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Abstract: Plant resistance is a primary component in the development of nematode pest man- 
agement programs. A survey of resistant cultivar and rootstock implementation in 75 annual and 
perennial crops grown in California provides an insight into the current status of plant resistance 
in modern agriculture. As new sources of commercially suitable resistant germplasm are made 
available, their successful implementation will require information on quantitative relationships 
of injury tolerance and hosting ability, and on relationships to intraspecific pathotypes or races 
present in the major agricultural regions of implementation. Computer simulation and modeling 
as an aid in developing these programs is discussed. A format for the implementation of a re- 
sistant line with good agronomic potential is outlined. Key words: review, California crops, pest 
management, population dynamics, damage functions, tolerance. 
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Recent discussions on status and pros- 
pects of nematology provide a good indica- 
tion of the current  emphasis and importance 
attached to research in, and development  
of, plant resistance to nematodes (4,36). In 
response to a 1979 request from the U.S. 
Secretary of Agriculture, the Society of 
Nematologists identified five major  priori ty 
research areas which included plant  breed- 
ing for resistance to nematodes (36). A 1979 
Integrated Pest Management Research Pri- 
ority Report  (4) identified plant resistance 
over chemical, biological, cultural, and reg- 
ulatory control components as the highest 
research priority in management  proce- 
dures. Recommended increases in scientific- 
year-effort for plant  resistance studies in 
1980-89 were double those for the other 
control components. Bird (4) recognized 
this may necessitate a reorientat ion of ex- 
isting Agricultural Exper iment  Station per- 
sonnel to fulfill some of the research needs 
in this area. 

T h e  increasing environmental  and cost 
limitations of chemical control methods 
have contributed to the renewed interest in 
plant  resistance. In less developed countries 
where chemical control is difficult to imple- 
ment, plant resistance has been considered 
repeatedly as the most promising com- 
ponent  of nematode pest management.  
With  the imminent  resurgence in plant  re- 
sistance development,  it is impor tant  to 
consider its current  status in nematode pest 
management  and to combine the present 

Received for publication 1 September 1981. 
1Symposium paper presented at tile annum meetings of 

The  Society of Nematologists, 16-19 August 1981, Seattle, 
Washington. 

ZDepartment of Nematology, University of California, 
Riverside, CA 92521. 

level of practical experience with the re- 
quirements for developing programs that 
can maximize and preserve the effectiveness 
of this natural  resource. This  paper ad- 
dresses some of these considerations and 
requirements.  

AVAILABILITY AND USAGE 

A relationship seems to exist between 
the level of nematode specialization and the | 
availability of resistant crop plants (Fig. 1).J 
Plant resistance has been found and devel- 
oped predominant ly  to the highly special- 
ized parasitic nematodes such as Globodera, 
Heterodera, MeIoidogyne, Rotylenchulus, 
Tylenchulus, and DityIenchus; i.e., nema- 
todes that have a sedentary endoparasitic 
relationship with their host for at least a 
port ion of their life cycle. In these groups, 
resistance in a given cultivar or rootstock 
may be conferred to nematode species be- 
longing to separate genera, to several spe- 
cies from the same genus, to a single spe- 
cies, or to particular pathotypes or host 
races of a single species. Resistance to these 
specialized endoparasitic forms is usually 
limited within a crop by confinement of re- 
sistance genes to just one or a few cultivars 

HOST 
SPECIALIZATION RANGE RESISTANCE 

SEDENTARY E~iDOPARASI I IC 

MIGRATORY ENDOPARASIIIC 

ECTOPARASII]C 

Fig. 1. Plant resistance availability and develop- 
ment in relation to host range and parasitic special- 
ization for various phytoparasitic nematode groups 
(see text). 
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or rootstocks of that  crop. In  some crops 
that  are severely damaged by endoparasi t ic  
nematodes,  for example  cucurbitaceous 
crops infected by Meloidogyne spp. and  
sugarbeets and crucifers infected by Hetero- 
dera schachtii, resistance is not available. 
On the other  hand, crop plant  resistance to 
nematodes that  have a less specialized para- 
sitic relat ionship with their host, such as 
some migratory endoparasites (e.g., Praty- 
lenchus and Aphelenchoides)  is generally 
undeveloped. Pratylenchus scribneri resist- 
ance in l ima beans (29) and Aphelenchoides 
resistance in Chrysanthemum (18) provide 
isolated examples. Resistance to ectopara- 
sitic nematodes (e.g., tile Dorylaimida 
genera Longidorus, Paratrichodorus, Tri- 
chodorus, and Xiphinema)  has not  been 
developed in cultivars or breeding lines nor  
located in wild germplasm sources of any 
major  crops, a l though many  examples of 
nonhosts ( immunity)  exist. 

From an evolut ionary standpoint ,  this 
pa t tern  of resistance to different parasitic 
groups is to be expected. Natura l  selection 
of resistance genes is more likely to have oc- 
curred in the most highly specialized host- 
parasite relationships where a co-evolution- 
ary development  of host and parasite has 
produced a highly specific interact ion in 
which host and parasite compete for a 
genetic advantage (35). T h e  root browsing 

ectoparasitic nematodes have less specific 
feeding requirements  and characteristically 
wider host ranges. Selection of resistance to 
these ectoparasites has not  occurred in 
plants, presumably because selection pres- 
sure from the parasite is low and little ad- 
vantage is gained by the host p lant  (unless 
resistance genes are l inked to gene loci that  
improve p lant  fitness through other char- 
acters). 

Tab l e  1 lists the major  crop and nema- 
tode combinat ions in which nematode  re- 
sistant cultivars and rootstocks are available 
and in use. 

Status in California: California is a good 
example  of intensive diversified agriculture. 
About  75 food and fiber crops are grown in 
a range of soil and climatic types and where 
many  of the impor tan t  phytoparasi t ic  nema- 
tode genera are represented by one or more 
species (34). 

Of the nematode-resistant  crops avail- 
able, relatively few are used in California 
(Table  1). In  45 or so annual  field and vege- 
table crops, Meloidogyne resistance in beans 
(large lima), cowpeas, sweet potatoes, and 
tomatoes are the only cases where plant  re- 
sistance is currently used as a nematode  
management  tactic, and resistant cultivars, 
especially of sweet potatoes and tomatoes, 
are mostly used in conjunct ion with a pre- 
p lant  fumigat ion treatment.  T h e  scope of 

Table 1. Major annual and perennial crops in which resistance to nematodes is available and used for 
nematode pest management. 

Crop Nematode 

Beans 
Cowpea 
Cotton 
Potato 
Soybean 

Sweet potato 
Small grains 

(wheat, barley, oats) 
Tobacco 
Tomato 
Alfalfa 
Apricot 
Citrus 
Grape 
Walnut 
Prunus rootstock--Nemaguard: 

(almond, nectarine, peach, plum) 

Meloidogyne incognita*, M. javanica*, Pratylenchus scribneri 
M. incognita* 
M. incognita 
Globodera pallida, G. rostochiensis 
31. incognita, M. javanica, Heterodera glycines, Rotylenchulus reni- 
[ormis 
M. incognita*, M. javanica*, M. arenaria* 
Heterodera avenae, Ditylenchus dipsaci 

M. incognita, M. arenaria, Globodera spp. 
M. incognita*, M. javanica*, M. arenaria* 
M. incognita*, D. dipsaci* 
Meloidogyne spp.* 
Tylenchulus semipenetrans* 
Meloidogyne spp.* 
Meloidogyne spp.* 
M. incognita*, M. javanica*, M. arenaria* 

*Nematode-crop combinations in which resistance is used in California. 
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implementat ion is l imited by cultivar suit- 
ability for commercial characteristics. For 
example, of the some 279,000 acres of to- 
matoes grown in California in 1979 (1), 
representing more than 80% of the U.S. 
total tomato production, 250,000 acres were 
of processing types in which Meloidogyne- 
resistant cultivars were not available. T h e  
remaining 29,000 acres were fresh market  
tomatoes of which two of the popular  cul- 
tivars ( 'Jackpot'  and 'Royal Flush') are re- 
sistant to Meloidogyne incognita, M. 
javanica, and M. arenaria; other  leading 
fresh market  cultivars like 'Castlemart '  are 
susceptible to Meloidogyne spp. Impor- 
tantly, in 1981, for the first time, a good 
yielding processing cultivar ( 'Goldsmith 
GS27') has been released which contains 
resistance to Meloidogyne spp. together with 
the fruit at tachment characters required for 
machine harvesting. T h e  tomato example 
illustrates the very limited implementat ion 
of nematode resistance in a highly suscep- 
tible crop where our overall knowledge of 
resistance can be considered advanced. T h e  
acreage planted with resistant cultivars of 
the other annual  crops in which resistance 
is available is also small. Commercial cot- 
ton cultivars with resistance to Meloidogyne 
incognita are available, but  they are not  
used in California because the "one variety 
law" limits major  San Joaquin  Valley plant- 
ings to susceptible 'Acala' cultivars (sJ2, 
s J4, sJs). 

o f  the 30 or so perennial  crops in Cali- 
fornia, resistance has been implemented ex- 
tensively in some crops and not  at all in 
others. Citrus rootstocks (e.g., Poncirus tri- 
]oliata and its citrange hybrids), resistant 
to citrus nematode (Tylenchulus semipene- 
trans), have been used extensively and suc- 
cessfully for some 25 yr, al though certain T. 
semipenetrans pathotypes are now known 
to circumvent this resistance and reduce 
yield (3). Meloidogyne-resistant grapevine 
rootstocks (e.g., 'Dog Ridge,'  'Salt Creek,' 
'Harmony, '  'Freedom') are available (12), 
but  they are not preferred due to a tendency 
to promote vegetative growth. However, 
some commercial plantings on the last two 
rootstocks are being made (27). Partial  re- 
sistance and tolerance in some grape cul- 
tivars such as 'Thompson  Seedless' are used 
in sandy soils in the interior  San Joaquin  

and Coachella Valleys, where problems are 
likely from Meloidogyne spp. (12,27). Prob- 
ably the most successful plant resistance 
implementat ion program in California in- 
volved the use of Meloidogyne-resistant 
'Nemaguard '  rootstock (derived from 
Prunus davidiana) for Prunus crops. Ap- 
proximately 75% of the almond, nectarine, 
peach, and plum plantings--approximately 
500,000 acres in 1979 (2)--are on Nema- 
guard rootstocks. After 20 yr of use, there is 
no evidence of selection of Meloidogyne 
populations that can circumvent resistance 
m Nemaguard (M. V. McKenry, personal 
communication).  Alfalfa cultivars resistant 
to Meloidogyne (e.g., cv. Moapa) and 
Ditylenchus dipsaci (e.g., cv. Lahontan)  are 
used on a limited scale in California; how- 
ever, the Meloidogyne resistant germplasm 
has been incorporated into commercial 
lines. Meloidogyne resistance in walnut  (cv. 
California Black) is also utilized in 95% of 
the walnut acreage. Thus,  apart  from 
Prunus and citrus and walnut rootstocks, 
the implementat ion of nematode-resistant 
cultivar and rootstock plantings of Cali- 
fornia crops is limited, especially in annual  
crops. Examples of nematode resistance im- 
plementat ion in world agriculture that are 
not common to California will be used in 
the following sections. 

T O L E R A N C E  AND 
Q U A N T I T A T I V E  R E L A T I O N S H I P S  

In the present context, tolerance refers 
to the ability of a plant to grow and yield 
during injury from nematode parasite at- 
tack, and it is independent  of resistance- 
susceptibility that is used herein in a non- 
epidemiological sense referring to the abil- 
ity of a plant to support  nematode repro- 
duct ion (31). Thus,  tolerant cultivars yield 
better than intolerant  cultivars under  sim- 
ilar nematode attack. 

Two factors are critical when consider- 
ing the implementat ion of resistant cultivars 
in nematode pest management:  one is the 
tolerance level and, therefore, the yield po- 
tential of the cultivar in infested soil, and 
the second is the effect of that cultivar on 
the populat ion dynamics of the nematode 
species in question. T h e  second factor is a 
more impor tant  consideration in annual  
than in perennial  crops, because seasonal 



Table 2. Yield comparisons of resistant and susceptible cuhivars of annual crops on nematode infested and noninfested land. 

Nematode Crop Cultivar Unit 

Yield ratio 
Yield (infested/ 

Uninfested uninfested) 
Infested (or treated) X 100 Reference 

G. rostochiensis potato Maris piper R* kg/ha 17,100 28,400 
tuber Record S " 7,600 31,000 

H. glycines soybean Centennial R kg/ha 6,400 7,529 
seed Bragg S " 2,310 -- 

M. incognita soybean Bragg R kg/ha 1,642 2,536 
seed Hood S " 209 1,675 

M. incognita tobacco NC 95 R g/plant  31 60 
leaf McNair 30 S " 7 70 

M. incognita sweet Eureka R bu/ha  470 555 
potato Jewel R " 381 534 
tuber 

M. incognita cotton N6O72 R kg/ha 1,638 2,333 
lint Auburn 56 S " 1,342 2,444 

H. avenae barley Proctor- R kg/ha 4,569 7,559 
seed type S " 3,827 7,571 

60 
25 

85 

65 
12 

52 
10 

84 
71 

7O 
55 

6O 
51 

(8) 

(25) 

(24) 

(16) 

(17) 

(6) 
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*R = resistant cv.; S = susceptible cv. 
ffRoberts and Scheuerman, unpublished data. e '~  
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population changes must be considered in 
planning rotations containing different cul- 
tivars of the same or other crops. Table  2 
compares yield of resistant and susceptible 
cultivars of the same crop in nematode in- 
fested and uninfested (or nematicide 
treated) soil. In all cases, resistant cultivars 
show reduced yield under heavy nematode 
attack, with yield reductions ranging from 
15 to 48 percent. Resistance and tolerance 
in tobacco to GIobodera solanacearum were 
shown to be genetically independent char- 
acters (13). However, in a range of crops 
(Table 2), resistant cultivars generally yield 
better than susceptible cultivars under 
nematode attack, and in lightly and mod- 
erately infested soils, resistant cultivars may 
show no significant yield reduction. Com- 
parisons of grain yields of resistant and 
susceptible barley genotypes on cereal cyst 
nematode (Heterodera avenae) infested soils 
at 18 different sites in Britain (of which 13 
sites compared near-isogenic resistant and 
susceptible lines) revealed that  resistant 
lines out-yielded comparable susceptible 
lines by a mean of 8.6 percent (18). 

Yield reduction in resistant cultivars re- 
sults from root injury by invading juveniles 
of root endoparasites; when the mechanism 
for resistance is postinfectional, roots of 
resistant cultivars can be invaded as much 
as susceptible cultivars (38), and root in- 
jury may be particularly severe where a 
hypersensitivity response in the host is in- 
duced by the nematode (9). Indications 
that some tolerant cultivars have mecha- 
nism(s) that reduce numbers of juveniles 
able to penetrate into roots are found in 
both annual and perennial crops (8,12). A 
positive correlation between tolerance to 
cyst nematode injury and water use effici- 
ency, including stomatal opening regula- 
tion in the plant, has been noted in po- 
tatoes (7,8). 

The  quantification of the relationship 
between pest density and crop yield is a 
necessary basis for rational decision making 
in an integrated pest management program 
in which appropriate, reliable pest sampling 
and assay procedures are developed (5,10, 
11). The  yield of the resistant cultivar in 
relation to the preplant nematode popula- 
tion density (the damage function) must be 
determined, preferably from field data. How 
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Fig. 2. Hypothetical  damage functions (relation- 
ship between yield and initial nematode popula-  
tions) for cultivars of an annual  crop possessing dif- 
ferent nematode resistance and damage tolerance 
characteristics. R T  = resistant, tolerant; R[  = re- 
sistant, intolerant;  ST = susceptible, tolerant; SI = 
susceptible, intolerant.  

the possession of resistance and tolerance 
characteristics by a cultivar might influence 
this relationship is shown in Fig. 2. The  
curve, developed from Seinhorst (33), gen- 
erally shows a linear relationship except at 
very low or very high population densities. 
Both the position and the slope of the curve 
will be governed by the relative tolerance 
of the particular cultivar, as well as by 
edaphic, environmental, and cultural fac- 
tors (10). Field studies have shown that 
yields of resistant potatoes were inversely 
proportional to preplant population den- 
sities of potato cyst nematode unable to re- 
produce on them (23). Similarly, compari- 
sons of Meloidogyne incognita damage to 
resistant and susceptible tobacco cultivars 
over a range of initial densities conform to 
the Seinhorst (33) equation, al though max- 
imum yield of the two cultivars differed 
(16). Ferris (10) noted that the relative 
tolerance of a cultivar to the nematode pest 
might be a problem in a quantitative man- 
agement approach to a particular nema- 
tode-crop relationship. As part of the dam- 
age function derivation, he suggested that  
all cultivars for which no data were avail- 
able be regarded as intolerant to the par- 
ticular nematode species and given a max- 
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imum "pathogenic equivalence" rat ing of 
1; those cultivars where a level of tolerance 
was known would be given a rat ing of some 
factor less than 1. In relationships with a 
min imum yield at the highest nematode 
densities, a measure of yields at least two 
densities above the tolerance level are neces- 
sary to determine the position of the yield 
curve in relation to nematode densities (33). 

Where good yield of the primary crop is 
tile main objective, and long-term nema- 
tode management  is not  considered, then in 
some nematode-crop situations the tolerance 
of the cultivar to damage may be considered 
more impor tant  than the possession of re- 
sistance factors that inhibi t  nematode re- 
production.  Such situations might  include 
nematode pests that complete a single gen- 
eration dur ing the growing season and 
where secondary infections by other  organ- 
isms are not  prevalent; for example, root- 
knot  and cyst nematodes in cool climates. 
However, if mult iple nematode generations 
occur, if secondary infections such as those 
with root-rot fungi are a yield determinant,  
or if nematode infection predisposes the 
crop plant  to a fungal wilt or rot  infection 
in a disease complex, then the possession of 
resistance is very impor tant  because it may 
limit these negative effects on yield. Meloi- 
dogyne infections on vegetables in warm 
climates (14) and the Meloidogyne-Fusarium 
disease complex on cotton (17) are examples 
of these situations. 

In practice, a nematode management  
program must consider long-term trends of 
nematode populat ion dynamics under  crop 
rotations. Resistant cultivars reduce the pre- 
plant  populat ion densities that will affect 
the next  crop, and often more so than non- 
host or immune plants because they may 
promote hatching and attract invasive ju- 
veniles to roots. For example, a susceptible 
cotton (cv. Acala S J2 or sJ5) is rotated 
with resistant cowpea (cv. Blackeye 5) by 
some growers in California to manage 
Meloidogyne incognita. Resistant cultivars 
can, therefore, increase the frequency with 
which infested land can be planted with 
susceptible cultivars of the same or other  
crops, and they can reduce the dependence 
on other management  options such as chem- 
ical nematicides. Rotat ions can be devel- 
oped to maximize resistance usage in annual  

crops, as exemplified by current  populat ion 
modell ing work. 

Rotations are not  a major  consideration 
for nematode management  on perennial  
crops. Resistance may be more desirable 
than tolerance, because roots of susceptible 
perennial  cultivars or rootstocks support  
nematode reproduct ion in successive years 
and heavily infected roots are more vulnera- 
ble to secondary infections. 

M O D E L L I N G  AND 
I M P L E M E N T A T I O N  

Th e  use of interactive computer  pro- 
grams is increasing in research and imple- 
mentat ion efforts directed towards inte- 
grated nematode pest management.  This  is 
particularly true in Europe for cyst nema- 
todes and in the Uni ted States for root-knot 
nematodes (11,20,21,22). Computer  pro- 
grams which aid in resistant cultivar imple- 
mentat ion include cultivar selection in 
quanti ta t ive nematode management,  plan- 
ning of rotations to optimize resistant cul- 
tivar effectiveness, understanding such pro- 
cesses as genetic selection and intra- and 
inter-specific competitions in parasite rela- 
tions. 

Ti le  development  of profiles on suscep- 
tible and resistant cultivars and rootstocks 
through applied research will be the key to 
successful implementat ion of management  
programs that utilize plant resistance to 
nematodes. A feasible, conceptual frame- 
work has been developed (11) for the deri- 
vation and implementat ion of quanti ta t ive 
nematode management  decisions. This  con- 
cept relies on tile use of interactive com- 
puter  programs to manipulate  the data files 
of those parameters that may influence the 
management  decision. T h e  complexity of 
tile decision process necessitates the use of 
these computer  programs. Cultivar or root- 
stock selection is a pr imary component  in 
such a system, and the data files used to 
make these selections must include a profile 
of each available cultivar or rootstock in 
terms of its nematode species and patho- 
type hosting ability and its tolerance to 
nematode damage. Therefore ,  the breadth 
and accuracy of this informat ion on the 
cultivar or rootstock will be a l imiting fac- 
tor in the selection process. 

Jones and co-workers (20,21) in Europe 
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have applied computer  simulation and pop- 
ulation models to potato cyst nematodes 
(Globodera pallida and G. rostochiensis) on 
potatoes, where data on popula t ion dy- 
namics and host parasite relationships are 
probably most advanced in nematology. A 
populat ion model has been developed to 
investigate the influence of potato cultivars 
bearing major dominant  gene H1 (from 
Solanum tuberosum spp. andigena Juz. and 
Buk.), conferring resistance to G. rostochien- 
sis pathotype Rol, on nematode populat ions 
under  different rotations and when used in 
combination with other management  strat- 
egies such as chemical nematicides. 

Goodness of fit of tile model prediction 
to field data, where the model is compared 
both with and without  an amendment  to 
incorporate interspecific competi t ion be- 
tween G. rostochiensis and G. pallida, con- 
firms that on fields with mixed populat ions 
of the two species continuously cropped 
with potatoes resistant to G. rostochiensis 
Rol only, the characteristic delay in the 
increase of G. pallida densities is caused by 
competi t ion with G. rostochiensis, which 
unti l  it has [allen to a low level, suppresses 
the G. pallida populat ion (21). Earlier 
versions of the model (23) compared rota- 
tions in which susceptible and /o r  resistant 
potatoes were grown in various rotat ion fre- 
quencies (from continuous susceptible or 
resistant cultivars to al ternat ing the two 
with up to three other crops in between); 
model predictions led the authors to sug- 
gest that the best policy for potato growers 
with fields suitable for resistant cultivars is 
to alternate resistant and susceptible cul- 
tivars in a crop rotat ion growing potatoes 
every 3-4 yr. 

Simulation on the increase in frequency 
of a resistance breaking gene in a potato 
cyst nematode populat ion when resistant 
cultivars are grown enabled predictions of 
gene selection based on two hypotheses for 
nematode genotype background: females 
are double recessives (aa), or they are 
double dominants and heterozygotes (AA 
and Aa) for that character (21). T h e  model 
confirmed that, over a wide range of initial 
genotype frequencies, if genes able to cir- 
cumvent resistance are present, selection of 
these genes does take place when a resistant 
cultivar is grown continuously, and that 
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selection is faster for the hypothesis of re- 
cessive females. Predictions on the rate of 
gene selection are loosely validated by the 
lack of field evidence so far that growing 
potatoes with gene H1 has selected from G. 
rostochiensis Rol populations able to cir- 
cumvent gene H1 resistance (21). Field 
trials with susceptible and resistant cul- 
tivars and fumigated and nonfumigated 
plots, suggest that nematicides that kill 
70-90% of the nematode popula t ion may 
expedite rather  than prevent selection of a 
race or species of potato cyst nematode able 
to reproduce on a resistant cultivar (21). 

Th e  cyst nematode models apply to spe- 
cies with one generation per season, and 
they would require adaptat ion for multi- 
generation species such as Heterodera and 
Meloidogyne in warm climates. These 
models are based currently on incomplete 
data. However, the programs can be up- 
dated as new information becomes avail- 
able, and al though information gaps exist 
in important  practical areas, these examples 
illustrate the undoubted  potential  of simu- 
lation and modelling work in developing 
nematode management  programs that util- 
ize plant resistance. 

INTRASPECIFIC  V A R I A T I O N  

Intraspecific variation in ability to re- 
produce on resistant cultivars and rootstocks 
occurs in many nematode-crop combina- 
tions. These variants are referred to most 
commonly as pathotypes, biotypes, or races. 
Schemes for their identification and classi- 
fication have been developed for several 
important  species using differential hosts 
that possess key resistance genes. Pathotypes 
have been identified in potato cyst nema- 
todes on potatoes (26), in cereal cyst nema- 
todes on barley (18), in soybean cyst nema- 
tode on soybeans (30), on root-knot nema- 
todes on a range of crop plants (28), in 
citrus nematode on citrus (19), and so on. 
T h e  numbers of variants that can be dif- 
ferentiated varies with both  the number  of 
host differentials and the method of assess- 
ment used. For example, Riggs et al. (30) 
differentiated six Heterodera glycines vari- 
ant groups on five differentials, and 25 and 
36 variant groups on 13 differentials, from 
a collection of 38 geographical isolates. For 
practical purposes, the commercially im- 

J 
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por tant  resistant cultivars can be used as 
differentials in an open-ended scheme that 
includes cultivars with new resistance char- 
acters as differentials and designates isolates 
able to reproduce on them as new races. 
Therefore,  only the variants that relate di- 
rectly to decisions on growing a particular 
cultivar on infested land are considered. 

Although it is not practical to determine 
the predominant  pathotype in every infested 
field, l imited testing of nematode isolates 
from selected fields may provide a guide- 
line for cultivar choice in a given area. For 
widespread species with continental  or 
global distributions like Meloidogyne in- 
cognita, the identification of variants on a 
regional rather  than on a total basis is more 
meaningful for resistance development  and 
implementation,  both in advanced and in 
developing agriculture. Attempts at such 
programs in less developed countries are in 
progress (28). With reference to tomato 
product ion in the United States, California 
isolates of Meloidogyne spp. would be the 
most practical test criteria for developing 
and implementing resistant cultivars of this 
crop in North America. Tests with 10 Cali- 
fornia isolates of M. incognita indicated that 
iutraspecific variation in ability to develop 
on resistant tomatoes does occur (37). 

Although incomplete, our understand- 
ing of resistance usage is developed enough 
that new sources of resistance can be used 
more effectively than in the past. For ex- 
ample, the development  of a commercial 
sugarbeet with resistance to Heterodera 
schachtii is now a realistic possibility (32), 
and the existence of pathotype variants in 
H. schachtii has already been observed (15). 
Nevertheless, sugarbeet growers and proces- 
sors are keenly awaiting the availability of 
resistant sugarbeets to replace, ra ther  than 
integrate with, the current  management  op- 
tions of long rotations and expensive nema- 
ticides. It  is, therefore, of utmost impor- 
tance that the nematology community,  
through education and advisory networks, 
makes a concerted effort to ensure full 
integration of resistant cultivars into prop- 
erly planned rotations that might  include 
judicious nematicide usage and other cul- 
tural or biological tactics. 

Resistance-breaking pathotypes on per- 
ennial crops present a different management  

problem because a resistant cultivar or root- 
stock may be continually exposed to a 
nematode populat ion for many years. T h e  
selection of Tylenchulus semipenetrans 
pathotypes able to circumvent resistance 
bred from the Poncirus trifoliata gene pool 
is a good example (3,19); the full impact of 
this selection will be felt when present 
plantings are replaced with a new genera- 
tion of citrus stock after 40-50 yr. New 
sources of resistance in commercial citrus 
germplasm are a pressing requirement.  T h e  
development  of stable forms of resistance 
that are multigenic in nature may be most 
appropria te  in perennial crops. 

FIELD D E V E L O P M E N T  

Th e  plant breeder or genetic engineer 
is primarily responsible for developing 
commercially acceptable resistant germ- 
plasm. Tile field development  and imple- 
mentat ion of this resistance is the second 
phase of the resistance program, and it will 
determine the overall success of that breed. 
ing effort. A format for the implementa- 
tion of a resistant line with good agronomic 
potential  could be as follows: 

I. Prel iminary testing for resistance to 
major  pathogenic species and patho- 
types. 

2. Test ing for resistance to a range of 
nematode isolates from the region of 
implementation.  

3. Test ing for tolerance and resistance 
in the field that could include evalu- 
ation of combined use with a nema- 
ticide (e.g., where a nematicide could 
provide control plots). 

4. Test ing to a nematode-disease inter- 
action or complex where applicable 
(e.g., rootknot  nema tode - funga l  wilt 
complex). 

5. Planning of effective rotations that 
are consistent with acceptable crop- 
ping practices. 

6. Educat ion and advisory program for 
growers, processors, pest control ad- 
visors, etc., to promote proper  imple- 
mentat ion.  
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Characterization of Sialyl and Galactosyl Residues on the 
Body Wall of Different Plant Parasitic Nematodes ~ 

Y. SPIEGEL 2, E. COHN e, AND SARAH SPIEGEL 3 

tlbstract: T h e  p lan t  parasi t ic  nenla todes  Helicotylenchus multicinctus, Meloidogyne javanica, 
Tylenchulus semipenetrans, anti Xiphinema index, ditt 'eriug in thei r  host  specificity and  parasi t ic  
habi ts ,  were analyzed as to thei r  cuticle surface sialyl, galaclosyl,  a n d / o r  N-acetylgalactosaminyl  
residues.  T h e  p rocedure  involved the  selective ox ida t ion  of sialic acid and  galactose/N-acetylgal-  
ac tosamine  residues us ing  per ioda le  and  galactose oxidase, respectively, to form reactive a ldehyde  
groups .  Th e se  func t iona l  g roups  were coupled directly wi th  a new hydraz ide -con ta in ing  com- 
poun d ,  the  f luorescent  reagent  l issamine rhodamine - f l - a l an ine  hydrazide,  or they were ut i l ized to 
in t roduce  DPN-groups  to the  n e m a t o d e  cuticle. T b e  d is l r ibn t i tm of the  DNl ' - t agged  glycocon- 
juga tes  was visualized by treatit tg the  nematodes  with rabbi t  an t i -DNP an t ibody  and  s ta in ing  
with fluorescein isothiocyanate  (FITC)- labeled goat  an t i r ahb i t  IgG. Sialo residues wet, e observed 
a long the  ent i re  ou te r  body wall of the  first th ree  a fo remen t ioned  nematodes ,  bu t  there  were 
some differences in react ion a m o n g  the  var ious  life stages wi th in  the  species. In X. index, sialo 
res idues  were sited in the  tail and  head  areas, main ly  on the  lips, oral opening ,  a m p h i d  aper tu res  
and  stylet. Galactose oxidase t r ea tmen t s  revealed galactose on  N-acytylgalactosamine residues on  
T. sentipenetrans and  X. imlex, but  there  were no indicat ions  tha t  thei r  presettcc was dependent 
on the  deve lopmenta l  stage. T ryps in ,  pronase ,  anti n e u r a m i n i d a s e  p r e t r e a t m e n t  complete ly  
abol ished the  fluorescence in 7". semipenetrans h u t  did  not  al ter  the sialo residue b ind ing  re- 
act ion in H. multicinctus or M. javanica, ind ica t ing  possible differences i tt  the  ou le r  body wall 
saccharide s t ruc ture  anti compos i t ion  between these nematodes .  T h e  existence and  n a t u r e  of  
sugar  residues on the  cuticle surface of nematodes  could con t r ibu te  to an  u n d e r s t a n d i n g  of  the  
specific recogni t ion by phy tophago t t s  nema todes  of thei r  host,  and  pe rhaps  also of the  virus  
t ransmiss ion  m e c h a n i s m  in those nematodes  which  serve as vectors. Key words: Helicotylenehus 
multicinctus, Meloidogyne javanica, Tylenchuhts semipenetrans, Xiphinema b~dex, fluorescent 
reagent ,  l i ssamine  rhodamine- /3 -a lan ine  hydrazide,  double  anti l)ody technique ,  glactose oxidase,  
enzymes,  neu ramin idase ,  chymot ryps in ,  t rypsin,  hos t -paras i te  recognit ion.  

J o u r n a l  of Nemato logy  14(1):33-39. 1982. 

Phytopathologists have recently become 
interested in surface associated glycocon- 
jugates because of the unique functions at- 
tributed to them (4). Surface sugars have 
been implicated in recognition phenomena, 
such as intercellular communication and 
host-parasite relationships (7).  However, 
there is little information concerning the 
nature of carbohydrates of the outer body 
wall of nematodes, and especially of the 
plant parasitic forms. 

Recently, it was shown by Himmelhoch 
et al. (6) that ruthenium red staining of the 
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cuticle surface of Caenorhabditis briggsae 
suggested the presence of acid mucopoly- 
saccharides but not of neuraminic, hy- 
alurouic, or glycoronic acids. Histochemical 
techniques were used by Sood and Kalra 
(13) to compare outer body wall of a rumi- 
nant nematode Haemonchus  contortus with 
that of the plant-parasitic nematode, 
Xiphinema insigne. Ill H. contortus they 
found indications of the presence of pro- 
teins associated with acid mucopolysac- 
charides and in X.  insigne the cuticle con- 
sisted of weakly acidic mucopolysaccharides. 
Ill addition, the presence of galactose, glu- 
cose, mannose, and N-acetylglucosamine was 
indicated Oil C. briggsae and C. elegans by 
using three iodinated plant lectins (20). 

The existence and nature of sugar re- 
sidues on the cuticle surface of nematodes 
could contribute to an understanding of the 
specific recognition by phytophagous nema- 
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