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PREFACE

The primary objective of this guide is to assist International Meloidogyne Project cooperators and other
aematologists, especially in third world countries, in the initial design and implementation of a plant
nemetology program. For many developing countries, programs in nematology are just beginning, and as
these grow, thought and planning will be necessary if they are to be effective. Nematologists, when asked to
develop a research, teaching and/or extension prograrn in areas where little previous work has been done,
may have difficulty in deciding where to start. Furthermore, preliminary assessment of the problems may
appear so overwhelming as to cause frustration -... discouragement. Oftentimes, graduates from major
universities who may have had at their disposal sophisticated equipment and {acilities to conduct their
thesis research find that such conveniences are not available in their new position. Attempts to acquire
similar facilities and equipment for their own laboratories may not be successful Hecause of the lack of
funds thereby causing further disillusionment and delay. Such frustration is understandable, but can be
handled once the scientist views his uwn situation realistically and devotes his time to “gettira on with the
job” despite economic constraints. The first objective of this guide is to help the beginning nematologist
with various aspects of the new job, whether it be in coping with the scope and intricacies of the nematode
problems or with restrictions imposed on the program by limited resources.

A second objective is to outline available management options for initiating a nemutode contro} program.
Advising growers and encouraging them to adopt known and proven practices, such as appropriate crop-
ping systems and resistant cultivars, develop grower confidence and provide immediate relief to those
growers experiencing serious losses due to neinatode diseases. At the same time, the research nematologist
can consider hiz own situation and build a sound, long-term program of teaching and research. In this
guide, we have attempted to outline certain approaches which have been successful and, if followed, will
lead to rapid program development with optimum use of available resources.

The authors wish to thank the following who have reviewed this guide and have made valuable contribu-
tions: Dr. D. F. Ritchie, Dr. C. J. Nusbaum, Dr. T. T. Hebert, Dr. D. L. Strider, Dr. P. Jatala, Dr. C. A,
Main, and Dr. G. B. Lucas.
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Part 1. Aspects of Program Development

Introduction ,

Compared with most agricultural and plant protec-
tion sciences, plant nematology is relatively new.
During the last 40 years, nematology has progressed
from relative infancy to a full-fledged science. Nearly
all of this technical growth has occurred in developed
nations. Now, however, nematology is receiving in-
creased attention in developing countries. This in-
terest is especially timely because workers in these
countries can now benefit from the accumulated ex-
perience and findings of nematologists in developed
nations. Such experience and advice form the basis
for the plan outlined in this guide.

Orientation & Organization

If a plant nematology program is to be realistic and
functional, the developer must first assess available
resources, both human and financial, and reconcile
these with immediate goals. Limited financial
resources actually can be an advantage in that they
require the establishment of priorities from the on-
set, thereby ensuring more effective organization.
Well-established plant nematology laboratories in
ihe developed countries are expensive to maintain.
However, labs that are just getting started can be
productive with a small staff and only the basic
necessities. Costly, technical equipment can be ac-
quired later as the program grows and as needs in-
crease.

Define gouls. Tr define immnediate and long-range
goals, the program developer must be familiar with
his own job description. The emphasis placed on
teaching, research, and extension or ministry-of-
agriculiure duties generally indicates the relative
amount of time and resources to be devoted to any

one project. Newly established plant nematology
programs usually emphasize diagnostic and advisory
services but also may include some research,
teaching, and/or additional extension respon-
sibilities.

Assess resources. In developing countries,
specialized scientific equipment can be difficult to ob-
tain. Usually it must pe ordered from other countries
with delays of several months, even if funds are
available. The nematologist, therefore, must im-
provise and build much of his equipment with sup-
plies available locally. In warm climates, for exam-
ple, all essential functions of a glasshouse can be
served by a screenhouse with fine mesh nylon or
metal screens to keep out birds and insects. Tin cans
with holes punched in the bottoms for drainage sub-
stitute satisfactorily for clay or plastic pots. Plastic
bags can also be used for this purpose.

Library facilities, another important resource,
govern access to pertinent research findings
(Peachey, 1969). Basic nematology texts and abstract
journals useful in a professional library are listed in
Appendices I and IV. Reprints acquired gradually
help build a specialized personal library.

Meet agriculturists. Professional contacts with
various agriculturists, growers, extension or
ministry-of-agriculture personnel. and researchers at
agricultural institutes prove valuable for exchange of
ideas and information. The experience of these per-
sons can be drawn upon to define and resolve
problems and devise solutions. Professional organiza-
tions and journals also function in this regard (Ap-
pendices III & IV). Not only should societies of
nematologists be considered, but also those Inter-
national Agriculture Research Centers (IARC’s) with
emphasis on important crops or the specific
geographic region (Table 1).



Table 1. International Agriculture Research Centers (IARC’s)

TARC Names/Locations

Centro Internacional de Agricultura
Tropical (CIAT)

Apartado Aéreo 6713

Cali, Colombia

Centro Internacional de Mejoramiento
de Maiz y Trigo (CIMMYT)

Londres 40

Mexico D.F., Mexico

Centro Internacional de la Papa (CIP)
Apartado 5969
Lima, Peru

International Board for Plant Genetic
Resources (IBPGR)

Crop Ecology and Genetic Resources Unit

Food and Agriculture Organization of the
United Nations

Via delle Terme de Caracalla

00100 Rome, Italy

International Center for Agriculture
Research in the Dry Areas (ICARDA)

P.0O. Box 114/5055

Beirut, Lebanon

International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT)

Patancheru P.O.

Andhra Pradesh 502 324, India

International Rice Research
Institute (IRRI)

P.O. Box 933

Manilla, Philippines

International Institute of
Tropical Agriculture (IITA)

P.0. Box 5320

Ibadan, Nigeria

West Africa Rice Development
Association (WARDA)

E. J. Roye Memorial Building

P.0. Box 1019

Monrovia, Liberia

Asian Vegetable Research &
Development Center (AVRDC)

P.O. Box 42, Shanhua

Tainan 741, Taiwan

Republic of China

2

Principal Research Programs

Cassava, field beans, rice,
tropical pastures

Maize, wheat

Potato

Collection, evaluation,
utilization of genetic
resources of important
species

Farming systems, cereals, food
legumes (broad bean, lentil,
chickpea), forage crops

Chickpea, pigeonpea, pearl
millet, sorghum, groundnut,
farming systems

Rice

Farming systems, maize, rice,
roots and tubers (sweet potato,
cassava, yam), food legumes
(cowpea, lima bean, soybean)

Rice

Tomato, Chinese cabbage, sweet
potato, mungbean, soybean



Evaluation of Nematode Problems

After objectives and available resources have been
assessed, the next step is determination of the nature
and magnitude of current nematode problems and of
their economic importance. A general census of the
plant-parasitic nematode communities in the area
can be accomplished by systematic surveys of the
various crops and soil types, using suitable sampling
and assay techniques. Various keys, monographs and
other kinds of literature on species identification, and
professional collaborators are available for verifica-
tion. The relative economic importance of each
problem identified will then determine where the
proper emphasis should be placed.

The nematologist must spend as much time as
possihle in the field to learn which crops are showing
symptoms of nematode attack and how they are be-
ing damaged. Lack of equipment and facilities should
not deter this effort. Much useful data can be
gathered with improvised or borrowed equipment.

A survey for nematodes requires a minimum of
equipment, including a spade to dig roots, plastic
bags to put them in, tags to identify the samples, and
a plastic bucket to carry them. To examine roots and
classify degree of infection in the laboratory, a
nematologist needs only a table, a chair, two or three
buckets and a water supply. Both dissecting and com-
pound microscopes are necessary for identification of
the species present. Extra care should be expended in
selection of microscopes since these iustruments
represent a large percentage of the initial investment
and must remain in good condition for many years.
The equipment necessary for sampling and nematode
identification has been outlined in several useful
publications (see Appendix I, especially Ayoub, 1980;
Filipjev, 1941; Hooper, 1969; and Taylor, 1967).

Several factors should be considered in th: initia-
tion of a survey (Main and Proctor, 1980). Before
work begins, the objectives of the survey must be
defined. For a nematode problem that is regional in
scope, a pilot survey may be conducted to provide a
working data base. The advice and cooperation of a
statistician with prior experience in sample surveys
should be enlisted. This assistance will he most
valuable if the statistician is given a tour of diseased
fields and allowed to view first hand the cropping
pattern and nature of the problem. If possible, local
crop specialists can also be encouraged to become in-
volved in the gathering of data for the survey. In such
cases, training sessions in sample survey methods
can be conducted for these personnel.

Once available information on each nematode
problem has been compiled, the problems are ranked
according to the economic value of the host crop and
the estimated yield loss due to the pest. Possible steps

in a determination of economic importance include
- the following: '

1) Field and lab work necessary to identify the dis-
ease agent and the degree of crop infection;

2) Identification and quantification of losses in-
cluding yield reduction, loss of crop quality, and
detrimental residual effects in soil or seed;

3) Conversion of losses into economic terms;

4) Consideration of available management options
and their degree of effectiveness;

5) Estimation of costs and benefits;

6) Comparison of costs and benefits with those in-
curred under alternative management
strategies.

For guidance in this subject, Grainger (1967), Society
of Nematologists (1971), Khan (1972), Carlson and
Main (1976), and Barker and Olthof (1976) can be
consulted.

Development of Research, Teaching, and
Extension Programs

Research. Once the plant nematology problems
have been accurately diagnosed, a research plan
emphasizing the most urgent needs can be developed.
Host range studies, tests for cultivar resistance,
nematicide-efficacy trials, and phytotoxicity studies
can all be conducted independently. These areas of
research can be strengthened substantially by forma-
tion of regional cooperative projects in association
with other intra-country agricultural scientists.
Collaboration with such specialists usually suggests
even more areas for research. Work with plant
breeders in the development of resistant cultivars,
with pathologists in determination of disease com-
plexes, and with other scientists and knowledgeable
growers in cropping-systems research can be par-
ticularly rewarding cooperative endeavors.

Teaching. The principal task of a new nematologist
is to instruct a diverse group of people. Scientific
workers in other disciplines, sunervisors and ad-
ministrators often have had little or no training in
nematology. In the early stages of program develop-
ment, few people in the country may have any ac-
curate idea of the magnitude of the problem. Farmers
are often unaware that nematodes exist. Seminars
conducted for colleagues, and field demonstration
plots oriented toward supervisors, administrators,
and farmers, help fill this educational need.

As the program becomes established, demand for
introductory, college-level courses may develop. A
class in nematode disease development,
symptomatology, and management orinciples is of-
ten a good starting point. More in-depth material
dealing with subjects such as nematode taxonomy,



ecology and physiology can follow as numbers of stu-.

dents increase. In-country training of new
nematologists is a worthwhile long-term goal, depen-
dent primarily on the importance of the existing
problem. Publication of training material and
development of a graduate teaching program may be
dependert upon the ability of the program developer
to acquire grant support.

Extension. The transfer of useful scientific and
technice.l information to the grower for practical use
in crop production is known in some parts of the
world as agricultural extension. In other parts, the
same duties are performed by Ministries of
Agriculture. Important tactics include short courses
on diagnostic and sampling techniques, as well as
field trials that deinonstrate the benefit derived from
control practices. Ac teaching methods, these two are
“tried and true.”

Education must start with fundamentals. Farmers
must be educated as to what nematodes are and how
to recognize symptoms of nematode damage in their
field. Demonstration that nematode damage is
reiated to reduced plant growth, quality, and yields is
necessary. Even brief, simple bulletins published in
farm journals or newspapers help accomplish this
purposz. Pamphlets and other communication
materials, illustrated and preferably translated into
the more widely used local dialects, will speed up dis-
semination of information.

Severe problems withk root-knot and other
nematodes have often gone unrecognized for years
until field experiments with nematicides have clearly
shown nematicidal treatments to result in spec-
tacular increases in crop yields. Even if use of
nematicides is not profitable on particular farms,
field demonstrations indicate the seriousness of the
problem and stimulate interest in alternative control
methods. Eventually, such demonstrations can lead
to large changes in farming procedures which profit
farmers and the community in general.

Demonstration plots are recommended to be at
least 10 meters wide and 50 meters long, but size may
have to be adapted to suit local conditions. At least
two adjacent plots should be reserved for each «rop:
one to be treated with nematicide, the other to
remain untreated. Both plots should be carefully
plowed, planted, fertilized and cultivated alike, by
means of the best local methods.

When conspicuous differences in growth between
treated and untreated plots appear, the demonstra-
tion is ready for display. Just before harvest, the
plots can be shown again. Complete yield data taken
at harvest should indicate guality and value as well
as quantity.

Demonstration plots can also display the relative

effectiveness of tolerant and resistant cultivars in
tolerating or reducing nematode damage. Such tosts
should be conducted in untreated, nematode-infested
field plots. Adjacent plots should be planted with
local susceptiole varieties for coraparison.

Farmers must be educated to use managerient
methods on their own farms and must be given every
form of assistance to make these efforts as profitable
and as easy as possible. Local sources of resistant
cultivars and of effective nematicides may need to be
established. In addition, publication of basic iden-
tification and pest management information rein-
forced with photographs gives farmers additional
confidence in diagnosing and managing the pest.

Identification and advisory service. In many cases,
development of an identification and/or advisory ser-
vice forms an integral part of a plant nematology
program (Barker and Nusbaum, 1971). The diagnosis
of problem fields. identification of nematodes, and
the recommendation of basic management strategies
are the essential aspects of this undertaking. For-
tunately, the equipment to set up a diagnostic lab can
be relatively simple. Expensive elutriators or cen-
trifuges are not essential tu the process of nematode
extraction. However, good compound and stereo-
scepic  dissecting microscopes are indispensable.
Ayoub (1980) and Hooper (1969) have itemized basic
laboratory equipment and procedures for nematode
extraction processes.

Some of the comman nematuode species likely to be
economically important on selected crops are listed in
Table 2. Important reference material for use in
nematode identification appears in Appendix II. Part
II of this publication outlines and briefly addresses
each of the various proven methods of control. The
availability of diagnostic lab facilities and how the
farmers can best benefit from them shouid be well
advertised.

Planning for Future Needs

The continued growth and success of the es-
tablished program reflects the professional success of
its leader, who must keep abreast of recent research
as well as publish personal findings. Membership in
professional societies (Appendix III) provides ex-
cellent opportunities to pursue both of these ac-
tivities. In addition, it is important to be familiar
with professional journals (Appendix IV) and to
strive to have work published in them. Sabbaticals or
study leaves can give stimulating insights into
current research conducted elsewhere. By keeping
abreast of current research, the program leader can
best guide future nematological studies in the region.



Table 2. Some Economically Important Plant-Parasitic Nematodes of Selected Crops

ALFALFA

Ditylenchus dipsaci
Meloidogyne hapla
Meloidogync incognita
Meloidogyne javanica
Pratylenchus spp.
Paratylenchus spp.

BANANA

Radopholus similis
Helivotylenchus multicinctus
Meloidogyne spp.
Pratylenchus spp.
Rotylenchus spp.

BEANS & PEAS

Meloidogyne spp.
Heterodera spp.
Belovolaimus spp.
Helicotylenchus spp.

COCONUT

Rhadinaphelenchus cocophilus

COFFEE

Meloidogyne spp.
Pratylenchus coffeae
Pratylenchus brachyurus
Radophoius similis
Rotylenchulus reniformis
Helicotylenchus spp.
Hemicriconemoides spp.
Xiphinema spp.

CORN

Pratylenchus spp.
Belonolaimus spp.
Trichodorus spp.
Dolichcdorus heterocephalus
Hoplolaimus galeatus
Xiphinema spp.

Rotylenchuly « reniformis
Paratrichodorus anemones COTTON

Trichodorus spp.
PP Meloidogyne incognita

Belonolaimus longicaudatus
Rotylenchulus reniformis
Hoplolaimus galeatus
Pratylenchus spp.
Tylenchorhynchus spp.

CASSAVA

Rotylenchulus reniformis
Meloidogyne spp.

CEREALS

Anguina tritici (Emmer, rye, spelt, wheat)

Bidera avenae (oat, wheat) GRAPES
Ditylenchus dipsaci (rye, oat)

Subanguina radicicola (oat, barley, wheat, rye)
Meloidogyne naast (barley, wheat, rye)
Pratylenchus spp. (oat, wheat, barley, rye)
Paratylenchus spp. (wheat)

Xiphinema spp.
Pratylenchus spp.
Meloidogyne spp.

Tylenchorhynchus spp. (wheat, oat) GRASSES
Pratylenchus spp.
CITRUS Longidorus spp.

Paratrichodorus ckristiei

Tylenchulus semipenetrans
Radopholus similis
Hemicycliophora arenaria
Pratylenchus spp.
Meloidogyne spp.
Belonolaimus gracilis

CLOVER

Meloidogyne spp.
Heterodera trifolii

Xiphinema spp.
Ditylenchus spp.
Meloidogyne spp.

PEANUT

Pratylenchus spp.
Meloidogyne hapla
Meloidogyne arenaria
Criconemella spp.



PINEAPPLE

Paratrichodorus christiei

Criconemella spp. .
Meloidogyne spp.

Rotylenchulus reniformis

Helicotylenchus spp.
Pratylenchus spp.
Paratylenchus spp.

POTATO

Globodera rostochiensis
Globodera pa'lida
Meloidogyne spp.
Pratylenchus spp.
Trichodorus primitivus
Ditylenchus spp.
Payatrichodorus spp.
Nacobbus aberrans

RICE

Aphelenchoides besseyi
Ditylenchus angustus
Hirschmanniella spp.
Heterodera oryzae
Meloidogyne spp.

SMALL FRUITS

Meloidogune spp.
Pratylenchus spp.
Xiphinema spp.
Longidorus spp.

SUGARCANE

Meloidogyne spp.
Pratylenchus spp.
Radopholus spp.
Heterodera spp.
Hoplolaimus spp.
Helicotylenchus spp.
Scutellonema spp.
Belonolaimus spp.
Tylenchorhynchus spp.
Xiphinema spp.
Longidorus spp.
Paratrichodorus spp.

TEA

Meloidogyne spp.

Pratylenchus spp.

Radopholus similis
Hemicriconemoides kanayaensis
Helicotylenchus spp.
Paratylenchus curvitatus

TOBACCO

Meloidogyne spp.
Pratylenchus spp.
Tylenchorhynchus claytoni
Globodera spp.
Trichodorus spp.
Xiphinema americanum
Ditylenchus dipsaci
Paratrichodorus spp.

Paratrichodorus christiet TOMATO
Aphelenchoides spp. (strawberry)

SOYBEAN

Heterodera glycines
Meloidogyne incognita
Meloidogyne javanica
Belonolaimus spp.
Hoplolaimus columbus

SUGAR BEET

Heterodera schachtii
Ditylenchus dipsaci
Meloidogyne spp.
Nacobbus aberrans
Trichodorus spp.
Longidorus spp.
Paratrichodorus spp.

Pratylenchus spp.
Meloidogyne spp.

TREE FRUITS

Pratylenchus spp. (apple, pear, stone fruits)
Paratylenchus spp. (apple, pear)
Xiphinema spp. (pear, cherry, peach)
Cacopaurus pestis (walnut)

Meloidogyne spp. (stone fruits, apple, ete.)
Lmgidorus spp. (cherry)

Criconemella spp. (peach)

Tylenchulus spp. (olive)



Part Il

Introduction

Newly established nematology programs often
must cope with a pressing need for a pest diagnosis
and advisory service. To help meet the advisory
needs, this section brings together current control in-
formation: a general outline of the basic methods
plus a selected list of references which provides
specific, up-to-date information. Such material
equips the program developer to give general advice
concerning management options. Of course with
time, pest management strategies specifically adapted
to the geographic area and its crops will be developed,
but until then, general knowledge on the subject will
help bridge the information gap.

Chemical Control

Since 1950, nematicide efficacy and mode of action
have been studied intencely and hundreds of papers
have been published on the subject. Many
nematicides kill nematodes in the soil in a very short
time; others interfere with the feeding habits of
nematodes, eventually causing them to starve to
death. Table 3 contains a list of nematicides which
are available commercially. Names and addresses of
manufacturers or distributors appear in Appendix V.
All these chemicals have been extensively tested,
both by the manufacturer and by experiment station
personnel; all are effective if used properly. Since ap-
plication rates vary with climate, soil type, crop, etc.,
general guidelines for recommending dosages are not
possible. The most thorough way to select a
nematicide is to obtain information on its effec-
tiveness and ability to increase yields of the principal
crop in a particular region. Taylor and Sasser (1978b)
present practical information about nematicide
application.

Nematicide usage can pose problems in areas of
low rainfall. In regions where planting dates must
coincide with rainfall, fields are often too dry to be
treated beforehand. However, if chemicals are ap-
plied after the rainfall, the necessary delay in
planting to avoid phytotoxicity could lead to crop
failure due to insufficient soil moisture at planting,

Safety precautions. The nematicide label outlines
application rates and methods, gives safety precau-
tions and presents steps to follow in the case of an ac-
cident. It also lists crops on which the nematicide
may be used. The label should always be read
carefully before a nematicide is applied.

Nematode Control

Nematicides are poisons and must be handled
carefully. They should never come into contact with
the skin or even with clothing. If this should occur,
the clothing should be removed and the skin washed
thoroughly. Contaminated clothing should not be
worn again until it has been carefully cleaned. Fumes
of liquid nematicides are also poisonous; therefore, li-
quids should be transferred, measured or handled
only in open air, preferably with a gentle breeze blow-
ing. Eating, drinking, and smoking should not be
done when applying nematicides.

Cans, bottles and drums which have contained
nematicides should not be used for any other pur-
pose. They should be washed with water and the
water spread over the soil. The containers should
then be broken, bent, punctured, or otherwise made
useless before heing discarded in a safe place.

Economics of nematicides. Use of nematicides re-
quires a comparatively large investment before the
crop is planted. The grower must first ascertain
whether the investment will L¢ profitable. Caleula-
tions can be made as follows:

1. Cost of sufficient nematicide to treat the field is
obtained from the local distributor. The costs of ap-
plying the nematicide to the field include expen-
ditures for labor, equipment, fuel, etc. Also to be con-
sidered are land rental fees and/or taxes. The total
cost of these items constitutes the investinent.

2. Use of nematicides for field application is
economically justified if the probable yield value in-
crease sufficiently exceeds the investment. Detailed
information on determination of the economic
justifiability of disease management practices is
given by Carlson and Main (1976). If the expected
yield increase is only minimal, the prudence of the
expenditure is doubtful. Adverse weather,
phytophagous insects, and plant dis=ases all threaten
crop production and can result in partial crop failure
and loss of the investment in nematicide. High value
crops such as fruits and vegetables give more return
for the investment than do field crops such as beans
or peas. Barker and Olthof (1976) and Elliott et al.
(1982) provide guidelines for approximation of
economic thresholds of selected nematode species.

Seedbed treatment. Though not always econoniical
for general field usage, .nematicides are nearly
always profitable when applied to seedbeds. Plants
grown in disinfested soil and transplanted into an in-
fested field have a better chance of surviving and
yielding well than plants grown from seed in infested



Nematicides available on world markets

Chemical Name

2-methyl-2-(methylthio) propional-
dehyde 0-(methylcarbamoyl) oxime

2,3-dihydro-2,2-dimethyl-7-benzo-
furanyl methylcarbamate

trichloronitromethane

1,3-dichloropropene and related
hydrocarbons

1,3-dict.loropene and 1,2-dichloro-
propane and relsted hydrocarhons

ethylene dibromide

ethylene dibromide + chloropicrin
0-ethyl S,S-dipropyl phosphoro-
dithioate

ethyl 4-(methylthio)-m-tolyl isopro-
phyl-phosphoramidate

0,0-diethy] 0-[p-(methylsulfinyl)
phenyl] phosphorothioate

bromomethane + chloropicrin

methyl N’,N’-dimethyl-N-
[(methylcarbamoyl) oxy]-1-
thiooxamimidate

(COUNTER) American Cyanamid Co. S-[(1,1-dimethylethyl)thioJmethyl]

Table 3.

Registered Trade Name

Common Name Manufacturer

Aldicarb (TEMIK) Union Carbide Corp.

Carbofuran (FURADAN) FMC Corporation
(FURADAN) Mobay Chem. Corp.
(CURATERR) Bayer AG

Chloropicrin {CHLOR-O-PIC) Great Lakes Chem.
Corp.

1,3-D (TELONE) Dow Chem. Co.

DD Mixture (DD) Shell Dev. Co.
(VIDDEN-D) Dow Chem. Co.
(VORLEX) NOR-AM Agricultural
Products

FDB (SOILBROM) Great Lakes Chemical
Corp.
(TERR-O-CIDE) Great Lakes
Chemical Corp.

Ethopiop (MOCAP) Mobil Chem. Co.

Fenamiphos (NEMACUR) Mobay Chem. Corp.
(NEMACUR) Bayer AG

Fensulfothion (DASANIT) Mobay Cheém. Corp.
(DASANIT) Bayer AG
(TERRACUR P) Bayer AG

Methyl bromide (DOWFUME MC-2) Dow Chem. Co.
(BROM-0-GAS) Great Lakes
Chemical Corp.

Oxamyl (VYDATE)E. I. duPont de
Nemorrs and Co.

Terbufos

Metam-Sodium (VAPAM) Stauffer Chemical Co.

0,0-diethyl phosphorodithioate

sodium N-methyldithiocarbamate

Formulation and Classification
Granular nematicide/insecticide

Granular and flowable nematicide/
insecticide

Liquid fumigant nematicide/
insecticide
Liquid fumigant nematicide

Liquid fumigant nematicide

Liquid fumigant nematicide
Liquid fumigant nematicide
Granular or emulsifiable liquid
nematicide/insecticide

Granular or emulsifiable liquid
nematicide

Granular nematicide

Gas fumigant nematicide

Granular or water-soluble liquid
nematicide/insecticide

Granular nematicide/insecticide

Water-soluble solid nematicide/
fungicide/herbicide

soil. This management tactic not only increases
yields, but also aids by deterring the spread of new
infestations. As a result, investment costs would
have to increase sharply before seedbed treatment
would become unprofitable.

Land Management & Cultural Practices

Crop rotation. Rotations for nematode manage-
ment are designed to permit the growth of a main
crop 25 often as possible. This crop is the one most
profitable to the farmer, or the one he preiers to grow
for other reasons. If the main crop is infected by
nematodes, crop rotation will help lower populations
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if the target species (species toward which manage-
ment practices are aimed) has a narrow host range.
To check the multiplication of nematodes by this
method, it is necessary to grow highly resistant or
non-host crops until natural causes decrease the
nematode population by a large percentage, usually
about 80% (Table 4). The main crop can then be
profitably grown, but not for more than one year at &
time. If continuous cropping occurs, populations of
nematode, insect, disease, and weed pests will in-
crease, thereby reducing yields and profits. Crop
rotation, however, ofte.. cannot be used to control
nematodes with broad host ranges, e.g. root lesion
(Pratylenchus spp.) and lance (Hoplolaimus spp.)
nematodes, because few non-hosts exist.



Table 4. Rotation Crops Effective Against Various Nematrdes

Nematode

Belonolaimus

Criconemoides ornatus
Ditylenchus destructor
Ditylenchus dipsaci

Globodera pallida
Globodera rostochiensis

Helicotylenchus

Helicotylenchus multicinctus
Heterodera schachtii
Hoplolaimus columbus

Meloidogyne arenaria
racel
race 2

Meloidogyne hapla

Meloidogyne incognita
racel
race 2
race 3
race 4

Meloidogyne javanica
Meloidogyne naasi

Nacobbus aberrans

Paratrichodorus christiel
Pratylenchus coffeae

Pratylenchus indicus

Radopholus

Radopholus similis

Non-host or resistant crops

tobacco, watermelon,
Crotalaria

cotton, soybean
buckwheat, carrot, lupine

barley, maize, vetch, oat,
carrot, beet

oat
oat

pangolagrass, tobacco,
cassava

pangolagrass
onion, bean

sweet potato

cotton
cotton, peanut, pepper

cotton, watermelon, corn;
nearly all Gramineae, except
Zizania (wild rice), and all
Amaryllidaceae, except onion,
are resistant.

barley
peanut, cotton
peanut, cotton
peanut
peanut

cotton, peanut, pepper,
strawberry

potato, oat
corn

corn, wheat, oat, barley,
alfalfa, clover, onion

peanut, soybean
peanut

sesame, black mustard,
barley, wheat, black gram

tobacco, pangolagrass,
cassava, grapefruit,
sugar cane

pineapple, papaya, passion
fruit, sweet potato,
litchi, radish

Reference
Holdeman & Graham, 1953

Johnson et al., 1975
Efremenko & Burshtein, 1975
Vladimirova, 1975

Jatala, 1982
Brodie, 1976
Smith & Thomas, 1969

Stoyanov, 1973
Griffin, 1977
Lewis & Smith, 1976

Taylor & Sasser, 1978a
Ibid.

Ibid.
Ruelo, 1981

Carter & Nieto, 1975
Taylor & Sasser, 1978a
Tbid.
Ibid.
Ibid.

Ibid.
Gooris & D'Herde, 1976
Gooris & D'Herde, 1977
Weischer & Steudel, 1972

Johnson et al., 1975
Gotoh, 1976
Prasad & Rao, 1978

Smith & Thomas, 1969

Milne & Keetch, 1976



Table 4 continued

Nematode Non-host or resistant crops Reference
Rotylenchulus bermudagrass, dallisgrass, Birchfield & Brister,
oat, corn & peanut 1962
Rotylenchulus reniformis corn, sorghum Castillo, Bajet, &
Hardwood, 1976
Xiphinema americanum sorghum, rye Riedel & Powell, 1977
Xiphinema diversicaudatum hops, spring barley, potato, Cotten, 1977

sugar beet, cabbage, winter
wheat, winter beans

Innumerable experiments have clearly shown that
crop rotations of three or four years effectively
manage populations of most nematode species.
However, a few species are so persistent and long
lived that management by rotation would permit the
susceptible crop to be planted only once evevy seven
or eight years. In such cases, other management
strategies give quicker, more thorough results.

The selection of crops which can be profitably
grown during the other two or three years of the
cropping sequence often poses a problem. Studies of
root-knot nematode population dynamics indicate
that in a three-year rotation, the crop preceding the
main crop should be a non-host or the most resistant
cultivar available. The succeeding crop can be less
resistant, but should not be moderately or highly
susceptible,

In & region where beans are the main crop, and
where cotton and peanut are acceptable alternate
crops, the rotation might be beans the first year,
followed by cotton the second year, peanut the third,
and beans again the fourth year. This rotation would
be effective if the field is infested with Meloidogyne
incognita race 1 or 2 or with M. javanica. This exam-
ple illustrates the process of selecting alternate crops
for rotation with the main crop. Variations are
numerous, and other factors must be considered, in-
cluding insect pests, other disease pathogens, coun-
try, climate, markets and market prices for alternate
crops, placement of crops into seasonal work
schedules, and availability of labor and farm equip-
ment.

Because of the numerous variables involved,
detailed instructions for planning rotations cannot be
written. However, the following general principles
can be given.

1. Before appropriate rotation crops can be se-
lected, the nematode species present must be known.

2. wfforts should be directed toward the most im-
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portant pest species or race present.

3. The susceptible main crop should not be planted
in the same field more often than once in three years.

4. Resistant crops chosen for use in a rotation
should deter reproduction and development of the
targct nematode, improve or maintain soil quality,
have a vigorous growth habit, and be profitable for
production (Bessey, 1911).

5. The most resistant crop (the one that best pre-
vents development and reproduction »f the parasite)
in the rotation should precede the inain crop. The
reaction of the chosen rotation crop to major insect
pests and disease pathogens should Le taken into ac-
count.

6. As the rotation proceeds, roots of all crops
should be examined periodically during the growing
season and again after harvest. While plants are still
in the field, examinations can be made by digging a
few plants at random and checking for galls, cysts, or
other evidence of nematode infection. Degree of infec-
tion should be estimated; in the case of Meloidogyne,
the gall or egg-rmass index serves this purpose. If the
degree of infection does not decrease when resistant
crops are grown, a possible reason may be that
another nematode species, experiencing less competi-
tionz has become more abundant than the target
species. It could also be that the resistant cultivar in
use does not have sufficient resistance to the target
pest. A nematode identification lab can resolve this
issue by determining which species are present.

7. The rotation should be altered as necessity and
experience dictates.

Fallow. Fallow periods in cropping sequences can
also reduce nematode populations. In temperate
clima‘es, fields left fallow during the growing season
cause the grower to lose money. In the tropics,
however, fallow periods often form an inherent part
of the cropping system. If infected roots of previous
crops are harvested or plowed and destroyed, fallow



periods in such climates can substantially lower
nematode populatiops.

The principle behind fallowing can be applied to
site selection for a seedbed. Areas where no crops
have been grown for several years, or even more
suitable where animal pens were oiulce located, are ex-
cellent choices for seedbeds. Soils of such sites are
likely to contain only very low populations of plant-
parasitic nematodes.

Resistant cultivars. In the past, resistant cultivars
have been difficult to obtain, but plant breeders and
seed suppliers have come to realize the existence of a
sizeable and ready market. Crop cuitivars resistant to
common species of root-knot nematodes have been
gleaned from professional literature and listed by
Sasser and Kirby (1979). Though useful, this publica-
tion does not take into account the existence of host
races of Aeloidogyne spp., so additional testing is ad-
visable. Names and addresses of some prominent
seed suppliers around the wcrld have also been
provided by Sasser and Kirby (1979).

Nematologists in developing countries should test
available cultivars in experimental plots to evaluate
resistance to nematodes and adaptation to local
climates. Prior to a recornmendation for large-scale
cultivation, the cuitivar should be grown on pre-
selected, representative sites so that its “total perfor-
mance” in the area of intended introduction can be
assessed. After introduction, a resistant cultivar
should never be grown for more than two seasons in
succession in the same field. Since fields typically
harbor several nematode species, growth of a resis-
tant cultivar for more than two seasons may cause
rapid increase of the non-target species.

Time of plenting and harvesting. Activities of
many nematode species depend on soil temperature.
Low temperatures, especially those of fall and winter
in temperate climates, limit or prevent nematode ac-
tivity. Therefore, crops which will grow at low tem-
peratures, e.g. spring po.atoes or sugar beets, may es-
cape serious damage if planted early in spring before
nematodes become active.

Use of nematode-free planting stock. This method
is an effective means of limiting nematode popula-
tions and the spread of infestation. Cost is relatively
low, yet many growers continue to use nematode-
infected transplants or seed pieces. Probably the
greatest damage occurs not to the plants on which the
nematodes were introduced but to crops grown in
subsequent years in the newly infested field. For
methods of ensuring nematode-free planting stock,
the paragraphs entitled seedbed treatment, barriers,

heat, and/dr desiccation can be consulted.

Sanitation. This term covers a wide range of
cultural practices, including weed control, crop
residue destruction and discriminate movement of
farming equipment between heavily infested and un-
infested fields. In monocultures, elimination of
weedy hosts can piay an important role in reducing
populations of plant-parasitic nematodes. In mixed
cropping systems, however, where many different
types of crops are planted together, the presence of
weeds is likely to be less crucial since a range of hosts
is already available. A biblicgraphy of weeds which
act as reservoirs for various nematode species has
been compiled by Bendixen, Reynolds, and Riedel
(1979).

The root systems of certain crops will continne to
live for several weeks or months after harvest. In
temperate climates, plant-parasitic nemaicdes pre-
sent in or around the roots may survive and poten-
tially lead to the development of an additional
generation or two between the end of harvest and the
time the piant is killed by frost. In the tropics,
nematodes may survive in crop plant residue from
planting season to planting season. In either case,
populations of some nematodes can be reduced if the
stalks are cut and the root systems turned out soon
after harvest. Two control principles are operative in
this practice: 1) that of destroying host plants by
cutting stalks and uprooting plants, thus preventing
further reproduction of nematodes, and 2) that of
killing large numbers of nematodes concentrated in
the soil around the root system and in the roots
through the drying action of the sun and wind.

Physical Control

Desiccation. Nematode larvae and eggs die quickly
when exposed to sunlight and drying. Sunshine will
kill nematodes in soil which is spread in a thin layer
to dry. Also, in climates where there is no rainfall for
several months, some nematode populations can be
reduced (not eliminated) by plowing several times
during the dry season. The danger of wind erosion
must be considered in such cases.

Barricrs. Small-scale production of nematode-free
seedlings of perennial plants can be accomplished by
plunting the seedlings in plastic bags of about 100-
cm3 capacity filled with uninfested soil. The bags
should not be placed on the soil surface, but on boards
supported about 20 cm above the soil. In this way,
reinfestation can be prevented. Plastic bags placed on
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the soil often develop small breaks through which
nematodes from the soil can enter.

Heut. Excellent reduction in populations of plant-
parasitic neimatodes can be achieved through the use
of heat. Steam, released from pipes buried 20- to 40-
centimeters deep in soil, has long been used to
sterilize soil in glasshouses, seedbeds, and bins of
potting soil. Though effective if properly used, steam
is expensive due to the present cost of fuel. As a
result, it has been replaced in many cases by treat-
ment with methyl bromide which is nearly as effec-
tive, simpler, and less expensive. Steam can be
economical when it is easily available from a heating
or power installation, but the equipment costs too
much to be installed for nematode control only.

Hot water treatment of bulbs, root crops, or
rootstocks infected with endoparasitic nematodes is
an effective disinfection technique. Essential en-
zymes in nematodes are inactivated at temperatures
near 50°C, and the nematodes die. At such tem-
peratures, plant enzymes are not destroyed if the hot
water treatment is properly applied. Each plant-
nematode combination has its own temperature-time
requirements and treatment must be done fairly
precisely, or disinfection will not be complete.
Specific details of treatments have been worked out
for several crops (Table 5). Since results vary,
valuable material should not be treated with hot
water without preliminary trials.

Dry heat can also be used to reduce nematode pop-
ulations. Burning of wood or brush on infested
planting sites is a cultural practice which operates by
this principle. Unfortunately, burning of this type
destroys valuable organic matter in the soil.
However, small quantities of soil can be sterilized
over a fire in an open metal pan.

Flooding. Plant-parasitic nematodes which nor-
mally live in fields where the soil is seldom saturated
do not infect plants when flooding occurs. Even so,
large proportion of the nematodes do not die until the
soil has been flooded for several months, Though ef-
fective, management by this method is possible only
if the soil surface is level and an abundant water sup-
ply is available, as in rice paddies.
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Regulatory Control

Numerous attempts have been made to prevent the
introduction of nematodes into countries or provinces
by means of quarantine. Quarantines are .stablished
by legislative action in parliaments, etc., and usually
give quarantine authorities power to make and en-
force regulations to accomplish the purpose. Such
regulations usually prohibit bringing infected plants
into protected areas where similar crops might
become infected.

To be effective, a quarantine must employ people
trained to recognize symptoms of nematode infection,
find nematodes, and identify them in the laboratory.
Symptoms of root-knot and cyst nematodes are com-
paratively easy to recognize. Other species require
microscopic examination, which is time consuming
and expensive.

Integration of Control Measures

Utilization of the best combination of available
management strategies for the pest complex at hand
(nematodes, insect pests, disease organisms, weeds,
ete.) constitutes an integrated crop protection
system. Resistant cultivars, crop rotation, pesticides,
and sanitary and cultural practices can all be em-
ployed to the best possible advantage. An integrated
management strategy prevents the excessive buildup
of any single nematode, insect, or disease population
and minimizes the development of pest resistance to
any single tactic.

Integrated pest management systems require flex-
ibility and depend upon the specific pest problem and
locally available management options. A fixed set of
recommendations may keep a pest complex in check
for a limited period of time, but as the pest popula-
tion shifts, recommendations will have to change
also. Therefore, system development takes into ac-
count many factors including the species and race(s)
of pests present, the availability of resistant host
plants, the longevicy of the pest, and the crops, crop-
ping systems, and climate of the geographical region.
The end result is a management strategy tailored to
fit the unique circumstances of each pest situation.



Table 5.

Planting Material

Citrus spp.
(nursery stock)
(bare-rooted
nursery stock)

Dioscorea spp.
(yam tubers)

Fragaria chilvensis
(strawberry roots)

Humulus lupulus
(hop rhizomes)

Ipomoea batatas
{sweet potato)

Musa spp.
(banana corms)

Oryza sativa
(rice seeds)

Prunus avium
(cherry rootstocks)

Prunus persica
(peach rootstocks)

Rubus spp.

Solanum tuberosum
(Irish potatoes)

Vitis vinifera
(grape rootstocks)

Zingiber officinale
(ginger rhizomes)

Nematode Species

Tylenchulus semipenetrans
Tylenchulus semipenetrans
Tylenchulus ser.tpenetrans
Radopholus similis

Meloidogyne spp.
Scutellonema bradys

Meloidogyne spp.
Pratylenchus penetrans
Ditylenchus dipsaci
Ditylenchus dipsaci
Aphelenchoides fragariae

Meloidogyne spp.

Meloidgyne spp.
Meloidogyne spp.

Meloidogyne incognita
Helicotylenchus multicinctus
Pratylenchus brachyurus
Radopholus spp.
Pratylenchus spp.
Helicotylenchus spp.

Aphelenchoides besseyi
Meloidogyne spp.
Meloidogune spp.

Pratylenchus penetrans

Meloidogyne spp.
Pratylenchus coffeae
Pratylenchus coffeae

Meloidogyne spp.
Meloidogyne spp.
Meloidogyne spp.
Meloidogyne spp.
Meloidogyne spp.
Meloidogyne spp.
Xiphinema index
Xiphinema index

Meloidogyne spp.
“nematodes in general”

Temp- {°C)

49
46.7
45
50

51
50-55

52.8
49.4
48
50-52
46-47

51.7

46.8
50

55
55
55
55
55
55

52

50-51.1

50-51.1

46.7

46-47.5
52
53

52.7
544
418
50
51.7
52.8
52
52

45-55
50

Time
(min.)

10
10
25
10

30
40

5

1
15
3-7
13-15

65
3-5

20
20
20
20
20
20

10

5-10

5-10

15

120
15-20
10-15

30
10

10

10-50
10

Hot-water immersion treatments for control of nematodes in planting material

Reference

Stoyanov & Gandcy, 1973
Ayoub, 1980

Ibid.

Ibid.

Hawley, 1956
Adeniji, 1977

Goheen & McGraw, 1954
Ayoub, 1980
Botiysheva, 1972
Trushechkin, 1971
Trushechkin, 1971

Maggenti, 1962

Nat. Acad. Sci., 1968
Mariin, 1970

Gupta, 1975

Ibid.

Ibid.

Decker, et al., 1971
Ibid.

Ibid.

Nandakumar, et al., 1976
Nyland, 1955
Nyland, 1955

McElroy, 1973

Martin, 1968
Gotoh & Ohshima, 1965
Tbid.

Meagher, 1960

Ibid.

Lear and Lider, 1959
Ibid.

Ibid.

Tbid.

Moller & Fisher,1961
Vega, 1978

Colbran & Davis, 1965
Fiji Dep. Agr., 1971
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Ap,.~ndix V continued

Manufacturers or Suppliers
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Box 3871, Houston, TX 77001, U.S.A.
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Nyala Farm Road, Westport, CT 06880, U.S.A.

Agricultural Products Division,
P.0. Box 12014, Research Triangle Park, NC 27709, U.S.A.

G.P.0. Box 5322, Sydney, N.S.W. 2001, Australia
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Transvaal, Republic of South Africa
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P.0O. Box 1211, Geneva 17, Switzerland
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Manufaciurers or Suppliers

Union Carbide Inter-America, Inc.

Union Carbide Eastern Incorp.
National Carbon Company Otd.
Union Carbide India Ltd.

Union Carbide Philippines, Inc.

Unicar, S.A.

Union Carbide Mexicana, S.A.

Addresses

Agricultural Chemicals, Los Nardos
1018, Lima 27, Peru

Agricultural Products, P.O. Box 818, Hong Kong
P.O. Box 4785, Karachi, Pakistan

Agricultural Products, P.O. Box 533,
New Delhi-1, India

P.O. Box 56, Commerical Center
Post Office, Makati, Metro Manilla,
Philippines 3117

Edificio Real Reforma, 7-B,
Ave. La Reforma 13-70, Zona 9,
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Depto. Quimicos Agricolas, Ave.
Presidenta Masaryk No. 8,
Mexico 5, D.F.
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