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1. Introduction

Of all the life forms occurring in nature within the biodiversity there should be no doubt to realise that microorganisms are the most powerful creatures in existence. They determine life and death on this planet. They can kill merciless humans, animals and plants, but at the same time they can be harnessed to sustain life (Doelle 1997; Doelle et al. 1987; DaSilva et al. 1987; Sasson 1988; DaSilva & Sasson 1989). Nature has provided us with a perfect balance in Carbon, Nitrogen and Phosphorous cycles (see chapter 2) to sustain microbial, plant, animal and human life. Any interference in these cycles can swing the pendulum very quickly into the direction of killing or sustaining mankind. It is the microorganism, which determines the growth and existence of plants, animals and humans on this planet. It is therefore of utmost importance that we give microbiology a first priority, as we have to isolate and investigate the biochemistry and behaviour of the microorganism in order to understand how nature works. Only when we obtain this information will we be able to sustain and improve life in our community. The microorganism is much more flexible and adaptable to environmental changes than plants, animals and humans.

Biological resources constitute an asset with a great deal of immediate as well as potential benefit for the quality of life. These resources evolved through evolutionary processes of life on earth involving genetic differentiation and genomic adaptation to a microenvironmental variation of habitats. As a result these biological resources consisting of a tremendous diversity of species of microorganisms, fungi, plants and animals occur in a variety of ecological settings throughout the world, from the richest areas in tropical to the poorest in the temperate and cold regions of the planet earth. Such a variety of life forms is collectively known as biological diversity or biodiversity. Biodiversity therefore encompasses all levels of organisation of life from genes to populations, species, ecological communities and ecosystems. They are essential resources for human survival (Baimai & Brockelman 1998; Braun & Ammann 2003). The human species is therefore an integrated part of this biodiversity.

2. The Development of Rural and Urban societies

Since his appearance, man has always lived in an uncertain, sometimes precarious, symbiosis with nature, obtaining his nourishment needed from plants and animals personally accessible to him. In accordance with the climatic and environmental conditions, the search for food (life as Nomades) soon developed into actively growing, storing and preparing the food (life as Settlers and Farmers). Water, sun availability and soil conditions determined the type of original food for the particular society.
It was the farmer, who was responsible for the growth and harvesting of the crops, whereas the families used their own recipes for the conversion of the agricultural products into edible and palatable products for themselves, their animals and later the market place. This practice is still followed today in many societies in SEAsia, Africa and Latin America. The culture of biotechnology originated therefore in the rural areas, where people experimented with the regeneration of soil fertility, breeding of new crop varieties and fermentation for a palatable and well digestible food. Whereas cold and temperate zones used mainly grain for their food and fermentation, tropical zones of SEAsia and Africa produced numerous foods from rice, soybean, cassava [manihot] and other plants ( see chapter 17 ).

A second type of fermentation technology was accidentally introduced very soon in form of beverages such as wine, met [honey beer], and beer and in different types of food such as bread, milk products such as cheese, butter and yoghurt. Whereas the societies of cooler climates preferred beer and wine from barley and grapes, respectively, it was pulque from the sweet juice of the Mexican Agave in Aztec countries of Latin America, the saki from rice in SEAsia and the palm wine from palms in some societies of Africa. Other societies in Africa did not encourage this second type of fermentation out of personal and/or religious beliefs.
Since food preparation and fermentation was carried out according to 'local society tradition', handed down from generation to generation, these complex preparations were much more an art than a science. Nevertheless, the traditionally fermented protein-rich foods are highly acceptable to millions of people until today, because they are easily made and are generally more attractive to the consumers than the cooked original substrates. The organoleptic characteristics of the substrate are improved by the fermentation process. These fermentations also increase the nutritional value of the substrate, since the amount of vitamins are significantly increased as well as the digestibility. If properly fermented, these foods are not hazardous to health since the microorganisms responsible for these processes are not toxin producers (Wang & Hesseltine 1982). 
It was not before A. van Leeuwenhoek in the 18th century was able to construct the first microscope and Louis Pasteur in the 19th century found the reasons for the fermentations to occur (Doelle & DaSilva 2003), was the complexity of the traditional food fermentation realised (see also chapter 17).


Figure 1:Development of societies

The impetus of the industrial revolution during the 18th and 19th centuries transformed the very nature of society in many parts of the world, which are now referred to as the 'developed countries '. These societies were now not only using renewable resources, but also consuming vast amounts of non-renewable resources. The industrial society developed by the accumulation of scientific knowledge, the spread of technological innovations, and the exploitation of enormous natural resources. Traditional vegetable and animal fibres were increasingly replaced by synthetics manufactured by an ever increasing chemical industry from coal and petrochemicals. This development in the 20th century fundamentally altered the pattern of consumption, land use and international trade, and the distribution of wealth (King & Cleveland 1980). Longer life expectancy, higher survival rates, and dramatic population increases followed through better housing and sanitation, the production of antibiotics and vaccines. The quality of life was improved by the introduction of petrol and the motor industry among others. The impact on society was dramatic and on culture devastating as a large proportion of the traditional way of life was lost through this development owing to an ever increasing urbanisation.
The majority of societies on this planet, however, were bypassed by the grey revolution and chemical industry development. These countries are in general referred to as 'developing ' or 'less developed ' countries and are situated in two climatic zones, the tropical wet and the tropical arid zones. Ironically, the largest reservoirs of non-renewable resources required for the development of the industrial revolution in the 'developed' countries were found in countries of the tropical arid zone. The exploitation of these non-renewable energy sources situated in predominantly dry dessert areas, where agricultural food production has always been minimal, led to large increases in population which became totally dependent on food imports. The resulting starvation, malnutrition together with an unavailability of antibiotics for the fight against diseases kept living standards and survival rates at a relatively low level.

The green revolution (Sasson 1990) was introduced to secure food for the ever increasing population in all parts of the world.

The question therefore arises, can scientific knowledge and technology improve quality of life, life expectancy and thus increase the survival rate for all societies without affecting culture and society in such disastrous ways as occurred in the developed countries ?

2.1 Biotechnology and the Corporate World

The reasons for such an impact on culture and society are manifested in the principles of the 'industrial systems' organisation'(Fernandez & Ocampo 1980),which dominates today's society in the developed countries. This organisation is based on short-term profit, with a production to sell attitude, with preference given to the production of luxury consumer goods over goods required for basic needs, particularly at the level of the large energy systems, such as coal, hydrocarbons, and nuclear energy. Such a production is an obstacle to the total realisation of individuals and society.

The principal energy sources of antiquity were all derived directly from the sun: human and animal muscle power, wood, flowing water and wind. About 300 years ago, the industrial revolution began with stationary wind-powered and water-powered technologies, which were essentially replaced by fossil hydrocarbons: coal in the nineteenth century, oil since the twentieth century, and now, increasingly, natural gas(Hall et al. 2003; Chow et al. 2003). The global use of hydrocarbons for fuel by humans has increased nearly 800-fold since 1750 and about 12-fold in the twentieth century.

Hydrocarbon-based energy is important for the three main areas of human development: economic, social and environmental. Energy prices have an important effect on almost every major aspect of macroeconomic performance, because energy is used directly and indirectly in the production of all goods and services. Both theoretical models and empirical analyses of economic growth suggest that a decrease in the rate of increase in energy availability will have serious impacts (Smulders & de Nooij, 2003).

The results of these chemical and manufacturing industries are accompanied by ever increasing amounts of effluents of both heat and toxic substances, many of which are non-biodegradable. Modern agriculture is now strongly based on the application of chemical fertilisers and ever-increasing amounts of organic pesticides, mainly as a consequence of an enormous and rapid expansion in world population demanding an ever greater quantity with increasing quality of food and goods of all kinds. This, in turn, encourages the use of still further quantities of non-renewable resources and energy. This development led in the 1970s to a turning point in the perception of man's relation to his natural environment, the biosphere, as well as a shift in man's relationship to the man-made environment, the technosphere (King & Cleveland 1980). The question was raised whether the earth and its atmosphere can provide an infinite sink and absorb the waste products of industry, agriculture and urban living as they become more and more prevalent. The processes of physical planning are now challenged and well established procedures are under severe scrutiny.
The green revolution was introduced to secure the food for the ever increasing population in all parts of the world as a consequence of the industrial development (Sasson 1990). Thus, the 'industrial system organisation' was introduced into agriculture in the hope that an equivalent development could be achieved. The introduction of farm mechanisation and monoculture systems initially brought the promised results of higher yields, but drove the small farmer into an already overflowing urbanising area and produced a wonderful breeding ground for insect and other crop pests (Oerke et al. 1994). Farm mechanisation also lead to a destruction of the natural soil structure and severe nutrient deficiencies. As a consequence, chemical fertilisers and pesticides were developed and introduced to combat these deficiencies. After the initial boost in productivity it was soon realised that the indiscriminate use of fertilisers killed and changed the microflora in the soil and around the plant causing ever increasing soil infertility and salination (Vierling & Kimpel 1992). The pesticides in form of chemicals foreign to nature's soil population and thus undegradable, destroyed not only mixed populations of microorganisms necessary for the ripening of the crops and subsequent fermentations, but also killed many insects which served as food for many birds. Furthermore, both types of chemicals often applied in excess appeared in waterways endangering human and animal life. It is becoming more and more clear that many changes in the human life [eg immune system] could be due to the application of these man-made chemicals.

The industrial and agricultural development over the past century has, unfortunately, changed our society from a nature caring and observing society into one full of obsession, greed and disrespect, a so-called 'throw-away society, which does not care anymore about its own environment and the beauty of nature (Chantalakhana 1998). These phenomena pose a serious threat to sustainable development and species diversity may well be our planet's most important and irreplaceable resource (Mahidol & Puchirawat 1998; Schell & Mayer 1987). Industries and urbanised societies started to use Nature as a bottomless sink, into which one can throw anything not wanted. Our planet earth is therefore in an existential crisis, which is of an ecological as well as an economic nature (Wohlmeyer 1987).
2.2 Health and Survival

Throughout the past century, humankind has made a tremendous effort to understand the biological intricacies of nature. It started with the traditional fermentation of food to the commercial exploitation of all types of biological cells. The most incredible advances occurred since the mid 1940s with the discovery of the life saving antibiotics to the present rapid progress in understanding the genetic basis of the living cells. The latter progress has led to the development of new products and processes useful in human and animal health, food and agriculture, and the environment (ADB 2001). It appears, however, that these enormous discoveries could not be integrated into the natural cycles of matter. As a consequence, prevention is being replaced by curing continuously occurring medical and agricultural ailments. This can easily be visualised by the enormous over- and misuse of antibiotics causing a lowering of the immune systems and an ever increasing resistance against these drugs among microorganisms, which in turn requires the never ending search for new antibiotics and vaccines (Ananthaswamy 2003). This is becoming even more difficult as it was found recently that the non-stop battle against parasites appears to be altering the human genome more radically than could ever be imagined (Weatherall 2003), which could explain the reasons why some cultural societies show higher infectious disease rates than others.

The intensification of agriculture during the green revolution with its reliance on antibiotics and hormones in feeding animals in so-called 'animal factories' [eg chicken, pigs, cows] or breeding animals for fast growth (D'Silva 2003) as well as on irrigation and chemical inputs in crop fields has led also to serious health and environmental problems (ADB 2001).
The reason for this unfortunate development must be sought in the fact that research and development (Doelle 2001), personnel and finance are concentrated in rich countries, led by global corporations and following the global market demand dominated by high-income consumers (UNDP Report 2001). As a result, research has neglected opportunities to develop technologies for poor people in developing countries representing approximately 80% of the world population. According to the UNDP report on Human Development, in 1998 global spending on health research was US$ 70 billion, but just US$ 300 million was dedicated for vaccines for HIV/AIDS and about US$ 100 million to malaria research. Of special concern is the fact that new drugs and vaccines are being developed to export for profit rather than to sell cheaply to local people (Bloom & Track 2001). Patent, license and royalty have become a tool to create wealth for the developed countries.
Although people are the real wealth of nations, it has so far not been possible to create an environment in which people can develop their full potential and lead productive lives in accordance with their needs and interests. Is it therefore really surprising to see that some societies rebel against the further development in science and technology ?
2.3 DNA Technology

The third millennium has therefore been marked by a paradox in the life sciences. Modern genetic engineering techniques and sophisticated culture skills honed into a fine art over the last two decades has given rise to new approaches in the medical and agricultural sciences (DaSilva 2001).

In the medical sciences, these new approaches led to significant improvements in the fight against human diseases increasing life expectancies (Lehtolainen et al. 2003). There is no doubt, that the DNA technology approach in the medical sciences could improve significantly health and living standards of mankind providing the products will be readily available and affordable to all societies. Stem cell research will hopefully correct body malfunctions and cancerous diseases in human life. However, the use of stem cells and cloning techniques requiring human embryos are at present disputed areas of research a both techniques involve the manipulation of human cells. How far should the scientist be allowed to go (Editorial 2003). Many societies and religious groups are opposed to the manipulation of human cells and this field of biotechnology is becoming a big ethical issue (Braun 2003). 

In the agricultural sciences, plant cells have been genetically altered for resistance to diseases and pests as well as to increase yields and nutrition for food and energy. This development saves undoubtedly the use of naturally foreign chemicals, but has led to a steady loss of wild strains and of biological diversity (Johnson & Hope 2003). How different is genetical manipulation to natural selection or old fashioned breeding by farmers, which also alters biological diversity ? (Davies 2003; Garcia-Espinosa 2003) How will this rapid selection affect our natural cycles of matter and the environment ? Is genetic manipulation more favourable to the environment than changing our farm management system, which fosters pest breeding ? How will genetic engineering affect traditional food fermentation and will pests overcome the resistance as the bacteria developed resistant strains against antibiotics ? How will the culture and society react to the change of dominance from the people of rural communities to corporate bodies ? Is it really a wonder that society is asking questions and is divided on the issue of GM crops (Masood 2003);

'Public debates about the safety of new products introduced in the market go back centuries and were often based less on science than on politics of the time. Similarly today, much of the debate about agricultural biotechnology is steered by myths and misinformation and not by science. The scientific community, with stronger support from governments, must do more to openly address science and technology issues with their publics' [Juma 2003].

Is this statement therefore really true considering that the culture of biotechnology is to be found in food and its various fermentations developed over the centuries by society and not corporate bodies or politicians. Should positive and negative developments in our societies not be recognised together with the rather overpowering development and secrecy of corporate bodies ? Every debate and opposition has a reason and it is often forgotten to look for and investigate these reasons and rush into conclusions which offend large parts of our society, which can lead in the extreme to war, whereas science and technology should rather foster peace.

Thomas Sinclair (2003) asked “What are realistic options for increasing resource availability ?” He believes that the solutions are in researching basic questions leading to understanding, improving and managing soils and crops, even though these do not seem to be currently politically attractive to research funders. Thus, genetic engineering need not be yield-increasing technology to have an impact, but should simply need to be yield 'permitting' technology (Parrott 2003). Such an immediate application to stop current yield losses to pests and abiotic stresses should be enough to stop food shortages in many developing countries, in particular in dessert areas. Parrott (2003) indicated that existing transgenic technology to protect crops against many diseases is well established and highly effective, whereas more should be done in the field of abiotic stresses. One should distinguish between wholesale degradation of soils, such as the reduction of a productive forest slope to bedrock or fertile soils to salinity and reduction in biodiversity per se through loss of wild organisms (Jenkins 2003). Latest GM crop trials in the Uk clearly indicate that one should not generalise and declare all GM is good or all GM is bad (Pincock 2003) and that some GM crops such as oilseed rape and sugar beet fare badly whereas maize appeared to have beneficial results for the environment (Hunter 2003). Since herbicide-tolerant crops can also be generated without genetic manipulation, they may have the same effect on biodiversity than the GM crops (Walgate 2003). It is very encouraging to see the successes of soil improvement techniques in some developing countries (Bamire & Manyong 2003; Büttner & Hauser 2003; Wijuhoud et al. 2003) where improved nutrient management has started to show success in higher crop yields. Poor soils, on the other hand, lead to further yield reduction despite the use of GM crops (Masood 2003).
The development of knowledge and the application with respect to genetic engineering are socio-technical processes, embedded in a social, economic, cultural and political context (Haribabu 2003). Modern technologies should be blended in with traditional technologies (McHughen 2003, 2000). Furthermore, the future of biotechnology depends very much on quality science education (Alberts & Labov 2003).

2.4 Religion and ethics

A further critical point in the scientific and biotechnological development is, of course the question about the relationship between science, religion and ethics, which certainly affects the impact of science and technology on society (Dickson 2003; Park 2003). Whereas their appeared to be conflicts in some cases, Watts (2003) outlined that the relationship between science and religion needs to be based on mutual respect. It should be realised that science is not as culturally neutral and value free as is sometimes supposed as it is dominated at present by America and other Western countries, in other words Christian countries. However, the most recent First Arab Human Development Reports (AHDR 2002; 2003) lead the way to a better mutual understanding. These conflicts become even greater, spreading through all religions and societies if cloning is expanded to humans in the medical and health areas (Trounson 2003). In regard to ethics, it has been claimed that ethics is on the corporate payroll (Cohen 2002) and subsequently developed countries have been warned on imposing ethics onto developing countries (Richards 2002). On the other hand, stem cell research shows great promises in the battle against human diseases. There is no doubt that the scope of research ethics has to be broaden (Benatar 2002) in order to achieve a mutual agreement and or respect between the scientist and the community. One area is undoubtedly science education together with the realisation by the corporate bodies that it can and should not dictate the way of life of societies. Despite these controversies one should never forget that the seeds of biotechnology are rooted deep in the past, but the fruits of its growth should benefit all societies in one way or the other (Unesco 1991)

3. Social Aspects of Biotechnology

In order to establish the real need for what type of biotechnology is required for developing countries, one has first to realise that there exist three major climatic zones, namely

a) the temperate zones of the developed world;

b) the tropical zones of developing countries; and

c) the arid zones of developing countries

Moreover, there is no escaping the fact that over 90% of biotechnological research and development is occurring in the temperate zones of our world.
Secondly, the most serious problems in the developing countries concern:

1. Health. It has been estimated by UNDP (UNDP 2001) that 2.4 billion people are without access to basic sanitation and 11 million children under five are dying annually from preventable causes.

2. Poverty. Approximately 1.2 billion people live on less than US$ 1 a day and 2.8

 billion on less that US$ 2 a day.

3.   Starvation. The developing world has still 826 million undernourished people, living

predominantly in the arid zone areas of Africa and Asia. For example, Sub-Saharan Africa has an infant mortality rate of more than 100 and an under-five mortality rate of more than 170 per 1,000 live births.

There is absolutely no doubt in my mind, that our present biotechnological knowledge is able to abolish the health and poverty problems, with the reduction or even eradication of starvation in arid zones well on the way using modern genetically modified agriculture. It should therefore be possible to create an environment in which people can develop their full potential and lead productive and creative lives in accordance with their needs and interests. Since most of the biotechnology research and development is concentrated in the temperate climatic zones, a closer cooperation has to occur to facilitate an adaptation of the old and newly developed technologies to the appropriate climatic zone, the particular society and the local environment.

What are the most urgent biotechnological issues in developing countries for the improvement of human development ? 

In considering all the available technologies together with those under development, the first and basic priority thinking has to be the fact that 'technologies in general do not transfer from developed to developing countries. Rather they need to be built up in situ using local knowledge and innovative ability after which, if successful, they are being adopted' (Doouthwaite & Ortiz 2001). Social aspects of psychology, religion and gender are of paramount importance ( Warner 2000).

3.1 Health

It is very hard to understand why our International Agencies have failed to eliminate the health problems in developing countries. Biotechnologists and in particular microbial technologists must fail to comprehend why the numerous existing technologies have neither been supported nor implemented. Basic sanitation should be made available as a first priority in human development. It is well known that the handling of human and animal excreta or manure depends on and varies with the social and religious background of a particular society, but the technologies available today caters for all aspects of human society.
The basis for socio-economical integrated biosystems, recently referred to also as 'ecological sanitation' (Esrey 2001) has been with us for the last century in form of

a) composting toilets wet or dry

b) composting together with household waste and other biomass (see also chapter 14)

c) anaerobic digestion or biogas digesters.(see also chapters 15 & 19)

Neither of these systems requires any handling of excreta or manure, as these can be channelled through pipelines to a cesspit, compost or anaerobic digester. Whereas composting and anaerobic digestion takes care of all pathogens, the cesspit requires the addition of lime or ash to help desiccate the manure and raise the pH, which effectively kills off all pathogens within several months (Esrey 2001). This pathogen-free manure can directly be returned to the soil or, in order to be safe, be added to compost heaps before improving the fertility of soils.

Composting reaches a thermophilic range of 50-800 C and anaerobic digestion reduces the redoxpotential to such an extent that pathogens are killed.
In the case of cesspits, compost and anaerobic digestion, the residue can be safely used for soil improvement, replacing chemical fertilisation. Whether this organic fertilisation is used on fields of flower or food crops is dependent on the local society (Kasule 1998) and their religious belief. Technologies are also available to treat and recycle the water [greywater] (Guenther 2001) effectively for reuse.

The best ecological as well as economic sanitation system is undoubtedly the use of anaerobic or biogas digesters. In this case, the families will be able to use the biogas formed for cooking and electricity. These systems are becoming very popular in Bangladesh, Vietnam, Cambodia and China. Biodigesters are also the best socio-economic systems with establishment costs becoming very cheap as has been demonstrated in Vietnam (An et al 1997), Bangladesh (Shakti 2000) and Cambodia using polyethylene tubing as construction material . Sizes of these digesters in use at present range from 6 - 20 m3 , whereas digesters up to 2000 m3 require concrete or steel construction.
It is very distressing to realise that many international organisations, eg FAO, do not condemn the use of raw manure for soil improvement, and do not emphasize the absolute need for treatment before use as was shown in one of the latest electronic conferences on 'Area wide integration of crops and livestock production' (FAO 2001).
If these old and improved biotechnological techniques are fully supported and properly funded in a way the introduction of GMO crops are funded by UNDP, UNEP, UNIDO, FAO, WHO etc, health in developing countries could be quickly raised to the level of developed countries. 
In addition to these disease prevention technologies, International Agencies must also be forced or force corporations to make biotechnological products available to the 2 billion people [one third of the world population], who still have no access to low-cost essential medicines such as penicillin, a technological process developed in the late 1940s (UNDP 2001). Such access would eliminate outbreaks of measles, cholera, meningitis and haemorrhagic fever (WHO 2001). 

3.2 Poverty

The term poverty is very often misinterpreted with starvation. Whereas poverty is flourishing in most developing countries, this is certainly not the case with lack of food causing starvation. However, poverty may cause starvation as the people are not able to buy the available food. Poverty is mainly caused through strong increases in urbanisation, as low income rural farmers stream into the cities to find work and a better income. This depletes very efficient and productive rural agriculture, and reduces the possible maximal agricultural food or crop production. Whereas the green revolution technologies resulted in increased food production in favourable and irrigated environments, they had little impact on the millions of smallholders living in rainfed and marginal areas, where poverty is concentrated in Asia [ADB 2001]. The reasons for this trend are manyfold, but can mainly be traced to changes in farm management [single crop production] as well as farm mechanisation [big farms] resulting in a severe reduction of small farm holders, and a severe reduction of funding and investment into agriculture. In order to alleviate poverty and make certain that we are able to continue with feeding an ever increasing population, we need a socio-economic biotechnology revolution (Doelle & Prasertsan 2002) realising that we have to learn from the mistakes of the green revolution and secure a proper income to the farmer. One major problem of the green revolution was that the farmers were made to believe in the production for markets, forgetting their own consumption. It is evident that farmers in some developing countries grow crops solely under contract for supplying processing factories, while they have to buy the food for their own consumption. Traditional food was demoted, whereas canned and bottled food was promoted. Local (traditional) wisdom and knowledge in food preservation and medicine were treated as an 'uncivilized way of life' and is disappearing, so the younger generation is not practising it anymore.
Such a new biotechnology revolution has to take into consideration

1. that farming in developing countries is profoundly different from developed countries with crops like cassava, rice, soybean, sago etc;

2. that farms are small and should stay small with minimal mechanisation but more intensive and integrated farming;

3. that single crop production must make way to a multi-product farming, including livestocks on the farm;

4. that we use existing biotechnological techniques to develop biotechnological industries using locally grown biomass such as sago palm and cassava;

5. combine the biomass waste, excessive amounts of agro-industrial wastes with human and animal waste treatments for novel product and renewable energy production.

Such a sustainable socio-economic biotechnology revolution can best be established in form of so-called 'biorefineries', whereby all the biomass is used to improve the living standard of the people [Doelle 2002]. Such biorefineries require a host of different biotechnological and physical techniques ranging from anaerobic digestion of wastes to surplus biomass conversion to renewable energy, food, feed and commodity product formation. All biotechnological and physical techniques are readily available and can immediately be implemented.

The additional incorporation of aspects of modern biotechnological techniques (DaSilva 2001) will come as soon as society has learned the advantages of the existing technologies. Some biotechnological issues such as pest-resistant plants and organic fertilisation will involve some GMO plants. However, one should always be aware and not forget, that local breeding experience may be a better way to go initially than GMO introduction.
It is very surprising, for example, that agricultural biotechnology development sofar has totally ignored plants such as cassava and the sago palm as a starch resource, as they are hardly known in developed countries. Cassava can yield up to 65 t/ha with a 65% starch content in marginal soils and the sagopalm can easily produce 25 t of starch/ha in swampy areas unsuitable for any other crop (Doelle 1998) . Since the average intake of food for human is, in general, about 250 kg of grain per year, one hectare of sago plantation can feed 100 people and a 1000 ha sago plantation can subsequently save 100,000 humans from hunger, a clear example of the potential of sago as a major starch crop of the world (Ishizaki 1997). Both crops are ideal for obtaining a variety of bioproducts ranging from biofuel, bioplastics, biodetergents, biolubricants to bio-pharmaceuticals [Bujang and Ahmad 2000; Bujang et al. 2001].

The establishment of biorefineries (see chapter 19 & 20) will diversify rural farming, keep people employed in the rural areas and will also increase the income of the individual farmer, helping in the alleviation of poverty.

3.3 Starvation

The elimination of starvation in the arid zones of the world is the biggest challenge to agricultural biotechnology. Much more effort should be put into the breeding or genetic modification of crops for drought resistance [Dodds et al. 2001]. Improvement of soil condition using treated human and animal manure should go hand-in-glove with the introduction of drought resistant or at least drought tolerant crop varieties. The most beneficial aspect of GMO crops in these areas would immediately improve livestock and food production. However, one has to be aware that different regions have different types of crop demands. Genetic modification for drought resistance should occur with local plants and crops used by the local societies. We should stop introducing GMO plants from temperate zones in developed countries and respect the local food demand and varieties. Such a project would cause much less opposition than genetically modified foreign crops.
The elimination of starvation in arid zones could become an ideal place for combining 'old' biotechnological concepts of soil fertility improvement with 'new or modern' biotechnological concepts of increasing crop and livestock production. Soil fertility improvement should also go hand in hand with a reduction or elimination of rain and other forest clearings, which in turn would stop the expansion of the arid zone areas. Such a combined concept would create more small holding farms with a proper income, helping to stop the development of further poverty.

What are realistic options for increasing resource availability ? The solutions are in researching basic questions leading to understand, improve and manage soils and crops (Sinclair 2003). Modern gene technology can certainly take care of crop destruction and spoilage, but what about the soil ? Here we have to remember that Nature has given us the perfect answer in the cycles of matter (see chapter 2), which have worked well for centuries until we used the soil and the environment as bottomless sinks. How do these cycles work and what can we do to regenerate and adapt these cycles to modern need ?
3.4 Waste management and Recycling: Clean and Green Technologies

During the past decades, production systems have been based on the assumption that wastes are an unavoidable part of our daily lives but that ecological and environmental destruction could be avoided because of the planet's vast natural resources. However, ecosystems and renewable resources are being destroyed at an increasingly rapid rate and the problems of pollution and waste disposal are growing. It is thus becoming increasingly evident that new production methods must be devised to fulfil society's basic needs. In order to maintain the vitality of the rural sector and preserve the environment, a system must be devised in which energy, food, animal feed, fuel and fertiliser requirements can all be met from renewable resources used at a sustainable level (Doelle 1989; Raymond & Larvor 1986; Szmant 1986; White & Plaskett 1981; Moo-Young & Gregory 1986; Sasson 1990).

In regard to waste management, environmentally friendly waste incineration plants (CADDET 2003; Kathirvale et al. 2003) are becoming very popular in developed as well as developing countries. It varies from the largest waste to energy plant in Denmark [772,000 t of waste annually] to the municipal solid waste to energy conversion plant in Kuala Lumpur [Malaysia] operating on 1,500 t/day [= 540,000 t/year] producing 640 kW/day. The Danish Plant has been calculated to save the emission of 80,500 t of CO2/year.
Ecological engineering was used for wastewater treatment using aquaculture principles, which not only reduced carbon, nitrogen and phosphorus, but the additional anaerobic treatment reduced also metals by 48-72% (Guterstam 1996).

These examples demonstrate that municipal solid wastes can be incinerated or in connection with industrial wastewater anaerobically digested for recycling energy, fertiliser and water in an environmentally friendly way (Riggle 2000).

The new socio-economic concept is based on the requirement for full exploitation of a harvested renewable resource and the replacement of monoculture/monoproduct farming with a multiproduct system (Doelle & Prasertsan 2003). Because it produces a variety of products, this system will hopefully enjoy a constant and reliable market demand and will be able to secure income for the rural sector as well as for joint venture industries. It also will help to reduce the vast multiplication rates of pests in mono-culture system operations (see chapter 20).

The vast majority of the populations in developing countries live in villages and the importance of rural technology development in those countries cannot be overstated (DeBruin & DeBoer 1986). In the context of technological development it is generally considered imperative to see that such developments are of benefit to their lives as well. Corporate bodies have to realise that they should not and cannot dominate rural technologies. It certainly is recognised that rural life is affected by many factors, such as political and social institutions, rural economic structures, communication, education and technology. An initial step is therefore that building up the rural technology capacity is one of the tools for development. Another step is the recognition that the technology employed or developed should suit locally available resources and skills and be in harmony with local culture (DeBruin & DeBoer 1986; Doelle et al. 1987).

In order to develop an appropriate biotechnology, resources available together with the social structure of the population are of vital importance. It is often the need and not the economics of the process, which is of importance. Here seems to lie one of the cardinal differences between the thoughts of appropriate technology in developed, from those in developing countries. In this context, a new concept has been developed specifically for rural communities: the so-called integrated rural biotechnology systems. The development of these systems depends primarily on the climatic conditions of the regions. 
Two of the premises of sustainable development are that economic growth has to be in harmony with the environment and that a rational and sustainable use of natural resources has to be implemented (Olguin 2000). In congruence with such premises, industrial development has to change from the degradative to the sustainable style, which requires the adoption of cleaner production systems.

The United Nations Environment Program (UNEP) defines the cleaner production concept as 'the continuous application of an integrated preventive environmental strategy to processes, products and services to increase eco-efficiency and reduce risks to humans and the environment' (UNEP 1996). One of its distinctive features is that reduction of the quantity and toxicity of all emissions and wastes is made before they leave the process stream. In the case of services, environmental concerns should be incorporated into design and delivery.

Eco-efficiency, on the other hand, involves 'the delivery of competitively priced goods and services that satisfy human needs and bring quality of life while progressively reducing ecological impacts and resource intensity, throughout the life cycle, to a level at least in line with the Earth's estimated capacity' (UNEP 1994).

It is becoming very clear that adoption of clean production systems by industries calls for fundamental changes, not only at the technological level but also at the legislative level (Olguin 2000). Cleaner bioprocesses are under intensive research and development following the general guidelines for cleaner production.

4. The Role of Microbiology 

Since microorganisms are responsible for diseases and/or sustaining life, we have to start educating people and the whole society on the role of microorganisms in their life. This is a very difficult task as we can not see them in nature [the good ones], but only feel them [the bad ones, if sickness occurs]. We have to educate them that it is the Society itself which has and still is causing not only the destruction of the environment, but also the life and existence of the Society. It is not only the fault of Governments if infectious diseases occur, as we have no one else to blame than ourselves.
With the help of the Society, microbiology and its application, microbial technology, can lead very quickly to meeting and solving many, if not all, of above problems. This cooperation can bring back a clean and sustainable environment without stopping or holding back further development. If one interprets 'sustainability' as the recognition of long-term management and use of natural resources together with the protection of the environment it becomes clear that we have to continue our 'sustainable development' for higher living standards in tune with Nature.
This can be achieved using microbial and fermentation technologies involving man, biomass and industry emphasizing the utilisation of renewable resources with a low environmental impact and a high regeneration capacity (see chapters 18-20). Microbial technology must and can provide for

Environmental Management through the bioconversion of domestic and animal wastes into two non-polluting fuels such as biogas, ethanol and value-added products such as algae, fresh water fish etc.

Bioconversion of agro-industrial residues and products into value-added products such as mushroom, biofertiliser through composting, silaging, protein-enriched feed etc.

Enhancement of soil fertility and stability through the direct application of anaerobically digested sludge material or microbial fertilisers [e.g. sound and responsible farm management, rhizobia and algae etc.]

Public health programme by eliminating enteric parasites and microorganisms through anaerobic digestion processes or cleaner ecological environment management [e.g. composting, garbage collection etc.]

Waste water treatment and waste utilisation through microbial-based systems

Concentration and leaching of valuable minerals and removal of heavy metals from rivers and estuaries from mining waters, low grade ores as well as contaminated rivers

Substitution of toxic chemicals in using biopesticides [e.g. Bacillus thuringiensis, antagonistic microorganisms]

Food through improvement of indigenous fermentations, e.g. puto, nata de coco, suka, tempeh, bagoong etc.

Very soon we have to rely totally on microorganisms for our supply on food, feed, fertiliser, energy and disease control. This we can do provided we harnass and protect the biodiversity of microorganisms, plants and animals. The role of microorganisms in health, food, energy and agriculture is unlimited, but we need urgently microbiologists, not for biomedical areas, but for agro-business and food fermentation areas. Here we do not need genetical engineering, but a sound knowledge in microbiology, biochemistry and some aspects of chemical engineering. (see chapter 5).

The importance of microbial technology for the future of mankind and thus each society can be seen in the establishment of an international network by Unesco, UNEP and ICRO. At present there exist 29 Microbiological Resources Centres (MIRCENs) worldwide with a World Data Centre in Japan. These institutions together with IOBB [International Organisation for Biotechnology and Bioengineering] try to help the exchange, training and research of manpower as well as in an advising capacity.

In the field of microbial biotechnology, the world activities at present center very much around agricultural biotechnologies and waste utilisation. Agriculturally based biotechnology is mainly concerned with renewable biomass resource production, which led not only to plant disease resistance and higher yields, but also to an increasing self-efficiency in some developing countries. This development gives the microbial biotechnologist the task to:

1. secure that the farmer is able to stay on his farm by changing mono-products to value-added multiproducts;

2. produce products which can be used domestically taking the pressure from a depressed or fluctuating export market;

3. introduce flexibility and convert a one-product farming system into a multi-product farming system.

4. Stabilising the farming community is the only safeguard for the continuous

      availability of farm products and thus food for the future.
5. Future Perspectives for Life and Human Development

The biotechnology issues for developing countries in future requires a change from the presently commercially driven to a more human development, combining 'old' and 'modern' biotechnological techniques for the improvements in the health and living conditions of 80% of our world population. It is very encouraging to observe the establishment of new organisations such as the Program for Research and Documentation for a Sustainable Society (ProSus), ecological sanitation (Ecosan) and many others together with the information distributors Livestock Research and Rural Development (LRRD), Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET), Ecosan Newsletters as well as discussion groups such as Integrated Biosystems (IBS) emphasizing the need for such a development (see also Doelle and Foo 2000). It is a great opportunity for the International Organisations [UNDP, UNEP, UNIDO, FAO, WHO etc] to take up the challenge and realising that the so-called 'modern biotechnology' alone cannot solve the problems. As long as the present biotechnology development is driven only by commercial enterprise, human development in developing countries will lag increasingly behind and cannot progress as it would with the application of a total biotechnology concept, such as a socio-economic sustainable bio-integrated system. Sustainable development and human development should not and can not go separate directions. 
If one combines all these efforts reported into an socio-economic strategy (Doelle et al. 1998; 2000), farms and/or farm cooperatives as well as agro-industries are able to combine natural renewable resource production with bioenergy, food, feed, biofuel and fertiliser production (see chapter 18). Such a system must be and can be flexible and should be adaptable to local conditions. The new term Bio-Refinery [see chapter 19] has been given to these systems. In all our consideration one should never forget the natural cycles of matter and the microbial soil population, both so important for the production of our renewable resources, maintenance, environment, and improvement of living standards.
Sustainability can be obtained together with higher health and living standards, if appropriate technologies are applied according to the climatic region and local society (Doelle 2002a). In order to determine what part of biotechnology can be used in rural farming as well as in the biorefineries, we have to analyse what type of renewable resources are available, the climatic zone of the region, the amount of waste produced from humans and animals, and the cultural and societal structure of the local village and regional communities. The demands of communities in developed countries is different from those in developing countries. All over the world, however, rural communities are characterised by certain common factors (Doelle 2002b).

In using disease resistant seeds obtained through conventional breeding or DNA-recombinant technology together with proper soil enrichment fertilisation should secure a safe income to the rural farmer as well as secure all the food required for the urban societies (Peczon et al. 2002; Dharmsthiti & Flegel 2002). 

We need a balance between man and the natural world which surrounds him. Nature tends to conserve the information network of the environment, which sustains us as living creatures. Our only strategy can be to respect it, if we do not want to carelessly disappear. The utilisation of hidden 'biochemical pathways of nature' can help us in this major change of direction. We always should remember the first principles of the United Nations Conference on the Human Environment of June 1972 (Wohlmeyer 1987), which says: 

Man has a fundamental right to freedom and suitable conditions of life in an environment that is so constructed that a life of dignity and well-being is possible. He has the solemn duty to preserve and improve the environment for this generation and for future generations.
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