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Bibliographic abstract

This thesis describes the identification and evaluation of sources of resistance to the
root-knot nematodes Meloidogyne chitwoodi, M. fallax and M. hapla in potato.
Resistance has been identified in numerous wild tuber-bearing Solanum species and
tested against an array of nematode populations to investigate the level of resistance
and working spectrum. The effectivity of resistance is also evaluated under natural
circumstances in the field. The inheritance of resistance to M. chitwoodi and M. fallax
in 8. fendleri and S. hougasii is studied and revealed the likely presence of one
dominantly inherited gene in both species, whereas in the case of resistance in
S. stoloniferum several additive genes are involved. The first steps of introgression of
resistance from these wild species into cultivated potato have been made.

Key words: genetic variation, inheritance, introgression, Meloidogyne chitwoodi,
M. fallax, M. hapla, resistance, wild tuber-bearing Solanum species
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Stellingen

1. Eris voldoende genetische variatie in wilde knoldragende Solanum soorten voor resistentie
tegen wortelknobbelaaltjes aanwezig,
Dit proefschrift

2. De koppelling tussen de aanwezigheid van M. chitwoodi resistentic en de geografische
verspreiding van bepaalde Solanum soorten kan verklaard worden door het optreden van co-
evolutie tussen plant en pathogeen.

Dit proefschrift

3. Voor een duurzaam gebmik van nematode resistentie dienen meerdere resistentie-bronnen
geintroduceerd te worden in nieuwe aardappelrassen. Hierdoor kan een hoge selectie-druk op
virulentie vermeden worden.

Dit proefschrift

4. De kruisingsbarriére tussen Solanum soorten, die verklaard wordt door de “endosperm
balance number” theoric (Johnston ef al. 1980), is geen limiterende factor voor de
introgressie van nuttige eigenschappen vanuit deze wilde soorten naar de cultuuraardappel.

Johnston SA et al. (1980) The significance of genic balance to endosperm development in
interspecific crosses. Theor Appl Genet 57: 5.9
Dt proefschrift

5. De benaming “waardplant-ras” ter karakterisatie van stengelaaltjes populaties leidt tot een
verkeerde benadering van het Ditylenchus dipsaci complex.

6. De meeste Meloidogyne soorten zullen nog beschreven moeten worden.

7. De recente overnames van biotechnologische bedrijven voor exorbitant hoge bedragen geeft
de indruk dat planten en dieren niets meer zijn dan zakken met (te patenteren) genen.

8. Over 25 jaar zal de braak-regeling vermeld gaan worden als een voorbeeld van het onbenut
laten van milieu-vriendelijke en duurzame energie-bronnen in Nederland.

9. De "Melkert-banen" zouden eigeniijk "Deetman-banen” genoemd dienen te worden, omdat
laatstgenoemde minister als eerste de voordelen heeft vitgebuit van het ondermaats betalen
van AIO's voor het uitvoeren van kwalitatief hoogwaardige arbeid.

10. Onderzoek simpel beschrijven is iets anders dan simpel onderzoek beschrijven.

I1. AIQ'%, die werknemer zijn bij een universiteit, gefinancierd worden via externe geiden,
gestationneerd op een DLO-instituut en ondergebracht bij een onderzoeksschool hebben een
grote kans op een identiteitscrisis.

12. Er gaat niets boven Noorwegen.

Stellingen behorende bij het proefschrift, getiteld “Resistance to root-knot nematodes,

Meloidogyne spp., in potato.”, door G.J.W. Janssen

Wageningen, 18 april 1997
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Chapter 1
General introduction,

This thesis presents research on the resistance to the root-knot nematodes,
Meloidogyne spp.. in potato and wild Solanum spp. In this chapter, first the genetic
resources of potato and characteristics of Meloidogyne - in particular M. chitwoodi,
M. fallax and M. hapla - will be described. Subsequently the interaction of root-knot
nematodes with potato and the scope of this thesis.

Genetic resources of potato

The potato, Selanum tuberosum ssp. tuberosum, is a widely grown field crop with an
estimated annual production of approximately 2.6 x 10" kg following wheat, maize
and rice as fourth crop in global food production (Anonymous 1992). Potato has one
of the richest genetic resources of any cultivated plant. At present, about 230 wild and
primitive species are recognised in the section Perota of the genus Solanum (Hawkes
1990). Most wild species are tuber-bearing and directly crossable with potato and,
therefore, useful for the enrichment of germ plasm into cultivars (Ross 1986). They
possess a broad spectrum of resistances to pests and diseases, tolerances to frost and
drought and many other valuable traits. The tuber-bearing Solanum species are very
widely distributed in the Americas from South Western USA to Southem Chile and
Argentina, from sea level to the highlands of the Andes mountains and a wide genetic
gene pool has been created through evolution,

The centre of origin, from which Selgnum species have evolved, is thought to be in
Mexico. The diploid Central American Solanum species from series Bulbocastana,
Morelliformia, Polyadenia and Pinnatisecta are presumed to be closely related to these
ancestors of wild Solanum spp. and therefore considered as most primitive species.
From Mexico, species migrated southwards and evolved into a geographically and
genetically separate gene pool of diploid and polyploid Selanum species in South
America. The Central American polyploid species from series Demissqa and
Longipedicellata are thought to have evolved later from amphidiploidisations of
primitive Mexican ancestors with the more advanced South American species
{Hawkes 1990, 1992). This hypothesis of evolution of tuber-bearing Solanum species
is supported with phylogenetic analyses using morphological and molecular markers
{(Hosaka et al. 1984; Debener ef al. 1990) and genetic studies (e.g. Matsubayashi 1991;
Hawkes & Jackson 1992),

The cultivated potato, S. tuberosum, evolved in South America, probably from a
complex of ancient domesticated species with S. stenotormum as basic ancestor and
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related S. leptophyes, S. sparsipilum, S. megistacrolobum and S. phureja as other
genetic sources (Hawkes 1990; Matsubayashi 1991; Hosaka 1995). Solanum
tuberosum ssp. tuberosum has been the basis of all currently used potato cultivars.
Nowadays, as a result of breeding efforts, potato cultivars contain genes from one or
more wild Solanum spp., but the introgressed part remains in general small. Moreover,
the number of frequently used wild species for germ plasm enrichment is limited to
six, indicating that the genetic resources of Solanum spp. have not been exploited
extensively (Ross 1986; Hawkes 1990).

Root-knot nematodes, Meloidogyne species

Root-knot nematodes, Meloidogyne species, are the most damaging plant-parasitic
nematodes causing an estimated yield loss of over 10 % world-wide (Sasser &
Freckman 1987). They are obligate parasites able to repreduce on monocotyledons and
dicotyledons, herbaceous and woody plants, but the host ranges vary largely between
the nematode species. There are over 60 species identified, but only four of them -
M. incognita, M. hapla, M. arenaria and M. javanica - are world-wide of major
economic importance. Some other species, like M. chitwoodi, are also of known
economic importance, but have a more restricted distribution (Jepson 1987; Eisenback
& Triantaphyllou 1991). In general, root-knot nematodes are more persistent and show
higher infectivity levels in sandy and sandy-loam soils due to a reduced ability of
migration in soils with a high clay content (Prot & Van Gundy 1981; Mojtahedi er al.
1991).

Identification

It is essential to have a reliable identification procedure for Meloidogyne species, both
for research purposcs as for decisions on confrol measures of root-knot nematodes,
such as choosing a suitable crop rotation or resistant cultivar. The identification of
root-knot nematodes and the description of new species is usually based on
morphological features, but some of these features show considerable variation and
can be influenced by the host and environmental conditions {Jepson 1987). Moreover,
morphological identification requires a lot of skill and is often inconclusive for
individuals. The use of a differential host plant test, as developed for the major
Meloidogyne species (Sasser 1979; Sasser & Carter 1985), is time consuming and
restricted to practical purposes only. Even the feasibility of such a differential test to
distinguish the subtropical and tropical nematode species is questioned (Netscher
1978, 1983). Therefore, species identification and characterisation using biochemical




methods and DNA polymorphisms are increasingly becoming important (Baldwin &
Luc 1995).

Dickson er al. (1971) first described specific enzymes useful for the identification
of Meloidogyne species. The possibilities of using these specific isozymes for species
identification have been further exploited by others (Dalmasso & Bergé 1983;
Esbenshade & Triantaphyllou 1985, 1987, 1990). To date, isozyme analysis is an
important diagnostic tool due to the stability of the patterns and the ease to carry out
this technique. Other techniques have been developed or are in development for
species identification, which are based on polymorphisms of nuclear DNA, such as
RAPD’s (Cenis 1993; Castagnone-Sereno er al. 19944), RFLP’s (Curran et al. 1986;
Cenis et al. 1992; Fargette et al. 1996) and satellite DNA (Piotte er al. 1995),
mitochondrial DNA (Harris et al. 1990) or ribosomal DNA (Zijlstra et al. 1995;
Petersen & Vrain 1996). Some of these techniques have the potential to become
diagnostic tools for the assessment of species characterisation and, possibly,
intraspecific variation.

Meloidogyne hapla

The Northern root-knot nematode, M. hapla, has been described by Chitwood (1949)
together with a revision of the genus Meloidogyne. It is known as one of the four
major Meloidogyne species and occurs on all continents. The enormous list of host
plants include most dicotylous food crops and several angiosperms, like woody
ornamentals and fruit trees (Bernard & Witte 1987; Jepson 1987). M. hapla is
generally found in the cooler regions of the world and in subtropical and tropical areas
at higher altitndes (Eisenback & Triantaphyllou 1991). Eggs and juveniles of M. hapla
can survive low temperatures down to -15 °C in the soil for a prolonged period in
contrast to the tropical and subtropical Meloidogyne species (Dao 1970; Belair 1985).

The base threshold temperature for hatching and development of M. hapla is
estimated to be 9 °C (Inserra ef al. 1983; Lahtinen ¢ al. 1988) and the optimum
reproduction occurs at 25 °C (Griffin & Jorgenson 1969). The thermal time required to
complete the first generation was found to vary between 550 and 650 day ° (Lahtinen
et al. 1988). Under natural cropping circumstances in North Western Europe, up to 3
generations will therefore be possible on susceptible crops.

There are two cytological races - A and B - known, of which race A is most
common. Populations of race A reproduce by amphimixis and/or meiotic partheno-
genesis and have chromosome numbers varying from 14 to 17. Race B populations
have chromosomes up to 48 and reproduce by obligatory mitotic parthenogenesis.
Race B populations are presumed to have evolved as polyploids from race A
{Triantaphyllou 1966, 1985). There are no host races described of M. hapla, although
several studies have indicated large differences between M. hapla populations on host
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plants, like strawberry (Sasser 1966, 1972), cowpea and rose stocks (Dalmasso &
Bergé 1975).

Meloidogyne chitwoodi

In 1980, M. chitwoodi has been described as a new nematode species (Golden et al.
1980). The host range of this nematode species include not only numerous dicotylons,
but also cereals and grasses (O’Bannon ez al. 1982). The occumrence of M. chitwoodi
populations capable of reproducing on lucerne led to the designation of a second race
(Santo & Pinkerton 1985), which could also be distinguished from race 1 populations
on carrot, which is a good host to race 1, but non-host to race 2 (Mojtahedi et al.
1988). M. chitwoodi has 14 to 18 chromosomes and reproduces by facultative meiotic
parthenogenesis (Triantaphyllou 1985).

The infectivity of M. chitwoodi starts with a base threshold temperature of 5 - 6 °C
and a thermal time requirement to complete a generation of approximately 600 - 1000
day ° (Pinkerton ef al. 1991). On potato, the rate of reproduction is therefore higher at
temperatures lower than 30 °C compared to M. hapla due to this low base threshold
temperature (O’Bannon & Santo 1984} and up to 5 generations can be obtained during
one growing season in North Western Europe.

The presence of M. chitwoodi has been overlooked in the past and the economic
damage underestimated due to the morphological resemblances with M, hapla (Santo
1994). Analysis of nematological collections showed that M. chitwoodi has been
present in the Netherlands since at least 1930 (Anonymous 1991). Also re-
identification of preserved potato tubers from Argentina revealed that M. chitwoodi
has been present there since 1969 (Van Halteren 1996), In 1955 in Belgium, a
population of M. hapla was found able to multiply on barley (Gillard 1961), while
cereals are strict non-hosts for M. hapla (e.g. Eisenback & Triantaphyllou 1991),
suggesting that this might have been M. chitwoodi.

To date, the exact distribution area of M. chitwoodi is still unclear. So far,
populations of M. chitwoodi have officially been found in USA, Mexico, the
Netherlands, Belgium, Germany, Portugal, South Africa and Argentina (Golden et al.
1980; Esbenshade & Triantaphyllou 1985; Kleynhans & Van den Berg 1988; Cuevas
& Sosa Moss 1990; Anonymous 1991; Eisenback & Triantaphyllou 1991; Miiller ez al.
1996).

Meloidogyne fallax

In 1994, a deviating group of populations of M. chitwoodi was distinguished on the
basis of isozyme pattern and host- and morphological differences (Van Meggelen et al.
1994). Recently, this group has been characterised as a new species, M. fallax
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(Karssen 1996). In pot experiments, a differential behaviour of M. fallax compared to
M. chitwoodi was found on maize, French bean and valerian, being poor hosts to
M. fallax and good hosts to M. chitwoodi. However, large differences in reproduction
were found between cultivars of French bean, indicating the possible action of
resistance genes (Brinkman et al. 1996). The temperature requirements of M. fallax are
supposed to be similar to M. chitwoodi. Populations of M. fallax are found in the
south-eastern part of the Netherlands near the borders of Germany and Belgium
(Karssen 1996). Besides the Netherlands, a population of M. fallax has been located in
France {Daher et al. 1996). The distribution of M. fallax seems to coincide largely with
the M. chirwoodi distribution pattern (Karssen 1996) and therefore other countries, as
described above for M. chitwoodi, may have this newly described species as well.

Control

Crop rotation is still the most widely used control measure to suppress damage by and
population build-up of Meloidogyne spp. However, the wide host range of root-knot
nematodes and the low profits of various poor- and non-host crops make alternative
measurements necessary for intensive agricultural cropping systems. Nematicides have
proven their economic value, but the environmental pollution and risks to human
health through residuals in soil and water have led to regulatory restrictions and the
use of nematicides should be avoided, if possible.

Plant resistance is an effective, economical and environmentally safe alternative to
control root-knot nematodes (Fassuliotis 1979; Boerma & Hussey 1992; Roberts
1995). The number of cultivars of certain crops with resistance to Meloidogyne spp. is
extensive (e.g. Fassuliotis 1979; Sasser & Kirby 1979), but resistance is still lacking in
cultivars of some important crops such as the potato (Sasser & Freckman 1987;
Roberts 1992).

The interaction of root-knot nematodes on potato

Several Meloidogyne spp. are able to parasitise potato and give rise to considerable
yield losses and quality damage of tubers. In warm climates, M. incognita,
M. arenaria, M. javanica and M. mayaguensis are the most prevalent species, whereas
in temperate climates M. chitwoodi, M. fallax and M. hapla are major damaging
species. Damage threshold studies have shown that one M. chitwoodi juvenile per 250
em’ of sail already can cause economic damage (Santo 1994), Besides the losses as a
direct result of nematode infection, Meloidogyne spp. can also influence the severity of
other diseases, like Verrictilium spp. and Pseudomonas solanacearum, leading to a
synergistic interaction with respect to yield losses (Jacobsen et al. 1979; Webster
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1985; Wheeler et al. 1994; Roberts et al. 1995). Last but not least, seed potato
production is threatened in areas where Meloidogyne spp. are detected, since infected
potato tubers are hearths for the infestation of Meloidogyne-free fields. In 1997, a
quarantine legislation will be in force for M. chitwoodi and M. fallax on seed potatoes
in the countries of the European Community (Gussekloo 1996),

The infection process

In a compatible interaction, second stage Meloidogyne juveniles penetrate the roots
directly behind the root cap or at branching points of lateral roots and induce the
development of so-called ‘giant cells’ in the differentiating vascular tissue by secreting
saliva proteins into the penetrated host cell (Huang 1985; Hussey 198%9a). These giant
cells are multinucleate cells, formed by repeated mitotis without cytokinesis. The cells
contain increased numbers of mitochondria, plastids, ribosomes and there is a
proliferation of cytoplasm and rough endoplasmic reticulum (Huang & Maggenti
1969; Huang 1985). The formation and organisation of giant cells has been reviewed
in detatl by several authors (e.g. Bird 1979; Jones 1981; Huang 1985). The nematodes
are completely dependent on these giant cells, since they function as transfer cells for
large quantities of nutrients from the adjacent vascular tissue during the development
of the nematodes.

Root-knot nematodes are also able to penetrate developing potato tubers and
reproduce inside the tuber. Juveniles enter through natural openings (‘eyes’),
woundings caused by other pathogens or through the epidermis (Finley 1981). Heavy
infestations are regularly accompanied with malformations of the tuber tissue, which is
visible on the outside as galls. In the case of M. hapla, these external symptoms are
hardly pronounced under temperate conditions. Inside the tuber, the infected sites are
visible as brown spots, mostly around vascular traces in the cortex (Finley 1981), but
artificial inoculations have shown that nematodes can reproduce apparently random
inside the tuber (Janssen ef al. 1995).

Resistance to root-knot nematodes

In potato cultivars, resistance to root-knot nematodes appears to be lacking (Iwanaga
et al. 1989; Brown ez al. 1994; Janssen ez al. 1995). In Figure 1.1, the reproduction of
M. fallax and M. hapla on ten frequently used cultivars in the Netherlands is shown.
All genotypes show good reproduction of either nematode species (adapted from
Janssen et al. 19935).

Resistance to M. hapla has been reported in wild Solanum spp. by Briicher (1967),
but he only indicated resistance by rating infections from slight to heavy. Hoyman
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Figare 1.1. Reproduction of M. fallax (striped) and M. hapla {cross-hatched) on ten Dutch
potato cultivars, seven weeks after inoculation of 260 juveniles (adapted from Janssen et al.
1995).

(1974) tested 218 clones of §. tuberosum and 238 wild Solanum accessions, but the
field was probably also infected with M. chitwoodi, which at that time had not vet been
described (Brown er al. 1994). 5till, 81 % of the accessions tested remained free from
root galls, indicating poor selective conditions. More recently, Brown et al. (1989,
1991) selected resistance to M. chitwoodi andfor M. hapla in S. bulbocastanum and
S. hougasii. The resistance of S. bulbocastanum to M. chitwoodi race 1 appeared to be
based on a single dominant gene located at chromosome 11 (Brown et al. 1996).

Resistance to tropical root-knot nematode species has also been reported in various
wild Solanum species (Briicher 1967; Nirula er @l. 1967, 1969; Jatala & Mendoza
1978). The inheritance of the resistance from S. sparsipilum appeared to be oligogenic
and the genes involved were effective to M. incognita, M. javanica as well as
M. arenaria (Gomez et al. 1983a), but not to M. chitwoodi (Brown et al. 1994).

Resistance mechanisms

Resistance to root-knot nematodes is most commonly reported as a hypersensitive
reaction leading to localised cell necrosis at the infection site (Fassuliotis 1979;
Kaplan & Keen 1980; Bingefors 1982). This phenomenon has also been observed in
the incompatible reactions of M. chitwoodi and M. incognita on different resistant
Solanum genotypes (Canto-Saenz & Brodie 1987; Mojtahedi et al. 1995). The time
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between penetration and the collapsing of cells may vary between crops from 6 hours
in tomato (Dropkin 1969) to up to 15 days in peaches (Malo 1967; Marull ef al, 1994).
Necrosis may not always cause the resistance, but also appear as a consequence of an
incompatible reaction (Kaplan & Keen 1980; Bingefors 1982). The absence of
necrosis in resistant cotton and failure of nematodes to initiate nuclear divisions in
putative giant cells (McClure er al. 1974) is illustrative for the existence of other
resistance mechanisms. Post-infectional production of phytoalexins, which can inhibit
nematode development, has often been associated with the hypersensitive response
and might be regarded as a defence mechanism (Kaplan & Keen 1980; Veech 1981).
More recent research on hypersensitive reactions to pathogens suggests the activation
of a programmed cell death (Greenberg et al. 1994; Mittler & Lam 1996), but this
genetically controlled mechanism has not yet been investigated in plant-nematode
interactions. Another different response leading to (incomplete) resistance is the
inhibition of growth of giant cells and retarded growth of the nematode (Fassuliotis
1970; McClure et al. 1974; Balhadere & Evans 1995). In some occasions the poor
nutritional circumstances give rise to sex reversal in developing nematodes favouring
male development and thus resulting in a low reproduction rate (Triantaphyllon 1973).

Scope of this thesis

The aims of this thesis were i) to identify and evaluate sources of resistance to the
root-knot nematodes M. chitwoodi, M. fallax and M. hapia, 1) to investigate the
inheritance of resistance and iii) to initiate the introgression of the resistance into
cultivated potato by interspecific hybridisations followed with backcrosses. In Chapter
2, the results of screening trials of accessions of 64 wild tuber-bearing Solanum
species are described and the presence of resistance is discussed in relation to the
natural distribution of the Solanum species. Before resistance will be incorporated into
new potato cultivars, it is desired that resistance is effective against a broad spectrum
of populations within a species and other Meloidogyne species as well. Therefore,
resistant and susceptible genotypes of various Solanum species were evaluated in a
glasshouse against an array of Meloidogyne populations to determine the level of
resistance and the possible presence of virulence in nematede populations (Chapter 3).
The effectivity of the resistance of some selected resistant genotypes was also
evaluated under natural field conditions in {wo Meloidogyre infested ficlds in the
Netherlands (Chapter 4). In Chapter 5, the inheritance of resistance of different
Solanum sources was investigated by analysing progenies of crosses within a Solanum
species. The first steps of introgression of resistance into the cultivated potato have
been initiated by interspecific crosses and first backcrosses and are described in
Chapter 6. The implications of the results described in this thesis for potato breeding
and some future perspectives are discussed in Chapter 7.
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Chapter 2

Resistance to Meloidogyne chitwoodi, M. fallax and
M. hapla in wild tuber-bearing Solanum spp.’

Summary

Over 5000 plants of 64 tuber-bearing wild Solanum spp. have been individually
screened for resistance to Meloidogyne chitwoodi, M. fallax and M. hapla. Secedlings
were analysed by means of counting number of egg masses and resistance was verified
by re-lesting low-scoring plants using stem cuttings. Resistance to both M. chitwoodi
and M. fallax was observed in 8. bulbocastanum, 5. cardiophyilum, S. brachisto-
trichum, §. fendleri and §. hougasii. Only in S. chacoense and to a lesser extent in
S. stoloniferum and S. gourlayi differential results between M. chitwoodi and M. fallax
were observed. Resistance to M. hapla was found in S. bulbocastanum, S. brachisto-
trichum, S. cardiophyllum, 8. arnezii, S. chacoense, S. tarijense, S. boliviense,
S. gourlayi, . microdontum, S. sparsipilum, S. spegazzinii, S. sucrense, S. acaule and
S. hougasii. The occurrence of resistance in wild Solanum species in relation to their
taxonomic status and the implications for introgression of resistance into S. ruberosum
are discussed.

1Y This chapter is based on: Janssen GJW, Van Norel A, Verkerk-Bakker B & Janssen R (1996)
Resistance to Meloidogyne chitwoodi, M. fallax and M. hapla in wild tuber-bearing Solanum spp.

BEuphytica 92: 287-294
9



Intreduction

In North Western Europe root-knot nematodes, Meloidogyne spp., are expected to
become a major problem in potate growing areas as a result of recent changes in crop
rotation, that now include highly profitable host crops like vegetables, and a reduced
use of nematicides in potato. Resistance is known to be very effective to control root-
knot nematodes, but is still lacking in most host crops for M. hapla (Roberts 1992) and
probably also for M. chitwoodi, which has been characterised since 1980 (Golden et
al. 1980). More recently, in the Netherlands a deviating group of populations of
M. chitwoodi was distinguished on the basis of isozyme pattern and preliminary host-
and morphological differences (Van Meggelen et al. 1994). Detailed morphological
and morphometrical studies have now lead to the description of a new Meloidogyne
species; M. fallax n.sp. (Karssen 1996).

For potato, resistance to root-knot nematodes appears to be lacking in the currently
used cultivars (Brown et al. 1994; Janssen et al. 1995). In wild Solanum spp.
resistance seems to be present. Resistance to M. hapla has been reported by Briicher
{1967) and Hoyman (1974). However in both cases experiments were carried out with
infested soil or fields. Plots might have been infested with M. chitwoodi or M. fallax,
which at that time had not been described taxonomically (Brown et al. 1994), In search
for resistance to M. chitwoodi, S. hougasii and S. bulbocastanum were identified as
sources of resistance (Brown et al. 1989, 1991). Due to the very recent characteri-
sation no resistance screening has been reported with M. fallax.

The present report describes a large screening of wild tuber-bearing Solanum
species for resistance to M. chitwoedi, M. fallax and M. hapla. The occurrence of
resistance in wild species is then considered in relation to their taxonomic status and
the implications this has for introgression of resistance into S. tuberosum.

Materials & Methods

Origin of true potato seed

Seed populations of Solanum spp. were kindly provided by the Dutch-German
Curatorium for Plant Genetic Resources, Wageningen, the Netherlands. Few other

populations are originating from the CPRO-DLO seed collection. Abbreviations for
Solanum spp. will be used as listed by Hawkes (1990).
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Supply of inoculum

Field populations of M. hapla, M. fallax and M. chitwoodi were collected by means of
infested roots and used as an inoculum for tomato plants growing in silver sand.
Approximately 10 weeks after inoculation single egg masses were taken from the
tomato roots and labelled, while the female itself was carefully extracted from the root
and identified biochemically using esterase and malate dehydrogenase isozyme
patterns (Esbenshade & Triantaphyllon 1990; Van Meggelen er al. 1994). After
identification approximately 40 egg masses from a Meloidogyne infested field with the
same isozyme pattern were used as inocolum for young tomato plants in silver sand in
large clay pots. Eggs were harvested approximately three months after inoculation by
dissolving egg masses with 0.5 % NaOCl-solution (Hussey & Barker 1973). Second
stage juveniles were hatched in water and stored at 4 °C until further use. Contami-
nation during multiplication was prevented by the use of sterilised sand and pots,
spatial isolation with borders and saucers and growing of M. incognita-resistant
tomato plants (cv Nematex). Tomato plants were grown in a temperature-conditioned
glasshouse (22 £ 2 °C).

Resistance tests

Seeds of Solanum spp. were sown in clay pots (diameter 7 cm) in moist silver sand
with additional slow releasc NPK fertiliser and the pots were placed in plastic trays
(Janssen et al. 1995). When plants showed a vigorous growth - in most cases three to
five weeks after sowing -, approximately 600 nematode juveniles suspended in 1 ml
water were supplied around the base of the seedlings with an automatic syringe. Seven
weeks later plants were individually harvested, roots stained with Phloxine B solution
(Dickson & Strubble 19635} and the egg masses counted. Each test contained tomato
plants (cv Money Maker) to serve as check for possible miscellaneous nematode
conditions.

From every seedling with less than 6 egg masses, a stem cutting was taken and
planted in silver sand to repeat the resistance test. Pots were placed in trays with a
cover during two wecks to minimise water uptake. When plants showed vigorous
growth the resistance test was carried out as previously described for seedlings.

Resistance tests with further stem cuttings were performed, depending on the health
condition of the shoots, and were also done to analyse the level of resistance to the
other Meloidogyne spp. As a control, cuttings were taken of some susceptible
seedlings from accessions in which resistance had been found and also tested. All tests
were performed in a temperature-conditioned glasshouse (22 + 2 °C) from July 1992
until June 1994.
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Results

Over 5000 plants of 64 tber-bearing Solanum spp. were individually analysed for
resistance to Meloidogyne chitwoodi, M. fallax and M. hapla. An arbitrary infection
level of 6 egg masses, representing approximately 1 % successful reproduction of the
total number of inoculated juveniles, was used to distinguish low- and high-scoring
plants and for this survey we defined plants being resistant, when roots had shown less
than 6 cgg masses in both seedling- and cutting-test (Table 2.1). Only a few accessions
with low-scoring plants could not be re-tested due to poor condition of the cuttings or
the inability of stem cuttings to develop a proper root system,

Large differences in resistance were observed between Solanum species, between
accessions of a Selanum species and within accessions. Table 2.2 shows mean number
of egg masses of M. chitwoodi, M. fallax and M. hapla on a selected number of
Solanum genotypes, which were repeatedly tested with cuttings in time. Resistance to
M. chitwoodi and M. fallax was observed in series Bulbocastana, Pinnatisecta,
Yungasense, Tuberosa, Longipedicellata and Demissa. The resistant accessions
involved are diploid (8. bulbocastanum, S. brachistotrichum, S. cardiophyllum,
S. chacoense), tetraploid (S. gourlayi, 8. fendleri, S. stoloniferum) and hexaploid
(S. hougasii). The observed resistance in S. hougasii and 8. bulbocastanum is in line
with results of Brown er al. {1989, 1991). The selected resistant genotypes of
S. bulbocastanum, 8. brachistotrichum, S. cardiophyllum, 8. fendleri and S. hougasii
were resistant to both M. chitwoodi and M. fallax and roots were mostly free of any
egg masses, while on susceptible plants over 100 egg masses could be observed (Table
2.2). Seedlings of S. gourlayi showed only resistance to M. chirwoodi, whereas
S. stoloniferum and S. chacoense had only resistant plants to M. fallax (Table 2.1). The
preliminary re-testing with cuttings to the other Meloidogyne species confirmed these
differentiating results, but only in the case of S. chacoense the difference was very

clearly expressed (Table 2.2).

More Selanum spp. from various series showed resistance to M. hapla. Resistant
plants were observed in series Bulbocastana (S. bulbocastanum), Pinnatisecta
(§. brachistotrichum, §. cardiophyllum), Yungasense (5. arnezii, 8. chacoense,
S. tarijense), Tuberosa (S. sparsipilum, S. spegazzinii, §. gourlayi, S. sucrense),
Acaulia (S. acaule) and Demissa (S. hougasii). However, in general, the expression of
resistance was not as high as the level of resistance t0 M. chitwoodi and M. fallax in
the Central American Solanum spp. and re-testing with cuttings confirmed the non-
absolute level of resistance in most cases (Table 2.2).
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Table 2.1. Results of resistance screening to Meloidogyne chitwoodi, M. fallax and M. hapla
in wild tuber-bearing Solanum spp. Reported are number of plants showing less than 6 egg
masses on roots after 7 weeks inoculation with approximately 600 juveniles in seedling-test
and subsequent stem cutting-test (res). Seedlings with more than 5 egg masses are scored as

susceptible (sus).

Series M. chitwoodi M. fallax M. hapla
Solanum spp. (accession number) res sus res sus res sus
Bulbocastanara

8. butbocastanum (blb 7999} 3 0 3 0 3 0

S. bulbocastanum (blb 8002) 7 0 7 0 4 0

S. bulbocastanum (blb 8006} 5 3 10 11 3 1

S. bulbocastanum (blb 8008) 0 5 0 5 4 1

S. bulbocastanum (blb 8009) 0 17 0 19 5 0
Pinnatisecta

8. brachistotrichum (bst 7986) 16 1 17 1 16 19

8. cardiophyllum (cph 8024 4 0 18 0 11 7

S. jamesii (jam 10054) ¢ 8 0 11 0 9

S. pinnatisectum (pnt 8168) 0 17 0 17 0 34
Polyadenia

S. polyadenium (pld 8182) ¢ 16 nt® n.t. 0 24
Circaeifolia

S. capsicibaccatum {cap 53016) 0 7 18 0 24

S. circacifolium (crc 27163) 5 .t nt. 0 27
Lignicaulia

S. lignicaule (gl 8106) 0 10 0 7 0 17
Yungasensa

S. arnezii (arz 27309) 0 17 0 17 19 14

5. chacoense (che 58) 0 5 ¢ 20 0 17

S. chacoense (che 16993x58" 0 4 0 18 14 42

§. chacoense (chc 16998) 0 22 13 2 23 20

S. chacoense (chec 55191) 0 20 3 15 2 18

S. tarijense (tar 16853) 0 1 0 3 11 5

S. rarijense (tar 17423) 0 14 0 10 0 34
Megistacroloba

8. astleyi (ast 27382) 0 13 0 13 3 26

8. boliviense (blv 7985) n.t. n.t. 0 20 4 10

S. megistacrolobum (mmga 8113) 0 16 0 12 0 25

S. megistacrolobum (mga 17464) 0 19 0 19 0 36

S. megistacrolobum (mga 27262) 0 31 0 25 0 47

8. sancta-rosae (sct 15454) 0 14 0 12 1] 36

S. toralapanum (tor 27119) 0 1§ 0 16 1¢ 33
Cuneoalata

S. infundibuliforme (ifd 16842) 0 19 0 19 1) 19
Conicibaccata

S. agrimonifolium (agf 53004) 0 20 0 20 0 44

8. chomatophilum (chm 8§078) 0 18 0 19 0 38

S. colombianum (col 53006) n.t. nt 0 25 0 25
Maglia

S. maglia (mag 23571) 0 12 0 22 0 35
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Table 2.1, Continued.

Series M. chitwoodi M. fallax M. hapla
Solanum spp. (accession number) res sus es sus TES sus
Tuberosa
8. achacachense (ach 29617) 0 14 0 9 4 22
§. alandiae (aln 31187) 0 19 0 19 0 24
S. berthaulsii (ber 24578) 2 31 L nt. 0 24
S. berthauli (ber 28033) 0 25 0 18 0 19
S. brevicaule (brc 28038) 0 17 0 13 0 3
S. bukasovii (buk 7992} 0 17 0 10 0 23
S. canasense (can 8012) 1] 14 0 19 0 26
S. canasense (can 15480) 1° 16 ¢ 19 0 a2
8. candolleanum (cnd 27078) 0 17 0 14 0 33
S. chancayense (chn 18517) 0 3 0 12 0 26
S. gandariliasii (gnd 7174) 0 19 1] 20 0 20
S. gourlayi (grl 7180) 0 20 0 29 ¢ 20
S. gourlayi (grl 27257) 4 15 0 16 4 14
S. gourlayi ssp. vidaurrei (vid 16828) 0 15 0 13 0 27
8. hannemannii (16843) 0 12 ¢ 13 ¢ 28
S. hawkesianum (16955) 0 17 0 14 2 28
S. incamayoense (inm 16904} 0 18 0 11 30
S. kurezianum (ktz 17571) 0 3 k3 n.t. 1° 9
S. kuertzianum (ktz 17578) 0 7 0 20 0 18
8. leptophyes (Iph 7184) 0 20 0 19 1] 30
S. leptophyes (Iph 27211) 0 20 0 20 0 25
S. marinasense (mm 7191) 0 17 0 20 0 38
S. medians (med 18554) 0 15 0 17 0 34
S. microdontum (mcd 18302) 0 9 0 9 2 7
§. mochicense (meq 32672) 0 18 0 21 0 18
8. multidissectum (mlt 8145) 1° 36 n.t. n.t. 0 19
S. neorossii (nrs 7211) 0 13 nt. nt. 0 20
S. okadae (oka 17551} 0 19 0 19 0 37
S. oplocense (opt 24655) .t nt. 0 15 0 10
S. pampasense (pam 8161) 0 15 0 13 0 16
S. sparsipilum (spl 13455) 0 38 4] 17 2 17
S. sparsipilum (spl 28027) 0 17 0 17 0 33
S, spegazzinii (spg 15458) 0 20 0 27 3 16
S. spegazzinii (spg 16943) 0 11 .. n.t. 0 25
S. stenotomum (stn 27166) 0 8 0 12 3 20
S. stenotomum ssp. goniocalyx (gon 7227) 0 19 0 28 0 20
S. sucrense (scr 27290) 0 13 0 16 14 14
S. verrucosum (ver 8249) 0 6 0 4 4¢ 1
S. virgultorum (vrg 8265) 0 17 0 15 5° 25
Acaulia
S. acaule (acl 27361) 0 16 0 17 0 34
S. acaule (acl 15465) 0 4 0 4 0 4
S. acaule (acl 15466) 0 8 0 8 0 9
8. acaule ssp. acaule (acl 7139) 0 5 G 12 0 7
S. acaule ssp. aermulans (aem 17180) n.t. n.t. 0 14 15 12
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Table 2.1. Continued.

Series M. chitwoodi M. fallax M. hapla
Solanum spp. (accession number) 1es sus e sus res sus
Longipedicellata
S. fendleri (fen 8088) n.t. .t 0 15 3 15
S. fendleri (fen 8090) 0 16 0 16 0 18
§. fendleri ssp. fendleri (fen 8083) 15 ¢ 15 0 o 15
S. fendleri ssp. arizonicum (azn 23568) 4 0 20 0 ¢ 30
S. hjersingii (hjt 8089) 0 14 ¢ 15 ¢ 15
S. hjertingii (hjt 32671) nt, n.t. ¢ 10 ¢ 25
S. papita (pta 15444) 0 14 0 19 0 20
S. polytrichon (plt 53650} 0 20 0 20 0 20
S. stoloniferum (sto 72291) 0 5 5 0 0 4
S. stoloniferum (sto 7230) 0 17 0 29 0 17
Demissa
S. brachycarpum (bcp 8100} 0 18 0 19 0 19
S. demissum (dms 10000) 0 7 0 10 0 9
S. demissum (dms 10036) 0 4 0 4 0 10
S. guerreroense (grx 7186) 0 18 0 22 0 24
S. hougasii (hou 55203) 35 0 37 0 18 16
S. iopetalum (iop 8101) o 11 0 12 0 22
S. iopetalum (iop §102) 0 2 0 15 0 i5
§. iopetalum (iop 8103) 0 2 0 15 0 7
S. schenckii (snk 62749) 0 14 n.t. n.t. 0 14

") Not tested.
™ From CPRO-DLO collection.
) Not re-tested with cuttings.

In Table 2.3 the occurrence of resistance to root-knot nematodes is described in
relation to the geographical distribution of wild Selanum spp. The observed resistance
to M. chitwoodi and M. fallax was predominantly found in Central American Solanum
spp.. while resistance to M. hapla was present in numerous Central- and South
American species. In total approximately 10 and 13 % of the total number of
accessions showed resistance to M. chitwoodi and M. fallax respectively, whereas for
M. hapla this percentage was 23 %.

Discussion

The screening of wild tuber-bearing Solanum spp. has revealed several sources with
resistance to Meloidogyne chitwoodi, M. fallax and/or M. hapla. In most Solanum spp.
with resistant plants, the resistance was not present in all tested genotypes of the
accession or the species indicating genetic variation for resistance within the Solanum
species in those cases.
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Table 2.2. Number of egg masses of Meloidogyne spp. on roots of the original seedling and
mean number of egg masses on roots of stem cuttings on some selected genotypes of wild
Solanum spp. (based on total number of tested cuttings).

Series M. chitwoodi M. fallax M. hapla
genotype {accession) seedling  cutting seedling  cutting seedling  cutting
Bulbocastanana
93-60-1 (blb 8006) 0.0(3) ¢ 0.0(8) 1.2 (6)
93-60-2 (blb 8006) 0.0(3) 0 0.0(8) 0.0 (4)
93-60-10 (blb 8006) 117.5 (2} 120 1125(2) 15.0(3)
93-60-13 (blb 8006} 118.0(1) 1225 (2) 1 2502
93-57-5 (blb 8009) nt® 70.002) 0 354
Pinnatisecta
93-116-1 (bst 7986) 0 00 0.0(2) 21.0(1)
93-116-10 (bst 7986) 0 0.0(1) 0.0(1) 75.0(1)
93-79-1 (cph 8024) 0 003 0.5 22.0(1)
93-79-7 (cph 8024) 0.0(2) 0 0.0(2) 110.0 (2)
93-79-33 (cph 8024) 0.0(2) 0.0(1) 2 400
Yungasensa
93-24-3 (che 16993x58) nt, 65.0(3) 1 2.1 (8
93-68-1 (chc 55191) 121.0(3) 7.3(3) 1 1.7 (6)
93-68-2 (che 55191) 117.0(3) 1 0.4(5) 17.8 (4)
93-68-6 (chc 55191) 127.0(2) 156 115.0(3) 185 (4)
93-113-1 (chc 16998) 41.0(1) 0 1.8 {4) 17.0(2)
93-113-2 (che 16998) 31.0 (1) 0 0.7 (3) 18.8 (4)
93-119-9 (tar 15853} 60.0 (1) 28.0(1) 0 145
93-119-10 (tar 15853) 30.0(1) 24.7(3) 0 1.8 (4)
Megistacroleba
93-74-4 (blv 7985) nt. 26.0(1) 4 245
Tuberosa
93-94-6 (grl 27257) 2 25(2) 10.0(1) 0.0(3)
93-94-8 (grl 27257} 8.0(1) 590D 3 200
93-MCD-4 (med 18302) 30.0 (1) 11.0(D 1 10O
93-58-1 (spg 15458) 90.0(1) 68.0(1) 1 28
93-107-1 (spl 15455) 33.0(1) 44.0(1) 2 096
93-107-8 (spl 15455) 63.0(1) 31.0(1) 80 8184
93-146-2 (scr 27290) n.t. n.t. i 4.0(3)
Acaulia
93-104-7 (aem 17180) nt. nt. o 1.5(3)
Longipediceliata
93 114-5 (fen 8083) 0 00(3) 0.3 (4) 54.0(2)
93-114-12 (fen 8083) 0 0.0(3) 0.0(3) 25.0(2)
93-115-7 (fen 8090) 111 1227 (3) 124.0 (3) 90.7 (3)
93-8TOL-2 (sto 7229) 53(3) 0 0.7(3 61.0 (2}
93-STOL-4 (sto 7229) 11.5(2) o 0.5(2) 19.0(2)
Demissa
93-71-3 (hou 55203) o 0.0(2) 0.0(2) 4.0(1)
93-71-5 (hou 55203) 0 0.0 (2) 0.0(2) 4.0 (4)
93-71-33 (hou 55203} 0 0.0(2) 0.0() 3.5(2)

*) not tested.
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Table 2.3, Occurrence of resistance to Meloidogyne spp. in wild Solanum spp. in relation to
their original geographical distribution. Reported are number of accessions with one or more
resistant (res) seedlings, only susceptible (sus) seedlings, and possible resistant, but not re-
tested (nr) seedlings respectively.

M.chivwoodi M. fallax M. hapla
_geographical distribution res  sus_ or Tes  Sus _ nr res  sus  nr
North and Central America 8 21 0O 9 20 0 8 21 1
South America 1 5 3 2 56 0 12 46 7
total number of accessions 5 77 3 11 76 0 20 67 8
representing number of Selanum sp. 6 57 3 7 5 0 14 51 8

The occurrence of resistance to M. chitwoodi and M. fallax was the same for most
Solanum spp. Only S. chacoense and to a lesser extent S. stoloniferwm and S. gourlayi
showed differentiating results to either Meloidogyne species. Originally a deviating
isozyme pattern has lead to closer examination of this alternate group of root-knot
nematodes (Van Meggelen er al. 1994), which has resulted in the description of
M. fallax (Karssen 1996). However, the observed similarity in these resistance trials
indicates that these Meloidogyne spp. are likely to be strongly related to each other.

The presence of resistance to M. chitwoodi and M. fallax in mostly Central
American Solanum spp. is noteworthy, M. chitwoodi has been reported in Mexico
{Cuevas & Sosa Moss 1990) and South Western USA (Pinkerton & Mclntyre 1987;
Griffin 1988; Walters SA & Barker KR 1994) and co-evolution could have taken
place. The distribution of resistance genes in association with the (original) natural
distribution of the parasite has lead earlier to the hypothesis of co-evolution of
Globodera spp. and wild Solanum spp. in the Andes region of South America (Stone
1985). This is clearly supported by the existence of a gene-for-gene relationship of
Globodera rostochiensis and S. tuberosum ssp. andigena (Janssen et al. 1991). Further
investigations regarding the natural occurrence of M. chitwoodi and M. fallax will be
necessary to confirm whether co-evolution could have occurred.

The question also arises whether it is possible that resistance to M. chitwoodi and
M. fallax in various Central American Solanum spp. is related. The series
Bulbocastana and Pinnatisecta are supposed to be closely related and belong to the
primitive Stellata group of tuber-bearing Solanum spp. The series Longipedicellata
and Demissa belong to the more advanced Rotata group of Solanwm, but there are
strong indications that these polyploid species have arisen through hybridisations
between Stellata species and advanced South American species (Hawkes 1990).
Presence of broad genetic diversity for resistance to root-knot nematodes will probably
have major impact on the selection pressure of nematode populations and hence on the
durability of resistance.
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With regard to M. hapla resistance was present in numerous Cenfral- and South
American Solanum spp. Especially the resistance in Solanum spp. of series Tuberosa
seems promising for further investigations, since they are closely related to
S. tuberosum. Some Solanum spp. showed resistance to M. hapla, as well as to
M. chirtwoodi and M. fallax. However, resistance is not expected to be located at the
same locus or to be closely linked in most cases due to the clear differences in
segregation of low- and high-scoring plants (Table 2.1) and the differential reactions
of some selected Solanum genotypes to either Meloidogyne spp. (Table 2.2).

Several Solanuwm sources have the potential of being used in plant breeding
programmes aiming at resistance to root-knot nematodes. However the introgression
of resistance from most Central American Solanwm spp. into the cultivated
S. tuberosum gene pool is complicated due to the occurrence of structural differences
between genomes (Matsubayashi 1991) and dysfunctional endosperm of interspecific
hybrid combinations (Johnston et al. 1980). In the case of S. bulbocastanum sexual
crossings with S. tuberosum have failed until now (Novy & Hanneman 1991; Brown et
al. 1994) and the introgression of resistance from S. bulbocastanum is being carried
out through somatic hybridisation with 8. tuberosum (Austin et al. 1993). The
prospects for using resistance from South American Solanum spp. are much better, but
in this survey the resistance found in these species was mostly restricted to M. hapla.
The inheritance of resistance however will be one of the most important features for a
successful introduction of resistance to Meloidogyne spp. into the cultivated potato.

It can be concluded that numerous sources of resistance to M. chitwoodi, M. fallax
and M. hapla are present in wild tuber-bearing Solanum spp. Future studies on the
described resistant Solanum sources will be carried out to evaluate the level of
resistance and to analyse the inheritance of resistance for the introgression into the
potato gene pool.
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Chapter 3

Intra- and interspecific variation of root-knot nematodes,
Meloidogyne spp., for resistance in wild tuber-bearing Solanum
species.’

Summary

Genotypes of wild Solanum species were tested to determine the level of resistance to
root-knot nematodes and to detect the presence of virulent populations within
Meloidogyne chitwoodi, M. fallax and M. hapla. High resistance to all tested
papulations of both M. chitwoodi and M. fallax was observed in genotypes of Solanum
bulbocastanum, S. hougasii, S. cardiophylium and §. fendleri. Some genotypes of
S. chacoense and S. stoloniferum showed moderate resistance to M. fallax, but not or
in a lesser extent to M. chitwoodi. There was little variation in virulence found
between populations of M. chitwoodi and of M. fallax on resistant plants. In contrast,
large differences in virulence were observed between four populations of M. hapla on
resistant genotypes of S. bulbocastanum, S. hougasii, S. chacoense, S. gourlayi,
S. sparsipitum and S. spegazzinii. The resistance to M. chitwoodi, M. fallax andfor
M. hapla was Tound not to correspond with resistance to the high temperature adapted
nematode species M. incognita, M. arenaria and M. javanica.

'} This chapter is based on: Janssen GJW, Van Norel A, Verkerk-Bakker B & Janssen R (1997) Inter-
and intraspecific variation of root-knot nematodes, Meloidogyne spp., for resistance in wild tuber-
bearing Selanwm species. Fund Appl Nematol (in press)
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Introduction

In North Western Europe root-knot nematodes, Meloidogyne spp., are expected to
become serious pests in arable farming due to the reduced use of nematicides and
change in crop rotation, which favours highly profitable host crops like vegetables.
The predominant Meloidogyne species attacking potato are M. hapla Chitwood,
M. chitwoodi Golden et al. and M. fallax Karssen. These nematodes can cause serious
economic losses due to reduction in yield and deteriorating quality of the tubers.
Especially M. chitwoodi and M. fallax cause severe external malformations of tubers
and internal necrotic spotting, which renders tubers unsuitable for consumption or
processing. Resistance would be very effective in controlling root-knot nematodes, but
is not available in currently used potato cultivars (Brown et al. 1994, Janssen et al.
1995).

Resistance screening trials in glasshouses have revealed genotypes from various
wild tuber-bearing Solanum spp. with resistance to M. chitwoodi (Brown et al. 1989,
1991; Janssen et al. 1996}, M. fallax and/or M. hapla (Janssen et al. 1996). However,
these screening trials have been performed with only one or a few populations of a
Meloidogyne species and virulence towards supposedly resistant Solanum species
might already exist. So far, one virulent population of M. chitwoodi on resistant
genotypes of S. bulbocastanum has been reported (Mojtahedi & Santo 1994). By
definition, virulent populations are able to reproduce significantly on resistant host
plants that prevent or suppress reproduction of a-virulent populations of the parasite
species (Roberts 1995).

Conversely, it has been shown that resistance in some wild Solanum spp. can be
effective to a broader spectrum of Meloidogyne spp. Preliminary results indicated that
resistance to both M. chirwoodi and M. failax occurs in genotypes of several Central
American Solanum spp. (Janssen et al. 1996). In subtropical and tropical climates,
M. incognita (Kofold & White) Chitwood, M. arenaria (Neal) Chitwood and
M. javanica (Treub) Chitwood, cause serious economic problems for potato growers
(Iwanaga ef al. 1989). Resistance to these Meloidogyne spp. has been identified in
various wild Solanum species (Briicher 1967; Nimula et al. 1967, 1969; Jatala &
Mendoza 1978) and some of these resistant species have also been selected for
resistance against M. chitwoodi, M. fallax and/or M. hapla (Janssen et al. 1996).

The occurrence of virulent individuals or related (virulent) nematode species,
already present in fields, can result in a rapid decay of the effectiveness of a resistant
cultivar. In some areas in the Netherlands and UK, the extensive use of cultivars with
resistance to Globodera rostochiensis has lead to a great increase in the incidence of
fields, infected with G. pallida (Evans 1993; Mulder 1994). Therefore, the evaluation
of the resistance of wild Solanum spp. against an array of Meloidogyne populations,
before its introduction into new potato cultivars, will lead to a better prediction of the
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durability of resistance and will help to determine better management strategies for
resistance genes.

This study describes the results of glasshouse experiments carried out to determine
the level of resistance of wild Solanum genotypes and the variation in virulence
against the resistance of several Meloidogyne populations. The occurrence of intra-
and interspecific variation for resistance is discussed and the implications this may
have for the development and use of new resistant cultivars.

Materials & Methods
Plant material

Resistant and susceptible genotypes of the wild Solanum species S. bulbocastanum,
S. hougasit, S. iopetalum, S. fendleri, S. stoloniferum, S. microdontum, S. gourlayi,
S. cardiophyllum, S. sparsipilum, §. gourlayi, §. spegazzinii, S. brachistotrichum and
S. arnezii had been identified in resistance screening trials (Janssen et al. 1996), Some
resistant genotypes were crossed with susceptible ones to provide progenigs in order to
investigate the inheritance of resistance (Janssen et al. 1997a). The genotypes were
multiplied under short day conditions in a glasshouse to induce tubers and the tubers
were stored at 5 °C until use.

Where possible, in vitre multiplication was used for rapid multiplication of
genotypes. Young growing shoots were sterilised for 10 min in 4 % NaOCl-solution
and then transferred into sterile tubes containing MS 30 medium (Murashige & Skoog
1962) with Cefotaxime sodinm. Shoots were cut every two to three wecks and
transferred into new tubes with MS 30 medium, until the required number of plants
per genotype was obtained. An experiment was carried out with several resistant and
susceptible genotypes to compare the relative level of infection between plants
originating from tissue culture and those obtained from tubers. No significant
difference was found in number of egg masses between the two type materials used.

Inoculum

Field populations of M. hapla, M. chitwoodi and M. fallax were derived from infested
soil and infected plant material, collected from several areas in the Netherlands from
1991 to 1993 (Table 3.1). To obtain species specific populations the infested soil or
infected roots were added to young growing tomato plants and after ten weeks 30 to 40
females with egg masses were individually identified to the species level by isozyme
pattern of esterase and malate dehydrogenase (Esbenshade & Triantaphyllou 1990;
Van Meggelen et al. 1994). The egg masses were used to inoculate young tomato
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plants (cv Nematex) and from 12 weeks onwards, plants were used for obtaining
inoculum. To maintain the purity of populations the procedure of identification of
females and inoculation with egg masses was repeated approximately every 3 to 4
months. Contamination with other nematode populations during propagation was
prevented by using sterilised sand and pots and by spatial isolation. All populations
were maintained on tomato plants in a temperature-controlled glasshouse (22 + 2 °C).

Isolates of M. incognita, M. javanica and M. arenaria, originating from single egg
masses, were kindly provided by dr M Fargette (ORSTOM, Montpellier France)
(Table 3.1) and were multiplied for one generation on potato (cv Premiere).
Subsequently ten to twenty females per isolate were used for isozyme analysis and no
contamination with other species was found.

To obtain juveniles for inoculation, eggs were harvested from roots of tomato and
potato plants approximately three months after inoculation by dissolving egg masses
with 0.5 % NaOCl-solution (Hussey & Barker 1973). Second stage juveniles were
hatched in water and stored at 4 °C for up to one month until use.

Table 3.1. Origin of Meloidogyne populations and isolates used in this study.

Area Country Meloidogyne sp. last field-grown crop (year) designation
Smilde The Netherlands M. hapla carrot (1992) HSMA
Smilde The Netherlands M. hapla everlasting flowers (1992) HSMB
Roggel The Netherlands M. hapla hemp (1992) HRO
Slochteren The Netherlands M. hapla chicory (1992) HSL
Rips The Netherlands M. chitwoodi maize (1991) CHR
Heide The Netherlands M. ehitwoodi scorzonera (1993) CHE
Middenmeer The Netherlands M. chitwoodi potato (1992) CHW
Baexem The Netherlands M. fallax potato (1992) FB
Vreedepeel  The Netherlands M. fallax scorzonera (1992) FVR
Kempen The Netherlands M. fallax scorzonera (1992) FK
Unknown Burkina Faso M. incognita unknown Mi67
Unknown Russia M. incognita unknown Mig2
Unknown Russia M. arenaria unknown MaB4
Ste Anne French W.Indies M. arenaria unknown Ma29
Queensland  Australia M. javanica unknown Mj44
Unknown Marocco M. javanica unknown M;j57

Resistance tests

1. Resistance to M. chitwoodi, M. fallax and/or M. hapla.

Genotypes of a Solanum species were tested with two to four populations of each
Meloidogyne species for which resistance had been observed, and with one population
of the Meloidogyne species for which they originally had been found to be susceptible.
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Plantlets from tissue culture or tubers were grown in clay pots of 350 cm’, filled with
moist silver sand and additional NPK nutrients, in a temperature-controlled glasshouse
(22 £ 2 °C). The ten Meloidogyne populations were represented as main plots in four
replicates, physically separated by splashing boards to avoid cross contamination.
Genotypes were randomly assigned as subplots to three up to ten Meloidogyne
populations, depending on the observed resistance of the Solanum species (Janssen et
al. 1996). Two to four weeks after planting, as soon as plants showed vigorous growth,
they were inoculated with 400 juveniles of M. chitwoodi, M. fallax or M. hapla per pot
using an automatic syringe. Plants were individually harvested eight weeks after
inoculation. Roots were washed clean of sand, stained with a Phloxine B solution
(Dickson & Strubble 1965) and egg masses were counted. The potato cvs Darwina and
Nicola and the tomato cv Money Maker were included as controls.

Due to the large differences in levels of resistance of Solenum genotypes and the
unbalanced design of the experiment no analysis of variance or equivalent statistical
analysis was used. Instead, for each genotype two standard errors of means were
calculated, one combined over populations of M. hapla (s.c.h) and one combined over
populations of M. chitwoodi together with M. fallax (s.e.). Data were square root
transformed to obtain a normal distribution of variance. Infection levels were
compared using a t-test based on the standard errors of means described.

2. Resistance to M. incognita. M. arenaria and M. javanica.

A second experiment was set up to investigate whether resistance to the temperate
Meloidogyne spp. in various Solanum spp. was also effective against some high
temperature adapted Meloidogyne spp. Besides populations of M. chitwoodi, M. fallax
and M. hapla, two isolates each of M. incognita, M. arenaria and M. javanica were
used. The experiment was carried out similarly as previously described. Genotypes
were represented by four randomly placed replicates for each nematode
populationfisolate. Nematode populations/isolates were analysed separately with
ANOVA after square root transformation of data using Genstat (Payne et al. 1987).

Results

In the first experiment large differences in resistance of genotypes of various
Solanum species were observed between M. chitwoodi, M. fallax and M. hapla, as well
as between populations of the same Meloidogyne species. Mean square root of number
of egg masses of all genotype/Meloidogyne population combinations tested are shown
in Table 3.2. The results of the earlier screening experiments are also presented as
reference.
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