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Vertical distribution and infectious potential
of Xiphinema index (Thorne et Allen, 1950)
(Nematoda: Longidoridae) in fields affected
by grapevine fanleaf virus in vineyards
in the Champagne region of France
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Summary &mdash; The distribution of X index in 3 fields infected with grapevine fanleaf virus (GFLV) in the Champagne
vine-growing region of France was studied on the basis of samples from each horizon of the pedological profile. The
lowest nematode count was observed between 0 and 25 cm in the field with the highest clay content (Mesnil), and
between 0 and 40 cm in the 2 fields with sandier soil textures. The highest nematode count was detected in the 5570-cm horizon of the Mesnil field and below 90 cm in the chalk parent rock for the 2 other fields. In Mesnil, with a high
nematode density, ie 5 to 120 individuals per kg fine soil, the GFLV infectious potential of Xiphinema was determined
using the ELISA method in nematode samples of increasing size from 2 to 256 individuals. Differences in absorbance
between the field population and a virus-free control population reared on fig roots was observed from sample sizes of
two. This method might adequately characterize the infectious potential of a given population.
pedological profile / soil particle size / ELISA test
Résumé &mdash; Distribution verticale et potentiel infectieux de Xiphinema index (Thorne et Allen, 1950) (Nematoda: Longidoridae) dans des parcelles de vigne atteintes par le virus du court-noué en Champagne. La distribution de X index dans 3 parcelles atteintes de court-noué du vignoble Champenois est étudiée à partir d’échantillons
prélevés au niveau de chaque horizon d’un profil pédologique. Les effectifs les plus faibles sont observés entre 0 et
25 cm dans la parcelle la plus argileuse (Mesnil) et entre 0 et 40 cm dans les 2 autres parcelles, de texture plus sableuse. Les effectifs les plus élevés sont retrouvés dans l’horizon 55-70 cm de la parcelle Mesnil et au-delà de 90 cm
dans la roche mère de craie pour les 2 autres. Au Mesnil où les effectifs sont élevés (5-120 individus par kg de terre
fine), l’état infectieux des Xiphinema est établi en détectant, par la méthode ELISA, la présence du virus du courtnoué dans les nématodes répartis en groupes d’effectif croissant de 2 à 256 individus. Une différence de densité optique entre la population de la parcelle et une population témoin non virulifère élevée sur figuier est observée dès la
modalité «2 individus». Une telle méthode paraît utilisable pour caractériser l’état infectieux d’une population donnée.
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INTRODUCTION

Grapevine fanleaf virus (GFLV), transmitted by
the nematode Xiphinema index (Thorne et Allen), is a serious problem in many vineyards.
The maintenance of soil fertility and the soil conservation in regions under this monoculture re-

quires an extensive knowledge of the interactions that occur between the soil and its biological components (Cluzeau et al, 1987).
In France, the geographical distribution of X
index extends from the Mediterranean area to
the Alsace and Champagne regions (Dalmasso

and Caubel, 1966;

Esmenjaud, unpublished

ob-

servations). For a given field, the horizontal dispersion of nematodes from the initial introduction
point depends mainly on the number of grapevine generations grown in the field since the
nematode introduction (Dalmasso, 1970).

STIPA. Individual soil samples for nematological and
particle size analysis were collected from each horizon. One 5-kg sample per horizon was dug out at an
angle from the trench surface, perpendicular to a vine
stock.

The vertical distribution of nematodes in the
soil is also a factor to be considered in the control of fanleaf disease of the grapevine. This factor depends on both nematode survival under
various climatic and edaphic conditions and on
soil and pest management practices such as cultivation practices and pesticide treatments.

500-g clods, containing any rootlets present and

The vertical distribution of X index has been
studied in pedological trenches in vineyards in
the Var department of France (Scotto La
Massèse et al, 1988) and in Alsace by drill sampling (Vuittenez, 1961). In a Portuguese vineyard, Silva et al (1988) have studied the relationship between GFLV and its vector as a function
of depth.
The aim of the present article is to present the
vertical distribution of X index in 3 fields infected
with GFLV and examine its relationship with
edaphic factors in the Champagne vineyard. The
virus infectious "potential" of the field with the
highest nematode density is described on the
basis of direct detection of the virus in the nematode vector by the ELISA method.

MATERIAL AND METHODS
carried out in 3 fields presenting
symptoms of fanleaf confirmed by ELISA serodiagnosis on grape leaves: one field located in the
Mesnil-sur-Oger district (Côte des Blancs) (11-yearold grapevines on 41 B rootstock) and 2 (Cum 1 and
Cum 2) in the Cumières district (19-year-old grapevines on 41 B, and vines aged over 30 years on unidentified stock, respectively). Cum 1, located on a
10% slope had been disinfected with 1 000 l/ha dichloropropene-dichloropropane prior to replanting. Samples were taken from each field from June 18 to 24,
1989, from an 80-cm wide, 1-m long pedological
trench between 4 plants, located at the center of a
highly infected area. Since the aim was to determine
the vertical distribution and infectious potential of the
nematodes in the soil, only one trench was dug per
field in the part supposed to contain the highest num-

Sampling

was

marked

bers.

The pedological trenches have been systematically
described according to the STIPA (Système de Transfert de l’Information Pédologique et Agronomique Pedological and Agronomic Information Transfer System: Bertrand et al, 1984) terms and report therefrom.
The distribution of roots in the profiles has been separately described in greater detail than required by the

Each

sample

was

made up of

a

number of 200- to
was

removed with a hand fork. Each sample was subdivided in the laboratory into 3 1.7-kg parts which were analyzed separately. Each sub-sample was screened
through a 2-mm mesh-size screen. The residue was
weighed and the screened portion processed through
an Oostenbrink elutriator (flow rate: 5 l/min), collected,
then screened 3 times through 250-&mu;m and 40-&mu;m
screens, respectively. The corresponding residues
were placed on moist cellulose paper held by a coarse
screen over a basin filled with water 1 cm deep, just
touching the water’s surface. Nematodes migrating to
the bottom of the basin were collected on a 5-&mu;m
screen, counted after 24 and 72 h, then totalled. For
each horizon, the population numbers from the 3 subsamples were expressed relative to 1 kg of fine soil

(<

2

mm).

Adult X index and 4th-stage larvae extracted from
the Mesnil field were then randomly divided into
groups of 2 to 256 individuals (series increasing by
multiples of 2). Equivalent groups of virus-free adult X
index from populations maintained on fig roots in a
greenhouse were taken as controls. The immunoglobulins (IgG) used for ELISA were purified from antiGFLV serum according to the rivanol precipitation
method (Hardie and Van Regenmortel, 1977). The
ELISA plates were coated with 0.05 &mu;g/ml IgG for 3 h
at 38 °C, then rinsed 3 times. The nematodes were
ground in a Potter micro-blender in the presence of
100 &mu;l Tris-HCl 0.2 M pH 8.2, 2% polyvinylpyrolidone,
0.8% NaCl, 0.05% Tween 20 and carborundum and
incubated overnight at 4 °C in the microtitration plates.
After 3 washings, an IgG-biotin conjugate (Guesdon et
al, 1979) at 1/20 000 was added and left for 2 h at
38 °C. Then alkaline phosphatase-labelled streptavidine (1/10 000) was added and left for 1 h at 38 °C.
The absorbances (A 405 nm) were read after 1 and
2 h incubation of the substrate (1 mg/ml pnitrophenylphosphate). The ELISA samples were considered positive when the absorbance values in the
nematodes tested were over twice the value of the virus-free nematode controls.

RESULTS
The vertical distribution of X index together with
the pedological profiles and particle size analyses of field horizons are presented in figure 1.
The description of the root distribution, based on
visual inspection, is given in table I. Pure populations of X index were observed in the 3 profiles
sampled. X mediterranneum and X vuittenezi,
found in certain fields in the Champagne region

sandy-clay accumulation horiabove the chalk parent rock. For equivalent

supplies, lay
zons

on

2

horizons - except the surface horizon - roots
less numerous than in the Mesnil field.
However, fine roots were still observed in the
chalk parent rock below 90 cm. Xiphinema populations were low in the horizons between 0 and
90 cm, reaching 34 individuals per kg in the
chalk. The loamy-sand exogenous soil between
0 and 40 cm yielded the lowest numbers. The
loamy-clay soil in the 40-70 cm horizon yielded
substantially higher numbers.
were

In the Cum2 field, the texture of the different
horizons was lighter: loamy sand between 0 and
70 cm, becoming sandy loam between 70 and
100 cm. Fine roots were observed from the
chalk surface to the interior (sampled to 135
cm). Nematode populations showed a regular increase from the surface down to the parent rock
(100-135 cm), where they were as numerous as
in field Cum1 at the same level of depth.
2 gives the absorbances (A) obtained
ELISA
method on the basis of increasing
by the
nematode samples from the Mesnil field. The
curves obtained for field populations and control
virus-free nematodes reared in the greenhouse
were distinctly separate. Absorbance of field
nematodes increased regularly, except for the
16-individual sample, with results above the
curve’s mean slope. In contrast, control nematodes reached a plateau from the 64-individual

Figure

sample on.
(Esmenjaud, personal communication), were not
study.
In the Mesnil field, the profile was mainly
loamy-clay (Ap1, Ap2 and B1 ) on degraded chalk
(BC). Hence, the soil may be characterized as
chalky brown type. The overall profile was rich in
casts, with a very marked open porosity system
(porosity > 25% on all measures, with high transmission pore volume). No compact horizons were
observed. The good structure of the overall profile had strongly promoted grapevine rooting,
which explains the abundance and uniform distridetected in this

bution of different-sized roots. The X index populations showed an increase from the surface to
the 55-70 cm horizon, then a marked decline in
numbers with depth. For equivalent horizons,
they were substantially more abundant in the
Mesnil field than in the other field profiles.
In the Cum1

layer (I-Ap1

and

field, the loamy-sand surface

I-AP2), built

up from exogenous

soil and increased nematode mortality) and disinfection prior to planting. Particularly in heavy
soils, the efficacy of disinfection is diminished below the cultivation horizon (Esmenjaud et al,
1988). It may be hypothesized that, for the other
2 fields (not disinfected), winter frost, a factor limiting nematode development according to Dalmasso (1970), could have accounted for the lower population densities observed. Nevertheless,
the present results demonstrate the inadequacy
of soil disinfection in Champagne vineyards and
support the findings by Vuittenez (1961) and Valloton and Perrier (1990), who detected X index at
1.40 m near Colmar (France) and 3.50 m in the
Vinzel region of Switzerland, respectively.

Except for the surface horizon, the only X index-free horizon (10-40 cm in field Cum1) was
also that which lacked fine roots. Nevertheless,
there was no relationship between nematode
and the quantity (more or less abundant)
of fine or thick roots. In a similar study on the cultural profile in fields infested and uninfested by
the oat cyst nematode, Heterodera avenae Woll,
Rivoal and Riviere (1989) demonstrated that root
development was directly modified by the nematode. X index as well as other non endemic virus
vectors has much lower densities, particularly in
its northern area of distribution and such a direct
effect on root development is excluded.

density

DISCUSSION AND CONCLUSIONS

Substantial nematode populations were detected
in the Champagne fields. In the deep horizons
their numbers were distinctly higher than the 1-5
individuals per kg soil most frequently observed
in GFLV-infected vineyards (Dalmasso, 1970;
Valloton and Perrier, 1990). However, their numbers were still markedly lower than in Mediterranean vineyards (Esmenjaud et al, 1988; Scotto
La Massèse et al, 1988). The texture of the soil
samples was loamy clay in Mesnil, where the
largest populations were observed (56-106 individuals in the 3 deep horizons), whereas it had
more sand in the 2 Cumières fields, where lower
nematode densities were detected. These findings agree with those by Vuittenez et al (1972),
for French vineyards, and by Valloton and Perrier (1990), for Swiss vineyards, observing that
heavy soils harbour the highest population densities. Taking variations in vertical distribution into
account, the middle and lower horizons show
higher densities than do the upper horizons (0 to
25-40 cm). The lower densities in the upper horizons of the Cum1 field may be related to soil cultivation (exogenous supply of less contaminated

In Mesnil, even the absorbances of the 2-, 4and 8-individual nematode samples were markedly higher than those of the virus free controls.
Hence, the present results, obtained directly from
the field, confirm the threshold number of 5-10
individuals for detecting the virus in nematodes
raised on roots of grapevines grown in containers (Bouquet, 1983). Silva et al (1988) also reported positive test responses from a sample
size of 5 individuals extracted from fields. However, the absorbance values obtained at 1 h
were lower than those in the present study for
both the field and control samples. Catalano et al
(1991) have reported detecting the virus in 5 different populations of X index extracted from
GFLV infected vineyards, on the basis of groups
of 20 female individuals.

The 16-individual subsample showed an absorbance (A) 2.5 times higher for the Mesnil
group and around 60% higher for the control
group than that obtained by simple extrapolation
from the results for the 8- and 32-individual modalities. This inconsistent value may be due either to a methodological error and/or to the presence of a few highly infected nematodes in this

subsample.

Silva et al (1988) have reported finding many
infected nematodes at depths of 90-120 cm in
contaminated vineyards in Portugal. The existence of a deep root system associated with
nematodes in the present profiles suggests a
similar situation in Champagne.

Plotting the curve on the basis of subsamples
(increasing in size by multiples of 2) may be a
useful method for assessing the infectious potential of a given population of nematode vectors
and the risk of viral infection to grapevines. In
practical terms, the application of the method in
monitoring the data during the interval between
cultivation periods may enable the length of this
interval to be limited to that strictly required for
eliminating the virus in the nematode vector.
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