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Nuclear strategies in food and agriculture

25 years of progress

by Bjoern Sigurbjoernsson

II ealthy and abundant food supplies is a goal for every nation in the world. 
Nuclear techniques have played a fundamental role in solving some of the 
obstacles to attaining this goal which existed in the 1960s. New trends and 
approaches in food and agricultural production have had a tangible impact on 
the quality of life of people worldwide.

Research, testing, analysis, and experience in the peaceful applications of 
nuclear energy have helped solve many practical problems for farmers and 
industry alike.

Unfortunately, however, not all successful nuclear applications available 
to industrialized countries reach developing nations. To address this problem, 
in 1964, the International Atomic Energy Agency (IAEA) and the Food and 
A griculture O rganization (FAO) o f the U nited N ations jo ined  forces to 
create the Jo in t F A O /IA E A  D iv ision  o f N uclear T echn iques in Food 
and A gricu ltu re .

Initially just a small unit seeking solutions to food and a g r ic u ltu re  
p ro b le m s  through nuclear techniques, the Joint Division, and the A gricul

tural Laboratory of the IAEA 
Seibersdorf Laboratories, have 
since grown to be an interna
tionally respected research and 
development centre, a forum 
for global sharing of informa
tion and knowledge, and a con
duit through which nuclear 
technology can be transferred 
to those countries which need it 
most.

The Jo in t FA O /IA E A  
Division today focuses on six 
major areas:

Insect and pest control
nuclear techn iques are used 
to contro l or eradicate  harm 
fu l p es ts  re sp o n s ib le  fo r e x 
treme losses in food production, 
as well as in human and animal 
life, through dangerous d is 
eases.
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Food preservation  through irradiation has become a valuable tool in 
reducing post-harvest food losses, reducing the occurrence o f food-borne 
disease, and extending the shelf life of agricultural commodities.

Anim al production and health is an area where nuclear techniques have 
been used successfully to improve the health and productivity of ruminant 
animals.

Plant breeding and genetics is an approach where nuclear techniques are 
used to develop new strains o f plants of higher quality, yields, and resistance 
to diseases. These techniques induce genetic variation.

Soil fertility, irrigation and crop production  covers the important com 
binations of healthy, productive soils and an adequate supply of water necessary 
to achieve good quality crop production. Nuclear techniques are used to 
improve the efficiency of fertilizers, to understand their environmental effects, 
and to establish new ways to restrain their use.

Agrochemicals and residues are watched through radiotracer techniques 
as they travel through our environment. More effective applications o f pes
ticides can be devised, as well as new approaches to understand and protect the 
ecological balance.

As the Joint FAO/IAEA Division completes its 25th year in operation, it 
is an opportune time to review some of the achievements of nuclear methods 
applied to food and agricultural production. Some o f these are quite remarkable 
and have set valuable precedents in research, development, and applications for 
nuclear strategies and their role in solving food and agricultural problems in a 
practical, efficient manner.
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Insect and pest control

The sterile 
insect
technique is the 
Joint FAO/IAEA 
Division’s 
approach to 
insect control

CHALLENGE: Before harvest or slaughter, between 10 and 20% o f the overall 
global production o f crops and livestock is lost to such insects as the tsetse fly  and 
numerous types o f fruit flies, moth larvae, plant hoppers, and stem borers. These 
pests cause direct losses through reduced quality and yield, outright crop destruc
tion, and animal death and indirect losses through the transmission o f diseases.

RESPONSE: The mass rearing and release o f radiation sterilized insects (sterile 
insect technique) is used to eradicate or control major crop insect pests and insect 
vectors o f animal diseases. Radioactive and stable isotopes are used in studies o f 
insect ecology and behaviour to develop effective pest management programmes.

A
x ^ - l th o u g h  insects are im portant for m aintaining the natural ecological 
balance, some destroy valuable food crops. Insects, such as the mosquito 
and tsetse fly, are vectors for human and animal diseases. These pests can 
create a m ajor obstacle to social and econom ic developm ent in many 
countries by virtually preventing agricultural production. The tsetse fly, in 
particular, carries disease which causes incalculable losses — not only in 
terms o f m eat and dairy products, but in leather, wool, fertilizer, and other 
animal by-products, anim al power, and potential capital resources. This 
problem  is severe in Africa, which has a livestock population o f some 170 
million head o f cattle and even greater num bers o f sheep and goats.

For various reasons, including health and environm ental problem s, 
insecticide use is restricted or even banned in some countries. For many 
developing countries, insecticides are too costly and are used sparingly. In 
response to such developm ents, scientists have used a m ethod called the 
sterile insect technique (SIT) with dram atic results. U sing radiation, insects 
at appropriate stages o f developm ent are sterilized, and released in infested 
areas. Their mates do not produce offspring. W ith repeated releases, the 
population o f the insect pest is drastically reduced, or even eradicated.

Tsetse fly  research. 
(Credit:
Pierbattista/FA O)

In the late 1950s, one o f the remarkable achievements of the time was the 
successful eradication of the New World screwworm from the Southeastern 
USA using the SIT. The question facing the IAEA in the mid-1960s was 
whether the technique could be applied to severe insect problems facing the

developing countries. Since then, the Joint 
FAO/IAEA Division has evolved into an inter
national leader in insect control or eradication 
using the SIT.

The recent discovery in North Africa of 
the New W orld screwworm , a parasite o f all 
w arm -blooded anim als, has precipitated an 
international effort to develop a strategy for 
eradication. Scientists say that a concerted 
approach to locate and treat afflicted animals 
in com bination with the sterile insect techni
que is necessary to com bat the pest.
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The Sterile Insect Technique (SIT)

The starter diet fo r  young medfly larvae 
requires less space and fewer ingredients 
during the early development o f the larvae, 
making it possible to recycling the diet.

The flies lay their eggs through the cloth walls o f 
the oviposition cages. The eggs fa ll into the water 
below where they are collected. High egg 
production is obtained with minimum labour costs.

The SIT requires the economical production o f vast numbers o f insects 
(millions upon millions) in the factories. Techniques to do so have been 
developed for many insect species at the Seibersdorf Laboratories. Once 
reared, the insects are exposed to a non-lethal but sterilizing dose of radiation, 
and released in infested areas. Mass rearing facilities, using the methods 
developed by the Joint Division, have been built in a number o f countries where 
the technique has been used, including Mexico — where a major project to 
eradicated the Medfly was totally successful — and Guatemala, where a medfly 
eradication programme is under way.

Mediterranean fruit fly
The Mediterranean fruit fly (or Medfly) is one o f the most destructive and 

widely scattered insect pests o f citrus and soft fruits. It attacks more than 260 
wild and domesticated fruit species in 81 countries. The presence of a single 
medfly larva in a single fruit at a quarantine station could cause rejection of a 
whole consignment of fruit, a fate that ultimately could cripple the economy of 
a developing country.

The Joint Division, after establishing 
methods of rearing and releasing sterile 
flies, tested the technique on a highly in
fested island which was divided in two by 
a mountainous barrier. Insects were raised 
an d  s te r i l iz e d  a t th e  S e ib e rs d o r f  
Laboratories and released on one-half and 
later on the entire island, eradicating the 
pest. Having proved itself in the field, the 
method was ready for implementation in 
other infested areas.

M edfly  rearing  began  on fru its.
H ow ever, very  few  insects  could  be

Medfly infested citrus. (Credit: 
Lindquist! 1 A EA )
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Only sterile insects are released. The Joint Division 
has developed a comparatively stable genetic sexing 
strain o f medfly where the female pupae are white 
and the males brown fo r  easy separation by machine.

Sample packaging o f medflies for  
release in developing countries. 
(Photos: Pierbattista/FAO)

produced because the fruit deteriorated. Rearing on artificial diets has 
developed over the years and now mass-rearing o f millions o f flies can be 
accomplished cheaply, making medfly control by releasing sterile insects 
practical.

The medfly rearing techniques developed at the Seibersdorf Laboratory 
are being used worldwide. Oviposition cages containing the flies, water and 
food have evolved from small cylindrical cages to rectangular cages 2 0 0  x 180 
x 20cm or larger. The flies oviposit through cloth on the sides o f the cages and 
the eggs fall into a trough filled with water. The eggs are collected and placed 
in bottles o f aerated water. Mature eggs or newly hatched larvae are placed on 
a diet containing nutrients, preservatives, and a bulking agent such as wheat 
germ or bagasse.

W hen mature, the larvae jum p from the media into boxes o f bran or similar 
materials. In some mass-rearing programmes, mature larvae and diet are placed 
in slowly rotating drums from which mature larvae leave and are collected. The 
pupae are then separated from the bran, irradiated just before the flies emerge, 
and packaged for release.

W hen M exico requested assistance due to sudden infestation from the 
south, the Joint D ivision provided advice and training, and assistance in 
design ing  the strategy fo r a sterile  fly p roduction  facility  and field 
program m e. The result was a m assive program m e, financed by M exico and 
the USA, which could produce 500 000 000 sterile flies per week. The 
release o f these flies in the infested area eradicated the pest and prevented 
an enorm ous loss for the M exican economy.

Tsetse fly
Among the many factors that determine the pace o f development in Africa 

is the tsetse fly, a blood sucking insect that has virtually prevented agricultural 
production in a sizeable part o f the African continent.
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The tsetse fly feeds on the blood of animals and, in the process, transmits 
micro-organisms called trypanosomes. These are unicellular parasites respon
sible for Trypanosomiasis, a disease commonly called sleeping sickness in 
humans or Nagana in animals.

The role of the tsetse flies in the disease was discovered around the turn 
of the century. From 1896-1906 some 400 000 - 500 000 Africans perished, 
with 30-50% of village populations infected. In villages on the shore of Lake 
Victoria, about 200 000 people, equivalent to about two-thirds of the population 
in the area, died of sleeping sickness in 5 years. At present, about 50 million 
people are at risk from the disease. Some 20 000 cases of human sleeping 
sickness are reported per year and Nagana is causing a tremendous loss in 
animal protein food for the African continent.

This dreadful disease has determined which 
areas o f Africa are habitable by man and his livestock. 
The disease not only interferes with pastoral land use 
but also with farming: extensive use o f work oxen is 
prohibited by the disease and human labour remains 
the only alternative for agricultural production.

Two-thirds of the surface o f sub-Saharan Africa 
is affected with Trypanosomiasis and therefore is 
hardly, if at all, usable for the production of livestock. 
An additional 7 million square kilometers of land, an 
area greater than that used for agriculture in the whole 

USA, could be gained for agriculture if the tsetse flies were eliminated or the 
trypanosomes contained. This area of land currently occupied by tsetse flies 
could support an additional 12 million cattle making available about 1.5 
m illion tons o f m eat every year — doubling present production.

Many wild animals infected with trypanosom es do not suffer from  the 
disease and traditionally have been regarded as dangerous disease reser
voirs. To elim inate this hazard and to deprive the tsetse flies o f their main 
source o f food, all w ild  anim als in som e areas in the d istan t past used to

Transferring medfly 
larvae onto fina l rearing 
medium. (Credit: IAEA)
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be k illed . T h is and o th e r  m e th o d s like  the la rge- 
scale destruction o f vegetation in tsetse fly habitats had 
devastating effects on the environment.

Since 1945, large areas o f tsetse fly infested land 
have been sprayed with insecticides. In 1956, an 
eradication programme was launched by ground insec
ticide applications in northern Nigeria. As a result, 
about 250 000-square kilometers o f land have been 
cleared and are now used for agriculture and other 
purposes. However, insecticides often accumulated in 
the food chain causing risk to man and animals.

The sterUe insect Integration o f new approaches has resulted in
technique is usedm  controi5 ancj jn some cases, eradication o f tsetse flies in large areas. The
conjunction with ■ , , •
traditional insect control methods are practical and environmentally safe.
techniques in Nigeria. . . .
(Credit: offorViAEA) *n com bination with traps which can rem ove large quantities of tsetse

in a given area, the sterile insect technique has becom e a valuable method 
for eradication. In N igeria, a p ilo t field p ro jec t eradicated  a species of 
tsetse from  a 1500-square kilom eter area, w hile another in Burkina Faso 
eradicated this pest from  a 3500-square kilom eter pastoral zone.

Insect eggs at the 
Tapachula facility, 

Mexico. (Credit: 
Lindquist/IAEA )

The Joint FAO/IAEA Division 
is co n d u c tin g  research  on o ther 
s p e c ie s  o f  ts e ts e  f l ie s  a t th e  
Seibersdorf Laboratory, and in co
operation with African laboratories, 
to establish colonies which can be 
adapted to mass-rearing conditions. 
Research into improving the nutri
tional quality o f blood through the 
use o f additives and cheap, practical 
synthetic blood substitutes is being 
pursued.

Work also has begun to make tsetse mass production more economical by 
automating labour-intensive parts o f the operation such as feeding and sexing 
of flies. Additionally, emphasis is placed on improving the long distance 
transport of mass-reared tsetse fly material to assure continuous monthly 
transfer of up to 500 000 puparia from regional breeding centres to recipient 
field release stations.

Future emphasis
The ability to rear and sterilize large numbers o f tsetse flies has improved 

enormously during the past decade. The success o f pilot and operational field 
projects justifies further efforts and investments for fine tuning the SIT tech
nology with the objective o f integrating it with novel, environmentally safe

methods to eradicate selected species 
of tsetse from various parts of Africa.
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Food preservation by irradiation

CHALLENGE: One-third o f the world’s food harvest is lost on its journey to the 
consumer from spoilage and disinfestation. In developing countries, where tropical 
weather contributes to the problem, as much as 50% is lost. Each year, thousands of 
lives are lost worldwide due to food-borne diseases.

RESPONSE: In combination with other food processing and preservation tech
niques, one method o f preserving food is gaining wider recognition as a safe, 
economic, reliable way to reduce food losses, to control food-borne diseases, and to 
reduce the economic losses attributed to these concerns —food irradiation.

Food 
irradiation is 

gaining more 
attention and 

acceptance 
worldwide

Tm . here has been a slowdown in the rate o f agricultural innovation due to 
biological limitations and the increased loss of arable land through erosion and 
desertification. Combined with the steady increase in world population, it is 
apparent that food shortages will continue to grow unless new approaches are 
developed to assure food security.

W hile parts of the world can be somewhat secure, the developing countries 
face the greatest challenges in meeting basic food needs. Losses are especially 
high in developing countries where transport and storage systems are often old 
or inadequate, surrounding temperatures and humidity are high, and the need 
to improve food supply is greatest.

Concerns are mounting over increasing food-borne diseases; persistently 
high food losses from infestation, contamination, and spoilage; as well as 
growing international trade in food products that must meet stiff import stand
ards of quality and quarantine. In Africa, for example, post-harvest food losses 
are a fundamental cause of food shortages, experts reported at a recent 
FAO/IAEA seminar in Dakar, Senegal, attended by delegates from 14 countries. 
They reported production losses of 40% from infestation of grains and of more 
than 50% from spoilage o f yams, a staple product.

For thousands of years, preservation methods have evolved from the 
earliest days of sun drying to salting, cooking, smoking, canning, freezing, and 
chem ical preservation. The m ost recent addition to this list is irradiation,

the exposure of foods to carefully measured 
amounts o f ionizing radiation. The use 
of food irradiation to reduce food losses 
has been quite successful.

Comparison o f irradiated and non-irradiated onions.

When compared with conventional 
methods o f preserving food, irradiation 
has proved to be energy-conserving and 
can replace or drastically reduce the use 
of certain food additives and fumigants 
which pose hazards for consumers as 
well as for workers in food processing 
factories. Decades of study and practi
cal application have fostered increasing

8



--------------------------------------------------------------------
Country approvals of 

irradiated foods

.--------  1950s

V1960s

I  1970s \ f

I 1980s

Following the adoption o f international 
safety and health standards o f irradiated 
foods, most country approvals have been 
granted in the 1980s.

confidence in the ability of food irradiation 
to protect and preserve food and thereby to 
safeguard health.

FAO/IAEA activities
Since 1964, the Jo in t FAO/IAEA 

Division has investigated the applications 
o f  n u c lea r tech n iq u es  to ag ricu ltu ra l 
development and food preservation, and in 
the development of food irradiation as one 
way to ensure a safe and adequate food 
supply, as well as a plant quarantine treat
ment to prom ote international trade in 
agricultural products.

Although a relatively new commercial 
process, food irradiation has been studied 
more thoroughly than any other food tech
nology. Decades o f research have shown 
conclusively that there are no adverse ef

fects from the consumption o f irradiated foods. They do not become radioactive 
in any way.

The food industry and consumers would be interested in having a technol
ogy for processing food that would keep the food as close to its natural state as 
possible; free of disease and pest organisms; free o f chemical additives; with a 
long shelf-life; and economically viable.

Convinced that food irradiation could be added to traditional methods 
particularly in dealing with problems difficult to solve using such methods, the 
Joint Division initiated programmes in four areas: reduction of sprouting, food

Worldwide approved use of
irradiated foods and commodities
Argentina • spices, spinach, cocoa powder

Bangladesh • (facility planned)
Belgium • spices, dehydrated vegetables, deep

Brazil
frozen foods incuding seafood

• spices, dehydrated vegetables
Canada • spices

Chile • sp ices, dehydrated vegetables,

China
onions, potatoes, chicken

• potatoes, apples
C6te d ’Ivoire • (facility planned)

Cuba • potatoes, onions, beans
Denmark • spices

Finland • spices
France • spices, poultry, frozen deboned

German Democratic
chicken, vegetable seasonings 

• onions, garlic, enzyme solution
Republic
Hungary • spices, wine cork

India • (facility planned)
Indonesia • spices

Israel • spices
Italy • (facility planned)

Japan • potatoes
Korea, Republic of • garlic powder

Malaysia • (facility planned)
Netherlands • spices, frozen products, poultry, 

dehydrated vegetables, rice, egg

Norway
powder, packaging material

• spices
Pakistan • (facility planned)

Poland • (facility planned)
South Africa • potatoes, onions, fruits, spices, meat,

Thailand
fish, chicken, processed products

• onions, fermented sausages
*Vnited States of • spices

America
*USSR • grains, potatoes, onions, cereals, 

fresh and dried fruits and vegetables,

Viet Nam
meat and meat products, poultry

• (facility planned)
Yugoslavia • black pepper, spices

* Beefsteak, ham, turkey slices, pork sausages, and bread have been
sterilized using food  irradiation techniques fo r  use by astronauts.
** Some foods have been sterilized fo r  use by immuno-suppressed
patients in hospitals in the United Kingdom.

9



sanitation, shelf-life extension, and disinfestation. The recommendations com 
ing out of these programmes, as well as supporting programmes in the scientific 
community, have paved the way for food irradiation to gain acceptance.

Consumers 
gradually are being 
introduced to 
irradiated foods in 
many countries.

Sprouting  is one of the problems of long-term storage of roots and tubers 
(such as potatoes and onions). Low doses of irradiation can provide an 
alternative to the present use o f chemical sprout inhibitor for these crops. 
Irradiated potatoes and onions can be kept either at ambient temperature or in 
cold storage for several months.

F ood-borne diseases such as salmonellosis have steadily increased 
despite the availability of food processing technologies. In many cases, such 
diseases are associated with the consumption o f food of animal origin, par
ticularly poultry and red meat products. Food irradiation provides consumers 
with a microbiologically safe food supply for these solid foods in the same 
manner as pasteurization is effective in destroying pathogenic m icroor
ganism s in liquid foods such as milk.

Insects  harbored in fruits have created restrictions and quarantine 
regulations resulting in problem s in the international trade o f fruits from 
tropical areas. Many species o f fruit flies (such as the M editerranean, 
oriental, melon, Queensland, Caribbean) and m ango seed weevil, which 
lodges itself inside the seed o f mangoes, are quarantined by many countries. 
Irradiation provides an effective residue-free method for disinfestation. In 
com bination with warm w ater treatm ent, disease causing organism s can be 
controlled, thus extending the shelf-life o f irradiated fruits.

S to red  p ro d u c ts  such as grain , sp ices, vegetab le  seasoning, and 
dried  fru it, are subject to insect in festa tion  during  long-term  storage. 
C hem ical fum igation  is usually  applied  to these p roducts to pro tect their 
quality . Irrad ia tion  used together w ith proper packaging  provides an 
effective alternative  to fum igation .

The Joint FAO/IAEA D ivision  assists  and advises M em ber States
i n t e r e s t e d  in  r a d i a t i o n  
p rocessing  o f food and related  
products. A ssis tance fo cu s
ses on technical, e co n o m ic , 
and technolog ical aspects o f 
food irrad iation . It includes, 
fo r  e x a m p le , s u p p o r t  fo r  
feasib ility  studies o f irrad ia 
tion facilities, tra in ing  sem i
nars on good m anufacturing  
p ractices, and conferences to 
p rom ote  tech n ica l in fo rm a
tion exchange and acceptance 
o f  in te rn a tio n a l  s ta n d a rd s  
and codes.
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Technology transfer and training

The FAO and IAEA have been assisting Member States in transferring food irradiation technology to local 
industry. The type of technology transfer depends on the needs of different geographical regions.

Asia and the Pacific
Through the Asian Regional Co-operative Project on Food Irradiation (RPFI), pilot-scale experiments with 

direct participation of local food industries have been carried out in 12 countries. Specific applications emphasized 
include disinfestation and decontamination of stored food products; improvement in hygiene and storage ability 
of processed seafood; insect disinfestation of fruits for quarantine purposes; and sprout inhibition of root crops.

Based on encouraging results of studies carried out under the programme, large-scale demonstration 
irradiators have been or are being constructed in Bangladesh, People’s Republic of China, Malaysia, Philippines, 
Thailand, and Viet Nam, to provide services to local industry. Commercial irradiators have recently been 
completed in the Republic of Korea and in Pakistan, although the latter will be used mainly for sterilizing medical 
products. India and Indonesia are planning to build a multipurpose irradiator available for food processing in the 
near future. Market testing and semi-commercial scale irradiation of a number of food items have been carried 
out successfully in several countries.

Latin America
The FAO/IAEA technical co-operation programme on food irradiation in Latin America (LAFIP) has been 

in operation since 1986. Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, Guatemala, Paraguay, 
Peru, Uruguay and Venezuela are collaborating under this project. LAFIP was implemented following a 
co-ordination workshop convened in Piracicaba, Brazil in 1986 to identify topics for research and development 
in the region. It was agreed that research be concentrated on the application of irradiation to reduce the post-harvest 
losses that are due to sprouting of root crops, decay of fruits, and infestation of fruits and other agricultural 
commodities. Detailed economic feasibility studies for utilizing the process are being carried out in certain 
countries where applications look promising.

Developing countries in Europe and the Middle East
This region is characterized by a number of developed and developing countries where a large variety of 

temperate and semi-tropical foods are produced. Major food losses are rare in this region. The interest in food 
irradiation covers applications for sprout inhibition of root crops; disinfestation of cereals, dried fruits and nuts; 
decontamination or disinfestation of spices and seasoning; shelf-life extension of fresh fruits and vegetables, 
particularly strawberries and mushrooms, fish and meat; and decontamination of poultry products.

Bulgaria, Czechoslovakia, Hungary, Iraq, Iran, Jordan, Poland, Syria and Turkey are collaborating under 
this project. The food irradiation programme in the region varies from rudimentary to advanced. Activities 
emphasize assessing the techno-economic feasibility of utilizing radiation for food processing; pilot-scale 
experiments to facilitate trade and the transfer of this technology to the food producers and industry; promoting 
the harmonization of regulations governing food irradiation; and assisting in the control of the food irradiation 
process.

Africa
The Joint Division sent two expert missions to eight countries in Africa in 1986 to assist in evaluating the 

infrastructure required for developing a food irradiation programme and to assess the extent of post-harvest food 
losses. Cereals, legumes, roots and tubers, fish and livestock products constitute the major dietary requirements 
of the population. Food irradiation could play a role where there is an appropriate infrastructure to reduce losses 
of these products.The Joint Division sent a pre-investment mission on food irradiation to Cote d’Ivoire, Ghana, 
and Nigeria in 1988. The mission also confirmed the potential role of food irradiation processing and observed 
the interest of private entrepreneurs in investing in this technology.

Institutions in Algeria, Cameroon, Cote d’Ivoire, Egypt, Ghana, Libyan Arab Jamahiriya, Morocco, Niger, 
Nigeria, Senegal, Sudan, Zaire, and Zambia expressed strong interest in collaborating in food irradiation research. 
A co-ordinated research programme on the application of irradiation for food preservation in Africa has just been 
initiated to reduce food losses.

Interregional and regional training
The International Facility for Food Irradiation Technology (IFFIT) provides training and techno-economic 

feasibility studies to scientists from Member States of FAO and IAEA. In operation since 1979 under an agreement 
between the two organizations and the Ministry of Agriculture and Fisheries of the Netherlands, the facility has 
held interregional and regional training courses on food irradiation attended by some 400 scientists or technologists 
from more than 40 countries. Emphasis on future courses will be on economic feaisibilty, use of irradiation to 
ensure hygienic quality, reduction of post harvest food losses, and irradiation as a quarantine treatment.
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A food  irradiation 
facility.

Wholesomeness of irradiated food
An international effort to study the wholesomeness of irradiated food, 

under the aegis of the FAO, IAEA, the Organisation for Economic Co-operation 
and Development (OECD), and the World Health Organization (WHO), was 
co-ordinated by the International Project in the Field of Food Irradiation (IFIP), 
based in Karlsruhe, Federal Republic o f Germany from 1971-1981, and funded 
by 24 countries. Over the years, the FAO, IAEA, and W HO have appointed 
independent groups of experts from every part of the world to evaluate the 
results o f studies o f the wholesomeness of irradiated foods with supporting data 
supplied by IFIP. All o f these evaluations, without exception, have been 
favourable.

• In 1976, the Joint Expert Committee recognized food irradiation as a physical 
process for food preservation that is comparable to heating or freezing.

• By 1980, the irradiation of any food commodity up to 10 kilogray was found to 
cause no hazard or introduce no special nutritional or microbiological 
problem. The Joint Expert Committee was able to formulate a recommendation 
on the acceptability of food irradiated up to a dose of 1 0  kilogray.

• In 1983, the Codex Alimentarius Commission adopted and later published an 
international standard which recognized that food irradiation is safe for general 
application to an overall average dose of 10 kilogray. It also issued a recommended 
international code of practice for the operation of food irradiation facilities.

Today, in 36 countries, health and safety authorities collectively have 
approved irradiation of more than 50 different foods, ranging from spices to 
grains to fruits and vegetables. Twenty-three of these countries are actually 
applying the process for certain foods, eight others have plans to do so; in five 
countries, no decision on practical applications has yet been taken.

Nearly 70% of these approvals have come during this decade. By the early 
1990s, about 55 facilities are expected to be in operation worldwide for radiation 
processing of food and related products.
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ACCEPTANCE, CONTROL OF 
AND TRADE IN 

IRRADIATED FOOD

International trade in irradiated foods
With the increasing level of commercial activity, it is expected that interna

tional trade in irradiated food will increase in the near future. To assist Member 
States in the control o f international trade in irradiated food, the FAO, IAEA, 
WHO, and ITC-UNCTAD/G ATT jointly convened an “International Conference 
on the Acceptance, Control of and Trade in Irradiated Food” in Geneva, Switzer
land in December 1988.

The Conference was attended by 220 experts designated by 57 governments and 
34 representatives from 14 observer organizations. It included discussions on key 
issues related to the contribution of food irradiation to public health, food security and 
international food trade, the control of the process for consumer protection and the 
acceptance of irradiated food by industry and consumers. The Conference adopted 
by consensus an “International Document on Food Irradiation” outlining steps to be 
taken to facilitate wider acceptance and control of irradiated foods.

In te rna tiona l Consultative Group on Food Irradiation
The International Consultative Group on Food Irradiation (ICGFI) was established under the aegis of FAO, 

IAEA, and WHO in May 1984. The Joint FAO/IAEA Division serves as the Secretariat to this group. It evaluates 
global developments in the field of food irradiation; provides a focal point of advice on its application to Member 
States and the Organization; and furnishes information to the Joint FAO/IAEA/WHO Expert Committee on the 
Wholesomeness of Irradiated Food, and the Codex Alimentarius Commission.

The ICGFI maintains current information on the technology, national legislation and facilities, studies and 
handbooks, and provides training. Each member government designates experts to participate in the group and 
contributes funds. In its 5 years of operation, the ICGFI has already had a positive impact on the assessment of issues 
related to the safety, advantages, limitations, and feasibility of food irradiation technology.

Control school
Under the scope of the ICGFI, a Food Irradiation Process Control School (FIPCOS) trains:
• operators or plant managers of irradiation facilities which process food on 

a commercial scale in proper control of food irradiation with special 
emphasis on good manufacturing practices, dosimetry techniques, record 
keeping, lot identification; and

• food control officials in proper inspection procedures and to control 
irradiated food in trade.

The formal training programme will lead to certification of successfully 
trained operators. A cuiriculum has been developed and is being endorsed by an 
increasing number of national food control authorities. Regulatory authorities 
would be urged to consider making attendance at FIPCOS mandatory for key 
employees of commercial food irradiators.

An international register
The ICGFI has initiated the establishment of an International Register of Food Irradiation Facilities (IRFIF) to 

assist Member States in the control of irradiated foods in international trade. As irradiation does not leave an 
identifiable trace of chemicals in the food, authorities in importing countries are not able to ascertain whether food 
has been irradiated. They would have to accept the information contained in the certificate of consignment 
accompanying the shipment and the label.

Food control authorities responsible for the quality of irradiated food imported into their country are generally 
interested in obtaining information on the irradiation plant from which the shipment originated; regulatory procedures 
for that plant; dose limits used; labelling requirements; and inspection regulations. The establishment of IRFIF should 
provide necessary information on control aspects to regulatory authorities in countries involved in trade in irradiated 
food. As food irradiation is beginning to play a role in food trade, IRFIF is expected to be officially established in 
1989 and will be maintained by the Joint Division.
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Animal power, food, and clothing

Joint FAO/IAEA programmes seek to 
improve animal production and health

or centuries, man has 
raised livestock to guaran
tee his basic requirements 
for food, clothing, and 
many other needs. Live
stock and their resulting 
products which feed and 
clothe man — meat, milk, 
wool, leather — have 
played an im portant part 
in the agricultural revolu
tion of the last 30 years and in the process contributed to better health and 
prosperity.

In many parts of the world, the life of the people and the way they keep 
their animals have not changed since ancient times. Much o f the land and 
vegetation of the developing world simply cannot sustain viable agriculture 
without animals like cattle, sheep, goats, camels, and buffaloes.

CHALLENGE: High temperature and humidity, 
scarce or poor fodder and grazing, and parasitic or 
infectious diseases all affect animal productivity. 
Resulting insufficiencies o f meat and milk reduce the 
quality o f human diets, while shortages o f valuable 
livestock products, such as wool and hide, and lack oj 
adequate draught power, have severe economic im
plications.

RESPONSE: Nuclear methods are used to monitor 
the utilization of feeds by ruminant livestock and to 
develop new cost-effective feeding strategies for better 
animal nutrition and productivity. Radioimmunoassay 
is employed to study livestock reproduction to improve 
animal fertility and achieve increased meat and milk 
production. Various nuclear and related techniques are 
applied to diagnose animal infections, study immune 
responses, and develop potential vaccines to improve 
animal disease control.

Animals are used for a whole, variety of purposes other than producing 
meat and milk in developing countries. They are used to provide fertilizer and

fuel, to plough the land, to har
vest and process the produce, 
and to transport people and 
goods. They are the very key 
to survival for many of the 
very poor people in the world.

The Joint D ivision as
sists scientists in developing 
countries to use nuclear and 
related techniques to identify 
constraints to the productivity 
o f ruminant livestock, and to 
develop and test simple low- 
cost management practices to 
improve output.

The central focus of the 
programme is on four major

Buffaloes are used as work animals in many countries.
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areas: parasitology, anim al nutrition; anim al reproduction; and disease 
diagnosis.

Parasitology
The focus of early studies in the use of radioisotopes and radiation in animal 

production and health was on the use of radiation to produce vaccines against 
parasites. In fact, studies on animal parasitology formed the basis of the very 
first FAO/IAEA co-ordinated research programme (CRP) in animal science 
launched in 1966.

The results o f these studies have Collecting blood fo r  analysis at the
been significant. Reliable methods were Seibersdorf Laboratories.

developed for irradiating parasites in
such a way that although they could still infect animals, they could not cause 
disease, paving the way for the development of vaccines.

The early programmes on radiation-attenuated vaccines resulted directly 
or indirectly in the development or refinement of vaccines against lungworm 
in cattle and sheep, schistosomiasis and babesiosis in cattle, and hookworm in 
dogs. In the United Kingdom alone, for example, the commercial use of an 
irradiated vaccine against lungw orm  d isease in calves saves livestock 
producers over U S$10 m illion  each year and in countries like Sudan, 
Ethiopia, Sri Lanka, and India, such vaccines are being used to control important 
diseases.

Animal nutrition
A supply of good quality forage throughout the year is needed for efficient 

livestock production, particularly during the dry season. In many developing
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F igh ting  rin d e rp e s t in  A frica

When rinderpest — the cattle plague — first entered Africa at the end o f the 19th century, 
it wiped out nearly 90 percent of the cattle belonging to the nomadic tribes, as well as a large 
part of the wildlife, and dramatically altered African society. Over the following 50 years, 
several vaccines were developed to combat the disease and a large-scale vaccination campaign 
began in 1962 which brought the rinderpest under control within 4 years.

However, it was not completely eradicated in all countries. Large-scale outbreaks were 
reported again in the late 1970s resulting in substantial losses. For example, Nigeria was 
particularly hard hit with losses in 1983 estimated at US$ 2 billion. A new campaign began 
in 1982 to attack this problem again, but in this case it was obvious that a cheap and reliable 
system for monitoring the success of vaccination strategies had to be developed beginning 
with an assessment of the quality o f the vaccine, determining whether it was properly 
administered, and estimating the proportion o f animals that were protected. The FAO and 
IAEA were particularly active in this portion o f the rinderpest eradication programme.

To meet the needs of this vaccination programme, a new immunoassay test was 
developed that could monitor the vaccine more quickly, reliably, and under conditions existing 
in African laboratories. Developed after extensive research at FAO’s Reference Laboratory 
for Rinderpest at the Pirbright Laboratories, UK, and the IAEA Seibersdorf Laboratories, the 
test has become an integral component of the continent-wide effort called the Pan African 
Rinderpest Campaign (PARC) and is being used in 20 veterinary centres monitoring the 
vaccination campaign. Since the reagents used are prepared or purchased in bulk and can be 
packaged in the form of a “kit”, they are inexpensive (less than US $60 for 20 000 samples). 
The test is also fast — it is able to analyse hundreds of samples in a few hours. The network 
is supported through regional and national IAEA technical co-operation projects and an 
FAO/IAEA/SEDA (Swedish International Development Authority) co-ordinated research 
programme. PARC is co-ordinated by the Organisation of African Unity (OAU).

The establishment of this vaccination campaign is a unique demonstration of interna
tional co-operation as well as an example of how immunoassay technology can be developed 
and “packaged” into a cheap and reliable form to tackle problems in even the poorest of 
countries.

countries, the amount of green fodder available for livestock is insufficient to 
meet their nutrient requirements. These animals, therefore, have to depend on 
poor quality fodder, crop residues, or agricultural by-products.

Joint FAO/IAEA work on nutrition focuses on how best to use fibrous 
feedstuffs like straw and crop residues, and the by-products of the food 
processing industries, for feeding animals like buffaloes, sheep, and goats. 
Methods have been developed, evaluated, and standardized for assessing the 
feeding value of different types of roughage as well as o f protein and mineral 
supplements for ruminant animals.

For example, the potential nutritional value of many feedstuffs has been 
determined by measuring the production o f volatile fatty acids, fermentation 
gases, and microbial protein using isotopes and has led to the formulation of 
new diets for ruminant animals in developing countries based on locally 
available feed resources.
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Scientific support at the 
Seibersdorf Laboratories is an 

integral part o f the Joint 
Division’s programme. 

(Credit: Pierbattista/FAO)

Program m es in an im a l 
nutrition also have played a 
key role in producing results 
which have led to the use of 
cheap non-protein nitrogen to 
meet the protein requirements 
o f  c e r ta in  a n im a ls ; fo r 
manipulating the vast num
bers o f bacteria and protozoa 
in the rumen o f these animals 
so that they can efficiently 
handle the d iet; and for 
manipulating the body com 
position o f animals. In effect, 

these programmes “ set the scene” and contributed substantially to the con
cepts now used by animal nutritionists worldwide to establish the nutritional 
value o f feeds and the protein, energy and mineral requirements of all classes of 
livestock.

The widespread adoption of these concepts into practical systems of 
feeding has not only increased rates of growth and yields o f milk, but also the 
quality of meat, milk, and other animal products in developed and developing 
countries. The benefits of this work certainly amount to hundreds of millions 
o f dollars. More important, it has contributed to the improved standards of 
human nutrition and health seen in most countries in the last few decades.

Reproduction
FAO/IAEA activities in reproduction are directed towards supporting 

projects which aim to improve the reproductive efficiency o f milk, meat, and

Better feeding and 
management improves 

reproductive efficiency in 
buffaloes.
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fiber-producing rum inant -live
stock in developing M ember States. 
M any of these projects deal with 
cattle o f various types, from  dairy 
and beef to those used in dual pur
pose systems. The programme also 
provides assistance to improve the 
productivity of tropically adapted 
sheep, goats, and water buffalo; and 
support is provided for work on farm 
animals such as the alpacas and 
llamas which live in the high Andes 
o f South America.

Methods for determining the 
reproductive status o f female 
animals include measuring the level 
of the hormone progesterone in their 
blood or milk using a radioim 
munoassay technique with iodine- 
125 as the label. Following the rise 
and fall in progesterone can deter
mine the most appropriate time for 
breeding, and the interval between 
birth of the offspring and the start of ovarian activity in the mother. To help 
scientists, durable radioimmunoassay kits for measuring progesterone in milk 
and blood have been developed at the IAEA’s Seibersdorf Laboratories for use 
under the difficult environmental conditions often found in developing 
countries.

Cell counting at Seibersdorf Laboratories. (Credit: Pierbattista/FAO)

Program m es on buf
falo production in Asia, 
sheep and goats in Africa, 
and anim als such as the 
llam as and alpacas in Latin 
A m erica have provided uni
que inform ation on the 
reproductive behaviour of 
ind igenous species and 
breeds o f livestock raised 
by small farm ers in the 
regions concerned. They 
have also led to the iden
tification o f animals with 
superior perform ance, the 
im provem ent o f artificial 
insem ination program m es, 
and the adoption of new
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management practices to alleviate constraints on 
b reed ing  e ff ic ie n c y . The im p ac t o f  these  
program m es has been substan tia l, particu la rly  
for the sm all farm er w ho often  re lies on selling  
excess livestock  fo r m eeting  his daily  needs.

Disease diagnosis
Losses in food production which can be at

tributed to disease are not accurately known, but more 
than 50 million cattle and water buffaloes and 100 
million sheep and goats die each year as a result of 
various kinds of infection.

Since the early 1980s, Joint Division activities 
on animal disease have moved progressively from 
using radiation to produce vaccines towards the use 
of immunoassay methods to diagnose diseases, con
duct disease surveys, and monitor disease control 
programmes.

This work centres around the use o f a single test, 
the enzyme linked im munosorbent assay, or ELISA. 
This is used to detect and measure antibodies to 
particular infections, and it can therefore be used to
establish the prevalence o f major diseases and the

Tropical breeds o f sheep effectiveness of measures taken to control them such as vaccination or drug
and goats, treatment.

The Joint D ivision’s programmes have been at the forefront o f stimulating 
studies necessary to develop, validate, and standardize, through international 
collaboration, simple robust kits which 
can be used to help disease control and 
surveillance operations in developing 
countries. D evelopm ental work is con
tinually carried out to establish new 
tests as well as to further refine and 
low er the costs o f these kits. Stand
ardized ELISA kits, specifically designed 
by the Seibersdorf Laboratory for use 
under tropical conditions, are supplied 
worldwide for diagnosing important live
stock diseases such as rinderpest, brucel
losis and babesiosis. Last year, over 1 
million assay units were sent out to be 
used in various projects. The potential a  standardized e l i s a  kit.
economic benefit of this activity is enor
mous considering the high cost of animal diseases in developing countries and 
the restriction on international trade arising from these diseases.
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Technical co-operation and assistance
Skills and knowledge necessary to use nuclear and related techniques in solving food 

and agricultural problems are shared in FAO and IAEA technical co-operation projects. Each 
year, the Joint Division evaluates requests from more than 100 Member States for technical 
assistance involving services, equipment, training, and experts.

Experts participate in planning and initiating activities related to the projects. Special 
advisory missions are organized to assist governments to define technical co-operation 
requests. The Joint Division also supports technical co-operation projects by providing field, 
laboratory, and irradiation equipment, as well as scientific services.

The ongoing use of nuclear and associated techniques in a country requires experienced local 
personnel available after the completion of co-operative efforts. Hence, the improvement of 
national expertise is a major goal of technical co-operation projects. Suitably qualified scientists 
are trained at the Seibersdorf Laboratory or at research centres elsewhere in the world. The duration 
of individual training varies from a few weeks to a year.

The Joint Division also arranges training courses for groups of scientists. Regional or 
interregional in scope, they are conducted at appropriate facilities in a Member State, or at the 
Seibersdorf Laboratory.

Currently, the Joint Division is responsible for the management o f more than 170 
technical co-operation field projects, several of which are regional, in almost 60 developing 
countries. M ost of the financial resources for these projects are provided through the IAEA 
Technical Co-operation Programme, with the Joint Division providing experts, equipment, 
and supplies.

In the past five years, nearly 1500 agricultural scientists have been trained under Joint 
Division supervision, either as beneficiaries o f individual fellowships or as participants in 
special training courses.

Blood samples being 
taken fo r  progesterone 
measurement using 
radioimmunoassay as 
part o f a technical 
co-operation project in 
Thailand.
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Plant breeding for better crops

Mutant crop varieties are helping to 
address certain agricultural 

problems

Ni .  ^  uclear techniques — sometimes in com bina
tion with other biotechnology — can be used to 
develop valuable new strains of food crops. 
“M utants”, which are genetically different from 
parent stocks, are selected from irradiated 
populations in the laboratory, greenhouse, or 
field. Those with desirable characteristics are 
then used after rigid field trials in m utation 
breeding.

Techniques such as these have yielded 
hundreds o f new varieties of many different crop species, such as rice, wheat, 
and soybean. The resulting varieties may have a better resistance to diseases, a 
better product quality, and higher yield. For example, during 1987, more than 
30 new cultivars of rice were developed by breeders and made available to rice 
farmers.

Mutations are changes in the hereditary substance o f living things. In 
nature, they are ultimately the source of evolution. Scientific methods, mainly 
the use of radiation, can increase by a hundred to a thousand times the likelihood 
o f beneficial changes in plants grown for m an’s use, and provide a tool to break 
through present limitations in variability. The Joint Division assists M ember 
States in the application of nuclear techniques to induce plant mutations.

Early red fru it mutant
(center) with improved jn ] 9 5 4  ̂ (he Joint Division was faced with a number of unresolved 

quality derived from .  , rr
"jonagoU" by mutation questions of procedures and methods, choice o f terms, effective treatment 

breeding, conditions, and screening and selection for effective application of radiation to
plant breeding. At that time, a 
number o f plant geneticists 
were working in the field, m ost
ly w ith interest in radiation 
biology. Therefore, im proved 
crop varieties usually cam e 
out as a by-product. The 
“ m utation breeders” were few 
and far apart and there was no 
co-operation between them.

In the spring of 1964, the 
FAO and IAEA jointly spon
sored a major international con
ference on mutation breeding,

Challenge: Crop production can be limited by 
currently grown cultivars. They may not respond 
with higher yields to inputs like fertilizers, they may 
suffer from heat or cold, they may be susceptible to 
pests and pathogens or may not fit  into productive 
crop rotation patterns due to late maturity.

Response: Nuclear techniques can be applied to 
induce genetic variations which do not currently 
exist. In this way, improvements in yield, quality, 
maturity, stress tolerance, and resistance to dis
eases or pests can be achieved. In-vitro culture 
techniques increase the probability o f selecting 
rare variants and accelerate the procedure to 
produce better crop cultivars through mutation 
breeding.

f

r f
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one which proved to be a milestone. During the conference, many active 
workers in the field discussed the necessity of co-operation in approaching the 
many outstanding problems in mutation breeding. The number of known 
released mutant varieties at that time was less than a dozen.

A spin-off of that conference 
was the initiation of a Joint 
Division programme in Southeast 
Asia to stimulate co-operation 
among rice breeders using in
duced mutations. The initial 
m eeting in Bangkok in 1965 
was the first time these rice 
breeders in Southeast Asia had 
ever m et to discuss common 
breeding problems.

Partly as a by-product of the 
success of this programme, the 

Society for Advancement o f Breeding Research in Asia and Oceania 
(SABRAO) was established in 1968. The main result, however, was a high 
number of improved rice varieties bred with the help o f induced mutations. 
Before the programme began, there were four mutant varieties o f rice on the 
market. Now the number o f mutant derived rice varieties is 190 and the area 
under mutant rice varieties is counted in millions o f hectares.

In the early days o f  the developm ent o f this technology, there was a 
lack o f know ledge of how to initiate a m utation breeding program m e to 
incorporate a desirable trait into the best existing varieties. Therefore, one 
o f  the Joint D ivision’s early program m es was to com pile a manual on 
m utation breeding. It w as im portan t to solve the problem  o f how induced 
m utations could  fit in to  the regu lar p lan t b reed e r’s w ay o f doing b u s i
ness in a practical w ay. A num ber o f techn ica l problem s and scien tific

conflic ts  w ere reso lved  
and agreement was reached 
on term inology which eased 
communication and under
standing o f m ethodologies.

The resulting manual 
has been used subsequently 
as the standard text for plant 
breeders w orldw ide. W here 
appropriate methods were 
not available, solutions had to 
be found experimentally. 
Thus, since there was no ex
isting facility to make fast 

Mutation breeding is used to improve tropical root crops. neutrons available to plant
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A combination o f field  
and laboratory work 

assures the success o f 
mutation breeding.

A change in emphasis
In the following decade, the Joint Division turned its attention to other 

problems, such as resistance to diseases and cereal grain protein content. From 
annual self-pollinating cereals like barley, rice, and wheat, with already well 
established mutation breeding techniques, technology research moved to grain 
legumes, fruits, and root and tuber crops, many o f which are particularly relevant 
to developing countries. The international co-operative programmes on grain 
legume improvement proved to be quite effective and produced more than 1 0 0  

improved cultivars. However, considerable problems were encountered in 
vegetatively propagated crop plants.

There was remarkable economic success in applying the technique of 
mutation breeding to vegetatively propagated annual ornamental plants. This 
encouraged researchers to look for improvements in the methodology. U l
timately, the use of in vitro culture techniques appeared to be successful. Thus,

breeders, a SNIF (Standard Neutron 
Irradiation Facility) was designed and 
tested. This funnel-like contraption 
shielded with lead and boron, when 
lowered into a pool-type reactor, be
came an almost pure source o f fast 
neutrons.

Another early programme focussed 
on the testing of mutant durum wheat 
varieties in the Mediterranean region 
and the Near East. Mutant durum 
wheat varieties are now among the 
most successful durum cultivars 
grown by farmers.

(Credit: Pierbattista/FAO)
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Yams and bananas ae 
the focus o f mutation 

breeding activities in 
many developing 

countries.

in vitro culture techniques have been used in 
the Joint D ivision’s programme since 1982 
and problems that were considered taboo in 
the 1960s, such as improving disease resis
tance in the apomictic and triploid banana 
are now being attacked.

In line with the needs o f Member 
States, the development and transfer o f tech
nology now also includes various oil seed 
and industrial crops, such as sesame, rape, 
and cotton.

Recognizing how crop species used for 
human food are impoverished through the 
intensification of productive agriculture, the 
Joint Division also looked into the pos

sibility of “up-grading” traditional, but now neglected, crops to levels of 
profitability for today’s farmers. It appears that induced mutations are an 
appropriate tool for such “second cycle domestication” and also could be 
promising in attempts to domesticate new crop plants o f interest for food, feed, 
or as raw material for industrial purposes.

Hands on experience
Under 32 country projects and two regional projects, the Joint Division is 

assisting developing countries in the proper application of mutation breeding 
techniques in highly diversified plant breeding programmes. Research con
tracts and agreements in recent years have focused on advancement o f mutation 
breeding technology to improve root and tuber crops, and cereals, and on 
developing the technique for “test tube selection” of mutants with better disease 
resistance.
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Knowledge and skills in the use of nuclear techniques in modem plant 
genetics and breeding are shared with scientists from developed and developing 
countries during scientific and technical conferences and workshops.

Research institutions in Member States participate in co-ordinated research 
programmes. Each is designed to solve significant economic problems related 
to crop production. Transfer of technology is one o f the main objectives of the 
research support, technical co-operation, and assistance programmes. The Joint 
Division supports projects in more than 80 M ember States providing equipment, 
training, and expert services, as well as co-ordination o f research.

Scientific publications, including proceedings o f conferences, technical 
documents and manuals contribute to the dissemination o f scientific results 
obtained in Joint Division projects.

The Joint Division emphasizes support for mutation breeding in develop
ing countries. New unconventional breeding methods are being developed for 
improvement of tropical crops. Palms, tropical fruits, cassava, yam, and cocoa 
are among the tropical crops being studied at the Seibersdorf Laboratory. Tissue 
cultures of these crops are prepared for mutagenic treatment and plant regenera
tion.

Bananas and plantains are 
staple food crops for millions of 
people in developing countries.
Because they are asexual plants, 
the classical cross breeding ap
proach cannot be used to solve 
disease problems. Cultures of 
banana tissues and cells sig
nificantly enhance the effective 
use of irradiation and chemical 
m utagenesis for induction of 
new genetic variation. Plants 
regenerated in vitro are evaluated 
under tropical conditions. The 
new breeding methods developed 
at Seibersdorf are transferred to 
tropical countries where they are 
most needed.

T he m ost e ffe c tiv e  way 
to  tra n s fe r  new  tech n o lo g ie s  
to  developing countries is by 
training young scientists. Every 
year, the Joint Division organizes 
an international training course on 
the use of induced mutations in 
plant breeding at the Seibersdorf 
Laboratory. In addition, national

Mutant varieties
C rop cu ltiva rs
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Irradiation is applied to 
improve the water fern  
Azolla which provides 
green manure fo r  paddy 
rice.

and regional courses are held worldwide. The training courses include lectures 
as well as laboratory and field exercises. At the end of the training period, 
participants are well prepared to apply nuclear techniques and many other 
modem biotechnologies for crop improvement in their home countries.

Future directions
Progress in modem scientific disciplines, primarily molecular biology, 

opens up new horizons for the improvement o f crops through mutation breed
ing. Promising research areas are DNA technology and genetic transformation. 
Methods for specific site directed mutagenesis in crop plants are being

developed. Selection of superior mutants at the cell 
level could revolutionize plant breeding. It is a new 
challenge for the Joint Division to introduce 
molecular genetics and gene engineering in its 
programmes, aimed at speeding up the improvement 
o f cultivars in developing and developed countries.

By 1960, 15 induced m utant crop varieties 
had been released to growers. Now, alm ost 30 
years later, more than 1 2 0 0  mutant cultivars of 
crop plants and ornam entals have been released. 
M any o f these m utant cultivars have significantly 

increased yield, higher market value, improved quality, increased disease 
resistance, and stress tolerance. B iotechnology and genetic engineering, com 
bined with the use o f induced m utation, have a great potential in the hands o f 
the plant breeder to raise levels of human nutrition and standards of living 
through better crop plants.

Laboratory support
The FAO/IAEA agricultural biotechnology programmes of the 

Seibersdorf Laboratory supports the Joint Division in its efforts. The 
Laboratory specializes in research, development, and technology transfer in 
the fields of soil and crop production, plant breeding and genetics, animal 
husbandry, entomology, and agrochemicals.

The Laboratory provides a broad range of specialized services to co-or
dinated research programmes initiated through the Joint Division. These 
encompass chemical and isotopic analyses, radiation treatments, 
microbiological studies, supplementary investigations, and model experi
ments. In addition to training, the Laboratory also supplies radiation sterilized 
insects, mutagen treated seeds, and hormone and disease diagnostic kits.

Food preservation activities are supported by the International 
Facility for Food Irradiation Technology (IFFIT) at W ageningen in the 
Netherlands. This facility is sponsored by the FAO, IAEA, and the 
N etherlands M inistry o f Agriculture and Fisheries. The two laboratories 
annually train 30-50 individual fellowship holders, as well as large num 
bers o f participants in training courses.
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Soil fertility, irrigation, and crop production

Nuclear techniques are addressing a variety of soil and water problems 
leading to better crop management and yields

Challenge: Adverse soil conditions curtail the productive capacity o f crop fields 
and orchards. Structuralfragility o f soils, erosion, salinity, lack o f moisture, and lack 
or imbalance o f nutrients are among the elements which are critical in this respect 
in many areas o f the world.

Response: Radioactive and stable isotopes are used to detect, measure, and 
track fertilizer-supplied nutrients in soil and plants, to determine the availability 
of soil moisture, and to study the natural process o f nitrogen fixation. Greater and 
more stable yields can be obtained through improved water management, op
timum use o f fertilizers, and by enhancing the biological fixation o f atmospheric 
nitrogen in field  crops.

S  oil is one o f  our m ost p recious natural resources. W hen p roperly  
m anaged, a bountifu l harvest can be produced. H ow ever, m any soils, 
especia lly  in trop ical areas, are frag ile and overuse and m isuse lead to a 
con tinu ing  problem  o f m illions o f  hectares o f  land each year becom ing 
non-productive.

The Jo in t FA O /IA EA  D ivision  helps to  overcom e th is problem  
through research  on app lications o f  nuclear techn iques to m anage soil 
for m axim um  crop production , w hile m ain ta in ing  the s o il’s p roductive  
capacity  fo r genera tions to com e.

N u clea r te ch n iq u es  are u sed  to d e te c t, m e a s u re ,  
and track fertilizer supplied nutrients in soil and plants, 
determine the availability o f soil moisture, and study the 
natural process of nitrogen fixation. T he ob jec tives are to 
achieve g reater and m ore stab le y ie ld s by im proving  
w ater m anagem ent, op tim iz ing  the use o f fe rtilize rs , 
and enhancing  the b io log ical fixa tion  o f  atm ospheric  
n itrogen  by field  crops and ag ro fo restry  system s.

N itrogen fertilizers, w idely  used in industria lized  
coun tries to increase ag ricu ltu ra l p roduction , are  o f 
little  use to farm ers in develop ing  coun tries  if  they 
cannot afford  to buy them . In developed  coun tries , 
how ever, excessive or inapp rop ria te  fe rtiliz e r use can 
also  harm  the env ironm ent, perhaps lead ing  to po llu tion  
o f  w ate r su p p lie s .

Crop nutrition and fertilizers
In modern agriculture, the use of fertilizers is essential to maximize yield 

on most soils. About a 50% increase in grain yield o f cereals can be attributed 
to fertilizers. To meet world food needs, the use of fertilizers must increase four

Salinity testing o f soybean. (Credit: 
Pierbattista/FAO)
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to five times in the next 20 years. This projected increase in world fertilizer 
consumption indicates the important role fertilizers are likely to play in feeding 
an ever increasing world population.

Only a fraction of the fertilizer applied to the soil is taken up by the crop. 
The rest either remains in the soil or is lost through leaching, physical wash-off, 
fixation by the soil, or release to the atmosphere through chemical and 
microbiological processes. Therefore, it is necessary to obtain information on 
the relative merits of different fertilization practices such as methods o f fertilizer 
placement, times of application, and types of fertilizers.This information helps 
to achieve maximum efficiency of fertilizer use in the most economical way 
and reduce production costs to the farmer.

The method used to solve these problems requires the introduction of 
known quantities of fertilizer labelled with isotopes into the soil at various times 
and in different positions. Since the plant does not discriminate between the 
labelled fertilizer or native soil nutrients, the exact amount o f fertilizer nutrients 
taken up by the plant can be measured to determine the most efficient way to 
apply fertilizers.

Research on this method was carried out under co-ordinated research 
programmes throughout agricultural areas in the developing world. The results 
have long since been incorporated into agricultural practices for cereals and 
have increased crop productivity significantly. There has been a marked 
reduction of production costs as the same amount of fertilizer, used prudently, 
resulted in total production increases. More efficient fertilizer use also resulted 
in a marked decrease in fertilizer residues and therefore reduced environmental 
pollution.

Recommendations based on the results of experiments in this area have 
been adopted by the FAO fertilizer programme and by many countries, thus 

Trees are studied fo r  helping to save millions o f dollars in fertilizer costs.
efficient fertilizer use.

Research on efficient fertilizer 
use is now being extended to other 
crops, such as trees. To locate the most 
active zone of the tree’s roots, a 
radioisotope is injected at different 
depths and varying distances from the 
trunk. The results reveal where to place 
the fertilizer for the best results. Also, 
new research has begun on “root biology 
and the efficient use o f soil resources 
(w aterandnutrients)” .Isotopem ethods 
are being used to study the uptake and 
use of the soil resources in the plant to 
identify plant genotypes which are high
ly efficient in sustainable agricultural 
systems.
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W ater is the single m ost important limiting 
factor for crop production in large areas o f the 

world. If sufficient water is not available, fertilizers and high yield crop 
varieties are useless. Irrigation is one method o f providing additional water, but 
the amount of water that enters the soil and is retained in the rooting zone can 
be managed by mulching, or by changing tilling practices.

Inorganic fertilizers can be replaced to 
some extent with other sources o f nutrients 
which are locally available or less expensive. 
Rock phosphate deposits are found in many 
countries, offering an alternative to expensive 
imported phosphate fertilizers. Direct applica
tion of finely ground rock phosphate using local 
deposits may be the cheapest source o f phos
phorus for crops grown on acid soils o f the 
tropics. Isotope methods have been developed 
to evaluate the availability o f natural rock phos
phates to plants.

Soil moisture

In many soils, there is not enough water available to sustain agricultural 
production. The Joint Division aims to help irrigation specialists and others to 
choose the most appropriate option to increase or im prove the efficiency of use 
of water resources.

The efficient use o f water in irrigation systems requires continuous 
monitoring o f the level o f soil moisture and interpretation o f these measure
ments. The use of nuclear techniques to measure moisture has enabled soil 
physicists to redesign and improve the use of scarce irrigation water and at the 
same time increase the production potential of land.

Results of co-ordinated research programmes 
where neutron moisture gauges were used extensive
ly showed that traditional irrigation methods can be 
improved to save up to 40% of total water used, which 
can be diverted to irrigate additional areas. Different 
practices to increase water conservation in rainfed 
areas were tested and resulted in immediate practical 
application.

For exam ple, shallow  tillage for weeding 
m aintains high w ater storage in the plant root zone 
and produces higher and m ore stable yields in 
rainfed agricultural areas than conventional deep 
ploughing. M inimum tillage with crop residues 
provides higher w ater storage, prevents soil crust
ing, and increases aggregate stability. Therefore, 
soil erosion is m inim ized.

Field use o f the neutron moisture gauge.
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Through the Joint D ivision’s programmes, neutron moisture and gamma 
density gauges gained worldwide acceptance in studies on soil/water manage
ment. Support for research to develop and improve neutron and gamma density 
gauges is provided through workshops, seminars, symposia, and co-ordinated 
research programmes.

Biological nitrogen fixation
After successfully solving some problems using isotopically labelled 

fertilizers and neutron moisture meters, the Joint Division turned to a major 
problem of sustainable agriculture, namely, maximizing the contribution of 
biological nitrogen fixation to crop production systems.

The high costs and often restricted availability of commercial nitrogen 
fertilizers continue to pose serious problems for agricultural production in 
developing countries. Hence, it is appropriate to look for alternative sources to 
meet the nitrogen demands o f crop plants.

Some 80% of the air is molecular 
nitrogen, but animals and plants are not 
able to use it directly. Biological 
nitrogen fixation, a result of symbiosis 
between a plant and a bacterium, has 
gained recognition in recent years as an 
inexpensive way to produce a nitrogen 
source which results in a reduction in the 
use of fertilizers.

Legumes that fix nitrogen can pro
vide high protein for human and animal 
consumption and also increase nitrogen 
in soils. This would make more nitrogen 
available to other crops such as cereals 
w hich are not capable o f fix ing  
nitrogen. Trees, which can fix nitrogen, 
also can provide fuel wood — an impor- 
household energy.

The water fem Azolla is capable of deriving 80-90% of its nitrogen from 
fixation. It has been found to be valuable in providing nitrogen to paddy rice 
crops. In order to be able to reap the maximum benefits from this unique 
biological process, it is important to have a reliable and accurate method to 
estimate the amount of nitrogen that a plant can fix, and how this could be 
improved.

The Joint Division has perfected a technique which has proven to be a 
unique tool to estimate the amount of nitrogen derived from the atmosphere 
versus that derived from the soil and applied fertilizer. The technique is 
relatively simple and requires growth of the nitrogen-fixing crop together with 
a non-fixing crop in soil labelled with nitrogen.

Studies in biological nitrogen fixation. (Credit: 
Pierbattista/FA O)

tant and often the only source o f rural

30



From one-crop system s, research progressed to 
nitrogen fixation in m ixed cropping system s involving 
nitrogen and non-nitrogen fixing crop com binations 
such as maize and beans and then to m ore com plicated 

, perennials such as alfalfa and pasture m ixtures involv-
ing both fixing and non-fixing crops. Recent studies 

Feeding chamber have shown that genostyles w ithon a single species o f
fo r  crop labelling. grain legumes can differ greatly in their nitrogen fixation ability.

It is now widely used by researchers, particularly 
those involved in co-ordinated research programmes and 
technical co-operation projects, to investigate the 
nitrogen-fixing capabilities o f crops o f interest to their 
countries, as well as the effects o f management practices.

During the development o f these programmes on fertilizer efficiency and 
biological nitrogen fixation, the most difficult part o f the actual experiments 
was the stable isotope analyses. At that time, only the mass spectrometry 
technique was available for certain analyses. A mass spectrometer was, and 
still is, an expensive instrument and not many highly qualified specialists are 
available to operate and maintain such equipment.

Therefore, to support the co-ordinated research programmes, the Seibersdorf 
Laboratory undertook stable isotope analyses. To provide thousands o f analyti
cal services yearly, a simple method for sample preparation was developed, 
based on a direct dry combustion of plant material. This is now being used by 
all commercially available automatic nitrogen analyses. Some 10 000 to 15 000 
samples are handled annually at the Seibersdorf Laboratory.

Crop physiology
Isotopes are indispensable in studies of plant metabolism, photosynthesis, 

translocation, and nutrient uptake. By exposing plants to carbon dioxide 
labelled with a radioisotope, photosynthesis and movement o f metabolites 
throughout the plant can be measured using autoradiography.

Nutrient uptake is affected by many environmental factors such as toxic 
concentrations of aluminium ions in acid soils. The effects o f aluminium 
toxicity or phosphorus uptake is studied and the sensitivity o f different maize 
cultivars is compared.

Information exchange
Because the quality of research and training is tied to the availability of information, the Joint Division 

promotes international information exchange. This is done through conferences, symposia and semi
nars, advisory group panels, consultative committees, and the production of technical and general 
documents arising from meetings, research programmes, and technical co-operation projects.

The Joint Division regularly publishes scientific results of practical importance obtained through 
projects. More than 100 special technical documents have been produced in addition to a vast number 
of papers which have appeared in international scientific journals.

Contacts with scientists in Member States are maintained through periodical newsletters and bulletins.
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Environmental concerns and agrochemicals

Nuclear 
techniques 

are helping to 
protect food 

and the 
environment 

from 
damaging 

agrochemicals 
and residues

AxTm .gncultural production relies heavily on m an-m ade chem icals used as 
fertilizers and pesticides and to regulate plant growth. Pesticides are 
released intentionally into the environm ent to control insects, weeds, plant 
diseases and other pests that affect crop or animal production, as well as to 
control insects that spread human diseases.

Certain chemicals have a well-established role in agriculture and public 
health and their benefits have led to rapid worldwide adoption of chemical 
technology. Their use in advanced countries is often regulated and monitored 
because of potential problems associated with their use. However, many 
developing countries lack the experience and expertise necessary to solve such 
problems.

Agricultural areas can also become reservoirs for pollutants from in
dustrial society, such as acids and heavy metals found in precipitation, or 
volatile organics and noxious gases originating from the use o f combustion 
engines.

Challenge: The ineffective use o f fertilizers and. pesticides may lead to less than 
optimal yields and increased production costs. Also, the indiscriminate use o f these 
agrochemicals has an adverse impact on the environment, impedes international 
food trade, and can affect human health.

Response: Nuclear techniques are used to trace the dissipation and fate o f 
agrochemicals and their residues to assure more effective applications o f fertilizers 
and pesticides and to protect the agricultural environment. Isotopically labelled 
substrates are used in studies to improve the bioconversion o f agricultural wastes to 
animal feeds, fuel, and fertilizers. The movements and effects o f radionuclides 
resulting from fallout are studied with the aim o f reducing their harmful impact in 
the food chain.

An uncontam inated agricultural production system m ust be preserved
in order to sustain a high output of 
healthyproduce. A griculturalprac- 
tices must be continuously analysed 
to assure that outside pollution sour
ces are kept under control to prevent 
irreversible increases in the con
tamination o f soil and water.

Crop and weed plants are grown under laboratory conditions fo r  research in 
controlled-released herbicides. (Credit: PierbattistalFAO)

The Joint FAO/IAEA D ivision  
d irec ts its e ffo rts  at increasing  
the safety  o f  fe rtiliz e r and p es
tic ide use and reducing  harm ful 
residual effects, w hich m ay be 
the resu lt o f  im p ro p e r as w ell as 
p roper use o f these ag rochem i
cals. Since they must be applied
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heavily to produce high-yielding crop varieties, effective assessment o f their 
fate and significance in the agricultural environm ent is essential for proper 
farm land management.

By using nuclear techniques to aid studies o f pesticide residues, for 
exam ple, it has been shown that the problem  with residues in the tropics 
may not be as serious as previously thought, provided some basic rules for 
application are followed. The high average tem peratures and hum idities 
encountered in m ost developing countries favour much higher dissipation 
rates o f pesticides than are expected for tem perate clim ates.

The Joint D ivision program m e has traditionally included a prom inent 
environm ental effort. Although a good deal of environmental science is 
conducted using conventional techniques, nuclear methods used for labelling

Nitrogen fertilizer as a water pollutant
Fertilization of soils to produce valuable plant crops is a prerequisite in modem 

agricultural techniques. The nutrient most commonly required is nitrogen 
which is supplied to soils in amounts that have been increasing steadily in the 
last century. Livestock production has increased as well. Roughly half of the 
supply of nitrogen to soils today comes from inorganic fertilizers and half from 
recycled manure. The origin of most of the nitrogen input, however, is through 
the use of inorganic fertilizers.

The surplus of applied nitrogen in agricultural production, however minimal, 
must escape the soils either as gaseous nitrogen back into the atmosphere, or 
through leaching as nitrate to ground or surface waters. Apparently, no real 
storage of nitrogen takes place in soils. These losses are naturally an economic 
burden to the farmer who purchases the fertilizer.

The losses from leaching have become recognized as one of the greatest 
dangers to the quality of ground and surface water. The nitrate content in much 
of the drinking water in highly productive agricultural regions is increasing, and 
often found to exceed recommended limits. The excessive growth of algae in 
many lakes and coastal regions, leading to oxygen depletion and death of fauna, 
is caused by nitrate losses in agriculture and phosphate from sewage.

Although the topic has long been of scientific interest, it has only recently 
become a political issue. In 1973, the Joint Division convened an international 
panel of experts which resulted in a co-ordinated research programme begun in 
1975. The basis for the work was the unique use of a heavy nitrogen isotope ( ' N) 
as a tracer for the fertilizer nitrogen supplied as salts in organic fertilizer, or in 
manure. Results of these activities, published in 1974,1975, and 1980, are often 
cited in scientific publications.

The tracer technique demonstrated that occurrence of nitrates in ground and 
surface waters was indeed the result of fertilization. Having proven this, research 
on nitrate pollution has since grown steadily. Scientifically, it is no longer a 
question of whether agriculture is the main culprit, but rather how to deal with 
the situation without harming the farmers through excessive imposed restraints 
on the established farming practices.

As a tracer, 15N has become an indispensable tool in the ultimate vertification 
of suspected behaviour of nitrogen compounds in the plant-soil-water system.
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purposes have become vital in establishing 
conclusive evidence of the behaviour of pol
lu ting  com pounds in the environm ent.

Radionuclides in the environment
In itia lly , the  FA O  c o lle c te d  da ta  on 

the  agricu ltura l effects o f  rad io iso topes 
cau sed  by the a tm o sp h eric  te s tin g  o f 
a tom ic  w eapons, and th e ir  o ccu rren c e  in 
so ils  and p roduce . R esu lts  o f  research  
conducted on the accumulation of dangerous 
radioisotopes in soils and produce were a 
decisive factor behind the international 
agreem ent to ban atm ospheric testing in 
1963.

Since then, the public attention attached 
to such research had declined  until the 
Chernobyl accident in 1986 brought radiation 
protection and the environment back into 
prominence.

Industrial pollution
The effects o f industria l po llu tion  on 

agricultural production became a major focus 
o f  the Joint D ivision in the late 1960s and 
early  1970s. F or exam ple, m ercury was 
traditionally used in industry  and a g r ic u l
tu re  as an e ffec tiv e  fu n g ic id e  and  to 
p reven t the form ation o f bacterial s lim e s  
in processes w ith organic materials. W aste 

ou tle ts  from  industry 
carried mercury to es
tuaries, where it caused 
localized outbreaks of 
poisoning in consumers 
o f fish . A dd itional
ly , m ercu ry  u sed  in 
a g ric u ltu re  fo r the 
p re v e n tio n  o f  seed

Tropical persistent 
pesticides

The use o f p e rs is te n t 
ch e m ic a ls  in te m p era te  
zones, such as DDT and lin
dane, has been widely cur
tailed because of their long 
persistence in the environ
ment and problems arising 
from accumulation of their 
residues in wildlife. Recog
nizing the need for more 
studies on the "behaviour" of 
these pesticides in tropical 
e n v iro n m e n ts , the Jo in t 
FA O /IA E A  D iv is io n , 
through its agrochemicals 
programme, established in 
1982 a 5 -y e a r  re sea rch  
programme aimed specifical
ly at investigating dissipation 
and degradation  ra tes of 
economically important or- 
ganochlorine chemicals.

The research results have 
helped to bridge major infor
m a tio n  gaps and have 
provided data which can as
sist national authorities in 
regulating the use of these 
chemicals.

Although studies are by no 
means complete, results indi
cate that DDT and lindane 
dissipate in tropical environ
ments at rates which would 
preclude local accumulation 
of residues. Their use, there
fo re , m ay be acceptable  
under certain conditions in 
the tropics.

destruction by fungus caused the death o f num erous 
birds, and, in certain accidental cases, people.

In 1967, the im pact o f m ercury on the environ
ment and the food chain was addressed by the Joint 
D ivision in collaboration with the W HO and ILO. In 
1972, a m onograph was issued and has become a

Cultivation o f  weed plants. (Credit: 
Pierbattista/FA O)
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Pesticides are studied 
as part o f a technical 

co-operation project in 
Thailand.

major source cited for information on, and leading to, heavy restrictions on the 
use of mercury.

Pesticides in agriculture
In the last decade, the Joint Division has focused on the side effects of 

pesticide use in agricultural production. This is an issue of vital interest to 
developing, as well as industrialized, countries. The regulation of the use of 
pesticides is an ongoing process requiring constant scrutiny of old and new 
pesticides for suitability against com binations o f pests to be controlled, crops 
to be protected, safety, and possible side effects to the environm ent and 
consum ers. This process led to the banning o f m any pesticides originally 
considered effective and safe, such as DDT and D ieldrin.

The im proved application o f pesticides through controlled release o f 
the active com pounds they contain, over time, in su ffic ien t a m o u n ts  is  
one w ay of reducing the pesticide quantities used by fanners, and thus o f 
m inim izing  dam age to the ecosystem . T he d ev e lo p m en t o f  such fo r
m ulations for use in trop ical environm ents is m ade easier by labelling  
the com pounds w ith rad ioactive atom s. The ecosystem s rece iv ing  a tten 
tion are the rice-fish systems, where fish rearing may double the econom ic 
ou tpu t, and the contro l o f tsetse flies through the dep loym ent o f pestic ide  
trea ted  screens and targets.

The pesticide labelling technique is also ideal for tracking the residues of 
pesticides in ecosystem s. The fate o f these residues is the determ ining factor 
in deciding on rules for the proper use o f pesticides, or even on banning 
certain com pounds as being ecologically unsafe.

The research  supported  is centred  on the fate o f  persisten t pestic ides 
in the tropics and in food p lants during  sto rage and processing . The 
Seibersdorf Laboratory is involved in the technical side o f these p ro jec ts, in
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active research and in the 
developm ent o f a p p ro p ria te  
“ tools” for carrying out research, 
particu larly  in  d e v e lo p in g  
c o u n tr ie s .

Assistance to developing 
countries

T he s tren g th en in g  o f  the 
research capability o f d evelop 
ing nations enab les the sc ien 
tist to verify claims for su itab ility  
o f a p estic ide  for specific p u r
poses and to exam ine the fate 
o f the pestic ide  under realistic  
climatic conditions. Through co
ordinated research programmes, 

Studies on the the Joint D iv ision  he lp s partic ipa ting  sc ien tists  to conduct research and
environmental fa te  o f  developm ent. A ctual p ro jects have fo cu sed  on nearly  all a sp e c ts  of
pesticides. r  r  J J '

pesticide residues, exem plified  by one or two typical pesticides in each 
program m e.

As agricultural production continues to increase rap id ly , the task of 
assessing the environm ental im pacts o f agrochem icals and residues be
com es even more challenging, particularly in developing countries. The 
Joint Division seeks to assist M ember States in establishing proper function
ing research systems to identify solutions necessary to avert ecological 
destruction. In doing so, the Joint Division aims at dem onstrating  the u sefu l
ness o f  nuclear techniques in research  on ag ricu ltu ra l environm ent 
p ro tec tion , especially  where im proper use o f agrochem icals has detrim en
tal effects.

International co-operation
Some 400 universities and research institutions in FAO and IAEA Mem

ber States co-operate annually in about 35 co-ordinated research programmes 
(CRP) in food and agriculture.

Each is dedicated to solving a scientifically and economically significant 
problem in food and agriculture and involves as many as 2 0  institutes from different 
countries. Institutes in developing countries are awarded research contracts provid
ing for nominal financial support from IAEA, while those in industrialized 
countries participate through research agreements without this support.

Contracts or agreements are awarded on the basis of proposals received from 
research institutes and are usually integrated into a CRP tied to a specific issue. 
The Joint Division monitors the progress of research programmes and organizes 
regular meetings of participants to review results and determine subsequent steps, 
and to draw final conclusions from the results of CRP activities.
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