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ABSTRACT

Garcia, L. E., D. M. Segura, R. W. Masuelli, and M. V. Sanchez-Puerta. 2014. Evaluating root-knot nematode
infection in wild potatoes. Nematropica 44:31-36.

Cultivated potato varieties are highly susceptible to root-knot nematodes (Meloidogyne spp.). Resistance in
wild relatives could be transferred to breeding lines as an environmentally friendly control strategy. We evaluated
28 genotypes of three putatively resistant wild potato species (Solanum spegazzinii, S. kurtzianum, and S. vernei)
from Argentina for reaction to one of the most damaging potato root-knot nematodes, Meloidogyne arenaria.
Two screening assays found great variability among and within species of potato in response to nematode
infection. The nematode reproductive efficiency was significantly reduced in two genotypes of S. spegazzinii,
which exhibited low to moderate resistance to M. arenaria.

Key words: central west Argentina, Meloidogyne, Solanum, variability, wild germplasm.

RESUMEN

Garcia, L. E., D. M. Segura, R. W. Masuelli, and M. V. Sanchez-Puerta, 2014. Evaluacion de la infeccion por
nematodos del nudo en papas silvestres. Nematropica 44:31-36.

Las variedades de papa cultivada son altamente susceptibles a nematodos del nudo (Meloidogyne spp.). La
resistencia en especies silvestres emparentadas podria ser utilizada en programas de mejoramiento como una
estrategia ecologica de manejo. En este trabajo se evalud la respuesta a la infeccion por uno de los nematodos
del nudo mas dafinos, Meloidogyne arenaria, de 28 genotipos de tres especies de papas silvestres (Solanum
spegazzinii, S. kurtzianum and S. vernei) de Argentina. Los dos ensayos realizados mostraron gran variabilidad
de respuesta a la infeccion por el nematodo entre y dentro de las especies de papas silvestres. La eficiencia
reproductiva del nematodo fue significativamente reducida en dos genotipos de S. spegazzinii, los cuales
exhibieron baja a moderada resistencia a M. arenaria.

Palabras clave: Argentina, germoplasma, Meloidogyne, resistencia, Solanum.

The cultivated potato (Solanum tuberosum L. ssp.
tuberosum) originated in the Andes in South America
and has more than 200 wild relatives (Hawkes,
1994). Cultivated potato varieties show a wide range
of agronomic traits but are susceptible to several
pathogens (Ross, 1986). Root-knot nematodes,
Meloidogyne spp., cause great losses of potato crops
worldwide. Around 95% of the damage caused by
root-knot nematodes is due to three species (M.
incognita, M. arenaria, and M. javanica). In Mendoza
(Argentina), 7,000 to 9,000 ha are cultivated for potato.
Solanum tuberosum cv. Spunta is the most widely
consumed variety in Argentina (Fundacion Instituto de
Desarrollo Rural, Argentina) and is highly susceptible
to root-knot nematodes, including M. arenaria.

Wild tuber-bearing Solanum spp. are a great
reservoir of resistance genes for a number of
diseases (Ross, 1986; Gebhardt and Valkonen, 2001;
Song et al., 2003; Suarez et al., 2009) that could be
exploited in breeding programs, reducing the need
for pesticide applications, lowering production
costs and minimizing environmental damage. The
first steps in the development of resistant cultivars
include screenings of wild relatives for reaction to
pathogens (Sasser et al., 1984). Resistance to root-
knot nematodes was previously reported for wild
tuber-bearing Solanum spp., including S. kurtzianum,
S. spegazzinii, and S. vernei (Nirula et al., 1967,
Nirula et al., 1969; Bamberg et al., 1994; Berthou et
al., 2003). However, only a few nematode-resistant
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genotypes were clearly registered and are readily
available from germplasm banks. The objectives of
this study were: 1) to evaluate putatively resistant wild
potatoes from germplasm banks for reaction to the
root-knot nematode M. arenaria; and ii) to identify
potentially useful germplasm for breeding programs.
Screening experiments to evaluate 28 genotypes
of three putatively resistant wild potato species
(S. spegazzinii, S. vernei, and S. kurtzianum) for
reaction to the root-knot nematode, M. arenaria, were
performed. Seeds were obtained from germplasm
collections (Table 1). Plants of S. spegazzinii and
S. vernei were cultivated in pots with autoclaved
loamy soil and multiplied by cuttings. Due to the low
survival rate of cuttings, plants of S. kurtzianum were
maintained and multiplied in vitro in MS medium
(Murashige and Skoog, 1962) and plantlets with 4-6
leaves were transplanted to sterilized loamy soil.
Plants of S. tuberosum ssp. tuberosum cv. Spunta
were included as a susceptible
control. Plants were fertilized as
needed and were arranged in a
completely randomized design
with up to 10 replicates. The 57
inoculum originated from a
well-characterized population of
M. arenaria race 2, which was
isolated from a production field
in the province of Mendoza,
Argentina (Garcia and Sanchez-
Puerta, 2012). The nematode
population ~ was  maintained
on susceptible tomato plants
(Solanum lycopersicum cv Roma).
Egg masses from infected tomato 0
roots were manually isolated from
the roots and placed in a Petri dish
with distilled water. Juveniles (J2) B
were collected for inoculum. 0 4
Two rounds of resistance g
screenings were conducted. A !
suspension of 100 J2 was delivered
into a hole in the soil next to the
roots of a plant with 4-6 leaves
in each pot. An average of 75 d
(first screening) and 60 d (second
screening) after inoculation, plants
were harvested and evaluated.
The root system of each plant
was washed with tap water and 0 J

egg masses/g root (Ln(x+5))

S. spegazzinii

30 4

eggs/egg mass (v(x+2))
o

weighed. Gelatinous egg masses y & &
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Egg masses were isolated and placed in 1% NaOCl
solution to dissolve the gelatinous matrix. Second-
stage juveniles were isolated from the soil of each pot
by the centrifugal-flotation method (Jenkins, 1964).
Second-stage juveniles and eggs were counted with
a microscope at 40x. Data collected included: i) egg
masses per gram of root; ii) root galls per gram of root;
iii) J2 in the soil; and iv) number of eggs per egg mass.
Eggs per egg mass and egg masses per gram of root
were V(x+2) and Ln(x+5) transformed, respectively,
to attain a normal distribution. Normalized data were
subjected to ANOVA using the computer program
InfoStat (Di Rienzo et al., 2008). The significance of
the differences among genotypes was estimated with
Duncan’s test at P < 0.05.

The first resistance assay included 18 genotypes
of S. kurtzianum, S. spegazzinii, and S. vernei, which
produced either lower or higher average egg masses,
root galls, and J2 per gram of root than S. tuberosum
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cold, yellow eosin solution (0.1g/1
in water) and stirred for 30 min
(Daykin and Hussey, 1985). The
number of galls and egg masses
on the root system were counted
using a stereoscopic microscope.

S. spegazzinii

of root; B: Number

S. vernei S. kurtzianum S. tuberosum

Fig. 1. Response of several genotypes of three wild tuber-bearing Solanum
to the nematode Meloidogyne arenaria. A: Number of egg masses per gram

of eggs per egg mass. Same letters express no statistical

difference (P <0.05).
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(Table 2). All parameters were highly variable within
and among species. Genotypes with fewer egg
masses/g of root than the cultivated potato included
three genotypes of S. spegazzinii (spg6107-3, spg5690-
1, spg6147-1) and all genotypes of S. vernei and S.
kurtzianum. The same genotypes, except for spg6107-
3 and spg6147-1, also had fewer root galls/g of root
than the cultivated potato. The fewest juveniles/g root
were observed for spg6107-2, spg5690-1, spg6147-2,
spg6142-1, and all three genotypes of S. vernei.

The second resistance assay included another
10 genotypes belonging to the three wild potato
species (S. kurtzianum, S. spegazzinii, and S. vernei)
plus four genotypes identified as putatively resistant
in the first assay (underlined in Fig. 1). The number
of egg masses/g root (Fig. 1A) and the number of
eggs/egg mass (Fig. 1B) for each genotype varied
considerably among populations within a single
species. Significant differences in eggs/egg mass
were observed for populations within S. spegazzinii
and within S. kurtzianum (Fig. 1B). Interestingly, all
genotypes of S. kurtzianum, which were not different
than the cultivated potato, had been previously
reported as resistant to root-knot nematodes (Bamberg
et al., 1994; Segura et al., 2008). In addition, we
found differences in the response to infection among
wild potatoes and the cultivated potato (Fig. 1).
Two genotypes of S. spegazzinii (spg5690-1 and
spg6107-3) had significantly fewer eggs/egg mass
than S. tuberosum cv. Spunta (Fig. 1B). The genotype
spg5690-1 also had, on average, fewer egg masses/g
root than the cultivated potato, but this difference was
not statistically significant (Fig. 1A).

Overall, significant variation in the reaction to M.
arenaria was observed among individual members of
a single species of wild potatoes. Other studies have
also reported large differences among populations of
Solanum species in response to root-knot nematode
infection (Ammati et al., 1985; Janssen et al., 1996;
Janssen et al., 1997). These findings emphasize the
importance of sampling diverse populations of a few
wild potato species, instead of a single representative
fromalarge number ofdifferentspecies, whenscreening
for pathogen resistance or other relevant traits. In
addition, two genotypes of S. spegazzinii exhibited
low to moderate resistance to M. arenaria race 2 but
not at a sufficient level for a breeding program. The
mechanism responsible for the diminished nematode
reproductive efficiency in these plants is unknown.
Further studies are needed to distinguish whether the
resistance mechanism affects root penetration (Araya
and Caswell-Chen, 1994), entrance to the vascular
cylinder (Potenza et al., 1996), establishment of the
feeding site (Das et al., 2008), or female development
(Fasque and Starr, 2009). Finally, great variability in
response to nematode infection exists in wild potato
germplasm banks.

ACKNOWLEDGMENTS

We would like to thank to M. E. Doucet for his
invaluable advice. Supported in part by SecTyP
grant #06/M053 from Universidad Nacional de Cuyo
and grant PICT-277 from ANCyPT. M.VS.P. is a
researcher of CONICET.

LITERATURE CITED

Ammati, M., I. J. Thomason, and P. A. Roberts. 1985.
Screening Lycopersicon spp. for new genes
imparting resistance to root-knot nematodes
(Meloidogyne spp.). Plant Disease 69:112-115.

Araya, M., and E. P. Caswell-Chen. 1994. Penetration
of Crotalaria juncea, Dolichos lablab, and
Sesamun indicum root by Meloidogyne javanica.
Journal of Nematology 26:238-240.

Bamberg, J. B., M. W. Martin, and J. J. Schartner.
1994. Elite selection of tuber-bearing Solanum
species germplasm. NRSP-6 Inter-Regional
Potato introduction Station, Sturgeon Bay, USA.

Berthou, F., A. Kouassi, M. Bossis, J. P. Dantec, M.
Eddaoudi, Z. Ferji, R. Pellé, M. Taghzouti, D.
Ellisséche, and D. Mugniéry. 2003. Enhancing
the resistance of the potato to Southern root-
knot nematodes by using Solanum sparsipillum
germplasm. Euphytica 132:57-65.

Das, S., E. A. DeMason, J. D. Ehlers, J. T. Close, and
A. R. Phillip. 2008. Histological characterization
of root-knot nematode resistance in cowpea and
its relation to reactive oxygen species modulation.
Journal of Experimental Botany 59:1305-1313.

Daykin, M. E. and R. R. Hussey. 1985. Staining and
histopathological techniques in nematology. Pp.
39-48 in K. R. Barker, C. C. Carter and J. N. Sasser
(eds.). An advanced treatise on Meloidogyne:
Volume II, North Caroline State University
Graphics.

Di Rienzo, J. A., F. Casanoves, M. G. Balzarini, L.
Gonzales, M. Tablada, and C. W. Robledo. 2008.
InfoStat, version 2008, Grupo InfoStat, FCA,
Universidad Nacional de Cérdoba, Argentina.

Fasque, T. R., and J. L. Starr. 2009. Mechanism of
resistance to Meloidogyne incognita in resistant
cotton genotypes. Nematropica 39:281-288.

Garcia, L. E., and M. V. Sanchez-Puerta. 2012.
Characterization of a root-knot nematode
population of Meloidogyne arenaria from
Tupungato (Mendoza, Argentina). Journal of
Nematology 44:291-301.

Gebhardt, C.,and J. P. T. Valkonen. 2001. Organization
of gene controlling disease resistance in the potato
genome. Annual Review of Phytopathology
39:79-102.

Hawkes, J. G. 1994. Origins of cultivated potatoes and
species relationships. Pp. 3-42 in J. E. Bradshaw
and G. R Mackay (eds.). Potato Genetics. Oxford,



36

NEMATROPICA Vol. 44, No. 1, 2014

UK: CAB International.

Janssen, G. J. W., A. van Norel, and B. R. Verkerek
-Bakker. 1997. Intra- and interspecific variation
of root-knot nematodes, Meloidogyne spp., with
regard to resistance in wild tuber-bearing Solanum
species. Fundamental and Applied Nematology
20:449-457.

Janssen, G. J. W., A. van Norel, B. Verkerk-Bakker,
and R. Janssen. 1996. Resistance to Meloidogyne
chitwoodi, M. fallax, and M. hapla in wild tuber-
bearing Solanum spp. Euphytica 92:287-294.

Jenkins, W. R. 1964. A rapid centrifugal flotation
technical for separating nematodes from soil.
Plant Disease Reporter 48:692.

Murashige, T. and F. Skoog. 1962. A revised medium
for rapid growth and bioassay with tobacco tissue
cultures. Physiologia Plantarum 15:473-497.

Nirula, K. K., C. L. Khushu, and B. T. Raj. 1969.
Resistance in tuber-bearing Solanum species
to root knot nematode, Meloidogyne incognita.
American Potato Journal 46:251-253.

Nirula, K. K., N. M. Nayar, K. K. Bassi, and G. Singh.
1967. Reaction of tuber-bearing Solanum species
to root-knot nematode, Meloidogyne incognita.
American Potato Journal 44:66-69.

Potenza, C. L., S. H. Thomas, E. A. Higgins,
and C. Sengupta-Gopalan. 1996. Early root
response to Meloidogyne incognita in resistance

and susceptible alfalfa cultivars. Journal of
Nematology 28:475-484.

Ross, H. 1986. Potato breeding problems and
perspectives. Advances in Plant Breeding. (Series
13). Paul Parey Scientific Publishing.

Sasser, J. N., C. C. Carter, and K. M. Hartman. 1984.
Standardization of host suitability studies and
reporting of resistance to root-knot nematodes.
Raleigh, North Carolina: North Caroline State
University and United States Agency for
International Development.

Segura, D., M. V. Sanchez-Puerta, P. Lopez-
Lambertini, and R. Masuelli. 2008. Identificacion
y caracterizacion molecular de un gen homoélogo
al gen Mi de resistencia a nematodos en tomate en
la especie silvestre de papa Solanum kurtzianum.
Libro de Resimenes XXIII Congreso Asociacion
Latinoamerciana de la papa:232-233.

Song, J., J. M. Bradeen, S. K. Naess, J. A. Raasch, S.
M. Wielgus, J. T. Haberlach, J. Lui, H. Kuang, S.
Austin-Phillips, C. R. Buell, J. P. Helgeson, and
J. Jiang. 2003. Gene RB cloned from Solanum
bulbocastanum confers broad spectrum resistance
to potato late blight. Proceedings of the National
Academy of Science USA 100:9128-9133.

Suarez, S. 1., E. J. Chavez, A. M. Clausen, and J.
Franco. 2009. Solanum tuber-bearing species
resistance behavior against Nacobbus aberrans.
Journal of Nematology 41:5-10.

Received:

13/11/2013

Recibido:

Accepted for publication:
8/V/2013
Aceptado para publicacion:



