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Abstract

Forty-one Australian populations of Meloidogyne were assessed for their host-race status by the North Carolina
differential host test which relies on the combination of resistant and susceptible reactions of six differential hosts to
the nematode population. Although in most cases the distinction between reactions of the NC differential hosts to
nematode populations was clear, there was sufficient discrepancy to make the test unreliable for species and race
identification in Australia when used alone. Five atypical combinations of reactions were found.

Additional keywords: host range

Introduction

Meloidogyne spp. (root-knot nematodes) are one of
the most important groups of nematodes attacking
the world's agricultural crops. More than 60 species
of Me loidogyne have been described (Eisenback
and Triantaphyllou 1991) and together they attack
almost every crop grown. Even with current man
agement practices, which are often based on chemi
cal nematicides, they cause an estimated 12% crop
loss annually worldwide (Sasser and Freckman
1987). To manage these pests with species- or race
specific strategies such as the use of crop rotation,
resistant cultivars or biological control, it is neces
sary to identify accurately the nematode to be con
trolled.

Meloidogyne spp. have been differentiated by
various morphological (Jepson 1987), cytological
(Triantaphyllou 1985) and biochemical characters
(Eisenback and Triantaphyllou 1991; Hugall et al.
1994; Stantonetal.1997). The North Carolinadiffer
ential host test (Table I) (Hartman and Sasser 1985)
was devised to identify the four most common
species, M javanica (Treub) Chitwood, M. hapla
Chitwood, M. arenaria (Neal) Chitwood and
M. incognita (Kofoid & White) Chitwood and host

104

racesofthe last two species.The NC differential host
test relies on combinations ofresistant and suscep
tible reactions to nematodes ofCapsicumfrutescens
L. (capsicum) cv. California Wonder, Gossypium
hirsutum L. (cotton) cv. Deltapine 16, Arachis
hypogaea L. (peanut) cv.Flomnner, Lycopersicon
esculentum Mill. (tomato) cv. Tiny Tim, Nicotiana
tabacum L. (tobacco) cv. NC95 and Citru//us vul
garis Schrad. (watermelon) cv. Charleston Gray
(Taylorand Sasser 1978).

The response to nematodes of NC differential
hosts has been described as 'fairly reliable' foriden
tification of the four common species (Eisenback et
al. 1981). However, this test does not distinguish
between M. javanica and M. arenaria race 2.
Furthermore, atypical host reactions have been
found (Taylor et al. 1982). For example, although
peanut and capsicum are considered non-hosts of
M. javanica, they are susceptible to some popula
tions. Also, some populations of M. arenaria
race 2 reproduce on capsicum which is usually a
non-host.

Hugall et al. (1994) showed that identification of
some Australian populations of Me loidogyne by
the NC differential host test was not consistent with
esterase phenotype or mitochondrial DNA

Australasian Plant Pathology Vol. 27 (2) 1998



Methods

(mtDNA) type, whereas esterase phenotype and
mtDNA type wereperfectlycorrelated. Weconsid
ered that reduction of eggmass counts to assign
ment as a 'resistant' or 'susceptible' reaction
ignored a lot of information and may have masked
the true relationship between host range and bio
chemical characters.

The purpose of this study is firstly to report
some atypical reactionsby NC differential hosts to
Meloidogyne . Secondly, we used numbers of
eggmasses and eggmass ratings rather than resist
ance/susceptibility to assess the test's usefulness
in identifyingAustralianMe10idogyne populations
by determiningthedegreeofsimilarity between host
reactions to different nematode populations.

after inoculation, rootswerewashedand eggmasses
stainedwith0.15%ph10xine B and counted.

The standard differential host test useseggmass
ratings according to the following scale: 0 = 0
eggmassesper plant, 1= 1-2, 2 = 3-10, 3 = 11-30,
4 =31-100 and 5 =morethan 100.In the NC differ
entialhost test,plantswithaverageeggmass ratings
of2 or lessare classifiedas resistant and those with
ratings greater than 2 are classified as susceptible.
The reactionto each nematodepopulationof the six
differential hosts is used to assign a species and
race(Table 1).

Agglomerative hierarchical cluster analyses
were carried out with similarity matrices based on
Euclidean distances (Genstat 5 Committee 1993).
The average link method was used to determine
howsimilaritiesbetweenclusterswere redefinedat
each merge. Dendrograrns wereconstructedto indi
cate the level of similarity at which clusters were

Nematode populations were collectedfrom within used to compare nematode populations. In these
Australia (Table2) and maintained in a glasshouse analyses, countsof morethan 100eggmasses were
as singleeggmass cultures on tomatocv. TinyTim. considered to be 100. Therefore, in any host-
Eggswereremoved fromrootsin 0.5%sodium hypo- nematode reaction, where at least three of the four
chlorite (Southey 1986),and plants wereinoculated replicateshad more than 100eggmasses, the mean
with6000eggsperpot,replicated fourtimes. TheNC eggmass rating was considered to be 5, even if
differential host plants used werecapsicum, cotton, the resulting mean number of eggmasses was less
peanut, tomato, tobacco and watermelon. Sixtydays than 100.

Table 1 Usual responses ofthe four common Meloidogyne species and their host races to the North
Carolina differential host test (Hartman and Sasser 1985) and atypical reactions of some Australian
populations

Meloidogyne
species and race CP er

NC differential hosts"
PN ra TM WM

u. incognita

lv.f. arenaria

Mi javanica
M hapla
Atypical (1)
Atypical (3)
Atypical (4)
Atypical (5)
Atypical (6)

race I +8 - B +
race 2 + + +
race 3 + + +
race 4 + + + +
race 1 + + + +
race 2 + +

+ +
+ + + +
+ + +

+ +
+ + +

+ + +
+ + +

+
+
+
+
+
+
+

+

ACP, Capsicum frutescens (capsicum) cv. California Wonder; CT, Gossypium hirsutum (cotton)
cv. Deltapine16;PN,Arachishypogaea (peanut)cv. Florunner;TB,Nicotiana tabacum (tobacco) cv. NC95;
TM, Lycopersicon esculentum(tomato) cv. TinyTim; WM,Citrullusvulgaris(watermelon) cv. Charleston
Gray.
B+,_ = resistant, susceptible as definedby Hartman and Sasser (1985).
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Results

Details on populationsstudied,along witheggmass
numbers and ratings, are shown in Table 2. In
populations 16,33,47,63,92,114 and Y, morethan
100 eggmasses were counted but were recorded as
100 when averaging over four replicates. This
resulted in apparent anomalies between eggmass
numbers and ratings.

There was poor correlation between mitochon
drial DNAtype and identificationbythe NCdiffer
ential hosttest (Table2). For example, only70% of
populations of type A, C (M arenaria race 2) or D
(M javanica) elicited the appropriate reactionsby
the NC differentialhosts. Also, populations 12, 102,
113, 115and A produced atypical reactions in the
NC differential hosts.

Number of eggmasses When numbers of
eggmasses were comparedbycluster analysis(Fig
ure I), groups containing populations which pro
duced reactions in NC differential hosts indicative
ofAljavanica/M arenaria race 2 andAf incognita
race 2 werenot clearlydifferentiated. Forexample,
populationsD, 42, 44and 86(identified asM incog
nita race2 using the NC differential host test)were
more closelyrelated to manypopulationsidentified
es Mi javanicaiM, arenaria race 2 than to2, 33, 39
or H (identified asM incognita race 2). Alsosome
populations identified as A1. javanica/M. arenaria
race2, e.g.y, 51and60,weremoreclosely correlated
to populationsidentifiedasM incognita race2 than
to other populations of M javanicaiM. arenaria
race 2.

Similar biochemical types were not clustered
reliably. Therefore, the relationship between bio
chemical characterisation and identificationby the
NC differential host test was not improved by
comparing total numbers of eggmasses produced
on differential hosts.

Eggmass rating When eggmass ratings were
compared by cluster analysis (Figure 2), there was
little discrepancy between per cent similarity and
assignment of species/race based on eggmass
rating. All populations identified as M. javanica/
M arenaria race 2 with the NC differential hosttest
were clustered, as were populations identified as
M. incognita race 1 or A1. incognita race 2.

Similar biochemical types were not clustered
reliably. Therefore, the relationship between bio
chemical characterisation and identificationby the

108

NC differentialhost test was not improved by com
paring eggmass ratings of differential hosts.

Discussion

In a worldwidecollectionof 662 populations from
76 countries, about 47% wereM incognita, 40%
M. javanica, 7% M arenaria and 6% M hapla
(Tayloret al. 1982). In the current study,wefound
a similar spreadof Australianpopulationswhen the
NCdifferential hosttestwasused. However, wealso
found that 14% ofpopulations induced host reac
tionswhich wereatypical, i.e. an identity could not
be based on the NC differential host test, but none
of these reactions was reported by Taylor et al.
(1982). Taylor et al. (1982)reportedpeanut as a host
ofEgyptianvariants ofM. javanica and also found
populationsofM. javanica and M arenaria race 2
that infectedcapsicum which is usually a non-host
of these races. Wedid not observethese reactions,
either in the present study or in other unpublished
work in this laboratory.

Our study suggests that, although differentia
tion of populations by the NC differential host test
often corresponded with mtDNA type, there are
sufficient discrepancies to make it unreliable.
Reliability was not improved by characterising
populations by number of eggmasses produced on
differential hosts or by eggmass ratings. The NC
differentialhost test wasdevelopedfor use in corn
cotton-peanut-tobaccorotations and was intended
for use in combination with identification by
perineal patterns of adult females (Hartmann and
Sasser 1995). However, perineal patterns are also
very variable and unreliable as an indicator of
species(Hugall etal. 1994).

When NC differential host tests were repeated
with the same nematode populations, there was
usually some variability between tests (data not
shown). Numbers of eggmasses were always simi
lar in these tests but sometimes eggmass ratings
were affected if close to a cut-off value between
consecutive rating classes, further contributing to
lack of confidence in the test.

In this study, cotton was resistant and tomato
susceptible to all nematode populations tested.
Therefore, in effect,onlyfour plant genotypeswere
beingused to differentiateseveral speciesand races
ofMeloidogyne. It is unlikely that the reactions of
four plant genotypes to even the four most common
species and their races would represent the total
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Figure1 Dendrogram displaying groupings generated bytheagglomerative hierarchical clusteranalysis
of numbersof eggmasses producedby variouspopulations ofMeloidogyne spp. on six North Carolina
differential host testplant cultivars.
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pathotype variability. Ifthe setof differential hosts
were expanded, moredifferences between popula
tions maybe demonstrated.

A disadvantage ofthis typeof host rangetest is
that it forces populations intogroups which may not

reflect pathotype variability, e.g. the reactionsof
capsicum to populations 15(13eggmasses) andD
(9 eggmasses) are very similar but the difference
between them indicates a host race difference. A
suitable host rangetestfor identification ofspecies
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Figure2 Dendrogram displaying groupings generated bytheagglomerative hierarchical clusteranalysis
ofnumbers ofeggmass ratings ofvarious populations ofMeloidogyne spp. onsixNorth Carolina differential
host test plant cultivars.
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and races should be based on major gene differ
ences which produceclear host range groupings.

Roberts (1995) has developed an improved
scheme for characterising the large variability in
host range ofMeloidogyne. It reliesonthe reaction
ofa numberofdifferentials, eachwitha single resist
ance gene, to the nematodepopulation. Neverthe
less, giventhe widevariabilitywithinthe genus, it
may not be possibleto develop a single schemeto
characterise the reactionsof all nematode popula
tions to a widerangeofcropsthroughout theworld.
However, knowledgeof the host range is essential
when developing management systems based on
resistant cultivars and non-hostrotationcrops. An
immediate practical solutionis to use a molecular
test (Stanton et al. 1997) to identify nematode popu
lations in the farmingsystemand regionofinterest
and then screen potentially useful rotation crops
for resistanceto those nematodepopulations only.
In practice, it is preferableto recommend rotation
cropswhichare resistanttoall or mostofthe nema
todepopulations presentratherthantomakerecom
mendations for individual crops. Thisapproach has
been successful in developing suitable rotations for
Queensland's vegetable(Stirling et al. 1996)and
tobacco(Stanton 1994)industries.
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