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S t rengthening international science for the benefit of society

a ble to be addressed th rough additional res e arch. The

ways in which scienti fic knowledge is co m m un i cate d

and infl u e n ces public pe rce p tions and pol i cy choices

a bo ut new te c h n ol og i es are also co n s i d e red. 

Key Questions

Many appl i cations of modern geneti cs are be i n g

used to improve the effi c i e n cy and sus tai n a b i l i ty of pre-

sent agr i cu l tural pra c ti ces, in bo th indus trial and deve l-

oping co un tr i es, and th e re is po te n tial for their wider

use. Impo r tant appl i cations include improving the effi-

c i e n cy of pl ant and animal breeding by enabling th e

use of mol e cu l ar mar ke rs for early generation selec-

tion of key traits; developing mol e cu l ar diagn o s ti cs fo r

the identi fi cation and improved co n trol of pests an d

d i s e as es; and more effe c tive diagn o s ti cs and va cc i n es

for the co n trol of lives tock and fi sh diseas es.  

Although this review considers new genetics in the

b road sense, spe c i fi ca l l y, in re l ation to geneti ca l l y

m od i fied foods (GM Food )2 and living mod i fi e d

organisms3, this study poses five key questions:

Who needs them? 

Are they safe to eat?

Will there be any effects on the environment?

Are the regulations adequate?  

Will they affect trade? 

Sc i e n ce is a cre ative enterprise. It co m b i n es th e

e x pl o ration of the natural world with the generation of

k n owledge and its use in hum an endeavo urs. This

co m b i n ation of cre ativ i ty with pur pose is exe m pl i fi e d

in the field of biote c h n ol ogy.  But the power of the new

d i s cove r i es in geneti cs also rai s es co n cerns in many

s oc i e ti es as to the eth i cs and safe ty of their use, and th e

r i sks th ey may pose to hum an health, biod ive rs i ty an d

the env i ronment. 

This ove rv i ew, commissioned by the Inte r n ati o n a l

Co uncil for Sc i e n ce (ICSU) an a l ys es the findings of a

s e l e c tion of approx i m ately 50 science - based rev i ews,

p u bl i shed in ye ars 2000-2003, on modern geneti cs an d

its appl i cations in food and agr i cu l ture and the env i ro n-

ment. These rev i ews, which have been co m m i s s i o n e d

by national aca d e m i es of science, gove r n m e n t s, inte r-

n ational org an i zations and private agencies on var i o us

as pects of modern geneti cs have mob i l i zed co n s i d e r-

a ble scienti fic expe r tise wo r l dwide to examine th e

i s s u es in bo th bre a d th and depth.  Howeve r, a co m para-

tive as s essment of their co n c l usions has not, un til now,

been pe r formed. 

The pur pose of this an a l ysis is to consider wh at are

the issues th at co n cern var i o us soc i e ti es, an d, on th e

basis of the science underpinning the discove r i es in

m odern geneti cs, wh at are the are as of co m m o n a l i ty,

wh at are the are as of dive rg e n ce and differing pe rs pe c-

tives, and wh e re are the gaps in knowledge th at may be
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Definitive answers to many of the complex issues underly-

ing th ese simple ques tions are not yet avai l a ble.  Howeve r,

there is a growing scientific consensus around many of these

i s s u es, as well as on the are as wh e re fur ther data, info r m a-

tion, and actions are most needed.  

1. DEMAND: WHO NEEDS GENETICALLY
MODIFIED FOODS? 

There is a continuing demand for more, cheaper, and/or

be tter quality food wo r l dwide. The re l ative impo r tan ce of

these factors varies within and between societies.  Poor peo-

ple need be tter access to more food. Those who are more

affluent place more emphasis on the quality of food, in terms

of appearance, variety and nutritional content.

Projections by the UN Food and Agriculture Organization

( FAO) and the Inte r n ational Food Pol i cy Res e arch Insti tute

(IFPRI) on the future demand and supply of food necessary to

keep pa ce with po p u l ation grow th and changing dietary

habits until 2020, predict increasing global demand for food.

For exam ple, ce real produ c tion for food and feed needs to

increase by 40 per cent, while livestock production needs to

double, to meet increasing demand for milk and meat by year

2020. At the same time, land available for expanding agricul-

ture is decre asing and water is an incre asingly scarce

res o urce. Thus, more food needs to be produ ced per un i t

available land, per unit water. 

New developments in genetics must be assessed as to their

po te n tial to co n tr i b ute to the produ c tion of more, cheape r,

an d /or be tter quality food, in diffe rent situ ati o n s, and as to

their capacity to produce foods in ways that are more envi -

ro n m e n tally sus tai n a ble when co m pared with present agr i-

cultural practices and other technology options.   

2. ARE GM FOODS SAFE TO EAT? 

Currently available genetically modified foods are safe to

eat.  Food safety assessments by national regulatory agencies

in seve ral co un tr i es have deemed cur re n tly avai l a ble GM

foods to be as sa fe to eat as their conventional counterparts

and sui ta ble for hum an co n s um p tion. This view is sh ared 

by seve ral inte rg ove r n m e n tal agencies, including th e

FAO/WHO Codex Alimentarius Commission on food safety,

which has 162 member countries, the European Commission

( EC), and the Org an i zation for Economic Coo pe ration an d

Development (OECD).  

Further, there is no evidence of any ill effects from the con-

s um p tion of foods co n taining geneti cally mod i fied ingre d i-

ents. Si n ce GM crops we re fi rst cu l tivated co m m e rcially in

1995, many millions of meals have been made with GM

i n gredients and co n s umed by pe o ple in seve ral co un tr i es,

with no demonstrated adverse effects.   

Al though cur re n tly avai l a ble GM foods are co n s i d e re d

s afe to eat, this does not guaran tee th at no risks will be

e n co un te red as more foods are deve l o ped with novel char-

a c te r i s ti cs. Ongoing eva l u ation of emerging products is

required to ensure that new foods coming to market are safe

for co n s um e rs. Food safe ty eva l u ation must be un d e r ta ke n

on a cas e - by - case basis. The extent of the risk eva l u ati o n

should be pro po r ti o n ate to the po s s i ble risks invol ved with

particular foods.  

There are also benefits to human health coming from GM

foods. These may be either direct be n e fits arising from th e

content of certain foods or indirect benefits, which arise from

changing agricultural practices. 

Direct Benefits 

Improved nutritional quality of specific foods (e.g. modifying

s tarch co n tent in bar l ey, oil co n tent in ra pes e e d, or vitam i n

content in rice).

Re m oving allergens an d /or toxic co m po unds from ce r tai n

foods (e.g. peanuts). 

Indirect Benefits 

Pest tolerant crops can be grown with lower levels of chemi-

cal pesticides, resulting in reduced chemical residues in food,

and less exposure to pesticides.

D i s e ase res i s tant crops may have lower levels of po te n ti a l l y

carcinogenic mycotoxins. 
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3. WILL THERE BE ANY EFFECTS
ON THE ENVIRONMENT?

A gr i cu l ture affects the env i ro n m e n t, th us it is to be

expected that new genetic technologies used in agriculture

will also affect the environment. The effect of genetic tech-

nologies may be either positive or nega tive—they may either

accelerate the environmentally damaging effects of agricul-

ture, or they may contribute to more sustainable agricultural

p ra c ti ces and the co n s e rvation of natural res o urces. It is a

matter of application and choice.

To a large extent, the environmental effects will depend on

the specific genetic application, the agricultural system and

the environment (agro-ecosystem) in which it is used.  Envi-

ro n m e n tal impact should be as s essed on a cas e - by - cas e

bas i s, taking acco unt of spe c i fic risk fa c to rs.  The env i ro n-

mental effects of specific technologies may be direct effects

of a specific trait/species combination on biodiversity, habi-

tat s, lan d s ca pe, an d /or other co m ponents of the env i ro n-

ment. Or, they may be indirect effects, resulting from chang-

ing agr i cu l tural pra c ti ces leading to more, les s, or diffe re n t

use of pesticides or herbicides, and/or changing land uses. 

In assessing direct and indirect environmental effects, new

genetic technologies should be compared with present agri-

cultural practices, and with other technology options. Com-

parison with baseline ecol og i cal data is also des i ra ble, but

difficult to obtain in many instances. Also, both the risks and

the benefits of new technologies need to be considered, so as

to develop a more complete picture of the options available

and the implications of various choices. 

Direct environmental effects

For example, in assessing the potential for direct environ-

mental effects of plants, several factors should be taken into

account:  the potential for gene flow from the crop plant to

compatible wild relatives in their centres of diversity, leading

to the formation of hybrids that survive and may cause envi-

ro n m e n tal damage; the po te n tial of the pl ant to be come a

weed in cu l tivated fields or to move outside the field to

be come an invas ive spe c i es in other habitats; the po s s i bl e

effects of specific traits on non-target organisms; and unex-

pected effects resulting from unintended genetic recombina-

tions. These risks are similar to those carried by any pl an t

re l e ased into the env i ronment. Geneti cally mod i fied pl an t s

th at car ry par ti cu l ar traits (e .g . pest res i s tan ce) should be

assessed for the effects that the particular trait may have on

these risk factors.   

In terms of direct effe c t s, gene fl ow is an issue—par ti cu l ar l y

in regions wh e re crops are being cu l tivated in the vicinity of

l ocal land ra ces, wild or we e dy re l atives with which th ey can

c ross in nature, in their ce n tres of biol og i cal dive rs i ty. The eco-

l og i cal issue is not so much th at it happens (as pollen does

m ove in the wind and on insects, and some out - c rossing occurs

n aturally in ope n - pol l i n ated spe c i es), but does it matte r? The

an swer to the latter ques tion depends on wh e ther a novel trai t

is introdu ced into a wild spe c i es th at incre as es the fi tn ess of th e

res u l ting hybrids be tween the crop and its re l atives to surv ive

and be come env i ro n m e n tally damaging (e .g . to be come a

weed or an invas ive spe c i es). Ex pe r i m e n ta l l y, modelling bas e d

on biol og i cal and geogra phic data may be us e ful to predict th e

l i kely be h av i o ur of diffe rent spe c i es in var i o us env i ro n m e n t s,

e i ther near to or distant from their ce n tres of dive rs i ty. 

Cur re n tly avai l a ble ev i d e n ce suggests th at genes can

move from GM crops into land races and related wild species,

g e n e rally at low fre q u e n cy and in are as wh e re co m pati bl e

wild relatives are found. However, there is no evidence of any

deleterious environmental effects having occurred from the

trait/species combinations currently available. 

Indirect environmental effects due to changing 

agricultural practices

Most geneti cally mod i fied crops cur re n tly used co m m e r-

cially have been mod i fied for either insect res i s tan ce an d /o r

herbicide tol e ran ce. Insect-res i s tant crops should be us e d

w i thin an inte grated pest management (IPM) sys tem to avo i d

the boo m/b ust cyc l es as s oc i ated with the build up of res i s tan ce

in the pest po p u l ation. There are some co n cerns as to wh e th e r

I PM sys tems can be used effe c tively with GM crops in the deve l-

oping wo r l d, and this is an area re q uiring fur ther action. 

Seve ral stu d i es have sh own th at the use of pes ti c i d es on

cotton has declined globally by about 14 per cent since the

introduction of Bt cotton in the mid-1990s.  Country studies

in Australia, China, South Africa and the USA show pesticide
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re du c tions of 40 to 60 per cent on GM co tton crops. The

reduction in p esticide use is accompanied by an increase in

the num ber of be n e ficial insects amongst the cro p - as s oc i-

ated biod ive rs i ty. Herbicide tol e rant soy be an has be e n

shown to increase the efficiency of weed control and reduce

soil tillage, with consequent benefits for soil conservation.   

In the future, other environmental effects may result from

the emerging scienti fic developments des i gned to mod i fy

c rops with co m plex trai t s, which are co n trolled by multi pl e

genes (e.g. tolerance to salinity or drought). This may enable

a gr i cu l ture to extend into cur re n tly marginal lands an d /o r

threaten fragile environments. For example, it may be possi-

ble to cultivate saline-tolerant rice in areas currently impor-

tant as man grove habitats. Dro u g h t - tol e rant mai ze co u l d

i n c re ase wate r - use effi c i e n cy in semi-arid regions of th e

world. The risks and be n e fits of such appl i cations highlight

the need for case-by-case environmental impact assessments

of specific applications in specific agro-ecosystems.  

Future land use

One of the future challenges is devising ways and means—

including standards—to enable proponents of different agri-

cultural practices to coexist in areas of multiple land use. This

is particularly challenging for farmers practising broad-scale

a gr i cu l ture and those favo uring org anic agr i cu l ture. Fo r

example, research commissioned by the EC over the past 15

years provides guidance on how to minimize gene flow from

c rop to cro p, and from crops to wild re l atives in Euro pe .

Unwan ted gene fl ow can be minimized in seve ral ways :

th rough spatial and te m po ral bar r i e rs be tween crops; by

selecting crops with low risks of gene flow outside the crop

(either because they are not out-crossing species or there are

no re l ate d /wild spe c i es in the vicinity); an d /or by using ti s-

s u e - s pe c i fic pro m o te rs to target gene expression to ce r tai n

parts of pl ants. New scienti fic developments offer ways to

eliminate unintended gene flow from GM crops so that they

could be cultivated in biologically contained systems. 

4. ARE THE REGULATIONS ADEQUATE? 

There is broad agreement that regulatory systems need to

be science-based and transparent, yet must also involve com-

munity participation. In addition, safety assessments should

be undertaken on a case-by-case basis, using the best avail-

able scientific techniques.  

Re g u l ato ry proces s es also need to be rob ust and suffi-

c i e n tly fl e x i ble so as to detect early warning signs of chan g i n g

c i rcum s tan ces. Re cent instan ces of food safe ty problems in

s eve ral co un tr i es highlight the need for co n tinued vigilan ce in

e n s uring th at foods brought to mar ket are safe to eat, irre-

s pe c tive of their source and produ c tion meth ods. These food s

m ay come from co nve n tional or subsiste n ce agr i cu l ture ,

o rg anic agr i cu l ture, an d /or the cu l tivation of  LMOs.  

Regulatory systems for the applications of modern genet-

ics in food and agriculture are based broadly on assessing the

s afe ty for hum an health and the env i ronment of either th e

product or the process by which it is produced, or a combina-

tion of the two approaches. Although the data sought by reg-

ulators are similar, interpretation in risk assessment and man-

agement differs amongst countries and regions, particularly

in dealing with areas of uncertainty. 

The substan tive diffe re n ces are most evident in the level of

r i sk re g u l ato rs consider ‘acce p ta ble’ for a given soc i e ty. Si n ce

b i ol og i cal sys tems do not deliver ce r tai n ty,  ze ro risk for any new

te c h n ol ogy is an un attai n a ble stan d ard. This re i n fo rces th e

i m po r tan ce of risk /be n e fit an a l ysis on a cas e - by - case basis. 

Improving risk assessments

Most regulatory systems agree on the need to continually

improve risk assessment methods, making use of new scien-

tific developments to ensure they keep abreast of emerging

products and processes. Regulatory systems also need to be

sufficiently flexible so as to respond to accumulating experi-

ence in the behaviour of new products, once such products

are in widespread use. 

T h e re is a need for co n tinued development and improve m e n t

of food safe ty as s essments meth od s, so as to as s ess the safe ty of

future products that may result from more complex genetic

m od i fi cations (e .g . foods with mod i fi cations to their nutr i e n t

co n tent). These scienti fic developments will also support be tte r

m o n i toring of any un i n tended chan g es in the co n tent of food s

th at may result from genetic mod i fi cation. Such chan g es may

occur either by co nve n tional breeding or gene te c h n ol ogy.
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ment will be available for generating public goods, including

those that may be useful in emerging economies. Regulatory

re q ui rements are limiting the choices for the use of new

genetics to improve agriculture in emerging economies. 

In some countries, a lack of public confidence in the regu-

latory systems remains, which is one of the drivers behind the

i n c re asing str i n g e n cy of re g u l ation. This rai s es the issue of

what more should be done to improve public understanding

and confidence in the regulatory and post-approval stages of

the release of LMOs into the environment. 

Case studies needed

In order to illus trate the re l ative merits of diffe re n t

a p p roa c h es and var i o us sce n ar i o s, it is neces s ary to co n du c t

fur ther science - based case stu d i es th at co m pare the risks, be n-

e fi t s, and re g u l ation of crops deve l o ped th rough new geneti c

te c h n ol og i es and similar crops cu l tivated under inte n s ive agr i-

cu l tural pra c ti ces an d /or org anic agr i cu l tural pra c ti ces .

5. WILL GM FOODS AFFECT TRADE?

Trade impl i cations of new te c h n ol og i es are be co m i n g

i n c re asingly impo r tant. There is a need for science - bas e d,

internationally agreed standards to enable trade in GM foods

and commodities. Lack of clarity in this area is not only affect-

ing major agricultural exporting countries, but is also having

an impact on policy-makers in developing countries, in case

the use of new genetics technologies puts current or future

markets at risk. This will be a major issue in the forthcoming

world trade negoti ations. As stan d ard - s e tting bod i es, th e

World Trade Organization and United Nations agencies are

key players in helping to resolve these issues. 

Future Perspectives

At pres e n t, the science underpinning developments in

modern genetics is not informing the public in a manner that

adequately reflects the volume and quality of scientific da ta

and analysis available. The scientific community could play a

m o re active — and be tter org an i ze d — role in raising publ i c

aware n ess abo ut emerging geneti cs and wh at th es e

a dvan ces mean for diffe rent soc i e ti es, in terms of choices,

risks, and benefits.  
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One of the areas that continues to generate debate is on

the meth ods used to as s ess env i ro n m e n tal impa c t, and on

wh at co n s ti tutes an a dv e rs e e nv i ro n m e n tal impact. One

a p p roach is to co m pare GMOs with org anisms produ ce d

using more tra d i tional breeding te c h n i q u es. Seve ral out-

s tanding issues in as s essing env i ro n m e n tal impacts re m ai n :

lack of reliable baseline data; the relevance of extrapolation

from small- to large-scale use, and from the laboratory to the

field; the need to be able to detect rare events within a rela -

tively short experimental time scale; lags between introduc-

tion and manifestation of environmental impacts; and lack of

k n owledge abo ut eco sys tem co m pl e x i ty, including soil

ecosystems.  Assessment of the impacts of GMOs on non-tar-

get organisms should reflect the complexity of different envi-

ro n m e n t s, and the need for co m parison with other agr i cu l-

tural practices, such as pesticide use and IPM systems. 

International harmonization of regulations

Two Un i ted Nations agencies (FAO and WHO) provide an

i n te rg ove r n m e n tal fo r um th rough the Codex Al i m e n tar i us

Commission, which seeks to achieve inte r n ational agre e m e n t

on stan d ards for food safe ty, including GM foods. A similar

fo r um is needed to fa c i l i tate inte r n ational agreement on stan-

d ards for as s essing the env i ro n m e n tal impacts of gene te c h-

n ol ogy. The Car tegena Pro tocol of the Co nve n tion on Biol og-

i cal Dive rs i ty (CBD) prov i d es an inte rg ove r n m e n tal fo r um

amongst the par ti es to the Co nve n tion for as s essing th e

i m pacts of living mod i fied org anisms (LMOs) on biod ive rs i ty,

one co m ponent of the env i ronment. A broader fo r um is

needed to enable the development of inte r n ationally agre e d

s tan d ards for co m p re h e n s ive env i ro n m e n tal impact as s es s-

ments of the risks and be n e fits of new geneti cs in agr i cu l ture. 

Benefits and costs of regulation 

The cost, complexity, and uncertainty of regulation in new

g e n e ti cs in food and agr i cu l ture make re g u l ato ry re q ui re-

ments a barrier to entry for public res e arch insti tutes, poo r

countries, and small companies. This has long been the case

in the ph ar m a ce uti cal and agroc h e m i cal secto rs, and is

be coming the case in the seed sector as well. Thus, future

i nves tments are likely to co n ce n trate even more on th o s e

products with potential commercial value, in which the regu-

l ato ry costs can be built into the product price. Less inves t-



A d d i tional, publicly funded res e arch th at addres s es key

gaps in present knowledge would be valuable to inform the

d e bate abo ut the use of modern geneti cs. The value of th i s

research could be increased if the key questions were framed

in an ‘authorizing environment’ that reflects the concerns of

the public, pol i cy - m a ke rs, and pol i ti c i an s, bo th nati o n a l l y

and internationally. 

In the re g u l ato ry are a, additional res e arch is neces s ary to

assist in the co n tinued development of re g u l ato ry approa c h es

th at keep abre ast of new scienti fic advan ces. For exam pl e ,

th e re is a need for the co n tinued development of food safe ty

as s essment meth ods to deal with emerging products such as

n utr i tionally enhan ced foods and other co m plex traits co n-

trolled by multi ple genes. There is also a need for the deve l o p-

ment of inte r n ationally agreed stan d ards for the as s es s m e n t s

of env i ro n m e n tal risks and be n e fits of LM O s .

In 2002, th e re we re approx i m ately 58.6 m Ha of geneti-

cally mod i fied crops cu l tivated in 16 co un tr i es. Over th i s

area, much post-release monitoring data has been gathered

on the behaviour of genetically modified organisms in vari-

ous environments but most is not publicly available.  Making

m o re of this monitoring data publicly avai l a ble would be

helpful in guiding future regulatory decisions.

The broad range of modern genetics applications in agri -

cu l ture could co n tr i b ute more toward improving the effi-

c i e n cy and sus tai n a b i l i ty of agr i cu l ture in emerg i n g

e co n o m i es. Cur re n tly avai l a ble appl i cations have po te n ti a l

to improve the efficiency of plant breeding; to be used in the

development of new diagnostics and vaccines for the control

of pests, parasites, and diseases in crops, trees, livestock, and

fi sh; and to generate diseas e - free pl an ting material, wh i c h

could lead to substantial increases in productivity. 

G e n e ti cally mod i fied crops also offer promise to co n-

tr i b ute more toward bo th food secur i ty and pove r ty re du c-

tion. New var i e ti es of crops and other products with us e fu l

traits, which offer much promise for addressing problems in

e m e rging eco n o m i es, may result from public or private

investments or, increasingly, through public/private partner-

ships.

Seve ral elements are re q ui red to support succes s ful depl oy-

ment of new te c h n ol og i es. These include wide public un d e r-

s tanding of new products and their pur po s es; an enabling pol-

i cy and re g u l ato ry env i ro n m e n t, including means for food

s afe ty and env i ro n m e n tal risk as s essments and inte l l e c tu a l

p ro pe r ty management; inves tments in res e arch and deve l o p-

ment; and local, private sector development for distr i b uti o n

and mar ke ting of seeds and other new products.  

Sc i e n ce is a cre ative enterprise, in which the eth i cs an d

va l u es of indiv i duals and soc i e ti es pl ay an incre as i n g l y

important role in determining what are publicly acceptable

and unacceptable uses of science and the new knowledge it

generates. The choices these ethics and values imply differ in

different societies. It is important that science contributes to

an understanding of the issues, and enables individuals and

societies to take informed decisions that mobilize the best of

science to meet their needs.    
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1. FURTHER INFORMATION:

The complete documentation for the study is a vailable on the ICSU web site a t

www.icsu.org. This includes the Executive Summary, a synthesis report, summary

ta bl es, and for each of the 50 rev i ews co n s i d e red in this an a l ys i s, an abstra c t,

executive summary and, where available, the full text of each report. This docu-

mentation is also a vailable on a CD for those who do not have ready access to

the Internet. For further information see also: http://www.doylefoundation.org

2. Genetically modified food (GM food): Food that contains above a certain min-

imum content of raw material from genetically modified organisms (GMO).  

3. Living modified organism  (LMO) means any living organism that possesses a

n ovel co m b i n ation of genetic material ob tained th rough the use of mod e r n

biotechnology; Synonym of genetically modified organism (GMO). 
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Executive Summary Table 1 Human Health Effects of Genetically Modified Foods: 

Areas of Scientific Convergence, Divergence, and Gaps in Knowledge

Issue Scientific Convergence Scientific Divergence Gaps in Knowledge

Safety of currently available

GM foods for human

consumption

Currently available GM foods

are considered safe 

to eat. 

No evidence of any adverse

effects from consumption to

date. 

Post-market surveillance 

is difficult due to confounding

effects of diversity of diets 

and genetic variability in

populations.

Long-term effects unknown,

both for GM and for most

other foods.

How to conduct post-market

surveillance?

Future products

(e.g. foods with modified

nutritional content)

Need to be assessed on a 

case-by-case basis to ensure 

pre-market safety, before new

foods are brought to market.

Extent of safety analysis should

be proportionate to risk.

Product and/or process may

be assessed.

Unintended effects possible,

either through conventional

plant breeding or gene

technology.

Methods of food safety

assessment

Case-by-case analysis required,

using scientifically robust

techniques.

Current safety assessment

methods, largely based 

on comparison of a limited

number of compounds, may

not be adequate 

to assess more complex

products, which are not

substantially equivalent 

to present foods.

Whole food analysis 

is possible, but requires 

further R&D to validate 

new techniques and

interpretation of data. 

Need to know how much

change in food content 

is nutritionally significant.

Health benefits Many GM crops are now

grown with less pesticide,

thereby reducing exposure to

chemical pesticides.

In the future, crops may be

used to produce new

pharmaceutical/medicinal

compounds (e.g. vaccines).

Future GM crops may have

improved nutritional content

(e.g. vitamin A rice).

Need to ensure quality control

of new products and keep

pharmaceutical products out

of the food chain. (This may 

be difficult). 

Availability of nutritionally

significant levels of vitamins

and minerals in GM foods

needs to be demonstrated.

Need to demonstrate new 

crop management practices

for novel products, to ensure

they can be kept out of the

food chain and adequately

regulated.
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Executive Summary Table 2 Environmental Effects of Living Modified Organisms (LMOs): 

Areas of Scientific Convergence, Divergence, and Gaps in Knowledge. 

Issue Scientific Convergence Scientific Divergence Gaps in Knowledge

Direct effects A gr i cu l ture affects the env i ro n-

ment. Env i ro n m e n tal effects of

LMOs may be negative or po s i tive .

Re q ui res cas e - by - case as s essment.  

D i rect effects of GM crops may

include gene fl ow from GM cro p s

to local land ra ces, an d /o r

co m pati ble wild or we e dy

re l atives in ce n tres of dive rs i ty.

Other hazards to as s ess for pl an t s

include any incre ased po te n ti a l

for:  We e d i n ess; effects on non-

target spe c i es; un e x pe c te d

e ffects; wo r ker safe ty. 

Need to co m pare LMO effe c t s

w i th present agr i cu l tural pra c ti ces

and other options for land use. 

Gene fl ow occurs in all ope n - pol l i-

n ated cro p s, at varying fre q u e n cy. 

Real ques tion is: Does it matte r?

D e pends if new hybrids surv ive 

to form weeds or invas ive spe c i es. 

LMOs may affect non-targ e t

s pe c i es, but diffi cult to dete r m i n e

s i gn i fi can ce. Need to co m pare

LMO effects with cur rent pra c-

ti ces and other options for cro p

cu l tivation. 

Baseline ecological data for

comparisons are lacking.

Significance of gene flow in

centres of crop diversity needs 

to be investigated further.

Modelling approach may be

useful to assess likelihood of

gene flow and its significance.

Effects on soil microflora are

difficult to detect.

Indirect effects

Biodiversity conservation Molecular methods help

characterize biodiversity.

Genomic studies will help

identify genes within species and

how to switch them on/off.

Increasing efficiency of

agriculture may threaten

biodiversity; it may also protect

biodiversity by reducing pressure

on natural resources. 

Molecular finger-printing of

gene bank accessions would be

useful, to set baseline data and

monitor any genetic changes

over time.

GM te c h n ol ogy may chan g e

a gr i cu l tural pra c ti ces .

Less insecticide used on pes t

tol e rant crops. Instan ces of 40%

l ess insecticide used on Bt co tton.  

Need to avoid development in

res i s tan ce in pest po p u l ations 

by crop management sys tems 

to re du ce selection pres s ure on

target pest in Bt crops. 

Herbicide use may incre ase or

d e c re ase with use of herbicide

tol e rant crops.  Weed biol ogy may

c h ange in GM crop fields. 

Herbicide tol e rant crops may be

us e ful for low - till agr i cu l ture an d

i m p rove soil co n s e rvati o n .

S tress tol e rant crops may th re ate n

e co sys tems (e .g . s a l i n i ty tol e ran t

r i ce in man grove eco sys te m s ) .

Pes t - res i s tan ce management 

in co m plex agr i cu l tural sys te m s

in less deve l o ped co un tr i es may

be diffi cu l t .

Need to develop inte grated pes t

m anagement sys te m s, inco r po-

rating LMOs wh e re appro p r i ate ,

and monitor for any chan g es in

po p u l ations of be n e ficial org an-

isms and developments in pes t

res i s tan ce .

Me th ods of env i ro n m e n ta l

i m pact as s es s m e n t

Types of data sought for env i ro n-

m e n tal impact as s essment are

s i m i l ar, but inte r p re tation var i es

in diffe rent re g u l ato ry sys te m s .

Pre ca uti o n ary approa c h es to

m anage un ce r tai n ty re q ui re th at

n ew te c h n ol og i es demonstrate

no harm. Si n ce biol og i cal sys te m s

do not deliver ce r tai n ty, ze ro risk

is an un attai n a ble stan d ard. 

Si gn i fi can ce of labo rato ry stu d-

i es is debata ble, as it is diffi cult 

to extra pol ate from labo rato ry to

field stu d i es and effects of co m-

m e rcial use. Wh at co n s ti tutes an

a dve rse env i ro n m e n tal impa c t? 

Need co m parative an a l ysis of

d i ffe rent sys tems (LM O s, inte n-

s ive, subsiste n ce, an d /or org an i c

a gr i cu l ture ) .

B aseline ecol og i cal data for dif-

fe rent agr i cu l tural sys tems are

d i ffi cult to ob tai n .

Need inte r n ational har m o n i za-

tion of env i ro n m e n tal impa c t

as s essment meth ods and co m-

monly agreed stan d ards. 


