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This study was conducted in 2015, it was aimed to determine the resistance status
of 42 eggplant genotypes for breeding studies against Verticillium wilt disease
caused by Verticillium dahliae Kleb. disease, which limits eggplant production

in Turkey. Disease resistance status of eggplant genotypes were determined

Keywords: by classical testing. The study revealed that it was determined the severity of

the disease against Verticillium dahliae varied between 8.25-76.53% among the
Solanum melongena L., Verticillium

wilt. resistance genotypes of different eggplant species. As a result of classical testing E4, E5,

E7, E8, E10, E24, E33, E42 eggplant genotypes of different species; Solanum

torvum, Solanum incanum, Solanum linnaeanum, Solanum aethiopicum, Solanum
* Corresponding author: Aysegiil COLAK ATES

sisymbriifolium, Solanum americanum have been found resistant at 7.98-9.87%
A aysegulcolak@hotmail.com

disease severity. It was also determined that 22 eggplant genotypes were
moderate-level resistant and 13 eggplant genotypes were in susceptible groups.
Eggplant genotypes, where the resistance status of Verticillium wilt determined
in the study will contribute to the development of new hybrid eggplant varieties
in future.

INTRODUCTION

Eggplant (Solanum melongena L.) is a hot climate plant
originating in India. In recent years, it is known that
eggplant has important vitamin and mineral content in
terms of human health, like other vegetables, low calorie
and low glycemic index values, and increased production of
eggplant, such as salads, jams and pickles encouraged the
increase of it (Colak et al. 2018). Therefore, the eggplant has
great economic value in many countries including Turkey.
China is the larger eggplant producer in the first place in
the world, followed by India, The United States of America
and Turkey.

According to the Turkey Statistical Institute 2019 data,
vegetable production in Turkey reached approximately
31.1 million tons by increasing 3.5%. In the production of
vegetables in Turkey, eggplant is in fourth place after tomato,
pepper and cucumber production (TUIK 2019). Eggplant
can be grown both in open field and in greenhouse; however,
since the temperature demand is 25-30 °C during the day
and minimum 15 °C at night, its cultivation is limited in
certain regions (Aybak 2005). In 2019, eggplant production
in Turkey was 836.284 tons, and the highest production

was achieved in Antalya province as 190.125 tons, followed
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by Mersin (170.376 tons), Balikesir (51.550 tons), Mugla
(40.009 tons), Bursa (33.956 tons) and Adana (32.235 tons)
(TUIK 2019).

Verticillium wilt caused by the soil-borne wilting fungal
pathogen, Verticillium dahliae Kleb. (VT), is one of the
most important plant diseases that limits production in
the eggplant cultivation areas of our country (Altinok et
al. 2012, Dervis et al. 2009, Uslu-Kiran et al. 2007). It has
been reported that there may be over 50% product losses
in production areas where the disease is observed (Bletsos
et al. 2003, Neshev et al. 1997, Tani et al. 2018). V. dahliae
was first reported in 1970 as a wilt pathogen of eggplant
in Turkey (Kamal and Saydam 1970). The disease occurs
more than 200 plant species (Inderbitzin and Subbarao
2014). Verticillium dahliae Kleb. is a fungal pathogen of
soil borne which remains in the form of microsclerotia in
the soil for more than 10 years, causing wilt and blocking
the transmission bundles of infected plants (Agrios 2005).
The lesions are seen as V-shaped leaves and are seen in a
part of the plant or leaf. While browning observed in xylem
in infectious plants can reach phloem tissue in Fusarium
wilt, it is limited to xylem tissue in Verticillium wilt. Both
of soil-borne disease pathogens can cause more severe
diseases in the infected areas with nematodes that change
the physiology of the plant and open the door to the plant
(Miller et al. 1996, Milton et al. 1971). A study determined
that the rate of the areas of diseased plants caused by V.
dahliae in eggplant was 43.2% where 18 isolates were from
seven provinces of Western Anatolia (Aydin, Balikesir,
Bursa, Ganakkale, {zmir, Kiitahya and Manisa), 28 isolates
were from seven provinces of South Anatolia (Adana,
Antalya Osmaniye, Hatay, Karaman, Konya and Mersin),
21 isolates were reported from five provinces of Southeast
Anatolian provinces by Dervis et al. (2009). Further studies
in Adana, Antalya and Igel regions revealed Fusarium sp.
but nearly all samples diseased Verticillium sp. in Hatay
region (Yiicel 1994). Several survey studies conducted in
Antalya, Mersin and Samsun provinces in greenhouse
eggplant production areas exhibited prevalence rates
and disease severity of Fusarium and Verticillium wilt
pathogens. These studies provide that average prevalence
rates of Fusarium and Verticillium wilt diseases 20% in
Antalya, and approximately 35% in Mersin, and less than
5% Verticillium wilt determined in Samsun provinces,
respectively. On the other hand, their macroscopic,
microscopic analysis and pathogenicity tests of collected
176 isolates determined as 112 of fungal isolates were
Fusarium oxysporum f. sp. melongenae and 64 of fungal
isolates were Verticillium dahliae Kleb. (Altinok et al. 2012).

V. dahliae is common in the eggplant growing areas and is

difficult to determine its symptoms in the host plants, the

pathogen can be confused with other wilt pathogens easily.
Cultural measures and chemical control are not very effective
on the control against V. dahliae, and these control methods
are not permanent and economical. Hence, appropriate
control of V. dahliae needs alternative approaches
including organic and integrated agriculture systems with
reducing their negative effects of chemical control on other
untargeted living organims for countries (Colak et al. 2018).
Today, breeding studies are primarily aimed at developing
durable resistant varieties. Because of negative effects of
chemical control a reliable resistance sources have been
required immediately (Scott 2005). Unfortunately, there is
no Verticillium wilt resistant cultivar present in eggplant.
In this context, in hybridization programs, genotypes of
eggplants that are known to be resistant to wilting disease
within their species are needed. In this study, it was aimed
to determine the resistance levels of 42 eggplant genotypes
for use in breeding studies against Verticillium wilt disease
caused by V. dahliae disease in eggplant.

MATERIALS AND METHODS

In experiments, 42 eggplant genotypes were used as material
in this study from 2015 eggplant breeding programs carried
out in Alata Horticultural Research Institute, Mersin,
Turkey. In classical testing studies, high resistance AGR703
(Solanum melongena x Solanum aethiopicum), Koksal F1
(Solanum melongena X Solanum incanum) commercial
eggplant rootstocks, and Kemer, Aydin Siyahi eggplant
cultivars were used as susceptible controls (Dervis et al.
2009, Talhouni et al. 2019).

Classical testing for Verticillium dahliae resistance levels

Classical testing experiments were performed according
to seedling root dipping method for determining the
resistance of V. dahliae Kleb. in 42 eggplant genotypes. For
this purpose, the high virulence VT isolate obtained from
greenhouse eggplant areas was developed for 10 days in
PDA (Potato Dextrose Agar). Fungal mycelial developed at
the end of the incubation period of VT fungus isolate were
passed through double-layer cheesecloth and the spores
suspension was adjusted to 1x107 spores/ml with Thoma
slide (Colak et al. 2019, Ozan 2004, Uslu-Kiran et al. 2007).

For VT inoculation, the soil containing roots of 4-5 leaf
eggplant seedlings was washed, and than the roots were
shaved for seedlings inoculation by immersion in VT spore
suspension containing 1x10” spor / ml for 4-5 minutes.
Eggplant seedlings inoculated were planted in 3 pots of
eggplant seedlings in each pot of 15x15 cm containing steril
soil: peat: perlite (1:1:1). The control plants to be used in
testing were dipped in sterile water after planting their roots

and planted in pots (Colak et al. 2018). The experiment
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was conducted with 5 pots for each eggplant genotype with
completely randomized design and 3 plants were planted in
each pot. The pots were kept in a climatized chamber with
26 + 2 °C temperature, under 16 hours of light and 8 hours
of darkness and a relative humidity of 60-70% conditions.
The chamber was located at the Directorate of Biological

Control Research Institute, Adana.

The disease severity was calculated using the Townsend-
Heuberger formula according to Basay et al. (2011); the
disease severity was measured with modified the 0-5 scales
where 0: no disease symptoms and no color change in the
root veins, 1: 30% of the leaves are yellow and very mild
color change in the root veins, 2: 50% of the leaves are yellow
and moderate color change in the root veins, 3: 50-70% of
the leaves are yellow and substantial color change in the
root veins, 4: only 1 to 2 leaves green and 71% color change
in the root veins, 5: the plant dies. Plants’ symptoms were
measured 45 days after inoculations in the pot experiment
(Bagay etal. 2011, Bora and Karaca 1970, Karman 1971). The
VT % disease severity rate was calculated for each eggplant
genotype according to Neshev et al. (1997) and Basay et al.
(2011)’s evaluation scale. The modified scale for genotypes
were: highly resistant (0%: no disease symptom), resistant
(0.1-10%), moderate-level resistant (10.1-25%), moderate-
level susceptible (25.1-50%), susceptible (50.1-75%),
high susceptible (>75.1%), the resistant level of eggplant
genotypes has been demonstrated. The obtained data from
inoculation results of the study were conducted by applying
variance analysis, comparing average values, LSD (Fisher’s
Least Significant Difference) test (P: 0.05). These statistics
tests were performed and their results were evaluated in

Jump Package Program.
RESULTS AND DISCUSSION

As a result of classical testing studies, resistance levels of 42
eggplant genotypes have already determined against one
of the most important soil borne fungal V. dahliae Kleb.
pathogen causing Verticillium wilt disease. For this purpose,
disease severity % and resistance status of eggplant genotypes
belonging to classical test studies performed according
to seedling root dipping method presented in Table 1.
The differences between eggplant genotypes (Table 1) in
terms of disease severity % values were found statistically
significant (P<0.05). It was also determined that the severity
of the disease against V. dahliae varied 8.25-76.53% among
the genotypes of different eggplant species. These classical
tests unveiled 8 eggplant genotypes from different genus of
Solanum torvum, Solanum incanum, Solanum linnaeanum,
Solanum aethiopicum, Solanum sisymbriifolium, Solanum
americanum. The 8 genotypes are belonged to different
eggplant species where E4, E5, E7, E8, E10, E24, E33, E42

coded plants were found to be resistant with disease severity
between 7.98-9.87%. Additionally, 22 eggplant genotypes
with VT disease severity varied from 10.4% to 24.53%
were resembled moderately resistant, 4 eggplant genotypes
(E1, E12, E15, E41) were moderately susceptible between
25.07% -46.94% disease severity, and 9 eggplant genotypes
were over 52% disease severity were in susceptible groups.
(Tablel, Figurel).

The S. melongena accessions have revealed varying levels
of sensitivity to Verticillium wilt. However, sources of
resistance to V. dahliae have been found in some wild
Solanum species related to eggplants such as S. torvum,
S. linnaeanum, S. aculeatissimum, S. sisymbrifolium
(Collonnier et al. 2001, Liu et al. 2015). S. torvum has
been reported to be resistant to Verticillium wilt and
bacterial wilt, root-knot nematode and mycoplasma.
(Collonnier et al. 2001, Kashyap et al. 2003). However, in
our conducted tests proved that reactions against different
Verticillium isolates were developed 20-27% symptom
on S. torvum plants whereas other eggplants had 87-
100% disease symptoms likely reported by Garibaldi et al.
(2005). By screening an area that was naturally infected
with the disease between 1998 and 2001, it was observed
that the disease resistance of back-crossed S. linnaeanum
and a cultivated eggplant increased by about 60%. It is
reported that S. linnaeanum is able to use to increase the
resistance against Verticillium wilt (Liu et al. 2015). The
most common rootstocks used in eggplant production are
S. torvum, Solanum integrifolium and S. sisymbriifolium.
Bletsos et al. (2003) revealed that, eggplant grafted onto
S. torvum and S. sisymbriifolium rootstocks, had positive
effects on plant growth, yield and disease incidence of
V. dahliae without change in fruit quality, and S. torvum
was more resistant than S. sisymbriifolium to V. dahliae.
Neshev et al. (1997) indicated that reactions of 37 eggplant
varieties to Verticillium wilt and compared with Bulgarian
varieties Svetlina and Luch. In the study, approximately
35% of the varieties were found to have extremely high
resistance and 54% were moderately susceptible. The plant
infected with V. dahliae in different varieties ranged from
2.5 to 56.8%. The varieties included in the study reported
that they were more resistance than the Svetlina variety
and could be used as sources of resistance to Verticillium
wilt in future breeding programs. In our study, as a result
of determining eggplant genotypes in which targeted VT
disease resistance status were determined; the breeder will
contribute to researches in new hybridization programs
and the transfer of the gene of resistance to commercial
eggplant varieties.

In vegetable cultivation, in areas where soil-borne diseases

are intensive the fact that solarization is insufficient in the
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Table 1. Determination of disease severity and resistance status against Verticillium wilt in eggplant genotypes

Disease Status of Disease Status of
IC  Genotypes Species severity di IC Genotypes Species severity di
(%) sease (%) sease
El  Topan37a  Solnum 40.80g MS E23 VI0ssaset SO o) 3bedef MR
melongena torvum
E2 Aydin Solanum 69.47k1 S F24  VIoso329+  Solanum 9.04a R
Siyahi melongena aethiopicum
B3 Vioadoser  Solanum 2293def MR E25  VI0S0355+ SO0 sghedef MR
aethiopicum aethiopicum
Ea  Vio3edder  Solamum 9.04a R 26 VI0s0367* SO g oidef MR
linnaeanum aethiopicum
E5 SW Solanum 9.87a R B27 VI0s0371% SO ) hocdef MR
torvum aethiopicum
B6  VIogsy  Solanum 10.41a MR E28  VI050380¢  SOMMMM o Gobedef MR
incanum aethiopicum
E7  Viozseor  Solanum 9.60a R E20  VI050391% SO g oGhede MR
incanum aethiopicum
ES  VI037aeer  Solmum 9.07a R 30 Vioaaigor  Solanum 60.27j S
mcanum americanum
B9 Vioazsaze  Solanum 16.82b MR E31  Vioazagls  Sounum 18.13bcd MR
mcanum americanum
E10 VIosgizox | Solanum 9.56a R E32  VIo42sdgr  SOMMHM o0 ssbcdef MR
sisymbriifolium americanum
Bl VIos7as+  Solanum 52.00i S E33  Vioazeaor  Solanum 9.82a R
mducum americanum
E12  Vioazasye  Solnum 4080  MS  E34  VIoszzeyr  Solanum 2427¢f MR
inducum melongena
El3  VIosagoar  Solanum 53.33i S E35  Plasozex  Solanum 66.93k S
macrocarpon melongena
Eld  Viod7azs:  Solanum 76.53n HS E36  VIoa2s1ar oMM o) o0kmn S
macrocarpon melongena
E15  VI050400* Solanum 46.94h MS E37  VI039552¢  SOlMUM o) ooicdef MR
macrocarpon melongena
El6  VI047392* Solanum 22.67cdef MR E38  VIo42032A  Solanum 24.00ef MR
torvum melongena
E17  VI054894* Solanum 18.94bcde MR E39  VIossagys  Solanum 2453f MR
torvum nigrum
El8  VI0ss295¢  Solanum 23.73¢f MR F40  VI0Ss104+  SOMMHML o) cobcdef MR
melongena nigrum
E19  VIo47dgyr  Sokanum 55.21i S E4l  VIoalo90+  Solanum 25.07f MS
villosum ferox
E20  VI042539* Solanum ) b0bedef MR E42  Vioalo3lr  Solanum 8.25a R
villosum torvum
E21  VIo3734pr  Solanum 1734bc MR Kemer  Variety Solanum 0 \gn S
xanthocarpum melongena
E22 VIo40261*A  Sownum 2453f MR AN ey Solanum 6 adm s
xanthocarpum Siyah1 melongena
Solanum Solanum
i melongena AGR melongena
Koksal Rootstock 8.77a R Rootstock 7.98a R
X Solanum 703 x Solanum
incanum aethiopicum
Lsd 0.5 4.554

*:Genotypes were taken from World Vegetable Center in Taiwan. The resistance status, according to % disease severity values of eggplant genotypes has been
demonstrated; highly resistant (0%: no disease symptoms, HR), resistant (0.1-10%, R), moderate-level resistant (10.1-25%, MR), moderate-level susceptible (25.1-
50%, MS), susceptible (50.1-75%, S), high susceptible (=75.1%, HS). IC:Institute Code

control alone and the use of disease-resistant varieties or the
use of resistant rootstocks has gained importance. Grafting
method has started to be preferred especially for varieties

with insufficient disease resistance. Fusarium oxysporum,

V. dahliae and Meloidogyne sp., in its control, significant
successes has been achieved with the use of rootstocks. In
the control against soil-borne diseases, it is possible for

the rootstocks to provide this resistance by secreting their
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E24 E19 ” JE40

Figure 1. An image from classical testing of some eggplant
genotypes against Verticillium wilt disease. A diagnostic
characteristic of VT is a blotchy yellow leaf color, wilting
and distinctive discoloration in the vasculer system in
susceptible groups plants (E2, E11, E1, E19), and resistant
groups plants (E24, E27, E40) in eggplants genotypes

secretions in the root region. However, in the production
of grafted eggplant seedlings, primarily the culture forms,
wild forms, close relative species and cross-species hybrids
of eggplant; resistance to important biotic and abiotic stress
factors should be evaluated in detail in rootstock breeding
programs (Colak et al. 2018, Khah 2005, 2011, Saribag
et al. 2019a). In the world, hybrid varieties obtained by
hybridization of S. torvum, S. incanum x S. melongena and
S. melongena x S. aethiopicum species are used as rootstocks
in the production of grafted eggplant seedlings. In the
production of grafted eggplant seedlings, S. torvum species
as rootstock; It has been declared that it provides a high level
of resistance to Verticillium wilt, Fusarium wilt, Bacterial
wilt and root-knot nematode (Rotino et al. 2002, Saribas et
al. 2019b).

Ciriik et al. (2009) determined that, in greenhouse soils
infected with Verticillium wilt and root-knot nematode;
it was determined that the yield values and the quality
losses decreased in Fasalis and Pala varieties grafted on the
S. torvum rootstock. It has been demonstrated that there
are genes which provide resistance to soil-borne disease
pathogens in the wild forms of eggplant such as S. torvum,
S. aethiopicum and S. incanum and in close relative species.
However, it has been revealed by research results that S.
melongena has a lower level of resistance (Toppino et al.
2008). In the study conducted by Saribas et al. (2019) it
was stated that S. melongena X S. aethiopicum eggplant
rootstock candidates developed in the breeding program
were resistant to root-knot nematode (M. incognita),
Verticillium (V. dahliae Kleb.) and Fusarium (F. oxysporum
f. sp. melongenae) wilt diseases as a result of classical

testing.

In recent years, rapid screening of disease-resistant lines
using molecular markers in breeding studies, saving time,
space and reliability by choosing the desired genotypes
provides hundreds of plant choices in one day (Barone et al.
2005, Staniaszek et al. 2007). In the studies carried out in this
context, studies of resistance to tomato against Verticillium
wilt (V. dahliae Kleb.) disease have been initiated before,
and SNP2827 / Tetraprimer ARMS marker developed in
connection with the Ve-2 gene, which provides resistant and
susceptible populations, has been developed (Acciarri et al.
2007, Arens et al. 2010). Since eggplant production has been
less economical for many years than tomato production,
such a study has not been possible until now. In this context,
the development of these markers with the V. dahliae
resistant and susceptible eggplant genotypes obtained as a
result of our study contributed to the transfer of the gene of
resistance to commercial eggplant varieties in the breeder’s

new hybridization programs.

The main goal of eggplant breeding is to develop hybrid
varieties with high quality and resistant to diseases and
pests. The aim of our study is to determine the resistance
of Verticillium wilt caused by V. dahliae Kleb. disease in 42
eggplant genotypes. As a result of classical tests, in order
to increase the effectiveness in the control against soil-
borne pathogens such as V. dahliae, besides the selection
of resistance varieties, the system should be considered as a
whole and combined applications should be included in the
disease control to protect it in environmental resistance. In
this context, with the classical breeding methods, to develop
a variety resistant to a single disease pathogen; in terms of
productivity and quality, it is not sufficient for areas such
as eggplant that have been cultivated in recent years and
for a plant species with high number of diseases and pests.
In today’s conditions, depending on the production area
and time, resistance to at least 3 or more diseases-pests
is needed. Thus, it has been reported that there is a need
to develop varieties resistant to nematode damage with
soil-borne pathogens in countries and in Turkey, where
eggplant production is intensive (Rotino et al. 2002). As
the number of resistance needed increases, the breeding
time becomes longer and even impossible. In recent years,
while Fusarium wilt resistance has been developed, which
has caused significant damage to eggplant with increased
production, there is no such study so far for Vetricillium
wilt (Goth and Webb 1981). By determining the resistant
and susceptible eggplant genotypes obtained as a result of
this study, contribution was made to the infrastructure for
the development of these markers. With this study results,
42 eggplant genotypes, which can be used as a source
of resistance in eggplant breeding, are presented to the

breeder. In addition, by identifying the parents who will be
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resistant to V. dahlia Kleb. as a parent or father, it has also
contributed to the establishment of alternative projects
in terms of obtaining the new varieties through the fruit
quality criterion demands which are at the forefront in the

world.
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OZET

Bu ¢aligma, patlican iretimini sinirlayan Verticillium
dahliae hastalik etmeninin neden oldugu Verticillium
dayanikliik  1slah
¢aligmalarinda kullanilmak {izere 42 adet patlican

solgunlugu  hastaligina  karsi

genotipinin  reaksiyon  durumlarinin  belirlenmesi
amaciyla 2015 yilinda yapilmistir. Patlican genotiplerinin
hastaliga kars: dayaniklilik durumlar: klasik testleme ile
tespit edilmistir. Calismada farkli patlican tiirlerine ait
genotipler arasinda V. dahliae’ya kars1 hastalik siddetinin
%8.25-76.53 arasinda degistigi tespit edilmistir. Klasik
testleme sonucunda E4, E5, E7, E8, E10, E24, E33, E42
kodlu farkli tiirlere ait patlican genotipleri; Solanum
incanum, Solanum  linnaeanum,

torvum, Solanum

Solanum  aethiopicum,  Solanum  sisymbriifolium,
Solanum americanum™un %7.98-%9.87 hastalik siddeti
ile dayanikli oldugu tespit edilmistir. Caligmada, 22
adet patlican genotipinin orta dayanikli ve 13 adet
patlican genotipinin hassas gruplar igerisinde yer aldig:
tespit edilmigtir. Calismada elde edilen Verticillium
solgunluguna dayaniklibk durumlarinin belirlendigi
patlican genotipleri gelecekte yeni hibrit patlican ¢esidi

gelistirmeye katki saglayacaktir.

Anahtar sozctikler: Solanum melongena L., Verticillium
solgunlugu, dayaniklilik

REFERENCES

Acciarri N., Rotino G.L., Tamietti G., Valentino D.,
Voltattorni S., Sabatini E., 2007. Molecular markers for
Vel and Ve2 Verticillium resistance genes from Italian
germplasm. Plant Breeding, 126 (6), 617-621.

Agrios G.N., 2005. Plant Pathology. Elsevier Academic
Press. USA, p. 922.

Altinok H., Boyacit H.E, Topgu V., 2012. Prevalence of
Fusarium and Verticillium wilts in greenhouse eggplant
production areas of Antalya, Mersin and Samsun provinces
and geographical distribution of the virulence of the isolates.
Atatiirk University Journal of the Agricultural Faculty, 43
(2), 107-115.

10

Arens P, Mansilla C., Deinum D., Cavellini L., Moretti
A., Rolland S., Van der Schoot H., Calvache D., Ponz E,
Collonnier C., Mathis R., Smilde D., Caranta C., Vosman
B., 2010. Development and evaluation of robust molecular
markers linked to disease resistance in tomato for
distinctness, uniformity and stability testing. Theoretical

and Applied Genetics, 120 (3), 655-664.

Aybak H.C., 2005. Patlican yetistiriciligi. Hasat yayincilik,
ISPN: 978-975-8377-11-4, 112 s.

Barone A., Ercolano M.R., Langella R., Monti L., Frusciante
L., 2005. Molecular marker-asisted selection for pyramiding
resistance genes in tomato. Advances in Horticultural
Science, 19, 147-152.

Bagay S., Seniz V., Tezcan H., 2011. Reactions of selected
eggplant cultivars and lines to Verticillium wilt caused by
Verticillium dahliae Kleb. African Journal of Biotechnology,
10 (18), 3571- 3573.

Bletsos E A., Thanassoulopoulos C., Roupakias D., 2003.
Effect of grafting on growth, yield, and Verticillium wilt of
eggplant. HortScience, 38 (2), 183-186.

Bora T., Karaca I., 1970. The measurement of disease and
pests in culture plants. Ege University Faculty of Agriculture

Supplementary Course Book, No: 167, {zmir. p. 43.

Collonnier C., Fock I., Kashyap V., Rotino G.L., Daunay
M.C,, Lian Y, Mariska L.LK., Rajam M.V, Servaes A., Ducreux
G., Sihachakr D., 2001. Applications of biotechnology in
eggplant. Plant Cell, Tissue and Organ Culture, 65, 91-107.

Colak A.A., Fidan H., Ozarslandan A., Ata A., 2018.
Determination of the resistance of certain eggplant lines
against Fusarium wilt, Potato Y Potyvirus and root-knot
nematode using molecular and classic methods. Journal
Fresenius Environmental Bulletin, 27 (11), 7446-7453.

Colak A.A., Fidan H., Karacaoglu M., Daggan H.Y.,2019. The
identification of the resistance levels of Fusarium oxysporum
f. sp. radicis-lycopersici and Tomato yellow leaf curl viruses
in different tomato genotypes through traditional and
molecular methods. Applied Ecology and Environmental
Research, 17 (2), 2203-2218.

Ciirtik S., Dasgan H.Y., Mansuroglu S., Kurt ., Mazmanoglu
M., Antakli O., Tarla G., 2009. Grafted eggplant yield, quality
and growth in infested soil with Verticillium dahliae and MX
Meloidogyne incognita. Pesquisa Agropecuaria Brasileira,
Brasilia, 44 (12), 1673-1681.

Dervis S., Yetisir H., Yildirnm H., Tok EM., Kurt S.,
Karaca E, 2009. Genetic and pathogenic characterization
of Verticillium dahliae isolates from eggplant in Turkey.
Phytoparasitica, 37, 467-476.



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (4) : 5-11

Garibaldi A., Minuto A., Gullino M.L., 2005. Verticillium
wilt incited by Verticillium dahliae in eggplant grafted on
Solanum torvum in Italy. Plant Disease, 89 (7), 777.

Goth R.W,, Webb R.E., 1981. Sources and genetics of host
resistance in vegetable crops. In: “Fungal Wilt Diseases
of Plant”. Mace M.E., Bell, A.A., Beckman, C.H. (Eds.).
Academic Press, London, 377-409 p.

Inderbitzin P, Subbarao K.V., 2014. Verticillium systematics
and evolution: How confusion impedes Verticillium wilt
management and how to resolve it. Phytopathology, 104 (6),
564-574.

Kamal M., Saydam C., 1970. Verticillium wilt of eggplant in
Turkey. Plant Disease Reporter, 54 (3), 241-243.

Karman M., 1971. Bitki koruma arastirmalarinda genel
bilgiler kitabi. T.C. Tarim Bakanlig1 Zirai Miicadele ve Zirai
Karantina Genel Midiirliigii Yayinlari. Bornova/ Izmir.
Agustos 1971. 279 s.

Kashyap V., Kumar S.V., Collonnier C., Fusar1 E, Haicour R.,
Rotino G.L., Sihachakr D., Rajam M.V., 2003. Biotechnology
of eggplant. Scientia Horticulturae, 97, 1-25.

Khah E.M., 2005. Effects of grafting on growth, performance
and yield of aubergine (Solanum melongena L) in the
field and greenhouse. Journal of Food, Agriculture &
Environment, 392-394.

Khah E.M., 2011. Effect of grafting on growth, performance
and yield of aubergine (Solanum melongena L.) in greenhouse
and open-field. International Journal of Plant Production, 5
(4), 359-366.

LiuJ., Zheng Z., Zhou X., Feng C., Zhuang Y., 2015. Improving
the resistance of eggplant (Solanum melongena) to Verticillium
wilt using wild species Solanum linnaeanum. Euphytica, 201,
463-469.

Miller A.S., Rowe C.R., Riedel M.R., 1996. Fusarium and
Verticillium wilts of tomato, potato, pepper and eggplant. The
Ohio State University Extension, Plant Pathology, HGY-3122-
96. 2021 Cofey Road. Columbus, OH 432101087.

Milton J.M., Rogers W.G., Isaac I, 1971. Application of
acrylamide gel electrophoresis of soluble fungal protein to
taxonomy of Verticillium species. Transactions of the British
Mycological Society 56 (1), 61-63.

Neshev G., Ivanova I, Krusteva L., 1997. Response of different
eggplant cultivars to Verticillium wilt (Verticillium dahliae
Kleb.). Acta Horticulturae, 462, 763-768.

Ozan S., Maden S., 2004. Ankara ili domates ekilis alanlarinda
solgunluk ve kok ve kokbogazi ¢uiriikliigiine neden olan fungal
hastalik etmenleri. Bitki Koruma Biilteni, 44 (1-4), 105-120.

11

Rotino G.L., Sunseri E, Acciarri N., Arpaia S., Mennella G.,
Spena A., Zottini M., 2002. Transgenic parthenocarpic and
insect resistant eggplant. Transgenic Plants and Crops, ISBN:
0- 8247-0545-9, 587-601.

Scott J.W., 2005. Perspective on tomato disease resistance

breeding: past, present and future. Acta Horticulturae, 695.

Staniaszek M., Kozik E.U.,, Marczewski W,, 2007. A CAPS
Marker TAO1902 diagnostic for the I-2 gene conferring
resistance to Fusarium oxysporum f. sp. lycopersici race 2 in
tomato. Plant Breeding, 126 (3), 331-333.

Talhouni M., Kusvuran §., Kiran S., Ellialtioglu §., 2019. Tuz
stresi altinda yetistirilen patlican bitkilerinde klorofil, yaprak
su potansiyeli ve bazi meyve ozellikleri tizerine asih bitki
kullaniminn etkisi. Toprak Su Dergisi, 8 (1), 29-38.

Tani E., Kizis D., Markellou E., Papadakis I., Tsamadia D.,
Leventis G., Makrogianni D., Karapanos I., 2018. Cultivar-
dependent responses of eggplant (Solanum melongena L.)
to simultaneous Verticillium dahliae infection and drought.
Frontiersin Plant Science, 9, 1181. doi: 10.3389/fpls.2018.01181

Toppino L., Vale G., Rotino G.L., 2008. Inheritance of
Fusarium wilt resistance introgressed from Solanum
aethiopicum Gilo and Aculeatum groups into cultivated
eggplant (S. melongena) and development of associated
PCR-based markers. Molecular Breeding, 22 (2), 237-250.

TUIK 2019. Bitkisel Uretim Istatistikleri. TUTK, http://www.
tuik.gov.tr (accessed date: 6.04.2020)

Uslu-Kiran S., Ellialtioglu §., Dolar ES., Ustiin A.S.,
Mehmetoglu U., Bayraktar H., 2007. Patlicanda Verticillium
solgunluguna dayaniklilik ile kallus kiiltiiriinde solavetivon
birikimi arasindaki iligkinin incelenmesi. Yiiztinci Yil

Universitesi Fen Bilimleri Enstitiisii Dergisi, 12 (1), 45-53.

Yiicel S., 1994. Akdeniz Bolgesi ortii alt1 sebze alanlarinda
goriilen fungal hastaliklar. Bitki Koruma Biilteni, 34 (1-2),
23-34.

Cite this article: Colak Ates, A. (2020). Investigation of
resistance to Verticillium wilt disease (Verticillium dahliae
Kleb.) in eggplant genotypes. Plant Protection Bulletin, 60-
4. DOI: 10.16955/bitkorb.739856

Atif icin: Colak Ates, A. (2020). Patlican genotiplerinde
Verticillium solgunluk hastaligina (Verticillium dahliae
Kleb.) dayanikhiligin arastirilmasi. Bitki Koruma Biilteni,
60-4. DOI: 10.16955/bitkorb.739856



12



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (4) : 13-20

Bitki Koruma Biilteni / Plant Protection Bulletin

http://dergipark.gov.tr/bitkorb

Original article

Pests, beneficial insect species and their bio-ecologies in the collard gardens
of Diizce province of Turkey
Diizce ili karayaprak lahanas: bahgelerinde belirlenen yararli, zararli bocek tiirleri ve biyo-

ekolojileri

Abdurrahman Sami KOCA®, Halil KUTUK®

“Department of Plant Protection, Faculty of Agriculture, Bolu Abant Izzet Baysal University, Bolu, Turkey

ARTICLE INFO ABSTRACT

Article history:

DOI: 10.16955/bitkorb.714468
Received : 04-04-2020
Accepted: 25-08-2020

Collard (Brassica oleracea L. var. acephala) is among the most important winter
vegetables commonly planted in the Black Sea Region of Turkey, where climatic
conditions are more favorable to grow these crops. Surveys were carried out
between 2016 and 2017 to determine the harmful and beneficial insect species

Keywords: in the collard gardens of Diizce province, located in the West Black Sea Region

of Turkey. As a result of this research, 18 harmful species from seven families
Collard, natural enemies, pests,

Diizce, Turkey belonging to four orders and five beneficial species from four families belonging

to four orders were found out in the collard gardens. Cabbage whitefly, Aleyrodes

proletella (L.) (Hemiptera: Aleyrodidae), was found as the main pest of collard
* Corresponding author: A. Sami KOCA

and specified that this pest constitutes populations at potentially significant
B2 a.samikoca@yahoo.com.tr

levels. Additionally, aphids Brevicoryne brassicae L. and Aphis craccivora Koch
(Hemiptera: Aphididae) damage were determined in the collards. In some collard
gardens, the following important harmful species that emerged occasionally were
identified: Phyllotreta cruciferae Goeze, P. atra Fabricius, P. varijpennis Boieldieu,
P. striolata Fabricius, and P. undulata Kutschera (Coleoptera: Chrysomelidae)
as flea beetles; Pieris brassicae (L.) and P. rapae (L.) (Lepidoptera: Pieridae)
as cabbage moths. Encarsia tricolor Foerster (Hymenoptera: Aphelinidae) and
Clitostethus arcuatus Rossi (Coleoptera: Coccinellidae) were determined as the
most common beneficial species in collard gardens.

GIRiS

Brassicaceae (Capparales) familyasina bagli karayaprak
lahanasi (Brassica oleracea L. var. acephala) Karadeniz
Bolgesinde yaygin olarak yetistirilen en 6nemli kis sebzeleri
arasindadir. Karadeniz Bélgesinin batisinda yer alan Diizce
ilinde karayapraklahanasi ev bahgesi seklinde yetistirilmekte
ve treticiler i¢in onemli bir gelir kaynag: olusturmasinin
yani sira bolge halki igin yoresel beslenmede de 6nemli

bir bitkidir. Brassicaceae familyasindaki sebzeler, ozellikle

13

icerdigi besin maddeleri ve fitokimyasallar bakimindan
zengin olmalari, insan viicudunda kolesterol ve kan sekeri
diizeyinin normal seviyelerde seyretmesini saglamalari,
kemik erimesi, kalp hastaliklar1 ve kansere kars1 koruyucu
etkilere sahip olmalari sebebiyle saglikli beslenmedeki
6nemleri yapilan arastirmalar sonucunda her gegen giin
daha iyi anlagilmaktadir (Vural et al. 2000). Bu familyadaki

sebzelerden karayaprak lahanasi, Brassicaceae familyasinin
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en eski formlarindan birisi olup (Nieuwhof 1969), sahip
oldugu zengin besin degerlerinden dolayr uzun yillardan
bu yana saglikli beslenmenin vazgegilmezleri arasinda yer
almaktadir (Giinay 1984). Ulkemiz genelinde 2019 yilinda
yaklagik 49 bin dekar alanda karayaprak lahanasi ekimi
yapilmis ve yaklagik 57 bin ton iriin hasat edilmistir. Ekili
alanlarin yaklasik olarak %18’ine karsilik gelen 8.900 dekar
Bat1 Karadeniz Bolgesindedir. Bati Karadeniz Bolgesinde
yer alan Diizce ilinde ise 2.100 dekar alanda karayaprak
lahanasi bitkisi yetistirilmis ve 3.400 ton driin hasat
edilmistir (TUIK 2020).

Sebze yetistiriciliginde fide déneminden hasada kadar
gegen siirede ¢ok sayida arthropod tiirii ile karsilagilmakta
ve s0z konusu bu tiirlerin popiilasyonlar: zaman zaman
ekonomik zarar esigini agarak iriin kayiplarina neden
olabilmektedir (Coaker 1992). Sebzelerdeki zararhi
arthropod tiirlerinin  en o6nemli bolimiini  bocek
tiirleri olusturmaktadir. Fauna ¢alismalar1 ile bocek
tirlerinin belirli bolgelerdeki yayilislar1 ve biyolojileri
belirlenmekte, tizerinden toplandig: bitkiler ve ekolojileri
aragtirilmaktadir. Bu ¢alismalar sonucunda faydali olan
bocek tiirlerinden daha fazla faydalanma, zararli tiirlerin
ise zararlarini en disiik seviyeye indirme yollar1 tespit
edilerek uygulamaya konulmaktadir. Bu tip caligmalar
ile yeni tiirler ve bunlarin ekosistemdeki O6nemleri
saptanmaktadir (Yazici 2015)

Diizce ilinde fireticiler karayaprak lahanasi fidelerini
mayls aymn baglarinda topraga sasirtmakta olup,
genellikle haziran ayindan itibaren de yapraklarini hasat
etmeye baslamaktadir. Ekonomik anlamda bu bitkilerden
faydalanma donemi yaz aylar1 olup, havalarin sogumasiyla
birlikte ekim ayinda hasat sona ermekle birlikte bazi
tireticiler karayaprak lahanasi bitkilerinin kiga dayanabilme
ozelliginden faydalanmak adina bitkileri topraktan
sokmeyerek kig aylarinda da diisiik miktarlarda da olsa
hasada devam etmektedir (Koca and Kiitiik 2020). Diizce
ilinde uzun bir vejetasyon siiresine sahip olan karayaprak
lahanas: gesitli bocek tiirlerinin saldirisina ugramaktadir.
Zararli bécek tiirlerinin farkli biyolojik dénemlerinin
lahanada beslenmesi sonucu, zararhi tiire bagli olarak
bitkinin yalnizca kok, yaprak, ¢igek, meyve, dal, tomurcuk
gibi boliimleri zarar gérmekte bazen de bitkinin tamami
zarar gorerek olebilmektedir (Coaker 1992, El-Fakharany
and Hendawy 2014).

Ulkemizde lahanada zararl ve faydali boceklerin
belirlenmesi konusunda bir¢ok c¢alisma bulunmaktadir
(Atak ve Atak 1984, Avci ve Ozbek 1990, Haykur et al.
1990, Avci ve Ozbek 1991, Tozlu et al. 1998, Ozder ve
Kilinger 1999, Bayhan et al. 2002, Giiglii et al. 2006, Kaya
ve Kornosor 2008). Ancak Bati Karadeniz Bolgesinde
lahana tizerinde yuriitilmis bir ¢alisma bulunmamaktadir.
Bu ¢alisma ile tilkemizin Bati Karadeniz Bolgesinde yer
alan Diizce ilinde ekonomik olarak yetistiriciligi yapilan
ve yoresel beslenmede 6nem arz eden karayaprak lahanas:
tizerindeki faydali ve zararli bocek tiirleri belirlenmistir.
Bu ¢alisma daha sonra yiiriitillecek detayli ¢aligmalar ile
birlikte lahanagiller {izerinde gergeklestirilecek miicadele

programlarinin olugturulmasina alt yap: saglayacaktir.
MATERYAL VE METOT

Bu ¢aligma Diizce ilinde 2016-2017 yillarinda karayaprak
lahanasinin iki yillik vejetasyon siiresince yiirGitilmistiir.
Karayaprak lahanasi bitkilerinde zararli ve yararli bocek
tiirlerinin tespit edilmesi amaciyla yapilan stirveyler, Diizce
ilinin Merkez ve Cilimli ilgelerinde toplam dort lokasyondan
secilen bahgelerde, bitkilerin bahgelere dikimleriyle birlikte
baslamis olup hasada kadar devam edilmistir (Cizelge 1).

Sturveylerin iki haftada bir kez vyapilmasmna 6zen
gosterilmis ve gerekli gorildigii durumlarda ise haftada
bir kez yapilmistir. Bu bahgeler diginda Diizce ilinin diger
ilcelerinde de toplam 21 karayaprak lahanasi bahgesinde
vejetasyon donemi boyunca farkli zamanlarda (temmuz ve

agustos aylarinda) 6rneklemeler yapilmistir (Cizelge 2).

Karayaprak lahanasinda bulunan zararli ve yararl tiirleri
belirlemek icin tesadiifi rnekleme metodu (Bora ve Karaca
1970) esas alinarak yapilmistir. Orneklemeler ilk olarak
gozle kontrol yontemiyle yapilmistir. Her bir lokasyonda
bahge biiyiikliigiine gore tahmini olarak belirlenen sayida
bitki tesadiifi olarak segilerek incelenmis ve veriler her bir
bahge i¢in bocek tiirleri agisindan var veya yok esasina gore
degerlendirilmistir. Daha sonra bahgelerin kosegenleri
tizerinden gidilerek atrap sallanmis ve toplanan bocekler
uygun kosullarda laboratuvara getirilerek teshis islemleri
i¢in hazirlanmigtir. Ayrica laboratuvara getirilme imkani
olmayan ornekler ise bir fir¢a yardimiyla ve emgi tiipii ile
arazide bulunan bitki tizerinden toplanarak etiketlenmistir.
Yumusak viicutlu bocekler ise %70’lik alkol icerisinde

mubhafaza edilmistir.

Cizelge 1. Siirvey calismalarinin periyodik olarak yapildig: karayaprak lahanas: bahgelerine ait lokasyon bilgileri

ilge Lokasyon Yiikseklik Koordinatlar
Cilimli Mabhiraga 160 m 40° 52’ 47.002000” N / 31° 3’ 1.136904” E
Topgular 148 m 40°52°26.779871” N / 31° 3’ 4.386132” E
Merkez Aziziye 145 m 40° 50’ 39.767174” N / 31° 7 44.929873” E
Aga 143 m 40° 50’ 41.398276” N / 31° 7 41.400622” E
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Cizelge 2. Farkli zamanlarda 6rneklemelerin yapildig karayaprak lahanasi bahgelerine ait lokasyon bilgileri

flge Lokasyon Yiikseklik Koordinatlar
Ayaz 26 41°5°22.661951” N/ 31° 8’ 21.650823” E
Akgakoca Yeni 34 41°4°59.933752” N / 31° 7’ 27.119167” E
Dadali 124 41° 3> 42.474908” N / 31° 11’ 2.874786” E
Orta 117 40° 52’ 24.280337” N / 30° 56’ 43.740339” E
Cumayeri Yeniyaka 114 40° 52’ 57.400254” N / 30° 57° 27.104618” E
Asag1 Avlayan 159 40° 53’ 13.504572” N / 30° 58 30.058712” E
Cilimli Yukari Karakoy 138 40° 52’ 50.046643” N / 31° 0° 20.910253” E
Kltiir 145 40° 46’ 57.048859” N / 30° 59° 44.612925” E
Golyaka Yesil 129 40° 46’ 32.335354” N / 30° 59° 26.950981” E
Yesilova 144 40° 46> 25.084941” N / 30° 58 9.176810” E
Caybiikii 126 40°51° 28.993069” N / 30° 58 28.855943” E
Giimiisova Selamlar 120 40° 51’ 31.870845” N / 30° 57° 42.512501” E
Kiiltiir 157 40° 51’ 55.575326” N / 30° 56” 34.972433” E
Simgir 242 40° 46’ 41.137056” N / 31° 16* 30.478622” E
Kaynash Merkez 298 40° 46’ 14.91188” N / 31° 197 9.995560” E
Sarigcokek 289 40° 46’ 35.086546” N / 31° 19’ 3.543271” E
Merkez Mergic 139 40° 50’ 41.368704” N / 31° 7° 7.309679” E
Gokge 178 40° 49’ 12.900415” N / 31° 12’ 16.092856” E
Dutlar 291 40° 56’ 41.737601” N / 31° 20° 36.343914” E
Yigilca Hosafoglu 312 40° 56’ 26.343448” N / 31° 22’ 46.815747” E
Orhangazi 312 40° 57 43.832919” N / 31° 26’ 31.271681” E

Zararlilarin ve dogal diigmanlarin yumurta, larva ve pupa
gibi ergin éncesi donemleri ise bulunduklar bitki aksamiyla
birlikte 6nce kagit, daha sonra polietilen torbalara konularak
buz kutusu igerisinde laboratuvara getirilerek kiiltiire
alinmigtir. Zararhlar konukgu olduklar: bitki aksamlariyla
birlikte, predatorler ise avlariyla birlikte kiiltiire alinmig
ve gerekli gorildigii durumlarda kiiltiirlere besin ilavesi
yapilmisti. Bu  kiltiirlerden zararlilarin  veya dogal
diigmanlarin ergin dénemleri elde edilmistir. Arazilerden
gesitli yontemlerle toplanan ve laboratuvarda elde edilen
zararlilar ve dogal diismanlar1 birbirlerine benzerliklerine
ve tiirlerine gore smiflandirilarak teshis edilmek {izere

konunun uzmanlarina gonderilmistir.
SONUCLAR VE TARTISMA

Karayaprak lahanasi bahgelerinde zararli ve yararli bocek
faunasinin belirlenmesi amaciyla yapilan bu ¢alismada
Diizce ilinde Hemiptera takimindan dokuz, Lepidoptera
takimindan iki, Thysanoptera takimindan iki ve Coleoptera
takimindan ise bes tiir olmak tizere toplam 18 zararl tiir
tespit edilmigtir. Yararli tiirler olarak ise Aphelinidae,
Nabidae ve Chrysopidae familyalarindan birer tiir,
Coccinellidae familyasindan ise iki tiir olmak {izere dort

predator ve bir parazitoit tiir belirlenmistir (Cizelge 3).

Diizce ili karayaprak lahanasi bahgelerinde Lahana
L)

konumunda

beyazsinegi, Aleyrodes  proletella (Hemiptera:

Aleyrodidae)nin  ana  zararh oldugu

belirlenmistir. Neredeyse 6rnekleme yapilan tiim bahgelerde

bu zararliya rastlanmis olmakla birlikte bircok bahg¢ede de
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6nemli diizeyde popiilasyon olusturduklar: saptanmustir.
Lahana beyazsineginin yani sira yaprakbitleri Brevicoryne
brassicae ve Aphis craccivora (Hemiptera: Aphididae)’nin
da karayaprak lahanasinda onemli zararlara yol agtigi
belirlenmistir. Baz1 bahgelerde ise yaprak pireleri Phyllotreta
cruciferae, P. atra, P. variipennis, P. striolata ve P. undulata
(Coleoptera: Chrysomelidae) tiirleri zaman zaman 6nemli
zararhl tirler olarak ortaya ¢ikmigtir. Ayrica, Lahana
kelebegi Pieris brassicae (L.) ve P. rapae (L.) (Lepidoptera:
Pieridae)’nin de karayaprak lahanasi bahgelerinde yaygin
gortilen tirler oldugu, ancak ekonomik onemde zararl
olmadiklar: belirlenmistir. Pentatomidae (Nezara viridula,
Eysarcoris ventralis, Eurydema oleracea, E. ventralis),
Miridae (Lygus rugulipennis, L. pratensis) ve Thripidae
(Thrips tabaci, T. major) tiirlerine ise nadiren rastlanmis ve
bahgelerde bu tiirlerden az sayida birey gortalmiistiir.

Tiirkiyenin  birgok bolgesinde lahanalarda zararli ve
yararli bocek tiirlerinin tespiti yapilmistir. Izmir ili ve
cevresinde lahana ve karnabahar tizerinde P brassicae
ve parazitoitleri Apanteles glomeratus L. (Hymenoptera:
Braconidae), Hyposoter ebeninus Grav., Pimpla instigator
E (Hymenoptera: Ichneumonidae), Pteromalus puparum
L. (Hymenoptera: Pteromalidae) ve Phryxe vulgaris Fallen
(Uzun 1987).

Erzurumda lahana zararlilari ile ilgili yapilan ¢aliymada alt1

(Diptera: Tachinidae) tespit edilmistir
lepidopter tiiriiniin zararl oldugu belirlemis ve bunlardan
en fazla yogunluga sahip olan tiirtin Plutella xylostella
L. (Lepidoptera: Plutellidae) oldugu, bu tiirii sirasiyla
Mamestra brassicae L. (Lepidoptera: Noctuidae), P. brassicae,
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Cizelge 3. Diizce ili karayaprak lahanasi bahgelerinde belirlenen zararl ve yarar tiirler

Zararl Tiirler

Takim Familya Tiir
Aleyrodidae Aleyrodes proletella L.
Aphididae Brevicoryne brassicae L.
Aphis craccivora Koch
Pentatomidae Nezara viridula L.
Hemiptera Eysarcoris ventralis Westwood
Eurydema oleracea L.
Eurydema ventralis Kol.
Miridae Lygus rugulipennis Poppius
Lygus pratensis L.
Lepidoptera Pieridae Pieris brassicae (L.)
Pieris rapae (L.)
Thysanoptera Thripidae 771r1:ps tabflci Lindeman
Thrips major Uzel
Chrysomelidae Phyllotreta cruciferae Goeze
Phyllotreta atra Fabricius
Coleoptera Phyllotreta variipennis Boieldieu
Phyllotreta striolata Fabricius
Phyllotreta undulata Kutschera
Yararh Tiirler
Hymenoptera Aphelinidae Encarsia tricolor Foerster
Coccinellidae Clitostethus arcuatus Rossi
Coleoptera .
Coccinella septempunctata L.
Neuroptera Chrysopidae Chrysoperla carnea Stephens
Hemiptera Nabidae Nabis pseudoferus Rem.

P. rapae ve Autographa gamma L. (Lepidoptera: Noctuidae)
tiirlerinin izledigi bildirilmistir (Avcr ve Ozbek 1990). Yine
Erzurumda yapilan baska bir ¢aliymada lahana yaprakbiti
B. brassicae’nin arazilerdeki bulagiklik oranlari saptanarak
parazitoit, Diaeretiella rapae MacIntosh (Hymenoptera:
Braconidae)’nin etkinligi saptanmistir (Avci ve Ozbek 1991).
Dogu Akdeniz Bolgesinde A. proletella’ya ilk kez lahana,
karnabahar, kirmizi lahana, Sonchus sp., Lactuca serriola ve
Euphorbia sp’nin konukguluk ettigi tespit edilmistir. Ancak
A. proletella popiilasyonlarinin ekonomik zarar diizeyine
ulagamadig1 ve dogada var olan dogal diisman1 Encarsia
inaron (Walker) (Hymenoptera: Aphelinidae) tarafindan
%70-80 oraninda parazitlendigi ortaya konulmustur
(Ulusoy ve Vatansever 1997). Erzincan ve Erzurum illerinde
lahana tizerinde B. brassicae, P. brassicae, M. brassicae, P
xylostella ve Delia radicum L. (Diptera: Anthomyiidae)
tirleri yogun olarak tespit edilmistir (Hayat et al. 1998,
Tozlu et al. 2002). Tozlu et al. (1998), Erzurum ilinde en
fazla yetistirilen sebze tiirii olan bas lahanadaki zararlilarin
saptanmasi amaciyla yaptiklari ¢caligmada, bolgede lahanada
ekonomik diizeyde zarar yapan tiirlerin B. brassicae, P.
brassicae, P. rapae, M. brassicae, P. xylostella ve D. radicum
Tekirdagda
tretimi yapilan ¢aligmada zararl tiirler olarak B. brassicae,

tirleri oldugunu belirlemislerdir. lahana

P, brassicae ve P. rapae en yaygin tiir olarak belirlenmistir. P
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brassicae ve P. rapae tizerinde A. glomeratusun, B. brassicae
tizerinde ise Coccinella septempunctata L. (Coleoptera:
Coccinellidae) ve Episyrphus balteatus DeGeer (Diptera:
Syrphidae)’un en etkili dogal diisman oldugu bildirilmistir
(Ozder ve Kilinger 1999). Bayhan et al. (2002), Dogu
Akdeniz Bolgesinde lahana ve karnabaharda yaptiklari
calismalarda P, brassicae, P. rapae, P. napi L., Hellula undalis
E (Lepidoptera: Pyralidae), M. brassicae, Spodoptera
littoralis Boisd. (Lepidoptera: Noctuidae) ve Helicoverpa
armigera Hiibner (Lepidoptera: Noctuidae) tiirlerinin zararl
olduklarini tespit etmislerdir. A. glomeratus’un Pieris tiirleri
tizerinde oldukga etkili olduklarmi bildirmislerdir. Diger
taraftan H. undalis ve P. brassicaede yumurta parazitoiti
olarak Trichogramma evanescens Westwood (Hymenoptera:
Trichogrammatidae)’i saptamuslardir. Aslan ve Uygun
(2005) Kahramanmaras ilinde karayaprak lahanasi ve bas
lahana tizerinde lahana unlu yaprakbiti B. brassicae’yi tespit
etmiglerdir. Thripsler ve bunlarin predatorlerinin tespiti
ile ilgili kighk sebzeler tizerinde yapilan bir ¢aliymada,
Cukurova Bolgesinde T. tabaci ve Frankliniella occidentalis
Perg. (Thysanoptera: Thripidae)’in baskin tiirler oldugunu
ve ergin olarak toplanan 14 thrips tiirtiniin Melanthrips spp.
Haliday (Thysanoptera: Melanthripidae) cinsine ait oldugu
bildirilmistir (Atakan 2008). Son olarak Hatay ilinde lahana,

kirmizi lahana ve karnabahar tizerinde dort familyaya bagh
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13 lepidopter tiirii kaydedilerek, en yaygin goriilen tiiriin P,
rapae oldugu belirlenmistir (Kaya ve Kornogsor 2008). Ayni
¢alismada zararli lepidopter tiirlerinin parazitoitleri olarak
Hymenoptera takimina bagli Braconidae familyasindan ii¢
larva parazitoiti, Ichneumonidae familyasindan iki larva
parazitoiti, Pteromalidae familyasindan bir pupa parazitoiti,
Diptera takimina bagli Tachinidae familyasindan ise dort

larva-pupa parazitoitinin tespit edildigi rapor edilmistir.

Diizce ili karayaprak lahanasi bahgelerinde Encarsia tricolor
ve Clitostethus arcuatus’un en yaygin parazitot ve predator
tirler oldugu belirlenmistir. Aphelinidae familyasina
bagl Encarsia tirleri ¢ok kiigiik ve soliter parazitoitler
olup beyazsinekler ve kabuklu bitlerin ergin 6ncesi
donemlerini parazitlemektedir (Williams 1996). Aphelinid
parazitoitlerin beyazsinekler ve kabuklu bitlere karsi
Kklasik biyolojik miicadele ¢alismalarinda basarili kayitlar:
mevcuttur (Greathead 1986, Noyes and Hayat 1994). C.
arcuatus’un hem ergin hem larvalari, beyazsineklerin larva
ve pupalari, yaprak bitleri, kirmizi 6riimcekler ve unlu
bitler ile beslenirler (Karacaoglu ve Yarpuzlu 2010, Uygun
1981). Ayrica Chrysoperla carnea (Steph.) (Neuroptera:
Chrysopidae), C. septempunctata ve Nabis pseudoferus
Remane (Hemiptera: Nabidae) tiirleri de saptanmustir.
Chrysoperla Staeinman tiirlerinin, diinyanin birgok yerinde
farkli agro-ekosistemlerde yaygin olarak goriilmektedir
(Ridgway and Jones 1968, Stark and Whitford 1987). Kaya
and Onciier (1988), C. carneanin yaprakbiti, beyazsinek,
kabuklubitler, bazi lepidopterlerin yumurta ve larvalari,
thripsler, psyllidler, chrysomelid larvalar: ve bazi akar tiirleri
ile beslenen polifag bir avcr oldugunu bildirmislerdir. C.
septempunctata birgok afit tiiriiniin predatorii olarak diinya
genelinde gesitli habitatlarda yayilis gostermektedir (Mathur
1983). N. pseudoferus ise vyaprakbitleri, lepidopterler,
hemipterler ve akarlar1 kapsayan genis bir konukgu dizisine
sahiptir (Urbaneja et al. 2012).

Karayaprak lahanasinda belirlenen 6nemli bazi zararlilarin
kisa biyo-ekolojileri

Aleyrodes proletella (L.)

Aleyrodes proletella (L.)’nin Diizce ili karayaprak lahanasi
bahgelerinin neredeyse tamaminda zarari belirlenmistir. A.
proletellaerginlerinin karayapraklahanasi izerindeilk olarak
mayis ayinda goriilmeye baglandigi belirlenmis olup haziran
aymin ortalarindan itibaren temmuz ay1 bagina kadar gegen
periyotta zararlinin popiilasyonlarinin artig gostererek
temmuz-agustos aylarinda yogunluklarinin en yiiksek
seviyelere ulastig1 tespit edilmistir. Zararlinin, yapraklarin
altina biraktiklart yumurtalardan ¢ikan nimflerinin ve
erginlerinin beslenmesi sonucu ve salgiladiklar1 tatlimsi
madde nedeniyle yapraklarda saprofit funguslarin gelismesi

ile bitkiler zayiflamaktadir. Ayrica zararlinin yogun
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oldugu bahgelerde, yapraklardaki pupa gomlekleri yaprag:
kirleterek, yapraklarin pazar degerini diistirmektedir. Birgok
bahgede zararlinin dogal diigmanlarinin zararliyr baski
altina alabildigi tespit edilmistir. Bazi bahgelerde ise zararliy1
kontrol i¢in nadiren kimyasal kullanildig: belirlenmistir.

Brevicoryne brassicae (L.) ve Aphis craccivora (Koch)

Diizce ili karayaprak lahanasi bahgelerinde yaygin goriilen
yaprakbitleri iklim kogullarina bagli olarak mayis aymin
sonundan itibaren goriilmeye baglamaktadir ve haziran
ayr sonuna kadar yiiksek popiilasyon olusturduklar:
belirlenmistir. Daha sonra popiilasyonlarinda bir azalma
meydana gelmekte ancak eylil ay1 baglarinda tekrar bir
yiikselme oldugu saptanmugtir. Yapraklarin alt kisimlarinda
koloniler halinde bulunan bireylerin burada beslenme
sonucu yapraklarda kivrilmalar, renk degisiklikleri ve
bitkilerin daha kiigiik yapili olmasina neden olmaktadirlar.
Ayrica biraktiklar1 gomlekleri ve salgiladiklar: salgilar
nedeniyle yapraklarin pazar degerini diisiirmektedirler.

Phyllotera spp.

Diizce ilinde yapilan c¢aligmalar sonucunda karayaprak
lahanasinda P. cruciferae, P. atra, P. variipennis, P. striolata
ve P undulata olmak tizere yaprakpirelerinin bes tiird tespit
edilmistir. Yaprakpireleri genellikle mayis ayindan itibaren
karayaprak lahanasinin fide déneminde iken goriilmeye
baglanmigtir. Yaprakpiresi erginleri yaprak yiizeylerini
kemirerek zarar vermekte olup kemirdikleri alanlardaki
dokularin kurumasina ve renginin agilmasina neden
olmaktadir. Zararlinin beslenmesi sonucunda karayaprak
lahanasi yapraklarinin delik desik bir goriinim aldig:
goriilmiistiir. Zararlimin popiilasyonlarinin yogun oldugu
bolgelerde o6zellikle fide déneminde yapraklarin neredeyse
tamaminin zararl tarafindan tiiketilerek fidelerin tekrar

dikilmesine neden oldugu saptanmustir.
Pieris brassicae (L.) ve Pieris rapae (L.)

Diizce ili karayaprak lahanasi alanlarinda yaygin olarak
gorillen Pieris tirlerinin ekonomik anlamda Onemli
zarara neden olmadiklar1 saptanmigtir.  Zararlinin
larvalar1 yapraklar1 yiyerek, yapragin sadece ortadaki
kalin damarlarin kalmasina neden oldugu ve ¢ikardiklari

pisliklerle de bitkileri kirlettikleri belirlenmistir.

Diizce ilinde ekonomik olarak yetistiriciligi yapilan ve
yoresel beslenmede o6nemli bir bitki olan karayaprak
lahanas1 yetistiriciliginde ana zararli konumunda olan
lahana beyazsinegi, A. proletella ve diger ikincil zararhilarla
miicadele yapilmasi gerekmektedir. Bu kapsamda oncelikle
sorun olan Lahana beyazsinegi ile miicadele yapilmalidur.
Bu potansiyel

zararlinin  popiilasyonlarini  diigiirmek

adina Diizce ili karayaprak lahanasi bahgelerinde var
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olan dogal diismanlar E. tricolor ve C. arcuatusun
desteklenmesi dogal denge agisindan 6nemli oldugu kadar
zararlilar1 baski altinda tutabilmeleri agisindan da oldukga
onemlidir. Ozellikle karayaprak lahanasi gibi dogrudan
yapraklar: tiiketilen sebzeler i¢in insan ve gevreye olan
zararlarl agisindan kimyasal muamelelerden miimkiin
oldugunca kaginilmas: gerektigi ve dogada zaten var olan
dogal dengenin saglanmasi igin yerli dogal diismanlarin
desteklenmesi gerektigi diistiniilmektedir. Daha da 6nemlisi
entegre zararli yonetimi programlarmin gelistirilebilmesi
i¢in zararl tiirlerin dogal dismanlari ile birlikte mevsimsel
popiilasyon dalgalanmalarinin takip edilmesi ve onemli
oldugu belirlenen dogal diiymanlarin ise etkinliklerini tespit

etmeye yonelik aragtirmalarin yapilmasi faydali olacaktir.
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OZET

Karayaprak lahanasi (Brassica oleracea L. var. acephala)
Karadeniz Bolgesinde yaygin olarak vyetistirilen en
6nemli kislik sebzeler arasindadir. Karadeniz Bolgesinin
batisinda bulunan Diizce ili karayaprak lahanas:
bahgelerinde faydali ve zararli tiirleri belirlemek amaciyla
2016-2017 yillarinda siirvey ¢aligmalar1 yiritilmiistir.
Caligma sonucunda dort takima bagl 7 familyadan 18
zararlitiirti ve dort takimabagli dort familyadan bes faydali
tiir tespit edilmistir. Karayaprak lahanasi bahgelerinde
Lahana beyazsinegi, Aleyrodes proletella L. (Hemiptera:
Aleyrodidae)’nin ana zararli konumunda oldugu ve bu
zararlinin  6nemli olabilecek seviyelerde popiilasyon
olusturdugu tespit edilmistir. Bunun yani sira yaprak
bitleri Brevicoryne brassicae L., Aphis craccivora Koch

(Hemiptera: Aphididae)nin da karayaprak lahanasinda
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zarara yol a¢tig1 belirlenmistir. Bazi bahgelerde ise yaprak
pireleri Phyllotreta cruciferae Goeze, P. atra Fabricius, P.
variipennis Boieldieu, P. striolata Fabricius ve P. undulata
Kutschera (Coleoptera: Chrysomelidae) ile Lahana
kelebegi Pieris brassicae (L.) ve P. rapae (L.) (Lepidoptera:
Pieridae)’nin da zaman zaman oOnemli zararli thrler
olarak ortaya ¢iktig1 saptanmistir. Karayaprak lahanasi
bahgelerinde Encarsia tricolor Foerster (Hymenoptera:
Aphelinidae) ve Clitostethus arcuatus Rossi (Coleoptera:
Coccinellidae)’un ise en yaygin faydali tiirler oldugu

belirlenmistir.

Anahtar kelimeler: Karayaprak lahanasi, dogal diigmanlar,

zararlilar, Diizce, Turkiye
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Globe artichoke (Cynara scolymus L.) is an herbaceous, edible plant and is
cultivated for its immature head (bud) part. In 2016 and 2017, significant damages

fields in the Western Mediterranean Region of Turkey. To determine the cause of

Keywords: the rots, samples were taken from necrotic tissues. Fungal isolates were obtained

by the agar-plate method and examined in detail. Based on the morphological
globe artichoke, Cynara scolymus L., i i .
Botrytis cinerea, yield loss and ITS region of the rDNA of the isolates, the causal agent of the disease was

determined as Botrytis cinerea Pers. that was previously reported in the USA and

Argentina. To our knowledge, this is the first publication that reports the occurrence
* Corresponding author: Mehmet Aydogdu

and prevalence of B. cinerea that causes head rots and economic losses in globe
B4 mehmet9498@yahoo.com

artichoke production in the Western Mediterranean Region of Turkey. Although
B. cinerea is a common plant pathogenic fungus with a wide range of hosts
and little is known Botrytis rot of globe artichoke in Turkey. With this study, the
causal agent of the disease was identified, and the status of the disease in globe
artichoke growing areas and the influence of the disease on the production were
investigated. Surveys were conducted in seven locations (Muratpasa, Kepez,
Aksu, Serik, Manavgat, Gazipasa, and Kumluca) in the Western Mediterranean
Region in 2016 and 2017. A simple random sampling method was used in the
surveys and a total of 95 samples were selected from 79 fields in both years.
Mean disease incidence and prevalence were 14.7 and 37.0% in 2016, and
while they were 17.5 and 51.1% in 2017, respectively. This study revealed that B.
cinerea has a significant impact on globe artichoke production by inducing head
rots and accordingly 16.1% annual yield loss in pre-harvest period.

INTRODUCTION

Globe artichoke (C. scolymus L.) belongs to Asteraceae an important part of the Mediterranean cuisine (Lattanzio et
family and contains bioactive phenolic compounds, inulin, al. 2009). Annual production of artichoke is 39477 tones in
fibre, minerals and cynarin. Thus, it is a functional food and Turkey, which is the 11th producer in the world (FAO 2020).
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Plant pathogenic fungi may cause rots on agricultural
crops, one significant example of which is Botrytis cinerea
Pers. The fungus, also known as gray mold or Botrytis
rot, has the ability of thriving in different environments
from tropical to cold regions and infects more than two
hundred different plant species from 586 genera (Agrios
2005, Droby and Lichter 2007, Walker et al. 2016,
Williamson et al. 2007, Valdés et al. 2016). The fungus
negatively affects production of various crops (vegetables,
fruits, field crops, ornamental plants etc.). To give some
examples, Hao et al. (2017) reported that annual yield loss
from B. cinerea was 30% in rose production. Uribe (2016)
stated that economic losses from Botrytis rot reached
up to 4.7 million USD in cut flower sector of Colombia.
As for Esterio et al. (2013), they emphasized that post-
harvest loss from Botrytis rot was over 20% in blueberry
production in Chile. Likewise, Tanovi¢ et al. (2014)
reported that Botrytis rot caused more than 50% yield
losses in raspberry production particularly under wet and
humid environmental conditions in pre-harvest in Serbia.
The fungus also induced serious quantity and quality
losses on susceptible varieties of grapevine (Elad and
Stewart 2004). As regards field crops, Rashid et al. (2013)
reported that yield loss from the disease was 64.35% in
a susceptible chickpea genotype. It is also prevalent in
the greenhouse-grown crops due to presence of suitable
humid environment in the greenhouses. Yield losses from
the disease range from 20 to 100% in tomato production
in the greenhouses (Mor et al. 2016).

With regard to Botrytis rot on globe artichoke, although
Link et al. (1924) stated that the disease occurred on globe
artichoke plants in the field rather than during shipment or
storage. There is no comprehensive field study. However,
Moline and Upton (1987) underscored that Botrytis rot
was the most common market disease of globe artichoke.
Apart from these, Larran et al. (2004) reported it as a disease
note in Argentina. Thus, little is known about B. cinerea in
the globe artichoke production. The aims of the study were
i) identifying casual agent of the rots on heads of globe
artichoke plants, (ii) determining status of the disease in
artichoke growing areas, and (iii) investigating influence of

the disease on the production.
MATERIALS AND METHODS
Surveys

Surveys were conducted in globe artichoke growing locations
(Muratpaga, Kepez, Aksu, Serik, Manavgat, Gazipasa and
Kumluca) in the Western Mediterranean Region of Turkey
in 2016 and 2017. In the surveys, simple random sampling
method was used (Bora and Karaca 1970). Samplings were

done according to size of the artichoke fields screened (Table 1).
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Table 1. Size of the field and number of sampling

Field size Sampling number
Upto5da At least 5, from different points (fdp)
6to1l da At least 10, fdp
11to 50 da At least 20, fdp
50 da > At least 30, fdp
Isolation

Entire plant heads and upper stem sections showing rotting
symptoms were put into paper bags and taken to mycology
laboratory of Bat1 Akdeniz Agricultural Research Institute.
Newly decaying tissues including healthy parts were
removed and washed under the running tap water. These
plant tissues were cut into small pieces and exposed to
NaOCl (2%) for two minutes and then rinsed with sterile
distilled water. Later, they were left to dry for 30 minutes
on sterile filter papers in a laminar flow cabinet. Afterwards,
they were transferred to potato dextrose agar (PDA)
containing streptomycin (50 mg/liter) and incubated at 25
°C. A few days later, growing fungal colony on the PDA was
subcultured.

Morphological identification

Three representative isolates from different geographical
locations (Gazipaga, Serik and Kumluca) were used for
further comprehensive diagnosis. Fungal colonies of the
three isolates on PDA had similar morphological traits.
Initially, they were white but in time turned to gray with

slightly fluffy aerial mycelium on PDA (Figure 1).

Figure 1. Colony of isolate SS on PDA

These isolates were designated as SG (Gazipasa), SK
(Kumluca) and SS (Serik). Isolates were examined using
an Olympus BX43 microscope with SC100 digital color
camera. Conidiophores were colourless or brown and sphere
in shape. Conidia were one-celled, light colour, globose or
ellipsoid. Measurements of the conidia (n= 50) of the isolate
SG, SK and SS were 5.44 to 8.72 x 6.20 to 11.56 (average
7.34 x 9.18 um), 5.26 to 9.90 x 6.94 to 12.62 um (average
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7.92 x 9.56 um), and 5.52 to 8.86 x 6.10 to 11.28 (average
7.22 x 9.02 um), respectively. Based on these morphological
characteristics, the isolates were identified as Botrytis
cinerea according to Ellis and Waller (1974). To confirm the
findings, molecular diagnosis and further evaluations were

performed.
Molecular identification

Newly-emerging mycelial parts from 5-day-old pure
colonies were transferred into Eppendorf tubes. DNA
extractions of the samples were performed using genomic
DNA purification protocol of Promega (Promega
Corporation, USA). Following DNA extraction, ribosomal
DNA fragments were amplified with primer pairs ITS-
1 (5 TCC GTA GGT GAA CCT GCGG 3) and ITS-4
(5 TCC TCC GCT TAT TGA TATGC 3’) (White et al.
1990). Amplifications were performed using a SimpliAmp
Thermocycler (Applied Biosystems, USA) and consisted of
1 cycle at 94 °C for 3 min, followed by 35 cycles at 94 °C for
30 s, annealing temperature at 58.5 °C for 1 min, 72 °C for 1
min, with a final extension at 72 °C for 7 min. PCR products
were separated in 2% agarose gels, stained with safe DNA
dye (Condalab, Madrid, Spain) and visualized under UV
light. Sequence analysis was done by GENOKS (Cankaya-
Ankara, Turkey). The ITS sequence sizes of the isolate SG,
SK and SS were 466, 486 and 478 bp and they were deposited
at GenBank with the accession numbers of MG560198,
MG560199 and MG560200, respectively. To find the closest

KT323192

MH997908
MH997910
MH997909
MF741314
KY319171

MG560200

MG560198
KU992700

MG560199

KY817366
MG846512

MH208273

| MH208271

P

MG270570

0.0010
Figure 2. Phylogenetic tree showing relatedness of our
isolates (MG560198, MG560199 and MG560200) with the
isolates in the Genbank
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matches, the sequences were subjected to BLAST searches
on GenBank (http://www.ncbi.nlm.nih.gov). They showed
a 100% homology with other sequences (e.g. MH997910,
KY817366, and MG270570) of B. cinerea isolates in the
Genbank. Eventually, based on the morphological and
molecular data, the isolates were identified as B. cinerea. In
addition, to compare relatedness of our sequences with the
other sequences displaying 100% homology, a phylogenetic
tree (Figure 2) was constructed using neighbor-joining

method in MEGA version 7.0 program.
Pathogenicity test

To fulfill Koch’s postulates, eight healthy globe artichoke
heads including upper stem parts were used for each
isolate. Mycelial plugs, 5 mm in diameter, from one-week-
old colonies were mount to the points of junction between
upper stems and heads. Later, these parts were covered with
parafilm and kept at 25 °C. Controls had only sterile agar
plugs. Seven days later, necrotic and rotting areas appeared
on the inoculated parts and then gray spore masses emerged.
Length of the lesions on the stems ranged from 3.5 to 6.7 cm.
No necrotic areas were seen on the controls (Figure 3). The

fungus was reisolated from the necrotic plant tissues on the

treatments.

Figure 3. Pathogenicity test, no symptoms on the left two
heads (control), lesion and rots on upper stems next to the
heads on the right (with red arrows)

Determination of disease incidence and prevalence in the field

Considering the data in Table 1 and Table 2, sampling
was done by moving in the diagonal lines of the each field
investigated. According to the formulas (1 and 2) below,
disease incidence and prevalence were established (Bora and
Karaca 1970).

Disease incidence (%) = Number of diseased plant + total

number of plants evaluated x 100 (1)

Prevalence (%) = Number of disease established fields +

total number of surveyed fields x 100 (2)
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RESULTS AND DISCUSSION

Conspicuous reddish-brown discoloration and rot symptoms
and gray spore masses were usually observed on heads and
rarely on upper stems next to the heads of plants. These
symptoms were detected in the fields of Muratpasa, Kepez,
Aksu, Serik, Gazipaga and Kumluca locations in the Western
Mediterranean Region of Turkey. Rots on the heads were
detected at any development stage of head formation. For
example, mature head rot (Figure 4) and immature head rot

(Figure 5) were established, which showed destructiveness

of the fungus in the globe artichoke fields.

I‘.u

S O
Figure 4. Beginning of Botrytis cinerea infection on the head
of the globe artichoke (Gazipasa, Antalya)

e ~ £ - 8
Figure 5. Early infection of Botrytis cinerea inducing rot on
immature head of globe artichoke (Serik, Antalya)

Comparing surveyed areas in the both years, in 2016,
surveyed area was 16.4% of the total artichoke growing
areas in the region, while it was 22.3% in 2017. However,

mean disease incidence and prevalence of both years were
16.1 and 44.0%, respectively. Disease incidence varied
from 20 to 27.5% in both years. Disease incidence values
in Gazipaga and Serik locations were higher than the other
locations. However, incidence and prevalence of the disease
in 2017 were higher than the ones in 2016 (Table 2). To
our knowledge, these findings could be regarded as first
perceptible data that shows prevalence of B. cinerea on globe
artichoke and economic losses caused by the fungus in globe
artichoke production in the world. The disease was reported
in USA (Link et al. 1924) and Argentina (Larran et al. 2004)
but this is the first report of B. cinerea causing head rot on
globe artichoke in Turkey.

Among the globe artichoke growing locations, Serik can
be regarded as a hub of the globe artichoke production in
the region. Due to suitability of the Mediterranean climate
(Tables 3 and 4), cultivation of various other agricultural
crops may have restricted globe artichoke production to
some extent in the region. In this context, field sizes usually
varied from 5 to 60 decares, which also created difficulty in
finding artichoke growing fields.

For example, although production areas in Désemealt: and
Korkuteli locations were present in the official records of the
Turkish Statistical Institution (TUIK 2018) in both years,
we did not encounter any artichoke growing field in these

locations.

Since growing well at 24 °C daytime and 13 °C nighttime
temperature, globe artichoke has a narrow range of
climatic requirements (Bratsch 2014), which restricts its
cultivation to regions where these climatic conditions
prevail. Surveyed locations stretching throughout the
coastline of the Western Mediterranean region of Turkey
have a suitable climate (mean yearly temperature: 18.7
°C; mean yearly lowest temperature: 13.6 °C) for globe
artichoke cultivation (Anonymous 2018a). However, this
climate may also constitute favorable conditions for fungi
including B. cinerea. It is known that a plant disease occurs
depending on causal agent, presence of susceptible host and
favorable environmental conditions (Agrios 2005). In this
regard, Ciliberti et al. (2015) reported that environmental
conditions such as temperature, relative humidity and
wetness duration were more significant than isolate of B.
cinerea on mature grape berry infection. With regard to
temperature, O’Neill et al. (1997) reported that stem rots
caused by B. cinerea in tomato plants occurred at 5 to 26 °C
but the infection was severe at 15 °C. On the other hand,
Ahmed etal. (2014) emphasized that optimum temperature
for conidia germination of B. cinerea in chickpea was at 20
°C. Similarly, Bulger et al. (1987) reported that optimum

temperature for flower infection of strawberry was around
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Table 2. The globe artichoke production areas (TUIK 2018), number of fields screened and surveyed areas in 2016 and 2017

Cultivation Surveyed Disease ~ Number of the diseased ~ Disease
. Number of .
Locations area area field surveyed incidence fields / Total number of prevalence
(da) (da) (%) surveyed fields (%)
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
Muratpasa 10 05 10 05 2 2 - 10.0 -/2 1/2 - 50.0
Kepez 100 100 10 10 1 1 - 9.0 -/1 1/1 - 100.0
Désemealt 25 25 - - - - - - - - - -
Aksu 255 255 10 10 2 1 20.0 21.0 172 1/1 50.0 100.0
Serik 600 600 100 150 15 18 22.5 240 6/15 8/18 40.0 444
Manavgat 60 62 - 25 - 5 - 10.0 - 2/5 - 40.0
Gazipasa 380 345 65 75 12 12 26.0 275 4/12 7/12 33.3 583
Kumluca 50 50 50 50 4 4 20.0 21.0 1/4 2/4 25.0 50.0
Korkuteli 10 10 - - - - - - - - - -
Total/Mean 1490 1452 245 325 36 43 14.7 175 12/36 22/43 37.0 51.1
General total 2942 570 79 34/79 34/79 -
Mean of the both year 1471 285 39.5 16.1 17/39.5 44.0

Table 3. Meteorological data of Antalya province, mean of the years, 1929 to 2017 (Anonymous 2018a)

Mean temperature

Mean highest temperature Mean lowest temperature

Mean of total monthly rainfall

Months
°C °C °C (mm)
January 10.0 14.9 59 235.2
February 10.7 15.5 6.3 154.5
March 12.8 17.9 8.0 97.0
April 16.3 21.3 11.1 52.4
May 20.5 25.5 15.1 32.2
June 253 30.7 19.5 9.3
July 28.4 34.0 22.6 2.4
August 28.3 34.0 22.6 2.7
September 25.1 31.0 19.3 14.4
October 20.4 26.5 15.1 71.9
November 15.4 21.2 10.7 131.1
December 11.6 16.6 7.5 259.3
Mean 18.7 24.1 13.6 1062.4

20 °C with 32-hour wetness. As for our study, although
mean temperature of both growing seasons was nearly the
same (around 17 °C) (Anonymous 2018b), in 2017 disease
incidence (DI) and disease prevalence (DP) were higher
than the ones in 2016. In other words, in 2017, DI and
DP were 3.2 and 17.8% higher than the previous season,
respectively. This may be interpreted as follows: even
though difference in relative humidity (RH) between both
seasons was little, that is, in 2017 RH was 0.6% higher than
the one in 2016, which may have been an influence on the
increase of the disease values in 2017. In addition, in 2017,
mean total rainfall of the growing season was 29.3% higher
than the one in 2016, indicating more wetness duration
for Botrytis infection in 2017, which may have affected DI
and DP in 2017. Likewise, Smith et al. (2008) reported that
Botrytis rot was prevalent on globe artichoke during rainy
years and temperate climates. In addition, Ciliberti et al.
(2015) stated that 100% relative humidity with 36-hour of
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wetness duration were favorable for B. cinerea infection on
mature grape berry. Agrios (2005) also emphasized that
humid weather conditions and temperatures ranging from
18 to 23°C were essential for the best growth of Botrytis

infection.

In temperate and subtropical regions, B. cinerea can affect
more than 200 plant species by inducing rots on all aerial
plant parts and producing fertile gray conidia (Williamson
et al. 2007). In our study, rots usually occurred on heads
of plants and rarely on upper stem parts next to head with
gray conidia masses (Figure 6). In addition, newly emerging
secondary infections with slightly-brownish discoloration
on heads and adjacent to heads were also observed (Figure
4). Considering these infections, during harvest, heads
with conspicuous rots (Figure 5) can be discarded but
aforementioned secondary infections on the heads may

be overlooked, which means transferring of these infected
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Table 3. Meteorological data of the locations surveyed in the both years (Anonymous 2018b) during the disease development

Mean temperature (°C)

Mean relative humidity (%) Total rainfall (mm)

Location Months
2016 2017
Muratpaga March 15.2 15.0
Kepez March 15.2 15.0
Aksu March 13.8 13.1
Serik March 14.7 14.2
Manavgat March 15.1 14.8
Gazipasa March 14.9 14.3
Kumluca March 13.8 12.5
Mean of March 14.6 14.1
Muratpasa April 19.1 17.7
Kepez April 19.1 17.7
Aksu April 18.2 16.4
Serik April 19.3 17.0
Manavgat April 19.3 17.2
Gazipasa April 18.5 16.9
Kumluca April 17.6 15.7
Mean of April 18.7 16.9
Muratpasa May 20.4 21.3
Kepez May 20.4 21.3
Aksu May 20.3 20.5
Serik May 20.7 21.1
Manavgat May 20.8 21.3
Gazipasa May 20.4 20.5
Kumluca May 19.8 19.5
Mean of May 20.4 20.7
General Mean 17.9 17.2

2016 2017 2016 2017
61.0 62.2 57.2 100.1
61.0 62.2 57.2 100.1
67.8 71.2 70.8 69.0
59.4 60.4 81.5 121.9
62.5 66.3 12.4 93.2
60.4 62.5 86.8 73.8
68.4 73.9 64.5 59.0
62.9 65.5 61.4 88.1
68.1 62.3 14.4 46.8
68.1 62.3 14.4 46.8
68.7 69.3 10.4 28.8
59.6 61.0 12.0 69.0
65.1 66.3 0.0 75.7
62.6 61.0 12.8 48.2
69.1 70.2 31.3 27.0
65.9 64.6 13.6 48.9
72.9 67.7 28.2 38.5
72.9 67.7 28.2 38.5
67.1 73.9 15.6 352
63.1 64.1 26.7 86.4
68.6 69.4 0.0 60.6
64.0 64.3 61.2 55.0
66.3 71.9 6.6 32.8
67.8 68.4 23.7 49.5
65.5 66.1 32.9 62.2

heads to storage. These findings of our study indicate that
rots on heads of globe artichoke plants may be associated
with Botrytis infections in the field in pre-harvest and
rots in storage may stem from the field infections of the
fungus. Likewise, Link et al. (1924) stated that rots of heads
of globe artichoke in the markets in USA were attributed
to infections of B. cinerea in the field rather than during
shipment or storage. However, Moline and Upton (1987)
reported that Botrytis infections on heads were seen on
any part of heads due to wounds from abraded surfaces
or cut at the end of stems. The researchers also stated that
infections in the field were prone to be problematic during
long cool and wet weather conditions. As for Francois et
al. (1991), they found that Ca-deficient inner bracts of the
heads of globe artichoke were prone to Botrytis infection
in Brawley (California, USA). Based on these findings, it
can be inferred that physical injuries from various factors
and abiotic stresses such as Ca-deficiency may enhance the
Botrytis infection in the field. In addition, flower bracts
damaged by insects, snails/slugs, frost, or other factors can
be easily colonized by the fungus (Anonymous 2018c),
which indicates pre-harvest association of the rots on the

heads in our study.
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Figure 6. Mummification and bending of the upper part of
the plant from the Botrytis rot (Kumluca, Antalya)

Moline and Upton (1987) stated that losses from the disease
could be handled by swiftly cooling heads to below 5 °C
following harvest and by storing 0 to 3 °C during marketing.

In addition, Smith et al. (2008) reported similar management
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practices such as proper handling, discarding infected heads
and suitable cooling during the storage and shipment. Since
the disease initially occurs on heads in the field, plants should
be observed regularly during cultivation. To prevent spore
dispersal and reduce inoculum amount, heads showing the
disease symptoms should be removed in pre-harvest. In
addition, physical or any other injuries should be prevented
throughout growing period of the crop. When necessary
precautions are not taken properly, damages caused by the
fungus can be serious. As reported by the researchers (Elad
and Stewart 2004, Esterio et al. 2013, Hao et al. 2017, Mor et
al. 2016, Rashid et al. 2013, Tanovic et al. 2014, Uribe 2016)
in the introduction part, due to thriving ability within a wide
range of temperatures, the fungus can cause significant yield
losses up to 100% in various agricultural crops. As regards
globe artichoke, rots on heads of plants in the field may lead
to considerable yield losses in globe artichoke production
as well. Because, every infection on the heads means rotting
of the heads and eventually causing direct losses both in the
field in pre-harvest and in storage in post-harvest. Briefly, it
can be concluded that percentage of Botrytis infection on
the heads tantamount to percentage of the losses. In this
regard, in our study, mean disease incidence of the both
years, 16.1%, can be considered as remarkable economic

loss in the globe artichoke production.

Globe artichoke is in great demand in agriculture owing to its
nutraceutical food features. On the other hand, due to climatic
requirements, its cultivation is restricted in certain areas of
several countries such as Italy, Spain, France, Greece, Turkey,
Egypt in the Mediterranean Basin and some other part of the
world (South America, California, China, etc.), which creates
low supply to the global market. Thus, insufficient quantity
of the crop makes its economic value high in the market.
In this context, any factor affecting production negatively
is important not to reduce either quantity or quality of the
crop. Herein, biotic factors, one of which is Botrytis rot, may
play an important role. Because, affecting various crops in
pre- and post-harvest with its extremely adaptive nature,
B. cinerea has multiple negative influences on agriculture
worldwide. One example of this is the head rot caused by
B. cinerea in the globe artichoke plants. The present study
revealed that the disease can cause serious economic losses
in globe artichoke production. Because, it is highly likely that
every infection on the heads is directly associated with the
losses and should not be ignored.
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OZET

Enginar (Cynara scolymus L.) otsu, yenilebilir bir
bitkidir ve olgunlasmamis bas (tomurcuk) kismi igin
yetistirilmektedir. 2016 ve 2017 yillarinda Bat1 Akdeniz
Bolgesinde {iretici tarlalarinda enginar bitkilerinin
bas kismindaki c¢tirimeler nedeniyle 6nemli zararlar
gozlenmigstir. Ciirlimelerin nedenini belirlemek amaciyla
nekrotik dokulardan numuneler alinmistir. Agar-plak
metodu kullanilarak fungal izolatlar elde edilmis ve
detayli olarak incelenmistir. Izolatlarin morfolojik ve
rDNAlarinin  ITS bolgelerine

etmeninin Botrytis cinerea Pers. oldugu belirlenmistir.

dayanarak, hastaligin

Hastalik daha 6nce ABD ve Arjantinde rapor edilmistir.
Bilgilerimiz dogrultusunda bu yayin, Tirkiyenin 6nemli
iiretim potansiyeline sahip Bati Akdeniz Bolgesinde,
enginarda bag ciiriikligiine neden olan, B. cinerea’nin
ortaya ¢ikist ve ekonomik zarar olusturacak diizeyde
yayginligina yonelik ilk kayit niteligindedir. B. cinerea
genis bir konukeu dizisine sahip yaygin bir bitki patojeni
fungus olmasina ragmen, enginarda Botrytis ¢lirtikligii
Tirkiyede ¢ok az bilinmektedir. Bu ¢aligma ile hastalik
etmeni tanilanmisg, enginar tretim alanlarindaki durumu
ve liretime olan etkisi arastirilmistir. 2016 ve 2017'de Bat1
Akdeniz Bolgesinde yedi lokasyonda (Muratpasa, Kepez,
Aksu, Serik, Manavgat, Gazipasa ve Kumluca) siirveyler
yapilmigtir. Siirveylerde basit tesadiifi 6rnekleme yontemi
kullanilmis ve her iki yilda 79 tarladan toplam 95 numune
alinmigtir. 2016'da, ortalama hastalik orani ve yayginlig
sirastyla %14.7 ve %37.0 olurken, 2017'de ise hastalik orani
ve yayginligi sirasiyla %17.5 ve %51.1 olmustur. Bu ¢alisma
ile B. cinerea’nin hasat oncesi enginarda bas kisminda
giirimelere ve sonug olarak yillik %16.1 verim kaybina
neden olmasiyla enginar tretimi tizerinde 6nemli bir

etkisinin oldugu ortaya konmustur.

Anahtar kelimeler: enginar, Cynara scolymus L., Botrytis

cinerea, verim kayb1
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Control of insects in stored products is very important. Sitophilus granarius
(Linnaeus, 1758) (Coleoptera: Curculionidae) and Tribolium castaneum (Herbst,
1797) (Coleoptera: Tenebrionidea) are two important insect species that cause
damage to stored products. The need for alternative drugs that can be used

Keywords: to control of pests in stored products is increasing day by day. In this study,

the usability of plant extracts obtained from Achillea phrygia Boiss. et Bal.
plant extract, repellent effect,

contact effect, granary weevil, red
flour beetle

(Compositae), Prangos ferulacea (L.) Lindl. (Apiaceae) ve Salvia wiedemannii
Boiss. (Lamiaceae) plants to control S. granarius and T. castaneum were

. investigated. At the end of 72 hours, the highest contact activity among the plants
* Corresponding author: O. Cem KARAKOC

tested on S. garanarius showed P. ferulaceae hexane with 74% and A. biserrata
P4 omercem78@hotmail.com

methanol extract with 71%, respectively. The highest activity on T. castaneum
was obtained by A. biserrata ethyl acetate extract at 42% after 72 hours. On the
other hand, the highest repellent activity on S. granarius was obtained from P.
ferulaceae ethyl acetate extract (52%) after 24 hours. All plant extracts showed
high repellent effect on T. castaneum.

GIRIS

Sitophilus ~ (Coleoptera: ~ Curculionidae) tiirleri tim hububat ¢esitlerinde, makarna ve biskiivi gibi islenmis

diinyada 6nemli zararlara neden olmaktadir. Ozellikle
depolanmug drtnlerde zarar yapan en oOnemli primer
zararlilardan biridir (Asmanizar and Idris 2008). Sitophilus
cinsine ait olan Sitophilus granarius L. (Coleoptera:
Curculionidae) tlkemizin hemen her tarafinda yaygin

olarak bulunmaktadir. Bu tiiriin ergin ve larvalari tiim
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gidalarda depo sartlarinda zarar meydana getirmektedir.
Hububat tohumlarini yemek suretiyle olusturduklar: zarar
neticesinde tohumlarin ¢imlenme 6zelliklerinin ¢ok yiiksek
oranda azalmasina neden olmaktadir (Anonim 2008).
Ayrica pargalanan taneler, sekonder zararlilar i¢in uygun bir

ortam olusturmaktadir (Alkan and Gokge 2012).
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Tribolium (Coleoptera: Tenebrionidea) tiirleri depolanmis
tahillar ve islenmis tahil triinlerinde diinyanin farkh
yerlerinde ciddi zarara sebep olan sekonder zararl tiirleridir.
Tribolium cinsine ait ve iilkemizde zarar yapan Tribolium
confusum Jacquelin du Val (Coleoptera: Tenebrionidea) ve
Tribolium castaneum Herbst (Coleoptera: Tenebrionidea)
olmak {izere iyi bilinen iki tiirti bulunmaktadir. Ozellikle
tahil depolari, degirmenler ve un fabrikalarinda yaygin
olarak goriilmektedir (Tungbilek 1992). T. confusum ve T
castaneum depolanmis bugday ve bugday triinleri, fasulye,
bezelye, kurutulmus meyveler, baharatlar, herbaryum ve
miize Orneklerinde zararlara neden olmaktadir (Ebelling
1992). Depolanmis {iriinlerle beslenen bu zararhlar,
triinlerin aguhik ve ¢imlenme kapasitesini azaltarak

kalitelerinin diigmesine neden olmaktadir.

Depolanmis iiriin zararhilari ile miicadelede ¢esitli savagim
yontemleri gelistirilmis olsa da bu yontemler igerisinde
en ¢ok kullanilani maalesef kimyasal miicadeledir. Cogu
zaman iiriin kayiplar1 yasamamak, yeterli ve yitksek kalitede
urtin elde etmek icin pestisit kullanimi kaginilmazdir.
Pestisit kullanilmaksizin yapilan tarimsal iretimlerde
%60-100 arasinda kayip meydana gelebilmektedir (Turabi
2007). Kisa siirede sonug alinmasi ve uygulama rahatlig
gibi sebeplerden dolay1 tarimsal iiretim ve depolanmis
alanlarinda pestisit kullanimi giderek artis géstermektedir
(Tiryaki et al. 2010). Yogun pestisit kullanimi ise bazi
Béceklerle

miicadelede, yanlis, uygun olmayan dozlarda ve gereksiz

problemleri de beraberinde getirmektedir.

insektisit uygulamalari, bdceklerin kullanilan ilaglara
kars1 diren¢ kazanmalarina sebep olmaktadir (Cakir and
Yamanel 2005). Béceklerin kazanmis oldugu bu dayaniklilik
ise ilerleyen dénemlerde zararlilarla miicadelede daha
fazla ilag kullanilmasina yol agmaktadir. Yaygin ve yogun
bir sekilde insektisit kullanimi ayni zamanda polinator,
predator ve parazitoid gibi hedef dis1 organizmalar tizerinde
de olumsuz etkilere neden olmaktadir. (Stapel et al. 2000,
Xu et al. 2004). Tim bunlara ek olarak, asir1 ve uygunsuz
insektisit kullanimi, ¢evre ve insan sagligini da dogrudan
veya dolayli olarak olumsuz etkilemektedir. Bilinen tim
bu olumsuzluklar distinildigiinde aragtirmacilar bu
olumsuzluklar1 ortadan kaldiracak veya en aza indirecek
alternatifler tiretmek i¢in ¢aligmalar yapmuslardir (Alkan,
2020; Tilek et al. 2015; Ertiirk et al. 2020, Ugar et al. 2020).
Bu alternatiflerden bir tanesi de zararli bocek tiirleri ile
miicadelede bitkisel kokenli insektisitlerin kullanilmasidur.
bitkisel kokenli

alternatif  olabilirlikleri

Gegmisten gilintimiize, insektisitlerin

sentetik muadillerine cesitli
caligmalarla ortaya konmugtur (Abdelgaleil et. al. 2016,
Chiam et al. 1999, Karako¢ and Gokge 2012, Mangang et
al. 2020, Polatoglu and Karakog 2016, Polatoglu et al. 2013,

Polatoglu et al. 2018, Shaaya et al. 1991). Ayrica, bitkisel
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kokenli insektisitlerin sentetik insektisitlere gore birgok
avantaji bulunmaktadir. Bitkisel insektisitler spesifiktir ve
dogada bulunan diger organizmalara, insanlara zarari yok
denecek kadar azdir. Bununla birlikte, bitkisel insektisitlerin
pargalanmasi kolaydir ve gevreye karsi oldukga zararsizdir
(Bowers et al. 1976). Guiniimiizde bir¢ok aragtirmaci bitki
ektraktlarinin gesitli bocek tiirleri tizerindeki aktivitelerini
aragtirmaktadir. Yine son yillarda yapilan ¢alismalarda bitki
ektraktlarinin ve ugucu bilesenlerinin bocekler tizerindeki
kontak, fumigant, repellent, antifeedant, atraktant ve benzeri
aktiviteleri yapilan ¢aligmalarla belirlenmistir (Gokge et al.
2006, Gokee et al. 2011, Huang et al. 1997, Karakog and
Gokge 2013, Koutsaviti et al. 2018, Polatoglu and Karakog
2016, Yano and Kamimura 1993).

Bu ¢alismada; depolanmus irtinlerde zarar meydana getiren
ve primer bir zararli olan S. granarius ile sekonder bir
zararli olan T. castaneum tzerinde 3 farkli bitki ekstraktinin
kontak ve repellent aktiviteleri arastirilmistir. Bununla
birlikte sentetik insektisitlere kars: alternatif olabilirlikleri

degerlendirilmistir.
MATERYAL VE METOT
Bdcek kiiltiirlerinin kaynagi ve toplu iiretimi

Calismalarda S. granarius ve T. castaneum tiirlerine ait ergin
bireyler kullanilmistir. Stok kiiltiirler Cankir1 Karatekin
Universitesi Yaprakli Meslek Yiiksekokulu Bitkisel ve

Hayvansal Uretim béliimiinden elde edilmistir.

S. granarius erginlerinin yetistirilmesinde Karakog¢ et
al. (2006)da belirtilen yontemler, modifiye edilerek
kullanilmistir. Tiim bocek tiirlerinden ayni yasta bireyler
elde etmek amaciyla 1 litrelik cam kavanozlara 1/3 oraninda
bugday konularak tizerine ortalama 500 adet ergin
salinmis, 7 giin siireyle yamurta birakmalar1 beklenmistir.
Bu siire sonunda salman ergin bireyler toplanmis ve
kavanozda sadece yumurta ile bulasik materyalin kalmasi

saglanmigtir.

T. castaneum yumurtalarinin eldesi igin, 100 mesh’lik elekten
elenmis %701 un ve %30’u kuru mayadan olusan besin
ortami kullanilmigtir. Yaklasik 500 adet ergin, igerisinde
elenmis un ve maya karisimi bulunan 1 litrelik yumurtlatma
kavanozuna salinmigtir.  Yumurtlatma kavanozundan
3 glinliik araliklarla eleme islemi yapilarak elde edilen
yumurtalar, icerisinde bugday kirmasi ve maya bulunan
besin ortamina aktarilmigtir. Kiltiir 27+2 °C sicaklikta,
%50+ 10 orantili nem ve karanlik kosullarda inkiibe edilmis

ve ¢ikan 2-4 haftalik erginler denemelerde kullanilmistir.
Bitki materyalinin temini ve ekstraktlarin elde edilmesi

Achillea phrygia Boiss. et Bal. (Compositae) (Konya,
2017; Herbaryum no: BS 6637), Salvia wiedemannii Boiss.
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(Lamiaceae) (Konya, 2017; Herbaryum no: BS 6583)
ve Prangos ferulacea (L.) Lindl. (Apiaceae) (Ardahan,
2017; Herbaryum no: B$ 6946) bitkileri dogal yayilis
ortamlarindan toplanmig ve Dr. Ogretim Uyesi Bilal SAHIN
(Cankir1 Karatekin Universitesi, Yaprakli Meslek Yiiksek
Okulu, Bitkisel ve Hayvansal Uretim Béliimii) tarafindan
teshis edilmigtir. Toplanan bitki 6rnekleri kok bolgelerinden
ayrilarak toprak iistii aksami (govde, yaprak ve gigek) golge
ve iyi havalanan sartlarda kurutulmustur. Kurutulan bitkiler
makas yardimu ile kesilerek kiigiik pargalara ayrilmis ve
ekstraksiyonda kullanilincaya kadar cam kavanozlarda

saklanmustir.

Bitkilerden ekstraktlar1 elde etmek amaci ile Susurluk et
al. (2007)de belirtilen meserasyon yontemi kullanilmistir.
Ekstraksiyon i¢in her bir bitki tiirtinden 200 g tartilarak cam
kavanozlara alinmustir. Bitkilerin {izerini kapatacak kadar
hekzan organik ¢oziiciisit eklenmis ve 72 saat ¢oziictide
bekletilmistir. Bu siire sonunda ¢oziicii filtre kagidi ile
stizilerek bitki materyalinden ayrilmistir. Daha sonra
ayrilan bitki materyalinin {izerine etil asetat eklenmis ve
yine 72 saat bu ¢oziicii ile kavanozlarda bekletilmistir. Bu
islemin sonunda filtre kagid: ile etil asetat ekstrakt: kismi
stiziilmiis ve bitki materyalinden ayrilmigtir. Son olarak
bitki materyali iizerine metanol eklenmis ve ayni islem bu
¢oziicii icinde tekrarlanmigtir. Tiim bu islemler sonunda
ti¢ farkli bitkiden ti¢ farkli siispansiyon elde edilmistir.
Elde edilen siispansiyondaki ¢oziiciiler evaporatér yardimi
ile ugurularak bitkisel reztidiller elde edilmistir. Boylece
bitkilerden hekzan, etil asetat, metanol ekstraktlari ayri
ayr1 elde edilmistir. Elde edilen ektsraktlar ise denemelerde
kullanilincaya kadar buzdolabinda +4 °Cde kullanilincaya

kadar saklanmigtir.
Kontak aktivite testleri

Caligmada, aktivitelerini test etmek amaciyla belirlenen
A.phrygia, S. wiedemannii ve P. ferulaceae bitkilerden
elde edilen ekstraktlarin, kontak (degme) etki denemeleri
yuriitilmistir. Denemeler Karakog et al. (2006)da
belirtilen ydntem modifiye edilerek kurulmugtur. Oldiiriicii
etkilerini belirlemek amaciyla yiiriitillen ¢alismalar topikal
uygulama ile yapilmigtir. Bitki ekstraktlar: yeterince aseton
ileagirlik/hacim (w/v) bakiminda %10’luk (100 pg/ml) bitki
ekstrakti/aseton olacak sekilde seyreltilmistir. Hazirlanan
bitki ekstrat: konsantrasyonundan her bir bocek igin 1 ul/
bocek olacak sekilde mikro-aplikatér yardimiyla bocegin
abdomeninin ventralinden uygulanmistir. Kontrollerde 1
ul/bocek dozunda aseton kullanilmis ve kontrol dahil tiim
uygulamalarda her tekerriirde 10 adet bocek kullanilmigtir.
Bitki ekstraktlari ile yiirtitiilen denemeler tesadiif bloklar1
deneme deseninde tertip edilmis olup 3 tekerriirlii olarak

farkli giinlerde 3 kez tekrar edilmistir. Sonuglar 24, 48 ve
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72 saatlik periyotlarla takip edilmis 6lii birey sayilar1 kayit

altina alinmugtir.
Repellent aktivite testleri

Kestenholz (2002)’un uyguladigi yontem kullanilmigtir.
Denemeler doksan (90) mm ¢apinda ii¢ bolmeli plastik
Petri kaplarinda ger¢eklestirilmistir. Bitki ekstraktlarindan
100

konsantrasyonlardan 0.5 mllik stispansiyon mikropipet

aseton  kullanilarak  hazirlanan pg/ml’lik
yardimiyla 5+0.2 g bugday tanesi {izerine uygulanmistir.
Ekstraktlarin tanelerin tiim yiizeyine homojen bir
sekilde yayilmasi i¢in spatula yardimiyla karistirilmigtir.
Kontrolde bugdaylar 0.5 ml aseton ile muamele edilmistir.
Asetonun ugmasi amaciyla muamele edilen bugdaylar 30
dk stire ile bekletilmistir. Bu bolimlerden ilkine ekstraktla
muamele edilmis 5 g bugday, ikincisine ise aseton (kontrol)
ile muamele edilmis 5 g agirhginda bugday konulmustur.
Ugiincii béliime ise 20 adet S. granarius ergini salinmustir.
Bitki ekstraktlarinin T. castaneum tizerindeki aktivitesini
belirlemek amaci ile de ugucu yag repellent aktivite
testlerinde kullanilan McDonald et al. (1970)da belirtilen
yontem uygulanmistir. Boceklerin muamele ve kontrol
gruplarindaki dagilimlar1 1, 3, 12 ve 24 saat aralikla
kontrol edilerek kayit altina alinmigtir. Denemeler 25+2
°C sicaklikta yirttilmistir. Calisma tesadif parselleri
deneme desenine gore dizayn edilerek bes tekerriirlii

olarak kurulmustur.
Istatistiki analizler

Kontak aktivite testlerinde elde edilen sonuglar 6nce %
olum degerlerine cevrilmistir. Elde edilen bu yiizdeler
arcsin transformasyonuna tabi tutulmustur. Olusan degerler
ile varyans analizi yapilmis ve Tukey ¢oklu karsilastirma
testi ile muameleler arasindaki farkliliklar belirlenmistir.
Davranigsal etki c¢aliymalarindan elde edilen sonuglar
ile asagida belirtilen formiile gore repellent indeksleri

hesaplanmustir.
PR = [(Nc-Nt/Nc+Nt)]x 100
Formiile gore;
PR: yiizde repellent degerini
Nec: kontroldeki bocek sayisini

Nt: muameledeki bocek sayisini ifade etmektedir.

Yapilan sayimlar sonucunda elde edilen ortalama repellent
degerleri hesaplandiktan sonra Juliana and Su (1983)de
belirtilen 0-V skalasina gore ekstraktlarin etkinlikleri
siniflandirilmistir [Sinif 0 (PR< %0.1); Sinif 1 (PR = %0.1-
20); Sinif 2 (PR = %20,1-40); Sinif 3 (PR = %40,1-60); Sinif 4
(PR = %60,1-80); Stnif 5 (PR = %80,1-100)].
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SONUCLAR

Bitki ekstraktlarmmin Sitophilus granarius iizerindeki kontak
etkileri

Yapilan degerlendirmeler sonucunda; 24 saatlik inkiibasyon
stiresinde en yliksek kontak aktiviteyi %50 6liim orant ile A.
phrygia bitkisinden elde edilen methanol ekstrakti gostermis
ve istatistiksel olarak kontrolden farkli bulunmustur. En
diisiik aktivite ise kontrolden farkli olarak A. phrygia hekzan
(%12.90), P. ferulaceae methanol (%14.63) ve S. wiedemannii
hekzan (%19.93) ekstraktlarindan elde edilmistir (F=13.07;
$d=9.20; P=0.000). Denemelerde kullanilan diger bitki
ekstraktlar1 ise istatistiksel olarak kontrolden farkli olsa
da 24 saat sonunda S. granarius tizerinde olduke¢a diisitk
6liim (yaklagik olarak %34 ile %39) meydana getirmislerdir.
Caligmada 48 saat sonundaki sayimlara bakildiginda en
yiiksek aktivite yaklagik olarak %58 ile A. phrygia methanol
ekstraktindan elde edilmistir. Bu 6liim oranini ise %49.97
ile P. ferulaceae hekzan, %47.72 ile S. wiedemannii methanol
ve %46.70 ile P. ferulaceae etil asetat ekstraktlar: izlemis
ve A. phrygia methanol ile istatistiksel olarak ayni grupta
yer almuglardir. A. phrygia hekzan (%12.90), P. ferulaceae
methanol (%18.13) ve S. wiedemannii hekzan (%22.98)
en distk aktiviteyi gosteren bitkiler olarak bulunmus ve
kontrolle ayni istatistiksel grupta yer almislardir (F=8.04;
sd=9.20; P=0.000). Inkﬁbasyon sliresi 72 saate ulastiginda,
yapilan sayimlar sonucunda tiim bitki ekstraktlarinin
aktivitelerinde artiy meydana gelmistir. En yiiksek aktivite
%74.03 ile P. ferulaceae hekzan ekstraktindan elde edilirken
bu aktiviteyi %71.27 ile A. phrygia methanol, %67 ile P
ferulaceae etil asetat ve %56.75 ile A. phrygia etil asetat
ektraktlar: takip etmis olup istatistiksel olarak ayni grupta
yer almislardir. A. phrygia hekzan, P. ferulaceae methanol
ve S. wiedemannii hekzan ekstraktlar1 ise %35-38 arasinda
6lim meydana getirmis olsa da istatistiksel olarak kontrol
grubu ile aralarinda herhangi bir farliik bulunamamistir
(F=5.46; sd=9.20; P=0.000) (Cizelge 1).

Bitki ekstraktlarinin Tribolium castaneum tizerindeki kontak

etkileri

Bitki ekstraktlarinin 24 saat sonunda T. castaneum tiri
tizerinde gostermis oldugu etki incelendiginde, en yiiksek
etki %33.24 ile A. phrygia etil asetat ekstraktindan elde
edilmistir. Bu etkiyi %18.79 ile S. wiedemannii etil asetat
ekstrakt: takip etmistir. Diger bitki ektraktlar1 ise %5.44
ile %15.43 arasinda ¢ok diisiik oranda etki gostermistir.
tim  bitki ekstraktlar
istatistiksel olarak kontrolden farkli grupta yer almiglardir
(F=21.45; sd=9.20; P=0.000). Denemelerde 48 saatin
sonuna gelindiginde en yiiksek aktivite yine %37.75 ile A.

Denemelerde kullanilan ise

phrygia etil asetat ekstraktindan elde edilmistir. Caligmada
kullanilan diger bitki ektraktlarinin aktiviteleri de 24
saat sonuglarina goére artiy gostermistir. A. phrygia etil
asetat diginda kalan tiim bitki ekstratlarinin %13.71 ile
%21.78 araliginda 6lim meydana getirdigi belirlenmistir.
Tum bitki ektraktlarindan diisiik oranda da olsa bir
aktivite gozlemlenmis olmasina ragmen istatistiksel
olarak kontrolden ve birbirlerinden farkli miktarda 6lim
meydana getirmemislerdir (F=1.90; sd=9.20; P=0.112).
A. phrygia etil asetat ekstrakt: 72 saat sonunda da %42
6liim orani ile en yiiksek aktiviteyi gosteren bitki ekstrakti
olmugtur. Bu aktiviteyi S. wiedemannii hekzan (%29.20)
ve S. wiedemannii etil asetat (%23.54) ekstraktlar: takip
etmistir. Denemelerde kullanilan tiim bitki ektraktlar ise
yapilan istatistiksel degerlendirme sonucunda kontrolden
farkli grupta yer almamistir (F=1.34; sd=9.20; P=0.277)

(Cizelge 2).

Bitki
uzaklagstirici (repellent) etkileri

ekstraktlarimn  Sitophilus ~ granarius  iizerindeki

Denemeye alinan bitki ekstraktlar1 zamana bagl olarak
degisen oranlarda repellent etki gostermislerdir (Cizelge
3). S. granarius igin sayim zamanlarindan 1 saat sonunda

en yiiksek uzaklastirict etkiyi %40 ile A. phrygia methanol

Cizelge 1. Bitki ekstraktlarinin Sitophilus granarius tizerindeki kontak etkileri

% Oliim+SH*
Muamele
24 saat 48 saat 72 saat
Kontrol Aseton 0.00+0.00c! 3.00+2.26d1 4.42+3.63b!
Hekzan 12.90+0.84b 12.9040.84cd 35.26+1.32ab
Achillea phrygia Etil Asetat 36.30+1.97ab 42.06+1.21abc 56.75+0.81a
Methanol 50.00£0.11a 57.79£0.15a 71.27£0.58a
Hekzan 38.74+1.09ab 49.97+1.47ab 74.03+6.41a
Prangos ferulaceae Etil Asetat 38.61+2.46ab 46.70+4.25ab 67.00%1.61a
Methanol 14.63+1.99b 18.13+4.74bcd 38.23+5.32ab
Hekzan 19.93+0.17b 22.98+1.04abcd 38.11+9.59ab
Salvia wiedemannii Etil Asetat 34.32+0.64ab 35.46+0.52abc 54.50+2.41a
Methanol 37.20+2.75ab 47.72+2.31ab 61.21+0.64a

*Standart Hata

'Ayni siitundaki ortalamalari takip eden farkls harfler, ortalamalarin istatistiksel olarak onemli derecede farkli oldugunu gésterir (Anova P<0.05, Tukey test)
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Cizelge 2. Bitki ekstraktlarinin Tribolium castaneum tizerindeki kontak etkileri.

% Oliim+SH*
Muamele
24 saat 48 saat 72 saat
Kontrol Aseton 0.00+0.00d" 5.98+1.20b 5.98+1.20a'
Hekzan 6.67+0.00c 15.43+0.27ab 17.38+0.95a
Achillea phrygia Etil Asetat 33.2440.39a 37.75+0.16a 42.21+0.15a
Methanol 7.71+0.12bc 13.71+4.13ab 12.54+9.24a
Hekzan 15.43+0.27bc 20.19+2.53ab 24.68+2.93a
Prangos ferulaceae Etil Asetat 13.01£0.67bc 15.72+2.20ab 18.36+4.33a
Methanol 5.44+0.20c 11.26+1.96ab 16.16+6.81a
Hekzan 14.29+0.32bc 21.78+1.26ab 29.20+3.41a
Salvia wiedemannii Etil Asetat 18.79+0.23ab 20.80+0.84ab 26.54+0.41a
Methanol 10.42+1.36bc 13.71+4.13ab 15.33+5.86a

*Standart Hata

! Ayni siitundaki ortalamalari takip eden farkli harfler, ortalamalarin istatistiksel olarak 6nemli derecede farkli oldugunu gésterir (Anova P<0.05, Tukey

ekstrakt: gostermistir. Bu aktiviteyi sirastyla ayni bitkinin etil
asetat ve hekzan ekstreleri %36 ve %14’liik uzaklastirici etki
ile izlemislerdir. S. wiedemannii ekstraktlarina bakildiginda,
1 saat sonunda en yiiksek aktivite A. phrygia ekstraktlarinin
aksine etil asetat ekstraktinda %13 uzaklastirici etki ile
belirlenmis; bu ekstraktin aktivitesini %10 uzaklastiric1 etki
ile hekzan ve %4 uzaklastirici etki ile methanol ekstrakti
izlemistir. Aynisayim zamaninda (1 saat) P, ferulaceae ekstrakt
en yiiksek methanol ekstratinda %10’luk bir repellent aktivite
gostermistir. Birinci saat sonunda eksraktlarin repellent
aktivitelerinin skala degerlerine bakildiginda en yiiksek II
skala degerinin oldugu sonucuna ulagilmistir. Degerlendirme
zamanlarindan {glincli saat sonunda, ilk degerlendirme
zamaninda oldugu gibi en yiiksek aktivite A. phrygia
esktraktlarinda belirlenmistir. Ancak 1.saat sonundaki
repellent aktiviteden farkli olarak %46 repellent etki ile en
yiiksek aktivite etil asetat ektraktinda belirlenmistir. Bu
aktiviteyi %28 uzaklastirici etki ile hekzan %12 ile methanol
ekstraktinin aktivitesi izlemistir. Ancak denemeye alinan
bitki ekstraktlarindan S. wiedemannii bitkisinin methanol
ekstraktinda %18’lik bir uzaklastirici etkiye sahip olmus
ve ayni bitkinin etil asetat ektrakti %12, hekzan ekstrakti
ise %8lik bir uzaklastirici aktivite gostermistir. Denemeye
alinan bir diger bitki olan P ferulaceae ekstraktlar ise ilk
sayim zamaninda oldugu gibi kayda deger bir aktivite
gostermemiglerdir. Ugiincii saat sonunda bu bitki ektrakti en
yliksek aktivitesini %6 ile etil asetat ekstraktinda gostermistir.
Onikinci saat sonunda denemeye alian bitki ekstraktlarindan
A. phrygia ekstraktlar1 diger iki ekstrakta nazaran repellent
aktivite yoniiyle daha aktif olmus ve en yiiksek aktivite %36
uzaklagtirici aktivite ile etil asetat ektraktinda belirlenmistir.
Degerlendirme zamanlarindan 24.saat sonunda en yiiksek
repellent aktivite %52 uzaklastiric1 aktivite ile P. ferulaceae
bitkisinin etil asetat ektraktinda belirlenmis ve aktivite IIT
skala degerini almistir. Bu ekstraktin aktivitesini %32’lik
aktivite ile S. wiedemannii bitkisinin hekzan ve P. ferulaceae

bitkisinin hekzan ekstraktinda saptanmustir.
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Cizelge 3. Bitki ektraktlarinin = Sitophilus
tizerindeki repellent etkileri

granarius

M ) % Repellent Etki
uamele
1s Skala 3s Skala 12s Skala 24s Skala
Achill M* 40 II 12 1 26 II 16 I
cuted pa 36 I 46 I 36 1 20 1
phrygia
14 1 28 II 20 I 20 I
Subv 4 1 18 1 12 1 26 1
VI EA 13 T 1201 20 1 28 I
wiedemannii
10 1 8 1 22 I 32 1II
P M 10 I 4 I 22 I 26 1I
rangos 4 1 6 1 22 1 52 IO
ferulaceae
5 I 2 I 22 11 32 11

*M=methanol, EA=FEtil Asetat, H=Hekzan

Bitki
uzaklagtirici (repellent) etkileri

ekstraktlarmin ~ Tribolium  castaneum iizerindeki

Bitki etkileri  Tribolium

castaneun’akarsi arastirildiginda ektraktlarin aktivitelerinin

ekstraktlarinin  uzaklastirict

birbirine yakin oldugu, ancak zamana ve bitki ekstraktina
gore aktivitenin degistigi sonucuna varilmistir (Cizelge 4).
Sayim zamanlarindan 1 saat sonunda en yiiksek aktivite
%88’lik uzaklastirici etki ile A. phrygia bitkisinin hekzan

ekstraktinda belirlenmis ve bu etkinin skala degeri V olarak

Cizelge 4. Bitki ektraktlarinin Tribolium
tizerindeki repellent etkileri

castaneum

% Repellent Etki

M 1
ameie 1s Skala 3s Skala 12s Skala 24s Skala
Achill M* 70 IV 62 IV 86 V 96 V
Cuted g 72 IV 44 T 88 V 94 V
phrygia
8 V 68 IV 98 V 92 V
Salvi 60 III 38 II 8 V 82 V
SavIA A 36 I 48 II 96 V96 V
wiedemannii
32 II 46 III 62 IV 72 1V
P 72 IV .86 V 90 V 92 V
TGOS pA 4 I 52 I 98 V98 V
ferulaceae
52 III 46 III 74 IV 92 V

*M=methanol, EA=Etil Asetat, H=Hekzan
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belirlenmigstir. Bu ekstraktin aktivitesini, %72 (skala IV) ile
ayn1 bitkinin etil asetat ektrakti ve P. ferulaceae bitkisinin
methanol ekstrakti izlemistir. A. phrygia bitkisinin methanol
ekstraktinin uzaklagtici etkisi 1.saat sonunda %70 olarak
hesaplanmustir. Bu aktiviteyi S. wiedemannii bitkisinin
methanol ekstrakt: (%60, skala III), P. ferulaceae bitkisinin
hekzan ekstrakti (%52, skala III), P. ferulaceae bitkisinin etil
asetat ekstrakti (%42, skala III), S. wiedemannii bitkisinin
etil asetat (%36, skala II) ve S. wiedemannii bitkisinin hekzan
(%32, skala 1I) aktivitesi sirasiyla takip etmistir. Ugiincii
saat sonunda ise en yiksek aktivite %86 (skala V)lik
uzaklastiricr etki ile P ferulaceae methanol ekstraktinda
belirlenmistir. Denemelerden 12 saat sonunda elde edilen
veriler degerlendirildiginde, kullanilan tiim ekstraktlarin
aktivitelerinde artiy gozlemlenmistir. 12 saat sonunda
en yiiksek aktivite %98 repellent etki orani ile A. phrygia
bitkisinin hekzan ve P ferulaceae bitkisinin etil asetat
ekstraktlarindan elde edilmistir. En disiik aktivite ise S.
wiedemannii bitkisinin hekzan ektraktindan elde edilmistir.
24 saatlik inkubasyon siiresi sonunda ise A. phrygia ve P
ferulaceae Dbitkilerinden elde edilen tiim ektraktlar %90
(skala V)in tizerinde aktivite gostermistir. Bu siire sonunda
S. wiedemannii bitkisinin etil asetat ekstrakti %96 (skala
V), methanol ekstrakti %82 (skala V) ve hekzan ektrakti ise
%72 (skala I'V) ile en diisiik aktiviteyi gosteren bitki olarak

belirlenmigtir.
TARTISMA VE KANI

Bu c¢alismada, A. phrygia, P. ferulaceae ve S. wiedemannii
bitkilerinden elde edilen bitki ekstraktlarinin depolanmis
triin zararlilarindan olan S. granarius ve T. castaneum ile
miicadelede kullanilabilirlikleri arastirilmistir. Bu amagla
yuriitillen ¢alismalarda bitkilerden ekstrakt elde etmek
amact ile farkli ¢oziicii sistemleri kullanilarak (hekzan,
etil asetat ve methanol) her bitkiden 3 farkli ekstrakt elde
edilmigtir. Caligmada bitki ekstraktlarinin insektisidal
aktivitelerini belirlemek amaci ile kontak (degme yolu
ile), davranigsal etkilerini belirlemek amaci ile de repellent

(uzaklagtiric1) etki ¢aligmalar: yiirtitilmiigtiir.

bitkilerinden

Compositae, P ferulaceae Apiaceae ve S. wiedemannii

Denemelerde  kullanilan A, phrygia
ise Lamiaceae familyalar1 igerisinde yer alan bitkilerdir.
Bu familyalar igerisinde yer alan bitkilerin birgogundan
elde edilen ekstrakt ve ugucu yaglarin, bocekler iizerinde
farkli sekillerde aktivite gosteren tiirlere sahip oldugu
bilinmektedir. Ozellikle Lamiaceae familyasinda bulunan
Mentha, Salvia ve Thymus cinslerine ait birgok tiir ile yapilan
calismalar bu bitkilerin insektisidal aktivite potansiyelini
ortaya koymugstur (Abdelli et al. 2016, Clemente et al. 2003,
Karim and Hossein 2018, Kumar et al. 2011, Polatoglu
et al. 2017). Yine benzer sekilde Tanacetum ve Achillea
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cinsine ait tiirlerin bocekler tizerinde farkli sekillerde
aktivite gosterdigi arastiricilar tarafindan belirlenmistir
(Ebadollahi 2017, Kordali et al. 2012,Polatoglu et al. 2015).
Anethum, Bifora prangos ve Heracleum cinslerinin yer aldig1
Apiaceae familyas: da yine insektisidal aktivite bakimindan
zengin tir igeren familyalardan biridir ve bu familyadan
birgok tiirle ilgili insektisidal ve davranigsal etki ¢aligmalar1
bulunmaktadir (Karakog et al. 2006, Pandey et al. 2018,
Selimoglu et al. 2015). Birgok arastirmaci tarafindan bu
familyalara ait tiirlerle yapilan galiymalarda oldugu gibi
ylriitmiis oldugumuz ¢alismada da S. granarius ve T.
castaneum ile miicadelede kullanilma potansiyeline sahip

bazi sonuglara ulagilmstir.

A. phrygia Tuirkiye'ye endemik bir bitki tiiradiir. Bu bitkiden
elde edilen ekstraktlarin bocekler tizerindeki aktivitelerini
belirlemek amaciyla yapilan herhangi bir ¢alismaya
rastlanmamigtir. Her ne kadar A. phrygia bitkisinden elde
edilen ekstraktlar ile ilgili bir ¢aligmaya rastlanmamus olsa da
Achillea cinsine ait farkli tirlerden elde edilen ekstraktlarin,
cesitli bocekler tizerindeki aktiviteleri incelenmis ve kayda
deger sonuglar elde edilmistir. Ornegin Hasheminia et al.
(2011) Achillea millefolium (L.) (Compositae) methanol
Pieridae)

tizerindeki aktivitesini incelemis ve LC, degerini %9.387

ekstraktinin  Pjeris rapae L. (Lepidoptera:
olarak belirlemislerdir. Benzer sekilde Jovenovic et al. (2007)
yapmis olduklar1 ¢alismada Acanthoscelides obtectus Say.
(Coleoptera: Bruchidae) tizerinde A. millefolium L. ethanol
ekstraktinin aktivitesini aragtirmislardir. Ekstraktlari fasulye
taneleri tizerine uygulamis ve 3 hafta sonunda %87 civarinda
6lim meydana getirdigini belirlemislerdir. YiirGitmiis
oldugumuz ¢aligmada da A. phrygia bitkisinden elde edilen
methanol ekstrakti S. granarius erginleri tzerinde %71
civarinda 6liim meydana getirmis ve belirtilen ¢alismalarla
paralellik gostermistir. Ayni cinse ait bitkiler ¢ogunlukla
benzer maddeler icermektedir (Mohammadhosseini
et al. 2017, Polatoglu et al. 2013). Bu sebeple ayni cinse
ait farkli bitkiler bocek tiirleri tizerinde benzer etkiler

gosterebilmektedir (Ateyyat et al. 2009, Cakur et al. 2016).

Calismada kullanmis oldugumuz S. wiedemannii bitkisi
de A. phrygia gibi Turkiye'ye endemik bir bitki ttradir.
S. wiedemannii ile ilgili yapilmis farkli biyolojik aktivite
caligmalar1 bulunsa da (Senol et al. 2010, Ustun and Sezik
2011, Ustun and Berrin-Ozgelik 2016) bocekler iizerinde
yapilmis insektisidal ve davranigsal etki ¢aligmalarina
rastlanmamigtir.  Yiriitmiis  oldugumuz ¢alismada .
wiedemannii methanol ekstrakti S. granarius tzerinde 72
saat sonunda %61.21 insektisidal aktivite gosterirken T.
castaneum lizerinde %15.33 6liim meydana getirmistir. S.
wiedemannii bitkisinden elde edilen methanol ekstrakti orta

derecenin biraz {izerinde oldiiriicii etki gosterirken, Salvia
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cinsine ait diger tiirlerden elde edilen ekstraktlarin farkli
oranlarda aktivite gosterdigi esitli calismalarla bildirilmistir.
Karakog et al. (2013) yapmis olduklar1 ¢alismada Salvia
tchihatcheffii (Fisch. et Mey.) Boiss. (Lamiaceae) ve Salvia
cryptantha Montbret et Aucher ex Bentham (Lamiaceae)
bitkilerinden elde etmis olduklar: ekstraktlarin S. granarius
tzerindeki etkinliklerini test etmislerdir. S. tchihatcheffii
(govde) ekstraktinin insektisidal aktivitesini %86.76, S.
cryptantha (govde) ekstraktinin aktivitesini ise %44.93
olarak belirlemislerdir. Irfan et al. (2016) Salvia officinalis
L. (Lamiaceae) bitkisinin insektisidal aktivitesini Sitophilus
oryzae L. (Coleoptera: Curculionidae) fizerinde test
etmiglerdir. Disk difiizyon yontemi kullanan arastiricilar
bitkiden elde ettikleri %1.5’lik
dozunda test bocegi tizerinde %100 6liim gozlemlemislerdir.
S. officinalis ile ¢aligan Karakas (2017) ise bitkinin ethanol

ekstraktlarini S. granarius {izerinde test etmis ve 3 giin

methanol ektraktinin

sonunda %12, 8 giin sonunda ise %72 oraninda 6lim
meydana geldigini bildirmistir. Ayni arastirici bitkinin %36
repellent aktivite gosterdigini de ortaya koymustur.

P ferulaceae bitkisinden elde edilen ekstraktlar ile
farkli biyolojik aktivite galigmalar1 yiiriitiilmiis olsa da
bu caligmalar arasinda insektisidal ve davranigsal etki
caligmalar1 bulunmamaktadir (Bruno et al. 2019, Durmaz et
al. 2006, Gheisari et al. 2016, Mavi et al. 2004, Shokoohinia
et al. 2014). Fakat bu bitkiden elde edilen ugucu yaglar
ile insektisidal aktivite ¢aligmasi yirGtilmigtir. P
ferulaceae bitkisinden elde edilen ugucu yaglarin S.
granarius Uzerindeki insektisidal aktivitesi $imgsek et al.
(2016) tarafindan aragtirilmistir.  Yiritilen ¢aligmaya
gore P. ferulaceaeden elde edilen ugucu yaglar %10’luk
konsantrasyonda, S. granarius tizerinde %28.73 oraninda
6lim meydana getirmistir. Yapmis oldugumuz ¢alismada
ise yuritilen bu caliymadan farkli olarak P ferulaceae
bitkisinden elde edilen ekstraktlarn S. granarius ve T.
castaneum tUzerindeki aktivitesi test edilmigtir. Her iki bocek
tiriinde de en yiiksek 6liim orani hekzan ekstraktindan elde
edilmis olup bu oran T. castaneum igin %24, S. granarius igin

%74 olarak belirlenmistir.

Yiriitilen bu ¢alismada, bitkisel kaynaklar bakimindan
oldukga zengin olan iilkemizde dogal olarak vyetisen
bitkilerden elde edilen ekstraktlarin ve ugucu yaglarin,
depolanmig iriinlerin  6nemli zararlilarindan olan S.
granarius ve T. castaneum’a karst kontrollii sartlarda
insektisidal ve davranigsal etkileri arastirilmistir. Yapilan
tim denemeler sonucunda test edilen bitkilerin bocekler
tizerinde kontak toksisite ve repellent aktivite gosterdigi
saptanmigtir. Elde edilen bu sonuglar ise denemelerde
aktivite gosteren bitki ekstraklarinin bu  zararlilarla
miicadelede kullanilabilecek alternatifler oldugunu ortaya
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koymustur. Bundan sonraki asamada bitki ekstaktlarinin
ana bilegenlerinin aragtirilarak bitkideki aktif molekiillerin
belirlenmesi gerekmektedir. Bununla birlikte yapilacak ek
¢aligmalar ile birlikte, kullanilabilirlikleri ve uygulamaya

aktarilabilirliklerinin de arastirilmasi uygun olacaktir.
TESEKKUR

Bu caligma, ikinci yazarin Gankir1 Karatekin Universitesi
Fen Bilimleri Enstitiisi'nde yiiriitmiis oldugu “Bazi bitki
ekstraktlarinin ve ugucu yaglarinin Sitophilus granarius
L. (Col: Curculionidae) ve Tribolium castaneum (Herbst)
(Col: Tenebrionidae) tizerindeki insektisidal ve davranigsal
etkileri” isimli yiiksek lisans tezininin bir bélimiinden

uretilmistir.
OZET

Depolanmis iiriinlerdeki boceklerle miicadele olduke¢a
Sitophilus 1758)

Curculionidae) ve castaneum

onemlidir. granarius  (Linnaeus,

(Coleoptera: Tribolium
(Herbst, 1797) (Coleoptera: Tenebrionidea) depolanmis
tirtinlerde zarar meydana getiren 6nemli iki zararli bocek
tiriidiir. Depolanmug triinlerdeki zararlilarla miicadelede
kullanilabilecek alternatif ilaglara ise her gegen giin ihtiyag
artmaktadir. Bu ¢alismada, Achillea phrygia Boiss. et Bal.
(Compositae), Prangos ferulacea (L.) Lindl. (Apiaceae) ve
Salvia wiedemannii Boiss. (Lamiaceae) bitkilerinden elde
edilen bitki ekstraktlarinin, S. granarius ve T. castaneum
ile miicadelede kullanilabilirlikleri arastirilmistir. 72 saat
sonunda, S. garanarius tzerinde test edilen bitkiler arasinda
en yiiksek kontak aktiviteyi sirasiyla %74 ile P. ferulaceae
hekzan, %71 ile A. phrygia methanol ekstrakt1 gostermistir.
T. castaneum tzerinde en ylksek aktiviteyi ise 72 saat
sonunda %42 ile A. phrygia etil asetat ekstrakti gostermistir.
Bitki ekstraktlar: ile yapilan davranigsal etki ¢aligmalarinda
ise S. granarius tizerindeki en yiiksek repellent aktivite 24.
saat sonunda P. ferulaceae etil asetat ekstraktindan (%52)
elde edilmistir. Bitki ekstraktlarnin tamami T. castaneum

tizerinde yiiksek oranda repellent etki gostermistir.

Anahtar kelimeler: bitki ekstrakti, repellent etki, kontak
etki, bugday biti, kirmizi un biti
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With this study, the presence of entomopathogenic nematodes (EPN) in 15
villages (Ulas, Tasligiftlik, Songlt, Blylkbaglar, Ugrak, Tahtoba, Dayilihaci,
Corduk, Kizilkdy, Bakigli, Ballidere, Coregiblylk, Gaziosmanpasa, Gunevi,
Akyamac and 2 towns (Guryildiz, Emirseyit) of Tokat province where alfalfa
was cultivated intensively was investigated between June-October 2016. For

this purpose, 58 soil samples were taken and obtained 10 EPN isolates by trap-
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insect method. As a result of the morphological and molecular diagnosis, 8 of

them were defined as Steinernema carpocapsae, one isolate as S.feltiae and one

isolate as Heterorhabditis bacteriophora. This paper is the first report showing the
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occurrence of EPNs in alfalfa fields in Turkey.

INTRODUCTION

Recently, one of the most important issues discussed is
the restriction of the use of pesticides. Efforts of biological
control are an important tool to achieve this target in the
world. Entomopathogenic nematodes (EPNs) belong to
Steinernematidae and Heterorhabditidae families which are
parasites of insects, killing them rapidly with the help of
mutualistic bacteria. Therefore, they have great importance
as biological control agents of many insect pests having
economic importance (Hazir et al. 2003). In recent years,
studies on the effectiveness of EPNs against important
pest groups of economic importance have gained speed in

Turkey.

In the world, a total of 104 EPN species have been identified.
These are 84 species from the Steinernema genus, 1 species
from the Neosteinernema genus and 19 species from the
Heterorhabditis genus (Nguyen 2018). Studies on the EPNs
in Turkey have begun in recent years (Kepenekci et al.
1999, Ozer et al. 1995). When analyzed studies conducted
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to determine the EPNs in Turkey, it is seen that 7 species
(S. anatoliense, S. bicornutum, S. carpocapsae, S. feltiae, S.
kraussei, S. websteri and S. weiseri) belonging to the genus
Steinernema and 3 species (H. bacteriophora, H. marelatus
and H. megidis) belonging to the genus Heterorhabditis have
been revealed (Kepenekci 2012).

To use EPNs in applied biological control studies, it is
important to detect the species or isolates belonging to
the species, determine their distribution and reveal the
effectiveness of the identified EPNs. It was investigated
effectiveness against different insect groups of different
EPN isolates detected in Turkey and showed that there were
significant differences between the activities of different
isolates belonging to the same species (Esengiil and Evlice
2020, Evlice et al. 2007, Kepenekci and Susurluk 2006,
Kepenekei et al. 2013, Tiilek et al. 2015, Yilmaz et al. 2010,
Yiiksel and Canhilal 2019).
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Alfalfa, which is a perennial plant, has an average life span
of 5 years, and the use of pesticides in alfalfa cultivation
areas is either very limited or not. In this way, many
different organisms can settle in these areas and create
a living space for themselves. Thus, alfalfa cultivation
contributes to the natural balance in agroecosystems.
Some studies were conducted for to determine diversity
of EPN in different cultivations areas in Turkey. However,
no studies have been performed for the determination of
EPNs in alfalfa fields, which are considered to be rich in
fauna. In this work, a survey was carried out to isolate
and identify EPNs from alfalfa fields in Tokat (Turkey)

province.

MATERIALS AND METHODS
Field studies

Collecting soil samples

Soil sampling was carried out between June and October
2016 in order to obtain EPNs from the intensively alfalfa
cultivated areas of Tokat province (Turkey). For this
purpose, 58 soil samples were taken from the 15 villages
(Ulas, Tasliftlik, Songiit, Biiytikbaglar, Ugrak, Tahtoba,
Dayilithaci, Cordiik, Kizilkoy, Bakisly, Ballidere, Coregibiiyiik,
Gaziosmanpaga, Giinevi, Akyamag¢) and 2 town (Giiryildiz,
Emirseyit) in Tokat province (Table 1). Soil samples which
were approximately 1 kg and consisted of 10-15 subsamples
were taken from a depth of 5-30 cm (Bulun 2011). While
determining the areas to be sampled, it was considered that
there was a certain distance between them, and they were in
distribution to represent the study region of Tokat province
(Sevim 2010). Soil samples were kept in ice boxes at 4 °C
until they were brought from the field to the laboratory and
kept in the refrigerator at the same temperature during the

examination period.
Laboratory studies
Rearing of Galleria mellonella (L.) (Lepidoptera: Pyralidae)

The Greater wax moth, Galleria mellonella, was used for
obtaining EPNs from soil and for their mass reproduction
in the laboratory. For these reasons, an artificial diet was
prepared for mass rearing of G. mellonella in laboratory.
The diet ingredients consisted of wheat flour (890 g),
dried yeast powder (222 g), glycerine (500 g), honey (500
ml), milk powder (445 g) and wheat bran (445 g) (Haydak
1936, Mohammed and Coppel 1983). The prepared diet
was placed in 300 ml glass jars and then, the egg cluster was
placed and closed with aluminium wire. The jars were placed
in an insect rearing cabinet with 23-24 °C and illuminated
for 16/8 hours. The last instar larvae of G. mellonella were

obtained and used in the studies.
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Isolation of nematodes

The nematodes were isolated from alfalfa field soils with
Galleria trap methods. These soils were placed in 500 ml
plastic containers. 10 last instar larvae of G. mellonella were
placed in 10 cm diameter plastic wire cages and placed in
the soil samples (Bedding and Akhurst 1975, Griffin et al.
2000). The plastic containers were placed in an incubator at
24 °C and checked every 3 days. Nematodes were obtained
from the dead larvae by “White trap” method (White
1927). Collected larvae were checked by infectivity test
(Koch’s postulation) for confirming whether the obtained
nematodes were EPN or not (Kaya and Stock 1997).

Morphology-based identification of EPNs

The genus level of identification of entomopathogenic
nematodes was attempted by making temporary mounts
of ten infective juveniles for each isolate. Infective juveniles
were killed 60 °C and fixed in TAF (7 ml 40% formalin, 2 ml
Triethamrolamine, 91 ml distilled water). Fixed nematodes
were transferred to anhydrous glycerine according to
Seinhorst’s (1959) rapid method as modified by De Grisse
(1969). Permanent slides were prepared according to ring
method of Hooper (1986). All measurements were made
using a drawing tube attached to Leica DM 3000 light
microscope. Genus- level identification was made according
to Poinar (1990) and Liu and Berry (1996).

Molecular characterization

For molecular characterization of entomopathogenic
nematodes, the ITS (internal transcribed spacer) gene
region, which is widely used all over the world and is a part
of the rDNA gene region, was analyzed. DNA extraction
was performed by following the protocol of DNA isolation
kit (Thermo scientific). PCR amplification of DNA sample
was prepared by following ingredients were added into a
0.2 ml specific PCR tubes; 37.3 ul ddH20, 5 ul 10X buffer,
4 ul MgCI2, 1 ul dNTPs, 0.2 pl of forward primer 18S:
5-TTGATTACGTCCCTGCCCTTT-3, 0.2 pl of reverse
primer 28S: 5-TTTCACTCGCCGTTACTAAGG-3, 0.3 ul
Taq polymerase and 2 pl DNA (Vrain et al. 1992).

The prepared tubes were placed in the thermal cycler (Biorad)
and subjected to a PCR cycle suitable for the primers used
for the ITS region. The PCR conditions were applied as 94
OC for 7 minutes followed by 35 cycles of denaturation at 94
°C for 1 min, annealing at 50 °C for 1 min and elongation
at 72 °C for 1 min and a final extension step at 72 °C for 7
min (Nguyen 2007). The amplification products obtained as
a result of the PCR reaction were examined by subjecting
them to 1% agarose gel electrophoresis.

The PCR products obtained were cleaned by using DNA
purification kit (Macherey-Nagel) and sent to Medsantek
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Location Coordinates Altitude (m)
N E

Ulas 40°19'37" 36°926'31" 566
Ulag 40°19'37" 36°25"'16" 560
Ulas 40°19'33" 36°925'45" 570
Giiryildiz 40°20'07" 36°922'11" 575
Giiryildiz 40°19'57" 36°22'16" 545
Giiryildiz 40°19'56" 36°21'31" 567
Giiryildiz 40°20'03" 36°23'02" 561
Emirseyit 40°20'13" 36923'59" 554
Emirseyit 40°20'13" 36°25'20" 560
Emirseyit 40°20'32" 36°24"32" 551
Songiit 40°18'58" 36°24'02" 550
Songiit 40°18'53" 36923'39" 554
Songiit 40°20'52" 36°28'06" 587
Tasligiftlik 40°19'48" 36°27'29" 572
Tasligiftlik 40°19'49" 36°28'18" 592
Tasliiftlik 40°20'15" 36°30'03" 576
Biiytikbaglar 40°17'30" 36°21"46" 580
Biyiikbaglar 40°17'03" 36°21'41" 616
Biiyiikbaglar 40°©17'15" 36°21'36" 590
Biiytikbaglar 40°17'41" 36°21'31" 559
Biiyiikbaglar 40°17'38" 36°21'28" 564
Ugrak 40°12'32" 36°29'01" 1119
Ugrak 40°11'52" 36°29'07" 1163
Ugrak 40°12'11" 36°28'48" 1135
Ugrak 40°11'58" 36°28'03" 1100
Tahtoba 40°11'55" 36°27'36" 1113
Tahtoba 40°12'06" 36°27'37" 1112
Tahtoba 40°12'29" 36027"'45" 1112
Tahtoba 40°12'48" 36°27'56" 1096
Dayilthaci 40°12'48" 36°30'54" 1054
Dayilihac 40°12'49" 36°31'01" 1029
Dayilihaci 40°12'24" 36°31'08" 1101
Dayilthaci 40°12'16" 36°31'06" 1098
Dayilthact 40°12'39" 36°30'02" 1131
Cordik 40°14'01" 36°33'06" 821
Cordik 40°14'16" 36°33'03" 808
Cordik 40°14'18" 36°32"'35" 844
Kizilkoy 40°22'50" 36°40'37" 642
Kizilkoy 40022'14" 36°939'50" 624
Kizilkoy 40°22'29" 36°40'42" 621
Bakish 40°20'36" 36937'43" 607
Bakish 40°20'26" 36°37"'38" 638
Bakish 40°20'20" 36°937'17" 625
Ballidere 40°21'03" 36°38'04" 612
Ballidere 40°21'35" 36°39'18" 615
Ballidere 40©21'28" 36°38'46" 598
Coregibuyiik 40°23'38" 36°42"15" 634
Coregibiyiik 40°23'35" 36042"45" 649
Coregibuyiik 40°23'02" 36°42'48" 642
Gaziosmanpaga 40©21'43" 36°41'11" 648
Gaziosmanpaga 40°21'56" 36°41'18" 632
Gaziosmanpaga 40°21'54" 36°41'03" 651
Giinevi 40°21'58" 3693422 861
Giinevi 40°22'21" 36°35"12" 911
Giinevi 40°21'42" 36°34'09" 840
Akyamag 40°20'58" 36°29'38" 591
Akyamag 40°20'54" 36028'24" 581
Akyamag 40°20'52" 36°28'06" 587
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Company (Turkey) for sequence analysis. Sequence results
were corrected by using Bioedit (Hall 1999) and MEGA 6.0
(Tamura et al. 2013) software program, and the results were
analyzed by entering the gene bank of the National Center
for Biotechnology Information (NCBI).

RESULTS AND DISCUSSION

As a result of the PCR study of the populations diagnosed on
the basis of genus morphologically and morphometrically,
a band of approximately 1000 bp was obtained (Figure 1).
As a result of the sequence analysis of the PCR outputs,
the nucleotide sequences obtained for 10 populations
were separately blasted in NCBI and compared with other
sequences and the species of each population was determined.
As a result of this study, 10 samples out of 58 (17.2%) were
found positive (infected with EPN). 8 of them were defined
as Steinernema carpocapsae (Tokat-Ulas, Tokat-Baglar, Tokat-
Bakisli05, Tokat-Bakisli60, Tokat-Yamac, Tokat-Balli, Tokat-

Corduk61, Tokat-Corduk02), the rest of them were found
as S.feltiae (Tokat-Emir) and Heterorhabditis bacteriophora
(Tokat-Songut) (Table 2, Figure 1).

H. bacteriophora and S. carpocapsae, which were revealed in
the study, were previously known from the Tokat province
(Kepenekei et al. 2018), while S feltiae is a new record for the
EPN fauna of the Tokat province. S. carpocapsae was found
for the first time by Kepenekci and Oztiirk (2001) and H.
bacteriophora by Kepenekci et al. (1999) in Turkey. Another
species, S. feltiae, was determined in the soil samples taken
from Rize (Turkey) by Ozer et al. (1995). As a result of
nematological surveys conducted later in Turkey, many
isolates belonging to these species were revealed.

While the most common species in the world are found as
S. feltiae and H. bacteriophora (Hominick et al. 1996), this
situation was different in our study and a higher number
of isolates belonging to S. carpocapsae were obtained.

Table 2. The obtained entomopathogenic nematode isolates from alfalfa fields in Tokat province

Location Information

Isolates Location Coordinates Altitude (m)
N E
Steinernema carpocapsae Tokat-Ulas Ulas 40°19'33" 36°925'45" 570
S. carpocapsae Tokat-Baglar Biiytikbaglar 40°17'03" 36921'41" 616
S. carpocapsae Tokat-Bakisli05 Bakish 40°20'36" 36°37'43" 607
S. carpocapsae Tokat-Bakisli60 Bakish 40°©20'20" 36°37'17" 625
S. carpocapsae Tokat-Yamac Akyamag 40©20'52" 36°28'06" 587
Heterorhabditis bacteriophora Tokat-Songut Songiit 40°20'52" 36°28'06" 587
S. carpocapsae Tokat-Balli Ballidere 40©21'03" 36°38'04" 612
S. feltiae Tokat-Emir Emirseyit 40°©20'32" 36°24'32" 551
S. carpocapsae Tokat-Corduké61 Cordiik 40°14'01" 36933'06" 821
S. carpocapsae Tokat-Corduk02 Cordiik 40°14'16" 36°933'03" 808

Figure 1. The gel electrophoresis image of PCR products from the ITS gene regions of the obtained isolates
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When the number of EPNs obtained with the soil sample
taken is compared, it is seen that a significant number of
EPN isolates were obtained with a rate of 17.2%. In other
studies, EPN prevalence was found 12.1% in Aydin (Aydin
2007), 8.3% in Trabzon (Gokee 2010), 9.6% in Canakkale
(Bulun 2011), 6.1% in Marmara Region (Giines and Gozel
2011), 9.09% in Trabzon (Erbas 2012), 0.48% in Izmir (Ari
2014), %8.4 in Diizce (Giirel 2015), 3.3% in Kaz Mountains
(Giirsoy 2017) and 6% in West Black Sea (Diizce, Bolu,
Karabiik and Zonguldak) (Giilcii 2018) and 3.6% in Tokat
(Kepenekci et al. 2018).

Kepenekei et al. (2018) revealed, totally 5 EPNs isolates [2
isolates (TOK44, TOK20) belonging to Heterorhabditis
bacteriophora and 3 isolates (TOK05, GOP81, GOP72)
belonging to Steinernema carpocapsae] with 3.6% presence
rate in Tokat province. Apart from this study, no other study
has been done for the detection of EPNs in Tokat province.

In our study, the rate of EPN obtained from Tokat alfalfa
fields was higher than those obtained in other studies
(17.24%). It is thought that this is due to the following
reasons: less soil cultivation since alfalfa generally has a
5-year life span, intense natural fauna and limited pesticide

use or pesticide unused areas.

Thiswas thefirststudyto determination of entomopathogenic
nematodes in alfalfa fields in Turkey. As a result of this study,
it has been shown that alfalfa fields were rich in terms of
EPNG. It is highly probable that new EPN isolates will be
found with studies in alfalfa fields in different regions of
Turkey in the future.
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OZET

Bu ¢aliyma ile Tokat ilinin yogun olarak yonca tarimi
yapilan 15 kéy (Ulas, Taslgiftlik, Songit, Biiyiikbaglar,
Ugrak, Tahtoba, Dayilthaci, Cordiik, Kizilkdy, Bakusly,
Ballidere, Coregibiiyiik, Gaziosmanpasa, Giinevi, Akyamag)
ve 2 beldesinde (Giiryildiz, Emirseyit) 2016 yili haziran-

ekim aylar1 arasinda entomopatojen nematod (EPN) varlig
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aragtirilmigtir. Bu amagla 58 toprak 6rnegi alinmis ve tuzak
bocek yontemiyle 10 EPN izolati elde edilmistir. Yapilan
morfolojik ve molekiiler teshis ¢aligmalar1 sonucunda sekiz
izolat Steinernema carpocapsae, bir izolat S. feltia ve bir
izolat Heterorhabditis bacteriophora olarak belirlenmistir.
Bu ¢alisma Tiirkiyede yonca alanlarinda bulunan EPN’lerin
tespitine yonelik ilk ¢aligmadir.

Anahtar kelimeler: Entomopatojen nematodlar, yonca
alanlari, Tokat, Tiirkiye
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Surveys were conducted to investigate the presence of Tomato yellow leaf curl
virus (TYLCV), Potato virus Y (PVY), Tomato mosaic virus (ToMV), Tomato spotted
wilt virus (TSWV) and Tomato ringspot virus (ToRSV) in tomato production areas
of Diyarbakir province by molecular methods in 2018. The following methods
were implemented to detect the presence of the viruses: PCR method for TYLCV,
multiplex-RT-PCR method for PVY and ToMV, and RT-PCR method for TSWV and
ToRSV. A total of 278 symptomatic and asymptomatic leaf samples were randomly
collected from tomato plants. Fifty-six (20.1%) samples tested by molecular
methods were found to be infected with at least one virus. Of the samples tested,
41 were infected with ToMV (14.7%), 21 were infected with PVY (7.6%), and 6
contained mixed infections of ToMV + PVY (2.2%). TYLCV, TSWV, and ToRSV
were not detected in the tomato samples tested. Four PVY and four ToMV isolates
were randomly selected to characterize the partial movement protein (MP) and
coat protein (CP) genes of ToMV, and the partial coat protein (CP) gene of PVY.
The nucleotide sequences were deposited in the GenBank database. Diyarbakir
isolates of ToMV showed 99-100% similarity while Diyarbakir isolates of PVY
showed 88-99% similarity to the other isolates reported around the world. With
this study, ToMV and PVY were reported for the first time in tomato production
areas in Diyarbakir province.

GIRIS

Diinyada ve tilkemizde beslenmede 6nemli bir yere sahip
olan domates, yogun bir sekilde yetistiriciligi yapilan bir
sebzedir. Diinya Tarim Orgiiti'niin 2018 yili verilerine
gore diinyada domates tiretiminin en fazla yapildig: tilke

Cin olurken, tilkemiz Cin ve Hindistan'dan sonra 3. sirada

yer almigtir (FAO 2018).

Giineydogu Anadolu Bolgesinde sulama imkaninin
artmasiyla birlikte domates ekim alanlarinda ve verimde
onemli bir artis oldugu goriilmistiir. Bolgede 2017 yili
itibar1 ile 149.711 dekar alanda 659 bin ton domates
tretimi gergeklestirilmistir. Diyarbakir ili, domates ekim

alanlar1 bakimindan Giineydogu Anadolu Bolgesinde
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Sanliurfadan sonra ikinci sirada yer almakta ve yaklagik 29
bin dekar alanda 85 bin ton iiretim yapilmaktadir (TUIK
2018).

Domates tiretiminin yapildig1 alanlarda bitkinin hemen
hemen tim dénemlerinde ¢ok sayida fungal, bakteriyel ve
viral hastaliklar ciddi iiriin kayiplarina neden olmaktadir.
Tim diinyada oldugu gibi Tiirkiyede de domates
tiretimini etkileyen en o6nemli hastalik etmenlerinden
biri de virislerdir. Gintimiizde viriis hastaliklarina karsi
etkili herhangi bir kimyasal ilacin bulunmamasi nedeni
ile virtislerle miicadele daha ¢ok, bitkileri virtislerden
korumaya yonelik alinan tedbirlere ve vektorleri ile
miicadeleye dayanmaktadir. Viriis ve vektorlerine kargi
etkili ve ekonomik bir miicadele yapilabilmesi i¢in
viriislerin ve vektorlerinin hassas molekiiler tekniklerle
teshislerinin yapilmasi ve bunlarin epidemiyolojilerinin
bilinmesi gerekmektedir (Erkan 2008).

Dinyada vyetistiriciligi yapilan domates bitkisi bir¢ok
viriis hastaligina maruz kalabilmektedir. Domates tiretim
alanlarinda gorillen en oOnemli viral hastaliklardan
bazilar;; Domates sar1 yaprak kivirciklik viriisit (Tomato
yellow leaf curl virus, TYLCV), Patates Y virtsii (Potato
virus Y, PVY), Domates mozaik viriisi (Tomato mosaic
virus, ToMV), Domates lekeli solgunluk viriisit (Tomato
spotted wilt virus, TSWV) ve Domates halkali leke viriisii
(Tomato ringspot virus, TORSV)diir. Viriisler dogada ¢ok
yaygin olarak bulunurlar ve ekonomik olarak bitkilerde
ciddi hastaliklara ve iiriin kayiplarina neden olmaktadirlar
(Wani et al. 2010). Yapilan ¢aligmalarda hastalik etmeni
viriislerin bitkinin enfekte oldugu doneme gore %42
ile %96 oraninda zarara yol agtig1 ortaya konmustur
(Sevik 2007). Domates iiretimini sinirlandiran 6nemli
virislerden TYLCV’nin, bitkisini
sonbahar siiresince enfekte edebildigi ve %100 varan

domates yaz ve
oranlarda iiriin kaybina neden oldugu (Lapidot et al.
2001); TSWViden ileri gelen enfeksiyonlarda bitkisel
trtinlerde %42-100 arasinda kayiplarin olustugu (Roselld
et al. 1996); PVY’nin diinya g¢apinda iriin kalite ve
1997);
ToRSV’nin %95% kadar iiriin kaybina neden oldugu (Dias
1976); ToMV'nin ise verimi %20’ye kadar diistirdigi
(Broadbent 1976) bildirilmistir.

verimini %80% kadar azalttigi (Hiamaéldinen

Domates, Diyarbakir ilinde yaygin bi¢imde {iretilmesine
ragmen, Uretim alanlarindaki domates viriis hastaliklari
ile ilgili olarak yeterli veri mevcut degildir. Bu galisma
ile Diyarbakir ili domates alanlarindaki 6nemli bazi
viriis hastaliklar1 molekiiler yontemler ile arastirilmig
virlis izolatlarnin molekiiler

ve elde edilen baz

karakterizasyonlar1 yapilmistir.
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MATERYAL VE METOT
Siirvey ¢alismalari

Sturvey ¢alismalar;, 2018 yili haziran-agustos aylarinda
domates yetistiriciliginin yogun olarak yapildig1 Diyarbakir
ili ve ilgelerinde yiirtittilmiigtiir. Bitki numuneleri sistematik
ornek alma yontemine gore toplanmistir (Bora ve Karaca
1970). Tesadiifi olarak segilen domates tarlalarindan en az
bir, en ¢ok {i¢ adet olmak {izere, viriis simptomu gosteren
ve gostermeyen domates bitkilerinden 6rnekler alinmistir.
Toplanan domates yaprak Ornekleri polietilen torbalara
konularak soguk zincirde laboratuvara getirilmis ve PCR
testlerinde kullanilmak tizere 4 °C'de en fazla bir hafta siire

ile muhafaza edilmistir.
DNA ve RNA izolasyonu

Stirvey ¢alismalarinda toplanan domates 6rneklerinde
ToMV, TSWV,PVY ve ToRSV enfeksiyonlarininarastiriimasi
i¢in toplam RNA izolasyon kiti (Qiagen RNeasy Plant Mini
Kit; Kat. No: 74904, Almanya) kullanilmigtir. Orneklerdeki
muhtemel TYLCV enfeksiyonunun arastirilmast igin toplam
DNA izolasyon ¢alismalarinda ise Qiagen DNeasy Plant
Mini Kit (Kat. No: 69106, Almanya) kullanilmustir. Niikleik
asit izolasyonlar1 firmanin 6nerdigi protokol adimlar: ile

gerceklestirilmistir.
Komplementer DNA (cDNA) sentezi

RNA genomuna sahip ToMV, PVY, TSWV ve ToRSV’nin
RT-PCR yontemi ile teshisinde komplementer DNA
sentezi Applied BiosystemsTM High-Capacity c¢DNA
Reverse Transcription Kiti (Kat. No: 4368814, ABD) ile
gergeklestirilmistir. Buna gore steril bir PCR tiipii igerisine
10X RT bufferdan 2 pl, dNTP mix (100 nM)’ten 0.8 pl,
10X RT Random Primer‘den 2 pl, MultiscribeTM Reverse
Transcriptase enziminden 1 pl, steril saf sudan 4.2 pl ve
RNA o6rneginden ise 10 pl konarak toplam hacim 20 ul
olacak bicimde hazirlanmistir. cDNA sentezi i¢in karigim 25
°Cde 10 dk, ve daha sonra 37 °Cde 120 dk inkiibe edilmis
ve takiben enzimin inaktivasyonu i¢in ise karigim 85 °C'de 5
dk bekletilmistir.

Polimeraz zincir reaksiyonu (PCR)

RNA genomuna sahip ToRSV ve TSWV’nin tanisinda
genom spesifik primerlerin kullanildigi RT-PCR yontemi,
ToMV ve PVY’nin tanisinda ise multipleks RT-PCR yéntemi
kullanilmigtir. DNA genomuna sahip TYLCV’nin tanisi ise
genom spesifik primerlerin kullanildigit PCR yontemi ile
gerceklestirilmistir.

RT-PCR

ToRSV ve TSWV’nin RT-PCR yontemi ile aragtirilmasinda,
steril bir PCR tiipiine toplam 50 pl hacimde olacak bicimde
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Cizelge 1. Caligma kapsaminda aragtirilan viriisleri tespit etmede kullanilan primer dizileri, baz uzunluklari ve referanslar

Hedef viriis Primer dizilimi
TYLCV F,— 5’-atgtcgaagcgwceca-3’ ’
R - 5-ttaatttkrtaytgaatcatagaa-3
PVY F- 5’:acgtccaaaatgagaatgcc—%’
R - 5’-tggtgttcgtgatgtgacct-3
ToMV F- 5Z-agatgaagccgagacgtcggtc—3:
R - 5’-acccttcgatttaagtggaggga-3
TSWV F- 5’)—atgtctaaggttaagctcac—?»’)
R - 5°-tcaagcaagttctgcgagtt-3
F - 5’-gaatggttcccagecactt-3’
ToRSV 827788 s

R - 5’-agtctcaacttaacataccac-3’

Cogaltilan DNA uzunlugu Referans

777 bp Kim et al. 2011
480 bp Singh and Singh 1997
621 bp Alavi et al. 2014
777 bp Choi 2014

182 bp Tang et al. 2014

5 ul 10X PCR buffer, 3 pl 25 mM MgCIL, 1 ul dNTP (10
mM) (Vivantis, Malezya), 1 ul primer forward (10 pmol),
1 pl primer reverse (10 pmol), 0.4 ul Taq DNA polimeraz
enzimi (Thermo), 2 ul cDNA ve 36.6 pl RNase free su
konularak reaksiyon gergeklestirilmistir. Her iki viriis i¢in
RT-PCR reaksiyonunda uygulanan sicaklik dongiisii 35 defa
uygulanmis, primer baglanma sicakligi ToRSV i¢in 51 °C,
TSWYV icin ise 49 °C uygulanmigtir. RT-PCR ¢alismalarinda
kullanilan primerlere ait bilgiler Cizelge 1de verilmistir.

Multipleks-RT-PCR

ToMV ve PVYnin multipleks RT-PCR yontemi ile
aragtirllmasinda steril bir PCR tiipiine toplam hacim 50 pl
olacak bigimde 7 pl 10X PCR buffer, 4 ul 25 mM MgCI,
2 pl ANTP (10 mM), 0.5 pl ToMV primer forward (10
pmol), 0.5 ul ToMV reverse primer (10 pmol), 0.5 ul PVY
forward primer (10 pmol), 0.5 pl PVY reverse primer (10
pmol), 0.6 ul Tag DNA polimeraz enzimi, 2 gl cDNA ve 32.4
ul RNase free su eklenerek reaksiyon gerceklestirilmistir.
Multipleks RT-PCR reaksiyonunda sicaklik rejimi 35 dongii
olarak uygulanmis ve primer baglanma sicakligi 52 °C
kullanilmigtir. Multipleks RT-PCR ¢alismalarinda kullanilan

primerlere ait bilgiler Cizelge 1'de verilmistir.
PCR

TYLCV’nin PCR yontemi ile arastirlmasinda steril bir
PCR tiipiine toplam hacim 50 pl olacak bi¢imde 5 pl 10X
PCR buffer, 3 pl 25 mM MgCI2, 1 ul ANTP (10 mM), 5 ul
primer forward (10 pmol), 5 ul primer reverse (10 pmol), 0.5
ul Taq DNA polimeraz enzimi, 10 ul DNA (1/50 oraninda
sulandirilmis) ve 20.5 pul RNAase free su konularak reaksiyon
gergeklestirilmistir. PCR reaksiyonunda uygulanan sicaklik
rejimi 35 déngii olarak uygulanmis ve primer baglanma
sicakligr 52 °C kullanilmistir. PCR ¢alismalarinda kullanilan

primerlere ait bilgiler Cizelge 1de verilmigtir.
Agaroz jel elektroforez

PCR sonucu elde edilen iiriinler %1.5luk agaroz jel

hazirlanarak elektroforez (Thermo Scientific, ABD) yontemi
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ile analiz edilmistir. Jel ¢ukurlarina GeneRuler 100 bp
DNA marker (Kat. No: SM241, Thermo Scientific, ABD),
aragtirilan viriislere ait pozitif 6rnekler (Kat. No: C2374,
C2688, C9528, C2543, C2525, Agdia, ABD), negatif 6rnek
(su) ve 15 ul PCR iiriinii ile 3 pl yiikleme tamponu (6X DNA
loading dye, Thermo Scientific, ABD) karigtirilarak jele
yiklenmistir. Gii¢ kaynagi 80 V’a ayarlanip 80 dk elektrik
akimi uygulanmustir. Elektroforez isleminden sonra jel 15
dk stireyle 100 ml steril saf suda 10 ul ethidium bromide
igeren ¢ozeltide boyanmis ve goriintillenmistir (DNR Bio-
Imaging Systems). Pozitif bulunan 6rnekler steril bistiiri
ile kesilerek 1.5 ml'lik Eppendorf tiiplerine aktarilmis ve

dizilemeye gonderilmek iizere -20 °Cde saklanmustir.
DNA dizilemesi ve filogenetik analiz

PCR c¢alismalar1 sonucu elde edilen viriislere ait DNAlarin
¢ift yonlit DNA dizilemesi hizmet alimi kapsaminda ticari
olarak yaptirlmisti. DNA dizilemesi sonucu elde edilen
bilgilerin ChromosPro 1.5 (Technelysium Pty Ltd, Avustralya)
ve CLC Main Workbench 20.0.3 (Qiagen Bioinformatics,
Almanya) bioinformatik programlari kullanilarak analizleri
yapimistir. Dizileme sonrasi tespit edilen viriislerden,
PVY izolatlarinin kismi kilif protein genleri, ToMV
izolatlarinin ise kismi hareket protein ve kilif protein gen
bolgelerinin arastirilmasi web temelli BLASTn programi
(National Center for Biotechnology Information, NCBI)
ile gergeklestirilmistir. Tespit edilen viriislere ait elde edilen
niikleotid dizileri NCBI'da bulunan farkli iilkelere ait izolatlar
ile kargilagtirilarak benzerlik yiizdeleri belirlenmistir. Tespit
edilen viriis izolatlarmin diinyadaki diger viriis izolatlariyla
olan genetik benzerlikleri ve farkhiliklarinin belirlenmesi

amaciyla filogenetik aga¢ olusturulmustur.
DNA dizilerinin gen bankasina girilmesi

Domates bitkisinde tespit edilen ve PCR yontemi ile
¢ogaltilan ToMV (DT1, DT2, DT3, DT4 izolatlar1)’ye ait
kismi hareket protein ve kilif protein gen dizileri ile PVY
(DP1, DP2, DP3, DP4 izolatlar1)’ye ait kismi kilif protein
genlerine ait dizilerin, NCBI‘a kaydi gerceklestirilmistir.
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SONUCLAR
Siirvey ¢alismalart

Diyarbakir ili Cermik, Ciingiis, Egil, Ergani, Cinar, Sur,
Kayapinar, Yenisehir, Hazro, Kulp, Lice, Bismil, Dicle ve Hani
ilelerindeki domates alanlarinda ToMV, TYLCV, TSWYV,
ToRSV ve PVY'nin varlig1 ve yaygmliklarinmn tespit edilmesi
amacryla 2018 yili haziran-agustos aylar1 arasinda genis ¢apl
slirvey ¢alismas ylritilmistiir. Siirvey ¢aligmalart siiresince
ilde yetistiriciligi yapilan domates bitkilerinin viral etmenlere
kars1 yiiksek diizeyde duyarhi oldugu goriilmiis ve siirvey
gergeklestirilen alanlarda domates bitkilerinde sararma, yaprak
kavrilmasy, yapraklarda sekil bozuklugu, bodurlasma ve siddetli
mozaik belirtileri gozlenmistir Yiiriitillen molekiiler testler ile
siirvey ¢aligmalarinda bazi bitkilerde gézlemlenen mozaik,
yaprakta kabarcik ve deformasyon gibi belirtilerin hangi viriis
enfeksiyonundan kaynaklandig: tespit edilmistir (Sekil 1).

_‘.‘, n:_," Y »:"s; i ;.. (\:“ :

Sekil 1. Enfekteli domates bitkilerinde gézlenen simptomlar;
al, a2: Tomato mosaic virus ile enfekteli bitki. b1, b2: Potato
virus Y ile enfekteli bitki. c1, c2: Tomato mosaic virus ve
Potato virus Y ile karigik enfekteli bitki

Molekiiler calismalar

Diyarbakir ili domates alanlarindan toplanan o6rneklerde
ToMV ve PVYnin varligini tespit etmek amaci ile
ylriitiilen multipleks RT-PCR testlerinde enfekteli bitki
numunelerinden sirasi ile 621 bp ve 480 bp buytikliigiinde
DNA bantlari elde edilmistir. Testlerde pozitif kaynak (Kat.
No: C2374, C2543, Agdia) olarak kullanilan ToMV ve
PVY’ye ait kontrol numuneleri de sirasi ile 621 bp ve 480
bp biiytikligiinde DNA band:i olustururken, su kontrolde
herhangi bir bant elde edilmemistir (Sekil 2). Testlenen 278
domates yapragi 6rneginden 41'inin ToMV (%14.7), 21’nin
PVY (%7.6) ile bulagik olduklari tespit edilmistir. Toplam 6
ornekte ise TOMV+PVY (%2.2) karisik enfeksiyonu tespit
edilmistir (Cizelge 2). Molekiiler yontemler ile testlenen
orneklerde, ToMV’nin %53.8 bulagiklik oraniyla en yiiksek
bulundugu ilge Ciingiis olurken, PVY’nin %18.8 bulasiklik
oraniyla en yiiksek bulundugu il¢e Bismil olmustur. Siirvey
calismalarinin  yiirtitildagti Yenisehir, Lice, Hazro ve
Hani ilgelerinden alman domates drneklerinde arastirilan
virtislerin hicbiri tespit edilmemistir. Sur, Kayapinar, Egil ve
Dicle ilgelerinden alinan domates 6rneklerinde TOMV tespit
edilirken, PVY tespit edilmemistir. Bismil, Cermik, Ciingts,
Ergani, Kulp, Cinar il¢elerinde ise hem ToMV hem de PVY
tespit edilmistir.

PCR yontemi ile testlenen domates o6rneklerinin
hi¢birinde TYLCV enfeksiyonuna, RT-PCR yontemi
ile testlenen orneklerin higbirinde TSWV ve ToRSV
enfeksiyonuna rastlanmamigtir. Testlerde pozitif kaynak
(Agdia) olarak kullanilan TYLCV, TSWV ve ToRSV’ye
ait kontrol numuneleri de sirasi ile 777 bp, 777 bp ve 182
bp biiyiikligiinde DNA bandi olustururken su kontrolde

herhangi bir bant elde edilmemistir.
ToMYV ve PVY izolatlarinin molekiiler karakterizasyonu

Diyarbakir ili domates bitkilerinde tespit edilen ToMV
enfeksiyonlarindan rastgele segilen dort izolatin kismi
hareket protein ve kilif protein genlerine ait niikleotid

Sekil 2. Diyarbakur ilinden alinan domates 6rneklerinde Tomato mosaic virus ve Potato virus Y nin varligini tespit etmek i¢in
uygulanan multipleks RT-PCR testinin agaroz jel goriintiisii, M: Marker (100-1000 bp), P: Pozitif Kontrol, S: Su Kontrol, 1-15
no'lu test edilen 6rnekler
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Cizelge 2. Diyarbakir ili ve il¢elerinde yiiriitiilen stirveyler sonucu domates érneklerinde tespit edilen viriisler, enfekteli bitki
say1s1 (EBS), toplam bitki sayisi (TBS) ve toplanan 6rneklerde enfeksiyon oranlari (EO)

Viriisler'?
Siirvey Alanlar ToMV PVY ToMV+PVY
EBS/TBS EO (%) EBS/TBS EO (%) EBS/TBS EO (%)
Kayapinar 1/11 9 0/11 0.0 0/11 0.0
Yenisehir 0/15 0.0 0/15 0.0 0/15 0.0
Hazro 0/5 0.0 0/5 0.0 0/5 0.0
Ergani 20/91 22.0 12/91 13.2 2/91 2.2
Ciingiis 7/13 53.8 2/13 15.4 2/13 15.4
Ciar 1/17 5.9 1/17 5.9 0/17 0.0
Kulp 1/23 4.3 1/23 4.3 0/23 0.0
Lice 0/25 0.0 0/25 0.0 0/25 0.0
Bismil 2/16 12.5 3/16 18.8 2/16 12.5
Cermik 5/21 23.8 2/21 9.5 0/21 0.0
Egil 1/10 10 0/10 0.0 0/10 0.0
Dicle 2/21 9.5 0/21 0.0 0/21 0.0
Hani 0/1 0.0 0/1 0.0 0/1 0.0
Sur 1/9 11.1 0/9 0.0 0/9 0.0
Toplam 41/278 14.7 21/278 7.6 6/278 2.2

"ToMV: Tomato mosaic virus, PVY: Potato virus Y
“Tomato spotted wilt virus (TSWV), Tomato ringspot virus (ToRSV) ve Tomato yellow leaf curl virus (TYLCV) ile enfekteli bitki bulunamadig: igin gizelgeye dahil
edilmemistir

MG018614, Sirbistan
KT923126, Brezilya

HQ593626, iran

® KX424990, Hindistan
MH507166, Glney Kore

# MG456601, Uganda

792909, Rusya

® KY912162, Slovakya
DQET73692, Almanya
AF332868, Avustralya
AB083196, Japonya
MF002490, Cin
FNO85165, Cin
JN381943, spanya

~—® Tollv DT4 izolat
M & ToWVDT3izolat

® KU321698, Misir

ToMV DT1 Izolat
ToMV DT2 izolat
KR537870, ABD

0,011

MNote: Branches shorter than 0,0005 are shown as having length 0,0005

Sekil 3. ToMV (DT1, DT2, DT3, DT4) izolatlarinin diinyada tespit edilmis diger TOMV izolatlar1 ile CLC Main Workbench
20.0.3 programu ile olusturulan soy agac1 1000 tekerriirlii olarak olusturulmustur

dizileri tespit edilmis ve bu izolatlar DT1, DT2, DT3, DT4 gosterdigi tespit edilmistir (Sekil 3). DT1 ve DT2 izolatlar1
seklinde isimlendirilmistir. Izolatlara ait niikleotid dizileri %99.8 benzerlik orani ile KR537870 erisim numarali ABD
NCBI gen bankasina MK992250, MK992251, MK992252 izolat1 ile gruplanmustir. DT3 ve DT4 izolatlar1 ise %99.2
ve MK992253 erisim numaralari ile kaydedilmistir. benzerlik orani ile JN381943.1 erisim numarali Ispanya
Olusturulan soy agacinda izolatlar arasindaki niikleotid izolat1 ile gruplanmistir. Niikleotid karsilastirmasinda
benzerlikleri ve farkliliklar1 dallanmalara neden olmustur. kullanilan izolatlar Cizelge 3de verilmistir. DT1 ve DT2
ToMV izolatlarinin niikleotid dizisi bugiine kadar gen izolatlarinin l'er niikleotidinde degisim oldugu gozlenirken,
bankasinda yayimlanmis diger ToMV izolatlar1 ile DT3 ve DT4 izolatlarinda ise 5er niikleotidde degisim
kargilastirildiginda  %99.2-99.8  arasinda  benzerlikler gozlenmistir.
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Cizelge 3. Diyarbakir ilinde tespit edilen Tomato mosaic virus ve Potato virus Y izolatlarinin niikleotid dizilerinin
karsilastirilmasinda ve soy agacinin olusturulmasinda kullanilan NCBI gen bankasina kayith izolatlara ait erisim numarasi,

tilke, genom yapisi ve gen uzunlugu bilgileri

Say1 Erisim Numarasi Ulke TOMV G.en Say1 Erisim Ulke PVY Gen Bolgesi
Bolgesi Numarasi

1 AF332868 Avustralya  Tiim genom 4 MHO006955 Israil Tiim genom

2 KR537870 ABD Tiim genom 5 FJ204164 ABD Tiim genom

3 DQ873692 Almanya Tiim genom 6 AJ890349 Polonya Tiim genom

4 MG456601 Uganda Tiim genom 7 KY848033 ABD Tiim genom

5 AB083196 Japonya Tiim genom 8 KY863549 Misir Tiim genom

6 FN985165 Cin Tiim genom 9 KP793715 Suudi Arabistan Tiim genom

7 792909 Rusya Tiim genom 10 EU563512  Hollanda Tiim genom

8 KY912162 Slovakya Tiim genom 11 HMS590407 Cin Tiim genom

9 MH507166 ~ Giiney Kore  Tiim genom 12 AJ890348 Fransa Tiim genom

10 MF002490 Cin Tiim genom 13 ]JQ924288 Brezilya Tiim genom

11 KU321698 Misir Tiim genom 14 KX356070 Polonya Tiim genom

12 KT923126 Brezilya Kilif Protein 15 AB461489 Japonya Polyprotein ve Kilif Protein

13 KX424990 Hindistan Kilif Protein 16  JQ026012 Irak Kismi Polyprotein ve Kilif Protein

14 HQ593626 fran Kilif Protein 17 KU757290 Brezilya Kismi Kilif Protein

15 MGO018614 Sirbistan Kilif Protein 18 GQ853646 Giiney Afrika Kismi Kilif Protein

16 JN381943 Ispanya Kilif Protein 19 KC296799 Cin Kismi Kilif Protein
Say1 Erisim Numarasi Ulke PVY Gen Bolgesi 20 LN907862 fran Kismi Kilif Protein
1 EU182576 Cin Tiim genom 21  JQ743615 Tacikistan Kismi Kilif Protein
2 X12456 Fransa Tiim genom 22 MN414571 Fransa Kismi Kilif Protein
3 KC634005 Ingiltere Tiim genom

Diyarbakir ili domates bitkilerinde tespit edilen PVY
enfeksiyonlarindan rastgele secilen dort izolatin kismi kilif
protein genlerine ait niikleotid dizileri tespit edilmis ve bu
izolatlar DP1, DP2, DP3, DP4 seklinde isimlendirilmistir.

Potato virus Y strain O, Polonya
Potato virus Y strain N-Wi, Brezilya
Potato virus Y strain N-Wi, Polonya
MHO006955, Israil

Izolatlara ait niikleotid dizileri NCBI gen bankasina
MK945664, MK945665, MK945666 MK945667

erisim numaralar1 ile kaydedilmistir. PVY izolatlarinin

ve

kismi kilif protein genine ait niikleotid dizisi bugiine

* PVY DP2 Izolat
PVY DP4 |zolat

PVY DP1 lzolat

-® Potato virus Y strain C, Hollanda

-® Potato virus Y strain C, Fransa

PVY DP3 izolat
(_(_.—L~ Potato virus Y strain N, Gin
MN414571, Fransa

KY&63549, Misir

JQ026012, Irak
JQ743615, Tacikistan
KC296799, Cin

Potato virus Y strain O, Cin

LN907862, iran
KU757290, Brezilya

GQB53646, Giiney Afrika
AB461489, Japonya
KY848033, ABD

0,080
MNote: Branches shorter than 0,0047 are shown as having length 0,0047

KP793715, Suudi Arabistan

Potato virus Y strain NTN, Ingiltere
Potato virus Y strain NTN, ABD

Patato virus Y strain N, Fransa

Sekil 4. PVY (DP1, DP2, DP3, DP4) izolatlarinin diinyada tespit edilmis diger PVY izolatlar1 ile CLC Main Workbench 20.0.3
programi ile olugturulan soy agact 1000 tekerriirlii olarak olusturulmustur
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kadar gen bankasinda yayimlanmis diger PVY izolatlari
ile kargilagtirildiginda  %88-99.8 arasinda benzerlikler
gosterdigi tespit edilmistir (Sekil 4). DP1 izolat1 %98.8
benzerlik orani ile KY848033 erisim numarali ABD izolati
ile gruplanmustir. DP2 izolat1 ise %88 benzerlik orani ile
KY863549 erisim numarali Misir izolat: ile gruplanmustir.
DP3 izolat1 %99.8 benzerlik orani ile MN414571 erisim
numarali Fransa izolat1 ile DP4 izolat1 ise %94.5 benzerlik
orant ile KU757290 erisim numarali Brezilya izolati ile
gruplanmustir.  Niikleotid karsilagtirmasinda  kullanilan
izolatlar Cizelge 3de verilmistir. DP1 izolatina ait kismi
kalif protein geni tizerindeki 2 niikleotidde degisim oldugu
gozlenmistir. DP2 izolatinda ise 14 niikleotidin eklendigi,
34 niikleotidde degisim oldugu gozlenmistir. DP3 izolatinda
26 niikleotidte degisim oldugu gozlenmistir. DP4 izolatinda
ise 7 niikleotidin eklendigi, 1 niikleotidin silindigi ve 16

nitkleotidde degisim oldugu gézlenmistir.
TARTISMA VE KANI

Diyarbakir ili domates alanlarindaki 6nemli viriis hastalik
etmenlerinin belirlenmesini ve molekiiler o6zelliklerinin
saptanmasini hedefleyen bu ¢aliyma ile TYLCV, PVY,
ToMV, TSWV ve ToRSV etmenleri Diyarbakir iline bagli 17
ilgenin 14’inde 2018 yilinda yiiritiilen siirvey galismalar:
ile arastirllmig, bu amagla toplanan 278 yaprak o6rnegi

molekiiler testlere tabi tutulmustur.

Yiiriitiilen molekiiler testler domates rneklerinin %20’sinin
en az bir virlis etmeni ile enfekteli oldugunu géstermistir.
Testlenen orneklerin %14.7’sinin ToMV, %7.6’1n1n ise PVY
ile bulagik oldugu tespit edilmistir. Orneklerin %2.2’sinde
ise her iki viriisiin karigik enfeksiyonu tespit edilmistir.
Yilmaz et al. (1995) Diyarbakir ve Sanhurfa illerinde
siirvey ¢alismalar1 sonucu topladiklari 6rnekleri, ELISA
yontemi ile testlemis ve sonugta ToMV ve PVY varligina
rastlamamuslardir. Degirmenci (2005) Aydin ilinde ToMV
tespit ederken, Geyik (2017) Bursa ve Yalova illerinde
gergeklestirdigi siirvey ¢alismasinda ToMV'yi tespit etmistir.
Sertkaya ve Yilmaz (2017) Hatay ili domates ekilig alanlarinda

yurittikleri siirvey caligmasinda PVY enfeksiyonu tespit

ederken ToMV’nin varligina rastlamamiglardar.

Diyarbakir ili domates ekilis alanlarinda TYLCV, TSWV
ve ToRSV enfeksiyonlar1 tespit edilmemistir. TYLCV nin
Diyarbakir ilindeki varlig: ile ilgili daha once yiiriitilen bir
¢alismada ELISA yontemi ile viriisiin belirlendigi rapor
edilmigtir (Yilmaz et al. 1995). Ayni ¢alismada viriisiin
Mardin ilinde bulunmadig: bildirilmistir. TYCLV iilkemizde
ylriitiilen siirvey ¢alismalarinda Hatay (Sertkaya ve Sertkaya
2004), Mersin, Mugla (Kokli 2006) ve Antalya (Gul-Seker et
al. 2015) illerinde de rapor edilmistir. TSWV’nin tilkemizdeki
varlig ile ilgili daha once yiiriitiilmiis galigmalarda Izmir,
Manisa, Samsun, Balikesir ve Usak illerinde (Azeri 1981,
Azeri 1994, Sevik and Arli-Sokmen 2016) bulundugu,
Akdeniz Bolgesinde ise oldukg¢a yaygin oldugu bildirilmistir
(Guldur et al. 1995). TSWV’nin tilkemizdeki domates ekilis
alanlarindaki varligi Sanlurfa (Giildir 1997), Canakkale
(Turhan ve Korkmaz 2006), Hatay (Sertkaya ve Yilmaz
2017) ve Isparta ve Burdur (Culal Kili¢ et al. 2017) illerinde
bildirilmistir. ToRSV ise iilkemizde ilk olarak Izmir ve
Muglada tespit edilmistir (Fidan 1995). Yesil¢ollii et al. (2011)
ToRSV’yi Ege Bolgesindeki ¢ilek alanlarinda yiiriittikleri
slirvey ¢aligmasinda tespit etmislerdir.

Diyarbakir ili ve ilelerindeki domates ekilis alanlarinda
ToMV’nin %53.8 bulagiklik orani ile en yiiksek Ciingiis
ilcesinde oldugu tespit edilirken, PVY %18.8’lik bulagiklik
orantyla en yiiksek Bismil ilgesinde belirlenmistir. Lice, Hazro,
Hani ilcelerinden alinan domates 6rneklerinde ise arastirilan
viriisler tespit edilmemistir. Sur, Kayapinar, Egil ve Dicle

ilcelerinden alinan 6rneklerde ise sadece TOMV saptanmugtir.

Diyarbakir ilinde tespit edilen ToMV’nin DT1, DT2, DT3
ve DT4 izolatlarinin diinyadaki diger izolatlar ile niikleik
asit diizeyinde 9%99.2-99.8 arasinda benzerlik gosterdigi;
PVY’ye ait DP1, DP2, DP3 ve DP4 izolatlarinin ise
diinyadaki diger izolatlar ile %88-99.8 arasinda bir benzerlik
gosterdigi belirlenmistir (Cizelge 4). Pozhylov et al. (2019)
Ukraynada domates alanlarinda tespit ettikleri iki ToMV

Cizelge 4. Diyarbakir ilinde tespit edilen Tomato mosaic virus ve Potato virus Y izolatlarina ait bilgiler

Sira no Yirﬁ.s i.zola.t Tespit edildigi Fragrvnent Diinya .izolatlarl ile Ger? l?ankas1
ismi ismi lokasyon uzunlugu (bp) benzerlik orani (%) erisim no
1 ToMV DT1 Ergani 589 99.82-96.50 MK992250
2 ToMV DT2 Cermik 582 99.85-96.61 MK992251
3 ToMV DT3 Clingiis 584 99.17-94.58 MK992252
4 ToMV DT4 Ergani 582 99.17-94.71 MK992253
5 PVY DP1 Ergani 431 98.83-98.38 MK945664
6 PVY DP2 Clingtis 491 88.07-87.63 MK945665
7 PVY DP3 Ergani 457 98.73-98.22 MK945666
8 PVY DP4 Bismil 477 94.64-94.09 MK945667
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izolat1 ile dinyadaki diger ToMV izolatlar1 arasindaki
sekans benzerliklerinin %96.7-96.1 oraninda olduklarini
belirtmiglerdir. Munoz-Baena et al. (2016) Kolombiyadaki
PVY
diinyadaki diger izolatlar arasindaki benzerlik yiizdesinin

domates alanlarinda tespit ettigi izolatlarinin

%97.5 oldugunu bildirmislerdir.

Diinyada ve iilkemizde domates iretim alanlarinda verim ve
kalite kayiplarina neden olan viriis hastaliklari ile miicadelenin
zamaninda ve uygun bigimde yiriitilmesi gerekmektedir.
ToMVnin domateste verimi %20’ye kadar distrdigi
bildirilmistir (Broadbent 1976). ToMV’nin enfekte olmus
domateslerin yapraklarinda agik ve koyu yesil beneklenme,
geng yaprak ve meyvede deformasyon, bitkilerde ciddi
bodurlasma ve verimde azalmalara yol agtig1 bildirilmistir.
ToMV’nin yaygin olmast, kiiltiirel islemlerle kolayca yayiliyor
olmasi, tohumla taginiyor olmasi ve topraga bulasabilir
olmasindan kaynaklanmaktadir. Viriis tohumla tasindig
igin temiz tohum kullanilmasi ve topraga bulasabilme
ozelliginden dolay1 viriisiin bulundugu alanda konukgusu
olmayan kiiltiir bitkilerine yonelmek gerekmektedir. ToMV’yi
gekirge deneysel olarak tasimasina ragmen bilinen dogal bir
vektorii yoktur (Broadbent 1965a, 1965b, Broadbent and
Fletcher 1966). Domates mozaik viriisii nadiren de olsa
kaskit tirleri ile taginabilmektedir (Schmelzer 1956). Bu
viriisti tagtyan vektorlerin belirlenmesi ve bunun kapsamli bir
¢aligma ile ortaya konulmasi hastalik ile miicadelede 6nem arz
etmektedir. PVY nin tohumla taginmadig1 dikkate alindiginda
viriistin yogun bigimde tagmmasinda en biiyiik faktér yaprak
bitleridir (Fereres and Moreno 2009). Bu nedenle hastalik
etmeni ile miicadelede yaprak bitleri ile miicadele biiyiik
6neme sahiptir. Vektor ve virlisiin konukgusu olabilecek
yabanci otlar ile miicadelenin yapilmasi ve dayanikli gesitlerin
tercih edilmesi PVY'den kaynakli verim ve kalite kayiplarini
azaltacaktir. Molekiiler yontemler kullanilarak Diyarbakur ili
domates ekilis alanlarinda yiiriitiilen bu ¢alisma ile ToMV ve
PVY'nin varlig: ilk defa rapor edilmistir.

TESEKKUR

Bu ¢aligma verilerinin tamami Malatya Turgut Ozal
Universitesi, Lisansiistii Egitim Enstitiisii, Bitki Koruma
Anabilim Dalr'na sorumlu yazar tarafindan yiiksek lisans tezi
olarak sunulmustur. Bu ¢aligmay1 destekleyen Diyarbakir
Zirai Miicadele Arastirma Enstitiisit Mudirliigiine ve
Malatya Turgut Ozal Universitesi BAP Birimine (Proje No:
BAP-YL4) tesekkiir ederiz.

OZET

Diyarbakir ili domates iiretim alanlarinda Domates sar1
yaprak kivirciklik virtisti (Tomato yellow leaf curl virus,
TYLCV), Patates Y viriisii (Potato virus Y, PVY), Domates
mozaik viriisit (Tomato mosaic virus, ToMV), Domates
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lekeli solgunluk viriisii (Tomato spotted wilt virus, TSWV)
ve Domates halkali leke virtisii (Tomato ringspot virus,
ToRSV)niin varliginin molekiiler yontemler ile ortaya
konulmasi amaciyla 2018 yilinda siirvey ¢aligmalar:
yuritilmistir. TYLCV’nin varligini aragtirmak i¢in PCR
yontemi, PVY ve ToMV’nin varligini aragtirmak igin
multipleks RT-PCR yontemi, TSWV ve ToRSV’nin varligini
aragtirmak i¢in ise RT-PCR yontemi kullanilmigtir. Domates
tretim alanlarinda viriis belirtisi gosteren ve gostermeyen
toplam 278 adet bitkiden rastgele yaprak ornekleri
toplanmuistir. Molekiiler yontemler ile testlenen 6rneklerin
56 (%20.1)’sinin en az bir viris tird ile enfekteli oldugu
tespit edilmigtir. Testlenen orneklerin 41'inin (%14.7)
ToMYV, 21’nin (%7.6) PVY ve 6’sinin (%2.2) ise ToMV+PVY

ile kanigtk enfekteli oldugu saptanmisti. Caligma
kapsaminda yiiriitillen molekiiler testler sonucunda,
domates orneklerinde TYLCV, TSWV ve ToRSV

enfeksiyonlar1 saptanmamuigtir. Tespit edilen PVY ve ToMV
izolatlarindan rastgele 4er adet segilerek PVY izolatlarinin
kismi kilif protein genleri, ToMV izolatlarinin kism1 hareket
protein ve kilif protein genleri karakterize edilerek, Gen
Bankasina kayitlar1 yapilmistir. ToMV izolatlar1 diinyadaki
diger izolatlar ile niikleotid diizeyinde %99-100 arasinda
benzerlik gésterirken, PVY izolatlar1 %88-99 arasinda
degisen oranda benzerlik gostermistir. Yiirttiilen bu ¢aliyma
ile ToMV ve PVY Diyarbakur ili domates iiretim alanlarinda
ilk defa rapor edilmistir.

Anahtar kelimeler: domates, virils, multipleks-RT-PCR,
ToMYV, PVY, hareket protein geni, kilif protein geni
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Plum pox virus (PPV), the causal agent of Sharka disease, causes yield, quality,
and economic losses in stone fruits. PPV has been reported worldwide, especially
in Europe. In studies to date, the presence of the virus has been identified as being

restricted in different regions of Turkey. However, there is no record of PPV in Bolu

Keywords: province so far. Hence, surveys were carried out in Bolu province between 2016-

2019, and a total of 306 samples were collected. To determine the presence of
PPV, Sharka, peach, M strain,

PPV, the samples were first tested by DAS-ELISA, and only three peach samples
sequence, phylogenetic tree

were found to be infected. DAS-ELISA results of infected samples were confirmed

by RT-PCR using universal primers (P1/P2), then infected samples were identified
* Corresponding author: Ali Ferhan MORCA

at the strain level using strain-specific primers. The samples were found to be
=4 ferhan.morca@gmail.com

infected with the PPV-M (Marcus) strain and 243-bp long nucleotide sequences
containing the partial coat protein gene of three isolates were deposited to NCBI.
Phylogenetic analysis (Neighbor-Joining) generated by 38 representative PPV
sequences indicated that Bolu isolates were clustered with PPV-M isolates and
separated from other strains, as in BLAST analysis. To our knowledge, this is
the first report of PPV in Bolu. This study reveals the necessity to carry out more
extensive surveys to prevent the PPV dissemination in Bolu and to identify the
complete genomes of the obtained isolates to determine their genetic variation.
All the PPV-infected trees were destroyed as a consequence.

INTRODUCTION

Plum pox virus causing Sharka disease is one of the most
devastating viruses in stone fruits, in wild and ornamental
plant species in Prunus spp., and in many varieties of weeds as
a secondary host. PPV is the species of Potyvirus belonging to
Potyviridae family and possess a single-stranded positive-sense
RNA (ssRNA) molecule of the size of 660-750 nm in length
and 12-15 nm in width. This RNA molecule is about 9,786
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bases in length and consists of one open reading frame that
encodes a single polyprotein at a weight of 355.5 kDa (Cui and
Wang 2016, Revers and Garcia 2015, White 2015). Originated
polyprotein precursor is co- and post- translationally cleaved
by three virus-encoded proteinases into 11 mature proteins
P1, HC-Pro, P3, P3N-PIPO, 6K1, CI, 6K2, NIa (respectively
VPg and Nla-Pro), NIb and CP (Sochor et al. 2012).
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PPV is transmitted over short-distances by different species
of aphids, such as Aphis fabae Scopoli, Aphis gossypii Glover,
Aphis spiraecola Patch, Brachycaudus persicae Passerini,
Myzus persicae Sulzer in a non-persistent manner (Fernindez
—Calvino et al. 2006). Long-distance spread by means of
vegetative propagation materials causes the viruses to be
introduced to different geographical areas (Brunt et al. 1996,
James and Varga 2005, Myrta et al. 2006, Palkovics et al. 1993).

The symptom severity in infected plants can vary depending
on the virus strain, infection time, age, and growth conditions
of the host plant, environmental factors, and cultivar. In
general, plum, apricot, and peach are very susceptible to PPV
and the virus causes severe symptoms. Symptoms observed
in these species are specific indications of the disease that
can be used to identify Sharka macroscopically. Disease
symptoms occur on leaves, fruits, and flowers. Leaf symptoms
on infected trees include chlorotic (yellowing) spots, vein
clearing, vein banding, rings or blotches. Flower symptoms
may exhibit color-breaking and deformation. Symptoms for
the fruit consist of lightly pigmented yellow rings, having less
sugar content, severe premature dropping, and deformation,
rings, and spots on the seed surface (Cambra et al. 2006).

In 1961, the disease was identified for the first time on plum
trees in Edirne, Turkey (Sahtiyanci 1969). In the following
years, it was reported on apricot and plum trees in Ankara
(Kurgman 1973), on apricot, plum, peach, and almond trees
in Marmara Region (Bilecik, Bursa, {zmit, Sakarya, [stanbul,
and Tekirdag) between 1976 and 1982 (Yiirektirk 1984).
After these studies, more extensive surveys were carried out
by many researchers to determine Sharka disease in Turkey.
As a result of these studies, the presence of the disease was
reported in following provinces: Izmir, Aydin, Balikesir,
Canakkale, Manisa, Kahramanmaras, Adana, Mersin,
Isparta, Afyonkarahisar, Kiitahya, Antakya-Hatay, Aksaray,
Kirklareli, Kayseri, Konya, Antalya, Eskisehir, Samsun,
Erzincan, Kirikkale, Yozgat, and Sivas (Akbas et al. 2011,
Azeri 1994, Buzkan et al. 2006, Candresse et al. 2007, Celik
and Kiititk 2013, Degirmenci et al. 2016, Deligoz et al. 2015,
Dunez 1986, Gazel et al. 2010, Gumus et al. 2007, Giircan
et al. 2013a, 2013b, Kog¢ and Baloglu 2006). As a result of
the detection studies, the virus was detected locally in many
provinces and most of the infected trees were destroyed.

PPV is comprised of ten following strains based on biological,
serological, molecular and epidemiological properties:
PPV-M  (Marcus), PPV-D (Dideron), PPV-C (Cherry),
PPV-EA (El Amar), PPV-T (Turkey), PPV-W (Winona),
PPV-Rec (Recombinant), PPV-CR (Cherry Russia), PPV-An
(Ancestor) and the most recently PPV-CV (Cherry Volga).
PPV-M strain was first reported on peach in Greece (Myrta
and Boscia 2001, Wang et al. 2006), PPV-D strain on apricot
in France (Kerlan and Dunez 1979, Myrta et al. 2006), PPV-C
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strain on cherry in Moldova (Nemchinov et al. 1996, Wang
et al. 2006), PPV-EA strain on apricot in Egypt (Myrta and
Boscia 2001, Wetzel et al. 1991), PPV-T strain on plum in
Turkey (Serge et al. 2009), PPV-W strain on plum in Canada
(James and Varga 2005), PPV-Rec strain on plum in Yugoslavia
(Cervera et al. 1993), PPV-CR strain on sour cherry in Russia
(Chirkov et al. 2013), PPV-An strain on plum trees in Albania
(Palmisano et al. 2012), and PPV-CV strain on sour cherry in
Russia (Chirkov et al. 2018), respectively. Among ten strains
of PPV, only PPV-D (Elibuyuk 2004, Giircan and Ceylan
2016, Giircan et al. 2020), PPV-M (Elibuyuk 2004, Giircan
et al. 2019, Sertkaya et al. 2003), PPV-Rec (Candresse et al.
2007), and PPV-T (Serge et al. 2009, Teber et al. 2019) have
been reported in Turkey.

Over the past 100 years, Sharka disease epidemics severely
affect prunus trees worldwide and cause enormous economic
losses. Studies on the distribution of the disease in Turkey in
the past years were generally limited to serological detection.
Several studies conducted to determine the disease distribution
in Turkey showed that PPV has a restricted distribution.
However, the studies conducted in the last decade are more
detailed at molecular level. Although there are few studies
on the detection of PPV in the Black Sea Region (Akbas et
al. 2011, Deligoz et al. 2015), there are no studies conducted
in Bolu province. Bolu is known to be virus-free province in
terms of Sharka disease. In this study, the presence of PPV
was determined serologically and molecularly in the home-
garden in Seben district and the infected trees in question were
destroyed. Seben district is a border to Ankara province which
is reported to be infected with PPV. Thus, the objective of the
present study was to determine the molecular similarities
of isolates obtained from this study and other PPV isolates
reported in Turkey and worldwide by phylogenetic analysis.

MATERIALS AND METHODS
Survey

Surveys were carried out in Goyniik and Seben districts
(Figure 1) where stone fruits only grown in Bolu between
May and June, 2016-2019 by Bolu Directorate of Provincial
Agriculture and Forestry within the scope of "Sharka Survey
Instructions”. Not only the commercial fruit orchards, but
also some of the residential gardens were also included in
the survey area. Samples were collected considering the
virus biology and climatic conditions of the location. For
the sampling, in a total of 20 leaves were collected from
each side of each trees and one tree was considered as one
sample. Each collected sample was labeled with appropriate
information (date, province, district, sample ID, owner, size
of the field) to identify them at harvest. The labeled samples
in polyethylene bags were shipped along with cold chain to
the virology department of Directorate of Plant Protection
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Figure 1. Map showing the survey areas of Goyniik and Seben districts in Bolu province between 2016 and 2019 depicted in

red, within the study region

Central Research Institue, Ankara. During 4 years, a total
of 306 samples including 75 cherries and 166 peaches from
Seben, and 29 cherries and 36 sour cherries from Goyniik

were analysed for the presence of PPV.
DAS-ELISA

Leaf samples were firstly tested by DAS-ELISA (Double
Antibody Sandwich-Enzyme Linked Immunosorbent Assay)
using PPV-specific (PPV-C, PPV-D, PPV-EA, PPV-M, and
PPV-W) polyclonal antisera (Agdia Inc. Elkhart, IN, USA)
as stated in the manufacturer’s instructions (Clark and
Adams 1977). Absorbance at 405 nm was measured using
a microplate reader (Tecan Sunrise Microplate Reader
16039400) at 30 to 60 min after the addition of the substrate
(p-nitrophenyl phosphate). A threshold value for the
samples was considered as positive when the mean value of

healthy control of OD value is higher than twice the average.
Nucleic acid extraction and RT-PCR

Based on DAS-ELISA results, all the positive samples and
one negative sample (as a negative control) were selected,
and the total RNAs of the selected samples were extracted
to use in RT-PCR. The total RNA extraction protocol was
similar to Foissac et al. (2001) with minor modifications.
A hundred mg of plant tissue was ground using liquid
nitrogen and homogenized with 1 ml of extraction buffer
containing 6 M guanidine thiocyanate, 0.2 M sodium
acetate, 25 mM EDTA, 1 M potassium acetate, 2.5% PVP-
40, and 1% mercaptoethanol. Then, 500 pl of the extract
was mixed with 100 pl of 10% sodium lauryl sulfate into the
new tubes. The tubes containing sodium lauryl sulfate and
extract were incubated at 70 °C for 10 min, placed in ice for

5 min, and centrifuged at 14000 rpm for 10 min respectively.
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Subsequently, 300 pl of supernatant was transferred to the
new microcentrifuge tubes. Then, 150 pl of 99.9% ethanol,
35 pl silica gel (1 g silicon dioxide +1 ml H,O pH: 2), and 300
ul of 6 M sodium iodide were added to the microcentrifuge
containing 300 pl of supernatant. The mixtures were
incubated at room temperature for 10 min in a shaker,
then the tubes were centrifuged at 6000 rpm for 1.30 min.
After discarding the supernatants, pellets in the tubes were
washed two times by adding 500 pl washing buffer (10 mM
Tris-HCI containing 0.05 mM EDTA, 50 mM NaCl and 50%
ethanol) each time, then the pellets were dissolved in 75 ul
of RNase-free water. The mixtures were incubated at 70 °C
for 4 min, and centrifuged at 14000 rpm for 3 min, after
that the supernatants were transferred into new tubes. The
total RNAs were quantified by spectrophotometry using a
Nanodrop (Thermo Scientific, Wilmington, ME). After all
the total RNAs for each sample were adjusted to 50 ng/ul
and were stored at -80 °C.

For the detection of PPV isolates, one-step RT-PCR was
conducted according to Wetzel et al. (1991) using PPV-
universal primers (P1/P2) that are specific to all strains. To
identify the strain differentiation of PPV, one-step RT-PCR
was carried out using additional strain specific primer pairs:
P1/PD and P1/PM for PPV-D and PPV-M, respectively
(Olmos et al. 1997).

Samples were amplified by PCR, using a thermal cycler
(Applied Biosystems Veriti™ 96-Well Thermal Cycler), and
the reaction was prepared as follows: 25 pul of a mastermix
containing an initial concentration of 8 pl of 5X Go Taq
Flexi Green buffer, 1.25 ul of 25 mM MgCl,, 0.625 ul of
10 mM dNTPs, 1 ul of 10 uM P1 primer, 1 ul of 10 uM P2
primer, 0.2 ul of Taq DNA Polymerase (GoTaq® G2 Flexi
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DNA Polymerase 5 U/ul), 0.15 pl of Reverse Transcriptase
(ProtoScript® IT Reverse Transcriptase-M-MuLV), 0.2 ul of
RNase (RNase Inhibitor, Murine 1 U/ul) and 2 pl of 50 ng/ul
total RNA. Mastermix applied in universal primers was also
used for strain-specific primers (P1/PM-P1/PD).

The common thermal cycler program for universal and
strain-specific primers was carried out under the following
conditions: 45 min at 42 °C, 2 min at 94 °C, 40 cycles of
30 s at 94 °C, 30 s at 60 °C and 1 min at 72 °C, followed by
a final extension for 10 min at 72 °C. A total of 8 ul PCR
products were loaded into 2% 1X TAE agarose gel stained
with Pronasafe nucleic acid staining solution (Conda,
Madrid, Spain) for 1 hour at 80 V and visualized by UV
transillumination. The remaining PCR products were stored

at -20 °C until used for sequence analysis.
Bioinformatic analyses

The remaining 17 ul of RT-PCR products, by a commercial
company (Macrogol The-BM Laboratory Systems, Turkey),
were sequenced in both orientations using P1/P2 primer
pairs. Raw sequence data were aligned through the Clustral
W technique (Thompson et al. 1994) implemented in
MEGA 7 software. Consensus sequences of 243 nucleotides
were generated by using forward and reverse sequences.
In total, three PPV sequences corresponding to the partial
coat protein region of isolates were deposited in GenBank
(National Center for Biotechnology Information-NCBI)
and compared to reference sequences of the corresponding
genomic region of PPV isolates available in the GenBank
database using the BLAST tool (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). The list of reference isolates obtained from the
GenBank database is provided in Table 1. All sequences were
aligned using ClustalW and the sequences were trimmed to
241 bp to form clear consensus sequences. Aligned nucleotide
sequences were used to construct a phylogenetic tree using
the MEGA 7 software. For the phylogenetic tree, sequences
for other strains of PPV from NCBI were selected to fully
represent the genetic variation. In addition, Potato virus Y
(PVY) represents the type species of the Potyviruses, which
were also included in the phylogenetic tree as an out-group.
Thirty-five reference isolates (14 were belonging to Turkey
and the remaining 21 were belonging to other countries)
and three Bolu (Turkey) isolate was used. Phylogenetic trees
were constructed based on the Neighbour-joining method
(NJ) (Saitou and Nei 1987) and the Maximum Likelihood
method (ML) (Kimura 1980, Kumar et al. 2016) with a
bootstrap value of 1000. NJ tree was selected for this study
because similar results were observed in both trees. The
intragroup genetic variability analyses were conducted using
the maximum composite likelihood model (Tamura et al.
2004) implemented in MEGA 7.
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Table 1. The list of isolates subjected to sequence analysis
in this study

GenBank access.

Country-

No No Province Strain
1 MG941018.1 Turkey-Bolu* M
2 MG941019.1 Turkey-Bolu* M
3 MG941020.1 Turkey-Bolu* M
4 MF371001.1 Turkey-Istanbul M
5 MF370999.1 Turkey-Istanbul M
6 MF370998.1 Turkey-Istanbul M
7 MF370995.1 Turkey-Istanbul M
8 KX423957.1 Turkey-Bursa M
9 KX423940.1 Turkey-Bursa M
10 KX423931.1 Turkey-Bursa M
11 KX423897.1 Turkey-Bursa M
12 HF585103.1 Slovakia M
13 LC228949.1 Japan M
14 FJ361234 Greece M
15 HF585104.1 Slovakia M
16 HF585102.1 Slovakia M
17 KX423952.1 Turkey-Bursa D
18 KX423946.1 Turkey-Bursa D
19 KT827161.1 Turkey-Istanbul D
20 KT827117.1 Turkey-Istanbul D
21 LT158756.1 Slovakia D
22 AB576049.1 Japan D
23 EF640933.1 USA D
24 FN179154.1 Hungary D
25 AY953266.1 Canada D
26 HG964685.1 Canada Rec
27 EU117116.1 Poland Rec
28 KT827131.1 Turkey T
29 KT827147.1 Turkey T
30 AM157175.1 - EA
31 DQ431465.1 Egypt EA
32 KC347608.1 Russia w
33 AY912055.1 Canada w
34 KJ787006.1 Russia C
35 AY184478.1 - C
36 KC020124.1 Russia Cr
37 KC020126.1 Russia Cr
38 HF674399.1 Albania An
39 KR528584.1 Uruguay** PVY

*Novel isolates identified in this study ** Selected isolate as an outer group

RESULTS AND DISCUSSION

From 2016 to 2019, a total of 306 samples were collected
from two districts (Goyniik and Seben) and eight villages
(neighborhoods) of those districts by Bolu Directorate of
Provincial Agriculture and Forestry. Sweet and sour cherry
samples were collected from Goyniik district, peach and
sweet cherry samples were collected from Seben district
during the surveys. Based on molecular and serological
results, in total, only three peach samples belonging to
Celtikdere neighborhood of Seben district in 2017 were
shown to be PPV-infected.
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Characteristic symptoms of PPV were not seen on the infected
peach trees, but different sizes of white spots on the fruits and
fruit deformation were observed. The occurrence of the PPV
symptoms on peach leaves and fruits can vary depending on
virus strain, climate factors, plant age, and cultivar (Desvignes
et al. 1999, Elibiiyiik 2005). Some papers also reported that
PPV may sometimes fail to produce any characteristic
symptoms on peach trees (Desvignes et al. 1999, Elibitytik
2005, Polak et al. 2003, Varn et al. 2004). Therefore, this could
be the reason why we did not observe PPV symptoms on
the infected trees in Bolu province. In a total of 306 samples,
examined macroscopically in both field and laboratory, were
first analyzed by DAS-ELISA and 3 samples were determined
to be infected with PPV. Furthermore, 3 km perimeter of
the infected garden is fully examined and analyzed in terms
of PPV infection in the later years (2018-2019). After the
analysis, the region was found PPV negative.

PD/P1 (PPV-D)

3

RT-PCR was performed for three peach samples, which
were all positive according to DAS-ELISA results. Based on
DAS-ELISA results, one PPV-free sample from the peach
tree used as a negative control, one PPV-infected sample
from the apricot tree used as a positive control and one water
control were also included into RT-PCR reactions. Universal
primers (P1/P2) were used first to amplify the partial coat
protein region of PPV, then strain-specific primer pairs
were used to determine the strains of PPV (P1/PM-P1/
PD). The samples of P157, P179, P214 and positive control
amplified the bands of the expected size of 243 bp for P1/
P2 primer pairs. Thus, the results of RT-PCR analyses using
universal primers were in complete agreement with DAS-
ELISA results. A 198 bp product was amplified with P1/PM
primers using positive samples, which was designated as
PPV-M (Figure 2).

PM/P1 (PPV-M)

4 3 4,

Figure 2. Agarose gel electrophoresis of the RT-PCR amplification products using universal and strain-specific primer pairs.
The first and last lanes represents DNA 100 bp Ladder; lane 1-2-3, Bolu isolates; lane 4, positive control; lane 5, negative control;

lane 6, water control
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PCR amplicons of P1/P2 primer pairs were sequenced and
then compared with the corresponding worldwide PPV
sequences available in GenBank to reveal the similarities.
Three Bolu isolates (P157, P179, and P214) showed 99-100%
similarity to GenBank accessions from Turkey (Edirne-

Bursa) and Macedonia.

PPV-M was first reported in infecting peach in Greece and
known to be widely distributed in European countries
(Myrta and Boscia 2001, Wang et al. 2006). They are often
associated with rapidly spreading epidemics in peach but are
less frequently found in plums. Usually, PPV-M isolates are
transmitted efficiently by aphids (Glasa and Candresse 2008).
By their serological properties, Dallot et al. (2011) separates
the M-strain into two following subgroups: PPV-Ma (mostly
from Mediterranean countries) and PPV-Mb (mainly from
Central-Eastern Europe isolates). In phylogenetic analysis for
Bolu isolates (Figure 3), PPV-M isolates were clustered in two
different groups (M and MIs). M (Ma and Mb) isolates consist
of isolates belonging to Turkey, European, and Mediterranean
countries; MIs isolates, reported by Giircan and Ceylan 2016,
comprised of Istanbul (Turkey) isolates. In the phylogenetic
tree, Bolu isolates were clustered on the branch called M.

The sequences of Bolu isolates were compared to the other
PPV isolates in NCBI. The first ten isolates were presented
in Table 2. The high similarities among the isolates of Bursa
and Edirne were observed. The same results were reported
by other researchers. Bolu isolates were derived from Europe
isolates due to the similarities in sequences of Europe
originated Turkish isolates and its place in the group on
phylogenetic tree M. One of them is European PPV-M which
is considered as spreading by arboriculture from Europe
to Turkey. The latest one, PPV-MIs is a subgroup of the M
strain discovered only in Istanbul. The complete genome of
10 isolates from this group were sequenced and reported to
be genetically different from the European M group (Giircan
2017, Teber and Giircan 2016). The phylogenetic tree in this
study shows that Istanbul PPV-MIs isolates are clustered by
different groups from PPV-M isolates.

Apart from these data, it is seen that PPV-An isolate is
closely related to Istanbul PPV-T isolates in the phylogenetic
tree. PPV-An was detected in Albania in 2012. It has been
reported that PPV-An isolate is most closely related to
PPV T with 93.5% similarity and is the most distant to the
strains PPV-W and PPV-C, with identities of 78.8% and
78.4% respectively (Palmisano et al. 2012). The other PPV
strains were clustered among themselves as expected. The
phylogenetic tree supported the results obtained in other
studies (James et al. 2013).

In summary, a total of 306 stone fruit samples representing
eight villages (neighborhoods) of 2 districts of Bolu province
were examined for the presence of PPV. The results of
molecular and serological analysis revealed that three peach
trees were infected with PPV-M.

PPV-M strain was previously reported in Aydin, Canakkale,
Denizli, Istanbul and Isparta (Giircan and Ceylan 2016,
Giircan et al. 2019), Adana (Ko¢ and Baloglu 2006),
Canakkale, Mersin, Hatay (Ulubasg-Serce et al. 2011),
Kayseri (Ceylan et al. 2014), and Antalya (Celik and Kiititk
2013). In all these studies, the detection of PPV in newly
established apricot or peach orchards (usually 4-7 years
old) was reported (Giircan and Ceylan 2016). In this study,
PPV-M strain on peach was also detected in Bolu.

However, more detailed surveys in Bolu province are
necessary to prevent PPV dissemination. In addition, the
complete genome sequence of the isolates obtained from
those surveys should be carried out to find an answer for the
strain level of PPV isolates. PPV is considered as EPPO A2
quarantine pest in many countries as well as in Turkey and
has a strict eradication program regulated by the Republic of
Turkey Ministry of Agriculture and Forestry. If the infection
is detected early, then disease eradication may be reached by

destroying infected-trees rapidly.

In Bolu, infected trees determined through this study
were destroyed quickly. Within the scope of International
Standards for Phytosanitary Measures (ISPMs) adopted

Table 2. The similarity rates of the novel isolates identified in this study to the isolates deposited into GenBank

Isolate Strain Country  GenBank access. No Similarity (%)
P157 P179 P214
EdMrPc292 M Turkey MG686904 100.0 100.0 99.59
EdMrPc287 M Turkey MG686901 100.0 100.0 99.59
EdMrPI286 M Turkey MG686900 100.0 100.0 99.59
MK175 M Macedonia MK562732 99.59 99.59 99.17
MK41 M Macedonia MK562730 99.59 99.59 99.17
BrPc110 M Turkey KX423957 99.59 99.59 99.17
BrPc70 M Turkey KX423940 99.59 99.59 99.17
BrPc56 M Turkey KX423934 99.59 99.59 99.17
BrPc54 M Turkey KX423932 99.59 99.59 99.17
BrPc53 M Turkey KX423931 99.59 99.59 99.17
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by International Plant Protection Convention (IPPC),
Republic of Turkey Ministry of Agriculture and Forestry
General Directorate of Food and Control have implemented
regional eradication programs and buffer zones of at least
1000 meters in diameter and established to prevent the
further spread of the disease. As a result of this study, PPV
quarantine regulations were established to regulate any
movement of Prunus spp. into and out of the area. Planting
of pome fruits and field crops (non-Prunus species) was
allowed within the buffer zone. Replanting Prunus species
was also banned until the achievement of a 3-year virus-free

period within the affected area.
OZET

Plum pox virus (PPV), sert ¢ekirdekli meyvelerde verim,
kalite ve ekonomik kayiplara sebep olan $arka hastaliginin
etmenidir. PPV, Avrupa basta olmak {izere diinya ¢apinda
kadar

¢alismalarda etmenin varlig1 farkli bolgelerde sinirli olarak

tespit edilmistir. Tiirkiyede bugiine yapilan
tespit edilmistir. Bolu ilinde su ana kadar PPV’nin tespitine
iligkin herhangi bir kayit bulunmamaktadir. Bolu ilinde
2016-2019 yillar1 arasinda yapilan stirveyler neticesinde
306 ornek toplanmustir. PPV’nin varligini tespit etmek
amaciyla ilk olarak DAS-ELISA ile 6rnekler analiz edilmis,
sadece {i¢ adet seftali orneginin PPV ile enfekteli oldugu
belirlenmistir. Enfekteli 6rnekler daha sonra iiniversal
primerler (P1/P2) kullanilarak RT-PCR ile test edilmis ve
DAS-ELISA sonuglar1 dogrulanmigstir. Ayrica PPV’nin irka
spesifik primerleri ile irk diizeyinde de teshisleri yapilmustir.
Irk diizeyinde yapilan bu teshislerde 6rneklerin PPV-M
(Marcus) 1rki ile enfekteli oldugu belirlenmistir. Molekiiler
calismalar sonucunda {i¢ izolatin kismi kilif protein
bolgesine ait 243 niikleotidlik dizileri elde edilerek NCBTa
kaydedilmistir. Ayrica 38 temsili PPV sekans dizisi ile yapilan
filogenetik analiz (Neighbour-Joining) sonucunda, BLAST
analizinde oldugu gibi Bolu izolatlarinin PPV-M izolatlar1ile
kiimelenerek diger PPV irklarindan ayrildigi gorillmistir.
Yapilan bu ¢aligma ile elde edilen PPV izolatlar1 Bolu ili
i¢in ilk kayit niteligindedir. Sonug olarak, Bolu ilinde daha
kapsamli siirveylerin yapilmasi ve elde edilen izolatlarinin
tam genom dizileri elde edilerek genetik varyasyonlarinin
Enfekteli

belirlenmesinin ~ gerekliligi ortaya ¢ikmustir.

bulunan agaglarin ise tamami imha edilmigtir.

Anahtar kelimeler: PPV, Sarka, seftali, M irki, sekans,
filogenetik agag
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Lasioptera sp. is one of the problematic pests in the Mediterranean and Aegean
regions where protected tomato cultivation is done in Turkey. The larvae that

part of the body mostly lead to the death of the plant in a dense pest population.

X . Since harmful larvae live in plant tissue and thus are protected against insecticides
eywords:

and biological agents, control of the pest is very crucial. As an alternative method
Lasioptera sp., Mersin, stub-

to pest control, the effects of tomato axillary shoot pruning for controlling the pest
pruning, tomato, visual sticky trap

were examined. For this purpose, while pruning of axillary shoots in tomato plants

) as recommended in cultural processes, shoots that are cut off from the body
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completely and stub-pruning sprouts with 3-5 cm length were assessed in the
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experiment. The study was carried out in Erdemli district of Mersin province in
2015 and 2017. Although it is ensured that the harmful larvae can feed inside stub-
pruned shoots left on the body, the larvae could not reach the plant's main stem
and do not cause any damage to the plant. In terms of damaged plants, it was
determined that 77.8% and 85.2% of the stub-pruning application are effective in
2015 and 2017, respectively. Additionally, in the study, the attractiveness of visual
sticky traps in six different colors including, yellow, black, blue, white, red, and
green was investigated. As a result of the study, it was concluded that the colors
tested were not sufficient to attract pests.

INTRODUCTION

Turkey has a significant greenhouse and open-field tomato in 2016 (TUIK 2016). Greenhouse tomato production area is
production. Total tomato production area reached to 187 259.709 da, the production amount is 3.399.100 tons. 80.0%
000 ha and production amount reached to 12.600.000 tons of the tomato production is held by the Mediterranean region.
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Tomatoleafminer [ Tutaabsoluta(Meyrick,1917) (Lepidoptera:
Gelechiidae)], whitefly [Bemisia tabaci (Gennadius, 1889)
(Homoptera: Aleyrodidae)], vegetable leafminer [Liriomyza
trifolii (Burgess in Comstock, 1880) (Diptera: Agromyzidae)],
and carmine spider mite [Tetranychus urticae Koch, 1836
(Acarina: Tetranychidae)] are the main pests in greenhouse
tomato cultivation (Bulut and Gégmen 2000, Kegeci et al.
2007, Kilig 2010, Ulubilir and Yabas 1996, Yasarakinci and
Hincal 1999). Lasioptera sp., which has spread over a large
area after being found in Mersin province in 2011 and Antalya
province in 2012 in the Mediterranean region, was also added
to these pests (Biiyiikoztiirk et al. 2016).

The pest was identified as a species belonging to the genus
Lasioptera Meigen, 1818 (Diptera: Cecidomyiidae), which is
a cosmopolitan genus consisting of 120 known species in the
world. Most of the recorded species of the genus Lasioptera
were found in the Palearctic region, and none have been
reported in tomato and cucumber plants in Europe (Gagné and
Jaschhof 2014). However, an unidentified species belonging to
the genus Lasioptera as a new pest for greenhouse tomatoes
and cucumbers in Greece have been reported by Anagnou-
Veroniki et al. (2008) and Perdikis et al. (2011).

Most of the known species of the genus Lasioptera constitute
the trunk gal, some species develop in the galleries of other
insects (Gagné and Jaschhof 2014). The larvae of this species
live in groups of 4 to 20 individuals, inside the main stem of
the tomato plant. The damage usually occurs at the bottom
of ripped leaves or in damaged bodies. The larvae feed on
the core part of the plant body, causing deterioration and
cavities in plant tissue. The damages in the form of brown
and dark gray colors on the core part of the body can reach
up to 5-6 cm. Larvae feeding sites are usually covered with
fungal mycelium (Perdikis et al. 2011). As a result of the
feeding of pests in young seedlings, seedlings are broken
from the infected part of the plant and die in a short period
of time (1-2 days). Unless pests are controlled, the plant's
body is damaged from the point of contamination, and
these points are weakened and broken. Serious invasions of
the pest can lead plants to death (Biiytikoztiirk et al. 2016,
Perdikis et al. 2011).

Since the larvae feed within the plant body, no successful
results can be obtained with the chemical control. In
this study, it is aimed to determine the effectiveness of
alternative methods to chemical control about pest control

and delivering visual traps and stub shoots.
MATERIALS AND METHODS

The trials for determination of the effectiveness of different
visual traps and shoot cutting for Lasioptera sp. control was

conducted in the spring growing period in Aslanl village of
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Erdemli district of Mersin province.
Determination of the effect of two different pruning methods

Two different axillary shoot pruning methods including the
regular method and shoot pruning made by leaving stub
were compared in the trial. In regular shoot pruning, all of
the shoots were plucked from the main stem. In stub shoot
pruning, the shoot was excised from the main stem with the
help of a knife by leaving a 3-5 cm stub piece. Treatment was
replicated four times in a pairwise randomized design. In
the trial, each plot was 45 m?* with 150 plants (in two rows

30 m long).

Two experiments were conducted in 2015 and 2017.
Tomato seedlings were transplanted into the greenhouse
on April 10, 2015, for the first-year study. Regular and
stub pruning was done on June 16, 2015. Two weeks after
pruning (on June 30, 2015), 20 plants identified were
marked in each plot. Damaged plants due to pests were
recorded on July 14, 2015.

The second-year study was conducted the same as
described above. Tomato seedlings were planted on 30
March 2017. Regular and stub pruning was done on June
5,2017. The numbers of damaged plants were recorded on
July 10, 2017.

A chi-square test was used to analyze data on the damaged
plants’ number of the regular and stub-pruned parcel
(Microsoft Excel). The effect of leaving stub pruning on the
pest was determined by Abbotts formula (Abbott 1925).

Determination of attractiveness of visual sticky traps

As a result of the preliminary studies performed in 2014
with yellow sticky traps, it was decided to make a try with
different color traps because the pest was rarely caught
by yellow sticky traps, even in dense pest populations.
Therefore, visual sticky traps (20*25 cm) in six different
colors including, yellow, black, blue, white, red, and
green were assessed. Traps were obtained from Kapar
Organik Tarim Sanayi (Ankara, Turkey). According to
the color catalog (The RAL German Institute for Quality
Assurance and Certification), the closest RAL color names
(Anonymous 2008) of traps are given in Table 1. The trial
was set up as 4 replications according to the randomized
block design. Each parcel was 50 m? (6*8.33 m) and one
trap was hanged 10-15 cm above the plant at the center of
the parcel. There were approximately 8 m of the distance
between two traps in the blocks. Traps were hanged on
May 26, 2015, and weekly inspection was performed until
the end of July. After the counts, Lasioptera sp. adults
on traps were cleaned, or the contaminated traps were

replaced with new ones.
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Table 1. The color information of visual sticky traps used in
attractiveness test*

Ral color name  Trinitron RGB**
240, 205, 30

Trap color Ral No
Yellow 1026

Luminous yellow

Black 9017 Trafhc black 56, 52, 53
Blue 5005 Signal blue 80, 130, 205
White 9016 Traffic white 230, 225, 230
Red 3020 Traffic red 214, 55, 50
Green 6038 Luminous green 216, 230,110

* The closest RAL colour no and name are quoted from Anonymous (2008)
** RGB: Red, Green, Blue

Analysis of variance (ANOVA) was performed to determine
the significance of the total numbers of Lasioptera adults on
traps. The significance threshold for Tukey’s HSD test was
P <0.001.

RESULTS
Pruning

The infested plants due to Lasioptera sp. are marked in each
row (Table 2). The mean number of damaged plants in
stub-pruning plots was 1.50 plant and showed a significant
difference compared to regular pruning plots [ 4* (1): 15.11,
p<0.001] (Figure 1, Table 2). Where stub-pruning plots, the
efficiency of treatment was 77.8% compared to the regular
pruning plots (Abbott 1925) (Table 2). In the preliminary
observation, made a week before the main inspection (on July
7, 2015), while infested plants were seen in regular pruned
treatment, no infested plants were seen in the stub pruned
parcels. Then, very few damages were seen caused by pests
entered to the plants from natural wounds in stub-pruned
plots. This suggests that pests preferred pruning surfaces
mostly to lay eggs in pruned plants; however, very slightly
they could also enter the plant from the naturally occurring

wounds.

In the second-year study, the mean number of damaged
plants was 1.00 and 6.75 in stub-pruning and regular
pruning plots, respectively and significantly different [
4% (1): 17.06, p<0.001] compared to the regular pruning
method, a reduction of 85.2% was obtained in the stub-

pruned treatment (Table 2).
Traps

The data on the attraction of Lasioptera sp. to color sticky

10 1 =
W Regular pruning

W Stub-pruning

Mean number of damaged plants

0 -
2015 2017

Figure 1. The mean number of damaged plants (mean+SE)

at regular pruned and stub-pruned treatments in 2015 and

2017

traps at weekly intervals is given in Figure 2. The first pest
caught in traps was on June 9, 2015. Then the populations
showed a relative increase by the middle of July. The data
given in the Table 3 indicated that white and green colored
traps significantly attracted more number of Lasioptera sp.
with a total mean population of 74.75 and 74.50 adults/trap
over nine weeks, respectively. The other best treatment to
attract the pest population was yellow (54.25 adults/trap)
and blue colored sticky traps (50.25 adults/trap). The red
and black colored traps were least effective for attracting
Lasioptera sp. (Figure 2). It was also concluded that the
number of flies trapped in all color traps was quite low,
even though the pest present in almost all plants and flew
intensively during this period (Figure 2, Table 3).
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Figure 2. The mean number of captured Lasioptera sp.
adults on different traps

Table 2. Mean number damaged plants and effects of different pruning methods (calculated with Abbott's formula) for

controlling Lasioptera sp. in 2015 and 2017

2015 2017
Treatment No. of damaged plants (+SE) Efficiency (%) No. of damaged plants (+SE) Efficiency (%)
Regular pruning 7.25+0.85 6.75+0.48 -
Stub-pruning 1.50+0.29 1.00£0.41 85.2

2 (df), P 15.11 (1), P<0.001

17.06 (1), P<0.001

* Means followed by a different letter differ significantly at P < 0.001
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Table 3. Total mean numbers of Lasioptera sp. adult captured on different visual sticky traps over nine weeks in 2015

Yellow

Black

Blue White Red Green

Total no. of Lasioptera sp. adult
(mean*SE)/trap

54.25+3.47 ab* 5.00+1.35c¢ 50.25+8.93b 74.75+3.75a 25.00+2.16¢ 74.50+9.22a

* Means followed by a different letter differ significantly at P < 0.001

DISCUSSION

This study aimed to determine an alternative method for
controlling Lasioptera sp., a new pest that recently appeared

in tomato greenhouses in Turkey.

Although plant rotation, early planting, and soil tillage are
recommended against other Cecidomid species as cultural
control methods (Chen and Shelton 2007, Chen et al. 2009,
Franzmann et al. 2006), currently there is no suggested

method for controlling the Lasioptera sp.

The removal and destruction of the attacked and damaged
plant parts are recommended as a method of cultural
control same as bark beetle control in fruit trees (Donaldson
and Seybold 1998). The control method applied in our study
is mostly based on the principle that more pests are attracted
to injured plant parts. In this method, pests lay their eggs
on stub shoot part and the larvae hatched of the egg here
cannot reach the main stem of the tomato plant or cannot
complete growing as sprout separates from the body and
falls down. As a cultural control of the pest, it is suggested to

control with leaving stub axillary shoot.

It is thought that this pest which is first detected in tomatoes in
Turkey shall cause considerable damage when an appropriate
condition occurs. As the larvae of this pest are fed into the
body of the plant, recognition, and control are very difficult
and pose a serious threat to tomato cultivation. n the present
study, the attractiveness of different colors visual sticky traps
was also investigated as an alternative control method. It
is considered that the effective use of visual sticky traps in
controlling the pest is not possible. There are no studies made
on the effectiveness of different colors visual sticky traps was
also investigated as an alternative control method. There are
no studies made on the effectiveness of visual traps for this
pest. Sertkaya et al. (2006) conducted to determine the biology
of Asphondylia capsici Barnes, 1932 (Diptera: Cecidomyiidae),
another Cecidomid species, in a study and they suggested that
it was not appropriate to use the yellow-colored sticky trap in
the monitoring of adults of this fly. Similarly, following the
population of Contarinia nasturtii (Kiefter, 1888) (Diptera:
Cecidomyiidae), which is harmful to Cruciferae, light traps
were found to be much more effective than visual sticky traps
(Hallett et al. 2007). Sarzynski and Liburd (2003) stated that
Dasineura oxycoccana Johnson, 1899 (Diptera: Cecidomyiidae)
adults do not react to different colors and visual sticky traps

cannot be used to monitor the pests. In order to be able to
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use these traps, they stated that it can be improved with an
attractant such as sex pheromone or host-volatile compound.
The results obtained in our study are consistent with the stated
literature information. For this reason, it is thought that visual
sticky traps can not play an effective role in controlling the

pests.

In addition, it is suggested to investigate the effectiveness
of stub-pruned and/or colored sticky traps in combination
with the use of insect nets and similar methods in order to

prevent the spread of outdoor infection into the greenhouses.
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OZET

Lasioptera sp. Tirkiye'de ortiialti domates yetistiriciliginin
yapildig1 Akdeniz ve Ege Bolgelerindeki 6nemli zararlilardan
birisidir. Gévdenin 6z kisminda beslenerek, bitki dokusunda
oyuk ve ¢iiriimelere neden olan larvalar, yogun bulasmalarda
bitkinin Olimiine neden olmaktadir. Zararli larvalarinin,
bitki dokusu igerisinde yagamasi ve boylece kimyasal ilaglar
ve biyolojik etmenlere kargt korunakli durumda olmasi
nedeniyle, miicadelesi olduk¢a zordur. Zararh ile miicadelede
alternatif bir metot olarak, domates bitkisinde farkli filiz
budamasinin zararli {izerine etkisi incelenmistir. Domates
bitkisinde budama yapilirken normal Kkiiltiirel islemlerde
tavsiye edilen gévdeden tamamen koparilan filizler ile 3-5 cm
uzunlugunda tirnakli kesilen filizler deneme konusu olarak ele
almmustir. Calisma 2015 ve 2017 yillarinda Mersin ili Erdemli
ilgesinde ytratilmiistir. Govdede tirnakli olarak birakilan
filizlerin icerisinde, zararh larvalarmnmn beslenebilmesine
olanak saglanmis olmasina ragmen, larvalar bitki gévdesine
ulasamamis ve herhangi bir zarar meydana getirmemistir.
Tirnakli siirgin birakma uygulamasinin bitkide zararlanma
agisindan, 2015 ve 2017 yillarinda sirasiyla %77.8 ve %85.2
oraninda etkili oldugu belirlenmistir. Ayrica ¢alismada,
zararlinin ergin donemlerinin yakalanmasi amaciyla sari,
siyah, mavi, beyaz, kirmizi ve yesil olmak tizere toplam
alti farkli renkteki gorsel yapiskan tuzaklarin gekiciligi
aragtirlmigtir. Calisma sonucunda test edilen renklerin,

zararliy1 cezbetmede yeterli olmadig: kanisina ulagilmigtir.
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Anahtar kelimeler: Lasioptera sp., Mersin, tirnakli budama,

domates, gorsel yapiskan tuzak
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This research was conducted between 2012 and 2014 in order to determine
the fungal causal agents in bean seeds collected from bean cultivation areas
in Zonguldak, Bartin and Karabuk provinces in the Western Black Sea Region.
Seed samples were collected from greenhouses in the surveyed provinces. After
isolation of fungi from these seeds, isolates were identified by morphological and

molecular techniques. In the result of the study, plant pathogenic fungal species,
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Pseudocercospora griseola (53%), Stemphylium vesicarium (14.5%), Fusarium

oxysporum (6.5%), Fusarium solani (5.25%), Stemphylium globuliferum (4.5%),

Stemphylium herbarum (tel: Pleospora herbarum) (2%), Fusarium sambucinum
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from seed samples.

(1%), Trichothecium roseum (0.75%) ve Paecilomyces sp. (2.5%), were obtained

GIRIS

Yemeklik tane baklagiller, diinya iizerinde MO 5000 yilindan
beri tarmmi yapilan ve insan beslenmesinin énemli bir
boliimiini olusturan en 6nemli besinlerimizdendir. Fasulye,
biitin baklagiller i¢inde en ¢ok tiiketilen sebzelerden
birisidir. Baklagiller familyasinin Phaseolus cinsine bagh
olup, Orta Amerika kokenli bir bitki tiirtidiir. Taze baklalar1
konserve, dondurulmus gida, kurutularak ve sofralik
olarak kullanilmaktadir. Kuru fasulye yemeginin geleneksel
mutfak kiltiirtiniin bir pargasi olmasi, fasulyenin Tiirkiye
i¢in ne kadar 6nemli bir bitki oldugunun gostergesidir.
Fasulye, tilkemizde tiim cografik bolgelerde yaygin olarak
yetistiriciligi yapilan bir sebzedir. Baklagillerden alinan
bitkisel proteinlerin ve karbonhidratlarin, hem insan hem de
hayvan beslenmesinde biiyiik 6nemi vardir. Baklagiller, tarla
bitkileri yetistiriciliginde, ekim alani ve tiretim bakimindan
tahillardan sonra gelen tane iiriiniidiir. Baklagiller i¢erisinde
fasulye, diinyada 126 iilkede en fazla ekim alanina sahip bir
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tirtindiir. Daha gok Asya ve Amerika kitalarinda bulunan
fasulye ekim alanlari, 1980-2000 yillar1 arasinda 25 milyon
ha diizeyinde iken; son 10 yilda %12 artis gostererek 29
milyon hektara ulasmistir (Anonim 2017).

Diinyada 2018 yilinda fasulye iiretimi bir énceki yila gore
%6.6 azalisla 21.3 milyon ton, nohut tiretimi %5.6 artisla 14.8
milyon ton, mercimek {iretimi ise %4.9 azalisla 5.8 milyon
ton olmustur. Ulkemizde kuru fasulye iiretiminde; Konya,
Nigde ve Karaman illeri 6n plana ¢ikmakta olup, tiretimin
yaklagik %7071 I¢ Anadolu Bélgesinde yapilmaktadir (TUIK
2018)

Ulkemizde son vyillarda yaganan fasulye iiretimindeki
azalmalar genellikle ekim alanlarindaki azalmalara bagh
olarak ortaya ¢ikmustir. Ekim alanlarindaki azalmalar,
ozellikle tretim girdilerinin yiiksek olmasi, treticinin

driiniine tatmin edici dizeyde gelir elde edememesi,



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (4) : 75-84

ithalatc1 tlkelerin kalite isteklerine uygun standart irilikte
tiriin yetistirilmemesi, makineli tarimin yaygin olmayisi,
sertifikali tohum kullanimimin olduk¢a vyetersiz olusu,
yetistirme tekniginin tam olarak uygulanmamasi, hastalik
ve zararhlarla yeterli diizeyde miicadele yapilmayisi gibi
nedenlerden kaynaklanmaktadir. 2012-2018 yillar1 arasinda
tilkemizde fasulye ekilis alanlarinda yasanan azalmaya
ragmen tretim ve verimde azda olsa artiglar gozlenmistir.
Bakliyat sektoriinde yasanan fiyat istikrarsizigi nedeniyle
daralan ekim alanlari TMO tarafindan saglanan fiyat
garantisi ile son yillarda T.C. Tarim ve Orman Bakanligi
tarafindan bakliyata verilen prim ve diger desteklerdeki
artigla birlikte yeniden cazip hale getirilerek bakliyat ekim
alanlarinda ve iretimde artig saglanmistir (Anonim 2019).
Ulkemizde yillara gore fasulye ekilis, siretim, verim ve

kullanim miktarlarindaki degisimler Cizelge 1de verilmistir.

Cizelge 1. Ulkemizde yillara gore fasulye ekilis, iiretim ve
verimleri (Anonim 2019)

Ekilen Alan  Uretim Verim (Kg/ Kullanim

Yillar (Ha) (Ton) Da) (Ton)

2012 93.174 200.000 215 237.817
2013 84.691 195.000 230 245.636
2014 91.110 215.000 236 246.679
2015 93.584 235.000 251 281.435
2016 89.820 235.000 235 284.008
2017 89.679 239.000 267 285.785
2018 84.786 220.000 259 280.000%

Kaynak: TUIK*TMO Tahminidir.

Diinyada fasulye bitkisinin ekimini ve verimini sinirlayan
bircok biyotik ve abiyotik faktér bulunmaktadir. Bu
faktorlerden birisi funguslar ve fungus benzeri toprak
kokenli patojenlerdir. Diinyada ve {iilkemizde fasulye
tretimindeki en 6nemli sorunlardan biri tohum kaynakl
fungal patojenlerdir. Bunlardan Fusarium spp., Rhizoctonia
solani Kihn., Pythium ultimum Trow, Macrophomina
phaseolina (Tassi) Goidanich, Sclerotinia sclerotiorum (Lib.)
de Bary ve Sclerotium rolfsii Sacc. fasulyede ¢okerten, kok
curtklagi ve solgunluk, komiir ¢rikligi, beyaz ¢iirtklik
ve giiney yanikligi gibi hastaliklara neden olmaktadirlar
(Erper et al. 2008, Vural and Soylu 2012).

Hem taze hem de kuru olarak yetistirilen fasulye bitkisinde
pek ¢ok fungusun tohum kaynakli oldugu bilinmektedir.
Tiirkiyede fasulyede yiiriitiilen bazi galismalarda, hastalikli
fasulye tohumlarinda Isariopsis griseola, Colletotrichium
lindemuthianum, Fusarium oxysporum, Fusarium solani,
Fusarium acuminatum, Fusarium culmorum, Fusarium
equiseti, Fusarium redolens, Fusarium sambucinum, Fusarium
semitectum ve Macrophomina phaseoli gibi fungal hastalik
etmenleri tespit edilmistir (Gobelez 1956, Maden and fren

1984, Temiz and Fesli 1974). Ayrica fasulyede, tohum kaynakli
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patojenlerin iiriinde 6nemli verim ve kalite kayiplarina sebep
olabilecegi de bildirilmektedir (Maden and iren 1984). Fasulye
tohumlarindaki patojenlerin biyokimyasal degisikliklere,
¢imlenmede azalmaya, tohumlarda aguhk kaybina,
mikotoksin olusumuna, tohum renginde farklilasmaya sebep

oldugu bildirilmistir (Weidenborner and Hindorf 1989).

Ayrica Bati Karadeniz Bolgesi Zonguldak, Bartin ve
Karabiik illerinde fasulyede vyiiriitillen bazi ¢aligmalarda
da fasulyede tohumla taginan en o6nemli hastaliklardan
birinin Pseudocercospora griseolanin neden oldugu Koseli
yaprak lekesi hastaligi oldugu bildirilmistir (Canpolat and
Maden 2020, Ozan 2009, Ozan and Maden 2010). Koseli
yaprak lekesi hastaliginin en 6nemli inokulum kaynaginin
ise hastalikli tohumlar ile hastalikli bitki artiklar1 oldugu
belirtilmistir (Canpolat and Maden 2017a, 2020, Ozan and
Maden 2010, 2014).

Nikaragua'da fasulye tiretimi yapilan 4 ana tiretim alanindaki
4 depoda siirveyler vyiritilmis, ornekler almmis ve
izolasyonlar yapilarak 133 fungal etmen bulunmustur.
Fusarium spp. (E chlamydosporum, F. equiseti, F. incarnatum),
Lasiodiplodia theobromae, M. phaseolina ve Penicillium
citrinum tohumdabulunan en zararli ve yaygin tiirler olmustur.
Bu fungal etmenler hem morfolojik hem de molekiiler olarak
tanimlanmistir (Marcenaro and Valkonen 2016). Hirvatistan
Cumbhuriyetinde fasulye tohumlarindaki tohum kaynakl
fungal etmenleri ve bunlarin okratoksin A (OTA) tiretimi ile
iliskisini tanimlamak i¢in tasarlanan ¢alismada, izole edilen
en yaygin fungal etmen Cladosporium spp. (%98) olmustur.
Bunu Alternaria spp. (%75), Aspergillus spp. (%73), Rhizopus
spp. (%73), Penicillium spp. (%69), Fusarium spp. (%38),
Botrytis spp. (%27), Trichothecium spp. (%24) ve Chaetomium
spp. (%18) izlemistir (Domijan et al. 2005).

Etiyopyada fasulye tohumlarindaki fungal patojenlerin
aragtirlldi1 ¢alismada C. lindemuthianum, Phaeoisariopsis
griseolave Ascochyta phaseolorum’un fasulye tohumlarindaki
en yaygin ve zararli tohum kaynakli fungal patojenler oldugu
tespit edilmistir (Yesuf and Sangchote 2005). Yine Misir'da
fasulyede tohum kaynakli fungal etmenleri belirlemek igin
yuritilen 2 farkli ¢alisma sonunda Aspergillus flavus (As.
flavus), Aspergillus niger (As. niger), Aspergillus ochraceus
(As.

Penicillium italicum (Pe. italicum), Alternaria alternata (AL

ochraceus), Penicillium digitatum (Pe. digitatum),

alternata), Botrytis faba, Sefalosporium sp., Cladosporium
cladosporioides (CI. cladosporioides), Epicoccum nigrum, F.
oxysporum, F. semitectum, F. solani, Fusarium verticillioides,
R. solani, Rhizopus stolonifer (Rh. stolonifer), Stemphylium
globuliferum (St.  globuliferum), Trichothecium roseum
(T roseum), Verticillium dahliae, Helminthosporium sp.,
Penicillium spp. fungal etmenleri tespit edilmistir (Elwakil

et al. 2009, Sabry et al. 2013).
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Bu ¢aliymanin amaci, Bati Karadeniz Bolgesinin Zonguldak,
Bartin ve Karabiik illerinde fasulye ekilis alanlarndan
toplanan fasulye tohumlarinda zarar olusturan hastalik
etmenlerinin belirlenmesidir.

MATERYAL VE METOT
Tohum enfeksiyon oraninin belirlenmesi

Zonguldak, Bartin ve Karabiik illerinde yapilan siirveyler
sirasinda kullanilan yerel fasulye genotipleri belirlenerek,
bu genotiplerin her birinden 250 g tohum 6rnegi alinmustir.
Daha sonra fungal enfeksiyon oranlarini belirlemek igin
tohumlar, laboratuvar kosullarinda hem stereomikroskop
altinda hem de makroskobik olarak incelenmistir. Tohumlar
belirti sekillerine gére gruplandirilip (Sekil 1), WA (Su Agari),
PDA (Patates Dekstroz Agar), SNA (Sentetik Nutrient Agar),
MEA (Malt Ekstrakt Agar), V-8 agar (V-8 sebze suyu agar)
besi ortamlarina ve nemli hiicreye (Blotter) ekimleri yapilarak

tohumda hastalik etmeninin varlig1 aragtirilmigtir.

Sekil 1. Farkli lezyon tiplerine gore gruplandirilan tohumlar

Tohum enfeksiyon oranlarini belirlemek igin hastaligin
gorilldiigli  seralardan hastalikli baklalar toplanmis ve
laboratuvara getirilerek tohumlar1 ¢ikarilmigtir. Perikarp
farkli
gruplandirilarak her belirti grubundan 400 adet tohum olacak

tizerinde yerlerde lezyonlara sahip tohumlar
sekilde 2-5 hafta siire ile laboratuvar kosullarinda kurutulup
depolanmustir. Daha sonra tohumlar, %1'lik NaOCIde 3
dk yiizeysel dezenfeksiyona tabi tutularak iki seri saf sudan
gecirilip steril kurutma kagitlar1 tizerinde kurutulmustur.
450 x 350 mm boyutundaki steril kurutma kagitlari, birkag

kat olacak sekilde tist tiste yerlestirilmis ve steril saf su ile
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nemlendirilmistir. Hastalik belirtisi gosteren tohumlar, bu
kagitlarin arasina koyulup rulo seklinde sarilmis ve 20 °C
sicaklikta inkiibasyona brrakilmustir ($ekil 2). Kontrolde ise
perikarp tizerinde hicbir hastalik belirtisi olmayan tohumlar,
ayn1 sekilde nemlendirilmis kurutma kagitlari arasinda isleme
tabi tutulmugtur. Inkiibasyondan 7-14 giin sonra tohumlar,

olasi fungal hastalik etmenleri yoniinden degerlendirilmistir
(ISTA 1996, Sengooba and Mukiibi 1986).

Sekil 2. Steril kurutma kégitlar: arasinda 7-14 giin boyunca
inkiibasyona birakilan fasulye tohumlar1

Ayrica depolanan  Seker Barbunya ¢esidi
tohumlarindan 400 adedi, EPPO tarafindan

onerilen prosediire gore fungal enfeksiyon agisindan

Ayse ve
fasulye

degerlendirilmistir. Bu amagla 400 x 340 mm boyutundaki
steril kurutma kagitlari, birkag kat olacak sekilde st iiste
Tohumluk Tescil ve Sertifikasyon Miidirliigi'nden temin
edilen tohum test kaplarma koyulmus ve steril saf su ile
nemlendirilmistir. Tohumlar kagitlarin arasina koyulup rulo
seklinde sarilmis ve 20°C sicaklikta karanlikta 48 s siireyle
inkiibasyona birakilmistir. Daha sonra tohumlar, i¢inde %1’lik
MEA besi ortami bulunan petri kaplarina aktarilmis ve 20-
24°C sicaklikta 7-14 giin siireyle inkiibasyona birakilmistir
(Sekil 3). Kontrol olarak tohum kabugu tizerinde hicbir
hastalik belirtisi olmayan saglikli tohumlar kullanilmugtir.
Ayni sekilde nemlendirilmis kurutma kagitlar1 arasinda
tohumlar inkiibasyona birakilmis sonra alinip %1'lik MEA
besi ortam1 bulunan petrilere ekilmistir. Inkiibasyondan 7-14
glin sonra tohumlar, olasi fungal hastalik etmenleri yéniinden
degerlendirilmistir (EPPO 1991).

Sekil 3. MEA besi ortaminda inkiibasyona birakilan
Barbunya ve Seker Ayse tohumlari
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Petri kaplarinda gelisen farkli fungal kiiltiirler, PDA, SNA,
V-8 agar ve MEA besi ortamlarina aktarilarak 24°C'de
inkiibasyona birakilmistir. 7-10 giinliik inkiibasyondan
sonra petrilerdeki gelismeler kontrol edilmistir.

Gelisen fungal kiiltiirlerin tani iglemleri, hem morfolojik
hem de
Fungal tirlerin morfolojik karakterizasyonu giincel tani

molekiiler yontemlerle gerceklestirilmistir.
referanslar tarafindan 6nerilen kriterlere gore yapilmistir
(Booth 1971, Crous et al. 2006, Nelson et al. 1983,
Simmons 1969, 1985, Summerbell et al. 2011). Fungal
tiirlerin molekiiler tanisi igin besi ortaminda gelistirilen
etmenlerin misellerinden 250 mg alinarak sivi azot
igine koyulmus, dondurulup muamele edildikten sonra
DNeasy Plant Mini Kit (QIAGEN Inc. Valencia, CA)
kullanilarak fungal izolatlardan DNA ekstraksiyon islemi
gerceklestirilmistir. Izole edilen DNAnin funguslarin farkl
korunmus boélgelerine ait ITS1 ve ITS4 genel primerleri
kullanilarak PCR amplifikasyonu gerceklestirilmis ve DNA
sekanslar1 GENOKS (Ankara) firmasma yaptirilmigtir.
Pseudocercospora griseola (Ps. griseola) igin ise ITS, Actin
ve Calmodulin gen bélgeleri kullanilmigtir. PCR karigimi
toplamda 50 pl olacak sekilde hazirlanmis ve PCRda
kullanilmigtir. Uygulanan PCR déngii programi asagida

belirtilmigtir;
1. 93°Cde 2 dKu.oueeeeecccccecceene 1 dongii
2.92°Cde 2 dKu.vveeecrerrereeecre e 40 dongii

3. Primerin uygulanan yapigma sicakligr 1 dk........ 40 dongii
4.72°C°de 2 Ko 40 dongii

5.72°Cde 10 dKu.ueuereeieiiiceiecreiceeeeeenes 1 dongii

Ps. griseolanin PCR dongiisii
96°C> 5 dk 6n denatiirasyon

96°C> 30 sn DNAnm ift

(denatiirasyon)

iplik¢iginin  ayrilmasi

55°C- 30 sn primer baglanmasi (annealing)
72°C~ 90 sn yeni iplik¢igin yazilimi (extension)
72°C- 7 dk son yazilim

Elde edilen PCR iirtinleri, %1.5’luk agaroz jele yiiklenmis
1X TBE (40 mM Tris-borate, 1 mM EDTA, pH 8.0) buffer
igerisinde 100 voltta elektroforez islemine tabi tutulmus
ve gorlntiilenmigtir. Ayrica ITS1 ve ITS4 primerleri
kullanilarak elde edilen PCR iiriinleri DNA niikleotid dizileri,
NCBI (National Center for Biotechnology Information)
BLAST veri tabanindaki kayitli DNA niikleotid dizileri ile

karsilastirilarak en yiiksek olasilikls tiire karar verilmistir.
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SONUCLAR
Tohumla tasiman fungal etmenler ve bulunma oranlar
Klasik yontemlerle belirlenen etmenler

Zonguldak, Bartin ve Karabiik illerinde yiiratiilen siirveyler
sirasinda  yetistiriciligi yapilan yerel genotipler, Seker
Ayse ve Barbunya olarak tespit edilmistir. Bu genotiplerin
tohumlarindaki fungal enfeksiyon oranlarini belirlemek i¢in
EPPO prosediiriine gore incelenen 400 tohumun %53’tinde

Fusarium sambucinum

Sekil 4. Tohumlardan izole edilen etmenlerin besi
ortamindaki koloni gelisimleri
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Ps. griseola, %14.5’inde Stemphylium vesicarium (St.
vesicarium), %6.5’inde E oxysporum, %5.25’inde F solani,
%4.5’inde St. globuliferum, %2’sinde Stemphylium herbarum
(St. herbarum), %1’inde E sambucinum, %0.75’inde T
roseum ve %2.5’inde ise Paecilomyces sp. tespit edilmistir
(Sekil 4). Ayrica tohum kabugunda ve hilumda lezyon
goriilen fasulye tohumlarindan, koseli yaprak lekesi etmeni
Ps. griseola izole edilmistir. Izole edilen fungal etmenlerin
morfolojik teshisleri Prof. Dr. Salih MADEN tarafindan
yapilmustir.

Tohum enfeksiyon oranlarini belirlemek i¢in ISTA (1996) ve
Sengooba and Mukiibi (1986)'ye gore 400 tohum, Ps. griseola
varlig1 agisindan analiz edilmis ve bunlarin 164'tiinde Ps.

griseola (%41) tespit edilmistir.
Molekiiler olarak tanimlanan fungal tiirler

Tohumlardan izole edilen fungal etmenlerden DNA
ekstraksiyonu yapilmis ve PCR iiriinlerinin amplifikasyonu
sonucunda, ITS igin 500-560 bp biyiikligiinde DNA
bantlar: elde edilmistir (Sekil 5). PCR iiriinlerinin niikleotid
dizi analizleri sonucu, NCBI BLAST veri tabaninda kayith
diziler ile karsilastirilmis, %99-%100 arasinda benzerlik
gostermistir. Bu izolatlar St. vesicarium (%100), E
oxysporum (%99), E solani (%99), St. globuliferum (%100),
Pleospora herbarum (%99), E. sambucinum (%99), T. roseum
(%100) olarak tanilanmis olup, morfolojik tan1 sonuglarini
dogrulamustir. Ps. griseola i¢in ITS 500-560 bp, Calmodulin
300-350 bp ve Actin 200-300 bp biiyiikliigiinde DNA
bantlar1 elde edilmigtir. PCR tirtinlerinin niikleotid dizi
analizleri sonucu NCBI BLAST veri tabaninda kayith diziler
ile kargilastirilmis ve %100 benzerlik gostermistir.

TARTISMA VE KANI

Bat1 Karadeniz Bolgesinin Zonguldak, Bartin ve Karabiik
illerinde 2012-2014 yillar: arasinda fasulye ekilis alanlarinda
stirvey c¢aligmalar yiriitilmis olup, bu illerden toplanan
hastalikli fasulye tohumlarinda zarar olusturan fungal
hastalik etmenleri belirlenmistir. Bu ¢alismada fasulye
tohumlarinda hem Ps. griseola’nin varligi hem de tohum
kaynakli fungal hastalik etmenlerinin varlig1 arastirilmistir.
Bu amagla Koseli yaprak lekesi hastaligi agisindan tohum
enfeksiyon oranini belirlemek icin yapilan testlerde
kullanilan tohumlar, hastalik siddetinin yiiksek seyrettigi
seralardaki enfekteli baklalardan alinmasina ragmen lekeli
tohumlarin hepsinden Ps. griseola elde edilememistir.
Dhingra and Kushalappa (1980), Saettler and Correa (1988)
tarafindan yapilan calismalarda da siddetli enfeksiyonlu
baklalardan alinan tohumlarda enfeksiyon orant %9
bulunmustur. Ayrica tohum enfeksiyonunu sadece tohum
kabugunun birlesme noktasina yerlesen lezyonlardan tespit
ettikleri igin tohum enfeksiyonunun hilum (tohum gébegi,
tohum kabugunun tohuma baglandigi yer) boyunca yer
alabilecegini bildirmislerdir (Dhingra and Kushalappa 1980,
Sengooba and Mukiibi 1986).

Dhingra and Kushalappa (1980) tarafindan Koseli yaprak
lekesi etmeninin sebep oldugu tohum enfeksiyonu ve
hastalik siddeti arasindaki iligki aragtirilmigtir. Fasulyede
Ps. griseola'nin baklada %8-17.9 hastalik siddetine sebep
oldugu ancak %31-63.8 oraninda Koseli yaprak lekesi
hastaliginin ¢iktig bildirilmigtir. Ps. griseolanin neden
oldugu tohum enfeksiyonu agisindan bakla enfeksiyon
orani %1-50 arasinda degisen 5 fasulye ¢esidinin tohumlari
testlenmistir. Koseli yaprak lekesi hastalik etmeni Ps.

Sekil 5. ITS primerleri kullanilarak yapilan PCR ¢ogaltim {riinlerinin agaroz jel gortntiisit M:100 bp DNA ladder, ITS (500-
550 bp). Stemphylium vesicarium (2), Stemphylium globuliferum (3), Paecilomyces sp. (4), Stemphylium herbarum (5), Fusarium
sambucinum (7), Trichothecium roseum (10), Pseudocercospora griseola (13,14), Fusarium oxysporum (15) ve Fusarium solani (16)
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griseola agisindan testlenen 3832 fasulye tohumundan
yalnizca 72'sinde hastalik etmeni (%1.87) bulunabilmistir.
Tohum ftizerindeki enfeksiyon orani ile baklalardaki
hastalik siddeti arasinda bir korelasyon bulunamamustir.
hilumda

ve sadece sutur Uzerindeki lekelerin altinda etmenin

Tohum enfeksiyonunun Oncelikle oldugu
yerlestigini bildirmislerdir. Mevcut ¢alismada da hem
EPPO (1991) hem de ISTA (1996)a gore testlenen 400
tohumdan sirasiyla Ps. griseola %53 ve %41 oranlarinda
tespit edilmistir. Ayrica bu ¢alismada da Koseli yaprak
lekesi hastalig1 etmeni Ps. griseola hem tohum kabugunda
hem de hilumda lezyon goriilen fasulye tohumlarindan
izole edilmis olup baklalardan etmenin izolasyonu ile ilgili

herhangi bir ¢alisma yapilmamigtir.

Hastalikli tohumlarin tohum kabugunda renk farkliligi
oldugu Orozco-Sarria et al. (1959) tarafindan tespit
edilmis olup, yiriitilen bu ¢aliymada da Ps. griseola'nin
tohum kabugunda renk degisimlerine neden oldugu tespit
edilmistir. Saettler and Correa (1988) tarafindan yiiriitiilen
bagka bir ¢aligmada ise koseli yaprak lekesi etmeninin 1982
yilinda %40, 1983 yilinda ise %10 oranlarinda tohumla
tagindigy bildirilmis olup, tohum iizerinde hastalik yerinin
cesitlere gore degistigi bildirilmistir. Enfeksiyon yerinin
farklihk gosterdigi ve bazi gesitlerde hilumda, digerlerinde
ise hem hilum hem de tohum kabugunda gozlendigi tespit

edilmistir.

Inokulum kaynaklarinin belirlenebilmesi igin enfekteli
bitki
kurularak yapilan c¢aliymada; denenen metotlarmn her

tohumlarla ve enfekteli artiklar1 ile denemeler
ikisinde de saksilardaki fasulye bitkilerinin tamaminda
hastalik ¢ikist gozlendigi bildirilmistir. Tiim bitkilerde
hastalik etmeni siddetli enfeksiyonlara neden olmus,
etmen fasulye yapraklarinda genellikle yaprak damarlariyla
sinurli kahverengi koseli lekelere neden olmustur. Yaprak
lekelerinin zamanla birleserek yapragi tamamen kapladigi,
yapraklarda kurumalara ve dokiilmelere neden oldugu tespit
edilmistir (Canpolat and Maden 2017a, 2017b). Yiiriitiilen
¢alisma sonuglarina gore hastalik etmeninin, ¢alismanin
yapildig1 bolgede iki tane 6nemli inokulum kaynagi oldugu
tespit edilmistir. Bu inokulum kaynaklarindan birinin
hastalikli tohumlar, digerinin de hastalikli bitki artiklar:
oldugu bildirilmistir. Yine farkli aragtiricilar tarafindan
yuritilen iki ¢aliymada da bitki artiklar1 ve enfekteli
tohumlarin hastalik etmenin inokulum kaynaklar1 olduklar1
bildirilmistir (Frison et al. 1990, Saettler and Correa
1988). Ayrica CABI/EPPO (1997)'da tohum, hastalikli
bitki artiklar1 ve kendi gelen bitkilerin etmenin inokulum
kaynaklari oldugu bildirilmektedir.

EPPO prosediiriine gore yapilan testlerde Ps. griseola 400
tohumda %53, ISTA (1996) ve Sengooba and Mukiibi
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(1986)'ye gore yapilan testlerde ise %41 oraninda tespit
edilmigtir. EPPO ve ISTA metotlar1 etmenin tohumdan
tespitinde kullanilabilecek en uygun metotlardir. Etmen
EPPO metodunda tohumdan besi ortamina aktarilarak,
ISTA metodunda ise tohum {izerindeki gelismelerden
preparat yapilarak teshis edilmistir. EPPO metodunda etmen
ISTA'ya gore daha yiiksek oranda elde edilebilmistir. Ayrica
fasulye tohumlardan izole edilen diger etmenlerin DNA
ekstraksiyonu yapilmis, ITS1 ve ITS4 primerleri kullanilarak
PCR islemi yiriitilmis ve ITS igin 500-560 bpde bantlar
elde edilmigtir. PCR fdriinlerinin DNA dizileri NCBIda
bulunan diziler ile karsilastirilmigtir. Elde edilen izolatlar
GenBank'ta kayith izolatlar ile %99-100 arasinda benzerlik
gostermistir. Bu izolatlar St. vesicarium, F. oxysporum, E
solani, St. globuliferum, P. herbarum, F sambucinum, T.
roseum'dur. Maden and Iren (1984), tarafindan yapilan
fasulyede tohumla taginan etmenlerin belirlendigi calismada
da fasulye tohumlarindan Stemphylium botryosum, F.
oxysporum, F. solani, E. sambucinum ve T. roseum’un izole
edildigi bildirilmistir.

Gobelez (1956) tarafindan Orta Anadolu Bolgesinde
fasulye tohumlarinda bulunan etmenleri belirleyebilmek
icin yapilan ¢alismada Isariopsis griseola, Gleosporium
lindemuthianum (C. lindemuthianum) ve Dothiorella
phaseoli (M. phaseolina)
¢alismamizda benzer olarak fasulye tohumlarinda sadece

saptanmis olup, mevcut

Ps. griseola tespit edilmistir.

Demirci ve Caglar (1998) tarafindan 1995 yilinda Erzurum
ilinin d6rt farkliil¢esinden 57 adet fasulye tohumu toplanmus
ve laboratuvara getirilerek incelenmistir. Tohumlarda
goriilen funguslar besiyerine ekilerek izolasyonlar ve teshisler
yapimistir. Incelemeler sonucunda, tohum 6rneklerinde
18 fungus belirlenmistir. Incelenen tohum orneklerinin,
%50.9'unun A. alternata, %47.4'untn Aspergillus spp.,
%3.5'inin Botrytis cinerea, %63.2'sinin Cladosporium spp.,
%10.5'inin C. lindemuthianum, %1.8'inin E acuminatum,
%50.9'unun E equiseti, %3.5'inin Fusarium proliferatum,
%1.8'inin F  verticillioides, %91.2'sinin Penicillium spp.,
%1.8'inin Phoma glomerata, %1.8'inin Phoma medicaginis,
%12.3'inin  R. solani, %96.5'inin Rhizopus stolonifer,
%7.0'sinin Stemphylium botryosum, %5.3'iniin Trichoderma
spp., %5.3'uniin T. roseum ve %5.3"iniin Ulocladium atrum
ile bulasik oldugu saptanmis olup, mevcut ¢aliygmamizda
bu patojenlerle benzer olarak T. roseum, farkli olarak da
Fusarium ve Stemphylium cinslerine ait S. globuliferum,
S. vesicarium, F. oxysporum, E solani, P. herbarum ve E

sambucinum bulunmustur.

Hirvatistan Cumbhuriyeti'nin 13 ilinde yetistirilen fasulye
(P vulgaris L.) tohumlarindaki tohum kaynakli fungal
etmenleri ve bunlarin okratoksin A (OTA) turetimi ile
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iligkisini tanimlamak icin tasarlanan ¢aligmada, izole edilen
en yaygin fungal etmen Cladosporium spp. (%98) olmustur.
Bunu Alternaria spp. (%75), Aspergillus spp. (%73),
Rhizopus spp. (%73), Penicillium spp. (%69), Fusarium spp.
(%38), Botrytis spp. (%27), Trichothecium spp. (%24) ve
Chaetomium spp. (%18) izlemistir (Domijan et al. 2005).
Yaptigimiz bu ¢aligmada ise testlenen fasulye tohumlarindan
E oxysporum %6.5, E solani %5.25 ve T. roseum ise %0.75

oraninda izole edilmistir.

Etiyopyada fasulye yetistirme alanlarindan toplam 245
tohum oOrnegi toplanmustir. Etiyopya'nin 6nemli fasulye
yetistirme bolgelerinden toplanan tohum 6rneklerinden
farkli
tanimlanmustir. C. lindemuthianum, Ps. griseola ve A.

cinsten 13 tohum kaynakli fungal patojen
phaseolorum’un fasulye tohumlarindaki en yaygin ve zararh
tohum kaynakli fungal patojenler oldugu tespit edilmistir
(Yesuf and Sangchote 2005). Yapilan mevcut ¢aliymada da
Ps. griseola fasulye tohumlarindan izole edilen en yaygin

hastalik etmeni olmustur.

Misir'in farkli yerlerinden toplanan 6 adet bakla ¢esidine
ait 26 tohum 6rnegi incelenmis ve tohum kaynakli fungal
etmenleri belirlemek i¢in izolasyonlar yapilmistir. Calisma
sonunda 13 cinse ait 20 fungal tiir tanimlanmistir. Bunlar
A. flavus, A. niger, A. ochraceus, P. digitatum, P. italicum,
A. alternata, B. faba, Sefalosporium sp., C. cladosporioides,
E. nigrum, E oxysporum, F. semitectum, F. solani, F.
verticillioides, R. solani, R. stolonifer, S. globuliferum, T.
roseum, Verticillium dahliae’ dir (Elwakil et al. 2009).
Ydrittigimiiz ¢alismada da E oxysporum, E solani, S.
globuliferum ve T. roseum etmenleri fasulye tohumlarindan

izole edilmistir.

Chen et al. (2013) C. lindemuthianum'un neden oldugu
Fasulye antraknozu hastaliginin, fasulyenin (P vulgaris)
en 6nemli tohum kaynakli hastalig1 oldugunu bildirmistir.
Fasulye tohumlarinda C. lindemuthianum'un saptanmasi
i¢in real-time PCR bazli bir teshis metodu gelistirebilmek
icin ¢alismalar yuritilmis ve real-time PCR testinin,
Fasulye antraknozu etmeninin saptanmasi igin geleneksel
testlerden veya diger PCR prosediirlerinden daha duyarli
oldugu bildirilmistir. Yiiriitiilen mevcut caligmada ise fasulye
tohumlarindan yapilan izolasyonlarda C. lindemuthianum’a

rastlanmamigtir.

Liamngee Kator et al. (2016) tarafindan Nijerya Makurdi'de
yapilan ¢alismada pazarlardan toplanan fasulye (P. vulgaris)
tohumlarinda tohum kaynakli funguslarin izolasyonu ve
teshisleri yapilmustir. Fasulye orneklerinden A. niger, A.
flavus, . oxysporum ve Botryodiplodia theobromae olmak
tizere toplam dort fungus izole edilmistir. Bu ¢alismayla

benzer olarak mevcut ¢aligmada da fasulye tohumlarindan
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E oxysporum izole edilmistir.

Kolombiyada Parsa et al. (2016) tarafindan 11 adet
Kolombiya fasulye ¢esidine (P. vulgaris) ait 582 fasulye
tohumunda fungal endofit aragtirmasi gergeklestirilmistir.
Arastirmada, ITS primerleri ile yapilan DNA sekans
analizine gore 42 taksona ait 394 endofitik izolat tespit
edilmistir. Tohum o6rneklerinden izole edilen en baskin
endofit %46.7 oraniyla Aureobasidium pullulans olmustur. F.
oxysporum %13.4, Xylaria sp. %11.7 ve C. cladosporioidesde
%7.6 oraninda bulunmugtur. Yiiritilen mevcut ¢aligmada
da 400 adet fasulye tohumunun %6.5'inde F. oxysporum
tespit edilmistir.

Marcenaro and Valkonen (2016) Nikaragua'da fasulye
tretimi yapilan 4 ana {iretim alanindaki 4 depoda siirveyler
yurttmiis, 6rnekler almis ve izolasyonlar yaparak 133 fungal
etmen bulmuslardir. Bulunan 87 izolatin fidelerde, renk
degisikligi, nekrotik lezyonlar, kanserler, ¢irtikliikler ve
olimciil nekrozlar gibi siddetli hastalik belirtilerine neden
oldugu bildirilmistir. Patojenik izolatlar besi ortamindaki
karakteristik gelismelerine ve morfolojik 6zelliklerine
dayanarak fenotipik olarak ayirt edilebilir sekiz gruba
ayrilmus ve ITS1 ve ITS2 primerleri kullanilarak DNA sekans
analizi ile tanimlanmiglardir. Patojenik izolatlar sekiz cinse
ayrilmus olup, Fusarium spp. (E chlamydosporum, F. equiseti,
E incarnatum), L. theobromae, M. phaseolina ve Penicillium
citrinum tohumda bulunan en zararli ve yaygin tiirler
olmustur. Ayrica Corynespora cassiicola, Colletotrichum
capsisi, Colletotrichum gloeosporioides, A. flavus ve Diaporthe
sp. (Phomopsis)nin fasulyede tohumla tasindiklarini ve
patojen olduklarini tespit etmislerdir. Mevcut ¢alismada da
hastalikli fasulye tohumlarindan izole edilen fungal etmenler

hem morfolojik hem de molekiiler olarak teshis edilmislerdir.

Ekilen tohumlarin kalitesi, triiniin hastaliklara kars:
dayanikli olmasi, verim ve kalite potansiyelini tam olarak
gerceklestirme yetenegi tizerinde kritik bir etkiye sahiptir.
Yiiksek tohumkalitesistandartlarinisaglamakigin tohumun
tretimi, hasadi, islenmesi, depolanmasi ve ekimini igeren
karmasik bir teknoloji gereklidir. Bu siire¢ boyunca bitkiyi
ve tohumu, mekanik yaralanmalardan, olumsuz gevresel
kogullardan, zararlilardan ve hastaliklardan korumak
icin ¢ok dikkatli olunmasi sarttir. Tohum kalitesinin
korunmasi agisindan higbir faktor digerinden daha
onemli degildir, ancak saglikli tohum elde edebilmek i¢in
bitkilerde hastalik kontrolii mutlak gereklidir. Tohum
patolojisinin ilk aragtirmalarindan bu yana kiiresel
tohum endiistrisinde bazi 6nemli degisiklikler meydana
gelmistir. Bu degisimlerde tohum kalite programlarinda
tohumla bulasan patojenler her zaman daha biiyiik 6neme
sahip olmustur. Bunu tohum ihracati i¢in uluslararasi

bitki saglig1 sertifikalarina yonelik artan talepler izlemis,
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patojenlerin tohum ile yayilmasiyla ilgili endiseler artmus,
gelismis tohum isleme teknolojisi ve biyoteknolojinin
tohumla taginan hastaliklarin kontroliinde uygulanmasi

¢aligmalari takip etmigtir (Denis 1995).

Yapilan ¢alismalarin sonuglarina gore hastalikli fasulye
tohumlarinda Koseli yaprak lekesi etmeni Ps. griseolanin
en yaygin hastalik etmeni oldugu belirlenmis ve bu
hastalik etmeninin Zirai Miicadele Teknik Talimati ve
Standart {lag Deneme Metodu hazirlanmistir. Ayrica

fasulye tohumlarindan izole edilen fungal izolatlar ile

Zirai Miicadele Merkez Arastirma Enstitiisii, Ankara
mikroorganizma kiltiir  koleksiyonuna da materyal
saglanmustir.

Yapilan bu ¢aligma sonucunda, Zonguldak, Bartin ve
Karabiik illeri fasulye diretim alanlarindan toplanan
hastalikli tohumlarda Fasulye koseli yaprak lekesi etmeni
P griseolanin en yaygin hastalik etmeni oldugu ve bu
hastalikla miicadele edilmesi gerekliligi ortaya konulmustur.
Hastalikla miicadelede kiiltiirel o6nlemler bagta olmak
tizere kimyasal ve biyolojik miicadele metotlari ile entegre
miicadele uygulanmalidir. Bundan sonraki ¢alismalarda,
fasulye tohumlarinda yaygin olarak goriilen 6nemli hastalik
etmenlerinin kimyasal miicadelesine alternatif yontemleri
gelistirmek amaciyla, biyolojik miicadele etmenlerinin
etkinliklerinin belirlenmesine yonelik bazi ¢alismalarin da

yapilmasina ihtiya¢ oldugu diistiniilmektedir.
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OZET

Bu ¢alisma Bati Karadeniz Bolgesinde Zonguldak, Bartin ve
Karabiik illerinde fasulye ekilis alanlarindan toplanan fasulye
tohumlarindagoriilenfungalhastaliketmenlerininbelirlenmesi
amaciyla 2012-2014 yillar1 arasinda ytiriitilmustiir. Tohum
ornekleri stirvey yapilan illerdeki seralardan toplanmustir. Bu
tohumlardan funguslar izole edildikten sonra, izolatlar hem
morfolojik hem de molekiiler olarak teshis edilmistir. Calisma
sonucunda tohum orneklerinden, Pseudocercospora griseola

(%53), Stemphylium vesicarium (%14.5), Fusarium oxysporum
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(%6.5), Fusarium solani (%5.25), Stemphylium globuliferum
(%4.5), Stemphylium herbarum (tel: Pleospora herbarum)
(%2), Fusarium sambucinum (%1), Trichothecium roseum
(%0.75) ve Paecilomyces sp. (%2.5) bitki patojeni fungal tirler
elde edilmistir.

Anahtar kelimeler: Phaseolus vulgaris, tohum, fungal
hastaliklar
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This study was carried out to determine the damage of the European sunflower
moth [Homoeosoma nebulellum (Den. & Schiff.)] to sunflower (Helianthus annuus
L.) cultivation areas in Ankara and the relationship of Homoeosoma nebulellum
(Den. & Schiff.) to Head rot disease (Rhizopus spp.) that causes loss of yield in

e . sunflower between 2013-2014. Data were collected from Ayas, Bala, Beypazari
eywords:

and Kalecik districts between 2013 and 2014 where sunflower cultivation is
Homoeosoma nebulellum, Rhizopus
spp., Ankara, sunflower, relation of
insect-pathogen

predominant. The prevalence of H. nebulellum was observed as 100% for both
years. The pest infestation rate was determined as 3.74% and 3.80% in 2013

. and 2014, respectively. Rhizopus stolonifer (Ehrenb.) Vuill. was observed as the
* Corresponding author: Cenk YUCEL

species that causes head rot disease in Ankara, and its prevalence was 76.68%
=4 cenkyucel@zmmae.gov.tr

and 70.42% in 2013 and 2014, respectively. The transmission rate of this disease
was determined as 4.08% and 4.04% in 2013 and 2014, respectively. When
the Chi-square correlation coefficient test was applied to the obtained results, a
72.4% relationship was determined between the pest and the disease. This study
shows that the European sunflower moth is not only the main cause of damage
to sunflower but also an important factor in the infestation of head rot disease.

GIRIS

Aycicegi (Helianthus annuus L.), 2019 yilinda tilkemizde
752.632 ha alanda iiretimi yapilan énemli bir yag bitkisidir
(TUIK 2020). Bitki zararlilar1 ve hastaliklar: da dahil olmak
tizere aygicegi verimini etkileyen birgok olumsuz faktor
vardir. Avrupa aygicegi giivesi [Homoeosoma nebulellum
(Den. & Schiff.) (Lepidoptera: Pyralidae)] sadece Asteraceae
familyasina ait bitkilerle beslenen oligophagous bir zararlidur.
Bu Palearktik tiir yaygin olarak Avrupa'dan Azerbaycan,
Iran, Rusya ve Cin'de aycigegi iiretimi yapilan tiim alanlarda
gortlmektedir (Dozet et al. 1993, Permana et al. 1993, Szabo
et al. 2009, Zeki and Ones 1993, Yiicel et al. 2014, Yiicel and
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Cobanoglu 2016, ZongZe et al. 2010). Azerbaycan'da yillik
46 kg/da varan irtin kaybina neden olurken (Ismayilzade et
al. 2015), Tiirkiyede %3.76’ya varan oranda iiriinde zarara
neden olmaktadir (Zeki et al. 2007).

Rhizopus (Mucorales: Mucoraceae) tiirlerinin meyve,
sebze, gigek, ¢igek sogani, yumru kok ve fidelerde yumusak
¢irimeye neden oldugu bildirilmektedir (Agrios 2005).
Aygigeginde tabla ¢iirtikliigii hastaligina neden olan R.
oryzae Went&Prinsen, R. microsporus Tiegh. ve R. stolonifer

Vuill.  tirlerinin tim aygigegi yetistirme bolgelerinde
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goriildigi, onemli diizeyde verim ve kalite kayiplarina
(Shtienberg 1997).
Ulkemizde yapilan galigmalarda, aygicegi tarlalarinin iiretim

sebep oldugu ifade edilmektedir

ve kaliteyi etkileyecek diizeyde Rhizopus spp. ile %0-100
bulasik olduklari (ortalama %9.3) tespit edilmistir (Yildirim
and Kaya 2005).

Shtienberg (1997), Rhizopus sporlariin ¢imlenmesi igin
serbest suya ihtiyag duydugunu ve miselyumlarimnimn sadece
yaralar yoluyla niifuz edebildigini ifade etmis ve ay¢icegi
tablasindaki bocekler, dolu, kuslar veya sulama ekipmani gibi
mekanik aletlerin yaralara neden olarak hastalik icin giris
noktalari olusturdugunu belirtmistir. Kus, lepidopter larvasi
zarar1 ve mekanik yaralanmalar hastalig1 tesvik etmektedir
(Yaldirim and Kaya 2005). Aygigegi tablasinin arkasindaki
mekanik veya fiziksel hasar, kafa cirigii hastaliginin
enfeksiyonu ile sonuglanmakta ve tohum verimini 6nemli
6lctide azaltmaktadir (Yildirim et al. 2010). Tablada beslenen
Aygigegi giivesi larvalarinin Tabla ¢iiriikligiiniin siddeti ile
iliskili oldugu saptanmustir (Klisiewicz 1979, Rogers et al.
1978).

Baz1 boceklerin viriis, bakteri, fungal patojenleri konuk¢u
bitkilere ileterek enfeksiyonu daha da kolaylagtirabilecegi
bilinmektedir. Boceklere yapisan veya yutulan sporlar
veya miseller aktif olarak enfekte olmamig bitki dokularina
taginmaktadir. Tarimsal iretim baglaminda funguslar ile
bocekler arasindaki etkilesimlerin bilinmesinin, verimin
korunmasinda 6nemli etkileri olabilir. Entomolojik ve
patolojik arastirmalarin entegre edilmesi, iiriinlerde olusacak
hasarin daha dogru tahmin edilmesine izin verecek ve etkili
izleme ile bitki koruma stratejilerine rehberlik edecektir. Bu
cergevede tilkemizde bitkisel yag tiretiminde 6nemli bir yere

sahip olan ayg¢icegi bitkisi i¢in zararl ile hastalik arasindaki

iliskiyi belirlemek amaciyla 2013-2014 yillarinda Ankara
ilinde bu ¢alisma yapilmistir.

MATERYAL VE METOT

Avrupa aygcicegi glivesi ve Aygcicegi tabla ciiriklugi
hastaliginin Ankara ili Ayas, Bala, Beypazari ve Kalecik
ilgelerindeki aygigegi bitkisi yetistiriciliginin yapildig
alanlardaki yayginlik ve bulasma oranlarinin belirlenmesi
i¢in 2013 ve 2014 yillar1 temmuz-agustos aylarinda siirvey
ve &rnekleme caligmalari yapilmistir. Ornekleme yapilan

alanlar Cizelge 1de verilmistir.

Avrupa aygcicegi glivesi ve Aygcicegi tabla ciiriklugi
hastaliginin tarlalardaki bulasma oranini belirlemek i¢in
stirveyler sirasinda tarla igerisinde kdsegenler istikametinde
zikzak seklinde ilerleyerek 10 farkli noktadan 100 bitki
olacak sekilde érnekleme yapilmistir. Ornekleme yapilan
tarlanin bityiikliigline gore incelenen bitki sayisi artirilmistir
(Jarvis and Guthrie 1987). Ornekleme yapilan bitkilerde
tespit edilen zararli larvalar1 ve hastalikli tablalar sayilarak
ortalama bulagma oran: belirlenmistir. Tarla bulagma orani

agagidaki formiile gore hesaplanmuistir;
Tarla bulagma orani=(Bulagik bitki say1si/ Toplam bitki say1s1)x100

Zararli ve hastaligin yayginligi, tarla biyiikligi dikkate
alinarak zararli ve hastaligin tarladaki bulagiklig: var-yok
seklinde tespit edildikten sonra; il ve ilge i¢in bulagik alanin

toplam alana oranlanmasiyla;
Yayginlik orani=(Bulagik alan/Toplam alan)x100 hesaplanmustir.

Zararli ve hastaligin il ve ilge bulasma orani ise tartili
ortalama alinarak hesaplanmustir. Her tarla i¢in hesaplanan
bulagma orani, o tarla biytiklagi ile ¢arpilarak, incelenen

tim tarlalar icin elde edilen ¢arpimlar toplanmistir. Bu

Cizelge 1. Ankara ilinde 6rnekleme yapilan ilcelere ait alanlar ve lokasyon bilgileri

Yillar Ayas Bala Beypazari Kalecik
Sinanli mah. Koseli koyii 39°3927 K, Oymaagag koyt1 40°02°03 K Hacikoy 140°11°09 K,
40°00'59 K, 32°1802 D, 731 m 33°04’10 D, 974 m 31°56’05 D, 995 m 33°26’09 D, 846 m
Oltan mah. 39°57°03 K, Koseli koyii 39°38’48 K, Oymaagag koyii 40°02°31 K,  Hacikoy 2 40°11'45 K,
32°09°03 D, 819 m 33°03’48 D, 983 m 31°57’11 D, 967 m 33°25’57 D, 857 m
2013 Gengali koyii 1 39°53°56 K, Kesikkoprii mah. 39°24°25 K, Mahmutlar kéyii 39°54°57 K, Alibeyli koyii 1 40°11°17
31°59'47 D, 921 m 33°23°08 D, 954 m 31°57°45 D, 987 m K, 33°33°04 D, 670 m
Gengali kéyi1 2 39°54'55 K, Akkosan koyii 39°3035 K, Mahmutlar koyii 39°55°10K, 0060171};1:?22521(5?;’171 b
31°59'48 D, 983 m 33°23’24 D, 935 m 31°57°00 D, 1024 m 68)3 m ’
Sinanli mah. 39°59’44 K, Koseli koyii 39°38°53 K, Kirbasi mah. 39°56’30 K, Hacikoy 1 40°10°47 K,
32°15°55 D, 794 m 33°03°48 D, 979 m 31°57°12 D, 1026 m 33°26’36 D, 871 m
Oltan mah. 39°55°36 K,  Kesikkoprii mah. 39°25’34 K, Mahmutlar koyii 39°53’51 K, Tilki koyii 40°12°33 K,
32°07’54 D, 735 m 33°23’03 D, 979 m 31°57°01 D, 1032 m 33°31’50 D, 807 m
2014 A - T g
Gengali koyti 1 39°53°49 K, Erdemli koyii 39°28°26 K, Dibecik koyii 40°07°37 K, Alibeyli koyti 1 40°11°24
32°06'20 D, 847 m 33°20’18 D, 783 m 31°50’52 D, 595 m K, 33°33°40 D, 641 m

Gengali koyii 2 39°53°53 K,
31°59°48 D, 959 m

Akkosan koyii 39°28°21 K,
33°23°07 D, 947 m

Kirbagi mah. 39°55°'17 K,
31°53°20 D, 1026 m

Aktepe kdyii 40°10°09 K,
33°29'24 D, 948 m
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toplam, maksimum bulagma olasiigina boliinerek ildeki

bulagsma oran1 hesaplanmigtir (Bora ve Karaca 1970).

Tabla ciirikligi hastaliginin teshisinde, arazi ¢alismalari
sirasinda aygicegi bitkisinin tablalar1 incelenmis lekelenme,
¢irime gibi hastalik belirtileri gosteren bitkiler alindig:
yeri belirten etiketlerle birlikte polietilen torbalar igine
konularak laboratuvara getirilmistir. Laboratuvara getirilen
hastalikli ay¢icegi 6rnekleri steril bir bisturi yardimiyla hasta
ve saglam dokuyu igerecek sekilde 2-3 mmrlik pargalara
kesilmis, %1’lik NaOCl iginde 3 dakika bekletildikten sonra
seri steril saf sudan gegirilmistir. Daha sonra steril filtre
kagitlar1 arasinda kurutulan dokular PDA (Patates Dekstroz
Agar) ortami igeren petri kaplarina 4’er adet olacak sekilde
ekilmistir. Petri kaplar1 24+1 °Cde 12 saat aydinlik 12
saat karanlik dénem igeren inkiibatérde 7 giin siireyle
gelistirilmistir. Gelisen kolonilerden alinan misellerin
her biri %2 lik su agarina gizilerek tek spor izolasyonu
yapilmistir. Etmen, Pitt and Hocking 1997, Agrios 2001;
2005 ve Zheng et al. 2007'e gore teshis edilmistir. Elde
edilen fungus izolatlar1 egik tiiplere aktarilarak +4 °Cde

saklanmustir.

Calismada elde edilen veriler ilk 6nce tarla ve ilce bulasma
oranlar1 hesaplanmigtir. Elde edilen sonuglara Ki-kare
kokenli iligki (Fi: ¢ ) katsayisi testi uygulanarak zararl ile
hastalik arasindaki Fi katsayr hesaplanmustir. Istatistiksel
analizler SPSS 23.0 paket programu ile yapilmustir.

SONUCLAR VE TARTISMA

Ankara ilinin Ayas, Bala, Kalecik ve Beypazari il¢elerinde
bulunan aygicegi tarlalarinda sayim ve 6rnekleme seklinde
calismalar yapilmistir. Orneklemede, Avrupa aygicegi
glivesi tarafindan zarar gormis tablalar ile Tabla ¢iirtiklagt
hastaliginin  birlikte bulundugu tablalar incelenmistir
(Sekil 1). Her iki etmen tarafindan zarar gérmiis tablalar
iligki  istatistiksel  olarak

belirlenerek  aralarindaki

hesaplanmustir.

Sekil 1. Aygi(;gi tablasindaki a. Avrupa
(Homoeosoma nebulellum) zarari, b. Tabla ¢iiriikliik hastalig
(Rhizopus stolonifer)nin belirtileri

Calismada elde edilen verilerin degerlendirilmesi sonucunda
Ankara ilinde Avrupa aygigegi giivesinin yaygimlig: her iki

yilda %100 olarak tespit edilmistir. Zararlinin ortalama
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bulagma orani ise 2013 yilinda %3.74, 2014 yilinda %3.80
olarak tespit edilmistir. Zararlinin Ayas, Bala, Beypazari
ve Kalecik ilgelerindeki 2013 ve 2014 yillarina ait ortalama
bulagma oranlari Sekil 2'de verilmistir.

Avrupa Aycicegi Giivesi

Bulagma orani (%)

yil
ligeler

2014
AYAS

Sekil 2. Ankara ili aygicegi yetistirilen alanlarda Avrupa
aygicegi giivesi (Homoeosoma nebulellum)’nin ilgelere gore
2013 ve 2014 yillarinda ortalama bulagma oranlari (%)

2013 2014
BEYPAZARI

2014
KALECIK

Zeki and Ones (1993), Avrupa aygicegi giivesi larvalarinin
Ankara ve Aksaray illerinde aygigegi tablasinda beslenerek
zararll oldugunu belirtmislerdir. Ankara aygicegi ekim
alanlarinda yapilan bir bagka c¢aligmada ise aygcicegi
tablalarinin Avrupa aygicegi giivesi ile %6-90’a varan oranda
bulasik oldugu tespit edilmistir (Zeki et al. 2007). Avrupa
aygicegi giivesi yaygin olarak Avrupa'dan Azerbaycan, iran,
Rusya ve Cin'de aygicegi tiretimi yapilan tiim alanlarda
gortlmektedir (Bei-Bienko et al. 1967, Reymonet et al. 1993,
Szabo et al. 2010, Zhang et al. 2009).

Ankara ilinde ornekleme yapilan tiim ilgelerde Tabla
curtkligii hastahigina neden olan etmenin Rhizopus
(Ehrenb.)  Vuill.

oldugu belirlenmistir. Etmenin karakteristik olarak dik

stolonifer (Mucorales: Mucoraceae)
yapily, dallanmis, koyu sari ile kahverengiye kadar degisen
renklerde sporangioforlar1 ve kiiresel, koyu renkte siyaha
yakin sporangiumlar1 bulunmaktadir. Yapilan ol¢timlerde
sporangiofor uzunlugu ortalama 2150 um, sporangium ¢ap1
ise 330 um olarak ol¢iilmiis, sporangiosporlarinin ise oval
veya gesitli gokgenimsi gekillere sahip oldugu belirlenmistir.
Etmenin PDAda 6nce grimsi-beyaz daha sonra siyahimsi-
kahve sporulasyon yaptig1 ve havai miseller olusturdugu

gozlenmistir.

Tabla ¢iiriikligii hastaliginin Ankara ilinde yayginlig1 2013
yilinda %76.68, 2014 yilinda %70.42 olarak saptanmuigtir.
Hastaligin ortalama bulagma orani ise 2013 yilinda %4.08,
2014 yilinda %4.04 olarak tespit edilmistir. Hastaligin
Ayas, Bala, Beypazari ve Kalecik il¢elerindeki 2013 ve 2014

yillarina ait bulagma oranlari $ekil 3'de verilmistir.

Marmara Bolgesi yaglik ay¢icegi alanlarinda yapilan siirvey
¢alismasinda aygigegi alanlarinin ortalama %9.3 oraninda
Tabla ¢iirtikliigii hastalig ile bulagik oldugunu ve 6nemli
verim kayiplarina yol agtigin1 belirtmektedir (Yildirim and
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Tabla Curiikliik Hastahgi 917 914

Bulagma orani (%)

Yillar

2014
iigeler

KALECIK

Sekil 3. Ankara ili aygicegi yetistirilen alanlarda Tabla
curtklik hastaligi (Rhizopus stolonifer)nin ilgelere gore
2013 ve 2014 yillarinda ortalama bulasma oranlar1 (%)

Kaya 2005). Rhizopus stolonifer’in aygigegi bitkisi i¢in 6nemli
ve yaygin bir hastalik oldugu, ¢igeklenme sonras1 ay¢icegini
enfekte ettigi ve verim kaybina neden oldugu saptanmustir
(Yildirim et al. 2010). Tabla ¢irikligii hastaliklart (R.
stolonifer, R. arrhizus, R. oryzae, R. microsporus) aygicegi
yetistirilen tiim alanlarda goriilmekte ve onemli verim
kayiplarina neden olmaktadir (Arnan et al. 1970, Borodin
and Kotliarova 2010, Shtienberg 1997).

Elde edilen sonuglara Ki-kare kokenli iligki (Fi: ¢ ) katsayisi
testi uygulandiginda Aygcicegi giivesi zarari ile hastalik
arasinda hesaplanan Ki-kare degeri, ¢=0,724; p=0,00
oldugundan hastaligin goriilmesi zararli ile iligkilidir
ve hastaligin ortaya ¢ikmasi %72.4 oraninda zararh ile
baglantilidir (Sekil 4).

Hastalik bulagma oram (%)

Rhizopus = -0.6244 + 1.3788*Giive
R?=0,9372

0 1 2 : 4 s 6 7 s
Aygigegi giivesi bulagsma orani (%)

Sekil 4. Aygicegi alanlarinda Avrupa aygigegi giivesi

(Homoeosoma nebulellum) ile Tabla ciiriikliik hastaligi
(Rhizopus stolonifer) arasindaki iliski grafigi

Aygigegi giivesiyle ilgili Amerika Birlesik Devletlerinde
yapilan bir ¢alismada, Homoeosoma electellum Hulst. ile
Tabla ¢iiriikliigi hastalig1 arasindaki iliski %88 oraninda
bulunurken, zararlmin olmadigi tablalarda hastaligin
%12 seviyesinde oldugu kaydedilmistir (Klisiewicz 1979).
Carlson (1967), Aygicegi giivesine karst ¢iceklenme
doneminde yapilan kimyasal miicadelenin larvalarin
kontroliinii etkin bir gekilde sagladigini, ayrica bu
sekilde larvalarmn agtigi yaralar nedeniyle olusan Tabla

giiriikliigiintin hastalik oraninin da biiyiik oranda azaldigini
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bildirmektedir.

sonucunda aycigeginde meydana getirdigi zararin disinda,

H.electellum’un larvalarinin  beslenmesi

aycicegi tohumlarinda meydana getirdigi yaralardan fungal
etmenlerin enfeksiyon olusturdugunu ve en 6nemlisinin
Rhizopus oryzae oldugu belirtilmektedir (Rogers et al.
1978). Bynum et al. (1985), benzer sekilde Aycicegi giivesine
kars1 ¢oklu kimyasal uygulamalar ile larva kontroliiniin
daha iyi oldugunu, verimin yitksek oldugunu ve Rhizopus
ifade
Harveson (2013), aygigeginde Tabla ¢iiriikliigii etmeninin

enfeksiyonunun  azaltildigini etmektedirler.
miicadelesinde koruyucu tedbir olarak Aygicegi giivesinin
larvalarina karsit ¢iceklenme oOncesinde veya larvalar
gortldiigiinde kimyasal uygulamanin yapilmasi gerektigini

belirtmektedir.

Bocekler, bitki patojenlerinin bitkilere bulagmasinda ve
gelismesinde gesitli roller oynarlar. Bazi durumlarda, bocekler
beslendikleri bitkileri zayiflatir ve patojenlerin saldirisina
kars1 daha duyarli hale getirir. Diinyada ve iilkemizde 6nemli
bir yag bitkisi olan ve ekonomik degeri yiiksek olan aygicegi
bitkisini olumsuz yonde etkileyen ve verim kaybina neden
olan Avrupa aygicegi giivesi primer zararmin yaninda Tabla
ciirtikliigii hastaliginin enfeksiyon yapmasinda 6nemli bir
etken durumundadir. Incelenen kaynaklarda da ozellikle
cigeklenme Dbaslangic1 ile beraber zararlmm takibinin
yapilmasi ayrica hastaliga kars1 koruyucu tedbirlerin alinmasi
tavsiye edilmektedir. Tarimsal iiretim baglaminda funguslar
ile bocekler arasindaki etkilesimlerin bilinmesinin verimin
korumasinda ve artirilmasinda 6nemli etkileri olacaktir.
Ozellikle, Avrupa aycicegi giivesi ile miicadelenin Tabla
¢riikliik hastaliginin miicadelesi i¢inde etkili olacag: ve

ikincil bir fayda saglayacagi sonucuna varilmistir.
TESEKKUR

Caligma sonuglarinin  bir kismi 19-23 Haziran 2018
tarihlerinde Kastamonuda diizenlenen Uluslararas1 Ekoloji
Sempozyumunda poster olarak sunulmus ve 6zet olarak

basilmustir.
OZET

Bu c¢alisma, Avrupa aygicegi giivesi [Homoeosoma
nebulellum (Den. & Schiff.)]'nin Ankara ili aygigegi
(Helianthus annuus L.) ekilis alanlarindaki zarari ile
aygiceginde verim kaybmna neden olan Tabla ¢iiriikligi
hastalig1 (Rhizopus spp.) ile arasindaki iliskinin belirlenmesi
amaciyla 2013 ve 2014 yillarinda yiratilmustir. Aygigegi
ekilisinin yogun olarak yapildig1 Ayas, Bala, Beypazar1 ve
Kalecik ilgelerinde yapilan siirvey ve 6rneklemelerden elde
edilen veriler degerlendirilmistir. H. nebulellum’un, Ankara
ilinde yayginlig: her iki yilda %100 olarak tespit edilmistir.
Zararlinin bulagma oranlar1 ise 2013 yilinda %3.74, 2014

yilinda %3.80 olarak saptanmistir. Ankara ilinde Tabla
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ciirtikligii hastaligina neden olan tiiriin Rhizopus stolonifer
(Ehrenb.) Vuill. oldugu ve yayginliginin 2013 yilinda %76.68,
2014 yilinda %70.42 oldugu tespit edilmistir. Hastaligin
bulagma orani ise 2013 yilinda %4.08, 2014 yilinda %4.04
olarak belirlenmistir. Elde edilen sonuglara Ki-kare kokenli
iliski katsayis1 testi uygulandiginda, zararhi ile hastalik
arasinda %72.4 oraninda iligki belirlenmistir. Sonug olarak
Avrupa aygicegi giivesi, aycicegindeki asil zararinin yaninda,
Tabla ciirtikliigii hastaliginin enfeksiyon yapmasinda da

onemli bir etken oldugu sonucuna varilmistir.

Anahtar kelimeler: Homoeosoma nebulellum, Rhizopus spp.,
Ankara, aygicegi, bocek-patojen iliskisi
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This study was carried out to determine the aphid species and their natural
enemies obtained of temperate fruit species in Erzincan and Gimishane
provinces between 2011-2013. The sampling was done every two weeks during

spring (May-June) months and autumn (September-October) season when the
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August) when the density decreased. As a result of the study, 24 aphid species,
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Aphis, Anuraphis, Anoecia, Brachycaudus, Chromaphis, Dysaphis, Eriosoma,

Hyalopterus, Myzus, Ovatus, Panaphis, Pterochloroides, Rhopalosiphum

(Hemiptera: Aphididae) genus and 13 secondary hosts of aphids were determined.
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parasitoids and 2 entomopathogenic species of aphids.

GIRI$

Biyogesitlilik acisindan diinyada miistesna  bir  yeri
olan Tiirkiyede, Dogu Anadolu Bolgesi 6zel bir konum
tagimaktadir. Dogu Anadolunun daghk arazi yapisinin
irili ufakli dar vadiler tarafindan yarilmasy; ¢ok gesitli
mikroklima alanlarinin olugmasina, flora ve buna bagh
olarak faunanin da zenginlesmesine neden olmustur. Bu
da bolgede bir¢ok bitki ve hayvan tiiriiniin pek ¢ok sayida
alttiiriniin olugumuna yol agmigtir. Bolgenin ana iklim
ozelliklerinden farkli olarak, meyvecilik agisindan misait
olan alanlarinin en o6nemlileri Coruh Vadisi, Erzincan,
Elazig-Malatya yoreleri (Yukar1 Firat Havzasi), Igdir, Mus
Ovasi ve Van Golii Havzasidir (Ulkiimen 1973).

Tiirkiyede 2019 yili verilerine gore 33.485.767 da alanda,
20.578.453 ton meyve iretimi gergeklestirilmistir. Bunun
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168.549 tonu Kuzeydogu Anadolu Bolgesinde, 42.138
tonu ise ¢alismanin yiritildigi Erzincan ili tarafindan
karsilanmistir. Dogu Karadeniz Bolgesinde ise 125.029
ton meyve tiretimi gergeklestirilmis, bunun 11.796 tonu ise
Giimishane ilinde tiretilmistir. Erzincan, ilindeki bu tiretim,
igerisinde yer aldigi Kuzeydogu Anadolu Bolgesi iiretim
miktarinin %25’ini; Glimiishane ili ise icerisinde yer aldig1
Dogu Karadeniz Bolgesi tiretim miktarmin %9.43’iinil
icermesi, meyve vyetistiriciliine verilen ©nemi ortaya
koymaktadir (TUIK 2019).

Bir¢ok iiriinde oldugu gibi meyve iiretiminde de {iriin
miktarini sinirlayan hastalik, zararli, yabanci ot vb. birgok
etmen bulunmaktadir. Meyve zararlis1 bécekler Hemiptera,
Thysanoptera, Coleoptera,

Diptera, Lepidoptera ve
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Hymenoptera takimlari icerisinde yer almaktadir (Ozbek
et al. 1998). Bu zararlilar igerisinde Hemiptera takimi
igerisinde yer alan yaprakbitlerinin, bitkilerin siirgiin,
dal, yaprak, meyve, govde ve koklerinde beslenerek ciddi
zarar ve deformasyonlar olugturduklari, salgiladiklar:
tatlh maddelerle bitkilerin kirlenmesine, tatli maddelere
yapisan toz ve burada gelisen funguslar nedeniyle de
fumajin olusumuna yol agtiklari;, bu olusumun ise,
bitkilerin fotosentez ve solunum kapasitesini azalttig
ifade edilmektedir (Lodos 1986, Olmez Bayhan and
Ulusoy 2002). Ayrica viriis ve benzeri organizmalara da
vektorliik ederler ki, ¢ogu zaman bu sekildeki zararlari,
diger onemli olmaktadir.
Yaprakbitlerinin bitkisel kokenli 370 viriisiin %66’sin1
tagidiklar1 bildirilmigtir (Matheus 1993).

zararlarindan ¢ok daha

Aphididae familyasindaki 6nemli meyve zararlis: tiirler,
Aphis (Linnaeus), Dysaphis (Borner), Hyalopterus (Koch),
Myzus (Passerini), Toxoptera (Koch), Pterochloroides
(Mordvilko) ve Rhopalosiphum (Koch) cinslerinde yer
alirlar (Anonim 2008, Ozbek et al. 1998). Bu cinsler
igerisinden Aphis pomi (De Geer) (Elma yesil yaprakbiti),
Aphis  spiraecola Patch (Turunggil vyesil yaprakbiti),
Dysaphis devecta (Walker) (Elma kirmizi gal yaprakbiti),
Dysaphis plantaginea (Passerini) (Elma gri yaprakbiti),
Dysaphis pyri (Boyer de Fonscolombe) (Armut gri
yaprakbiti), Hyalopterus pruni (Geoffroy) (Erik unlu
(Fabricius) (Kiraz
yaprakbiti), Myzus persicae (Sulzer) (Seftali yaprakbiti),

yaprakbiti), Myzus cerasi siyah
Toxoptera aurantii (Boyer de Fonscolombe) (Turunggil
siyah yaprakbiti), Pterochloroides persicae (Cholodkovsky)
(Seftali g6vde kanlibiti) ve Rhopalosiphum insertum
(Walker) (Elma-ot yaprakbiti) tilkemizde de yogun olarak
goriilen 6nemli meyve zararlis1 Aphididae tiirlerindendir
(Alaserhat 2019, Anonim 2008, Kaplan 2019, Olmez
Bayhan and Ozdemir 2009, Ozbek et al. 1998, Yoldas et

al. 2007).

Erzincan ve Giimiigshane illerinde yiiriitiilen bu ¢aligmada,
meyve agaglarinda zarar yapan yaprakbiti tiirleri ve dogal
diigmanlar1  belirlenmis, bunlar igerisinde ekonomik
6neme sahip olan tirler ortaya konulmugtur. Yaprakbiti
tirleri tizerinde bulunan predator, parazitoit ve patojenler
igerisinde potansiyel olarak énem tasiyan tiirlerin biyolojik
miicadelede kullanim imkénlar1 ile ileride yapilacak
caligmalara bir altyapi olusturulmustur. Boylece, entegre
miicadele ve organik meyve yetistiriciligi kapsaminda,
yaprakbitleri ile biyolojik miicadelenin temel verileri ortaya
konulmugtur. Bu ¢alisma sonucu belirlenen potansiyel
dogal diismanlar daha sonra ele alinarak, dogal diisman
ve Kkitle

etkinliklerinin artirilmasi halinde tretilerek

salinmast gibi konulara yon verilecektir.
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MATERYAL VE METOT
Materyal

Erzincan ve Giimishane illerinde yogun olarak yetistirilen
timan iklim meyve tirlerinden elma, armut, ayva, erik,
kayisi, seftali, kiraz, visne, kizilcik, mahlep, badem ve
ceviz agaglar1 ile bunlar tzerinde bulunan yaprakbiti
tirleri ve bu tiirler iizerinde bulunan predator, parazitoit
ve entomopatojenler, stereo mikroskop, atrap, bdcek
aspiratori, kiltiir kaplari, parazitoit ¢ikartma kutular: vb.

malzemeler ¢alismanin materyalini olusturmugtur.
Yaprakbiti tiirlerinin belirlenmesi

Stirvey ¢aligmalar1  2011-2013 yillarinda, Erzincan
Merkeze bagli Yalnizbag, Bahgelikoy, Dortler beldeleri ile
Cevizli koyii, Uziimlii Merkez ilcesi ve Bayirbag beldesi,
Kemah Merkez ilgesi, Eri¢ ve Bozoglak koyii, ili¢ ilgesi
Merkez, Kemaliye Merkez ilgesi, Yuva ve Toybelen koyii;
Guimiishane Merkez, Pirahmet koyii ve Tekke beldesi
ile Torul Merkez ilgesi, Mescitli ve Ikisu kéylerinde
yirttilmigtiar (Sekil 1). Caligma tesadiifi 6rnekleme
yontemine (Bora ve Karaca 1970) gore, vejetasyon
baglangicindan sezon sonuna kadar olan donemde, iiretim
alanlarinin en az %5’inde yritiilmistir (Cizelge 1).
Yaprakbiti tiirlerinin belirlenmesi amaciyla Erzincandaki
stirvey alanlarindan en az ikiser bahgede; Giimtishanedeki
siirvey alanlarindan en az birer bahgede Lazarov and
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Sekil 1. Erzincan ve Giimiishane illerinde ¢alismalarin
yiriitildigi alanlar
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Grigorov (1961) yontemine gore incelemeler yapilmistir
(Cizelge 2). Orneklemeler, bu bahgelerde bulunan iliman
iklim meyve tiirlerinden elma, armut, ayva, erik, kayisi,
seftali, kiraz, visne, kizilcik, mahlep, badem ve ceviz
agaclarinda, mimkiin olduk¢a da tiirlerin bir¢ogunu

iceren bahgelerde yapilmistir.

Cizelge 1. Erzincan ve Giimiishane illeri meyve alanlari
(TUIK 2019) ve incelenen alanlar

. Toplam Alan  Incelenen Alan
Il Lokasyon P (da) (da)
Merkez 14.743 1.180
Uziimlii 11.195 910
Erzincan Kemah 5.201 262
flig 773 45
Kemaliye 1.176 60
o Merkez 3.939 215
Giimiigshane
Torul 4.268 220

Cizelge 2. Meyve bahgelerindeki toplam aga¢ sayilar1 ve
incelenmesi gereken agag sayilar1

Toplam Agag Sayist  Incelenmesi Gereken Agag Sayist
1-20 Tamami
21-70 21-30
71-150 31-40
151-300 41-80
301-1000 %15

Yaprakbiti popiilasyonunun yogun oldugu ilkbahar (mayus-
haziran) ve sonbahar aylarinda (eyliil-ekim) iki haftada bir,
yogunlugun azaldigi yaz aylarinda (temmuz-agustos) ise
ayda bir arazi ¢ikislar1 yapilmis 6rnekler toplanarak kese
kagitlarina konulup laboratuvara getirilmis, daha sonra
bu ornekler igerisinde %70 etil alkol bulunan 1.5 mllik
tiplere yerlestirilmistir. Arazi siirveyleri bittikten sonra
bu oOrneklerin preparasyonlar: yapilmis ve daha sonra

yaprakbiti tiirleri tespit edilmistir.
Yaprakbitlerinin preparasyonu ve teshisi

Yaprakbiti Hille Ris
Lambers (1950)'in yontemi kullanilmistir. Yaprakbitlerinin

preparasyonlarinin  yapiminda

teshisinde; Remaudiere (1954), Bodenheimer and Swirski
(1957), Borner and Heinze (1957), Bissel (1978), Blackman
and Eastop (1984, 1994, 2000, 2020), Eastop (1971, 1972),
Hille Ris Lambers (1945, 1947a, 1947b, 1949, 1969, 1973),
Tuatay and Remaudiere (1964), Shaposhnikov (1964) ve
Stroyan (1961, 1963, 1977, 1984)dan ve Nazife Tuatay Bitki

Koruma Miizesindeki teshisli 6rneklerden yararlanilmustir.

Yaprakbitlerinin sistematik olarak smiflandirmasi, gegerli
olan son isim ve sinonimlerinin tespitinde Eastop and Hille
Ris Lambers (1976), Remaudiere and Remaudiere (1997)

esas alinmustir.
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Yaprakbitlerinin dogal diismanlarinin belirlenmesi
Predatorlerin belirlenmesi

Predatorlerin  belirlenmesi amac1 ile ¢aligmalarin

yuriitilldiigii  bahgelerde, yaprakbiti popiilasyonunun
yogun oldugu agaclarda 6ncelikle gozle inceleme yapilmis,
daha sonra goriilen predatorler, beslendikleri yaprakbiti
tiirleri kaydedilmistir. Tlaveten predatérlerin belirlemesi
amaciyla, rastgele segilen agaglarin dort tarafindaki birer
dalina japon semsiyesi tutularak, lastik hortum gegirilmis
bir sopa ile dallara iiger kez ayn1 hizla vurularak (toplam
100 darbe) semsiye iizerine dokiilen bocekler aspirator
yardimiyla alinmistir (Anonim 2008). Ergin Oncesi
donemler ise, yaprakbiti ile bulagik bitkilerle birlikte, dnce
kéagit havlu arasina sarilmis sonra plastik torbalara ve daha
sonra da buz kutularina konarak laboratuvara getirilmistir.
Bu ornekler, laboratuvarda plastik olan kiltir kutulara
konulmus, giinliik kontrolleri yapilmis, ihtiya¢ halinde
yaprakbiti ile bulagik taze siirgiin ilave edilmistir. Kiltiir
kaplarindan ¢ikis yapan ergin predatorler, yumusak bir
pens veya aspirator ile alinmus, etil asetat ile 6ldtirillmustiir.
Daha sonra bu 6rnekler ignelenmis ve teshis edilmek tizere
alindig1 yaprakbiti 6rnegi ile ayn1 numarali etiket yazilarak
bocek kutular1 icerisine yerlestirilmis (Aslan 2002,

Yumruktepe 1993), konu uzmanlarina gonderilmistir.
Parazitoitlerin belirlenmesi

Yaprakbiti belirlenmek

stirveylerin yapildig1 bahgelerden igerisinde mumyalagmis

parazitoitlerini amaciyla,
yaprakbitlerinin bulundugu koloniler kese kagitlarina
konulmus ve buz kutularina yerlestirilerek laboratuvara
getirilmistir. Laboratuvara getirilen bu 6rneklerde oncelikle
yaprakbiti disindaki tim zararllar temizlenmis, daha
sonra ucu disarida olacak sekilde bir cam tiip yerlestirilen
parazitoit ¢ikartma kutularina konulmustur. Parazitoit
¢ikartma kutular1 giinliik olarak kontrol edilmis, cam
tiipte toplanan parazitoit bireyler alinmis, teshis edilmek
tizere icerisinde %95’lik etil alkol bulunan 1.5 mllik
tiplere aktarilmis (Yumruktepe 1993), konu uzmanlarina

gonderilmistir.
Entomopatojen funguslarin elde edilmesi

Yaprakbiti tirlerinin belirlenmesi amaciyla yiiriitiilen
calismalar esnasinda, imkénlar ol¢tsiinde fazla sayida
yaprakbiti kolonisi gozle ve biiyiitegle kontrol edilmistir.
Incelenen yaprakbiti kolonilerinden alinan enfekteli veya
normal goriiniigte olmayan bireyler toplanarak steril plastik
tipler igerisine konulup etiketlenmis ve laboratuvara

getirilmistir.

Funguslarin izolasyonu igin, laboratuvara getirilen hastalikli

yaprakbitleri 6ncelikle %1’lik sodyum hipoklorit igerisinde
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30 saniye tutularak ylizey sterilizasyonu yapilmistir. Daha
sonra yiizey sterilizasyonu yapilan 6rnekler steril saf suyla
durulanip kurutulmus, igerisinde 100 pg/ml streptomycin
stilfat bulunan patates dekstroz agar (PDA) veya Sabouraud
dekstroz agar (SDA) besiyeri igeren petrilere ekimleri
yapimuistir. Petriler 2742 °C sicaklik ve %75+5 nemde
inkiibasyona birakilmistir (Abdel-Baky 2000, Abdel-Baky
and Abdel-Salam 2003, Balogun and Fagade 2004, Eken et
al. 2006).

Bazi funguslar sadece canli dokular {izerinde faaliyetlerini
stirdiirebildikleri i¢in bu tiirden entomopatojen funguslarin
elde edilmesi amaciyla nemli hiicre yontemi kullanilmistir.
Bu yoénteme gore iizerinde herhangi bir fungus gelismesi
olmamasina karsin, anormal hareketlerinden dolay:
enfekteli olabilecegi diigiiniillen yaprakbitleri, ytizeysel
sterilizasyon amaciyla %1’lik sodyum hipoklorit i¢erisinde
30 saniye tutulduktan sonra steril suyla yikanmustir. Steril
Petri kaplarinin i¢ kisimlarina nemlendirilmis steril filtre
kagitlar1 birakilmis ve yiizeysel dezenfeksiyon yapilmis bu
kadavralar, igerisinde nemli filtre kagitlarinin oldugu Petri
kaplarina birakilmis ve fungal gelismenin ger¢eklesmesi
beklenmigtir. Daha sonra bu petri kapaklari, funguslarin
daha giiclii sporlanmasi i¢in daha 6nceden hazirlanan ve
i¢lerinde yumurta sarisi bulunan PDA veya SDA ortami
igeren Petrilere kapatilarak, 27+2 °C sicaklik ve %75+5
nemde inkiibe edilmis ve fungal gelismenin baglamasi

saglanmistir (Papierok and Hajek 1997).

Gelisen fungus kolonileri saflagtirilarak PDA veya SDA
besiyeri i¢eren egik agar tiiplerine aktarilmistir. Elde edilen
izolatlar daha sonra konu uzmanina gonderilerek teshisleri
yaptirilmis, olabilecek

potansiyel entomopatojenler

belirlenmigtir.
Yaprakbitlerinin sekonder konuk¢ularinin belirlenmesi

Yaprakbitlerinin meyve agaglarini terk etmeye basladig1
donemlerde bahgelerin etrafinda ve igerisinde bulunan
yabanci otlar kontrol edilmis, buralardaki yaprakbiti,
predator ve parazitoit tiirler ile bunlarin bulundugu bitkiler
tespit edilmistir. Belirlenen bu yabanci otlarin herbaryumlar:
yapilarak konu uzmanlarina teshisleri yaptirilmigtir.
Teshisleri yaptirilan bu yabanci otlardan elde edilen
yaprakbiti tiirlerinin, literatiir destegi ile konukgu bitkileri
belirlenmis ve bu konukgularin ¢alismamiz: yirattigimiiz
iliman iklim meyve tiirlerinden biri olmasi durumunda ise o
yabanci ot bu yaprakbiti i¢in sekonder konukgu olarak kabul

edilmigtir.
SONUCLAR

Calisgma sonucunda Erzincan ve Guimishane illerinde
yetigtirilen yumugak ¢ekirdekli meyve tiirlerinden elma,

armut, ayva; sert ¢ekirdekli meyve tiirlerinden erik, kayisi,

94

kizilcik, kiraz, mahlep, seftali, visne; sert kabuklu meyve
tiirlerinden ise badem ve ceviz agaglarinda Aphis fabae
Scopoli, Aphis gossypii Glover, Aphis pomi de Geer, Aphis
spiraecola Patch, Anuraphis farfarae (Koch), Anoecia
corni (Fabricius), Brachycaudus (Thuleaphis) amygdalinus

(Schouteden), Brachycaudus (Acaudus) cardui (Linnaeus),

Brachycaudus  helichrysi  (Kaltenbach), Brachycaudus
(Acaudus) persicae (Passerini), Chromaphis juglandicola
(Kaltenbach), Dysaphis devecta (Walker), Dysaphis

(Pomaphis) plantaginea (Passerini), Dysaphis (Pomaphis)

pyri
(Hausmann), Hyalopterus pruni (Geoftroy), Myzus cerasi

(Boyer de Fonscolombe), Eriosoma lanigerum
(Fabricius), Myzus (Nectarosiphon) persicae (Sulzer),
Myzus varians Davidson, Ovatus crataegarius (Walker),
Panaphis  juglandis (Goeze), Pterochloroides persicae
(Cholodkovsky), Rhopalosiphum nymphaeae (Linnaeus) ve
Rhopalosiphum padi (Linnaeus) (Hemiptera: Aphidoidea)
olmak iizere 24 yaprakbiti tirii tespit edilmis olup, bu
yaprakbitleri ve konukgular1 Cizelge 3’te verilmistir. Bu
yaprakbitlerinde beslenen Forficulidae familyasindan 1,
Anthocoridae familyasindan 5, Miridae familyasindan
7, Reduviidae familyasindan 1, Nabidae familyasindan 1,
Chrysopidae familyasindan 4, Mantispidae familyasindan
1, Raphiidae familyasindan 1, Coccinellidae familyasindan
28, 12,
familyasindan 1 ve Hybotidae familyasindan 3 tiir olmak

Syrphidae  familyasindan Chamaemyiidae
tizere toplam 65 predator tiir (Cizelge 4) belirlenmis,
predator tiirler ve tizerinde beslendikleri yaprakbiti tiirleri
Cizelge 5de verilmistir. Ayrica Braconidae (Aphidiidae) ve
Aphelinidae (Aphelininae) familyasindan da 11 parazitoit
tir (Cizelge 6), Encyrtidae, Eulophidae, Pteromalidae,
Megaspilidae, Perilampidae, Scelionidae, Ichneumonidae
familyalarina giren 13 sekonder parazitoit; Encyrtidae,
Eulophidae ve Ichneumonidae familyalarina giren 9
predator parazitoiti tir (Cizelge 7) tespit edilmistir.
Calismalar esnasinda toplanan yaprakbiti 6rneklerinden
15 fungus cins ya da tiirii (Cizelge 8) belirlenmis ve
bunlar icerisinden Cladosporium sp. ve Paecilanomyces
sp.
Yaprakbitlerinin sekonder konukgularinin belirlenmesi
bahge

disarisinda bulunan 28 adet yabanci ot ve bunlar tizerinde

entomopatojen tiirler olarak tespit edilmigtir.

kapsaminda ise igerisinde, kenarinda veya
bulunan 22 adet yaprakbiti tiirii (Cizelge 9) belirlenmis,
bu yabanci ot tiirlerinden 13 adet sekonder konukgu tespit

edilmistir (Cizelge 10).



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (4) : 91-109

Cizelge 3. Erzincan ve Giimiighane illeri iliman iklim meyve gesitlerinde 2011-2013 yillarinda belirlenen yaprakbiti tiirleri ve

konukgular1
Yaprakbiti tiirt Konuk¢u
Anoecia corni (Fabricius, 1775) Kizilak
Anuraphis farfarae (Koch, 1854) Armut

Aphis fabae (Scopoli, 1763)

Aphis gossypii (Glover, 1877)

Aphis pomi (de Geer, 1773)

Aphis spiraecola (Patch, 1914)

Brachycaudus (Thuleaphis) amygdalinus (Schouteden, 1905)
Brachycaudus (Acaudus) cardui (Linnaeus, 1758)
Brachycaudus helichrysi (Kaltenbach, 1843)
Brachycaudus (Acaudus) persicae (Passerini,1860)
Chromaphis juglandicola (Kaltenbach, 1843)
Dysaphis devecta (Walker, 1849)

Dysaphis (Pomaphis) plantaginea (Passerini, 1860)
Dysaphis (Pomaphis) pyri (Boyer de Fonscolombe, 1841)
Eriosoma lanigerum (Hausmann, 1802)
Hyalopterus pruni (Geoffroy, 1762)

Myzus cerasi (Fabricius, 1775)

Myzus (Nectarosiphon) persicae (Sulzer, 1776)
Myzus varians (Davidson, 1912)

Ovatus crataegarius (Walker, 1850)

Panaphis juglandis (Goeze 1778)

Pterochloroides persicae (Cholodkovsky, 1899)
Rhopalosiphum nymphaeae (Linnaeus, 1761)
Rhopalosiphum padi (Linnaeus, 1758)

Armut, Ayva, Elma, Erik, Kiraz, Kayisi,Seftali, Visne
Armut, Kayist

Elma, Armut, Ayva

Kiraz

Kayist , Zerdali

Badem, Erik, Seftali

Elma, Erik, Kaysi, Seftali, Visne
Erik, Kayis1

Ceviz

Elma

Elma

Armut, Elma

Elma

Armut, Badem, Erik, Kayisy, Kiraz, Seftali, Visne
Kayisy, Kiraz, Mahlep, Visne
Elma, Kayisy, Kiraz, Seftali
Seftali

Ayva

Ceviz

Badem, Erik, Kayisi, Seftali
Elma, Seftali

Ayva, Kayisi

Cizelge 4. Erzincan ve Giimiighane illeri iliman iklim meyve gesitlerinde 2011-2013 yillarinda belirlenen yaprakbiti tiirleri ve

konukgular1
Familya Tir
Forficulidae *Forficula auricularia L.
*Anthocoris nemoralis (F.)
*Anthocoris nemorum (L.)
Anthocoridae *Anthocoris pilosus (Jakovlev)
*Orius minutus (L.)
**Orius niger (Wollf)
*Deraeocoris (Knightocapsus) lutescens (Schilling)
*Deraeocoris punctulatus (Fallen)
*Deraeocoris ruber (Linnaeus)
Miridae *Deraeocoris rutilus (Heriich-Schaeffer)
*Deraeocoris (Camptobrochis) serenus (D.&S.)
*Deraeocoris trifasciatus (Linnaeus)
***Dicyphus sp.
Reduviidae *Nagusta goedelii (Kolenati)
Nabidae ***Nabis pseudoferus Remane
Raphidiidae *Phaeostigma (Pontoraphidae) pontica (Albarda)
Mantispidae *Mantispa styriaca (Poda)
*Anisochrysa presina (Stephens)
Chrysopidae *Chrysoperla carnea (Stephens)

*Dichochrysa prasina (Burmeister)
*Nineta pallida (Schneider)
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Cizelge 4. tin devami

Coccinellidae

*Adalia bipunctata (L.)

*Adalia decempunctata (L.)

*Adalia fasciatopunctata revelierei Mulsant
*Brumus (Exochomus) qadripustulatus (L.)
*Brumus (Exochomus) sp.

*Chilocorus bipustulatus (L.)

**Coccinella quattuordecimpustulata (L.)
**Coccinella septempunctata (L.)
***Exochomus nigromaculatus (L.)
*Hippodamia (Semiadalia) undecimnotata Schneider
**Hippodamia (Adania) variegata (Goeze)
*Hyperaspis weisei (Schaeffer)

*Nephus nigricans (Weise)

*Qenopia (Synharmonia) conglobata (L.)
*Platynaspis luteorubra (Goeze)
*Psyllobora vigintiduopunctata (L.)
*Scymnus apetzi (Mulsant)

*Scymnus frontalis (Fabricus)

*Scymnus inderihensis (Mulsant)
*Scymnus marginalis (Rossi)

*Scymnus pallipediformis (Giinther)
*Scymnus quadriguttatus (Fursch&Kreissl)
*Scymnus rubromaculatus (Goeze)
**Scymnus subvillosus (Goeze)

*Stethorus gilvifrons (Mulsant)

*Stethorus punctillum (Weise)
*Subcoccinella vigintiquatuorpunctata (L.)

*Vibia deudecimguttata (Poda)

Syrphidae

*Eristalis arbustorum (L.)
*Episyrphus balteatus (de Geer)
*Eupeodes corollae (F.)
*Melangyna sp.

*Melanostoma mellinum (L.)
*Meliscaeva auricollis Meigen
*Paragus tibialis (Fallen)
*Paragus quadrifasciatus (Meigen)
*Pipiza sp.

*Pipizella sp.

**Sphaerophoria scripta (L.)

Chamaemyiidae

**Leucopis sp.

Hybotidae

***Platypalpus sp.1
*Platypalpus sp.2
*Platypalpus sp.3

*Meyvelerdeki yaprakbitleri tizerinde belirlenenler

**Hem meyve hem de sekonder konukgulardaki yaprakbitleri tizerinde belirlenenler
***Sekonder konukgulardaki yaprakbitleri tizerinde belirlenenler

Platypalpus sp.1: Platypalpus cinsine ait birinci tiir

Platypalpus sp.2: Platypalpus cinsine ait ikinci tiir

Platypalpus sp.3: Platypalpus cinsine ait tigiincii tiir
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Cizelge 5. Erzincan ve Glimiishane illeri iliman iklim meyve gesitlerinde 2011-2013 yillarinda yaprakbiti tiirleri tizerinde

bulunan predator tiirler

f e 1 Predator
Yaprakbiti Tiirleri Familya Tiirler
Chrysopidae Chrysoperla carnea (Stephens)
Anoecia corni (Fabricius, 1775) Coccinellidae Adalia bipunct?ta (L), A. fasciatopunctata revelierei
(Mulsant), Coccinella septempunctata (L.)
Aphis craccivora Koch, 1854 Syrphidae Sphaerophoria scripta (L.)
o Scymnus  (Scymnus) rubromaculatus (Goeze), Vibia
Anuraphis farfarae (Koch, 1854) Coccinellidae de);decimgutta);a (Poda)
Syrphidae Episyrphus balteatus De Geer
Anthocoridae Orius minutus (L.)
Chrysopidae Chrysoperla carnea (Stephens)
Aphis fabae Scopoli, 1763 Adalia- bipunctata  (L.), Brumus‘ (Exochomus)
Coccinellidae quadripustulatus (L.), Scymnus apetzi (Mulsant), S.
rubromaculatus (Goeze), Stethorus gilvifrons (Mulsant),
Stethorus punctillum (Weise)
Aphis fabae solanella Theobald, 1914  Miridae Dicyphus sp.
Forficulidae Forficula auricularia L.
Adalia fasciatopunctata revelierei Mulsant, Coccinella
. .. L septempunctata (L.), Oenopia (Synharmonia) conglobata
Aphis gossypii Glover, 1877 Coccinellidae (LI.)), Sfymnus inderihensisp(Muls);nt), S. rubromaﬁulatus
(Goeze)
Syrphidae Episyrphus balteatus De Geer
Forficulidae Forficula auricularia L.
. Anthocoris nemoralis (Fabricius), A. pilosus (Jakovlev),
Anthocoridae Orius minutus (L.), O. niger (Wollf) g
Miridae Deraeocoris (Knightocapsus) lutescens (Schill.)
. Anisochrysa presina (Stephens), Chrysoperla carnea
Chrysopidae (Stephen)s/ 1835) b e
. . Adalia  bipunctata (L.), A. decempunctata (L.),
Aphis pomi de Geer, 1773 A. fasciatipunctata revelierei Mulsal;t, Coccinella
L septempunctata (L.), Oenopia (Synharmonia) conglobata
Coccinellidac (LI.)), P}s)yllobora vigintiduo;uncta{a L., Scymnus ffontalis
(Fabricus), Scymnus  pallipediformis (Gunther),
Subcoccinella vigintiquatuorpunctata (L.)
Syrphidae Episyrphus balteatus (de Geer), Eupeodes corollae (F.)
Chamaemyiidae Leucopis sp.
Forficulidae Forficula auricularia L.
Anthocoridae Orius minutus (L.)
Miridae Deraeocoris (Knightocapsus) lutescens (Schill.), Deraeocoris
(Camptobrochis) serenus (D.&S.)
Chrysopidae Chrysoperla carnea (Stephens)
Adalia  bipunctata  (L.), Adalia  fasciatopunctata
Aphis spiraecola Patch, 1914 revelierei (Mulsant), Coccinella septempunctata (L.),
Coccinellidae O.er-zogza (Synharmonia)  conglobata '(L.), Psyllobora
vigintiduopunctata L., Scymnus apetzi (Mulsant), S.
frontalis (Fabricus), S. quadriguttatus (Firsch&Kreissl),
Stethorus punctillum (Weise)
Syrphidae Episyrphus balteatus (de Geer)
Chamaemyiidae Leucopis sp.
Chrysopidae Chrysoperla carnea (Stephens)
Adalia  fasciatopunctata revelierei (Mulsant), Brumus
Brachycaudus (Thuleaphis) amygdali- Coccinellidae (Exochomus) quadripustulatus (L.), Coccinella
nus (Schouteden, 1905) septempunctata (L.)
Syrphidae Episyrphus balteatus (de Geer), Eupeodes corollae (F.)
Chamaemyiidae Leucopis sp.
Brachycaudus (Acaudus) cardui (Lin- Forficulidae Forficula .aur?cularza L. . . .
naeus, 1758) Anthocoridae Anthocoris pilosus (Jakovlev), Orius minutus (L.), O. niger

(Wollf)
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Miridae Deraeocoris lutescens (Schilling)
Adalia decempunctata (L.), A. fasciatopunctata revelierei (Mulsant), Brumus
(Exochomus) sp., Coccinella septempunctata (L.), Exochomus nigromaculatus
Brachycaudus Coccinellidae (Goeze), Hyperaspis weisei (Schaeffer), Oenopia (Synharmonia) conglobata (L.),
(Acaudus) cardui Platynaspis luteorubra (Goeze), Scymnus frontalis (Fabricus), S. pallipediformis
(Linnaeus, 1758) (Giinther), S. quadriguttatus (Firsch & Kreissl), S. subvillosus (Goeze)
Syrphidae Eupeodes corallae (E), Sphaerophoria scripta (L.)
Chamaemyiidae  Leucopis sp.
Hybotidae Platypalpus sp.1
Forficulidae Forficula auricularia L.
Anthocoridae Anthocoris pilosus (Jakovlev), Orius minutus (L.)
Brachycaudus Miridae Deraeocoris lutescens (Schilling)
helichrysi Chrysopidae Chrysoperla carnea (Stephens)
(Kaltenbach, 1843) o Adalia decempunctata (L.), Brumus (Exochomus) quadripustulatus (L.), Oenopia
Coccinellidae . L
(Synharmonia) conglobata (L.), Psyllobora vigintiduopunctata L.
Syrphidae Episyrphus balteatus (de Geer), Eupeodes corollae (F.)
Brachycaudus Anthocoridae Orius minutus (L.)
(Acaudus) persicae Chrysopidae Chrysoperla carnea (Stephens)
(Passerini, 1860) Coccinellidae Adalia bipunctata (L.), Stethorus gilvifrons (Mulsant)
> Syrphidae Episyrphus balteatus (de Geer)
Ch . Anthocoridae Orius niger (Wollf)
romaphis . . Lo . .
. ; - Adalia fasciatopunctata revelierei Mulsant, Coccinella septempunctata (L.), Oenopia
juglandicola Coccinellidae .
(Synharmonia) conglobata (L.)
(Kaltenbach, 1843) Syrphid Pipi
yrphidae ipiza sp.
Forficulidae Forficula auricularia L.
Anthocoridae Anthocoris pilosus (Jakovlev), Orius minutus (L.)
Miridae Deraeocoris lutescens (Schilling)
Raphidiidae Phaeostigma (Pontoraphidia) pontica (Albarda)
) Adalia bipunctata (L.), A. decempunctata (L.), A. fasciatopunctata revelierei
Dysaphis devecta . )
(Walker, 1849) Coccinellidae (Mulsant)., Brumus (Exochomus) quadripustulatus (.L.), Coccinella .septempunctata
(L.), Coccinella quattuordecimpustulata (L.), Oenopia (Synharmonia) conglobata
(L.), Psyllobora vigintiduopunctata L.
Syrphidae Eristalis arbustorum L.
Chamaemyiidae  Leucopis sp.
Hybotidae Platypalpus sp.3
Forficulidae Forficula auricularia L.
Anthocoridae Anthocoris pilosus (Jakovlev), Orius minutus (L.), O. niger (L.)
Miridae Deraeocoris (Knightocapsus) lutescens (Schill.)
Raphidiidae Phaeostigma (Pontoraphidia) pontica Albarda
Dysaphis (Pomaphis) Chrysopidae Chrysoperla carnea (Step.), Nineta pallida Scheider
plantaginea Adalia bipunctata (L.), Adalia decempunctata (L.), Adalia fasciatopunctata revelierei
(Passerini, 1860) Coccinellidae Mulsant, Brumus (Exochomus) quadripustulatus (L.), Coccinella septempunctata
(L.), Coccinella quattuordecimpustulata (L.), Oenopia (Synharmonia) conglobata
(L.), Psyllobora vigintiduopunctata L.
Syrphidae Eristalis arbustorum (L.)
Chamaemyiidae  Leucopis sp.
Forficulidae Forficula auricularia L.
Anthocoridae An.thocoﬁs nemoralis (E), Anthocoris nemorum (L.), Anthocoris pilosus (Jakovlev),
Orius minutus (L.)
Miridae Deraeocoris lutescens (Schilling)
Chrysopidae Chrysoperla carnea (Stephens), Nineta pallida (Scheider)
Dysaphis (Pomaphis) Adalia bipunctata (L.), Adalia decempunctata (L.), Adalia fasciatopunctata revelierei
pyri (Boyer de (Mulsant), Brumus (Exochomus) sp. (L.), Coccinella septempunctata (L.), Exochomus
Fonscolombe, 1841) Coccinellidae nigromaculatus (Goeze), Oenopia (Synharmonia) conglobata (L.), Psyllobora
vigintiduopunctata L., Scymnus rubromaculatus (Goeze), Stethorus punctillum
(Weise), Vibia deudecimguttata (Poda)
Syrphidae Episyrphus balteatus (de Geer), Eupeodes corollae (F.), Pipizella sp.
Chamaemyiidae Leucopis sp.
Hybotidae Platypalpus sp.3
Eriosoma lanigerum  Forficulidae Forficula auricularia L.
(Hausmann, 1802)  Coccinellidae Coccinella septempunctata (L.)
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Cizelge 5. in devami

Forficulidae Forficula auricularia L.
Anthocoridae  Anthocoris nemorum (L.), Anthocoris pilosus (Jakovlev), Orius minutus (L.)
Miridae Deraeocoris lutescens (Schilling), D. punctulatus (Fallen), D. ruber (Linnaeus), D. rutilus
(Heriich-Schaeffer), D. (Camptobrochis) serenus (D.&S.), D. trifasciatus (Linnaeus)
Nabidae Nabis pseudoferus (Remane)
Rediiviidae Nagusta goedelii (Kolenati)
Raphidiidae Phaeostigma (Pontoraphidae) pontica (Albarda)
Mantispidae Mantispa styriaca (Poda)
Chrysopidae Amsoch.rysa presina (Step.hens), Chr?/soperla carnea (Stephens), Dichochrysa prasina
(Burmeister), Nineta pallida (Schneider)
Adalia bipunctata (L.), Adalia decempunctata (L.), Adalia fasciatopunctata revelierei
Hyalopterus pruni Mulsant, Brumus (Exochomus) quadripustulatus (L.), Chilocorus bipustulatus (L.),
(Geoffroy, 1762) Coccinella septempunctata (L.), Coccinella quattuordecimpustulata (L.), Exochomus
nigromaculatus (Goeze), Hippodamia (Semiadalia) undecimnotata (Schneider),
Coccinellidae  H. (Adania) variegata (Goeze), Nephus nigricans (Weise), Oenopia (Synharmonia)
conglobata (L.), Platynaspis luteorubra (Goeze), Psyllobora vigintiduopunctata
L., Scymnus apetzi (Mulsant), S. frontalis (Fabricus), S. marginalis (Rossi), S.
rubromaculatus (Goeze), S. subvillosus (Goeze), Stethorus gilvifrons (Mulsant),
Stethorus punctillum (Weise), Vibia duodecimguttata (Poda)
Episyrphus balteatus (de Geer), Eristalis arbustorum (L.), Eupeodes corollae (E),
Syrphidae Melangyna sp., Melanostoma mellinum (L.), Meliscaeva auricollis Meigen, Paragus
quadrifasciatus Meigen, Sphaerophoria scripta (L.)
Chamaemyiidae Leucopis sp.
Hybotidae Platypalpus sp.2
Forficulidae Forficula auricularia L.
Anthocoridae  Orius minutus (L.)
Miridae Deraeocoris (Knightocapsus) lutescens (Schill.), D. rutilus (Heriich-Schaeffer), D.
(Camptobrochis) serenus (D.&S.)
Chrysopidae Chrysoperla carnea (Stephens), Dichochrysa prasina (Burmeister)
Adalia bipunctata (L.), Adalia fasciatopunctata revelierei (Mulsant), Brumus
. (Exochomus) quadripustulatus (L.), Brumus (Exochomus) sp. (L.), Chilocorus
My us cerast bipustulatus (L.), Coccinella quattuordecimpustulata (L.), Coccinella septempunctata
(Fabricius, 1775) Coccinellidae (L.), Exochomus nigromaculatus (Goeze), Nephus nigricans (Weise), Oenopia
(Synharmonia) conglobata (L.), Scymnus apetzi (Mulsant), S. frontalis (Fabricus),
S. quadriguttatus (Firsch&Kreissl), S. subvillosus (Goeze), Stethorus punctillum
(Weise), Vibia deudecimguttata (Poda)
Svrphidae Episyrphus balteatus (de Geer), Chrysotoxum festivum L., Paragus quadrifasciatus
TP (Meigen), P, tibialis (Fallen), Sphaerophoria scripta (L.)
Chamaemyiidae Leucopis sp.
Forficulidae Forficula auricularia L.
Anthocoridae  Anthocoris pilosus (Jakovlev)
Miridae Deraeocoris lutescens (Schilling)
Myzus Adalia bipunctata L., A. decempunctata (L.), A. fasciatopunctata revelierei (Mulsant),
(Nectarosiphon) Brumus (Exochomus) quadripustulatus (L.), Coccinella quattuordecimpustulata (L.),

persicae (Sulzer, 1776) Coccinellidae

Coccinella septempunctata (L.), Hyperaspis weisei Schaeffer, Oenopia (Synharmonia)
conglobata (L.), Scymnus apetzi Mulsant, Scymnus frontalis (Fabricus), Scymnus
pallipediformis Giinther, S. quadriguttatus Firsch&Kreissl, Stethorus punctillum (Weise)

Syrphidae Eupeodes corollae (F.), Sphaerophoria scripta (L.)
. ' Coccinellidae Adalfa bipunctata (L.), Adalia fasciatopunctata revelierei Mulsant, Oenopia (Synhar-
Panaphis juglandis monia) conglobata (L.)
(Goeze 1778) Syrphidae Pipiza sp.
Pterochloroides
persicae Syrphidae Eupeodes corollae (F.)
(Cholodkovsky, 1899)
Rhopalosiphum Miridae , Deraeocoris lutescens (Schilling)
nymphacae Chrysopidae Chrysoperla carnea (Stephens)
g, 1761 Coccinellidae  Adalia decempunctata (L.), Coccinella septempunctata (L.)
(Linnaeus, ) Syrphidae Eristalis arbustorum (L.)
Rhopalosiphum padi Syrphidae Episyrphus balteatus (de Geer)

(Linnaeus, 1758)
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Cizelge 6. Erzincan ve Giimiigshane illeri iliman iklim meyve ¢esitlerinde 2011-2013 yillarinda yaprakbiti tiirlerinden elde edilen

parazitoit tiirler

Parazitoit
Yaprakbiti Tiirleri
Familya Tiirler
Aphis fabae (Scopoli, 1763) *Adialytus ambiguus (Haliday), *Praon volucre (Haliday)
Aphis gossypii (Glover, 1877) *Lipolexis gracilis (Foerster), *Praon volucre (Haliday)
. . *Aphidius abjectus (Haliday), **Praon dorsale (Haliday), *P.
Aphis pomi (de Geer, 1773) volucre (Haliday)
Brachycaudus (Acaudus) cardui *Adialytus ambiguus (Haliday), *Lipolexis gracilis (Foerster),
(Linnaeus, 1758) **Praon dorsale (Haliday)
Brachycaudus helichrysi **Aphidius acalephae (Marshall), *A. ambiguus (Haliday),
(Kaltenbach, 1843) Braconidae **Praon dorsale (Haliday), *P. volucre (Haliday)
g:scshé ciibiufzz(()z)‘&caudus) persicae *Aphidius ambiguus (Haliday)
(CI?;.; Zrlfilﬁ] Tg{:;)dlcola *Aphidius ambiguus (Haliday)
. *Aphidius abjectus (Haliday), * Trioxys pallidus (Haliday),
Dysaphis devecta (Walker, 1849) “*Praon dorsale (Haliday)
Dysaphis (Pomaphis)plantaginea *Aphidius abjectus (Haliday), * Trioxys pallidus (Haliday),
(Passerini, 1860) **Praon dorsale (Haliday)
Aphelinidae *Aphelinus mali (Haldeman)
Dysaphis (Pomaphis) pyri (Boyer de
Fonscolombe, 1841) Braconidae *Aphidius eadyi (Stary, Gonzélez & Hall), *Trioxys pallidus
(Haliday), **Praon dorsale (Haliday)
. . Aphelinidae *Aphelinus mali (Haldeman)
Eriosoma lanigerum (Hausmann,
1802) . . . .
Braconidae *Trioxys pallidus (Haliday)
*Adialytus ambiguus (Haliday), *Aphidius ambiguus (Haliday),
Hyalopterus pruni (Geoffroy, 1762) *A. avenae (Haliday), *A.eadyi (Stary, Gonzalez&Hall),
**Praon dorsale (Haliday)
Myzus cerasi (Fabricius, 1775) *Aphidius ambiguus (Haliday), *A. avenae (Haliday), *Lipolexis
24 ’ gracilis (Foerster)
Braconidae

Myzus (Nectarosiphon) persicae
(Sulzer, 1776)

Panaphis juglandis (Goeze, 1778)

Rhopalosiphum nymphaeae
(Linnaeus, 1761)

*Aphidius  abjectus (Haliday), *A. ambiguus (Haliday),
*Lipolexis gracilis (Foerster)

*Aphidius ambiguus (Haliday)

*Trioxys pallidus (Haliday)

*Meyvelerdeki yaprakbitlerinden elde edilenler

**Hem meyve hem de sekonder konukgulardaki yaprakbitlerinden elde edilenler
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Cizelge 7. Erzincan ve Glimiishane illeri iliman iklim meyve ¢esitlerinde 2011-2013 yillarinda elde edilen sekonder parazitoit
ve predator parazitoiti tiirler

Yaprakbiti Tiirleri

Yaprakbitinin Konukgulari

Sekonder Parazitoit ve Predator Parazitoiti

Familya Tiirler

Anuraphis farfarae
(Koch, 1854)

Pyrus communis L.

Ichneumonidae **Syrphoctonus sp.

Aphis pomi (de Geer,
1773)

Cydonia oblonga Mill., Malus
domestica Borkh., Pyrus
communis L.

Eulophidae *Aprostocetus sp. ** Pediobius sp.
Ichneumonidae *Lysibia nanus (Gravenhorst)

Pteromalidae  *Pachyneuron aphidis (Bouche)

Brachycaudus (Acaudus)
cardui (Linnaeus, 1758)

Prunus domestica L., Prunus
dulcis (Miller) D. A. Webb,
Prunus persica (L.), Arctium
minus Bernh., Carduus
pynocephalus L., Euphorbia
virgata Waldst. & Kit.,
Onopordum bracteatum Boiss.
Et Heldr., Sonchus sp. L.

*Asaphes suspensus (Ness), *A. vulgaris
Pteromalidae Walker, *Pachyneuron formosum Walker, *P.
muscarum L.

Brachycaudus helichrysi
(Kaltenbach, 1843)

Malus domestica Borkh.,
Prunus armeniaca L., Prunus
cerasus L., Prunus domestica
L., Prunus persica (L.), Circium
arvensis (L.) Scop., Onopordum
acanthium L.

Pteromalidae  *Pachyneuron aphidis (Bouche)

**Diadegma eucerophaga Horst., **D.

Ichneumonidac fenestralis (Holmgr.)

Brachycaudus (Acaudus)
persicae (Passerini, 1860)

Prunus armeniaca L., Prunus
domestica L.

**Diadegma eucerophaga Horst., **D.

Ichneumonidae fenestralis (Holmgr.)

Dysaphis devecta

*Asaphes vulgaris Walker, *Pachyneuron

(Walker, 1849) Malus domestica Borkh. Pteromalidac aphidis (Bouche), *P. formosum Walker
Dysaphis (Pomaphis) Encyrtidae *Trechnites sp.

ysaphis (Pomaphis ) *
plantaginea (Passerini,  Malus domestica Borkh. Pteromalidae Asaphes suspensus (Ness), *Pachyneuron

1860)

aphidis (Bouche), *P. formosum Walker
Megaspilidae *Dendrocerus sp.

Dysaphis (Pomaphis)
pyri (Boyer de
Fonscolombe, 1841)

Malus domestica Borkh., Pyrus
communis L.

*Asaphes suspensus (Ness), *A. vulgaris
Pteromalidae ~ Walker, *Pachyneuron formosum Walker, *P.
muscarum L.

Ichneumonidae **Diplazon laetatorius (Fabricius)

Eriosoma lanigerum
(Hausmann, 1802)

Malus domestica Borkh.

Pteromalidae  *Pachyneuron muscarum L.

Hyalopterus pruni
(Geoftroy, 1762)

Prunus armeniaca L., Prunus
avium L., Prunus cerasus L.,
Prunus dulcis (Miller) D. A.
Webb, Prunus domestica L.,
Prunus persica (L.), Pyrus
communis L., Circium arvensis
(L.) Scop.

Encyrtidae **Homalotylus sp.,* Paratetracnemoidea sp.
Eulophidae *Tetrastichus sp., **Baryscapus sp.

. *Asaphes vulgaris Walker, *Pachyneuron
Pteromalidae aphidis (Bouche), *P. formosum Walker
Scelionidae *Crytogaster vulgaris Walker

**Anomalon cruentatum (Geoftroy),
Ichneumonidae **Diplazon laetatorius (Fabricius),

**Syrphoctonus sp.
* * 1
Pteromalidae Asaphes suspensus (Ness),' A vulgaris
Prunus armeniaca L., Prunus Walker, *Pachyneuron aphidis (Bouche)
Mpyzus cerasi (Fabricius, . . . .
1775) avium L., Prunus cerasus L., Perilampidae *Perilampus sp.
Prunus mahaleb L. . **Diplazon laetatorius (Fabricius),
Ichneumonidae .
**Lissonota sp., **Syrphoctonus sp.
Malus domestica Borkh., . *Asaphes vulgaris Walker, *Pachyneuron
Pteromalidae

Myzus (Nectarosiphon)
persicae (Sulzer, 1776)

Prunus armeniaca L., Prunus
avium L., Prunus persica (L.),
Malva nicaeensis All.

aphidis (Bouche)

Ichneumonidae **Diplazon laetatorius (Fabricius)

*Sekonder parazitoit
**Predatér parazitoiti
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Cizelge 8. Erzincan ve Giimiishane illeri iliman iklim meyve ¢esitlerinde 2012-2013 yillarinda yaprakbitlerinden elde edilen
fungus tiirleri

. Yumurta
Elde Edilen Fungus Sartli SDA

PDA Besiyeri Fungusun Elde Edildigi Yaprakbiti Ttirt

Cins ya da Tarleri

Besiyeri

Alternaria sp.

Dysaphis devecta (Walker, 1849), Dysaphis (Pomaphis)
plantaginea (Passerini, 1860), Dysaphis (Pomaphis) pyri (Boyer
de Fonscolombe, 1841), Hyalopterus pruni (Geoffroy, 1762),
Rhopalosiphum nymphaeae (Linnaeus, 1761)

Aspergillus sp.

Hyalopterus pruni (Geoffroy, 1762)

Aureobasidium sp.

Brachycaudus (Acaudus) cardui (Linnaeus, 1758), Dysaphis
devecta (Walker, 1849), Dysaphis (Pomaphis) plantaginea
(Passerini, 1860), Dysaphis (Pomaphis) pyri (Boyer de
Fonscolombe, 1841), Hyalopterus pruni (Geoffroy, 1762),
Myzus (Nectarosiphon) persicae (Sulzer, 1776), Rhopalosiphum
nymphaeae (Linnaeus, 1761)

Botrytis sp.

Dysaphis devecta (Walker, 1849), Dysaphis (Pomaphis)
plantaginea (Passerini, 1860), Hyalopterus pruni (Geoftroy,
1762), Rhopalosiphum nymphaeae (Linnaeus, 1761)

Chaetomium sp.

Dysaphis devecta (Walker, 1849), Dysaphis (Pomaphis)
plantaginea (Passerini, 1860), Dysaphis (Pomaphis) pyri (Boyer
de Fonscolombe, 1841), Hyalopterus pruni (Geoffroy, 1762),
Rhopalosiphum nymphaeae (Linnaeus, 1761)

Cladosporium sp.

Brachycaudus (Thuleaphis) amygdalinus (Schouteden, 1905),
Brachycaudus helichrysi (Kaltenbach, 1843), Brachycaudus
(Acaudus) persicae (Passerini,1860), Dysaphis devecta (Walker,
1849), Dysaphis (Pomaphis) plantaginea (Passerini, 1860),
Dysaphis (Pomaphis) pyri (Boyer de Fonscolombe, 1841),
Hyalopterus pruni (Geoftroy, 1762), Rhopalosiphum nymphaeae
(Linnaeus, 1761), Rhopalosiphum padi (Linnaeus, 1758)

Fusarium sp.

Brachycaudus helichrysi (Kaltenbach, 1843), Dysaphis devecta
(Walker, 1849), Dysaphis (Pomaphis) plantaginea (Passerini,
1860), Dysaphis (Pomaphis) pyri (Boyer de Fonscolombe,
1841), Hyalopterus pruni (Geoflroy, 1762), Rhopalosiphum padi
(Linnaeus, 1758)

Paecilanomyces sp.

Dysaphis devecta (Walker, 1849), Dysaphis (Pomaphis)
plantaginea (Passerini, 1860), Rhopalosiphum padi (Linnaeus,
1758)

Penicillium sp.

Brachycaudus helichrysi (Kaltenbach, 1843), Dysaphis devecta
(Walker, 1849), Dysaphis (Pomaphis) plantaginea (Passerini,
1860), Dysaphis (Pomaphis) pyri (Boyer de Fonscolombe,
1841), Hyalopterus pruni (Geoffroy, 1762), Rhopalosiphum padi
(Linnaeus, 1758)

Rhizopus sp.

Dysaphis  devecta (Walker, 1849), Dysaphis (Pomaphis)
plantaginea (Passerini, 1860), Hyalopterus pruni (Geoffroy,
1762), Rhopalosiphum padi (Linnaeus, 1758)

Stemphylium sp.

Dysaphis (Pomaphis) pyri (Boyer de Fonscolombe, 1841),
Hyalopterus pruni (Geoffroy, 1762)

Trichotesium roseum

Dysaphis (Pomaphis) pyri (Boyer de Fonscolombe, 1841),
Hyalopterus pruni (Geoffroy, 1762)

Ulocladium sp.

Hyalopterus pruni (Geoftroy, 1762)

Verticillium sp.

Hyalopterus pruni (Geoffroy, 1762)
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Cizelge 9. Erzincan ve Giimiishane illeri iliman iklim meyve ¢esitlerinde 2011-2013 yillarinda yabanci otlar tizerinde belirlenen
yaprakbiti tiirleri

Yabanci Ot

Yabanci Otun Familyas1 Yaprakbiti Tiirii

Arctium minus Bernh. Asteraceae Brachycaudus (Acaudus) cardui (Linnaeus, 1758)
Carduus pynocephalus L. Asteraceae Brachycaudus (Acaudus) cardui (Linnaeus, 1758)
Chenopodium album L. Chenopodiaceae 114;76}111; spiraecola Patch, 1914, Hayhurstia atriplicis (Linnaeus,
Circium arvensis (L) Scop. Asteraceae Brachycaudus helichrysi (Kaltenbach, 1843), Hyalopterus pruni
(Geoffroy, 1762)
Cirsium vulgare (Savi) Asteraceae Aphis fabae cirsiiacanthoidis (Scopoli, 1763)
Chondrilla juncea L. Asteraceae Aphis fabae (Scopoli, 1763)
Euphorbia virgata Waldst. & Kit. Euphorbiaceae Brachycaudus (Acaudus) cardui (Linnaeus, 1758)
Glycyrrhiza sp. L. Fabaceae Aphis craccivora (Koch, 1854)
Lactuca serriola L. Asteraceae Aphis fabae (Scopoli, 1763)
Lapsona communis subsp. P
intermedia (M. Bieb). Hayek Asteraceae Uroleucon cichorii (Koch, 1855)
Malva nicaeensis All Malvaceae Myzus (Nectarosiphon) persicae (Sulzer, 1776)
) . Acyrthosiphon pisum (Harris, 1776), Aphis craccivora Koch,
M L. F
edicago sativa abaceae 1854, Therioaphis (Pterocallidium) trifolii (Monell, 1882)
Mentha longifolia (L.) Huds. Lamiaceae Aphis affinis (del Guercio, 1911)
Onopordum acanthium L. Asteraceae Brachycaudus helichrysi (Kaltenbach, 1843)
Onopordum bracteatum Boiss. Asteraceae Brachycaudus (Acaudus) cardui (Linnaeus, 1758), Rectinasus
Et Heldr. buxtoni (Theobald, 1914)
Rumex crispus L. Polygonaceae Aphis rumicis (Linnaeus, 1758)
Rumex obtusifolius subsp : s
Pol A L , 1
subalpinus (Schur) olygonaceae phis rumicis (Linnaeus, 1758)
Salvia verticillata L. Lamiaceae Aphis gossypii (Glover, 1877)
Silene dichotoma Ehrh. Caryophyllaceae Aphidura picta (Hille Ris Lambers, 1956)
Sisymbrium sp. Brassicaceae Uroleucon cichorii (Koch, 1855)
Solanum nigrum L. Solanaceae Aphis fabae solanella (Theobald, 1914)
Macrosiphum euphorbiae (Thomas, 1878), Hyperomyzus lactucae
L. A
Sonchus asper steraceae (Linnaeus, 1758), Uroleucon sonchi (Linnaeus, 1767)
Sonchus oleraceus L. Asteraceae H)fperomyzus lactucae (Linnaeus, 1758), Hyperomyzus lactucae
(Linnaeus, 1758)
Sonchus sp. L. Asteraceae Brachycaudus (Acaudus) cardui (Linnaeus, 1758)
Tragopogon buphthalmoides var. . .
buphthalmoides (DC) Boiss. Asteraceae Brachycaudus (Appelia) tragopogonis (Kaltenbach, 1843)
Trapogan dubius Scop. Asteraceae Brachycaudus (Appelia) tragopogonis (Kaltenbach, 1843)
Urtica dioica L. Urticaceae Microlophium carnosum (Buckton, 1876)

Cizelge 10. Erzincan ve Giimiishane illeri iliman iklim meyve ¢esitlerinde 2011-2013 yillarinda ¢aligma alaninda iliman iklim
meyve tiirlerinde belirlenen yaprakbiti tiirlerinin tespit edilen sekonder konukgulari (yabancr otlar)

Yaprakbiti Tiirleri

Sekonder Konuk¢u Olan Yabanci Otlar

Aphis fabae Scopoli, 1763

Chondrilla juncea L., Lactuca serriola L.

Aphis gossypii Glover, 1877

Salvia verticillata L.

Aphis spiraecola Patch, 1914

Chenopodium album L.,

Brachycaudus (Acaudus) cardui (Linnaeus, 1758)

Arctium minus Bernh., Carduus pynocephalus L., Euphorbia virgata
Waldst. & Kit., Onopordum bracteatum Boiss. Et Heldr., Sonchus sp. L.

Brachycaudus helichrysi (Kaltenbach, 1843)

Circium arvensis (L.) Scop., Onopordum acanthium L.

Hyalopterus pruni (Geoffroy, 1762)

Circium arvensis (L.) Scop.

Myzus (Nectarosiphon) persicae (Sulzer, 1776)

Malva nicaeensis All
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TARTISMA VE KANI

Bu ¢alisma sonucunda Erzincan ve Gumiishane illerinde
yetistirilen yumusak gekirdekli meyve tiirlerinden elmada 9,
armutta 6, ayvada 3; sert gekirdekli meyve tiirlerinden erikte
6, kayisida 9, kizilcikta 1, kirazda 4, mahlepte 1, seftalide
7, visnede 4; sert kabuklu meyve tiirlerinden bademde
3 ve cevizde 2 adet olmak iizere Aphididae familyasina
bagli toplam 24 yaprakbiti tiirii tespit edilmistir. Bu tiirler
icerisinden Aphis pomi de Geer, Brachycaudus helichrysi
(Kaltenbach), Eriosoma lanigerum (Hausm.), Hyalopterus
pruni (Geoftroy), Dysaphis devecta (Walk.), Dysaphis
(Pomaphis) pyri (Boyer de Fonscolombe), Myzus cerasi
(F.) ve Myzus (Nectarosiphon) persicae (Sulzer)nin diger
tiirlere gére dogada ¢ok daha yaygin ve yogun olduklar:
belirlenmistir. Aslan (2004), Ispartailiveilgelerindeki meyve
agaglarinda 14 yaprakbiti tiirii saptamis ve bunlar igerisinde
A. pomi, Dysaphis (Pomaphis) plantaginea Passerini ve D.
devecta’'nin en yaygin olan tiirler oldugunu ifade etmistir.
Das¢1 and Giiglii (2008) tarafindan Igdir ovasindaki meyve
agaglarinda 4 yaprakbiti tiirii tespit edilmis ve bunlardan A.
pomive H. pruninin popiilasyonlarinin yiiksek oldugu ifade
edilmigtir. Narmanlioglu and Giiglii (2008), Ispir yoresinde
yetistirilen meyve agacglarinda 12 yaprakbiti tiiriinii tespit
etmis ve bunlar icerisinden H. pruni ve Aphis craccivora
Koch’nin daha yaygin ve yiiksek popiilasyona sahip oldugu
belirtilmistir. Narmanlioglu (2013) tarafindan Yukar:
Coruh Vadisinde yiiriitilen ¢aliyma sonucunda, bolgede
yetistirilen meyve tirlerinden elmada 6, erikte 5, armut,
kayisi, seftalide 3'er, visnede 2, ayva, ceviz ve kirazda ler
adet olmak tizere, Aphididae familyasina bagli toplam 15
yaprakbiti tiirii tespit edilmis ve bu tiirler icerisinde A. pomi,
H. pruni, D. devecta, D. (Pomaphis) pyri ve M. cerasinin
diger tiirlerden daha yaygin ve yiiksek popiilasyonda
oldugu ifade edilmistir. Kagar (2019) tarafindan, Seben
(Bolu) elma bahgelerinde yiriitillen ¢aligma sonucunda,
Aphididae familyasina bagh A. pomi, Dysaphis plantaginea
(Pass.) ve E. lanigerum olmak tizere ti¢ yaprakbiti tiirii tespit

edilmistir.

Caliymada kizilaik tizerinde bulunan Anoecia corni
(Fabricius)'nin, kizilcik agaglari haricinde elma, erik ve
kiraz agaglarinda, 6zellikle sonbaharda, kanatli bireylerine
rastlanmis, ancak bu yaprakbiti tiriiniin bu sayilan
meyve agaglar1 fizerinde popiilasyon olusturmadig: tespit
edilmistir. Yapilan literatiir taramasi sonucunda da A.
corni'nin konukeular1 taranmig ancak konukgular: arasinda
elma, erik ve kirazin olmadig1 saptanmistir. Nitekim
calismamiz sonucunda A. corninin elma, erik ve kiraz
agaglarinda gogalmasi veya popiilasyon olusturmasi soz
konusu olmadig: i¢in bu yaprakbiti tiirii i¢in elma, erik ve

kiraz konukgu olarak degerlendirilmemistir.
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Yaprakbiti  tiirleri  iizerinde beslenen  Forficulidae,
Anthocoridae, Miridae, Reduviidae, Nabidae, Chrysopidae,
Mantispidae,  Raphiidae,  Coccinellidae,  Syrphidae,
Chamaemyiidae ve Hybotidae familyalarindan toplam
65 predator tiir belirlenmistir. Ayrica bu predator tiirler
icerisinden Orius minutus (Linnaeus), Anthocoris nemoralis
(Fabricius),  (Hemiptera:  Anthocoridae),  Deraecoris
(Knightocapsus) lutescens (Sch.), Deraecoris (Camptobrochis)
serenus (Douglas & Scott), Deraecoris rutilus (Heriich-
Miridae),

(Neuroptera:

Schaeffer) (Hemiptera: carnea
(Stephens) Adalia

fasciatopunctata revelierei (Mulsant), Adalia bipunctata

Chrysoperla
Chrysopidae),

(Linnaeus),  Coccinella  septempunctata  (Linnaeus),
Oenopia (Synharmonia) conglobata (Linnaeus), Psyllobora
vigintiduopunctata (Linnaeus), Scymnus pallipediformis
Giinther, Stethorus punctillum Weise, Scymnus subvillosus
(Goeze) (Coleoptera: Coccinellidae), Eupeodes corollae
(Fabricius), Episyrphus balteatus De Geer, Sphaerophoria
scripta (Linnaeus) (Diptera: Syrphidae) ve Leucopis sp.
(Diptera: Chamaemyiidae) yaygin, yogun ve timitvar tiirler
olarak tespit edilmistir. Aslan (2004), Isparta ili meyve
agaclarinda bulunan yaprakbiti tiirleri tizerinde 12; Dage1
and Giiglii (2008), Igdir ovasindaki meyve agaglarinda tespit
ettigi 4 yaprakbiti tiirti izerinde bulunan 13; Narmanlioglu
and Giiglii (2008), Ispir yoresinde yetistirilen meyve
agaclarinda tespit ettigi 12 yaprakbiti tirdl tzerinde 15
predator tiir belirlemiglerdir. Narmanlioglu (2013), tliman
iklim meyve tiirlerinde bulunan yaprakbiti tiirleri {izerinde
beslenen toplam 43 predator tiir tespit etmis ve bunlar
igerisinden A. bipunctata, A. decempunctata (Linnaeus),
A.  fasciatopunctata revelierei, C. septempunctata, O.
(Synharmonia) conglobata, Propylaea quatuordecimpunctata
(Pullus)

balteatus

(Linnaeus), S. pallipediformis, S. subvillosus
Coccinellidae), E.

Syrphidae) ve Leucopis sp. (Diptera: Chamaemyiidae)’nin

(Coleoptera: (Diptera:

yoredeki en yaygin tiirler oldugunu belirtmistir.

Caliyma sonucunda belirlenen bu yaprakbiti tiirleri
tizerinde Braconidae familyasina mensup 10 adet ve
Aphelinidae familyasina mensup 1 adet olmak tizere toplam
11 adet parazitoit tiir saptanmigtir. Bu tiirler igerisinden
Aphidius ambiguus (Haliday), Aphidius eadyi (Stary,
Gonzélez&Hall), Trioxys pallidus (Haliday), Praon dorsale
(Haliday) (Braconidae) ve Aphelinus mali (Haldeman)
(Aphelinidae)’nin yérede yaygin ve yogun bulunan tiirler
oldugu saptanmustir. Aslan (2004) tarafindan, Isparta ilinde
meyve agaglar1 tizerinde yirttiilen ¢aligmada Braconidae,
Aphelinidae ve Pteromalidae familyalarina mensup toplam
8 adet parazitoit tiir tespit edilmistir. Dag¢1 and Guglii
(2008), Igdir ovasindaki meyve agaclarinda yirittigi
¢alismada Braconidae familyasina mensup 3 adet parazitoit

tiir saptamigtir. Narmanlioglu and Giiglii (2008), Ispir
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yoresinde yetistirilen meyve agaglar1 tizerinde yiiriittiga
¢alismada Braconidae familyasina mensup 3 adet parazitoit
tir tespit etmistir. Giileg (2011), Antalya sehri park
alanlarinda yirattiigii ¢aligmada yaprakbitleri tizerinden
15 adet parazitoit tiir tespit etmis ve bunlardan A. colemani,
Lysiphlebus  fabarum (Marshall),
(Haliday) (Braconidae) ve Aphelinus spp. (Aphelinidae)’nin

Binodoxys angelicae
yogun oldugunu belirtmistir. Narmanlhoglu (2013) Coruh
vadisinde yirattigii ¢aliymada meyve agaglar1 tizerinde
tespit ettigi yaprakbiti tiirleri tizerinden 8 adet parazitoit
tir tespit etmis ve bunlar igerisinden Aphidius ervi
Haliday, A. colemani Viereck ve Praon volucre (Haliday)
(Braconidae)’nin yoredeki en yaygin tiirler oldugunu ifade

etmistir.

Encyrtidae, Eulophidae, Megaspilidae, Perilampidae,
Pteromalidae, Scelionidae familyalarina mensup toplam
13 sekonder parazitoit tiir ve Encyrtidae, Eulophidae,
Ichneumonidae familyalarina mensup toplam 9 predator
parazitoiti tiir ¢alisma sonucunda tespit edilmistir. Bunlar
icerisinden sekonder parazitoit tiirler olan Asaphes suspensus
(Ness), A. vulgaris Walker, Pachyneuron aphidis (Bouche),
P. formosum Walker (Pteromalidae) ve predator parazitoiti
tiirler olan Diplazon laetatorius (Fabricius) ve Syrphoctonus
sp. (Ichneumonidae)nin daha yogun olarak bulunan
tirler oldugu tespit edilmistir. Giileg (2011), Pteromalidae,
Cynipidae, Ceraphronidae familyalarindan sekonder
parazitoit tirler tespit etmistir Narmanlioglu (2013),
Megaspilidae, Pteromalidae, Ichneumonidae familyalarina
mensup toplam 4 sekonder parazitoit ve Encyrtidae,
Figitidae, Pteromalidae ve Ichneumonidae familyalarina

mensup toplam 8 adet predator parazitoiti tiir tespit etmistir.

Entomopatojen funguslarin elde edilmesi amaci ile yapilan
calismalar sonucunda hastalikli yaprakbiti érneklerinden
15 fungus cins ya da tiiri tespit edilmistir. Bunlardan
entomopatojen olarak Cladosporium sp. ve Paecilanomyces
sp. belirlenirken, yaprakbitleri {izerinde bulunan 13 cins
ya da tiir fungus tespit edilmistir. Onciier and Erkin
(1986), yaptiklar1 ¢aligma sonucunda Acyrthosiphon pisum
(Harr.) yaprakbiti tizerinde Erynia neoaphidis Remaud, et
Hennb’in etkili oldugunu saptamustir. Abdel-Baky (2000),
Cladosporium tiirlerinin yaprakbiti ve beyazsineklere karsi
etkili entomopatojen fungus tiirleri oldugunu belirtmistir.
Barta (2004) yapmis oldugu ¢alisma sonucunda, toplam 70
adet yaprakbiti tiirii tizerinde Conidiobolus obscurus (Hall
et Dunn) Remaudiere et Keller, C. thromboides Drechsler
(Ancylistaceae), Entomophthora planchoniana Cornu,
Erynia erinacea (Ben-Zeev et Kenneth) Remaudiere et
Hennebert, Pandora neoaphidis (Remaudiere et Hennebert)
Humber, P. nouryi (Remaudiere et Hennebert) Humber, P.

uroleuconii Barta et Cagan, Zoophthora aphidis (Hoffman
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in Fresenius) Remaudiere et Hennebert, Z. occidentalis
(Thaxter) Batko, Z. phalloides Batko, Z. radicans (Brefeld)
Batko (Entomophthoraceae), Neozygites cinarae Keller, N.
fresenii (Nowakowski) Remaudiere et Keller, N. microlophii
Keller ve N. turbinata (Kenneth) Remaudiere et Keller
(Neozygitaceae) olmak iizere 15 adet entomopatojen tiir
tespit etmistir. Barta and Cagan (2006), Batkoa apiculata
(Thaxter) Humber, B. major (Thaxter) Humber, Conidiobolus
coronatus (Costantin) Batko, C. destruens (Weiser et Batko)
Ben-Zeev, C. obscurus (Hall et Dunn) Remaudiere et
Keller, C. osmodes Drechsler, C. thromboides Drechsler,
Entomophthora (Fresenius) chromaphidis Burger et Swain,
E. planchoniana Cornu, E. pyriformis (Thoizon) Balazy, E.
sensu Remaudiere et Keller, Erynia conica (Nowakowski)
Remaudiere et Hennebert, E. erinacea (Ben-Zeev et Kenneth)
Remaudiere et Hennebert, Neozygites cinarae Keller, N.
fresenii (Nowakowski) Remaudiere et Keller, N. lageniformis
(Thaxter) Remaudiere et Keller, N. lecanii (Zimmermann)
Balazy, N. microlophii Keller, N. remaudierei S. Keller, N.
slavi S. Keller, N. turbinata (Kenneth) Remaudiere et Keller,
Pandora delphacis (Hori) Humber, P. kondoiensis (Milner)
Humber, P. neoaphidis (Remaudiere et Hennebert) Humber,
P. nouryi (Remaudiere et Hennebert) Humber, P. uroleuconii
Barta et Cagan, Tarichium atrospermum (Petch) Balazy,
Zoophthora anhuiensis (Li) Humber, Z. aphidis (Hoffman
in Fresenius) Remaudiere et Hennebert, Z. canadensis
(MacLeod, Tyrrell et Soper) Remaudiere et Hennebert,
Z. occidentalis (Thaxter) Batko, Z. orientalis Ben-Zeev
et Kenneth, Z. phalloides Batko, Z. radicans (Brefeld)
Batko fungus tiirlerinin yaprakbitleri tizerinde etkili olan
entomopatojen tiirler oldugunu belirtmislerdir. Wakil et
al. (2012), Paecilomyces lilacinus (Thom) Samson’'un Aphis
gossypii Glover (Homoptera: Aphididae) tizerinde etkili
oldugunu belirtmistir. Narmanlioglu (2013) yiiriittigi
galisma sonucunda H. pruni {izerinden Alternaria
sp., Cladosporium sp., Botrytis sp., Stemphylium sp.,
Aureobasidium sp. ve Beauveria bassiana (Balsamo) Vuill’y1

tespit etmigtir.

Caligmanin sekonder konukgularin belirlenmesi kisminda,
meyve agaglarinin bulundugu yerlerde ve c¢evrelerinde
22 adet yaprakbiti tiirii 28 adet yabanci ot iizerinde tespit
edilmistir. Caligma sonucunda bu yabanci otlardan 13
adedi bolgede meyve agaclarindan elde edilen yaprakbiti
tirlerinin  sekonder konukgusu olarak belirlenmis ve
bunlar tizerinden meyve agaclarinda da bulunan Aphis
fabae Scopoli, A. gossypii Glover, A. spiraecola Patch,
Brachycaudus (Acaudus) cardui (Linnaeus), B. helichrysi, H.
pruni ve M. (Nectarosiphon) persicae olmak tizere toplam
7 adet yaprakbiti tiirii tespit edilmistir. Ozdemir (2004),
Ankara ili ve il¢elerindeki yabanci otlar tizerinde toplam 81

adet yaprakbiti tiirii belirlenmis ve bu tiirler icerisinden A.
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craccivora Koch., A. fabae, B. (Acaudus) cardui, Brevicoryne
brassicae (Linnaeus), Hayhurstia atriplicis (Linnaeus),
Hyadaphis (Das),

(Linnaeus), M. (Nectarosiphon) persicae ve Uroleucon sonchi

coriandri Hyperomyzus  lactucae
(Linnaeus)’nin konukgu sayzsi fazla olan tiirler oldugunu, bu
tirlerin kiiltiir bitkilerinin yaninda yabanci otlar {izerinde

de oldukea yayginlik gosterdigini ifade etmistir.

Erzincan ve Giimiishane ilinde yapilan bu ¢aliyma sonucu
belirlenen yaprakbitlerinin dogrudan kiltiir bitkilerinde
yaptigiekonomikkayiplarin yanisira, dolayli olarak bitkilerde
hastalik olusturan viriislerin naklinde de rol oynamalar:
olduk¢a 6nemlidir. Kiltir bitkileri ile sekonder konukgular
olan yabanci otlar arasinda devamlilik gosteren konukgu
degisimi, yabanci otlarin bitki viriislerine de konuk¢uluk
yapmasindan dolay1 6nem arz etmektedir. Nitekim meyve
bahgelerinin veya alanlarinin etrafindaki sebze ve yabanci
otlarda saptanan yaprakbitlerinin potansiyel birer zarar
olusturmasi her zaman s6z konusu olacaktir. Dolayisiyla
bu konuya gereken ehemmiyet verilmeli ve bir¢ok disiplin

tarafindan ¢ok yonli ¢aligilmas: gerekmektedir.

Sonug olarak yaprakbiti dogal diigmanlarinin tiir sayisi
bakimindan fazla olmasi, 6zellikle de bu ¢aligmada belirlenen
Dermaptera takimina bagli Forficulidae; Hemiptera takimina
bagli Anthocoridae, Miridae, Rediiviidae ve Nabidae;
Neuroptera takimma bagli Chrysopidae, Raphiidae ve
Mantispidae; Coleoptera takimma bagli Coccinellidae;
Diptera takimina bagli Syrphidae, Chamaemyiidae ve
Hybotidae familyalarinda yer alan predator tirler ile
Hymenoptera takimma bagl Braconidae ve Aphelinidae
familyalarinda yer alan parazitoit tiirlerin yaygm olmasi
biyolojik miicadele agisindan olduk¢a 6nem arz etmektedir.
Biyolojik miicadele ¢aligmalarina temel olugturacak veriler
bu ¢aliyma ile elde edilmis ve ileride yaprakbitleri ile ilgili
biyolojik miicadele g¢aligmalarinda dogal diismanlarin
etkinliklerinin belirlenmesi gerektigi kanisina varilmistir.
Ancak yaprakbitleri ile dogal diigmanlar1 arasindaki
etkilesimin belirlenmesi amaciyla daha fazla sayida ve detayli
calismalarin yapilmasiyla kesin bir kaniya varilabilecegi

distiniilmektedir.
TESEKKUR

Bu calisma Doktora Tezinden (Atatiirk Universitesi,
Fen Bilimleri Enstitiisii, Bitki Koruma Anabilim Dali)
hazirlanmig olup Tarimsal Aragtirmalar ve Politikalar Genel
(TAGEM- BS-11/04-02/01-18) tarafindan
TAGEMe

Erzincan Bahce Kiiltiirleri Arastirma Enstitiisiine tesekkiir

Miudirliagi
desteklenmigtir. Desteklerinden dolay1 ve
ederiz. Ayrica Forficulidae familyasina bagli tiirlerin
teshislerinde yardimci olan Sayin Prof.Dr. Ali DEMIRSOY

(Hacettepe Universitesi, Fen Fakiiltesi, Biyoloji Boliimii)a,
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Miridae familyasina bagli tiirlerin teshisini yapan Sayin Prof.
Dr. Meral FENT (Trakya Universitesi, Fen Fakiiltesi, Biyoloji
Boliimii)e, Neuroptera takimina ait tiirlerin teshisini yapan
Sayin Prof.Dr. Ali SATAR (Dicle Universitesi, Fen Fakiiltesi,
Biyoloji Béliimii)’a, Coccinellidae familyasina ait tiirlerin
teshisini yapan Sayin Prof.Dr. Nedim UYGUN (Cukurova
Universitesi, Ziraat Fakiiltesi, Bitki Koruma Bolimii)a,
Syrphidae familyasina ait tiirlerin teshisini yapan Saymn
Prof.Dr. Riistem HAYAT (Akdeniz Universitesi, Ziraat
Fakiiltesi, Bitki Koruma Boélimii)’a, Hybotidae familyasina
ait tiirlerin teshisini yapan Sayin Dr. Ogr. Uyesi Mustafa
Cemal CIFTCI (Siirt Universitesi, Ziraat Fakiiltesi, Bitki
Koruma Boélimii)’ye, Aphididae familyasina baglh tiirlerin
teshislerinde yardimci olan Sayin Dr. Isil OZDEMIR
(Ankara Zirai Miicadele Merkez Aragtirma Enstitiisii)e
ve Anthocoridae familyasina bagli tiirlerin teshisini yapan
Saymn Dr. Giilten YAZICI (Ankara Zirai Miicadele Merkez
Arastirma Enstitiisii)’ya, Chalcidoidea tist familyasina bagh
tiirlerin teshisini yapan Sayin Prof.Dr. Mikdat DOGANLAR
(Mustafa Kemal Universitesi, Bitki Koruma Boliimii)a,
Ichneumonidae familyasina bagli tiirlerin teshisini yapan
Sayin Prof.Dr. Saliha CORUH (Atatiirk Universitesi, Bitki
Koruma Boéliimii)’a, Braconidae familyasina bagl tiirlerin
teshisini yapan Sayin Dog.Dr. Coskun GUCLU (Eskigehir
Fakltesi,

entomopatojen funguslarin

Osmangazi Universitesi, Ziraat Tarimsal
Biyoteknoloji
teshisini yapan Saym ProfDr. Cafer EKEN (Aydin

Adnan Menderes Universitesi, Ziraat Fakiiltesi, Tarimsal

Bolimii)’ye,

Biyoteknoloji ~ Béliimii)e, yaprakbitlerinin  sekonder
konukgular1 olan yabanci otlarin teshislerini yapan Prof.
Dr. Ali KANDEMIR (Erzincan Universitesi, Fen Edebiyat

Fakiiltesi, Biyoloji Bolimii)e tesekkiir ederiz.
OZET

Bu ¢aligma, Erzincan ve Giimiigshane illerinde yetistirilen
iliman iklim meyve tiirlerinde bulunan yaprakbiti tiirleri
ile dogal diiymanlarinin tespit edilmesi amaciyla 2011-
2013 yillarinda
popiilasyonunun yogun oldugu ilkbahar (mayis-haziran)

yapilmistir.  Ornekleme, yaprakbiti
ve sonbahar aylarinda (eylil-ekim) iki haftada bir,
yogunlugun azaldigi yaz aylarinda (temmuz-agustos)
ise ayda bir kez yapilmistir. Caliyma sonucunda Aphis,
Anuraphis, Anoecia, Brachycaudus, Chromaphis, Dysaphis,
Panaphis,
Pterochloroides ve Rhopalosiphum (Hemiptera: Aphididae)

Eriosoma,  Hyalopterus, Myzus, Ovatus,
cinslerine giren toplam 24 yaprakbiti tiirii ve bu tiirlerin 13
sekonder konukgusu tespit edilmistir. Bu yaprakbitlerinin
dogal diiymanlar1 olarak 65 predator, 11 parazitoit ve 2

entomopatojen olmak iizere toplam 78 tiir saptanmustir.

Anahtar kelimeler: Aphididae, dogal diisman, Erzincan,

Giimiighane, 1liman iklim meyve, sekonder konuk¢u
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Citrus plantations are suffered from many different pest species in East
Mediterranean Region. Among them, aphids (Hemiptera: Aphididae) are one of the
important groups. Some species such as Aphis gossypii Glover, Aphis spiraecola
Patch, Aphis craccivora Koch, Aphis (Toxoptera) aurantii (Boyer de Fanscolombe)
and Myzus (Nectarosiphon) persicae (Sulzer) (Hemiptera: Aphididae) cause
harm especially young citrus orchards. This study aimed to investigate regional
distribution, seasonal fluctuation, host and host age preferences within citrus
species of these aphid species in 15 sub-regions from Adana, Hatay, Osmaniye
and Mersin between 2007 and 2009. While the mandarin was more preferred than
other citrus species, grapefruit was the least preferred citrus species among in all
the three provinces. Among the citrus species in the Mersin region, A. spiraecola
was the most common in lemons, while A. (T.) aurantii preferred mandarin compare
to others. In Adana and Hatay regions, mandarin was the most preferred citrus
species for all aphid species except M. (N.) persicae. Aphid preferences depending
on the age showed differences in citrus age scale by region. A. (T.) aurantii, on the
other hand, had the highest rate of presence between the ages of 11-20 in Hatay
and between the ages 21-40 in Mersin. The prevalence of citrus varieties in Adana
and Hatay parallelly affected the distribution of aphids. However, A. spiraecola was
dominant aphid species on the lemon. Adana, which has a richer flora compared
to Mersin and Hatay regions, has been determined the highest aphid density in
different species. The fact that Aphis goosypii and A. spiraecola create up to 30-
40% infections rate in citrus orchards not only in spring, but also in July, and intense
again in autumn have made these pests harmful for four seasons.

INTRODUCTION

Citrus is one of the essential exporting crops of Turkey, and sector. Its production is limited to coastal areas of Turkey

its plantation area is rapidly increasing in the agricultural that are West, South, and North East of Turkey under
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the Mediterranean climate. Parallel to this development,
the number and the population of pests, diseases, and
weeds, causing significant crop losses, are escalating. Aphis
gossypii Glover, A. spiraecola Patch, A. craccivora Koch,
Aphis (Toxoptera) aurantii (Boyer de Fanscolombe), and
Myzus (N.) persicae (Sulzer) (Hemiptera: Aphididae) were
considered as important pest group of citrus orchards
(Satar et al. 2014, Uygun and Satar 2008). The literature
studies show that A. gossypii, A. spiraecola are the most
common species and A. gossypii especially has many
parasitoid species at Mediterranean Region (Kavallieratos
and Lykouressis 1999, Mendoza et al. 2001, Satar et al.
2014, Stary et al. 1988, Toros et al. 2002, Tremblay et al.
1980). Aphids damage to plants by sucking the sap directly,
by causing fumagin, and transmitting virus and virus-like
organisms indirectly. The pest group is especially harmful
to newly planted areas by preventing the development of
the plant, because of preferring young shoots. The pest
also causes losses at cotton and vegetables are generally
controlled by intensive insecticide usage that gives rise to
the development of insecticide resistance (Ulusoy et al.
2018). Because of the wide distribution and insecticide-
resistant peculiarity of A. gossypii in this group, they are
difficult to control. To get rid of all the negative effects of
chemical control and benefiting from the high number
of natural enemies of A. gossypii in nature, the farmers
are forced to evolve a biological control program in the

Integrated Pest Management (IPM) strategy.

Biology, population dynamics, and the ecology of the
pest should be considered for successfully control in
the IPM strategy. Researches about seasonal changing
provide many ideas like interactions between an insect
and its environments, such as creating efficient sampling
programs for population estimation, pest management,
and the development of population models (Dubey and
Singh 2011). Yumruktepe and Uygun (1994) and Satar et al.
(1998) emphasized that grapefruits are less preferred by the
common two aphid species, A. spiraecola and A. gossypii, on
citrus. Satar and Uygun (2008, 2011) observed two species
at the different periods which A. gossypii is between May and
July, A. spiraecola is from the beginning of August till the

end of September in citrus orchards in Adana.

Studies on aphids are generally carried out on population
density in a few sub-regions. This study was planned and
conducted at all citrus production areas in the Eastern
Mediterranean Region have different ecologies. In this way,
it has been possible to compare the distribution of aphid
species, which are a significant pest in the whole region, with
each other. Thus, many ecological characteristics of aphid

species, which are harmful in citrus fruits, such as host plant
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preference, plant age, regional distribution, regional age,
and plant species preference, have been determined and the

effect of climate on these characteristics has been discussed.
MATERIALS AND METHODS

The East Mediterranean Region separated 15 sub-regions;
Center, Silifke, Erdemli, Mezitli-Kuyuluk, Tarsus, Yenice from
Mersin; Yiiregir, Seyhan, Karatag, Ceyhan, Kozan, Kadirli-
Toprakkale from Adana; Erzin, Dértyol, Iskenderun-Arsuz
from Hatay in three provinces concerning their ecology
and geography to detect the prevalence and distributions of
aphid species according to Bora and Karaca (1970). These
sub-regions were surveyed one time per month from May
2007 to June 2009 (Figure 1). Minimum ten citrus orchards
that were detected in each sub-region were visited monthly.
During the study, the orchard were selected randomly in
each sub-region. But generaly citrus growing area in each
region accumulated in some locations of the each sub-
region. Therefore, all the time visited orchards was on the

same layer in every month.
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Figure 1. The GPS coordinates of the citrus orchards where
citrus aphids are studied in the Eastern Mediterranean

Region of Turkey (Satellite image from Google Earth)

These orchards were traversed crosswise, and a total of
100 shoots were checked three shoots from each tree. The
density of each aphid species was determined using the 0-6
scale given in Table 1 (Anonymous 1990).

Table 1. The scale used in aphid counting in citrus aphid
survey

Number of aphids

Scale value

Lover limit  Upper limit Limit average

0 0 0 0

1 1 2 2

2 3 10 7

3 11 30 20

4 31 100 70

5 101 300 200

6 301 1000 700
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Preparation of the aphids collected from the field was done by
Hille Ris Lambers (1950) methods and they were identified
by researchers in this project, unidentified materials were
sent to Dr. Isil Ozdemir.

The percentage rate of each aphid species according to
plant age and species and the provinces were calculated
by dividing the number of an aphid species to total aphid
number for each condition.

RESULTS AND DISCUSSION

This study aimed to detect aphid species and population
fluctuation in the East Mediterranean Region. For this
aim, the total 4000 visits to 953 citrus orchards in Mersin,
Adana, and Hatay provinces were conducted. 1597 visits
to 359 orchards from six subregions in Adana and 1610
visits to 398 orchards from six sub-regions in Mersin, and
793 visits to 196 orchards from three sub-regions in Hatay
were investigated to detect the citrus aphid species and their
densities with their orchards specifications from the middle
0f 2007 to 2009. Lemon (56%) in Mersin, orange (35%) and
mandarin (32%) in Adana, and mandarin (61%) in Hatay

was the dominant citrus plantations (Figure 2).

Mersin

M Number of Lemon Tree
M Number of Mandarin
= Number of Orange tree
B Number of Grapefruit

m Number of Mixed species tree

Adana

Hatay

Figure 2. Surveyed citrus orchard percentage and
distribution according to species between 2007-2009 in East
Mediterranean Region

A. gossypii, A. spiraecola, A. craccivora, A. (T.) aurantii, and
M. (N.) persicae were five common aphid species in the East
Mediterranean Region while A. gossypii and A. spiraecola
were detected as dominant ones. Aphis spiraecola was found
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in the highest with 64% in the province of Mersin, with 56%
in Hatay, and 44% in Adana. Aphis gossypii has detected
at the highest rate with 51% in Adana followed by Hatay
and Mersin. Other species were detected at a very low rate
(Figure 3). Many researchers in their country supported these
findings. Hermoso de Mendoza et al. (1998) also stated that
the dominant aphid species in citrus areas in the Eastern
Mediterranean were A. spiroecola and A. gossypii. Pelosi et al.
(1996) carried out aphid population fluctuation with traps in
the orange orchard in the province of Florida, USA. The results
revealed that the most common species were Aphis spiroecola
(49.3%), A. gossypii (14.1%), A. craccivora (3.4%), for A. (T.)
aurantii (2.9%), Macrosiphum euphorbiae (1.4%), and M. (N.)
persicae (1.3%), respectively. In the region, A. spiroecola and
A. gossypii have also reported a higher population than other
species (Satar and Uygun 2008, 2011, Yumruktepe and Uygun
1994) indicated that A. spiroecola and A. gossypii stand out in
citrus orchards in their study.

| O Aphis gossypii B Aphis spiraecolaODigerleri |
Figure 3. Densities of Aphis gossypii, Aphis spiroecola, Aphis
craccivora, Aphis (Toxoptera) aurantii, and Myzus (N.)
persicae in Adana, Mersin, and Hatay provinces 2007-2009
in East Mediterranean Region

The age preference evaluation were assessed as ratio of
present aphid species depending on orchards age preferred
by aphid species (Figure 4). Aphis spiraecola was detected a
maximum of 73.2% on 11-20 age trees while A. gossypii was
20.7%, A. croccivora was 5.6%, A. (T.) aurantii was 0.44%
and M. (N.) persicae was 0.1% in citrus orchards of Mersin
province. Moreover, A. spiraecola was not only high at 11-20
age but also it was highest for all other age range too. This
dominace followed by 67.6% on the 6-10 age, and 60.8%
on the 1-5 age, 36.8% on the 21-40 age trees in Mersin. In
Adana province, A. gossypii was high at 1-5 age (47.7%) and
6-10 age (52.4%) ranges, but A. spiraecola was the highest by
48.9% and 75.4% on the 11-20 age and 21-40 age, sincerely.
In the province of Hatay, at the age range 1-5, A. spiraecola
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was recorded 47.9%, A. gossypii was 44.5%, A. (T.) aurantii
was 6.6% and A. craccivora was 0.2%. Rate of A. (T.) aurantii
was 14.3% on the age of 21-40 tree in Mersin, 12% on the
age of 11-20 in Hatay, and 7% on the 1-5 age in Adana. Aphis
craccivora has been found highest in the 11-20 age trees in
Adana and Mersin. When all data evaluated, A. spiraecola
and A. gossypii preferred the 6-11 years old trees in Adana,
the 1-5 years old trees in Mersin. However, A. craccivora came
forward on the 11-20 age trees in Adana and Mersin. Myzus
persicae, detected very low rate only in Mersin, reached
higher numbers on the 10-20 years old trees (Figure 4).

@
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Figure 4. Percentage by Aphis gossypii, Aphis spiraecola,
Aphis (Toxoptera) aurantii, Myzus (N.) persicae, and Aphis
craccivora in Mersin, Adana, and Hatay provinces according
to preferring citrus trees age

From another aspect, the most preferred citrus variety was
mandarin, while grapefruit become unfavourable citrus
species compared to the others in all three provinces. It was
followed by orange in Adana, by lemon in Mersin. Because of
less plantation of other citrus varieties, the mandarin was the
primary host for aphids in Hatay followed by lemon. Overall,
A. gossypii preferred lemon (32.4%), mandarin (35.4%), and
orange (%31%) with relatively equal ratio. The population of
A. spiraecola was observed densly on lemon (66.0%) compare
to mandarin (15.2%), orange (37.3%) and grapefruit (1.8%),
while A. (T.) aurantii populations intensified on mandarin
(66%) (Figure 5). Caballero et al. (1992) also reported in their
study in citrus orchards in Spain that aphids prefer more

mandarin trees than other citrus varieties.

Figure 5. Percentage by Aphis gossypii, Aphis spiraecola,
Aphis (Toxoptera) aurantii, Myzus (N.) persicae, and Aphis
craccivora in Mersin, Adana, and Hatay provinces according
to preferring citrus trees age

Aphis gossypii in Adana province reached 25.41 mean
number of aphid/shoot on mandarin and 6.46 individuals in
orange during the season of 2009. However, in the same year,
A. spiraecola was detected in orange with 9.93, 22.06 aphids/
shoot in mandarin. The mean number of A. spiraecola and
A. gossypii was higher on the orange trees during the three
years except A. spiracola on lemon in 2009, but it was very
low on the grapefruits all over the study. Overall, both
species were determined in all varieties in 2007 and 2008,
albeit lower than in 2008. Aphis (T.) aurantii was observed
at lower levels in all varieties in 2007 and 2008 except the
grapefruit varieties, but it could relatively higher on the
mandarin varieties in 2008. Aphis craccivora also detected
low level population through the season of 2007 and 2008,
while only 0.22 aphids/shoot on mandarin in 2009 were
recorded (Figure 6).

A. gossyypii
WA, spiraecola
BA. (T.) aurantii

M. persicae
M A. craccivora

Adana

: |
Ljﬂh Lk LII;Iii | Ii .

Mersin

Lk

Orange [Grapefruit| Lemon |Mandarin| Orange [Grapefruit

2009

Figure 6. Mean numbers of Aphis gossypii, Aphis spiraecola,
Aphis craccivora, Aphis (Toxoptera) aurantii, and Myzus (N.)
persicae per shoot on the lemon, mandarin, orange, and
grapefruit in Mersin, Adana, and Hatay from May 2007 to
June 2009

Aphid population was dramatically higher in 2008 and 2009
in Mersin province. A. spiraecola was determined to have
a 32.32 and 35.12 mean number of aphid/shoot in lemon,
27.59 and 27.62 individuals/shoot on oranges and 15.31 and
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16.03 individual/shoot in mandarin the season of 2008 and
2009, respectively. The mean number of aphid/shoot of Aphis
gossypii was determined 10-27 individual in lemon, orange,
and mandarin. Aphis (T.) aurantii and A. craccivora were
detected at lower than 3 individuals in Mersin in respect of
citrus species. Myzus persicae was observed 2.25 indivuduals
in orange in 2008, and this number was the highest for all

district and all the seasons (Figure 6).

The population of A. gossypii in Hatay province was slightly
higher than A. spiraecola in 2007. A. gossypii was found a
maximum of 19.26 aphids/shoot while A. spiraecola was a
maximum of 16.74 aphids/shoot in mandarin. The mean
number of A. spiraecola was dramatically increased on
the mandarin in (34.21) 2008 and (46.10) 2009. Also, the
maximum number of A. (T.) aurantii were reached to 7.51
aphids/shoot and 3.98 aphids/shoot in mandarin in 2007 and
2008, respectively, but it did not detect in 2009 (Figure 6).

Aphis spiraecola was common in Mersin and Hatay, while A.
gossypii was detected at a higher rate in Adana. Concerning
host plant preference, A. spiraecola preferred the lemon in
Mersin, orange in Adana, mandarin in Hatay. Because, Adana
province has rich plant pattern such as cotton, cucurbits,
host plants of A. gossypii, around citrus production areas, the

population of A. gossypii may increase in Adana.
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Figure 7. Aphis gossypii, Aphis spiraecola, and others
concentrations from May 2007 to June 2009
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Pyracantha coccinea Roem and Eriobotrya japonica (Thunb.)
(Rosaceae) are alternative hosts of spiraecola (Satar et al. 2008).
The researchers determined that the species active on citrus
varieties from April to December. Pyracantha coccinea is also
the host of A. spiraecola at this season. Mersin is a significant
touristic area, and this species is common as a landscape
plant in the area. Whereas, E. japonica, an early-season plant,
has a wide cultivation area and is a landscape plant in home
gardens in Mersin province. A. spiraecola is active on the
plant between November to May at out of the citrus season
(Satar and Uygun 2008). However, tomato production in
greenhouses is dominant in Erdemli district, where lemon
cultivation is mainly in Mersin province (Anonim 2012). It
may be the reason for being of M. (N.) persicae, mainly in
Mersin province. Satar (2003) stated that A. spiroecola and
A. gossypii are prominent in citrus in their study, and these
species prefer grapefruit less. In another study, Yumruktepe
and Uygun (1994) reported that the species that constitute a
high population were A. spiroecola and A. gossypii. Therefore,
the researcher also stated that grapefruit was less preferred
variety in citrus by the aphids as detected in the study.

The percentage of A. gossypii, A. spiraecola, A. craccivora, A.
(T.) aurantii, and M. (N.) persicae on citrus shoots from May
2007 to May 2009 were examined in three provinces. Besides,
the monthly numbers of A. gossypii and A. spiraecola, which
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were common species in the same years, were determined
(Figure 7, 8, 9). While A. gossypii was 24.8 aphids/shoot in

November in Yiiregir district in 2007, it was determined as
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the highest number of individuals as 700 aphids/shoot in
September in 2008, and the population reached 189.7 aphids/

shoot in May in 2009 (Figure 7). This sub-region has intensive
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in Hatay province with monthly average numbers and percentage
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cotton production near citrus production areas, so A. gossypii
population found higher in Karatag than other sub-regions
(Anonim 2012). Atakan and Ozgiir (1996) stated that A.
gossypii was frequently encountered in May, June, and July
in their study in cotton fields in Cukurova. In the following
period, such as September, as there are no young leaves on
cotton to attract aphids, they migrate to other hosts. These
findings confirm the population formed in September in the
study. Zeren (1989) reported that A. gossypii was present in
he detection of aphid parasitoids in vegetable fields in the
Cukurova region. A. spiraecola was determined as the highest
mean number of aphids (196.4) on shoot in June 2008. About
contamination percentage, A. gossypii was determined as
11, 15.1, and 22.5 aphids/shoot respectively in April, May,
and June 2008. A. spiraecola also remained high in the same
months. The other species was observed at low levels in May
and August in 2007, and in April in 2008. In the study carried
out in Greece, A. (T.) aurantii, A. gossypii, and A. spiraecola,
especially in citrus orchards, were determined in late spring-
early summer (Katsoyannos et al. 1997). The population was
determined at the end of the spring months and in the first

months of summer.

A. spiraecola in Silifke district of Mersin province had the
highest mean 387 individuals on 01.03.2008, followed with
187 aphids/shoot on 01.11.2008, and reached the third-highest
point with 232 aphids/shoot on 01.05.2009. In the other two
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years surveyed in Silifke, Aphis spiraecola population was
observed as low (Figure 8). Aphis gossypii populations were
700, 101, 38, 70 and 128 aphids/shoot in another sub-region
was Yenice on 01.06.2007, 01.11.2007, 01.05.2008, 01.10.2008
and 01.05.2009, respectively. Aphis spiraecola population 34,
110, 88, 200 and 78 aphids/shoot were determined on the
same dates, respectively. These findings show that different
aphid species caused a higher population in different sub-
region of Mersin. Different aphid species also caused a
higher population at different years in the same sub-region.
For example, A. gossypii was high in 2007 in the Tarsus sub-

region, the A. spiraecola population was high in other years.

Aphis spiraecola reached pick level as 212 aphids/shoot in July
in 2007, 181 aphids/shoot in April and the highest 530 aphids/
shoot in November in 2008, and 296 aphids/shoot in May in
2009 at Dortyol, one of the sub-regions of Hatay province
(Figure 9). In the same sub-region, A. gossypii reached a peak
in the same months, but it was lower than A. spiraecola, the
highest was 161 aphids/shoot, in May 2009. The population in
Erzin of A. spiraecola was high as in Dortyol, and the highest
was determined as 256 individuals in May 2009 (Figure 9).
The highest A. gossypii population (700 individuals/shoot)
was in June 2008 in the Erzin sub-region, but it also remained
high in October 2007 and 2008 (77 and 127 aphids/shoot).
Interplanting of vegetables between the young citrus orchards

in the region may have led to an increase in the population of



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (4) : 111-119

A. gossypii. Zeren (1989) reported that A. gossypii was found
in vegetable fields in Dortyol district of Hatay.

Despite tens of natural enemies on aphids (Satar and Uygun
2008, Satar et al. 2014), they can become the main pests of
citrus orchards not only in young plants but also in middle
and old age orchards in favorable seasonal conditions,
especially in periods when late spring rains are abundant
(Figure 10). Besides A. gossypii and A. spiraecola, A. craccivora
is sometimes become a problem, especially in middle-age
orchards. Moreover, the short development period of aphids
and their ability to produce 100 nymphs in the following 5-10
days after becoming adult, they become harmful on the plants
and build up big aphid population before natural enemies
putting pressure on aphids (Satar et al. 1998, Satar et al. 2005).
Therefore, contrary to the classical view, biological control
should be re-planned include methods to be applied as an area-
wide rather than on an orchard basis. Also, research should be
carried out on applications that will support biological control
factors such as intermediate planting among citrus fruits,

selection of plants to be selected as hedge plants.
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OZET

Dogu Akdeniz Bolgesi turunggil bahgeleri pek ¢ok bocek
ve hastalik etmeninden dolay: zarar gérmektedir. Bunlarin
iginde yaprakbitleri (Hemiptera: Aphididae) o6nemli
gruplardan bir tanesidir. Aphis craccivora Koch, Aphis
gossypii Glover, Aphis spiraecola Patch, Aphis (Toxoptera)
aurantii Boyer de Fonscolombe ve Myzus (Nectarosiphon)
persicae (Sulzer) gibi tiirler gen¢ turunggil bahgelerinde
zarara sebep olabilmektedir. Bu ¢alismada bu yaprakbiti
tirlerinin  bolgesel dagilimi, mevsimsel yogunluklari,
turunggil tiirleri arasindaki tiir ve yas tercihleri Adana,
Mersin, Osmaniye ve Hatay illerinde belirlenen 15
alt bolgede 2007 ve 2009 yillar1 arasinda caligilmigtir.
Mandarin turunggil tiirleri arasinda en fazla tercih edilen
tiir olurken, altintop ise bu tiirler arasinda en az tercih
edilen tiir olmustur. Mersin bolgesi turunggil tiirleri
iginde A. spiraecola en fazla limonda goziikiirken, A. (T.)
aurantii tim turuncgil tiirleri i¢inde en fazla mandarinde
tespit edilmistir. Adana ve Hatay bolgesinde ise mandarin
A. craccivora, A. gossypii, A. spiraecola ve A. (T.) aurantii
tiirleri i¢in en fazla tercih edilen turunggil tiirti olmustur.
Farkli turuncgil yaslarinda yaprakbiti yogunluklarinda
bolgelere gore farklilik gorilmistir. A. (T.) aurantii

118

11-20 yas araliginda Hatayda, 21-40 yas aralifinda ise
Mersinde en yitksek bulunma oranina sahip olmustur.
Turunggil tiirlerinin varligina paralel olarak yaprakbiti tiir
ve dagilimi da etkilenmistir. Limon bu turunggil tiirleri
icinde A. spiraecola tarafindan en ¢ok tercih edilen tiir
olmustur. Mersin ve Hatay bolgesine gore daha zengin
bir bitki desenine sahip olan Adanada farkl: tiirlerde en
fazla yaprakbiti yogunlugu tespit edilmistir. Aphis goosypii
ve A. spiraecolanin bahgelerde sadece bahar aylarinda
degil haziran ve temmuz aylarinda da %30-40’lara varan
bulagiklik olusturmalar1 ve yine sonbahar aylarinda da
yogun gozitkmeleri bu zararhilar1 dért mevsimin zararlisi

yapmis durumdadir.

Anahtar kelimeler: Aphis, konukgu tercihi, popiilasyon
dalgalanmasi, yas tercihi, Aphis (Toxoptera) aurantii,

Myzus persicae
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7.  Bitki Koruma Biilteni’nde yayinlanmas istenilen eserler i¢in makale bagvurusu DERGIPARK sistemi (http://dergipark.gov.
tr/bitkorb) tizerinden yapilmalidir.

8. Sisteme yiiklenen makale “Yazarlar i¢in” sekmesinde yer alan “Makale taslagi’na gore hazirlanmal, sisteme “Makale giris
sayfas1” ve tim yazarlar tarafindan doldurulup imzalanan “Bitki Koruma Biilteni Telif Hakk: Devir Formu” ve “Cikar Cakismasi

ve Hakem Onerileri Formu” ile birlikte yiiklenmelidir.
9. Bitki Koruma Biilteninde kor hakemlik degerlendirme siireci izlenmektedir.

10. Degerlendirme siirecine dahil edilen makaleler konu editorii ve belirlenen hakemler tarafindan incelenip, onlarin 6nerileri

dogrultusunda yazarlar: tarafindan diizeltildikten sonra yaymlanur.

11. Bitki Koruma Biilteninde yaymlanan makaleler i¢in baski ticreti alinmamaktadir.






