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Introduction: In 1949 Limasset and CORNUET have
demonstrated that in plants systemically infected by vi-
ruses the titer of the virus is decreasing to the shoot tips
meristem. After confirming these results by MoreL and
MarTin (1952) the method of meristem or shoot tip culture
has been increasingly applied to eliminating viruses in
various plant species.

The method was extended by the additional use of
thermotherapy (GirrorD and Hewitr 1961; GaLzy 1964,
NyLanD and GoHEEN 1969). By combining these methods
several investigators have succeeded in the elimination of
various viruses of different grapevine cultivars (STELLMACH
1980; BARrLASS et al. 1982; ALTMAIER 1990; SAvINO et al.
1990; GoussARD et al. 1991).

The investigations in our laboratory differ with regard
to the size of the explants used (STaupT and KASSEMEYER
1990). Shoot tips and axillary buds were used for the in
vitro culture. Shoot tips had a maximum length of up to
3 mm.A modified LS medium was used at 25 = 2 °C and
16 h fluorescent light (0.15-0.35 mW m -2 nm -1) for a 6-
week culture. Under these conditions virus elimination was
successful as far as the nepoviruses GFLV and RRV are
concerned. The temperature was not high enough to ex-
plain the results as a thermotherapy effect and the size of
the explants did not meet the conditions of meristem cul-
ture. Elimination, therefore, was probably the result of the
optimal growth conditions of the in vitro culture. Under
these conditions the virus titer was most probably dimin-
ished in the apical meristems and subsequently elimina-
tion of the viruses was the result.

The investigations to eliminate closteroviruses with
the same method showed no success. A clone of V. vinifera
cv. Rduschling, systemically infected by GLRaV-I has been
grown under the conditions of in vitro culture as mentioned
above for 8 years and after 34 passages without any sign
of virus elimination. Closteroviruses seem to behave quite
different to the nepoviruses as far as virus elimination is
concerned. This has already been supposed by Savino et al.
(1990) and MonEetTE (1983).

Great efforts have been made to eliminate clostero-
viruses by using additional methods. Chemotherapeutical
and thermotherapeutical methods were applied. Accord-
ing to the former methods various antiviral substances were
tested. Substances were included which had been shown
to interfere with the RNA metabolism and which were suc-
cessfully applied by ScHusTER (1982). But no effect was
observed in our experiments with antiviral substances.
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Similar negative results were reported by STEVENsON and
MonetTe (1983) and MoneTTE (1984) after using Ribavirin
in an attempt to eliminate GLRaV.

GoHEEN et al. (1965) and JAkO (1986) have shown that
GLRaV will be inactivated by high temperatures and Bass
and VuItTenez (1977) and Bass and LeGin (1981, 1984)
have reported successful elimination by using high tem-
peratures. Therefore, there was no other choice but to use
a combined method of thermotherapy and in vitro culture
for our further investigations.

Materials and methods: The clone of V. vinifera cv.
Réuschling infected by GLRaV - I was kindly supplied by
Dr. P. GucerLi, Federal Agricultural Station of Changins,
Nyon, Switzerland.The clone of V. vinifera cv. Lemberger
was collected at Beilstein, Wiirttemberg, Germany and in-
vestigated to be systemically infected by GLRaV-L

ELISA was carried out with GLRaV-I-specific anti-
bodies raised from rabbits immunized with antigenes iso-
lated according the method described by KasSEMEYER
(1991). The antibodies were purified by means of affinity
chromatography with protein A sepharose and labelled with
biotin. For the double-antibody-sandwich ELISA biotin-
ylated antibodies and alkaline phosphatase labelled
streptavidin was used. The leaf samples were homogenized
in extraction-buffer according to GUGERLI et al. (1984). LS
medium was used modified according to STaupT (1984).

Results: On February 23, 1990 3-year-old plants of
cv. Lemberger, systemically infected by GLRaV-1, well
growing in 10 1 buckets, were trained and subsequently
transferred from the greenhouse with temperatures of 20-
25 °C to growth chambers with 26 + 2 °C and 12 h light
(Osram HQIL 5.0 mW m-2 nm -1)/d. Each plant had been
formerly tested positively several times for GLRaV-I.
Within the first week of the treatment the temperatures
were increased in the growth chambers up to 32 °C. This
temperature was applied for 31 d, then raised to 34, 36 and
38 °C each for lweek. The plants resisted the treatment
without any serious damage. A control of powdery mil-
dew was necessary once and some yellowing of some leaves
were observed. Because of the high evaporation rate suffi-
cient watering was absolutely necessary.

46 d after the beginning of the heat treatment leaf sam-
ples were taken from the treated plants for a first ELISA-
test. Each sample consisted of 3 middle sized leaves. Al-
ready after that time no viruses could be detected.

After 60 d of heat treatment shoot tips were taken
from all plants and transferred to in vitro culture. From
each shoot 2 lines were initiated, one from the tip itself
consisting of a length of up to 3 mm and the other from the
first axillary bud. After 45 d the in vitro plants had about
12 leaves and were transplanted in pots in the greenhouse
for further investigations.

When the in vitro plants in the pots had reached a high
of about 45 cm 10 of them were tested by ELISA. No vi-
ruses could be detected in the samples. All plants were
grown in the greenhouse until to next spring and tested
several times with ELISA. 4 plants turned out to be in-
fected by GLRaV. In July 1992 all plants were tested again.
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Only in 3 plants of the formerly infected plants the ELISA-
test was still positive. The positive testing plants were de-
rived from shoot tips as well as from axillary buds. In July
1993 the remaining 62 plants were tested again but with-
out any positive reaction. After grown for 3 years and thor-
oughly tested, the plants can be denoted as most probably
GLRaV-free. They will be grafted on virus-tested rootstocks
and planted in the field for further investigations.

As soon as the plants in the field will come to flower
the yield will be carefully investigated. In case of higher
yield, which should be expected as consequence of the
missing viruses, yield should be limited in order to pre-
serve the high reputation of the Lemberger wines.

The 4 plants treated with thermotherapy were subse-
quently grown in a greenhouse. After 3-month cultivation
from all shoots grown out, leaves were sampled for the
ELISA test. All tests of the 4 plants each showed positive
reactions. From these results it can be concluded that dui-
ing the 3-month growth reinfection of the shoots had taken
place originating from the old wood or the rootstock re-
spectively.

Discussion: The cv. Lemberger is one of the famous
varieties for red wine production grown in Wiirttemberg.
Excellent quality wines are produced by this variety. Wine
growers have complained for a long time about extensive
berry dropping in many years by which the yield is con-
siderable decreased. Our investigations of numerous sam-
ples of cv. Lemberger from various regions of Wiirttemberg
have proved all to be infected by GLRaV-I (KASSEMEYER,
1991). Therefore, it was of great interest to make all ef-
forts to get the variety free of viruses, especially free of
GLRaV-1.

The described method of combined thermotherapy and
in vitro culture has proved to be successful and reliable as
well. Presently 62 plants can be denoted as virus-free, in-
cluding the closterovirus GLRaV - I. Although the artifi-
cial elimination of pathogenic viruses will probably not be
significant in the running production of certified plant
material, it will be without question a valuable tool to re-
generate varieties which show decreased growth and yield
as a result of virus infection. An instructive example can
be reported from the investigations of LEGIN and WALTER
(1986). They succeeded making virusfree ‘Klevner von
Heiligenstein” which is a famous subvariety of Gewtirz-
traminer grown in Alsace.

To explain the different behaviour of the nepo- and
closteroviruses to the different methods of virus elimina-
tion, their molecular structure may serve as a solution.
Nepoviruses are relatively small single-stranded RNA vi-
ruses, closteroviruses on the other hand are relatively long
double-stranded RNA viruses. Dispersal within plants may
be interpreted in both types by cell-to-cell spreading via
plasmodesms, for the long-distance dispersal the phloem
is concerned. A difference could exist in the different sen-
sitivity of the viruses to high temperatures in the meristem
of the shoot tips. While the nepoviruses investigated were
eliminated already by temperatures of 25 °C this happened
with the closteroviruses only when the temperatures were
> 36 °C.
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