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PREFACE

The International Meloidogyne Project (IMP) intiated by
Dr. J. N. Sasser, Professor of Nematology, and his colleagues of
North Carolina State University was established to cover six
regions around the world in the tropical climates. These regions
are Central America, South America, West Africa, East Africa and
Southeast Asia. The project is an international effort to advance
knowledge about an important group of plant-parasitic nematodes
towards increasing yield or food crops in developing countries.

Dr. B. A. Oteifa, Professor of Nematology and Head of the
Zoology and Nematology Department, Faculty of Agriculture, Cairo
University, Egypt, in 1976 proposed a new extension program in
the Near East Region. A regional research planning conference was
hold through January 29 to February 2, 1978 at the Nematology
Research Centre, Cairo University, Giza, Egypt (NRCE) in cooper-
ation with North Caroline State University, Raleigh, N.C. (NCSU).
Fourteen countries from the region were represented by scientists
and nematologists from universities, institutes and research
centres. These countries were Cyprus, Egypt, Greece, Iran, Iraq,
ltaly, Jordan, Kenya, Moracco, Portugal, Saudi Arabia, Sudan,
Turkey and Yemen. '

The conference as headed by Dr. J. N. Sasser (NCSU), principal
investigator of the IMP and Dr. D. M. Elgindi (NRCE), regional
investigator, discussed the economical, ecological and control
aspects of the root-knot nematodes in each of the participating
countries. Dr. Sasser and Dr. Triantaphyllou reviewed the main
goals of the project and research activities in North Carolina
and other coordinating regipnalllaboratories. In addition to
country representatives, Dr. 3. D. Van Gundy, Professor of Nema-
Tology and Head of the Nematology Department, University of
California, Riverside, California, U.S.A. and Dr. F. Lamberti,
Professor of Nematology, Laboratorio di Nematologia Agraria, Bari,
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Scientists participating in the Research Plenning Conference of the
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Internotional Melecidogyne Project (IMP) held at the Nematology Res-
earch Centre, Cairo University, Giza, Egypt, Jan. 29- Feb. 2, 1978,



Italy; attended the conference and reviewed several scientific
approaches to the genus Meloidogyne, and contributed to the
research planning discussions. At the end of the conference,
the representatives outlined the research work they can carry
out in their countries with the objectives and goals of the

project.

An excursion to the Nubaria Seed Company and ths Egyptian
Vineyards and Distilleries Company "Gianaclis", was arranged
during the conference period. In Nubaria farms the participants
examined some fields of broad bean and peas infested with root-
knot nematodes. A fruitful discussion dealing with nematode
problems and their control in seed production v.as conducted with
Mr. H. Shabana, the Company President and with some directqrs.
In Gianaclis Company some vineyards were examined for nematode
infections. After that, Mr. A. Tawfik, the General Director
invited the group to visit and to have a look on the processes
of wine production in the company's factory.

Deep thanks are extended to all who perticipated and to
every person tried and helped to make everything go easy and
convenient.

Prof. Dr. D. M. ELGINDI

Regional Investigator



Conference participants at Gianaclis Company vineyards examining

some grape-vines infected with plant-parasitic nematodes.



II. OVERVIEW OF THE PROJECT - PRINCIPAL GOALS AND
OBJECTIVES AND IMPLEMENTATION SCHEDULE

J. N, SBasser

One of the major obstacles to the production of adequate
supplies of foced in developing nations is the damage caused by
plent-parasitic. nema’todes, especially the "root-knot group®,
Meloidogyne app. The most effective management practice for control
of these pests, especially for developing nationa, is through the
use of certain cultural practices, including crop xotation, the use
of available resistant crop cultivars, and development of other
resistant cultivars. Crop rotation sequences capable of reducing
s0il populetions of the root-knot nematode below the economic
injury threshold can be developed. It will be necessary, however,
to test the resistance and/or susceptibility of the economic' crop
plants grown in the regions covered by this project to the nematode
species present. Furthermore, to develop resistant crop cultivers,
it will be necessary to discover sources of reaistant germ plasm
and to determine the extent of pathogenic variation in the nematode.
With this lknowledge, effective crop rotation programe can be
designed and resistant or tolerant cultivars developed on a regional
basis. This proposal 1s to initiate research on the root-knot
nemetodes at a U. S. university and to link the research with
international and naticonal research institutions for the purpose
of gaining information on the biology of these pests that will
enable developing countries to cope with crop diseases caused by
this group of nematodes.

PRINCIPAL GOALS:

1. To increase production of economic food crops in developing
nations. '

2. To upgrade crop prot~ction capabilities of developing
nations.

3+ To advance knowledge about one of the world's most
important group of plant-parasitic nematodes.

3



OBJECTIVES:

1. To determine the species and biotypes of the root-knot
nematodes present within each of the six geographical
regions.

2. To determine the susceptibility and/or resistance of the
- ocurrently grown basic food orops in each of the regions
to the root-knot nematodes which are present.

3« To establish a bank of information om cultivers which
display resistance to any or all of the species of root-
knot nematodes which have been identified in the six
proposed regions of study (Central America, South America,
Brazil, West Africa, East Africa and Southeast Asia).

WHY WAS ROOT-KNOT SELECTED:

The root-knot nematodes (Meloidogyne spp.) were selectad
because of their overall importance throughout the world as liﬁiting
factor in fooa production. Their world-wide distribution, extensive
host ranges and involvement with fungi, bacteria and viruses in
disease complexes, rank them high on the 1ist of disease agents
affecting the world's food supply. Collectively, the various
species of root-knot nematodes attack nearly every crop that is
grown including both annuals and perennials. Not only are crop
Jields greatly affected, but quality is also reduced, especially
for root orops such as potato, yams, yuca and peanuts.

PROJECT IMPLEMENTATION SCHEDULE:

PHASE I: Organization of the "Research Center® at North Carolina
State University, Raleigh, N.C., and establishment of Regional
Laboratories (Fig. 1).

The team of principal researchers, cooperators, and
consultants and their respective locations is as followsy

A. North Carolina State University, Raleigh, HN.C.

Dr. J. N. Sasser, Nematologist, Department of Plant Pathology,
Principal Investigator.

Dr. A. C. Triantaphyllou, Nematologist-Geneticist, Dept. of
Genetics, Cooperator.



Dr. Hedwig Hirschmann Triantaphyllou, Nematologist-
Taxonomist, Dept. of Plant Pathology, Cooperator.

Dr. James G. Baldwin, Nematologist-Morphologist, Dept. of
Plant Pathology.

Dr. James L. Sterr, Nematologist-Physiologist, Dept. of
Plant Pathology.

Dr. L. A. Nelson, Statistician, Dept. of Experimental
Statistics, Consultant.

Regional Investigators:

Central America, Mexico and the Caribbean (ngion I)
Dr. Rodrigo Tarte,
Universidade de Panama, Faculvad de Agronomia,
Panama, R. de Panama.

South America (Region II)
Dr. Rodolfo Barriga,
Department of Plant Pathology, ICA ~ Tibaitata,
Apartado Aereo 151123, Bogota, Colombia.

Brazil (Region III) not funded bz;prodpot
Dr. Romero Marinao de Moura,
Universidade Federal Rural de Pernambuco, Escola Superior
de Agricultura, Dois Irmaos, Recife, Pernambuco, Brazil.

Weat Africa (ngion Iv)
Dr. Fields E. Caveness,
International Institute of Tropical Agriculture,
Oyo Road, P.lM.B. 5320, Ibadan, Nigeria.

Eaat Africa (Regipn V)
Dr. Benjamin W. Ngundo,
East Africa Agriculture & Forestry Res. Org.,
P. O. Box 30148, Nairobi, Kenya.

Southeast Asia (Region VI)

Dr. Oesar P. Madamba,
Nematologist, Department of Zoology, University of the
Philippines College, Laguna, Philippines.

5



Near Eest (Region VII)
Dr. Dawood M. Elgindi,
Nematology Research Centre, Faculty of Agriculture,
Cairo University, Giza, Egypt.

PHASE I1: Conference at Raleigh

The regional investigators have been invited to spend
this week with us for the purpose of discusaing the onerall goals
and objectives of the international Meloidogyne project. Their
reports concerning root-knot nematode research in their regions
will be of much help in our deliberations. Also attending the
conference, in addition to local faculty participating in the
project, are six consultants who have been asked to review certain
basic aspects of the genus. We feel certain that from the discuss-
ions to follow, much will be gained in helping us to decide on-
research priorties and emphasis.

PHASE III; Regional Research PlanniEE_Conferences

Following this one-week conference in Raleigh, a regional
research conference will be held in each of the six regions.
Participants from the various countries will first give a summary
of the state of knowledge concerning the root-knot nematodes in
their countries. Each country will then outline research they can
do in keeping with the objectives and goals of the international
project. Bpecial consideration will be given to research method-
ology relating to the genus Meloidogyne including collecting and
maintaining inoculum, inoculation techniques, species identifica-
tion, methods of evaluating for resistance, and interpretation
of research results.

PHASE 1IV:

Research will begin within each region upon the completion
of the planning conference in Raleigh and the regional research
conference in the 7 regions. Specific activities will include:

1) Collection of nematode populations,
2) Identification of species and/or variants in the field
collections.



3)
4)
5)

6)

7

Differential host tests to detect pathogenic variation.
Host susceptibility and/or resistance studies of major
food crops in the region.

Utilization of crop response information in the develop-
ment and implementation of effective rotation schemes for
control of root-knot nematodes in each region.

Collection of information on environmental factors which
may influence development of new pathogenic races and/or
species.

Identification and utilization of resistant germ plasm.

Research at North Carolina State University on the genus

Meloidogyne is ongoing, but will be expanded and intensified.

Specific activities will include:

1)

2)

3)
4)

)

SUMMARY ;

Detailed morphological and taxonomic studies, including:
descriptions of new species. Emphasis will be to find new
and more reliable characters to support species identifi-
cation and to distinguish between new pathotypes of the
nematode.

Dirferential hosts tests cf populations from the United
States and areas not covered by the 6 regions to detect
pathogenic variation.

A detailed study of the variants encountered.

Cytogenetic studies involving comparisons of populations
with regard to chromosome numbers, mode of reproduction,
sexuality, and the genetic basis of their ability to
reproduce on resistant crops.

Biochemical investigations of generul protein patterns
and specific enzyme systems.

These cooperative research efforts involving a network of

scientists, and institutions representing major geographical

regions

of the developing world, should enable us to better under-

stand the biological behavior of one of the world's major crop
pests. Such behavior is influenced not only by the genetic and
biochemical makeup of the organism, but by pressures imposed by



various environmental influences. The more we know about the
nematode and these environmental influences on disease development
the more likely we will be able to provide conditions favorable to
the host plant and less favorable or unfavorable to the r~matode

(Fig. 1)« The thrust of this research proposal is to provide this
information.
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1. Report on the state of knowledge concerning root-knot

nematodes in Portugal. — Maria Susana N. de Santos.

Short history of nematology in Portugal

Root~knot nematodes, Meloidogyne spp., were the first
plant parasitic species observed in Portugal and these were
recorded by Moraes in 1882. Since then several other accounts
of "root-knot" and other nematodes were published. The resear-
ch work has been mainly of a preliminary nature: surveys and
species identification. During the past ten years some progress
has been made including work on extraction techniques, numerical
taxonomy, population dynamics, host-parasite relationships
and control.

At the present time there are three research laboratgries
and only seven nematologists in FPortugal. '

8tudies of root~-knot nematodes in Portugal

This report does not refer to Agores and Madeira because
there is very little knowledge on root~knot in those islands.

The portuguese climate has mediterranean and atlantic
influences.

The major crops of Portugal include grape, tomato, olive,
apple, corn, wheat and oat. Other crops are legumes, vegetables,
tobacco and citrus.

a) Survey b) Species identification

To date there are only about forty publications dealing
with Meloidogyne from Portugal. In some of these publications
Meloidogyne species was not identified and before 1962 the
reports referred tu root-knot as Heterodera marioni.

There are only ten hosts recorded for Meloidogyne up
to 1962 : grape (Vitis vinefera L.), tomato (Lycopersicon
esculentum Mill.), potato (S8olanum tuberosum L.), red pepper
Capsicum annuum L.), Begonia sempervirens Link et Otto,

Ornithogalum sp., Scorpiurus 8pe, Thalictrum angustifolium L.,
Clematis orientalis L. and tobacco (Nicotiana tavacum L.).

10



Since 1952 infestations heve been seen on several other
plants. Table 1 shows the hosts and host range, from pot tests,
recorded for Meloidogyne ep., M. incognita, M. javanica and

M. hapla.

o) Control

There are few data on the extent and type of crop losses
caused by Meloidogyno spp. Idma (1962) and Macara (1971) refer
that the parasite has caused severe infestatiocns, respectively,
in peach and olive.

little experimental work on the control of Meloidogyne
spp. in Portugal has been published.

d) Biology and e) Fathogenicity
8ince 1970 ressarch in Portugal has 1noludedz
1) Btudies on development of root-knot nematodes in tomato.
2) Histopathology of tomato plants infected by Meloidogyne spp.
3) Btudies on pathogenicity of Meloidogyne incognita and
o Javanica in Vitis spp. The research that has been done is
publishod in a report of limited circulation (Reis, 1970).

The IMP objectives and the current work being done in Portugal
The first meeting of the portuguese nematologists was

held in December 1977. The nematology program includes research

on the génus Meloidogyne. Specific activities include:

1) Collection of nematode populations and identification of
species. .

2) Host susceptibility and plant response to root-knot nema-
todes at the cellular level. Studies on the interactions
between tissue ocultures and root-knot nemuatodes. It is
hoped that research o= the genus Meloidogyne will be expanded.
Other activities will possibly include.

3) Cytogenetic studies and biochemical investigations of general
protein patterna.

It seems that the current work being done in Pbrﬁugal
£it in very well with the IMP objectives.

(K
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Table 1. IList of host plants in Portugal in which naturally infection of Meloidogige
is known to occur and host range from pot tests, of some pPopulations,

HOSTS OF MELOIDOGYNE SP.

Onion
Celery
Peanut

Beetroot
Sugarbeet
Sugarbeet

Red pepper

ilelon

Thorn apple
Carrot
Carnation

Straberry
Fig

Tomato
Apple
Tobacco
Olive

Allium cepa L.
Apium dulce Mill.

Arachis hypogaea L.

Begonia sempervirens Link &t Otto

Beta wvulgaris L.

Beta vulgaris L.

Beta vulgaris L. and
Galinsoga parviflora Cav.
Capsicum annuum I,
Clematis orientalis I.
Cucumis melo L.

Datura stramonium L.
Daucus carota L.

Dianthus caryophyllus L.

Dichondra repens Forst.
Fragaria sp,

Ficus carica I.
Kalanchoe peltata Baill.

Lycopersicon esculentum Mill.

Malus domestica Borkh.
Nicotiana tabacum L.
Olea europaea L.

HOST RANGE

Impatiens holstii Engl. et Warb. and

Lycopersicon esculentum Mill.
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TABLE 1 (continueAd)

HOSTS OF MELOIDOGYNE SP.

Ornithogalum sp.

Kidney bean Phaseolus vulgaris L.
Peach Prunus persica (L.) Batsch

Scorpiurus sp.

Egg-plant Solanumn melongena L.,
Black nightshade Solanum nigrum L.
Potato

Broad bean

Grape
Grape

Alfalfa

Rosge

Solanum tuberosum L. .

Thalictrum angustifolium L.

Trifolium resupinatum
suaveolens (Willd) Dingm.

Vicia faba L.

Vinca difformis Pourret
Vinca major L.

Vitis vinifera L.

Vitis vinifera L.

Yitis spp.

HOSYTS OF MELOIDOGYNE HAPLA
Medicago sativa L.
Polypodium spp.

Rosa sp.

HOST RANGE

Lycopersicon esculentum Mill,

Impatiens holstii Engl. et Warb.
Impatiens holstii Engl. et Warb.

impatiens holstii Engl. et Warb,

HOST RANGE

Daucus carota I.
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Foddexr heet
Carrot
Tomato

Alfalfa

Kidney bean
Peach

Melon
Tomato
Grape

TABLE 1 (continued)

HOSTS OF MELOIDOGYNE INCOGNITA

Begonia sp.
Beta vulgaris I.

paucus carota L.
Lycopersicon esculentum Mill.

Medicago sativa L.

Phaseonlus vulgaris L.
Prunusg persica L. Batsch

HOSTS OF MELOIDOGYNE JAVANICA

Cucumis melo L.
Lycopersicon esculentum Mill.
Vitis vinifera L.

HOST RANGE

Impatiens holstii Engl. et Warb.

Coleus sp.
Impatiens holstii Engl. et Warb.

Impatiens holstii Engl. et Warb.
Lycopersicon esculentum Mill,

HOST RANGE

Coleus sp.,
Impatiens holstii Engl. et Warb.
Lycopersicon esculentum Mill.
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2. The root-knot nematode, Meloidogyne, in Jordan.

W. I. Abu~-Gharbieh.

Introduction

Even though agricultural production constitutes only
13% of the ngtional income, 60% of Jordan's population depend
directly or indirectly on agricéulture.

Crops are grown in the uplands under rain-fed conditions
or under irrigation in the Jordan Rift Valley (Ghors) and
along several vallies descending from the eastern or western
mountains. Several other projects along the periphery of the:
eastern desert are irrigated by ground water.

Past experience has shown that crops grown in the rain-
fed areas do not harbour the root-knot nematode that fails to
get established. Therefore, amphasis will be given to the:
problem of the root-knot nematodes in the irrigated areas of
the Jordanian Ghors.

" Vegetable growing comprises the corner stone of sgri-
cultural production in the Ghor areas. In 1977, 164 thousand
dunums (1000m ~) were under cultivation in the' irrigated areas
of the various Ghors. 60, 28 and 12% of the total area was
planted to vegetables, ceréals and fruit treea, respectively.
Tomatoes alone occupied 25% of the total area. :

The Jordan Rift Valley is characterized by warm humid
winters and hot dry summers, with average monthly temperatures:
of 15=20°C and 25~ 30°C, respectively.

" Under extensive and intensive cuitivation in the Ghor
areas, several problems have arisen. The rean production per
unit area of tometoea, for example, equals to about one-half
of the world's mean. This is an alarming fact. Of course it
is attributed to several reasons, one of which is undoubtedly
due %o root-knot nematodesa.

In the 1950's the root-knot nematode problem in the
Jorden Rift Valley was minor, for large additional virgin
lands were put to cultivation. By 1970 practiocally all soils

16



of these areas became infested. Many lands were abandaned
for seveiral years or planted to cereals to cope with the
devastating effects of the soil-borne root-knot nematode and
fusarium wilt of tomatoes. Other farmers edopted the late
pPlanting of tomato (November) to avoid the heavy hits of
these disease causal agents.

Survey

In a report published in 1970, Abu-Gharbieh and Hammou
processed over 500 soil and root samples collected from 45
crop species from the various locations of Jordan. About 20%
of thesamples harboured the root-knot nematode. (Annual
Report, Dept.Agr. Res. and Extension, 1970).

From these and many other samples, M. Javanica and M.
incognite were identified, but the former is predominant.

Resistant Varieties

Abu-Gharbieh and Hammou tested 14 tomato varieties to
Meloidogyne spr., ten of which were immune or highly resistant.
The euthors also tested the same root-knot nematode on & .
strawberry varieties, but all thesa varieties failed to harbour
the nematode (Annual Report, Dept. Agr. Res. and Extension,
1971).

In 1977, Abu-Gharbieh tested over 100 tomato cultivars
under greenhouse conditions for resistance to M. incognita
and M.javanica. Fourteen cultivars exhibited high level of
resistance to both epecies of the root-knot nematode (In Press,
PDR),

Chemical Control

In 1971 and 1972 séasons, Tour dosages of Nemagon.EC
75% were used as preplant treatments in two tomato fields in
the Central Jordan Valley. 1.5 and 2 ml/m proved very effect-
ive against tho root-knot nematode. (Plant Protec. Studies,
Jordan (1972) 1: 49-53), In another experiment, Nemagon was
used 15 days before and after tomato planting, at 1.5 ml/m?,

17
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but differeaces in time of application were insignificant
(Ann. Keport, Dept. Agr. Res. and Extension, 1972).

In the 19Y4/19/5 season, three field experiments were
conducted in the Central Jordan Valley to control the root-
knot nematode, M. javanica on tomato (Unnublished).

It was concluded from the first experiment that:
eighty days before planting, DBCP soil fumigation wt any of
the rates used (1.0, 1.5 and 2.0 ml/m?) significantly increa-
sed torato yield over the non-fumigated control. Soil fumiga-
tion 45 or 15 days before planting, however, did not statist-
ically increase yield. These results were obtained inspite
the fact that the fumigations closer to the planting date g
gave better results both in suppreasing nematode population
levels in the s0il and less galling of the roots. Such re=-
dulte may suggest that, under the conditions of late fumiga-
tion and DBOP concentrations used, tomato plants were
adversely affected.

The second experiment showed that: fifteen days before
planting, an overall soil application of DBCP, at the rates
1.0y 1.5 and 2.0 m1/m?, significantly reduced tomato yield as
compared with the non-treated contrcl. Yields obtained from
plets treated by either row or with irrigation water, at all
rates, were less than but statistically insignificant from,
the non-fumizated. These results suggested that DBOP soil
fumigation, under the conditions of the experiment, adversely
affected tomato yield. On the other hand, applications of the
nematicide overall or in rows (at all rates) showed favourable
reduction of root galling, as compared with the non~treated
controls. However, application of DBCP with irrigation water
reduced root galling only slightly. At the lower dosages (1.0
and 1.5 ml/ma), overall application of the nematicide, gave -
aigniticantlj lerger and healthier foliage than all other
treatments.

It was concluded from the third experiment that soil
fumigation with D- D mixture, Nemagon EC and Fumazon EC at
the rates 37.5, 1.5 and 1.5 ml/me, respectively was effective
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against the root-knot nematode. The same respective nemati-
oldes (at the rates 25, 1 and 1.5 ml/m®) and Nemagon Gr. and
Basamid Gr. (at 15 and 40 gm/m2) were moderately effective.
Nemagon Gr., both levels of Vvdate Gr. and Basamid Gr. (at

the rates 10 gm, 12 gm, 6gm and 25 gm/m°), however, were nearly
ineffective and not different from the non- treated control.
Though insignificant #n yield increase, the nematicides less
effective against the nematode, Basamid Gr. at 25 s_;m/'m-2 and
Nemagon Gr. at 10 and 15 gm/ma, gave better yields than the
more effective treatments. Treatments with Vydate Gr. at both
levels, not only were ineffective against the nematode, but it
seemed to have reduced the yield below the non-treated.

Ecology

In the Jordan Valley, a study was conducted on the
population dynamics and effect of M. incognita on different
plantings of tomato. A susceptible tomato cultivar was planted
on s8ix dates at 15 day intervals, starting September 15.
Seedlings planted in Sept. and Oct. were infected in the
seedling stage, even though only low populations of the nema-
tode larvae were present in the soil. Seedlings planted in
Novy and Dec., however, were not infected in the seedling
stage and no nemstode larvae were recovered from the soil.
the nematode resumed its activity at the beginning of the
spring in March and early April and continued progressively
until termination of the experiment on June 1. At the termi-
nation of the experiment roots of plants in all plantings were
galled but severity of galling and the effect on plant vigour
and thriftiness decreused as date of plantirz was delayed

(Abu-Gharbieh 1995. Dirasat 23 61-68).

In another experiment in the Jordan Valley, experimental
plots received: Nemagon EC 75#% pre-plant soil fumigation (75 or
15 days); dry summer hoeing (15 and / or 45 days before tomato
planting on September 15) and removal of the infected root
aystems of the previous crop from the soil. Soil fumigation on
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both dates, similarly reduced the nematode population and
root galling, and produced more thrifty-looking tomato plants.
Under the conditions of the experiment, neither dry summer
hoeing nor removal of root refuse of the previous crop gave
satisfactory results (To be published in J. Nematology) .

3+ The problem of the: root-knot nematodes in Greece. —

C. N. Koliopanos.

Introduction

Undoubtedly the most devastating nematodes to the greek
crops are the root-knot nematodes( Meloidogyne spp. ).

The majority of the samples, dispatched by the farmers
to the various clinic phytopathological laboratories of Greece,
are found to be: infested by root-knot nematodes.

The first report on this nematode is that by Issakides in
1935. He found galls of Meloidogyne app. on tomatoes, okra,
potatdes. tobecco, lettuce, almond trees, apricot trees, dahlia
and eggplants. He considered the infestation to be caused by
Heterodera marioni.

During the next years several other investigators, such
as Ayoutantis, Pelekassis, Triantephyllou, Hirschmann, Kyrou,
Koliopanos, Kourtzipaschalaki, etc., have found root-knot
nematodes on many other host-plants at various locations in
Greece.

Existing species ,

Yore than 85 host-plants have been reported from the
whole: country to be infected by various species of Me;oidogxge.'
The identified species are the following '

1. Meloidogyne: acrita (reported by Kyrou as M. incognita acrita)
» M. arenaria (reported by Hirschmann et al., Koliopanos et al.
and Kyrou) '
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3« Me artiellia (reported by Kyrou)
4. M. exipua (reported by Koliopanos et al.)
S+ M. hapla (reported by Hirschmann et al., and Kyrou)
6. M. incognita (reported by Hirschuann et al., Kalyviotis-
Gazelas, Koliopanos et al., and Kyrou)
7+ M. javanica (reported by Buchelos et al., Hirschmann et al.,
' Koliopanos et al. and Kyrou)
8. M. themesi (reported by Koliopanos et al., &nd Kyrou as
M. arenaria thamesi).

The most prevailing species, according to the number of
different host-plants reported on, are considered to be M.
incognita on 26 hosts, M. javanica on 25 hosts, and M. arenaria
on 22 hosts. The rest of the species have been reported on 6
hoats (M. thamesi), on 5 hosts (M. acrita), on wheat (M.
artiellia), on peach trees (M. exigua) and on cyclamen (M.
hapla). )

A great number of hosts has been reported to be infected
by root-knot nematodes but without the identification of their
spacies ( bad condition of nematode specimens, lack of key
pwblications, etc.).

After personel observations I should say that some other
species of Meloidogyne may exist in Greece and several host-
plants too, e.g. on pome granate trees at Peloponnesus I found
a Meloidogzne species which is probably new one; also the roots
of Echeveria sp. were heavily infected by a root-knot species
which resembles a little to M. acronea.

Distribution
‘ There is no ewidence that the environmental factors
(temperature and rain), as well as tha altitude and latitude
influence the distribution of any particular species to any
partioular region. The three most common species nave been
found everywhere.

Of course an extensive survey is needed for all the
country to demonstrate any particular distribution or geogra-
phic isolation of the various species of Meloidopyne.
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Economic importance

Among the various infected host-plants by root-knot
nematodes the mostly dawaged ones are the following.
- crop8 in the greenhouses, such as cucumbers, tomatoes, egg-
plants, several flownrs etc.
- nurseries of various plants.
- vegetable crops, such as tomatoes, okra, lettuce, eggplants,
carrots, cabbage, potatoes, etc.
- field grown flowers, such as carnation, hyacinth, dahlia,
roses, etc.
- industrial crops, such as tobacco, cotton, sugar beets, etc.
- arboreal crops, such as peach, apricot, almond, olive trees,
etc.
It is very difficult to assess the loss of yield due to
the root-knot nematodes alone, but there is no doubt that some
‘million dollars per year are consumed by Meloidogyne spp.

Control and Research

Until 1960 there was no great interest for the crop
damage caused by nematodes merely because nematodes were known
only by very feu people.

Since that time several seminars and post-graduate
courses have been heid at Benaki Phytopathological Institute
Or elsewhere in the country concerning phytopathology, ento-
mology, nematology and other disciplines. More than 300 agrono-
mists have attended those seminars and courses.

To-day theve is no agronomist in the whole country who is
not familiar with the nematological problems in general.

On the other hand the growers do not consider seriously
the nematode menace. In order to protect their cropa from the
pests, they apply quite successfully the crop rotetion system
in the areas where it is feasible, very seldom the fallow ByS«~
tem, the trap-cropping system and the use of organic fertilig-
érs as a means of nematode reduction.

In certain crops, such as tobacco, cereals, cotton, etc.,
they cut the stalks after harvest, and the root system of the
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plants is then turned out. Thus the root-knot nematodes and
many othes are reduced through the drying action of wind and
sun. The top and roots of certain ocrops used also for fuel,
and thus a great nurber of nematodes is diminished.

The use of nematicides has been increased during the
last 7 years particularly in the greenhouses, nurseries and
certain arboreal crops (mainly cirus trees).

A limited survey on Meloidogyne has been done in Greece.

Also few experiments have been conducted regarding the
control of root-knot nematodes in the field or in the green-
houses.

Rbthing has been done in the area of resistant varieties
to Meloidogyne or other related subjects.

Future work

The existing scientific staff working with nematodes is
very limited in Greece. In the Ministry of Agriculture there
are only 4 agronomists, two doctors in plant pathology with
good knowledge in nematology, and two trained in pematology for
several years. In the University College of Agriculture there
is one nematologist with Ph. D. in nematology and one agronomist
trained in nematology for 3 years.
The chemical companies give help to the farmers concern-
ing the use of nematicides againat nematodes.
The nematological problems are numerous and nematologists -
need to work hard.
The following schedule can be drawn for the future:
= An'extensive survey all around the country to find the
existing species and their geographic distribution.
= Search for resistant natural host-plants to the root~knot
nematodes, mainly wild hosts.
= Propagation of the existing species for further studies.
— EBxperimental work on their control on certain crops with
nematicides particularly new ones.
—~ Genetic studies on various populations.
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4, IMP: Technical research report - Region V, East Africa,
March - June, 1977. - B, W. Ngundo.

The host renge studies described in the February 1976-77
Technical Report, was continued. All plants were used except
Sweet Fotato (All Gold) which was discarded due to a virus
infection.

Sixteen days after planting, one eyg mass from
Molojdogyne incognita and M. hapla was inoculated into each
of the nine plants (Table 2). M. javanica was not inoculated
until 70 deys after planting as nematode species was not
available.

Roots were checked for nematode (M. incognita, M. hapla
and M. jeavanica) attack after 30 days inoculation. Resulta are
given in Table 2. :

Only one plant, Corn, did not correspond with the pre-
vious (February 1976~77) report for plants inoculated with
M. incognita. Three plants, pepper, strawbery and sweet potato
inoculated with M. javanica d4id not correspond with the
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Table . Response of plant species to attack by Melocidogyne spp.

Differential hosts®

Meloidogyne
species Water- Straw- Sweet
Tobacco Cotton Pepper melon Peanut Corn berry potato Tomato

M. incognita:
=- ===omsta (Nc)P - + + + - + - + +
(K)© + - - + - - - - +
(K)d + - - + - + - - -~

M. javanica:
H- Javenica (NC)b + - - + - + - - +
(K)® + - + + - + - - +
(K)d + - - + - + + + +

M. haEla.

- (5c)® + - + - + -+ + +
(K)© + - + - - + + - -
(K)d + - + - - - + - -

®Plant varieties include Tobacco, N.C.95; Cotton, DeltaPine 16; Pepper, California
VWonder; Watermelon, Charleston Gray; Peanut, Florrunner; Corn, Minn A401;
Strawberry, Allbritton; Sweet Potato, Pusrto Rico; Tomato, Rutgers,

Results of the tests carried out in North Carolina.
®First results of the tests carried out in Kenya.

4Second results of the tests carried out in Kenya.



previous report. Similarly, one plant, corn, inoculated with
M. hapla did not correspond with the previous report. Only
two plants, cotton and watermelon corresponded with results
of the tests carried out in North Oarolina. Due to this in-
consistency, the experiment wijl have to be repeated. This
time 10,000 eggs of each nematode species will be used per
Plant per pot; and 40 days after planting and 90 days after
inoculation will be allowed to correspond with the North
Carolina experiment.

* L] * L]

5« Btatus of root-knot nematodes, Meloidogyne spp., in Iran.
Oyrus Abivardi.

IRAN: The land of extremes and potentials
1- Extremes:

Iran's total land area is approximately 1,640,000 square
kilometers, an area nearly as large as Italy, Spain, France and
British Isles combined, with a population of about 36,000,000,
It is a land of extremes and potentials. Altitudes range from
15 meters below the sea level on the shores of the Caspian Sea
to 5,774 meters at the summit of Mt. Damavand, which is higher
than any peak west of the Hindukush in Eurasia. Great differen-
ces in altitudes, have resulted in considerable temperature
changes ranging from a mean January temperature of 20°C along
the Sea of Oman to minus 2°C northwest of Iran. Alternatively,
extreme temperatures of 53°C in the Persian Gulf region to
minus 38°C in the northwest have been recorded. The forests of
the western Caspian receive an annual rainfall up to 2,400 mm,
whereas the desert of Dasht-e~Iut may receive none for many
seasons (6), (Fig. 1).

2- Potentials:

Such wide climatic variations allow the cultivation of
wide range of economic plants normally crown in cold, subtrop-
ical and tropical regions of the world. In relation to the size

26



of Country, however, precipitation and water recources limit

the area of cultivated lands to less than 20 million hectars,

of which only some three million hectars can be irrigated.

:This, in turn, emphasizes the vital need for increase in pro-
ductivity of the agricultural lands to balance the nutritional
requirements of our growing population. Therefore, the principal
goals of the International Meloidogyne Project, properly fit
with the needs and potenials of the Iranian agriculture, and the
aims of our government in agricultural development of Iran.

The root-knot nematodes: History, research and concluding remarks
1= History

As might be expected, the wheat nematode (Anguina tritici)
and che root-knot nematodes (Meloidogxge Spp.) were the first
plani-parasitic nematodes observed in Iran. The former has-been
taught in entomological courses as the "wheat worn", since 1950;
whereas, the latter was observed for the first time in 1956 by
Scharif, unpublished, from Ghasr-e-Shirin from the Province of
Kermanshahan (5).

An important event in the development of Plant Nematology,
in Iran occurred in 1963, when Dr. M. Omidvar Joined the Minist-
ry of Agriculture as the first nematologist of the country. This
date should be marked as the beginning of Plant Nematology in
Iran. Since then, the nematology courses were included in the
B.S. programs of the agricultural colleges in Tahran and Pahlavi
Universities for the students majoring in Plant Protection.
Instruction of nematology helped the students to get aquainted
with plant-parasitic nematodes, and consequently resulted in
orientation of interested students towards this science. Several
preliminary surveys were made by some undergraduate students to
determine the nematode fauna of Iran, from which at least three
surveys included the root-knot nematodes (13).

Growth of interests in this field encouraged some students
to pursue their studies in Plant Nematology, so that the number
of nematologists with doctorate training has recently reached
to six persons.
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2- Research:

Nematological research in Iran began on an organized
basis in 1964, when the first directed research was planned
by Dr. l. Omidvar (Nematologist, Plant Pests and Diseases
Research Institute, Ministry of Agriculture) and the Tobacco
Monopoly Organization, to establish a 5-year project on plant-
parasitic nematodes of tobacco plantations in Guilan Province.
The major part of this project was focused to the root-knot
problems including identification of different species, evalu-
ation of cultural methods of control and testing commercial
nematicides for .heir nematicidal effects under natural condi-
tions. According to the results, three root-knot nematode spec-
ies (M. hapla, M. incognita and M. arenaria) were determined.

A 3- year fallow; and also rotation of tobacco with broadbean
or barley reduced the nematode population (15).

The second directed research on theroot-knot nematodes
was started in 1Y65; as a part of the Regional Pulse Impreve-
ment Project (RPIP) sponsored by U.S. Department of Agriculture
as a joint agreement with the Ministry of Agriculture and the
Plant Organization of Iran. According to Omidvar (14), three
species of the root-kunot nematodes (M. hapla, M. incognita and
M. javanica) were isolated from pulse crops growing in Varamin
at the vicinity of Tehran. Studies on rotation, resistant cul-
tivers, survival, fallow, and possible use of Tagetes sp. were
also included in the proposal. According to the investigator,
further works were required for recommendation of the appropr=-
iate means of control. Studies of Okhovat and his co-invesgti-
gators (8, 9, 10, 11, 12) during 1970-1974 that included numep-
ous data on evaluation of different cultivars of pulse crops
for their resistance, nematicidal trials, rotation and studies
on the host range of undetermined species of the root-knot
nematodes, did not show uniform results. Lack of statistical
analysis in some of the trinls, the presence of ununiform re-
sults and low population of the nematodes in their experimental
Plots, suggest the need for additional investigations on this
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project. Similar results are noticed in the 1975 experiments
conducted by Rassoulian (16).

Excluding these two projects, the research on root-knot
nematodes has constituted almost a minor part of activities of
the Iranian nematologists. Therefore, due to the limited number
of nematologists, gradual growth in their present number,
educational responsibilities, the scope of untouched nematolo-
gical problems, and limitations in firding and funding the
trained technicians, few reports are available on the root-
knot nematodes in Iramn (2,3,4,5,7,13). Consequently, the status
of Meloidogyne species, like other plant-parasitic nematodes,
is not clearly understood. According to the: available reports,
mentioned earlier, a root-knot nematode was first reported in
1965 (5). Other reports have been mainly dealing with distribu-
tion, and hosts of the genus (2,4,5,13). There are also few re-
ports on identified species (2,%,4,5,7,1%), and their control
(3,7,13), (Fig. 1 and Table 1).

Although the root-knot nematodes are essantially hot-
weather organisms, they are not confined to the tropical and
subtropical region of Iran. They have been found to be fairly
comuon on plants growing in the open fields in cold areas of
the northwest of Iran (13). Therefore, it is believed to be
widespread all ovér the country with variations in types of
species and extent of injury.

3~ Concluding remarks:

Our present knowledge indicates that at least four
species of the root-knot nematodes (M. hapla, M. inco nita,
M. arenaria and M. javanica) are present in Iran, on a wide
range of economic plants and weeds listed in Table 1. As a
genus, it has been reported from the following regions in
nine Provinces:

Name of the Province Infested regions

1- Boushehr Borazjan, Boushehr,

2- Central Karaj, Tehran, Varamin,

5= Guilan Ahmed-Gorgab, Astaneh, Bandar Pahlavi,
Behshahr, Ghazian, Lahijan, Rasht, Rood-
sar.
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Name of the Province Infested regions

4~ Fars Ardekan, Fassa, Firooz-Abad, Jahrom,
Kazei'oon, Khafr, Shiraz.

5~ Hormozgan Bandar Abbas, Minab.

6~ Isfahan Ardestan, Badroo, Barkhar, Isfahan,

Khoor-o-Biabanak, Lenjanat, Mourche-
- Khort, Natanz.

7= Kermanshahan Ghase~e~Shirin.
8~ Khugestan Dezful, Abadan.
9- Kohkiluyeh Mamasani.

Although the root-knot nematodes are quite prevalent in
warm climates with potentials of economic injury, control mea-
sures have not been thoroughly investigated to establish the
economic level of injury for any Crop.

According to my observations in the southern Iran, the
nematode does not occur in a uniform pattern in the adjacent
farms with similar soil types. In other word, some farms are:
heavily infested, whereas the neighboring farms with the same
crop have remained uninfested. Since this is noticed in egg-
plants and tomato plantations, it seems that the source of
transplants may be the reason for this ununiformity. Therefore,
studies on the infestation of seedbeds and their correlations
with ununiform distribution of this nematode deserve special
attention. This, if positive, can be an answer to the econonic
control of the nematode infestations in crops initially growing
in the seedbeds.

Due to the high cost of soil fumigation in Iran, as com-
pared with the net income of many field crops, special emphasis
should be made on finding alternative methods of control, where
the chemical control is not economic.

Since, the anthelmintic plants (specially Artemisia cina
and Artemisia absithium) are widely distributed in Iran, the
possibility of their application in the nematode control should
be investigated further (1,3). My previous etudies showed that
the extracts of both plants were highly toxic to a root-knot
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nematode (M. incopnita). Investigations on practical aspects
of their nematicidal activities may throw light to the econo-
mic aspects of the nematode control. /mendments of the infested
soils with the plant residues, and evaluation of the nenati-
cidal activities of the root exudates of the anthelmintic plants
growing in the infested soil should be included in the experi-
ments. Other methods of control also should be evaluated for
“their feasibility.

Parallel studies should be made for determination of the
nematode species and their importance in different localities.
The tropical and subtropical regions, the economic plants, and
the establishment of the role of the root-knot nematodes in
the infested areas should be given specizl priorities.

Due to the lack of trained technicians, establishment of
special training programs will save a lot of time of the nema-
Tologists presently spent for routine works, and will accelerate
the progress of the project.

Table 1.The list of plants infested with the root-knot
nematodes, Meloidogyne spp., in Iran.

No. Name No. Name

1 Tomatoes 13 Sugarbeet
P Tobacco 14 Table beet
3 Dogwood 15 Dill

4 Eggplants 16 Coriander
5 Petunia 17 Parsley

6 Cucumber 18 Carrots

7 Melon 19 Judastree
8 Watermelon 20 Mungbean
9 Squash 21 Bean
10 Musk melon 22 Chickpeas
11 Goose 23 Broadbeans
12 Spinach 24 Peas



Table 1. Continued.

Noe. Name Noe. Name

25 Lentils %5 Pomegranate
26 Cowpeas 46  Mulberry

27 Alfalfa 47 Purslane

28 Okra 48  Basil

29 Red pepper 49 Setaria verticilata
30 Garden cress 50 Potatoes

31 Radish - 51 Pistachio
32 Cabbage 52  Geranium

33 Sunflower 53 Kenaf

34 Pickly lettuce 54  Grape

35 Onion 55 3ilk tree
36 Garden lesk 56  Peach

37 Amarnthus blitoides 57  Willow

58 A. retroflexus 58 Daisy

39 Common mallow 59 Almonds

40 Holly hock 60 Pine

41 Hemp 61 Celery

42 Snapdragon 62 Tea

43 Bird's meat 63 Citrus

44 Silk vine

Summary

Iran is a land of extremes with great potentiasls for
food production. There is a vital need for increase in pro-
ductivity of agricultural lands to balance the nutritional
requirements of the growing population. The principal gosals
of the International Meloidogyne Project, fit with the needs,
potentiala, and the government programs.

Flant Nematology was started late in Iran (1963), and its
progress has been relatively slow in this country. Therefore,
literature pertaining to the root-knot nematodes are limited to



few sporadic reports. Although two projects were mainly focused
on the rpot-knot nematodes of tobacco and pulse crops, still
many qQuestions have remained unclear.

Our present information indicates that at least four
Meloidogyne species (li. hapla, M. incognita, M. arenaria and
4. javanica) are present in Iran. They have been isolated from
many eccnomic crops growing in different climatic conditions.

The present status of the nematode species, the economic
level of injury, appropriate methods of control, and the nema-
tode distribution should be thoroughly investigated. Economic
plants of tropical and subtropical regions should be givern
special priorities. Technician training programs should be
established to accelerate the progress of the project.
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6. The current statua of root-knot nematodes in Northern Egypt.

I. K. A, Ibrahim.

In the past 12 years, the problem of plant parasitic
nematodés in the agriculture of northern Egypt (NE) has become
increasingly recognized. The plant nematodes already present in
NE appear to be of great importance specially in light soils and
the reclaimed sandy areas of the Western Desert (Ibrahim et al.
1976, Oteifa and Tarjan 1965). Certain species such as root~knot,
reniform, spiral, lesion ‘and citrus nematodes are potentially very
injurious to most economic plants. The root-knot nematodes (RKN)
are perhaps the most widely recognized nematode pests in most
agricultural areas of NE (Ibrahim et al. 1972, 1973, 1976§ Ibrehim
and El-Saedy 1976), '

In 1957 the first post-graduate program in plant nematology
was intiated in the College of Agriculture, Alexandria University.
In the present time, there are 12 trained nematologists (3 Ph.D.,
4 MeS., 5 research associates) working mainly on the RKN and
chemical control of nematode pests.

Studies on plant parasitic nematodes conducted in Alexand-
ria University showed that RKN were usually among the important
pests of economic plant crops in NE. Presently, about 5 species
of RKN are krown to occur in NE. These species include;

Meloidogyne arenaria, M. graminis, M. hapla, M. incognita, M.
incognita acrita, and M. javanica. M. davanice and M. incognita

were numerous in most cultivated soils and on many agricultural
pPlants. M. arenaria and M. graminis were less common and mainly
found on peanuts and rice, respectively., On the other hand, the
ocourrence of M. haplu was very low.

Survey studies indicated that RKN were present in 34-86%
of the collected rhizosphere soil samples and this ratio depends
on the host crop and the location. These nematodes were detected
in about 83% of the soil samples which collected from corn and
rice fields in 8 governorates in NE, with an average number of
524 larvae per 100 ml soil. They were found in 34% of cotton soil
samples collected from &4 governorates in NE, with an average
number of 342 larvee per 100 ml soil.,
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Propably M. javanica is the most prevalent species of the
RKN and is followed by M. incopnita. Examples of some host plants
of M. javanica are: alfalfa, almond, apple, banana, bean, carrot,
clover, corn, cotton, grape, pea, peach, peanut, rice, rose, soy-
bean, squash, tomato and watermelon. M. incognita occurred on
almond, corn, cotton, eggplant, pepper, rice, soybean, sugarcane
and tomato. :

We have been studing the occurrence, pathogenicity, life
cycle and histopathology of M. javanica and M. incognita on some
host plants such as corn, cotton, peanut, rice and soybean. To
date, the current research on RKN also involves studies of species
and biotypes of RKN and their relationships to economic host
plants in NE. We believe that IMP (NCs3U) and USDA - Nematology
Division will be of great help and assistance to the current
Meloidogyne research being done in Alexandria University.
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7. Status of root-knot nematode problems and research in

Turkey. — Hasan S. Yiiksel.

In Turkey some researches have been done on various
aspects of nematology, such as biology, taxonomy, chemical
control, etec. In our country, root-knot nematode is one of the
most important problems as in the whole world. Chemical control,
distribution of root-knot nematodes and their relationship with
soil borne fungal diseases have been investigated.

Many parts of Turkey offer different ecological niches
and diversified agriculture, so accordingly, surveys of the
Meloidogyne species were made in five climatically different
regions.

1- Black Sea Region:

This region has low altitude and a well distributed high
rainfall. On the east coast of Samsun tea plants, hazel-nuts,
corn, various kinds of vegetables, strawberries, pears, cherries,
and plums are grown. Hazel-nuts, tea plants and corn are the most
important cash crops. Surveys were made especially on the main
crops and also on the others. Meloidogyne incognita and a setaria
root-knot nematode were found on the cultivated plants and on
some weeds. They were about equally abundant on the cultivated
plants while not on the weeds. Setaria lutescens (Graminae) was
highly infected by the last species but not by Me incognita.
Hazel-nuts, tea plants and corn seemed to be very resistant to
M. incognita and to the other species. Tomatoes, cucumber, beans,
squash, tobacco, egg-plant, pepper were found very susceptible to
them while cabbage was not very good host.

In the provinces at the west of Bamsun cereals, corn,
rice, vegetables, peaches, figs and pears are grown. Rainfall is
high but not well distributed. In addition to the two previously
mentioned species in the east coast, herein Meloidogyne thamesi.
was found on celerly. Cereals, corn, rice and pears were resiste-
ant while peaches and cabbage were moderately susceptible. Figs,
plums, tobacco and vegetables were very susceptible to M.
incognita and to the undescribed species. M. thamesi was very
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rare. M. incognita and the other species were frequently found
tégether, reproducing in the roots of the same plants. The
mixed populations were very common in most of the plants.

2~ larmara Region:

This region has much rainfall but its distribution is
not very good in summer. In Sakarya, Kocaeli, Istanbul, Tekirdag,
Canakkale, Balikesir, Bursa and Bilecik provinces, various
cultivated plants such as peaches, olive, cherries, apples, vine,
walnut, tomatoes, egg-plants, pepper, melon, water-melon, sugar-
beet, potatoes, tobacco, cereals and corn are grown. In most of
the provinces Meloidogyne arenaria and M. incognita were equally
and widely distributed. In Isanbul and Kocaeli, M. arenaria was
more common. Meloidoyyne acrita, M. hapla and M. javanica were
also highly abundant. This region contains abundantly about all
the Meloidogyne species, found in Turkey. In some provinces, as
Tekirdag, Heterodera schachtii and M. incognita together attacked
sugar-~-beet very badly. Peaches were susceptible to Y. incognita.
Tomatoes and egg-plants seemed equally susceptible to M. hapla,
M. arenaria, M. incognita and M. javaniga, while olives, corn,
cereals, potatoes and cherries were resistant to these species.

5= Agean Region:

In this region summer is dry and ho%, winter is rainy.
Snow does not stay long. Vine, tobacco, olive, figs, cotton and
mandarin are the main crops of this region. Fruits, vegetables
and cereals are also economically important crops. Tobacco,
peaches and sugar-beet were susceptible to M. incognita and M.
Javanica. Some vegetables such as tomatoes, egg-plants and okra
were susceptible to M. incopnita, M. javanica and M. acrita and
they were mostly found together, reproducing in the same plant
roots. In Gediz Valley, Sultana vineyards were badly infested by
M. incognita. Spinach was not a good host. The most spreaded
root-knot nematodes, M. incognita followed by M. acrita and M.
Javanica, in order, were recorded in Izmir, lianisa, Aydin, Mugla
and Denizli. M. hapla was present on begonias only in the orna-
mental plant rescarch station in Izmir. M. arenaria was detected
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in the vineyard at Menemen vineyard research station. Possibly
the last two species could be foreisn originated. Some varieties
of cotton are grown in large scale in this region, although
Meloidogyne spp. were not found except within a limited area in
Aydin province. This species was considered under M. acrita
group. Mandarin was very resistant to Meloidopyne spp., only few
plants were found to be slightly infested by M. incognita in
Azmir province. In this region more than 2/3 of the 138 populat-~
ions studied were M. incoisnita (94 M. incognita anc variants);
26 were M. acrita; 12 were M. javanica; 1 was M. hapla and 1 was
M. arenaria. '

4~ Mediterrenean Sea Hegion:

In Antalya, Mersin, Adana and Hatay provinces citrus, mul-
berry, cotton, sesame, banana, many kinds of vegetables and
fruits are grown. Cotton is one of tho most important cash crops. -
1t was resistant to all Meloidogyne specics occurring in this
area. In generel, it is one of the susceptitla plants could be
infected by two, sometimes by three Meloidopsyne species. Some
vegetables wore susceptible to M. incognita, M. Javanica and M.
acrita, while radish, a pepper variety, spinach, leek, cabbage,
water-melon, carrot and lettuce were not. Figs, mul-berry and
celery were susceptible to M. incognita. Olives, apricots,
oranges and strawberry were resistant to all known Meloidogyne
species of this area. M. hapla only infected radish. Bananzs
were susceptible especially to M. Jovanica and somewhat to M.
acrita. Host differences were recorded between southern and
northern M. incognita, where it infects pepper badly in the
northern part of Turkey while the same variety was highly resis-
tant to the same nematode species in the south. I think these
should be different variants of M. incopnita.

5= Microclimate Regions:

Central part of Turkey is at intermediate altitude, has
small rainfall, summer is dry, winter is cold and snowy. LEastern
region is at high altitude (about 1500 ~ 2300 m). Winter is very
cold, summer is short and cool. This part of Turkey has the
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heaviest snow. Both localities have microclimate plains where
subtropical plants are grown. In the eastern and central
microclimate regions M. hapla and M. jincognita were found
respectively.

According to this study the distribution of Mgloidogyne
spp. are influenced by the locality, and population density
depends upon soil texture and host plants. M. incogniip was
dominant at all regions. In Marmara region, the most recorded
root-knot nematode was M. incognita followed by M. sreparia.
In dry regions, such as south and west of Turkey M. acrita
poulations come after M. incognita. Meloidopgyne acritg, M.

incognita, M. javanica and M. thamesi are probably indigenous
at all the localities. Some of the M. hapla and M. greparia

could be foreign originated.

Weeds are very important in maintaining and increasing
root-knot nematode populations, unfortunately a little data have
been obtained on the susceptibility of weeds in my country.
Extensive surveys are necessary on weeds from the stand point
of controlling Meloidopyne species. In some parts of Turkey most
of the major crops have been surveyed but not completed.

Many chemical control works have been done on Meloidopyne
spp. Usually the yield increased about 50% by the application of
nematicides. According to the experimental results, in cabbage
and tobacco growing areas, better results were obtained by
exposing the root systems oy these plants to wind and sun
immediately after harvest and then by applying nematicides.

Some resistant varieties of vines, tomatoes and peaches
were introduced from abroad and tested to M. Javanica and M.
incognita in Agean regioh. Only a vine cultivar was found
highly resistant but the others were moderately resistant to
these two species.

Disease complexes in cotton involving root-knot nematode

(M. gorite) and cotton wilt disease (Yergicillium dahlia) were
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studied. A similar study has been going on banana, "The

rela tionship between Fusarium wilt (Fusarium oxysporium) and
M. javanica and Helicotylenchus muticinctus". Cotton wilt
disease and root-knot nematode exist together, the destruction
was much greater than when Virticillium dahlia occurs alone.

In the southern part of Turkey, especially in winter,
tomatoes, cucumbers and peppers are grown in green-houses
throughout the year except in August. In green-houses root-knot
nematodes are important problem. Due to the recommendations
obtained from the results of experiments, most of the growers
raise their seedlings in fumigated seed beds or in clean soil
and also dig green-house soil two times during the very hot days
of August. This manipulation keeps the nematode population under
economic destructive level. In addition to this integrated control
method, nematicide application drops the nematode population’ Ievel
too low. But from the side of economic view it is not necessary.
The growers easily accepted these integrated control recommenda-
tions becaude of its additive effect of yield and income.

In my contry, the efforts spended using our own possibili-
ties to keep the root-knot nematodes under control still not
satisfactory in suppressing their challenge to us and it keeps
its important place as a pest and spreading year after year.

8. Report on the status of root-knot nematodes Mgloidogyne sp.
in Iraq. — %uhair A. Stephan.

Host of the economic crops have been surveyed for the last
10 years. These include citrus, tobacco, wheat, sugar are, grape
vines and tomatoes. Iraq as a subtropical country, its weather
conditions are very favorable to the activity and survival of
nematodes. The first nematology survey published by Al-Adhami
(1955), reported only one species lieloidoryne javanica attacking
42 host plants. Al-kRawi (1974) identified fieloidopyne thamesi

42



from the roots of cucumber. Stephan (1968 - present) conductel
a general survey to study the different species of Meloidogyne
and their host range in Iraq. Iwo more species were reported,
Meloidofyne arenaria and Me incopnita. More over 29 new host
plants were infected by the different species of the root-knot
nematodes for the first time. This study also revealed that
Meloidopyne javanica is the most widely distributed in Iraq,
with a broad host range. This species was found to be onc of the
most destructive diseases on tomatoes, egg plants and tobacco.
Recently, this species cause a severe damage to date palm tree
at Um Qassir area in Basrah Province.

Research studies included chemical control of root-knot
nematodes, citrus root nematodes and supar-cane nematodes.
Results concerning the use of nematicides azainst root-knot
nematodes showed that, Ethylen dibromide and D= D mixture were
very effective. DLCP, Nemacur and Furadan ranked next in effact-
iveness ayainst this nematode on tomatoes and tobacco Crops.

In Iraq, there are few trained nematologists (1 Ph.D.,
€ MeSce and 3 Beisce)e The major problems that can be considered
on root-knot nematode are on vegetables, tobacco, sugar beet and
date palm trees.

9« Report on root-knot nematodes in Cyprus. — J. Philis.

Root-knot nematodes are considered as serious pests for
Cyprus Agriculture. They are spreaded &1l over the island
attacking many crops all the year round except in winter when
80il temperatures are insufficient for nematode activity. The
nematodes can be found in areas of intensive cropping regardless
of soil type.

Soil and root samples collected occasionally from various
places in the island revealed that Meloidopvne javanica is the

most frequently occuring root-knot nematode. Attack by this
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nematode was found to cause serious yleld losses on tomato,
eggplant, watermelon, okra, cucumber, beans, squash, tobacco,
bananas, peaches and vines. Other species reported to have been
found in Cyprus are M. arenaria and M. incognita.

Work carried out:

Experiments conducted since 1967 aiming at testing the
effectiveness of several nematicides dpplied prior to planting
showed that certain chemicals can control the nematode and
increase yields.

The nematicide D-D at the rate of 385 liters/ha control-
led the nematode M. javenica. in the aoil and increased yield of
eggplants (Solanum melongena) by 100 per cent over the untreated;
The same nematicide at 165 liters/ha was not effective. Also,
experiments for the control of M. javanica on tomato hawe shown
that the nematicides EDB, D-D, Di-trepex &nd Terracur at the
rates of 88, 375, 375 liters and 18 kg a.i./ha, respectively,
resulted in remarkable yield increases. However, nematode popula-
tion in soil and roots at the end of the growing season was not
appreciably affected as compared to the untreated control. This
indicates that the effect of nematicides is more pronounced in
the early stages of plant growth. A trial conducted for the
control of the root-knot nematode (M. javapica) on a newly
established banana plantzition has shown that DBCP (as Nemagon)
applied as a drench in May and November at the rate of 67 liters
8y1./ ha (per year) resulted in gzood nematode control and a 16
per cent inorease in yield in the second year of application.

Also, work carried out for selecting high yielding tomato
cultivars resistant to M. javapjcg have shown that the oultivars
VFN-8, 707682 &nd 72751 planted in late spring in nematode-
infested soil produced fruit commercially acceptable while
nematode development on these cultivars was largely preventede.
Nematode invasion and reproduction on the resistant planta was
not, howaver, fully prevented. Thia, most probroly, indicates
the presence of resistance-breaking biotypes in the species. The
yield performance of VFN-8 in non-fumigated soil compared
favourably with that of Pearson in fumigated soil.
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Major problems:

Considering the serious crop losses caused by root-knot
nematodes in Cyprus and the need to solwe problems usually
prevailing to small land-owners, the following questions should
draw most of our attention:

I. Rapid build-up of nematode populations after harvest, in
soil treated prior planting.

II. Identification of species using keys other than those
describing the perimneal pattern.

II1. Determination of biotypes.

IV. Use of nematode-resistant varieties in a wider range of

crops. (Egsplant, okra, potato, beans, cucurbits, tobacco).
V. Natural control: (a) crop rotation, (b) fallow and (c)
cultural practices.

VI. Use of granular nematicides, mostly ef aystemic action: .
Testing the efficiemcy of systesic nematicides im liquid
form which could be applied safely as sprays at the b
beginning of the growinm: season.

Important crops attacked by root-knot nematodes in Cyprus.

Area under cultivation Value of crop

Crop (hectares) (1000's C )
1975 1976 1923 1376

Tomatoes 1.694 1196 14913 1.62%
Bgg plants 163 155 176 145
Watermelons 1.155 857 806 Y ¥4
Other melons - 612 339 446 342
Okra 75 102 136 138
Cucumbers 747 531 1.110 963
French beans Neds 763 292 222
Bquashes 269 216 376 261
Vines (irrigated) 3.265 3.265 1.500 1350
Tobacco 408 188 23 46
Bananaa a8 136 374 495
Potatoes 8.841 8.433 4,692 18.072
Peaches 711 728 311 217

18.028 16,886 12,255 24,621
10 = 1.39 Sterling, n.a. = Not available.
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10. Root-knot nematodes in the Sudan. — A. M. Yassin.

Species and distribution

Root-knot nematodes are among the most important tropical
parasites. These are widely occurring in river silt along the
Nile bank and also in light alluvial soils, e.g. of western and
southern Sudan; but not under the Gezira heevy clay. They can
infest many crop and weed plants but those geverely affected are
vegetables and tobucco. A totul of 3 species are thus far identi-
fied, Mploidogyge .renaria, M. incogujita and M. Jayanicg, but the
most economically important are the last two (Yassin, 1674).
While }. javapjca can inflict heavy damage, especially in tomato
and tobacco, in the northern sector, M. ingonnita is more pre-
valent in the south, both on tomato and egg plant.

Economic 1mportance

It is difficult to asseas damaie due to root-knot invasion
under the existing system of peasant farming along the Nile bank.
On the other hand, up to 70~ 100% of the tobacco and tomato plants
in pilot farms around Zalingei, western Sudan, might be completely
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devastated by M. javanica. Likewise, in southern Sudan, e.g.
around the canning factory in Wau District, M. incopnita is a
limiting factor in the production of vegetables to supply the
factory. In fact it was responsible for the failure of pilot
experiments in the locality.

Possible control
The majority of investigations were undertaken on M.

Javanica in tomato, since it is the most important pest in this

very popular and widely grown vegetable crop. The main lines

along which control can be achieved are ;=

(a) Cultivation of tomato under heavy clay: This is the most
practicable means of control whenever possible.

(b) Use of resistant tomato lines: Extensive breeding work has
been undertaken in tomato against the root-knot nematodes\in
many countries throughout the world, e.g. the USA, France,.
Italy, Holland and India. All of the 11 imported varieties
tested by the author at the GRS were found to be highly
resistunt to the local race of M. javanica, but resiastance
of many of them degraded after 2 - 3 seasons of test (Table 1)
perhapa due to the occurrence of various pathogenic races of
M. javanica in the locality. Work is in progress to include
other varieties e.g. from India.

(¢) Crop rotation: This is very difficult to devise due to the

polyphagous habit of the nematode.
(d) Chewical control: Several nematicides were found very effect~

ive in increasing tomwato fruit yield and reducing M. javanica
infestation accordingZ to tests undertaken by the author at a
site at Wad Modani river bunk during several seasons (Table 2).
Nevertheless, such chemicals are expensive and rather hazardous
to use under our existing peasant farming.

(e) Cultural practices: Veep pluughing, dry fallow, flooding of

80il and orgunic amendments, as conventional cultural practi-
ced, can be useful.

Future lines of research
Not wore than a few nematoloyrists are at present enguged

q‘?



Table 1. Performance of various touato varietiee towards

the local race of M. javanica (Wad ledani).

The figures refer to wean root-knot index, O = No infestation;
1-3, 4-6 & 7~ 9= mild, moderate and severe infestation

respectively.

1972/73 1973/ 74 1975/76

VPN - 8 (UJA) 0 0 0
VFN - BUSH (ULA) 0 1
Motubo (Francue) 0 0 3
Rossol (I'rance) 0 0 4
liersol (France) 0 0 5
MON-144 (Uaa) - 0 5
owano lik (Hollend) - - 5
Ronita (Italy) 0 0 6
Marsol (Prance) ¢] o )
FEN = 144 (USA) - 0 7d
Anahu (UCA) O - -

P HY -

Local (Gezira)

-~ = No. bLestad.

§ = Root function largely iwpaired, often wilted pluants.

48



Table 2. Effect of selected nematicides against the local race

variety of tomato.

of Meloidojgyne javanica from the Gezira on the local

Treug?ents ?ﬁg?p{ig%g ;ggg,géagéi ggifins

197071 Terracur 0.66%E% 25 x 75 44X
Methomyl 54 G 0. 41%% 27 x 72 2.5%%
DBRCP 0.51%% 21 x 68 6.3%
Lazomet 0. 39%% 23 x 66 5.6!
Thionazin 0.22 24 x 69 6.9
Methomyl 90» wp 0.19 25 x 66 75
Controel 0.2% 21 x 62 79
5.E, 0,089

1971-72  Methum sodium  0.G9=X 21 x 55%  3,0%*

(Average D - D 0.00% 19 g 44 0, 6¥x

of 2 Terracur 0.60% 21 x 53 3, 0%%

plots)  DBCP 0.57% 18 x 47 4,0%*
Oxamyl 0.G7%* 18 x 48 5.6
Methomyl 5~ G 0.65%% 19 x 51 5.0%
Prophos 0.60% 18 x 45 5.0%
Control 0.32 18 x 49 6.0
8.E. 0.074 '

1972-73 Methew sodium 0.33%%% 22 x 56%%  1q,0%®
Prophos 0.11%% 15 x 58‘II 1.5‘1
DECE 0. 15%* M x 3 2,5%
D-D 0.09%% 13 x 35%%  2.5%
Methomyl % G 0,0u%" 8 x 2% 2.0%
Oxanyl 0.0y M ox 34t 2.6
Terracur 0.06 12 x 32 2o
Control 0,04 9 x 27 ol
Selie 0.0u8

l’ fl, ul PII0.0S'

(1) for dosage sce the test.
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nematological investigations throughout the country. It is
therefore necessary that nematology research be supported by

the supply of more funds, better transport, better equipments
and the appointment of quslified staff. This is in order to
tackle many of the yet untouched nematology problems, especially
those of root-knot:

(1) Integyrated controls
(a) Rotation: Test of local crops or crop varieties for
resistance to M. javanica.
(b) Resistant test lines: Expansion of present tusts to

include other more recent lines and undertake routine
and yearly tests.
(c) Chemical: Extended use of modern nematicides.

(¢) Mode of persistence of root-knot nematodes.

(3) Ecological behaviour, e.g. of M. Jaygnica in relation to
s0il type: heavy clay viz. light river silt.

(4) Possible occurrence of biotypes.
References:

Yassin, A.le (1974). Root-knot nemutodes in the Sudan and their
control. Ncewatologia Mediterranea 2; 10% - 112.

11e  Status of rovt-knot nemutodes, Meloidopyne 8ppe, in the

Yeuwen Arabic Republlic. - R. A. Oikora,

Introduction

The Yemen arublc fepuulic covers an area of 155,000 Kmﬁ
and is inhabited by 5 million pueople; BU to &Y peccent directly
or indirectly concerned with agriculture. Approximutely 88 pere
cenl of the total area in agricultural use is devotod to cerieal
production, mainly soribum, millet, barley, wheat and maize, in
thelr ovder of importance. The remaining 10 percent, is planted

50



to a wide variety of crops the most important being: legumes,
cotton, vegetables, grapes, stone fruits, tobacco, coffee,
potato, sesame, citrus, banana, sugarcane, catha and peanut (1,
2). 'The country can be divided into the following geographical
zoness coastal plain, southern-westera uplands, terraces, upland
high plateaux, and the eastorn uplands. the major soil types and
crops grown in the five zones and the meﬁeorological conditions
existing in the ureus are piven in figures 1 and 2.

Hematology

There is a serious shortage of trained personncl in plant
protection, particularly in newatology. Information therefore,
on the presence and distribution of root-knot nematodes in the
country is, ‘or the most part, nonexistent. Experts working for
various international agenciea hawe conducted surveys for plant
diseases and have reported the presence of root-knot nematodes
on a number of crops (4, 5). An extensive survey covering all
5 zones was cunducted in 1977 for the West German Agency for
Technical Cooperation (GTZ2). The information which follows has
been taken largely from that survey (3).

Root=knot in Yemen

Species of Meloidaiyne were found in 33 of the 110 fields
sampled (Table 1). The isolates were identified using standard
techniques in the Institut fiir Pflanzenkrankheiten in Bonn.
A select number of populations and related ecolopgical data were
s8ent to the International Meloidogyne‘Prodect in North Carolina.
Of the 33 root-knot populations examined the most comuon proved

to be M. incognita (60x), followed by M. javanica (354).
Meloidogyne erenaria and M. hapla were not found in the samples

taken. Root-knot larvae were found in a number of samples (5u)
where galling was not observed e.. coffee, apple and cotton.

The presence of root-knot in percent samples in the
different geographical regions was as follows: coastal pluins B7A,
southern~western uplands 30:i, terraces 104, and upland high
plateaux. 3. The hiphest levels of detection, and grentest crops
losses were observed in the production areas located at low
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FiGUre 1:
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FIGURE 2: ELEVlTiON, ANNUAL TEMPERATURE AND RAINFALL
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Table 1. Occurrence of plant-parasitic nematode genera and

gapecies from all 110 samples collected in Yemen.

Frequency of Percent of
Nematode
occurrence samples
Aorolaimus 1 0.9
Anguina tritici 1 0.9
Aphelenchoides 3 2.7
Apbelenchug 18 16.0
Criconemoides 5 4.5
Ditylenchus 2 148
Helicotylenchus 30 26.8
Hemicycliophora 4 3.6
Heterodgra 3 2.7
Hoplol g 17 1542
Lopgidorys 1 0.9
Meloidogzyne 33 29.5
P epchus 8 71
Eratylenchus 33 2945
Psylenchus 1 0.9
Rotylenchulus reniformis 13 11.6
dScutellonema 3 2.7
Tetylenchus 1 0.9
Trichodorug 1 0.9
Tylenchorhynchus 33 29,5
Tylenchulus semipenetrans 12 10,7
Tylenchus o 50 .6
Xiphinema .3 2.7
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elevations where high temperatures, sufficient rainfall, and
multiple cropping in one year, favor root-knot build up.

Host range and economic importance

In table 2 the hosts known to be attacked by rpot-knot,
as well as, the production area is presented. Severe damage has
been observed on pepper, tometo, potato, squash, eggplant and
banana. Tomato seed beds were often severely infested with both
M. incopnita and M. javanica; an important means of spread to
adjacent uninfested fields. Overwstering, luck of sufficient
fertilizers and other adverse factors in addition to severe M.
incognita attack were responsible for heavy losses in banana
production. There was a direct correlatien between M. incognita
population density and the presence of root-rottimg fungi,
notably Fusarium gsolani and Rhizoctonia ep. in the root system,
in fields in an advanced state of decline.

Control

Nematode control is nonexistent mainly due to the lack of
knowledge concerning the importance of root-knot nematodes to
production. Present rotation systems which often include such
non~host or poor host crops, as millet, sorghum and meize do ;ive
a certain amount of 'unintentional' control. In many cases, how-
ever, the practice of planting highly susceptible root-knot host
plants i1t between the rows of these non-host crops has reduced
ite effectiveness in reducing the root-knot population. lemati-
cides are seldom seen on the market, and programs for the
incorporation of resistant varieties into the production process
have not yet been established.

Outlook

Root-knot nematodes will continue to be a problem until
trained plant protection people are available. A Plant Protect-
lon Agency established in Sana'a by the West German Agency for
Technical Cooperation together with the Yemen Ministry of Agri-
culture is presently training locsl agriculturalist for extenaion
work in plant protection.



Table 2. Major crop plants, production area, and present

Meloidogyne host status in the Arab Republic of Yemen.

Crop Production area Area in Host
1000 ha % status
Cerials 1434 o4.0 -
Legumes 40 2.0 -
Potato 4 0.3 +
Grapes 4 0.3 -
Dates 100000 Trees - -
Coffee 300000 Trees - + 1
Catha 8 0.6 -
Vegetables 8 0.6 +
Fruit 63 4.3 + UV
Tobacco 4 0.3 -
Cotton 12 12.0 + 1/
Sesame 1 0.1 -
Banana e 063 +
Eggplant - - +
Squash - - +

1/ Root-knot larvue detected, no galling observed.
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12+ The root-knot nematode in wsaudi Arabia. - M.lM.Me Bigoa.

The cosmopolitan nematode pests of the gonug Meloidopyuoe

occur widely in J.A. They appear to be the mout ¢ommon nemubode
pests of the Kinpdom. Root-knot diseases wera reportad in 8.A.
by Ayoub (1959), Hatour (1963), Fatmi (1969), and Murtin (ra71).
Since none of Lhese investipators were trained nomtitolopists,
they did not idoentify Lha actual specles, the species cauuing

tho obucerved syuptoms.

My own observations sup;est that the most speaies of
vconomic plants are attacked by root-knot nemstode in Saudi
Arabia. Serious reductiin in crop yleld occur in vepotableo,
especially cucurbits, legumes and wost solanaceous vpecies.
Grape~vines are nlso highly susceptible. doot-knot nemutodes
infect dato-pnlm roots (without causing alls) and neverely
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attack peach and other stone-fruit trees and many ornamentals.

89ils in S.A. are mostly light and sandy, and favor
reproduction of Meloidopyne species. The Environmental stresses
assoclated with aridity and severe climatic conditions tend to
increase the destruction caused by Meloidopyne infestations.
The most Saudi soils are extremely low in organic matter; as a
result, predators, migroorganisms, and other natural enemies,
of nematodes seldom are present in effective numbers.

Soil-plant water relationships affect both nematode popu-
lations and the degree of injury to plants caused by the pests,
At higher altitudes, in the mountains in the western part of
Daudi Arabia, crop gamage caused by root-knot nematodes tends to
less severe because of higher rain fall and lower temperature.
Maximum root-knot damage occurs in arid areas where crop pro-
duction depends entirely upon irrigation. Excessive concentrations
of soluble salts in irrigation water impose stresses on plants.and
thus increase the severity of nematode damage of those plantas.

Inadequate water supply is the most important factor 1imit-
ing agricultural production in Saudi Arabis and nearly all inten-
sive farming depends upon irrigation water pumped from wells.

Farmors usually prefer to cultivate lands near the well
inorder to avoid constructing drains and water channels to criTy
water for long distances. As a result, some lands remain under
cultivation year after year. Undor such traditional conditions
good management practices, including proper crop rotation, are
not practiced and nematode populations tend to reach high levols,
endangering the production of the agricultural Crops.

In short, plant-soil-water relationships need to be
thoroughly studied in the irrigated desert agriculture practicud
in Saudi Arabia. Lvidence of the severe damagie under $.A. arid
conditions and nematode infested lund, caused by nematodes 1is
given by the photographs (PFigures % -7) showing syuptoms of plant
injury caused by the southern root<knot nematode, Meloidorvyne

incopnitu in sowu wajor Saudi crops.
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Cultivars highly resistant to the root-knot nematodes
would be the best hope of reducing crop losses if and when they
are available. However, arid ecological conditions and other
environmental stresses on growing plants, in addition to the
newly produced “pathotypes" (Oostenbrink, 1971), may lessen
inherited resistance of improved varieties; this it a subject
that needs study in Saudi Arabia. .

The multi-scientific-efforts of IMP personnel offers to
us the hope of fruitful cooperative efforts on an International
base for human welfare. Especially for countries where tradit-
ional agriculture still dominates, cooperetion and technology
may help avert the frightful starvation threatening the World's
whole population in the next few decades.

13. A note about Meloidogypa problems in Morocco. — M. Ammati.

Introduction

In Morocco, the agricultural income is mostly based on
citrus and vegetable crops. Unfortunately, those crops are
subject to serious diseases which is a peoblem for their
intensification. Among the plant parasites, concerned, nematodes
cause a great damage on vegetable orop areas. Some invoustigations
wers carried out about nematode surveys in many moraccan area
(Ritter and Scotto, 1976; llo Donald, 1975)., Other workers dealt
with biological aspects of some nematodes such as Tylenchuluy
semipentransg (Vilardebo 1967), Heterodera rostochienais (Lehliiber
1975) and Ditylenchug dipsaci (Sclliiter 1976, 3chreiber 1977).

Until 1976, no research was done on Meloidoj:yne uhder
Moroccan conditions, because of lack of specialists, thus the
plant pathology depurbument al Hosgan IX Institube, hus designed

a part of activities to plunt nematolopy research us woll ag
teaching.
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The first attempts on Meloldojyne sturted on ieptember
1977. these studies deal with the nemutode fauna ussocinted
with Autuwn tomatoes (grown from July to December) and spring
towutoes (grown from Jan. to June), along the atlantic coast.

I will present here the first results obtained and the

rescarch progrum for the coming years.

Materials and methods:
‘l= Locution and type of crops

Surveys have been done on 3 different sites, in the
coastal area of Hohammadia. Observations concerned the Autumn
tomatoes, grown with local techniques. Samples were taken at
the end of the growing season in soils where nematode suscepte
ible varieties (Exhibition, Eclaireur (VR) and Canari) were
grown.
2~ Type of sampling

Samples were taken in the rhizosphere of tomatoes by a
Lhandle shovel at 20 cm depth. Each sample containe moil and
roots of the plant under which it was taken.
3=~ Processing details

Nematodes are extracted from soil and rcots by a method
derivative of those described by Caveness and Jensgen (1965) and
Delmasso (19Y66). Nemutodes extracted in 5 ml volumes of final
suspension were identified and counted.

Results:

Extraction rosulte are given in numbers of free living
neaatoaes per 100 gz of soil and numbers of endoparasitic forus
per 1 g of roots. Those results are yiven in Tables 1 and 2.

Discussion

The results fipured on table 1, concerning measurments
relative to larvae total length and "a" value suyisest species
closed to M. javanica and M. incopnita (Chitwood, 144Y),
Pattem observutions confirm M. Javanica, especially in astation 1.
This will be accurately confirvmed by the biolopicual Leat and Lhe
biochemicul analysis.



Table 1. Measurements taken on Moloidopyne larvae.
Totul . - btylet
Location longth,)l a" vualue ¢" value 10ngth,)1
Station 1 390-4350 2148=2703  7.59-9.05  13,0-1%.95
Station 1I 400475 23.5«28.0 7¢50=10.0 1 e5«1%.75
Station 1II 400-417.5 24.,2-50.27 7:04-10,0

15,85=14,.5

Total length

Maximum dismeter

Total length

Tail length

For all the larvae observed, the rectum is not dilated.


http:24.2-30.27
http:7.59-9.05

Tabla 2. Average of nematode populations observed in the
three stations experimeiuted.

Station I S8tation II 3tation TII
Genus { 4 5

K Frequency A Freqpency A" Frequency
1) Boil,
Meloidoyyne,2nd
———'Efﬁﬁg—farvae 779 87 199 62 8 73
Heterodera 0 0 24 8 0 8]
Tylenchorhynchusg 42 96 2 79 3 %
Heligotylenchus 0 0 0 0 3 b5
Pratylenchus 9 4 0 0 4 9
Puratylenchus 32 25 31 8 2 18
Ditylenchus 0 0 0 0 1 80
Aphe us 17 58 41 93 3 63
Tylenchusg 19 75 25 62 1 &4
Free living

nematodes 303 100 376 100 38 100
Other dorylaimoids O 0 18 5 1 50
2) Roots
Meloidopyne
- 2nd stage larvae 530 50 249 27 10 30
- Other stages 43 25 40 4 0 0
- Females 35 20 34 9 ) 0
- Egga 2851 58 1357 27 400 50
- Males 5 4 3 2 o 0
Heterodera, Znd
staga larvae 43 8 55 2 0 0]

5, A: Boil: number of newatodes/ 100 g of amoil,
Roots: number of nematodes / g of roota.
kach number in the table ia the aversge of sumples Laken as
follows: Station I: 24 samples, Jtation II: 44 samples,
Station I1I: ‘12 samples.
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704 of the eiphty sauples processed contain the genus
Meloidogyne (Table 2). This shows their importance in the 3
observed stations.

The amount of inoculuw inoculum in the soil and roots
varies from station to station. This variation could be due to
differences in thetype of soil and agricultural practices. |
Heavy infestations were observed in station I and 11, where
tomato is grown yearly with potatoes as intermediate orop.
This aids to mutiplication and conservation of the inoculum
in the so0il (Webster, 1972).

In station III, the infestation level of Meloidogype is
lower, because of pretireatment with D-Dy (Dichloropropane =
dichloropropene). SBevere damages due to Fusarium oxysporuym f.sp.

lycopersici and Verticillium dghlise were noticed.
Mgloidogyne Reseurch Projec. in view: T

We sugiest for the coming years a program that can be

summarized as follows:

~ Identification of Meloidogyne species under Morooccrai
conditions

- Geographical distribution and major host crops of Meloidogype.

- Effect of environmental conditions, with emphasis on the
Melojdogyne -

- Determination of the economic injury level in different
situations in order to Justify treatments.

- dtudy the effect of orop rotations.

- Investigation of the interaction between root-knot nematodes
and Pugarium or Verticillium wilts.

- Introduction of the resistant varieties and their test under
moroccan conditions.
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14. Btate of knowledge concerning root-knot nematodes in Iran.

Hassan Mojtahedi.

Knowledge about the Phytonematodes is relatively new to
Iran. The first Iranian with training in nematology graduated -
from England and returned to Iran in 1963. He wrote the first
persisn text on nematodes in 1968, ostablished an independent
research department within Ministry of Agriculturs in 1970, and
offered the firat formal nematology course in 1970, Today,
fortunately, there are sevsn well trainsd nematologists in the
country, five of them assigned with the universities and swo
with the Ministry of Agriculture. FPormal nematology courses are
no¥ offered in two major universities, and nematological res-
earch papers appear occesionally in Iranian Journal of Plan
Pathology. )

The earliest report on the presence of root-knot nematode
was recorded by Sharif (Sharif, 1956 cited by Barooti, 1974).
Hs observed galled roots of tomato in Ghasr Shirin and hinted
that the causal agent to be Hgterodeva garioni. From the same
area I have received root samples to be infected with Maloidagyne
daypniga. Later, in 1968, Omidwar reported that three root-knot
nematode species nemely, M. aronaris, M. hapla snd M. incognita
are widely distributed in the country (Omidwar, 1968), This
report however, has not been fully substantiated by others.

Though M. iggognita has teen found in Shiraz (Abiverdi,
1971)y Gilan (Kheiri, 1972) and Iafahan (Barooti, 1974), but the
other two apecies have not been reported from elswhere except
Gilan (Kheiri, 1972). Sturhan, doing en extangive survey in the
ocountry, noted that M. javanjga is present in Moghan (unpublished
record). I have found the same nematode from Keruanshah, Isfahen
and Kerman. As can be seen, this latter species has been collected
more ofton than the previous three species.

Although few sti ‘ies have been conducted on the chemical
control of root-knot nematodes (Omidwar, 1968; Omidwar et al.,
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1973; and Mojtahedi et al., 1976) however, the knowledge on the
ocourrence, biology, population dynamiocs and ecology of these
nematodes is scanty (Omidwar et al., 1973; Barooti, 1974).

The major problem challanging researchers in Iran is the
fact that the researchwork itself is not fully appriciated and
its place in common 1life is not felt. There are however, few
specific and urgent problems to be solved namely: difficulty of
access to the literature and lack of experience of most of
researchworkers in the area of taxonory of the nematodes. It is
refreshing to learn that the cooperation with IMP will have
definit impact on resolving part of these two aforementioned
problens.
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EFFECT OF SOIL ENVIRONMENT ON ROOT-KNOT ACTIVITY AND

DISTRIBUTION

8. D. Van Gundy

Dopartnaht of Nematology
University of California, Riverside, California.

The soil environment is a constantly changing habitat of
physical and chemical factors. 8ince they are also interrelated,
iV is difficult to relate nematode distribution, population levels,
pathogenicity, etec., to any one factor. In addition to the. gsneral
effecis of soil temperature; scil moisture, soil seration, soil
texturs and soil solution are important factors which should be
glven oconsideration in the ecology of nematodes (8tolsy and Van

Gundy, 1968).

Binply stated, soil can be thought of as a three~phase model:
solid, liquid and gas. The solids may be inorganic or organic. The
liquid usually contains a variety of ions and gases. The gas phase
is inversely prop: rtional to the liquid phase. The solid inorganio
phase is made up of sand, silt and clay particles and these may be
mixed in varing degrees. Most studies in the soil have been to
isolate various segments of the aystem and study them separately.
The pest ranagement approach for the future should approach the soil
environment from a holistio point of view.

Boil moisture is an important factor because nematodes are
dependent upon water for most of their activities. In moist soils
(40-60% of fieid capacity) nematodes are active and move thxrough
the soil ocavities in water films. In dry soil: nematodes besome
inaotive and go into anhydrobiosis or they may eventually die due
to desiccation. In extremely wet soils nematodes often become
inactive and may die because of lack of oxygen. Therefore, it is
extremely difficult to separate soil te:ture from 80il moisture
and soil aeration.



The distribution of Meloidogyne spp. in agricultural soils
in Celifornia (Siddiqui et al., 1973) and East Africa (Whithead,
1969) have been surveyed in some detail. In California M. hapla is
distributed throughout the agricultural areas but has a tendency to
be more common in the cooler coastal areas. Meloldogyne incognita
and M. javanica are more commonly found in the hot interior valleys,
while M. naasi and M. thamesi are found in cooler ccastal and north-
ern areas of California primarily restricted to barley and potatoes,
respectively. In Africa, M. hapla was found in many areas of LEast
Africaj 1t only flourished at high altitudes (6000 ft. and above).
Meloidogyne javanica and M. incognita were restricted to areas below
6500 ft. This general pattern is typical of numerous other observa-
tions on the world-wide distribution of root-~knoti nematodes.

There are numeroua observations and reports suggesting an
association between so0il type and distribution of root-knot apecies
or the severity of disease expression caused by various root-knot
species. Sasser (1954) has reported that infestations of M.
incognita, M. incognita acrita and M. hapla are more severe in
sandy loam soils than in the heavy clay soils of Eastern Maryland.
In Galifornia, the root-knot nematodes are a major problem on the
coargse textured soils of warm interior Imperial, Coachella, and
Ban Joaquin Valleys and a relatively minor problem in the non-
irrigated coastal fine-textured soils. In Arizona, the heaviest
infestations of M. incognita acrita ocour on the coarse texture
soils (O'Bannon and Reynolds, 1961). On the other hand, Whitehead
(1969) the relative frequencies of M. javanica and M. incognita in
East Africa were not correlated with soil texture. Even though there
are variable and conflicting observations, it geuerally appears that
the various species of root-knot nematodes ocour in a wide-range of
80il %ypea but that the damage to orop plants ie often accentuated
on sanily &oils or sandy patches within a given field. Damage,
particularly in the field situation, may, in part, be related to
moisture stress experienced by infested plants on sandy soils.
Therefore, d.stribution of a species and damage by a specieas as
related to 80il texture may be quite different. In detailed labora-
Yory studies (Wallace, 1969) particle size had a significant effeot
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on the numbers cof larvae hatching from egg sacsj highest numbers
in fine sand (150-25%0u) and lowest numbers in coarse sand (%00 -
1000 u). Reproduction rate was highest in the coarae sand and
invasion of roots was highest in fine sand. The moisture distribu-
tion in pore space is also important and closely related to soil
texture. In general, maximum hatch of M. javanica occurs when most
of the pores are emptied of water and corresponds to a stage of the
moisture characteristic which is sometimes called field capacity
(Wallace, 1966b,1968b). The effects of moisture are also closely
associated with aeration. Wallace (1968a) found a linear relation-
ship between rate of hatch of M. javanica and oxygen concentration
over a range of 5% 0, to 20% 0,« No hatch ocourred in the absence

of oxygen.

Exposures of embryonated egps to anaerobic conditions for
short periods (1 week) appear to be lethal presumably from buildup
of lactic acid within egg shell. At low oxygen levels, metabolic
and movement activity of larvae is reduced and the subsequent
infection rate is reduced. Continued low oxygen levels around
larvae and females within plant roots caused correspondingly
reduced growth and reproduction (Van Gundy and Stolay, 19613 Van
Gundy, et al., 1967). The effect of 0, on invasion, movement and
hatoh of M. hapla in organic soil appears to be modified by the
level of CO, present. Wong and Mai (1973) found the activity was
not adversely affected at 10% 00, but was at 30% CO,. High suction
potentials directly or indirectly because of incoreased aeration
induce high metabolic acvivity in M. Javanica larvae cauaing thew
to be using up body reserves faster and thereby reduce their
survival time in soil (Van Cundy, et al., 1967).

Root-knot nematcde survival in fallow soil is variable
depending on soil conditions, climate and 1life ztage (egps or
larvae) of the nematode when adverse conditions arise. Martin
(1967) in Southern Rhodesia found that M. javaniga was not
eradicated in weed-free soils after 51 months even though there
was a gradual decline in infectivity. A number of other workers
have studied the dacline of various species of Meloidogyne in
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fallow soils and have found that one growing season and one wWinter
season decreased infection by root-knot and eliminated serious
damage in succeeding susceptible crops. In studies by Van Gundy, et
al. (1967), they found that some root-knot larvas found nichea in
the soil that favored their survival and reduced their physiological
aging. A factor which favored such survival was reduced aeration
which may ccmmonly occur in micro niches. Recent studies by Towson
(1977) suggest that some root-knot larvae of M. Javenjce may survive
best in soils with a soil moisture condition of 1.1 bars suction.
These nematodes appeared to be in the survival state referred to as
anhydrobiosis. Recent work in Senegal by Demeure (1976) suggeats
that Mplojdogyne populations decrease repidly in soil under clean
fallow during the dry season but were not erradicated through one
season particularly at the 20 - 40 om depth. The persistance of

the Mgloidogyne populations was attributed to the survival of eggs
and perhaps juveniles enclosed in gelatinous egg masses that tolera~
ted the dry soil conditiona. The horizontal and vertical movements
of Meloidogyne jayapica bave been studied by Port (1976) in Senegal.
He found that M. javaniga larvae were able to move 75 om vertically
and 50 cm horizontally from tomato roots and penetrate in large
numbers. Susceptible varieties exerted a greater attraction than a
rosistant variety. This may acecount for many examples of root-knot
infections in surface soils apparently free of root-knot larvae.
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ROOT-KNOT NEMATODES IN ITALY

Franco Lamberti
Laboratorio di Ne=zatolugia Agraria del C.N.R. - 770126 Bari, Italy.

Five species of the root-knot nematode Meloidogyne Goeldi
Lhave been found attacking cultivated plunts in Italy.

The commonest species is M. incognita (Kofoid et White)
Chitwood which is distributed through all the country and which
causes remarkable crop losses on some fruit trees (as peach and
olive) and on various vegetable, industrial and flower summer orops.

Among the most damaged cultures are undoubtedly tomato,
cantaloupe and watermelon on which reduction in yields up to 50%
have been observed. Attacks of these nematodes have gaused in.
eggplant fields, in southern Italy, yield suppressions between
30 and 60%. Less destructive is M. incognita on pepper, never were
observed crop losses higher than 15% with this species, probably
because of the fact that the culture is planted early in Maroh,
when soil temperatures, below 15°0, are unfavourable to the develop~
ment of the nematode. Complete destruction of oriental tobacoo
fields planted in late April or crop losses of over 80% of early
May sown sugarbeet have been often encountored in heavily infeated
fields in southern Italy.

Other plants frequently attacked and severely affected are
carnation, cucumber, celery, artichoke, carrot, garden beet,
anemone and white clover.

Meloidogyne javanica (Treub) Ohitwood is more widespread

in the southern regions where attacks tomato, eggplant and carnation.
A population of this nematode have been found damaging young citrus
seedlings in a nursery bed in Bicily but it failed to reproduce on
this host.

Meloidogyne arenaria (Neal) Chitwood and M. hapla Chitwood
are rather rare. The first have been sometimes found on heavily
galled roots of peach trees or on roots of tobacco and carnation
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plunts, while the second attucks wmainly winter crops as currot ov
potutces. Vamusges caused by M. hapla have been often observed in
plantations of actinidis in northern ahd southern Italy.

Finally, M. passi Franklin resulted to be present in 174 of
declining durum wheat fields sampled in southern Italy.

The wide polyphagy of the most important species of the
root-knot nematode makes very difficult its control with cultural
methods as rotations. The use of resistant varieties ean be the
moat economical practices for the farmers. However, in many
instances the available resistant varieties are not well accepted
on the market. Therefore chemical control remains still a practical
method to limit the damage caused by these destructive nematodes.

Pumigant newmaticides conteining 1,3 dichloropropene (1,3-D)
a8 active ingredient are the moat widely used and give excellent
results when the soil to be treated is appropriately prepared.

Rates vanging from 200 to 500 1/ha of D-D or from 150 to
250 of Teloane give usually economical control of root-knot nema-
todes on several annual crops. More difficult is the case in yhich
perennials must be planted in infested soils, since an higher
degres of control is required to avoid rapid reinfestation of
plants which should give a profitable production for a numbar of
years.

Doses as high as 2,000 1/ha of D-D have been sometimes
applied in this situation and not always the results have been
satisfactory.

Mothyl bromide is a very efficient totipotent pesticide
which gives excellent control of root-knot nematodes. However, it
is rather expensive und sometimes arises problems of residues in
edible parts of planta. Moreover, it cannot be used with some
plants as Liliaceae and Caryophyllaceae which are very senuitive
to bromine.

Bromine residues and phytoxicit; problems can be encountered
also in crops grown in soil treated with Ethylene dibromide (ELB).
This chemical is as efficient as D-D in controlling the nematodes
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and can substitute D-D when soil temperatures are too higk for
its application. EDB, in fact, is much less hydrolized than +,3-D
at high temperatures.

DBCP (1,2-dibromo-3-chloropropane) although effective in
killing root-knot nematodes is very little used in preplanting
treatments aince betiter results can be achieved with less expensive
nematicides as 1,5-D or EDB. Its dispersion in the soil requires
abundant irrigations end it is preatly affected by the content of
organic matter in the soil. As & curative treatment DBCP does not
give, sgainst Meloidogyne, economically acceptable resulta, since
it would not peretrate the infested roots to kill the endoparasitie
stages of the nematode.

Limiting factor of Dazomet are its persiastent phytoxicity,
for which a long interval is needed before “reatment and planting,
and the necessity of a high aoil humidity to be effective. When
applied in winter crops in suitable environmental conditions gives
very satisfuctory resuits.

The nematicidal activity of Metham is rather modeat as
unsatisfactory is, usually, the control of root-knot nematodes
with application of thionazin.

Among the chemicals of more recent formulation the systemis
aldicarb has proved in different situationa to be effective againat
Meloidogyne spp. However, a large use of it might imply problems of
residuea, having two very persistent metabolitea: sufoxyde and
sulfone,

Much less persitent than aldicarb is carbofuran whioch,
conversely, is also less effective against root-knot nematodes and
can be toxiec to some crops when used in alcaline soils.

Another carbam:te oxime is oxamyl, actually more efficient
in its liquid foruriations than the granular. In fact, the granules
applied to the soil rapidly decomposed in waruer climates, while
the emulsion sprayed on leaves is basipetully translocated in the
roots where can prevent nematcde infestations for two to three
weeks.
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The granular formulation of the organo-phosphate phenamiphos
givea outstanding control of Meloidogyne spp. The results with it
obtained, usualiy, compete with those obtainable with soil fumigants.
Its peraistence is high also in werm climates.

Very little persistent is ethotrop, a non systemioc nematicide
which, when applied at optimal time to prevent root-invasion by the
second stage juveniles of Meloidojzyne performs satiafactorily.

Bteam sterilization of the soil gives an excellent control
of root-knot nematodes, however, it is costly, unpractical because
of the equipment it requires, and can be efficiently adopted only
on limited surfaces as green-houses or plots with very intensive
high cash cultivations.
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1I.

I1I.

GUIDELINES FOR CONDUCTING DIFFERENTIAL HOSYT TELSTS

FOR MELOIDOGYNE SPECIES

Colleuting Root-knot Nematode Populations

Field populations are intiated by collecting soil
samples from a Meloidogyne infested field or collecting 30
egg masses from infected plants from different sections of
the field. loot-knot susceptible tomatoes (3-week-0ld) are
transplanted into infested B0il or are inoculated with the
egg masses for increasing the population Zor the hoat test.

Cultur of Nematode Papulations
Root-knot nematodes are easily maintained and propagated

on a susceptible tomato, Lycgpergican gacglenfg! Mill.,
cultiver such as Rutgers. Populations usually need to be -
subcultured approximately every 2 to 3 months by inoculating
nevw tomatoes with 15 egg messen each. Usually three plants
for each population will suffice. Plastic-coated wire coreen
splasb guards around each pot will help to reduce contemina-
tion. Pots should n:t be orowded on the bench. Tomato plants
do best with abundant sunlight, deily watering ard biweekly
fertilizing with a water soluble complete tertiligzer.

Prepavetion of Inoculum
A. Matorinle required:

1. Clorox (5.25/6 NaOOl) or similar atrength commercial
sodium hypochlorite solution.
2. 200~-mesh and 500-mesh 3-inch Tyler 8ives, standard
height end stainles s’eel.
(Manufacturer) W.S. Tyler, Inc.
dereening Division,
Menton, Ohio U.3.A. #4060,
Approxinmate cost: 500-mesh, $35.00; 20U-mesh, $21.00.
3¢« 500 m). jar or similar container with large orifice and
- tigbh% neal.
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Hussey, R.S5. and ¥.R. Barker. 1973. A comparison of

methods of co’’acting inocula nf Meloidogyne spp.,
including a new technique. FPlant Disease Reporter
57t 1025 - 1028. .

C. Procedure:

1.

2.

5e

4,

De

Wash soil from galled roots of a plant harvested a
minimum of 45 days after inoculation. If older plante
are used, make sure roots are not in an edvanced stage
of deteriorzation. Eggs from root- of an older plant

will be less uniform in development tham if & younger
plant is used.

Excise roots and wash well. Cleaner the root aystem,

the easier it will be to collect the eggs by the

sieving process. If root system is large, proceas only
half at a time.

Prepare a 10% Ciorox solution (0.525% sodium hypoohlo-
rite) by adding 20 ml of Clorox to 180 ml of tap water.
FPlace washed roots in jar, add 200 ml of the NaOOl
solution and seal top. Vigorously shake jar manually for
4 minutes. Do not sxpose the eggs to the 'aOCl solution
any longer then 4 minutes.

After shaking, quickly paes the NaOCl solution through
two sieves, a 200-mesh sieve nested in a 500-mesh sieve.
Once original NeOCl solution hes been sieved, fill jar
containing the roots with water and set aside. After the
NaOC1 solution has passed through the eievo§ remove the
200-mesh sieve and hold the 500-mesh sieve (containing
egg8) under & slow stream of cold tap water to remove
re8idunl NaOCl. Rinse egys frow 00-rash sieve into a
2-litar flask.

Rinse the roots at least twica with water to remove
additional eggs and collect eggs by sieving as described.
If you intend to collect egzs of two Meloidoriyne species,
sterilize all equipment in very hot watur between
collections.
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7. PFor determining the concentration of eggs per milliliter,
remove three 1-ml samples, count the egga, and uso the
average to represent the number of eggs per milliliter.
Representative 1-ml samplea are obtained best by blowing
air through the pipette into the egg suspension for a
few secounds prior to removing sample. Finally, adjuating
the volume of water to make 1000 per ml will simplify
the dispensing of eggs.

III. Differential Host Test

Beedlings of tomato (Rutgers), tobacco (NCY5), pepper
(California Wonder), peanuts (Florrunner), w- termelon
(Oharleston Gray), cotton (DeltaPine 16} sho..d be trans-
planted into 4" pots with 3 replications. Two additional
replicates of tomato should be included for use in determin-
ing when the test should be terminated. Also, one or two
ngoinoculated towatoves plented in the sterilized soil will
serve to check for any possible s8o0il contamination with root-
knot nematodes. Sterilized sandy loa~ soil mixed 111 with
quarts sand (55 wmesh) makes an excellent soil medium for the
nematodes and planvs. A 8oil @ixture of this type is good for
moat nematode studies.

After determining the number of eggs per ml (see above),
plants can be inoculated. Plants are to be innculated ut the
time of transplanting with 10,000 egga / pot. Eggs are sddsd
to a depression in the soil at the time of transplanting.

Eggs can be dispensed easily and mccurately by using a
calibrated pipetter (10 ul volume) attuched to a 2-liter flask.
Since the flask is tilted back to f£ill the pipet head to
aesignated volume, egza are easily kept in suspension. Egge

ere dispensed when flask is tilted forward.

QAUTIQHL KEEP WEEDS QUT OF THE PUTS. Most weeds can be
infected by ons or more root-knot nematode species. Infected
roots of weeds can easily be mistaken for roots of a
differential host and result in a positive rating when rating
should be negative.
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IvV.

Termination of Test and Rating of Root System

8ince temperature will have an effect on the development
of the root-knot nematode, the duration of the test will vary
slightly depending on the temperature at which test was
conducted. Ratings for gall number &nd egg mass number should
be made 50 days after inoculation if grown within a teapera-
ture range of 24° to 30° C.

If the temperature is significantly below this, the
duration of the experiment should be lengthened to 55 days
and if the temperature is significantly above 24° to 30° O,
the duration of the experiment should be shortened to 45 days.
Mditioual replicates of tomate, which oguld be macrificed
ghould be included. These could be examined to determine if
tise and temperature conditiona have allowed gatyration of the
egg masses (light brown color). Boot systems with a very light
infection may be stained by incubating reots ir an agueous
golution of Phloxine B (.15 gm/liter tap water) for 15 minutes
to emphasise egg masses. Be sure galled rocts are not rexpons-
ible for any low ratings.

The egg mass and gall ratings should be made acoording
to the following scale:

Qe0, 121-2, 2=3~10, 3=211-30, 4= 31 =100, and 5 = greater
than 100 galla or egg masses.

8ince [ield populations are used in these experiments,
it is poasible that & mixbture of Mgloidogyne species may have
bean collected. If a wixed population was used it will be
evident after ocunducting the hoat range study. Usually all of
the plants will be infected. If this happens, egg masses must
be collected from the appropriate hosts and put on tomato to
build up population for retesiing on the differential hosts.

After rating of root system, oohpare results with data
on table below. If host reactions seem to be unusual, save
root systems. From unusual hosts f,r that particular species
(assuming & single root-kiot nematode apecies is involved),
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put galls in lactophenol for making perineal patterns lster.
Also, a composite of egg masses, 25-50, should be collected

and put in moist sterilized soil in double plastic baga and

stored in the incubator (14°C). Additional eyg masses should
be collected for inoculating 3 tomato plants (15 egg masses

each).
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Vi. Usual zesponse of Differential Hosts to the FPour Coammon lleloidogyne Species.

eloidogye Differential Hosts:/

BREc=28 Tobacce Cotton Pepper Weaetermelon Peanut Tomato

¥, inccgmite =E7 (+3X2 & (=) + + - +

K. jevsnice + - =] + - +

¥. nasle + - + =1 =1 +

¥. arenarie + - + + ENICO R
i/p

Plent varieties include: Tobecco, NC95; @otton, DeltaPine 16; Pepper, California
Wonder; Watermelon, Charleston Gray; Peanut, Flcrrunner; Tomato, Rutgers.

£/Irdicates key differertials for that species.

2/ Scme populations attack the differential host while others do not.
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valuable contributions to the Regiomal Planning Conference an Root-knot Nematodes
for the Near East, held in Cairo, Egypt, from January 29th to February 2nd, 1978.

This conference has been organized by the

NEMATOLOGY RESEARCH CENTRE, CATIRO UNIVERSITY, EGYPT and
NORTH CAROLINA STATE UNIVERSITY, RALEIGH, U.S.A.

Signed and delivered on the 2nd day of February 1978, at Cairo, Egypt.

Prof. Dr. J. N. SASSER,
dﬂ»uannqb North Carolina State University,
l‘?i I:}E - Principal Investigator.
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INT,

Prof. Dr. D. M. ELGINDI,
Cairo University,

Regional Investigator.



