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The Detection Of Citrus Exocortis Viroid By Polyacrylamide
Gel Electrophoresis

Mehmet OZASLAN Ahmet CINAR

Department of Plant Protection Dcpartment of Plant Protection

Faculty of Agriculture Faculty of Agriculture

University of Cukurova University of Cukurova

Adana - TURKEY Adana - TURKEY
ABSTRACT

Citrus Exocortis viroid has been reported all over the citrus groving coun-
tries of the world. The pathogen contains 371 nucleotides with a low molecular
weight. Even thought all of the citrus cultivars are suspectible to this pathogen the
most important damage occurs on the mandarins. First, we selected tripholiate
(Poncirus tripholiate L.) plants at the base of symptomatological apperance
and used this material for research work.

After purification of the viroid, cellulose chromatography was used to have
higher concentration of viroid and to measure the amount of nucleic acids in each
Jraction, and then we applied Polyacrylamide Gel Electrophoresis. F. inally, we
have obtained the bands on the surface of %5 PAGE gel (first dimension) and
UREA+%5 PAGE Gel (second dimension). 260/280 ratio of purified material
was found to be 1.83. We have obtained this ratio as a 1.98 after application of
cellulose column chromotography. The nucleic acid concentration was found
more at the 2nd, 3rd, 4th and 5th fractions than that of others.

Apperance of the viroid bands on the gel surface showed that the causal
agent of the symptomatologically selected samples was found to be infected by
Citrus Exocortis Viroid (CEV).

INTRODUCTION

Turkey has been growing citrus trees for centuries, nearly all destined for
the local markets. In more recent years, Turkey citrus industry has started to
modernize its production system a sharp increase in fruit output and a growing
importance in the world trade. Estimates of 1984 - 1985 crop provide figures of
about 1.350.000 tons (1). As ncw plantings come into bearing, total Turkish Cit-
rus Production is cxpected to continue to grow up in the near future. However
productivity of citrus orchards in Turkey is considered fairly modest if compared
to that of many advanced citrus growing arcas of the world. In this case new
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plantings using selected virus - free propagative materials arc necessarry to in-
crease productivity in citrus orchards. Attemps have becen made in the last three
decades to produce healthy budwood to be distrubuted to citrus growers. How-
ever, all initiatives were discontinued and most growers are still utilizing materi-
als which are infected by one or more intraccllular pathogens i.e. viruses and my-
coplasma like organisms (16).

Up to surveys for citrus diseascs, almost all mandarin trees are infected by
Citrus exocortis viroid in Turkey (9 and 16). Mandarins are the very important
exporting fruit for Turkish planters. According to estimates of D.I.E. (State Sta-
tistic Institute) reports, in 1985 there were 5.337.000 mandarin trees and
890.000 mandarin scedlings (1). At the present, nobody may certificate them for
virus and virus-like organism. Therefore, the production system in Turkey Citrus
industry is still inducing the trees to be infected by virus and virus-like discases.

Citrus exocortis viroid has a large host range (mostly Mandarins, Tangelos
and then Grapefruits, Oranges and rarcly Lemons). It is casily transmissible by
tools (budding and pruning tools). It is also a mechanically transmitted pathogen.
Up to now there is no any organism found (o be a vector of citrus exocortis vir-
oid. The pathogen has only onc stranded RNA which can be found in circular
form or linear form. It's molecular weight is about 105.000 daltons and it's RNA
chain has about 371 of nucleotides. It attacks to the Rutaccae, Solanaccac and
Compositaceac familics. It is alrcady reported (rom the all citrus growing coun-
tries of the world (9, 10, 12, 18, 24).

The technique is a version of the technique of polyacrylamide Gel clectro-
phoresis. It is easy to identify the strains of pathogens in ultrastructural base. It is
well known that if pathogens arc determined with their-own genetic structure of
code and weight of the seperated molecule, results at the end of work is absolute-
ly perfect. Because, even the strains of intracellular pathogens has a little bit dif-
ferences between cach other of strains. Even though detection by scrological test,
we may have just the strain of that own antiscra uscd during the test. However,
by means of two dimensional polyacrylamide gel clectrophoresis, We may sce all
differences between the strains of any pathogen. In the other hand, there is no
technique to determine viroids by means of biomolecular manner.

Finally in this work we determined the viroid bands on the gel surface
which were showing us the material (taken from trifoliate orange) was infected
by Citrus Exocortis Viroid.

MATERIALS and METHODS

In this rescarch, the exocortis viroid was purificd and characterized by two
dimensional polacrylamide gcl clectrophoresis. The used technique was a version
of the technique reported by J.S. Semancik et all. 1987.
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Viroid purification and characterization mainly includes the following
steps;
Tissue extraction
Purification
GF - 11 Cellulose Column chromotography
PAGE (Polyacrylamide gel electrophoresis)
. Native conditions
. Denaturative conditions
. Staining and observation of the bands.

Tissue extraction phase;

Previously collected tissue infected by CEV (symptomotology cally select-
ed from the orchards) was extracted in the buffer containing, 0,4 M. Tris-HCl
pH : 8,9 + 0.8% SDS+5.00mM Titriplex + 4% MCE (2 Mercapthoethanol) + 1
M LiCl + 4% PVP.

During the extraction, phenol solution was added in to the extraction glass-
flask (the proportion equal to 1 gr tissue, 1 ml Buffer and 3 ml Phenol).

Viroid purification phase :

Extracted tissue was transferred to centrifuge tubes or bottles in 9.000 g
for 20 minutes. Immediately, a clear but aqucous layer was found over a solid in-
terface of plant debris and at the lower heavily pigmented phenolic phase. The
plant debris may also form a pellet below; a liquid bilayer between the aqueous
and phenol phases. Remowing aqucous layer and adding a 1/20 times volume of
4 M Soduim Acetate pH 5.5 and a minimum of 3 times volumes of 95 - 100%
ethanol incubation at -40C for 1 hour. Centrifuge for 10 minutes in 10.000 rpm.

Remove the supernatants and drain pellets containing nucleic acids until ex-
cess ethanol is disappreared. Covere the pellets with a minimum volume of TKM
Buffer (Tris-HC1 10 mM + KC1 10 mM + MgCI2 0.1 mM pH.7.4 with HCl) and
then resuspend the pellets with agitation. Transfer slurry to dialysis tubing dia-
lyze with rapid stirring on a magnetic stirrer at 4°C overnight against in 1 litre of
resuspansion buffer (TKM BUFFER). Remove the sample from dialysis tubing
to centrifuge tubes and add 1 volume of 4 M LiCl hold at +4°C for overnight. Re-
tain supernatant containing LiCl soluble nucleic acids (mainly DNA, 4S and 5S
RNA and viroids). Discard pellet of LiCl insoluble nuclcic acids (Mainly riboso-
mal RNAS).

Add a minimum of 3 volumes of 95 - 100 % cthanol and hold at -40°C for
1 hour. Centrifuge in 7.000 - 10.000 rpm. for 20 minutes. Decant and drain etha-
nol from pellets and dry in vacuo.

Resuspend pellets in an appropriate volume of resuspension buffer (more
or less 5 ml.)

Keep at -40°C up to be used. In this step viroid purification is partially fin-
ished. However, the quality of the analysis will be markedly improved by further
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processing by means of Cellulose Column Chromotography.

CF - 11 Cellulose Column Chromatography :

This technique can be utilized as an analytical approach to characterize vir-
oid RNA by serial elution in an ethanol gradient. The method is as follows :

- Measure a limited quantity of cellulose and disolve in STE buffer (0,10
M NaCl+1,00 mM+0,05 M Tris HCI pH = 7,2) wash 2-3 times kecp in the re-
frigerator at 4°C overnight centrifuge in 7000-8000 rpm for 10 minutes and col-
lect pellets and hold vacuum about one hour Addition of (65, %S5
STE+35%Ethanol) washing against with 35% ethanol STE buffer fill it into a
column. The cellulose in the column was about 4-5 cm long, washing with 35%
Ethanol STE, put the kept samples (from purification) into a small quantity of
STE buffer add cthanol and 10% STE again. The sample solution to inject into
the column was read now. Inject gently on to cellulose column the sample solu-
tion, the column with 35% Ethanol STE buffer. Elution by STE buffer collect
carefully the fractions, at least 4-6 void. Adding on to each fraction tubes 1/20
Na-Acetate and 2-3 times more cthanol. Keep at -40°C for 2 hour. Centrufigation
10.000 rpm for 10 minutes. Collect the pellets and resuspend in TKM buffer.
Measure each resuspended pellets with Spectrophotometers (in 260 and 280 nm)

Add a small volume of LiCl 4M, lcave at +4°C overnight. Centrifugation
12000 rpm for 15 minutes, collect the supernatants. Precipitate the nucleic acids
with the addition of 1/20 volume of 4M sodium acctate and at least 2-4 volumes
of ethanol. Hold at -40 for overnight. Centrifuge again for 15-20 minutes at
10.000 rpm and collect the pellets, finally resuspend pellets in TKM buffer.
Measure again each material with Spectrofotometers (in 260 and 280 nm).

Polyacrylamide Gel Electrophoresis (PAGE) Verification for the detection
of a suspected viroid can be made by a PAGE analysis sequence including.

Non-denaturing 5% PAGE- for the obtain viroid zone

Denaturing PAGE (pH=6,5) for the obtain circular viroid forms.

Denaturing PAGE (pH=8.3) for the obtain circular and lincar forms.

The knowledge for stock solutions used in the rescarch can be taken from
viroid purification and characterization prepared by Semancik (1987).

Native Conditions (5% PAGE)

Assemble glass form to receive polymerization solution. Mix contents of
two beakers containing the following solution in the indicated amounts :

BAKER 1 BAKER 2

12.0 Ml Dist. Water 5.0 Ml Stock A*

10.0 ML. Stock C* 0,48 Ml Ammonium Persulphate
2.4 Ml Stock B* (APS)
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* Stock solutions are enclosed as appendix.

Fill form, place sample well comb, and let stand for 30 minutes. withdraw
sample well comb. and lower spacer attach to chamber and fill electrode reser-
voirs with 1/10 dilution of stock D. Mix samples with 1/4 volume of Glycerol
and load into wells fine tip Pasteur pipettes. Load outermost wells with mixture
of tracking dyes. Apply constant current voltage, 54 mA at 4°C for 3-4 hours.

Remove the gel from the chamber and form. Soak with gentle agitation in
the ethidium bromide solution for 10 minutes. Observe the gel directly over 2 UV
transillumination source. Cut Horizantal strip as defined by viroid zone, depend-
ing upon viroid and transfer to denaturing gel.

Denaturing Phase

- Assemble glass form for polymerization solution.
- Mix rapidly the contents of two beakers containing.

BEAKER 1 BEAKER 2
14.4 gr. UREA 2.5 ml Stock B
7.0 ML. dist. Water 0,5 ml APS
3.0 ml stock G

5.0 ml stock A

dissolve on low heat.

Immediately fill form, leaving a flat surface with sufficient space for ex-
cised native gel piece and allow to stand for I hour.

Remove lower spacer and attach to the chamber. Do not add buffer or an
liquid to the gel surface until immediately prior to use. :

After section has been removed from native gel fill electrode reservoirs and
cover the top surface of the gel with denaturing gel buffer.

- Float excised section on the top of the denaturing gel making as close a
contact as possible. Add a few drops of Xylene - Cyanol - Glycerol mix next to
the outer edges of the gel strip. Apply constant current voltage, 15 mA at 24 'C
for about 3-4 hours. Remove the gel from the form add stain with silver nitrate
for maximum sensivity of detection. Staining procedures can be taken from the
articles of Semancik (1987) and Ozaslan (1988)

Viroid purification and PAGE electrophoresis processes will be completed.
If our samples are infected, we should obtain some indicated bands on the sur-
face of PAGE gel.
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RESULTS

Viroid was purified by the technique used sy Semancik (1986). After puri-
fication, 260/280 ratio was found to be 1.83. According to this ratio, viroid con-
centration in the samples low. In order to increase the viroid concentration, CF-
11 Cellusose Column chromatography is utilized. The technique is applied ofter
combination of Semancik (1986) and Duran - Vila (1986) and collected 12 frac-
tions and each was measured. The measurements was showed that viroid concen-
tration were higher in the fraction number of 2, 3, 4 and 5 than all others. Ac-
cording to results of applied CF - II Cellulose Chromatography the molecular
weight of nucleic acids in our samples was found to be 80.000 - 110.000 dalton
(see the figure 1.). In this step, we started PAGE electrophoresis to see viroidal
zone and viroid bands corresponding CEV pathogen. During first dimension of
electrophoresis we applicd 54 mA of current voltage to reach of Xylene - Cyanole
bands up to 7.2 cm on the gel surface it took about 3 and half hours. At the end
we obtained a viroid zone in the pellet of infected samples while there was ano
zone in the healthy ones (see the illustration of PAGE work).

It showed that these bands could be viroid zone (sce figure 2). According
to literature we followed, we were ready to start the sccond phase of electrophor-
esis just to distinguish each viroid subform scperately. Thercfore, we applied 15
mA of current voltage to the gel (in the first experiment 5.4 hours, 2 nd 6.5 hours
and 3 rd 7.0 hours). After clectrophoresis we obtained visiuable bands of viroid
forms on the UREA + PAGE gel and we distinquised circular and linear forms of
Citrus Exocortis viroud (Sce figure 3). In order to have well defined results we
applicd the Return Gel electrophoresis. In this phase all conditions were as same
as second dimension. After Return - Gel Electrophoresis, we observed a viroid
zone in perpendicular idirection. Obviously, there was neither zone nor band in
the wellet of healthy control (See figure 4).

According to the results of these examinations we may say that our sam-
ples from the triopholiate plants are to be infected by Citrus Exocortis Viroid
(C.E.V.).

DISCUSSION

As indicated in the first, Turkey have been producing citrus fruits for many
centuries. It has 5.337.000 mandarin trees and 890.000 scedlings (5, 9, 16).

In Turkey, actually since many ycars the varicly improvement programme
of decidious fruit crops has been utilizing (o obtain virus-free fruit trees. Howev-
er, in case of citrus the works are recently started.

In this work, we aimed at to offerk a new technique to can be used in the
indexing programmes for citrus virus and virus like discascs.
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The results of work, are the same with the results of Schlemmer (1983),
Shumacher (1984) and Semancik (1984 - 1986) in case of application of tech-
nique and obtaining of viroid bands. Viroid bands are showed that symptomato-
logically selected trees are infected by Citrus Exocortis Viroid (CEV) (According
to comparison of the results with the reports of authoriter researchers in this
field). Actually our work will present a new direction of indexing programmes to
the workers in case of biochemically detection. In other hand, it will construct a
good basis to be held the project of recombination of nucleic acids and then to be
held a project of the detection of well-defined strains of any perfect pathogen.

OZET

TURUNCGIL EXOCORTIS ViROIDiNI}V POLIAKRILAMID GEL ELEK-
TROFOREZ (PAGE) TEKNIGI ILE SAPTANMASI

Turunggil Exocortis hastalif1 diinyada turunggil tarimi yapilan biitiin
bolgelerde rapor edilmis olan, 371 niikleotid'den olugan, diisiik molekiil agirliklt
bir viroidtir.

Calismada simptomolojik olarak exocortis ile bulagik oldugu belirlenen ti¢
yaprakli bitkisinden (Poncirus trifoliata), viroid artilmis, seliiloz kolon kro-
motografisinden gegirilerck yogunlagtirilmig ve son olarak % 5 PAGE gel (1.
Boyut) ile Ure + %5 PAGE gel (II. Boyut) iizerine verilerck viroidal bandlar elde
edilmigtir.

Viroidin PAGE teknigi ile antilmasindan sonra &lgiilen UV-absorbans
degerlerine gore 1.83 olarak saptanan 260/280 orani seliiloz kolon kromotografi-
sinden sonra 1.98 olarak saptanmis ve niikleik asit yogunlugunun, toplanan 12
fraksiyondan 2, 3, 4 ve 5 inci franksiyonlarda digerlerine oranla daha yiksek
olduu tesbit edilmisgtir.

Calisma sonunda simptomolojik olarak segilen 6reklerin Turunggil Exo-
cortis Viroidi ile bulagik oldugu belirlenmistir.
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ABSTRACT

Within 3 years (1985, 1986 and 1987) diseased cotton leaves with angular
water-soaked spots were collected in different regions of Turkey (Adana, Atalya
and Izmir). More than 100 isolates of the pathogen Xanthomonas campestris
pv. malvacearum were obtained. Race identifications were performed under the
standardized conditions of a growth chamber (day : 12 h, 20.000 lux in plant
height, 26.5 °C, 75 % RH, night : 19,5°C, 85 % RH).

Six of the ten differential cultivars of upland cotton (Gossypium hirsu-
tum L.) reacted to be susceptible, which characterized all the bacterial isolates as
race 7. After the isolates had been stored for several months on YDC-AGAR they
infected only 5 cultivars, this reaction being characteristic of race 6. Ca. 1/10 of
all isolates split into mutants when inoculated in the incompatible cultivar
"Stoneville 20". These mutants caused watersoaked sports on "Stoneville 20"
and, thus, belonged to the highly virulent race 10.

The 12 most important Turkish cotton cultivars, including "Deltapine 15/
21" and "Caroline Queen 201" were highly susceptible towards the Turkish iso-
lates of Xanthomonas malvacearum. In order to reduce losses by this dis-
ease it is suggested to incorporate resistant genes into the Turkish cotton culti-
vars. The disease incidence can also be minimized by delinting the cotton seed
with sulphuric acid and by growing cotton in rotation with other crops regularily.

INTRODUCTION

In the Aegean, Mediterrancan and South-East provinces of Turkey angular
leaf spot of cotton (Xanthomonas campestris pv. malvacearum) can
cause serious losses depending on the weather conditions. In 1985 the disease
caused heavy yield reduction (estimated loss 25 %) in the Cukurova-region,
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where 2/3 of cotton in Turkey is grown (Anonymous, 1986). Chemical control
of the disease is insuficient (Giindogdu and Kaya, 1973; Tiirker et al., 1972), so
that resistant cultivars are very important (Brinkerhoff et al., 1984). The success,
however, is dependent on the prevailing races of the pathogen. Up to 20 different
races have been decribed in different parts of the world (Follin, 1983; Ruano and
Muhan, 1982; Zachowski and Rudolph, 1988).

It was the aim of these studies to characterize the bacterial strains causing
angular leaf spot of cotton in Turkey in the years 1985, 1986 and 1987 by inocu-
lating a set of diffcrentials of upland cotton. We also started to characterize the
degree of discase resistance of the most commonly grown cotton cultivars (Gos-
sypium hirsutum L.) in Turkey.

MATERIALS and METHODS

Seeds : Sceds of the set of differential cotton lines, as developed by
Hunter et al. (1968) and supplemented by Bird (personal communication), were
obtained from L.S. Bird (College Station, Texas A and M University). This set
consisted of the following lines : Acala 44, Stoneville 2B-S9, Stoneville 20, Me-
bane B-1, 1-10B, 20-3, 101-102B, Gregg, Empire and DP X P4b. Line 101-
102B possesses resistant genes B2B3 and additional not yet characterized resist-
ant genes. Line "Gregg" was included in order to differentiate races 1 and 2 from
races 11 and 12. All these cotton lines were further propagated in Gottingen by
growing them in isolated greenhouse chambers. The cotton line "Acala 44" was
used for the first pathogenicity test of newly obtained isolates of the pathogen.
"Acala 44" docs not possess any resistant genes towards known races of X.
malvacearum. Sceds of this cotton linc were also abtained from A. Novacky
(Columbia, Missouri, U.S.A.). Twelve Turkish breeding lines as well as the
highly resistant cultivar "Tamcot Camd-E" from the U.S.A. were also included in
the resistance tests.

Cultivation of cotton plants : Sceds delinted in sulphuric acid (Hunt-
er and Brinkerhoff, 1964) were sown in carthen pots (11 x 13 cm) in
"Einheitserde" (=peat). The pots were incubated in a growth chamber and were
watered daily. Conditions of the growth chamber were : day : 12 h light, 2x10*
lux in plant height, 26.5°C, 75 % relative humidity; night : 19.5°C, 85 % relative
humidity (Brinkerhoff and Presley, 1967).

Bacterial isolates : A strain of race 18, which was isolated in Nicara-
gua in 1986 (Zachowski and Rudolph, 1988), was used for resistance screening.

Isolation of bacteria : At 20 diffcrent locations in the 3 main cotton
growing areas of Adana, Antalya and [zmir in Turkey infected leaves with typical
symptoms were collected between 1985 and 1987.
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Isolates were obtained immediately in Adana and transferred ontoYDC-
agar slants. Isolations were also performed in Gottingen. Leaves with typical
spots, which were dark brown in the dried stage, were disinfected on both sides
with 70% ethanol. With a sterile scalpel 4x4 mm leaf pieces were cut and com-
minuted in 1 ml boiled tap-water by mortar and pestle. The homogenate was dis-
tributed on Petri platcs with bromothymol blue containing XA-agar (starch as car-
bon source). After 5 days incubation at 27°C typical colonies were selected and
streaked in Petri plates containing the same medium for further purification. Typi-
cal single cultures were transferred to slants of XA-agar.

Culture of bacteria : The bacteria were cultured on yeast extract pepton
liquid medium (Rhodes, 1959), YDC-agar (Wilson et al., 1967) and on XA-agar
(Lehmann, Danzinger et al. 1989).

Storage of bacterial cultures : a) In cotton leaves : artifically inocu-
lated leaves of the line "Acala 44" with typical discase symptoms were detached,
surface sterilized by soaking in 0,5 % NaOCI for 8-10 sec and washed in sterile
distilled water for 30 sec (Bayles and Johnson, 1985). The leaves were air-dried
at room temperature and stored at 15°C. Bacteria could be reisolated on purpose
by homogenization and dilution plating.b) Lyophilized cultures (in skim milk)
were stored at 4°C. ¢) On slants : Test tubes containing 5 ml of XA-medium were
incubated for 3-5 d at 27°C to assure bacterial growth and then stored at 4°C.

Plant inoculation : a) Pathogenicity testing of isolates : Bacteria were
grown for 3-5 days on XA-agar and dircctly suspended in 5 ml boiled tap-water.
Using a preparation ncedle, which had been dipped into the bacterial suspension,
the abaxial surfaces of 4-6 week -old cotton plants, cv. "Acala 44", were careful-
ly scratched so that a small injury was caused (Bird-and Tsai, 1982). Plants were
subsequently incubated in the greenhouse or growth chamber. b) Race identifi-
cation and resistant screening : Bacteria were grown on XA-medium at 27°C for
3-5 d, transferred to 25 ml nutrient solution (Rhodes, 1959) in 100 ml Erlecnmey-
er {lasks by a loop, then agitated on a shaker (150 rev. x min-1 for 24 h at 27°C)
and pellcted by centifugation. The pellet was resuspended in boiled tap-water and
adjusted to an O.D. of 0.06 at 660 nm. This suspension was diluted 1:100, cor-
responding to ca. 5x105 CFU. ml-1 (determined by dilution plating). With a
glass atomizer under air pressure of 1 kg. cm2 the abaxial leaf surfaces were
carcfully sprayed until small water-soaked spots became visible (Rudolp, 1984).
Plants were incubated in a growth chamber, and discase Symptoms were record-
ed every 2 nd day for a period of 20 days.

RESULTS

Isolation of bacteria : Up to 50 typical spots occurred on the naturally
infected plants per Ieaf. From one spot 5x10*7 CFU of X. malvacearum per ml
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were obtained. Five to six days after streaking infected leaf homogenates onto
XA-agar orange- red, round and mucoid colonics (1-2 mm diameter) became vis-
ible. During growth of the colonies the originally dark-blue coloured medium
changed into a brighter colour (especially around the bacterial colonies) and final-
ly vanished completely. Thus, appearance of colonies was in accordance with
earlier studies (Zachowski and Rudolph, 1988).

Origin of bacterial isolates : The pathogen was isolated from cotton
cultivars "Deltapine 15/21", "Caroline Qucen 201", "Cukurova 1518", "Adana
967/10" and "Decltapine 61" (from Adana and Antalya), "Nazilli 84" (From
zmir).

Inoculation experiments : Pathogenicity testing : During the three
years more than 100 pathogenic isolates were tested by the "scratch-method re-
sulted in fast and reliable reactions. 102 out of 110 bacterial isolates caused typi-
cal symptoms on line "Acala 44". Two weceks after inoculation, at the edges of
the scratched lines angular, water-soaked spots appeared which later became ne-
crotic. Similar symptoms were ncver obscrved with the remaining 8 isolates,
which were therefore regarded as non-pathogenic.

Identification of races : More than 100 isolates were tested. Most of
them gave a rather homogenous pattern on the set of differential cultivars. Six
lines (Acala 44, Stoncville 2B-S9, Mcbane B-1, 1-10B, 20-3 and Gregg)
showed a typical susceptible reaction, and the other 4 lines (Stoneville 20, 101-
102 B, Empire and DPx P4b) reacted as resistant. This pattern is characteristic
for race 7 (Bird, personal communication).

However, all the bacterial strains which had been isolated in Turkey and
were stored on YDC-agar for some months before the inoculation experiments,
could no longer infect line "20-3", which reacted resistant. This pattern has been
described for race 6.

Resistance testing : All tested 12 Turkish cotton cultivars proved to be
highly susceptible to the bacterial strains isolated in Turkey or Nicaragua (Table
1.) Alrecady 6-8 days after inoculation 1-2 mm diameter water-soaked spots be-
came visible on the abaxial Icaf surfaces. The extending and coalescing spots fi-
nally causcd a total nccrosis of the lcaf tissue. The solely exception was the
American cultivar "Tamcot Camd - E" which did not show any symptoms after
inoculation.

Occurence of virulent mutants "in planta" : During the race identi-
fication tests it was regularly observed that 1/10 of all isolates inoculated into the
incompatible line "Stoneville 20" split into virulent mutants. These became visible
by causing water-soaked spots within the necrotized tissuc arca. Isolation of bac-
teria from these water-soaked spots resulted in strains, which clearly reacted
compatible with cultivar "Stoneville 20" in addition to those listed for the race 7-
isolates. Thus, these mutants could be characterized as race 10.
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DISCUSSION

The aim of the here reported investigations was to characterize the isolated
strains of X malvacearum as well as 1o gain more knowledge on the variability
of the bacterial isolatcs.

The composition of the growth medium during bectarial cultivation and
storage appeared to be decisive for preservation of virulence. While all isolates
stored on XA-medium were able to infect the cotton cultivar "20-3" containing
the resistance gene Bn (Brinkerhoff, 1970), isolates stored on chalk agar had lost
the capability to infect cv. "20-3". Similarly, Brinkerhoff (1963) reported that
PDA-medium caused a weakening and dextrose containing medium a loss of vir-
ulence of some races of X. malvacearum Verma and Singh (1976) studied the
effect of a glucose containing mediuim (YGCA) on the virulence of X. malvac-
earum for 5 years. These authors found that strains which were virulent towards
two and more resistance genes lost virulence not before 4 years of artificial cul-
ture. Loss of virulence for one resistant gene did not effcect virulence towards oth-
er genes.

On the other hand, more virulent mutants than the mother strain can appear
during growth "in planta", as demonstrated by our finding of a more virulent mu-
tant in the incompatible cotton line "Stoneville 20". Similar results were obtained
by Schnathorst (1970) who had inoculated "Stoneville 20" by race 1. when re-
isolations were performed 56 days later, some strains belonged to race 2. Schna-
thorst (1970) associated the appearance of this mutation with the presence of re-
sistance gene B7 in this line. The rather short time period in which the mutations
occured in our experiments may be explained by the higher virulence of race 7
compared to race 1 (Hunter ct al., 1968). Recently, Essenberg ct al. (1985) re-
ported that the phytoalexin 2,7 - dihydroxycadalene (DHC), which is induced in
cotton by X. malvacearum, was able after activation by light to cause breaks in
purified DNA plasmids. DHC also destroyed the enzymatic activity of purified
deoxyribonuclease I. This ability may have enhanced the mutagenic ativity of this
and similar phytoalexins for pathogenic microorganisms.

Our results of race identification indicated that race 7 of X. malvacearum
played a dominant role in discased cotton arcas of Turkey in 1985-1987. Race 7
was also determined in bacterial isolations from Iran (Zachowski and Rudolph,
unpublished). The occurence of this not very highly virulent race allows to grow
a rather broad variety of resistant or tolerant cultivars.

Resistant screening of Turkish cotton cultivars and the fact that 2/3 of the
cotton cultivars grown in Turkey comprise the two susceptible cultivars Caroline
Queen 201 (1/3) and Deltapine 15/21 (2/3) suggest the introduction of resistance
genes into the favourite cultivars. If this is not feasible within short time other
cultivars should be tested under Turkish conditions. However, also other meas-
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ures to reduces losses by angular leaf spot can be effective, as seed delinting with
sulphuric acid and crop rotation.
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OZET

TURKIYE'DEKI XANTHOMONAS CAMPESTRIS PV.
MALVACEARUM 1ZOLATLARI UZERINDE IRK TESHISLERI
VE TURK PAMUK KULTiVARLARININ DEGISiK IRKLARA KARSI
REAKSIYONLARI

1985, 1986 ve 1987 yillarinda Tirkiye'nin degisik bolgelerinden (Adana,
Antalya ve Izmir) koseli Icke simptomlart gosteren hastalikli pamuk yapraklar
toplanarak, bunlardan 100 den fazla koscli yaprak lcke etmeni (Xanthomonas
campestris pv. malvacearum) izolatlari clde edildi. Irk tesbit ¢caligmalart belirli
kosullara (Glindiiz 12 saat 20.000 lux, 26°C, % 75 orantili nem, Gece 19.5°C, %
85 orantilt nem) ayarlanmig iklim odalarinda yiirtitiildi. Testlenen upland pamuk
gesitinin (Gossypium hirsutum L.) 10 hattan 6's1 duyarli bulunmusg ve tiim iz-
olatlar 1rk 7 olarak tanimlanmistir. Irklar birkag ay YDC-Agar lizerinde kiiltive
edildikten sonra, bunlardan yalniz 5 hat hastalanmig ve 1rk 6 gibi davranmiglardir.
Izolatlar uygun hat "Stonevilla 20" yapraklarina inokule edildikleri zaman tim iz-
olatlarin yaklasik 1/10'nu mustasyona uframistir. Mutantlar bu yapraklarda
yiiksek virulent irk 10 gibi tipik su emmis lekeler olusturmuglardir. 12 énemli
Tiirk pamuk ¢esiti 6zellikle bunlar arasinda "Deltapine 15/21" ve "Caroline Queen
201" Tiirk izolatlarina karg yliksek duyarlilik gostermiglerdir. Hastalik sonucu
ortaya ¢ikan kaybr azaltmak i¢in Tiirk pamuk c¢esitleri yonlinden dayaniklilik
1slahi 6nerilmektedir. Hastaligin zararini, tohumlarin siilfirik asitle havinin
alinmasi ve pamugun diger kiiltiir bitkileriyle ekim nobetine alinmasiyla oldukca
azaltmak miimkiinddir.

59



RACE IDENTIFICATION OF XANTIIOMONAS CAMPESTRIS PV
MALVACEARUM 1SOLATES

LITERATURE CITED

ANONYMOUS, 1986. Tarim Orman ve Koy Isleri Bakanhig il Miidiirliigii Bitki
Koruma Sube Miidiirliigli ADANA. 1985 Yili ¢aligma raporu Program
teklifi, p. 18.

BAYLES, M.B., and W.M. JOHNSON, 1985. Growth of homologous and het-
erologous phytopathogenic bacteria in cotton lines susceptible, resist-
ant, or immune to blight. Phytopathology, 75, 515-519.

BIRD, L.S. and A. TSAI, 1982. The MAR (multi-adversity resistance) system
for genetic improvement of cotton. Plant discase 66 172-176.
BRINKERHOFF, L.A., 1963. Variability of Xanthomonas malvacearum :
the cotton bacterial blight pathogen. Oklahoma Agric. Exp. Sta. Techn.

Bull. T-98, 95 p.

BRINKERHOFF, L.A., 1970. Variation in Xanthomonas malvacearum and
its relation to control. Annu. Rev. Phytopathology, 8, 85-110.
BRINKERHOFF, L.A. and J.T. PRESLEY, 1967. Effect of four day and night
temperature regimes on bacterial blight reactions of immune, resistant,

and susceptible strains of uplant cotton. Phytopathology, 57, 47-51.

BRINKERHOFF, L.A., L.M. VERHALEN, W.M. JOHNSON, M. ESSEN-
BERG, and P.E. RICHARDSON, 1984. Development of immunity to
bacterial blight of cotton and its implications for other diseases. Plant
Disease, 68, 168-173.

ESSENBERG, M., M. PIERCE, J.L., SHEVELL, T.J. SUN and P.E. RICH-
ARDSON, 1985. Sesquiterpenoid phytoalexins and resistance of cotton
to Xanthomonas campestris pv. malvacearum. In ; Plant Cell/
Cell interactions, current communications in molecular biology. Eds. I.
sussex, A. Ellingboe, M. Crouch and R. malmberg, pp. 145-149
(abstr.) Cold spring Harbor Laboratory, NY, U.S.A.

FOLLIN, J.C. 1983. New races of Xanthomonas campestris pv. malvac-
earum virulent to the B2-B3 gene combination in Gossypium hirsu-
tum L., Proc. Belt. Cott. Pr. Res. Conf. report of the bacterial blight
Commitee, 5.

GUNDOGDU, M. and S. KAYA, 1973. Less Essais sur 1' effecacite de perecot
40 contre le Xanthomonas malvacearum (E.F., Smith) Dowson,
Plant Protection Rescarch Annual, Ankara, Tarim Bakanlifi Zirai
Miicadcle ve Zirai Karantina Genel Midirligii Aragtirma Subesi Say1 7
pp. 226.

HUNTER, R.E., L. A.BRINKERHOFF, 1964. Longevity of Xanthomonas
malvacearum on the surface and within cotton sced. Page 11 in : Re-
port of the Bacterial Blight Commitce. Proc. Cotton. Dis. Council, 7-8
January 1964, Mcmphis, TN. Published by National Cotton Council,
Memphis, TN, 125 pp.

60



M.A.ZACHOWSKI, O. CINAR and K. RUDOLPH

HUNTER, R.E., L.A., BRINKERHOFF and L.S. BIRD, 1968. The develop-
ment of a set of upland cotton lines for differentiating races of Xantho-
monas malvacearum Phytopathology, 58, 830-832.

LEHMANN - DANZINGER H., H. DAXL and A. VANEGAS, 1989. epiphy-
totic of angular leaf spot (Xanthomonas campestris pv. malvac-
earum) on cotton in Nicaragua. J. Phytopathology (in preparation).

RHODES, M.E., 1959. The characterization of Pseudomanas fluorescens.
J. Gen. Microbiol. 21, 221-263.

RUANQO, O. and S.K. MOHAN, 1982. A new race of Xanthomonas cam-
pestris pv. malvacearum (Smith) Dye in Prana State. Fitopatologia
Brasileira, 7, 439-442.

RUDOLP, K., 1984. Multiplication of Pseudomonas syringae pv. phoseol-
icola "In planta". I. Relation between bacterial concentration and wa-
ter-congestion in different bean cultivars and plant species. Phytopa-
thol. Z., 111, 349-362.

SCHNATHORST, W.C., 1970. Altered host specificity in race 1 of Xantho-
monas malvacearum by passage through a resistant variety of Gos-
sypium hirsutum. Phytopathology, 60, 258-260.

TURKER, R., M. BICICI, and M. YUKSEL, 1972. The experiment on Xan-
thomonas malvacearum (E. F. Smith) Dowson with Porecot 45.
Plant Protection Research Annual Ankara, Tarim Bakanhigi, Zirai
Miicadele ve Zirai Karantina Genel Miidiirliigi Aragtirma Subesi, Sayt
6 pp. 224.

VERMA, J.P. and R.P. SINGH, 1976. Races of Xanthomonas malvacear-
um, loss in their virulence and the protective cffect of avirulent strains,
heat killed cells and phylloplane bacteria. Journal of Plant Diseases and
Protection, 83, 748-757

WILSON, E.E., F.M. ZEITOUN and D.L. FREDRICKSON, 1967. Bacterial
phloem canker, a new diseasc of Persian walnut trees. Phytopathology,
57, 618-621.

ZACHOWSKI, A. and K. RUDOLPH, 1988. Characterization of isolates of
bacterial blight of cotton (Xanthomonas campestris pv. malvac-
earum) from Nicaragua. J. Phytopathology, 123 (in press).

61



J. Turk Phytopath., Vol. 19, No:2, 63-70, 1990 ISSN 0378-8024

The Occurence Of Pseudomonas corrugata
On Tomatoes In TURKEY
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ABSTRACT
In 1989 we received samples of tomato plants with symptoms of Tomato
Pith Necrosis from the greenhouses of Aegean-Region. Symptoms of infection
were leaf chlorosis, stem lesions and the necrosis of the pith, which produced
scattered hollow areas. A bacterium isolated from three samples in pure culture
was identified as Psedomonas corrugata according to morphological, bio-
chemical and pathogenicity tests of 3 isolates. This is the first report of tomato
pith necrosis caused by P.corrugata in Turkey.

INTRODUCTION

There are about 15000 da. of tomato growing arcas under greenhouses in
Aegean Region and production areas are gradually increasing.

Between the years of 1986-88, it was found that there were some symp-
toms with stem lesions and the necrosis of the vessels and pith, which produced
scattered hollow areas on tomatoes in certain green-houses. Finally infected
plants were wilting and drying. In 1988, P.cichorii was isolated from infected
tomatoes causing stem necrosis (Demir and Giindogdu, 1988). But in 1989 a
non-fluorescent Pseudomonas sp. was isolated from similar enfected plants
(Fig.1). Adventious roots were observed on the stems of naturally infected toma-
toes in greenhouses (Fig.2). A similar discasc of tomato described carlier by
Scarlett et al. (1978) in England, causcd by P. corrugata. Pathogen was isolat-
ed from healty roots of greenhouse-grown alfaalfa plants in USA (Lukezic,
1979). Tomato stem pith necrosis causcd by P. corrugata was recorded in sev-
eral reports (Lai et al. 1983; Jones et al. 1983; Alivizatos, 1987; Scortichini,
1989).

This study was conducted to identify the plantpathogenic bacteria isolated
from tomatoes and to compare them with known strain of P.corrugata.

MATERIALS and METHODS

Isolation of the pathogen: Infected tissue at the margin of a necrotic
area was surface-sterilized with 70 % ethanol and washed in sterile water. These
infected parts macerated in Sm1. sterile water and suspension was streaked on
plates of King's medium B (King et al. 1954) and Sucrose Nutrient Agar Plates
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were incubated for 48 hours at 24-26°C. Isolates were maintained on Nutrient
Glycerol Agar during the study at 4°C.

Bacterial cultures used for comparative studies:

Two cultures of P. corrugata (NCPPB 2445 and 2458) were obtained
from the National Collection of Plant Pathogenic Bacteria Harpenden, England
and one culture of P. cichorii (NCPPB 2547) from J.Janse, Plant Protection
Service-Wageningen. Our isolates designated LE/4, LE/8 and LE/16 were origi-
nally isolated from infected tomato plants taken from green-houses in Mugla (Fe-
thiye) and Aydin (Cine).

Pathogenicity tests:

Pathogenicity of the three unknown isolates were compared with two
known strains of P. corrugata. Isolates were grown for two days on Nutrient
Agar at 24°C. Suspensions were prepared at 3x107 cells per ml. Three-week old
tomato plants of F-152 and Carpy Tm VENC (F 207) cultivars were inoculated
by injecting 0.1 ml of bacterial suspensions through the stem nodes in to the pith
with a 1 ml. syringae. Premature tomato {ruits were inoculated by injecting 0.1
ml of bacterial suspensions with a 1-ml syringae.

Plants were grown at 22-24°C under plastic bags. After 2 weeks external
and internal symptom were observed and bacteria were reisolated from arecas of
discoloured pith.

Morphological properties :

Colony characteristics were determined alter 2 days incubation at 25°C Su-
crose Nurienth Agar and Kings B medium (King et al., 1954). Reaction to the
Gram-stain were determined using 24-h NA cultures.

Physiological and biochemical properties :

Growth at 41°C was dctermined alter 24-h in nutrients broth (NB, Difco)
in a water-bath. Salt tolerance was checked after 48-h growth in NB with S % w/
v NaCl. for oxidase activitiy, the Kovacs (1956) method was applied and to de-
tect catalase activity a loopful bacteria of a 24-h SNA culture was smeared into a
drop of 10 % v/v H,0,. H,S production was dctermined using the Skerman
(1967) method. Gelatin hydrolysis, nitrate reduction, production of levan from
sucrose, anaerobic breakdown of L (+) arginine and starch dehydrolysis were
detected by the methods of Lelliott et al (1966). Pectolytic activity was deter-
mined on the pectate medium according to Hildebrand (1971) at pH 8.8. Hyper-
sensitivity reaction was determined in tobacco leaves (cv. White Burley) with a
suspension of 10® cells ml ! in sterile, distilled water from a 24-h NA culture
(Klement, 1963).

_'Growth on carbon sources was recorded on the minimal medium (MM) of
* Ayers et al. (1917). Sugars and other substances likely to be decomposed by au-
toclaving were filter-sterilized (0.2 m Millipore) and included in MM (1 %w/v).
The following substances were tested as carbon sources: aesculin glycerol, inosi-
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tol, mannitol, sorbitol, lactose, rhamnose, threchalose, maltose, mannose, sucrose
and glucose.
RESULTS

Isolation and characterization of the pathogen :

Non fluorescent bacteria that produced slightly irregular, rounded, mucoid,
buff yellow colonies when grown on King's B medium (King et al. 1954) for 48
h were consistetly isolated from diseased tomatoes.

Bacteria were gram-negative and rod-shaped. All isolates were oxidase and
catalase positive showed only oxidative methabolism of glucose, not produced
diffusible pigment on King's B medium, showed growth in 5 % NaCl, produced
hypersensitivity in tobacco, hydrolysed gelatin, reduced nitrate attacked L (+) ar-
ginine, Na isolate hydrolysed starch or pectate, produced H,S and produced le-
van.

After five days, the bacteria produced in acsculin, glycerol, mannose, mal-
tose,mannitol, raffinose, sorbitol, sucrose and i-inositol. Acid was not produced
in rhamnose, lactose and sorbitol. The P. corrugata strain usced the same car-
bonhydrates as the three tomato isolates.

The results of bicchemical and physidogical comparison tests completed on
the three tomato isolates were similar to the known strains of P. corrugata
(Table 1 and 2).

Table 1. Results of physiological and biochemical tests of Pseudomonas

corrugata and the tomato isolatcs

Comparative tests Strains
P.cichorii P.corrugata lomalo strains
NCPPB NCPPB NCPPB LE/4 LE/8 LE/16
2547 2445 2456

Tobacco hypersensitivitiy

+ + + + + +
Oxidase + + + + + +
Fluorescent pigment + = - - - -
Arginine dihydrolase = 3 + + + +
Starch hydrolase = - - - - -
Levan : - - s . = =
Nitrate reduction . g 4 < 4 +
Catalase + + + + o+ 4
Gelatin hydrolysis g i + + £ +
Pectinase - d L - = .
OF - - e e e 4
Growth in 5% NaCl . x . : i 3
Growth in41°C - + + + 4 L
Poly-B-hydroxybutyrate - + + + + +
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Tablo 2. Utilization of carbonhydrates and alcohols by P. cichorii,
P.corrugata and the tomato strains

Strains

P.cichorii P.corrugata Tomato strains
Compoundstests NCPPB NCPPB NCPPB LE/4 LE/8 LE/16

2547 2445 2456

Carbonhydrates:
Sucrose - + + + + +
Rhamnose - - - - = -
Glucose a4 + + + + 4
Maltose - + + + + -
Threhalose - + + + + +
Mannose + + + + + +
Lactose - - - - = .
A-Galactose 4 + + + + i
Alcohols:
Mannitol + + + + + o+
Sorbitol e = - . - =
Inositol + + + + + +

Pathogenicity tests:

Plants inoculated with the isolated bacteria displayed symptoms identical to
those observed under natural conditions. The tomato strains and P. corrugata
caused necrotic lesions on tomato stems. Necrosis in the pith usually extended 4-
5 cm. from the inoculation site; however wilting had not occured (Fig.3). Two
tomato isolates and P. corrugata causcd nccrotic pith lesions on tomato fruits
four days after inoculation (Fig.4).

DISCUSSION
A discase with the following symptoms has been noticed the last years in
tomatoes grown under three plastic or glaass-houses of Acgen Region. Firstly,
the lower leaves of the infected plants become ycllow and then sometimes all
leaves may turn yellow. At the same time a brown discolouration appears in the
pith and the wessels of the stem or even in the lcaf stalks, the peduncles and the
root system. Adventitious roots were observed on the stems of naturally infected
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tomatoes in greenhouses. These symptoms similar to those described by Scarlett
et al. 1978.

Three isolates from infected plants had similar characters with P. corru-
gata (NCPPB 2245, 2456) and these isolates were identified as P. corrugata
according to morphological biochemical and pathogenicity tests.

This is the first report of tomato pith necrosis caused by P. corrugata in
Turkey.

It is known that P. corrugata can survive in the soil as well as in irriga-
tion water (Scarlett et al. 1978) and on alfalfa roots (Lukezic, 1979). The bacteri-
al population of 3.1x10* CFUx9 of soil was shown to be sufficient to develope
infections (Scortichini, 1989).

OZET
Tirkiye'de Domateste P.corrugata'min ortaya cikigi

1989 yilinda Ege Bélgesinde incelenen 136 domates serasinin 3'iinde Do-
mates Oz Nekrozu belirtileri saptanmustir. Infekteli bitkilerde 6ncelikle alt yaprak-
larin sararmas giderck tiim yapraklarda sararma, ayn1 zamanda govde, yaprak
sapt, meyve sapi ve kok sistemindcki iletim demetleri ve 6ziin kahverengilestigi
belirlenmigtir. Bu belirtilerin yanisira infekteli bitkilerde govde lizerinde adventif
kok olugumlart gozlenmistir.

Hastalikl1 bitkilerden elde edilen 3 izolat, morfolojik, biyokimyasal ve pa-
tojenisite test sonuglarina gore Pseudomonas corrugata olarak tamlanmistir,
Bu rapor, Tiirkiye'de Domates Oz Nekrozu etmeni P. corrugata'nin varligini
ilk kez ortaya koymaktadir.
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A B

Fig 1. Symptoms of tomato pith necrosis on naturallyinfected tomato in-
cluding (A) brown necrotic areas of pith and (B) brown discolora-
tion in the fruit stalks.
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Fig 2. Adventitious roots on the stem of a naturally-infected tomato.

Fig 3. Carpy Tm VENC (F 207) showing stem pith necrosis and infected
petiole 8 days after stem inoculation with isolate LE/8 from tomato.,
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Fig 4. Smptoms caused by tomato strains and P. corrugata on tomato
fruits.
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Untersuchungen Zur Bestimmung Und Methodik Von
Fungal - Flora an Mais - Samen

Hiiseyin AKTAS Berna TUNALI
Forschungsinstitut fiir Pflanzenschutz,
Ycnimahalle - ANKARA

ZUSAMMENFASSUNG

Zur Bestimmung der Fungal - Flora und der verschiedenen Pathogenen an
Samen finden an meisten die routinemaessige Blotter - oder Agar - Haehrboden -
Methoden Anwendung. Bei beiden Methoden ist jedoch zu beobachten, dass die
Samen innerhalb der 8 bis 10 taegigen Inkubationszeit keimen, Koleoptile und
Keimwurzeln entwichkeln und sogar diese ineinander schliegen. Ubrigens ist es
bekannt, dass bei Untersuchungen am Stereo - Mikroskop einige Schwierigkeit-
en auftreten. Um diese Nachteile zu beseitigen und noch mehr Samen zur Unter-
suchung heranziehen zu konnen, haben wir versucht, die Anwendbarkeit der
Freezing - Blotter - Methode, die bei Gerste im Einsatz ist, bei den pathalogis-
chen Untersuchungen der Maissamen auszuprobieren. Zu diesem Zweck wurden
zwolf Methoden durchgefiihrt und die Unterschiede zwischen den Methoden fest-
gestellt. Es wurde weiterhin untersucht, ob durch Anwendung dieser Methoden
irgendwelche Aenderungen in der Fungal - Flora hervorgerufen werden.

EINLEITUNG

Dic Bemiihungen zur Bestimmung der Fungal - Flora an Samen liegen
schon mechrere Jahre zurtick (Ncergaard, 1979). Zu DicsemZweck werden am
meisten die routinemacssige Blotter - und Agar - Mcthoden cingesetzt. Durch
diese Methoden konnen dic Fungal - Flora and Kulturpflanzensamen untersucht
werden. So konnen z.B. die samen infizicrenden Pathogenen durch cine Vorbe-
handlung, d.h. durch Oberflacchendesinfcktion, und die Fungal - Flora sogar
ohne jegliche Vorbehandlung bestimmt werden (Noble 1958, Hosni et al. 1967,
Limonard 1968, Kulik 1971 a un b, Chidambaram ct al. 1973, Esuruoso et al.
1975, Leonard 1976, Iren und Maden 1977, Hampton and Matthews 1980, Gor-
don und Webster 1984). Bei den in der Samenpathologic angewandten routine
Blotter - und Agarmethoden ist dic Inkubationstemperatur, dic fiir dic Entwick-
lung der fungalen Errcger giinstig licgt, cignet sich auch fiir dic Kcimung and
Entwicklung der Samen. Dicse erschwert jedoch dic Untersuchung der Fungi an
den Samen und kann dazu fiihren, dass sich dic Fungi incinander verwickeln.
Insbesondere kann das Bewachsen der Samen in Blotter won den sich schnell
entwickInden Fungi beschleunigt werden und diese zu cinem Wirrwarr fiihren.
Weiterhin ist cs bekannt, dass bei der Untersuchung der in Petri - Schalen befind-
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lichen Samen unter Streomikroskop cinige Schwicrigkeiten auftreten. Um die
Nachteile solcher Art zu bescitigen und mehrere Samen in kiirzerer Zeit unter Ste-
recomikroskop untersuchen zu konnen, wurde dic zuvor bei Gerste [iir dic Be-
stimmung von Drechslera Arten cingesctzte (Kulik 1971 a, Jorgensen 1977,
Hampton und Matthews 1980, Gordon und Webster 1984). Kaclte - Schock -
Mcthode (Decp - Freezing Blotter) angewendel.

MATERIAL UND METHODE

Fiir jede in dicser Arbeit benutzic Mcthode wurde zufallsgemacss jeweils
400 Samen herangezogen. Mit der cinen Haclfte davon wurde der Versuch
durchgefiihrt und dic andere Haclfte wurde numecricrt und aufbewahrt (Ista,
1966). Fiir jede Mcthode wurde je 20 Petrischalen vorbereitet. In diesen sterilen
Pctrischalen wurden wiederum sterile Flicsspapicrscheiben (Blotter) in drei
Schichten cingebettet. Flicsspapicre wurden mit destilicriem Wasser gesacttigt
und in jede Petrischale je 10 Maissamen cingelegl. Wachrend der Inkubationzeit
wurden sic bei 23°C in cinen 16 stiindigen Helligkeitsperiode gehalten. Wie in
der Tabelle 1 ersichtlich, wurde bei jeder methode der Kaclteschock cingesetzt.
Einschlicsslich des Kaclteschocks dauerte dic Inkubationszcit bei jeder Mcthode 7
Tage. Nach der Inkubation wurde dic Petrischalen jeweiliger Methoden unter Ste-
rcomikroskop mit ciner Vergrosscrung von 80X beziiglich ihrer Fungalflora un-
tersucht. Fiir dic Bestimmung ciniger Fungusarten wurden sic pracparicrt. Bei
der Bestimmung wurden Barnett (1965), Booth (1971), Ellis (1971 und 1976),
Domsch ct al. (1980), Sutton (1980) zu Ratc gezogen. Dic herausgefundenen
Fungi sind in der Tabella 2 aufge(iihrt.

ERGEBNISSE

Bei der Behandlung, wo dic Maiskorner ohne Kacltschockwerfahren in
Blotter unmittelbar bei 23°C in 7 Tagen inkubicrt worden sind, wurde beobachtet,
dass cine 100 % ige Keimung crfolgt ist und aul jedem der Maiskdmer die fun-
gale Erreger erschicnen, wobei dic embryonalen Wurzeln sowie Koleoptile der
Maiskorner cine gesunde Entwicklung aufwicsen (Abb. 1). Dic Untersuchung
der Fungalflora an den Kornern unter dem Stercomikroskop war insofcrn
schwierig, als dic gekeimten Organe der Komer zeitweilig die Objective bedeck-
ten und die Sicht behinderten. Es wurde [erner beobachten, dass dic aul cinem
Korn entwickelten Fungi durch dic keimenden Organc aul andere Korner
tibertragen worden sind. Daher war cs notwendig, diese Organe mit Hillc won
Pinzcttc und Schere zu beseitigen, um dic Blotter cinwand(rei untersuchen zu
konnen. Dieses Verfahren ist jedoch auch nicht ganz frei von Nachteilen. So
werden z. B. dic Fungi an den Komern beschiacdigt, wenn dicse mit Pinzctte
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angefasst werden und die Fungi konnen durch Pinzette oder Schere weiter
libertragen werden. Daher ergibt sich dic Notwendigkeit, fiir jedes zu behandeln-
de Korn eine ncue Pinzette und Schere zu benutzen. Vor allen kénnen auch die
Pracparatc fir dic mikroskopischen Bestimmungen kontaminiert werden. Alle
diesc Umstacnde nchmen aber vicl Zeit in Anspruch.

Bei den Mcthoden, wo der Kaclteschock cingesetz wurde, koénnten fol-
gende Keimungsraten erziclt werden : bei -5°C und 24 Stunden 45.83 %
(Abb.2), bei -5°C und 48 Stunden 41.3 %, bei -10°C und 24 Stunden 36.6 %
(Abb. 3) und schlicsslich bei -10°C und 48 Stunden 20.8 % (Abb. 4). Bei den
Petrischalen dic bei -10°C cinem Kaclieschock ausgesetzt wurden, crfolgte weder
bei 24 noch bei 48 Stunden irgendeine Aenderung im Hinblich auf Fungalflora an
den Maiskomern, aber cine Verkiirzung an den keimenden Organcn war [cstzus-
tellen.

In Petrischalen unter 24 stiindigem kaclteschock bei -20°C blicb die Kei-
mung vollig aus. Ein Vergleich zwischen diesen und denen der Kontrollen crgab,
dass s gar keine Unterschicde beziiglich der Fungal - Flora gcgeben hat. Eine
100 % ige Keimung erfolgte bei der Methode, bei der dic Samen ohne Vorinku-
bation cinem dirckten Kaclteschock von 24 Stunden bei -20°C ausgesctzt wurden
(Methode 7). Dabei vicl cine schr gesunde Entwicklung von Kaimwurzeln und
Kolcoptile auf. Also der Kaclteschock bei -20°C, cinem Temperatur wo norma-
lerweise Maissamen nicht keimen kénnen, hat den gewiinschten Zweck erfillt,
Es ist aber wiinschenwert, dass dic Dauer des Kaclteschocks moglichst verkiirzt
wird. Wenn diese Zeitspanne auf Arbeitsstunden im Tag reduziert werden kann,
wiirde dics cine wesentliche Erleichterung bedeuten. Daher wurde liberpriift, ob
dic 24 stiindige Daucr des Kaclteschocks verkiirzt verden kann, Nach dem 24
stiindigen Kaclteschocks bei -20° wurden dic Samen in der Rceihenfolge 12, 6, 3,
2 (Abb. 5 und 6) und schlicsslich 1 stiindigem Kaclteschock ausgesctzt (Tab. 1).
In den petrischalen, die unter -20°C fiir 1 Stunde gehalten wurden, trat ciue
Keimungsrate won 20 % auf. Bei allen anderen Zeitperioden kam keine Kecimung
zustande. 1/4 der gekeimten Samen wicsen Anomalicn auf. Es tralen nacmlich
Verkiirzungen, Verdickungen und zahlenmaessige Reduzicrungen an den keim-
wurzeln auf.

Wachrend des Studiums der Unterschiede zwischen den in dicser Arbeit
ausprobicrten 12 Mcthoden wurde gleichzeitig dic Fungalflora an den 2400
Maiskomern untersucht, dic bei den genannten Methoden cingesetzt worden war-
en..Es wurde ferner untersucht, ob der Kaclteschock schon auf die Fungal flora
irgendwelche Wirkung ausgeiibt hat. Dic Fungi an den untersuchten Maiskémeri
sind auf der Tabella 2 augefiihrt.
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DISKUSSION UND BEMERKUNGEN

Die Fungi an den Maissamen wurden in dieser Arbeit sowohl durch routin-
emacssige Blotter Mcthode als auch durch Decep - Freezing Blotter Methode be-
stimmt. Es wurde keine Unterschicde zwischen den beiden Mcthoden beztiglich
der Fungalflora beobachtet. Schon Jorgensen (1977) sewic Hampton und Mat-
thews (1980) haben zur Bestimmung von Drechslera teres an Ger-
stenkornern die Deep - Freezing Blotter - Mcthode angewendet. Sic haben fest-
gestellt, dass es zwischen dieser und der routinemacssigen Blotter - Mcthode
keinen Unterschied bei Bestimmung von D. teres Erzcugung von D. gramin-
ea an den Gerstckomern dersclben Mcthode bedicent. Daraus crgibt sich, dass die
beiden Mcthoden bei derartigen Untersuchungen angewendet werden kénnen.
Decep - Freezing Blotter - Mcthode bei -20°C und 24 std. hat jedoch gegeniiber
anderen Methoden den Vorteil, dass dic Samen auch Kaclteschock vollig taub
werden und damit ohne irgendeine Vorbchandlung dirckt unter Stercomikroskop
untersucht werden konnen. Dies ermdéglicht Zaitsparen und Beschleunigung der
Untersuchung. Da cs sich dabei um keine Keimung der Samen und kein Aufgang
aus den Blottern handclt, wic dies bei routinemacssiger Blotter - Mcthode der Fall
ist, ertibrigt sich dic zusactzlichc Arbeit zum Entfcrnen der gekeimten Organe des
Samens.

Der 24 stiindige Kaclteschock bei -20°C in unscrer Arbeit veruirsachte kei-
nen Unterschied beziiglich der Fungalflora im Vergleich zur Kontrolle. In veiter-
en Arbeitsctappen wurde angestrebt, dicse Zeitspanne von 24 Stunden zu
verkiirzen. Es wurde dabei beobachtet, dass dic Blotter - Methoden mit den 2 und
3 stiindigen Kaclteschockverfahren bei -20°C in jeder Hinsicht mit denen der 24
stiindigen Verfahrens cbenbiirtig sind. Daher kénnen wir fiir dic Samenpatholo-
gic den 2 oder 3 stiindigen Kaclteschock bei -20°C bestens empfchlen.

Trotz der oben beschricbenen Nachteilen ist dic Blotter Methode immer
noch bei Samenpathologischen Untersuchungen im Einsatz (Hosni ct al. 1967,
Kulik 1971 a, b, Arnst 1978). Der Grund daliir ist ihre cinfache Arbeitsweise ge-
geniiber der Agar - Methode cinerseits und andererseits kann sic in kiirzerer Zeit
das Ergebnis liclcmn.

In der vorlicgenden Arbeit wurde an den Maiskdmermn am meisten Fusari-
um moniliforme Sheldon festgestellt. 80.95 % der untersuchten Maiskdmer
waren durch diesen Errcger verseucht gewesen. Darauf folgen dic in der Tabelle
2 aufgefiihrten Fungi.
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OZET

MISIR TOHUMLARINDA FUNGAL FLORANIN TESBITI
VE METOTLARI UZERINDE CALISMALAR

Tohumda fungal floranin saptanmasi ve patojenlerin varlifinin ortaya ko-
nulmasinda en ¢ok kullanilan rutin Blotter yontemi ya da agarli besiyeri ortami
yontemidir. Her iki yontemde de tohumun § - 10 giinliik inkubasyonu esnasinda
¢imlendigi ¢im koklerinin ve kolcoptilin gelistigi ve hatta birbirine karistif
gorilmistiir. Ayrica stereo-mikroskop altindaki incelemelerde bazi zorluklarin or-
taya ¢iktig1 da bilinmektedir. Bu dezavantajlan ortadan kaldirmak ve daha ¢ok ta-
neyi inceleyebilmek i¢in arpa tohum patolojisinde kullanilan Decp - Freezing
Blotter yonteminin, tarafimizdan misir tohum patolojisi ¢alismalarinda kul-
lanilabilirligi ortaya konulmaya galigilmigtir. Bu amagla oniki yontem kullamlmus,
yontemler arasindaki farkliliklar belirlenmigtir. Ayrica bu yontemlerin kul-
lanilmast ile fungal [lorada bir degisiklik olup olmadigr incclenmistir.
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Abb. 1. Keimung von Mciskorner bei Raumtemperatur (23°C)
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Abb. 2-6. Keimung von Maiskdmen nach unterschidlinke Koltebechandlung
(-5°C bic - 20°C)
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ABSTRACT

All the 67 isolates belonging to the 20 fungus species obtained from rotten
pears cv. Ankara caused decay on wound inoculated fruits at 22°C. However,
when the most effective isolates of the 20 fungus species were tested at 0°C, only
three of them,; Botrytis cinerea, Penicillium expansum and Monilinia
fructigena, caused significant decay. The most rapid decay was brought about
by Rhizopus stolonifer-at 22 °C, and Monilinia fructigena at 0°C. Ten fun-
gus species yielded decay on uninjured fruits at 22°C.

INTRODUCTION

Many fungi have been reported to cause rots on pear fruits (Valdebenito
and Pinto da Torres 1971). Most of workers statcd that majority of fruit rotting
fungi were wound parasites (Sommers 1986, Spotts 1986, Spotts and Cervantes
1986). There arc contradictory reports about fungi whether they are wound para-
sites or not. For instance, some workers mentioned that Penicillium expan-
sum could cause infcction on only injured [ruits (Barkai - Golan 1974, Borecka
1977), but others claimed that it was able to causc rot on intact [ruits (Valdebenito
and Pinto de¢ Torres 1971, Spotts 1985).

The sites of the penctration of the fungi to the uninjured [ruits were report-
ed to be lenticels (Fidler et al. 1973, Bertrand ct al. 1977, Bondoux 1981, Dennis
1983, Eckert and Ogawa 1988). Generally differences at the rates of decay
caused by various fungi at both 22 and 0°C were not very great but between the
two temparatures.

Since new rccords of fungi were obtained rom this pear cultivar and con-
tradictory reports were present, this study was done.
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MATERIALS and METHODS

For pathogenicity, both intact and injurcd fruits were inoculated. Inocula-
tions of injured fruits were done by puncturing a healthy looking surface disin-
fected fruit with a cork-borer 5 mm in diameter, placing a culture disc of fungi on
place of the removed disc and replacing the fruit disc on the culture (Conway
1983, Spotts 1986). In the controls only discs of purc PDA were placed in the
fruit Rosenberger and Meyer 1979). Then fruits were put into plastic bags and in-
cubated at 22 and 0°C. Inoculated fruits were examined after 7 and 75 days at
22°C and 0°C, respectivelly.

Many isolates of some fungi were employed in the tests carried out at 22°C
(Table 1). At 0°C, on the other hand, only onc isolatc of all the fungi which
caused the most rapid decay at 22°C was uscd (Spotts and Cervantcs 1986).

Pathogenicity of fungi on intact fruits was tested by placing culture discs of
fungi (6 mm in diamcter) on disinfected fruits an covering the discs with plastic
tapes.Only the rapid growing isolates of cach fungus was tested for this aim.
Each fruit was inoculated at two sides and 10 fruits were uscd. Examinations
were done after 4 and 20 days. The fungi cmployed in this test were given in
Table 2.

RESULTS

All the 67 isolates of 20 fungus specics belonging to 16 genera caused rot
on injured fruits in varying degrees at 22°C. This variation was scen not only be-
tween species but isolates too. However, 11 isolates caused very limited rot and
6 isolates did not cause any rot at 0°C. These results were given in Table 1.

Table 1. Average daily decay of 67 fungal isolates at 22°C and 17 isolates
at 0°C on wound inoculated fruits (Averages of ten fruits).

Fungi Number of Fruit decay (mm/day)
Isolates 22°C¢ rC

Alternaria 5 1.18 £ 0.04
tenuissima 1.04 £ 0.03

1.38 £ 0.02

1.38 £ 0.05 0.17 £ 0.008

1.35 £ 0.02
Aspergillus niger 1 322 £0.11 0.05 £ 0.006
A. parasiticus 1 228 £0.12 0.05 £ 0.004
Botryltis cinerea 11 531 +£0.11

82



M. GURER and S. MADEN

Fungi Number of Fruit dccay (mm/day)

Isolatcs 29°C

rC

Cladosporium
cladosporioides
Cytospora
chrysosperma
Diplodia mutila
Epicoccum
purpurascens

Fusarium acuminatum

F. semitectum

F. xylarioides
Monilinia fructigena
Penicillium expansum

23

4.77 £ 0.15
10.09 £ 0.32
4.83 £ 0.27
7.69 £ 0.24
3.81 £0.10
6.06 £ 0.13
9.36 & 0,25
9.26 £ 0.30
942 £0.17
3.61 £ 0.54

0.03 £ 0.01

4.83 £0.03
8.08 = 0.08
0.24 £ 0.04
0.36 = 0.05
0.25 £0.04
1.53 £ 0.06
0.98 £ 0.07
0.99 £ 0.09
1.03 £ 0.04
0.64 £ 0.06
0.72 £ 0.06
10:79 £0.12
431 £0.09
4.24 £ 0.06
4.24 £+ 0.08
4.23 £ 0.07
4.22 £ 0.07
421 +£0.04
4.09 £ 0.06
4.06 £ 0.06
3.98 £ 0.07
3.96 £ 0.06
3.94 + 0.06
3931012
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0
0.17 £ 0.006

0

0

0.11 £ 0.002
0.23 £ 0.007
1.34 £0.02

0.71 £ 0.006
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Fungi ' Number of Fruit decay (mm/day)
: Isolates 22°C 0°C

3.92 +0.08
3.86 £ 0.08
3.86 £ 0.11
3.81+£0.12
3.77 £0.07
3.64 £ 0.09
3.08 £ 0.08
3.01 £0.08
Penicillium expansum 298 £0.12
2.96 £0.17
2.78 £ 0.09
P. verrucosum var. 5 0.33 £0.04 0.07 £ 0.004
cyclopium 1.06 £ 0.11
0.08 £ 0.05
1.01 £0.13
0.48 £ 0.02
Phoma medicaginis 1 2.15 +£0.02 0
P. medicagini var. 1 2.65+0.11 0
pinodella
Rhizopus stolonifer 1 13.56 £ 0.43 0.03 £ 0.012
Trichoderma harzianum 2 2.39 £0.10 0.09 £0.02
2.18 £ 0.08
Trichothecium roscum 2 327+0.14
4.02+0.14 0.04 £ 0.008
Ulocladium atrum 1 0.95 + 0.05

As seen in Table 1, Rhizopus stolonifer caused the most rapid rot at
22°C with the rate of 13.56 £ 043 mm/day, but yielded a very weak rot at O°C.
The other fungi causing rapid rot at 22°C were Monilinia fructigena, Botry-
tis cinerea and Diplodia mutila with the rates of 10.79 £0.12, 10.09 + 0.32
and 8.08 £ 0.08 mm/day, respectivelly. On the other hand, at 0°C, Monilinia
Jructigena caused the highest rate of decay (1.34 £ 0.02 mm/day) and it was
followed by Botrytis cinerea (1.30 £ 0.1 mm/day).

At 22°C, differences in the rate of fruit dccay among the isolates of some
fungi were significant. For instance, the range of difference was 3.61 £ 0.54 -
10.09 £ 0.32 for B. cinerea, 2.78 £ 0.09 - 4.31 £ 0.09 mm/day for Penicilli-
um expansum and 0.33 £ 0.04 - 1.01 £ 0.13 mm/day for Penicillium ver-
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rucosum var. cyclopium. Even though, the differences between the isolates of
Penicillium expansum did not sccm so big, they were significant and 15
groups were established. This was insignificant [or Alternaria tenuissima and
Fusarium acuminatum.

There were differences among the specics of the genera too. For example,
Penicillium verrucosum var. cyclopium was rclatively a slow rotter com-
parcd with P. expansum, the isolate of the highest effcectivencss caused 1.06 +
0.11 mm/day rot. Fusarium acuminatum brought about the maximum rate of
decay among the three species.

Most of the fungi except Botrytis cinerea, Monilinia fructigena and
Pencillium expansum, cither causcd a very weak rot or did not cause decay
fruit at 0°C.

When fungi were inoculated to the entire fruits, diffcrent cffects were ob-
scrved at 22°C. Botrytis cinerea, Trichothecium roseum and Diplodia
mutila yielded decay on all of the 10 (ruits after 4 days from inoculation. At this
time, infected [ruits for Alternaria tenuissima wcre 9, and 5 for Fusarium
acuminatum, 3 for Rhizopus stolonifer and 1 for Monilinia fructigena,
Twenty days alter inoculation, these values were 10 [or Aspergillus niger, 7 for
Penicillium expansum, 2 for Aspergillus parasiticus. The other fungi did
not cause any dccay (Table 2).

Table 2. Numbers of infected [ruits inoculated with various fungi on

unwoundcd fruits at 22°C.

Numbers of rotten (ruits (Ten, fruits were
uscd for cvery fungus)
Afler 4 days After 20 days

Fungi from inoculation from inoculation
Botrytis cinerca 10 10
Trichothecium roscum 10 10
Diplodia mutila 10 10
Alternaria tcnuissima 9 9
Penicillium expansum = 7
Fusarium acuminatum 5 5
Aspergillus niger - 10
Aspergillus parasiticus ; 2
Rhizopus stolonifcr 3 3
Monilinia fructigena 1 5
Epicoccum purpurascens - -
Cladosporium cladosporoidcs - -
Ulocladium atrum - -
Trichoderma harzianu -~ -
Penicillium verrucosum var cyclopium - -
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As a result it was found that Alternaria tenuissima, Aspergillus ni-
ger, A. parasiticus, Botrytis cinerea, Diplodia mutila, Fusarium
acuminatum, Monilia frusctigena, Rhizopus stolonifer and Tricho-
thecium roseum mycelia and sporcs entered into intact looking fruits. Howev-
er, Cladosporium cladosporoides, Epicoccumm purpurascens, Penicil-
lium verrucosum var. cylopium, Trichoderma harzianum,
Ulocladium atrum could not infect intact fruits.

DISCUSSION

All the fungi isolated from rotten pear fruits were found to cause decay on
injured fruits at 22°C. Most of them had alrcady been reported as causal agents.
However, out of them, Aspergills parasiticus, Cytospora chrysosper-
ma, Diplodia mutila, Fusarium acuminatum, F. semitectum, F. xy-
larioides, Phoma medicaginis, P. medicaginis var. pinodella and
Truncatella angustata have not been reported on pears so far. Although these
fungi are new records, we do not think that they will be of economic importance
since they did not cause decay at 0°C, which is the standart storage temperature
for pears. At 0°C, which is the standart storage temperature for pears. At 0°C, M.
Sfructigena, B. cinerea and P. expansum wcre the most important fungi and
this was also confirmed by the other workers (Valdebenito and Pinto de Torres
1971). It was also stated that Botrytis cinerea and Penicillium expansum
could create infection at -1.1°C on onwounded pears (Spotts 1985).

Regarding with pathogenicity of various fungi at 22°C on injured and entire
fruits there have been conflicting reports. Some authors reported that Clados-
porium herbarum and Trichodermma viride caused decay on intact fruits
(Valdebenito and Pinto de Torres 1971, Bondoux 1981), we could not prove it
on Ankara pears. On the other hand, it was reported that Penicillium expan-
sum could not infect unwounded [ruits.

OZET

ANKARA ARMUTLARININ CURUK MEYVELERINDEN IZOLE EDIiLEN
FUNGUSLARIN PATOJENISITELERI

Ankara armutlarinda depo ¢liriikltigline neden olan 20 fungus tiirliniin 67
izolatinda 22°C'de yaralayarak yapilan patojenisitede meyveyi ciirtittiikleri belir-
lenmistir. Buna karsilik incelenen 11 fungus tiirtine ait 11 izolatin 0°C'de ¢ok
yavag gelistikleri saptanmigtir. 22°C'de meyveyi en hizli ¢lirliten fungus Rhizo-
pus stolonifer , 0°C'de isc, Monilinia fructigena olmustur. Yaralamadan
22°C'de yapilan patojenisitede Alternaria tenuissima, Aspergillus niger,

86



M. GURER and S. MADEN

A. parasiticus, Botrytis cinerea, Diplodia mutila, Fusarium acumi-
natum, Monilinia fructigena, Penicillium expansum, Rhizopus stol-
onifer ve Trichothecium roseum meyvclerde ¢lirimeye neden olmuslardir.
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ABSTRACT

This research has shown that 153 Rhizoctonia solani Kiihn isolates col-
lected from plants like barley, wheat, potato, green pepper, tomato, chickpea,
green bean, soja, tobacco, sugar beet, alfalfa, carrot, carnation and from soil in
Centrol Anatolia Region, fell into six different anastomosis groups: 15 isolates
were assigned to be in AG -2 Type -1, 82 in AG-3, 29 in AG-4, 15 in AG-5,4 in
AG-6 and 8 in AG-8.

INTRODUCTION

Rhizoctonia solani Kiihn is a common pathogen of various commercial-
ly grown crops in Turkey. On the worldwide basis ten anastomosis groups of R.
solani (Parmeter et al 1969,0goshi 1976, Kuninaga ct al 1979, Homma et al
1983, Carling and Leiner 1986, Carling ct al 1986, Carling et al 1987, Ogoshi
1988 (personcl communication) are known with the exception of AG-BI (Kuni-
naga 1978). The anastomosis groups arc isolated and differed somewhat from
one another in pathological and cultural characteristics (Parmeter ct al 1969), and
there are no report describing anastomosis groups of this fungus in Turkey. The
objective of this study is to determinc the anastomosis groups of R. solani iso-
lates obtained from different plants in central Anatolia

MATERIAL and METHODS

Isolation and identification of anastomosis groups:

One hundred fifty three isolates of the fungus were obtained from host spe-
cies present in Central Anatolia (Table1). All isolates were cultured from infected
plants or from soil taken from the rhizosphere of discased plants. Each isolate
was hyphal tipped and conformed to the current specics concept of Rhizoctonia
solani (Parmeter and Whitney 1970). Throughout the study, all isolates were
maintained on potato-dextrose agar (PDA) slants at 20°C £2°C and transferred
periodically (every six months).

The isolates were subjected to hyphal anastomosis pairing the tester iso-
lates AG-1, AG-2 Type-1, AG-2 Type-2, AG-3 and AG-4 supplicd by E.E. But-
ler (Department of Plant Pathology, University of California, U.S.A) and AG-5,
AG-6, AG-7 and AG-BI supplicd by A.Ogoshi (Faculty of Agriculture, Hokkai-
do Universitiy, JAPAN).

Isolates were tested in pairs, on 2 % water agar coating thinly on glass
slides. Hyphae with agar (5 mm'in diameter) {rom tester-and unknown isolates
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were placed as 4 cm apart on slides. The slides were incubated in a humiditiy
chamber at 24°C+2 for 48-72 h. When the growing hyphae made contact and
slightly overlapped, the stained with 0.001 % (w/v) cotton blue in dilute lactoph-
enol (lactophenol: water, 1:9 v/v). Anastomosis was dctermined microscopically.
Each pairof isolate was examined on ten occasions.

RESULTS

One hundred fifty-three cultures of R.solani obtained from thirteen plant
species; barley, wheat, potato, green pepper, lomato, chickpea, green bean, soja,
tobacco, sugar beet, alfalfa, carrot, carnation and from soil in Central Anatolia
Region were determined to fall into six anastomosis groups (Table 1).

As shown on the table, 15 isolates fall into AG-2 Type-I, 82 into AG-3, 29
into AG-4, 15 into AG-5.4 into AG-6. Eight isolates did not anastomose with
any of the tester we had. They were sent 1o Prof. A. Ogoshi for comparing, and
it was found to be belonging to them to group AG-8. The percentage distribution
of 153 isolates of R.solani from different plants regarding anastomosis groups
of AG-2 Type-1, AG-3, AG-4, AG-5, AG-6, and AG-8 were found to be as
9.80, 53.59, 18.96, 9.80, 2.62 and 5.23 % respectively.

Twenty-seven isolates of R. solani were collected from pepper. They
were found to belonging to three different anastomosis groups, 15 isolates fall
into AG-2 Type 1,8 into AG-8 and 4 into AG-4. Eighty-two isolates from pota-
toes were included in AG-3. Eight isolates {rom tomato, 2 from tobacco were in
AG-4, 2 from chickpea, 5 from green bean and 8 from sugar beet in AG-5,4
from carrot in AG-6, 2 from soya, 3 from alfalfa, 5 from carnation, 2 from bar-
ley, 3 from wheat in AG-4 and 2 from soil in AG-3.

Isolates within cach of six groups anastomosed with other isolates within
the group, but not with isolates from other groups.

DISCUSSION

All of the isolates from potato stem and tuber anastomosed with AG-3 (iso-
late 141; tester isolate).Similary Parmeter ct al (1969) and Ogoshi (1976) also
found that R.solani from potato belonged to AG-3.But , Chand and logan
(1983) in England found that isolates of R.solani from tuber-borne sclerotia fell
into two groups, AG-3 and AG-2 Type-I. Bolkan and Ribciro (1985) reported
that most of the isolates from sclerotia were in AG-3, the other isolates from stem
in AG-4, in Brazil. Carling and Leiner (1986) also included the isolates from
sclerotia and stem put the in AG-4 and AG-2 Type-I in Canada. Carling et al
(1987) put the stem isolates in AG-9 in the study in the same country. 3

Bolkan and Ribeiro (1985) found that R. solani isolates from hypocotyl
of pepper were of anastomosis groups in AG-I and AG-4. In our study, {from 27

“greenpepper isolates 15, 8 and 4 were found to belonging to AG-2 Type-1, AG-8
and AG-4 respectively.
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Parmeter et al (1969), Anderson (1982) and Bolkan and Ribeiro (1985)
found that the isolates of R.solani from sugar beet and green bean to be includ-
ed in AG-4. Ogoshi (1976) although in Japan found that sugar beet isolates were
of anastomosis group AG-1, AG-2 Type-1, Type-2, AG-3 and AG-4. Carol and
Donna (1989) also reported to include in AG-2 Type-2 and AG-5. In the present
study isolates sugar beet, green bean and chickpea fell into AG-35.

Infiormation on anastomosis groups of R. solani in chicpea could not be
found in any literature avaible. By this study it may be the first time to determine
the anastomosis group of R. solani isolates from chickpea.

Isolates of R. solani from green pepper, tobacco, wheat, barley, alfalfa,
soja, tomato, carnation used in this study were identified to belonging to AG-4.
And, Murray (1981) in Scotland found that the barley isolates to include in AG-
3. Whereas Anderson (1982) and Bolkan and Ribciro (1985) in Brazil reported
in AG-8. In addition, Bolkan and Ribeiro (1985) in Brazil found that wheat iso-
lates to be included in AG-4. However, Rovira ct al (1986) in Australia in AG-8;
Anderson (1982) and Bolkan and Ribeiro (1985) reported that soja isolates to in-
clude in AG-4; Ogoshi (1976) found that Leguminosae isolates fell into AG-4 in
also Japan.

No Literature found available on the anastomosis groups of R. solani
isolates from tobacco, tomato and carnotion. By this study it may be first report
the anastomosis group of R. solani isolates {rom these plants.

Ogoshi (1975) also considered that although cach anastomosis group
seems to have specificity in pathogenicity, this specificity is not rigid, but some
general tendencics were evident. However inconvenience related with the litera-
ture may highly attributed to the dilferences, especially in soil characters, as well
as plant cultivars and ecology.

In this present study in Central Anatolia six anastomosis groups were de-
temined: AG-2, Type-1, AG-3, AG-4, AG-5, AG-6, and AG-8. On a worldwide
basis, with the exception AG-BI ten anastomosis groups of R. solani isolates
have been reported: AG-1, AG-2, Type-1 and Type-2, AG-3, AG-4, AG-5, AG-
6, AG-7, AG-8, AG-9, AG-10. Regarding the cffect of vaicty of the crops and
the ecology of crop growing arcas, the other 4 anastomosis groups of R. solani
isolates may be determined though a detailed survey in country basis.

OZET
ORTA ANADOLU BOLGESINDE PATATES VE DIGER BAZI
KULTUR BITKILERINDEN ELDE EDILEN RHIZOCTONIA SO-
LANI KUHN NIN ANASTOMOSISIS GRUPLARININ TESPITI
Bu aragtirmada, Orta Anadolu bélgesi illerinde, arpa, bugday, patates, bi-
ber, domates, nohut, fasulye, tiitlin, scker pancari, yonca, havug, karanfil ve to-
praktan elde edilen 153 adct Rhizoctonia solani Kiihn izolati 6 anastomosis
grubuna ayrildigi tespit edilmistir. Test uygulanan izolatlardan 8 adedi AG-2 Tip-
1, 82 adedi AG-3, 29 adedi AG-4, 15 adedi AG-5, 4 adedi AG-6 ve 8 adedi AG-
8 i¢inde yer almustir.
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Cauliflower (Brassica oleracea var. botrytis) and cabbage (B. olera-
cea var. capitata) arc two popular and important vegetable crops extensively
grown in many regions of Turkey over the arcas of about 4000 and 18000 ha, re-
spectively (1). The most commonly produced cultivars are Snowball Y, Brio ose-
nia, Winner osenia, Igloo and Iglory for cauliflower and Yalova - 1, Bayrakli and
Edime for cabbage.

During the past two growing scasons it was found out that a viruslike dis-
case had been a serious problem in the production arcas of these two plants over
especially Western parts of Turkey. Symptoms of the discase on both plants were
often noticed until the plants were half-grown or later. The affected cauliflower
plants firstly showed pronounced vein clearing in young leaves which then devel-
oped into pale green or yellowish vein banding. As the leaves matured, a clearly
defined large irrcgular dark-green banding of main veins was scen, contrasting
with paler intervening arcas. The leaves of discascd plants could be puckered or
distorted. Infected cauliflower plants slightly stunted. Because infection of dis-
ecase checked the growth of heart Ieaves which were often curved, the curd com-
ing could be unprotected from frost and sunshine. Heads [rom affected plants
tented to be of poor quality. In cabbage, the symptoms were similar to those on
cauliflower in general, but the discase caused narrower yellowish banding of leaf
veins and darker green banding was less cvident. The discased cabbage plants
were also stunted and produced smaller heads than normal ones.

In the present study, we have tricd to identify the agent of disease in-
volved. So, leaf specimens were collected from cauliflower and cabbage plants
with virus-like symptoms in some locations. The sap from them served as inocu-
lum for mechanical transmission of discase agent to certain test plants such as
B.campestris subsp. pekinensis, B.campestris subsp. rapa, B. napus
var. oleifera, B. oleracea var. botrytis, B. oleracea var. capitata, B.
oleracea var. italica, Datura stramonium, Matthiola incana var. annua
and Nicotiana clevelandii. The agent involved was maintained and propagat-

95



CAULIFLOWER MOSAIC VIRUS

ed in Brassica campestris subsp. rapa and for the determination some physi-
cal properties of the agent, the same plant species was used as assay plants. The
data from these studies showed that the virus was still infective at dilution of 103
to 104, the thermal inactivation point of the virus was between 70 and 75°C and
the virus could be recovered from crude sap stored for 4 to 5 days at 20 + 2°C.

Following the mechanical inoculation of test plants all isolates from cauli-
flower and cabbage proved to be of the same type, causing a variety of symp-
toms. So, all isolates were regarded as isolates of the same virus. The symptoms
on test plants and the results from the physical properties gave the first indication
that the studied disease was due to infection by a virus, cauliflower mosaic virus
"CaMV". Also, the findings obtained from our experiments corresponded to
those reported for this virus in soma studies (2, 3, 4, 5, 6). Furthermore, the
clear precipitation lines were observed when the virus isolates from plants of cau-
liflower and cabbage were tested with antiserum to CaMV.

The present virus disease on the plants of cauliflower and cabbage is
shown for the first time in Turkey by this work. For this reason, now it has been
continued the studies for identifying clearly the virus by the observations in the
electron microscope. On the other hand, it is planned to perform the experiments
on the transmission of virus by some aphids and via seeds.

OZET

Turkiye'de Karnabahar ve Lahana Bitkilerinde Hastalik Olusturan
Yeni Bir Viral Etmen

Ulkemizde karnabahar ve lahana iiretiminin yogun olarak yapildigi
yorelerde, son yillarda virus benzeri belirtiler ortaya koyan bir hastalik
gozlenmistir. S6z konusu hastaligin, bitkilerin vejetasyon siirelerinin yarisini
gectikten sonra belirgin olarak ortaya ¢iktig1 saptanmigtir. Hastaligin, her iki bit-
kide de geng yapraklarda damarlarda renk agilmast, agik yesil veya sarimsi renkte
damar bandlagmasi, buna karsin daha yagh yapraklarda ise koyu yesil bandlagma
ve deformasyon seklinde belirtilere neden oldugu dikkati gekmistir. Bu hastalikla
bulagik bitkilerin bodur kaldiklar ve diisiik kaliteli bag meydana getirdikleri
gorilmiistiir. Test bitkilerindeki belirtiler, fiziksel 6zellikler ve serolojik iligkiler
dikkate alinarak, bu hastaligin etmeninin karnabahar mozayik virusu oldugu sap-
tanmigtir. Arastirmalara, elektron mikroskop gézlemleri ve tohum ile afit
taginmasi konularinda devam edilmektedir.
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Diplodia natalensis Polc Evans. (Syns. Botrodiplodia theobromae
Pat., D.viticola Desm.) which causes canc blight, kills canes, spurs, arms,
trunk wood and summer bunch rot, on vines was first isolated in Manisa and De-
nizli in 1990, on decad shoots with blight-like symptoms of young plants of Vitis
vinifera L.spp. sativa var. sultana. Blighted arcas of disecased shoots were
brown to blackish.

The fungus which was developed at 25+£2°C on PDA formed light-gray
mycelia and plenty of dark pycnidia (Fig.1). The ends of pycnidiospores were
round and had a single central septum (Fig.2). These pycnidiosprores were light-
coloured and one-celled as they were young, and dark in colour with one central
septum by the maturity. Dimensions of the pycinidiospores were estimated as
21.620.15x12.0£1.1 um by the measurement of 100 spores. This result and oth-
er features of the fungus have been confirmed by relevant references (Webster
et al.,1969; Hewitt, 1974; 1988).

Pathogenicity test was conducted following the determination of fungus.
Symtoms were observed as blight on base of shoots and as canker on wounds of
inoculation (Fig.3). The fungus was re-isolated from the sites showing symp-
toms.

OZET
TURKIYE'DE ASMALARDA YENI BiR FUNGAL HASTALIK :
DIPLODIA CUBUK HASTALIGI

Asma gubuklarinda yanikliklara, gdvde, kollar, cubuklar, a1 kalemlerinde
Oliimlere, yazin salkim ciirimelerine neden olan Diplodia natalensis Pole
Evans. (Syns. Botryo diplodia theobromae Pat., D.viticola Desm.)
Tiirkiye'de ilk olarak 1990 yilinda Manisa ve Denizli'de ¢ekirdeksiz liziim ¢esidi
asili fidanlann siirgtinlerinden izole edildi. Siirglinlerdeki belirtiler kahverengi-
siyah renkli yaniklik seklindeki kurumalardir.

PDA 251+2°C de gelisen fungus acik gri renkli miseller ve bol miktarda
siyah piknitler olusturdu. Koyu renkli olgun piknidiosporlarin uglar1 yuvarlak ve
merkezde bir bélmesi vardir. Gengken agik renkli ve tek hiicreliydiler. 100 pik-
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nidiospor 6lgtimii ile sporlarin 21.5+£0.1x12.02+0,0 pm boyutlarinda olduklari
saptandi. Bu belirtilerin ve fungusun ozelliklerinin ilgili literatlire uydugu belir-
lendi. (Webster et al.,1969; Hewitt, 1974; 1988).

Fungusun saptanmasindan sonra patojcnisite denemesi yapildi. Inokule
edilen asma fidanlarinin stirglinlerinde dipte yaniklik, yara yerlerinde ise kanser
belirtileri olustu. (Fig.3) Fungus bu belirtileri gosteren yerlerden re-izole edildi.
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Fig.1. Pycnidia of D. natalensis on PDA
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Fig.2. Mature pycnidiospores of D.natalensis

Fig.3. Blights on base of shoots and cankers on wounds of inoculations
as the results of pathogenicitiy.
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