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Abstract
 

Citation: Sharma, S B,and McDonald, D (eds.). 1994. International agricultural research on 
diseases caused by, nernatodes;-needs and constraints: summary and recommendations of 
a satellite meeting of the International Congress of Plant Pathology, 6 Aug 1993, Montreal, 
Canada. (In En. Summaries in En, Fr, Es.) l'atancheru 502 324, Andhra l'radesh, India: 
International Crops Research Institute for the Semi-Arid Tropics. 24 pp. ISBN 92-9666-300-6. 
Order code: CPE 093. 

In conjunction with tle International Congress of Plant Pathology (Montreal, 28 Jul-6 Aug 
1993), a satellite meeting was organized by ICRIAT to discuss research on plant-parasitic 
nematodes and the role of international agricultural research centers (IARCs) in alleviating 
the constraints nenmatode dis.ases impose on production of food crops, especially in the 
developing countries. T"lwenty scientists from ten countries and two IARCs participated in 
Ihe meeting. This publication provides a background to the meeting, a record of discus
sions on research strategies, priorities. and collaborative activities, and recommendations 
for future research. 

R6sume 

La rechercie agricole internationah'str h's maladies causi's par h's niduatodes-besoins et con
t'aintes:compte retndit et recommandations d'nme ri'ution satellite du Con gris international de la 
patholosit' v'tgtale, le 6 ,oiut 199.3, AMonlrd, Canada. Conjointement avec le Congrbs interna
tional de Ia pathologic v6g0tale, tenu du 28 juillet au 6 aout 1993 ) Montral, titne reunion 
satellite a 6t6 organis e par I'ICP\ISAT dans le but d'exaininer [a recherche stir les ni'matodes 
parasites des plantes et le r6le des centres de recherche agricole internationale dans I'allibge
ment des contraintes imposes par les maladies dues aux nt'matodes stir Ia production des 
cultures vivrires, particuli'rement dan,; les pays en dcveloppenient. \'ingt chercheurs 
pro'enant de dix pays et deux centres internationaux ont particip' !l cette runion. Ce 
document fournit les informations de bas' stir ]a reunion ainsi qU'un compte rendu des 
discussions stir les strat6gies de recherche, les prioritks et les activites cooperatives. Sont 
cgaleinent pr6sentes, des recomnandations pour les travatx de recherche a entreprend re 
dans l'avenir. 

Resumen 

lnvestl,acitin agdcola intlernacional soblre t'nf'erniedades causadas por nematodos--- 'xigencias y! 
cons!re'ii,:ientos!rt'stimen y reconteudacionesdettuna retnitn satilitc del Congreso Inh'rnacional te 
l'aiilo0,h Vegetal, El 6 de Agosto tie 1993, Montreal, Canadd. ICRISAT, en conjunci6n con el 
Congreso Internacional tie Patologfa Vegetal, organiz6 tna reuni6n sat'lite con el fin de 
examinar, por un lado, investigaci6n sobre nematodos par. ,ticos tie plantas y, por otro, el 
papel de lo,; centros internacionales tie investigacion agrkola en aliviar los constrefi
mientos imptiestos por las enferniedades tie nematodos sobre Ia prodticcion tie cosechas, 
particUlarmente en lo que concierne a los pafses en via tie desarrollo. Veinte cientfficos de 
,;iez paises y de dos centros internacionales participaron en esta reuni6n. -sta ptiblicaci6n 
provee vl contexto tie Ia dicha reunion, las actas de Lis discusiones sobre estrategias do 
investigaci6n, prioridades, actividades colaborativas asi conmo recomnendaciones para la 
investigacitn futura. 

Cover: Het'rodea cajani cysts with egg sacs on a pig'Onpea root. 
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Foreword
 

It is well known that plant-parasitic nematodes reduce crop yields, either directly 
through parasitic action or indirectly as vectors of other plant pathogens. While 
research on plant-parasitic nematodes has dranatically intensified in the past 
four decades, it is not surprising to note that research on 1lmatodes in many 
developing countries is still inadequate. 

Any factor that brings about i change in the crop environment can potentially 
disturb the equilibrium between the crop landraces and the population of parasi
tic nematodes. IncreasinIg human population in developing countries and the 
consequent increase in intensity of crop cultivation hav'e led to a sudden surge of 
importance accorded to nematod,.: in new cropping systems. 
The Consultative Group on International Agricultural Research (CGIAR) spon

sors 18 international agricultural .esearch centers (IARCs) with specific crop man
dates. TIhese lARCs focus their research mainly on problems of food crops widely 
grown in developing counties. Thus [ARCs, such as Centro Internacional de 
Agricultura Tropical (CA'), Centro Internacional ieNajoramiento Lie Mafz V 
lrigo (CIMMYT), Centro Internacional de la Papa (cIll'), International Center for 
Agricultural Research in the l)ry Areas (1CARI)A), International Crops Research 
Institute for the Semi-Arid 'ropics (ICRISAT), International Rice Research Institute 
(IRRI), and ,ieWest Africa Rice Development Association (VARDA), have an 
opportunity to investigate real and potential nematode problems of the main food 
crops in developing countries. 

Drs S 9) Sharma and I) McI)onald should be commended for their initiative in 
organizing a meeting of interested nematologists in conjunction with the Interna
tional Congress of Plant 'athology held in Montreal, Canada, from 28 July to 
6 August 1993. The summary and reconMuendations presented in this publication 
will, I am sure, stimulate further interest in research on nematode-related prob
lems in food crops. The Group that met in Montreal could perhaps be considered 
as a Working Group to ensure information exchange in future. 

Y LNene 
Deputy Director General 
ICRISAT 
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Introduction and objectives 

B R Kerry 

I thank the participants, many with consIderable inh.,rnational research experi
ence, for staying on after attending the International Congress of Plant I'athology 
to discuss the important topic of nema tode constraints to crop prod uction1 and the 
role of internatiional agricultural research cent ers (A.Rcs) in constraint alleviation. 
I also express mn' gralitude to Dr L B Sharma, International Crops Research 
Institute for the Semi-Arid lrOpic, (I ISAI) Asia Center, who has organized the 
program. 

[he Consultative Group on International Agricultural Research ((I. ;IAIR) was 
established in 1971 bv 201 donor countries with a budget of approximately 20 
million dl&lar..Ihere are now about 4)donors,providing a budget of 30( million 
dollars, but despitV such an expansion inactivities over the past 2(0 years, re
sources allocated to nemaolotgical research in the IARCs continue to be less than 
those allocated to other disciplines. 

OnIv three [AR(s have resident nemnatologists, and three others rely on scien
tific consultantis. Iio often, therefore, an IARC nematologist has a wide respon
sibilitv for tackling nematode problems of the mandate crops but is usually a1lne 
and utider-resourced and must rely on colleagues in national agricultural research 
svstemis (NARS). 

Several review papers highlighting new developments in nematological re
search were presented during the International Congress of Plant Pathology. 
.Much of this research has bee' dime in well-equipped laboratories in developed 
countries,and it is important to assess how relevant this work is to the needs of 
farming community in developing countries. In general, research in developed 
countries is now targeted at low-input systems using sustainable methods of pest 
management. This could mean that chances of successful transfer of technologies 
from developed to developing countries are better than ever before. I lowever, 
such transfers need expert inputs and a regular exchange of personnel and infor
mation to ensure their success. Research centers inAuStralia, Fiurope, and the USA 
provide international training courses and opportunities for research in nematol
ogy. At Rothamsted, a new initialive-RotIlhamSted International-has been 
launched to provide fellowships for postgradualte scientists to visit the station for 
specialist training. 

During this meeting, S B Sharma from the ICRISAT Asia Center and JC Prot 
from the International Rice Research Institute (IRRI) will talk about their work in 
IARCs, and K S Varaprasad from India and F Lamberti from Italy, who have wide 
experience in international nematology, will discuss nematode constraints to 
crops in their regions. From these keynote addresses, a general discussion is 

Rothamsted Bperiniental Station, Harpenden, lerts AI.5 2JQ, UK 



planned to (a) identify research needs and help coordinate the research between 
colleagues in developed a1Iid developing nations; (b) improve nematological re
source- through traininrig and taXoIrlmic support; anid (c) highlight the signifi
cance of neoatode constraints to many crops worldwide. Constraints to 
nenIa (ological research in all countries niean that collaborative research and the 
careful targeting of resources are essential to ensure progress. To this end, it is 
hoped that this type of nmeeti ng, initiated by Dr Sharma, can be held regularly to 
help improve contacts between nematologists in the IARCs and the NARS. 
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Nematode constraints to crop production and the 
role of international agricultural research centers 
in constraint alleviation: role of the International 
Crops Research Institute for the Semi-Arid Tropics 

S B Sharma and D McDonald 

The international agricultural research centers ([ARCs), supported by tile Consul
tative Group oil International Agricultural Research (CGIAR), form a global net
work for research on over 20 crops that together provide some 8 0%/7 of the food 
energy and protein requirements of developing countries. Ihe mandate crops of 
the [ARCs sulfier serious losses in Viel due to plant-parasitic nematodes (I'ble 1),
and it has been found that these losses are much greater in the developing than in 
the developed countries. Reasons for this are many and diverse, but it is clear that 
disease, caused by nenuato des are anong the least understood pest problems in 
devehoping countries, and that the government departments responsible for agri
cultural research do not ap1,ear to he sufficiently aware of plant-parasitic nema
todes and the crop losses they cause. 

Table 1. Estimated annual yield losses in the mandate crops of the international 
agricultural research centers due to plant-parasitic nematodes. 

Loss
Crop latin name ('70 
Banana Mutsa spp 19.7 
Cassava Alanihol escidenta 8.4 
Chickpea Cicer arieminum 13.7 
Cowpea VigNla rio,,ic1leata 15.1 
Field beans IPhaseolnsspp 10.9 
Gro.undnut Arachis hypotaea 12.0 
Pearl millet Pennisctu nIaucumn 11.8 
ligt'onpea Cjanus cajan 13.2 
Maize Zea mays 10.2 
Rice Oryza sativa 10.0 
Sorghum Sorghon bicolor 6.9 
Sweet potato Iponioea batatas 10.2 

Source: Sasser and Freckman (1987). 

rCRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India 
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The damage caused by nematodes is often less dramatic and more subtle than 
that caused by other pathogens/pests; losses can only be revealed by extensive 
research and field trials. To conduct these trials, trained staff are essential but may 
not be available in many developing countries. l'lant nematologists are scarce in 
the developing countries of Africa and Asia and, with the possible exception of 
India, most nematologists have to spread their efforts over many crops. Some 
countries do not have even a single trained plant nematologist. It is for this reason 
that the involvement of IARCs in the management of nematode pests of life
sustaining crops is important, and facilities for nematological work have been 
established in some of them. 

Role of ICRISAT in alleviation of nematode constraints 

Regular work on diseases of ICRISAT's mandate crops caused by nematodes, 
particularly of grain legumes, began in 1986. Earlier, nematological research was 
conducted ad hoc by short-term consultants and visiting scientists. One of the 
most important primary objectives was te 'issess the relative importance of nema
todes associated with the mandate crops. From field surveys, questionnaire sur
veys, and contacts with crop protection scientists, it became clear that these crops 
host many species of plant-parasitic nematodes and that species of cyst, lesion, 
reniform, and root-knot nematodes are the most important (Table 2). 

"able 2. Plant-parasitic nematodes associated with ICRISAT'S mandate crops. 

Number of 
Crop species Important species 

Sorghum 
(Soghi in bicolor) 

114 1ra1etyhnchus spp 

Pearl millet 
( lnemisetiturlaucwn) 

52 Prayleinchtusspp 

Chickpea 
(Cicer arietinun) 

51 Mehidoglue ilcospnita, 
M. j~wanica, A4. artiellia 

Pigeonpea 
(Cajanus cajanl) 

65 Helernderacajaii, 
Rotylench ulus reniiforis, 
M. jpanica 

GrOund nut 
(Arachis hypogaea) 

101 M. arnaria, At. ja'anica, 
P'ratyh'nchius brachyiu rus, 
scuiellonela spp 
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Constraint identification 

Methodical and extensive plant disease surveys are rare in tile developing coun
tries. A questionnaire survey revealed that not even 10% of tile total world area 
under sorghum, pearl millet, chickpea, pigeonpea, and groundnut has been ade
qualtely surveyed for plant-parasitic nematodes. Joint surveys involving scientists 
from the host country and ICRISAT have unearthed problems of possible economic 
importance, and have recorded the presence of several crop-damaging nematode 
species ('able 3). This work has gradually led to increased awareness of and 
interest in nematode problems. More can be done by non-nematologists in report
ing diseases 	suspected to be caused by nematodes. 'Ihe association of scientists 
from the nailonal agricultural research systems (NARS) in these surveys has 
helped them 	to Understand and appreciate that nematode-induced d amage is 
important and deserves attention. 

Table 3. Nematode constraints identified by joint surveys. 

Country 	 Constraints identified 

China 	 Widespread distribution of root-knot nematodes (Al. arenaril and 
A. ja tanica) inmajor ground nut-growing regions. 

India 	 Widespread distribution of pigeonpea cyst nernatode (teterodera cajarri) in 
parts of western and southern India. 

Presence of lesion nematode (Pratythnchis lbracllh/urls) on grourndnut in 

southern India. 

Kenya 	 lPotential serioIL!sness of Rotyflethuhis parus,Scutelloeta unn , and
 
AIl. Javanica in pigeonpea.
 

Nepal 	 Identification of root-knot nematodes (,ceoiioWm,fat anica and 
M. inconita) as possible constraints to chickpea production. 

Niger 	 Potential seriousness of $cu tIchllio a hlt XllricaXiphinema parasetlariae, 
Pahraon,hidorus Mdlatus, and liClotyihtmhus Idlcus in groundnut and pearl 
millet. 

Presence of fh'terodera ,ainbwnsis on pearl millet. 

Presence of many species of important plant-parasitic nematodes 
(Scuellonema, Pratylenchus, Ifil ictylenchus, and Aphelhnchoidts) in the 
groundnut-growing regions (including those of Benin and BUrkina Faso). 

Vietnam 	 Potential seriousness of ring, root-knot, and lesion nematodes in 
traditional cropping systems (rice-ground nut-sweet potato). 
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Field diagnosis of damage caused by nematodes 

As a first step to assi,,t NARS scientists, we have developed simple techniques to 
recognize and diagnose nematode-caused damage. Infection by cyst nematodes 
causes 'pearly root' symptoms on pigeonpea, easily seen 30-35 days after sowing. 
The roots of affected seedlings bear many pearly white females of the cyst nema
tode. Similarv, infection by reni form niematodes causes 'dirty roots' because the 
nematodes produce mucilaginous egg sacs on the roots to which soil particles 
become attached and are not easily dislodged even when roots are shaken. If 
these roots are dipped in a 0. 2 5'7 trvpall blue stain for 3 minutes and then rinsed 
in water, the egg sacs are selectively colored blue while the roots are not stained. 
This simple technique permits easy identification of reniform nematode infection 
without a microscope. 

Techniques for identification of host-plant resistance 

At ICRISAT Asia Center (IAC), simple and reliable greenhouse procedures have 
been developed to screen chickpea, pigeonpea, and groundnut genotypes for 
resistance to important plant-parasitic nematodes. Earl, v ark has shown that 
most released cultivars of these crops are susceptible to nematodes. 

Development of human resources innematology 

'I'o capitalize on the technology and improved plant materials emanating from 
nematology research at IAC, we consider it vital that strong national research 
programs be developed. In our Training and Fellowships Program, about 500 
trainees from 40 countries have been given lectures on plant nematology, while a 
smaller number have received more advarIced lectures on aid practical training 
in nematological problems. Most of the participants had no previous formal or 
informal training in riema tology. In addition, research fellows, research scholars, 
in-service fellows, and future research scientists in our mandate area are being 
regularly trained in neinatology at IAC. 

Nematology network 

At hAC, we insist that any option in managing nematode diseases recommended 
to the farmers must be compatible with low-input crop production strategies. 
Identification and utilization of host-plant resistance is therefore a very desirable 
component of any integrated nematode management program. The IARCs have 
contributed substantially to this area through the collection, maintenance, evalua
tion, and utilization of plant genetic resources and their distribution to scientists 
worldwide. The use of nematode-resistant cultivars is a practical, low-cost, and 
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environmentally safe technology. We are evaluating the world germplasrn of chick
pea, pigeonpea, and groundnut for resistance to important plant-parasitic nema
todes. Scientists from NARS come to IAC to learn resistance-screening techniques, and 
may collaborate with us later in screening germplasn for resistance to the nematode 
populations prevalent in their regions and countries. We are developing a network of 
scientists from different agro-ecological regions who can assist in the inultilocational 
evaluation of resistant germplasm, and in testing cropping systems developed to 
manage plant-parasitic nematodes. Currently, we are considering cooper,,tive re
search on plant-parasitic nematodes with other international institutions on an ecor
egional basis. In the past, collaboration among nematologists in the different IARC,; 
was limited. Inter-center cooperation in plant nematology could be of great value in 
surveys, regional training programs on crop loss assessments, and cropping system 
based management. For example, collaboration between the nenalologists at the 
International Rice Research Institute IRRl) and the International Crops Research 
Institute for the Semi-Arid Tropics ([CRISAT) could be usCful in mnanaging important 
nematodes speci.. - n the rice-based cropping systems of \'ietnam. Ve also collabo
rate with such mentor institutions as the International Institute of Parasitology in the 
United Kingdom for confirmation of ne-aatode identifications, and are gradually 
extending our collaboration to other institutions to inclde 'basic work on transfer of 
resistance from wild relatives of our mandate crops to adapted cultivars, and on 
identification of potentially important biocontrol agents. Research on nematode con
straints to crop production is gradually but steadily gaining momentum at ICRISAT, 
and the future progress will be limited only by the lack of resources devoted to it 
('Fable 4). The present levels of financial and human resources devoted to nematology 
are certainly well below the critical level required for us to contribute substantially to 
the mission of CGIAR-to ensure adequate food supplies in the developing world. 

Table 4. Allocation of funds at ICRISAT for work on constraints to legume production 

(based on the 1994-98 Medium-Term Plan). 

Biotic stress factors Allocation (.) 

Insect pests 20.3 
Diseases caused by fungi 22.9 
Aflatoxin/mvcotoxins 6.5 
Nematodes 4.4 
Viruses 14.7 

Reference 

Sasser, J N, and Freckman, D W. 1987. A world perspective on nematology: the 
role of the society. Pages 7-14 in Vistas on nematology: a commemoration of the 
twenty-fifth anniversary of the Society of Nematologists (Veech, J A, and Dickson, 
D W, eds.). Hyattsville, Maryland, USA: Society of Nematologists, Inc. 
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Nematode constraints to crop production and the 
role of international agricultural research centers 
in constraint alleviation: role of the International 
Rice Research Institute 

JC Prot
 

Rice (Oriyza sativa) is tile staple food for half of tile world's people, particularly 
those with !ow income. It is the second most important food crop after wheat 
(Triticum spp) and is grown on 150 million ha. :\sia produces 9[% of the world's 
rice. Rice is grown in four major types of ecosystems, which contribute to the world 
production: irrigated (72."(), rainfed lowland 019%), Upland (5%), and deepwater/ 
tidal wetland (4%). It is estimated that a 651/, increase in the world rice production 
will be needed by 2020 to meet the projected population growth. For South and 
Southeast Asia, the increase needed is estim,,ted at about 1t0% (Anonymous 1989). 

Nematode constraints to rice production 

Rice is a low-value crop. Usually, nematode problems in low-value crops are not 
fully recognized by farmers and policymakers. However, losses due to plant-para
sitic nematodes are estimated at 10% of the world's rice production; in monetary 
terms, the losses in rice production caused by nematodes were estimated at 16 
billion dollars and ranked second to those in sugarcane (Saccharum oficinarum) 
(Sasser and Freckman 1987). The four major genera (,fplant-parasitic nematodes of 
potential economic importance found associated with rice in South and Southeast 
Asia are Ditiih'chitsin deepwater rice, Ifirschinani~ellain permanently or intermit
tently flooded ecosystems, A'aoidogyu' in all the rice ecosystems, and Pratyhe'i'hts 
in upland rice. Because of the greater contribution to the total rice production of 
the rice ecosystems in which they occur, I lirschnanniellaand A'Iloidogyne are poten
tially more serious than the other two genera (lrot 1993). 1lowever, when equity 
and environmental issues are considered, Ditylenchus anyisthts in deepwater rice 
and Pratylenchus spp in upland rice are also important rice parasites. 

Nernatology program at IRRI 

IRRI's main objectives are to generate and disseminate rice-related knowledge and 
technology, and to help enhance national agricultural research systems 

IRRI, P0 Box 933, 1099 Manila, Philippines 
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(NAPS). In 1988, a Nematology Unit was created within IRRI's Plant Pathology 
Division. In 1993, it had nine persons working mostly ol nematode problems of 
irrigated and upland rice. To understand tie role of nematodes in rice production 
and to increase the productivity of rice and rice-based system by controlling those 
of economic importance while protecting the sustainability of t!'ese ecosystems 
are tremendous challenges. 'IRRI cannot do this alone. The resources of its tradi
tional partners-NARS, sister CGIAR centers, advanced research laboratories and 
institutions-and new partners-nongov\ernmentaI and private organizations in 
both rice-growing and industrialized countries--also must be catalyzed' (Anony
mous 1992). 

Collaboration with NARS and other institutions 

The Nematologv Unit has established collaborative research programs with NARS 
in Indonesia, the Philippines, and Vietnam. In strengthening NARS, one of the 
roles of IRRI is to facilitate the linkage between research done in both less devel
oped and industrialized countries. Because of the scarcity of available informa
tion, the variability of rice ecosystems, the changes occurring in the rice 
ecosystems, the variety of rice cropping systems, and the possibility of rice be
coming a high-value crop when larmers will have to produce 9-10 t ha-', there are 
most certainly nanv opportunities for nematologists working in industrialized 
countries to join the NARS and IRRI to work on rice nematodes. Some areas for 
such collaborative research are (1) understanding of the effects of nematodes on 
the productivity and sustainability of the different rice ecosystems, (2) evaluation 
of variability of rice-parasitic nematodes, and (3) evaluation of the possibility to 
control them by using antagonistic organisms. 

References 

Anonymous. 1989. IRRI toward 2000 and beyond. Manila, Philippines: Interna
tional Rice Research Institute. 71 pp. 

Anonymous. 1992. Rice research in a time of change. IRRI's medium-term plan for 
1994-98. Manila, Philippines: International Rice Research Institute. 79 pp. 
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Nematode constraints to crop production inSouth 
Asian countries and the role of international agri
cultural research centers inconstruint alleviation 

KSVaraprasad 

The science of nematology is in a developing phase in South Asia. Diseases 
caused by nenatodes are gradually being recognized as important biotic stresses 
in crop production. The discovery of the golden nematode of potato in 1961 in 
southern India stimulated interest in nemnatology among plant protection scien
tists in India. Currentl, more than 300 persons are engaged in teaching, exten
sion, and research on nematology in India. Ilowever, the development of 
agricultural nenatology in other South Asian countries has been slow. 

Nematode constraints to crop production in South Asia 

Rice and wheat are the principal cereal crops grown in Bangladesh, l3hutan, India,
Myanmar, Nepal, Pakistan, and Sri Lanka. The potentially important nematode 
constraints to rice production in South Asia are rice root nematodes (Hirschman
niella spp), white tip nematode (A~hh1,nchoidt's I'Css('Ili), ufra nematode (Di
tyle'nchus anustus), root-knot nematode (a'heloidow,nntincola), cyst nematodes 
(Heterodera spp), and lesion nematodes (PIait/c?:chus spp). Rice root nematodes 
are widespread and occur in all rice-growing tracts of the world. Ufra, white tip,
and root-knot nematodes are important constraints to rice production in India, 
Bangladesh, and Myanmar. Yield losses due to rice root nematode range from 20 
to 50%, depending on the nematode inoculum levels, the age of the crop, and the 
weather conditions at the time of infection. White tip nematode infection at the 
level of 650 nematodes for every 10 seeds reduced panicle weight by 607c in 
Bangladesh (Rahman and Thylor 1983). Improperly filled kernels, sterility, and 
discoloration of grains are responsible for economic losses in India. Annual yield
losses due to the ufra nematode range from 4 to 30% in Bangladesh and north
eastern India. Annual yield losses due to the root-knot, cyst, and lesion nematodes 
range from 10 to 427 in India. 

'Molya' disease, caused by the cereal cyst nematode (H1eierodera aveIae), and 
ear-cockle nematode (Anguina tritici)are the major nematode problems of wheat 
on the Indian subcontinent. Molya disease is an important constraint to wheat 
production in northern India. In addition to producing seed galls, ear-cockle 

Plant Quarantine Regional Station, National Bureau of Plant Genetic Resources, Ralendranagar, 
Hyderabad 500 030, India 
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nematode, in association with a bacterium, causes 'tundu' disease, which results 
in severe losses in infested crops. Very limited information is available on nema
tode constraints to sorghum, pearl millet, and maize in the South Asia region, but 
it is known that lesion nematodes, stunt nematodes (Tiylenchorhiynchius spp), and 
cyst nematodes are important parasites of these crops in India. 

Chickpea, pigeonpea, soybean (Glycint' max), black gram (Vipna niungo), mung 
bean (V. radiata), cowpea (V. mnizicilata), french bean (Phaseolus vidgaris), pea 
(Piswit sativum), and moth bean (V. aconitifolia) are importam, legume crops grown 
in South Asia. Meloidogyne javanicaand M. incognita are the most important nema
todes in all the chickpea-growing regions. In Pakistan, lesion nematodes are also 
considered to bie important pathogens. Pigeonpea cyst (Heterodera cajani), root
knot (Meloidogyne spp), and reniform (Rotih'nclulus reniforinis) nematodes cause 
important problems in this region. Root-knot nematodes cause serious problems 
on soybean, black gram, cowpea, pea, and mung bean. Overall, 10-12% of pulse 
production is lost because of root-knot nematodes in India. 

Groundnut, sunflower (Helianthus anunus), castor (Riciltus coulMlunis), mustard 
(Brassicajuncca), sesame (Sesanutia indicuin), and coconut (Cocos nucifera) are im
portant oil-yielding crops grown in the region. Root-knot nematodes (M. arenaria 
and M. javanica) cause problems in groundnut inl India and Myanmar, which are 
the major groundnut-producing countries in South Asia. Sunflower, a recently 
introduced crop in the region, is highly susceptible to root-knot and reniform 
nematodes. The burrowing nematode, Radopholits sinilis, causes major problems 
on coconut in India and Sri Lanka; its control increased the yields of coconut up to 
30% in India. 

Potato (Sohalnion tubc'rosum), tomato kl.ycopersicon esculcitin), eggplant (So
lanutin Wilon ena), okra (Htibiscus Cscuh'ntus), cucumber (Ciicmnis sativius), sponge 
gourd (Lu ffa cylindrica), ridge gourd (L. acutangula),bitter gourd (Moniordica char
antia), beans (Phaseolusspp), onion (Allium spp), chillies (Capsiciuinspp), and garlic 
(Allium sativum) are important vegetable crops in South Asia. Carrot (Daicus 
carota), beetroot (Beta vu/garis), cabbage (Brassica ol'racca var callitata), and cauli
flower (B. olracca var botrytis) are also grown to a limited extent. Almost all these 
vegetable crops are highly susceptible to root-knot nematodes (Al. iitcognita, M. 
javanica, M. arearia,and Al. hapla). Reniform nematode also causes extensive 
damage to a large number of vegetable crops in the region. Burrowing nematodes 
attack several vegetables and cause serious damage to garlic and ginger (Zi,iber 
officinale). The root-knot nematode, M. incognita, is the most widespread and 
important problem on potato, followed by M. javanica and X1. hapla. Potato cyst 
nematodes (Globlodera rostochiensis and G. pallida) have been reported from small 
pockets in India and Pakistan, and have recently been reported from Sri Lanka. 
Yield losses up to 8017 are common in areas infested with potato cyst nematode 
(Jatala and Bridge 1900). Nematode control trials in India indicated that potato 
yields doubled following soil fumigation with nematicides. Stunt and spiral nem
atodes have caused 9 to 291X( loss in tuber yield in the potato-growing tracts in the 
hills of northern India. 

II 



Role of the international agricultural research centers (IARCS) 

Among the 18 IARCs, the International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT) is the only institute located in South Asia with a mandate to 
work on sorghum, pearl millet, finger millet (Eh'usine' coracana), chickpea, pigeon
pea, and groundnut. ICRISAT has taken a good lead in identifying nematodes as 
important constraints to production of its mandate crops, and has established an 
independent nematology laboratory. The progress achieved at ICRISAT Asia Cen
ter (IAC) in the field of nematology has been highlighted by Dr S B Sharma at this 
meeting. Some of the nematology laboratories of the Indian Council of Agri
cultural Research (ICAR) already have successful interactions with IARCs either 
directly or indirectly, e.g. the Central Rice Research Institute, Cuttack and Direc
torate of Rice Research, I lyderabad with the International Rice Research Institute 
(IRRI), Philippines; the Central Potato Research Institute, Simla with the Centro 
Internacional de la Papa (CII), Peru; and the Project )irectorate of Wheat, Karnal 
and the All India Co-ordinated Maize Improvement Project, New Delhi with the 
Centro Internacional de Mejoramiento de Ma'z y Trigo (CIMNInYT), Mexico. The 
Nematology Unit of I*\C has strong links with various nematology laboratories of 
ICAR and several agricultural universities in India and Nepal. There is great scope 
for the expansion of linkages and networking with other South Asian countries. 

Conclusions 

India (Rao et al. 1986) and Pakistan (Saeed 1990), to a large extent, have identified 
the major nematode constraints to their principal crops. I lowever, there is a need 
to identify NARS scientists in other countries who need training in nematology 
and could possibly collaborate with the IARCs. Priority should be given to joint 
crop surveys in Myanmar and Bhutan because little information is available about 
nematode problems in these two countries. The nematological experience gained 
in India during the last three decades and the techniques of successful manage
ment of important nematode problems could be shared with neighboring coun
tries to achieve rapid results on a field scale. ICRISAT Asia Center should take a 
lead in developing low-input options for the management of important nematode 
diseases; in providing training in the field of nematology in the region; in deve
loping a network of nematologists working on ICRISAT's mandate crops; and in 
establishing an independent nematode identification center for South Asia, which 
would greatly benefit the region in identification and alleviation of nematode 
problems. 
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Nematode constraints to crop production in the 
Mediterranean region and the role of international 
agricultural research centers inconstraint alleviation 

FLamberti 

The Mediterranean region comprises tile following 23 countries (listed clockwise 
from north to southwest): Portugal, Spain, France, Italy, Malta, Slovenia, Croatia, 
Serbia, Albania, Greece, Bulgaria, Romania, Turkey, Cyprus, Syria, Lebanon, Jor
dan, Israel, Egypt, Libya, Tunisia, Algeria, and Morocco. 

Nematode constraints 

The most important and widespread nematode pests in the region are Meloidoxylu'
species. Meloido,trne ar'uaria, N/I. hapla, M. incognita, and M. javazitca occur 
throughout the region; however, the most frequent and economically important
species is X1. inco \'ita, highly polVphagous and pathogenic to various vegetable,
industrial, and fruit crops (Lamberti 1992). I leavy attacks of this nematode can 
suppress yields completely; however, crop losses are usually in the range of 60
80%7 . AIeloidoII' uaasi is also present, but its economic importance is not well 
established. Al,'Iidoi/m' artiellia is a major parasite of leguminous and cereal 
crops in various countries, causing economically significant yield losses especially
in chickpea and wheat. Of the potato cyst nenatodes, Clotbod'rarostochiensisseems 
to be more widespread in the region than G.pallida; however, pathogenicity
thresholds of both the species range between 1.4 and 2.1 eggs or juveniles g-1 of 
soil. Initial population densities of 60 eggs or juveniles g-1 of soil can completely 
suppress marketable yields. Aniong the species of fltcerodcra, economicallv signif
icant losses are caused bv 1-1.auenae, 11. carotac, If. ciceri, I. X'oettin,iana, and 1t. 
schachtii. Also reported in the region, although their economic importance is not 
known, are 1-t. cacti, 1-1.crucifi'rae,I. latipons, and II. trifolii. 

The bulb and stem nematode, Ditttenchus dipsaci, is a major pest of several 
crops, such as onion (Allium spp), strawberry (Fragariaspp), and various legumes.
Other plant-parasitic nematodes in the Mediterranean region are Atphelenchoides
besseyi, A. fragariae,A. ritzeniabosi, Gracilacusperatica, Jlelicotylentchus dihystera, H. 
multicuictus, 1-1. oh'ae, 1-1.vulgaris, Longidorus africanus,L.colii, Nlsocriconemaxcito
plax, Paratilenchusdianthus, P.ncoamblycephalus,Pratylenchusbrachiyurts,P.mediter
raneaus, P. penetrans, P. thornei, P. vuhmus, Rotylenchulus inacrodoratus,R. reinifornis, 
Trichodorus t tnisiensis, T. viruliferus, Tlleiwhulus semipenet rains, Xiphinenta elon
gatun, X. index, X. italiae,and Zygotylenchus guevarai. 

Islituto di Nematologia Agraria, via Amendola 165/A, 70126 Bari, Italy 
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The broad range of problems and the diversity of agricultural production sys
tems require trained scientists to diagnose and manage the damage caused by 
plant-parasitic nematodes by accurate identification of the nematode populations, 
proper evaluation of economic thresholds, and a choice of feasible, safe, and 
economical measures of control. Such persons are not always available in Medi
terranean countries, but what is particularly lacking in the region is not compe
tence and dedication of a few scientists and teachers, but facilities to conduct 
applied research under field conditions and the extension services to disseminate 
the results and to advise farmers. 

Role of the international agricultural research centers (IARCS) 

The international agricultural research centers (IARCs) and other international 
agencies already play an important role in alleviating production constraints in 
the Mediterranean region. In fact, the International Center for Agricultural Re
search in the Dry Areas (ICARDA) in Syria undertake.: various projects to improve 
productivity of cereal and legume crops in the region. Centro Internacional de la 
Papa (Cll') in t'eru carries out field experiments in many North African and 
Middle Fastern countries. The International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT) in India conducts research on several legumes such as 
chickpea, which is of primary importance in the Mediterranean region. Centro 
Internacional de Mejoramiento de NIaiz v lrigo (CIMtYT) in Mexico grants con
tracts to several Mediterranean research institutions. The International Rice Re
search Institute (IRRI) in l'hilippines and tile West Africa Rice Development 
Association (W ininR)CCte d' Ivoire, with research units in various western 
African countries, undertake research ol crops of fundamental importance to the 
Mediterranean diet. the International Institute of Tropical Agric lIturt (IITA) in 
Nigeria exchanges plant material, docunientation, and scientists with many Medi
terranean instiutions. Finally,, the Food and Agriculture Organization of the 
United Nations (FAO), with its headquarters in Italy, funds various projects in 
nany Mediterranean countries. 

Can the international centers improve their role in contributing to the 
development of the agricultural systems in the Mediterranean region? 

Certainly they can, particularly at a time when, due to economic exigencies, 
human and financial resources of national research institutions have been se
verely curtailed, and when such constraints have become more acutC in develop
ing countries where increased efforts and resources are needed the most. 
Probably, nioidest increases in the contributions by donors, and careful selection Of 
research programs, would strengthen the activity and the presence of such centers 
in key areas and develop and enhance a network of regional ofhicers who would 
either confirm or adapt tile information gathered at the main locations. Applied 
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research must remain the main objective of the IARCs, and dissemination of the 
results of their applied research must be extensive. 
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General discussion and recommendations 

The general discussion was about the necessity of strengthening nematology 
research at tile international agricultural research centers (IARCs). File participants 
believed that the fact that tile mandate crops of the IARCs are hosts of many 
damaging nematode species, and available crop loss estimates, signify the impor
tance of nematode pets as constraints to the production of these mandate crops. 
Many participants voiced a need to initiate an international project to assess 
losses caused by nematodes to the mandate crops in developing countries, and to 
highlight the need for increased hematological research at the IARCs. The group 
was concerned that so few trained nematologists were employed in programs at 
the IARCs, particularly in comparison with the number of scientists in allied 
disciplines. Neniatologists at IARCs are often alone and usually under-funded. The 
group felt that to make faster progress in providing low-input management op
tions to resource-poor farmers in the regions, it is imperative that nematology 
programs are expanded at the IARCs. Some participants expressed their convic
tion that nematode disea,;es are essential components of root health problems, 
and wondered why active nematology programs have been started only at ICRI-
SAT, IRRI, and CI i and not at other crop-based IARCs. 

The national programs ill developing countries (except India) do not have 
adequate expertise and facilities in nematology to identify and manage the nema
tode constraints. The participants felt that active and meaningful collaboration 
between nematology centers in the developed nations and the IARCs could lead to 
effective and need-based nenatology training courses for plant protection 
workers and extension workers in the mandate regions of the IARCs. The low
input management technologies developed in advanced nations could be trans
ferred to the developing nations through these training courses. 

The participants felt that this type of meeting should be held regularly to 
develop and improve contacts between plant nematologists working in IARCs and 
other international and regional institutions and NARS scientists in developing 
and developed countries with interest in crops of international importance. 
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About ICRISAT
 

Tile semi-arid tropics (SAT) encompasses parts of 48 developing countries includ
ing most of India, parts of southeast Asia, a swathe across sub-Saharan Africa, 
much of southern and eastern Africa, and parts of Latin America. Many of these 
coun tries arc among tie poorest in the world. Approximately one-sixth of tile 
world's population lives in tile SAT, which is typified by unpredictable weather, 
limited and erratic rainfall, and nutrient-poor soils. 

ICRIS:\T's mandate crops are sorghum, pearl millet, finger millet, chickpea, 
pigeonpea, and groundnut; these six crops are vital to life for tile ever-increasing 
populations of the semi-arid tropics. ICRISAT's mission is to conduct research 
which can lead to enhanced sustainable production of these crops and to im
proved management of tile limited natural resources of tle SAT. ICRISAT comml11u
nicates information on technologies as they are developed through workshops, 
networks, training, library services, and publishing. 

ICRISAT was established in 1972. It is one of 18 nonprofit, research and training 
centers funded through tile Consultative Group oll International Agricultural 
Research (CGIAR). The CGIAR is an informal association of approximately 50 pub
lic and private sector donors; it is co-sponsored by tile Food and Agriculture 
Organization of the United Nations (FAO), the World Bank, and tile United Na
tions l)evelopment Programme (UND1). 


