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Submission from GM Freeze the Royal Society Study Biological Approaches to the 
Enhancement of Food Crop Production October 2008 
 
GM Freeze is an alliance of  50 organisations calling for a moratorium on GM foods, the 
growing of GM crops for any purpose and on patents on genetic resources in agriculture, 
food production and forestry until the need for and safety of GM technology has been 
established and alternative approaches have been fully evaluated. 
 
Our members include consumer groups, farming organisations, environmental groups, 
development agencies, religious groups, animal welfare groups and food companies.   
 
Introduction 
 
Science and technology will play an important part in how land is managed and food is 
produced in the future. However, as the International Assessment of Agricultural 
Knowledge, Science and Technology (IAASTD) rightly emphasized, there are also huge 
social, economic, cultural and political barriers standing in the way of progress toward a 
world where no one is hungry or malnourished or lacks an acceptable quality of life.  
There are also huge environmental challenges which will, for the most part, have to be 
tackled by the billions of people who manage the land and harvest the oceans.  The 
IAASTD placed great emphasis on the multifunctionality of land management using agro-
ecological approaches which is why the authors made it clear that “business as usual is 
not an option”.  The evidence for their conclusions was clearly laid out in the IAASTD 
texts and references.  
 
In the future, land managers will have to use systems that contribute to the following 
functions to some degree (the importance of each function may vary depending on the 
location, topography, soils, water supply and altitude of the land holding) 
 

• Food production for a healthy diet. 
• Timber production 
• Fuel production 
• Fibre production 
• Some industrial and pharmaceutical feed stocks eg for specialist oils and 

morphine. 
• Other raw materials production for instance industrial starches. 
• Soil protection and enhancement 
• Biodiversity and ecosystem protection and enhancement including agricultural 

biodiversity. 
• Protection and enhancement of marine ecosystems 
• Water quality protection and enhancement – surface and groundwater. 
• Fresh water management and conservation 
• Climate change mitigation measures. 
• Reduction of greenhouse gas emissions on-land and in supply chains. 
• Flood defences. 
• Marine defences. 
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• Organic waste management. 
• Plant nutrient management. 
• Recreational opportunities. 
• Ensuring that systems are available to the next generation. 

 
In addition there also needs to be an interaction between land managers and the 
businesses and people they supply to ensure that produce and services are delivered 
efficiently and waste is minimised and, crucially, transactions take place on the basis of 
fair trade.   Waste in the food chain occurs at all stages and underlying causes are 
largely socio-economic in nature rather than technical eg: over-production, exacting 
processing standards, over-stocking and over-buying.  However, losses do occur in the 
field, store and transit and these may need addressing through technical developments 
to help land managers prevent them, eg: potato blight. 
 
In our view,  The Royal Society needs to enquire into land management systems which 
meet these multifunctional objectives rather than focusing on enhancement of single food 
crop yields. This also requires a re-think about how efficiency is measured in terms of 
land management.  Clearly older efficiency assessments, such as output per person or 
yield of grain per hectare, are not applicable to multifunctional systems and indeed can 
give false impressions, for example energy inefficient fossil fueled monocultures may 
appear to be superior to small scale farmers where several people work a small area.  
Clearly it is not efficient to pollute water with fertilisers, animal wastes or pesticides or to 
allow soils to erode or become salinated.   These may need to be whole farm 
assessments or whole catchment assessments rather than crop by crop.  It is unlikely 
that one index (eg water quality) will suffice; instead a whole range will need to be 
developed so that different management systems can be assessed against each one.   
We feel that Royal Society working group should consult on what system would work 
best and could be adapted to meet local circumstances. 
 
Below we comment on the questions raised in the background papers to the Royal 
Society 
 

1. Need to increase food production. 
This question has to be addressed from a quite different direction than the one which 
assumes that current trends in consumption in northern hemisphere diets based on a 
high intake of animals products will be the norm. The World Health Organisation (WHO) 
defines overweight as having a Body Mass Index of 25 and over1. The WHO say the 
number of people on the planet who are currently obese is 0.4 billion and that 1.6 billion 
are overweight and they project these figure to rise to 0.7 billion and 2.3 billion 
respectively by 20152.  The problem is not confined to northern countries and is growing 
alarmingly in the Global South as affluence changes diets and lifestyles.  The financial 

                                                 
1 http://www.who.int/mediacentre/factsheets/fs311/en/index.html  
2 
http://www.esrc.ac.uk/ESRCInfoCentre/facts/international/obesity.aspx?ComponentId=15276&SourcePage
Id=14912#footnote  
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costs of such an epidemic are huge3 but these are insignificant compared to the human 
costs brought about by poor physical and psychological health.  If diets continue to shift 
towards meat and dairy consumption, the land, energy and water required to produce 
food needs will increase until it becomes unsustainable4.  A significant  part of the current 
global agricultural system is geared to produce feed for animals and poultry (for instance 
between 60%5 and 90%6 of soya beans are fed to animals) so that its end-products are 
animal products not plant based foods.   
 
Given the health and financial benefits of reducing the consumption of animal products 
and the environmental gains of moving away from intensive livestock systems, we 
recommend that the Royal Society working group investigates farming systems where 
poultry and livestock are the by-products rather than the end products.  Such systems 
use animals to provide crop breaks to increase soil fertility, control pests, diseases and 
weeds and convert crop residues into manure.  In many areas agro-forestry may prove to 
be the most sustainable land use.  A systems based approach to agricultural research 
and practice is far more likely to meet the demands for multifunctionality than one based 
on single gene changes to individual varieties of crops. 
 

2. Challenges facing food crop production. 
We have set out what we see as the challenges to food production in our introduction.  
We would add that urgent attention also needs to be paid to sustainable aquatic 
production systems and harvesting of marine systems.  
 

3. Recent and imminent scientific advances that will impact on crop food 
production. 

There are many research projects around the world which aim to provide long term 
solutions to farming problems, for four of which we provide details below. However, we 
have real concerns about the lack of co-ordination and funding aimed at increasing 
knowledge and good practice in the sorts of systems needed for agro-ecology and 
multifunctional land management.  The emphasis on gene manipulation is diverting 
public funding away from such research.  Private sector financing of research is hardly 
likely to fund research which is knowledge based rather than aimed a producing a 
product that can be  marketed to individual farmers year after year.  The examples we 
give below will not alone provide the answer to producing enough food in a sustainable 
away.  The challengeis  to make sure that land mangers understand how they can be 
made to work alongside eachother to create sustainable systems. 
 

                                                 
3 According to the National Audit Office the costs of obesity to the NHS in England are £0.5 billion per 
annum and losses to the economy £2 billion (see http://www.nao.org.uk/publications/nao_reports/00-
01/0001220es.pdf ) 
4 see for instance www.ciwf.org.uk/includes/documents/cm_docs/2008/l/london_08sept08.pps  
5 The Dutch Soy Coalition, 2008. Soy- Big Business, Big Responsibility. 
 
6 http://www.worldwatch.org/node/1665 
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Examples of  sustainable research 
• The Sárvari Research Trust7 is developing a range of highly blight resistant 

potatoes based on Hungarian breeding lines.  In addition to very robust 
resistance the Blue 13 strain of Phytothphora infestans,  the Sárpo varieties 
also provide good protect against slugs, wire worms and common viral 
diseases.  The prolific growth of the haulms also suppresses weeds.  
Therefore the Sárpo varieties provide an opportunity for potato growers to 
substantially reduce inputs compared with intensive production.  The Trust 
can only proceed as fast as their funding allows and so far they have 
received no R&D funding from public sources, such as Defra, despite the 
fact they are tackling one of the major diseases of potatoes. 

 
• The Push Pull project to control Striga and maize stem borer using 

companion planting techniques is producing very large increase in yields 
without expensive inputs8. 

 
• Elm Farm Organic Research Centre has looked at breeding wheat for 

coping with diverse environments which may become more common as 
climate change progresses9. 

 
• The use of cytokinins to prime cereal seeds before sowing in saline soils is 

showing some promise but the Pakistani researchers involved require 
research funding to progress the technique10 

 
 

4. Future biological approaches. 
Building soil fertility without the problems associated with artificial fertilizers and 
developing biological control of pests both need to be urgently addressed with far more 
urgency than is apparent.  Equally important is to ensure that farmers adopt sustainable 
systems en masse.  This depends upon having extension services that are accessible to 
all land managers and appropriate to the local culture and society.  The management of 
all organic wastes, crop residues and nitrogen fixing crops will be vital to end 
dependency on artificial nitrogen and improve soil structure to withstand droughts and 
excessive precipitation. Most of the information required to do this is already available. 
What is lacking is the translation of that knowledge into practice at farm and community 
level.  This is a problem of money and communication rather than scientific advance – 
we already know how to build and run anaerobic digesters, for instance. The means of 

                                                 
7 http://www.sarvari-trust.org/  
8 http://www.push-pull.net/panna.pdf  
9 http://www.efrc.com/manage/authincludes/article_uploads/Research%20Project%20Format-
%20wheat%20breeding.pdf  
10 Igbal M and Asraf M, 2006. Wheat Seed Priming in Relation to Salt Tolerance; growth. yields and levels 
of free salicylic acid and polyamines. Ann. Bot. Fennici, 43:250-259. 
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recovering soluble plant nutrients from liquid effluents, sewage effluents and run 
off/drainage waters also need to be refined and improved. 
 
 

5. Crop traits that would bring benefits. 
Conventional plant breeding methods could be used to introduce many crop traits to 
improve the quality of the final food product and benefit health and nutrition for example 
in cassarva11.  However, it would be very unwise to base malnutrition alleviation 
programmes on single gene manipulation of one crop, such as Golden Rice.  Some 
commentators on Golden Rice12 have pointed out that deficiency in one essential vitamin 
often hides other major deficiencies in the whole diet and so a far more sustainable 
approach is to create land management systems that provide a balanced diet containing 
multiple nutrients able to support each other (often essential for effective uptake) and to 
ensure that family incomes are sufficient to provide such a diet.  Malnutrition is primarily 
a social and economic problem.   
 
6. Husbandry and crop management techniques 
The role of livestock and poultry in different agro-ecology systems needs to be 
developed to assist in the control of weeds, pests and diseases and improve fertility of 
the soil. Similarly crop rotations need to be geared to cope with particular pests and 
diseases. For instance, potato cyst nematode (PCN) can be controlled using a 7 year 
rotation once infestation has been cleared, for instance using decoy crops13. Economic 
pressure to grow potatoes on short rotations because they are a high value crop with 
high capital inputs has exacerbated the problem of PCN14. Low farm gate prices for 
cereals and oilseeds helps create such pressure. 
 
7. Advances in non biological technology 
There are many technologies could prove beneficial to land managers looking to be 
sustainable. These include:  
 

• Precision weeding15  
• On farm/community composting and digestion systems. 
• Improved manure and slurry handling systems to reduce aqueous and 

gaseous nutrient losses. 
• Improvements in nutrient mapping to allow precision application of plant 

nutrients. 

                                                 
11 http://www.geneconserve.pro.br/indigenous_and_wild_cassava.pdf  
12 Krankwinkel M,2007. What we know and what we don’t know about Golden Rice. Letter to the editor. 
Nature Biotechnology Vol 25 June 2007 p623 
13 
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&Pro
jectID=11962  
14 ibid 
15 http://www.rase.org.uk/activities/publications/RASE_journal/2006/09-z1vvs8w3.pdf  
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• Water harvesting16 and storage. 
• Efficient irrigation systems. 
• Efficient biomass stoves and boilers. 
• Solar driers. 
• Pest proof storage. 
• Product processing  

 
 
 
8. Consequences and impacts  
One of the major problems associated with new technologies is how to assess their 
effectiveness and impacts in advance of using them commercially.  GM crops are a good 
example of a technology where prior assessment of the risks and benefits is difficult 
because the properties and behaviours of GMOs in the environment and food chain are 
still poorly understood. As are the external factors that influence their behaviour and 
expression of genes within the organism. Unexpected events and outcomes have  
occurred illustrating the difficulties of predicting the outcomes of any releases of GMOs 
into the fields or food chain.  For example: the scale of horizontal gene transfer to human 
gut bacterium17; the crossing of GM oilseed rape to charlock (Sinapis avervensis)  in the 
field18; and the changed allergenicity of bean protein when genetically engineered into 
peas19.  The timescale of potentially harmful impacts of GMOs is very difficult to judge 
and predict, hence it is hard to devise trials that provide reliable answers.  GMOs also 
have the ability to acquire other GM traits over time and therefore the nature of the risk 
may change once they are released into the environment.  Experience with introduced 
plants shows that it may take time for  a problem to emerge, for instance Japanese 
Knotweed took 60 years to become established in the wild in the UK20. 
 
Another concern arising from the widespread use of GM crops is that they/this moves us 
further along the path of monoculture systems. Whilst GM crops may be modified to 
resist a particularly pest or disease, this does not help them to adapt to 
multiple/interactive changes in the environment and it also applies adaptation pressures 
to the target disease or pest.  This leaves crops very vulnerable to variable weather 
conditions, pest adaptation or new pests and diseases against which they have may 
have no defence.  Such variability may well increase as the climate changes.  The case 
for concentrating research efforts of polycultural rather moncultural systems is strong21 

                                                 
16 http://practicalaction.org/practicalanswers/product_info.php?products_id=66  
17 http://www.food.gov.uk/multimedia/pdfs/gmnewcastlereport.PDF  
18 http://www.defra.gov.uk/environment/gm/research/pdf/epg_1-5-151.pdf  
19 http://www.pi.csiro.au/GMpeas/PI_info_GMpeas.pdf  
20 http://www.defra.gov.uk/environment/acre/fsewiderissues/pdf/acre-wi-final.pdf  
21 Altieri M. A, Rosset P, and Thrupp, L A 2008. The potential of agroecology to combat 
hunger in the developing world. A 2020 vision for food, agriculture, and the environnent 
http://www.fao.org/docs/eims/upload/207906/gfar0052.pdf  
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and we feel that the Royal Society should encourage R&D in this direction as a matter of 
priority 
. 
9. Barriers to applying biological/agroecological approaches 
There are many barriers to the success of any new technique for farming. Most of these 
do not relate directly to the science behind the technique which is why the IAASTD panel 
paced great emphasis on the need to address socio-economic, cultural and political 
factors.   
 
Reasons for ideas and technologies failing to succeed are many and various and failure 
to see progress is often due to several causes: 

• Trade policies 
• Farm support subsidies 
• Oil prices 
• Input process 
• Food prices 
• Failure involve farmers in identifying problems and selecting possible solutions 

and delivering them (generally known as the top down approach). 
• Failure involve women in identifying problems and selecting  possible solutions 

and delivering them. 
• Failure to combine scientific and traditional knowledge effectively 
• Lack of relevant legislation to regulate new technology. 
• Lack pf capacity to carry out risk assessments and enforce regulation. 
• Lack of  transport and storage infrastructure. 
• Political or civil unrest. 
• Patents and intellectual property right restricting access to genetic resources. 
• Lack of research capacity and knowledge. 
• Lack of public research funding to develop methods which have no interest to 

private companies. 
• Lack of respect for the local knowledge of farmers. 
• Lack of a public extension service that can deliver management based solutions. 
• Cultural resistance to new ideas or technology. 

 
 
Top down technical solutions are not doomed to failure but they make success far less likely. 
 

The great complexity of poverty in terms of its causes and solutions requires an 
appropriate blend of long-term technical and social science, if research feeding into 
development policy and practice is to make a meaningful contribution to poverty 
reduction. There is little room for quick fixes in technology, even though these are often 
favoured by politicians - and some donors.  

 
George Rothschild  former Director-General of the International Rice Research 
Institute and former Chief Scientific Adviser to the Minister for Overseas 
Development, Australian Federal Government speaking at Making Science and 
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Technology Work for the Poor Seminar for the All Party Group on Overseas development  
8th November 2005 

 
GM Freeze October 2008 
 


