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Studies on Relation Between Host and Pathogen of
Sunflower Downy Mildew (Plasmopara helianthi Novot. )

Emin ONAN Ersin ONOGUR

Plant Protcction Research Department of Plant Protection

Institute, Bornova Faculty of Agriculture

IZMIR / TURKEY University of Ege, IZMIR / TURKEY
ABSTRACT

In the study, 72 cultivars and lines of sunflowers were tested for reaction
to downy mildew. 17 cultivars out of 72 were in the resistant group.

Fungal development in sunflower seedlings resistant and susceptible
(Vniimk 8931) to P. helianthi was compared. There were mycelia and oos-
pores in the sections of the root and hypocotyl of all resistant cultivars, but no
fungal structures in the sections of the epicotyl.

Phytoalexins were examined in resistant and susceptible seedlings to find
whether they played a role in downy mildew resistance. It was understood that
they were not playing any role in resistance.

INTRODUCTION

Downy mildew ( Plasmopara helianthi Novot. ) is the most important
disease limiting sunflower production. The fact that pathogen is a soil and seed
borne increase its importance (Cohn and Sackston, 1973).

Resistant hybrids could be obtained as a result of breeding studies because
of the fact that no chemical control could be found satisfactory to this disease un-
til the 1980 s (Zimmer and Kinman, 1972; Vear, 1974). Therefore, it is recom-
mended to grow the resistant cultivars in order to prevent discasc as cultural prac-
tisc.

In the recent years, a lot of sunflower hybrids have introduced to Turkey
as in other crops. So, in this study 72 cultivars and lines of sunflowers were test-
ed for reaction to P. helianthi under controlled conditions.

In such studies, the plants with sporulation on the cotyledons after artificial
inoculation were evaluated until 1981 (Zimmer, 1972). But the following studies
clarified the suspicious sides of this evaluation (Sackston et al., 1976; Viranyi,
1978). For this reason Viranyi and Bartha's cvaluation method (1981) which is
based on various discase syraptoms was used in this study. On the other hand to
understand the reactions of the resistant cultivars, fungal development in sun-
flower scedlings resistant and susceptible to P. helianthi was examined, and to
{ind whether phytoalexins play a role in downy mildew resistance, they were also
examined in the resistant and susceptible seedlings.



SUNFLOWER DOWNY MILDEW

MATERIALS and METHODS

The isolatc having the highest virulence out of 13 P. helianthi isolates
from Thrace, Aegean and Black Sca rcgions was used. The sceds belonging to
72 cultivars tested were obtained from Agricultural Research Institutes in Mene-
men (Izmir) and Edime.

Experiments were carried out in plastic pots (11 cm diameter) and sterilized
soil was used. Pots were placed on benches illuminated with 40 w fluorescent
tubes. Light intensity was about 13.000 lux. Day lenght was 14 h and tempera-
ture was 20+ 2 °C.

Inoculation method of Cohen and Sackston (1973) was used. Seeds were
surface-sterilized for 5 min in 1% sodium hypochlorite, washed three times in tap
water and germinated on moist filter paper at the room temperature. The third
day, germinated seeds were immersed in a suspension of 100.000 sporangia/ml
in distilled water, at 18 °C for 6 h, and then they were planted. Five pots were
used for each cultivar, and ten germinated sceds were planted per pot. Ten day
old infected seedlings were covered with plastic bags at 18 C° for about 20 h for
sporulation profusely on cotyledons.

At cotyledonary and four-leaf stages, the number of plants with damping-
off, sporulation on their leaves, leaf-chlorosis and hypocotyl lesion was recorded
in each pot.

~ The behaviour of cultivars and lines of sunflowers was grouped according
to Viranyi and Bartha (1981) (Table 1).

Table 1. Classification of sunflowers for resistance to
Plasmopara helianthi

Response to Di Extent of fungal
Group downy mildew WRBSIIOmS invasion
I Susceptible damping off, sporulation on entire plant
hypocotyl and true leaves
leaf chlorosis
sporulation on epicotyl
pieces
II Moderately sporulation on hypocotyls roots, hypocotyl
resistant and cotyledons and cotyle dons
III Resistant lesions and / or sporulation  roots and hypocotyl
on hypocotyls
. . no fungal invasion
v Highly resistant  no symptoms
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E.ONAN and E.ONOGUR

Manner of sporulation cotyledons of susceptible (Vniimk 8931) and resist-
ant cultivars was recorded as profuse, weak or nil. Furthermore, plants were re-
moved from pots and washed completely in tap water. Root, hypocotyl and epi-
cotyl picces of them were fixed in formal-acetic-alcohol (FAA) mixture for 48 h
for histological work. They were shaken in 70 % alcohol. Free had sections from
fixed material were stained with 0,05 percent cotton blue in lactophenol, and they
were examined under light microscope.

Elfect of root extracts of susceptible and resistant cultivars on germination
of zoosprongia and discase ratio was determined as follows: 1 gof very small
roots was put into small bottles and then placed in a decpfreeze 8,16,30 and 48 h
alter inoculation. Sérensen PO4 buffer was prepared. Small roots were crushed
in bulfer at the ratio of 1:10 (w/w). Homogenat was filtered, and then kept in a
refrigerator for 30 min.

Homogenat was poured as a thin film on water agar. Conidia of Botrytis
cinerea were shaken on this film. Germinated arid ungerminated conidia were
counted under microscope 24 h later.

A suspension of 100.000 sporangia/ml in homogenat was preparcd Sus-
ceptible sunflower seeds (Vniimk 8931) were inoculated with this suspension.
Discase ratio of plants was determined.

Effect of homogenat on germination of zoosporangia was found by deter-
mining the number of germinated and ungerminated conidia under microscope af-
(er zoosporangia were kept in homogenat for 8 h. Percentage of germination was
calculated by mean of three counts. :

RESULTS

Reactions of sunflower cultivars and lines to downy mildew (P. helian-
thi) were given in Table 2.

Table 2. Distribution of sunflower cultivars and lines for the degree of
downy mildew resistance (in 50 plants)

Cultivar % of plants
and : : :
Hiie Susceptible ~Moderately  Resistant Highly
resistant resistant

A-1004 80 16 4 0
Argentario 84 18 2 0
As-504 78 18 4 0
As-532 72 20 8 0



SUNFLOWER DOWNY MILDEW

% of plants

Cultivar
ii:g Susceptible ~Moderately  Resistant Highly
resistant resistant
- As-1004 74 20 6 0
Bolero 88 12 0 0
. Challenger 80 12 8 0
Columbia 82 10 8 0
Discovery 90 10 0 0
Elia 0 0 100 0
Exp-448 84, 14 2 0
Exp-449 80 16 4 0
‘Exp-445 82 13 0 0
Exp-468 78 18 4 0
~ Exp-1948 86 - 2 0
Exp-5526 82 16 2 0
Felix 86 8 6 0
Flame 84 12 4 0
Floram-305 0 2 98 0
Floram-328 0 40 60 0
Hemus 88 10 2 0
Hyb.219/79/Gi 0 26 74 0
Hyb.13/80 0 4 96 0
HS-20 B)K4Sg 86 14 0 0
HS-20 B)K3S; 82 16 0
IH-10 76 18 0
Iregi-816 B 84 14 0
Mirasol 0 12 88 0
Novisad-20 80 16 4 0
Novisad-61 76 14 10 0
NS-H-15 14 0 86 0
NS-H-17 28 0 72 0
NS-H-27 8 0 92 0
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Cultivar % of plants
?-nd Susceptible ~Moderately  Resistant Highly
e resistant resistant

Pemir 78 16 6 0
Percdovik 86 10 4 0
Primasol 0 8 92 0
Record-1-1 84 14 2 0
Ro-25 74 16 10 0
Record 86 8 6 0
Ro-85 84 14 2 0
Rodeo 0 0 100 0
Romsun-53 0 86 14 0
Romsun-59 0 24 76 0
Romsun-90 0 28 72 0
Select 78 16 6 0
Semu 219/79 84 14 2 0
Semu 13/80 88 12 0 0
Sorem-80 80 16 4 0
Sunbred-212 82 14 4 0
Sunbred-246 76 16 8 0
Sunbred-262 84 10 6 0
Sunbred-280 72 22 6 0
Sunbred-285 80 14 6 0
Sunbred-2012 84 8 8 0
Seedstel-S-315 74 18 8 0
Super 82 12 6 0
Start 0 4 96 0
Topflor 86 12 2 0
Tiirk Ay 1 70 24 0
TR-52-TE 84 16 0
TR-26-TE 72 16 12 0
TR-7-TE 82 16 2 0



SUNFLOWER DOWNY MILDEW

Cultivar % of plants
il:i Susceptible ~Moderately  Registant Highly
resistant resistant
TR-15-TE 70 18 12 0
~ Upsol 74 18 8 0
Vulcano 70 20 10 0
Vniimk 8931 (BZKZS 14) 84 16 0
Vniimk 8931 (B;K,S16) 86 12 0
Vniimk 8931 (B2K1515) 82 14 0
Vniimk 8931 86 12 2 0
H-1 0 32 68 0
IS-7776-S 0 26 74 0
IS-7116 0 22 78 0

Data of examination done microscopically and macroscopically in suscepti-
ble (Vniimk 8931) and resistant cultivars was seen in Table 3.

Table 3. Observation of P. helianthi microscopically and macroscopi-
cally in sunflower seedlings susceptible (Vniimk 8931) and re-
sistant to downy mildew

Cultivar

mycelium+oospores

sporulation on cotyledon

-
o
S~
-

hypoc-
otyl

epi-
ctoyl

profuse weak necrosis

Mirasol
Floram
Floram-328
Romsun-59
Romsun-90
Start
Primasol
Elia

Rodeo

Hyb. 13/80
Hyb. 219/79/Gi
H-1

IS-7775 S
IS-7116
Vniimk 8931
(susceptible)

N

+

+ 4+ 4+t

- +

o+ 4+ o+t A
1

I
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Data of cffect of root extracts of susceptible and resistant cultivars on co-
nidia of Botrytis cinerea and germination of zoosporangia, and capacity of zo-
osporangia capable of infccting the susceptible cultivar in root extracts are seen in
Table 4.

Table 4. Effect of root extracts of susceptible (Vniimk 8931) and resistant
cultivars (Hyb. 219/79/Gi) inoculated by P. helianthi on co-
nidia of B. cinerea and zoosporangia of P. helianthi and dis-
csase ratio caused by zoosporangia in root extracts

Period after B. cinerea P. helianthi % of disease
inoculation (h) % of germinated % of germinated ratio on sus-
conidia zoosporangia ceptible plant
] Susceptible 100 86 63,3
Resistant 100 82 66,6
Susceptible 100 78 76,0
Resistant 100 76 66,6
Susceptible 100 74 63,3
Resistant 100 78 60,0
3 Susceptible 100 74 56,6
Resistant 100 70 60,0
Sterilized water 100 96 96,6
Buffer 100 92 93,3
DISCUSSION

It was seen that 17 cultivars and lines out of 72 were in resistant group and
55 were in susceptible group. Cultivars and lines in resistant group were Elia,
Floram 305,) floram (60, Hyb. 219/79/Gi, Hyb. 13/80, Mirasol, NS-H-15, NS-
H-17, NS-H-27, Primasol, Rodeo, Romsun-59, Romsun-90, Start, H-1, IS-
7775 S and IS-7116. Plants in these cultivars and lines were in resistant group at
the ratio of 60 % and 100 %. Plants in other cultivars and lines were in suscepti-
ble group at the ratio of 70 % and 90 % (Tablc 2).

From these results, it folows that there is a complex relation between sun-
flower cultivars and iines and P. helianthi. These relations contain some inter-
mediate forms.

Most of plant breeders evalute practically all plants in moderately and high-
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ly resistant groups as resistant. Whereas, the fact that such plants are infected by
pathogen is practically of importance (Viranyi and Bartha, 1981).

Subscquent genctic studics have revealed that five gens (P1y, P1,, P15,
P14, and P1g) arc responsible for downy mildew resistance (Sackston, 1981; Vi-
ranyi and Bartha, 1981; Fick and Auwarter, 1982). Because of the fact that it
could not be learnt genes of cultivars and lines tested, it could not be discussed
here on genes of them. However, it must be prefered the ones which are deter-
mined as resistant among cultivars and lines to be imported into Turkey. In addia-
tion it will be uscful to employ these plants as gence source in resistant plant
breeding.

Mycelium and oospores were found in the sections of root and hypocotyl
of all resistant cultivars and lines. On the other hand, they were not seen in the
section of epicotyl (Tablc 3). In the previous studics, mycelium was also seen in
hypocotyl of resistant plants (Montes and Sackston, 1974; Viranyi, 1978).

Weak sporulation, necrosis and nccrosis plus weak sporulation occured on
cotyledons of resistant cultivars and lines or no symptoms presented on them.
Such obscrvations on resistant plants were also determined by other rescarchers
(Viranyi and Dobrovoskyi, 1980).

An important point neccssary to be emphasized is that mycelium and oos-
pores arc present in resistant plants. Such plants may cause increase of inoculum
in soil where they are grown. Besides these plants may increase sexual stage of
pathogen as underlined by Sackston et al. (1976) and Viranyi (1978). So it may
occur probability to be formed the races with high virulence.

From these findings, it follows that it can not be way to grow only resist-
ant cultivar to downy mildew. Therefore, sced treatment must be taken into con-
sideration.

Fungal growth is not scen in cpicotyl of all resistant cultivars. Although
hypocotyl-stem "transition", also called diaphragm, may scrve as a mechanical
barricr to fungal spread, it is put forward that this barrier can be passed in sus-
ceptible plants but can not be passed in resistant plants (Montes and Sackston,
1974). Viranyi and Mohamed (1985) also emphasized that effect of diaphragm on
pathogen was much more cvident in resistant plants.

Apparently, sunflower cultivars may be resistant to downy mildew due to a
morphological characteristic (=diaphragm) which is present in plant before dis-
ease. A similar situation may be also a question of sunflower cultivars and lines
tested in this study.

Although it is found that diaphragm plays an important role in resistant
plants, it is known that other factors such as phenols, phytoalexins and hypersen-
sitivity also act a part in resistant plants (Wehtje et al., 1979; Viranyi, 1980; Tena
and Valbucna, 1983). But in this study, it could not be found that root extracts of
resistant plants infccted by P. helianthi had an cffect on sporangia germinated

8
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and then on fungal growth (Table 4). For this rcason, it seems to be important of
morphological barrier in plants which were found as resistant in this study.

OZET

AYCICEGI MILDIYOSU (Plasmopara helianthi Novot.) 'NDE KONUKCU
PATOJEN ILISKIiLERI UZERINDE GOZLEMLER

Calismada, 72 aygigegi gesit ve hatumin P, helianthi'ye kargi davranisi
belirlenmigtir. Testlenen 72 aygigegi ¢esit ve hattindan 17'si dayanikli gruba, 55'
ise duyarli gruba girmigtir. Dayanikli gruba giren ¢esit ve hatlar; Elia, Floram
305, Floram 60, Hyb. 219/79/Gi, Hyb. 13/80 , Mirasol, NS-H-15, NS-H-17,
NS-H-27, Primasol , Rodeo, Romsun-59, Romsun-90, Start, H-1, I1S-7775 ve
IS-7116'dir. Bu ¢esit ve hatlardaki bitkiler, % 60 ile % 100 arasinda degisen
oranlarda dayanikli gruba girmiglerdir. Diger ¢esit ve hatlarda isc bitkilerin % 70
ile % 90"t duyarl1 grup igerisinde yer almstir.,

Dayaniklr ¢esit ve hatlar ile duyarl ¢esit (Vniimk 8931) karsilagtirmali
gozlemlere alinmigtir. Dayanikh gesit ve hatlarin tiimiinde kok ve hipokotil kesit-
lerinde misclyum ve oospora rastlanmistir. Epikotil kesitlerinde isc misclyum ve
oospor gortilmemistir.

Dayanikhilikta fitoalcksinlerin rol oynayip oynamadiklan incelenmis, fitoa-
leksinlcrin rolii konusunda bir bulguya rastlanmamistir. Hastalik 6ncesi mevcut
bir morfolojik 6zcllik nedeniyle (diyafram) aygicegi ¢esitlerinin dayamkl olabil-
dikleri sonucuna varilmistir.
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In Vitro Investigations on the Antagonistic Effects of Several
Isolates Against Botrytis cinerea.

Figen YILDIZ
Dept. of Plant Protection, Agricultural
Faculty. Ege Univ. Bornova, [zmir, TURKEY

ABSTRACT

In this study, the most potential antagonists that inhibited B.cinerea
growth on the different media were investigated. The fungi, actinomycetes and
bacteria isolated from plant phyllosphere and soil were evaluated for their poten-
tial as biocontrol agent of B.cinerea. Two microorganisms with the ability to re-
duce the growth of B.cinerea in vitro were identified as the preliminary evalua-
tions. The antagonists;, Paecilomyces lilacinus and Bacillus SJirmus
showed promising effects on biocontrol of the pathogen.

INTRODUCTION

Vegetables greenhouses are widely extended along the Aegean and Medi-
terranean regions. The particular greenhouse locations are Izmir in Aegean and
Mugla, Antalya in Mediterrancan region.

Plant diseases caused by several pests are the important problems of the
greenhouses. One of the most frequent and cause considerably losses to crop
plant is gray mold pathogen Botrytis cinerea Pers.

B. cinerea causcs blossom blight, fruit rot, stem canker, leaf spot on a
variety of vegetables, ornamentals, fruits and ficld crops in different parts of the
world. The fungus overwinters in the soil as mycelium on decaying plant debris
and as sclerotia which survival for about one year. The fungus grows well under
cool and wet conditions. The current management program for gray mold is often
unsuccessful because of not being available enough heating in the greenhouse in
winter.

Controlling of the discase which includes frequent fungicide sprays in the
greenhouse during the winter has failed because the fungus developed resistant
strains to benzimidazole and dicarboximide fungicides. Fungicide resistance is
widespread and can develop within one season. The fungus has a heterocharyotic
character and 120 nuclei in the vegetative cells (Menzinger, 1965). The develop-
ment of pathogen strains resistant to fungicides has become a major problem
through the world (Dekker, 1982).

Consideration of these problems has resulted in an interest in biological
control of B. cinerea. In this altcrnative control survival or activity of the patho-
gen s reduced by any other living microorganisms. Biological control may oper-
ate at any stage of the pathogen survival or discase development through antibio-
sis lysis, parasitism or competition (Papavizas, 1980).
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ANTAGONTISTIC EFFECTS OF SEVERAL ISOLATES AGAINST GRAY MOLD

The surface of acrial plant parts provides a habitat for cpiphytic microor-
ganisms many of which are capable of influencing the growth of pathogens.
Thus the phyllosphere is the main areac to search for the antagonistic effect.

MATERIALS and METHODS

During 1987 and 1989, the healty plant parts and soils were collected from
the 221 vegetable growing greenhouses of Acgean and Mediterrancan regions.

Survey of microorganisms and their Isolation methods :

Isolations of fungi, actinomycetes and bacteria were made on the following
selective media : Starch Cascin Agar (William, 1971) for actinomycctes, Martin
Medium (Martin, 1950) for fungi, SNA for bacteria.

Organisms to be tested for antagonistic activity were isolated from tomato,
pepper, cucumber and cggplant leaves leaves and soils. In vitro screening were
conducted in three stages: First, the plant leaves were cut and washed in 200 ml
sterilized water in a shaker for 30 min. After scrial 10” dilutions washings were
mixed in cooled sterilized sclective media and shared into the petri plates (Stott,
1971). A second type of in vitro screening was conducted with soil, 25 g dry
weight of soil was diluted until 10 and this dilutions were mixed into the previ-
ously mentioned media and added into the petri plates. Third, in order to isolate
and assess the antagonistic microorganisms associated with sclerotia, 3 week old
sclerotia of B.cinerea were produced under sunlight on a PDA medium. 15
sclerotia were placed in to a depth of 3 cm under the surface of 7 eggplant, 7 cu-
cumber, 11 tomato and 8 pepper soil samples. Soils in the glass jars with sclero-
tia were incubated at 22°C for 5 weeks under 30 % water holding capacity
(WHC). After incubation, sclerotia of B.cinerea were removed from soil, sur-
face sterilized with 1 % sodium hypochlorite and incubated on 1 % water agar at
16 - 21°C in darkncss. All organisms appcaring on Sclerotia and surrounding
agar were isolated and identified (Credle and Swasithamparana, 1985).

Dctermination of the microbial potential :

Various actinomycetes, fungal and bacterial isolates were tested with sever-
al methods for their antagonistic activity.

Triple agar layer : The first agar layer, 1.5 % water agar was poured into
the platcs at least 1 day before the second layer was added.

The second layer, the selective media contained the soil and leaf diluted
suspensions. The plates were then incubated 3-4 days at 25 £1°C. At the end of
this period actionmycetes, bacteria and fungi arc barcly visible on the plates.

The third agar layer was added after incubation. The cultures of
B.cinerea were suspended with a sterilized cheesecloth into the PDA medium.
The plates were then incubated at 25°C for 6 days. Antagonistic organisms were
purificd on the inhibition zones as illustrated in Figure 1 (Herr, 1959).

12
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Fig. 1 : Determination of the inhibition zones using triple
agar layer techique

Streak Method : This method is used for the antagonistic cfficacy of mi-
croorganism. In streak method, the antagonist was streaked on to the selective
media at onc side of a petri plate. After 4-6 day of incubation at 27 + 1°C, the pa-
thogen discs (5 mm dia.) out from-the actively growing colony were placed on
the other side. After incubation for 5-6 days, the zone of inhibition occured be-
tween the two colonies was measured. The effective antagonists were sclected as
antibiotic producers and hyperparasite (Johnson et. al, 1960).

Agar-Ring Method : Firstly screened actinomycetes and bacteria were
sclected with an agar-ring method improved by Turhan and Grossman (1986). In
this method on the bottom of the plates, a circular piece of aluminium foil is
placed and an aluminium ring (60 - 70 mm dia., height 10 mm) is put on the foil.
Then PDA cooled down to a temperature of 45 - 48°C is poured into the inside of
the ring by hand to a height of 5 mm. About 24 h later an isolate of actinomy-
cetes, bacteria or fungi is inoculated onto the whole agar surface. After 48 h incu-
bation at 27 £ 1°C the ring is removed with a sterile forceps, the agar layer is
turned upside-down and the foil is pulled off. Six agar discs (5 mm diam.) ob-
tained by punching out from the margins of actively growing colonies of
B.cinerea arc transferred to this side. After an incubation period of 5 10 10 days
at appropriatc temperature radial growth of the pathogen is measured and com-
pared with the growth on control plates in order to assess the antibiotic cfficacy
of the antagonists.

13



ANTAGONTISTIC EFFECTS OF SEVERAL ISOLATES AGAINST GRAY MOLD

Determination of the antibiotic activity with culture filtrate :
The antagonistic organism was grown in 100 ml PD (Potato dextrose) medium in
250 ml erlenmayer at 25 + 1°C for 15 days. The culture liquid was then obtained
by filtering the culture aseptically through filter paper. The culture filtrate of the
antagonist was added to sterilized warm PDA at the several rates. After the medi-
um solidifed, the plate was inoculated by placing the fungus disc in the centre.
The culture was cvaluated by the radial growth (Johnson et al, 1960; Arjunarao,
1971).

RESULTS

Isolation and screening of antagonists in vitro :

Washing from leaves and soil suspensions contained numerous microor-
ganisms was exhibited various antagonistic actions toward B.cinerea. The po-
tential of 756 microorganism isolates from leaves, soils and sclerotia was shown
in Table 1.

Table 1 : Number of Actinomycetes, bacterial and fungal isolates

Source of Isolation
Microorganisms [Tomato |Pcpper _|Eggplant [Cucumber! Total
Isolated Leaf|Soil |Leaf|Soil |Leaf| Soil | Leaf] Soil |Sclerotium| No
Actinomycetes | 98 [181] 31 | 34 | 21 |30 | 30 | 48 0 473
Fungus 50 |is51 6| 11| 5+169'| 19| "1 16 232
Bacterium 8 112 5 1 OS5 |11] 2 7 51
Total 156 12481 42 | 46 | 26 | 104| 60 | 51 23 -
Total Number 404 88 130 111 23 756

Different 1solates such as actinomycetes, fungi and bacteria were isolated in
totally 756 microorganisms. The incidence rate of the isolates were 62.6, 30.7
and 6.7 % respectively.

Screening of antagonists in vitro :

The isolates that gave the best results in the triple agar layer were compared
with each other of streak and agar ring mcthod to choose for the best ones. The
results of these tests were summarized in Table 2, 3, 4.
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Table 2 : The antagonistic actinomycetes determined with the Streak and
Agar-ring methods.

Number| Width of inhi- | Effectiveness Number | Width of inhi- | Effectiveness

of (rl:rt'ri()maszzzfmk 0251}:: ;iili‘:cs of bition zone |of the isol.ates

No | 1sola. riathol megthod f No |1sola. (mm;:lshzgeak 2 r‘:f;r:;ng
1 |A-310 30 +4+ 24 |A-295 18 +++
2 |A-257 26 +++ 25 |A-626 18 +++
3 |A-455 24 +++ 26 |A-647 18 +++
4 | A2 22 +++ 27 |A-653 18 +++
5 | A-10 22 +++ 28 |A-672 18 +++
6 |A-456 22 +++ 29 |A-674 18 +++
7 |A-630 21 +++ 30 |A-197 17 ++
8 | A4 20 +++ 31 |A-281 17 ++
9 |A-293 20 +++ 32 |A-288 17 ++
10 |A-330 20 +++ 33 |A437 17 ++
11 |A-387 20 +++ 34 |A-625 17 ++
12 |A-486 20 +++ 35 |A-664 17 ++
13 |A-608 20 +++ 36 | A-83 16 ++
14 |A-615 20 +++ 37 |A-161 16 ++
15 |A-624 20 +++ 38 |A-206 16 ++
16 |A-297 19 +++ 39 |A-259 16 ++
17 [A-303 19 +++ 40 |A-289 16 ++
18 | A-53 18 +++ 41 |A472 16 ++
19 | A-74 18 +++ 42 | A5 15 ++
20 |A-191 18 +++ 43 | A-18 15 ++
21 |A-210 18 +++ 44 | A-62 15 -
22 |A-221 18 +++ 45 | A-81 15 ++
23 |A-216 18 +++ 46 | A-82 15 ++
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Numberf Width of inhi- | Effectiveness Number | Width of inhi- | Effectiveness

of bition zone fof the isollatcs of bition zone |of the isolates

No ota. (7 sk s Agacrig | oy, s s | 0 Agrrin
47 | A-90 15 ++ 63 |A-620 13 ++
48 |A-119 15 ++ 64 | A-86 11 +
49 |A-170 15 ++ 65 |A464 11 ++
50 |A-189 15 - 66 | A-1 10 ++
51 |A-214 15 ++ 67 | A3 10 ++
52 |A-323 15 - 68 | A-14 10 ++
53 |A-490 15 ++ 69 |A-313 10 ++
54 |A-505 15 ++ 70 |A-344 10 ++
55 | A-23 14 ++ 71 |A-392 10 ++
56 | A-69 14 ++ 72 |A-429 10 ++
57 |A-258 14 ++ 73 |A-463 10 ++
58 |A-329 14 ++ 74 |A-536 10 ++
59 |A-332 14 ++ 75 |A-605 10 ++
60 | A-7 13 ++ 76 |A-608 10 ++
61 | A-41 13 ++ 77 |A-349 9 +
62 |A-284 13 ++ 78 |A-369 8 +
79 |A-441 8 +
80 |A-347 7 +
81 |A-359 6 +
82 |A-539 5 +

+ : Mycclial growth of B.c. No cffect :0

++ : Low " " 5 Low Antibiosis : Inhibition zone < 3 mm

+++: No myecelial growth of B.c Dcfinite " u " 3.6mm

Strong " " " 7-10mm

Very strong " : " >10mm
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Table 3:The Antagonistic fungi determined with the Streak and
Agar-ring method.

Number| Width of inhi- | Effectiveness Number | Width of inhi- | Effectiveness

No of bition zone lof the isolates| of bition zone |of the isolates

isola | (mm) as streak | as Agar-ring isola. |(mm) as streak| as Agar-ring

method meth. method meth.

1 1E 1 20 ++ + 71 F- 445 15 + +
2 | F- 534 20 + + + 8| F- 537 15 + +
3 | F- 550 20 ++ + 91 F- 543 15 + +
4 | F- 109 18 ++ + 10] F- 560 15 + +
5 | F- 142 17 ++ 11| F- 16 12 + +
6 | F- 585 17 + + 12| F- 565 12 + +

Number | Width of inhi- | Effectiveness Number | Width of inhi-| Effectiveness

No of bition zone |of the isolates No of bition zone |of the isolate

isola. | (mm) as streak | as Agar-ring isola. |(mm) as streak| as Agar-ring

method meth. method meth

13| F-515 11 ++ 29| F- 535 5 +
14| F- 3 10 - ++ 30| F- 110 4 +
15| F-491 10 + + 31| F-113 4 +
16 | F-509 10 + + 32| F-108 3 +
17 | F-510 10 + + 33| F- 111 3 +
18 | F-542 10 + + 34| F- 114 3 +
19 | F-564 10 + + 35| F- 118 3 +
20 | F-587 10 + + 36| F- 121 3 +
21 kF-1s4 9 + 37| F- 685 3 +
221 +F-"5 9 + 38| F-112 2 +
23 ["SE= 2 8 + 39| F- 115 2 +
24| F- 7 8 + 40| F- 117 2 +
25| F-181 8 + 41] F- 122 2 +
26 | F-450 8 + 421 F- 686 2 +
27 | F-512 7 + 431 F- 116 1 +
28 | F-555 7 + 441 F- 684 1 +
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Table 4: The antagonistic bacteria determined with the Streak and

Agar-ring method.
Number | Width of inhi- | Effectiveness Number | Width of inhi- Effectivenesssl
No of bition zone |of the isolates No of bition zone |of the isolate
isola. { (mm) as streak | as Agar-ring 1sola |(mm) as streak| as Agar-ring
method meth. method meth.
1 |B-17 30 ++ + 11| B- 496 16 + +
2 | B- 290 19 ++ + 12| B- 104 15 ++
3 | B- 220 18 ++ + 13| B- 105 14 + +
4 | B- 480 18 ++ + 141 B- 120 3 +
5 | B- 482 18 ++ + 15| B- 125 3 +
6 | B- 101 17 ++ 16| B- 687 3 +
7 | B- 225 17 ++ 17| B- 688 3 +
8 | B- 477 17 ++ 18] B- 123 2 +
9 | B- 479 17 ++ 19] B- 124 2 +
10 | B- 109 16 ++ 20| B- 689 2 +

When all isolates were evaluated in Table 2, 3, 4, it was achieved various
effectivity range of 157 (20.8 %) of 756 isolates. The isolate activity is shown to
be.very similar in two tests as well. The ability of the antagonists to control B.
cinerea at streak method will appear the condition clearly. The evaluation of the
inhibition zones of all isolates was given in Table 5.

Table 5: Mode of Antibiotic activity by using the Streak Method

Number of Isolates Total
Type and Degree of Effectivity | Actinomycetes | Fungi | Bacteria | Number
No effect 391 177 31 599
Low Antibiosis 0 7 3 10
Definite Antibiosis 2 9 4 15
Strong Antibiosis 15 15 0 30
Very Strong Antibiosis 65 13 13 91
Hyperparasitic Effect - 11 - 11
TOTAL 473 232 51 756

82 (17.3 %) of 473 actinomycetes showed various degrees of effect on
B.cinerea on the contrary 391 (82.7 %) isolates had no effect. There were 55
(23,7 %) antagonistic fungal isolates which included hyperparasitic fungi. Bacte-
ria were determined as 20 (39.2 %). The isolates shown antagonistic activity
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were included in strong and very strong antibiosis groups. On the other hand,
only one isolate of 16 fungi determined on the sclerotium shown strong activity
of 7 bacteria was low antibiosis group. It was also determined 11 non effective
hyperparasitic fungi in the tests.

After all of the isolates had been evaluated and ranked, a final comparison
was carried out with the most promising isolates. These isolates were classified
in accordance with their culture filtrate containing the inhibitory substances. The
antagonists were grown in PD medium and filtered aseptically, then the culture
filtrate of the antagonist was added to warm PDA at the rates of 1/4 and 1/10. As
the test results: The culture filtrate of isolate F-1, diluted four and ten times with
PDA, reduced the mycelial growth of B. cinerea at the rates of 71.68 and 58.47
% respectively. The reductions with isolate B-17 were 82.9 and 68.62 % in some
respects. (Fig 2, 3). .

COLONY GROWTH RATE (mm)

DAYS
== == == = CONTROL —— F-1(1/10) sosassscossenes F-1(1/4)

Fig 2 :The inhibitory effect of the culture filtrate of F-1 on the B.cinerea
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COLONY GROWTH RATE (mm)

0 I I
1 2 3 4 5

DAYS

== == == = CONTROL B-17(1/10) woscsanseosais B-17(1/4)

Fig 3:The inhibitory cffect of the culture filtrate of
B-17 on the B.cinerea

The most effective and promising antagonists that inhibited B.cinerea
growth on media were sclected. Fungal isolate F-1 was identified as Paecilo-
myces lilacinus by C.A.B. International Mycological Institute and bacterial
isolate B-17 was identificd as Bacillus firmus by INRA, Centre de Resherches
D'Angers Pathologic Vegetale ct Phytobacteriologie.

DISCUSSION

The most potential antagonists that exhibited inhibition against the gray
mold pathogen Botrytis cinerea werce investigated in vitro study. The sclection
of the antagonists from both leaves and soils was based on their good perfor-
mance in-vitro tests. The effectivity of biocontrol agents 1s closely related to the
antibiotic activity rather than the hyperparasitism.

Antagonism is found between microorganisms on leaf and fruit surfaces
and the relationship between B.cinerea and the microflora. Its inoculum poten-
tial is limited by its microbial heighbours which produce antibiotics. The antibio-
tic action of the promising isolates is connccted with their ability to toxin produc-
tion. Both of the isolates has strong inhibitive action toward to B.cinerea.
Paecilomyces lilacinus was isolated from tomato and cucumber phyllosphere
and cggplant and cucumber greenhouse soils. Bacillus firmus was also isolat-
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ed from tomato phyllosphere. The antagonistic activity of two 1solates was detect-
ed by other rescarchers (Blakeman and Fokkema, 1982; Rod, 1984: Edwards et
al, 1989; Newhook, 1951).

Several in vitro methods for determination of the antagonistic activity by
the screening large amount of leaf and soil flora was used to perevent the growth
of B.cinerea.

B.cinerea is greatly inhibited by two antoginsts; Paecilomyces lilaci-
nus and Bacillus firmus which acts by antibiosis. Thesc promising biocontrol
agents will take consideration for furtner in-vivo tests to evaluate their potential
applications.

OZET

Botrytis cinerea' YA KARSI CESITLI IZOLATLARIN ANTAGO-

NISTIK ETKILERI UZERINDE IN-VITRO ARASTIRMALAR

Bu ¢alismada, ¢esiti ortamlar iizcrinde B.cinera'nin gelismesini engelle-
yen birgok antagonist arastinlmistir. Bitkilerin yesil aksami ve topraktan izole edi-
len fungus, actinomycetes ve bakteriler, B.cinerea'ya karsi olan antagonistik
potansiyelleri yoniinden degerlendirilmislerdir. [lk dcgerlendirmelere gore
B.cinerea gelisimini in-vitro da azaltma 6zclliginde olan iki mikroorganizma
tanilanmigtir. Paecilomyces lilacinus ve Bacillus firmus olarak belirlenen
bu antagonistler, patojenin biyolojik kontrolunda timitvar olarak bulunmuslardir.
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ABSTRACT

Among the seven fungicides tested in 1983-84 and 1984-85, Bavistin and
Benlate were proved effective in controlling the disease in both of years. The de-
crease in disease incidence resulted into maximum increase of cumin yield in the
years in question by these two fungicides.

INTRODUCTION

Cumin ( Cuminum cyminum L.) is an important cash crop of Rajasthan
and Gujrat. Wilt of cumin induced by Fusarium oxysporum f. sp. cumini is
a destructive disease of cumin in all cumin-growing areas of India. (Patel et al.,
1957). Patel, et al., (1957) found that the loss varied between 5 to 60 per cent in
Rajasthan. In later studies by Patel and Prasad (1963) the losses reported to be
upto 96 per cent in Gujrat. In Rajasthan, Mathur and Mathur (1964) observed the
losses ranging upto 70 to 80 per cent.

MATERIALS and METHODS

Looking to the severity of discase and losses caused by it, an experiment
with cumin cv RS - 1 was conducted in randomised block design in 1983-84 and
1984-85 at college farm in jobner. Plot size was 2x2.5 m. The row to row and
plant to plant distance was 15 cm and 5 cm respectively. The available soil mois-
ture content ranged from 12 to 15 per cent and soil temperature upto 15 cm depth
ranged from 22-25°C. Ten days before sowing, the plots were artificially inocu-
lated with Fusarium inoculum. The spore concentration was 10° conidia per ml.
The inoculum was obtained from 10-days old culture of the pathogen grown at
25-30°C in 500 ml flasks each of which contained 100 g sterilized maize meal
medium (25 g grinded maize and 75 g moistened soil). Inoculum from three
flasks was pooled and evenly mixed up with the soil of each plot.

Relative efficacy of 7 fungicides viz. Plantvax, Vitavax, Bavistin WP, Thi-
obendazole, Demosan 65W, Dithane M-45 and Benlate at the rate of 2 g/kg seed
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were shaken together by sced dressing machines. This is a cssentially a hollow
cylindrical metallic drum fitted at onc end with a lid, which can be closed tightly.
Eccentrically at either end, this rests on a stand and is provided with a handle. On
turning the handle not only does the drum rotate, but because of the eccentric
mounting the contents get a very thorough agitation. By such an action the seeds
and the chemical inside get mixed thoroughly. The crop was sown in the first
week of December in 1983-84 and in 1984-85. Each treatment consisted of four
replications.

Since a discased plant wilted completely as a result of pathogenesis, there-
fore, observations were confined to disease incidence only. Number of discased
plants were counted daily and the daily counts were added up and the total num-
ber of plants wilted was utilized in computing per cent discase incidence. The
crop was harvested 105 days after planting. The data recorded

Number of wilted plants

Number of plants inoculated

for diseasc incidence and yield was subjected to analysis of varience for the eval-
uation of results.

Per cent discase incidence =

x 100

RESULTS

Minimum discase incidence was recorded in both of years in plots sown
with Bavistin-trcated seeds (Table 1). Next best was Benlate trcatment. In both of
years, no significant diffcrence in disease incidence was recorded between Bavis-
tin and Benlate treatment but disease incidence in these treatments was signifi-
cantly lower than the discase incidence in checks plots. In both the years, Demos-
an and Dithanc M-45 proved Icast effective. Highest per cent disease control was
obtained by Bavistin followed by Benlate in both of years, while Icast per cent
disease control was obtained by Demosan and Dithanc M-45.

All the fungicides rendered higher yiclds over check in both of years. Max-
imum yiclds were rendered by Bavistin followed by Benlate in both of years. The
difference in yiclds rendered by these two fungicides was non significant. Yields
from Bavistin and Benlate treatments were significantly higher than the yiclds
from check in both of ycars. Although per cent yicld increase over check was ob-
tained by all the fungicides in both of years, but per cent yield increasc was high-
est in Bavistin followed by Benlate in both of ycars.

DISCUSSION

Except a report by Singh ct al (1972) concemning cffectiveness of sced
treatment with an organomercurial compounds, no information was available on
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discase management by chemical seed treatment. The present study indicates that
the discase can be significantly reduced by seed treatment with Bavistin and Ben-
late. It is interesting to recall that seed treatment with these fungicides have been
found effective against Fusarium wilt of other crops as reported by Kanniyan
and Nene (1974) and Chakrabarti and Basuchaudhary (1979 and 1980). The ef-
fect of Bavistin and Chakrabarti and Basuchaudhary (1979 and 1980). The effect
of Bavistin and Benlate lasted for 35-40 days. Presence of these fungicides on
the surface of seed checked the growth of the pathogen either present in seed or
soil. The initial infection to plant by Fusarium was reduced by these fungicides,
which resulted into decrease in disease incidence and increase in cumin yield.
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ABSTRACT

Seven applications of salicylic acid (0.36 to 7.24 mM) to tomato plants
(Lycopersicum esculentum) at 2-day intervals prior to inoculation with
Pseudomonas syringae pv. tomato reduced the severity of bacterial speck by
up to 81.0 %. Treatments with 3.62 mM salicylic acid reduced the disease severi-
ty by 71.7 - 81.0 % according to control plants under greenhouse conditions.
Applications by either irrigation or spray conferred the same degree of resistance
of tomato plants to bacterial speck. Growth of P.s.pv. tomato was not affected
when applied to bacterial growth medium at concentrations from 0.36 to 7.24
mM.

INTRODUCTION

Bacterial speck of tomato (Lycopersicum esculentum Mill) caused by
Pseudomonas syringae pv. tomato (Okabe) Young et al (P.s.pv.tomato)
causes substantial economical loss in tomato crops in many countries (4, 11, 23,
24, 29). Presently, three strategic are used to control the bacterial speck of toma-
to. In the first, copper compounds and streptomycin sulfate are applied to plants
(3,7, 8, 14, 29). In the sccond, resistant tomato cultivars developed to bacterial
speck (5, 18, 19, 20). In the third, certain strains of fluorescent pscudomonad
are applied to plants to antagonize which have been shown to P.s.pv.tomato
6,7,9).

Salicylic acid, a phenolic compound, regulates plant growth (22) and in-
duces flowering (12, 25) in some plants. Salicylic acid and acetyl salicylic acid
induce pathogenesis related proteins and confer resistance to plants to some viral
diseases (16, 17, 26, 27, 28).

Below, we describe an evaluation of salicylic acid on the induction of the
resistance of tomato plants P.s.pv.tomato infection under greenhouse condi-
tions.
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MATERIALS and METHODS

Bacterial strain and inoculum. The strain of P.s.pv.tomato used in
this study was obtained from lcaves of tomato scedlings infected with bacterial
speck pathogen in Bursa, Turkey in 1983. This strain was culturcd on King's
medium B(13) for 48 hrs at 24-26 °C and the cclls were washed from the agar
surface with sterile distilled water and stored at +4 °C. The concentration of ino-
cula was adjusted to 10° colony-forming units per milliliter with sterile distilled
water.

Tomato plants. Bacterial speck susceptible tomato cultivar H-2274 used
in this study was obtained from Ministry of Agriculturc and Forcstry of Turkey.
Tomato seeds were sown in trays and grown for 6 days in greenhouse. Scedlings
were transfcrred to pots (15 scedlings per pot) and grown for 16 days at 20.8 +
2.1 °C (minimum 14.0 °C, maximum 28.5 °C) and 73.0 £ 5.5 % rclative humidi-
ty in grecnhousc. Eight plants per pot, at the same stage of development, were
identified at 16 days and left undisturbed; all other plants were removed.

Application of salicylic acid to plants. Salicylic acid solutions were
prepared in sterile distilled water at 0.36, 1.45, 3.62 and 7.24 mM concentrations
and stored at +4 °C. Twenty-four day old tomato scedlings were trcated seven
times with salicylic acid by spray (10 ml/plant) or by irrigation (100 ml/pot) at 2-
day intervals. Control plants were treated with sterile distilled water. Each con-
centration of salicylic acid was applicd to five separate pots, cach containing cight
plants (40 plants total per cach salicylic acid concentration). After salicylic acid
applications, tomato lcaves were sprayed three times with sterile distilled water at
2-day intervals.

Inoculation and estimation of disease severity. Plants were inoc-
ulated with a hand-held sprayer until water droplets formed on both the upperside
and underside of Ieaves (approximately 10 ml inoculum per plant). Inoculated
plants were kept at high humidity in scparate polpethylene bags for 48 hrs, and
then transferred to greenhouse until symptoms developed. Diseasc severity was
recorded 15 days after inoculation using the following scale (20): O = no disease;
1 = 1-3 specks per leaf; 2 = 4-10 specks per leaf; 3 = more than 10 specks per
leaf. The two uppermost leaves of cach plant wich were fully expanded and uni-
formly infected were used to determine the disease index. The data were subject-
ed to statistical analysis using Tukey's multiple comparisons test.

RESULTS and DISCUSSION

The cffect of salicylic acid concentration and method of application on the
induction of resistance to P.s.pv.tomato infcction are shown in Table 1. There
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was no significant difference between irrigation and spray mcthods of salicylic
acid application when resistance to  P.s.pv.tomato infection was asscssed
(correlation cocfficient = 0.994). The 3.62 mM concentration was the most effec-
tive in both irrigation and spray methods, resulting in significant reduction in dis-
case severity. This saliciylic acid concentration reduced discasc severity by 81.0.

Table 1. Effect of salicylic acid concentration and method of application on the
control of bacterial speck of tomato caused by Pseudomonas sy-
ringae pv. tomato.

Concentration Discase Index* Reduction of Disease (%)
of
Salicylic Acid Spray Irrigation Spray Irrigation
0 (Control) 2.142 a 2.248 a - -

0.36 mM 1.866 a 1.855 a 12.9 17.5
1.45 mM 1.452 ab 1.775 a 32.2 21.1
3.62 mM 0.407b 0.636 b 81.0 71.7
7.24 mM 0.965 b 0.840b 55.0 62.6

* Every index value was obtained from five replicates (cach replicate consisted of 1 pot (8 plants).
Means within each column values followed by the same letter arc not significantly different (p =

0.05) according to Tukey's multiple comparisons procedure.

and 71.7 % when applicd by spray or irrigation, respectively. Reductions of dis-
casc severity by salicylic acid concentrations below 3.62 mM were statistically in-
significant. Also, there was no significant difference between the 3.62 and 7.24
mM salicylic acid concentrations. Phytotoxic effect and the increasing in disease
severity werc observed at 7.24 mM concentration of salicylic acid, and resulted in
plants that were 10 - 15 % shorter than control plants. Probably thc phytotoxic
cffcet of 7.24 mM concentration of salicylic acid might reduce the resistance of
tomato plants to bacterial speck pathogen.

The results of this study show that salicylic acid has a potential for use in
the control of bacterial speck of tomato caused by P.s.pv.tomato. This is of
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importance, since control of bacterial speck of tomato by copper compounds has
not been effective in some studies (10, 15, 21), and some strains of
P.s.pv.tomato have been found to be resistant to copper compounds (1, 2).
Future studies should focus on the effects of salicylic acid treatment on the con-
trol of bacterial speck of tomato under field conditions and on tomato yield. In
addition, these studies should also investigate the effects of salicylic acid deriva-
tives (e.g., acetyl salicylic acid) as well as the mechanism of salicylic acid-
induced resistance to P.s.pv.tomato infection. The mechanism of action of sal-
icylic acid in the induction of resistance to P.s.pv.tomato is not presently un-
derstood. Based on this study, salicylic acid had no toxic effect on growth of
P.s.pv.tomato when applied in to growth medium at concentrations ranging
from 0.36 to 7.24 mM. This suggests that salicylic acid action is exerted at the
level of plant, e.g. induction of the synthesis of pathogenesis related proteins.

OZET

Pseudomonas Syringae pv.Tomato, NEDEN OLDUGU
DOMATES BAKTERIYEL LEKE HASTALIGININ KONTROLU UZERINE
SALISILIK ASIDIN ETKISI

Salisilik Asidin P.s.pv.tomato ile inokule edilmeden 6nce domates bit-
kilerine (Lycopersicum esculentum) ikiser giin araliklarla 0.36 - 7.24 mM
arasi konsantrasyonlarda 7 defa uygulanisi bakteriyel Icke siddetini % 81'e kadar
diigtirmiistiir. Scra sartlan altinda 3.62 mM salisilik asit uygulamalari kontrol bit-
kilere gore hastalik siddetini % 71.7 - 81.0 arasinda diistirmiistiir. Gerek sulama
ve gerckse pliskiirtme yoluyla yapilan uygulamalar bakteriyel lckeye karsi do-
mates bitkilerinin ayni derecede direng kazanmalarina neden olmustur. Salisilik
asidin tireme besiyerine 0.36 - 7.24 mM konsantrasyonlar arasinda ilavesi
P.s.pv.tomato'nun iircmesi {izerine etki etmemistir.
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ZUSAMMENFASSUNG

Die drei Griser Cynodon dactylon (L.) Pers., Cyperus rotundus L.
und Sorghum halepense (L.) Pers. sind die wichtingsten Schadgrdser in Zit-
rusanbau der Tiirkei. Das Ziel dieser Arbeit war, die Wirkung von 14 Varianten
aus verschiedenen Bodenbearbeitungsmafnahmen, Herbizidanwendungen und
deren Kombinationen sowie Bedeckung mit schwarzer Folie auf die ober - und
unterirdische vegetative Entwichklung dieser Arten zu untersuchen.

Bei der Bedeckung mit schvarzer Folie sowie bei der Kombinationsanwen-
dung von Bromocil + Glyphosat wurde ausreichende Entwicklungshemmung
dieser ausdauernden Unkrautarten festgestellt. Durch die intensive Bodenbearbei-
tung mit Grubber oder Scheibenegge konnen die drei Unkrautarten reduziert, je-
doch nicht entscheidend zuriickgedrdngt werden. Mit dem Einsatz von Glyphosat
in Kombinationen mit mechanischen Manahmen liefen sich die Arten nur unbe-
friedigend kontrollieren, die einzige positive Ausnahme war hier Herbizidanwen-
dung in Kombination mit Grubbereinsatz.

Die Ergebnisse zeigen, daff man auf mechanische Mafinahmen moglichst
verzichten sollte. Die Bedeckung mit Folie zur Unkrautkontrolle sollte weiter un-
tersucht werden. Die Wirkung von Herbiziden wird weiter gepriift, auch um
Moglichkeiten der Unkrautkontrolle in jungen Zitruspflanzungen aufzuzeigen.

EINLEITUNG

Zitruspflanzungen werden heute in der Tiirkei meistens im Abstand von 7
x 7 m angclegt und im Sommer alle 2 Wochen bewassert. Vor der Bewasserung
findet cine relativ cinscitige Bodenbearbeitung mit Grubber oder Scheibenegge
statt. Dicsc MaPnahme fiihrt jedoch mittel - bis langfristig bei gleichzcitiger Ver-
tcuerung der Arbeitskrifte zu ciner zunchmenden Verscharfung des Unkrautpro-
blems in Zitrus und macht dic Erarbcitung verbesserter Bekdmpfungsstrategicn
unter stérkerem Einbezug moderner Verfahren erforderlich.

Heute zihlen in Zitrusgiirten der Cukurova aufgrund der genannten Maf—
nahmen ausdaucernde Griscr wic Cynodon dactylon (L.) Pers., Cyperus ro-
tundus L., und Sorghum halepense (L.) Pers. zu den Problcmunkrﬁutcm.
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In Zitrusgérten wurden Versuche unter Einbezichung von 14 Unkraut-
bekdmpfungsvarianten durchgefiihrt. Dic Auswertungen crfolgten unter
Berticksichtigung der ober - und unterirdischen Entwicklung der drei oben ge-
nannten Arten in Abhéingigkeit von den Bekidmpfungsmafinahmen. Die Varianten
bestanden aus EinzelmaBnahmen bzw. Kombinationen von Herbizidanwendun-
gen und Bodenbearbeitungen sowie Bodenbedeckung mit schwarzer Folie.

MATERIAL und METHODEN

Die Versuche wurden im Zitrusanbaugebict in Alata-Cukurova durch-
gefiihrt. Die ParzellengroBe der Varianten in den Zitrusreihen betrug 200 m2 und
zwischen den Zitrusrcihen 400 m2. Der Unkrautdeckungsgrad wurde am
1.2.1987 in den cinzelnen Parzellen nach Arten aufgenommen. Neun Tage
spéter, am 10.2.1987, wurde dic Versuchsfliche ca. 30 cm Ticefe gepfliigt.

Dic Versuche wurden in 14 vicrfach wicderholten Varianten angelegt. Die
Anwendungshiufigkeiten der MaBnahmen zu jeder Variante sind in Tabelle 1 dar-
gestellt. Die MaBnahmen crfolgten nach Bedarf bei cinem Unkrautdeckungsgrad
von 5-10 %. Dic Anwendungstermine sind in den Abbildungen dargestellt.

Dic Herbizidvarianten wurden mit cinem Parzcllenspritzgeriit (Druck : 3-4
bar, Ausbringmenge : 600 1/ha) behandelt. Dic Herbizide kamen in praxisublich-
er Dosicrung zur Anwendung : Bromacil 5,6 kg/ha, Glyphosat 4,6 kg/ha, Para-
quat 0,4 1/ha.

Tab. 1: Anwendunghiufigkeiten der Varianten in und zwischen den

Zitrusrcihen
Nr. der Variante Anwendungshiufigkeit
Variante (im Zweijahreszeitraum)
1. Nur Herbizide . . .
" (in den Reihen) 1 x Bromacil + 2 x Glyphosat
2. Nur Herbizide ] . 1
P (zwischen den Reihen) 1 x Bromacil + 3 x Glyphosat
3 Nur Herbizide y :
. (in den Reihen) 13 x Paraquat
4. Bedeckung mit schwarzer Folie .
. (in den Reihen) 1 x Folie
5. Scheibenegge . .
) (zwischen den Reihen) 9 x Schebenegge
6. Sheibenegge + Glyphosat .
7 Mih (zwicshen den Reihen) 7 x Sch. egge + 2 x Glyphosat
s dhen

(in den Reihen) 11 x Mihen
8. Mihen + Glyphosat, y

(in den Reihen) 8 x Mihen + 2 x Glyphosat
9. Mihen ] )

(zwischen den Reihen) 10 x Mihen
10. Mihen + Glyphosat . i

(zwischen den Reihen) 7 x Mihen + 2 x Glyphosat
11. Hardhacke . .

(in den Reihen) 9 x Handhacke
12. Handhacke + Glyphosat !

(in den Reihen) 6 x Handhacke + 2 x Glyphosat
13. Grubber ) ;

(zwischen den Reihen) 9 x Grubber
14 Grubber + Glyphosat

(zwischen den Reihen)

7 x Grubber + 2 x Glyphosat
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Die Versuchsdauer betrug zwei Jahre. Etwa alle zwei Monate wurde der
Unkrautdeckungsgrad in den Einzelparzellen in % bonitiert. Das unter-irdische
Wachstum der ausdaucrnden Unkmutartcn wurde cinmal am 25.12.1987 in jeder
Parzelle auf einer Fliche von 1 m? bis 20 cm Tiefc erfaft. Hicrzu wurden die No-
dien der Rhizome von C. dactylon und S. halepense sowic dic Knollen von
C.rotundus gezihlt.

Die Versuchsfliche wurden im Sommer nach Bedarf ca. alle 2 Wochen
bewdssert. Alle weiteren BewirtschaftungsmaBnahmen wurden praxisiiblich
durchgefiihrt.

ERGEBNISSE

1. Verunkrautung in Abhingigkeit von Bromacil - + Glyphosat -

Anwendung.

Alle drei ausdauernden Arten C. dactylon, C. rotundus und S. hale-
pense zcigen durch dic Bromacil - + Glyphosat Anwendungen im Vergleich mit
Varianten wie Paraquat, Scheibenegge, Mihen, Handhacke und Grubber eine ab-
nchmende oberirdische Entwicklung.

Einzelne Arten weisen ab Friihjahr 1987 iiber dic verblcibende Versuchs-
dauer nicht mehr als 15 % Deckungsgrad auf (Abb. 1).

Deckungsgrad in % (in den Reihen)
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Abb. 1: Verunkrautung in Abhéngigkeit von der Variante "Glyphosat +
Bromacil".
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Deckungsgrad in % (zwischen den Reihen)
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Abb. 1 : Verunkrautung in Abhingigkeit von der Variantc "Glyphosat +
Bromacil".

Dic unterirdische Entwicklung wics fiir dic "zwischen den Reihen - " Vari-
anthe Nodicnzahlen von 0 und 17 pro m? fiir C.dactylon und S.halepense
auf. Bei C. dactylon wurden 39 Knollen / m? gezihlet.

In den Zitrusreihen lagen die Zahlen fiir dicse Arten in entsprechender Rei-
henfolge bei 20, 20 und 8 pro m? . Zwischen den Reihen war bei beiden Herbi-
zidvarianten dic Gesamtverunkrautung geringer als in den tibrigen Varianten.

2. Verunkrautung in Abhiingigkeit von Praaquat - Anwendung

Trotz 13 maliger Paraquatanwendung konnten im Sommer Gesamtverunk-
rautung wic auch Dcckungsgrad der drei Problemungridser nicht bis in den
gewiinschten Bereich von 5-10 % reduziert werden (Abb. 2);
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Deckungsgrad in % (in den Reihen)
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Abb. 2 : Verunkrautung in Abhiingigkeit von der Variante "Paraquat”

Bei der Paraquat-Variante war auch dic unterirdische Nodicnbildung ziem-
lich hoch. So wurdcen im Mittel bei S. halepense 153 und bei C. dactylon 55
Nodicn / m? gezihit. C.rotundus bildete im Durchschnitt 25 Knollen /m? .

3. Verunkrautung in Abhingigkeit von Abdeckung mit schwarzer Folie

Bedeckung der Zitrus-Reihen mit schwarzer Folic zeigte auf die oberirdisc-
he und unterirdische Entwicklung cinc ausrcichende Wirkung. Obcrirdisches
Wachstum konnte bei keiner Art festgestellt werden. Die unterirdische Nodienbil-
dung war hicr im Vergleich zu allen weitcren Varianten am nicdrigsten
(S.halepense 1, C. dactylon 2 Nodicn und C.rotundus 22 Knollen/m?).

4. Verunkrautung in Abhingigkeit von Scheibeneggen-Einsatz

Dic Ergebnissc (Abb.3) zcigen, daP der Einsatz der Scheibenegge allein
tiber dic zweijahrige Versuchsdauer Arten wic C. dactylon, C. rotundus und
S. halepense nicht unter Kontrolle bringen kann : Gegeniiber der Gesamt
verunkrautung zu Versuchsbeginn wurde nach Ablauf der zwei Jahre keine Ver-
minderung crziclt.
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Deckungsgrad in % (zwischen den Reihen)
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Abb. 3 : Verunkrautung in Abhiingigkcit von Variante "Scheibenegge"

5. Verunkrautung in Abhiingigkeit von Scheibeneggen - und Glyphosat -
Einsatz

Glyphosat - Bechandlung in Kombination mit Scheibeneggen - Einsatz hatte
etwas bessere verunkrautungsmindernde Wirkung gegeniiber den drei ausdauemn-
den Arten als allciniger Scheibeneggen-Einsatz (s. Abb. 3 u. 4).
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Unterirdische Nodien - und Knollenbildung wurden bei dieser Kombinan-
tion zweicr MaPnahmen vermindert : bei C. dactylon um 37 Rhizomnodien/m?
(von 40 auf 3), bei S. halepense um 25 Nodien/m? (von 25 auf 0) und bei C.
rotundus um 14 Knollen/m? (von 63 auf 49). Auch hicr hatte dic zusitzliche
Glyphosat-Anwendung cine Wirkung.

6. Verunkrautung in Abhéngigkeit von Mihen

Die in Abbildung 5 dargestellten Ergebnisse zeigen, daf die Verunkrautung
durch Mahd nicht reduzicrt wurde. Besonders nahm dic niedring-wiichsige
C.dactylon in den zwci Jahren zu.
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Im Vergleich zu den anderen Varianten wurde durch das Miihen das unte-
rirdisches Wachstum dcr drei ausdaucrnden Arten stimulicrt : Zwischen den Rei-
hen wurden pro m* bei C. dactylon 48 Rhizomnodicn, bei S. halepense 120
Nodicn und bei C. rotundus 44 Knollen gezihlt. In den Reihen waren es bei
C. dactylon 58 Nodien/m?, bei S. halepense 153 Nodien/m? und bei C. ro-
tundus 26 Knollen/m” .

7. Verunkrautung in Abhéngigkeit von Mihen in Kombinationen mit Gly-
phosat-Anwendung

Durch die Anwendung von Glyphosat in Kombinationen mit Mahd wurde
die Verunkrautung der drei Arten um mchr als 50 % reduzicrt. Im unterirdischen
Wachstum zeigten sich entsprechende Ergebnisse (Abb. S u. 6).
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8. Verunkrautung in Abhingigkeit von Handhacken-Einsatz
Die Wirkung der Handhacke auf dic Verunkrautung in den Zitrusreihen
war gegeniiber den Varianten "Paraquat” oder "Mihen” besser (Abb. 2,5u.7).
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Abb. 7 : Verunkrautung in Abhiingigkeit von Variante "Handhacke"

9. Verunkrautung in Abhingigkeit von Handhacken-Einsatz in Kombina-
tion mit Glyphosat-Applikation

In den Zitrusreihen war die Kombination "Handhacke + Glyphosat" wir-
kungsvoller als der allcinige Handhacken-Einsatz (s. Abb. 7 u. 8).
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Die Variante "Handhacke" reduzicrte auch die unterirdische vegetative Ent-
wicklung der drei ausdauernden Unkréuter stirker als dic Varianten "Mihen” und
"Paraquat.

10. Verunkrautung in Abhiingigkeit von Grubber-Einsatz
Zwischen den Reihen wurde dic Verunkrautung durch den Grubber im
Vergleich mit Mahd stark vermindert (s. Abb. 5 u. 9).
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Abb. 9 : Verunkrautung in Abhingigkeit von Variante "Grubber"

Dic drei Ungriser zeigten nach Grubberceinsatz cine schlechtere ober-und
unterirdische Entwicklung als nach Scheibeneggen-cinsatz. So wurden bei C.
dactylon in der Grubbervariante 19 (6 gegeniiber 25) und bei S. halepense 20
(16 gegentiber 36) Rhizomnodien pro m? sowic bei C. rotundus 35 (25 ge-
geniiber 60) Knollen pro m? weniger gebildet als nach Scheibencggencinsatz. C.
rotundus konntc sich im Vergleich mit C. dactylon und S. halepense bei
Grubber-Anwendung ober-und unterirdisch besser entwickeln (s. Abb. 3 u.9).

11. Verunkrautung in Abhiingigkeit von Variante "Grubber + Glyphosat"

Die Variante "Glyposat in Kombination mit Grubbereinsatz" zeigte eine
starke Wirkung auf die Gesamtverunkrautung (s. Abb. 9 u. 10). Bei C. rotun-
dus zeigte die Anwendung von Glyphosat keine Wirkung.
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Deckungsgrad in % (in den Reihen)
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Abb. 10 : Verunkrautung in Abhiingigkeit von Variante "Grubber + Gly-
phosat"

DISKUSSION

Zitruspflanzungen werden heute in der Cukurova meistens im Abstand von
7 x 7 m angelegt und im Sommer alle 2 Wochen bewisert. Vor der Bewisserung
findet cine relativ einscitige Bodenbearbeitung mit Grubber und Scheibenegge
Zur Unkrautbekdmpfung statt. Dadurch werden die Wurzeln von Zitruspflanzen
verletzt (Tuzcu, 6., 1984). Dicsc traditionellcn MaBnahmen und die Vertcucrung
der Arbeitskrifte fiihren zu ciner zunchmenden Verschirfung des Unkrautpro-
blems im Zitrusanbau der Tiirkei.

Dic im Zitrusanbau in der Tiirkei hiiufig vorkommenden ausdauernden Ar-
ten C. dactylon, C. rotundus und S. halepense gchoren zu den zchn welt-
weit wichtigsten Unkridutern (Holm ct. al., 1977).

Diese Umstidnde unterstreichen dic Bedeutung ciner sich an Okologisch
angepafte Bekdmpfungsverfahrenen orienticrenden Unkrautforschung.

Durch dic Herbizidanwendungen wurde dic Verunkrautungsstirke auf den
gewiinschten Deckungsgrad herabgesctzt. Bei allcinigem Herbizideinsatz wurde
innerhalb der zweijihrigen Versuchsdauer keine Bodenbearbeitung durchgefiihrt.
Damit wurde zugleich die Verletzung von Stimmen und Wurzeln der Zit-
rusbdume stark reduziert, cine Ertragsverminderung durch mechanische Schiiden
dieser Art wurde verhindert.
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Ober-und unterirdische vegetative Entwichklung der beiden Griser C.
dactylon und S. halepense wurden durch dic Varianten "Bromacil” und
"Glyphosat" gleichermafen herabgesetzt. C. rotundus konnte sich bei alleini-
ger Herbizid-Anwendung ctwas stirker durchsetzen, weil dic angewendeten Mit-
tel fiir dieses Ungras cinc Wirkungsliicke auf-weisen (Yegen, O., 1984). Para-
quat hatte kcine nachhaltige unkraut-mindernde, weil dicses Mittel nicht tiber die
Rhizome ausdauernder Unkriiuter wirkt (Maier-Bode, H., 1971).

Dic Anwendung von schwarzer Folic zeigte cine ausrcichende wachstum-
shemmende Wirkung auf dic vegetativen Teilen dieser drei wichtigsten Zitrus-
Ungriser der Tiirkei (Uygur, F.N., 1985). Ein weiterer Vortcil der Folic ist ihre
evaporationsmindcrnde Wirkung, besonders im Sommer, wodurch die
Bewiisscrungshiufigkeit reduziert werden kann. Im Winter kann dic Folic vor
Frost schiitzen : Wic festgestellt werden konnte, ist dic Temperatur unter der Fo-
lic ca. 1-5 °C hoher als auf offner Bodenoberfliche.

Einc Verwendung der Folie iiber zwei Jahre hinaus war unter den hier ge-
gebenen Bedingungen nicht mglich. Vor cinem breiten Einsatz von Folicn in der
Praxis sollten Moglickeiten der Verlingerung ihrer Nutzungsdaucr, bzw. Weiter-
verwendungsmoglickeiten gepriift werden.

Durch dic intensive Bodenbearbeitung kann dic Entwicklung von C. dac-
tylon und S. halepense vermindert werden, nicht jedoch dic von C. rotun-
dus. Entscheidend zuriickgedriingt werden konnen dic beiden erstgenannten Art-
en jedoch mit dicser MaBnahme nicht. Auch mit den mechanischen Varianten wie
Scheibeneggen- order Grubbereinsatz konnte der Deckungsgrad der drei Arten
nicht auf den gewiinschten Bereich von 5-10 % herabgesctzt werden. C. rotun-
dus wurdc in ihrer Entwicklung anfangs durch dic Bodenbearbeitungen sogar ct-
was stimulicrt.

Mit der Anwendung von Glyphosat in Kombination mit dem Grubber-
einsatz zwischen den Reihen konnte die Verunkrautung durch die drei genannten
Arten unter Kontrolle gebracht werden. Mit anderen Kombinationsvarianten wur-
den derart positive Ergebnisse nicht crziclt.

Dic Ergcbnisse lassen sich auf dic untenstchenden Empfchlungen fiir cine
praktische Unkrautbckimpfung im Zitrusanbau zusammenfasscn. Zugleich werd-
en wichtige zukiinftige Ziclc in der Unkrautforschung der Tiirkei deutlich

- Wenn méglich, sollte man auf mechanische Mafnahmen verzichten, sie
zumindest aber auf den Einsatz des Grubber in Kombination mit Herbiziden re-
duzicren

-- Die auch in Zukunft gcgebene Notwendigkeit der Untersuchung von
Herbiziden auf ihre unkrautunterdriickende Wirkung wird betont. Einen besond-
eren Stellenwert hat hier die Priifung von Mitteln in jungen Zitruspflanzungen

-- Necuere Bekidmpfungsmethoden wic Bedeckung mit Folien sollten weit-
er untersucht und gegebenfalls im Zitrusanbau als angepafte Unkraut-
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bekédmpfungsmethoden cingesctzt werden.
OZET

TURUNCGILLERDE Y ABANCI OTLANMANIN UYGULANAN
YABANCI OT MUCADELE YONTEMLERINE BAGIMLILIGININ
ARASTIRILMASI

Cynodon dactylon (L.) Pers., Cyperus rotundus L. vec Sorghum
halepense (L.) Pers. Tiirkiye turunggil alanlarmin en 6nemli ii¢ yabanci otudur.
Bu ¢aligmanin amac, toprak isleme yontemleri, herbisit uygulamalan ile bunlarin
kobinasyonlarin ve siyah naylonla 6rtme gibi toplam 14 variantin bu iig tiiriin
toprak alt1 ve toprak iistli gclismesine ctkisinin aragtinlmasidir.

Siyah naylon ile toprak yiizeyini kaplama ve Bromacil + Glyphosat uygu-
lamalannda bu devamh yabanci otlarin gelismesinde 6nemli derccede bir gerileme
saptanmigtir. Kiiltlivator ve diskaro ile yapilan ¢ok sik uygulamalar bu ii¢ yabanci
ot tiirtinii azaltmig ancak ycterince ctkili olmamigtir. Mckanik miicadelenin Gly-
phosat ile kombinasyonu genelde bu tiirlerin kontroliinde yetersiz olmus, bunlar-
dan sadece olumlu sonucu isc Kiiltiivator + Glyphosat uygulamasi vermistir.

Sonuglar gostermigtir ki, turunggilde yabanci ot kontrolu agisindan tek
bagina yapilan mckanik bir miicadcleden miimkiin oldugunca vazgegilmelidir.
Siyah naylonla yapilan uygulamada, aragtirmaya devam edilmelidir. Ozellikle
geng bahgelerde uygulanabilecck herbisitler de aragtinlmali ve testlenmelidir.
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citri Saglio et al. durch Circulifer opacnpenms (Lethierry)
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Institut fiir Pflanzenkrankheiten Institut fiir Pflanzenschutz
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ZUSAMMENFASSUNG

In der vorliegenden Arbeit wurde die Ubertragungshiufigkeit von
Spiroplasma citri Saglio et al. durch Circulifer opacipennis (Lethierry)
(Homoptera : Cicadellidae) mit Hilfe der exponierten Indikatorpflanze
Catharanthus roseus L. an verschiedenen Standorten der Cukurova
(kilikische Ebene) in den Jahren 1988 bis 1990 untersucht. Durch die Bonitur der
Vektorpopulation wurde auferdem ein Zusammenhang zwischen
Ubertragunghdiufigkeit und Auftreten des Vektors hergestellt.

Die Ergebnisse zeigten, daf3 es zwischen den Jahren stark schwankende
Ubertragungsha‘uﬁgkeiten bzw. Infektionsraten von 11 % im Jahre 1988, ein bis
zwei Prozent im Jahre 1989 und keiner Infektion im Jahre 1988, ein bis zwei
Prozent im Jahre 1989 und keiner Infektion im Jahre 1990 gab. Ein EinfluB der
geographischen Lage oder der Entfernung zu mit S. citri infizierten
Zitrusanlagen auf die Infektionshdufigkeit war nicht festzustellen.

Es konnte gezeigt werden, daf die jihrlichen Schwankungen in der
Ubertragungshdiufigkeit durch eine in den Jahren unterschiedliche
Einwanderungsrate des Vektors C. opacipennis in die C. roseus - Parzellen
bedingt war. Im Jahre 1988 wurden noch durchschnittlich bis zu 10,3 C.
opacipennis pro Boniturtermin erfaPt, wihrend in den folgenden Jahren nur
noch ein bis zwei Individuen bonitiert wurden.

EINLEITUNG

Der Zitrus zihlt zu den wichtigsten Agrarprodukten der Cukurova
(kilikische Ebene) an der Siidostmittelmeerkiiste der Tiirkei. Seit Mitte der 70 er
Jahre ist es in dieser Region mit grofer staatlicher Unterstiitzung zu einer

* Gefordert mit Mitteln der Stiftung Volkswagenwerk, W-3000 Hannover, FRG
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betrichtlichen Erweiterung der Zitrusanbaufliche gekommen. Zeitgleich mit
dieser Flachenerweiterung war cin epidemicartiges Aufireten der Zitrusstauche,
hervorgerufen durch den Prokaryonten Spiroplasma citri Saglio et al.
(Mycoplasmatales : Spiroplasmataceae), zu beobachten (CAGLAYAN 1987).

Diese Krankheit fiihrt neben starken Ertragsausfillen zu einer
Verminderung der Fruchtqualitit. CAGLAYAN ect al. (1990) schen in der
Verwendung infizierten Pfropfmaterials und dem Anbau empfindlicher Sorten die
Haptursachen fiir die epidemicartige Ausbereitung der Krankheit. Demgegeniiber
berichten CALAVAN et al. (1969), dap cine Verbreitung von S. citri durch
Okulation zwar moglich, die Ubertragungsrate jedoch schr schwankend und im
allgemeinen gering ist. So beobachtete CALAVAN in der Cukurova schon 1969
die Verbreitung der Zitrusstauche durch Insektenvektoren in Baumschulen (zit.
nach CALAVAN & BOVE 1989).

Der bedeutendste Vektor der Zitrusstauche im Mittelmeergebiet ist
Circulifer opacipennis (Lethierry) (Homoptera : Cicadellidae) (FOS et al.
1986, KERSTING 1991, KERSTING & SENGONCA 1991). Uber deren
jéhrliches Auftreten in diesem Gebiet ist jedoch wenig bekannt (BASPINAR
1990). Dariiber hinaus fehlen Kenntnisse iiber die Ubertragungshiufigkeit von
S. citri durch C. opacipennis in verschiedenen Jahren, die das epidemicartige
Auftreten der Zitrusstauche Mitte der 70 er Jahre in der Cukurova erkldren
konnten.

Ziel der vorliegenden Untersuchungen war es daher, mit Hilfe der
exponierten Indikatorpflanze Catharanthus roseus L.die
Ubertragungshiufigkeit des Erregers der Zitrusstauche durch C.opacipennis an
verschiedenen Standorten in aufeinanderfolgenden Jahren zu erfassen. Durch die
Bonitur der Vektorpopulation auf diesen Standorten wurde auBerdem versucht,
einen Zusammenhang zwischen Ubertragungshiufigkeit und Auftreten des
Vektors herzustellen.

MATERIAL und METHODE

Diec Ermittlung der Ubertragungshiufigkeit von S. citir durch C.
opacipennis erfolgte von 1988 bis 1990 an drei bzw. zwei verschiedenen
Standorten in der Cukurova.

Die Versuchsparzellen wurden an verschiedenen Orten der Cukurova in
unterschiedlicher Entfernung zu mit S. citri infizierten Zitrusanlagen angelet.
Zwei Flichen befanden sich im inneren Teil der Cukurova, ca. 40 km entfernt
von der Kiiste auf den Versuchsflichen der Universitit Cukurova in Balcall. Eine
dieser Fldchen lag am Obstrand einen 12 Jahre alten, stark mit Zitrusstauche
infizierten StiBorangenanlage (Citrus sinensis (L.) Osb., "Frost Washington
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Navel") (Balcali I), cine andere ca. 4 km entfernt vom néichsten Zitrusgarten am
oOstlichen Hochufer des Scyhan-Stausees auf freilicgendem Feld (Balcali IT). Der
dritte Versuchsstandort befand sich am Nordrand ciner ebenfalls stark mit
Zitrusstauche infizierten, ca. 10 Jahre alten Siiforangenanlage ("Frost
Washington Navel") des staatlichen Obst- und Gemiisebauforschungsinstituts in
Alata unmittelbar an der Kiiste am westlichen Rand der kilikischen Ebene (Alata)
(Abb. 1). Aufgrund der klimatischen Einheitlichkeit des Untersuchungsgebictes
wurden in den Jahren 1989 und 1990 nur noch die beiden Standorte in Balcali
beibehalten.

In der ersten Aprilwoche wurden je 100, im insektensicheren
Gewiichshaus angezogene, ca. 10 cm hohe C. roseus -Pflanzen in 16 m?2 groBe
Parzellen an den verschiedenen Standorten ausgepflanzt.

Uber die gesamte Vegetationsperiode, in den ersten beiden Jahren von
April bis Oktober, im Jahre 1990 jedoch nur bis August, erfolgte eine visuelle
Bonitur der Pflanzen auf cinen

Schwarzes Meer

®Ankara
TURKEI IRAN -39

s N
Mittelmeer YRIE _BS.ADANA

T T
33

T
30°

27

Mittelmeer

*Versuchsparzellen

Abb. 1 : Geographische Lage des Cukurova - Gebictes sowie der
Standorte der Versuche

S.citri - Befall. Blattproben aller symptomzeigender C. roseus wurden
entnommen und im Labor mit ELISA (SAILLARD & BOVE 1983) sowie durch
Kultivicrung (BOVE et al. 1983) auf den Erreger hin untersucht (KERSTING et
al. 1991).
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Zur Feststellung des Auftretens von C.opacipennis fanden in den Jahren
1988 bis 1989 im Zeitraum April bis September und 1990 von April bis August
in der ersten und dritten Woche eines Monats standardisierte D-VAC-Bonituren
statt., Dazu wurden dic Parzellen drei Minuten lang in groptmoglicher Bodennihe
mit dem D-VAC abgesaugt. Die Probennahmen erfolgten jeweils zwischen 10.00
und 12.00 Uhr.

ERGEBNISSE

Die ersten Syptome cines S.citri - Befalls der Indikatorpflanzen konnten
in jedem Jahr in der letzten Juniwoche beobachtet werden. Im Versuchsjahr 1988
zeigten sich maximal 11 % der C.roseus mit dem Erreger der Zitrusstauche
infiziert (Balcali IT). Im folgenden Jahr sank dic Infektionsrate auf bis zu 1,0 %
am Standort Balcali I stark ab (Abb. 2). Im Jahre 1990 konnte sogar bei keiner
der C. roseus - Pflanzen cin S.citri - Befall mehr festgestellt werden.

~__ Spiroplasma citri

[ 1 Virezenz-Phylloidie
] Triebspitzenstauche

Anteil infizierter C. roseus
()]
1

1

Alata Balcali | Balcali ll Balcali | Balcali Il
1988 1989

i

Abb. 2 : Prozentualer Anteil der nach ELISA und Kulturivierung an
Spiroplasma citri, Vircszenz-Phylloidic und Triebspitzenstauche erkrankten
Catharanthus roseus an verschiedenen Standorten im Jahre 1988 und 1989

Im Gegensatz zu den Unterschieden bei der Infektionsrate in den
verschiedenen Jahren gab es kaum Abweichungen zwicshen den
Versuchsstandorten. Die Standorte in Alata und Balcali I wiesen 1988 nur etwas
geringerc Infektionsraten auf als der Standort Balcalt IT der mehrere Kilometer
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von Zitrusgirten entfernt lag. Im folgenden Jahr war dieser Sachverhalt, bei
allgemein geringerer Infektionsrate, ebenfalls festzustellen (Abb. 2).

Neben den an S.citri erkrankten C.roseus wurden noch weitere
Krankheitsbilder an den Versuchsstandorten beobachtet. Ein Teil der
Indikatorpflanzen zeigte Vireszenz-Phylloidie-Symptome, bei der sich Bliiten
unter Vergriinung zu Laubblittern zuriickentwickeln wihrend andere Pflanzen
eine Triebspitzenstauche aufwicsen. Im Jahre 1988 traten auch hier die hichsten
Infektionsraten auf, wohingegen der Befall im folgenden Jahr an allen Standorten
stark abnahm (Abb. 2). Im Jahre 1990 waren solche Krankheitsbilder nicht mehr
festzustellen.

C. opacipennis zeigte auf den C. roseus - Parzellen einen dhnlichen
Einwanderungsverlauf (Abb. 3). Ein deutliches Maximum der Einwanderung trat
in allen drei Untersuchungsjahren im Mai auf. Der Einwanderungsverlauf zeigte
hingegen zwischen den Jahren groBe Unterschicde. So waren im Mai 1988 mit
durchschnittlich bis zu 10,3 Individuen deutlich mehr C.opacipennis erfafit
worden als in den beiden folgenden Jahren. Im Jahre 1989 und 1990 wurden
maximal ein bzw. zwei Individuen in den D-VAC-Bonituren registriert.
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Abb. 3 : Einwanderngsverlauf von Circulifer opacipennis auf
Catharanthus roseus an den Standorten Balcali I und II in den Jahren 1988
bis 1990
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DISKUSSION

Mit Hilfe der Indikatorpflanze C. roseus war es moglich, die
Ubertragungsintensitit von 8. citri durch C. opacipennis in den
verschicdenen Jahren zu ermitteln.

Die vorliegenden Untersuchungen zur Ubertragungshiufigkeit crgabcn im
Versuchsjahr 1988 Infektionsraten von bis zu 11 % der Indikatorpflanzen. Mit
diesem Ergebnis vergleichbare Befallsraten von 16 % ermittelten BOVE et al.
(1979) in Marokko. Von sehr vicl hoheren Infektionsraten berichten CALAVAN
et al. (1977), dic in Kalifornicn bis zu 86 % der exponicrten C. roseus mit dem
Zitrusstaucheerreger infiziert fanden. Einen deutlich geringeren Anteil befallener
C. roseus erwihnt BASPINAR (1990), der von je 100, in den Jahren 1985 und
1986 exponierten Indikatorpflanzen, nur eine cinzige mit dem
Zitrusstaucheerrcger infiziert fand.

In den eigenen Untersuchungen sanken die Infektionsraten auf den
Indikatorparzellen in den folgenden Jahren deutlich ab; so traten im Jahre 1989
nur maximal zwei und im Jahre 1990 gar keine an S. citri erkrankten Pflanzen
mehr auf. Fiir das Mittclmeergebict licgen in der Literatur keine Informationen
iiber den Verlauf einer S. citri - Infcktion in den aufeinanderfolgenden Jahren
vor, jedoch stellten CALAVAN ect al. (1974, 1977) in Untersuchungen in
Kalifornien iiber Freilandinfektionen der Siiforangensorte Madam Vinous in den
Jahren 1973 bis 1976 cbenfals deutliche Schwankungen zwischen den
Versuchsjahren fest.

Da im Jahre 1988 der Versuch an drei verschiedenen Standorten stattfand,
die sowohl die Kiisten - wic auch die Hiigelregion im Inneren der Cukurova
reprisentierten, konnte festgestellt werden, daP dic geographische Lage keinen
Einflup auf die Ubertragunsrate hat. Die Befallsraten zwischen den Standorten
Alata (Kiiste) und Balcali (Hiigelland im Inneren der Cukurova) unterschieden
sich nur geringfiigig. Zu véllig anderen Ergebnissen gelangten CALAVAN et al.
(1977) in Kalifornien. An der Kiiste traten in ihren Untersuchungen mit 6 %
bedeutend geringere Befallsraten auf als im Binnenland mit bis zu 86 %. Die
Autoren begriinden dies mit der hoheren Aktivitdt des Vektors Circulifer
tenellus (Baker) in der Binnenregion sowic der geringeren Abundanz und des
spiteren Erreichens des Populationsmaximums aufgrund kiihlerer Friihjahrs -
und Friithsommertemperaturen an der Kiiste. Die eigenen Untersuchungen in der
Cukurova hingegen machen deutlich, daP vergleichbare Faktoren, die in
Kalifornien zu ciner vom gcographischen Standort abhingigen
Ubertragungshaufigkeit fiihren, nicht vorlicgen. Desgleichen konnte ein EinfluB
der relativen Nihe zu infizierten Zitrusanlagen auf dic Infcktionsrate nicht
festgestellt werden.

Hingegen zeigt dic Betrachtung der Abundanzdynamik des Vektors C.
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opacipennis, daf dic in den Jahren zu beobachtende Abnahme des Anteils
infizierter C. roseus cindcutig auf cinen Abfall der Populationsdichte dieser
Cicadellidenart zuriickgefiihrt werden kann. Auch BOVE (1986) fiihrt in scinen
Untersuchungen dic hohe Infektionsrate der C. roseus - Pflanzen auf eine hohe
Abundanz von C. opacipennis zuriick, die in seinen Gelbtafelfingen in den
Parzellen eine schr hdufig vorkommende Art war. Dadurch die D-VAC-Finge
nahezu die gesamte Cicadellidenpopulation von den Parzellen entfernt wurde,
zudem cine Vermchrung der C.opacipennis auf C. roseus nicht zu
beobachten war, wurde im engeren Sinne nicht der Populationsverlauf ermittelt,
sondern die Migration der Cicadellide auf die Indikatorpflanze. Es war also 1989
und 1990 eine geringere Zuwanderung dieser Art in den Parzellen zu beobachten.
Die Abnahme des Zufluges im Mai kénnte an der héheren Mortalitit der
liberwinternden Weibchen aufgrund der kiihlen Witterung in den Wintern 1989
und 1990 gelegen haben. Eine Migration von C. opacipennis war in den
folgenden Monaten nicht mehr zu beobachten, wodurch der starke Abfall der
Population zum Sommer hin erklidrbar wird.

Auf allen Versuchsstandorten und in allen Versuchsjahren konnten ca. fiinf
bis sechs Wochen nach Erfassung der ersten C. opacipennis die ersten
C.roseus - Pflanzen mit S. citri - Symptomen beochtet werden. Nach
KALOOSTIAN et al. (1975) treten nach einer Vektorinfektion die ersten
Krankheitsbilder auf C. roseus innerhalb von fiinf Wochen auf. Bei
suboptimalen Temperaturen diirfte dieser Zeitraum cher noch lidnger sein
(CALAVAN & BOVE 1989), so daf man in den eigenen Versuchen von einer im
Mai erfolgten Infektion der Indikatorpflanzen ausgehen kann.

Zusammenfassend kann festgestellt werden, daf in der Cukurova von
einer jihrlich stark schwankende Ubertragungshiufigkeit auszugehen ist. Diese
Schwankungen gehen einher mit einer unterschiedlich hohen Populationsdichte
des Vcktors C. opacipennis, so daf mit einer Erfassung der jihrlich
auftretenden inokulativen Vektorpopulation eventuell die Infektionsgefahr fiir
Zitruspflanzen abgeschiitzt werden kann.

OZET

INDIKATOR BiTKi KULLANARAK GUNEY DOGU AKDENIZ
TURUNCGIL BOLGESINDE Spiroplasma citri SAGLIO ET AL.'NiN
VEKTOR BOCEK Circulifer opacipennis (Lethicrry) ILE TASINMA
BASARISININ SAPTANMASI

Bu caligmada indikator bitki Catharanthus roseus L.'u kullanarak
turunggil stubborn hastaliginin etmeni olan Spiroplasma citri Saglio et al.'nin

vektor bdeek Circulifer opacipennis (Lethierry) ile tasinma basarist 1988 ile
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1990 yillan arasinda Cukurova Bolgesinin ¢esitli yorelerinde arastinlmigtir. Aym
zamanda vektOr populasyonunun saptanmast sirasinda yakalanan birey adedi ile
S. citri'nin tasinma basaris1 arasinda bir iligki kurulmaya ¢aligilmistir,

Arastirma sonuglan vektor bocegin S. citri'yi tagima basansinin yildan
yila cok degistigini ve bu basarinin difer bir deyisle indikator bitkilerdeki
infeksiyon oraninin 1988'de % 11, 1989'da % 1 oldugunu ve 1990 yilinda da hig
bir infeksiyonun olmadigini géstermistir. Yorenin cografi durumu yada hastalikli
turuncgil bahgesinin deneme yerine uzakligl ise tasima basarisina bir etki
yapmamustir.

Vektoriin S. citri'yi tasima basansi tizerine en biiyiik etkinin, vektoriin
populasyon yogunlugu oldugu bulunmustur. Tagima basarisinin yiiksek oldugu
1988 yilinda ortalama 10,3, bunu izleyen ve ba§armm diistik oldugu 1989 yilinda
ise sadece 1,0 vektSr saptanmigtir.
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