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Unit  3: BENEFITS AND RISKS OF BIOTECHNOLOGY 

Objectives: 

• Introduce the concept of biotechnology  

• Discuss the potential contributions of Biotechnology to 

sustainable agricultural productivity, food security, 

medicine and the environment.  

• Highlight the potential risks of the technology  

• Take a middle of the way course to emphasize the 

potential benefits of integrating biotechnology into 

agricultural systems. 
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Introduction: Biotechnology,  agriculture, 
human health and the environment. 

• Upon coming to market in the early 1990s, agro-
biotechnology promised  dramatic benefits to 
farmers.  

• Following this was a rapid adoption of Roundup-
Ready Soybean and Bt corn signifying benefits to 
farmers.  

•  Hitherto, concerns have been high on how to feed 
the increasing world population in the face of 
dwindling natural resource base for agro-
production.  
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Biotechnology,  agriculture human health and 

environment. 

• This follows the dwindling farm output, post 
green revolution that was powered by yield 
enhancing technologies. 

• A testimony to the unsustainable nature of 
the green revolution as an agricultural system.  

• The sustainable agro-perspective takes into 
account the limitations of high input options  
with focus on agro-ecology and farming 
systems.     

6 



Biotechnology,  agriculture human health and 
environment. 

• Moreover, the nutritionist and health practitioners 
are interested in the range of nutritional inputs 
rather than aggregate yield or production. 

• Also, the agro-food industries with considerations for 
access, entitlements and livelihoods show less 
interest on output.  

• Current emphasis on food is focused on social, 
economic, political and institutional factors that 
enhance or impede access to food.  
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Biotechnology,  agriculture human health and 
environment. 

• According to FAO (2000), about 800 million people 
are estimated to be food insecure. 

• Food insecurity and poverty are increasingly 
concentrated in Africa and South East Asia. 

• It is agreed that Africa is the region least capable of 
dealing with the consequences of declining yields 
and increasing food prices.  

• World population is projected to 8 billion people by 
2020 with 6700million in the developing countries. 
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Biotechnology,  agriculture human health and 
environment 

• The region is also most vulnerable to the 
potential consequences of climate change on 
agro-production.  

• According to Conway (1999), by 2020,  there 
will be an extra 2billion people to feed. 

• Biotechnology is going to be essential partner 
if yield ceilings are to be raised and- 

• If crops are to be raised without excessive 
dependence on pesticides .  
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Biotechnology,  agriculture human health and 
environment 

• If farmers on less farmlands are to be provided with 
crops that are resistant to droughts and salinity. 

• Use crops that can more efficiently make use of 
nitrogen and other nutrients.   

• According to Prakash, recombinant DNA techniques 
constitute powerful and safe means for the 
modification of organisms and can contribute to 
improved agriculture, health, and environment.   
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Biotechnology,  agriculture human health 
and environment 

• Furthermore,  the science is neither new nor 
necessarily more dangerous than conventional ones. 

• Does not pose new or heightened risks relative to  
improvements by conventional means.  

• Offers greater flexibility and precision in application. 

•  Has the potential to address environmental 
challenges, hunger and poverty by improving 
productivity and greater nutritional security.  
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Benefits of Biotechnology 

• Critical review of biotechnology debate will 
reveal demographic implications.  

• Does the technology offer any benefit to 
consumers?  

– herbicide tolerance? 

– pest resistance? 

• Does the technology benefit only the 
multinational conglomerates involved in the 
technology innovation and research? 
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Overview of some of the benefits. 
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Benefits  to socioeconomic groups. 

• Benefits of biotechnology are categorized based on 
socioeconomic groups as follows; 

– Farmers to whom improved yield reduced herbicide use 
will translate to financial gains. 

– Pesticide applicators to whom reduced pesticide 
application will translate to reduced exposure and 
intoxication 

– Chemical manufacturers and funders of GM technology 
who it is claimed reap the financial benefits.   
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Benefits to socioeconomic groups 

• Improved shelf-life of products is of immense 
benefit to farmers, grocery stores.  

• Improved nutritional quality of products is 
consumer specific benefit. 
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Environmental benefits.  

• The two outstanding issues concerning adoption and 
use of biotechnology relate to 

– the potential effects on human health  

– the environment.  

• In a way, development of pest resistance using 
biotechnology tools developed as a response to 
limitations of chemical pesticides on human and 
environmental health. 

• But then, how does transgenesis for pest resistance 
benefit the environment? 
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Environmental benefits. 

• The development of herbicide resistance 
/tolerance crops connotes specificity of 
herbicides to be used on crops. 

•  This also translates to reduction in reliance of 
agriculture to chemical applications. 

• Biopesticides from genetic engineering within 
plants are more environmentally friendly and 
selective than chemical pesticides. 
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Environmental benefits cont. 

• The use of biotechnology for pest control in 
agriculture will eliminate groundwater pollution 
associated with organic pesticides. 

• Elimination of dangerous and expensive chemical 
inputs in agriculture. 

• Reduction to elimination of chemicals that adversely 
affect biodiversity. 

• Reduce the use of  artificial fertilizers with its 
environmental effects as  GE plants will more 
efficiently use atmospheric nitrogen.  
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Environmental benefits contd. 
• Reduced environmental impact of pesticide use.  

– In 1998, 8.2million fewer pounds of active pesticide ingredients were 
used on corn, cotton and soybean than in 1997.  

– 2.5 million pounds decrease was specifically due to farmer’s adoption 
of GE crops.  

• Soil conservation .  
– Herbicide tolerant crops have proved beneficial to the environment by 

facilitating a shift to conservation tillage practices.  

• Phytoremediation.  
– Genetic modification of plants or even micro-organisms may provide 

in situ remediation of polluted soil, sediments, surface waters and 
aquifers 
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Environmental benefits contd. 
• Reduced vulnerability of crops to environmental 

stressors. 

• GE crops resistant to drought and salinity which 
are limiting factors to productivity will provide 
protective and favourable sustainable ecosystem.  

• GE forest trees resistant to diseases will improve 
their productivity, tree population and potentially 
will impact on the level of deforestation and 
biodiversity/habitat loss. 
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Food security and medical Benefits  

• Increases in crop yields have been one of the 
leading drive for adoption of the innovation. 

• Arising from crop pest control, this will impact 
greatly in improved food availability and 
security.  

• Improved food quality via nutrient bio-
fortification (iron, vit A,  in crops)  will 
compliment food security and improved 
health among the populations.  
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Benefits contd. 

• Delayed ripening of fruits will enhance 
availability by reducing spoilage, and increase 
farmers profit.  

• Production of bio vaccines & pharmaceuticals 
are of great benefit to human & animal health. 

• In animal production GE has been used in the 
provision of forage species with improved yield 
or nutrient content for livestock.   

 

22 



Benefits of contd. 

• Utilization of microorganisms to produce food 
additives.  

• Production of hormones and hormone 
analogues for therapeutic purposes.  

• Other benefits include sex selection, nuclear 
transfer, cloning livestock transgenics among 
others.  

• There are also industrial applications of the 
technology beyond the mandate of this course.   
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Benefits of GM technology 
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Are there risks associated with adoption 
and use of biotechnology? 

• Uncertainty is both a process and outcome in a 
bid to produce scientific knowledge &innovation.  

• Also, a hallmark of scientific enterprise is its 
explicit acknowledgement of the possibility of 
gaps and incompleteness of what is known. 

• Furthermore, equally appreciated is the fallibility 
of scientific theories and experiments. 

– These certainly apply to such major technology as 
biotechnology is! 
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How risky is biotechnology? 

• Most biotechnology based solutions to 
agriculture are delivered in the form of new 
plants or strains of livestock.  

• However, consumer concerns regarding some 
unclarified properties of the technology; 
regarding equity, environment , ethics & human 
health pose threats to its adoption and use.  

• Certain issues need clarification and include; 
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Biotechnology; Doubts and Concerns  

• Do biotechnology/GM food and food products 
pose unique hazard to human health? 

• Are risks of biotechnology foods peculiar? 

• Are there means of assessing the risks of GM 
organisms? 

• Concerns and controversy about the risks to 
human and environmental health, ethics and 
equity over the innovation persist and these 
are stifling seamless adoption & use of the 
technology.    
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GMOs, What is known? 
• There is no evidence that unique hazards exists either in 

the use of GE or in the transfer of genes between 
unrelated organisms. 

• The risks associated with introduction of GE are the 
same with those associated with introduction of 
unmodified organisms or those modified by other 
techniques.  

• Assessment of the risk of introducing GE organism into 
an environment should be 

– based on the nature of the organism;  

– the environment into which its being introduced.  

• The method of modification is not significant.  
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Risks of GMOs 

• Plants are the bedrock of human diets and 
presentation of transgenic crops as affecting 
human health arouse concern.  

• Also, when human health is an issue, 
utilitarianism gets suspended.  

• When human health is an issue, cost effective 
analysis cease to be useful.  

– These considerations have the capacity to crowd 
out the rationality of science 
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Biotechnology; Human health risks 

• Potential human health risks of crop genetic 
modification fall into four broad categories; 

– Toxicity. This could occur as a result of the 
transgene elaborating proteins that are toxic to 
man. There was also an alleged case of toxic 
reactions to Bt maize pollen among humans in the 
Philippines 
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Perceived Risks 
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Perceived Risks 

 

32 



Perceived Risks 
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Perceived Risks 
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Summary of benefits and risks of 
biotechnology 

• The best technology is one that safely gets the 
job done in the simplest, least risky & 
inexpensive way possible.  

• If managed well, biotechnology could be simple 
and less expensive for resource poor farmers. 

• However, biotechnology should be used for crop 
improvement in conjunction with other 
conventional crop improvement techniques.    
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Summary of benefits and risks of 
biotechnology 

• Research and development (R&D) in crop 
biotechnology should be encouraged as a means of 
addressing world food problems.  

• In cases where risks to human health and 
environments seem obvious, further work should be 
discontinued pending proper re-evaluation and risk 
assessment. 

• Moreover, R&D in biotechnology will advance 
science and technology and could lead to other 
innovations beneficial to sustainable agriculture.  
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