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ABSTRACT

CTV was purified by column chromatography and sucrose density gradient
centrifugation methods. However, more concentrated virus particles were obtained by
column chromatography. The absorption spectrum at 260/280 ratio and virus yield were
1.20 and 454 mg/ml respectively. Two bands were observed in SDS- PAGE and the
molecular weight of CTV coat proteins was defined as 26 and 27 £ 1000 kDa.

CTV was detected by ELISA test, ISEM and slot-blotting.

At the end of fusions, a hybrid cell clone (1G8) was obtained for CTV specific
antibody. 1G8 was reacted to the Igdir, Serdengecti and Cyprus isolates of CTV with
PTA-I ELISA. However, 1G8 did not react to the Serdengecti isolate with DAS-I
ELISA.

Key words: Citrus Tristeza Virus, ELISA, Purification, Column Chromatography,
Monoclonal Antibody

INTRODUCTION

Turkey is one of the important citrus producing country in the Mediterranean
Countries with 125 000 hectar of cultivation area. There are several virus and virus like
discases of citrus including psorosis complex, stubborn and exocortis viroid in Turkey
(Baloglu, 1998; Yilmaz, 1999).

Citrus tristeza virus, Closterovirus is an ecconomically important citrus pathogens
of the world and, is especially becoming potentially dangerous pathogen in using sour
orange rootstocks in the Mediterrancan countries.

* |t is a part of Ph.D thesis submitted to Institute of Basic and Applied Sciences in 2001
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To control CTV spread, the infected plants should be eliminated after biologically
and serologically indexing. Since biological indexing is time consuming and expensive,
enzyme-linked immunosorbent assays (ELISA) has been developed for detection and
doing research on CTV with conventional antisera (polyclonal antibodies, Pabs) and
monoclonal antibodies (Mabs) of hybridoma technology (Vela et al., 1986: Gumpf et
al., 1987; Permar et al., 1990; Zebzami et al., 1993).

CTV specific monoclonal antibodies has been produced for CTV diagnosis, and
examined for the epitope variability of CTV coat proteins.

The aim of the paper was to purify and obtain CTV specific monoclonal antibody
in diagnosing and differentiation of tristeza virus isolates as well as to compare with
exotic isolates and antibodics.

MATERIALS and METHODS

The research was conducted at the Laboratories of Institute for Genetic
Engineering and Biotechnology of Marmara Research Center of the Scientific and
Technical Research Council of Turkey (TUBITAK) and The University of Cukurova,
Faculty of Agriculture, Department of Plant Protection.

Virus isolates

Eight CTV isolates (Turkish isolates (Igdir, Serdengecti, Kazanli, Dértyol, Izmir),
Cyprus isolate (Kibris) and American isolates (514 and 519)) were used for the study.
However, Igdir isolate was only used for purification of CTV.

Antibody

CRECS3S polyclonal antibody; MCA13, ECTV172-1 USA, 3CA5+3DF1 Spain,
F10 Cuba (Gift from Dr. Savas KORKMAZ, 18 Mart University) with 1G8 Turkey
monoclonal antibodies are used in detection and differentiation of CTV isolates and
antibodies.

Virus Purification

Column Chromatography

Frozen powder of bark and midrib of infected citrus plants were ground with
liquid nitrogen in a mortar with a pestle, thawed and homogenized in the extraction
buffer. After the PEG precipitation, the pellet was resuspended and then layered into
column of Sephacryl S-300-HR. The virus cluted and precipitated. The pellet was
resuspended in 1 ml 0.05 M tris-HCI buffer (Lee et al., 1988: Kamberoglu et al., 2001).
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The absorbance values of purified virus were measured by UV spectrophotometer
(Milton Roy Spectronic 601) and analysed by HPLC (Shimadzu).

Sucrose Density Gradient Centrifugation

After following two steps of PEG precipitation, resuspension was layered on 25
and 60% (w/v) of sucrosc gradients by disolving in 0.05 M tris-HCI buffer (pH 7.8) and
centrifuged for 3 h at 28 000 rpm at 4°C. Gradient columns were fractionated and CTV
detected by indirect ELISA and pooled. The sucrose concentration was adjusted to
15-20% (w/v) with 0.05 M tris-HCI buffer (pH 7.8) and the prepared material was
layered on 70% (w/v) of sucrose cusion and centrifuged for 2 h at 37 000 rpm
(Bar-Joseph ct al., 1985). Each fraction was tested by indirect ELISA and stored for the
immunization.

ELISA Tests

ELISA (DAS-1 ELISA) and indirect plate trapped antigen ELISA (PTA- I
ELISA) were employed for purification and serological assay as it was described
(Clark and Adams, 1977; Garnsey ct al., 1991).

SDS- PAGE

Sodium dodecy! sulphate polyacrylamide gel electrophoresis (SDS- PAGE) was
used for electrophoretic analysis of CTV coat proteins (Gallitelli and Minafra, 1994).
Polyacrylamid gels following electrophoresis were tested by indirect ELISA.

Slot-blotting

Crude extracts from infected indicator plants and ficld trees as well as purified
virus preparations were tested by slot-blotting as to the method of Schleicher&Schuell
company.

Electron Microscopy

Purified virus preparations were cxamined by ISEM (Milne and Luisoni, 1977,
Milne, 1994).

Monoclonal Antibody Production

The methods that were described (Ozturk, 1997; Ozturk et al., 2001) were used
for the monoclonal antibody production. BALB/c mice were immunized with CTV
-preparation. Fusion of spleen cells with myeloma cells (5:1) in the PEG 6000 were
cultured in HAT medium. The culture fluids were screened by indirect ELISA. CTV
specific antibody-secreting hybridomas were cloned.
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Antibody class and subclass of obtained monoclonal antibody was determined by
subisotyping kit (Behring Diagnostics).

RESULTS

Virus Purification

The ultraviolet adsorption spectrum of the purified preparation by column
chromatography showed a distinct peak that of healthy plant preparation at 260 and 280
nm. The 260/280 was found 1.20. The virus yicld was 454 Hg /ml.

One peak was observed after HPLC analysis of purified virus, and reacted
positively with ELISA (Figure 1).

After the first sucrose density gradient centrif ugation, the host material collected
on the surface of the tube and removed before fractionation. The virus was located
immediately above 60% (w/v) of sucrose gradient. After the second sucrose centrifugation,
the virus was concentrated in 70% (w/v) of sucrose gradient. Different protein peaks
were observed after HPLC analysis of purified material. The second peak was only
found virus positive, the others had plant materials (Figure 2).
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Figure 1. HPLC analysis of purified virus material by column chromatography.
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Figure 2. HPLC analysis of purified virus material by sucrose density gradient centrifugation.

SDS-Electrophoresis

After protein dissociation, denaturated CTV virions were clectrophoresed by
SDS-PAGE. Two protein bands with the molecular weight estimation of 26 and
27+1000 kDa were observed. After recovering from gel, cach of the bands reacted to the

polyclonal antisera.
Slot-blotting

Healthy, infected crude extract and purified virus were tested by slot- blotting
method. Positive reaction was observed until 1:1000 dilution of samples.

Electron microscopy

The virus particles that were decorated by CTV antibody were trapped and
typical CTV particles were observed under the electron microscopy (Figure 3).

Fusion

One hybrid line (1G8) produced the CTV specific antibody and did not give
rcaction 1o healthy plant extract in ELISA tests. The monoclonal antibody (IG8) was of
IgM subclass. The light chain was ¥ type.
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Figure 3. CTV particles under the electron microscopy (x 100 000).

Serological Variability

All six antisera were effective in detection of CTV. Polyclonal antiserum has
given reaction to all of isolates in PTA-I1 ELISA (Table 1). The Igdir and Kibris isolates
were detected by monoclonal antibodies, but American isolates, 514 and 519 were not
detected.

F10, ECTV 172-1 and 1G8 reacted to the Igdir, Serdengecti and Kibris isolates in
PTA-I ELISA. '

In the case of DAS-I ELISA, three isolates were only detected by polyclonal
antiserum (Table 2). The Igdir isolate gave serological reaction to monoclonal and
polyclonal antisera, but the Serdengecti, Kazanli, 514 and 519 did not show any reaction.
The Dortyol isolate reacted weakly to F10 and 1GS. However, the Dortyol and Kibris
isolates reacted strongly to 3DF1+3CAS.
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Table 1. Detection of different CTV isolates in PTA-1 ELISA.

CREC35 MCAI13 F10 3DF1+3CAS ECTVI172-1 1G8
lgdir + + + + + =S
Serdengecti + £ + + 7 e
Kazanh + + - + s =
fzmir + S A + = ~
Dortyol + - - + G .
Kibris + o+ + + + 4
519 + 2 = = 5 =
514 + - - - A 5

+: Positive reaction; -: Negative reaction; £: Weak reaction

Table 2. Detection of different CTV isolatcs in DAS-1 ELISA.

CREC35 MCAI13 F10 3DF1+3CAS ECTVI72-1 1G8
lgdir i + + + + +
Serdengecti - - - = & >
Kazanh - - - = 5 =
fzmir + = - S = <
Daortyol + - + i x 3
Kibris 5 - 2 + s 3
519 - - - - = z
514 - > = = = -

+: Positive reaction; -: Negative reaction; £: Weak reaction

DISCUSSION

CTV is an important citrus virus diseases duc to having efficient vector,
occurrence of different CTV strains and using the sour orange as a rootstock (Yilmaz,
1999). Since symptomatological observation is not so convenient to give accurate
diagnosis and differentiation of specific CTV strains. CTV specific monoclonal antibody
(Mab) should be used in identification of local and exotic strains.

CTV with flexuous particles has special problems in purification. The virus
aggregates and shears, and absorbs o host membranes with lower concentration (Lee et.
al., 1987). Therefore, several purification methods have been developed and applied
(Bar-Joseph et al., 1972; Gonsalves et al., 1978; Bar-Joseph et al., 1985; Lee et. al.,
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1988). With this work (Kamberoglu ct al., 2001), the impurities of plant matcrials in the
purificd virus preparation (Figure 2) were removed PEG precipitation followed by
Sephacryl S-300-HR column chromatography (Figure 1).

The ratio of purified virus at 260/ 280 was 1.20 as were reported (Francki et al.,
1985; Fracnkel-Conrat, 1985).

Molecular weights of capsid proteins of CTV were estimated 26 and 2741000
kDa. Differences in molecular weights of CTV capsid proteins might be related to
specificitics of strains (Guerri et al., 1990; Sckiya et al., 1991).

All of CTV isolates were effectively detected by polyclonal and monoclonal
antibodics in PTA-ELISA and DAS-I ELISA. But, serologically distinct reaction between
Turkish, Cyprus and American isolates were only observed with monoclonal antibodics.

IG8 and F10 monoclonal antibodies have recognised the similar epitopes of
antigen in PTA-I ELISA and DAS-I ELISA.

Igdir isolate reacted to all of antiscra. It is possible that this isolate may have a
common epitope.

The Igdir, Serdengecti and Cyprus isolates showed scrologically close reaction to
1G8. On the other hand the similar serological reaction was not noticed in the Kazanli,
izmir and Dértyol isolates.

In conclusion, CTV may mutate with an casily vectored severe strains in the
nature. The chance of virus spread incidence may increase.

During survey of the citrus plants in orchards CTV like Symptoms (inverse
pitting in the bark of sour orange, small pegs in the sour orange trunk, decline, dic back,
stunting) were observed. The causal organism was not detected by polyclonal antisera.
Therefore, all of the citrus plantation should be monitored serologically with Mabs that
were produced to new CTV isolates.

OZET

TURUNCGIL TRISTEZA VIRUS (CTV) IRKLARINA SPESIFiC
MONOKLONAL ANTIBADI’LERIN URETILMESI VE CTV IRKLARININ
TANILANMASINDA KULLANILMASI

CTV kolon kromatografi ve sukroz density gradient santrifiigasyon yéntemleri
kullamlarak saflagurilmistir. Farelerin bagigiklanmasinda ve monoklonal antibody ile
ilgili scrolojik caligmalarda, daha saf viriis clde edildiginden kolon kromatografi
yonteminden elde edilen preparasyonlar kullanilmigtir. UV absorbsiyon spektrumu orani
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(260/280) 1.20 saptanmigtir. SDS-PAGE sonucunda CTV kilif protcinlerinin molekiiler
agirhklar yaklagtk olarak 26 ve 27 000 kDa bulunmugtur. Aynica, CTV izolatlar
ELISA, ISEM ve slot-blotting yontemleri kullanilarak saptanmustir.

Fiizyon sonunda, CTV spesifik monoklonal antikor iireten bir hibrit hiicre hatu
(1G8) clde cdilmistir. 1G8, PTA-1 ELISA testinde Igdir, Serdengegti ve Kibris,
izolatlar ile rcaksiyon vermis, DAS- ELISA testinde ise, Serdengegti izolati reaksiyon
vermemistir.
Anahtar Kelimeler: Turunggil Tristeza Viriisii, ELISA, Saflastirma, Kolon
kromatografisi, Monoklonal Antibody
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ABSTRACT

Symptoms of grapevine viruses on the plants in the field were observed and the
causal viruses of the symptoms were determined in this study. GLRaV-1, GLRaV-2,
GLRaV-3, GLRaV-7, GVA, GFkV, ArMV and GFLV were detected by ELISA.
Presence of GLRaVs infections on indexed plants were determined by indexing on Vitis
vinifera cv. Cabernet sauvignon. Either ELISA or biological indexing could be used for
detection of GLRaVs infections and high correlation between two methods were found.
The most widespread virus was found in 30 tested plants as GLRaV-3 followed by
GVA.

Key words: Grapevine viruses, biological indexing, ELISA

INTRODUCTION

Generative period of the vines, rooting capacity of the cuttings, quality and
quantity of the grapes are reduced by many grapevine virus diseases. About 46 viruses
were reported from all viticultural areas around the world (Martelli, 1993a, 1997).

Grapevine fanleaf virus (GFLV), grapevine leafroll-associated viruses (GLRaVs)
and grapevine virus A (GVA) were reported as the most widespread grapevine viruses
(Bovey et al., 1980; Engelbrecht and Human, 1989; Martelli, 1990, 1993b, 1997; Habili
ct al., 1992). Grapevine viruses induced symptoms at different growing period of the
vines; at early or late period of the vegetative growth of the leaves, the stalks and the
canes. Nepoviruses express symptoms as growth abnormalities, deformation and chromatic
alterations of the foliage. However, grapevine flek virus (GFkV) and Vitiviruses cause
latent infection on Vitis vinifera or express xylem symptoms as wood alterations and
pitting on different rootstock/scion combinations (Martelli, 1993a).

11
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Leafroll, another virus disease caused by Closteroviruses, determined as
downward rolling of the leaves accompanied by reddening or yellowing of the blades of
Vitis vinifera depending on whether the variety white or red berried in carly summer and
autumn, however no symptom expressed on American Vitis species and their hybrids
(Tceliz et al., 1987; Zimmermann, 1990: Martelli, 1993b; Krake, 1993: Jordan et al., 1993;
Rowhani ct al., 1997). The sugar content of the berrics is reduced compared to the standart
one in many leafroll affected varietics (Goheen, 1988). Observation and description of
grapevine lcafroll discase in the field is difficult because of the symptomless vines
depending on the virus isolate, the varicty and the environmental conditions (Rowhani
ctal., 1997).

Detection of grapevine viruses can be done by indexing on woody or herbaccous
indicator plants (Walter ct al., 1990, Walter and Martelli, 1997; Martelli, 1993a). Graft
transmission of nepoviruses, the causal agents of grapevine degenerations, induced
[oliar distortions and yellow discolorations on Viris rupestris St. George (GFLV), V.
vinifera cv. Sieglriedrebe (ArMV, RRV and TBRYV). Viris vinifera cvs. Cabernet franc,
Mission, Pinor noir or Barbera arc used for detection of GLRaVs infections by
expressing downward rolling of the leaves and reddening of the blades. Rugose wood
complex can be detected by using LN-33, Kober SBB or Vitis rupestris and GFkV by
Vitis rupestris (Martelli, 1993a).

Transmission to herbaceous hosts such as Chenopodium guinoa Coste el Reyn
(TBRV, GBLV, GFV), Nicotiana glutinosa L. (ArMV), N. clevelandii L. (RRV, GBLV),
Gomprena globosa Horte (GFV), Phaseolus vulgaris L. (GCMV) can also facilitate the
detection of many grapevine viruses in infected plants (Martelli and Walter, 1993).

Grapevine leafroll associated viruses can be detected with difficulty at the
beginning of the growth stage because of lower titer of the virus in the lcaves, however
phloem tissucs of dormant and growing canes contain higher titer which can be ecasily
detected by ELISA (Teliz et al., 1987; Monis and Bestwick, 1997a, 1997b).

Researches were mainly concentrated on Nepoviruses and Closteroviruses  in
Turkey.Grapevine leafroll discases were reported as widespread and additionally GVA,
GVB, GFLV, ArMV, TBRV, GFkV, SLRV and CMV infections from different
grapevine growing regions (Oraman, 1965; Martelli, 1987; Azeri, 1990; Ozaslan et al.,
1991; Azeri and CiCEK, 1995; Yilmaz et al., 1997; Akbag and Erdiller, 1993, 1998:
Caglayan ve Gazel,1998; Koklii et al., 1999).

MATERIAL and METHODS
Material

Totally 30 vines were selected in viticultural arcas of Tekirdag-Center, Tekirdag-
Sarkdy, and Edime-Uzunkoprii districts in Thrace region of Turkey. Policlonal (GLRaV-1,
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GLRaV-2, GLRaV-3, GLRaV-7, ArMV and GFLV) and monoclonal (GVA, GVB and
GFkV) antisera were used in serological studies. The antiscra were kindly supplied by
Dr. D. Boscia.

Nicotiana occidentalis Weel., N. benthamiana Domin. and N. glutinosa L. were
used for mechanical inoculations (Martelli, 1993a; Monette et al., 1990). Vitis vinifera
cv. Cabernet sauvignon was used as woody indicator plant (Martelli, 1993a).

Method

Totally 30 vines, 8-20 years old having characteristic symptoms as reduced
growth, yellowing or reddening of the leaves were selected. Four mature cane cuttings
at 25-30 cm length were taken from each of selected 30 vines in autumn and kept at 4 °C
till used.

Each two cuttings of Vitis vinifera cv. Cabernet sauvignon were rooted in
previously prepared mixture of sand, perlite and manure (1:1:1) in 17 It containers. The
indicator vine cuttings were kept at 20-25°C and 90-95% relative humidity (Walter et
al., 1990; Martelli, 1993a).

The samples were brought to the Department of Plant Protection, Faculty of
Agriculture, University of Cukurova. Two whip budding and two cleft grafting were
made on | year old indicator plants and for each sample 3 indicator plants were used.
Observations of the symptoms were made regularly each week.

Two cuttings 25-30 cm long of selected vines were collected, labeled and planted
in sandy soil, and trensferred into rooting chamber at 26-30°C. Leaves and petioles were
ground in chilled mortars in the presence of 5 vol. of 2.5 Nicotine in 0.1 M phosphate
buffer, pH, 7.2. The inoculation was done by rubbing the extracts on previously celite-
dusted herbaccous host leaves.

Cortical scrapings from mature canes of collected samples of selected vines were
uscd to carry out DAS-ELISA (Clark and Adams, 1977) for ArMV, GFLV and GLRaV-3,
PAS-ELISA (Boscia et al., 1992) for GVA, DASI-ELISA (Al Moudallal et al., 1994)
for GFkV and GVB, and Dircct-Biotin-Avidin ELISA (Zrein et al., 1986) for GLRaV-1,
GLRaV-2 and GLRaV-7. Evaluation was done in Titertek Multiscan Plus MKII ELISA
plate reader at 405 nm.

RESULTS and DISCUSSION
Field observations

Ficld observations were made in selected viticultural areas in August, September
and October in 1996. Grapevine leafroll affected plants were evaluated for discase
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symptoms in all grapevine growing areas of the region. Totally 30 test plants showed
characteristic symptoms of grapevine leafroll discase completely or partially (Table 1).
Downward rolling of the Icaves accompanied by reddening of the Icaves in red berried
or yellowing of the blades in white-berried cultivars were commonly observed. Leaf
rolling and discolorations were observed comparatively different in density, however
many vines showed only partial interveinal discolorations which later turn into

Table 1. Selected plants and the symptoms observed on each plants.

Cultivar and No Code Symptoms observed in the field

Alfonse lavallee |~ T AL/ Downward rolling and reddish discoloration of the leaves

Alfonse lavallee 2 T AL2 Light reddish discoloration of the blades

Cardinal | T Carl Graft incompatibility, reduced growth of the plants

Cardinal 2 TCar2 Typical downward rolling and severe reddish discolorotion of the leaves
Hafizali | ~ THal Light leaf rolling

Hafizali 2 THal Leaf rolling

Cinsaut | T Cinl Leafrolling, reddish spot and late maturity of the berrics

Cinsaut 2 T'Cin2 Leaf rolling, severe reddish discoloration, and swelling of graft point
Yapincak | TYap | Reduced growth of the vine and light leaf rolling of lower leaves
Yapincak 2 TYap 2 Reduced growth of the vine and light leaf rolling of lower leaves
Semillon | T Sem | Light leaf rolling and yellowing of the leaves

Semillon 2 T Sem 2 Light leaf rolling and yellowing of the leaves

Alfonse lavallee 3 TS AL/ Reddish spots on the leaves

Alfonse lavallee 4 75 AL2 Downward rolling and reddish discoloration of the leaves

Cardinal 3 TS Car | Leaves totally or partially turned to red in color

Cardinal 4 TS Car 2 Leaf rolling and severe reddish discoloration of the leaves

Cinsaut 3 TS Cin 1 Leaf rolling, interveinal discoloration and reduced growth

Cinsaut 4 TS Cin 2 Leaf rolling, interveinal discoloration and reduced growth

Yapincak 3 TS Yap | Light leaf rolling, reduced growth, and yellow discoloraion of lower leaves
Yapincak 4 TS Yap 2 Yellow discoloration of the lower leaves

Semillon 3 TS Sem | Leaf rolling

Semillon 4 TS Sem 2 Leaf rolling

Alfonse lavallee 5 EU AL/ Leaf rolling and interveinal reddish discoloration

Alfonse lavallee 6 EU AL2 Light leaf rolling

Cardinal 5 EU Car 1 Interveinal reddish discoloration

Cardinal 6 EU Car2  Interveinal reddish discoloration

Hafizali 5 EU Ha | Leaf rolling and light yellowing

Hafizali 6 EU Ha 1 Leaf rolling and light yellowing

Yapincak 5 EUYap !  Reduced growth, leaf rolling and yellow discoloration of the.lower leaves
Yapincak 6 EUYap 2  Reduced growth, leaf rolling and yellow discoloration of the lower leaves
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total reddening of the blades. The reddish discoloration were determined as dark red or
light red depending on the cultivar. White-berried cultivars showed downward rolling
and light yellowing of the lower leaves diffused to upper leaves by time. Sometimes,
vinous red color affects only the tissues which are bordered by the main vein in many
plants. Interveinal reddening or yellowing with distinct green veins of the leaves.
Reddening of the veins starts at the leaf margin and progresses towards the center of the
leaf, coloring of interveinal tissue. By late autumn whole laminac were colored.
Incompatibility of rootstock and scion combinations was determined on many plants,
possibly caused by GVA or GLRaV-2.

ELISA Results

ELISA was conducted to determine the presence of ArMV, GFV, GVA, GVB,
GLRaV-1, -2, -3, -7 and GFkV. Totally 30 grapevine samples were tested and 14 tested
plants were infected by 1 virus, 14 plants by 2 virus and | plant by 3 viruses. GFLV was
determined in 2 tested plants, ArMV in 1, GLRaV-2 in 1, GFkV in 4, GLRaV-1 in 7,
GVA in 11 plants and GLRaV-3 in 19 plants (Table 2). GLRaV-7 and GVB viruses
were not determined in tested samples. Only 1 tested plant (T.Ha2) was negative in
ELISA. High infection ratio was found for GLRaV-3 (63.3 %), followed by GVA
(36.6%) and GLRaV-1 (23.3%), respectively. These results support the suggestion of
commonly widespread viruses as GLRaV-3, GVA and GLRaV-1 (Table 2).

Biological indexing

Reddish spots, discoloration and downward rolling of the leaves were evaluated
on Vitis vinifera L. cv. Cabernet sauvignon after 2 ycars of graft inoculations.

Reddish discoloration were observed in 25 plants, and downward rolling of the
blades were observed in 22 indicator plants (Table 3). Differences were found in the
density and severity of reddening and downward rolling of the leaves. Both rolling and
reddish discoloration of the leaves were observed in 21 of samples (70%), reddish
discoloration in 4 samples (13.3%), and downward rolling of the blades in 4 samples
(13.3%) (Table 4, 5).

Severity of the disease symptoms was suggested caused by viral strains and
reaction of the varieties. Reddish spots, or partial reddening of the leaves, and downward
rolling of the leaves were determined, however ELISA results were negative at 405 nm.
wl. These results were suggested as a result of low concentration of the virus or infection

by other virus(es).
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Table 2. Incidence of virus infection in selected plants (by ELISA at 405 nm).

Cultivar Code GFV ArMV GLRaV-1 GLRaV-2 GLRaV-3 GLRaV-7 GVA GVB GFkV
A. Lavalée | T. ALI - - - - + - 1 = .
A. Lavalée2 T. AL2 - - - - + 5 34 & Z
Cardinal | T. Carl + - = - " = + X %
Cardinal 2 T. Car2 - - - - + A + 5 +
Hafizali | T. Hal - - - + - 5 E = 5
Hafizali 2 T. Ha2 - - - - = z 2 L 2
Cinsaut | T Cinl - - - - + = 5 = =
Cinsaut 2 T. Cin2 - - - - + = - = E
Yapincak I T. Yapl - - - - + - + L =
Yapincak 2 T. Yap2 - - - - - = + E 2
Semillon | T. Seml - - - - + - + = 3
Semillon 2 T. Sem2 - - + " - 3 4 i i
A. Lavalée 3 TS. ALI - - - - - . = = 1
A. Lavalée 4 TS. AL2 - - + - - = = = 2
Cardinal 3 TS. Carl = = - - + - + = .
Cardinal 4 T§. Car2 = - - - + - + - z
Cinsaut 3 TS. Cinl - - - - + - g : g
Cinsaut 4 TS. Cin2 - - + - - = + = =
Yapmncak 3 TS. Yapl - - - - + - - s +
Yapincak 4 TS. Yap2 - + - - - e Z = 2
Semillon3  TS. Seml - - - - + - : 4 2
Semillon4  TS.Sem2 - - - - + - = 4 =
A.Lavalée 5 EU. ALI - - - - + - = L =
A. Lavalée 6 EU. AL2 - - = = = 5 a4 z -
Cardinal 5 EU. Carl - - + - + = = 2 2
Cardinal 6 EU.Ca2 - - - ot - + - = " 5
Hafizali 5 EU. Hal - - + - + - = = =
Hafizali 6 EU. Ha2 + - - - + = S - .
Yapincak 5 EU. Yapl - - - - + = = = s
Yapincak 6  EU. Yap2 - - + - - 2 2 - 5
- Control E = = £ - = S = .
+ Control + + + + + + + - +
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Table 3. Incidence of grapevine viruses in (ested cultivars (ELISA at 405 nm).

Cultivar GFLV ArMV  GLRaV-1 GLRaV-2 GLRaV-3 GLRaV-7 GVA GVB GFkV
Alphonse Lavalée 0 0 | 0 3 0 2 0 2
Cardinal 1 0 2 0 § 0 4 0 |
Halizali 1 0 | | 2 0 0 0 0
Cinsaut 0 0 | 0 3 0 | 0 0
Yapmcak 0 | | 0 3 0 2 0 |
Semillon 0 0 | 0 3 0 2 0 0
Total 2 | | 19 0 Il 0 4
Total infection 6.0 3.3 233 33 63.3 0 36.6 0 13:3

ratio (%)

"Table 4. Infection ratio of tested viruses in selected districts in Thrace region.

Districts GFLV ArMV  GLRaV-1 GLRaV-2 GLRaV-3 GLRaV-7 GVA  GVB GFkV
Tekirdag | 0 | | 7 0 7 0 |
Center (% 8.3) (%0) (% 8.3) (% 8.3) (%58.3) (% 0)  (%58.3) (% 0) (%8.3)
Tekirdag 0 | 2 0 6 0 3 0 3
Sarkoy (% 0) (% 10) (% 20)) (% 0) (% 60) (%0)  (%33) (%0) (%33)
Edirne | 0 4 1 6 0 1 0 0

Uzunkoprii (% 2.5) (% 0) (% 50) (% 1.5) (% 75) (% 0) (%2.5) (%0) (%0)

Table 5. Indexing results of selected vines on Vitis vinifera L. cv. Cabernet sauvignon.

Cultivar Code Leal Reddish Cultivar Code Leal Reddish
and No rolling  discoloration and No rolling  discoloration
Alfonse Lavalée | T.ALI £ Cinsaut 3 TS.Cinl + +
Alfonse Lavalée 2 T.AL2 + Cinsaut 4 TS.Cin2 +

Cardinal | T. Carl - - Yapincak 3 TS.Yapl + +
Cardinal 2 T..Car2 + + Yapincak 4 TS.Yap2 - -
Halzali | T.Hal + + Semillon 3 TS.Seml + 4+
Hafizali 2 T.Ha2 + + Semillon 4 TS.Sem2 +
Cinsaut | T.Cinl + + Alfonse Lavalée 5 EU.ALI + ¥
Cinsaut 2 T.Cin2 + + Alfonse Lavalée 6 EU.AL2 - -
Yapincak | T.Yapl + + Cardinal § EU.Carl + +
Yapincak 2 T.Yap2 + + Cardinal 6 EU.Car2 +
Semillon | T.Seml + - Halizali 5 EU.Hal - +
Semillon 2 T.Sem2 - - Halizali 6 EU.Ha2 + +
Alfonse Lavalée 3 TS.ALI - o+: Yapmcak 5 EU.Yapl =+ +
Alfonse Lavalée 4 TS.AL2 + Yapincak 6 EU.Yap2 + +
Cardinal 3 TS.Carl  + +

Cardinal 4 TS.Car2  + +
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OZET

TRAKYA BOLGESINDE YETISTIRILEN BAZI UZUM CESITLERINDE
BAG VIRUSLERININ SIMPTOMATOLOJIK, BiYOLOJIK VE SEROLOJIK
TESPITI

Bu ¢alismada bazi bag viriis hastaliklarinin arazideki bitkilerde olusturduklari
simptomlar gozlenmis ve bu infeksiyonlara neden olan viriisler tespit edilmigtir. ELISA
testleri sonucunda GLRaV-1, GLRaV-2, GLRaV-3, GLRaV-7, GVA, GFkV, ArMV vc¢
GFLV tespit edilmistir. Vitis vinifera cv. Cabernet sauvignon kullanilarak ta indekslenen
bitkilerde GLRaVs infeksiyonunun varligi tespit edilmigti. Hem ELISA hem de
biyolojik indcksleme GLRaV infeksiyonlarini belirlemek amaciyla kullanilabilmis ve
her iki metod arasinda bir uyum oldugu bulunmustur. Test edilen 30 bitkide cn yaygin
viriisiin GLRaV-3 oldugu belirlenmistir.

Anahtar Kelimeler: Ba viriisleri, biyolojik indcksleme, ELISA
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ABSTRACT

This study was conducted to determine the dissemination of sugar beet necrotic
yellow vein virus (BNYVV) in sugar beet growing arca of Tokat in 1998. Survey was
conducted mainly in Pazar and Central district of Tokat where the discase was prevailend
and Niksar, Bagciftlik, Turhal and Artova. Plants with above ground symptoms were
pulled and root samples were collected then tested for the presence of the viruse by
DAS-ELISA. The samples collected from Artova, Turhal, Niksar and Basgiftlik sugar
beet ficlds had negative ELISA results. Based on the ELISA results, sugar beet fields in
14 out of 19 villages of Pazar and Central districts of Tokat were infested with Rhizomania.
Rhizomania was detected in Pazar and Central district of Tokat at a rate of 65.41% and
73.17% rcspectively.

Key words: BNYVV, Rhizomania and Sugar Beet

INTRODUCTION

Sugar beet (Beta vulgaris var saccharifera L.) is one of the cconomicaly important
crop used in sugar production. Rhizomania (Hairy root) caused by Beet Necrotic Yellow
Vein Virus (BNYVYV) is the most economicaly important disease of sugar beet. The
discase can cause high level of yield reduction. The pathogen can reduce sugar content
and root weight which may result in 30-100% sugar yicld reduction.

The discase was first recorded in Italy by Canova in 1954 (Canova, 1959).
Presence of discase in Turkey was reported by Koch in Erbag, Tasova, Kesan and
Uzunkopru sugar beet growing areas in 1987. Later on, Ozgiir and Ecdiller (1994),
applied the ELISA on the plant samples collected from Adapazari, Alpullu, Ankara,
Eskischir, Kastamonu and Tokat. They reported the existence of the disease in these
arcas. With this study, they found that contaminated area with BNYVV was about 8000
da in Turkey. Study conducted between 1992 and 1995 shown that Rhizomania spread
over 183500 da sugar beet growing areas of Turkey (Ozgiir and Kaya, 1997).
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STUDY ON THE DISTRIBUTION OF BEET NECROTIC YELLOW VEIN VIRUS (BNYVV)
IN SUGAR BEET GROWING AREA OF TOKAT - TURKEY

Infested soil and irrigation water are the most important dissemination factors of
the disease to new areas. Even small amount of infested soil can potentialy result in a
significant Rhizomania problem after growing sugar beet crops for a few seasons. Return
of tare soil from infested fields to non-infested fields, water soil erosion also speed up
spread of the disease to new areas.

There are no seed treatments that control the discase. Every effort should be
made to avoid introduction of rhizomania contamited soil into new areas where it has
not been reported. Varieties with resistance to Rhizomania are the only effective control
measure of the disease at present. Some of sugar beet cultivars (Gina, Gabriella and
Riizor) are partially resistant either to BNYVYV or to its vector Polymyxa betae. In the
infested field, resistant varieties are sown to control the disease therefore it is important
to determine the newly infested fields in Tokat.

The aim of this study is to determine the new distribution areas of Rhizomania
disease in Tokat sugar beet ficlds.

MATERIAL and METHODS

Survey was conducted mainly sugar beet growing areas where the disease was
not observed previously. In July and August 1998, about 40,950 da sugar beet fields
were visited field by field. Root samples from sugar beet plant which showing leaf and
root symptoms, which resemble rhizomania symptoms, were collected, placed in a
polyethylene bags and brought to the laboratory. The samples were stored under -25°C
until use.

Root Extract Production

Extracts were prepared from the infected root samples of sugar beet plants
collected from survey areas. About 80 g infected root tissue was ground in a mortar and
pestle in a 1/10 dilution of griding buffer (5 mM Tris MgCl,, 1 mM KCL, 0.1 mM Na
ADTA, 1 mM, I mM MgCl,, 10% Glycerol, 1% Triton and 0.1% Mercapto ethanol and
filtered throught cheese-cloth. The extract was centrifuged for 2 min (2500 g), supernatant
was collected in an eppendorph tube and stored at -27 C until use (Anonymous, 1998).

Enzyme-Linked Immunosorbent Assay (ELISA)

The processing of BNYVV serum and conditions used for the double-antibody
sandwich ELISA (DAS-ELISA) were performed as described by Clark and Adams
(1977); Casper and Meyer (1981). Absorbance was measured at 405 nm and positive
ELISA value was determined by following equation; Positive ELISA Values = x+3.25 S
(x = Mean absorbance value of ten healthy samples extracts; S= Standart deviation of
the healty samples absorbance values).
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RESULTS

Over 100 samples were collected from the sugar beet production area of Tokat in
1998 (Niksar, Central, Turhal, Basciftlik, Pazar and Artova Towns of Tokat). Sampled
plants had typical Rhizomania symptoms such as poor growth, light-green or yellow-
green foliage, narrow, long, erect petioles, stunted top root with mass of hairy seconder
root and yellow to dark brown discoloration of the vascular bundles. BNYVV was
detected mainly from sugar beet ficld in Pazar and Central district of Tokat (Table 1).

Table 1. The DAS-ELISA values of the samples collected in 1998.

Towns Villages Sugar beet Planted area ~ Sample Absorbance  Infested area
Cultivars (da) number values * (%)
Cergi Fiona 823 4 +++
Songiit Fiona 1676 8 +++
Tatar Fiona 1090 5 +++
Yazibag1 Aura 1440 7 ++
Kat Fiona 1738 8 +++
Mentese Fiona 279 2 +++
Pazar Merkez Aura 3061 14 - 65.41
Dokmetepe Fiona 1242 6 -
Derekoy Gina 3158 15 +
Erkilet Aura 2360 11 -
Ulag Fiona 935 ) ++
Emirseyit Fiona 1459 i7A +++
Bakigh Evita 296 2 +++
Korucak Evita 373 3 +++
Central District ~ Giimenek Evita 300 2 +++ T3:17
Bula Gina 290 2 +++
Kiligh Gina 350 3 +++
Piarl Aura 590 4 -
Negative 0.055
Pozitive 0.599

* Absorbance Values (- : >0.100 (Healthy), +: 0.100-0.199 (low level of disease),
++: 0.200-0.299 (intermediate level of disease), +++: 0.300< (high level of disease)

The disease was not observed in sugar beet fields in Artova. Sample collected
from Turhal, Niksar and Basciftlik sugar beet fields had negative ELISA results (Data
are not shown). Rhizomania incidences were 65.41% and 73.17% in Pazar and Central
districts of Tokat sugar beet growing areas respectively.
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DISCUSSION

During the survey conducted in 1998, over 100 sample were collected from sugar
beet ficlds in Tokat. Presence of the discasc in scveral sugar beet ficlds in Niksar, Pazar,
Zile, Artova and Turhal were reported previously (Erdiller and Ozgiir, 1994; Ertung ct
al., 1998). Sugar beet fields surveyed in Niksar, Turhal and Bagciftlik did not show any
makroscobic Rhizomania symptoms and ELISA results of these samples were negative.
Onc interpretation of the negative ELISA results of the samples collected from Niksar,
Turhal and Baggiftlik is that resistant cultivar Aura was sceded. The most promising and
the only practical way to control Rhizomania discase of sugar beet is by growing
BNYVV-resistant cultivars. Breeding for resistance to Rhizomania disease has yielded a
number of cultivars that are partially resistant to virus (Lewellen, 1991 and 1995; Tuitert,
1994). Virus and viruliferous resting spores content of these resistant cultivars were
found lower as it compared with susceptible cultivars (Tuitert, 1994). Conscquently,
virus-resistant cultivars retard the build-up of viruliferous inoculum, therefore most of
the time you may not find detectible amount of virus or viruluferous vector spores in
infected sugar beet plants. In Turkey, some of these resistant or tolerant sugar beet cultivars
such as, Gina, Aura, Gabricla, Rizor and Roxanc have been seeded in Rhizomania-
infested areas since 1994 (Kaya, 1996). Because of limited irrigation and seeding
parially resistant cultivars to the virus Rhizomania was not found in samples collected in
Artova sugar beet ficlds.

Our results and previous studies shown that most of the sugar beet ficlds in Tokat
is infested with BNYVV and it’s vector Polymyxa betae so resistant sugar beet cultivars
should be planted in all the sugar beet ficlds in Tokat to reduce the yield loss due to
Rhizomania diseasc of sugar beet.

OZET

SEKER PANCARI NEKROTIK SARI DAMAR VIRUSUNUN TOKAT SEKER
PANCARI URETIM ALANLARINDA YAYILISI UZERINDE CALISMALAR

Bu ¢aligma Tokat geker pancari iirctim alanlarinda Rhizomania hastaliginin
yayiligini belirlemek amaciyla 1998 yilinda gergeklestirilmistir. Surveyler o yil hastaligin
yogun olarak goriildiigii Pazar ve Merkez ilgeleri esas olmak iizere Niksar, Bag¢iftlik ve
Artova ilgelerine ait seker pancari ckim alanlarinda yapilmigtr, Hastalik belirtisi gosteren
bitkiler sokiilerek kok érnekleri alinmig ve etmenin varligi DAS-ELISA yéntemi ile
belirlenmigtir. ELISA testleri sonuglarina gore Merkez ve Pazar ilgelerine ait 19 kdyden
14'tiniin geker pancari tarlalarinin hastalikla bulasik oldugu belirlenmistir. Merkez ilcede
bulagiklik orani %73.17 olurken Pazar’da bu oran %65.41 olarak bulunmustur. Diger
ilgelerden toplanan drncklerin test sonuglary negatif gikmigtir.

Anahtar Kelimeler: BNYVV, Rhizomania ve Scker Pancari

24



N.D. KUTLUK YILMAZ, Y. YANAR

ACKNOWLEDGEMENTS

The authors are grateful to Turkish Sugar Co. Inc. for supporting the study.

LITERATURE CITED

ANONYMOUS, 1998. DAS-ELISA El Kitabi. Tiirkiye Scker Fabrikalari A.§. Scker
Enstitiisii, Ankara, 34 s.

ERTUNC, F., ERZURUM, K., KARAKAYA, A, ILHAN, D., MADEN, S. 1998.
Incidence of Rhizomania Discases on Sugar Beet In Corum, Kastamonu and
Turhal Sugar Refinery Regions. J. Turk. Phytopath. 27: 39-46.

CANOVA, A., 1959. Appunti di Patologic Della Barbabictola. Informatore Fitopatologica
9: 390-396.

CASPER, R., MEYER, S., 1981. Dic Anwendung des ELISA-Verfahrens zum Nachweis
Pflanzenpathogener Viren. Nachrichhtenbl. Deut. Pflanzenschutzd., 33: 49-54.

CLARK, M.F., ADAMS, A.N., 1977. Characteristics of the microplatc method of

Enzyme-Linked Immunosorbent  Assay for the Detection of Plant Viruses.
Journal of General Virology, 34: 475-483.

ERDILLER, G., OZGUR, O.E., 1994. Rhizomania Discases of Sugar Beet in Tiirkiye.
9th Congress of the Mediterrancan Phytopathological Union, Kusadasi-Aydin,
443-446.

LEWELLEN, R.T., 1991. Registration of Rhizomania-Resistant Germplasm of Beta
vulgaris. Crop Science, 31: 244-245.

LEWELLEN, R.T., 1995. Registration of Sugar Beet Germplasm Lines Multiple
Discase Resistance: C 39, C 39R, C 39R-6, C-47, C-43 and C-94. Crop Science.
35: 2 (13), 597-598.

OZGUR, O.E., KAYA, R., 1997. Onemli Scker Pancan Hastahklari. Tiirkiye Seker
Fabrikalari A. S. Scker Enstitiisii, Tarimsal ~ Aragtirma  Bolimii, Fitopatoloji
Sube Seminer Notlari.

TUITERT, G., 1994. Epidemiology of Rhizomania Discase of Sugar Beet. Instituut voor
Rationcle Suikerproductic. The Netherland, p. 168.

25



J. Turk. Phytopath., Vol. 30, No. 1, 27-34. 2001 ISSN 0378 - 8024

Investigation of Some Furoviruses by dsRNA Analysis Method

Digdem ILHAN* Filiz ERTUNC**

* Plant Protection Central Research Institute Bagdat Caddesi No: 250 P.O. Box: 49 06172
Yenimahalle - ANKARA

##  Ankara University Agricultural Faculty Department of Plant Protection 06110 Digkapi-
ANKARA

ABSTRACT

In this rescarch, dsRNA analysis were performed to 6 isolates of Beet necrotic
yellow vein virus (BNYVV) and 6 isolates of SBWMYV collected from Konya, Kastamonu,
Turhal and Cankiri provinces, respectively and the effectiveness of the assay was
investigated. As a result of the research, different RNA bands were detected in BNYVV
isolates. In 1 isolate of BNYVYV 6.746kb large RNAL, in | isolate 1.774 kb large RNA3,
in 1 isolate 6.746kb large RNAI and 1.774 kb large RNA3 together and in | isolate
6.746kb large RNAT and 1.465kb large RNA4 arc obscrved together. In 4 SBWMV
isolates, a band of 3,5 kb large (RNA2) was present.

Key words: BNYVV, SBWMV, sugar beet, wheat, furovirus, dsSRNA analysis

INTRODUCTION

Furoviruses arc fungus borne, rod shaped viruses and they are economically
harmful in our agricultural areas. The most widespread one is Beet necrotic yellow vein
virus, which reduces sugar beet production in especially Northern Anatolia and Thrace
(Erdiller and Ozgor, 1994). Wheat soil borne mosaic virus and lettuce big vein virus
were also present in Eskischir and Erzurum provinces, respectively (Agikgoz ct al., 1995;
Kose and Ertung, 1999). Polymyxa betae Keskin (Plasmodiophoramycetes-Protozoa)
(Keskin, 1964) is the fungal vector of BNYVV, Polymyxa graminis for soil borne wheat
mosaic virus and Olpidium brassicae for lettuce big vein (Brunt et al., 1996).

Sugar beet is the main row material of the sugar industry and the most important
industrial plant grown on irrigatable arcas. The main problem that the farmers face
recently is rhizomania (BNYVV- Polymyxa betae complex). BNYVV is a member of
furovirus genus which has multipartite genome, rod-shaped particles and positive
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stranded RNA (Tamada, 1975).The vector lungus was identified by Keskin in 1964.
Fungus forms plasmodium first in rootlets, then these plasmodial structures turn into
zoosporangia, which contains dormant zoospores or cystosori which includes resting
spores inside. BNYVV causes severe yellowing of Ieaves and/or chlorosis in veins.
Later, veins become necrotic typically, which gives the virus its name (Whitney and
DulTus, 1991). Causal agent causcs its main damage to the under ground organs of the
plants. The infected roots cannot grow up and loose their marketing value. The discase
also causes necrosis in xylem. It is especially widespread under high moisture conditions
(Putz ct al., 1990).

-BNYVYV has (wo strains (A and B) and Turkish isolates belong to strain A
(Krusc ct al., 1994).

BNYVV has four different RNA components named as RNA 1,2, 3, and 4. But
in the latest rescarches in some Japanese isolates the 5t RNA, which is 1349 basc long,
is declared (Kiguchi et al., 1996; Saito et al., 1996: Kocnig, 1997). RNAL is the biggest
component of viral genomc and is 6746 nucleotide long, encodes a few large
polypeptides which functions are unknown and responsible for virus replication. RNA2
is 4612b long and contains the coat protein and code of 85kd large polypeptide. This
polypeptide acquires the immunologic reaction of antiserum and the virus. RNAT and 2
together are responsible for viral assembly and cell-to-cell movement. RNA3 is 1774bp
long and is responsible for symptom formation in both sugar beet and indicators.
Abscence or deletion of RNA3 causes mild symptoms on plants. RNA 4, which is
1465-1467bp long, plays an active role in transmission of BNYVV by Polymyxa betae
with RNA3 (Kuszala ct al., 1986).

SBWMV s the first discase determined to be soil borne and the first typical
member of furovirus genus. Natural hosts of the virus are wheat, Triticum aestivum, and
barley, Hordeum vulgare (Brakke, 1971). Virus causcs damage on gencrally winter
wheat. It has three strains named yellow mosaic, green mosaic and rosette. Particles are
rod shaped, 80-300nm long and 20 nm wide (Brunt et al., 1996). Infections generally
oceur when the soil is cold and moistured in late autumn. Especially in high moisture
conditions in spring plants show dark and light green mosaic and severe stunting.
Infccted plants form rare and little car (Cook and Vescth, 1991). Vector fungus infects
the epidermal root cells in high moisture conditions. This fungus also forms cystosori,
plasmodia and zoosporangia. Infection disseminates by the zoospores which mix to soil
waler by destruction of capillary roots.

The discasc was first determined by Kur¢gman (1981) in Eskischir province
sporodically, but serological determination and examination of the roots by staining was
performed by Kése and Ertung (1999). The causal agent has bipartitc genome. RNA 1 is
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6,5 kb and RNA 2 is 3.5 kb long (Brunt ct al., 1996). Both RNAs are responsible from
protein and coat protein synthesis.

90% of known viruses have ssRNA. During the replication dsRNAs occur as
intermediate product in the cells but in healthy plants dsSRNA formation does not occur.
The number and largencss of dsRNAs formed are used as criteria in determination of
pathogen virus (Dodds and Bar-Joseph, 1983; Dodds ct al., 1984).

Morris and Dodds have performed the first studies about dsRNA in 1979. They
have developed a dsRNA analysis method for the viruses infecting Ustilago maydis and
Endothia parasitica fungal tissues. This method was later on improved by Valverde et
al. (1990).

Studics about this subject has recently began in our country and was adapted to
determination of plant viruses. dsRNA profiles of lettuce big vein virus (A¢ikgdz et al.,
1995), Amasya cherry discase (Agikgoz et al., 1998), TMV, CMV and citrus tristeza
virus (Korkmaz and Cinar, 1998), PVX and PVS (Bostan and Acikgoz, 2000) are
determined.

In this rescarch dsRNA analysis of BNYVV and SBWMYV, and compared
examination of these two viruses of the same genus were performed.

MATERIAL and METHODS
Material

Wheat plants used in the research were obtained by sowing wheat cv. Siirak
seeds onto 6 SBWMYV infested soils taken from 6 different place of Cankiri province
Karadayi village. 10 seeds were sown to each pot and plant were maintained for 8 weeks
to grow on. Later, plants were harvested, the roots have been washed and whole plant
were taken to the analysis. Sugar beets are selected from materials of the TOGTAG
project no. 1709. Sugar beet Beta vulgaris cv. Fiona seed were sown onto infested soil
taken from Kastamonu, Turhal and Konya sugar refinery areas. The plants were
maintained in the greenhouse for 8 weeks, and the same procedure was performed to
these plants. For both viruses, plants that were grown in sterile soil were used as

negative control.

Method

dsRNA analysis was performed according to Sabanadzovic and diTerlizzi (1994).
20 g of plant tissue was homogenized in E buffer. 25 ml water-saturated phenol and 25
ml chloroform: isoamyl alcohol (24:1) was added and mixed at room temperature for 45
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minutes. The mixture was centrifuged at 10.000 g for 10 minutes and the supernatant
was collected. Absolute ethanol (17% final concentration) and Whatman CF-11 cellulose
(1g/10 g plant tissue) was added. The mix was stirred at least for 1 hour at room
temperature and centrifuged at 10.000 g for 10 minutes. Cellulose was resuspended with
IXSTE/17% ethanol and removed by repeated centrifuges at 10.000g for 5 minutes.
Cellulose was placed onto a colon with filter paper and fibreglass and was washed with
12 volumes of STE/17% ethanol. dsSRNAs were washed with 5 vol of 1| XSTE. dsRNAs
were precipitated with 5 vol of cold absolute ethanol and 0,1 vol of 3M sodium acetate
PH 5.5 and incubated at —20°C overnight. It was centrifuged at 10.000 g for 25 minutes
and the pellet was collected. It was resuspended with 1 ml TE buffer pH 5,5. 2,5 vol of
cold absolute ethanol and 0,1 vol of 3M sodium acetate pH 5,5 was added and incubated
at —20°C overnight. Then it was centrifuged at 15.000g for 20 minutes and the pellet
was collected. The pellet was washed with 70% ethanol and centrifuged at 15.000 g for
5 minutes. Pellet was resuspended in sterile bidestilated water and used in electro-
phoresis.

" Electrophoresis

Electrophoresis was performed in 1% agarose gel for 1 hour. Later on the gel was
stained with cthidium bromide and was observed in a UV transilluminator and the
photos were taken by a polaroid camera.

RESULTS and DISCUSSION

Bearding of the roots and chlorosis in veins were the major symptoms of sugar
beet cv. Fiona plants grown in the greenhose and in some isolates veinal necrosis were
also observed. As a result, plant became necrosed rapidly. dsRNA isolation was
performed to 6 isolates taken from Turhal, Kastamonu and Konya (Cumra). In the
elecrophoresis in 1 isolate RNA 1 which is 6,746 kb (lane 3), in 1 isolate RNA 3 1,774
kb (lane 4), in 1 isolate RNA1 1 and RNA 3 (lane 6) and in 1 isolate RNA 1 and RNA 4
which is 1,465 kb large (lane 2) were observed (Figure 1). In 4 SBWMYV isolate RNA2
which is 3,5 kb were observed (Figure 2).

In wheat plants sown to soils taken from Cankirt province typical symptoms of
the virus , stunting of the roots, proliferation in rootlets were observed. dsRNA profiles
of these 6 isolates are shown in Figure 2. In 4 isolates 3,5 kb large RNA 1 was observed,
but the larger component was not observed.
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6,746kb ™

1,774kb =3
1,465kb

Figure 1. dsRNA analysis of BNYVV I. Marker (A DNA/Eco RI+Hind I11) 2. Kastamonu (Tagkoprii) isolate
3. Kastamonu (Tasképrii) isolate 4. Kastamonu (Merkez) isolate 5. Turhal isolate 6. Konya (Cumra)

isolate 7. Turhal isolate 8. Negative control.

ter 28y tbh:6 7 B

Figure 2. dsSRNA SBWMV profiles I. Marker (A DNA/Eco RI+Hind I1I) 4. Negative control, the rest are
SBWMYV isolates taken from Cankiri province.
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OZET
BAZI FUROVIRUSLERIN dsRNA ANALIZ METODU iLE INCELENMESI

Bu ¢alismada, pancar nekrotik sari damar virusu (Beet necrotic yellow vein virus,
BNYVV)’nun Konya, Turhal ve Kastamonu ckim alanlarindan elde edilen 6 adet izolat
ve Cankiri ilinden alinmis olan toprak kokenli bugday mozaik virusu (Soil-borne wheat
mosaic virus, SBWMV) ile enfekteli 6 adet izolaun dsRNA analizleri yapilarak
furoviruslarin belirlenmesinde bu yontemin etkinligi aragtirilmistir. Yapilan galisma
sonucunda I BNYYYV izolatinda 6.746kb biiyiikliigiinde olan RNA1, 1 izolatta 1.774 kb
biiyiikliigiinde olan RNA3, | izolatta 6.746 kb biiyiikliigiinde olan RNA1 ve 1.774 kb
biiyiikliigiinde olan RNA3 ve 1 izolatta da 6.746 kb biiyiikligiinde olan RNA1 ve 1.465
kb biiyiikliigiinde olan RNA4 gériilmiistiir. 4 SBWMYV izolatinda 3.5 kb biiyiikliigiinde
olan RNA2 bandi gozlenmistir.

Anahtar Kelimeler: BNYVV, SBWMYV, seker pancari, bugday, furoviriis,
dsRNA analizi
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Fungi Isolated From Raspberry And Blackberry Plants From Bursa
Province In Turkey
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ABSTRACT

Surveys have been conducted in raspberry and blackberry plantations during
carly spring, summer and autumn between the years of 1998 and 2000 in Bursa and
surrounding. Plant samples having disease symptoms were collected. Fungal isolates
were obtained from these samples. Consequently, these isolates were identified as
Didymella applanata, Armillaria mellea, Sphaerotheca macularis, Phoma glomerata on
raspberry; Kuehneola uredinis, Discula sp., Harknessia sp. on blackberry; Botrytis
cinerea, Colletotrichum acutatum, Seimatosporium lichenicola, Microsphaeropsis olivacea,
Phomopsis sp. and Phoma sp. on both blackberry and raspberry. The isolates except for
B. cinerae are the first records on Rubus in Turkey. Meanwhile, D. applanata, K.
uredinis, Discula sp., Harknessia sp., S. lichenicola and M. olivacea are the first records
for Turkey.

Key words: Raspberry, blackberry, fungi

INTRODUCTION

Raspberry and blackberry are involved in /daeobatus and Eubatus subgenus of
the genus Rubus L. (Pritts, 1997). The members of this genus (Rosaceae) are important
since they are easy to reproduce. Their fruits are attractive and original in terms of color,
taste and aroma. They are rich in vitamins and minerals. Furthermore, they produce fruit
in a short period. The fruits can be evaluated in various ways such as making jam,
marmalade, juice, cream-cake, ice-cream, fruited yogurt and fruit tea (Aaoglu, 1986).

Researches on berries had been continued from 1967 to 1977 in Turkey. It
became a current issue again due to the beginning of raspberry production in Bursa
Province in 1986. Production of raspberry reached to 1621 tons from 309 ha area in
Turkey. At present, raspberry production of Bursa is 1601 tons from 305 ha area in
Fidyekizik, Cumalikizik villages in the center and in Kestel district. In addition, 24 tons
of blackberry are produce from 3 ha area in Bursa (Kaplan et al., 1999).
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Up to now, any rescarch on fungal diseases of raspberry and blackberry has not
been conducted in Turkey. In this study, surveys were made at the beginning of spring,
summer and autumn in Bursa and surroundings in 1998 and 2000. Fungal isolates were
obtained from the infected plants.

MATERIAL and METHODS

Surveys were made at the beginning of autumn in 1998, of spring, summer and
autumn in 1999 and 2000, by collecting the infected plant raspberry and blackberry
plantations in Bursa province and surroundings (Fidyekizik, Cumalikizik and Kestel).
Infected roots, canes and leaves were grouped according to the symptoms, and the
isolations done from these samples. The plant pieces, having symptoms, were dipped in
0.5% sodium hypochlorite for 1-2 min, and then rinsed with sterile distilled water and
dried on sterile filter paper. They were placed on PDA containing antibiotics and
incubated at 25 £ 2 C° for 3-5 days. The fungal colonies were transferred to the PDA
slants.

Identifications were made by macroscopic and microscopic studies. The
publications of Sutton (1980) and Ellis et al. (1997) were utilized during identification
of fungi. The isolates, which could not been identified, were sent to CABI Bioscience
Identification Service in England and CBS Centraalbureau voor Schimmelcultures,
Institute of the Royal Academy of Arts and Sciences in Holland.

RESULTS and DISCUSSION

Surveys were conducted between the years of 1998 and 2000, 13 different
isolates had been obtained from different parts of raspberry and blackberry plants in
Bursa province (Table 1).

Six isolates were identified in England as Phoma glomerata (Corda) Wollenw &
Hopchapfel. (IMI number 381924), Phoma sp. (IMI number 381925), Microsphaeropsis
olivacea (Bonord.) Hoéhn. (IMI number 381926), Colletotrichum acutatum J.H.
Simmonds (IMI number 381927), Phomopsis sp. (IMI number 381928) and Harknessia
sp. (IMI number 381931).

One isolate was identified in the Netherlands as Discula sp.

Identifications of other isolates were performed by using the publications;
Coclomycetes by Sutton (1980) and Compendium of Raspberry and Blackberry
Diseases and Insects by Ellis et al. (1997).

As a result, Didymella applanata (Niessl) Sacc., Armillaria mellea (Vahl: Fr) P.
Kumm., Sphaerotheca macularis (Wallr: Fr.) Lind and P. glomerata were isolated from
raspberry, whereas Kuehneola uredinis (Link) Arth., Discula sp. and Harknessia sp.
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were isolated from blackberry. Phomopsis, Seimatosporium lichenicola (Corda)
Shoemaker & E. Miiller, M. olivacea, C. acutatum, Phoma sp. and Botrytis cinerea
Pers.: Fr. were isolated both from raspberry and blackberry. It has been recorded that
B. cinerea causes molding in raspberry fruits besides different kinds of fruits and vegetables
(Onur, 1996; Barut, 2000).

Except for B. cinerea, above mentioned, the fungi are the first records for Rubus
genus, whereas D. applanata, K. uredinis, Discula sp., Harknessia sp., S. lichenicola
and M. olivacea are the first records for Turkey.

Tabie 1. Inventory of fungi detected during 1998-2000 effecting raspberry and blackberry in Bursa in Turkey.

Fungi Effected Tissue Host
Raspberry Blackberry

Armillaria mellea Root +

1)1'(/,\;mella applanata Spur +

Sphacerotheca macularis Leaf and berry +

thm}iylmrwmlu Cane +

Kuehneola uredinis Cane and leaf +
Discula $p- Cane +
Harknessia sp. Cane +
Phomapsis sp. Cane * +
Seimatosporium lichenicola Cane + +
Mi('rn}liauropsis olivacea Cane + +
Colletotrichum acutatum Cane + +
Phoma sp. Cane +

IS()/I;_\'II.\‘ cinerea Cane +

Botrytis cinerea Berry + +

OZET
TURKIYE'DE BURSA YORESINDE AHUDUDU ve BOGURTLENLERDEN
iZOLE EDILEN FUNGUSLAR

Bu caligmayla 1998-2000 yillari arasinda Bursa ili ve ¢evresinde ilkbahar, yaz ve
sonbaharin baginda ahududu ve bogiirtlen plantasyonlarinda surveyler yapilmustir.
Hastalikli bitki ornekleri toplanmig, fungal izolatlar elde edilmistir. Bu izolatlarin
Didymella applanata, Armillaria mellea, Sphaerotheca macularis, Phoma glomerata,
Kuehneola uredinis, Discula sp., Botrytis cinerea, Colletotrichum acutatum, Seimato-
sporium lichenicola, Microsphaeropsis olivacea, Phomopsis sp., ve Phoma sp. olarak
tanilari yapilmugtir. B. cinerea digindaki funguslar Rubus'lar i¢in, D. applanata, K. uredinis,
Discula sp., Harknessia sp., S. lichenicola ve M. olivacea Tiirkiye i¢in ilk kayttir.

Anahtar Kelimeler: Ahududu, bogiirtlen, fungus
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ABSTRACT

The powdery mildew, caused by U. necator, is one of the most significant diseases
affecting grapes and is prevalent in almost all grape-growing areas in the world. In this
study, the efficacy of alternative substances to sulphur and penconazole such as
Na,Si03, K»Si03, NaHCO3 and KH,POy to control fungus on water agar medium (2%)
has been tested for the inhibition of conidial germination and appressorium formation of
U. necator. Secondly, the study makes a comparison of these compounds with penconazole
and sulphur (WP).

The fungicides penconazole and sulphur (WP) inhibited conidial germination and
appressorium formation of the pathogen effectively with an average inhibition of 87.3
and 90.3%. KH,PO4 (2%, 1%) inhibited conidial germination only by 43.6%, and
K5,SiO3 and Na,SiO; inhibited the appressorium formation by 47.1 %. But NaHCO3
(2%, 1%) on the other hand, effectively inhibited both conidial germination and
appressorium formation of U. necator with 59.8 and 66.0% inhibition, respectively. In
light of these results, it can be suggested that substances of natural origin can be used as
natural fungicides in spraying programs for the control of powdery mildew on grapes in
Eco-friendly Sustainable Farming.

Key words: Viticulture, Uncinula necator, alternative control

INTRODUCTION

Grape powdery mildew caused by U. necator (Schw.) Burr., is the most significant
disease in viticulture causing serious yield losses and affecting the quality of grapes.
The disease may be observed in every grape-growing area in the world (Pearson and
Goheen, 1989). The fungus is prevalent in the viticulture areas of Turkey, and in some
years, the damage caused by the fungus has threatened the grape growing areas of
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EFFECTS OF ALTERNATIVE SUBSTANCES ON CONIDIAL GERMINATION AND
APPRESSORIUM FORMATION OF UNCINULA NECATOR (SCHW.) BURR. IN VITRO

Turkey. Despite of the intensive use of fungicides, a 40 o 50 percent reduction in yield
and a serious loss of quality due to the disease in seedless grapes was recorded in 1996
in Ege Region (Unpublished data).

Sulphur had been the traditional option to control the powdery mildew. In the
carly 1980s, farmers had started using DMI’s (14 o-demethylation inhibitor) for a better
control of powdery mildew. Now cither combining or alternating between sulphur and
DMI’s has been successfully employed against powdery mildew. However, the
extensive and prolonged use of the DMI’s has resulted in the development of resistance
in the fungus. Likewise, the residual effects on the crop is another problem associated
with the use of these chemicals.

Sustainable Agriculture / organic farming is an emerging concept of environment
friendly farming. The sustainable farming practices necessitate an integrated approach
to pest control with a minimal use of chemical pesticides and other external inputs.
(Pretty, 1995 ). Thus, organic farmers keep the use of chemical fertilizers and pesticides
Lo a minimum in their normal farming operations (Altieri, 1987). Consequently, alternative
substances that fit into ecological farming are being explored and investigated in many
countrics. Silicates, sodium and potassium salts, potassium-phosphate and plant oils are
potential substances for the control of powdery mildew discases. (Herrmann and
Hoffmann, 1994; Reh and Schlésser, 1995; Northower and Schneider, 1996).

This study evaluates the effects of Na and K-silicates, sodium bicarbonate and
potassium di-hydrogen phosphate on the conidial germination and appressorium
formation of U. necator in vitro conditions. Further investigations were focussed on
ascertaining whether these compounds could replace sulphur and other systemic
fungicides and provide alternative eco-friendly means of controlling powdery mildew in
grapes in sustainable agriculture.

MATERIAL and METHODS

The conidia of U. necator were obtained from grape plants that were infected
naturally and were grown in a greenhouse. The effects of silicates, sodium bicarbonate
and potassium dihydrogenphosphate on conidial germination and appressoria formation
were tested on water agar media (2%) and were compared with that of penconazole and
sulphur. Some specifications of the test chemicals are given in Table 1.

Previous studies provided the basis to determine the concentration of the
substances (Homma et al., 1981; Ziv and Zitter, 1992: Pasini et al., 1997). The water
agar medium was inoculated with 30 conidia/mm?2 in the glass inoculation tower
(0.35 m? X 0.70 m high). The conidia from the infected leaves were dropped onto the
media by means of an airflow that was created by an air pump. The inoculated petri
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Table 1. Some properties of the test chemicals.

Chemical Active Rate of a.i. Form. Concentration pH Company
ingredient (ppm)
Topas Penconazole 100g /1 EC 250 795 Novartis
Ozdil
Sufrol 80 WP Sulphur 80% WP 4.000 6.26 San.Tig.
Ltd.
Tungtag
Sodium silicate NapO+SiOp 8.6%+26.89% Liquid 10.000 10:27 AS
Potassium Tungtag
silicate K20+Si07 8.1% +20.3% Liquid 10.000 10.46 AS
Sodium 5.000;
bicarbonate NaHCO3 99%-100.5% WP 10.000;  7.93;7.88; Carlo
20.000 7.82 Erba
Potassium- 5.000;
dihydrogen KH7PO4 99.5% WP 10.000;  6.53;4.81; Carlo
phosphate 20.000 4.59 Erba

dishes were incubated at 24°C which is the optimum temperature for the conidial
germination of U. necator. The ratio of germinated conidia was determined after 8 hours
of inoculation. Formaldehyde (7%) was used at the 40™ hour of inoculation to stop the
conidial growth and the ratio of both the appressorium formation and the conidial
germination was determined. The Conidia having 3 pm long germ tube were considered
as germinated, and a structure consisting of a central lobed body was considered as
appressorium (Heintz and Blaich, 1990). The experiment included 10 treatments:
NaHCOj3 0.5%, KHyPO4 2%, Na;SiO3, K5Si03, NaHCO3 1%, NaHCOj3 2%, KH,PO4
1%. KHoPOy4 0.5% penconazole and sulphur (WP). The treatments were arranged in a
randomized complete block design with four replications. Analyses of variance were
conducted on the efficacy of different substances by using TARIST statistical package,
and means were compared by using Duncan Multiple Range Test (DMR).

RESULTS

The rate of germination of the fungus was found to be generally slow on the
water agar medium as observed in the control petri dishes after the 8™ and the 40t
hours of inoculation with 28.1 and 29.5% germination, respectively. It indicates that the
germination of conidia needs 8 hours to be completed after inoculation. Efficacy of the
test chemicals on the conidial germination of U. necator 8 hours after inoculation are
given in Figure 1.
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Figure 1. Efficacies of the test chemicals on the conidial germination of U. Necator 8h after inoculation.

Penconazole with 88% inhibition rate was found to be the most effective
substance to control the germination of the conidia followed by sulphur, NaHCO3 (2%),
K58iO3 with efficacies of more than 50%. Efficacies of the test chemicals on the
conidial germination of U. necator at the 40'™ hour after inoculation are given in Figure 2.

Similar efficacies were obtained at 40t hours after inoculation except that sulphur
exhibited equally high effectiveness as penconazole. NaHCO3 (2%) with an average of
59.4% gave a stable efficacy in terms of inhibition of germination after 8 hours of
inoculation. Efficacies of the test chemicals on the appressorium formation of U. necator
are given in Figure 3. The inhibition of the germination process was reflected in the
inhibition of the formation of appressoria i.e. penconazole with 90.5%, sulphur with
90.1% followed by NaHCO3 (2%) with 66.0%. These substances were most effective
inhibitors at this growth stage of the pathogen.
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Figure 2. Efficacies of the test chemicals on the conidial germination of U. Necator 40h after inoculation.
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Figure 3. Efficacies of the test chemicals on the appressorium formation of U. Necator 40 after inoculation.
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DISCUSSION

In the life cycle of U. necator, conidial swelling — conidial germination — appressorium
formation — penetration — haustoria formation — nutrient uptake — conidiophore formation
and sporulation are all well documented stages (Blaich et al., 1989: Heintz and Blaich,
1990). Successful development of these stages is critical for infection and is a very
significant criteria for determining disease epidemic. Thus, the inhibition of one or more
growth stages of the pathogen might be the most effective method to control powdery
mildew. In this study, the rate of conidial germination of U. necator on the water agar
medium was found to be as low as 29.1% at 40t hour after inoculation. This might be
duc to the fact that the conidia of the fungus are hydrophobic (Blaich et al., 1989) and
may burst on the surface of the media containing water. As assumed, penconazole and
sulphur were found to be the most effective chemicals on the conidial germination and
appressorium formation of U. necator. As cited elsewhere, sulphur is absorbed by the
fungus in vapour form, and in the terminal oxidation stage of respiration, sulphur
interferes with electron transport along the cytochromes and is then reduced to hydrogen
sulphide, a toxic compound to most cellular proteins (Ware, 1989). On the other hand,
Ware (1989) reported that triazoles including penconazole could affect the conidial
germination by inhibiting the ergosterol biosynthesis. Oh (1997) reported that triazoles
at increasing dosages inhibit the conidial germination and germ tube formation of U.
necator on the water agar. In addition, alternative substances especially, NaHCO3 (2%),
could have an acceptable level of inhibition on both germination (59.4%) and appressoria
formation (66%) of conidia. Homma et al. (1981) determined that NaHCO3 (2%) 48h
after inoculation inhibited the conidial germination of Sphaeroteca fluginea on the
cucumber by 95% in vivo. Ziv and Zitter (1992) reported that NaHCOj3; and KHCOj5 had
curative properties that caused the collapse of mycelium walls and the shrinkage of
conidia and conidiophores. In addition, potassium from KHCOj3 enters into the fungal
cells and disturbs the potassium ion balance, and causes the cell wall to collapse
(Anonymous, 1998). Same mechanism may be true for KH,POy4 too. Other test chemicals
such as Na and K Silicates accumulate on the leaf surface and deposit in the epidermis,
thus strengthening the cell wall against fungal penetration (Blaich and Wind, 1989). In
this test, these chemicals were found to be relatively less effective (39.0 - 47.1%) as
expected because they do not interfere with the penetration process in vivo. However,
they can inhibit both stages of fungal growth at an acceptable level on water agar media,
and this inhibition may result from high pH value of media containing silicates as shown
in Table 1. Oh (1997) reported that the optimum pH value for conidial germination in
the water agar is five. Another alternative substance, KH,POy, showed less effectiveness
on both stages of the fungus. It is, therefore, suggested that these alternative substances
may be tested in vivo for their proper and sure induction into the spray programs for the
effective control of either conidial germination or appressorium formation or both of
these stages of the pathogen in sustainable farming systems.
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OZET

ALTERNATIF MADDELERIN IN VITRO’DA UNCINULA NECATOR
(SCHW.) BURR.’UN KONIDi CIMLENMESI VE APRESORYUM
OLUSTURMASINA ETKILERI

Bu calismada, Ege Bolgesi bagciliginda nemli bir sorun olan asma kiillemesine
karsi miicadelede kullanilabilecek alternatif maddeler aragtinlmg ve NaHCO3, KH;POy,
Na,SiO3 ve K5SiO3’in U. necator’un konidi ¢gimlenmesi ve appressorium olusturmalari
iizerindeki etkililikleri, bolge baglarinda yaygin ve yogun olarak kullanilan penconazole
ve kiikiirtle karsilagtirmali olarak incelenmistir.

Karsilagtirma fungisitleri penconazole ve kiikiirt (WP) ¢imlenme ve appressoryum
olusumu iizerinde sirastyla ortalama %87.3 ve %90.3 gibi yiiksek bir etkililik ortaya
koymuslardir. Alternatif maddelerden KH,POy4 (2%) sadece konidi ¢imlenmesini inhibe
ederken (%43.6), K,Si03 ve Na,SiO3 appressoryum olusmasi iizerinde etkili olmuglardir
(ortalama %47.1). NaHCO3 (2%) ise, U. necator’un hem konidi ¢imlenmesini, hem de
appressoryum olusturmasini sirasiyla %59.8 ve %66.0 gibi 6nemli sayilacak bir oranda
inhibe etmistir.

Sonug olarak, bu maddelerin U. necator’un iireme evrelerinden bir ya da ikisini
inhibe edebilmeleri ileride yapilacak in vivo ¢alismalara 1sik tutmug ve bu birlesiklerin
organik ve siirdiiriilebilir tarimda bag kiillemesi ile savagimda alternatif bitki koruma
maddeleri olarak ilaglama programlarinda yer alabilecekleri kanaatini uyandirmigtir.

Anahtar Kelimeler: Bag, Uncinula necator, alternatif savagim, kiilleme
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ABSTRACT

The diseases caused by Sclerotium rolfsii and Sclerotinia sclerotiorum are
important on tomatoes in greenhouse as well as in field in Turkey. It is difficult to
control these diseases due to the formation of sclerotia by these pathogens. In this study,
the effectiveness of broccoli plant material for minimizing the propagule in the soil and
decreasing the disease incidence on tomato was determined in a greenhouse. The effect
of broceoli amendment was determined in two kinds of soils: NS (normal soil) and BS
(broccoli soil). The fresh broccoli material (B) including root+stem+leaves was
incorporated into soils at 8% wt/ wt of soil in a finely chopped form. Tomato plants
were transplanted 15 days later. At the same time the cffectiveness of broccoli+ rizolex
(S. rolfsii) and broccoli+ Benlate (S. sclerotiorum) combinations was also determined.

S. rolfsii: The disease severity in B amended BS was 24.99% and in non amended
BS was 91.66%. The discase severity in B amended NS was found to be 66.66% whereas
in non amended one the same was 83.33%. No disease was observed in the pots treated
with rizolex alone or in combination with other treatments. It shows that in the absence
of chemical control this pathogen can be suppressed in the soil where broccoli crop was
already grown.

In case of S. sclerotiorum the disease severity in the B amended BS and non
amended BS was 16.66% and 58.33%, respectively. The disease severity in NS
amended with B and non amended was also 16.66% and 58.33%, respectively. The
disease severity in BS+ benlate combination was 16.66 % whereas in NS+ benlate
combination it was 24.99%. No disease was recorded in the pots containing combination
of B+ benlate in both types of soils. B amendment was found to reduce the the disease
effectively (85.71%) in both kinds of soils. However, benlate proved less effective
(57.14%) in NS when used alone, but gave high effectiveness (85.71%) when used in
combination with BS and BS+B. These results suggest that broccoli plant material may
help reduce the root and stem rots when used alone or in combination with the benlate
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EVALUATION OF BROCCOLI PLANT MATERIAL INCORPORATION INTO SOIL FOR
THE CONTROL OF SCLEROTIUM ROLFSII SACC. AND SCLEROTINIA SCLEROTIORUM
(LIB.) DE BARY IN TOMATO UNDER GREENHOUSE CONDITIONS

and rotation with broccoli may be a suitable practice to manage these diseases not only
in tomato but also in other susceptible hosts. Broccoli amendment could also be helpful
for managing the other soil borne pathogens.

Key words: Broccoli, S. rolfsii, S. sclerotiorum, cultural control, crop rotation

INTRODUCTION

The cultivated tomato (Lycopersicon esculentum Mill.) is an important vegetable
and has a nutritional significance, as source of vitamins A and C. Tomato is also one of
the major vegetable crops of Turkey. In Turkey, the crop is widely grown in fields as
well as in the plastic tunnels and greenhouses. The greenhouse and plastic tunnel
cultivation is responsible for the regular and continued supply of fresh tomato through
out the year.

Plant diseases become the limiting factor in tomato production in many parts of
the world when cultivars with resistance to numerous diseases are not planted. There are
nearly 200 known tomato diseases of diverse causes and ctiologies (Jones and Johes,
1997). Among the aforesaid number of pathogens the soil born pathogens especially the
sclerotia producing (Sclerotinia sclerotiorum and Sclerotium rolfsii) fungi are very
important. These pathogens cause economic losses not only in tomato but also in a lot of
other economically important vegetables. Control of these diseases involves host resistance,
exclusion, eradication and protection in an integrated pest management program.
Unfortunately, host resistance is unavailable against these pathogens in most crops,
including tomato (Jones and Johes, 1997).

Because of prolonged survival of the sclerotia in infested soil, a key to managing
root and stem rot diseases is to reduce the number of sclerotia in soil to levels too low to
cause the disease. Reduction of sclerotia is usually accomplished with a combination of
chemical and cultural methods (Subbarao et al. 1999).

Interest in non-chemical approaches to manage soil borne diseases has been a
priority with special emphasis on sustainable and organic agriculture. Brassica crop
residues reduce propagules of soil borne pathogens and result in the concurrent decrease
in the incidence and severity of plant diseases (Davis et. al., 1996; Subbarao et. al.,
1994). Amendments of soil with cruciferous residues can suppress certain soil borne
pathogens and root diseases. Recently, however, it has been determined that broccoli
(Brassica oleracea L. var. botrytis) reduced the number of Verticillium dahliae micro-
sclerotia in soil and Verticillium wilt on cauliflower (Subbarao and Hubbard, 1996).
Taking the plea that as S. minor also produces sclerotia, Subbarao (1998) evaluated the
rotation of lettuce with broccoli to reduce S. minor sclerotia and lettuce drop incidence.
In the 2- year experiment, he observed that, not only were the number of sclerotia in soil
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reduced but also the incidence of lettuce drop on the subsequent crop was significantly
lower in the broccoli treated plots. In the same way, number of viable Pythium ultimum
and S. rolfsii propagules were reduced by 75 and 93%, respectively, after 10 days of
exposure to volatiles from heated cabbage-amended soil (Gamliel and Stapleton, 1993).
But the same compounds from the nonheated cabbage -amended soil reduced the
number of viable propagules of P. ultimum by 15% and of S. rolfsii by 12%.

The objectives of this study were: (i) to investigate whether incorporation of
broccoli residues effectively reduces the incidence of white mold and southern stem
blight diseases of tomato in the greenhouse. (i1) To determine the rate of growth of these
pathogens in broccoli soil and normal soil. (iii) Compare the effectiveness of broccoli
residue incorporation with Benlate and Rizolex, normally used fungicides against S.
sclerotiorum and S. rolfsii respectively. It was a preliminary study; it further needs to
work on this topic because of its ease of application, economics and environmentally
friendliness.

MATERIALS and METHODS
Materials

Experiments were conducted during March to May of 2001 in the greenhouse of
the Ege University, Faculty of Agriculture, Department of Plant Protection, Bornova,
Izmir. The fungal material used in the trials has already been collected for the Ph.D.
study from various plastic tunnels/ greenhouses and open fields located in Izmir, Antalya
and Aydin areas. Some of the isolates were also utilized from the culture collection of
the Ege University, Department of Plant Protection. Out of 20 S. sclerotiorum and 3 S.
rolfsii isolates one for cach pathogen was selected.

The plant material was obtained from the Toros —Histle, nursery plant producing
firm, Antalya. The seedlings of F-191 variety were used in the experiments. The soil
material used was obtained from the garden of the Horticulture Department, where
Broccoli crop was being grown for the last two years. Soil along with the broccoli plant
residues (leaves, stem, roots) was taken up to the maximum depth of 25-cm (Subbarao
et al. 1999). The soil which is normally used for the cultivation of crops in pots (mixture
of: sand, soil, farmyard manure in 1: 1: | ratio) was also used in the study.

Method

Treatments and experimental design:

The experiment include 10 treatments divided in to two groups for each
pathogen:

A: Broccoli Soil: 1. No residue + S. rolfsii 2. B + S. rolfsii 3. No residue + Rizolex +
S. rolfsii 4. B + Rizolex + S. rolfsii 5. No residue + S. sclerotiorum 6. B + S. sclerotiorum
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7. No Residue + Benlate + S. sclerotiorum 8. B + Benlate + S. sclerotiorum 9. B + BS
Control (-) 10. BS Control (-).

B: Normal Soil : 1. No residue + S. rolfsii 2. B + S. rolfsii 3. No residue + Rizolex +
S. rolfsii 4. B + Rizolex + S. rolfsii 5. No residue + S. sclerotiorum 6. B + S. sclerotiorum
7. No residue + Benlate + S. sclerotiorum 8. B + Benlate + S. sclerotiorum 9. B + NS Control
(-) 10. NS Control (-).

The treatments were arranged in a completely randomized block design with four
replications. The fresh broccoli residue was chopped in to small picces with the help of
a cutter. The amount of broccoli to be incorporated in to the experimental pots were
mixed as fresh broccoli (8% wt / wt broccoli / soil) i.c 180 g of chopped fresh broccoli
per pot. The amount of the broccoli added to the soil corresponds to the fresh weight of
the broccoli remaining after a typical commercial broceoli harvest in Salinas Valley
(Koike and Subbarao, 2000).

Inoculum Preparation:

The wheat grains were boiled in tap water for 30 minutes. The boiled grains were
put into 250 ml glass bottles up to half-length of the bottles and sterilized in an
autoclave at 121°C for 40 minutes. A 5 mm discs of agar covered with the mycelium of
both the pathogens were placed in to the bottles containing the sterilized wheat grains.
The bottles were incubated at 24°C for 4 weeks. After the pathogen has fully covered
the grain surfaces with the mycelium the grains were then dried at room lemperature.
This inoculum was applied to cach pot at the rate of 5 g/ pot at the time of broccoli
incorporation into soil. In addition, 15 sclerotia of each pathogen were also added to the
soil. A S grams of sterilized wheat grains were added to control pots.

Growing Medium:

The growth medium was prepared by adding fi inely chopped broccoli residues to
the soil taken from the field in which the broccoli crop was cultivated as well as to the
normal soil to be used in the treatments containing the broccoli amendments. The ratio
of the broccoli: soil was 8% wt/wt soil. The soil incorporated with broccoli was
sterilized with formaldehyde solution. The soil was well acrated before filling in to the
pots. The soil was infested with the sclerotia of the pathogens as well as the mycelium
grown on the wheat grains and was kept at 24°C for 12 days, after irrigating the pots to
the field capacity. Three tomato seedlings were transplanted to each pot after 12 days of
incubation at 24°C. The pots containing the standard chemical treatments were treated
with the commercial doses of the chemicals after one week of transplantation of the
seedlings to the pots. All the pots including the positive and negative controls were
covered with the polyethylene bags already moistened up to 95 -99% with water. The
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covered pots infested with S. sclerotiorum were kept at 20-24°C whereas the pots
infested with the S. rolfsii were incubated at 24-26°C for 5-6 days. The evaluation of the
discasc intensity was made using the standard scale published by the Ministry of
Agriculture, Forest and Rural Affairs, Turkey (Annonymus, 1996). The disease severity
was evaluated at one-week interval for one month.

RESULTS

Broccoli residue amendment effectively reduced the incidence of root and collar
rot of tomatoes, and consequently, improved plant growth. Before covering the pots, no
infection of the tomato plants were detected up to 2 weeks after transplanting in all the
treatments except in one broccoli amended pot where only one plant was found to be
infected.

Assessment of Disease:

In case of S. rolfsii the disease severity in B amended BS was 24.99% and in non
amended BS was 91.66%. The disease severity in B amended NS was found to be
66.66% whereads in non amended one the same was 83.33%. No disease was observed in
the pots treated with rizolex alone or in combination with other treatments (Table 1). No
discase was found to occur in the negative control pots in case of both the soil types.

Table 1. The disease severity and percent effectiveness achieved in different treatments for S. rolfsii.

Treatments Disease severity (%) Effectiveness (%)
BS +B 24.99ab 69.99
BS 91.66a 0.00
NS +B 66.66a 25.00
NS Control (+) 83.33a -

BS + Rizolex 0.00c 100.00
NS + Rizolex 0.00c 100.0
BS + B+ Rizolex 0.00bc 100.0
NS + B+ Rizolex 0.00c 100.0
BS Control (-) 0.00c -
NS Control (-) 0.00c -

BS + B Control (-) 0.00c -
NS + B Control (-) 0.00c -

Means followed by the same letters in the column are not significantly different, statistical significance was
accepted at (P <0.01). NS: Normal soil, BS: Broccoli soil, B: Broccoli plant material.
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Data regarding the pots infested with the S. sclerotiorum, is presented in Table 2.
The disease severity in the B amended BS and non amended BS was 16.66% and
58.33%, respectively. The disease severity in NS amended with B and non amended was
also 16.66% and 58.33%, respectively. The disease severity in BS+ benlate combination
was 16.66 %, whereas in NS+ benlate combination it was 24.99%. No disease was
recorded in the pots containing combination of B+ benlate and negative controls in both
types of soils. B amendment was found to reduce the disease effectively (85.71%) in
both kinds of soils. However, benlate proved less effective (57.14%) in NS when used
alone, but gave high effectiveness (85.71%) when used in combination with BS and
BS+B.

Table 2. The disease severity and percent effectiveness achieved in different treatments for S. Sclerotiorum.

Treatments Disease severity (%) Effectiveness (%)
BS+B 16.66ab 85.71
BS 58.33a 0.00
NS +B 16.66ab 85.71
NS control (+) 58.33a -
BS + Benlate 16.66ab 85.71
NS + Benlate 24.99ab 57.14
BS+ B+Benlate 0.00b 100.00
NS +B+ Benlate 0.00b 100.00
BS Control (-) 0.00b -
NS Control (-) 0.00b -
BS+B Control (-) 0.00b =
NS+B Control (-) 0.00b -

Statistical significance was accepted at (P < 0.01), means followed by the same letters in the column are not

significantly different. NS: Normal soil, BS: Broccoli soil, B: Broccoli plant material.

DISCUSSION

Results from this study clearly demonstrate that broccoli reduces the incidence of
diseases caused by S. rolfsii and S. sclerotiorum in tomato. In case of the broccoli
residue treatments the incidence / severity of the disease remained the same throughout
the course of the experiment.

The decreased effectiveness of the broccoli residues may be due to the higher
moisture content of the BS (favorable conditions for the development of the pathogen)
as the.soil in question was a clay soil whereas NS was a mixture of sand, clay and farm
yard manure. No change in the disease incidence was noticed with the passage of time,
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in case of treatments containing broccoli residues. The disease incidence in pots
containing BS with no broccoli residue was found to be much higher (91.66%) than the
broccoli amended pots. The disease incidence observed in pots containing NS amended
and non-amended with broccoli was 66.66% and 83.33% respectively. No disease was
observed in the negative control in both kinds of soils. This decrease in disease may be
attributed to the generation of sulfur-containing toxic volatile compounds. Previous
studies have shown that aldehydes, isothyonates and sulfide volatile compounds are
toxic to soil born plant pathogens (Lewis and Papavizas, 1971). Our these results are also
supported by (Gamliel and Stapleton, 1993) wherein they report that volatile compounds
from non-amended soils that was either heated or non heated had no effect on pathogen
viability. It means that broccoli residue has got the antifungal effect against soil borne
pathogens. Glucosinolate, (Subbarao et al. 1999) produced as a result of enzymatic degradation
of broccoli residues, a sulfur-containing compound has got the antifungal effect. But on
the other hand, Gamliel and Stapleton, (1993) and Mayton et al. (1996) report that the
volatile compounds released during the decomposition process are not entirely responsible
for germicidal effect. Such volatile compounds have been implicated as toxicity factors
towards a range of plant pathogens (Gamliel and Stapleton, 1993; Kienath, 1996).
Generally, most of the beneficial effects of amendments with Brassica spp. have been
attributed to glucosinolates, which are sulfur containing compounds present in all parts
of species belonging to the family Brassicaceae. But, Shetty, et al. (2000) is of the opinion
that glucosinolates are not toxic by themselves but their bi-products like thiocyanates,
nitriles, epithionitriles and oxazolidine -2 — thiones are toxic. But on the other hand, in
vitro studies with broccoli extract mixed in to media were found ineffective to control
the growth of V. dahliae. 1t means factors other than glucosinolate may be responsible
for inhibitory action. Glucosinolate decomposition products may have limited direct role.
Subbarao, et al., (1999) suggested a biological mode of action, a sustained suppression
of soilborne pathogens results from the activation of components already present in the
soil. It is plausible that the microbial population changes resulting from broccoli residue
decomposition also increase competition among root colonizers thus limiting infection
foci for the pathogens.

The biological suppressive action may result due to the compounds released from
the broccoli or its decomposition products on population density and activities of other
microorganisms. Broccoli crop residue is rich in lignin, and the enzymes involved in the
biodegradation of lignin can degrade fungal melanin easily. Melanin is responsible for
the protection of fungi from certain biotic and a biotic factor. As the microsclerotia of
V. dahliae is a melanized structure, (Shetty,et. al., 2000) it can be said that biodegradation
of broccoli can also affect the microsclerotia of the fungus. The same hypothesis may
also be true for the S. sclerotiorum and S. rolfsii.

In summary, rotation with broccoli and residue incorporation in to the soil can be
used effectively for the control of the root and collar rot diseases of tomato. This
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cultural practice may be helpful in reducing the inoculum and, consequently, the disease
incidence in the heavily infested fields to avoid economic losses. The development of a
rotational scheme using broccoli could also reduce the use of synthetic pesticides. This
practice can be helpful and beneficial for the management of other soil borne pathogen
t0o, in greenhouses and in the arcas where daytime temperature is very low and solarization
is not practicable.

OZET

SERA KOSULLARINDA DOMATESLERDE SCLEROTIUM ROLFSII SACC.
VE SCLEROTINIA SCLEROTIORUM (LIB.) DE BARY’UN SAVASIMINDA
TOPRAGA BROKKOLI BITKI MATERYELININ EKLENMESININ ETKISi
UZERINDE ARASTIRMALAR

S. rolfsii ve S. sclerotiorum, Tiirkiye’de agikta ve serada yetistirilen domateslerde
kok, kokbogaz ve govde giiriikliiklerine yol agan ve olusturduklar sklerotlar nedeniyle
kiiltiirel ve kimyasal savagim yontemleriyle topraktan uzaklastirilmalan gii¢ olan
patojenlerdir. Bu ¢alismada, brokkoli bitki materyelinin (B) hastalik ¢ikisina ve topraktaki
patojen propagiillerinin azalmasina olan etkisi sera kosullarinda aragtirilmistir. Brokkoli
uygulamasinin etkisi, énceden brokkoli yetigtirilmis toprak (BS) ve énceden brokkoli
yetigtirilmemis toprak (NS) olmak iizere 2 tip toprakta arastirilmigtir. Hasattan sonra
tarlada kalmig brokkoli bitkilerinin yesil aksami ve kokleri parc¢alandiktan sonra bu
topraklara eklenmis (%8, w/w) ve 15 giin sonra dikim yapilmistir. Bu arada brokkoli+
rizolex (S. rolfsii) ve brokkoli+benlate (S. sclerotiorum) kombinasyonlarinin etkisi de
incelenmigtir.

S. rolfsii: BS+B kombinasyonunda hastalik siddeti %24.99, B eklenmemisg BS’de
%91.66 oraninda bulunmustur. (B) eklenmig NS’de hastalik siddeti % 66.66 iken, B
cklenmemis NS’de %83.33 olmustur. Rizolex’in tek bagina veya yukaridaki kombinas-
yonlarda uygulanmasi halinde % hastalik siddeti "0" olmustur. Buradan, bu etmenin énceden
brokkoli yetistirilmis toprakta baski altina alinmasinin miimkiin oldugu (etkililik % 70)
sonucuna varilmistir,

S. sclerotiorum: BS+B kombinasyonunda hastalik siddeti %16.66 iken, B
cklenmemis BS’de %58.33 olarak bulunmustur. Bitki artiklari (B) eklenmis NS’de
hastalik siddeti yine %16.66 iken, B cklenmemis NS’de yine %58.33 olmustur. BS+
Benlate kombinasyonunda hastalik siddeti % 16.66, NS+Benlate kombinasyonunda %
24.99 olmus, benlate’in eklendigi BS+B ve NS+B kombinasyonlarinda ise hastalik
siddeti % "0" olmustur. Bu etmenin kontroliinde ise her iki toprak tipinde bitki artiklari-
nin eklenmesi hastalik siddetini 6nemli oranda diisiirmiis, etkililik % 5 olmustur. Ayrica
benlate+NS kombinasyonu hastaligi yeteri kadar kontrol edemezken (%57.14) benlate’in
BS ve BS+B kombinasyonlari sirasiyla %85.71 ve %100 oraninda etkili olmustur.
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Bu sonuglar, domates yetistiriciliginde brokkolinin iiretim desenine alinmasi ve
artiklarinin tarlaya kazandirilmasi halinde her iki etmenin de baski altina alinabilece-
gine, kimyasal kullaniminin azalabilecegine isaret etmektedir. Bir olasilikla bu etki bu
iki patojene konukguluk eden diger kiiltiir bitkileri igin de gegerli olabilir. Ayrica
brokkoli uygulamalan diger toprak kaynakl patojenleri de baskilayabilir.

Anahtar Kelimeler: Brokkoli, S. rolfsii, S. sclerotiorum, kiiltiirel savagim, ekim
nobeti
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