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Meloidogyne chitwoodi

IDENTITY
Name:Meloidogyne chitwoodi Golden, O'Bannon, Santo & Finley
Taxonomic position: Nematoda: Meloidogynidae
Common names: Columbia root-knot nematode (English)
Nématode cécidogène du Columbia (French)
Bayer computer code: MELGCH
EPPO A2 list: No. 227

HOSTS
M. chitwoodi has a wide host range among several plant families (Santo et al., 1980;
O'Bannon et al., 1982), including crop plants and common weed species. Potatoes
(Solanum tuberosum) and tomatoes (Lycopersicon esculentum) are good hosts, while
barley (Hordeum vulgare), maize (Zea mays), oats (Avena sativa), sugarbeet (Beta vulgaris
var. saccharifera), wheat (Triticum aestivum) and various Poaceae (grasses and weeds) will
maintain the nematode. Moderate to poor hosts occur in the Brassicaceae, Cucurbitaceae,
Fabaceae, Lamiaceae, Liliaceae, Umbelliferae and Vitaceae. Capsicum annuum and
tobacco (Nicotiana tabacum and N. rustica) are not hosts of M. chitwoodi. Lucerne
(Medicago sativa) is a good host for race 2 but not for race 1, whereas carrots (Daucus
carota) are a non-host for race 2 but a good host for race 1. Ferris et al. (1994),
investigating suitable crops for rotation with potato in the presence of race 1 in USA,
recommend Amaranthus, lucerne, rape (Brassica napus var. oleifera), Raphanus sativus
var. oleifera and safflower (Carthamus tinctorius). In the Netherlands, host crops recorded
to be attacked by M. chitwoodi are carrots, cereals, maize, peas (Pisum sativum), Phaseolus
vulgaris, potatoes, Scorzonera hispanica, sugarbeet and tomatoes (OEPP/EPPO, 1991).

GEOGRAPHICAL DISTRIBUTION
M. chitwoodi was first described from the Pacific Northwest of the USA in 1980, its
common name deriving from the Columbia River between Oregon and Washington states.
It is not clear whether this is its area of origin. It was first detected in the EPPO region in
the 1980s, in the Netherlands, but a review of old illustrations and old specimens of
Meloidogyne suggests that it may have occurred earlier (in the 1930s) and may have been
present throughout the intervening period (OEPP/EPPO, 1991). It is possible that M.
chitwoodi has a wider distribution, undetected, in Europe than is currently known; the
question is now actively under investigation.
EPPO region: Belgium, Germany (Heinicke, 1993), Netherlands (Brinkman & Van Riel,
1990).
Africa: South Africa.
North America: Mexico, USA (California, Colorado, Idaho, Nevada, Oregon, Utah,
Washington - Walters & Barker, 1994; isolated record in Virginia - Eisenback et al., 1986).
Surveys conducted in Canada (British Columbia and Alberta) failed to detect this species.
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South America: Argentina.
EU: Present.

BIOLOGY
The life cycle of M. chitwoodi takes approximately 3-4 weeks under favourable conditions.
Larvae hatch from eggs in the soil or on the root surface. Second-stage larvae (infective
juveniles) penetrate root tips through unsuberized epidermal cells or wounds and move into
the cortical region. Soon after entry, nematodes stimulate giant cell and gall formulation in
the host tissue. Necrotic lesions occur in the cortex. Larvae then swell to become sausageshaped, stop feeding and undergo three rapid successive moults to become adult males or
females. Adult males have slender, vermiform bodies; they leave the root and are found
free in the rhizosphere or near the protruding body of the female. However, as in the case
of other Meloidogyne spp., it is probable that males are functionless and reproduction is
nearly always parthenogenetic. Adult females have characteristically pear-shaped, pearlywhite bodies and they are found embedded in host tissue. Eggs are laid by the female in a
gelatinous sac near the root surface. In potato tubers, modified host cells form a protective
layer or 'basket' around the egg mass and the juveniles as they hatch. The egg shell itself is
hyaline with no visible markings.
The species passes the winter as eggs or juveniles and can survive extended periods of
sub-freezing temperatures. M. chitwoodi can begin development when soil temperature
rises above 5°C and requires 600-800 degree-days to complete the first generation;
subsequent generations require 500-600 degree-days. M. hapla requires a similar number
of degree-days for development but does not begin development until temperatures rise
above 10°C. Population dynamics in relation to degree-day accumulation have been
considered by Pinkerton et al. (1991).
Several races of M. chitwoodi have been described, distinguished by slight differences
in host range. The first two, known as race 1 and race 2, were in particular distinguished
with regard to carrot and lucerne (Santo & Pinkerton, 1985; Mojtahedi et al., 1988). Race 3
has recently been described in California (Mojtahedi et al., 1994), and another race has
possibly been identified in the Netherlands (Van Meggelen, 1994) and is being described as
a new species (M. fallax) (Karssen, 1996).

DETECTION AND IDENTIFICATION
Symptoms
Symptoms of M. chitwoodi vary according to host, population density of the nematode and
environmental conditions. Above-ground symptoms are often not obvious but may consist
of varying degrees of stunting, lack of vigour and a tendency to wilt under moisture stress,
all leading to reduced yield. The galls produced on potato tubers by M. chitwoodi differ
from those caused by other species of Meloidogyne. M. hapla, for example, forms small but
distinct galls (together with extensive root proliferation) while M. incognita forms large,
easily noticeable galls. The symptoms caused by M. chitwoodi are often not easily detected
and are more apparent in some cultivars than in others; tubers may, in some cases, be
heavily infected without visible symptoms. When present, the galls appear as small raised
swellings on the tuber surface above the developing nematodes. A number of galls may be
concentrated on one area of the tuber or single galls may be scattered near eyes or lesions.
Internal tissue below the gall is necrotic and brownish. Adult females are visible just below
the surface as glistening, white, pear-shaped bodies surrounded by a brownish layer of host
tissue. Potato roots may also be infected, but this is difficult to detect without a magnifying
lens, as little or no galling occurs, even in heavy infestations. The spherical bodies of
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females may protrude from the surface of small rootlets surrounded posteriorly by a large
egg-filled sac which becomes dark-brown with age.
In other crops, root galls and reduced root production decrease yields and marketability.
Gall formation occurs on most cereals but is more noticeable on wheat and oats than on
barley or maize. In tomatoes, M. chitwoodi produces root galls in some cultivars but not in
others.

Morphology
Adult males and the second-stage juveniles are vermiform, motile animals, similar in
general appearance to free-living soil nematodes. Females are characteristically pearshaped, pearly-white and sedentary. The male is 887-1268 nm in length and 22-37 nm in
width with a slight taper at each end. The tail is short, 4.7-9.0 nm and rounded. Cuticular
annules are distinct and are more prominent near each end. The female is 430-740 nm in
length by 344-518 nm in width. Second-stage juveniles are 336-417 nm in length by 12.515.5 nm in width, tail short, 39-47 nm, scarcely tapered and hyaline. Eggs are 79-92 nm in
length and 40-46 nm in width.
M. chitwoodi closely resembles M. hapla; it can be distinguished from this and other
species by the perineal pattern, the appearance of vesicles or vesicle-like structures in the
median bulb of the adult female and by the short, blunt, larval tail which has a hyaline,
rounded (not tapered) terminus (Golden et al., 1980; Nyczepir et al., 1982; Jepson, 1984).
The species can also be distinguished from other Meloidogyne species likely to be found
under similar conditions. Schemes have been described to differentiate M. chitwoodi from
M. hapla, M. micotyla and M. incognita by differential hosts (Townshend et al., 1984) and
also to distinguish the two races of M. chitwoodi (Mojtahedi et al., 1988). Biochemical
methods have also been used (Karssen, 1995; Zijlstra et al., 1995). A diagnostic DNA
probe which distinguishes M. chitwoodi from M. hapla has been developed by Piotte et al.
(1995).

Detection and inspection methods
The presence of M. chitwoodi in infested soil can be determined by sampling and extraction
of the second-stage juveniles, using a standard nematode extraction procedure for freeliving nematodes of this size. External symptoms on tubers are obvious in the case of heavy
infestations but, where nematode numbers are low or in the early stages of infection, such
symptoms are not obvious. Clearing and staining of the tissues can show the presence of
nematodes (Hooper, 1986) but this can be a laborious procedure. Storage of lightly infested
tubers may lead to the development of obvious external symptoms.

MEANS OF MOVEMENT AND DISPERSAL
M. chitwoodi has very limited potential for natural movement; only second-stage juveniles
can move in the soil and, at most, only a few tens of centimetres. The most likely method
of introducing M. chitwoodi into a new area is through the movement of infected or
contaminated planting material. Infected host plants or host products such as bulbs or
tubers can easily transport the nematode. The movement of non-host seedling transplants,
nursery stock, machinery or other products which are contaminated with soil infested with
M. chitwoodi could also result in spread. Infective larvae of this genus have been known to
persist for more than one year in the absence of host plants. Nematode movement can also
be facilitated by contaminated irrigation water.

4

Meloidogyne chitwoodi

PEST SIGNIFICANCE
Economic impact
M. chitwoodi reduces the market value of potatoes as a result of the internal necrosis and
external galling. Necrotic spots in the flesh of tubers of as little as 5% of a crop make it
commercially unacceptable. Overall yields of tubers are also reduced. This species is
considered to be the major nematode pest of potatoes in the Pacific Northwest states of the
USA and the annual predicted loss there would be approximately 40 million USD if control
measures were not applied (Santo, 1994). No information is available on the economic
impact in European countries. Effects on other crops are not as marked nor as well
documented, but yields of cereals (wheat, barley, oats and maize) have been shown to be
significantly reduced (Santo & O'Bannon, 1981). In the Netherlands, M. chitwoodi has
recently damaged potato crops (and certain vegetables) in a limited area in the east of the
country; this damage is apparently associated with sandy soils and a succession of warm
summers. As mentioned under Geographical distribution, it is possible that M. chitwoodi
has been present in the area for many years, undetected because it caused no significant
damage.

Control
Control measures currently used against other root-knot nematodes have proved to be less
effective against M. chitwoodi. For example, treatment trials with the nematicides aldicarb,
dichlorpropene, ethoprop and metham-sodium have not been as consistently successful as
against M. hapla (Pinkerton et al., 1986; Santo & Wilson, 1990). In north-western USA,
crop failures in several potato fields have been attributed to M. chitwoodi despite the use of
spring soil fumigations.
Crop rotation with cereals is often used to reduce populations of M. hapla. M.
chitwoodi, however, reproduces well on wheat, oats, barley and maize. Rotation with any
of these crops will, therefore, favour a build-up rather than a decrease of M. chitwoodi
populations in infested soils. There are, however, other crops which will reduce
populations (see Hosts) and could be used in rotations. Some success has been achieved by
the incorporation of green manure into the soil, which reduces population densities of M.
chitwoodi (Mojtahedi et al., 1993a, b).
Potato cultivars differ in their tolerance of M. chitwoodi (Van Riel, 1993). There is
interest in breeding for host resistance to M. chitwoodi, e.g. in potatoes, using resistance
from Solanum bulbocastanum and other sources (Brown et al., 1991; Austin et al., 1993;
Janssen et al., 1995) and cereals (Jensen & Griffin, 1994).

Phytosanitary risk
M. chitwoodi is an EPPO A2 quarantine pest, but is not considered to be a quarantine pest
by any other regional plant protection organization (though it is rated as a quarantine pest
by Canada). Tiilikkala et al. (1995) conducted an exhaustive pest risk analysis (PRA) of M.
chitwoodi as a risk for Finland (and for Europe more generally) and concluded that this
species qualified as a quarantine pest. A comparison of the air temperatures of Finland with
those in the present distribution of the pest indicated that the nematode could survive and
produce two generations per year in the southern part of Finland. Baker & Dickens (1993)
concluded from their PRA that M. chitwoodi would be likely to produce three generations
in the UK. They did not feel capable of predicting the likely economic impact of the pest,
since this could depend on a number of other unknown factors such as soil wetness,
varietal susceptibility and quality control thresholds. Countries further south in the EPPO
region would provide climatic conditions suitable for as many as four generations per year.
A recent PRA for Germany (Braasch et al., 1996) led to the conclusion that M. chitwoodi
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was most likely to be damaging on potatoes in the northwest of the country, in the area
adjoining the Netherlands.
Potato is the crop that would be most at risk from M. chitwoodi in the EPPO region. For
a number of reasons, it represents a greater threat than other Meloidogyne species already
widespread in the EPPO region, in particular M. hapla with which it often forms mixed
populations. M. chitwoodi is less easily controlled by nematicides, it has a wider host
range, it produces more severe tuber symptoms and is tolerant of lower soil temperatures.
In fact, the soil temperature requirements for population development of M. chitwoodi are
rather similar to those of Globodera rostochiensis (Tiilikkala et al., 1995), suggesting that
the former species could occupy the same geographical distribution as the latter.

PHYTOSANITARY MEASURES
EPPO has not yet decided specific quarantine requirements for M. chitwoodi. Measures
similar to those for potato cyst nematodes (EPPO/CABI, 1996) would appear relevant, i.e.
that consignments of rooted plants should come from areas where the pest does not occur
or from fields found free from the pest. Suitable survey and test methods have still to be
established. Freedom from M. chitwoodi should be specifically assured by certification
schemes for seed potatoes.

BIBLIOGRAPHY
Austin, S.; Pohlman, J.D.; Brown, C.R.; Mojtahedi, H.; Santo, G.S.; Douches, D.S.; Helgeson, J.P.
(1993) Interspecific somatic hybridization between Solanum tuberosum and S. bulbocastanum as a
means of transferring nematode resistance. American Potato Journal 70, 485-495.
Baker, R.H.A.; Dickens, J.S.W. (1993) Practical problems in pest risk assessment. In: Plant health
and the European Single Market (Ed. by Ebbels, D.L.), pp. 209-220. BCPC, Farnham, UK.
Braasch, H.; Wittchen, U.; Unger, J.C. (1996) Establishment potential and damage probability of
Meloidogyne chitwoodi in Germany. Bulletin OEPP/EPPO Bulletin 26 (in press).
Brinkman, H.; Van Riel, H.R. (1990) [Meloidogyne chitwoodi - maize root-knot nematode]. In:
Jaarboek 1989/1990, pp. 146-155. Directie Gewasbescherming, Plantenziektenkundige Dienst,
Wageningen, Netherlands.
Brown, C.R.; Mojtahedi, H.; Santo, G.S. (1991) Resistance to Columbia root-knot nematode in
Solanum spp. and in hybrids of S. hougasii with tetraploid cultivated potato. American Potato
Journal 68, 445-452.
Eisenback, J.D.; Stromberg, E.L.; McCoy, M.S. (1986) First report of the Columbia root-knot
nematode (Meloidogyne chitwoodi) in Virginia. Plant Disease 70, 801.
EPPO/CABI (1996) Globodera rostochiensis and Globodera pallida. In: Quarantine pests for
Europe. 2nd edition (Ed. by Smith, I.M.; McNamara, D.G.; Scott, P.R.; Holderness, M.). CAB
INTERNATIONAL, Wallingford, UK.
Ferris, H.; Carlson, H.L.; Viglierchio, D.R.; Westerdahl, B.B.; Wu, F.W.; Anderson, C.E.; Juurma,
A.; Kirby, D.W. (1994) Host status of selected crops to Meloidogyne chitwoodi. Journal of
Nematology 25 Suppl., 849-857.
Golden, A.M.; O'Bannon, J.H.; Santo, G.S.; Finley, A.M. (1980) Description and SEM observations
of Meloidogyne chitwoodi n. sp. (Meloidogynidae). A root knot nematode on potato in the Pacific
Northwest. Journal of Nematology 12, 319-327.
Heinicke (1993) [Break crops and nematode control]. Kartoffelbau 44, 300.
Hooper, D.J. (1986) Preserving and staining nematodes in plant tissues. In: Laboratory methods for
work with plant and soil nematodes (Ed. by Southey, J.F.). HMSO, London, UK.
Janssen, R.; Janssen, G.J.W.; Schepers, J.; Reinink, K. (1995) Resistance to the root-knot nematodes
Meloidogyne hapla and Meloidogyne chitwoodi in potato and carrot. Nematologica (in press).
Jensen, K.B.; Griffin, G.D. (1994) Resistance of diploid Triticeae species and accessions to the
Columbia root-knot nematode, Meloidogyne chitwoodi. Journal of Nematology 26 Suppl., 635639.

6

Meloidogyne chitwoodi

Jepson, S.B. (1985) Meloidogyne chitwoodi. CIH Descriptions of Plant-Parasitic Nematodes No.
106. CAB International, Wallingford, UK.
Karssen, G. (1995) Morphological and biochemical differentiation in Meloidogyne chitwoodi
populations in the Netherlands. Nematologica (in press).
Karssen, G. (1996) Description of Meloidogyne fallax n. sp., a root knot nematode from the
Netherlands. Fundamental and Applied Nematology (in press).
Mojtahedi, H.; Santo, G.S.; Wilson, J.H. (1988) Host tests to differentiate Meloidogyne chitwoodi
races 1 and 2 and M. hapla. Journal of Nematology 20, 468-473.
Mojtahedi, H.; Santo, G.S.; Ingham, R.E. (1993a) Suppression of Meloidogyne chitwoodi with
sudangrass cultivars as green manure. Journal of Nematology 25, 303-311.
Mojtahedi, H.; Santo, G.S.; Wilson, J.H.; Hang, A.N. (1993b) Managing Meloidogyne chitwoodi on
potato with rapeseed as green manure. Plant Disease 77, 42-46.
Mojtahedi, H.; Santo, G.S.; Brown, C.R.; Ferris, H.; Williamson, V. (1994) A new host race of
Meloidogyne chitwoodi from California. Plant Disease 78, 1010.
Nyczepir, A.P.; O'Bannon, J.H.; Santo, G.S.; Finley, A.M. (1982) Incidence and distinguishing
characteristics of Meloidogyne chitwoodi and M. hapla in potato from the northwestern United
States. Journal of Nematology 14, 347-353.
O'Bannon, J.H.; Santo, G.S.; Nyczepir, A.P. (1982) Host range of the Columbia root-knot nematode.
Plant Disease 66, 1045-1048.
OEPP/EPPO (1991) Meloidogyne chitwoodi present in Netherlands. FAO Plant Protection Bulletin
39, 187.
Pinkerton, J.N.; Santo, G.S.; Ponti, R.P.; Wilson, J.H. (1986) Control of Meloidogyne chitwoodi in
commercially grown Russet Burbank potatoes. Plant Disease 70, 860-863.
Pinkerton, J.N.; Santo, G.S.; Mojtahedi, H. (1991) Population dynamics of Meloidogyne chitwoodi on
Russet Burbank potatoes in relation to degree-day accumulation. Journal of Nematology 23, 283290.
Piotte, C.; Castagnone-Sereno, P.; Bongiovanni, M.; Dalmasso, A.; Abad, P. (1995) Analysis of a
satellite DNA from Meloidogyne hapla and its use as a diagnostic probe. Phytopathology 85, 458462.
Santo, G.S. (1994) Biology and management of root-knot nematodes on potato in the Pacific
Northwest. In: Advances in potato pest biology and management (Ed. by Zehner, G.W.; Powelson,
M.L.; Jansson, R.K.; Raman, K.V.), pp. 193-201. APS Press, St. Paul, USA.
Santo, G.S.; O'Bannon, J.H. (1981) Pathogenicity of the Columbia root-knot nematode (Meloidogyne
chitwoodi) on wheat, corn, oat and barley. Journal of Nematology 13, 548-550.
Santo, G.S.; Pinkerton, J.N. (1985) A second race of Meloidogyne chitwoodi discovered in
Washington State. Plant Disease 69, 361.
Santo, G.S.; Wilson, J.H. (1990) Evaluation of ethoprop and cadusafos for control of Meloidogyne
chitwoodi on potato. Nematropica 20, 137-142.
Santo, G.S.; O'Bannon, J.H.; Finley, A.M.; Golden, A.M. (1980) Occurrence and host range of a new
root-knot nematode (Meloidogyne chitwoodi) in the Pacific Northwest. Plant Disease 64, 951-952.
Tiilikkala, K.; Carter, T.; Heikinheimo, M.; Venölöinen, A. (1995) Pest risk analysis of Meloidogyne
chitwoodi. Bulletin OEPP/EPPO Bulletin 25, 419-436.
Townshend, J.L.; Potter, J.W.; Davidson, T.R. (1984) Some monocotyledonous and dicotyledonous
hosts of Meloidogyne microtyla. Plant Disease 68, 7-10.
Van Meggelen, J.C.; Karssen, G.; Janssen, G.J.W.; Verkerk-Bakker, B.; Janssen, R. (1994) A new
race of Meloidogyne chitwoodi? Fundamental and Applied Nematology 17, 93.
Van Riel, H.R. (1993) Comparison of potato cultivars in relation to their level of external symptoms
on tubers caused by Meloidogyne chitwoodi. Mededelingen van de Faculteit
Landbouwwetenschappen, Universiteit Gent 58, 737-742.
Walters, S.A.; Barker, K.R. (1994) Current distribution of five major Meloidogyne species in the
United States. Plant Disease 78, 772-774.
Zijlstra, C.; Lever, A.E.M.; Van Silhout, C.H. (1995) rDNA restriction fragment length
polymorphisms between Dutch isolates of root-knot nematodes. Nematologica (in press).

