdXQ 

Quinn LP, de Vos BJ, Fernandes-Whaley M, Roos C, Bouwman H, Kylin H, Pieters R and van den Berg J (2011) Pesticide use 
in South Africa: One of the largest importers of pesticides in Africa. IN M Stoytcheva (Ed.) Pesticides in the modern 
world: Pesticide use and management. https://www.intechopen.com/books/pesticides-in-the-modern-world-
pesticides-use-and-management

Ramirez-Romero R, Desneux N, Decourtye A, Chaffiol A and Pham-Delègue MH (2008) Does Cry1Ab protein affect 
learning performances of the honey bee Apis mellifera L (Hymenoptera, Apidae)? Ecotoxicology and Environmental 
Safety 70: 327–333

Rodale Institute (2011) The farming systems trial: Celebrating 30 years. https://www.permaculturenews.org/files/
rodale_30-year-farming_systems_trial.pdf 

Rosatti A, Satarlasci A, Buiatti M (2008). Characterisation of 3′ transgene insertion site and derived mRNAs in MON810 
YieldGard® maize. Plant Molecular Biology, 67, 271-281

SANBI (2011) Monitoring the environmental impacts of GM maize in South Africa: The outcomes of the South Africa-
Norway Biosafety Cooperation Project (2008–2010). https://www.sanbi.org/wp-content/uploads/2018/03/
sanbimaizereportlr.pdf

Sanchís J, Kantiani L, Llorca M, Rubio F, Ginebreda A, Fraile J, Garrido T and Farré M (2012) Determination of glyphosate 
in ground water samples using an ultrasensitive immunoassay and confirmation by on-line solid-phase extraction 
followed by liquid chromatography coupled to tandem mass spectrometry. Analytical and Bioanalytical Chemistry 
402: 2335–45

Schjoerring JK, Cakmak I and White PJ (2019) Plant nutrition and soil fertility: Synergies for acquiring global green 
growth and sustainable development. Plant and Soil 434:1–6

Schubert DR (2008) The problem with nutritionally enhanced plants. J Med Food 11(4):601–5. doi: 10.1089/
jmf.2008.0094. PMID: 18721071

Séralini GE, Clair E, Mesnage R, Gress S, Defarge N, Malatesta M, Hennequin D and de Vendômois JS (2014) Republished 
study: Long-term toxicity of a Roundup herbicide and a Roundup-tolerant genetically modified maize. Environ Sci 
Eur. 26(1):14. doi: 10.1186/s12302-014-0014-5

Séralini GE, Mesnage R, Defarge N, Gress S, Hennequin D, Clair E, Malatest M and de Vendômois JS (2012) Answers 
to critics: Why there is a long term toxicity due to NK603 Roundup-tolerant genetically modified maize and to a 
Roundup herbicide. Food Chem Toxicol. 53:461–8

Séralini GE, Mesnage R, Clair E, Gress S, Spiroux de Vendômois J, Cellier D (2011). Genetically modified crops safety 
assessments: present limits and possible improvements. Environ Sci Eur 23: 10 https://doi.org/10.1186/2190-4715-23-
10

Shin HY, Wang C, Lee HK, Yoo KH, Zeng X, Kuhns T, Yang CM, Mohr T, Liu C, Hennighausen L (2017) CRISPR/Cas9 targeting 
events cause complex deletions and insertions at 17 sites in the mouse genome. Nat Commun. 8:15464

Sikwela MM and Mushunjue A (2013) The impact of farmer support programmes on household income and 
sustainability in smallholder production: A case study of the Eastern Cape and KwaZulu-Natal farmers, South Africa. 
African Journal of Agricultural Research 8(21):2502–11

Simon S, Otto M, Engelhard M (2018). Synthetic gene drive: between continuity and noveltyCrucial differences between 
gene drive and genetically modified organisms require an adapted risk assessment for their use.  EMBO Rep. 19(5): 
e45760.

Singh B (2018) Are nitrogen fertilizers deleterious to soil health? Agronomy 8 (48):1–19
Stats SA (2007) Census of commercial agriculture, 2007: Financial and production statistics report no. 11-02-01.  http://

www.statssa.gov.za/publications/Report-11-02-01/Report-11-02-012007.pdf
Stats SA (2017) Towards measuring the extent of food security in South Africa: An examination of hunger and food 

inadequacy. Report 03-00-14. www.statssa.gov.za/publications/03-00-14/03-00-142017.pdf 
Tabashnik B and Carrière Y (2019) Global patterns of resistance to Bt crops highlighting pink bollworm in the United 

States, China, and India. Journal of Economic Entomology 112(6):2513–23
Tabashnik BE, Brévault T and Carrière Y (2013) Insect resistance to Bt Crops: Lessons from the first billion acres. Nat 

Biotechnol 31(6):510–521
Tripp R and van der Heide W (1996) The erosion of crop genetic diversity: Challenges, strategies and uncertainties. 

Natural Resource Perspectives 7. Overseas Development Institute. https://www.odi.org/sites/odi.org.uk/files/odi-
assets/publications-opinion-files/2977.pdf 

Tuladhar R, Yeu Y, Tyler Piazza J, Tan Z, Clemenceau JR, Wu X, Barrett Q, Herbert J, Mathews DH, Kim J, Hwang TH and 
Lum L (2019) CRISPR-Cas9-based mutagenesis frequently provokes on-target mRNA misregulation. Nat Commun. 
10:4056. doi: 10.1038/ s41467-019-12028-5

UNEP Frontiers (2016) Emerging issues of environmental concern. https://reliefweb.int/report/world/unep-frontiers-
2016-report-emerging-issues-environmental-concern

Van de Wouw M, van Hintum T, van Treuren, R and Visser, B (2010) Genetic erosion in crops: Concepts, research results 
and challenges. Plant genetic resources: Characterization and Utilization 8(1):1–15

Van den Berg J, Hilbeck A and Bøhn T (2013) Pest resistance to Cry1Ab Bt maize: Field resistance, contributing factors and 
lessons from South Africa. Crop Protection 54:154–60

Van der Walt W (2012) Key statistics on GM maize 2011/12 FoodNCropBio Consulting Services, Pretoria, South Africa. 



AFRICAN CENTRE FOR BIODIVERSITY – GMOs in South Africa 23 years on: Failures, biodiversity loss and escalating hunger    29

Van Frankenhuyzen K (2013) Cross-order and cross-phylum activity of Bacillus thuringiensis pesticidal proteins. J 
Invertebr Pathol 114:76–85

Van Wyk A, Van den Berg, J, Van Hamburg H (2007) Selection of non-target Lepidoptera species for ecological risk 
assessment of Bt maize in South Africa. Afr. Entomol. 15, 356e366

Vázquez-Padrón RI, Gonzales-Cabrera J, Garcia-Tovar C, Neri-Bazan L, Lopez-Revilla R, Hernandez M, Morena-Fierra L, de la 
Riva G.A (2000). Cry1Ac Protoxin from Bacillus thuringiensis sp. Kurstaki HD73 binds to surface proteins in the mouse 
small intestine. Biochem. and Biophy.s Research Comm. 271:54-58

Vázquez-Padrón RI, Moreno-Fierros L, Neri-Bazan L, de la Riva GA, Lopez-Revilla R (1999). Intragastric and intraperitoneal 
administration of Cry1Ac protoxin from Bacillus thuringiensis induces systemic and mucosal antibody responses in 
mice. Life Sciences, 64: 1897-1912 

Vélez AM, Spencer TA, Alves AP, Moellenbeck D, Meagher RL, Chirakkal H, Siegfried BD (2013). Inheritance of Cry1F 
resistance, cross-resistance and frequency of resistant alleles in Spodoptera frugiperda (Lepidoptera: Noctuidae). 
Bull Entomol Res. 103(6):700-13. doi: 10.1017/S0007485313000448. Epub 2013 Aug 14. PMID: 23941623.

Venter H and Bøhn T (2016) Interactions between Bt crops and aquatic ecosystems: A review: Interactions between Bt 
crops and aquatic ecosystems. Environmental Toxicology and Chemistry 35(12):2891–902

Vilperte V, Agapito-Tenfen SZ, Wikmark OG and Nodari RO (2016) Levels of DNA methylation and transcript 
accumulation in leaves of transgenic maize varieties. Environ Sci Eur. 28(1):29

Wang ZG, Jin X, Bao XG, Li XF, Zhao JH, Sun JH, Christie P and Li L (2014) Intercropping enhances productivity and 
maintains the most soil fertility properties relative to sole cropping. PLoS ONE 9(12)

Wolt JD, Wang K, Sashital D anf Lawrence-Dill CJ (2016) Achieving plant CRISPR targeting that limits off-target effects. 
Plant Genome 9(3)

Wu, Z., Mo, C., Zhang, S., & Li, H. (2018). Characterization of Papaya ringspot virus isolates infecting transgenic papaya 
‘Huanong No.1’ in South China. Scientific reports, 8(1), 8206. https://doi.org/10.1038/s41598-018-26596-x

Wu K, Li W, Feng H and Guo Y (2002) Seasonal abundance of the mirids, Lygus lucorum and Adelphocoris spp. 
(Hemiptera: Miridae) on Bt cotton in northern China. Crop Production 21(10): 997–1002

Xin H, Wan T, Ping Y (2019). Off-Targeting of Base Editors: BE3 but not ABE induces substantial off-target single 
nucleotide variants. Sig Transduct Target Ther 4, 9.

Zanatta CB, Benevenuto RF, Nodari RO, Agapito-Tenfen S (2020) Stacked genetically modified soybean harboring 
herbicide resistance and insecticide rCry1Ac shows strong defence and redox homeostasis disturbance after 
glyphosate application. Environ Sci Eur. (under review)

Zhang L, Rana I, Shaffer RM, Taioli E, Sheppard L (2019) Exposure to glyphosate-based herbicides and risk for non-
Hodgkin’s lymphoma: A meta-analysis and supporting evidence. Mutation Research/Reviews in Mutation Research 
781:186–206. doi:10.1016/j.mrrev.2019.02.001 

Zhu C, Bortesi L, Baysal C, Twyman RM, Fischer R, Capell T, Schillberg S and Christou P (2017) Characteristics of genome 
editing mutations in cereal crops. Trends Plant Sci. 22(1):38–52.



PO Box 29170, Melville 2109, South Africa
www.acbio.org.za


