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ABSTRACT 
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INTRODUCTION 
 
At the end of the second millennium, only 0.26% more food was produced on the globe than was 
actually consumed [1]. Elimination of hunger for 840 million people was not achieved. At the 
beginning of the 3rd millennium, global demand for food will double in the next 30 years. 
Consequently, crucial questions must be answered: “How can we feed the future world population in a 
sustainable way and keeping with human dignity?” [2], “Who will be fed in the 21st century?” [3], and 
“What can or must be done by whom to react to changes in time?” [4]. 
 
Although the potential of biotechnology is now quite well known, and indeed was advocated in Agenda 
21 as early as 1992, progress in the development, realisation and utilisation of genetically modified 
crops in many developing countries is far too slow. The quantitative contribution of biotechnology and 
genetic engineering to world food security - not the elimination of hunger - in the different regions of 
the world can be outlined as follows: in the year 2025 the developed world (the USA, Europe, 
Australia, Canada, CIS) will produce 28% of its food using genetically modified organisms (GMOs). 
Asia will produce 20% of its food supply using GMOs, Latin America 17% and Africa around 6%  
[5,6]. 
 
The uneven diffusion of technology - both old and new - is well documented in the UNDP report 2001 
[1]. If developing countries have no or only limited access to biotechnology as such, they will 
increasingly fall behind industrialised nations. They run the risk of missing out on potential 
opportunities in the field of biotechnology. Ismail Serageldin, former chairman of CGIAR 
(Consultative Group on International Agricultural Research) has described this as “scientific 
apartheid” [6].  
 
If the introduction of biotechnology in Africa is delayed, its contribution will be a mere six percent by 
2025 [5]. There are two reasons for the small share of GMO-based seeds and plant stock in Africa: 
(i)  Biotechnology has difficulty finding lucrative market segments in African countries. When 

introducing this technology, private firms concentrate on profitable markets, notably in the 
industrial countries [5]. 

(ii)  In the EU the risks associated with GMOs are the subject of much debate and controversy. The 
conclusion drawn from this is that, as long as the risks associated with these technologies are not 
100% clear, there should be no transfer of these technologies to developing countries [5,6]. 

 
The book titled: “Der Preis der Sattheit - Gentechnisch veränderte Lebensmittel” (Price of Repletion - 
Genetically Modified Food) written by Pinstrup-Andersen and Schiøler in 2001 [7] describes the 
mistaken ideas many consumers and consumer associations - especially in Europe - have about the 
potential of biotechnology for developing countries. Consumer societies, organizing their own 
passiveness and faint-heartedness, should not make decisions for developing countries [8]. 
 
Paarlberg concluded that it is somewhat discouraging to see in so many cases that the most important 
stakeholders - poor farmers with families to feed - have not yet been given official permission to use 
biotechnology for raising farm productivity [8]. 
“Well-fed people in the developed world may have problems, but hungry people in the developing 
world have only one - how to feed themselves and their families. Well-fed people may engage in lengthy 
debates about the real or imagined risks of the use of genetically modified crops. Hungry people see 
crops produced by biotechnology as food. It is abundantly clear that if governments halt the growth of 
this technology, poor countries will be denied an important solution to the lack of food security” is a 
clear and remarkable statement made by Thomson [9]. Thembitsha Joseph from Buthelezi, South 
Africa described the situation in the following words: “In the West, people have the luxury of being 
afraid of biotechnology, but for us it’s a question of life or death” [10].  
 
CONVENTIONAL PLANT BREEDING 
 
A vital component for sustainable farming is seed. In order to ensure good harvests, farmers 
everywhere in the world need a reliable source of good-quality seed. Access to improved seeds, 
adapted to local conditions, is the key to achieving sustained intensification of food production. The 
corresponding advances in the field of biotechnology and genetically modified plants will come from 
both the public sector and, increasingly, from the private sector. 
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The quality/technology resides in the seed itself - farmers do not even have to change their traditional 
farming methods in order to achieve better yields. But what are we proposing to do? How can these key 
technologies be made available to small farmers? What improvements in plant attributes are needed 
and are beneficial in the long term? 
 
The kind of seed farmers need must be selected with a view to its suitability for sowing on their 
particular land. Before it can be made available in large quantities, it must be also thoroughly tested on 
that land. Improved hybrids or varieties are useless unless a sufficient quantity of seeds are available to 
the farmer, or if they do not conform to high standards of quality and purity. 
 
Many crop species that are important for developing countries are not of much interest to multinational 
seed companies, even to those with operations in developing countries. That is why it is important to 
support the setting up of national or regional seed industries, both in the public and the private sector. 
The resulting seed improvements will bring considerable benefits to small farmers in particular. In 
many African countries, the dependency on imported main food crops is between 65 and 100%, and in 
most of them it exceeds the 90% level [11].  Since countries in such regions lack large efficient in situ 
(gene bank) collections as well as a broad base of modern varieties of these major food crops, future 
agricultural development will clearly require secure access to the germplasm of non-indigenous crops 
such as maize (centre of diversity: Central America), cassava (South America), wheat (Near East), rice 
(Indochina), beans (Central and South America), plantain and banana (Indochina), and potato (South 
America). Africa is not unique, however, in having a food system based on crops with foreign origins. 
Almost all regions of the world are in a similar situation [11].  
 
Regarding the flow of germplasm between different countries, Fowler et al. [11] have summed up the 
position as follows:  
(i)  Developing countries have been, and still continue to be, net recipients of a large amount of 

germplasm samples from gene banks and breeding programmes of IARCs (International 
Agricultural Research Centre). They receive substantially more germplasm samples from CGIAR 
gene banks than they themselves supply, a situation likely to become even more pronounced in the 
future. 

(ii) Developing countries receive significantly more germplasm samples from the gene banks than do 
developed countries. 

(iii) Germplasm samples from CGIAR gene banks and crop programmes appear to be distributed to 
private companies only to a minor extent for most of the crops studied. 

(iv) A massive amount of improved germplasm is following in nursery shipments from centre 
breeding programmes to developing countries. 

 
The authors conclude that continued facilitated access to germplasms in today’s world is a ‘win-win’ 
situation for all, and one that is particularly important for developing countries. 
Germplasm transfers in the past often aimed at crop introduction, whilst recent flows are generally 
directed to conventional crop improvement. In future it will be essential to have access to modern 
biotechnology and genetic engineering technologies.  
 
Genetic Modification (GM) technology, coupled with important developments in other areas should be 
used to increase the production of main staple foods, improve the efficiency of production, reduce the 
environmental impact of agriculture, and provide access to food for small-scale farmers. 
 
MODERN PLANT BIOTECHNOLOGY 
 
Crop improvement using biotechnology has now become a reality. The estimated global area of 
transgenic or GM crops for 2001 is 52.6 million hectares [12].  
 
For 2002, it is expected that GM crop plantings in USA/Canada will suddenly rise to a record level, 
because farmers there are spending less on inputs such as plant protection products and fuel. The 
“globalization of biotechnology” is underway, especially if commercialisation of GMOs takes place in 
Indonesia, India, and Brazil in 2002. This would have the result that GMOs will be grown in countries 
where more than 50% of the global population are living. 
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Agricultural biotechnology is expected to contribute significantly towards poverty reduction and food 
security in different regions of the world - especially in Asia, where 2.8 billion people live on less than 
$US 2 a day - through increased productivity, lower production costs and lower food prices, and 
improved nutrition [13]. Biotechnology is not a panacea for solving the world’s hunger problem, and it 
will not be able to eradicate hunger - hunger has dozens of ‘fathers’, most of them man-made.  
 
The positive contributions of agricultural biotechnology to alleviating poverty and improving food 
security for small, medium-sized and big farms have been well described in the meantime [13-24].  
 
Studies in Mexico, China, Kenya and more African countries [11-13, 25-27] have shown that the new 
technology and the new products were readily adopted by farmers. The “quality/technology is in the 
seed” and farmers do not need to alter their traditional farming practices to obtain tremendous benefits. 
Insect-resistant cabbage, for example, is not cultivated in any other way than non-insect-resistant 
cabbage. Insect-resistant cabbage is, however, not devoured by cabbage moths and thus safeguards the 
harvest [4]. 
 
Furthermore, estimates of national economic advantages to farmers planting transgenic crops as well as 
the distribution of economic surplus between farmers, technology developer, seed supplier, and 
consumers are well documented [27-30]. 
 
Unfortunately, the speed of development, implementation and utilization of genetically modified crops 
in the developing countries is unsatisfactory.  
The status report of the Twenty-Sixth FAO Regional Conference for the Near East held in Tehran, 
Islamic Republic of Iran, March 2002 summarised the situation under the following points [31]: 
(i)  Biotechnology could solve many of the constraints that limit crop livestock, forestry and fishery 

production in the Near East. 
(ii)  Priority setting in the region should involve various stakeholders and take into account national 

development policies, private sector interests and market opportunities. 
(iii) Partnerships between foreign and local institutions can assist in the transfer of know-how and help 

to mitigate the patent requirements. 
(iv) It is imperative that developing countries of the Near East region should not be left at the edge of 

development or placed at a disadvantage. No further comment is necessary here! 
A status report on plant biotechnology would turn out to be similar in many African countries. 
 
However, there are positive examples. At the beginning of 2002, in laboratories and greenhouses 
throughout the globe, several hundred genetically modified plants are being optimised in both 
developed and developing countries [25]. In China alone, between 1996 and 2000 there were 251 cases 
of GM plants [25]. The current goal for Chinese investments is to create a modern, market-responsive 
and internationally competitive biotechnology research and development system [32]. China intends be 
a source of plant biotechnology for its own farmers and for farmers in the rest of the world, as claimed 
by Huang et al. [25]. China will become an exporter of biotechnology research methods.  
 
Meanwhile,  more than 2000 Chinese scientists have identified over 50 plant species and more than 120 
functional genes for plant genetic engineering. China’s total investment in plant biotechnology in 1999 
was estimated to be $US 112 million (about 9.2% of the national crop research budget). The total 
benefits of Bt cotton sown areas were $US 334 million in 1999 [25]. In 2001, James reported, that the 
number of farmers that benefited from GM crops increased from 3.5 million in 2000 to 5.5 million in 
2001 [14]. More than three-quarters of the farmers who benefited from GM crops in 2001 were low-
resource farmers planting Bt cotton, mainly in China and in South Africa. 
 
However, everyone should be aware that the genetic code is a gigantic biological manuscript, which we 
have only just started to investigate and decipher. One of the principal objectives is to determine the 
functions of genes in silico (computer modelling) in vitro and in vivo. This applies to plants from the 
First to the Fourth World. 
 
More than 20 organisms have already been fully deciphered genetically. The genome of virtually all-
major crop plants will have been analysed within the next five to ten years [33]. 
 
Functional genomic research will help us understand how the genome determines the phenotype. 
Marker-supported seed development will be a basic instrument for future seed improvements. It will 
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enable the development time for seed to be reduced from ten or twelve years to less than five years. 
Improved characteristics in terms of specific climatic conditions and locations can then be introduced 
more rapidly into high-yield varieties. 
 
Seed optimization will be increasingly adapted to future requirements by new strategies and tactics, 
which will be developed largely as an outcome of functional genomic research [33]. 
 
By reorganizing plant DNA resources, it is possible to improve the carrying capacity of the Earth. If 
poor people in the developing countries were given direct access to modern technologies 
(biotechnology, genetic engineering), they could significantly improve their own lives and the natural 
environment in which they live. However, for developing countries to be able to use genetic 
engineering for country-specific or region-specific purposes, they must be given direct access to the 
techniques and methods of genetic engineering. Certainly, the implementation of new technologies has 
to respect and reflect social, political, ecological and economic aspects. 
 
At the beginning of 2002, in laboratories and glasshouses throughout the globe, several hundred 
genetically modified plants are being optimized with a view to impending climatic aspects. Many of 
them will be used in the foreseeable future, both in developed and in developing countries. 
 
Biotechnology will produce plants with characteristics such as resistance to drought, heat, cold, salt and 
pathogens, thus enabling them to be cultivated even in extreme localities. The following examples were 
taken from an overview made by the author in 2002 [4]. 
 
In South America, particularly in Peru and Bolivia, attempts are being made to modify potatoes 
genetically to make them tolerant to cool temperatures or frost.  
 
In China, efforts are being directed at breeding tomatoes, pepper and aubergines resistant to sea water. 
By introducing key prolin synthesis enzymes, it is intended to make a wide range of plants resistant to 
high salt concentrations and drought. In Nigeria, work is going on with yams, cassava and sweet potato 
to improve their storage characteristics. In India, scientists have succeeded in halving the water 
consumption of mustard plants, and the corresponding field trials are currently in progress. Millet 
genes are being used to protect wheat and rice better against drought. Furthermore, transgenic variety 
of chickpea and pigeon pea which are resistant against drought and biotic stress are in the focus of 
research and should be on the market by 2005. In Iran, where drought and salinity are the main causes 
of reduced agricultural productivity, rice and some other crops are genetically modified to improve 
drought resistance and salt tolerance. In the Philippines, rice plants are being genetically modified at 
the International Rice Research Institute (IRRI) in order to achieve a drastic reduction in methane 
production. At the CIMMYT in Mexico, drought-resistant maize is being developed. At the USDA in 
the USA, efforts are being focused on drought-tolerant varieties of soybean. In the USA, research is 
being carried out in California to develop drought-resistant vine and fruit-tree varieties. In Egypt and 
the USA, wheat and tomato plants are being developed with resistance to salt and drought. In Japan, 
genes from barley are transferred into rice in order to grow rice in iron poor soil. In the USA, bent grass 
- a species used specially for golf courses - is being made drought-resistant. In Canada, trees are being 
developed with reduced sensitivity to frost and drought. In Spain, efforts are going on to make a wide 
range of plants resistant to drought, high salt concentrations and aridity. In South Africa, the main 
emphasis is on genetically modified plants able to survive drought.  The Rockefeller Foundation 
presently concentrates its biotechnology programs in Asia on drought tolerance in rice and maize.  
 
Drought causes severe yield loss worldwide, especially in developing countries, and it will continue to 
be among the most damaging stresses in crop production [4]. CNRS (National Centre for Scientific 
Research, Lyon, France), and INRA ( Institute National de la Recherche Agronomoque, Lyon, France) 
in cooperation with Aventis CropScience proposed in 2001 a joint project under the MIR (French 
Ministry of International Relation) and the NRF (South African National Research Foundation) in 
order to improve crop tolerance to abiotic stress. The main objective is to engineer pathways to 
increase the basal level of essential amino acids and low molecular weight compounds in plants of 
agronomic interest. 
 
Recent results of joint research conducted by Aventis CropScience and the Institute of Biotechnology 
of the University of Cambridge in England have shown accelerated plant growth resulting from 
increased cell division. After an Arabidopsis gene had been introduced into a tobacco plant, it was 
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possible to achieve growth rates twice as high as those of normal plants. This achievement opens up 
opportunities to speed up the growing season, resulting in several harvests a year and an overall 
increase in plant biomass production [34]. 
 
In January 2002, Agrinomics LLC, a 50/50 research joint venture between Exelixis Plant Sciences and 
Aventis CropScience, characterized and catalogued more than 250,000 lines of the plant species 
Arabidopsis thaliana, and identified nearly its entire genome. The collection allows a rapid 
identification of genes which play important roles in crop improvement and which can enhance plant 
breeding. The complete sequencing of the Arabidopsis thaliana genome is a landmark in plant sciences 
and the beginning of a new venture to unravel genetic information and to gain better insight into the 
genetics of other species. Within the next five years, a broad spectrum of important functional genes 
will be found and used for significant crop improvements. 
 
TECHNOLOGY TRANSFER 
 
The adaptation of new technologies initially benefits the early adopters most, and since economies in a 
region are closely linked, technological changes in one country have an impact on neighbouring 
countries [22]. 
 
Efficient crop production, improved seeds and capacities for genetic engineering are of strategic 
relevance for nations and regions, and for the world as a whole. 
Governments have to be encouraged to implement the supportive policies outlined by Krattinger [22]:  
(i)  to establish a coherent national biotechnology policy, 
(ii) to provide incentives for R&D,  
(iii) to ensure effective public awareness, 
(iv) to establish effective biosafety and food safety regulations, and  
(v) to enact IP (Intellectual Property) legislation to establish a regime consistent with legal obligations 

under WTO (World Trade Organization). 
 
Policy makers must be both aware of their role and responsibility in biotechnology and know the 
support activities offered by professional organizations. In each country it will be essential to develop a 
specific biotechnology strategy in order to get access to benefits of modern biotechnology. A 
description of the status or necessary biotechnology policy in Mexico is given by Qaim and Falconi in 
2001 [35]. 
 
Crop biotechnology policies adopted and actions undertaken by developing countries to implement 
crop biotechnology were developed for example, in Egypt and Kenya. These countries have developed 
biosafety procedures, regulatory frameworks and are enhancing biosafety expertise by training their 
scientists. Capacity-building programmes are key factors implementing crop biotechnology in 
developing countries [36]. 
 
Important aspects to enhance biosafety scientific expertise in sub-Saharan Africa are documented in the 
dialogue summary of the conference held in Grottaferrata, Italy, March 2002 [37]. Actual guidelines 
for biosafety systems in developing countries are filed by CABIO (Collaborative Agricultural 
Biotechnology) in May 2002 [38]. 
 
One of the major tasks of both the private and public sector is to provide suitable new and improved 
technologies. In doing this, ways must be found to enable components of technologies protected by 
patent to be used to a limited extent by public bodies, particularly in developing countries. The 
governments of developing countries, the donor community and the private sector must all take the 
steps that are so urgently needed to build partnerships [5]. 
 
Innovative and vigorous forms of public-private collaboration are required if the benefits of modern 
biotechnology are to be brought to all of the world’s people; incentives are needed to encourage 
commercial research companies to share with the public sector more of their capacity for innovation 
[39]. 
 
To adapt private sector technology to the needs of developing countries, the following conditions must 
be fulfilled: 
(i) a formal system of authorization to ensure that worldwide deregulation standards are met, 
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(ii) enforceable protection of intellectual property, 
(iii) infrastructures for national and international technology transfer including analytical processes for 

GMO monitoring, 
(iv) investments in development, 
(v) a national or regional seed industry. 
 
Actual aspects of the African seed industry were discussed during the AFSTA (African Seed Trade 
Association) congress in Dakar, Senegal, March 2002. A task for governments will be to fund public 
research institutions while simultaneously persuading the private sector - for example, industry - to 
enter into mutually advantageous partnerships. 
 
According to the FAO (Food for All, FAO, 1996; Declaration of the World Food Summit, FAO, 2002) 
[40], cooperation in the transfer, adaptation and dissemination of technologies for food production in 
favour of the developing countries will be indispensable. The greatest challenge for the future will be to 
intensify the use of science and technology. Deeper scientific understanding simply means a systematic 
understanding of nature and this, together with the development, adaptation, dissemination and transfer 
of technologies including biotechnology, will permit sustainable development in agriculture. Principle 
9 of AGENDA 21, Earth Summit in Rio de Janeiro in 1992, recommends the following: “Scientific 
understanding through exchanges of scientific and technological knowledge, diffusion and transfer of 
technologies, including new and innovative technologies” [34] 
 
At the beginning of 2002, the UNCCD (United Nations Secretariat of the Convention to Combat 
Desertification) and Aventis CropScience signed a memorandum of understanding in the field of 
efficient use of natural resources, sustainable agricultural production, and technology transfer for a 
better crop protection and crop production, especially in arid regions of developing countries. 
 
CONCLUSIONS 
 
Enhancing agricultural efficiency and prudent conservation of resources by means of green 
biotechnology will be one of the answers to the questions raised at the beginning.  
 
The industrialized and newly industrialized countries are ceaselessly developing new technologies and 
technical solutions. It will be decisive to implement these in good time and to enable the developing 
and least developed countries to avail themselves of them automatically. In this way it will be possible 
to prevent any fall-off in food production in the areas or regions at risk. The so-called First World has 
the resources to do this, together with the obligation to pass on the necessary knowledge and key 
technologies to developing countries. Ultimately this can only come about if all act together. 
Suggestions for future cooperative ventures are given in Partnerships in public and private agronomic 
research [5]. 
 
In this connection a catchphrase like “More haste, less speed” is totally inadequate. There is an ethical 
imperative not only to keep the technology portfolio open to biotechnology and genetic engineering, 
but also not to lose time. Everyday lost, every decision delayed, will kill people, increase poverty and 
will damage the environment, and put our future at risk. “Be in time” and “Let’s act”, or simply “Do 
it!” are what is required if we are to move on from a constructive dialogue to the necessary responsible 
action. Actions have to come from the Rio+10 conference ‘Sustainable Development’ in Johannesburg, 
South-Africa, September 2002. Let us work for that! 
 
“Making New Technologies Work for Human Development” [1] will be a sustainable guideline for 
responsible people shaping our future, because: “Mankind is at the crossroads”. 
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