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Abstract 

 

The international sugarcane industry is on the brink of commercialising genetically modified 

(GM) varieties for the first time. Various countries, including South Africa, Brazil and 

Australia, have recently announced collaborative research and development programmes 

specifically aimed at developing GM varieties. It is therefore not only an opportune time for 

the South African sugar industry to evaluate these developments, but also the status of GM 

crops in the country and the multitude of unique aspects associated with the 

commercialisation of a GM crop. Although most GM technology developers realise that they 

have to consider the biosafety requirements as stipulated by national and international 

regulatory frameworks, the scope, extent and impact of these are often misjudged – resulting 

in a non-viable product. Risk assessment and risk management play critical roles in the 

successful commercialisation of GM crops and should therefore from a very early stage be 

considered as an integrated part of a GM research and development programme. In addition, 

to extract the full potential benefits from biotech crops, technology developers should more 

carefully consider market related factors such as the relevance and accessibility of a 

particular GM product to ensure its sustainability. This will not only help ensure the 

sustainability of individual products but also improve the efficiency of the innovation 

process. This paper will develop these concepts and present a sustainability assessment 

framework which can be used in a research and development programme to identify, assess 

and mitigate potential biosafety and deployment risks of GM products. 
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Introduction 

 

The first ever genetically modified (GM) sugarcane cells were produced 25 years ago in 

1987, while the first GM sugarcane plants were regenerated some five years later, in 1992. 

Since then a multitude of transgenes targeting more than 20 different genetic traits, varying 

from agronomic efficiency and yield enhancement traits to modified cellular architecture and 

high-value, alternative product production, have been introduced into GM sugarcane plants. 

Despite this long and successful history, GM sugarcane has not yet been commercialised in 

any territory around the world. This could soon change, as a state-owned Indonesian sugar 

company recently submitted a biosafety dossier to apply for approval for the commercial 

production of drought tolerant GM sugarcane in Indonesia (Indonesia Biosafety Clearing 

House). 
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The possible introduction of GM sugarcane could have extensive impacts on the international 

sugar market as well as on sugarcane research and development programmes. It is therefore 

an opportune time to evaluate the South African GM environment, the international 

developments in GM sugarcane and how the possible future development of GM sugarcane 

varieties should be approached. 

 

GM technology regulation and utilisation in South Africa 

 

South Africa has a fully developed GM regulatory framework, which has enabled the 

development and commercialisation of GM crops since 1997. Only three crops, i.e. maize, 

soy and cotton, with various combinations of only two GM traits (insect resistance and 

herbicide tolerance), have general release status in South Africa. GM maize, soy and cotton 

are grown on 1.9 (~77% of total), 0.33 (~85% of total) and 0.02 (100% of total) million 

hectares respectively (James 2010). In addition, various GM canola lines have commodity 

clearance status, which means that they can be imported and used as food and/or feed, but 

may not be grown in South Africa. All the current GM crops in South Africa have been 

developed by multinational companies. Locally developed GM crops at field trial stage 

include cassava, potato and sugarcane with GM traits such as insect and virus resistance, 

drought tolerance and improved quality characteristics.  

 

The absence of locally developed GM products has long been a bane of the national 

biotechnology innovation system and various funding and management instruments have 

been introduced over the past 20 years to try and rectify this. Insufficient funding and the lack 

of technical skills (i.e. technology ‘push’ aspects) are often mentioned as some of the reasons 

for this lack of development, but the absence of well defined, lucrative markets and the 

associated support of a well established local industry (i.e. product ‘pull’ aspects) have 

probably contributed more to the current undesirable state of affairs. The South African sugar 

industry is in a unique position to change this. 

 

Current status of GM sugarcane developments 

 

A combination of the technical difficulties, e.g. the stability of transgene expression and the 

associated phenotype, and market issues, e.g. acceptance of GM sugar and competition, has 

constrained the commercial development and deployment of GM sugarcane. More recent 

collaborations between various national sugar industries and private companies have resulted 

in a new surge in development, which will most probably result in GM sugarcane being 

commercially released within the next five years. Many of these collaborations are evidently 

aimed at combining the knowledge and market access of the local sugar industries with the 

technical and regulatory know-how of the multi-national companies. Although various GM 

developments have been aimed at using sugarcane as a bioreactor to produce alternative 

products, or improving the crop as a whole for ethanol production, the majority of the current, 

advanced GM sugarcane trials are aimed at more ‘traditional’ GM traits to improve the 

agronomic efficiency/productivity of the crop (Table 1).  

 

Initially, sugarcane GM technology developers focused almost exclusively on the 

technological barriers presented by this recalcitrant crop, but the realisation that the 

potentially complex and costly regulatory aspects of GM sugarcane could be an even more 

daunting challenge to commercialisation is now slowly settling in. An advantage of the lag in 

GM sugarcane developments is that many lessons can be learned from the preceding GM 

crops − the more general biosafety/regulatory requirements for commercialisation are, for 
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example, now clearly defined. Based on this knowledge various GM sugarcane biosafety 

resources, which will facilitate the local development of GM sugarcane regulatory dossiers, 

have already been developed internationally (Cheavegatti-Gianotto et al., 2011; OECD, 

2011). 

 
Table 1. Advanced GM sugarcane research and development programmes around the world.* 

Country Organisation(s) Trait Status 

Australia BSES/DuPont Weed control Field trials 

Australia University of Queensland/Sucrogen Increased sugar content Field trials 

Brazil Bayer/Centro de Tecnologia Canavieira (CTC) Increased sugar content Field trials 

Brazil Syngenta Weed and insect control Field trials 

Guatemala Centro Guatemalteco de Investigacion de la 

Cana de Azucar CENGICAŇA 

Virus control Advanced field trials 

Indonesia PT Perkebunan Nusantara XI (Indonesian 

Sugarcane Plantation Research Centre) 

Drought tolerance Application for 

deregulation submitted 

South Africa Bayer/Institute for Plant Biotechnology (IPB), 

Stellenbosch University/South African 

Sugarcane Research Institute (SASRI) 

Alternative 

products/sugars 

Field trials 

South Africa SASRI/IPB Increased sugar content Field trials 

USA Texas A&M Virus and weed control Regulatory dossier 

being prepared 

*Adapted from Botha 2012. 

 

 

Defining and assessing the sustainability of GM sugarcane 
 

The fact that all genetically modified organisms (GMOs) are regulated introduces additional 

barriers to the commercial development of GM sugarcane varieties. These relate not only to 

the primary biosafety assessment of a GM variety, the principal purpose of the regulations 

and which requires additional time and funding, but also to the cumulative regulatory 

difficulties and costs in each territory where the GM variety will be planted and/or its 

products sold (McDougall, 2011). Additionally, tortuous market-related factors centred on 

vaguely defined consumer preferences could further impede the viability of GM varieties and 

their products, irrespective of their possible agronomic superiority. An appreciation of the 

multitude of interrelated factors which should be considered and a well defined deployment 

plan, are therefore prerequisites for the successful introduction of a GM variety to the market. 

 

The (bio)safety of GMOs is defined in terms of their food/feed and environmental safety; 

however, to be considered as sustainable agricultural products they also have to adhere to 

minimum socio-economic requirements. If sustainability is proactively considered from the 

very start of a GM research and development project, it will not only help ensure regulatory 

compliance but also the durability of the GM product. To allow the sugar industry to extract 

the full potential benefits of biotech crops it is therefore proposed that, in addition to the 

traditional biosafety aspects mentioned above, technology developers should also more 

carefully consider factors such as the relevance, accessibility and integration potential of a 

particular technology to ensure sustainability. Moreover, these sustainability assessments 
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should be integrated into all the stages of a GM crop research, development and 

commercialisation programme (Figure 1). Defining sustainability in this holistic way and 

integrating these considerations will not only help with the development of safe, sustainable 

products, but will also improve the efficiency of the innovation process because flawed 

products can be discarded at an early stage of the development process. 

 

 

 
 

Figure 1. Integrating sustainability assessments into a GMO crop research, development 

and commercialisation (R,D&C) programme (from Groenewald, 2010). 

 

 

Conclusion 

 

The imminent introduction of GM sugarcane varieties and GM cane sugar to the world 

market could help open up the international sugarcane industry for the general use of GM 

technology. To potentially benefit from this technology in future the South African sugar 

industry should not only focus on the technical aspects of GM varietal development, but also 

on the relevant regulatory and deployment requirements. If all these aspects are fully 

integrated into the GM research and development programme as part of a comprehensive 

sustainability assessment, it will help ensure the successful and efficient utilisation of GM 

technology. 
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