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Genetically Modified Organisms: 
Promising or Problematic for 
Food Security?
A Review of Major Developments 
in Selected Developing Countries

Selected experiences with GMOs in industrialized and developing countries show that the promise of bioengineering 
for strengthening food security cannot materialize unless and until GMOs are accepted by the vast majority of 
consumers as being safe and environmentally friendly. To date, the main effort has been on the supply side: 
bioengineered plants have desirable traits helpful to farmers, e.g., increased yields, resistance to pests, resilience 
to weather extremes in a warming world. But there has little sustained official effort to inform and educate the 
public via trusted sources. 

Thus, the success of bioengineering in inserting desirable traits at the farm level has not been sufficient to remove 
the substantial opposition to GM foods, especially in the European Union but also in the United States and in 
developing countries including China and South Africa, where the governments have been supportive.  

Though undertaken in very different socio-economic contexts, surveys of public attitudes towards GM foods and 
drugs have some common findings. These are: (i) the public’s knowledge of GMOs is slim; (ii) there is widespread 
distrust of government’s ability to prevent food scandals; (iii) other sources of information such as from industry 
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are also suspect, (and even from scientists although there is more trust); (iv) the main sources of information 
about GMOs are mainly from social media, and media including television and newspapers, and NGOs and activist 
groups, which are largely anti-GMO; and (v) there is no clear positive correlation between high level of formal 
education and favorable perception of GMOs.

Is the opposition based mainly on ignorance, fear of the unknown, or breakdown in trust in government and 
industry? Or is the problem rather on the supply side in terms of the oligopolistic structure of the GM seed 
business, the market power imbalance between business and small farmers, the transparency of operations of 
bioengineers? Or is there a combination of both demand and supply factors? There is a lot to disentangle here. 

What is clear is that the powerful technology of bioengineering cannot be viewed as a ‘magic bullet’ to solve 
widespread food insecurity, as hoped for by its early advocates. For African leadership interested in operationalizing 
the Africa Continent Free Trade Area (AfCFTA) in the near future to realize the full contribution of GMOs to the 
food security of its people, among other things, now is an opportune time to reevaluate both the supply of GM 
technologies and potential demand for such products in terms of food and feed safety, biological diversity, and 
environmental sustainability. This holistic evaluation is essential to shape the launching of a coordinated and 
effective Africa-wide approach.

Introduction
Norman Borlaug (1914-2009), the ‘father of the Green 
Revolution’ was in favor of genetic engineering. He viewed 
GMOs as the only way to increase food production as the 
world runs out of unused arable land as he argued that 
GMOs are not inherently dangerous. “Some people fear 
genetic modification, which is not very sound, because 
we’ve been genetically modifying plants and animals 
for a long time. Long before we called it science, people 
were selecting the best breeds”. (Berger, 2008) In fact, 
reviewers1   (2010) of Borlaug’s 2000 publication entitled 
Ending World Hunger: The Promise of Biotechnology and 
the Threat of Antiscience Zealotry, (Plant Physiology, 
Oct. 2000) pointed out that “GM crops are as natural 
and as safe as today’s bread wheat, opined Dr. Borlaug 
who also reminded agricultural scientists of their moral 
obligation to stand up against to the anti-science crowd 
and warn policy makers that global food insecurity will 
not disappear without this new technology, and ignoring 
this reality would make future solutions all the more 
difficult to achieve”. 2 (Plant Physiology, Oct 2010).

1.  The reviewers were: Kevin Rozwadowski and Sateesh Kagale. (Plant 
Physiology, Oct. 2010)

2.    Borlaug (Plant Physiology, Oct 2000) also wrote: “Nowhere is it more 
important for knowledge to confront fear born of ignorance than in the 
production of food, still the basic human activity. In particular, we need 
to close the biological science knowledge gap in the affluent societies 
now thoroughly urban and removed from any tangible relationship to 
the land… Privileged societies have the luxury of adopting a very low-
risk position on the genetically modified crop issue, even if this action 
later turns out to be unnecessary. But the vast majority of humankind, 

In much of the developing world, hunger and food 
insecurity stalk millions. The Food and Agriculture 
Organization (FAO) warns that global hunger has 
been on the rise since 2014, with the prevalence of 
undernourishment (PoU) estimated at 8.6% of total 
population, or 690 million people, in 2019. The PoU 
in Africa was 19.1% in 2019, more than twice the 
world average and the highest among all regions. With 
the global onslaught of COVID-19 since early 2020, 
preliminary estimates of the increase in the number 
worldwide of undernourished people range from 83-120 
million. As of 2020, the world is not on track to achieve 
the Zero Hunger target, Sustainable Development Goal 
(SDG) 2.1, by 2030 (FAO et al, 2020). 

In the face of this grim reality, should developing 
countries still burdened with extensive chronic hunger 
embrace the promise of bioengineering to raise their 
agricultural productivity, as Borlaug advocated, or 
reject it as the European Union is doing? Either way, 
what should be the major considerations? Following 
the first Policy Brief analyzing the situation in selected 
industrialized countries (Part I), this Policy Brief (Part 
II) addresses this question in two developing countries: 
the People’s Republic of China which, alone among 
developing countries, has invested heavily in the 
research and development of biotechnology; and the 

including the hungry victims of wars, natural disasters, and economic 
crises who are served by the WFP, does not have such a luxury.” (P 
489-490)
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Union of South Africa, considered the biotechnology 
leader in Africa, which has commercially planted GMOs 
widely, committing 2.7 m ha, only slightly lower than 
China’s 2.9 m ha (2018)3.   

The People’s Republic of China: 
Government support for GMOs4  
How best to achieve food security, a top priority for 
decades? Feeding its population of 1.4 billion (2019) has 
been a central strategic priority of China’s governments 
since 1949. To achieve this priority, the goal has been 
to increase agricultural productivity growth, and food 
supplies, and to reduce poverty and hunger. In the 1990s, 
China was 98% self-sufficient in grains (rice, wheat, and 
maize (referred to as corn in America)) (Huang et al, 
2000). For the decade ahead, China wants to be food 
sovereign. By this, it means that it wants to maintain 
control over its food supply at all times. The goal is to 
achieve 95% self-sufficiency in grains (rice, wheat, and 
maize) by 2030 (China 2030). However, to seek self-
sufficiency for China in grain feed (maize) in addition 
to food grains (rice and wheat) will seriously challenge 
its cereal self-sufficiency/food sovereign model, given (i) 
increasing land and water scarcity in the northern plains, 
and (ii) the prospect of increasing demand for livestock 
and feed. The main reason is that these grains are all 
major users of water (cubic m/ton of output): wheat: 
1000 m/t; rice: 1200 m/t; maize (corn): 850 m/t5. It 
is in this resource-constrained context that China has 
invested heavily in biotech—its 26-billion-yuan special 
investment program (2009-2020)—to sustain its growth 
in agricultural productivity (World Bank, 2012).  

Strong government support for biotechnology: Since the 
early 1980s, the Government of China (GOC) has invested 
substantially in genetic engineering to strengthen food 
security. With arable land and water resources for 
agriculture fast dwindling because of industrialization 
and urbanization—already, China has to feed 20% of the 
world population on just 7% of its arable land (World 
Bank, 2016)—biotechnology has been viewed as an 
important tool to increase agricultural productivity, and 
therefore food security. China ratified the Cartagena 

3.  The other African countries are: Burkina Faso (2008), Sudan (2012) 
and Egypt (2008).  

4.  GNI/CAP: $ 10,410 (value of 2019,  following Atlas method)

5.  Water requirement for soybean is 3200 cubic m/ton of output. China 
is a leading importer of soybeans from Brazil, the United States, and 
Argentina. 

Protocol on Biosafety in 2005. By ratifying the Protocol, 
China implicitly accepted the Precautionary Principle. 
However, in a 2014 speech, President Xi Jinping declared 
that China must “boldly research and innovate, [and] 
occupy the high points of GMO techniques” (Chow, 2019). 
China’s special research program, the National Major 
Science and Technology Projects of China for Breeding 
New Biotech Varieties (the National Major Projects 
(2009-2020), received total funding of approximately 
$3.5 billion, most of which came from central and 
local governments, with the rest being private-sector 
investment. The projects include research into both 
plant and animal species. 

Key features of China’s institutional and 
regulatory framework for GMOs

China has built a complex institutional structure for 
GMO development and commercialization. The main 
institutions cover agriculture and agri-food, environment, 
customs, food safety and overall coordination, and 
enforcement. 

• The Ministry of Agriculture and Rural Affairs 
(MARA) is the main institution. It is primarily 
responsible for the approval of biotech products 
for domestic production and imports (for food, 
feed and processing), as well as the development 
of agricultural biotech policies and regulations. In 
2017, Regulations on Safe Management of GMOs 
(which were originally issued in 2001) were revised. 
These regulations encompass the entire process of 
research, experimentation, production, processing, 
imports, and exports. A key revision was that the 
regulatory testing was to be entrusted to qualified 
technical institutes. These regulations require 
labeling of imports of GE soybeans, corn, rapeseed, 
seed cotton, and tomatoes. China also set up a safety 
committee for evaluating the safety of GMOs. In 
January 2002, China published regulations requiring 
labeling and safety certifications for all GM imports. 
In 2018, working with other educational institutions, 
MARA launched the Nationwide GMO Science 
Education Tour campaign to better inform the public 
and combat widespread misinformation spread by 
media (USDA, 2020).

• The China Food and Drug Administration (CFDA): 
It is in charge of food safety in the manufacturing, 
processing, distribution, and catering industries.  
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• The Ministry of Environmental Protection (MEP) is 
the lead agency which negotiated, signed (2000), 
and ratified the Cartagena Protocol on Biosafety 
(2005).

• General Administration of Customs (GACC): It is 
responsible for enforcing regulations issued by 
MARA. These regulations have been criticized by 
exporters to China for effectively acting as trade 
barriers because they are opaque, cumbersome, 
and unpredictable, causing unnecessary delays. 
China does not allow any foreign biotech developer 
to operate domestically, or the importation of any 
foreign GM seed (USDA, Feb 2020). 

• The Joint Ministerial Conference for Biosafety 
Management for Agricultural Genetically Modified 
Organisms: This group is made up of 12 government 
bodies including the Ministry of Science and 
Technology (MOST) and the National Health 
Commission. It coordinates biotech policies.

• The State Administration for Market Regulation 
(SAMR): It is the authority for comprehensive market 
oversight, which includes law enforcement with 
respect to market supervision, and administration of 
food safety nationwide. It enforces the Implementing 
Regulations for the Food Safety Law of October 2019, 
e.g. compliance with the labeling requirements for 
GMO products.  

Selected research and field developments

The first GMO plant was a virus-resistant tobacco plant in 
1988, but its cultivation was stopped in the early 1990s 
for trade reasons (Gale et al, 2003). In 2003, the China 
Academy of Sciences had a program to bioengineer rice 
varieties with high yield and high quality. In addition, 
the China National Rice Research Institute also 
spearheaded research into rice varieties for not only 
higher yields and quality, but also for greater pest and 
drought resistance. The other important research crops 
were corn, soybeans, and cotton. Foreign-developed GM 
products are not allowed for domestic cultivation. Since 
the late 1990s, Bt cotton has been cultivated and is the 
only one widely cultivated, occupying most of the total 
area devoted to cotton (Zhang and Zhou, 2005). Insect-
resistant cotton was popular as it reduced farmers’ 
production costs by 14-33% (Gale et al, 2003). In 2018, 
95% of total area under cotton was Bt cotton. (USDA, 
Feb 2020). By the early 2000s, research was ongoing 

into a variety of horticultural crops, some of which were 
also commercialized; e.g., virus-resistant tomato, sweet 
pepper, chili, and papaya (Huang and Rozelle, 2004). 
Despite sustained public investment in bioengineering 
since the 1980s, China approved Bt cotton only in 1997, 
and GM papaya only by the late 1990s for domestic 
cultivation/commercialization. Also, it was not until 
January 2020 that the GOC announced that certain 
varieties of GM corn and soybean had passed biosafety 
evaluations and that the 15 day’ period for public 
feedback passed without objections (Cremer, 2020). 
The slow pace of such approval seems consistent with 
China’s acceptance of the precautionary principle when 
it ratified the Cartagena Protocol in 2005 (Xiang, 2020). 

Despite strong government support, consumer distrust 
of GMOs has increased in China: In the early 2000s, 
consumer acceptance was not an issue. However, after 
major food adulteration scandals, the most infamous 
being the Sanlu melamine milk powder scandal in 
2008 6, consumer confidence in the government’s 
ability to ensure food safety plummeted. In fact, food 
adulteration scandals totaled over 9000 between 
2003 and 2013. A nationwide survey in 2014 found 
that nearly 48% of respondents had a negative view 
of GMOs, with 14% believing them to be a form of 
bioterrorism (Chow, 2019). The main food categories 
that consumers worry about are cooking oil, dairy and 
meat products, fresh vegetables, and seafood (Liu and 
Ma, 2016). It is therefore not surprising that consumers 
extend this worry to GMOs. Furthermore, misinformation 
about GMOs on social media is alleged to be pervasive. 
For example, the anti-GMO line was popularized by 
a TV personality Cui Yongyuan with over 20 million 
followers online (Zhang, 2013). The debate between the 
pro- (usually scientific community) and anti- (usually 
social media) GMO groups rages on in China (Zhang, 
2017). Despite these controversies, it is still unclear 
how to interpret them for policy purposes since surveys 
repeatedly found that positive or negative perceptions of 
GMOs are dependent on one’s understanding of genetic 
engineering and most people knew little about it (Cui 
and Shoemaker, 2018). With so much controversy and 
confusion, the effectiveness of MARA’s recent (2018) 
education initiative is still to be seen. 

6.   It is considered one of the worst since it claimed an estimated 300,000 
victims, including 54,000 babies requiring hospitalization. 
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The Republic of South Africa: 
Government support for GMOs7

Food self-sufficient but with widespread poverty, food 
insecurity, high inequity, and a public health system 
under severe strain: After 1994, the African National 
Congress (ANC) government inherited a food self-
sufficient agricultural system but with low productivity 
growth amidst widespread poverty and food insecurity. 
Already, by the late 1980s, South African white 
agriculture produced more basic food commodities than 
all other countries of the Southern African Development 
Community (SADC)8 combined; e.g., maize, wheat, 
sunflower, and sugar (World Bank, 1994). Under 
Apartheid, agriculture total factor productivity (TFP, % 
per year) grew by 1.26 between 1947 and 1991. This 
is low by international standards, and masks much 
variation among subsectors, with the labor-intensive 
horticultural sector growing by 2.42, and livestock and 
field crops by only 0.77. Since the end of Apartheid, even 
with increased market- and export-orientation, growth in 
agricultural production and exports has been sluggish. 
TFP growth of the entire economy under Apartheid was 
also low by international standards9. After Apartheid, 
there was substantial poverty reduction between 1996 
and 2008; however poverty reduction has stagnated 
since, while income and wealth inequality remains 
among the highest in the world. Extensive poverty still 
exists, irrespective of the poverty level used—it ranges 
from about 16% at $1.90/day to 57% at $5.50/day 
(2014)10. Using South Africa’s national poverty lines, 
about 25% of South Africans in 2015 could not meet 
their food requirements (the food poverty line); about 
56% could not meet their other necessities. In the 
former “homelands”, poverty was at 81% compared to 
urban areas at 41% (2015). Multi-dimensional poverty 
remains concentrated in these previously disadvantaged 
regions; e.g. in the provinces of Eastern Cape, KwaZulu-
Natal, and Limpopo with their high concentrations of 
former “homelands”. (Republic of South Africa et al, 

7.  GNI/CAP: $ 6,040. (Value for 2019 following Atlas method)

8.  SADC has 16 member countries: Angola, Botswana, Comoros, 
Democratic Republic of Congo, Eswatini, Lesotho, Madagascar, Malawi, 
Mauritius, Mozambique, Namibia, Seychelles, South Africa, United 
Republic of Tanzania, Zambia, and Zimbabwe. It was formed on Aug. 
17, 1992.  

9.  Thus TPF growth (% per year) in South Korea, Taiwan, and Japan from 
1950 to 1973 was 2.8, 3.5, and 5.5 respectively; for the 1973-1984 
period, the figures were 1.4, 1.3, and 2.0 respectively.  

10.  World Bank. Development Research Group. 

March 2018).11. The COVID-19 pandemic has exacerbated 
an already difficult situation, with South Africa’s bi-
modal public health infrastructure severely tested. An 
estimated 48% of total health expenditure has to serve 
some 84% of the population, while the private system 
serves the remaining 16% of the population on 52% of 
total health expenditure (World Bank Group, April 2018). 
Indeed, South Africa seems to be in the grip of the 
symbiotic relationship between poverty and tuberculosis 
(WHO, 2005). Furthermore, South Africa suffers from 
the “quadruple burden of disease”: (i) infectious 
(communicable) diseases, in particular, HIV/AIDS and 
TB12; (ii) non communicable diseases (e.g., diabetes, 
hypertension, and cardiovascular); (iii) high maternal 
and child mortality; and (iv) trauma.

Within this challenging environment, genetic engineering 
is viewed as powerful tool to increase agricultural 
productivity, exports, and food security: In 1997, the 
government approved the commercial release of the GM 
insect-resistant maize (corn) and cotton. The first GM 
crops in South Africa were planted in the late 1990s, soon 
after GMOs started to spread commercially in the United 
States. By 2018, an estimated 2.7m ha had been planted 
with maize, cotton and soybeans (ISAAA, 2018). The GM 
plantings are for insect-resistant and herbicide-tolerant 
corn (94%), soybeans (95%) and Bt cotton. South Africa 
is a net exporter of corn for most years (except in years of 
drought): white corn to neighboring countries including 
Botswana, Mozambique, and Lesotho; and yellow corn 
to countries including Japan, Vietnam, and South Korea. 
The average corn yield has more than doubled—from 2.2 
t/ha to 4.5 t/ha—over the past 20 years (USDA, 2019). 
Other than commercial planting, South Africa invests 
in the research and development of GMO vegetables, 
ornamental plants, indigenous crops, grapes, and sugar 
cane. 

11.  The South African Multidimensional Poverty Index (SAMPI) captures 
severe deprivations in terms of health, education, economic activity, 
and living standards. The MPI score (2016) was highest in Eastern 
Cape at 12.7%, followed by Limpopo at 11.5%; and KwaZulu-Natal at 
10%. The lowest score was at 1% in Western Cape. (RSA, March 2018)

12.  TB (tuberculosis) is the leading cause of death in South Africa. It is 
mostly associated with the HIV/AIDS epidemic affecting more than 
7.2 millions South Africans. There is also a symbiotic relationship 
between poverty and TB. Poverty fuels TB and vice versa. 
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Key features of the institutional and regulatory 
framework for GMOs in South Africa:

The Department of Agriculture, Forestry and Fisheries 
(DAFF) is responsible for administering South Africa’s 
GMO Act of 1997, which was modified in 2005 to 
accommodate South Africa’s ratification of the Cartagena 
Biodiversity Protocol (CBP), and again in 2006 to 
accommodate environmental and consumer concerns. 
The amended GMO Act went into effect in February 2010. 
Three bodies within the DAFF administer the GMO Act. 
These are:

• The Executive Council which advises the Minister 
of DAFF and either approves or rejects GM 
applications. It consists of representatives from 
seven departments within the government: DAFF, 
Water and Environmental Affairs, Health, Trade and 
Industry, Science and Technology, Labor, and Arts 
and Culture. All decisions require the full consensus 
of all departments. If not, the application is denied. 

• The Advisory Council which consists of 10 scientists 
appointed by the Minister of DAFF. Its role is 
to provide advice to the Executive Council on 
all applications. The Advisory Council in turn is 
supported by a subcommittee of scientific experts 
from various disciplines. These experts perform the 
risk assessments of all applications as they relate to 
food, feed, and environmental impact. They submit 
their evaluations to the Executive Council. 

• The Registrar, also appointed by the Minister of DAFF, 
is responsible for the day-to-day administration 
of the GMO Act. It acts on the instructions and 
conditions laid down by the Executive Council. Its 
responsibility is ensuring conformity of applications 
with the GMO Act. It also monitors all facilities that 
are used, including trial release sites. . 

Two other acts address the environment and 
biodiversity, and consumer health. These are: the 
National Environment and Biodiversity Act (2004), and 
the Consumer Protection Act (2004). The Biodiversity 
Act gives the Minister of Environmental Affairs the 
power to deny a permit for release of a GM product if 
it decides it poses a threat to any indigenous species 
or the environment. The Consumer Act enforces health 
regulations, which largely follow the scientific guidelines 

of the Codex Alimentarius13. These health regulations 
mandate labeling of GM foods only when allergens, 
and human/animal proteins are present, and when the 
GM food differs significantly from a non-GM equivalent. 
There is however no mandatory GM labeling for all 
consumer products that contain GMOs, although the 
necessity of such labeling has been discussed for years. 
The Consumer Protection Act (2011), which would have 
required such mandatory labeling, is still on hold (USDA, 
2019). 

Public perceptions of GMOs 
in South Africa—priority 
concern for food safety and the 
environment
 While producers value insect-resistance, herbicide-
tolerance, and yield growth, consumers value food safety, 
biodiversity, and environmental sustainability. Although 
reasons given against GMOs so far are scientifically 
plausible, there is no evidence to date (after over 20 
years of cultivation and sale) that GM foods are unsafe, 
and their environmental impact is harmful. Nevertheless, 
the debate about GMO food safety and environmental 
risk rages on (Muzhinji and Ntuli, 2020). As is the 
case in many surveys elsewhere, public perceptions of 
GMOs in South Africa are mixed. Public perceptions are 
heavily influenced by several factors including: (i) public 
understanding of bioengineering is mainly minimal; (ii) 
public experiences of recent food scandals; (iii) public 
trust (or lack thereof) in different sources of information, 
including government, industry, professionals including 
the scientific research community, social media and 
the press, NGOs and other civil society/activist groups; 
(iv) what people value most about their food; e.g. what 
priority they place on safety, nutritional quality, and 
health, versus taste and freshness (or shelf life), versus 
cost; (v) people’s socio-economic values; e.g., the plight 
of poor farmers and the extent to which they are viewed as 
victims of non-competitive, predatory marketing of major 
input-supply corporations; and (vi) religious values; e.g. 
whether bioengineering is viewed as ‘playing God’. A 
2019 survey of Cape Town residents, representative of 
a multi-racial, young society in which the majority has 

13.  The Codex Alimentarius is a set of international food standards, 
guidelines, and codes established in 1963 by the joint FAO/WHO 
Food Standards Program to protect consumer health and promote fair 
practices in international food trade. 
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at most secondary school education, echoed many of 
these findings. It showed that: (a) only a minority (35%) 
had a good understanding of GMOs; (b) most would 
be either pro-GMO or neutral if they believed GMOs 
brought tangible benefits, while only 14% would remain 
anti-GMO; (c) good nutrition and health benefits (food 
safety) as opposed to taste, shelf-life, or environmental 
concerns, were the main priorities for people in food 
purchases; (d) strong preference for the status quo in 
traditional food supply as opposed to switching to an 
alternative like GMOs; and (e) despite this bias in favor 
of the status quo, there is great willingness to switch to 
an environmentally-friendly agricultural technology. So, 
this survey suggests that public perceptions are likely 
to improve significantly if GM technology can be shown 
to be also environmentally friendly (Dovey and Ntuli, 
2020). 

Conclusion
Our review of experiences with GMOs in selected 
industrialized (in Part I) and developing countries 
(Part II) shows that the effort to realize the promise of 
bioengineering for strengthening food security is still in 
its early stages. Biotechnology has a long way to go to 
convince most consumers that GM food is safe, nutritious, 
and environmentally friendly. Evidence so far that GM 
products have not inflicted any harm on consumers or 
the environment has not convinced skeptics and critics. 
The reasons for the controversies vary by country and 
context but there is a common thread. In most cases, 
GM controversies are inextricably bound up with a host 
of concerns relating to food and agriculture, but which 
are not about the science of bioengineering itself. These 
concerns include deep misgivings about food scandals, 
mistrust of authority, e.g., government and industry, 
sharp disparities in socio-economic the power of small 
farmers and powerful corporations with monopolistic 
power, and fear of the unknown in relation to the power 
of bioengineering. These controversies show that 
bioengineering must be accepted by most consumers 
before it can become a valued tool for farming as the 
Green Revolution technology has been. It is not enough 
that genetic modification impacts beneficially on traits 
that the producers value. Consumers cannot be coerced 
into acceptance. China is an interesting case in which even 
a powerful state apparatus seems unable to control the 
narrative, given increasing public distrust of its ability to 
prevent food scandals. South Africa is also an interesting 
case in which the extent of the spread of GMOs does not 
depend only on public support but also on consumer 
acceptance. On what does consumer acceptance depend? 
It is essential to better understand this if governments 
want to successfully address the challenge of balancing 
the promise of agricultural biotechnology as a tool for 
strengthening food security, with the perceived risks to 
consumer health and the environment.    
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