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Grape phylloxera, Dactulosphaira vitifoliae Fitch., is one of most destructive insect pest of cultivated
grapes (Vitis vinifera L.) worldwide. Phylloxera was the cause of incomparable structural changes in
European viticulture. It also led to the usage of new biotechnology — rootstocks for grape varieties. The
direct damage is related to phylloxera feeding of roots and leaves. Rootstocks bred solely with Ameri-
can Vitis spp. parentage allow little or none of phylloxera related root damage that is seen on Vitis vini-
fera. Rootstocks with partial Vitis vinifera parentage may also confer a high level of grape phylloxera
resistance, but this resistance is not durable. Rootstock was evaluated under laboratory conditions and
with pot trials. Resistance against phylloxera at roots and leaves was evaluated. Highest resistance de-
gree was proved for variety Bérner. Good resistance was found for most of tested rootstock varieties.
Very good resistance have SO4 PO 0/7 and Craciunel 2 PO 0/6. 1t is interesting, that hybrid K/xSO4 has
also relatively good resistance. This promising franco-american needs further examination thanks to its
good growing properties. After long time, this research offers new results about rootstock and phyllo-
xera interactions under conditions of Southern Moravia. Results serve as a ground for further resistance

breeding against phylloxera in Czech Republic.

Vitis vinifera, rootstock, grape phylloxera, damage, nodosity, leaf gall, resistance

Grape phylloxera, Dactulosphaira vitifoliae Fitch.
(Homoptera: Phylloxeridae) was described in 1855
from native American Vitis. Currently a single species
is recognized (Granett et al., 2001).

Grape phylloxera is regarded as the world’s worst
grapevine pest. It is geographically widespread in
most major grape growing regions of the world.

Rootstock use in viticulture is the consequence of
phylloxera infestation during the second half of the 19
th century and is one of the first biological methods to
control pests (Pouget, 1990).

In the middle of the 1990s a new grape phylloxera
occurrence have been reported in European and Ame-
rican grape-growing areas (Remund, Boller, 1994;
Omer et al., 1995).

In search of new rootstock/scion combinations,
newly bred rootstocks are very helpful. The main se-
lection criteria for new cultivars is their phylloxera to-
lerance (Becker et al., 2003).

Feeding of phylloxera on grapevine roots results in
two types of galls. (1) Nodosities are galls formed on
the tip of rootlets which are generally thought result in
minimal damage to the vine. (2) Tuberosities are galls
formed on larger, older portions of the root which, if
sufficiently abundant and accompanied by microbio-
logical pathogens, may eventually result in the death
of the vine (El-Nady, Schrdder; 2003).

A loss of growth of fresh roots, which is directly
correlated with growth of leaves, is the consequence
of feeding activity. High numbers of nodosities can
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lead to a reduced growth of leaf surface and thus to
the previously mentioned damages (Porten et al.,
2000).

Induction of leaf galls occurs on newly expanding
leaves and once a leaf is fully expanded new galls
cannot form (Rosen, 1916).

Resistance ratings of Vitis species have been rela-
tive consistent, although more recent studies have de-
tected large variation in resistance among Vitis spe-
cies accessions (Grzegorczyk, Walker; 1998).

The complex interactions of vine cultivar and phy-
siology, environmental conditions, and phylloxera
strain and physiology that limit gall formation have
an unexplained mechanistic basis. Because gall for-
mation is prerequisite to population survival, growth,
and eventual vine damage, understanding these me-
chanism has immense practical significance (Granett
etal., 2001).

Evaluating rootstocks for phylloxera resistance is
a major hindrance to a breeding program (Walker,
1992).

Goal of this work are comparison and pot experi-
ments with respect of resistance evaluation against
phylloxera for ordinary rootstocks used in Czech viti-
culture. Resistance of these rootstock varieties to leaf
phylloxera form was important also in rootstock nur-
series.

MATERIAL AND METHODS

This experiment passed in the fields and laborato-
ries in Faculty of Horticulture, Mendel University of
Agriculture and Forestry, Lednice in 2004.

Evaluation was performed with rootstock varieties
from grapevine gene resources. Evaluated varieties
are shown in table III.

The phylloxera’s eggs originated from rootstock’s
vineyard in the Grapevine breeding Station in Poleso-
vice from leaf form on Kober 125 AA.

Laboratory bioassay

Roots 3—7 mm in diameter were washed with dis-
tilled water and cut into 5 cm sections. One end of
each root piece was wrapped with moist cotton wool
and the roots were placed in pairs on filter paper discs
in 9x1 cm glass Petri dishes. We infested the roots
with eggs of phylloxera from laboratory colonies.
Colonies were maintained according to Granett et al.
(1985) and De Benedictis, Granett (1992). We recor-
ded the number of eggs, juvenile stages of phylloxera
and grape phylloxera adults living on roots on days
18, 24 and 31 after inoculation.

Pot trial evaluation
Pot trial were realized in the 2 1 volume pots. Ro-
otstocks were propagated and rooted in hot green-
house. Infection of leaf gallicoles were performed in
June. Evaluation of resistence were performed in Sep-
tember. Leaf and root resistence were evaluated after
succesive methodics.

Phylloxera gallicoles evaluation
We used the following indexing criteria (modified
from Kozma et al., 1998) to evaluate sensitivity to
gallicoles.

I: Indexing criteria to evaluation of gallicoles (Kozma et al., 1998)

Index Symptoms on leaves Sensitivity
1 No galls, occasional necrotic spots none
3 Sterile galls, fewer than 15 small, fertile galls low
5 More than 15 small, fertile galls medium
7 Fewer than 20 large, fertile galls high
9 More than 20 large, fertile galls very high

Phylloxera nodosities evaluation
Adjusted Porten, Schmidt and Riihl (2000) degree

scale was used for nodosities occurence evaluation at
roots of observed varieties during pot experiments.
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II: Evaluation of roots in pot trial, Porten,Schmidt and Riihl (2000)

Index

Symptoms

1 = no infestation

No nodosities and no phylloxera

3 = low infestation

Very low phylloxera populations.

Few new nodosities.

Only a few eggs.

5 = medium infestation

Several new nodosities, many old ones.

Some phylloxera.
Some eggs.

7 = heavy infestation

Many new and old nodosities.
Many phylloxera, often several on one nodosity.

Many eggs.

9 = extréme infestation

Lot sof new and old nodosities.
Large numer of phylloxera and eggs.
Usually several adults on one nodosity.

Experiment results were statistically evaluated by
variance analysis ANOVA and followed by Tukey test
at significance level p < 0.05.

RESULTS AND DISCUSSION

Testing a rootstock cultivar by planting it in the pre-
sence of a phylloxera population will show whether
it has sufficient resistance to tolerate the specific bio-
types of phylloxera that is represented by that popula-
tion. When testing numerous rootstocks in a research
breeding program, it becomes difficult to challenge all
plant lines against an array of biotypes in field block.
In the past, breeders overcame this problem by mo-
ving the tests into greenhouse for initial assay and
then taking the best lines for further testing and eva-
luation (Granett et al., 1987).

Granett et al. (1987), indicate that laboratory eva-
luation can be used as a conservative predictor of re-
sistance in the field.

Field trials and various greenhouse and labora-
tory studies relied upon as indicators of field per-
formance of rootstocks (De Benedictis, Granett,
1993).

Table III. show laboratory experiment evaluation
results — number of eggs at root fragments. Results
suggest lower egg appearance at rootstock Borner
a Teleki 5 C PO 3/7. On the contrary highest egg
number was founded at Amos a Fercal. Results of
ANOVA show high detectability of variety influence
at phylloxera eggs occurence during laboratory ex-
periment.

II: Results of laboratory bioassay — evaluation of phyloxera’s eggs

Eggs
Rootstocks
Day 18 Day 24 Day 31
Kober 5 BB 0.20a 0.20a 0.40ab
Teleki 5 C PO 3/7 0.60ab 0.00a 0.20a
SO 4 PO 0/7 1.20ab 0.20a 0.00a
Craciunel 2 PO 0/6 0.20a 0.00a 0.60ab
Kober 125 AA PO 0/3 1.00ab 0.60a 0.60ab
Amos 3.20b 3.60b 4.00c
K1 xSO4 2.40ab 0.40a 0.80ab
Bérner 0.80ab 0.40a 0.20a
Fercal 1.40ab 0.80a 1.80b
Riparia Portalis 0.00a 0.60a 0.40ab
F 2.757 5.609 7.167
Significance 0.013 0.000 0.000
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Table I'V. show phylloxera juvenile phases occurence
at root fragments. Highest value was recorded with ro-
otstock varieties Amos and Fercal. phylloxera occu-
rence gradually decreased from day 18 till day 31st for

all rootstock varieties. No phylloxera juvenile phase
was found by Borner rootstock Results of statistical
evaluation proved very high detectability of rootstock
variety at juvenile phases occurence during all terms.

IV: Results of laboratory bioassay — evaluation of phyloxera’s juvenile stages

Juvenile stages
Rootstocks
Day 18 Day 24 Day 31
Kober 5 BB 0.40a 1.00a 0.60ab
Teleki 5 C PO 3/7 0.40a 0.40a 0.20ab
SO 4 PO 0/7 3.00 ab 0.40a 0.40a
Craciunel 2 PO 0/6 0.40 a 1.00a 0.60ab
Kober 125 AA PO 0/3 4.00b 1.40ab 1.00ab
Amos 2.80 ab 3.40a 4.00c
K1 x SO 4 0.40a 1.80ab 0.80ab
Borner 0.20a 0.20a 0.00a
Fercal 1.00 ab 2.20ab 2.40bc
Riparia Portalis 0.60 ab 0.40a 0.20ab
F 3.744 4.241 7.179
Significance 0.002 0.001 0.000

Lowest phylloxera occurence was recorded during
31st day for every pure american grape species (Ripa-
ria Portalis) and hybrids of american species. Lowest
phylloxera occurence was observed for rootstock Ko-

ber 125 AA PO 0/3 and K1 x SO4. Higher phylloxera
occurence had hybrids of american species with Vitis
vinifera — Amos and Fercal.

V: Results of laboratory bioassay — evaluation of phylloxera’s adults

Rootstocks Adults
Day 18 Day 24 Day 31
Kober 5 BB 0.20 0.40ab 0.00a
Teleki 5 C PO 3/7 0.00 0.40ab 0.00a
SO 4 PO 0/7 0.00 0.20a 0.00a
Craciunel 2 PO 0/6 0.20 0.40ab 0.00a
Kober 125 AA PO 0/3 0.00 2.60a 1.00ab
Amos 0.20 1.80ab 3.20a
K1 xSO4 0.60 0.20a 0.80ab
Borner 0.00 0.00a 0.00a
Fercal 0.20 1.40ab 2.00ab
Riparia Portalis 0.00 0.20a 0.00a
F 1.125 3.769 4.729
Significance 0.368 0.005 0.000

Laboratory experiment results proved high re-
sistance for rootstock Borner. Good resistance has Ko-

ber 5 BB, Teleki 5 C PO 3/7,50 4 PO 0/7, Craciunel 2
PO 0/6, Kober 125 A4 PO 0/3, K1 x SO4 and Riparia
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Portalis. Higher phylloxera occurence and reproduc-
tion was observed by Amos and Fercal. ANOVA test
proved high detectability of variety influence at Phy-
loxera imago occurence only in day 31.

Interesting results from laboratory experiment dis-
covered also (Kellow et al., 2002). On excised V. vi-
nifera roots, nodosities were formed predominantly
in the zone of root elongation, slighltly behing the
root apex. On excised Ramsey roots, the single nodo-
sity initiated was very close to the root tip. On exci-
sed Schwarzmann roots, a few crawlers settled near
the root tips, but rapid browning of the root tissue
occurred and crawlers died in situ. On excised Bdr-
ner roots, crawlers preferentially settled at wound si-
tes, for example those formed by detachment of la-
teral roots.

A bioassay using excised roots is especially useful
for determining the influence of host variety or phyl-
loxera strain on phylloxera life-table performance.
From practical perspective, it is useful to optimize
the bioassay conditions that allow the insect to exhibit
performance near its intrinsic capacity for survival,
development, and reproduction. Laboratory bioassays
with different root variety-combinations suggest that
there is a wide range in phylloxera adaptation to vari-
eties (Granett et al., 2001).

Grape phylloxera is also able to feed on leaves with
differences accord to the Vitis species (Wapshere and
Helm, 1987; Williams and Shambaugh, 1988).

The level of phylloxera resistance of a candidate
rootstock can be evaluated under field conditions
(Nedov and Guler, 1974), in potted culture (Boubals,
1966) and using laboratory methods (Pouget, 1975).

American Vitis species show varying levels of re-
sistance and tolerance to the phylloxera and a few ac-
cessions have been used to produce rootstocks for use
in commercial viticulture (Pongracz, 1983).

During pot experiment in 2004 grape phylloxera
gallicoles occurence at leaves and roots were eva-
luated. Table VI. show phylloxera occurence at lea-
ves and roots evaluation results. Lowest of phyllo-
xera gallicoles leaf form was observed for rootstock
resulted as hybrids between Vitis spp. x Vitis vini-
fera — Amos, Fercal and K1 x SO4. No leaf gallico-
les were observed by Bérner variety. Borner proved
only strong defensive reaction resulting in necrotic
spots (xure 1), that prove its resistance to phylloxera.
Higher phylloxera leaf form occurence was observed
for rootstock originated from pure american Vitis spe-
sies. xure 1 show necrotic reactions at leaf of Borner
variety, whereupon xure 2 show gallicoles formation
by SO 4 PO 0/7.

VI: Evaluation results of Phyloxera occurence at leaves and roots during pot experiments

Rootstocks Evaluation of the leaf Evaluation of the the root
Kober 5 BB 3.00bc 3.40 cde
Teleki 5 C PO 3/7 3.00bc 4.60 ef
SO 4 PO 0/7 4.60c 220b
Craciunel 2 PO 0/6 2.60ab 2.60 bc
Kober 125 AA PO 0/3 2.20ab 4.20 def
Amos 2.60ab 5.00 f
K1xSO4 1.60ab 3.80 cdef
Borner 1.00a 1.00 a
Fercal 2.20ab 3.80 cdef
Riparia Portalis 2.20ab 3.00 bed
F 6.013 9.988
Significance 0.000 0.000

Phylloxera occurence evaluation on leaves perfor-
med also Kozma et al. (1998). The leaf gall index was
highest for the rootstocks 5 BB, 5 C and Fercal and in-
termediate for /01-14 and Georgikon 28 and low for
interspecific hybrids and the Vitis vinifera cultivars
(Kozma et al., 1998).

The grape species also vary in the degree of their re-
sistance to phylloxera, but the various description of

this resistance are confusing. It is common for species
to have strong resistance to root feeding, but poor re-
sistance or no resistance to leaf feeding. The roots of
most North American Vitis species resist the develo-
pment of tuberosities and do not decline to root fee-
ding. Yet many of these resistant species allow the de-
velopment of nodosities on their root tips to varying
degrees (Forneck et al., 2001).
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Root system evaluation during pot experiment
showed high statistically evidental variety influence
at phylloxera occurence at roots. Highest resistance
degree was proved for variety Borner. Rootstock bre-
eders from Geisenheim found similar results. They
use this variety for further breeding.

xure 3 show root system of variety Borner, without
nodosities, on the other hand xure 4 show nodosities
occurence at roots of AMOS.

These results evaluated also Schmid et al., 2003.
Some of seedlings, produced by Borner’s breeding
work, were followed up by Helmut Becker and resulted
in the release and classification of the variety Borner.
Of course no rootstock can be suitable for all soil types
and climatic conditions, therefore this resistance me-
chanism has to be combined with other viticultural cha-
racters. The current rootstock breeding program at Gei-
senheim aims for new rootstocks completely resistant
to phylloxera, with a tolerance to virus transmission
via nematodes, good rooting ability, high compatibility
and good adaptation even to difficult soil types with a
positive effect on grape and wine quality.

1: Defensive reaction resulted in necrotic spots in
Borner

\ N

2: Formation of gallicoles in SO4 PO 0/7

Good resistance was found for most of tested ro-
otstock varieties. Very good resistance have SO4
PO0/7 and Craciunel 2 PO 0/6. 1t is interesting, that
hybrid KIxSO4 has also relatively good resistance.
This promising franco-american needs further exami-
nation thanks to its good growing properties.

Good resistance to phylloxera for franco-ameri-
can hybrids claim also Martinez-Peniche (1999), who
wrote, that rootstocks with partial Vitis vinifera paren-
tage may also confer a high level of grape phylloxera
resistance, but this resistance is not durable.

Lowest resistance to Phyloxera was verified for
multiple franco-american hybrid Amos, that is not
very widespread in vineyards.

Correlation analysis showed interesting relation
between evaluation under laboratory conditions af-
ter 31 days and phylloxera occurence at roots in pot
experiment. Following correlational relations were
discovered: eggs X pot trial — r = 0.51, juvenile sta-
ges x pot trial —r = 0.70, and adults x pot trial —r =
0.69.

- K i -

3: Root system of Borner without nodosities

4: Nodosities occurence at roots of Amos
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SUMMARY

Grape phylloxera, Dactulosphaira vitifoliae Fitch is one of most destructive insect pest of cultivated
grapes (Vitis vinifera L.) worldwide. Phylloxera was the cause of incomparable structural changes in
European viticulture. It also led to the usage of new biotechnology — rootstocks for grape varieties.
Good resistance was found for most of tested rootstock varieties. Very good resistance have SO4 PO0/7
and Craciunel 2 PO 0/6. 1t is interesting, that hybrid K/*xSO4 has also relatively good resistance. This
promising franco-american needs further examination thanks to its good growing properties.

After long time this research offer new knowledge about relations between rootstock and phylloxera
under field conditions of Southern Moravia. These results can serve as pillow for further Czech breed-
ing for resistance against phylloxera.
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SOUHRN
Prvni zkuSenosti se vzajemnymi interakcemi podnoZz révy vinné x msicka révokaz

Msicka révokaz (Dactulosphaira vitifoliae Fitch) je jednim z nejvice skodlivych skidct u révy vinné
(Vitis vinifera L.). Msicka révokaz zptsobila velmi vyznamné zmény v evropském vinohradnictvi. To
také vedlo k pouziti nové biotechnologie — podnozi pro odriidy révy vinné. Pfimé poskozeni révokaze
se projevuje na kotenech a listech. Podnoze, které¢ jsou vyslechtény vyhradné z americkych Vitis spp.,
dovoluji slabé nebo zadné poskozeni kotent révokazem, na rozdil od Vitis vinifera. Podnoze byly hod-
noceny v laboratornich podminkach a v nddobovém pokusu. Odolnost proti révokazu na kotfenech a lis-
tech byla hodnocena. Vynikajici odolnost byla zjisténa u podnoze Borner. Dobra odolnost byla potom
zjisténa u vétSiny sledovanych podnozi. Velmi dobrou odolnost maji podnoze SO4 PO 0/7 a Craciunel
2 PO 0/6. Je zajimavé, ze kiizenec KI x SO4 ma také pomérn¢ vysokou odolnost. Tento perspektivni
franko-amerikan vyzaduje dal$i zkouseni diky jeho dobrym péstitelskym vlastnostem. Po dlouhé dobé
tento vyzkum poskytuje nové vysledky o vzajemném pisobeni podnoze a révokaze v podminkach jizni
Moravy. Vysledky slouzi jako zaklad pro dalii §lechténi na odolnost k révokazu v Ceské republice.

réva vinnd, podnoz, msic¢ka révokaz, napadeni, nodosity, listové halky, rezistence

123

REFERENCES

BECKER, A., SCHARTL, A., GILGE, U., HERR-
MANN, J. V.: Newly bred cultivars of grape phyl-
loxera tolerant rootstocks — results from 12 years
of selection. Proceedings of the Workshop on Ro-
otstocks "Performance in phylloxera infested vi-
neyards. Acta Horticulturae 617, 2003, 67-71.

BOUBALS, D.: Heredite de la resistance au Phyllo-
xera radicicole chez la vigne. Ann. Amelior.Plantes,
1966, 16, 327-347.

DE BENEDICTIS, J. A., GRANETT, J.: Variability
of response of grape phylloxera (Homoptera: Phyl-
loxeridae) to bioassays that duscriminate between
California biotypes. J. Econ. Entomol., 1992, 85,
1527-1534.

DE BENEDICTIS, J. A., GRANETT, J.: Labora-
tory evaluation of grape roots as hosts of Claifor-

nia grape phylloxera biotypes. American Jouranl of
Enology and Viticulture, 1993, 44, 285-291.

EL-NADY, M. F., SCHRODER, M. B.: Cytology of
hypersensitivity reactions in rootstocks — Impro-
vement of rootstock breeding. Proceedings of the
Workshop on Rootstocks "Performance in phyllo-
xera infested vineyards. Acta Horticulturae 617,
2003, 17-23.

FORNECK, A., WALKER, M. A., BLAICH, R.,
YVON, M., LECLANT, F.: Interaction of phyllo-
xera (Dactulosphaira vitifoliae Fitch) with grape
(Vitis spp.) in simple isolation chambers. Ameri-
can Journal of Enology and Viticulture, 2001, 52,
28-34.

GRANETT, J., TIMPER, P., LIDER, L. A.: Grape
phylloxera (Dactulosphaira vitifoliae Homoptera:
Phylloxeridae) biotypes in California. J. Econ.En-
tomol., 1985, 78, 1463-1467.



124

P. Pavlousek

GRANETT, J., GOHEEN, A. C,, LIDER, L. A,
WHITE, J. J.: Evaluation of Grape Rootstocks for
resistance to Type A and Type B grape phylloxera.
American Journal of Enology and Viticulture, 1987,
38, 298-300.

GRANETT,J., WALKER, M. A., KOCSIS, L., OMER,
A. D.: Biology and management of grape phylloxera.
Annu. Rev. Entomol., 2001, 46, 387-412.

GRZEGORCZYK, W., WALKER, M. A.: Evaluating
resistance to grape phylloxera in Vitis species with
an in vitro dual culture assay. American Journal of
Enology and Viticulture, 1998, 49, 17-22.

KELLOW, A. V., MC DONALD G., CORRIE, A. M.,
VAN HEESWIJCK, R.: In vitro assesment of gra-
pevine resistance to two populations of phylloxera
from Australian vineyards. Australian Journal of
Grape and Wine Research, 2002, 8, 109-116.

KOZMA, P, KOCSIS, L., BAKONYI, L., HOR-
VATH, L.: Preliminary results of artifically infec-
ted Phylloxera test garden on different vigor of ro-
otstocks and new resistant hybrids. Viti. Enol. Sci.,
1998, 53, 7-10.

MARTINEZ - PENICHE, R.: Effet de differentes po-
pulations du phylloxera (Dactulosphaira vitifoliae
Fitch) du sud la France, sur 1’expression de la ré-
sistance des porte-greffes de vigne 41B et Aramon x
Rupestris Ganzin No. 9. Vitis, 1999, 38, 167-178.

NEDOV, P. N., GULER, A. P.: Soversenstvovanije
metodiki ocenki vinograda k filloksere. Vinodelije
i vinogradarstvo SSSR, 1974, 7, 35-39.

OMER, A. D., DE BENEDICTIS, J. A., GRANETT,
J.: Grape phylloxera (Fitch) (Hom., Phylloxeridae),
population response to performed tuberositics. J.
Appl. Entomol., 1995, 119, 653-657.

PONGRACZ, D. P.: Rootstocks for grapevines. Da-
vid Phillips Publisher, 1983, Cape Town.

PORTEN, M., SCHMID, J., RUHL, E. H.: Sap flow
measurements on phylloxera infested vineyards.
Acta Horticulturae 537, 2000, str. 367-373.

POUGET, R.: Methode de contamination des racines
de vigne in vitro par le Phylloxera radicicole: appli-
cation a la recherche de portegreffes resistans. Co-
naiss Vigne Vin., 1975, 3, 165-176.

POUGET, R.: Historie de la lutte contre le phylloxera
de la vigne en France., 1990, INRA Paris.

REMUND, U., BOLLER, E. F.: Die Reblaus — wie-
der aktuell? Schw. Z. Obst. Weinbau, 1994, 130,
242-244.

ROSEN, H. R.: The development of the Phylloxera
vastatrix leaf gall. Am. J. Bot., 1916, 3, 337-362.
SCHMID, J., MANTY, F., RUHL, E. H.: Utilizing the
complete phylloxera resistance of Vitis cinerea Ar-
nold in rootstock breeding. Proceedings of the VIII.
International Conference on Grape genetics and
breeding, Kecskemét, August 2002, Acta Horticul-

turae 603, 2003, 393—400.

WALKER, M. A.: Future directions for rootstock bre-
eding. Rootstock Seminar: A worldwide perspe-
ctive, Nevada, 24. June 1992, 1993, 60-68.

WAPSHERE, A. J., HELM, K. F.: Phylloxera and Vi-
tis: an experimentally testable coevolutionary hy-
pothesis. American Journal of Enology and Viticul-
ture, 1987, 38, 216-222.

WILLIAMS, R. N., SHAMBOUGH, G. F.: Grape
phylloxera (Homoptera: Phylloxeridae) biotypes
confirmed by electrophoresis and host susceptibi-
lity. Ann.Entomol.Soc. Am., 1988, 81, 1-5.

Address

Ing. Pavel Pavlousek, Ph.D., Ustav vinohradnictvi a vinaistvi, Mendelova zemé&dglské a lesnicka univerzita
v Brng, Valticka 337, 691 44 Lednice, Ceska republika, e-mail: pavlous@zf.mendelu.cz



