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Opinion
It is said that genetic modification (GM) of grain
sorghum has the potential to alleviate hunger in Africa.
To this end, millions of dollars have been committed to
developing GM sorghum. Current developments in the
genetic engineering of sorghum are similar to efforts to
improve cassava and other traditional African crops, as
well as rice in Asia. On closer analysis, GM sorghum is
faced with the same limitations as ‘Golden Rice’ (GM
rice) in the context of combating vitamin A deficiency
(VAD) efficiently and sustainably. Thus, it is questionable
whether the cost of developing GM sorghum can be
justified when compared to the cost of investing in
sustainable agricultural practice in Africa.

Introduction
Considering that over 4.3million people in Southern Africa
are currently surviving on food donations, the genetic
engineering of sorghum holds promise for the alleviation
of hunger and improved nutrition (http://www.wfp.org).
The onset of the ‘green revolution’ in the 1940s and its
continuation through to the 1960s provided food security
for developed countries through the use of mechanization,
irrigation schemes and synthetic fertilizers and pesticides
[1–3]. However, resource-poor Africa did not participate in
or benefit from agricultural industrialization [1,2,4]. The
application of recombinant DNA technology in traditional
African crops, especially sorghum, is considered to
represent a second ‘green revolution’ that will ’benefit
those passed by the first’ (http://www.nuffieldbioethics.
org). Thus, genetic modification (GM) holds the potential
to improve the livelihoods of resource-poor farmers and to
dramatically increase the average yield of the poorest
countries in Africa.

Sorghum (Sorghum bicolor (L)), after maize, wheat, rice
and barley, is the fifth most important grain crop in the
world and the second most produced grain on the African
continent (http://faostat.fao.org). In Africa, sorghum is
used for food and feed and is adapted to growing in mar-
ginal and drought-stricken areas [5–7]. Sorghum is used in
the production of traditional foods and beer, as well as in
the production of commercial beer and non-traditional
products such as instant porridges [8]. In the developed
world, sorghum is produced by commercial farmers, pre-
dominantly for animal feed. In Africa, it is producedmainly
by subsistence farmers and consumed by more than 500
million people in more than 30 countries, of which Nigeria,
Sudan and Ethiopia are the highest producers (http://
faostat.fao.org). In 2005, Africa produced 22 million tonnes
of grain sorghum compared to the 10 and 11 million tonnes
produced by Asia and the US, respectively. Despite high
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production in Africa, yield is low with an average of 0.85
tonnes/ha of sorghum recorded in 2006 for central Africa,
compared to 1.03 tonnes/ha in Asia and 4.31 tonnes/ha in
the US (http://faostat.fao.org). The elevated yield in the US
is the result of using improved varieties rather than just
favourable environmental conditions. With the introduc-
tion of the combine harvester in 1960, cultivars in the US
have been specifically developed for higher yield through
conversion programs [5,9,10]. These conversion programs
made use of African germplasm to breed improved varieties
for US agriculture [11]. Unfortunately, Africa never really
benefited from these programs, and traditional African
cultivars are not high yielding [12,13]. Although sorghum
breeding programmes were implemented in Africa in the
late 1980s, the net outcome has had little effect because of a
lack of distribution mechanisms and supporting infrastruc-
ture [7,12]. For example, in 1985 a sorghum germplasm
collection at Ilonga Research Institute in Tanzania was
destroyedbecauseofapower failure [6]. Inanotherexample,
a higher yielding variety developed by the International
Crops Research Institute for the Semi-Arid Tropics (ICRI-
SAT) was only released in Tanzania eleven years after its
development [14]. Thus, sorghumbreeding inAfrica has not
had the intended effect [7].

Recently, the Bill and Melinda Gates Foundation made
a US$450 million commitment to the African Biotechnol-
ogy Sorghum (ABS) project (http://www.supersorghum.
org). This project is also supported by an additional
US$27.1 million from the Wellcome Trust, as well as
US$4.5 million from the Canadian Institute of Health
Research [15]. The project consists of a consortium in-
cluding Pioneer Hi-Bred (a Dupont subsidiary), the Uni-
versity of California, three South African institutions and
three other African members (Table 1). Although the pro-
ject management resides with Africa Harvest, which is
responsible for the overall coordination and implementa-
tion of the programme, Pioneer Hi-Bred International
provides the scientific leadership as principle investigator,
and product development is provided by the CSIR (Council
for Science and Industrial Research), through which Pio-
neer Hi-Bred will facilitate technology transfer (http://
www.supersorghum.org). The overall aim of this project
is to use transgenic technology to improve the health and
wealth of people in the world’s poorest countries by means
of a more nutritious and easily digestible sorghum (cooked
sorghum is less digestible compared to other cereals) that
would contain increased levels of essential amino acids,
especially lysine, and increased levels of vitamins A and E,
as well as increased availability of iron and zinc [15,16].
The ABS project justifies its objectives by citing the success
of transgenic maize, and claims that the same technology
will result in the significant improvement of sorghum [17].
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Table 1. ABS Project consortium partners

Consortium partner Function

Project steering committee

Africa Harvest Biotech Foundation International (AHBFI) � Overall project coordination

� Product development, technical affairs, finance and business

development, communications and public acceptance and regulatory

affairs

DuPont, through Pioneer Hi-Bred � Intellectual property

� Principal Investigator providing scientific leadership

Council for Science and Industrial Research (CSIR) � Technology transfer

Additional consortium members

International Crops Research Institute for the Semi-Arid Tropics

(ICRISAT)

� Product development, laboratory and field trials

African Agricultural Technology Foundation (AATF) � Managing technology audits and the negotiation of intellectual property

Forum for Agricultural Research in Africa (FARA), the technical

partner of New Partnership for Africa’s Development (NEPAD)

� Developing an appropriate product distribution mechanism

University of Pretoria (UP) � Nutritional analysis, as well as the development of food preparation

techniques and menus

Agricultural Research Council (ARC) � Community input and participation in project design

University of California, Berkeley (UC Berkeley) � Research into improving the digestibility of sorghum
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Thus, the nutritional improvement of transgenic sorghum
is comparative to current efforts to combat vitamin A
deficiency (VAD) through transgenic rice.

Vitamin-enriched GM rice
It is estimated that over 2 million people go blind each
year, and 60% of the cases in India, China and sub-Saharan
Africa are a result of VAD (http://www.unsystem.org/scn)
[18,19]. Interventions to prevent VAD-associated blind-
ness include health-care education, vitamin supplement-
ation, home gardening, nutritional feeding programs and
GM rice containing enhanced levels of pro-vitamin A
(http://www.unsystem.org/scn) [18,20].

The United Nations Standing Committee on Nutrition
(SCN) has emphasized the need for ‘integrated interven-
tions’ in combating nutritional deficiencies (http://www.
unsystem.org/scn). Vitamin supplementation has already
had a substantial impact in alleviating VAD amongst
children in projects in Nepal and Bangladesh (http://
www.unsystem.org/scn) [20,21]. However, the use of
supplements is not without problems and needs to be
accompanied by nutrition education, training of health-
care workers and adequate access to households (http://
www.unsystem.org/scn) [22–25].

GM rice, known as ‘Golden Rice’ because of its yellow
colour, has been developed to produce enhanced levels of
pro-vitamin A (b-carotene) [26]. Because of low expression
levels in the first version of Golden Rice, ‘Golden Rice 2’
was developed with a reported 37-fold increase in b-car-
otene [22]. Golden Rice is the first example of a GM crop
that provides a direct benefit to consumers, something that
first generation GM crops have failed to do [22,23,27]. This
rice has been publicized as being able to prevent blindness
and death for millions of the ‘poorest of the poor’ [23–27].

Golden Rice faces similar problems in Asia as GM
sorghum would in Africa. These include concerns over
the environment, patents, efficacy and social acceptance.
In terms of the environment, there is a concern that Golden
Rice will contaminate traditional varieties as well as wild
relatives, which could have catastrophic consequences
because Asia is the centre of origin for rice [28,29].
Although marketed as royalty free, Golden Rice is
controlled by several international patents held by
multinational companies. To accommodate resource-poor
farmers, these companies have generously agreed to waiver
royalties, as long as earnings from theGM rice are less than
US$10 000ayearper farmerand theproduct isnot exported
(http://www.econexus.info). However, this might not be
practical as it is doubtful whether farmers would have
the management resources to prove that the income gener-
ated by GM-enhanced rice, compared to total income, is
below the threshold that requires royalty payments.

Although Golden Rice is being suggested as an alterna-
tive to vitamin supplementation for combating VAD, the
principles of food nutrition are unfortunately being over-
looked [30]. b-Carotene undergoes several enzymatic reac-
tions before being converted to retinol, the form of vitaminA
absorbed by the body.As a result, the general bioavailability
of vitamin A from b-carotene is 10% or less [31,32]. The
recommended dietary allowance (RDA) of vitamin A is
between 700 and 900 mg retinol per day [31]. Thus, a person
would need to consume 250 g of uncookedGolden Rice 2 per
day (assuming a maximum content of 37 mg/g b-carotene,
although the average reported was 17.7 mg/g) to achieve the
requiredRDA, assuming a 10% efficiency in conversion [22].
Furthermore, the conversion of b-carotene to vitamin A
requires the presence of lipids, especially unsaturated fatty
acids [33,34]. In a study on humans performed byTang et al.
[35], it was reported that the conversion of b-carotene (from
Golden Rice) to retinol was found to be equivalent whether
given in single or multiple meals with the supplementation
of fat, 10 g and 2.5 g, respectively. Ironically, brown rice
already contains b-carotene and the required lipids for
bioconversion on the inner layers of the husk. However, this
is removed during milling to produce white rice, which is
preferred to brown rice [34]. Although Golden Rice contains
b-carotene in the endosperm, which is not lost during
milling, it does not contain the fatty acids required for
absorption. In addition, because of its golden colour, Golden
Ricemightbeassociallyunacceptableasbrownriceowing to
cultural preferences (http://biotech-info.net/costs.html,
http://www.panap.net, http://home.worldcom.ch/negenter/
473bTx_E01.html). Furthermore, a study conducted by
Stein et al. [36] concluded that althoughGoldenRice2might
65
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contribute to solving VAD, an array of approaches is still
needed todealwith the complexity of theproblem.The study
also concedes that b-carotene bioavailability from Golden
Rice 2 needs to be scientifically verified. Thus, given the
problems with nutrition, bioavailability and social accept-
ance, it is questionable whether Golden Rice will have the
intended effect onVAD.Similarly,GMsorghumfacesmany,
if not all, of the problems associated with Golden Rice, and
its actual ability to ‘improve the lives of millions of the
poorest people in the world’ is also questionable [25].

Relevance of traits intended for GM sorghum
There is an important parallel between the application of
GM sorghum in Africa and GM rice in Asia. Transgenic
traits intended for sorghum include increased levels of
vitamin A and E, increased availability of iron and zinc
and improved protein quality. GM sorghum with agro-
nomic traits such as herbicide tolerance (used as a genetic
marker for gene transformation), insect resistance and
increased lysine content have been developed but not
released [37,38]. However, it is important to distinguish
between GM traits that are suited to commercial agricul-
ture and those that have relevance for subsistence farmers.
For example, the vast majority of African farmers apply
manual weeding because they do not have access to or the
resources to acquire herbicides. Insect resistance has the
potential to decrease crop losses from insect damage, but
might also lead to the emergence of secondary pests [39].
Faria et al. [40] reported an increase in aphids on Bt maize
and Ponsard et al. [41] observed a decrease in pest pre-
dators for Bt cotton. Thus, any shift in insect population
levels or a loss of the natural control of pests could result in
the requirement of additional insecticidal control, which
would prove problematic for resource poor farmers [42].

Nutritional traits, such as Lysine, increased levels of
vitamin A and E, increased levels of iron and zinc and
improved protein quality, are important traits for the im-
provement of human nutrition in Africa. However, sustain-
able nutrition requires a well-balanced diet, and one food
crop cannot replace all the vital components (http://
www.unsystem.org/scn) [43]. Although not exploited, sor-
ghum varieties with the potential for nutritional improve-
ment have been identified that contain b-carotene (ranging
from 0 to 1.132 mg/g), iron (ranging from 20.1 to 50.0 mg/g)
and zinc (ranging from 13.4 to 31.0 mg/g), as well as vita-
mins B, D, E and K [44,45]. Ironically, none of the GM
sorghum traits under development are aimed at increasing
yield, which is one of the greater agronomic problems
facing sorghum production in Africa. Although it has not
been necessary to use GM sorghum to elevate yields in the
US, which at 4.31 tonnes/ha is currently the highest in
the world, it is thought that the introduction of GM sor-
ghum can achieve higher productivity in Africa (http://
www.fao.org).

Sustainability of GM sorghum in Africa
Although projects for developing GM sorghum have high
and noble ideals, several different issues need to be
addressed to ensure sustainability. These include the
resource requirements of farmers, intellectual property
rights and the impact of GM gene flow on the environment,
66
as well as social acceptance of GM sorghum. The potential
impact of GM technology must also be evaluated in the
background of current limitations in agricultural practice
in Africa.

Despite the potential impact that GM traits could have
on sorghum production and nutrition, it is important to
take cognisance of the actual needs of Africa in terms of
sorghum improvement. In a study by Laswai et al. [46],
several limitations associated with grain production were
raised, including the availability of processing equipment,
organized marketing and product development. In
addition to this, specific constraints associated with sor-
ghum farming include difficulties with grain storage, birds
damaging kernel heads and a lack of processing facilities
for de-hulling and threshing [46]. Maize is favoured by
subsistence farmers in regions with sufficient rainfall,
whereas sorghum is better adapted to withstand drought,
high temperatures and water logging [7,47,48]. This high-
lights the reality that Africa is once again being given what
the world thinks it needs and not what it actually needs.

Sorghum cultivation originated in Africa with the de-
velopment of landraces (a farmer-developed cultivar that is
adapted to local environmental conditions and that can
also include preferred cultural characteristics) before the
slave trade (http://faostat.fao.org). Cultivated sorghum
(Sorghum bicolor subsp. Bicolour) comprises five main
races, namely bicolour, kafir, guinea, durra and caudatum,
specifically adapted to the different regions in Africa where
they originated [5]. Gene flow from GM sorghum to land-
races would threaten a valuable genetic resource [5,49]. A
risk assessment by Schmidt and Bothma [49] determined
that sorghum gene flow could occur within a radius of up to
2 km.Gene flow of traits, for example, insect resistance and
herbicide tolerance, from GM sorghum to wild relatives,
such as Johnsongrass (Sorghum halepense), could result in
increased fitness, which would impact biodiversity and
agricultural management [50,51]. Thus, the introduction
of GM sorghum will definitely impact on gene flow to
landraces and wild relatives.

Intellectual property rights and ownership through
patenting is a concept that is totally alien in African
culture. Thus, the requirement to pay royalties on
patented seed becomes a barrier for farmers who wish to
access recombinant DNA technology. A good case study for
this is the introduction of Bt cotton to rural farmers in the
Makhatini flats in South Africa in 1998 [52–54]. Although
Bt cotton was quickly adopted, these farmers have had to
deal with the increased cost of GM seed and an inter-
national slump in the price of cotton, resulting in increased
debts [53]. The Makhatini farmers buy cotton seed every
year only because de-linting the seed is too labour inten-
sive. However, these farmers save and exchange maize
seed. If GM maize were introduced to the Makhatini, it is
difficult to see why this practice would cease or why farm-
ers would agree to pay royalties on saved seed.

GM sweet potato can also be used as a model to assess
the impact and acceptance of a GM African crop. A project
was launched in 1995 by the Kenyan Agricultural
Research Institute (KARI) and Monsanto to develop a
transgenic virus-resistant sweet potato variety (http://alla-
frica.com/sustainable/resources/00010161.html). In 2000,
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Table 2. Constraints and solutions surrounding the introduction of GM in Africa

Issues Solutions

Farming resources

� Lack of farming subsidies and access to credit � Farming subsidies in the developed world should be eliminated and

systems established to give African farmers access to resources

without tying them into a cycle of debt

� Farmers do not have ready access to agricultural inputs

� Diverse farming communities consisting of mainly subsistence

farmers

Variety improvement

� There is not an effective system to ensure that new varieties are

released to farmers

� Variety improvement should begin by assessing the needs of the

farmer and community

� New varieties are often developed to suit commercial farming

conditions

� Programmes should incorporate farmers’ knowledge of crops as

well as locally adapted landraces

� Breeding improvement does not always consider cultural

preferences

� Varieties developed in first world countries are not adapted to the

African environment

GM traits

� The selection of GM traits is not based on identified needs � Drought and heat tolerance as well as grain quality have been

identified as important traits

Nutrition

� One food crop cannot provide balanced nutrition � Nutritional education is as important as technological solutions

Environmental management

� Gene flow to wild relatives and landraces � Implementation of guidelines by African governments for the safe

application and use of biotechnology

� Apply a precautionary approach to genetically engineering

indigenous germplasm and landraces

Intellectual property rights

� African countries cannot afford to access intellectual property owned

by companies in developed countries

� An unconditional withdrawal of patents in developing countries or a

complete waiver of all royalties
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a virus-resistant GM variety was produced at an estimated
cost of US$6 million. Although field trials have been
ongoing, there is no expected releasedate for theGMvariety
(http://allafrica.com/sustainable/resources/00010161.html).
It has been speculated that field trials failed because the
virus resistance was designed to guard against a US strain
of the sweet potato feathery mottle virus (SPFMV) and was
ineffective for theAfrican strain (http://www.twnafrica.org).
Furthermore, the transgenic variety used was unpopular
amongst farmers as it did notmeet site specifications (http://
allafrica.com/sustainable/resources/00010161.html). This
emphasizes the need to modify solutions developed by the
first world to conditions in the third world.

It is important to note that the majority of sorghum
consumption in Africa is actually in the form of sorghum
beer and traditional fermented foods, such as porridge, and
this tradition is as old as sorghum cultivation [5,55].
Malting and fermentation of sorghum increases the nutri-
tional value and protein quality and it is therefore ques-
tionable whether the enhanced nutrient content in GM
varieties would have any further nutritional benefit
[44,55]. It has also never been established whether the
introduction of GM sorghum would be culturally accepta-
ble. Furthermore, there is resistance to the introduction of
GM in Africa (with South Africa being the exception),
possibly due to a fear of the collapse of export markets
[56]. If the applications for GM sorghum trials have proven
unsuccessful in South Africa, which is considered ‘GM
friendly’, it is unlikely that they will succeed elsewhere
in Africa as a result of the environmental and economic
concerns previously discussed [56].

Assessing the actual needs of Africa
Africa is poor in technological resources. Most countries
lack basic infrastructure for agricultural management and
practice. Crop varieties are in need of basic breeding
improvement, especially in terms of yield and environmen-
tal adaptation, and this is not likely to be addressed by GM
technology. Unlike farmers in the EU and US, African
farmers are not subsidized, and basic chemical inputs are
not affordable or readily available. Unfortunately, the same
reasons for the failure of the green revolution in Africa also
apply to GM. In addition to GM seed, farmers still require
fertilizer, insecticides and herbicides to realize the benefits
of GM technology. It is also not certain whether companies
willwaiver royaltiesas thishasnotbeen the case for farmers
in the Makhatini. Furthermore, it must be recognized that
poverty inAfrica is exacerbatedbysocial factors suchaspoor
governance, corruption, armed conflict and lack of education
[57]. Thus, for GM sorghum to have the desired impact, it
needs to form part of an integrated approach that addresses
the issues associated with agriculture in Africa (Table 2).
This begs the question of whether the philanthropic
donation of millions of dollars is just a publicity exercise
to promote GM technology without taking into account the
actual needs of Africa.
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