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Is Bt maize effective in improving South African 
smallholder agriculture?

There is intense debate about the role of genetically modified (GM) food crops in combatting low yields and food 
insecurity amongst smallholders in Africa. Bt maize is still the only commercialised GM food crop in Africa and 
thus provides an unique opportunity for an empirical evaluation on this matter. South Africa is the only country 
in Africa where farmers grow Bt maize. South African smallholders have been introduced to Bt maize through a 
number of private enterprise interventions and government programmes since 2001. Scientific publications on 
the effects of Bt maize on South African smallholders, from socioeconomic and ecological perspectives, are now 
starting to accumulate.1-4 

Bt maize produces insecticidal proteins that provide resistance to the African maize stem borer (Busseola fusca) 
and the Chilo borer (Chilo partellus) which can cause significant yield losses in low-input African smallholder 
systems.5 As maize is the dominant staple crop in Africa, and stem borer damage is a significant production 
problem to many African smallholders, Bt maize could have substantial positive impacts on the livelihoods and 
food security of smallholders. In this commentary, we argue, however, that the fact that Bt maize was originally 
developed for use in large-scale capital intensive farming is still reflected in its functioning, which currently results in 
it being of limited use to smallholders. In addition, the regulatory context in which Bt maize was introduced in South 
Africa, and the lack of information provided to smallholders with the introduction of Bt maize, further reduce the 
current possibility of smallholders benefitting from it. As an alternative, we see positive progress in public–private 
initiatives to develop new maize varieties, specifically for smallholders’ preferences and circumstances, which, we 
argue, show greater potential to improve food security in smallholders’ contexts.

The first aspect which negatively impacts on the possibility of Bt maize to be of benefit to smallholders is the 
economic risk that its adoption entails. To date, Bt maize seed has been supplied to smallholders through 
government-sponsored interventions – either for free or at greatly subsidised rates; smallholders therefore have not 
yet experienced the real costs of the seed. Bt maize is currently sold at about double the price of popular non-GM 
hybrids and five times that of the price of popular open pollinated varieties (OPVs). Despite the high prices, some 
economic studies on Bt maize have reported that, by averaging over a number of years, smallholders can benefit 
from adopting Bt maize compared with planting conventional hybrids.2,6,7 However, stem borer pressure is highly 
variable between seasons8; therefore during years and at sites that experience low insect pressure, the economic 
benefit of planting Bt maize can be negative.7 Resource-constrained smallholders who do not have an economic 
buffer are not able to absorb losses in years for which the cost of Bt maize seed does not pay off. 

Further reinforcing economic risk taking, currently commercialised Bt maize varieties are developed to give high 
yields under good agricultural conditions (sufficient and timely rain, fertilisation and good storage conditions). 
Smallholders often do not have the economy to provide such an optimal farm environment, and commonly farm 
on lands that are less suited for agriculture. As a result, planting currently available varieties of Bt maize entails 
the risk that input costs will not be covered within any one year. Indeed, studies on Bt maize in South Africa 
indicate that commercial varieties into which the Bt trait is introduced are outperformed by locally used non-GM 
hybrids and OPVs, which are better adapted to smallholders’ agro-ecologies, fluctuations in rainfall and suboptimal 
storage conditions.1,2

Other countries, such as India, China and Argentina, which report higher adoption of Bt crops by smallholders, 
have less monopolistic seed markets and lower prices for GM seed than South Africa does, and, as a result of 
lower regulatory control on GM crops, the Bt traits have also to a greater extent been incorporated into locally suited 
varieties. It must also be noted, however, that the lower regulatory control of GM crops in these countries has 
simultaneously led to the marketing of seed of dubious quality, which negatively affects farmers.9-11 

Lack of transfer of information on Bt maize is found to be a key obstacle for successful adoption by smallholders. 
To successfully adopt Bt maize, farmers must be informed that it provides resistance to stem borers; and, for the 
sake of preserving the stem borer resistance, they need to be taught to plant a refuge of non-Bt maize next to their 
Bt crop. This refuge is provided by planting a specified area of non-Bt hybrids with the Bt crop, thereby providing 
feeding grounds for stem borers. In South Africa today, the main information channel on Bt crops to smallholders is 
through the private sector (seed companies and local seed retailers). Jacobson and Myhr12 reported from the Eastern 
Cape Province that the information days on GM crops held by seed companies were insufficient for transferring 
all the necessary information and that the local seed retailers largely lacked the ability to transfer information on 
GM crops. We have recently (in September 2014) witnessed a similar situation in the Limpopo Province where 
Bt and Roundup Ready maize is about to be rolled out to smallholders through a government-funded programme, 
while seed retailers and local government authorities lack sufficient information on GM crops. Research shows that 
as a result of the current flaws in how information on Bt maize is transferred to smallholders, many smallholders 
planting Bt maize are not fully aware of what makes it different from other hybrid maize12,13; and they often do 
not understand the purpose of refugia, nor comply with the demand to plant them.12 (To some extent, the lack of 
compliance with refugia plantings also applies to large commercial South African farmers.14,15)

Regulations regarding Bt maize in South Africa also currently obstruct smallholders from fully benefitting. These 
regulations apply both to the patents for GM crops and the biosafety management practices that come with planting 
GM crops in South Africa. Both forms of regulation result in farmers not being allowed to recycle GM seed. 
While hybrid seed in general is unsuitable for recycling because of yield drop, resource-constrained smallholders 
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frequently use the possibility of recycling seed to be able to plant in years 
for which the budget does not allow for the purchase of new seed.12 

In summary, current Bt maize varieties in South Africa are expensive, 
are not suited to planting in suboptimal agricultural environments and 
come with regulations that smallholders do not understand or with which 
they do not agree. Whilst some of these problems can be remedied, 
there are cheaper alternatives available that are more attuned both to 
smallholders’ agro-ecologies and to their farming practices. 

The South African government is currently, through the Agricultural 
Research Council – Grain Crops Institute (ARC-GCI), promoting the 
development and certification of maize OPVs suited to smallholder 
conditions and practices. The ARC-GCI is working in collaboration 
with the International Wheat and Maize Improvement Center (CIMMYT), 
initially through the Southern African Drought and Low Soil Fertility 
Project, and now through a breeding programme called Drought Tolerant 
Maize for Africa. These initiatives are working closely with smallholders 
and have resulted in the registration of a number of stress-tolerant maize 
OPVs on the South African Variety List. In addition to drought and low 
soil nitrogen tolerance, the varieties also possess such desirable traits 
as resistance to major maize diseases (e.g. turcicum leaf blight and grey 
leaf spot), superior tolerance to smallholders’ storage conditions, early 
maturation and suitability for home processing.16,17 These are features 
of maize that are repeatedly highlighted as important by smallholders 
in southern Africa.16,18,19 As a consequence of the projected increase 
in moisture stress because of climate change, these varieties, and 
continued efforts to produce them, can also be expected to substantially 
contribute to food security in future. Smallholder farmers in the Limpopo 
Province have already adopted some of these varieties, and are 
currently growing and marketing certified seed of ZM 1421, ZM 1521 
and ZM 1523. In the Eastern Cape Province, some of the OPVs showed 
very stable performance across different stress-prone environments and 
seasons, and produced yields that were not significantly different from 
hybrids.18 Zero seed costs can be realised for some seasons, because of 
the option of recycling seed of OPVs without the yield penalty associated 
with recycling hybrids. 

We argue that government money would be better spent on supporting 
further development and spread of these less costly stress-tolerant 
maize OPVs to smallholders which, we argue, have better prospects for 
increasing and stabilising smallholders’ maize yields in economically 
sustainable ways.

References
1. Jacobson K. From betterment to Bt maize: Agricultural development and the 

introduction of genetically modified maize to South African smallholders [PhD 
thesis]. Uppsala: Swedish University of Agricultural Sciences; 2013.

2. Gouse M. GM maize as subsistence crop: The South African smallholder 
experience. AgBioForum. 2012;15(2):163–174.

3. Van den Berg J, Hilbeck A, Bøhn T. Pest resistance to Cry1Ab Bt maize: Field 
resistance, contributing factors and lessons from South Africa. Crop Prot. 
2013;54:154–160. http://dx.doi.org/10.1016/j.cropro.2013.08.010

4. Truter J, Hamburg HV, Berg JVD. Comparative diversity of arthropods on Bt 
maize and non-Bt maize in two different cropping systems in South Africa. 
Environ Entomol. 2014;43(1):197–208. http://dx.doi.org/10.1603/EN12177

5. Van Wyk A, Van den Berg J, Van Hamburg H. Diversity and comparative phenology 
of Lepidoptera on Bt and non-Bt maize in South Africa. Int J Pest Manage. 
2008;54(1):77–87. http://dx.doi.org/10.1080/09670870701523074

6. Gouse M. Ten years of Bt cotton in South Africa: Putting the smallholder 
experience into context. In: Tripp R, editor. Biotechnology and agricultural 
development, transgenic cotton, rural institutions and resource-poor farmers. 
Routledge Explorations in Environmental Economics 19. London: Routledge; 
2009. p. 200–224.

7. Gouse M, Pray C, Schimmelpfennig D, Kirsten J. Three seasons of 
subsistence insect-resistant maize in South Africa: Have smallholders 
benefited? AgBioForum. 2006;9(1):15–22.

8. Van Rensburg J, Van Rensburg G, Giliomee J, Walters M. The influence of 
rainfall on the seasonal abundance and flight activity of the maize stalk borer, 
Busseola fusca, in South Africa. S Afr J Plant Soil. 1987;4(4):183–187.

9. Ho P, Zhao JH, Xue D. Access and control of agro-biotechnology: Bt cotton, 
ecological change and risk in China. J Peasant Stud. 2009;36(2):345–364. 
http://dx.doi.org/10.1080/03066150902928330

10. Lalitha N, Ramaswami B, Viswanathan P. India’s experience with Bt cotton: 
Case studies from Gujarat and Maharashtra. In: Tripp R, editor. Biotechnology 
and agricultural development: Transgenic cotton, rural institutions and 
resource-poor farmers. Routledge Explorations in Environmental Economics 
19. London: Routledge; 2009. p. 135–167.

11. Van Zwanenberg P, Arza V. Biotechnology and its configurations: GM 
cotton production on large and small farms in Argentina. Technol Soc. 
2013;35(2):105–117. http://dx.doi.org/10.1016/j.techsoc.2013.01.007

12. Jacobson K, Myhr AI. GM crops and smallholders: Biosafety and local 
practice. J Environ Dev. 2013;22(1):104–124. http://dx.doi.org/10.1177/ 
1070496512466856

13. Assefa Y, Van Den Berg J. Genetically modified maize: Adoption practices 
of small-scale farmers in South Africa and implications for resource poor 
farmers on the continent. Aspects Appl Biol. 2009;96:215–223.

14. Kruger M, Van Rensburg JBJ, Van den Berg J. Perspective on the development 
of stem borer resistance to Bt maize and refuge compliance at the Vaalharts 
irrigation scheme in South Africa. Crop Prot. 2009;28(8):684–689. http://
dx.doi.org/10.1016/j.cropro.2009.04.001

15. Kruger M, Van Rensburg JBJ, Van den Berg J. Transgenic Bt maize: Farmers’ 
perceptions, refuge compliance and reports of stem borer resistance in South 
Africa. J Appl Entomol. 2012;136(1–2):38–50. http://dx.doi.org/10.1111/
j.1439-0418.2011.01616.x

16. McCann JC, Dalton TJ, Mekuria M. Breeding for Africa’s new smallholder 
maize paradigm. Int J Agric Sustain. 2006;4(2):99–107.

17. CIMMYT. The Drought Tolerant Maize for Africa Initiative [homepage on the 
Internet]. c2014 [cited 2014 Oct 08]. Available from: http://dtma.cimmyt.org/ 

18. Chimonyo VGP, Mutengwa CS, Chiduza C. Genotype × environment 
interactions and yield stability of stress-tolerant open-pollinated maize 
varieties in the Eastern Cape Province, South Africa. S Afr J Plant Soil. 
2014;31(2):61–68. http://dx.doi.org/10.1080/02571862.2014.868048

19. Setimela PS, Kosina P, editors. Strategies for strengthening and scaling up 
community-based seed production. Mexico DF: CIMMYT; 2006.

http://www.sajs.co.za
http://dx.doi.org/10.1016/j.cropro.2013.08.010
http://dx.doi.org/10.1603/EN12177
http://dx.doi.org/10.1080/09670870701523074
http://dx.doi.org/10.1080/03066150902928330
http://dx.doi.org/10.1016/j.techsoc.2013.01.007
http://dx.doi.org/10.1177/
1070496512466856
http://dx.doi.org/10.1177/
1070496512466856
http://dx.doi.org/10.1016/j.cropro.2009.04.001
http://dx.doi.org/10.1016/j.cropro.2009.04.001
http://dx.doi.org/10.1111/j.1439-0418.2011.01616.x
http://dx.doi.org/10.1111/j.1439-0418.2011.01616.x
http://dtma.cimmyt.org
http://dx.doi.org/10.1080/02571862.2014.868048

