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Determination of the pathotypes of Rhynchosporium commune (Zaffarona,
McDonald & Linde) in some regions of Turkey
Tiirkiye'nin bazi bdlgelerinde Rhynchosporium commune (Zaffarona, McDonald & Linde) nin

patotiplerinin belirlenmesi

Mohammad Reza AZAMPARSA® Aziz KARAKAYAY

“University of Maragheb, Faculty of Agriculture, Department of Plant Protection, Maragheh, Iran
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ARTICLE INFO ABSTRACT
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Accepted : 30.05.2020 conducted during 2012, 2013, and 2014 in different regions of Turkey. Isolations

Barley scald, caused by the fungal pathogen Rhynchosporium commune is
the most important disease of barley in the world and in Turkey. Surveys were

were accomplished from diseased leaves and from these fifty-two R. commune

Keywords: single spore isolates were selected. A total of 30 scald pathotypes were
distinguished based on virulence on 17 barley differential set cultivars. Eighteen,
Rhynchosporium commune,
differential set, scald pathotypes,
Hordeum vulgare Aegean, and the Black Sea regions of Turkey, respectively. Twenty, 5, 1, 3, and 1

14, 6, and 1 of these pathotypes were from Central Anatolia, Southeast Anatolia,

of these pathotypes were represented by 20, 2, 3, 4, and 7 isolates, respectively.
* Corresponding author: Aziz KARAKAYA

None of the pathotypes was virulent on all 17 barley differential cultivars and two
=4 karakaya @agri.ankara.edu.tr

susceptible control cultivars. The most virulent pathotypes (pathotypes 29 and
30) were obtained from Manisa- Kula (13-203) and Gaziantep-Subagi (GPS71U)
locations and the least virulent pathotype (pathotype 1) was obtained from Sivas-
Gemerek (GPS31) and Sivas-Ulas (NKT20) locations of Turkey. Among 17 barley
differential cultivars, Jet and Abyssinia were susceptible to 1 pathotype, Osiris,
Atlas 46, and Forrajera were susceptible to 3 pathotypes, La Mesita and Bey were
susceptible to 7 pathotypes, Trebi was susceptible to 9 pathotypes, Pirate was
susceptible to 10 pathotypes, Modoc was susceptible to 11 pathotypes, Kitchin
and Igri were susceptible to 12 pathotypes, Armelle and Astrix were susceptible
to 19 pathotypes, Athene was susceptible to 21 pathotypes, Steudelli was
susceptible to 24 pathotypes and Digger was susceptible to 25 pathotypes. Among
barley differential cultivars, Jet and Abyssinia cultivars were found as the most
resistant, and Digger and Steudelli cultivars were the most susceptible cultivars.
Two susceptible control cultivars Biilbiil 89 and Efes 3 were found susceptible to
93% of scald pathotypes. It appears that considerable variation exists among the
Turkish R. commune isolates obtained from some barley growing areas of Turkey.




Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (3) : 5-14

INTRODUCTION

Barley (Hordeum vulgare L.) is one of the important cereal
crops grown in the vast area of the world and Turkey. This
crop is the second most important cereal in Turkey which is
grown in 2.611.940 hectares of land, and 7.000.000 tonnes
of yield was produced (TUIK 2018). Barley scald caused
by Rhynchosporium commune Zaffarano, McDonald, and
Linde (formerly Rhynchosporium secalis (Oudem.) J.J. Davis)
(Zaffarano et al. 2011) is one of the important barley diseases
in Turkey (Karakaya et al. 2014). Yield losses of 10%-70%
due to this pathogen have been reported (Aktas 1984, Sheikh
Jabbari 2008, Shipton et al. 1974, Zhang et al. 1992). Barley
scald is controlled using chemical, agronomical, and genetic
resistance measures. Introducing new sources of resistance
to scald is accomplished by screening barley genotypes as
well as determining the degree of pathogenic variation in R.
commune populations. This method may omit the control
of this fungus by chemical measures and help to implement
environmentally friendly ways of disease control. Knowing
pathogenic variability and obtaining barley genotypes resistant
to scald can lead to the prevention of disease losses. In this
study, surveys were conducted during 2012, 2013, and 2014 in
different regions of Turkey, and pathotypes of R. commune in

some barley growing areas of Turkey were determined.
MATERIALS AND METHODS

Differential set for barley scald disease, previously used
by Abang et al. (2006), was selected in this experiment.
This differential set contained 17 barley scald differential
cultivars were obtained from the International Center for
Agricultural Research in the Dry Areas (ICARDA), The
United States Department of Agriculture (USDA), and
Dr. T. Fukuyama (Niigata University, Japan). Seeds were
multiplied both in the field and under the greenhouse
conditions. Additionally, two susceptible Turkish control
cultivars (Biilbiil 89 and Efes 3) (Azamparsa et al. 2015a,
2015b) were also used in our current study; but they were
not used in pathotype identification.

During 2012, 2013, and 2014, R. commune surveys were
conducted in some barley growing areas of Turkey. Samples
were collected approximately at every 30 kilometers. Fields
were inspected diagonally, or a zigzag pattern was followed.
The size of the field was considered for sampling. At each
sampling point, at least 10 plants were inspected (Aktas
2001). Scald isolates were obtained from diseased leaves.
These infected leaf samples showing characteristic scald
symptoms were cut into small sizes, surface-sterilized 15
seconds with 70% ethyl alcohol followed by 90 seconds 5%
sodium hypochlorite, and finally placed on sterilized filter
paper 1 minute for drying. These infected dried samples were

placed on Bean Agar (BA) medium (140 g fresh bean, 20 g

dextrose, 18 g agar, 11 distilled water) or Potato Dextrose
Agar medium at 22+1 °C inside an incubator. Fungus
colony was produced on these media after 2-3 weeks. To
produce single spores of the fungus, 1 ml of sterile water was
placed in small microtubes, and by using a sterile needle,
a small part of the colony with spores was transferred into
microtubes and then the microtubes were shaken well. With
the use of sterile loops, spore suspensions were placed on BA
medium and these spores were spread on BA medium. After
2-3 days, under a stereomicroscope, germinated spores were
taken to the Petri dishes containing BA. Developed colonies
of single spores were transformed to test tubes containing
BA medium and stored at 4 °C in the refrigerator. From
these isolates, 52 single spore isolates representing different

regions of Turkey were selected.

To produce inoculum, each isolate was grown on BA
medium for about 14 days, then sterile distilled water was
added onto the colony. Spores were collected using a cover
slide. In harvested single spore suspensions, large parts of
colonies were removed using a sterile cheesecloth. Finally,
the spore concentration of 1x10° spores/ml was adjusted
using a hemocytometer (Abang et al. 2006, Mert and
Karakaya 2003). One drop of Tween-20° was added to every
100 ml of inoculum.

Differential set cultivars and two susceptible control
cultivars were planted into plastic pots (7x7x9 cm)
containing soil: sand: organic matter (60: 20: 20). Five to
seven seeds were placed into each pot. Three replications
were arranged in a randomized block design. Inoculation of
plants was made when plants produced 1.5 leaves (Zadoks
scale 11-12) (Zadoks et al. 1974). After inoculation, plants
were transferred to a moist chamber with 100% relative
humidity and 16-17 °C for 48 hours to ensure infection of
plants. After 2 days, plants were taken to the greenhouse
with a 22-25 °C temperature range. Plants were watered as
necessary. Disease symptoms were visible in 8-10 days after
inoculation. The first disease assessment was made using
El-Ahmed (1981) 0-4 scale after 14 days of inoculation.
The second disease assessment was made four days later
(18 days after inoculation), and the results of the second
assessment were used in disease evaluation. Scale values 0-2
were considered as resistant, and scale values 2.01-4 were

considered as susceptible.
RESULTS

Seventeen barley scald differential cultivars and two
susceptible barley control cultivars were inoculated using
52 single spore isolates of R. commune. Resistance or
susceptibility reactions of these cultivars were distinguished
using a 0-4 scale (El-Ahmed 1981) (Table 1).



Table 1. Reactions of 17 barley scald differential set cultivars and two susceptible Turkish cultivars to 52 isolates of Rhynchosporium commune. For evaluation, a 1-4 scale was used (Al-

Ahmed (1981). Scale values 0-2 were considered as resistant and scale values 2.01-4 were considered as susceptible
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Table 2. Numbers of diseased genotypes, susceptible differential set cultivars and pathotype numbers of selected 52 isolates of
Rhynchosporium commune on 17 barley differential cultivars

No. Isolate No. Location No. of diseased genotypes Susceptible cultivars Pathotype No.
1 GPS31 Sivas-Gemerek 0 0 1
2 NKT20 Sivas-Ulag 0 0 1
3 13-160 Diyarbakir-Central 1 12 2
4 13-144 Mardin-Midyat 2 3,12 3
5 GPS87 Cankari-Central 2 3,12 3
6 13-147 Mardin- Midyat 2 3,8 4
7 GPS93 Ankara-Polatli 2 8,12 5
8 GPS110 Konya-Meram 2 8,12 5
9 13-122 Sanlurfa-Central 2 8,12 5
10 13-202 Usak-Central 2 8,12 5
11  GPS66 Kirsehir-Central 3 1,2,3 6
12 GPS65 Nevsehir-Hacibektas 3 1,2,8 7
13 13-150 Mardin-Midyat 3 3,8,12 8
14  13-126 Sanlurfa-Virangehir 3 3,8,12 8
15 13-157H Diyarbakir-Central 3 9,12,13 9
16 13-117 Nigde-Ulukigla 4 1,2,3,8 10
17 13-197 Aksaray-Central 4 1,2,8,11 11
18  Department Ankara- Digkap1 4 1,2,8,12 12
19  GPS127 Konya-Selguklu 4 1,2,8,12 12
20 13-154 Mardin-Midyat 4 1,2,8,12 12
21 13-209 {zmir-Menderes 4 1,2,8,12 12
22 NKT29 Sivas-Sarkisla 5 1,2,3,8,12 13
23 GPS71 Kirsehir-Kaman 5 1,2,3,8,12 13
24  GPS76 Ankara-Kalecik 5 1,2,3,8,12 13
25 13-130 Sanliurfa-Ceylanpinar 5 3,4,7,8,12 14
26  GPS100 Konya- Tuzluk¢u 6 1,2,3,4,8,12 15
27  GPS54U Ankara-Cankaya 6 1,2,3,4,8,12 15
28 13-188 Kayseri—incesu 6 1,2,3,4,8,12 15
29 GPS106 Konya-Beysehir 6 1,2,3,4,8,12 15
30 F4 Eskigehir-Tepebast 6 1,2,3,4,8,12 15
31 13-194 Kayseri—incesu 6 1,2,3,4,8,12 15
32 GPS120 Konya-Glineysinir 6 1,2,3,4,8,12 15
33  Hayl-Ankara Ankara-Haymana 6 1,2,3,8,12,15 16
34 E85 Eskisehir-Sivrihisar 6 5,6,8,12,13,15 17
35 13-208 Manisa-Akhisar 7 1,2,3,4,7,8,12 18
36 13-152 Mardin- Midyat 7 1,2,3,4,7,8,12 18
37  GPS60 Yozgat- Yenifakil 7 1,2,3,4,7,8,12 18
38 E43 Eskisehir -Saricakaya 7 1,2,3,4,7,8,12 18
39 E97 Eskigehir-Sivrihisar 8 1,2,3,4,7,8,11,12 19
40 14-120 Kastamonu- Devrekani 8 1,2,3,4,7,8,11,12 19
41 E1 Eskigehir-Tepebast 8 1,2,3,4,8,9,11,12 20
42 GPS73 Ankara-Akyurt 9 1,2,3,4,7,8,11,12,14 21
43 13-149 Mardin-Midyat 9 1,2,3,4,7,8,11,12,14 21
44  GPS2 Ankara-Lalahan 9 1,2,3,4,7,8,9,12,15 22
45 13-157 Diyarbakur-Central 9 1,2,5,8,9,11,12,13,15 23
46 13-153 Mardin-Midyat 10 1,2,3,4,7,8,11,12,14,15 24
47 13-177 Adryaman-Golbagi 10 1,2,3,4,7,8,9,11,12,15 25
48 13-204 Manisa-Kula 10 1,2,3,5,8,9,11,12,13,15 26
49 13-207 {zmir- Bergama 11 1,2,3,4,5,7,8,11,12,14,15 27
50  13-109 Ankara-Sereflikochisar 11 1,2,3,5,8,9,11,12,13,15,16 28
51 13-203 Manisa- Kula 13 3,4,5,6,7,8,9,10,11,12,13,15,16 29
52 GPS71U Gaziantep-Subagi 13 3,4,5,6,7,8,9,11,12,13,15,16,17 30

'Differential cultivars: 1-Armelle, 2- Astrix, 3- Athene, 4- Igri, 5- La Mesita, 6- Osiris, 7- Pirate, 8- Digger, 9-Trebi, 10- Jet, 11- Kitchin, 12- Steudelli, 13- Bey, 14- Atlas
46, 15- Modoc, 16- Forrajera, 17- Abyssinia
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The virulence of 52 R. commune isolates on 17 barley
differential cultivars were evaluated, and 30 different
pathotypes of R. commune were determined (Table 2).
Among these pathotypes, pathotype no: 29 (Manisa-Kula,
13-203) (Figure 1) and pathotype no:30 (Gaziantep-Subag,
GPS71-U) were determined as the most virulent isolates of R.
commune based on disease symptoms on 17 scald differential
cultivars. On the other hand, isolates GPS31 (Sivas-Gemerek)
and NKT20 (Sivas-Ulas) were grouped as pathotype 1, and
showed the least virulent reactions on differential set cultivars.
These two isolates did not produce any disease symptoms on
most of the differential set cultivars; however, they produced
disease symptoms on two susceptible control cultivars Biilbiil
89 and Efes 3. Based on disease reactions on two susceptible
control cultivars, different reactions were detected. Isolate
GPS31 produced lower disease (scale values 1.3 and 1.7 for
Biilbiil 89 and Efes 3, respectively) than the other isolate
(NKT20). Both control cultivars showed susceptible reactions
to isolate NKT20. These two susceptible control cultivars
were not included in the barley scald differential set and they
were not included in the pathotype determination of isolates
of R. commune. Isolate 13-147 caused susceptible reactions
on barley differential cultivars Athene (scale value 2.7) and
Digger (scale value 3.0), however, this isolate produced
less disease symptoms on two susceptible control cultivars
Biilbiil 89 (scale value 1.7) and Efes 3 (scale value 2.0). Each
of twenty pathotypes was represented by one isolate and
pathotype no: 15 was represented by 7 isolates. Pathotype no:
15 caused virulent reactions on Armelle, Astrix, Athene, Igri,
Digger, and Steudelli cultivars and it was determined as the
most widespread pathotype among the all pathotypes. All of
these 7 isolates were obtained from Central Anatolia region
of Turkey. Other pathotypes were represented by 2, 3, and 4
isolates (Tables 1 and 2).

Figure 1. Symptoms caused by Rhynchosporium commune
isolate 13-203 (pathotype 29) on Digger (left), Trebi (center),
and Osiris (right) barley scald differential set cultivars

In this study, 30 isolates were taken from Central Anatolia
region including Ankara (8), Cankir1 (1), Kayseri (2),
Eskisehir (5), Kirsehir (2), Konya (5), Nevsehir (1), Nigde
(1), Sivas (3), Yozgat (1), and Aksaray (1) locations. From
Southeast Anatolia region 15 isolates were selected from
Adiyaman (1), Diyarbakur (3), Gaziantep (1), Mardin (7)

and Sanlurfa (3) locations. Six isolates were taken from

Aegean region that included {zmir (2), Manisa (3) and Usak
(1) locations and from Black Sea region one isolate from
Kastamonu location was selected. Among the differential
set cultivars, Jet and Abyssinia cultivars showed the most
resistant reactions against 52 isolates of R. commune. Jet
and Abyssinia cultivars showed susceptible reactions to
pathotypes 29 and 30, respectively. Both pathotypes, 29
and 30, showed the most virulent reactions on barley
differential set cultivars and susceptible control cultivars.
Only one isolate produced susceptible reactions on these
two barley differentials and therefore, in this study these two
cultivars were determined as the most resistant cultivars to
R. commune. The two susceptible control cultivars Biilbiil 89
and Efes 3 were found as susceptible to 50 isolates out of
52 isolates of R. commune. In addition to these two control
cultivars, Digger and Steudelli differential set cultivars were
determined as susceptible to 45 isolates (87%) out of 52
isolates. These results showed that Digger and Steudelli were
the most susceptible differential set cultivars (Table 1).

DISCUSSION

Fifty-two isolates of R. commune were tested on 17 barley
scald differential cultivars and two susceptible control
cultivars (cultivar Biilbil 89 and cultivar Efes 3) and 30
pathotypes were determined (Tables 1 and 2).

With respect to regions in which isolates were taken, in
Aegean region 6 different pathotypes were determined from
6 isolates of R. commune (Tables 1 and 2). In Southeast
Anatolia region 14 pathotypes from 15 isolates were
determined. Two isolates from Mardin-Midyat (GPS 13-
150) and from Sanliurfa-Viransehir (GPS 13-126) belonged
to the same pathotype (pathotype 3). Eighteen different
pathotypes were identified from 30 Central Anatolia region
isolates. Pathotype numbers 1 [Sivas-Gemerek (GPS31) and
Sivas-Ulag (NKT20)], 5 [Ankara-Polatl: (GPS93) and Konya-
Meram (GPS110)], 12 [Ankara-Digkap: (Department) and
Konya-Selguklu (GPS127)] and 18 [Eskisehir-Saricakaya
(E43) and Yozgat-Yenifakili (GPS60)] were represented with
isolates taken from 2 different locations. Pathotype no: 13
was identified from 3 different locations [Ankara-Kalecik
(GPS76), Kirsehir-Kaman (GPS71) and Sivas-Sarkisla
(NKT29)] and pathotype no: 15 was represented with isolates
from 7 different locations [Ankara (GPS54U), Eskisehir-
Tepebagi (E4), Kayseri-Incesu (13-188), Kayseri-Incesu (13-
194), Konya-Tuzluk¢u (GPS100), Konya-Beysehir (GPS106)
and Konya-Giineysinir (GPS120)]. The other remaining 20
pathotypes were represented with one isolate. In our current
research, among the barley scald differential set, Jet and
Abyssinia were found as the most resistant cultivars. Only
one isolate was virulent on these cultivars. On the other

hand, cultivars Digger and Steudelli were susceptible to 45
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isolates that were rated as the most susceptible cultivars after

two control susceptible cultivars Biilbiil 89 and Efes 3.

Although some studies showed similarities to our current
study, some other studies presented different results. In
Norway, Jet cultivar was found resistant to 8 isolates out of
11 isolates of R. secalis (Reitan et al. 2002). In Japan, among
58 pathotypes, Jet and Abyssinian cultivars were identified
as resistant to 39 and 46 pathotypes of R. secalis, respectively.
On the other hand, Steudelli cultivar was determined as
susceptible to the majority of pathotypes (Takeuchi and
Fukuyama 2009). In Tunisia, Bouajila et al. (2006) reported
Abyssinia cultivar as resistant to 66.7% of the pathotypes.
Additionally in Tunisia, Steudelli cultivar was reported as
more resistant than Jet cultivar to R. secalis (Bouajila et al.
2010). In that study, among the 75 pathotypes tested,
Steudelli and Jet cultivars were resistant to 47 and 35
pathotypes, respectively. Although both Steudelli and Jet
cultivars have possessed the same recessive genes rh6 and
rh7 in common as Bouajila et al. (2010) mentioned, however,
they showed different reactions in different studies. This
may show that there might be other resistance gene or genes
involving resistance in these two cultivars. In the study
conducted by Bouajila et al (2010), Kitchin and Abyssinian
cultivars were resistant to 39 and 51 pathotypes of R. secalis
out of 75 pathotypes, respectively. In our study, Kitchin
cultivar exhibited resistance to 18 pathotypes (60%).
Cultivar Kitchin showed better performance of resistance
(87%) against scald pathotypes in Canada (Xi et al. 2002). In
Japan, Kitchin cultivar showed resistance to 17 pathotypes
out of 58 pathotypes (Takeuchi and Fukuyama 2009). In our
study, Osiris and Forrajera cultivars were tested using 52
isolates of R. commune and they showed resistant reaction to
49 isolates. These cultivars showed susceptible reactions to
only 3 isolates. Therefore, Osiris and Forrajera cultivars were
determined as the most resistant cultivars to R. commune
following the cultivars Jet and Abyssinia. These cultivars
could be used in scald resistance breeding programs in
Turkey for obtaining scald resistant barley genotypes. In
Italy, Ceoloni (1980) tested the most virulent and the most
prevalent race RC1 on 13 barley scald differential genotypes
and this race was virulent on 10 of these genotypes. In this
study, Atlas, Atlas 46, and Osiris cultivars were resistant to
all isolates. In our study, cultivar Atlas 46 was tested using 52
R. commune isolates and this cultivar was found susceptible
to only 4 isolates (7.6%) or 3 pathotypes (9.6%) and rated as
one of the most resistant cultivars to R. commune. In
Australia (Ali et al. 1976, Brown 1985), Italy (Ceoloni 1980),
Canada (Tekauz 1991, Xi et al. 2002, Xue et al. 1991), and
Norway (Reitan et al. 2002) Atlas 46 cultivar which possesses
Rrsl and Rrs2 resistance genes showed resistant reaction

against all isolates of R. secalis. In another study, Atlas 46
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cultivar showed a resistant reaction to 72 isolates out of 100
isolates and exhibited a susceptible reaction to the rest of 28
R. secalis isolates (Bouajila et al. 2006). In Denmark, 38
isolates of R. secalis were studied using 23 barley genotypes
and the Osiris genotype was determined resistant to all
isolates (Lyngs Jorgenson and Smedegaard-Petersen 1995).
In another study conducted in Norway, Salamati and
Tronsmo (1997) assessed the reactions of 42 R. secalis
isolates on barley genotypes. In their study, the only Osiris
cultivar was resistant to all isolates tested. Cultivars Modoc,
Kitchin, and Abyssinian reacted intermediately (score type 3
reaction) to most of the matching isolates. Cultivar La
Mesita was susceptible to all isolates. In our study, cultivar
La Mesita showed susceptibility to 7 isolates (13.46%) and
the Modoc cultivar was susceptible to 11 isolates (21.15%).
In Denmark (Lyngs Jorgensen and Smedegaard-Petersen
1995) and England (Jones et al. 1993) cultivar Osiris was
found as the most resistant cultivar and in the USA
(Goodwin et al. 1992) the same cultivar was determined as
the second most resistant cultivar. In another study
conducted in Norway (Reitan et al. 2002), Osiris was the
most resistant cultivar against 11 isolates of R. secalis. In
Canada, reactions of 83 barley lines and scald differential set
genotypes were tested against 4 pathotypes of R. secalis in
the field and Osiris, Abyssinian, and Turkish cultivars were
found as the most resistant cultivars (Turkington and Xi
2005). In Turkey, 50 single spore isolates of R. secalis from
different regions were tested on 10 barley differentials and
41 pathotypes were determined (Araz and Maden 2006).
The researchers determined that Osiris was susceptible to 1
pathotype and resistant to 40 pathotypes. In their study,
cultivars Steudelli, Modoc, and Kitchin showed susceptible
reactions to 12, 21, and 18 pathotypes out of 41 pathotypes,
respectively. Another study in Hokuriku region of Japan by
Fukuyama et al. (1998), among barley genotypes, Osiris and
C.I. 3515 were found as the most resistant genotypes against
107 isolates of scald. For this reason, Osiris and C.I. 3515
genotypes were introduced as resistance sources to R. secalis.
In Hokuriku and Tohoku regions of Japan (Takeuchi and
Fukuyama 2009), probability of having more resistance
genes than known Osiris resistance genes (Rrs4, rrs6, and
Rh10) were emphasized, and use of this cultivar as a
resistance source was recommended. In Canada, under field
conditions, 41 barley cultivars and 9 barley scald differential
set genotypes were tested against scald disease. Osiris
cultivar was recognized as the most resistant cultivar and
significant role of Rh4 gene in resistance was determined
(Sorkhilaleloo et al. 2010). In contrast to results mentioned
above, using 100 isolates of R. secalis on 19 barley scald
differential set genotypes determined that Osiris cultivar

was susceptible to 73% of the isolates (Bouajila et al. 2006).
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In addition, Rihane, and La Mesita cultivars with 69% and
61% susceptibility to scald were determined. In our study,
Armelle and Astrix cultivars showed susceptible reactions to
35 isolates (67.3%), and Igri cultivar was susceptible to 23
(44.2%) isolates of R. commune. In contrast to our results,
Bouajila et al. (2006) reported that the Astrix cultivar was
the most resistant cultivar with a resistant reaction to 77
pathotypes (82.7%) out of 93 pathotypes. In their study, La
Mesita and Digger cultivars were found as the most
susceptible cultivars with susceptible reactions to 74% and
72% of pathotypes, respectively. In another research carried
out in Tunisia, Astrix cultivar was determined as the most
resistant cultivar against 75 pathotypes of R. secalis (Bouajila
et al. 2010). In a study performed by Abang et al. (2006), 8
isolates tested using barley scald differential cultivars,
Armelle, Astrix and Atlas 46 cultivars were found as the
most resistant cultivars against all isolates, and Digger
cultivar was the most susceptible cultivar to all isolates. In
their study, Igri, La Mesita, Jet, and Forrajera cultivars
showed susceptible reactions to 6 isolates (76% of isolates)
of R. secalis. Additionally, in the same study, Osiris and
Steudelli genotypes were found as susceptible against 4
isolates (50% of isolates). Abyssinia cultivar was found as
susceptible to 2 isolates and resistant to the 6 isolates. In
contrast to Abang et al. (2006) study, Arabi et al. (2008)
tested 63 isolates of R. secalis on Igri and 5 other cultivars
and reported that Igri which carry BRR4 resistance gene
showed resistant reaction to the majority of 46 isolates.
Moreover, in Syria, Arabi et al. (2009) assessed 115 isolates
of scald against 10 barley differential genotypes. They found
Igri and Tadmor cultivars as the most resistant genotypes. In
another study in Iran, Beigi et al. (2011) studied the reactions
of 47 isolates of R. secalis on 8 barley scald differential
genotypes. They found Igri and Armelle cultivars as the
most resistant cultivars. In their study, cultivar Digger was

found as the most susceptible cultivar.

In our current study, out of 30 pathotypes, Modoc and Bey
cultivars were found resistant to 19 and 23 pathotypes,
respectively. Xi et al. (2002) in Canada found that Modoc
and Kitchin cultivars were resistant to 97.7% and 87.1% of
isolates of R. secalis, respectively. In another study carried
out by Abang et al. (2006), Modoc and Bey cultivars were
found as the most resistant cultivars among barley genotypes
to scald disease. Bouajila et al. (2006) recognized Modoc
and Bey cultivars as resistant and moderately resistant with
60% and 50.5% resistance to R. secalis, respectively. In a
study reported by Takeuchi and Fukuyama (2009), Modoc
and Bey cultivars with resistance to 50 pathotypes (86.2%
pathotypes) were reported as the second most resistant

cultivars after the Osiris cultivar.
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In our research, Athene cultivar exhibited a susceptible
reaction to 36 (69%) of the isolates. Abang et al. (2006)
that the Athene showed 62.5%

susceptibility. In another study, the Athene cultivar was

reported cultivar

susceptible to all isolates tested (Bouajila et al. 2010).

In our study, barley differential cultivars Pirate and Trebi
showed resistant reactions to 20 (67%) and 21 (70%) out of
30 (100%) R. commune pathotypes, respectively. Bouajila et
al. (2006) found resistant and moderately resistant reactions
in Pirate and Trebi against scald by having resistance to
76% and 50.5% of pathotypes. In another study, Pirate and
Trebi cultivars exhibited resistant and moderately resistant
reactions to 63.89% and 58.34% of the scald pathotypes,
respectively (Bouajila et al. 2010). In Canada, in a study
conducted by Xi et al. (2002), Trebi cultivar showed resistant
reaction against 94.5% of the scald pathotypes. Abang et al.
(2006) reported that cultivar Pirate exhibited a resistant
reaction to all scald isolates and cultivar Trebi exhibited a

resistant reaction to 87.5% of scald isolates.

Biilbiil 89 and Efes 3 cultivars were used in our study as
the susceptible control cultivars. Fifty (96%) R. commune
isolates showed virulent reactions on these two cultivars.
Although these two susceptible control cultivars in this
study and in the other recent studies (Azamparsa et al.
2015a, 2015b) were found to be susceptible to R. commune,
resistance of these two control cultivars against some isolates
were observed in this study, as well. Among 52 isolates just
two isolates, Sivas-Gemerek (GPS 31) and Mardin-Midyat
(13-147), produced limited symptoms and these cultivars
were placed in the resistant group. These two susceptible
cultivars were not included in pathotype groups assessment
and they were excluded in pathotype categories. These two
susceptible cultivars, Efes 3 and Biilbiil 89 showed mean
disease reactions of 3.8 and 3.45 out of 4, respectively.
Mert and Karakaya (2004) obtained disease scale values of
3.7 and 4 for Biilbiil 89 and Efes 3 cultivars, respectively.
Biilbiil 89 and Efes 3 cultivars showed resistant reactions as
compared to two barley scald differential cultivars Athene
and Digger when inoculated with isolate of Mardin-Midyat
(13-147) of R. commune. These results showed that at least
one resistance gene or factor might be present in susceptible
control cultivars Efes 3 and Biilbiil 89. Among the barley
differential cultivars, Jet and Abyssinia showed the most
resistant reactions to R. commune and these two differential
cultivars may be used as genitors in future barley scald
resistance breeding programs. Also, wild barley (Hordeum
spontaneum) and barley landraces can be used in scald
resistance breeding studies (Azamparsa et al. 2019). For
better management of the disease, information about the
pathotype composition of fungus is necessary. In breeding

studies pathotypes of the fungus should be considered.
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Information about the pathotype composition of fungus
is necessary for managing scald disease of barley. In this
study, 52 R. commune single spore isolates were obtained
from different regions of Turkey and 30 scald pathotypes
were determined based on virulence on 17 barley scald
differential cultivars. Eighteen of these pathotypes were
from Central Anatolia region, 14 pathotypes were from
Southeast Anatolia region, 6 pathotypes were from Aegean
region, and 1 pathotype was from Black Sea region of
Turkey. Twenty, 5, 1, 3 and 1 of these pathotypes were
represented by 20, 2, 3, 4 and 7 isolates, respectively. Among
the 17 barley scald differential cultivars, Jet and Abyssinia
were susceptible to 1 pathotype, on the other hand, cultivar
Steudelli was susceptible to 24 pathotypes and cultivar
Digger was susceptible to 25 pathotypes. Two susceptible
control cultivars Biilbiil 89 and Efes 3 were susceptible
to 93% of scald pathotypes. It appears that considerable
variation exists among the Turkish R. commune isolates

obtained from some barley growing areas of Turkey.
ACKNOWLEDGEMENTS

This study is part of the Ph.D. thesis of M.R. Azamparsa
submitted to Ankara University Graduate School of Natural
and Applied Sciences and is financially supported by the
Scientific and Technological Research Council of Turkey
(Project No 1110644).

OZET

Rhynchosporium commune fungal etmeni tarafindan
meydana getirilen Arpa yaprak lekesi hastaligi, diinyada
ve Tiirkiyede arpanin 6nemli bir hastaligidir. 2012, 2013 ve
2014 yillarinda Tiirkiyenin degisik bolgelerinde siirveyler
diizenlenmigtir. Stirvey sonucu toplanan Orneklerden
izolasyonlar yapilmis ve bunlardan 52 tane R. commune
tek spor izolat1 se¢ilmistir. On yedi adet arpa ayirici test
cesidi tizerindeki viriillenslik degerlendirmelerine bagl
olarak toplam 30 arpa yaprak lekesi patotipi belirlenmistir.
Bu patotiplerin 18 adedi Orta Anadolu Boélgesi, 14 tanesi
Giineydogu Anadolu Bolgesi, 6 adedi Ege Bolgesi ve 1 adedi
ise Karadeniz Bolgesi stirvey orneklerinden elde edilmistir.
Bu patotiplerin 20, 5, 1, 3 ve 1 adedi 20, 2, 3, 4 ve 7 izolat ile
temsil edilmiglerdir. Patotiplerin hi¢biri 17 ayirici test gesidi
ve 2 hassas cesit tizerine viriilent olarak belirlenmemistir.
En virtilent patotipler (patotipler 29 ve 30), Manisa-Kula
(13-203) ve Gaziantep-Subag1 (GPS71U) lokasyonlarindan
toplanan 6rneklerde, enaz viriilenslige sahip patotip ise Sivas-
Gemerek (GPS31) ve Sivas-Ulag (NKT20) lokasyonlarindan
toplanan 6rneklerde belirlenmistir (patotip 1). On yedi arpa
ayiricl test gesidi i¢inde Jet ve Abyssinia 1 patotipe, Osiris,
Atlas 46 ve Forrajera 3 patotipe, La Mesita ve Bey 7 patotipe,

Trebi 9 patotipe, Pirate 10 patotipe, Modoc 11 patotipe,
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Kitchin ve Igri 12 patotipe, Armelle ve Astrix 19 patotipe,
Athene 21 patotipe, Steudelli 24 patotipe ve Digger 25
patotipe hassas reaksiyon gostermislerdir. Arpa ayirici test
cesitleri i¢inde Jet ve Abyssinia gesitleri en dayanikli cesitler
olarak, Digger ve Steudelli ¢esitleri ise en hassas cesitler
olarak belirlenmislerdir. Hassas kontrol cesitleri Bulbil 89
ve Efes 3, arpa yaprak lekesi patotiplerinin %93’tine hassas
reaksiyon gostermislerdir. Tiirkiyenin bazi arpa {iretim
alanlarindan elde edilen R. commune izolatlarinda oldukga

fazla varyasyonun oldugu goériilmektedir.

Anahtar kelimeler: Rhynchosporium commune, ayirici set,
arpa yaprak lekesi patotipleri, Hordeum vulgare
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Commonly grown in different ecological conditions of Turkey and the world,
pear (Pyrus communis L.), as a plant species, has a long cultivation history in
Turkey. However, its unique genetic resources are in danger of extinction due to
changes in the agro-ecosystem and genetic erosion. In addition, pear rust caused
by Gymnosporangium fuscum is one of the significant diseases of pear. Severe
economic losses have been reported in some pear orchards near the extensive
juniper populations. In the present study, the genetic diversity and sensitivity level
to pear rust (Gymnosporangium fuscum) of 25 local and commercially important
pear varieties grafted on seedling and Quince A (QA) was determined using 13
SSR primers. The selected verities were clustered into two major groups that were
closely related. The SSR markers provided reliable genotyping and demonstrated
their usefulness for identifying pear genetic diversity. The difference between years
and rootstocks according to disease severity rates was found to be statistically
significant. Although none of the pear varieties assessed in these experiments
were resistant to rust, the disease severity of the pear varieties of QA rootstock
was generally higher than that of the seedling varieties.

INTRODUCTION

Pear belongs to Rosaceae, grown in different ecological
environments and has a prominent global economic value
as a pome fruit tree species. In recent years, an increase has
been recorded in the production of pear in many countries.
Turkey is the fifth-largest pear producer in the world
following China, Argentina, Italy, and the United States.
Worldwide pear production is approximately 24 million
tonnes, of which Turkey produces 503.004 tonnes (FAO
2017, Lombard and Westwood 1987, Wu et al. 2013). Some
pear species are in danger of extinction because of poor

agriculture practices, ecosystem changes, genetic erosion
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and pathological diseases such as pear rust, fire blight,
pear decline. With the advancement in molecular marker
technology (AFLP, SSR, RAPD, etc.), research are applying
various types of molecular markers for determining genetic
diversity, origins of the cultivars, and relationships, for
classifying cultivars and species identification (Barakat
et al. 2011, Hokanson et al. 1998, Fang and Roose 1997,
Gianfranceschi etal. 1998, Koller et al. 1993, Kongetal. 2011,
Oliveira et al. 2010, Uzun et al. 2011). The determination of
genetic variability and relationships among pear cultivars

has been reported by using DNA-based genetic markers,
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such as SSRs, RFLP, AFLP and RAPD (Bao et al. 2007,
Iketani et al. 1998, Monte-Corvo et al. 2000, Oliveira et al.
1999, Wiinsch and Hormaza 2007, Yamamoto et al. 2001).

Simple sequence repeats (SSR) have been used for a long time
for determining the genetic diversity and variety identification
in homozygous species, for instance, apple, citrus, cherry,
rice, wheat, eggplant, and tomato (Aranzana et al. 2002,
2003a, Bouhadida et al. 2007, Cheng et al. 2009, Dirlewanger
et al. 2004, Li et al. 2008, Sosinski et al. 2000,; Wiinsch et al.
2006). To date, approximately 500 SSRs have been developed
and mapped for the Prunus genus (Aranzana et al. 2003b,
Dirlewanger et al. 2004, Howad et al. 2005), showing their
importance in genetic studies. Representative SSRs with full
coverage are required to detect diversity and identify plant
species (Infante et al. 2008). In addition, SSR markers are
generally preferred, as they can efficiently detect the traits such
as co-dominance, polymorphism, and transferability (Brini
et al. 2008, Erfani et al. 2012, Hokanson et al. 2001, Powell
et al. 1996 ). As a novel tool, SSR markers have been used to
reveal genetic diversity in many pear cultivars (Cao et al. 2007,
Kimura et al. 2003, Zhang et al. 2007). However the reports of
SSR regarding the pear rust (G. fuscum) are still low and there
is a need to identify the potential SSR markers, which could be
helpful in the breeding of resistant pear varieties.

Pear rust (G. fuscum) is an obligate parasite that causes
moderate disease in pears. This parasite alternates between
species of Pyrus and Juniperus and completes its lifecycle by
over-wintering on twigs of some Juniperus species, such as
Juniperus oxycedrus L., J. excelsa Bieb (Anonymous 2008).
During spring rains, horn-shaped telial structures on Juniperus
species swell and produce teliospores. The teliospores release
basidiospores, which are transported by wind to the pear
trees (Agrios 2005, Juhasova and Praslieka 2002). G. fuscum
infects the leaves mostly, along with branches and fruits. It can
reduce the pear yield by up to 100% (Agrios 2005, Anonymous

2008). Some fungicides have shown effective against G.
fuscum, however, pesticide usage has well known negative
environmental effects and accordingly humans. Therefore, the
determination and development of disease-resistant cultivars

offer a suitable alternative to the application of fungicides.

In the present study, we investigated the commercially
important pear cultivars (25 cultivars) in Turkey in terms of
their genetic diversity and the response of the pear cultivars
grafted on the QA and seedling rootstocks to the pear rust
(G. fuscum) by using different SSR markers.

MATERIALS AND METHODS

A collection belongs to Fruit Research Institute in Egirdir,
Isparta-Turkey was used. The responses of commercially
important 25 pear cultivars grafted on both seedling
rootstock and QA to the pear rust were investigated during
the field experiment from 2008 to 2009, followed by SSR

marker analysis.
DNA extraction

DNA was extracted from 25 randomly selected young leaves
of each cultivar. Extraction was carried out by using the
DNA Extraction Kit (Qiagen, Roche). The aliquots (10 ul) of
DNA from each sample were loaded on a 0.8% agarose gel
to check the quality, and stocks DNAs were stored at -20 °C

for further analysis.
SSR-PCR amplification

In the current study, 13 SSR primer pairs (Table 1) were
amplified and used according to the method previously
described by Yamamoto et al. (2002a, 2002b, 2002¢) with
some minor modifications. Amplifications were done using
a Thermal Cycler (Biorad C1000, Germany) as follows: 50
ng template DNA, 0.3 mM MgCI2, 50 mM KCl, 10 mM Tris-
HCI pH 9.0, 220 pmol each primer, 0.5 mM dNTP, 2.5 U Taq
DNA polymerase (Takara Ex), in 25 pl final volume.

Table 1. Primer pairs used for SSR analysis (Yamamoto et al. 2002a, 2002b, 2002c)

SSR name Forward primer sequence (5.3’)
NB102a TGT TAT CAC CTG AGC TAC TGCC
CHO01D08 CTCCGCCGCTATAACACTTC
NB105a AAA CAA CCG ACT GAG CAACATC
NB106a GTA CGT CGA CAT GAG AGA G
NB109a ATG CTC TAT AAA ACCCACCTA CC
NHO002b GGAGTCAGCGGCAAAAAAAG
NB113a ATG AAA TAT GTCGTG TTG CCCTTA G
NHO019b GAG ATG GAG TAG TAA AGA AGA AGG
NHO15a TTGTGCCCTTTTTCCTACC
NHO009b CCGAGCACTACCATTGA
NHO013a GGTTTGAAGAGGAATGAGGAG
NHO015a TTGTGCCCTTTTTCCTACC

KAl6 GCCAGCGAACTCAAATCT

Reverse primer sequence (5.3°)
CTTCCTCTTTATTTGCCGTCTT
TACTCTGGAGGGTATGTCAAAG
AAA ATC TTA GCC CAA AAT CTCC
TCT CTT GTT CCT TCC TGC AC
AGA GGG ACCATT GTG TTA TTG TAT
CCCACTCCCTCCTCTTATTGT
CCCTTCCTCAGCATGTTTCCT AGA C
ACG ACA TAG TGA AAA CAG AAG
CTTTGATGTTACCCCTTGCTG
CGTCTGTTTACCGCTTCT
ATTGACTTTAGGGCACATTTC
CTTTGATGTTACCCCTTGCTG
AACGAGAACGACGAGCG
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Table 2. Pear rust disease scale value (Anonymous, 1996)

Scale value

Symptom

No infection
2 spots smaller than 10 mm and 1 spot larger than 10 mm
3 spots smaller than 10 mm and 2 spots larger than 10 mm
4 spots smaller than 10 mm and 3 spots larger than 10 mm

N U R W= O

5-15 spots, small/large
16-20 spots, small/large
21-30 spots, small/large

More than 31 spots

For amplification, PCR was carried out with an initial
denaturation at 94 °C for 3 min, followed by 33 cycles of
denaturation at 94 °C for 40 s, annealing at 58 °C for 30 s,
elongation at 72 °C for 1 min and a final extension at 72 °C
for 10 min. PCR products were separated by electrophoresis
on 2% High-Resolution Agar (LONZA Metaphor Agorase).
Bands were scored as ‘0" and ‘1} for absence or presence in
each cultivar, separately. The total number of bands (TNB), the
number of the polymorphic band (NPB) and polymorphism
for each primer combination were determined. Polymorphism
information content (PIC) that was relevant to primers was

calculated according to the formula (Smith et al. 1997).

PBI=1-Sfi2

fi = Frequency band

The polymorphism rate was calculated according to the
following equation.

Polymorphism rate (%)=(Number of polymorphic bands )/
(Total number of bands)x100

The data matrix was recorded using the NTSYS (Numerical
Taxonomy Multivariate Analysis System, NTSYS-pc version
2.11, Exeter Software, Setauket, N.Y., USA, Rohlf, 2000). The
similarity indices were calculated according to the method
of Dice (1945) and the dendrogram has been established
according to the method of UPGMA (Unweighted Pair-
Group Method with Arithmetic Average). Principal
component analysis (PCA) on the two-dimensional
chart presents the distances between genotypes and the
calculation of ‘eigen’ value revealed the total variation in the

components that are made by using the same program.
Pathogenicity assessment

The pear rust severity on selected twenty-five cultivars grafted
on both QA and seedling rootstock cultured was evaluated
under natural epidemic conditions through two subsequent
years (2008-2009). The experiment was conducted in a
completely randomized design (CRD) with four replications
(Anonymous 1996). The pear varieties, grafted on QA, were
planted at a distance of 6x3 m while the pear varieties grafted
on seedling rootstock were planted with a distance of 6x6 m.
No fungicide treatments were applied during the experiment
period. The determination of the pear rust severity was made
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by using the one-hundred randomly collected leave in both
years using a scale from 0-7 (Table 2). The disease severity
was identified as the percentage in each replication according
to the Townsend-Heuberger formula (Unterstenhéfer 1963).
Means were calculated using Fisher’s LSD at the 5% level of
significance. The variance was analyzed using SPSS statistical
software (SPSS 2004).

RESULTS AND DISCUSSION

The size range (bp), the total number of bands (TNB),
polymorphic band number (NPB), polymorphism rate
(PO), and polymorphism information content (PIC) values
are presented in Table 3. Results revealed that the average
number of bands per SSR primer pairs was 2.07, the average
number of polymorphic bands was 1.76, and polymorphism
was 76.9%. NH002b and NB102a primer pair only amplified
in the single-band. The NH013a SSR primer produced the
highest polymorphism information content (0.74), and the

overall average of PIC was recorded as 0.45 (Figure 1).

NHO13a
[ 3 4 9 6 et ClEa DL 13 lES1G 17 18 19 M

Figure 1. PCR amplification patterns obtained with the
NHO13a primers for accessions pear cultivars, M: 100 bp
DNA Ladder Plus

The NTSYS analysis results were recorded as 0.73 for pear
varieties clustered into two major groups (Figure 2). PCR
analysis demonstrated the similarity interval as 0.73-1.00.
P. Crassane, BP. Morettini, Santa Maria, and Beurre Hardy
pear varieties were clustered in the first group. The others
were clustered in the second group with a similarity of 0.76.
Results showed that the overall genetic similarity was ranged
from 73 to 100%. According to the SSR results, the highest
genetic similarity within the varieties was determined
among B.P Morettini-Santa Maria (Figure 2, Figure 3). It
was proved that SSR was efficient by giving some accurate
results in genotyping and may be used for the determination
of genetic diversity in pear. Furthermore, genetic diversity
is a good source to provide the materials for breeding

programs. Many numbers of literature reported the genetic
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Table 3. Size range (bp), total number of bands (TNB), polymorphic band number (PBN), polymorphism rate (PR) and

polymorphism information content (PIC) values in SSR pairs

SSR primer pair Size range (bp) TNB PBN PO(%) PIC
NB105a 130-190 2 2 100 0.433299
NB113a 130-165 2 2 100 0.575414
CHO01D08 280-310 2 2 100 0.419761
NB106a 110-150 2 1 50 0.497449
NHO002b 180 1 0 0 0
KAl6 238-290 2 2 100 0.485651
NHO015a 130-136 2 1 50 0.488166
NB102a 180 1 0 0 0
NHO009b 130-159 2 2 100 0.487796
NHO020a 120-150-180 2 2 100 0.608127
NHO013a 180-200-219 3 3 100 0.743924
NHO019b 150-180-210 3 3 100 0.605263
NB109a 160-200-210 3 3 100 0.453031
Total 27 23 1000 5.80
Mean 2.07 1.76 76.9 0.45

diversity of pear varieties in many countries using a various
number of microsatellite SSR primers loci (Erfani et al. 2012,
Ghosh et al. 2006, Volk et al. 2006, Wiinsch and Hormaza
2007). Xie et al. (2010) collected 94 peach varieties from
the Zhejiang province of China and analyzed them using 34
polymorphic SSR markers. The dendrograms showed two
major clusters. The inheritance analysis revealed 94% of the

selected varieties were individually identified.

Similar report from Aranzana et al. (2003a) assessed 212
peach varieties using 16 different SSR markers (9 SSR loci
are in common with our study). According to the results,
the mean number of alleles observed was 7.3. In another
similar report, the mean number of the allele was recorded

as 4.2 using 41 SSRs in 27 peach varieties (Dirlewanger et

al. 2002). Wiinsch et al. (2006) detected it as 3.5 in a set of
85 local Spanish peach genotypes based on polymorphic
SSRs while it was detected as 3.1 by Cheng et al. (2009). On
the other hand, Sosinski et al. (2000) and Bouhadida et al.
(2007) observed it as 2.6 and 2.3 in 28 scion peach varieties
with 10 SSRs and 30 peach accessions using 20 polymorphic
SSRs, respectively. These results showed that honey peach
varieties of the Fenghua had a low genetic diversity. Xie
et al. (2010) reported a higher level of genetic diversity in
introduced varieties than that of the Fenghua local varieties.
This could be related to the sources of the samples; the
introduced varieties were obtained from various locations
whereas the Fenghua accessions were derived from certain

parental materials a result of inbreeding. Over 90% of alleles

I Deveci

! Akca
Coscia

JuneBeauty

Ankara

PackhamsTriumph
BeurreBosch
Vilder
Conference

Anjou
I Magness

L GrandChampion
AbbeFetel

Starkrimson
Devoe

T JuneGold

DuchessedeAnglou

Comice
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1
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Figure 2. Dendrogram of 25 pear cultivars accessions generated by the data from 13 SSR primers
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Figure 3. Biplot (the first two principle coordinate analysis) of 25 pear varieties accessions generated by the data from 13

SSR primers

were similar in local varieties, and in one accession 28 out
of 34 loci were homozygous. In addition, the findings show
the necessity of making full use of the introduced varieties
as parental materials to enrich genetic diversity in breeding

programs.

Screenings based on the SSR have been performed for
various large collections of European pear (Ahmed et al.
2010, Bassil and Postman 2009, Bassil et al. 2008, Brini et
al. 2008, Fernandez-Fernandez 2010, Miranda et al. 2010,
Sisko et al. 2009, Urbanovich et al. 2011, Wiinsch and
Hormaza 2007, Xuan 2008, Yakovin et al. 2011). However,
most of the studies showed a large number of mislabelling
even in well-characterized fruit tree collections (Schouten
etal. 2012).

In this study, the related cultivars were Santa Maria and
B.P. Morettini. Turkish local varieties Deveci, Ankara
and Akga clustered with Coscia, June Beauty cultivars.
Yet, Mustafa Bey clustered with Trimhde Vienne cultivar.
Akgay et al. (2009) determined that June Beauty and
Akca had similar pomological characteristics. However,
Deveci had more fruit weight than June Beauty and Akca.
Ikinci and Bolat (2016) compared to Akea, Coscia, Deveci
and Dr. Jules Guyot pear cultivars about yield and other
parameters that although there was a similarity with yield,
fruit weight of pear cultivars were not similar. Mustafa
Bey pear cultivar has small fruit (49.7 g) (Bostan and Acar
2012). The similar results were obtained with Wiinsch and
Hormaza (2007) as they used seven microsatellite loci
(SSR) which were developed in apple for the identification

of 63 European pear cultivars. Wilder and Conference

19

cultivars nested at the same cluster with other cultivars;
Abbe Fetel, Comice, Passa Crasana, Packham’s Triumph
B.P. Morettini, Grand Champion T. de Vienne were
close to each other. However, Beurre Hardy was nested
different groups than other cultivars as our results. Brini
et al. (2008) used Comice, Conference and Passa Crassane
cultivars with 25 local Tunisian cultivars to identification
using SSR primers and they reported that Comice,
Conference and Passa Crassane cultivars nested at the
same cluster. Passa Crassane cultivar nested at different
cluster Comice and Conference nested the same cluster
in the present study. Obtained SSR results consistent with

some previous studies.

The pear rust severity on commercially important twenty-
five cultivars grafted on both QA and seedling rootstock
cultured was evaluated for two subsequent years and the
data of 2008 presented in Table 4 demonstrates that the
disease severity between the varieties was found statistically
important (p<0.05) and all of the pear varieties have
different sensitivity levels against to pear rust disease.
The lowest disease severity on seedling rootstock and QA
rootstock are observed in variety A. Fetel (5.75%) and
variety P. Triumph (8.08%) and variety Ankara (11.30%),
respectively. The highest disease severity was observed in
variety Akca (46.88%), variety Magnes (41.88%) and variety
Comice (37.97%) on QA rootstock and variety Magnes
(42.63%), variety Mustafa Bey (41.25%) and variety Ak¢a
(37.23%) on seedling rootstock. Overall, the Mean Disease
Severity of Varieties (MDSV) on QA rootstock was 23.34%
while MDSV on seedling rootstock was 21.18%.
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Table 4. The rust disease (Gymnosporangium fuscum) severity of the pear varieties grafted on QA and seedling rootstock in

2008-2009 (%)

2008 2009

Variety QA Seedling LD QA Seedling LSb
Akga 46.88+3.55 37.23+1.61 6.74 42.79+1.43 34.29+1.77 3.94
Conference 24.44+1.54 18.88+2.32 4.83 21.10+1.52 12.60+1.51 3.72
Comice 37.97+2.87 26.17+2.88 7.04 12.07+1.01 15.13+1.43 3.03
P.Crassane 35.77+2.18 21.71+2.53 5.79 31.45%0.75 38.86+1.77 3.33
S.maria 26.36+2.13 21.07%£2.33 5.46 7.97+1.53 8.92+1.16 3.32
B.Hardy 29.01£1.59 23.42+1.37 3.63 17.23+1.21 20.88+1.16 2.90
Mustafa Bey 29.68+3.08 41.25+1.60 6.02 28.35%1.52 15.67+1.02 3.17
Morettini 19.67+1.40 17.28+1.22 3.22 15.91+1.83 9.17£0.75 3.43
Williams 16.27+1.36 15.63+1.43 3.42 13.44+1.29 5.55%2.05 4.20
Magnes 41.88+2.65 42.63+2.42 6.22 43.22+1.75 39.48+1.17 3.65
Anjou 29.87+2.98 19.88+1.40 5.71 5.3740.95 4.81+1.26 2.73
Starcrimson 17.02+1.54 26.87+1.46 3.68 19.31+1.44 8.58+1.58 3.71
A Fetel 17.46+0.70 5.75+1.06 2.20 12.79+1.27 9.61+1.71 3.70
T.De Vienne 28.12+0.83 29.03%1.07 2.35 21.25%+1.71 9.44+2.30 4.97
Devoe 14.17+1.02 15.17+1.96 3.82 18.29+1.26 14.02+1.58 3.51
D.Angouleme 23.35%2.13 24.58+2.57 5.78 16.15%1.16 9.87+2.04 4.07
J.Beauty 13.28+1.87 12.16+2.18 4.97 12.58+1.50 15.32+2.45 4.97
G.Champion 21.48+1.48 22.74+2.61 5.20 12.74+1.22 6.53+2.08 4.17
Ankara 11.30+1.12 17.96+1.77 3.62 21.53+1.04 19.16+1.54 3.21
Coscia 15.12+1.74 16.13+1.29 3.75 13.43+0.63 13.58+2.27 4.09
B.Bosc 22.78+1.39 17.29+1.85 4.00 9.42+1.00 10.38+0.79 2.21
PTriumph 16.61+1.65 8.08+2.44 5.10 11.32+1.82 11.68+1.52 4.11
J.Gold 15.34+3.32 15.94+2.41 7.10 13.92+1.31 12.22+1.77 3.81
Wilder 18.09+2.51 14.89+1.96 5.52 14.40+1.32 4.35+0.84 2.72
Deveci 11.75%0.58 11.69£1.17 2.26 9.96+1.50 9.47+1.78 4.04

LSD 4.09 3.89 2.70 3.27

The data from 2009 in Table 4 shows that the differences
between disease severity were statistically important
(p<0.05). The lowest disease severity was found in variety
Wilder (4.35%), variety Anjou (4.81%) and variety Williams
(5.55%) on seedling rootstock while variety Magnes
(43.22%), variety Akga (42.79%) and variety P. Crassane
(31.45%) on QA rootstock were the highest disease severity.
In general, MDSV on QA rootstock was 18.25% while MDSV
on seedling rootstock was 14.49%. In a comprehensive
study, the differences in the response of pear cultivars,
Mramornaya, Zemgale, Mlievskaya Rannaya, Belorusskaya
Pozdnyaya, and Vizhnica grafted on rootstock Pyrodwarf, to
the pear rust was evaluated Prokopova (2011). The cultivars
Vizhnica and Zemgale showed the highest severity against
disease, whereas the sensitivity of cultivars Mlievskaya
Rannaya, Mramornaya, and Belorusskaya Pozdnyaya
against pathogen was less than the others. The results of
Prokopova (2011) indicate that the cultivars evaluated in the

trial were susceptive against pear rust.

It was indicated that there are suggestions of less
susceptible cultivars which are thought to be Bunte Juli,

Concorde, Clapps Liebling, Condo, and Trevoux. Cultivars
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as Conference, Verdi and Cascade are on the other hand
considered to be highly susceptible (Fitzner and Fischer
2005). The European pear rust severity on twenty-five
cultivars of different origins was evaluated five years by
Lace and Bankina (2013). The severity of disease did not
show significant differences among tested pear cultivars;
ranging from 0.8 and 0.9 points on average (cvs. Liva,
Duhmyanaya, and Harrow Delight) to 1.4 points on
average (cvs. Mlievskaya Ranyaya, Fritjof, Conference,
BP-8965,

Kievskaya, Concorde, Condo, and Mramornaya).

Belorusskaya Pozdnyaya, Zemgale, Bere

It is important to consider that fungicides do not serve
complete protection against infections, particularly in
cold and humid conditions. Also, they are not usually
effective unless they are timed properly and combined with
accurate agricultural practices (Agrios 2005). In addition,
the use of pesticides has negative effects on useful insects,
microorganisms, plants, water, and even human health. For
this reason, the development of resistant varieties appears as
the best and eco-friendly solution for controlling the disease
and consequently the loss in yield and production. The

results obtained in this study are thought to be important
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and will provide the necessary information and materials for

the resistant pear rust breeding programs.

In this study, the genetic diversity and the response of these
pear cultivars to pear rust (Gymmnosporangium fuscum) of
25 pear cultivars grafted on seedling and Quince A (QA)
was examined using 13 SSR primers. The used SSR markers
provided reliable genotyping and demonstrated their
usefulness for identifying pear genetic diversity. The results
of the orchard experiment proved the natural infection level
of the pear rust and none of the pear varieties used in the
experiments was not resistant to rust disease. The means of
disease severity varieties on QA rootstock were generally
higher than the varieties on the seedling. The development
of the pear varieties on QA rootstock was slow compared to
the varieties on the seedling rootstock. To establish intensive
pear orchard, the varieties grafted on dwarf rootstocks are
preferred in Turkey. Dwarf orchard trees are more sensitive
to disease caused by the high relative humidity due to high
canopy. Avoiding the diseases caused by rust can be possible
if the varieties on seedling rootstock used in the orchard
where the rust disease is often observed. The present study
is the first study in this subject matter and further research is

needed for biological testing against pear rust races.
OZET

Armut, Tirkiye ve diinyanin farkli ekolojik kosullarinda
yaygin olarak yetistirilen bir bitki tirtidiir. Armut yetistiriciligi
Tiirkiyede uzun bir ge¢mise sahiptir, ancak bu egsiz genetik
kaynaklarin tarimsal ekosistemdeki ve genetik erozyondaki
degisimler nedeniyle nesli titkenme tehlikesi bulunmaktadir.
Gymnosporangium fuscum’un neden oldugu armut memeli
pashastaligi, armutagaclarinin 6nemlihastaliklarindan biridir
ve ayni zamanda ardig¢ agaglarinda da bulunur (Juniperus
oxycedrus L. ve ]. excelsa Bieb). Ardi¢ popiilasyonlarinin
yakinindaki bazi armut bahgelerinde ciddi ekonomik kayiplar
gorilmistiir. Bu ¢alismada, Cogiir ve Quince A (QA) tizerine
asilanmis 25 armut ¢esidinin genetik gesitliligi 13 SSR primer
kullanilarak belirlenmistir ve bu armut gesitlerinin armut
memeli past (Gymnosporangium fuscum)na karst reaksiyon
seviyeleri incelenmistir. 25 ticari agidan 6nemli armut ¢esidi
iki ana grup i¢inde yakin iliskili olarak ele alinmustir. Bu
SSR markérleri armut genetik ¢esitliligin tanimlanmasinda
faydali ve gtivenilir olarak kullanilabilecegini gostermistir.
Hastalik giddeti oranlarina gore yillar ve anaglar arasindaki
fark istatistiki yonden onemli bulunmugtur. Hastalik tim
armut ¢esitlerinde goriilmiis ve higbir armut gesidi hastaliga
kars1 dayanikli olarak degerlendirilmemistir. QA anagli armut
gesitlerinde ¢ogiir anacina gore hastalik siddeti daha ytiksek
tespit edilmistir.

Anahtar kelimeler: armut, armut memeli pasi, genetik
cesitlilik, SSR
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Rapid diagnosis of citrus anthracnose caused by Colletotrichum gloeosporioides
using a LAMP (Loop-Mediated Isothermal Amplification) assay

Turunggil antraknoz etmeni Colletotrichum gloeosporioidesin LAMP (Loop-Mediated
Isothermal Amplification) teknigi kullanilarak hizli tanis:

Aysun UYSAL", Sener KURT®

“Mustafa Kemal University, Centre for Implementation and Research of Plant Health Clinic, Antakya, Hatay, Turkey
’Mmtafa Kemal University, Faculty of Agriculture, Department of Plant Protection, Antakya-Hatay, Turkey

ARTICLE INFO ABSTRACT

Article history:

DOI: 10.16955/bitkorb.656046
Received : 06.12.2019

Anthracnose disease in citrus occurs as dieback in shoots, spot on leaves, early leaf
and fruit drop and anthracnose symptoms in fruits. Colletotrichum gloeosporioides,

Accepted: 18.04.2020 a causal agent of anthracnose, causes severe infections in many citrus species and

varieties, including lemon. Fungal pathogen C. gloeosporioides can be diagnosed
Keywords: by morphological, molecular methods and protein-based spectrum analyzes. This
citrus, anthracnose, Colletotrichum study was conducted to perform a rapid identification of C. gloeosporioides, using
gloesoporioides, LAMP, identification the LAMP technique. Specific primers for the LAMP method were designed using

the computer program (Primary Primer Explorer V3) (http://primerexplorer.jp/e),

with primer sets specific to each gene region (F3 / B3 and FIP / BIP) of the gene
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sequences of the C. gloeosporioides strain. The specificity of the primers intended
PN aysun.uysal@mku.edu.tr

for use in the LAMP reaction was evaluated by using different three isolates of
C. gloeosporioides and Fs4 isolates of Fusarium solani using a total of 3 DNA
samples. Genomic DNA was used in the amount of 1 ng ul" in the PCR study and
10 fg pI' in the LAMP study. As a result, C. gloeosporioides isolates glowed in
tubes when examined with fluorescent dye. However, no glare was observed in the
tube with F. solani. LAMP analysis showed that it successfully detected genomic
DNA from C. gloeosporioides, but F. solani was unable to detect the genomic
DNA obtained. After 2 hours of analysis with LAMP technique, the pathogen was
detected in a short time with the successful results.

GIRIS

Diinyada en fazla yetistirilen ve titkketilen meyve grubunda yetistiriciligi yapilan alanlarda tiretimini kisitlayan birden
yer alan turunggil tiretimi, 8 milyon ha alanda 133 milyon fazla hastaliktan birisi de Colletotrichum tiirlerinin neden
ton olarak gergeklestirilmistir. Turunggil tretiminde oldugu antraknozdur. Bu hastalik, hem olgunlagmakta
iilkemiz, 5 milyon tonla altinci sirada yer almaktadir hem de olgun olan bitki dokularinda ve meyvelerde derim
(FAO, 2017). Ulkemizdeki iiretilen turuncgillerin 1 milyon oncesi ve derim sonrasi enfeksiyonlara neden olmaktadir.
tondan fazlasini limon tiretimi olugturmaktadir. Turunggil Turunggilde antraknoz hastaligi siirgiinlerde geriye
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dogru kuruma, yapraklarda leke, erken donem yaprak
ve meyve dokiimleri, meyvelerde antraknoz belirtileri
seklinde ortaya c¢ikmaktadir. Bu belirtilere bitkilerin
tiim vejetatif ve generatif organlarinda rastlanmaktadir.
Colletotrichunra bagl tiirler, konuk¢u dokularini enfekte
ederken hiicre iginde hemibiyotrof ve kiitikula altinda
nekrotrof yasam tarzini kullanirlar. Colletotrichum, son
zamanlarda ekonomik ve bilimsel olarak en 6nemli
10 bitki patojeni arasinda yer almaktadir (Dean et al.
2012). Diinya ¢apinda birgok bitkiyi hastalandirabilen
Colletotrichum’un, yaklagik olarak 600 tiirti bulunmaktadir
(O’Connell et al. 2012). Colletotrichum cinsi igerisinde
bulunan C. gloeosporioides, tilkemizde limonda en yaygin
olan tiir olarak kaydedilmistir (Uysal and Kurt 2018, Uysal
et al. 2016).

C. gloeosporioides’in tiir tanisinda giintimiizde kullanilan
en yaygin ve hizli yontem konvansiyonel polimeraz
zincir reaksiyonu (PCR) teknigidir. Biyoteknolojide PCR
standart bir yontem olmasina ragmen, bu teknik, hizh
termal dongii, 6zgiinlik ve amplifikasyon verimliliginin
dusukliugi gibi cesitli igsel dezavantajlara sahiptir. Bu
dezavantajlari dikkate alarak, C. gloeosporioides’in tanisinda
kullanilabilecek yeni bir niikleik asit amplifikasyon
yontemi gelistirilmistir. Konvansiyonel PCRa gore hizli,
ucuz ve daha kararli olmast ile dikkat geken LAMP teknigi,
tarimsal tretimdeki bitki patojenlerinin erken tespit ve
teshisinde ¢ok daha uygundur. Herhangi bir 6zel ekipmana
ihtiyag duymadan PCRa kiyasla yiiksek hassasiyet ve
etkinligi ile DNA amplifikasyonu saglamaktadir (Kandan
etal. 2016).

Yeni bir niikleik asit amplifikasyon yontemi olan, LAMP
(Loop-Mediated Isothermal Amplification) ilk kez 2000
yilinda Notomi et al. (2000) tarafindan bildirilmistir.
LAMP yontemi patojenik bitki viriisleri (Fukuta et al.
2013), viroidler (Boubourakas et al. 2009), funguslar
(Duan et al. 2014, Fukuta et al. 2014, Hudson et al. 2019,
Lenarcic et al. 2014, Moradi et al. 2014, Takahashi et al.
2014, Tomlinson et al. 2010a, 2010b, Zhang et al. 2013),
bakteriler (Dobhal et al. 2019, Rigano et al. 2014, Waliullah
et al. 2019,) oomycete (Dai et al. 2012, Fukuta et al. 2013),
kiilleme (Thiessen et al. 2018) patojenleri ve nematodlar1
(Kikuchi et al. 2009) tespit etmek i¢in kullanilmistir. Bu
yontem, hedef DNAnin sarmal yer degistirme aktivitesine
sahip bir Bst DNA ile 6 veya 8 farkli bolgesine dayanan
ozel tasarim 4-6 primerden olugmaktadir. Kisaca, LAMP
tekniginde 6 adet primer, hedef DNA'nin 8 farkli noktasini
tanimaktadir. Bu yontem, kapali bir sistem oldugu i¢in
kontaminasyon riski az olup, farkli miktarlardaki yabanci
DNA, yontemin duyarliligini etkilemez. Bu teknik, hizl
ve sabit sicaklikta (60-70 °C), bir saatte tek bir kopyadan
10 (2) kopya ¢ogaltilabilir. Dolayis1 ile zaman kayb:
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olmadigindan, daha hizli sonu¢ alman bir yontemdir.
LAMP iriinlerine DNA

mavisi (HNB) gibi metal iyon gostergeleri ile ethidium

eklenerek ve hidroksinaftol

bromide, SYBR Green propidium iodide, veya Quant-iT
PicoGreen, CuSO4 veya kalsein gibi boyalar aracilig: ile
renk degisimleri ¢iplak gozle goriilebilmektedir (Goto et
al. 2009, Tomita et al. 2008). LAMP iriinleri ayrica real-
time yontemleri ile de belirlenebilir (Bekele et al. 2011).

Maya ve diger bazi fungal tirler igin LAMP bazh
analizlerde kullanilan primer setleri halka agik veri
tabanlarindan kolayca elde edilebilen standart diziler
tefl, btub gibi

housekeeping genler ile rodA, yptl genleri ve ayrica

tizerinde ¢aligilmigtir. acll, amyl,
universal genler fungus ¢aligmalar: i¢in yaygin kullanilir.
Ancak, aragtirmalara gore toplam LAMP ¢aligmalarinin
yaklagik yarisi evrensel olarak bilinen ribozomal RNA
(rRNA) gen kodlamasi en yaygin kullanilan gen bolgesidir

(Niessen 2015).

Pratik
ozglinligtinden dolay1 LAMP teknigi, fungal patojenlerin

uygulamalarda  hassasiyeti,  hizliligit  ve
belirlenmesinde potansiyel bir oneme sahiptir. Yakin
gelecekte, LAMP tabanli teshis ve tanimlama klinik, gida,
gevre, tarim gibi alanlardaki fungal etmenlerin tespitinde
klasik yontemlerin yerini almasi beklenmektedir. Onemli
organizmalarin hizli ve kesin tespitinin yapilmas: ile
tibbi bakim, temizlik ve karantina uygulamalarinda,
deney ve gida kalitesi kontrol uygulamalarinda yapilmasi
gerekenler hakkinda karar vermeyi kolaylastirmak adina
LAMP tekniginin kullanimimin yayginlasmas: oldukga
6nem arz etmektedir. Ayrica, LAMP tabanl tani igleminin
kisalig, ithalat ve ihracat sirasinda bitki ve hayvanlarin
mikroorganizma analizleri i¢in gerekli olan bekleme
stiresini kisaltmasi agisindan olduk¢a 6nemlidir (Niessen
2015).

Bagda Botrytis cinerea'nin ITS gen bolgelerine bagli olarak
tasarlanan primerler kullanarak yiiriitilen LAMP teknigi,

bagarili sonuglar gostermistir (Niessen 2015).

Konukgu bitkiye ozellesme gosteren bitki patojeni
funguslarin tespitinde LAMP teknigini kullanarak, muz
bitkilerinde solgunluk olusturan E oxysporum f.sp. cubense
(Panama hastalig1), hizli bir sekilde tanimlanabilmistir
(Li et al. 2013). Yine ayni teknikle, E oxysporum f.sp.
lycopersici (domates) ve f.sp. niveum (karpuz) gibi 6nemli
bitki patojenleri ve mango bitkisinde patojen Fusarium
mangiferae’nin hassas tanisi gergeklestirilmistir (Pu et al.
2014). EPPO’nun karantina listesinde yer alan ve turunggil
meyvelerinde siyah leke hastaligina sebep olan Guignardia
citricarpanin tespiti, LAMP teknigi ile kisa siirede, kesin
ve hassas sonuglar vermistir (Tomlinson et al. 2013). Yine

6nemli karantina patojenlerinden Phytophthora kernoviae,
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Phytophthora ramorum, Phytophthora melonis, Phytophthora
sojae, Phytophthora cinnamomi ve Puccinia striiformis
f.sp. triticinin belirlenmesinde LAMP teknigi, basaril1 bir
sekilde uygulanmigtir (Dai et al. 2019, Niessen 2015). Bu
sonuglara dayanarak karantina patojenlerinin kisa siirede
ve kesin olarak varliginin tespiti LAMP teknigi ile kolayca
gerceklestirilebilecektir.

Ote yandan Hindistan'n farkli bélgelerinden toplanan
enfekteli biber tohumlarindan C. capsicinin hizli ve
hassas tespiti i¢in yapilan ¢alismada, klasik PCR’a gore,
LAMP tekniginin giivenilir bir seklide kullanilabilecegi
kanitlanmistir (Kandan et al. 2016). Enfekteli ¢ilek
bitkilerinde C. gloeosporioidesin hizli tespiti i¢in
yapilan ¢aligmada (Katoh et al. 2016), LAMP teknigi
ile C. gloeosporioides’in hizli ve hassas bir gekilde tespit
edildigi ve C. acutatum, C. aenigma ve C. siamense gibi
farkli Colletotrichum tiirlerinin de ayirt edilebildigi
bildirilmistir. Ayrica, LAMP teknigi kullanarak C.
acutatum’un neden oldugu soya antraknozunun hizh
tespiti gseklinde ¢aligma yapilmistir. Caligma igin, Rbpl
(Large subunit RNA polymerase II) hedef gen bdlgesine
gore LAMP teknigi i¢in primer tasarlamislardir. 62 °Cde
70 dk amplifikasyondan sonra SYBR green I boyasi ile
LAMP reaksiyon {iriinleri yesil renkte parlamasiyla
C acutatum’un  varhiginin  belirlemislerdir. LAMP
yonteminde 100 pg pl* hedef genomik DNA reaksiyonun
caligmasi igin yeterli bulunmustur. Cindeki soya
alanlarindaki ve marketlerde satilan soya tohumlarindaki
C. acutatum patojenini belirlemede Ppbl-Ct-LAMP
tekniginin, olduk¢a yararli oldugu belirtilmistir (Tian et
al. 2017).

Ulkemizde ise laboratuvar ve saha calismalarinda LAMP
tekniginin basta Colletotrichum’a bagh tiirler olmak tizere
bitki patojenlerinin hizli tan1 ve tespitine yonelik herhangi

bir arastirma bulunmamaktadir.

Bu yiizden bu ¢aligmada, Turunggilde antraknoz etmeni
Colletotrichum gloeosporioidesin LAMP (Loop-Mediated
Isothermal Amplification) teknigi kullanilarak hizh
tanisinin - yapilmast amaglanmistir.  Bu  yeni LAMP
yontemi, C. gloeosporioides’in neden oldugu Turunggildeki

antraknoz hastaliginin kontrol edilmesi ve izlenmesi i¢in

6nemli bir referans veri ortaya koyacaktir. Colletotrichum,
taksonomisi komplike bir cins oldugundan dolayy, tiirlerin
teshisinde multilokus dizi (MLS) analizi kullanilmaktadir.
MLS analizleri olduk¢a pahali, zaman alici ve pratik
degildir. Bu nedenle, bellirli bir bolgedeki Colletotrichum
cinsine bagli belli bir tiiriin teshisini hedef alarak yapilacak
¢aligmalarda LAMP teknigi olduk¢a ekonomik, hizl
ve yiksek Ozgiinlige sahip olmasindan dolayr tercih
edilmektedir.

MATERYAL VE METOT
Fungal kiiltiirler ve DNA ekstraksiyonu

Calismada kullanilan fungal kiiltiirler, Dogu Akdeniz
Bolgesinde turunggil iiretim alanlarinda antraknoz patojeni
Colletotrichum tiirlerinin belirlenmesi amaciyla yiiriitiilen
proje kapsaminda elde edilmistir. Bu arastirmada, C.
gloeosporioidesin morfolojik ve molekiler yontemlerle
kesin tanilari yapilmis LC1 (Mersin-Silifke), LC3 (Adana-
Imamoglu) ve LC5 (Hatay-Erzin) izolatlar1 kullanilmistir.
Kontrol fungus olarak ise, turung¢gilde kok ¢iirtklugiine
neden olan Fusarium solaninin (Kurt et al. 2019) Fs4 izolat1
kullanilmigtir. Denemede yer alan tiim fungal kiiltirler,
patates dekstroz agar (PDA) besi yerinde 25 °Cde 5 giin
boyunca gelistirilmistir. Fungal miselyumlardan DNA
izolasyonu, Qiagen DNeasy (250) Plant mini kit (Qiagen
Inc., Germany) kullanilarak gergeklestirilmistir. DNA
konsantrasyonlari, spektrofotometre (Qubit 3.0) ile 6l¢iilmiis
ve ekstrakte edilen DNAlar, daha sonra kullanilmak tizere

-20 °Cde dondurucuda saklanmustir.
LAMP primerlerin tasarlanmast

LAMP yontemi igin, C. gloeosporioides tiirtiniin gen dizileri
her gen bolgesine 6zgii primer setleri (F3/B3 ve FIP/BIP);
‘Primer Explorer V3’ adli bilgisayar programi (http://
primerexplorer.jp/e) kullanilarak tasarlanmis ve bu primer
setleri, ilgili firmadan temin edilmistir. S6z konusu primer
setleri, Genbank'ta Colletotrichum’un 25 tirtini yiksek
olasilikla kapsayan 5.8S ribosomal RNA-internal transcribed
spacer (ITS) 2 gen bolgesinden segilerek belirlenmistir.
LAMP metodu ile C. gloeosporioides DNAsin1 ¢ogaltmakta
kullanilan primer ¢iftleri, bunlarin tasarlandig gen bolgeleri

ile dizilimleri Cizelge 1'de gosterilmistir.

Cizelge 1. Colletotrichum gloeosporioides’i tespit etmek i¢in kullanilan LAMP primerlerinin niikleotid dizileri

Primer Tip Sekans (5°-3%)

CgF3 F3 ATGCCTGTTCGAGCGTC

CgB3 B3 TCCGAGGTCAACCTTTGGAA

CgFIP FIP (Flc + F2) GCCACTACCTTTGAGGGCCTACTTTCAACCCTCAAGCTCTGC
CgBIP BIP (B2 + Blc) CGGAGCCTCCTTTGCGTAGTAAGGGTTTTACGGCAAGAGTCC
CgLF LF GTAGGGCCCCAACACCA

CgLB LB CTTTACGTCTCGCACTGGGA
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PCR ve LAMP tekniginin uygulanmas:

LAMP

primerlerin ozgiinliikleri, Colletotrichum gloeosporioidesin 3

reaksiyonunda  kullanilmak  {izere tasarlanan
farkl izolat: ile Fusarium solani’ nin Fs4 izolat1 olmak {izere
toplam 4 DNA 6rnegi kullanilarak degerlendirilmistir. LAMP
teknigi icin; distile su, primer karisimu (FIP, BIP, F3, B3), 2X
reaksiyon tamponu, Bst DNA polimeraz enzimi ve DNA
ornegi kullanilmisti. LAMP reaksiyonu, son hacim 25 pl
olacak sekilde hazirlanmustir. Bu reaksiyonda 2 pl gogaltilacak
DNA 6rnegi, 12.5 ul LAMP tamponu, 0.9 pl primer karisimi
(FIB ve BIP primerleri-F3 ve B3 primerleri), 1 pl 8 birim
Bst DNA polimeraz enzimi ve 8.6 pl steril saf su eklenerek,
reaksiyon hazirlik iglemi tamamlanmustir. Daha sonra 65 °C
sabit sicaklikta 90 dakika boyunca yiiriitiilen reaksiyon sonrasi
islem, 80°Cde4 dakika inkiibe edilerek durdurulmugtur. LAMP
teknigi uygulandiktan sonra elde edilen sonuglarin gorsel
olarak degerlendirilmesi, QIAxcel otomatik jel goriintileme
cihazi (Qiagen, QIAxcel Advanced system, Almanya)
ile yapilmistir. Bunun yani sira floresan boya yontemiyle
orneklerin ¢iplak gozle izlenebilmesi igin 1 ul Sybeer Green I
(InvitrogenTM) boya eklenmis 6rnek tiipleri, bir siire gézlem
altinda tutulmustur. Daha sonra pozitif 6rneklerin bulundugu
tip icerisinde yesil floresan renk olusum durumlarina
gore degerlendirme yapilmigtir. PCR amplifikasyonu igin
kosullar, 95 °Cde 3 dk baslangi¢ denatiirasyonu, 95 °Cde 1 dk
denatiirasyon, annealing sicakligi 63.4 °C ile 72 °C’ de 45 sn
ve son asama olarak 72 °Cde 10 dk olarak belirlenmistir. PCR
tiriinlerinin kalitesinin belirlenmesi, fungal DNA jel gortintiis,
otomatik jel elektroforez (Qiagen, QIAxcel Advanced System,

Almanya) cihazinda degerlendirilmesi ile yapilmistir.
SONUCLAR

Denemeye alinan C. gloeosporioidesin LC1, LC3 ve LC5
izolatlarinin genomik DNAlar1 ACTIN ve GAPDH gen
bolgeleri ile; negatif kontrol olarak kullanilan E solanihin
Fs4 izolat;; ITS ve EF-la primerleri ile dizileme islemine
tabi tutulmus ve bu izolatlar, sirasiyla LC1; MF480745 ve
MG951769, LC3; MG272475 ve MG951787, LC5; MF616514
ve MG951781 ve Fs4; MF972071 ve MF972072 seklindeki

erisim numaralari ile NCBI Genbankasina kaydedilmistir.

Denemede, LAMP analizinin hizli sonug vermesi, hassasiyeti
ve 6zglinliigii, PDA besi yerinde gelistirilen C. gloeosporioides
ve E solaniden elde edilen genomik DNA o6rnekleri
kullanilarak belirlenmistir. Buna gore genomik DNA klasik
PCR ¢aligmasinda 1 ng pl? kullanilirken, LAMP tekniginde
10 fg pl! oraninda kullanilmis ve buna ragmen denemede
olumlu sonuglar elde edilmistir. Béylece LAMP tekniginde,
PCR ¢aligmalarinda kullanilan genomik DNA miktarindan
olduk¢a az miktarda DNA kullanimistir. Bu ¢alisma ile
LAMP tekniginin hassasiyeti de net olarak ortaya konmustur.
LAMP analiz reaksiyonu sonrasinda 1 pl Sybeer Green I
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(InvitrogenTM) boya eklenen ornek tiipleri, UV 151k altinda
incelendiginde; C. gloeosporioides izolatlarinmn bulundugu
tiiplerde belirgin bir parlama (151ma) oldugu fakat, . solaninin
bulundugu tiipte herhangi bir parlama (i51ma) olmadig
tespit edilmigstir (Sekil 1). Elde ettigimiz bulgular, LAMP
analiz teknigi ile sadece C. gloeosporioides den elde edilen
genomik DNAnin basariyla belirlendigini gostermistir. Ancak
E solani'den elde edilen genomik DNA, bu teknik ile tespit
edilememistir. Béylece, LAMP teknigi ile 2 saat gibi kisa bir
slire igerisinde yapilan analiz sonucunda patojenin varlig1 tespit
edilebilmistir. Bu durum LAMP tekniginin, Colletotrichum gibi
etmenlerin tespitinde hizli bir tan1 yontemi oldugunu ortaya
koymustur. Ayrica, otomatik jel elektroforez cihazinda yapilan
goriintileme sonucunda; LAMP reaksiyonunun pozitif
oldugu yerlerdeki iiriinlerde siiriintii seklinde yogun bantlarin
olustugu ve bu teknigin, C. gloeosporioides igin basaril
sonuglar verdigi gosterilmistir. Negatif kontrol olarak alinan
E solani, jel elektroforez goriintiisiinde LAMP reaksiyonunda
bant olusturmayarak bu teknigin, C. gloeosporioides igin
uygulanabilir ve pratik oldugunu ortaya koymustur. Ayrica
dogrulama yapmak i¢in, C. gloeosporioides igin spesifik primer
olan GAPDH ile yapilan PCR reaksiyonunun jel elektroforez

cihazinda goriintilenmesi sonucunda bantlar gézlenmistir.

Sonug olarak LAMP tekniginin sonuglari, PCR reaksiyonu ile
dogrulanmistir (Sekil 2).

Sekil 1. LAMP amplikonlarinin floresan Sybeer Green I
boyas1 UV 151k altinda parlamasi ile gorsel incelenmesi (1:
Fusarium solani, 2, 3, 4: C. gloeosporioides LC1, LC3, LC5)

500bp
400bp

300bp

200bp

100bp

Sekil 2. LAMP teknigi ve PCR C. gloeosporioides ve F.
solani’nin elektroforez jel performanslari (A1, size marker:
LAMP teknigi, A2-A5: C. gloeosporioides, A6: E solani, A11-
A12:GAPDH primeri ile C. gloeosporioides’in PCR analizi)
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TARTISMA VE KANI

LAMP

antraknoz etmeni C. gloeosporioides’in hizli tanisini

Bu c¢alisma, teknigi kullanilarak Turunggil

gerceklestirmek i¢in yiritilmistir. Calismada bu
teknigi kullanarak pozitif érnek olan C. gloeosporioides
ve negatif érnek F solani patojenlerinin ayirimi net bir
sekilde yapilmistir. Bitki patojenlerinin varligini ortaya
koymak i¢in son yillarda yaygin olarak kullanilmaya
baslayan LAMP

etmede dogru ve hasssas bir teknik olarak kullanilmistir.

teknigi, C. gloeosporioides’i tespit
LAMP teknigi, karmagik ve profesyonel alet ve cihazlara
gereksinim duyulmaksizin, floresan boya ile gorsel olarak
izlenebilirliginin kolay olmasi gibi avantajlarinin yanisira
ile hizli ve ekonomik bir 6zellige sahiptir. LAMP, hedef
olmayan DNAnin varligin1 énemli dl¢tide etkilemeden
izotermal kogullar altinda, DNAy1 yiiksek verimle ¢ogaltir
ve hedef baz dizileri i¢in oldukga spesifik bir yontemdir.
Uygun primerlerin hazirlanmasindan sonra basit bir
islemden ibaret olan bu teknik, sadece dort primer, bir
DNA polimeraz ve normal bir laboratuvardaki su banyosu
veya enzim reaksiyonu i¢in 1s1 bloguna ihtiya¢ duyar. Bu
durumda laboratuvardaki kisith imkanlarla patojenlerin
varliginin belirlenmesi bu teknik ile olduk¢a 6nemli bir
segenek sunar. Yitksek duyarlilik ve 6zgiilliik, uygulama
kolaylig1, ekstraksiyon i¢in ayr1 bir cihaz gerektirmemesi,
cok kisa siirede (45-70 dk), sonu¢ alinmasi personel
agisindan  kolay uygulanabilir olmasi olduk¢a dikkat
gekicidir. Ozellikle karantina patojenlerinin tespitinde hizli
ve hassas bir teknik olarak kullanilmasi oldu¢a 6nemlidir.
Gumriik kapilarinda bekleyen tarimsal {irtinlerden alinan
orneklerin bitki patojenleri yoniinden kisa siirede analiz
edilmesi, LAMP tekniginin kullanilmasini1 kayde deger
oranda etkili kilmaktadir. S6z gelimi, halk arasinda tropikal
irk 4 (TR4) olarak adlandirilan Fusarium oxysporum f.sp.
cubense (yeni adiyla E odoratissimum) muz alanlarinda
gittikce artan siddeti ve dolayisi ile sosyo-ekonomik
etkisi de hizla yayilmaktadir. Bu nedenle karantina
onlemlerinin uygulanmasi igin basit, hizli ve gtivenilir
teknolojilerin uygulanmasi kaginilmaz hale gelmektedir.
Bu amagla hem arazide hem de laboratuvar kosullarinda
uygulanabilirligi acisindan LAMP teknigi gelistirilmis ve
TR4 wrkina kars: gelisgtirilen primer setleri ile 22 adet TR4
izolatnin tepiti yapilmustir. Ayrica, 1 (pg pl!) genomik
DNA kullanilarak basarili sonuglar elde edilmistir. LAMP
teknigi sayesinde TR4 ile bulagik muz tiretim alanlarinda
Fusarium solgunlugunun izlenmesi daha kolay olmustur.
Boylece, LAMP’in oldukga basarili ve kullanish bir teknik
oldugu belirlenmistir (Ordénez et al. 2019). Bu ¢aligma
ile, karantina patojenlerinin kontrolii ve izlenebilirligi
agisindan LAMP tekniginin son derece basarili sonuglar

ortaya koydugu kanitlamistir.
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LAMP tekniginin bir diger tistiin yoni, patojenlerde hizli ve
hassas tani imkan1 saglamasidir. Farkl kiiltiir bitkilerinde
son yillarda Colletotrichum’a bagl tiirlerin ekonomik ve hizl
tanisinda LAMP teknigi, stirdiiriilebilir ve hassas bir yontem
olarak kabul edilmeye baglanmistir. Cilek bitkilerini enfekte
eden C. gloeosporioides tiirii (Katoh et al. 2016), sekerkamisi
bitkisinde kirmizi ¢iirtiklik patojeni C. falcatum tiri
(Chandra et al. 2015), biberde antraknoza neden olan C.
capsici fungal patojeni (Kandan et al. 2016) ve soya fasulyesi
bitkisinde antraknoza yol agan C. acutatum tiriiniin (Tian
et al. 2017) tespiti ve tanisnda LAMP tekniginin hizly,
glvenilir, ekonomik ve yararli sonuglar ortaya koydugu
laboratuvar ve saha calismalari ile acik ve net olarak
goriilmektedir. Bu bulgular, ¢alijmamizda elde ettigimiz
sonuglarla uyumlu ve bunlar: destekler niteliktedir.

LAMP yonteminin arastiricilara ya da gesitli kuruluglara
olan maliyeti ele alindiginda, bu testin PCR ¢alismalarina
gore olduk¢a ekonomik oldugu kanisina varilmistir. Ayrica,
LAMP testi ¢alismanin yapildig1 ayni giinde ve toplamda
2 saat icerisinde sonuglanabilirken, PCR islemleri ve gen
sekanslamasi saatler hatta giinler alabilmektedir. Bu yontem,
belirli bolgelerdeki bir patojenin dagilimini, yogunlugunu
hizli ve ekonomik bir sekilde ortaya koymakta oldukga
yararhidir. Bitkilerde ¢nemli bir hastaliga sebep olan ve
siddetli enfeksiyonlara yol agan bir patojenin bolgedeki
varliginin ve haritasinin ortaya ¢ikarilmasinda oldukga
6nemlidir. Turunggillerde C. gloeosporioides’in bu yontemle
varlig1 kisa siirede ortaya konmustur. Bu ¢aliymadan sonra,
farkli patojenlerin bu yontemle tanismin belirlenmesi
aragtiricilara farkl bakis agilar1 sunacaktir.

TESEKKUR

Bu ¢alisma, Hatay Mustafa Kemal Universitesi Bitki Saglig:
Klinigi Uygulama ve Aragtirma Merkezi laboratuvarlarinda
yuritilmistir.

OZET

Turunggilde antraknoz hastalig1 siirgiinlerde geriye dogru
kuruma, yapraklarda leke, erken dénem yaprak ve meyve
dokiimleri, meyvelerde antraknoz belirtileri seklinde ortaya
¢ikmaktadir. Antraknoz etmeni Colletotrichum gloeosporioides,
tilkemizde ozellikle limon bagta olmak tizere birgok turunggil
tir ve gesitlerinde siddetli enfeksiyonlara yol agmaktadir.
C. gloeosporioides fungal patojeninin tanisi, morfolojik,
molekiiler yontemler ve proteine dayali spektrum analizleri
ile yapilabilmektedir. Bu ¢alisma, LAMP teknigini kullanarak
Turunggil antraknoz etmeni C. gloeosporioides’in hizli tanisini
gerceklestirmek igin yiritilmistir. LAMP yontemi igin
spesifik primerler, C. gloeosporioides tiiriiniin gen dizileri her
gen bolgesine 6zgii primer setleri (F3/B3 ve FIP/BIP) ‘Primer
Explorer V3’ adli bilgisayar programu (http://primerexplorer.
jp/e) kullanilarak tasarlanmistir. LAMP reaksiyonunda
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kullanilmak {izere tasarlanan primerlerin 6zgiilliikleri C.
gloeosporioides’in 3 farkli izolatlar1 ile Fusarium solaninin
Fs4 izolat1 olmak {izere toplam 3 DNA o6rnegi kullanilarak
degerlendirilmistir. PCR ¢aligmasinda genomik DNA 1 ng pl*,
LAMP ¢alismasinda 10 fg ul* miktarinda kullanilmigtir. Sonug
olarak, floresan boya ile incelendiginde, C. gloeosporioides
izolatlarmmn bulundugu tiiplerde parlama olmustur. Ancak, F
solaninin bulundugu tiipte parlama gozlenmemistir. LAMP
analizinin C. gloeosporioidesden elde edilen genomik DNAy1
bagariyla tespit ettigini gostermis, fakat F solaniden elde
edilen genomik DNAY1 tespit edememistir. LAMP teknigi ile 2
saat stiren bir analiz sonucunda elde edilen basarili sonuglarla

kasa siire icerisinde patojenin varlig1 tespit edilmistir.

Anahtar kelimeler: turuncgil, antraknoz, Colletotrichum
gloesoporioides, LAMP, teshis
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Zymoseptoria tritici is the pathogen responsible for Septoria tritici blotch
(STB) disease in wheat, causing significant yield losses during some years.
This disease is observed in wheat production areas in our country as in many
regions of the world. In this study, STB diseased wheat leaves were collected
from six geographical regions in wheat cultivation areas of Turkey during 2013
and 2014 production seasons. A total of 103 single spore isolates obtained from
the collection of Z. tritici population were chosen as representative for testing of
their mating type. The isolates were evaluated for mating type (MAT) idiomorph
frequency by multiplex PCR using Z. tritici specific MAT primers. The prevalence
of mating types was found to be 48.5% (50) and 51.5% (53) for Mat71-1 and
Mat1-2, respectively. Chi-square test was used to assess that two mating type
scores are at equal frequencies. The study affirms the hypothesis that Z. tritici is
reproducing sexually and spread via airborne ascospores aside from rain splash
dispersed asexual spores in Turkey. Genetic recombination during sexual mating
has a potential to generate more virulent pathotypes of Z. tritici.

INTRODUCTION

Zymoseptoria tritici (previously known as Mycosphaerella
graminicola) causes Septoria tritici blotch (STB), a foliar
disease of wheat (Triticum spp.) with devastating effects on
global wheat production. The disease is manifested with
distinct necrotic lesions on wheat leaves leading up to 50%
of yield reduction (Eyal et al. 1987, Torriani et al. 2015). The
disease is observed in areas with high rainfall and temperate
conditions (Fones and Gurr 2015, Torriani et al. 2015).

According to Turkish Statistical Institute wheat cultivated
areas covered around 7.3 million hectares in 2018 in Turkey
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(TUIK 2018) and Septoria tritici blotch has been reported in
many different regions of Turkey (Altin et al. 2017, Saydam
1981, Turgay et al. 2016, Unal et al. 2017). The yield loss due
to STB in Turkey has been observed to be as high as 25-50%
(Anonymous 2017) and prevalence of the disease can reach
up to 43% (Turgay et al. 2016).

Zymoseptoria tritici can reproduce both asexually and
sexually. During asexual stage spores (pycnidiospores)
emerge from pycnidia on necrotrophic lesions on leaves and

disperse with rain splash. Sexual spores (ascospores) on the
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other hand are developed in pseudothecia and are airborne.
Ascospores generally serve as a primary source of the disease
on new locations while pycnidiospores provide spreading on
nearby plants (Eyal et al. 1987, Shaw and Royle 1989).

Zymoseptoria tritici is a heterothallic fungus with bipolar
mating system comprising of Mat1-1 and MatI-2 idiomorphs
compatible with each other (Waalwijk et al. 2002). In regions
where sexual reproduction is common, the ratio of Mat-1 and
Mat-2 mating types are expected to be close to equality. This
balance is achieved due to random segregation of MatI-1 and
MatI-2 idiomorphs after sexual reproduction. The deviance
from the equilibrium can occur in areas where asexual
reproduction is more common and the homogenizing effect
of mating is absent (Zhan et al. 2002). The sexual life cycle of
Z. tritici is an important aspect of the fungi which generates
genetic diversity through recombination in the fungal
population (Chen and McDonald 1996).

In this study, multiplex PCR using MAT-specific primers is
utilized for determination of mating types of single colony Z.
tritici samples from different wheat growing areas of Turkey.
Comparison of their ratios were done using chi-square test
to deduce the presence of sexual life cycles of the pathogen
in these areas.

MATERIALS AND METHODS
Survey

The sampling of Z. tritici isolates were done during 2013-
2014 spring seasons in six different geographical regions
of Turkey (Aegean, Black Sea, Central Anatolia, Marmara,
Mediterranean and Southeastern Anatolia) from naturally
occurring STB diseased wheats and 103 samples of them
were chosen to represent Z. tritici population in Turkey.
Different provinces were chosen in these regions to increase

the coverage (Figure 1).

Single spore isolation

The pieces of necrotic leaves containing pycnidia obtained
from the diseased plant samples were attached to the glass
slide with the help of transparent tape. Prepared samples
were placed in petri dishes containing blotter moistened with
sterile water to provide humidity and were kept at 18-20 °C
for 15-20 hours. The droplet percolated over the pycnidia
(cirrhus) containing pycnidiospores were collected with help
of sterile needle and transferred to yeast malt extract agar
(YMA) containing 50 mg/l streptomycin. The samples were
incubated at 18 °C for 3 days at 12 h day/12 h dark cycle. Single
spore isolation was performed from separately developed
colonies after incubation and 3 replicates were stored at -80
°C in tubes containing 20% glycerol (Eyal et al. 1987).

DNA extraction

For DNA extraction the CTAB protocol of Allen et al. (2006)
was applied with slight modifications. Seven days old cultures
of Z. tritici grown on yeast extract peptone dextrose (YPD)
agar were scrapped and put into 2 ml tubes for grinding in
MagNA lyser (Roche, Germany) with beating beads. Crushed
cells were solubilized in 1.2 ml cetyltrimethylammonium
bromide (CTAB) extraction buffer (25 ml of 1 M Tris, pH
8.0, 70 ml of 5 M NaCl, 10 ml of 0.5 M EDTA, 5 g of CTAB,
filled to 250 ml with H,O) and 1% v/v 2-mercaptoethanol
was added just before usage. Samples were kept at 65 °C
for 30 min. After 30 min samples were centrifuged and the
supernatant was transferred to the new tubes containing 800
ul of phenol:chloroform:isoamyl alcohol (25:24:1 v/v/v). All
centrifugation steps were carried out at 13500 g. Tubes were
placed in linear shaker at 100 rpm at RT (room temperature)
for 20 min and centrifuged again. The upper aqueous
solution was transferred into new tube filled with 800 pl

cold isopropanol (-20 °C) and were placed in linear shaker
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Figure 1. Map showing locations where Zymoseptoria tritici samples were collected
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for 10 min. Precipitated DNA was dissolved in 250 pl Tris-
EDTA (TE) buffer (0.01 M Tris, pH 8.0) and 2.5 pl DNAse
free RNAse-A was added and incubated at 37 °C for 30 min.
After incubation 25 pl sodium acetate (NaAc, 3 M) was added
and the first step of washing was carried out by adding 600 pl
of cold ethanol (-20 °C) and centrifuged. After removing the
supernatant the second washing step was carried out with cold
70% ethanol (-20 °C) and centrifuged again. Subsequently,
supernatant was discarded and the pellet was solubilized in
200 pl of pure water. Concentration of DNA samples were
measured using a Thermo Scientific NanoDropTM 1000
Spectrophotometer. Final concentrations were adjusted to 10
ng/ul with pure water, ready for PCR, and kept at -20 °C.

Polymerase chain reaction (PCR) assays

Identification of mating types were done with multiplex PCR
reactions using MyTaq™ Red Mix 12.5 yl (Bioline, USA), 1
ul of each primer (10 uM), 5 pl template (50 ng) and pure
water was added complete 25 pl of the reaction volume. PCR
conditions were: initial denaturation at 95 °C for 1 minute, 35
cycles of 95 °C for 15 s, 55 °C for 15 sand 72 °C for 15 and final
extension at 72 °C for 3 minutes. Mating type primers were
chosen according to study of Waalwijk et al. (2002) (Table 1).
After amplification with Mat1-1 and MatI-2 specific primers,
DNA fragments of definite length were obtained (Figure 2).

Table 1. Primers used to amplify MAT regions in
Zymoseptoria tritici population in Turkey

Primer Sequence (5" - 3)

Matl-1F CCGCTTTCTGGCTTCTTCGCACTG
Matl-1 R TGGACACCATGGTGAGAGAACCT
Matl-2 F GGCGCCTCCGAAGCAACT

Matl-2 R GATGCGGTTCTGGACTGGAG

1.2 3 4 5 6 7 8 9

Gel electrophoresis

PCR products were loaded on 1% agarose gels containing
100 ng/ml ethidium bromide in Tris-borate-EDTA (TBE)
buffer and electrophoresed for 1 h at 150 V. DNA bands were
captured under UV light (Quantum-ST4-110/26MX). The
sizes of the fragments in a gel were deduced by comparison
to O’'GeneRuler 100 bp Plus DNA ladder (Thermo scientific,
USA).

Data analysis

To analyze the results and verify whether the results are
compatible with 1:1 ratio of frequent mating occurrences
of Z. tritici and to test null hypothesis, Pearson’s chi-
squared test at the significance level P= 0.05 was applied.
The following formula was applied: x2= [(o, - e)*/e] + [(o,
- e)’/e], where o1 is the observed value for Mat1-1, o, is the
observed value for MatI-2, e is the half of the total number
of samples.

RESULTS AND DISCUSSION

One hundred and three Z. tritici samples from 19
provinces over six different regions (Table 2), representing
the highest wheat growing areas of Turkey, were analyzed
with multiplex PCR. One of the expected two bands, 340
bp for MatI-1 and 660 bp for Mat1-2 were observed in all
samples. Fifty samples tested positive for Mat1-1 and fifty
three samples tested positive for MatI-2 corresponding to
48.5% and 51.5% of the total samples, respectively. These
results fits the expectation of 1:1 ratio of Matl-1 : MatI-
2. None of the samples gave zero or two bands. When x2
test with degrees of freedom (df) equal to one is applied
the result of 0.0874 is found, which is substantially lower
than the value of 3.841 on chi-square table for P= 0.05.

10 11 12 13 14 15 16 17 18 19 20

Figure 2. Gel electrophoresis of some samples of multiplex PCR for mating type differentiation. Two variant bands of Mat1-1
and MatI-2 allow distinguishing the heterothallic fungus. Amplification of 340 bp and 660 bp bands are observed with Mat1-1
and Mat1-2 primers respectively. Lane 1: GeneRuler 100 bp Plus DNA Ladder (Thermo Scientific), lanes 2-7 Denizli samples,
lanes 8-13 Kiitahya samples, lanes 14-20 Kastamonu samples
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Table 2. Distribution of Zymoseptoria tritici mating types in provinces of Turkey

Regions Provinces

No. of isolates

Mat 1-1 Mat 1-2

Denizli
Aegean Kiitahya
Manisa
Black Sea Kastamonu
Ankara
Cankar1
Central Anatolia Eskisehir
Kirsehir
Konya
Balikesir
Bilecik
Bursa
Edirne
Kirklareli

Adana

Marmara

Mediterranean Hatay

Kahramanmarag
Diyarbakir

Southeastern Anatolia )
Gaziantep
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Table 3. Distribution of Zymoseptoria tritici mating types and chi-squared test of six different regions of Turkey

Regions No. of samples pl}j\?i.nocfes ]\/I(ao/l;l)—l M(ZZ)_Z )((j f(:hi; P

Aegean 19 3 9 (52.6) 10 (52.6) 0.0526 0.8186
Black Sea 7 1 3 (42.9) 4(57.1) 0.1429 0.7054
Central Anatolia 23 5 12 (52.2) 11 (47.3) 0.0435 0.8348
Marmara 24 5 14 (58.3) 10 (41.7) 0.6667 0.4142
Mediterranean 17 3 6 (35.3) 11 (64.7) 1.4706 0.2253
i;‘:t}:;f:tem 13 2 6 (46.2) 7 (53.8) 0.0769 0.7815
Total 103 19 50 (48.5) 53 (51.5) 0.0874 0.7719

This result fails to reject the null hypothesis of 1:1 ratio
of two mating types. Chi-squared applied to regions gave
similar results (Table 3), confirming the null hypothesis
with P= 0.05 significance level. The test was not applied
to provinces individually as sample number was low and
results would be unreasonable. We can conclude from the
test that sexual reproduction is prevalent in Turkey even
though the teleomorph form of Z. tritici has not been yet
reported. Both Mat1-1 and Mat1-2 coexist in all six regions
studied in Turkey and the genetic diversity of the fungus is
expected to be consequentially high.

Worldwide distribution of Mat1-1 and MatI-2 idiomorphs
have been found to be in equal or near to equal proportion
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(Abrinbana et al. 2010, Allioui et al. 2014, Boukef et al. 2012,
Elbekali et al. 2012, Gurung et al. 2011, Meamiche Neddaf
et al. 2017, Pieczul and Swierczyr'lska 2018, Siah et al. 2010,
Zhan et al. 2002). Some of the studies found disproportion
between idiomorphs but were interpreted as deviance due
to low number of samples (Abrinbana et al. 2010, Elbekali
etal. 2012, Meamiche Neddaf et al. 2017) or due to selection
pressure toward one mating type (Gurung et al. 2011). These
results show that sexual reproduction of Z. tritici is present
in different climates over the world. Even though deviance
from equal distribution was observed at local scale, in the
studies conducted on larger scale the proportion seems to

be relatively equal.
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Based on sexual behavior and genetic diversity, planning
of the fighting strategies can differ from region to region.
Sexual reproduction enables more genetic diversity for Z.
tritici even in small areas (McDonald and Martinez 1990).
Planting resistant cultivars, crop rotation and fungicides
are strategies applied traditionally to fight STB (Eyal 1999).
However, their effectiveness is constricted by the fact that
genetically diverse populations produced by sexually active
population have higher chance of overcoming the resistance
of host plant and become resistant to applied fungicides due
to high evolution rate and selection pressure (Cowger and
Mundt 2002, McDonald and Linde 2002). Emergence of
new resistant pathotypes can cause significant yield losses
and economic burden due to lowered productions and the
necessity of developing new means of fight. Incorporation
of several nonspecific resistance genes as quantitative traits
during wheat breeding programs can provide longer lasting
resistance in areas of highly diverse fungal population (Chen
and McDonald 1996, Eyal 1999). Also, application of same
the fungicides in highly diverse fungal population should be
avoided as generated selection pressure can cause selection
and proliferation of the resistant cultivars, making chemical
control challenging (McDonald et al. 1995).

This is the first study where the ratio of mating types of
Z. tritici and their sexual behavior is analyzed in Turkey.
As similar studies become more widespread in Turkey the
biology, genetic diversity and fighting strategies will have
more solid background. Knowing the population structure

is also crucial in designing resistant wheat cultivars.
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OZET

Zymoseptoria tritici, bugdayda bazi yillar 6nemli verim
kayiplarina neden olan Septorya yaprak lekesi (STB)
hastaligindan sorumlu patojendir. Bu hastalik diinyanin
birgok bolgesinde oldugu gibi iilkemizde de bugday tiretim
alanlarinda  goézlemlenmektedir. Caligma kapsaminda
Tiirkiyedeki —alt1 ekili
alanlarindan STB ile bulagik hastalikli bugday yapraklar:

cografik  bolgenin  bugday
2013 ve 2014 iiretim sezonunda toplanmistir. Toplanilan
Z. tritici poptilasyonundan toplam 103 tek spor izolat,
eslesme tiplerinin testlemesi i¢in temsili olarak secilmisgtir.
Izolatlar, eslesme tipi (MAT) idiomorf oranini ortaya
cikartmak icin Z. tritici’ye ait spesifik MAT primerleri
PCR
Eslesme tiplerinin yayginligt Matl-1 ve Matl-2 igin

kullanilarak  multipleks ile degerlendirilmistir.
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sirastyla %48.5 (50) ve %51.5 (53) olarak kaydedilmistir. Tki
eslesme tipinin oransal olarak esit siklikta olup olmadigini
degerlendirmek igin ki-kare testi kullanilmistir. Calisma,
Z. tritici patojeninin Tirkiyede eseyli olarak iireme
yaptig1 ve yagmur sigramasiyla dagilan asekstiel sporlarla
yayilimin yani sira askosporlarla da hava yoluyla yayildig:
hipotezini dogrulamaktadir. Eseyli iireme sirasinda genetik
rekombinasyon, Z. triticinin daha viriilent patotiplerini

ortaya ¢ikarma potansiyeline sahiptir.

Anahtar kelimeler: Septorya yaprak lekesi, Zymoseptoria
tritici, bugday mantar hastaligi, eslesme tipi, eseyli iireme
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Mulberry, Morus spp. (Moraceae) is naturally cultivated in Turkey, and no
chemical input used during the production process. Hitherto, major and common
species of insect and acari caused the economic yield and quality losses in the
mulberry production have not been recorded. On the other hand, lesser mulberry
snout moth, Glyphodes pyloalis (Walker, 1859) (Lepidoptera: Crambidae),
considered being one of the most important pests of mulberry around the world
was detected in the province of Yalova in the last week of August in 2018 for the
first time. Larvae of this pest caused serious damage to leaves of white mulberry
(Morus alba L., 1753), black mulberry (Morus nigra L., 1753), and weeping white
mulberry (Morus alba cv. ‘Pendula’) (Urticales: Moraceae) whereas it has newly
just occurred. This study was conducted to determine the distribution areas of the
pest, mulberry species damaged, and characteristics related to some biological
stages of G. pyloalis in Marmara Region (Bursa, Yalova, Kocaeli and Sakarya
provinces) between 2018 and 2019.

INTRODUCTION

Mulberry (Morus spp.) belongs to the genus Morus of the
Moraceae family involved in the Urticales order. It has been
reported that the number of its species is 12-68 with one
subspecies, and it has at least 100 varieties (Ercisli and Orhan
2006, Erdogan and Pirlak 2005). Mulberry is a fruit species
that can grow in temperate, tropical, and subtropical climates
because of its high adaptability to different climatic and soil
conditions. Common mulberry species grown for its fruit are
white mulberry (Morus alba L., 1753), black mulberry (Morus
nigra L., 1753), and red mulberry (Morus rubra L., 1753)
(Urticales: Moraceae). Mulberry grown for its leaves to feed
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silkworm, Bombyx mori L., 1758 (Lepidoptera: Bombycidae)
is M. alba and its cultivars. Mulberry is grown in many
countries of the world, and it is native to some countries. One
of the mulberry species, M. alba, is native to China, Japan,
Thailand, Malaysia, and Burma. Another species, M. nigra, is
native to Turkey, Iran, Saudi Arabia, Syria, and parts of South
Asia of Russia (Bellini et al. 2000). Turkey, one of mulberry’s
homeland, has 2.324 000 fruit-bearings, 353.000 non fruit-
bearing trees, and its production quantity is 66.647 tons (TUIK
2019). The first five provinces of Turkey in terms of mulberry
production amount and numbers of the trees are given in
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Table 1. Locations in the top five ranks relating to the mulberry production of Turkey and numbers of trees, cultivation area,

quantities of yield, and production in 2018 (TUIK 2019)

Locations (provinces) Diyarbakir Malatya Elaz1g Erzincan Ankara
Number of fruit-bearings 497.675 143.405 119.320 113.114 76.577
Number of non-fruit-bearings 37.005 12.667 10.076 34.110 14.432
Total area 10.113 590 725 455 511
Yield (kg/tree) 11 56 44 40 56
Production (ton) 5.605 8.075 5.248 4.511 4.251

Mulberry has not been utilized in fresh consumption and
food industries sufficiently in Turkey, even though it is native
to this country. Turkey’s climate conditions and soil structure
are suitable for cultivating mulberry, and it grows naturally in
almost every region. Mulberry was widely grown for its leaves
as the food of silkworm, (B. mori) in the provinces of Bilecik,
Bursa, and Kocaeli in the past years. The cocoon production
of the silkworm in the province of Bursa accounted for 13% of
Turkey’s production in 1995 (Tasligil 1996). There are 58.706,
24.779, and 4.937 mulberry trees in Bilecik, Bursa, and
Kocaeli provinces, in recent years, respectively (TUIK 2019).
Presently, mulberry fruits have been utilized as traditional
products such as molasses, dried fruit pulp, and mulberry
churchxela as well as fresh mulberry fruit consumption. Also,
the red-coloured fruits are consumed as fresh and are used in
marmalades, juices, liquors, natural dyes, and the cosmetics
industry (Ercisli and Orhan 2005, Sengiil et al. 2005). One
of the factors causing yield and quality losses in agricultural
crops is insect pests. Insect and acari species determined as
mulberry pests in Turkey are mulberry scale, Pseudaulacaspis
pentagona (Targioni Tozzetti, 1886) (Hemiptera: Diaspididae),
Japanese wax scale, Ceroplastes japonicas Green, 1921, fig
vax scale, Ceroplastes rusci (Linnaeus, 1758), cottony maple
scale, Neopulvinaria innumerabilis (Rathvon, 1854) and
brown soft scale, Parthenolecanium corni (Bouché, 1844)
(Hemiptera: Coccidae), comstock mealybug, Pseudococcus
comstocki (Kuwana, 1902), citrus mealybug, Planococcus citri
(Risso, 1813), apple mealybug, Phenacoccus aceris (Signoret,
1875) and coconut mealybug, Nipaecoccus nipae (Maskell,
1893) (Hemiptera: Pseudococcidae), strawberry spider
mite, Tetranychus turkestani (Ugarov and Nikolski, 1937)
and hawthorn (spider) mite, Amphitetranychus viennensis
(Zacher, 1920) (Acari: Tetranychidae) (Atas and Kaydan
2014, Cobanoglu and Diizgiines 1985, Elma and Alaoglu
2008, Kaydan et al. 2014, Telli and Yigit 2017, Ulgentiirk
and Mohammed 2016). However, control methods such
as cultural, physical, biological, biotechnical, and chemical
have not been applied mostly to all the above- mentioned
pests. Hence, mulberry grows naturally due to the status of
the natural balance between its pest and natural enemies.
On the other hand, the considerations mentioned above
can not be asserted for Glyphodes pyloalis (Walker, 1859)
(Lepidoptera: Crambidae) because it is a monophagous

pest known as the most important insect fed with mulberry
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leaves (Hassan and Mir 2017). Additionally, this pest causes
considerable damage to the mulberries grown for silkworms
and gives 4-5 generations per year (Aruga 1994, Mathur
1980). The larvae of G. pyloalis are alternative hosts of
densovirus and picornaviruses, so they are considered to
be the vector of silkworm viruses (Watanabe et al. 1988).
This pest described by Francis Walker in 1859 referred to,
as lesser mulberry pyralid. It is reported in countries like
India, China, Korea, Japan, Malaysia, Pakistan, Uzbekistan,
Burma, Iran, Indonesia, Sri Lanka, Taiwan, the Democratic
Republic of the Congo, and Equatorial Guinea, Mozambique,
North America, Eastern Georgia, and Dagestan (Kanchaveli
et al. 2009, Madyarov et al. 2006, Poltavsky and Ilyina 2016,
WikiMili 2019). It was observed that insect larvae impaired
almost all leaves on the tree during feeding, although it has
just occurred newly in Turkey. Therefore, this study was
conducted to report lesser mulberry snout moth, appeared
for the first time in Turkey, and to emphasize a major pest
that could pose a threat to mulberry production. Studies were
performed in the mulberry cultivation areas in the Marmara
Region (Kocaeli, Sakarya, Bursa and Yalova provinces) in
2018-2019.

MATERIALS AND METHODS

It was encountered on the leaves of the mulberry trees, during
the routine surveys conducted for other pests in the fruit
orchards of Atatiirk Central Horticultural Research Institute,
Yalova/Turkey (ACHRI) in the last week of August in 2018. It
was discerned that lesser mulberry snout moth was in the larval
period when the mulberry leaves were examined. Afterward,
white mulberry leaf samples with pest larvae were brought
to the laboratory in locked polyethylene bags. They were
reared with mulberry leaf in the plastic boxes (27x20x16 cm)
covered with the net in climate chamber [25 + 1 °C, 60 * 5%
relative humidity, 16:8 hours (L:D)]. Its pupae and adults were
obtained, and then adults were killed in the bottle with ethylene
acetate. The samples obtained during the study were diagnosed
by the third author based on external and genital morphology
according to the diagnostic key used by Kononenko (2003).
The other studies were performed through the stereoscopic
binocular microscope with an Olympus trademark. Also, every
100 leaves of two mulberry trees which were damaged by G.
pyloalis, in 2018 were examined with hand binoculars (10X)
every three days from three different directions as of 15 April
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2019. Furthermore, these leaves examined were brought to the
laboratory in zip-locked plastic bags, and the emergence of the
first larvae was determined under the binocular microscope.
At the same time, each one branch of two mulberry trees was
enclosed with the net cage (1.5x80x80 cm) for obtaining larvae,
pupae, and eggs. So, the first appeared times of every biological
stage related to the first generation were obtained in the natural
conditions. In addition to these studies, to determine the
spread area of G. pyloalis was conducted a delimitation survey
study in 2019.

RESULTS AND DISCUSSION

Glyphodes pyloalis was detected for the first time due to
damage caused to leaves of two mulberry trees (40°39°31.15"N,
29°17°09.50”E and 40°39°32.63”N, 29°17°03.40”E) in institute
orchards in the last week of August in 2018. It was in the larval
stage when the pest was noticed, and the different larval instars
were together. It has five larval instars until a pupal period
(Bhat 2007, Mathur 1980). Likewise, as reported by the same
researchers, the first and second larval instars were colorless
after hatching of eggs. Following, they turned greenish
gradually during feeding with epidermis and mesophyll tissue
on the underside of the leaves (Figure 1). It was observed that
the larvae of lesser mulberry snout moth impaired almost
all the leaves of the tree within two weeks and completely
depleted the epidermis and mesophyll tissue of the abaxial
surface of the mulberry leaves by leaving only the adaxial
epidermis in the form of membranes (Figure 2). Next, they
created a sheltered place at the underside of leaves with the
strands they secreted when larvae reached their third larval
stage (Figure 3) as mentioned by Aruga (1994) and Mathur
(1980). Additionally, it was observed that mulberry leaves were
left in the form of membranes during feeding of larvae in the
fourth and early fifth stages. Also, the leaves were damaged by
fully grown larvae by being consumed from edges, smirched
with excreta, and folded together. (Figure 4). Pupae and
adults were obtained through larvae fed with mulberry leaves
in laboratory conditions (Figure 5 and 6). The pupal period
occurred between one and two folded leaves in the outdoor
condition as well. Genitalia and habitus of male adults were
given in Figure 6 and 7. This pest overwinters amongst the
fallen leaves on the ground or in cracks and crevices of the tree
trunk in the larval period (Bhat 2007, Mathur 1980). Similarly,
in this study, it was determined that the pest was found in
the larval period among the folded leaves in the last week of
November. Eggs of this pest on mulberry leaves were seen in
natural conditions in the last week of June 2019, and they were
oval and 0.6 x 0.4+0.002 mm SE, (N=10) in diameter (Figure
8). Also, it was observed that eggs were laid singularly along
the leaf veins or on trichomes underside of the leaves, and then
larvae emerged from eggs after 5-6 days.

'8

Figure 1. First and second instar larvae of Glyphodes
pyloalis

pyloalis

Figure 3. Third instar larval stage of Glyphodes pyloalis and
strands formed by it
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Figure 4. Full-grown larva with its excreta

Figure 8. The egg of Glyphodes pyloalis

Figure 5. The pupal stage of Glyphodes pyloalis

The first and second larval stages lasted seven days with
3-4 days intervals, and they were pale green. Afterward, the
larvae feeding with the parenchyma tissue turned into a
third and fourth larval stage with 4-5 days intervals. Finally,
they became the full-grown larvae after 5-6 days and then
transformed into pre-pupae in the case and pupae stage for
3-4 and 9-10 days, respectively. After all, adults appeared in
the first week of August. This pest has 5-6 generations per year
in Pakistan and varies the number of generations and some
biological characteristics depending on environmental and
climate conditions (Mathur 1980). Conclusion, the number of
generations, durations of egg, larvae, pupae and adult stages
belonging to every generation should be studied in detail in

Turkey. In addition to these biological studies, the survey

studies conducted on the spreading of pest and the obtained
Figure 6. The adult of Glyphodes pyloalis findings are given in Table 2 and Figure 9.
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Table 2. The results of delimitation surveys in 2019 and the status of the infection

Province District Neighborhood/Village Coordinate Altitude Status of infection
Orchard of agricultural directorate 40°29°’11.14"N,29°18'29.48”E 126 Infected
Bursa  Orhangazi Village of Ornekkdy 40°27°36.47"N 29°19'13.09’E 83 No infected
Next to the highway of Iznik 40°29’19.45"N, 29°19’10.20”E 122 No infected
Kocaeli Karamiirsel Village of Pazarkéy 40°40°48.06”N, 29°37°30.03”E 183 Infected
The neighborhood of Halidere yali 40°43°29.45"N, 29°50°23.04”E 1 Infected
Géleiik The neighborhood of Yenimahalle 40°43°00.13”N, 29°48°57.64”E 30 Infected
The neighborhood of Kavakli 40°43’14.11”N, 29°50’17.39”’E 5,25 Infected
Avenue of Sahil 40°43°29.46”N, 29°50°23.04”E 2 Infected
. Village of Asag1 Derekdy 40°44’17.17”N, 30°15’47.47°E 34 No infected
Sakarya Serdivan ) M , . , . .
Village of Yukar1 Derekdy 40°44'41.71°N, 30°15’27.08°E 50 No infected
Orchard of Institute 40°39’31.15”N, 29°17°09.50”E 1 Infected
Orchard of Institute 40°39’32.63”N, 29°17°03.40”E 1 Infected
The neighborhood of Ismet Pasa 40°43°29.46"N, 29°50°23.04”E 20 Infected
The neighborhood of [smet Pasa 40°38’55.73”N, 29°18’06.85”E 20 Infected
The neighborhood of Gazi Osman Pasa 40°39°24.22”N, 29°17°29.03”E 7,5 Infected
The neighborhood of Gazi Osman Paga 40°38'58.80”N, 29°18°07.22”E 8 Infected
Yalova  Central ) , N , N
Village of Elmalik 40°36°54.15”N, 29°18°37.89”E 270 Infected
Village of Elmalik 40°36°50.69”N, 29°18’°37.91”E 270 Infected
Village of Kirazli 40°36°51.08”N, 29°17°15.54’E 270 Infected
Village of Kirazli 40°36'45.61”N, 29°17°18.92”E 270 Infected
Village of Safran 40°36’28.22°N, 29°14’37.00°E 79 Infected
Village of Hact Mehmet 40°36’49.60°N, 29°14’35.52”E 34 Infected
Cinarcik Village of Kocadere 40°37°51.00”N, 29°01°57.00”E 6 Infected
Termal The neighborhood of Yenimahalle 40°36°35.83”N, 29°12°28.70”E 42 Infected
Village of Akkoy 40°37°35.37”N, 29°11’37.13”E 92 Infected
Village of Kaytazdere 40°41°26.09”N 29°32’14.89” E 185 Infected
Altmova  Village of Cavus ¢iftligi 40°41°20.06”N 29°28’15.56” E 4 Infected
Village of Tokmak 40°41°24.20”N, 29°32’12.85”E 2 Infected

oogle Eart
LN Y3

According to Table 2 and Figure 9, the 16 locations out of a
total of 20 mulberry cultivation areas of 8 districts belong to
3 different provinces were infested by G. pyloalis. However,

IS,

Figure 9. Infested area with Glyphodes pyloalis Walker (locations pinned with yellow) and map o

f Turkey (upside on the left)

o

the mulberry cultivation was not commercially, so the

total number of pest-infected trees was 300 approximately.
These infected trees were white mulberry (M. alba), black
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mulberry (M. nigra L.), and weeping white mulberry (M. alba
cv. ‘Pendul?) at a rate of 80%, 15%, and 5% respectively. G.
pyloalis is a serious pest for mulberry production due to direct
damage to mulberry leaves. Also, it causes silkworm not to
feed because of the pollution of the mulberry leaves. Besides,
it is a vector for some viruses like bombyx adenoviruses
and picornaviruses (Watanabe et al. 1988). As a result, if the
measures against this pest are applied timely according to the
integrated pest management, its spreading to the other regions
might be prevented or at least delayed. Otherwise this pest can
pose a threat to naturally produced mulberry products.

OZET

Dut, Morus spp. (Moraceae) Tiirkiyede dogal olarak
yetistirilmekte ve iretim agamalarinda kimyasal girdi
kullanilmamaktadir. Bu giine kadar, dutlarda ekonomik
olarak verim ve kalite kaybina yol agacak 6nemli zararl
bocek ve akar tiirlerine rastlanilmamistir. Bununla birlikte,
Diinyada dutun en onemli zararllarindan biri olarak
kabul edilen Dut giivesi, Glyphodes pyloalis (Walker, 1859)
(Lepidoptera: Crambidae) ilk kez 2018 yili agustos ayinin
son haftasinda Yalovada tespit edilmistir. Heniiz yeni
goriilmesine karsin bu zararli larvalarinin beyaz dut (Morus
alba L., 1753), kara dut (Morus nigra L., 1753) ve sarkik
beyaz dut (Morus alba cv. ‘Pendula’) (Urticales: Moraceae),
yapraklarina ciddi zarar verdigi belirlenmistir. Bu ¢alisma G.
pyloalisin Marmara Bolgesindeki (Bursa Yalova, Kocaeli ve
Sakarya) yayilis alanlarini, zarar verdigi dut tiirlerini ve bazi
biyolojik donemlerine iliskin 6zellikleri belirlemek amaciyla
2018 ve 2019 yillarinda yapilmustir.

Anahtar kelimeler: Dut giivesi, Glyphodes pyloalis, Morus
spp., Crambidae, Lepidoptera
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Population development of Agonoscena pistaciae Burckhardt and Lauterer
(Hemiptera: Psyllidae) in pistachio (Siirt cultivar) orchards in Siirt province
Siirt ili Antep fistig (Siirt ¢esidi) bahgelerinde Agonoscena pistaciae Burckhardt and Lauterer
(Hemiptera: Psyllidae)’nin poptlasyon gelismesi
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Agonoscena pistaciae, pistachio, and Steiner funnel sampling, it was determined that the populations of nymphs,

population development, natural adults and natural enemies showed almost similar fluctuations in all sampling

enermies gardens in both years and were mostly located in the garden in Siirt province.

. While the population density of the pest was very low in all three orchards
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from spring to August, it reached the highest levels in the September-October
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period, when the weather started to cool down, in a short period of time. In leaf
sampling, the pest’'s nymph density reached an average of 188 nymphs/leaf
level in September (2018), and the adult population, which were caught yellow
sticky traps, reached an average of 15000 individuals on 11 October 2018. It was
determined that predator and parasitoid densities also showed a parallel fluctuation
with the pest densities. Parasitoid Psyllaephagus sp. on October 5 (2017) with 13
individuals found the highest levels while the coccinellid species were found at the
highest level with 154 individuals on September 13 (2018) in the garden in Siirt
province. As a result of the two-year study, it was determined that climate factors
(temperature and humidity) were quite effective on the density of the pest species
and natural enemies. In order to develop effective control programs (integrated
pest management) in Siirt pistachio orchards, the population density of the pest
species and their natural enemies must be constantly monitored.

GIRIS
Tirkiye de Antep fistig1t Pistacia vera L. (Sapindalis: kiiltiir bitkilerindendir. Ulkemizde Giineydogu Anadolu
Anacardiaceae), ok eski zamanlardan beri bilinen en 6nemli Bolgesi, gogu bitkide oldugu gibi Antep fistiginin da gen
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merkezlerinden biridir. Yarim asirdan beri Agonoscena
pistaciae Burckhardt and Lauterer (Hemiptera: Psyllidea),
Antep fistig1 alanlarinda Diinya’ da ve {ilkemizde ekonomik
acidan biiyiikk kayiplara sebep olmakta, ayrica hastalik
etmeni olan fitoplazmanin vektori olarak da bilinmektedir
(Spornberger et al. 2006, Steffek and Altenburger 2008).
Hem nimfler hem de erginler yaprak ozsuyunu emerek
zararli olmaktadirlar. Ayrica ¢ok miktarda tatlims: madde
tireterek fumajinin olusmasma yol acarlar. Agonoscena
pistaciae agag yapraklar tizerinden dogrudan beslenmesiyle
agaglarda canhiligin azalmasina, bodur kalmasina, tomurcuk
diisiisiine, yapraklarin dokiilmesine ve verimin diismesine
sebep olmaktadir (Samih et al. 2005). Ozellikle A. pistaciae’
nin popiilasyon yogunlugunun ¢ekirdek gelisim déneminde
yliksek olmasinin, sonraki ardisik ti¢ yil boyunca agacin
zayiflamasina ve buna bagl olarak veriminde ciddi oranda
kayiplara yol a¢tigi bildirilmistir (Mehrnejad 2001). Diinyada
Tiirkiye, iran, Irak, Afganistan ve Yunanistan olmak {izere
bircok iilkede Pistacia sp. yetistiriciligi yapilan alanlarda
yaygin olarak gorillen A. pistaciae’e tiiriine iliskin simdiye
kadar yapilan bir ¢ok ¢aligma bulunmaktadir (Amirzade et al.
2014, Malenovsky et al. 2012, Mart et al. 1995, Mehrnejad and
Copland 2005, Ozgen et al. 2013, Souliotis et al. 2002).

Son yillarda Siirt ilinde Antep fistigr (Siirt fistig1 cesidi)

yetistiriciliginin ~ yapildigt  alanlarin  yayginlagmasi
ile A. pistaciae’ye karsi ilagh miicadelenin de arttig1
gozlenmektedir. Giiniimiizde insan saghgi, ¢evre ve

biyolojik ¢esitliligin korunmasi 6n plana ¢ikmis olup, zirai
miicadelenin agroekosistem ve siirdiiriilebilir tarimsal
tretim dikkate alinarak yapilmasi bir zorunluluk haline
gelmistir. Bu nedenle kimyasal miicadeleye alternatif etkin
yontemlerin kullanilmasi 6nem kazanmigtir. Bu kapsamda,
Siirt ili merkezinde bir Antep fistig1 bahgesinde farkli dalga
boylarina sahip sari yapiskan tuzaklarin A. pistaciae’nin
popiilasyon yogunlugu iistiindeki etkisinin arastirilmasina
iligkin Ozgen et al. (2013) tarafindan yiiriitiilen galisma
disinda zararlinin bolgedeki popiilasyon degisimine ve
yogunlugunun belirlenmesine iliskin daha 6nce yapilmig
herhangi bir arastirmaya rastlanmamustir. Siirt ili ve
cevresinde yogunlukla fistik yetistiriciligi yapilan alanlarda
ilk kez bu ¢alisma ile A. pistaciaenin 2017-2018 yillari
boyunca popiilasyon degisimi ayrintili olarak incelenmistir.
Siirt fistig1 {iretim alanlarinda zararlinin miicadelesinde
esas kritik donemlerin ortaya ¢ikarilmasi bakimindan,
A. pistaciaenmn  ve dogal diismanlarinin popiilasyon
dalgalanmasi ve popiilasyon yogunlugunun belirlenmesi
hedeflenmistir. Calismada vejetasyon periyodu boyunca
haftalik araliklarla yapilan 6rneklemeler, zararlinin ekonomik
zarara sebep oldugu periyotlarin ortaya ¢ikarilmasi ve dogru
miicadele programlarinin gelistirilmesi ve uygulanmasina

temel bilgiler saglamasi agisindan 6nemlidir.
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MATERYAL VE METOT
Agonoscena pistaciaenin popiilasyon gelismesi ¢calismalar

A. pistaciaenin Antep fistig1 Siirt fistig1 ¢esidi tizerinde
popiilasyon gelismesi ¢alismalari igin Siirt ili Merkez, Eruh
ve Tillo ilgelerinde (Sekil 1) birer adet olmak tizere 30-40 yas
civar1 agaglara sahip 3 bahge secilmistir. Caliyma igin benzer
biyiikliik, yas ve ta¢ capina sahip 5 adet aga¢ isaretlenmistir.
Orneklemeler her iki yilda da nisan basi kasim ortalarina
kadar gecen siire boyunca 7 giinliik araliklarla yapilmigtir.
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Sekil 1. Agonoscena pistaciae’nin popiilasyon gelismesi
¢alismalarinin yiiratildaga Siirt ili ve ilgeleri (H. Dilmen,
Orijinal, Esri arcgis 10.2 programu)

Zararhnin  dogada goriilmeye basladigi nisan aymnin

bagindan itibaren haftahlk orneklemeler yapilmistir.
Orneklemelerde her bahgede isaretlenen 5 agacin dért
yoneyi ve merkezinden olmak {izere rasgele 5’ er adet olmak
tizere toplam 25 bilesik yaprak alinmistir. Toplanan yapraklar
iginde kese kagidi bulunan naylon torbalara konulmustur.
Ornekler sayilip degerlendirilmek iizere laboratuvara
getirilinceye kadar ortam sicakligindan etkilenmemeleri ve
torba igine dagilmamalari i¢in buz kutularinda muhafaza
edilmistir. Laboratuvara getirilen yaprak 6rnekleri tistiinde
bulunan zararhnin nimfleri ve parazitlenmis nimfleri

binokiiler mikroskop altinda sayilarak kaydedilmistir.

Zararli tiiriin erginlerinin popiilasyon degisimini saptamak
i¢in her bir bahgeye 20 Nisan 2017 ve 16 Nisan 2018
tarihlerinde 1-2 adet Sar1 Yapiskan Tuzak (SYT) asilmustir.
Bahgelere asilan 20x25 cm ¢aplarinda sar1 renkli plastik
levhalardan olusan sar1 yapiskan tuzaklar yaklasik bir
haftalik araliklarla yenileri ile degistirilerek laboratuvarda

ergin bireyler sayilarak kaydedilmistir.
Dogal diismanlarin belirlenmesi ve yogunluklarimin izlenmesi
Predator (avci) tiirlerin tespiti

Antep fistig Siirt gesidinde A. pistaciaenin dogal diigmanlari
olan predatérlerin elde edilmesiamaciyla Steiner hunisi (75x75

cm ebatinda) kullanilmistir. Predatérlerin 6rneklenmesinde,
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ornekleme yapilan agaclarin her bir yéniinde ve merkezindeki
dallarina sopa ile 3 darbe uygulanarak, darbenin etkisiyle
dallarin altinda tutulan Steiner hunisi {izerine diisen dogal
diigmanlar emgi tiipiiyle alinarak daha sonra tanisi yapilmak
tizere toplanmustir. Dogal diisman popiilasyon yogunlugunu
etkilememesi i¢in Steiner hunisine diisen avcilardan yaygin
olarak bilinen ve tanisi yapilmis olanlar veya ¢ok sayida
ayni tiirden 6rnek iginden teshis i¢in alinanlar digindakiler
saylldiktan sonra tekrar dogaya salinmistir. Popiilasyon
gelismesi ¢alismalar: bitkinin fenolojik durumu da dikkate
almarak kasim aymnin baglarina kadar devam etmistir. Bu

caligmalar iki y1l wist tiste tekrarlanmugtir.
Parazitoit tiirlerin belirlenmesi

Orneklemebahgelerinde parazitoitlerin elde edilmesiamaciyla
parazitli nimflerle bulagik yapraklar sayildiktan sonra parazit
¢tkarma kutularma alinmistir. Parazitoit ¢ikarma kutular: her
tarafi tamamen kapali, yan kenarlarindan birindeki delige
tespit edilmis igteki ucu agik bir cam tiip bulunan, 15x15x25
cm ebatinda plastik kaplardan ibarettir. Bu sekilde elde
edilen parazitoit erginleri teshis yapilmak iizere etiketlenerek
koleksiyona dahil edilmistir.

SONUCLAR VE TARTISMA

Antep fistig1 yaprak psillidi, Agonoscena pistaciaenin
belirlenen tim ornekleme bahgelerinde Siirt fistik cesidi
tstiinde hem 2017 ve hem de 2018 yillarinda benzer
sekilde popiilasyon degisimi gosterdigi ve oldukga yiiksek
popiilasyon yogunluguna eristigi goriilmiistiir. Zararlnin
2017 yilinda dogada ilk olarak erginleri (27 Nisan), daha
sonra da nimfleri (11 Mayis) goriilmeye baslamistir (Sekil
2). Tim ornekleme bahgelerinde benzer sekilde ilkbahar
aylarmin disiik sicakliklarinda kiigiik bir popiilasyon artist
gostermisse de (en fazla 400 ergin/SYT, 11 nimf/yaprak)
haziran ayinda yaz sicakliklarinn artigtyla birlikte popiilasyon
yogunlugu hizla azalmis, agustos ay1 sonlarima dogru ise
yeniden yiikselmeye baglamistir. Ozellikle eyliil baslarindan
itibaren ergin popiilasyon yogunlugu 4500-5000 ergin/SY'T,
nimf popiilasyon yogunlugu ise 100-270 nimf/yaprak bireye
kadar ¢ikmus ve yiiksek yogunluklar: kasim sonlarina kadar
stirdiirmiistir. Deneme bahgelerinde hem ergin ve hem de
nimf yogunlugunun 6zellikle Siirt Merkez ve Tillo ilgesinde
daha yogun oldugu belirlenmistir (Sekil 2, Sekil 3).

A. pistaciae’nin 2018 yillindaki popiilasyon dalgalanmasi 6nceki
yila benzer seyir izlemisse de popiilasyon yogunlugunun bu
yilda her ¢ ilgede de ¢ok daha yiiksek oldugu saptanmistir
(Sekil 2a, Sekil 3a, Sekil 4a). Zararlinin dogada ilk olarak
¢ok diisiik yogunluklarda da olsa 16 nisanda nimfleri bir
hafta sonra da erginleri goriilmeye baslamistir. Erginler ilk
orneklemelerden itibaren her i¢ deneme bahgesinde yiiksek
yogunluklarda saptanmus, 6zellikle Tilloda 23 Nisanda 6540
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Sekil 4. Agonoscena pistaciaenin nimf ve ergin
donemlerinin (a), parazitoit ve avcilarinin (b) 2017-2018
yillarinda Siirt ili Eruh ilgesinde popiilasyon dalgalanmalar1

ergin/SYT bireye ulasan popiilasyon Siirt Merkezde 2070
ergin/SYT ve Eruh’ta 1585 ergin/SYT olarak kaydedilmistir.
Izleyen haftalarda yaz ortalarma kadar kademeli olarak
azalmig, agustos ortalarina dogru yeniden artmaya baslamus,
ekim aymin ortalarina dogru her ii¢ deneme bahgesinde
de en yiiksek seviyesine kadar ulagsmigtir. Bu dénemde
Siirt Merkezde 15100 ergin/SYT, Tilloda 10120 ergin/
SYT ve Eruh’ta 7610 ergin/SYT diizeyinde bir popiilasyon
yogunluguna erigmistir. Bu yogunluklarin 2017 yilinin ayn
doneminde gozlenen oranin yaklasik 3 kati kadar daha
yiiksek oldugu goriilmektedir. izleyen haftalarda yaklasik bir
aylik siirede de ergin popiilasyon yogunlugu kademeli olarak
azalmugtir (Sekil 2a, Sekil 3a, Sekil 4a).

Nimf popiilasyon yogunlugu da benzer bir degisim
ilkbaharda

yogunluguna erigirken, eyliil sonlar1 ve ekim baslarina

gostermis, en fazla 23-59 nimf/yaprak
dogru ézellikle Tillo ve Siirt Merkezde en fazla sirasiyla 124
nimf/yaprak ve 172 nimf/yaprak yogunluguna ulasabilmistir
(Sekil 2a, Sekil 3a). Nimf yogunlugu da ergin popiilasyon
degisimine benzer sekilde kasim ortalarina kadar kademeli

olarak azalmigtir.

Cizelge 1. Agonoscena pistaciae uistiinde saptanan parazitoit ve avc tiirler

Bulundugu yil, yer ve toplam say1

2017 2018
SM E T SM E T Konukcu
Hymenoptera: Encyrtidae
Psillidler, unlu bitler (Mehrnejad and Copland
Psyllaephagus sp. 1093 6 34 377 13 49 2006, Tiifekli ve Ulusoy 2011).
Coleoptera: Coccinellidae
. . Yaprak bitleri, unlu bitler, psillidler (Ulgentiirk ve
Adalia fasciatopunctata 1 Toros 2000, Kaydan ve Kilinger 2005, Bolu et al.
(Muslant)
2007).
. . Kabuklu bitler, unlu bitler, beyaz kabuklu bitler
Chilocorus bipustulatus .
(Linnaeus 1758) 4 9 (Ozgen ve Karsavuran 2005, Kaydan ve Kilinger
2005, Basar ve Yasar 2011).
Yaprak bitleri, psillidler, patates bocegi, yaprak
chcmella septempunctata 60 25 28 178 17 18 pireleri (Honek and Hodek 1996, K§d1c1 etal. 1998
(Linnaeus 1758) Erler 2004, Bolu et al. 2007, Mehrnejad et
al. 2010).
chcmellu undecimpunctata 2% 15 14 84 8 5 Yaprak bitleri, psillidler (Cabral et al. 2009, Jalali et
(Linnaeus 1758) al. 2014).
Exochomus quadripustulatus ’ 1 6 2 Yaprak bitleri, kabuklu bitler (Ozgen ve Karsavuran
(Linnaeus 1758) 2005, Kaydan ve Kilinger 2005).
Yaprak bitleri, thripsler, psilidler patates bocegi,
Hippodamia variegata (Goeze 45 22 24 216 15 21 kabuklu bitler (Yumruktepe ve Uygun 1994, Kedici
1777) et al. 1998, Ayyildiz ve Atlihan 2006, Ozgen ve
Karsavuran 2005, Asghari et al. 2012).
Hyperaspis quadrimaculata ] Yaprak bitleri, kabuklu bitler, psillidler (Uygun and
(Weise 1885) Fiirsch 1981, Kaya 2009, $Simsek ve Bolu 2016)
Nephus hiekei (Fursch, 1965) 6 10 Unlu bitler, beyazsinekler (Raimundo and Van
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Cizelge 1 devami. Agonoscena pistaciae iistiinde saptanan parazitoit ve avcr tiirler

Bulundugu y1l, yer ve toplam say1

2017 2018
SM E T SM E T Konukeu
Nephus ludyi (Weise 1 3 Yaprak bitleri, kabuklu bitler (Bolu et al. 2007,
1897) Goziagik et al. 2012).
Nephus nigricans (Weise Yaprak bitleri, unlu bitler, kabuklu bitler, psillidler
] 857) 8 1 2 (Ayyildiz ve Atlihan 2006, Kaydan et al. 2006,
Bolu et al. 2007).
Oenovia conelobata Yaprak bitleri, kabuklu bitler, unlu bitler, psillidler
(L";nni eus"l 55‘;) 91 37 34 437 45 71 (Jalali2001, Mehrnejad and Jalali 2004, Bolu et al.
2007, Ayyildiz ve Atlthan 2006).
Pharoscymnus pharoides 3 3 Kabuklu bitler, psillidler (Yayla 1983, Bagar ve
(Marseul, 1868) Yagar 2011)
Platynaspis luteorubra -
(Goeze 1777) 39 13 14 135 13 10 Yaprak bitleri (Portakaldali 2008, Bolu et al. 2007).
Scymnus (pullus) ) ] ] 3 ] 5 Yaprak bitleri, kabuklu bitler, psillidler (Ozgen ve
araraticus (Weise1905) Karsavuran 2005, Bolu et al. 2007).
Scymnus bivulnerus 37 73 Yaprak bitleri, psillidler, yaprak pireleri (Olmez ve
(Capra & Fursch, 1967) Ulusoy 2002, Bolu et al. 2007).
Scymnus flaveiceollis IR
(Redtenbacher, 1843) 2 Yaprak bitleri (Olmez ve Ulusoy 2002).
Scymnus syriacus PR,
(Marseul 1868) 12 7 2 18 12 4 Yaprak bitleri (Goziiagik et al. 2012).
Scymnus interruptus A .
(Goeze 1777) 3 Yaprak bitleri (Khalil 2006).
Scymnus marginalis 1 3 Yaprak bitleri, kabuklu bitler (Tezcan ve Uygun
(Rossi, 1794) 2003)
L . Yaprak bitleri, kabuklu bitler psillidler (Ozgen ve
Sz:){.m nus pallipediformis 1 Karsavuran 2005, Bolu et al. 2007, Goziiagik et al.
(Giinther, 1958)
2012)
Scymnus subvillosus ] ] ) ! Yaprak bitleri, kabuklu bitler Yaprak pireleri,
(Goeze 1777) psillidler (Aslan ve Uygun 2005, Bolu et al. 2007)
Stethorus eilvirons Yaprak bitleri, kabuklu bitler, psillidler, thripsler,
8 2 3 1 kirmuzi 6ritmcekler (Tezcan ve Uygun 2003, Bolu
(Mulsant)
et al. 2007).
Neuroptera: Chrysopidae
Yaprak bitleri, psillidler, unlu bitler, kirmizi
Chrvsoperla carnea 15 7 18 12 415 orimcekler, yumusak viicutlu diger bocekler
ysop (Atlihan et al. 2001, Souliotis et al. 2002, Rashid et
al. 2012).
Hemiptera: Anthocoridae
Yaprak bitleri, psillidler, thripsler, akarlar (Bolu et
(Dohrn 1860) 185 10 162 240 14169 ) Y1999, Lattin 1999, Yanik et al. 2012).
Yaprak bitleri, psillidler, thripsler, akarlar,
Orius spp. 7 2 5 12 1 4 Dbeyazsinekler, lepidopter yumurtalari (Van De
Veire and Degheele 1992, Bolu et al. 1999).
Miridae
Campylomma lindbergi .
(Hoberlandt, 1953) 2 2 1 1 2 Psillidler (Bolu et al. 1999)
Lygaeidae
Piocoris luridus (Fieber, 2 3 25 28 7 39 Yaprak bitleri, psillidler, yumusak viicutlu
1844) bocekler (Bolu et al. 1999, Simsgek ve Bolu 2016).

*S.M: Siirt Merkez, E: Eruh, T: Tillo
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Orneklemelerde elde edilen ¢ok sayida parazitoit ve avel
tiirlerin 6nemli bir boliimiiniin dogrudan A. pistaciae ile
beslendikleri ¢esitli kaynaklarda belirtilmektedir ve bu
¢alismada da zararlinin popiilasyon yogunlugu ile dogrudan
baglantili olduklar1 gortilmistiir (Cizelge 1, Sekil 2b, Sekil
3b, Sekil 4b). Nitekim, dogal diismanlarin popiilasyon seyri
ve yogunlugu ile zararlinin popiilasyon degisimi arasinda

2017-2018 yillarinda bityiik bir paralellik gozlenmistir.

Orneklemelerde Coccinellidae familyasina bagli 22 tiir tespit
edilmis, ancak bunlardan sadece 13 tanesinin dogrudan
psillidlerle beslendikleri, digerlerinin ise fistik agaci tistiinde
bulunan diger zararlilardan dolay1 orada bulunduklar:
digtiniilmektedir (Cizelge 1). Bu tiirler arasinda en
yogun olarak Oenaphia conglobata (Linnaeus), Coccinella
septempunctata (Linnaeus), Coccinella undecimpunctata
(Linnaeus), Hippodamia variegata (Goeze) ve Platynaspis
luteorubra (Goeze, 1777), saptanmustir. Diger avc tiirler
Chrysoperla carnea (Neuroptera: Chrysopidae), Anthocoris
minki, Orius spp. (Hemiptera: Anthocoridae), Campylomma
lindbergi (Hemiptera: Miridae), Piocoris luridus (Hemiptera:
Lygaeidae) ve tek bir parazitoit tiir olarak da Psyllaephagus

sp. (Hymenoptera: Encyrtidae) saptanmustir.

Bu calismada tespit edilen parazitoit Psyllaephagus sp.
daha 6nce Iranda Antep fistig1 alanlarinda bulunmustur
(Mehrnejad 1998). Yilin nisan-aralik déneminde aktif
1961’'nin, A.
pistaciaenin en 6nemli biyolojik miicadele ajani oldugu
bildirilmektedir (Mehrnejad 1998, 2003). Buna ilaveten
Mart et al. (1995), Psyllaephagus sp)nin Tirkiyede A.

olan Psyllaephagus pistaciae Ferriere,

pistaciaenin dogal dismani oldugunu rapor etmislerdir.

Yaprak oOrneklemelerinde nimfler tizerinde gozlenen
parazitoit yogunlugunun her iki yilda da tim ornekleme
bahgelerinde haziran ayinda ve zararlidan daha geg ortaya
¢iktigy, baslangigta diisgiik olan popiilasyon yogunluklarinin
sonbahara dogru artmaya basladig1 gozlenmistir (Sekil 2b,
Sekil 3b, Sekil 4b). Ozellikle zararli yogunlugunun diger
bahgelere gore nispeten daha diisiik oldugu Eruh ilgesinde
2017 yili sonbahar aylarinda parazitlenme oranlarinin
cogunlukla %100 oldugu, diger bahgelerde de %40-100
arasinda degistigi tespit edilmistir. Oldukea yiiksek olan
bu parazitlenmenin 2018 yilinda sadece Tillo il¢esinde yaz
aylarinda %54-55, sonbaharda ise %29 oraninda oldugu,
saptanmigtir. Parazitlenen nimf sayilar1 Ozellikle Siirt
Sehir merkezindeki bahgede dikkat ¢ekici 6lgiide yiiksek
bulunmustur. Buna goére 2017 yilinda 1093 nimf, 2018
yilinda ise 377 nimf parazitli olarak kaydedilmigtir. Eruh
ilcesinde parazitli nim sayisi yillara gore sirasiyla 6 nimf
ve 13 nimf iken Tillo ilgesinde 34 nimf ve 49 nimf olarak

saptanmugtir (Cizelge 1).
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Avar tirlerin - popiilasyon yogunluklarinin  da  zararh
yogunluguna paralel olarak ilkbahar baslarindan itibaren
goriilmeye bagladiklar1 ve sonbahara dogru popiilasyon
yogunluklarmm arttig1 goriilmistiir (Seki 2b, Sekil 3b,
Sekil 4b). Ozellikle zararli yogunlugunun agirt oranda
arttig1 2018 yilinda ava tiirlerin de ayni sekilde 2017 yilina
gore A. minkinin daha fazla artis gosterdigi saptanmuistir.
2017 yilinda ilkbaharda en fazla 5-18 arasinda yogunlukta
saptanan avcl tiirler, sonbaharda en fazla Siirt Merkez, Tillo
ve Eruh ilcelerinde sirasiyla 77, 58, 34 birey yogunlugunda
tespit edilmislerdir. 2018 yilinda 2017 yilina oranla
ilkbaharda 16-66 birey oraninda yiiksek popiilasyon artisi
gostermisler ve sonbaharda Siirt Merkezde 157, Tilloda
71 ve Erub’ta 21 aval tiir sayisina kadar ulasmiglardir. Avcr
tirler icinden toplamda her iki yilda tiim bahgelerde en
yogun olarak A. minki (780 birey), O. conglobata (715 birey),
H. variegata (343 birey), C. septempunctata (326 birey), C.
undecimpunctata (152 birey), P. luridus (124 birey) ve S.
bivulnerus (110 birey) saptanmustir (Cizelge 1).

iklim birlikte
incelendiginde, hem 2017 yilinda ve hem de 2018 yilinda

verileri ile popiilasyon gelismeleri
ilkbaharda yagislarin azalmasi ve sicakliklarin artmasiyla
birlikte A. pistaciae’nin nimf, ergin ve dogal diismanlarinin
gorilmeye basladigi, yaz ortalarinda maksimum
sicakliklarin 2017 yilinda ortalama 38.3 °C ve 2018 yilinda
37.2 °C’ye kadar ulastigs, orantili nem oranmnin ise yillara
gore sirasiyla 18.2 ve 22.1 oranina kadar dustigt zararh
ve dogal diisman popiilasyon yogunluklarinin da diistagi,
sonbaharda sicakliklarin diismesi ile birlikte yagislarin
baslamasi ve orantii nem oraninin artmaya baglamasina
paralel olarak zararli ve dogal diisman yogunluklarinin da

arttigr gortlmigtiir (Sekil 2 a,b,c).

A. pistaciaenin popiilasyon dalgalanmasinin tiim 6rnekleme
bahgelerinde 2017 ve 2018 yillarinda birbirlerine ¢ok
benzer degisimler gostermesinin hem dogal diisman
yogunluklarindan ve hem de degisen iklim sartlarindan
etkilendigi anlagilmaktadir. Zararlinin ilkbaharda distik
bir popiilasyon yogunlugu meydana getirdigi ve asir1 yaz
sicaklarindan oldukga etkilendigi ancak tamamen yok
olmadigy, yaz sicakliklarinin azalmaya bagladigi sonbahar
aylarinda ise daha yiiksek bir popiilasyon meydana getirerek

asil zararini bu donemde yaptig1 saptanmistir.

Zararlinin nimf, ergin ve dogal disman popiilasyon
yogunlugunun yiiksek oldugu Siirt Merkez bahgede
ayni zamanda yaprak yiizeyinde ve aga¢ altinda tatlimsi
madde miktar1 da diger bahgelere gére daha yogun oranda
gozlenmistir. Mehrnejad (2010), Mehrnejad and Copland
(2006)’a atfen psillidlerin ¢ikardigr tathmsi maddeden
yayilan kokularin parazitoit tiirlerinin tizerinde etkili oldugu

ve parazitoit tiirlerini bu bahgelere ¢ektigini bildirmistir.
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Son yillarda Siirt fistig1 yetistiriciliginin yapildig: alanlarin
artmasi ile birlikte, buna baglh olarak A. pistaciaee karst
ilaghh miicadelenin de arttig1 gozlenmektedir. Bu ¢aliyma
ile zararlinin bolgedeki popiilasyon yogunluguna iligkin
elde

hazirlanmasinda  énemli bilgiler saglayabilir. Ozellikle

edilen veriler etkin miicadele programlarinin
popiilasyon yogunlugunun en diisik ve en yiiksek
oldugu periyotlarin farkli bolgelerde de olsa tim deneme
bahgelerinde benzer olmasi dogru miicadele zamanlarinin
etkili

incelendiginde, her ne kadar dogal diigmanlar zararl

belirlenmesinde olacaktir. Calisma sonuglar1
popiilasyon yogunluguna paralel bir degisim gostermis
olsa da sayisal olarak zararliy1 etkin bir gekilde baski altina
alabilecek yogunluga erisememistir. Ozellikle zararlinin
popiilasyon yogunlugunun her iki yilda da eylil ayindan
itibaren asir1 artis1 bityiik 6lgiide iklim faktorlerinin etkisiyle
olmustur. Zararli popiilasyon yogunlugunun ozellikle yaz
sonunda ¢ok fazla arttig1 ve bu yogunlugun ekonomik zarara
yol a¢tig1 anlagilmaktadir. Bunun oniine ge¢mek i¢in daha
diisiik seviyede olan ilkbahar popiilasyonlarinin azaltilmaya

calisilmasi ekonomik zararin dniine gegilmesini saglayabilir.

Elde edilen veriler sonucunda etkili ve zamaninda
zararliya karsi onlemler alinmadig: takdirde zararlinin
gelecek yillarda daha kritik kayiplara ve sorunlara sebep
olacagi goriilmektedir. Bu nedenle zararliya karg: ilagh
savagima alternatif miicadele yontemlerinin bir arada
birbiriyle uyumlu sekilde yapilmasinin olumlu ve etkili
olacagi digtinilmektedir. Dolayisiyla zararliya kargi
fistik bahgelerinde entegre zararli yonetim programinin

uygulanmasi son derece dnemli olacaktir.

Dogal dismanlarin dogada popiilasyon yogunluklarinin
zararliyr baski altina alabilecek yogunluga gelebilmesi
hedefli uygulamalara daha gok 6nem verilmelidir. Deneme
bahgelerinde yogunlukla rastlanan A. minki, O. conglobata,
H. variegata ve C. septempunctata gibi avci tiirlerin zararl
tstiindeki etkinligine iligkin ileride yapilacak aragtirmalarin
miicadele programlarina 6nemli katkilar saglayabilecegi
digtiniilmektedir. Zararli tiirin ve dogal diigmanlarinin
yogunluklar1 tizerinde iklim faktorlerinin (sicaklik ve
yagis) etkili oldugu belirlenmistir. Dogal diismanlarin Siirt
fisig1 bahgelerinde popiilasyon yogunluklarinin olumsuz
etkilenmemesi i¢in A. pistaciaee kars1 yapilan zamansiz ve

yanlis ilagli savagimdan uzak durulmalidir.
TESEKKUR

Bu c¢aligma Van Y.Y.U., BAPB tarafindan desteklenen
FDK-2017-5951 no'lu “Agonoscena pistaciae (Homoptera
Psyllidae)nin  Gaziantep Adiyaman ve Siirt [llerinde
Bulunan Popiilasyonlarinin Molekiiler Karakterizasyonu
ile Siirt Ilindeki Popiilasyon Degisimi” doktora tez

projesi kapsaminda yapilan ¢aligmalarin bir boéliminii
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icermektedir. Projeye sunduklar1 desteklerden dolayr Van
Y.Y.U. BAPB'na tegekkiir ederiz.

OZET

Burckhardt
(Hemiptera: Psyllidae) diinyanin bir¢ok yerinde, fistik

Agonoscena  pistaciae and  Lauterer
agaclarinda ekonomik kayiplara neden olan 6nemli bir
zararlidir. Bu ¢alismada zararlinin Siirt Merkez, Tillo ve
Eruh ilgelerinde 2017-2018 yillarinda Antep fistig1 (Siirt
cesidi) bahgelerindeki popiilasyon gelismesi izlenmistir.
Rasgele alinan yaprak ornekleri, sar1 yapigkan tuzak
ve Steiner hunisi kullanilarak yapilan &érneklemelerde
zararlimin  nimf, ergin ve dogal diigmanlarinin
popiilasyonlarinin tiim o6rnekleme bahgelerinde her iki
yilda da hemen hemen benzer dalgalanmalar gosterdigi
ve en yogun olarak Siirt ili merkezindeki bahgede
bulunduklar1

yogunlugu her ti¢ bahgede de ilkbahardan agustos ayina

belirlenmistir.  Zararlinin  popiilasyon
kadar ¢ok diisiik seviyelerde iken, havalarin serinlemeye
basladig1 eyliill-ekim doneminde kisa siirede agir1 bir
artis gostererek en yiiksek seviyelere ulagmistir. Yaprak
orneklemelerinde, zararlinin nimf yogunlugu eyliil (2018)
aymnda ortalama 188 nimf/yaprak diizeyine, sar1 yapigkan
tuzaklara yakalanan ergin popiilasyon yogunlugu ise 11
Ekim 2018 tarihinde ortalama 15000 bireye ulagmistir.
Orneklemelerde avci ve parazitoit yogunluklarinin
da zararli yogunluguna paralel bir degisim gosterdigi
saptanmustir. Parazitoit Psyllaephagus sp. ise 13 birey
ile 5 Ekim 2017 tarihinde, Coccinellid tiirleri en yogun
olarak 154 birey ile 13 Eyliil 2018 tarihinde Siirt ilindeki
bahgede en yiiksek seviyelerde bulunmuglardir. Yapilan
iki yillik ¢alisma sonucunda zararli tiriin ve dogal
diigmanlarinin yogunluklar: izerinde iklim faktorlerinin
(s1caklik ve yagis) etkili oldugu belirlenmistir. Siirt fistig1
bahgelerinde etkili miicadele programlarinin (entegre
zararli yonetimi) gelistirilmesi i¢in zararl: tiiriin ve dogal
diismanlarinin popiilasyon yogunluklarinin stirekli takip

edilmesi gerekmektedir.

Anahtar kelimeler: Agonoscena pistaciae, Antep fistigs,

popiilasyon gelismesi, dogal diigmanlar
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This study was conducted to determine the reactions of some chickpea cultivars
against Rhizoctonia solani AG-4, AG-5, binucleate Rhizoctonia sp., and R.
bataticola (Syn: Macrophomina phaseolina) causing root and crown rot on
chickpea under in vitro and in vivo conditions. All chickpea cultivars tested against
R. solani AG-4 and AG-5 isolates showed a susceptible reaction in both studies,
and these agents were determined to cause pre-emergence damping-off in all
plants tested. Cultivar Gokce was resistant to binucleate Rhizoctonia sp. isolate
in both experiments. While all the cultivars showed a susceptible reaction to R.

bataticola isolate, cultivar Aksu was evaluated as resistant in the trial. According
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to our knowledge, this is the first study on the determination of the reactions of
chickpea cultivars against Rhizoctonia spp. in Turkey.

GIRIS

Tiirkiyede nohut 5.144.159 da'lik ekim alani ile yemeklik tane
baklagiller i¢inde %58’lik paya sahip olup, iiretim miktar1
630.000 ton, verim ise 123 kg/dadir (TUIK 2018). Ulkemizde
nohut ekim alanlar1 olduk¢a genis olmasina ragmen verim
miktar1 istenilen diizeyin altindadir. Bunun birgok sebebi
olmakla beraber, hastalik ve zararlilarin neden oldugu verim
kayiplari da 6nemlidir. Ulkemizde Fusarium oxysporum
Schlecht. emend. Snyd.&Hans. f. sp. ciceris (Padwick)
Snyd.&Hans., E solani (Mart.) Sacc, E acuminatum
Ellis&Everh., E moniliforme ]. Shield, E sambucinum
Fuckel, E equiseti (Corda) Sacc., Rhizoctonia solani Kiihn.,
Macrophomina phaseolina (Tassi) Goid ve Cylindrocarpon
tonkinense Bugnic. nohutlarda solgunluk ve kok iirtikliigiine
neden olan etmenler olarak saptanmustir (Aydin and Inal
2019, Dolar 1996, Dolar and Nirenberg 1998, Soran 1977,
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Yiicel and Giincii 1991). Ulkemizde ve Diinyada nohutta
Ascochyta yanikligr hastaligt en o6nemli sorun olmakla
birlikte, Fusarium ve Rhizoctonia tirleri basta olmak tizere
birgok toprak kokenli patojenin de ozellikle son yillarda ciddi
verim kayiplarina neden oldugu goriilmektedir. Rhizoctonia
grubu funguslar, diinyanin birgok bolgesinde yaygin olarak
bulunmakta ve birgok bitki tiiriinde ekonomik olarak iiriin
kayiplarina neden olmaktadir (Carling et al. 2002, Karaca et
al. 2002, Ogoshi 1996). Rhizoctonia cinsi igerisinde yer alan
6nemli tlirlerden R. solaninin 14 anastomosis grubu (AG
1-13 ve AG BI) bulunmakta olup (Carling et al. 1999, 2002,
Yang and Li 2012) nohutta tespit edilen gruplar ise AG-1,
AG-2-2, AG-2-2LP, AG-2-3, AG-3, AG-4 ve AG-5dir (Dubey
et al. 2011). Bu gruplardan AG-4 ve AG-5 iilkemizdeki
nohut ekim alanlarinda da mevcuttur (Basbagci et al. 2019,
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Demirci et al. 1999, Tuncer and Erdiller 1990). Rhizoctonia
tiirlerinin toprakta uzun siire canli kalabilmesi, rekabetci
yetenegi, cok hizli gelismesi ve genis konukgu dizisine sahip
olmasi nedeniyle de hastaligin kimyasal miicadelesi olduk¢a
zordur (Mohammadi et al. 2003). Bu nedenle dayanikl
gesit gelistirme tim diinyada toprak kokenli patojenlerle
miicadelede en etkin yontem olarak gosterilmektedir.
Rhizoctonia bataticola (Taub.) Butler [Sin: Macrophomina
phaseolina (Tassi) Goid] etmeninin neden oldugu kuru kék
curikligi de, tim diinyada nohut iretimini tehdit eden
ciddi bir hastalik durumunda olup 6zellikle bitkinin kurak
kosullara maruz kalmas: durumunda hastalik siddetinin daha
fazla oldugu belirtilmektedir (Sharma et al. 2010). Diinyanin
farkli bolgelerinde ve farkh aragtirmacilar tarafindan yapilan
calismalarda, R. solani ve R. bataticola etmenlerinin, son
yillarda artis gosteren ve ciddi tehdit olusturan fungal
patojenler oldugu vurgulanmistir (Ganeshamoorthi and
Dubey 2013, Khan et al. 2012, Lakhran et al. 2018, Leyva et
al. 2019, Prasad et al. 2014, Sharma et al. 2012). Ulkemizde
ise, nohutta Rhizoctonia spp. konusunda ge¢miste yapilan
calismalar, belirli baz1 bolgelerde patojen tespiti olarak sinirlt
kalmis ve bugtine dek kapsamli bir ¢aligma yiiriitillmemistir.
Fakat Basbagci et al. (2019) tarafindan 2016-2017 yillarinda
tlkemizin yogun olarak nohut ekimi yapilan Usak,
Kiitahya, Isparta ve Denizli illerinde yiiriitillen ¢alismada,
bu bolgelerin Rhizoctonia spp. ile ciddi bir sekilde bulasik
oldugu ve oldukea tahripkar izolatlarin elde edildigi tespit
edilmistir. Bu ¢aligmada, daha once yiiriitilen galigmalarda

virtilent olarak belirlenen Rhizoctonia tirlerine karsi
tilkemizde genis ekim alanlarina sahip olan tescilli nohut
gesitlerinin  reaksiyonlarinin belirlenmesi amaglanmugtir.
Elde edilen veriler ile ileride yapilacak olan dayaniklilik 1slah1

calismalarina katkida bulunulmasi hedeflenmektedir.
MATERYAL VE METOT

Fungal materyal olarak, daha énce yapilan petri ve saksi
denemeleriyle nohutta viriilensliginin yiiksek oldugu
belirlenen Rhizoctonia solani AG-4 (Basbagci et al. 2019)
ve nohutta kok ve kokbogaz: ciiriikliigine neden oldugu
bagka bir ¢aligma ile tespit edilen R. solani AG-5, biniikleat

Rhizoctonia spp. ve R. bataticola izolatlar1 kullanilmistir.
Nohut tohumlarmin ¢imlenme testi

Cesit reaksiyonu calismalarinda kullanilacak olan nohut
tohumlarinin dezenfeksiyonu i¢in ilk olarak en uygun
NaOCl oran1 ve bekletme siiresi belirlenmistir. Bunun i¢in
tohumlara 2 farkl1 NaOCIl oran1 (%1 ve %2) ve 3 farkls siire
(1, 3 ve 5 dk) uygulanmigtir. Her muamele sonrasi tohumlar
3 defa steril saf sudan gecirilerek %2’lik su agar1 igeren
3 petri kabina 10’ar adet olacak sekilde yerlestirilmistir.
Kontrol petrilerine ise NaOCI ile muamele edilmeyen
tohumlar steril saf suda 3 dk bekletilerek 3 petriye yine 10’ar
tohum olacak sekilde yerlestirilmistir. Tiim petriler parafilm
ile kapatilarak 2442 °Cde 7 gilin siireyle inkiibasyona
birakilmistir. Cimlenen ve ¢imlenmeyen tohumlar sayilarak

¢imlenme oranlar1 hesaplanmigtir.

Cizelge 1. Cesit reaksiyon ¢alismalarinda kullanilan nohut ¢esitleri

Cesit Ad1 Tescil Ettiren Kurulus Tescil Yili
Hisar Gegit Kusag1 Tarimsal Arastirma Enstitlis 2008
Azkan Gegit Kusag1 Tarimsal Arastirma Enstitiist 2009
Cakur Gegit Kugag1 Tarimsal Arastirma Enstitiistt 2012
Akga Gegit Kusag1 Tarimsal Arastirma Enstitiist 2013
Akgin Tarla Bitkileri Merkez Arastirma Enstitiisii 1991
Gokge Tarla Bitkileri Merkez Arastirma Enstitiisii 1997
Kiismen99 Tarla Bitkileri Merkez Arastirma Enstitiisii 1999
Uzunlu99 Tarla Bitkileri Merkez Arastirma Enstitiisii 1999
Er99 Tarla Bitkileri Merkez Arastirma Enstitiisti 1999
Dikbasg Tarla Bitkileri Merkez Arastirma Enstitiisii 2006
Cagatay Karadeniz Tarimsal Arastirma Enstitiisii 2001
Sezenbey Karadeniz Tarimsal Arastirma Enstitiisti 2012
Zuhal Karadeniz Tarimsal Arastirma Enstitiisti 2012
Inci Dogu Akdeniz Tarimsal Arastirma Enstitiisti 2003
Aksu Dogu Akdeniz Gegit Kusag1 Tarimsal Aragtirma Enstitiisti 2009
Hasanbey Dogu Akdeniz Tarimsal Arastirma Enstitiisti 2011
Sar198 Ege Tarimsal Arastirma Enstittisti 1998
Diyar95 GAP Uluslararas: Tarimsal Arastirma ve Egitim Merkezi 1995
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Inokulum hazirlanmas:

Sakst denemelerinde kullanilacak olan inokulumun
hazirlanmasinda Sneh et al’in (1991) bugday tohumuna
sardrma metodu kullanmilmigtir. Bunun igin, bugday
tohumlar1 Img/ml oraninda kloramfenikol igeren saf suda
kaynatilip bu ¢ozelti igerisinde bir gece bekletilmistir.
Tohumlar siiziilditkten sonra kapakli cam tiiplere alinarak,
ardarda iki giin 121 °Cde 1 saat siireyle otoklavda steril
edilmigtir. Daha sonra bu tiiplere 6nceden PDA besi
ortaminda 5-6 giin siireyle gelistirilen Rhizoctonia
izolatlarinin hif uglarindan alinan 5 mm ¢apl agar diskleri
yerlestirilerek 24+1 °Cde 15-20 giin inkiibasyona birakilmis

ve hiflerin bugday tohumlarini sarmasi beklenmistir.
Cesit reaksiyonu ¢alismalart

Cesit reaksiyonu galiymalarinda tilkemizde yaygin olarak
yetistirilen tescilli nohut cesitleri kullanilmistir (Cizelge
1). Cesit reaksiyonu ¢alismalar1 petride ve saksida olmak
tizere iki farkli metot uygulanarak tesadiif bloklar1 deneme

desenine gore 3 tekerriirlii olarak yiirtitilmiistiir.

Petride ¢esit reaksiyonu ¢alismalari 18 nohut ¢esidinin
timiinde uygulanmistir. Bunun igin, 7-10 giinlik fungus
kiltiirtinden alinan 3er disk (4 mm) her bir fungus tiirii igin
%2’lik su agar1 igeren 3'er petrinin ortasina yerlestirilmistir.
Denemede kullanilacak olan nohut tohumlar1 %1’lik
NaOClde 5 dk tutularak 3 defa steril saf sudan gegirildikten
sonra, her bir petriye 7ser adet olacak sekilde fungus
pargasinin etrafina esit uzaklikta yerlestirilmistir. Kontrol
olarak ise, yine 3 adet petri kabinin ortasina sadece su agar1
diski yerlestirilmis ve bunun etrafina yine dezenfekte edilen
7ser adet tohum koyulmustur. Tim petriler parafilm ile
sarilarak 24+1 °Cde (12 saat aydinlik, 12 saat karanlk) 10-
12 giin siireyle inkiibasyona birakilmistir.

Saksida gesit reaksiyonu ¢aligmalarinda ise 9 nohut ¢esiti
(Azkan, Cakuir, Ak¢a, Gokee, Cagatay, Inci, Aksu, Sar198
ve Uzunlu99) kullanilmistir. Bunun igin, 10 cm ¢apl steril
saksilara yaklasik 1/3 oraninda perlit, iizerine 2/3 oraninda
otoklavda steril edilmis bahge topragi+ince kum (2:1 v/v)
karigimi doldurulmustur. Steril toprak karigimi saksilara
doldurulduktan sonra nohutlar ekilmis ve es zamanl olarak
her bir nohut tohumunun yanina inokulum kaynagi olarak

birer adet bugday tohumu yerlestirilerek toprak kapatilmistir.

Kontrol olarak steril toprak igeren saksilara %1’lik NaOCl
ile 5 dakika dezenfekte edilmis saglikli tohumlar ekilmistir.
Tim saksilar iklim odasinda 20-25 °Cde gelismeye
birakilmistir. Gelisme durumuna gore ekimden yaklagik 30
giin sonra bitkiler sokiilerek kokleri incelenmistir (Paulitz et
al. 2003). Hastalik siddetinin degerlendirilmesinde Cizelge
2de verilen 0-4 skalas1 kullanilmigtir.

Hastalik siddetinin degerlendirilmesi

Petri denemelerinin degerlendirilmesinde, inokulasyondan
10-12 giin sonra Ichielevich-Auster et al. (1985)mn
hipokotildeki nekrotik alan bitytikligtiniin esas alindigi 0-5
skalas1 kullanilmistir. Buna gére; 0: saglikli bitki, 1: %1-10
hipokotil enfeksiyonu, 2: %11-30 hipokotil enfeksiyonu,
3: %31-50 hipokotil enfeksiyonu, 4: %51-80 hipokotil

enfeksiyonu, 5: 6lit bitki olarak degerlendirilmistir.

Saksi denemelerinin degerlendirilmesi ise inokulasyondan
30 giin sonra Kim et al. (1997) ve Demirci (1998)’in
skalalarinin birlestirilmesinden elde edilen modifiye 0-4

skalasina gore yapilmustir (Cizelge 2).

Cesit reaksiyonu ¢alismalari ile elde edilen skala degerleri
tizerinden Townsend-Heuberger formiiline gore yiizde
hastalik siddetleri hesaplanmistir (Townsend-Heuberger
1943). Buna gore;

Hastalik Siddeti (%) = Z(nxV/ZxN)x100

n: skalada farkli hastalik derecesine giren bitki sayis,
V: skala degeri,

Z: en yiiksek skala degeri,

N: gozlem yapilan toplam bitki say1s1

Cesit reaksiyonu ¢alismalarinda hem petri hem de saksi
denemeleri i¢in reaksiyon tiplerinin belirlenmesinde ise,
hastalik siddeti degerleri %0-30 arasinda olan gesitler
dayanikli, %30.1-50 arasinda olanlar tolerant, %50.1-100
arasinda olanlar ise hassas olarak degerlendirilmistir.
Yapilan degerlendirmeler sonrasinda elde edilen sonuglar,
gesitler arasindaki farkliigin ortaya konulmasi i¢in IBM
SPSS 22 istatistik programi kullanilarak varyans analizi ve
Duncan (p<0.05) testine tabi tutulmugtur. Analiz Oncesi
izolatlarin hastalik siddeti yiizde degerleri ag1 degerine
donistirilmistir.

Cizelge 2. Rhizoctonia izolatlarmin bitkide patojenisite testlerinde viriilensliklerinin degerlendirilmesinde kullanilan 0-4 skalas:

(Kim et al. 1997 ve Demirci 1998)

Skala Degeri Tani
0 Belirti yok (kok ve kokbogazi)
1 Hafif renksizlesme veya tohumdan ¢ikan kékler 3 cmden daha kisa
2 Bir ya da daha fazla kii¢iik lezyon(<0.5 cm) veya tohumdan ¢ikan kokler 2 cmden daha kisa
3 Bir ya da daha fazla biiyiik lezyon(>0.5cm) veya tohumdan ¢ikan kokler 1 cmden daha kisa
4 Siddetli lezyon, tamamen 6lmis veya kokstiz fideler
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SONUCLAR

Cimlenme testi sonucunda, nohut tohumlarinin en yiiksek
oranda ¢imlendigi parametreler %1’lik NaOCIde 5 dk olarak
belirlenmis ve uygulamalar buna gére yapilmistir.

Petri denemesinde, R. solani AG-4 izolatinin tohumlarin
gogunda hipokotil olusumunu engelledigi, hipokotil gelisimi
gozlenen tohumlarda ise sonradan Oliime neden oldugu
goriilmiistir (Sekil 1a). Bu izolata karsi test edilen gesitlerin 14
tanesinin hastalik siddeti degerleri %100 iken, Sar198, Akgin,
Er99 ve Zuhal gesitlerindeki hastalik siddeti degerleri sirasiyla
%85.7, %98, %97.1 ve %96 olarak bulunmustur (Cizelge 3).
Saks1 denemesinde ise, kontrol saksilarinda %100 oraninda
¢ikis saglanirken R. solani AG-4 ile enfekteli saksilarda hig ¢ikis
gozlemlenmenmistir (Sekil 1b). Test edilen 9 ¢esidin tiimiinde
hastalik siddeti degeri %100 olarak degerlendirilirken bu
etmenin ¢ikis oncesi ¢okertene neden oldugu gorilmiistiir
(Cizelge 4). Her iki deneme igin tiim ¢esitlerin R. solani AG-4e

kars1 reaksiyon tipleri hassas olarak degerlendirilmistir.

Sekil 1. Rhizoctonia solani AG-4e karsi gesit reaksiyonu
¢aligmalars. Petride hipokotil olusumunun engellenmesi
(a), saksida ¢ikis yapmayan enfekteli tohumlar (solda) ve
kontrol saksisi (sagda) (b)

In vitro denemede R. solani AG-5 izolat1 ile enfekteli
tohumlarin  biiyiik ¢ogunlugunda hipokotil olusumu
gozlenirken, ileriki donemde enfeksiyon kaynakli
hipokotillerin oldagii goriilmistiir (Sekil 2a). Bu izolata
kars1 test edilen cesitlerin 8 tanesinin hastalik siddeti
degerleri %100 iken, diger cesitlerdeki hastalik siddeti

Cizelge 3. In vitro gesit reaksiyonuna gore izolatlarin nohut ¢esitlerinde neden oldugu hastalik siddeti degerleri (%) ve
reaksiyon tipleri*

Nohut R. solani AG-4 R. solani AG-5 Bintikleat Rhizoctonia sp. R. bataticola
Cesitleri Has. Sid.  Reak. Tipi Has. Sid.  Reak. Tipi Has. Sid.  Reak.Tipi Has. Sid.  Reak. Tipi
Azkan 100° Hassas 100? Hassas 46.6% Tolerant 97 Hassas
Cakir 100° Hassas 100? Hassas 45 Tolerant 97 Hassas
Akca 100° Hassas 100 Hassas 728 Hassas 100 Hassas
Gokge 100* Hassas 100° Hassas 25h Dayanikli 97.1% Hassas
Cagatay 100* Hassas 100* Hassas 58 Hassas 82.8° Hassas
Inci 100* Hassas 100° Hassas 95° Hassas 98a® Hassas
Aksu 100° Hassas 89 Hassas 35.28 Tolerant 88.5¢ Hassas
Sar198 85.7° Hassas 85.74 Hassas 58 Hassas 100? Hassas
Uzunlu99 100° Hassas 100 Hassas 77.1¢ Hassas 100a Hassas
Akgin 98® Hassas 76.1¢ Hassas 57.1°8 Hassas 100° Hassas
Dikbas 100° Hassas 588 Hassas 65.6< Hassas 100° Hassas
Diyar95 100* Hassas 100* Hassas 77.1¢ Hassas 93.3% Hassas
Er99 97.1° Hassas 67.6 Hassas 4.7 Hassas 100? Hassas
Hasanbey 100* Hassas 85.7% Hassas 82.8% Hassas 100* Hassas
Hisar 100° Hassas 94.2¢ Hassas 93.3 Hassas 100 Hassas
Kiismen 100 Hassas 99° Hassas 92 Hassas 100° Hassas
Sezenbey 100* Hassas 75.2f Hassas 73.3« Hassas 100 Hassas
Zuhal 96° Hassas 65.7% Hassas 40.9% Tolerant 98 Hassas

*Stitunlarda ayni harfi tagiyan rakamlar arasindaki farklilik Duncan testine gére 6nemli degildir (p<0.05)

Cizelge 4. In vivo gesit reaksiyonuna gore izolatlarin nohut ¢esitlerinde neden oldugu hastalik siddeti degerleri (%) ve
reaksiyon tipleri*

Nohut R. solani AG-4 R. solani AG-5 Biniikleat Rhizoctonia sp. R. bataticola
Cesitleri Has. Sid.  Reak. Tipi Has. Sid.  Reak. Tipi Has. Sid.  Reak.Tipi Has. Sid. Reak. Tipi
Azkan 100 Hassas 100 Hassas 26.6¢ Tolerant 404 Hassas
Cakar 100 Hassas 100 Hassas 36.6 Tolerant 56.6% Hassas
Akea 100 Hassas 100 Hassas 30¢ Hassas 35.44 Hassas
Gokge 100 Hassas 100 Hassas 26.6° Dayanikli 65.4¢ Hassas
Cagatay 100 Hassas 100 Hassas 26.6° Hassas 56.6% Hassas
Inci 100 Hassas 100 Hassas 38.3b Hassas 41.6% Hassas
Aksu 100 Hassas 100 Hassas 50 Tolerant 30¢ Hassas
Sar198 100 Hassas 100 Hassas 55° Hassas 90° Hassas
Uzunlu99 100 Hassas 100 Hassas 28.3¢ Hassas 100* Hassas

*Stitunlarda ayni harfi tagiyan rakamlar arasindaki farklilik Duncan testine gére 6nemli degildir (p<0.05)
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degerleri %58-99 arasinda degismistir (Cizelge 3). Saksi
denemesinde ise, kontrol saksilarinda %100 oraninda ¢ikis
saglanirken R. solani AG-5 ile enfekteli saksilarda hi¢ ¢ikis
gozlemlenmemistir (Sekil 2b). Test edilen 9 ¢esidin tiimiinde
hastalik siddeti degeri %100 olarak degerlendirilirken bu
etmenin de ¢ikis 6ncesi ¢okertene neden oldugu gorilmiistiir

(Cizelge 4). Her iki deneme igin tiim gesitlerin R. solani AG-

5% kars1 reaksiyon tipleri hassas olarak degerlendirilmistir.

Sekil 2. Rhizoctonia solani AG-5¢ karsi ¢esit reaksiyonu
calismalari. Petride enfeksiyon sonucu hipokotillerin 6lmesi
(a), saksida gikis yapmayan enfekteli tohumlar (solda) ve
kontrol saksist (sagda) (b)

Biniikleat Rhizoctonia sp. izolatinin hipokotil olusumuna
olumsuz bir etki gostermedigi gozlemlenmistir. izolat ile
enfekteli tohumlarin ¢ogunda hipokotil ve saglikl kilcal kok
olusumu gozlenirken, enfeksiyonun ileriki dénemlerinde
kismen olimler gozlemlenmigstir (Sekil 3a). Bu izolata kars:
test edilen 18 ¢esidin hastalik siddeti degerlerinin %25-95
arasinda degistigi goriilmiistiir. Denemeye tabi tutulan
gesitlerin biniikleat Rhizoctonia spplye karsi reaksiyon
tipleri degerlendirildiginde ise, 1 ¢esidin dayanikly, 4 ¢esidin
tolerant, 13 gesidin ise hassas reaksiyon verdigi gézlenmistir.
Gokge en dayanikli cesit olarak degerlendirilirken, Inci
ve Hisar cesitleri en hassas cesitler olarak belirlenmistir
(Cizelge 3). Saksi denemesinde ise, kontrol saksilarinda
%100 oraninda ¢ikis enfekteli bitkilerde
hastalik belirtileri genel olarak bitkilerin kok ve kok
bogazinda kahverengi lezyonlar ve ciliz gelisme seklinde

saglanmus,

gorilmistiir (Sekil 3b). Test edilen nohut cesitlerinde

sp.
hastalik siddeti degerinin %26.6-55.0 arasinda degistigi,

biniikleat Rhizoctonia etmeninin neden oldugu

" C \

o ~

Sekil 3. Bintikleat Rhizoctonia splye karst gesit reaksiyonu
galismalarl. Petride kismen saglikli hipokotil ve kilcal
kok olusumu (a), saksida ciliz gelisim gosteren bitkinin
devrilmesi (b), enfekteli bitkinin kok ve kokbogazindaki
kahverengilesmeler (c)
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5 tanesinin dayanikli, 3 tanesinin tolerant, 1 tanesinin ise
hassas reaksiyon gosterdigi goriilmiistiir. Azkan, Gokge ve
Cagatay gesitleri bintikleat Rhizoctonia sp. etmenine kars1 en
dayanikli ¢esitler olarak degerlendirilirken, Sar198 ¢esidi en
hassas gesit olarak saptanmgtir (Cizelge 4).

R. bataticola izolat1 ile enfekteli tohumlarm biyik
¢ogunlugunda hipokotil olusumu engellenmis, hipokotil
olusturan tohumlarda ise enfeksiyon kaynakli oliimler
meydana gelmistir (Sekil 4a). R. bataticola’ya karst test
edilen c¢esitlerden 10 tanesinin hastalik siddeti %100
olarak degerlendirilirken, diger ¢esitlerin hastalik siddeti
degerlerinin %82.8-98.0 arasinda degistigi gortlmiistiir.
Denemeye tabi tutulan tim gesitlerin R. bataticola’ya
kars: reaksiyon tipleri ise hassas olarak degerlendirilmistir
(Cizelge 3). Saksi denemesinde ise, kontrol saksilarinda
%100 oraninda ¢ikis saglanirken, R. bataticola ile inokule
edilen saksilarda bazi bitkilerde hastaliktan dolay: ¢ikis
saglanamamus, ¢ikis yapan bitkilerin bazilarinda ise zamanla
kurumalar meydana gelmistir (Sekil 4b). Test edilen
nohut ¢esitlerinde R. bataticola etmeninin neden oldugu
tanesinin dayanikli, 3 tanesinin tolerant, 5 tanesinin ise
hassas reaksiyon gosterdigi gorillmistiir (Cizelge 4). Aksu
¢esidi R. bataticola etmenine karst en dayanikli ¢esit olarak

degerlendirilirken, Uzunlu99 ¢esidi ise en hassas gesit olarak

belirlenmigtir.

Sekil 4. Rhizoctonia bataticola’ya karst ¢esit reaksiyonu
¢alismalar1. Petride hipokotil olusumunun engellenmesi
(a), saksida hassas reaksiyon gosteren bitki belirtileri (b),
kontrol saksisi (c)

TARTISMA VE KANI

Bu calismada, test edilen nohut gesitlerinin R. solani AG-4 ve
AG-5 etmenlerine karsi son derece hassas reaksiyon verdigi,
bu etmenlere karsi biitiin ¢esitlerin ¢ikis oncesi ¢okerten
belirtisi gosterdigi goralmiistiir. R. bataticola izolatina karst
da petride biitiin gesitler hassas olarak degerlendirilirken,
saksida tolerant ya da dayanikli gesitler de tespit edilmistir.
Biniikleat Rhizoctonia spp. izolatina kars: ise genel olarak
tolerant ve dayanikli cesitler 6n plana ¢ikmistir. Ulkemizde
bu zamana kadar nohutta Rhizoctonia spp. tiirlerine karsi
gesit reaksiyonu ¢alismalar1 yiiriitilmemis olup, Diinyada

yapilan ¢aligmalarda genellikle c¢alijmamiz ile paralel
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sonuglarn elde edildigi goriilmektedir. Bhatt (1993),
R. bataticola etmenine karsi 21 adet nohut genotipini
test etmis ve 2 genotipte ¢ikis Oncesi ¢okerten belirtisi
gozlendigini belirtmistir. Hwang et al. (2003), nohuttan
izole ettikleri R. solani AG-4 izolatlarinin orta ve yiiksek
seviyede viriilent olarak degerlendirildigini ve bazilarinin
cikis oncesi ¢okertene neden olduklarini belirtmiglerdir.
Yine benzer sekilde Pande et al. (2006), Jayalakshmi et al.
(2008), Aghakhani and Dubey (2009), Reddy et al. (2016),
Talekar et al. (2017) ve Lakhran and Ahir (2018) tarafindan
laboratuvar ve sera kosullarinda ytriitillen ¢aligmalarda, R.
bataticola etmenine kars1 nohut genotiplerinin ¢ogunlukla
hassas reaksiyon verdiklerini rapor etmislerdir. Diger
yandan, R. bataticola etmenine karsi nohut genotiplerinin
dayanikli ya da orta dayanikli olarak degerlendirildigi ve
bu genotiplerin dayaniklilik islahi ¢aligmalarinda timitvar
olarak kullanilabileceginin rapor edildigi ¢aligmalar da
mevcuttur (Desai et al. 2017, Gupta et al. 2012, Mekonene
2018, Pande et al. 2004).

Bu tip ¢alismalarda cesitlerin patojenlere kars1 gosterdikleri
reaksiyonlar, etmenin agresivitesine, gesitlerin 6zelliklerine,
kullanilan inokulum kaynaklarina veya ¢alisjmanin yapildig
kosullara gore farkliliklar gosterebilmektedir. Calismamizda
R. solani AG-4 ve AG-5 izolatlarinin agresivitesinin olduk¢a
yiiksek oldugu ve tiim ¢esitlerin bu gruplara oldukga hassas
reaksiyon verdigi, buna karsin biniikleat izolata, esitlerin
genellikle dayanikli ve tolerant reaksiyon gosterdigi
gorlilmistir. R. bataticola’ya karsi ise hassas reaksiyon
gosteren 5 gesitten 1 tanesinin ¢ikis Oncesi ¢Okertene
neden oldugu gézlenmistir. Bu sonuglar diinyada yapilan
¢alismalardan elde edilen veriler ile biiytik oranda 6rtiismekle
beraber, gozlenen belirtilerdeki farkliliklar kullanilan
izolatlarmn, denemeye alinan gesitlerin ya da ¢alismalarin

yapildig1 kosullarin farkliliklarindan ileri gelebilmektedir.

Calismamizda Gokge ¢esidinin biniikleat Rhizoctonia spp.
izolatina karsi, Aksu ¢esidinin ise R. bataticola izolatina karst
diger gesitlere gore daha dayanikli reaksiyon gosterdikleri
gortilmusgtiir. Bu gesitlerin 1slah ¢alismalarinin yaratildagi
bolgelerde tohumluk iiretimi igin tavsiye edilebilecegi
ve bu etmenlere karsi yapilacak olan dayaniklilik islahi
¢alismalarinda ebeveyn olarak kullanilmasi ile dayanikli
ya da tolerant gesitlerin ortaya ¢ikartilmasinda katkida

bulunulabilecegi diistiniilmektedir.

Sonug olarak, 1slah ¢alismalarinda hastalik gézlemlerinin
daha detayli ve kontrollii olarak yapilmasi, hastaliga
dayaniklilik ¢aligmalarinin yalnizca fenotipik olarak degil
genotipik olarak da desteklenmesi ve 1slah¢1 kuruluglarin
fitopatologlar ile isbirligi icerisinde ¢aligmalarini yiirtitmesi
ile dmitvar gesitlerin daha 6n plana g¢ikarilabilecegi

digtiniilmektedir.
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TESEKKUR

Bu c¢aliyjma, TAGEM/BSAD/16/1/02/05 nolu “Usak,
Kiitahya, Isparta ve Denizli Illerinde Nohutta Sorun
Olan Rhizoctonia Tiir ve Anastomosis Gruplarinin
Karakterizasyonu ile Bazi Cesitlerin Reaksiyonlarinin
Belirlenmesi” isimli doktora projesinin bir béliimudiir.
Calismalarimizi destekleyen Tarim ve Orman Bakanligrna

tesekkiirlerimizi sunariz.
OZET

Bu ¢alisma nohutta kok ve kok bogaz: ¢iiriikliigiine neden
olan Rhizoctonia solani AG-4, AG-5, biniikleat Rhizoctonia
spp. ve R. bataticola (Sin: Macrophomina phaseolina)
etmenlerine kargi bazi nohut ¢esitlerinin reaksiyonlarinin
belirlenmesi amaciyla in vitro ve in vivo (petri ve saksi)
denemeleri seklinde ytriitiilmiistir. R. solani AG-4 ve AG-5
izolatlarina karg1 test edilen tim nohut cesitleri her iki
calismada da hassas reaksiyon gostermis olup, bu etmenlerin
test edilen tim bitkilerde cikis Oncesi ¢okertene neden
oldugu belirlenmistir. Bintikleat Rhizoctonia sp. izolatina
karst1 Gokege cesidinin her iki ¢alismada da dayanikhi
reaksiyon gosterdigi gozlenmistir. R. bataticola izolatina
kars1 ise in vitro da tiim gesitler hassas reaksiyon gosterirken,
in vivo da Aksu ¢esidi dayanikli olarak degerlendirilmistir.
Bilgilerimize gére bu ¢aligma, iilkemizde Rhizoctonia
spp. izolatlarma karst nohut gesitlerinin reaksiyonlarinin

belirlendigi ilk ¢aligma niteligindedir.

Anahtar kelimeler: nohut, Cicer arietinum, kok ¢iirtiklagi,

Rhizoctonia, Macrophomina, gesit reaksiyonu
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Ankara province is one of the major planting area of winter vegetables (Brassicaceae),
such as cauliflower, broccoli, white cabbage, red cabbage and radish. Periodic
surveys were carried out in Centrum, Ayas, Beypazari, Nallihan and Cubuk districts
of Ankara province, which are the main winter vegetable production areas in Ankara;
thus samples were collected from cabbage, broccoli, radish, and cauliflower plants
between February and October 2016 and 2017. In this study, as viral diseases
in winter vegetables, Cauliflower mosaic virus (CaMV) and those vectors were
detected serologically by DAS-ELISA and molecular by PCR. As a result, among
271 collected plant samples tested by the DAS-ELISA method only 0.03% were
positively infected with CaMV, while 15.13% of samples were found to be infected
with CaMV; by PCR. Three population of Brevicoryne brassicae aphids were also
collected from infected plant samples determined as infected with CaMV. Statistical
analysis was made after the determination of infected plants number, then P-value
was determined as 0.0001. According to the results of present research, CaMV
was present in the Centrum, Ayas, Beypazari, Nallihan districts and not present in
Cubuk district of Ankara. This is the first report on the presence of the CaMV, a DNA
virus and its vector, B. brassicae in Ankara province.

INTRODUCTION

Turkey is one of the leading country for winter vegetable
cultivation worldwide, and according to statistical data
(TUIK 2019), Ankara as being a part of the central
Anatolian region has suitable climate for production of cold
season vegetables and all member of Brassicaceae family,
including cauliflower (Brassica oleraceae var. botrytis),
broccoli (Brassica oleracea italica), white cabbage (Brassica
oleracea var. capitata f. alba), red cabbage (Brassica oleracea
var. capitata f. rubra) and radish (Raphanus raphanistrum

subsp. sativus) are cultivated. Ankara province is one of the
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major planting areas of Brassica plants and they are majorly
produced in Ayas, Beypazari, Nallihan and Cubuk districts

in Ankara province.

Cauliflower mosaic virus (CaMV), Cucumber mosaic virus
(CMV), and Turnip mosaic virus (TuMV) are the main
viral agents detected on cold season vegetables plants
all over the world, but Lettuce mosaic potyvirus (LMV),
Radish mosaic virus (RaMV), Turnip yellow mosaic
potyvirus (TYMV), Leek yellow stripe potyvirus (LYSV),
Onion yellow dwarf virus (OYDV), and many of the
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artichoke infecting viruses were also detected in cabbage
plants (Alan 2012, Erkan et al. 2013, Hull 2002, Tuzlali
and Korkmaz 2011).

Cauliflower mosaic virus is a virus belonging to
Caulimoviridae family, Caulimovirus genus and it is a
pararetrovirus. It contains ds-DNA and infects many
plants of the Brassicaceae family, especially radish and
cauliflower. Plants infected with the virus show symptoms
like systemic mosaic, vein clearing and usually followed
by malformation and reduced growth of plants (Shephard
1981). It is transmitted by many species of aphids like as
Myzus persicae (Shulz, 1776) and Brevicoryne brassicae
(Linnaeus, 1758) in non-persistent manner (Martiniere et
al. 2009). Brevicoryne brassicae (winged and wingless form)
carries more than 20 different viruses that cause disease in
citrus and Brassicae plants (Day and Venables 1960).

Cauliflower mosaic virus has circular, icosahedral shape and
contains a capsid of 52 nm in diameter. The coat protein
contains 420 protein subunits. The circular ds-DNA has
an 8 kb genome. 35S RNA is responsible for transcription
of the entire genome and is used in the transformation
of plants (Benfey et al. 1989, Fang et al. 1989, Odell et al.
1985, Prat et al. 1989). It has highly complex structure,
600 nucleotid long and encodes six to eight open reading
frames (ORFs). CaMV 35S promotor is the well-known
promotor used in plant biotechnology (Hull 2002). The
virus causes a high level of gene expression in dicotyledons,
but in monocotyledon plants (Fromm et al. 1985, Shephard
1981).

Cold season vegetable viruses are investigated sporadically
in Turkey and among them, CaMV is also one of the
most prevalent and major viruses which can cause severe
yield losses in Brassica crops to tend to become infected
wherever they are grown (Spence et al. 2007). The virus is
first reported in Turkey by Erkan et al. (1990) on infected
cauliflower and cabbage plants, then it was detected as one
of the destructive virus infection in Aegean region (Erkan et
al. 2013). Alan (2012) has reported as one of the destructive
plant viruses is CaMV in Eastern Mediterranean region of
Turkey. Tuzlali and Korkmaz (2014), have reported that in
the surveys conducted to cabbage and cauliflower growing
areas in Canakkale province, plants bearing symptoms as
systemic mosaic, growth retardation, and chlorosis were
collected and tested by DAS-ELISA, revealed the most
common virus as CaMV which was present in 63 out of
84 leaf samples. Akcura et al. (2015), 235 leaf samples
were collected from leaf cabbage production areas. They
have used the DAS-ELISA method for detection of present

viruses and according to the results of serological tests
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revealed that 11.4% of cabbage samples were infected with
CaMV and 7.6% with TuMV, while 3.8% of all samples
showed CaMV and TuMV mixed infections. No infection
with CMV, TYMV, and BWYV was detected in the tested

samples.

Based on the reports of Sevik (2019), the virus is present
in Blacksea region of Turkey. Infected plant samples were
collected from Bafra plain region between 2018 and 2017,
and then tested with DAS-ELISA against CaMV, Cucumber
mosaic virus (CMV), Beet western yellows virus (BWYV),
Radish mosaic virus (RaMV), Turnip mosaic virus (TuMV),
Turnip yellow mosaic virus (TYMV), and Turnip yellows
virus (TuYV), and 2% of the 455 samples were determined
as infected with CaMV.

Cold season vegetable viruses are also destructive in
Europe. Moreno et al. (2004), in Spain found CMV
infections as the most destructive infection in cauliflower
and cabbage plants but in England, cabbage plants were
infected as 60% with CaMV which was followed by TuMV
and TYMV (Raybould et al. 1999). Farzadfar et al. (2007)
found CaMV as the prevalent virus infection in cabbage
plantation as 57.7% in Iran and the virus was also present in
cauliflower, broccoli, and turnip production areas. In order
to determine the distribution of winter vegetable infecting
viruses in Iran-Golestan, the samples were collected from
three main growing areas of the province by Tabarestani
et al. (2010) during 2008-2009. The results show that field
infection levels in 2008 with TuMV, CaMV, and BWYV are
at 4%, 2%, and 6%, respectively. Several types of viruses
such as TuMV, CaMV, CMV, and BWYV have been stated
to occur in cruciferous crops, including cabbage, Chinese
cabbage, radish, and turnip in Japan (Fujisawa 1990,
Nguyen et al. 2013).

MATERIALS AND METHODS
Collection of virus isolates and aphid populations

Periodical surveys were carried out in the districts of
Ankara, major winter vegetable production areas in districts,
Centrum, Ayas, Beypazari, Nallthan, and Cubuk of Ankara
province, and cabbage, broccoli, radish and cauliflower
plants were collected between February and October of
2016-2017,especially in winter and fall seasons. Samples
(plant and vectors) were collected in proportion to the
land size (Figure 1). Symptomatic and asymptomatic plants
(Figure 2) were collected, transferred to the laboratory and
kept in deep-freezer (-25 °C) until they were analyzed.
Aphid samples were places in 70% ethanol solution and send
to expert for identification and also applied to DAS-ELISA
test and PCR amplification for the investigation of CaMV

presence.
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Figure 1. Number of collected samples in proportion to the
land size (Akkaya is a village of Ayas)

Figure 2. Cabbage infected with Cauliflower mosaic virus
(leaf deformation and systemic mosaic symptom)

DAS-ELISA method

DAS-ELISA method (Clark and Adams 1977) was applied
to the samples brought to the laboratory. In DAS-ELISA
studies, CaMV antiserum were used and IgG and conjugate
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were prepared at the recommended dilution levels of the
company (Bioreba-Switzerland). Plant extracts diluted with
extraction buffer at rate of 1:10 (w/v), centrifuged at 5000
rpm for 10 min and used in DAS-ELISA tests. The DAS-
ELISA was studied with double replications. CaMV infected
cabbage was used as positive control, kindly supplied
by Prof. Dr. Savas Korkmaz (Canakkale Onsekiz Mart
University) and buffer control healthy cabbage leaf extract
was used as negative controls. Double of negative controls
were accepted as positive.

Total DNA isolation

Total DNA isolation was carried out according to the
protocol of Somma (2006) with some modifications. 100
mg of frezeed leaf samples were used DNA purification. The
pellet was dried and dissolved in 100 pl of sterile deionized
water. The DNA solution kept in a deep-freezer at -25 °C.
Concentrations of DNAs were determined by Nanodrop
(Thermo Scientific, USA).

PCR amplification of CaMV

PCR amplification was performed with CaMV 35S promotor
gene primer set. The composition of PCR mix was 2.5 pl of
10 x PCR buffer, 50 ng genomic DNA, 0.1-0.5 uM primers,
200 uM dNTP mix, and 0.2 M Taq DNA polymerase were

used for total 25 pl reaction solution.

The DNA was analyzed with PCR for presence of
the CaMV 35S promotor and the primers used were:
355, F: 5 -GCTCCTACAAATGCCATCA-3°, R:5 -
GATAGTGGGATTGTGCGTCA-3 ; PCR product, 195 bp,
Khadye et al. (2012). Reaction was started by a denaturation
step, 5 min at 95 °C, followed by 35-cycle program, with each
cycle consisting of denaturation at 95 °C for 30 s, annealing
at 60 °C for 60 s, and extension at 72 °C for 45 s; a final
extension step (72 °C for 2 min) was also used. In each series
of experiments, at least one negative control and a positive
control were processed in parallel (Khadye et al. 2012).

RESULTS

Periodical surveys were conducted in 2016-2017 to main
winter-vegetable cultivation areas of Ankara and 271
Brassica plant samples (Figure 2) were collected, including
cabbage, broccoli, radish, and cauliflower plants. The
symptoms were systemic mosaic, growth retention and
severe deformation of leaves. On some of the collected
plant samples, vector of CaMV, B. brassicae colonies were
also present. The samples collected were subjected to the
DAS-ELISA test in order determine the CaMV presence.
DAS-ELISA test resulted in 43 suspected and only 1 positive
isolate infected with CaMV. In the ELISA studies, there is
only one positive CaMYV, isolates while a total of 41 plants
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were detected as contaminated with CaMV in the following
PCR assays.

As a result of the ELISA test, it was found that 0.03% of 271
plants were infected by CaMV where as according to the
results of PCR tests, infection rate of the infected plants were

increased to 15.13%.

In the samples collected from different regions, the most
infected regions were Centrum of Ankara (60%), Ayas
(25%), Nallihan (25%) and Beypazar1(11.9%), and no CaMV
infection was detected in Cubuk (0%) although the collected

plants were showing similar symptoms. They may be caused
by the other Brassica virus infections. The plants collected
from the fields were cauliflower, cabbage, red cabbage,
broccoli and radish. The number of infected plants with
the CaMV in the ELISA test was only one, but this number
increased to 41 in the PCR assays and remaining 230 plants
were free of CaMV. The most infected plant was cabbage by
7.38% and it was followed by broccoli (4.05%), cauliflower
(1.84%), and radish (1.84%). Locally the most infected
region was Ankara-Centrum, where the most infectious

plant was cauliflower by 40% that is followed by broccoli

Table 1. Regional distribution of CaMV detected in Ankara and their frequency in cold-season vegetables frequency (number

of positive samples)

Region Cabbage Cauliflower Broccoli Radish Red cabbage Total
Beypazari 55(7) 13(0) 12(9) 58(2) 14(0) 152(18)
Nallthan 24(7) 14(1) NP 12(3) 5(0) 55(11)
Ankara NP 5(4) 5(2) NP NP 10(6)
Cubuk 20(0) NP NP NP NP 20(0)
Ayas 28(6) 6(0) NP NP NP 34(6)
Total 127(20) 38(5) 17(11) 70(5) 19(0) 271(41)

NP: Not present
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Figure 3. Number of collected samples in proportion to the land size (Akkaya is a village of Ayas)

Table 2. Fisher’s exact test. Examination results for P-value

Parameter Frequency Pos;;lve sarr:/fles Ne%ztwe san;;))les P-value

Region 0.0001
Beypazar1 152 18 11.8 134 88.2
Nallthan 55 11 20 44 80
Ankara 10 6 60 4 40
Cubuk 20 0 0 20 100
Ayas 34 6 17.6 28 82.4

Crop 0.0001
white cabbage 127 20 15.7 107 843
cauliflower 38 5 13.2 33 86.8
broccoli 17 11 64.7 6 35.3
radish 70 7.1 65 92.9
red cabbage 19 0 19 100
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(20%), and the virus was not present on the other plants
cultivated in this region. The infection in Ayas (Akkaya)
region was present only on cabbage plants at the rate of
25% and Nallihan, the most infected plant was cabbage by
12.72% followed by radish (5.45%) and cauliflower (1.82%),
and, least infection was found in Beypazari; where the most
infectious plant for CaMV was broccoli (5.92%) followed
by cabbage (4.6%) and radish (1.31%) and there is not any
cauliflower plant found to be infected by CaMV. In none
of the regions, no red cabbage was found to be infected by
CaMV (Table 1).

Aphids on infected plants (3 populations) were collected
from the Centrum and identified by experts from Ankara
Central Plant Protection Institute and it was confirmed to
be as Brevicoryne brassicae (Linnaeus, 1758) (Hemiptera,
Aphididae,). No Myzus persicae adults were present on the
collected plants or in the area surveyed. In ELISA tests, the
results obtained by aphids were lower comparing to the
results of infected plants but in PCR tests, amplification were

quite visible as seen in Figure 3.

For statistical analysis, all of the data were entered into SPSS
(Chicago, IL, USA Ver. 18) by using Fisher’s Exact Test.
Examination results showed a significant difference between
the samples in terms of the region (P-value = 0.0001).
Besides, there is the same result for samples in terms of the
crop (P-value = 0.0001) (Table 2).

So far to our knowledge, this is the first report on the
presence of CaMV and its vector Brevicoryne brassicae in

Ankara province.
DISCUSSION

Different viruses occur on the Brassica plants worldwide
and some of the most widespread and well-studied, those
are TuMV, CaMV, and CMV. Ankara is one of the regions
where the winter vegetables are widely grown. According to
the results we have obtained, CaMV present on cold season
vegetable crops at a rate of 15.13%. Although the infection
rate is low but its vector Brevicoryne brassicae is also present
and detected, which indicates that the virus can be epidemic
in future. CaMV are reported previously in Turkey. Based on
the report of Sevik (2019), the samples were collected from
Bafra plain region between 2018 and 2017, and then tested
with DAS-ELISA against Cauliflower mosaic virus (CaMV),
Cucumber mosaic virus (CMV), Beet western yellows virus
(BWYYV), Radish mosaic virus (RaMV), Turnip mosaic virus
(TuMV), Turnip yellow mosaic virus (TYMV), and Turnip
yellows virus (TuYV), and 2% of the 455 samples (including
cabbage, white and red cabbage, broccoli, kale, radish, rocket
salad, garden cress, and turnip) were determined as infected
with CaMV. Comparing our results with these results shows
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that the incidence of the virus in Ankara region is quite high.
Korkmaz et al. (2008), reported that in the survey directed
to Canakkale, Balikesir and Bursa provinces, cabbage plants
showing symptoms such as systemic mosaic, necrotic rings,
growth retardation, and chlorosis were collected and tested
by DAS-ELISA method, revealed the most common virus
as TuMV which was present in 60 leaf samples. The virus
was also reported from Canakkale province by Tuzlah
and Korkmaz (2011) on infected cabbages. Akcura et al.
(2015), 235 leaf samples were collected from leaf cabbage
production areas. They have used the DAS-ELISA method
for detection of present viruses and according to the results
of serological tests revealed that 11.4% of cabbage samples
were infected with CaMV and 7.6% with TuMV, while 3.8%
of all samples showed CaMV and TuMV mixed infections.
No infection with CMV, TYMV, and BWYV was detected in
the tested samples.

In order to determine the distribution of winter vegetable
infecting viruses in Iran-Golestan, the samples were
collected from three main growing areas of the province
by Tabarestani et al. (2010) during 2008-2009. The results
show that field infection levels in 2008 with TuMV, CaMV,
and BWYV are at 4%, 2%, and 6%, respectively. Several
types of viruses such as TuMV, CaMV, CMV, and BWYV
have been stated to occur in cruciferous crops, including
cabbage, Chinese cabbage, radish, and turnip in Japan.
Besides, TuMV is the most predominant and geographically
widespread in Japan (Fujisawa 1990, Nguyen et al. 2013).
CaMV is also one of the most prevalent and major viruses
which can cause severe yield losses in Brassica crops to tend
to become infected wherever they are grown (Spence et al.
2007). Farzadfar et al. (2007) found CaMV as the prevalent
virus infection in cabbage plantation as 57.7% in Iran and
the virus was also present in cauliflower, broccoli, and turnip
production areas. Moreno et al. (2004), in their studies of
different regions of Spain and found CMYV infections as the
most destructive infection in cauliflower and cabbage plants
but in England, cabbage plants were infected as 60% with
CaMYV which was followed by TuMV and TYMV (Raybould
et al. 1999).

Presence of CaMV at a range of 15,13% together with its
vector in our region indicates that the virus could be
epidemic and widespread in near future, according to

climatic conditions of Ankara.
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OZET

Ankara ilinde kiglik Brassicaceae familyasina ait sebzelerin,
ozellikle karnabahar, brokoli, beyaz lahana , kirmizi lahana
ve turp iretimi yapilmaktadir. Ornekler, Ankaranin
baslica kig sebzeleri iiretim alanlari olan Merkez, Ayas,
Beypazari, Nallithan ve Cubuk ilgelerinden, kirmizi ve
beyaz lahana, brokoli, turp ve karnabahar bitkilerinden,
2016 ve 2017 yili subat-ekim aylar1 arasinda, diizenli olarak
toplanmustir. Bu orneklerde, Karnabahar mozaik viriisii
(CaMV) ve vektorleri serolojik olarak DAS-ELISA yontemi
ve molekiiler olarak PCR yontemi ile tespit edilmistir.
Sonug olarak, DAS-ELISA yontemi ile testlenen toplam
271 bitki 6rneginin %0.03 CaMYV ile bulagik saptanirken,
PCR yontemi ile 6rneklerin %15.13’ii CaMV ile enfekteli
bulunmugtur. Ayrica, enfekteli bitkiler tizerinden toplanan
3 Brevicoryne brassicae popilasyonunun CaMV ile
bulasik oldugu belirlenmistir. Enfekte bitki sayisinin
saptanmasindan sonra istatistiksel analiz yapilmis ve
P degeri 0.0001 olarak belirlenmistir. Stirvey yapilan
Ankaranin Merkez, Ayas, Beypazari, Nallihan ilgelerinde
CaMV’siiniin  mevcut oldugu ancak Cubuk ilgesinde
bulunmadigi yapilan bu ¢aligma ile ortaya ¢ikarilmistir. Bu
arastirma Ankara ilinde bir DNA virtisii olan CaMV’iin
ve vektoril B. brassicae’nin varligi konusunda yapilan ilk

aragtirmadir.

Anahtar kelimeler: CaMV, kis sebzeleri, ELISA, PCR,
Brevicoryne brassicae
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Nicotinic acetylcholine receptors (nAChRs) mediate fast cholinergic synaptic
transmission in the insect nervous system. Neonicotinoid group insecticides
target these receptors, causing mortality at the insects. Phylogenetic relationship
was revealed comparing nAChR a1, a3, and a4 genes for the some Bemisia
tabaci (Gennadius) (Hemiptera: Aleyrodidae) populations belonging to East
Mediterranean Region. Five B. tabaci populations collected from Karatas-
Gossypium hirsutum (Adana), Aydincik-Solanum lycopersicum, Erdemli-S.
lycopersicum, (Mersin), Samandag-Cucumis sativus (Hatay), and Kumluca-
Capsicum annum (Antalya) were used for the experiment. When nAChR a1, 3,
and 4 genes were compared for all populations, no differences were determined
for the a1 gene. However, V1471, A227T, and T534I unique amino acid changes
in all populations according to the reference gene (full a3) in the a3 gene,
S401G in Aydincik, and G198E in all populations according to a reference gene
(full a4) were determined. Phylogenetic tree results indicate that each novel
isolates were clustered its own gene group of represensative isolates deposited
from NCBI. The obtained results could shed light on the projects that can be
carried out in the future regarding the point mutation-based resistance to the
neonicotinoid group insecticides.

GIRIS

Pamuk beyazsinegi, Bemisia tabaci (Gennadius) (Hemiptera: B. tabaci micadelesinde en sik kullanilan insektisit

Aleyrodidae) tarla ve sera iriinlerinde zarar yapan en
6nemli zararlilardan biridir (Bayhan et al. 2006, Karut 2007,
Van Lenteren and Noldus 1990). Zararli, bitkilere emgi
yaparak ve fumajine neden olarak zarar verirken, viriislere
vektorlitk ederek de onemli zararlara neden olur (Brown et
al. 1995, Byrne and Bellows 1991).
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gruplarindan biri neonikotinoidlerdir. Bu yogun kullanim
2018 yilinda Avrupada imidacloprid, clothianidin ve
thiamethoxamin bal arilarina ve ¢evreye olumsuz etkilerinden
dolayr sera digindaki alanlarda yasaklanmasina neden
olmustur (Jactel et al. 2019). Tiirkiyede de acetamiprid hari¢
bu grup insektisitlere ayni yil sinirlama getirilmistir (TAB
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2018). Yogun insektisit kullaniminin ¢evresel bir¢ok olumsuz
etkilerinin yaninda, zararliya karsi kullanilan etken maddeye
karsi olusan diren¢ da 6nemli bir sorundur. B. tabacide Israil,
Cin, Ispanya ve Tiirkiyede neonikotinoid grubu insektisitlere
yliksek diizeylerde direng belirlenmistir (Satar et al. 2018,
Wang et al. 2018). Neonikotinoid grubu insektisitlerin direng
mekanizmasimnin monooksigenaz enzimi ile ilgili oldugu
belirlenmistir (Karunker et al. 2008, Nauen et al. 2013,
Roditakis et al. 2011). Bu enzimin yani sira farkli zararhilarda
nikotinik asetil kolin reseptér (nAChR) genlerindeki nokta
mutasyonlardan dolay: da neonikotinoid grubu insektisitlere
direng olabilecegi ortaya ¢ikarilmistir (Bass et al. 2011, Tan et
al. 2003, Zewen et al. 2003).

Tim neonikotinoidler, postsinaptik nikotinik asetilkolin
reseptorlerinin agonisti olarak bocek sinir sistemi tizerinde
etkili olurlar (Nauen and Denholm 2005). Nikotinik asetil
kolin reseptérleri farkli kombinasyonlarda 5 alt tiniteden
olugsmaktadir (Bass et al. 2011). Bu kombinasyonlar
igerisinde reseptorlerde bes alt tinite sadece ayn1 alpha alt
tinitesinden olusabilecegi gibi (homomerik), beta ve alpha
tniteleri karisik olarak da (heteromerik) bulunabilir (Boffi
et al. 2007). Bu alt tniteler sistein (C) ile baglayp C ile
biten 15 aminoasitlik bir bolge, benzer alt iinite dizilimi,
6 adet reseptor baglanmasinda etkin loop (loop A-F),
aminoasit dizilerinde benzerlik, dort transmembran bolge
(TM1-TM4), fosforilasyon bolgeleri gibi yapisal 6zelliklere
sahiptirler (Jones and Satelle 2010).

Boceklerde nAChR merkezi sinir sisteminin neuropil
bolgelerinde genis bir sekilde ve yogun olarak dagilmislardir
(Tomizawa and Casida 2003). bu

reseptorlere baglanarak, sinir sisteminin uyarict sinir

Neonikotinoidler

tastyicisi asetil kolininin bu reseptorlere baglanmasini 6nler,
sinirsel iletim kesilir ve boceklerin 6lmesine neden olurlar
(Abbink 1991, Stenersen 2004). Bu giine kadar al, a2, a3, a4,
a7 ve B1 nAChR alt tiniteleri B. tabaci’de de tespit edilmistir
(NCBI 2020). Ayrica tiim alt tniteler rna-seq yontemiyle
protein diizeyinde ortaya konmustur (llias et al. 2015).

Boceklerde insektisitlere diren¢ mekanizmalarinin ortaya
¢ikarilmasi hedef etken maddenin yonetimi i¢in 6nemlidir. Bu
calisma da fakli B. tabaci popiilasyonlarinda nAChR al, a3 ve
a4 genleri arasindaki iliskiler ve farkliliklar ortaya konmaya
calistlmustir. Boylece daha sonra yapilacak gen ekspresyonu
ya da bu alt tinitelerde neonikotinoid dayaniklilig: ile ilgili
nokta mutasyon taramalarina 11k tutmak amaglanmugtir.

MATERYAL VE METOT
Bemisia tabaci popiilasyonlarimin toplanmasi

B. tabaci popiilasyonlarini toplamak igin iilkemizde en
yogun ilaclamanin gergeklestigi alanlardan biri olan

Akdeniz Bélgesi secilmistir. Ornekler Solanum lycopersicum
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L. (Solanaceae) iizerinden Aydincik ve Erdemli (Mersin),
Gossypium hirsutum L. (Malvaceae) iizerinden Karatas
(Adana), Capsicum annum L. (Solanaceae) tiizerinden
Kumluca (Antalya) ve Cucumis sativus L. (Cucurbitaceae)
tizerinden Samandag (Hatay) ilgelerinden toplanmugtir (Sekil
1). Bitkiler tizerinden toplanan B. tabaci popiilasyonlarina
ait ergin bireyler emgi siseleriyle toplanarak Ependorf
tiiplere alindiktan sonra buz kutulari igerisinde laboratuvara
getirilmis ve -80 °Cde molekiiler ¢alismalarda kullanilana
kadar muhafaza edilmislerdir. Alinan orneklerin yerleri,
alim tarihleri, Ornegin alindigi bitki kaydedilmistir.
Molekiiler ¢alismalarla bu popiilasyonlarin hepsinin B

biyotip oldugu ortaya konmustur (Satar and Ulusoy 2016).

Sekil 1. Bemisia tabaci popiilasyonlarinin toplandigi
lokasyonlar

Molekiiler ¢alismalar
Total RNA izolasyonu ve cDNA sentezi

B. tabaci erginlerinden (20 mg) Trizol reagent (Invitrogen,
USA)’in prosediirii kullanilarak total RNA izole edilmistir.
Konsantrasyonlar spektrofotometrede (Multiscan GO_
Thermo, USA) olgiilerek diger asamalarda kullanilana kadar
kiigiik miktarlarda Ependorf tiiplerde -80 °Cde muhafaza

edilmistir.

Reverse transcriptaz agamasinda  Oligo
(dT)12-18 Primer (Invitrogen, USA) cDNA sentezi igin
kullanilmigtir. Bu amagla PtotoScript M-MuLV first Strand
cDNA synthesis Kiti (NEB, USA) c¢DNA sentezi i¢in

kullanilmig ve cDNAlar kullanilacaklari zamana kadar -20

reaksiyonu

°Cde muhafaza edilmislerdir.

Farkli popiilasyonlardan nAChR al, a3 ve a4 genlerinin elde
edilmesi

Denemelerde nikotinik asetil kolin reseptor (nAChR) al,
a3 ve a4 genlerini elde etmek igin Dr. Martin Williamson
tarafindan saglanan primerler kullanilarak (Cizelge 1)
PCR ve Nested PCR reaksiyonlar1 OneTaq HF (NEB, USA)
enzimi kullanilarak kurulmus, thermal cyclerda (Applied
Veriti,
protokoliine gore yuritilmistir. Bu amagla 5 pl buffer,
0.5 ul ANTP, 0.5 pl primer, 0.125 pl enzim, 1 ul cDNA

karistirilmis ve reaksiyon saf suyla 25 pl'ye tamamlanmuistir.

biosystem, Singapore) reaksiyon bu enzimin

Thermal cycler cihazinda reaksiyon; ayrilma 94 °Cde 0.30
dk, baglanma 50 °Cde 0.45 dk, uzama 68 °Cde 2 dk 35
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doéngii ve son uzama 68 °Cde 5 dk olarak yiiriitilmiistiir.
Elde edilen PCR iirtinlerini goriintiilemek igin %1’lik agaroz
jel kullanilmigtir. Ornekler gen dizilemesi igin ilgili ticari
firmaya gonderilmistir. Elde edilen diziler birbirleriyle ve
Dr. Martin Williamsondan saglanan referans genlere ait tiim

sekanslarla karsilastirilmistir.

Cizelge 1. Bemisia tabacinin farkli popiilasyonlardan nAChR
al, a3 ve a4 genlerinin elde edilmesi i¢in kullanilan primerler

Primerler Baz dizileri (5'- 3")

Bt alFla ATGCTGGGCGTGGTTAGAATGG

Bt alF2a GGTCGCTGTGGTAGCTGGAAATCC
Bt alRla GCCTAGGAGAGGGACGTTGAGGG
Bt alR2a TACGATGATAGTCACGACGACGG
Bt a3Fla ATGAGGATAATTTACTGGATAATCG
Bt a3F2a GACTGCGTATGCAATCCAGACGC
Bt a3R1a TTATAGAGTCGTGGTAGTAAC

Bt a3R2a GGACGTTGTCGAGGCGATATCGG
Bt a4Fla ATGATCTTCGTTTTTGCTTAATCC
Bt a4F2a CAAATAGAACTAACCCAGATGCA
Bt a4R1a TTAAAGTGCATCTAAAATCTTGTC
Bt a4R2a GTTGATAGCTGTCTATCGATTGG

Molekiiler analizler

Denemeler sonucunda elde edilen niikleotid dizilimleri
DNASTAR Lasergene 7 (DNASTAR Lasergene software,
Madison, WI, USA) programmin Edit alt programinda
aminoasite ¢evrilmis ve baslangi¢ kodonlari tespit edilmis,
daha
uygulamalarda kullanilmiglardir. Transmembran bolgeleri
TMHMM Server v.2.0 (Center for Biological Sequence
Analysis, The Technica University of Denmark) programi
(http://www.cbs.dtu.dk/services/TMHMM-2.0/) ile
belirlenmistir (Krogh et al. 2001, Sonnhammer et al. 1998).
N-glikosizasyon boélgeleri N linked Glycosylation Analyse

sonra FASTA formatina donistiiriilerek diger

programinda  (http://www.hivlanl.gov/contentsequence/
GLYCOSITE/glycosite.html)  (Zhang et al.  2004),
fosforilasyon bélgeleri NetPhos 2.0 Server programinda
(http://www.cbs.dtu.dk/services/NetPhos) (Blom et
al. 1999) analiz edilmistir. Calismada kullanilan tiim
karsilagtirma genleri National Center for Biotechnology
Information (NCBI) Genebankdan elde edilmigtir. Dizilerin
hizalamas: Clustal X (Thompson et al. 1997) ve homoloji
golgelemesi GeneDoc programi (Nicholas et al. 1997) ile
yuritilmistir. Filogenetik iligkiler MEGA 6 programinda
¢oklu hizalandirmali niikleotid ve aminoasit sekanslarina
gore belirlenmistir (Tamura et al. 2013). Maximum
Likelihood metodu ile Bootstrap analizi (1000) kullanilarak
filogenetik aga¢ olusturulmustur (Felsenstein 1985, Saitou
and Nei 1987). MEGA 6'da niikleotid ve aminoasit dizilerine
en uygun modeller sirasiyla Kimura 2 parametre ve Jones-
Taylor-Thornton (JTT) filogenetik aga¢ olugturulmasinda
kullanilmigtir (Jones et al. 1992, Kimura 1980).
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SONUCLAR VE TARTISMA

Aydincik, Erdemli,
popiilasyonlarinda yaklasik 1000 bplik nAChR al gen
bolgesi, 1500 bplik nAChR a3 ve a4 gen bolgeleri elde

edilmis (Sekil 2) ve dizileme analizinden sonra baz

Karatas, Kumluca ve Samandag

dizilimleri amino aside cevrilerek karsilagtirilmistir. Elde
edilen genler NCBI gen bankasina MT137065 (Kumluca_
al), MT137066 (Aydincik_a3), MT137067 (Erdemli_a3),
MT137068 (Karatas_a3), MTI137069 (Kumluca_a3),
MT137070 (Aydincik_a4), MT137071 (Erdemli_a4),
MT137072 (Karatag_a4), MT137073 (Kumluca_a4) ve
MT137074 (Samandag_a4) kodlari ile kaydedilmistir.

a1 a3 4

Sa Ku Kr Er Ay Sa Ku Kr Er Ay Sa Ku Kr 1kb Er Ay

Sekil 2. Bemisia tabaci farkli popiilasyonlarinda nAChR al,
3 ve 4 genlerinin jel gortintiisii (Sa: Samandag, Ku: Kumluca,
Kr: Karatag, Er: Erdemli, Ay: Aydincik)

Aydincik popiilasyonunda 251 aa (aminoasit), Erdemlide
265 aa, Karatag'ta 272 aa, Kumlucada 275 aa ve Samandagda
266 aalik nAChR al gen bolgesi, Aydincik ve Karatag
popilasyonlarindan 525 aa, Erdemli ve Samandagdan
523 aa ve Kumlucada 514 aalik nAChR a3 gen bdlgesi,
Aydincik'ta 466 aa, Erdemlide 465 aa, Karatagta 463 aa,
Kumlucada 463 aa ve Samandagda 461 aa nAChR a4 gen
bolgesi elde edilmistir. Popiilasyonlar kendi iglerinde
karsilastirildiginda nAChR al ve a3 genleri bakimidan
farkliik belirlenmemigtir. Ancak, referans gene gore
toplanan tiim popiilasyonlarda a3 genleri i¢in 147. aa’te valin
amino asidi izoldsine (V1471), 227 aa’te alanin amino asidi
Treonine (A227T) ve 534. ad’te treonin amino asidi izolosine
(T534I) amino asidine doniistiigl tespit edilmistir (Cizelge
2). nAChR o4 geninde ise referans gene gore toplanan tiim

popiilasyonlarda 198. aa’te glisin, glutamic aside (G198E)

Cizelge 2. Bemisia tabacide nikotinik asetilkolin reseptor
a3 ve o4 alt tnitesinde popiilasyonlar arasindaki aminoasit
degisimleri

nAChR_a3 (.aa*) nAChR_o4 (.aa*)

Popiilasyonlar /7030 198 401
Aydmck I T I E G
Erdemli I T I E S
Karatas I T I E S
Kumluca I T 1 E S
Samandag I T I E S
Referans VA T G S S

*valin (V), izolosine (I), alanin (A), treonine (T), glisin (G
(E), serin (S) 370

, glutamic aside
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dontigmiistiir. Ayrica, Aydincik popiilasyonunda 401. aa’te
serinden glisine (S401G) bir degisim olmustur (Sekil 3,
Cizelge 2).

Bugiine kadar ekonomik olarak 6nemli bir¢ok zararlinin
nikotinik asetil kolin reseptor genleri Ornegin Myzus
persicae  (Sulzer) (Hemiptera: Aphididae) (Tomizawa

and Casida 2001), Nilaparvata lugens (Stal) (Hemiptera:

Delphacidae) (Liu et al. 2005), Ctenocephalides felis
(Bouché) (Siphonaptera: Pulicidae) (Bass et al. 2006),
Musca domestica L. (Diptera: Muscidae) (Gao et al. 2007),
Plutella xylostella L. (Lepidoptera: Plutellidae) (Zhao et
al. 2009), B. tabaci (Satar et al. 2014, Yao et al. 2008a),
Cydia pomonella L. (Lepidoptera: Tortricidae) (Guo et
al. 2018)da belirlenmistir. Molekiiler ¢aligmalarla bu tip

genlerin ortaya konulmas: ve karsilasgtirilmas: kompleks

Kumluca ol
Karatas o3
Aydincik o4:

Kumluca_al
Karatas o3
Aydincik o4:

Kumluca al
Karatas o3
Aydincik o4:

Kumluca ol
Karatas_ a3
Aydincik o4:

Kumluca ol
Karatas_ a3
Aydincik o4:

Kumluca ol
Karatas o3
Aydincik o4:

Kumluca ol
Karatas_ o3
Aydincik o4:

Kumluca ol
Karatas_ a3
Aydincik a4:

Kumluca_ ol
Karatas o3
Aydincik o4:

RRLYNDLLSNYNRLIRPVGEN{/DRLIVKMELKLEOL I DVNLKSQIMT TNMAVEQEWNDIK :

Loop C

WDILEVPARRNEE

60
--LYDDLLSNYNKLVRPVVVTDALTVKIKLKLSQLIDVNLKNOIMTTNLWVEQSWND{K : 58
-RLYDDLLSNYNRLIRPVVNTET LVVQLRLKMSQLLEV: LKEQVMTTNVWVEQKWNDYK : 59
Loop A Loop E
LKWNPEE! 'GGVD | LHVPSEHIWLPDIVLYNNADGNYEVTIMTKAIIHH GKVVWKPPAY : 120
LKWDPKEYGGVEMLHVPSDHIWRPDIVLYNNADGNFEVTLATKATLHYTGRVEWKPPAIY : 118
LRWDPNEYGGVEMLYVPSEHIWLPDIVLYNNADGN EVTLMTKATLJYTGDVLWRPPAIY : 119
| Loop B Loop F
K FCEIDVEIFPFDQQTCFMKFGSWSYDG TVDLRHI-Q 'PD-TEIEMGIDLQDY LSVE : 180
K SCE.DVEIFPFDEQTCVMKFGSWTYDGFQVDLRHIDEVFGSNVVNIGVDLSEF VE : 178
KSSCEMNVLYFPFDEQSCLMKFGSWTYNGFQIDLKHM.QV GSNLVNVGVDLSEFHL -VE : 179
WDVMRVPATRNEKFY:CCEEP QDIMFHI LRRKTLFYTVNLIIPCIGLSFL VLVFYLP : 240
WDILEVPAVRNEKF TCCDEP LDIlFﬂI MRRKTLFYTVNLIIPCMGISFLTVLVFYLP : 238
PEETE P SDITFHI MRRKTLFYTVNLIIPCVGITFLTVLVFYLP : 239
™1
SDSGEKVSLCISILLSLTVFFLLLAEIIPPTSLTV————————— e m o ——— : 275
SD-GEKVSLSISILLSLTVFFLLLAEIIPPTSLVVPLLGKFVLFTMILDTFSICVTVVVL : 298
SD-GEKVSLCSSILVSLTVFFLLLAEIIPPTSLAVPLLGKYLLFTMTLVTL: ICVTVCVL : 299
™2 ™3
NVHFRSPQ HTMAPWVKRVFIHILPKLLVMRRPHYPVDKRGLAASCQRIMVRTCNGNVEL : 358
NVHFRSPS 'HKM: PWVKTVFLHFMPRLLMMRRPP ——-——-—-=-—=-——=——————————————— : 334
RDSSLFPHHAAPPALPSELLNTPAQYVFQHSSRDTEPTIIGS -CEIHGAPPALSQLFPD! : 418
PNDL LEHLSD—AS VNDGDFRD: F ——DGCPMEHKI PKENRNM (--—- : 378
LGENGCGGV ' PEP PNEHGSAVPT SSHHLPQRWHHCPELHKAFDGVRYIADH !KKEED  : 478
-KSNDCNHFHHGAQAPDLENVIPR-—-—==—=—=—— HLSDDLLAALEGVRFIAQHIKDADKD : 427
KVKEDWK VAMVLDRLFLWIFTLAVLVGSAG!ILQAPTL DDRRPI == s memrn s : 8525
——————————————————————— 466

NEVIEDWK V-MVMDREFFLWIFTVACIGGTCI IMFQAP
™4

Sekil 3. Bemisia tabaci nAChR al, 3 ve 4 genlerinin karsilagtirilmast. Siyah, yazisi beyaz bolgeler N-bagh glikozilasyon bolgesi;
gri bolgeler dubleks sistein bolgesi (CC); gri yazist beyaz bolgeler fosforilasyon bolgeleri; disiilfid baglhi loop; sar1 bolgeler
aminoasitlerdeki degisimler; pembe bolgeler her bir alt iinite i¢in popiilasyonlar arasindaki farkliliklarin saptandigi aminoasitler;
yesil bolgeler Nilaparvata lugens’te neonikotinoid dayanikliligindan sorumlu mutasyon noktalar:
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gen familyalariyla ilgili yeni bakis agilarinin gelistirmesine
yardimei olacagi gibi omurgasiz fizyolojisi ile ilgili yeni
sorularin sorulmasina neden olur (Sattelle 2009). Bu
tir ¢aligmalar neonikotinoid, spinosad gibi 6nemli
insektisitlerin diren¢ mekanizmasin1 belirlemek igin
énemlidir Ornegin, nAChR alpha alt iinitelerinde loop
B tizerinde farkli aminoasit degisimlerinin imidacloprid
dayanikliligina etkisi oldugu saptanmistir (Liu et al. 2005,
Meng et al. 2015). Beta alt tinitelerinde ise loop D, E ve
F tizerindeki aminoasit degisimlerinin neonikotinoitlere
dayanikli fenotiplere yol agabilecegi belirlenirken, bu
durumun nedeninin de bu bolgelerdeki degisimlerin
asetilkolin  (ACh)
olmasina bagli oldugu vurgulanmistir (Yao et al. 2008b).

lizerine  etkilerinin  minumum

Neonikotinoid grubu insektisitlerin alt diizey toksisiteye
neden oldugu N. lugens’in 6nemli bir dogal diismani olan
Pardosa pseudoannulata (Bosenberg & Strand) (Araneae:
Lycosidae)nin al ve a8 genlerinde elektrofizyolojik

¢aligmalar sonucunda, 6nemli aminosit degisimlerinin

saptandign  170-181., 199-206., 208-214. aminoasit
araliklarinin neonikotinoid duyarliligiyla dogrudan etkisi
oldugu saptanmistir (Meng et al. 2015). Bu ¢aligmada
saptanan a4 alt tnitesinde ki G198E degisimi loop F
(Sekil 3) iizerinde bulunmaktadir. Ancak, yukarida da
aciklandig: gibi bu loop tizerindeki degisimler { alt iinitesi
ve neonikonitionid dayaniklilig: ile iliskilendirilmektedir.
Saptanan diger aminoasit degisimleri loop boélgelerinin
(loop A-F) disinda yer almaktadir ($ekil 3). Bu aminoasit
degisimlerinin direngle iliskisi olup olmadig: ileriki

¢aligmalarla ortaya konulmalidir.

B. tabacide nAChR ait {i¢ gen bolgesi aralarindaki farkliliklary
ortaya koymak i¢in kargilagtirilmigtir. nAChR reseptorlerinde
yapisal olarak 15 rezidiliik bir sistein (C) grubu, 6 adet reseptor
baglanmasinda etkin loop (loop A-F), dort transmembran
bolgesi, benzer alt tinite dizilimi gibi 6zelliklere sahiptirler
(Jones and Satelle 2010). $ekil 3e bakildiginda her bir alt
tnite i¢in secilen Kumluca al (275 aa), Karatag a3 (525 aa) ve

Aydincik a4 (466 aa) popiilasyonlarina ait alt tiniteler arasinda

51 Karatas a1
99 Kumluca a1
Aydincik a1

100 | samandag a1

100

Erdemli a1
Full a1
Drosophila a1 X07194.1

Myzus persicae a4 AJ236787.1
[ Full a4

Karatas a3
Erdemli a3

88

100 Kumluca a3
Aydincik a3
Full a3

Samandag a3

Kumluca a4
Karatas a4
Samandag a4

Aydincik a4

08 Erdemli a4
Myzus persicae a3 AJ236786.1

P
0.1

Drosophila melanogaster a6 NM 001273373.2

Sekil 4. Bemisia tabaci popiilasyonlar: ile Drosophila melanogaster ve Myzus persicae nAChR al, 3, 4 genlerinin niikleotid
dizileriyle Maximum Likelihood metoduna gore Kimura 2 parametre modeli kullanilarak olugturulan filogenetik aga¢
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pek ¢ok aminoasit farkhiligmm oldugu goriilmektedir.
Tiim sekanslarda nAChR a genlerinin karakteristik 6zelligi
olan, uzun bir N terminal ucu, bu bolgede 6 adet reseptor
baglanmasinda etkin loop bulunmaktadir. Ayrica yine tim
popiilasyonlarda korunmus 15 aa’ten olusan sisteinle (C)
baslay1p biten disiilfid bagli loop bulunmaktadir. a ve p genleri
arasindaki en 6nemli fark olan bitisik sistein (CC) yapisi tim
a genlerinde ortaktir. a3 ve a4 genlerinde 4 adet, tiim gen
bolgesi elde edilememis olan al geninde ise 2 adet hidrofobik
transmembran yapist belirlenmistir. Ayrica, dizilerde farkh
yerlerde nAChR genlerinin diizenlenmesinde rol oynayan
bol miktarda fosforilasyon bolgesi bulunmaktadir (Sekil 3).
Liu et al. (2005), N. lugens nAChR al ve o3 genlerinde hassas
popiilasyona gore loop Bdeki Y1518 pozisyonunda aminoasit
nAChR genlerinde

dayanikliigindan sorumlu olan bir mutasyon oldugunu

degisimi  zararlida neonikotinoid
belirlemislerdir. Bu noktada farklilik bu ¢alismada B. tabaci
popiilasyonlarinda saptanmamustir (Sekil 3).

100

99

Nikotinik asetilkolin

iligkisini ortaya koymak i¢in yapilan analizlerde dis grup

reseptor genlerinin filogenetik
olarak kullanilan Drosophila melanogaster nAChR a6 geni
diger alt tinitelerden ayri dallanmistir. Agaglar {izerinde
her bir gen ailesi kendi igerisinde grup olusturmustur.
Yao et al. (2008a), B. tabacinin nAChRde a4, Tang et al.
(2009) Liposcelis bostrychophila Badonnel (Psocoptera:
Liposcelididae)de al ve a8 genlerinin, Guo et al. (2018)
C. pomonellada sekiz alt iinite geninin diger genlerle
filogenetik iligkisini ortaya koymus ve olusturulan
agaglarda her alt éinite yiiksek bootstrap degeriyle kendi gen
ailesi igerisinde gruplasmistir. Calismada hem niikleotid
diizeyinde ($ekil 4) hem de aminoasit diizeyinde (Sekil
5) yapilan karsilagtirmalarda aga¢ iki ana dala ayrilmigtir.
nAChR al ve 4 genleri ayn1 dal {izerinde gruplanirken, a3
bu iki alt iiniteden ayrilmistir. Drosophila ve M. persicae’ye
ait referans genler kendi alt tiniteleri igerisinde B. tabaci’ye
ait genlerden yiiksek bootstrap degeriyle ayrilmiglardir.
Niikleotid farkliliklardan

dizilerindeki dolay1

Aydincik a1

Karatas a1
Kumluca a1
Samandag a1
Full a1

Erdemli a1

—— Drosophila a1 X07194.1

73

100

Erdemli a3

Karatas a3
Samandag a3
Kumluca a3
Aydincik a3

- Full a3

99

Myzus persicae a4 AJ236787.1

Aydincik a4

Erdemli a4

Karatas a4

Kumluca a4

+ Full a4

Samandag a4

Myzus persicae a3 AJ236786.1

—
0.1

Drosophila melanogaster a6 NM 001273373.2

Sekil 5. Bemisia tabaci popiilasyonlar: ile Drosophila melanogaster ve Myzus persicae nAChR al, 3, 4 genlerinin aminaasit
dizileriyle Maximum Likelihood metoduna gore Jones-Taylor-Thornton modeli kullanilarak olugturulan filogenetik aga¢
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popiilasyonlar arasindaki yiiksek boostrap degerleriyle
ayrimlar goriilmistiir (Sekil 4). Bu niikleotid degisimleri
aminoasitlerin diziliminde farkliliga neden olmadig: igin
Sekil 5’teki filogenetik agagta popiilasyonlar arasinda

farklilik belirlenmemistir.

Bu ¢aligmayla
farkli
karakterizasyonu yapilmis, nAChR al, a3 ve a4 genleri

Tirkiye B.

popiilasyonlarda nAChR genlerinin molekiiler

tabaci  popiilasyonlarinda

aralarindaki iliskiler ortaya konmustur. Yapilan analizler
sonucunda referans gene gore ve popiilasyonlar igerisinde
bazi aminoasit degisimleri saptanmigtir. Bu noktalar:
hedefleyen  ¢aligmalarin  yiriitilmesi neonikotinoid
diren¢ mekanizmasiyla ile ilgili 6nemli ipuglari olup,
diger arastirmacilar i¢inde referans noktasidir. Elde edilen
degisimlerin neonikotinoid direnciyle iliskisinin ortaya

konabilmesi igin gen ekspresyonu ¢alismalar1 yapilmalidur.
TESEKKUR

Bu caligma Cukurova Universitesinde yiiriitiilmiis olan
“Dogu Akdeniz Bolgesi Sebze Alanlarinda Bemisia tabaci
(Gennadius) (Hemiptera: Aleyrodidae)’nin Neonicotinoid
Grubu Insektisitlere Dayanikliliginin Belirlenmesi” isimli
doktora tez c¢aligmasinin sonuglarini icermekte olup,
desteklerinden dolay1 Cukurova Universitesi BAP Birimine
(D3BAP2012) tesekkiir ederiz. Ayrica Bemisa tabaci nAChR
al, a3 ve a4 genlerine ait gen ve primer bilgisini bizimle
paylasan Dr. Martin Williamson (Rothamsted Research,
Harpenden, Hertfordshire AL5 2JQ, United Kingdom)a

sonsuz stikranlarimizi sunariz.
OZET

Nikotinik asetilkolin (nAChRs) bocek

sinir sisteminde hizli kolinerjik sinaptik taginmada

reseptorleri

gorevlidirler. Neonikotinoid grubu insektisitler de bu
reseptorleri hedef alarak bdceklerin 6lmesine neden
olurlar. Bu ¢aliyjmada, Dogu Akdeniz Bolgesinden
toplanan bazi Bemisia tabaci (Gennadius) (Hemiptera:
Aleyrodidae)
a4 genleri karsilagtirilarak filogenetik iligkiler ortaya

popiilasyonlarinda nAChR al, a3 ve

konulmugtur. Denemede Karatas-Gossypium hirsutum
(Adana), Aydincik-Solanum Ilycopersicum, Erdemli-S.
lycopersicum, Samandag-Cucumis sativus (Hatay) ve
Kumluca-Capsicum annum (Antalya)dan toplanan bes
ornekle ¢aligmalar yiritalmistir. nAChR al, 3 ve 4
genleri tim poptlasyonlar i¢in kargilagtirildiginda ol
genleri arasinda bir farklilik belirlenmezken; a3 geninde
referans gene (full a3) goére tim popiilasyonlarda
V1471, A227T ve T5341 aminoasitlerinde ve a4 geninde
Aydincik’ta S401G ve referans gene (full a4) goére tiim
popiilasyonlarda G198E spesifik aminoasit degisimleri
belirlenmistir. NCBI'dan secilen ayni gen bolgeleriyle
yapilan filogenetik analizlerde bu ¢alismada ¢aligilan her
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gen kendi gen ailesi igerisinde yer almistir. Elde edilen
bu verilerin neonikotinoid grubu insektisitler nokta
mutasyona dayali direngle ilgili ileride yiriitiilebilecek
calismalara 151k tutmas1 amaglanmigtir.

Anahtar kelimeler: nAChR, neonicotinoid, phylogenetic
analyses, whitefly
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Safflower is a conspicuous energy crop might be used as a biofuel and raw
material source for vegetable oil and animal feed sectors. It has a potential to

capacity. Weeds can cause yield loss because they compete with the crop for

Keywords: water, light, space, and nutrients in safflower. Weed control practices, therefore,
safflower, weed, herbicide, biological should be made efficiently to gain high safflower yield. The aim of this study is
efficacy to determine the efficacy of pendimethalin, s-metolachlor, and chlorsulfuron to

control weeds and the response of safflower to them. The field experiments
were conducted during 2017-2019 in Goélbasi, Ankara, Turkey. Pendimethalin
and s-metolachlor were applied to the soil surface before crop sowing at 675.0,
1012.5, 1350 and 2700, and 686.25, 915.0, 1372.5 and 2745.0 g active ingredient
(ai) ha, respectively. Chlorsulfuron was treated at 3.75, 4.95, 5.625, 7.5 and
15.0 g ai ha' to the weeds when they were 2-4 true leaf stage. Responses of

* Corresponding author: Ahmet Tansel SERIM

B4 a_serim@hotmail.com

safflower to the herbicides and the efficacy of these herbicides on the weed
were visually evaluated 14 and 28 days after treatment (DAT) and before the
harvest. Pendimethalin caused very slight crop injury, and the symptoms were
disappeared at 28 DAT in 2017, but same symptoms were not observed in 2018.
The crop injury caused by chlorsulfuron was transient when it was applied lower
than at 5.625 g ai ha'; however, chlorsulfuron at 7.5 and 15 g ai ha' injured
persistently safflower plants. Pendimethalin provided moderate control on wild
mustard and redroot pigweed at 1350 g ai ha™' while s-metolachlor at 1372.5 g ai
ha' sufficiently controlled redroot pigweeds, but not wild mustard. Weed control
with chlorsulfuron at higher than 4.95 g ai ha™' was good compared to lower rates.

INTRODUCTION

Oilseed crops have provided the raw material for the oil biodiesel and to supply raw materials in some branches of the
industry with the oil in their seeds and feed industry with industry has increased the demand for vegetable oils in the
the oil cake, which is a by-product of the vegetable oil world (Blinyamin 2006). The oilseed production in Turkey
production process. In addition to these sectors, to produce has been commonly provided by olive, sunflower, cotton,
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rape, maize, and safflower, but the production of these crops
has been far away from the meet of national consumption.
Saftlower is a promising energy crop used as a raw material
to oil, feed and biodiesel sectors, and has a potential to
reduce the dependency of the oil and energy sources mainly
imported from abroad. The quality of safflower oil taste is
precious like olive oil and considered very healthy by the
experts (Ekin 2005). Furthermore, safflower flowers have
attractive colours; so, they have commonly been added to
food and beverage to enhance colour and flavour, and to
prepare natural dye for cloths and carpets with its pigment

namely carthamin since ancient times (Ekin 2005).

Safflower has successfully adapted to the Terrestrial
Anatolia, especially Ankara, Yozgat, Konya, Mus and Corum
provinces (TUIK 2019) because the plant has a strong root
system made it as drought resistance (Lovelli et al. 2007,
Amini et al. 2014). Ankara is the most important city in
terms of safflower seed yield and coverage area (TUIK 2019).
Safflower production has been encouraged by additional
subsidy to reduce fallow fields in these provinces, especially
Ankara (Kavakoglu ve Okur 2014, Serim et al. 2015). Other
important reasons to choose safflower are the agricultural
machinery used for safflower cultivation from tillage to
harvest is compatible consistent with the cereal crops,
heavily grown in this region, and the vegetable oil refinery
may refine safflower oil without any serious modification
(Babaroglu 2007).

Some early emergent and vigorously competitive weed
species like wild mustard (Sinapis arvensis L.) have adverse
effects on safflower at the early stages of its life because
the seedlings of safflower generally have a slow vegetative
growth (Anderson 1985, Blackshaw et al. 1990). The
suppressive effects of the weeds continue during growing
season of safflower, especially preventing crop seedlings to
reach sunlight by shading (Armah-Agyeman et al. 2002).
Yield components, such as the number of branches and
capitulum, and the weight of one thousand seed number
have directly declined as weed competition has risen. As a
combination of its components, the yield reduction caused
by weeds in safflower was reached to 73% depending on
weed species and areas in Canada (Blackshaw et al. 1989),
and the weeding by hand may provide nearly one-third

Table 1. Features of the herbicides used in the experiments

yield increase in Ankara Province (Uslu et al. 1998, Jalali
et al. 2012). This study was conducted to determine the
efficacy of the herbicides on the narrow and broad leaves
weeds in safflower, and the response of the plants in the field

conditions.
MATERIALS AND METHODS

Field experiments were carried out in Ikizce Agricultural
Research Farm in Golbagi, Ankara, Turkey during 2017-
2019. The soil in the experimental field was clay loam
with 0.7% organic matter and a pH of 7.77. The climatic
conditions of the experimental fields during the study were

presented in Figure 1.

Figure 1. Meteorological data of experimental fields in 2017,
2018 and 2019

The experiment was conducted according to the Standard
Herbicide Testing Procedures with minor modifications
(Anonymous 2016). The herbicides were applied with a
knapsack sprayer placed flat-fan nozzles (Teejet XR11002)
using an application volume of 19.6 1 ha! (Table 1). The pre-
emergence herbicides were applied to the allocated plots,
one day before safflower sowing and incorporated into the
soil while the post-emergence herbicides were sprayed to

the weed when they were at 2-4 true leaf stages.

The experimental design was a randomized complete block
design with four replicates. The area of the plots was 20 m?
and, the alleys between the parcels and blocks were 0.5 m
and 1 m, respectively. Weedy and weed-free control parcels
were also included in the experiment. The weeds in the
weed-free plots were weekly removed by hand weeding. The
weed species in the experimental fields and their density

were presented in Table 2.

Active Ingredient Formulation Application Time Rate (g ai ha!)
3.75,5.625,7.5 and 15.0 in 2018
0 -
Chlorsulfuron (%75) DF Post-emergence 3.75.4.95, 5.625 and 7.5 in 2019
Pendimethalin
R CS Pre-emergence 675.0, 1012.5, 1350 and 2700
(450g1")
S-metolachlor
(915 g1Y) EC Pre-emergence 686.25,915.0, 1372.5 and 2745.0
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Table 2. Density of weed species in the experimental area (Plant m?)

Weeds 2017 2018 2019
Fat hen (Chenopodium album L.) 0.38 0.28 0.66
Field bindweed (Convolvulus arvensis L.) 0.5 1.25 0.75
Wild buck weed (Fallopia convolvulus L.) 0.13 - 0.25
Wild mustard (Sinapis arvensis L.) 5.13 7.5 9.75
Redroot pigweed (Amaranthus retroflexus L.) 13.13 2.15 1.25
Bristly foxtail (Setaria verticillata (L.) P.B) 0.5 - -
Wild oat (Avena fatua L.) 2.8 1.5 1.66
Common fumitory (Fumaria officinalis L.) 0.25 - 0,25
Groundsel (Senecio vulgaris L.) 0.13 - -
False carrot (Turgenia latifolia (L.) Hoffm.) 0.63 - -
Couch grass (Elymus repens (L.) Gould) 0.38 - -
Shepherd-purse (Capsella bursa-pastoris (L.) Medik) - 2.5 0.85
Field milk thistle (Sonchus arvensis L.) - 0.88 0.75
Canada thistle (Cirsium arvense (L.) Scop.) - 1.25 0.5

Crop injury and weed efficacy were visually rated using a
scale of 0-100 (0 was equally no injury for safflower plants/
control for weed while 100 was completely death of crop
plant/ weed) at 14 and 28 Days After Emergence (DAE)
and at the harvest time (Anonymous, 2016). Efficacy of the
post-emergence herbicides on the weeds and phytotoxicity
depending on the herbicides were also visually evaluated
using the same scale at 14 and 28 Days After Treatment
(DAT) and at the harvest time. The evaluations were done
by using eight-quadrats (0.5 x 0.5 m) randomly selected
in the middle of the plots. The head of the safflower in the

quadrats was cut manually and dried in the laboratory

to determine crop yield. The safflower seeds were
mechanically cleaned from the straw and adjusted to 13%

moisture.

The data obtained from the experiments were subjected to
analysis of variance, and the means were compared using
Fisher’s Least Significant Difference (LSD) test at a P value
of 0.05 using SPSS statistical software (SPSS 2004). Before
the statistical analyses, visual weed control and crop injury
data were transformed using arcsine of the square root to
normalize the variances within treatments; however, to
make easily understand the original means are presented in
the relevant tables (Table 3, 4 and 5).

Table 3. The effect of pendimethalin and s-metolachlor on wild mustard and redroot pigweed (%)

o o Wild mustard Redroot pigweed
Herbicide Year Herbicide Rate

14 DAS 28 DAS Harvest 14 DAS 28 DAS Harvest

675.0 57.50 d* 41.25¢ 22.50 ¢ 86.25b 72.50 ¢ 30.00 ¢

2017 1012.5 68.33 ¢ 43.75 ¢ 32.50 b 91.25a 82.50 b 36.25 ¢

1350.0 74.00 b 56.25b 46.25a 88.75ab 90.00 a 51.25b

2700.0 81.25a 63.75a 45.00 a 93.75a 91.25a 58.75a

Pendimethalin

675.0 58.50 ¢ 61.25¢ 51.25¢ 75.50 ¢ 67.50 ¢ 51.25b

2018 1012.5 73.50 b 68.50 ¢ 48.75 ¢ 83.75b 77.50 b 57.50 ab

1350.0 81.25a 76.50 b 63.75b 92.50 a 78.75b 62.75a

2700.0 86.50 a 81.25a 72.50 a 96.25 a 83.75a 66.25 a

686.3 21.25b 26.25¢ 23.75¢ 57.50 ¢ 78.75 ¢ 83.75b

2017 915.0 25.00 b 35.00 b 31.67b 71.25b 87.50 b 86.25b

1372.5 32.50a 33.75b 37.50 b 82.50 a 96.25 a 97.50 a

2745.0 38.75a 41.25a 47.50 a 87.50 a 93.75a 95.00 a

S-metolachlor

686.3 33.50ab 31.25ab 22.50ab 50.25 ¢ 62.50 ¢ 63.75d

2018 915.0 36.25a 28.75b 26.25a 76.25b 73.75b 71.25 ¢

1372.5 42.50 a 35.00 a 28.75a 95.00 a 92.50 a 88.75b

2745.0 4475 a 38.75a 33.75a 93.75a 97.50 a 95.00 a

*Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD (P < 0.05).
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Table 4. The effect of various rates of chlorsulfuron on wild mustard, redroot pigweed, shepherd-purse, and field milk thistle (%)

Weed Rate 2018 Rate 2019
14 DAT 28 DAT Harvest 14 DAT 28 DAT Harvest
3.750 56.25 d* 82.50 ¢ 85.00 b 3.750 66.25 c* 65.00 b 61.25b
Wild mustard 5.625 78.50 ¢ 91.25b 96.50 a 4.950 83.75b 91.25a 92.50 a
7.500 86.25b 98.75a 100.0 a 5.625 91.25a 93.75a 92,50 a
15.000 91.25a 100.0 a 100.0 a 7.500 93.75a 91.25a 90.00 a
3.750 66.25 d 75.00 ¢ 82.50 ¢ 3.750 52.50 ¢ 65.00 ¢ 72.50 ¢
Redroot pigweed 5.625 75.00 ¢ 91.25ab 87.50 b 4.950 63.75b 88.75b 85.00ab
7.500 83.75b 95.00 a 91.25a 5.625 88.75a 97.50 a 88.75a
15.000 96.25 a 97.50 a 90.00 a 7.500 91.25a 98.75a 91.25a
3.750 61.25¢ 70.00 ¢ 81.25¢ 3.750 66.25 bc 65.00 b 63.75b
Shepherd-purse 5.625 66.50 ¢ 86,25 b 92.50 b 4.950 72.50 b 92.50 a 91.25ab
7.500 86.25b 98,75 a 100.0 a 5.625 82.50 a 95.00 a 93.75ab
15.000 92.50 a 100.0 a 100.0 a 7.500 88.75a 97.75a 98.75a
3.750 65.00 ¢ 83.75b 82.50 b 3.750 52.50 ¢ 66.50 bc 72.50 ¢
Field milk thistle 5.625 73.50 b 92.50 a 91.25ab 4.950 67.50 b 85.75b 88.75b
7.500 90.00 a 95.00 a 96.25a 5.625 81.25a 93.75a 93.75a
15.000 92.50 a 93.75a 98.75a 7.500 86.25a 92.50 a 97.50 a

Table 5. Effects of herbicides on safflower injury (%) and safflower grain yield (kg ha ') and 259 yield components (cm and g)

in 2017-2019

Crop Injury (%)
14 DAS/ DAT 28 DAS/ DAT

675.0 - -
1012.5 - -
1350.0 10 -
2700.0 10 -
2017 686.3 - -
915.0 - -
S-metolachlor 13725 i i
2745.0 - -
Control - - -
675.0 - -
. . 10125 - -
Pendimethalin 1350.0 i i
2700.0 - -
686.3 - -
2018 S-metolachlor 1931752'?5 : :
2745.0 - -
3.750 0 0
5.625 15 10

7.500 22.5 12.5

15.000 27.5 18.75
Control - - -
3.750 - -
4.950 10.0 -
2019 Chlorsulfuron 5625 125 i

7.500 17.5 12.5
Control - - -

Year  Herbicide Rate

Pendimethalin

Chlorsulfuron

Yield and Yield Components

Harvest Plant height (cm) 1000 SW (g)  Yield (da kg

- 86.7 d* 43.4% cd 1328 c*
- 924 ¢ 47.8 ab 1486 b
- 98.1a 52.6a 1687 a
- 101.3a 51.3a 1731 a
- 91.2 ¢ 46.4 bc 1145
- 94.7b 45.8 bc 1247 d
- 91.6¢c 47.9 ab 1196 e
- 99.8 a 50.5a 1278 d
- 76.2 e 41.3d 978 g
- 85.6 ¢* 41.6 cd* 1268 ef*
- 91.2a 43.2b 1326 de
- 90.4 a 448 a 1537 b
- 88.7b 439a 1614 a
- 86.9 be 4034 1226 fg
- 85.3¢c 42.8 bc 1298 e
- 88.4Db 445a 1476 ¢
- 91.1a 439b 1434 ¢
0 83.2d 43.2b 1225 fg
0 88.6b 445a 1393d

8.75 91.2a 442 a 1568 b

11.25 859 ¢ 41.3cd 1471 ¢
- 724¢e 40.3d 836 i
- 82.4 ab* 44.12 b* 1519 d*
- 84.7 a 43.65b 1564 ¢
- 83.5a 46.23 a 1625 a
- 819b 48.69 a 1597 ab
- 62.4 c 4192 ¢ 628 e

*Means followed by the same letter within a column are not significantly different

RESULTS AND DISCUSSION

S-metolachlor did not provide sufficient wild mustard
controlatallassessments for both years while pendimethalin
fairly controlled it. In previous studies, it is reported
that wild mustard was not controlled by pendimethalin

according to Fisher’s Protected LSD (P < 0.05).

(Moechnig et al. 2011). Efficacy of pendimethalin on
redroot pigweed decreased as increasing the time after
herbicide treated into the soil. Herbicide efficacy in the
first year generally was higher than the subsequent year,
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especially at the highest rates. Similar to pendimethalin,
s-metolachlor controlled redroot pigweed at the highest
rates, but weed control efficacy of s-metolachlor continued

throughout the season.

Jha et al. (2017) have determined that pendimethalin and
s-metolachlor at 1064 and 433 g ai ha' did not cause any
injury on the safflower while they moderately and poor
controlled Kochia and Russian-thistle, respectively. Weed
control efficacy of pendimethalin has declined throughout
but
remained stable. The findings of our study are similar to
Jha et al. (2017). Atanasova and Marcheva (2015) have
also indicated that pendimethalin provided the highest

the growing season, s-metolachlor’s relatively

herbicide effectiveness, but the efficacy of s-metolachlor
was limited because it has a strong effect on grass weed and
a limited on some broadleaves weeds. The efficacy of the
herbicides on the weeds has changed depending on time

and rates.

Chlorsulfuron resulted in more than 90% weed control
efficacy 28 DAT except for shepherd-purse, which has a
similar suppressive effect, even if it was applied at lower than
recommended rate, 7.500 g ai ha, in 2018. However, the
minimum acceptable weed control level of chlorsulfuron,
5.625 g ai ha’, caused severe crop injury. So the rates used
in the experiment in the second year were adjusted to the
results of the first year and a lower chlorsulfuron rate,
4.950 g ai ha!, was used instead of the highest rate, 15.000
gaiha'. A 4.950 g ai ha! chlorsulfuron rate provided good
weed control for wild mustard and shepherd-purse, but the
control of redroot pigweed and field milk thistle with this
rate was slightly lower than others. Blackshaw et al. (1990)
have similarly found that chlorsulfuron rates at higher than
4 g ai ha'! provide sufficient wild mustard control. They
have also indicated that control of redroot pigweed with
chlorsulfuron efficiently was possible when it was applied
at 11 g ai ha'. In contrast to these results, redroot pigweed
in Golbagi, Ankara was efficiently controlled at 5.625 g ai
ha' chlorsulfuron.The difference between the results of
Blackshaw et al. (1990) and our study may have originated
the environmental conditions and the size of weeds at the

spraying time.

Anderson (1985) has determined that chlorsulfuron at
0.018-0.035 kg ai ha' had no adverse effects on safflower
crop when applied post-emergence and controlled redroot
pigweed, puncturevine (Tribulus terrestris L.) and common
sunflower (Helianthus annuus L.), but not witchgrass
(Panicum capillare L.). In the experimental fields,
chlorsulfuron injury on the crop seedlings was higher
than the findings of Anderson (1985). This difference may
come out of the assessment time of herbicide application
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and application rates of chlorsulfuron because Anderson
(1985) evaluated crop injury 3 weeks after treatment and
applied higher chlorsulfuron rates. Crop injury evaluation
was made three times in the experiment, and the injury
was tolerated at the end of the growing season. Another
reason for the crop injury caused by chlorsulfuron may be
herbicide application time. Anderson (1987) has indicated
that safflower seedlings might tolerate adverse effects of
chlorsulfuron when applied to the crop at taller than 10
cm. Safflower was very sensitive to weed competition,
especially during its early stages in Golbasi, Ankara;
therefore, chlorsulfuron applications were done at the early
stages of the seedlings. The findings of safflower injury
caused by chlorsulfuron were in harmony with the results
of Anderson (1987). Chlorsulfuron at 15 g ai ha slightly
reduced safflower height and 1000 seed weight similar to
Anderson (1987).

In summary, the experiments in Goélbasi, Ankara has
shown that safflower was a sensitive oil crop to the weed
competition and most of the weeds may be controlled pre-
emergence and post-emergence herbicides. The results
indicated that pendimethalin and s-metolachlor has no
adverse effects on the crop even if they are applied double
of recommended rates. But, their control ability on wild
mustard,which is the most important weed species in
safflower in Ankara province, was limited especially by
s-metolachlor. Contrary to these herbicides, chlorsulfuron
has provided excellent weed control in both years. However,
some higher rates of chlorsulfuron caused moderately
crop injury 14 and 28 DAT. The results of our study may
contribute for broadleaf weed control in safflower with
various herbicide options, and allow to reduce fallow areas
to successfully cultivate safflower in Central Anatolian
Region, especially Ankara Province. However, further
studies are required to determine other herbicide options
with tank mixtures or combine pre-emergence and post-
emergence herbicides to control broadleaves and grass

weeds.
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OZET

Aspir, biyoyakit ve bitkisel yag ile hayvan yemi sektorleri
igin hammadde kaynagi olarak kullanilabilecek dikkat
¢ekici bir enerji bitkisidir. Bitki, bu kapasitesi sayesinde
Tirkiye'nin yiiksek seviyelere ulasan enerji ve petrole
bagimliligini azaltma potansiyeline sahiptir. Aspirdeki

yabanci otlar tiriinle su, 151k, alan ve besinler i¢in rekabet



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (3) : 83-89

ettikleri i¢in verim kaybina neden olabilirler. Bu nedenle,
aspirde yiiksek verim elde etmek i¢in yabanci ot kontrolil
uygulamalari etkili bir sekilde yapilmalidir. Bu ¢alismanin
amac1 pendimethalin, s-metolachlor ve chlorsulfuronun
yabanci otlar1 kontrol etme etkisini ve aspirin bu
herbisitlere olan tepkisini belirlemektir. Tarla denemeleri
2017-2019 yillar1 arasinda Golbagi, Ankara, Tiirkiyede
yirttiilmiistir. Pendimethalin tohum ekiminden once
675.0, 1012.5, 1350 ve 2700 g aktif madde ha' dozlarinda,
s-metolachlor ise 686.25, 915.0, 1372.5 ve 2745.0 g aktif
madde ha' dozlarinda uygulanmistir. Chlorsulfuron, 2-4
gergek yaprak déneminde olan yabanci otlara 3.75, 4.95,
5.625, 7.5 ve 15.0 g aktif madde ha' dozlarinda tatbik
edilmistir. Aspirin herbisitlere tepkileri ve bu herbisitlerin
yabanci otlar tizerindeki etkisi, uygulamadan 14 ve 28
glin sonra ve hasattan 6nce gozleme dayali degerlendirme
yontemine gore degerlendirilmistir. Pendimethalin 2017
yilinda hafif dizeyde fitotoksisiteye neden olmus ve
uygulamadan 28 giin sonra bu belirtiler kaybolmus; ancak
benzer fitotoksisite belirtileri 2018de gozlenmemistir.
Chlorsulfuronun neden oldugu fitotoksisite, 5.625 g aktif
madde ha’den daha diisik dozlarda uygulandiginda
gegici iken herbisit 7.5 ve 15 g aktif madde ha'de
uygulandiginda kalici olmugtur. Pendimethalin, 1350
g aktif madde hade uygulandiginda yabani hardal ve
kirmizi kokli tilki kuyrugunda orta derecede kontrol
saglarken, s-metolachlor 1372.5 g aktif madde ha'de
kirmizi koklii tilki kuyrugunu etkili sekilde kontrol etmis
ancak yabani hardali kontrol edememistir. Chlorsulfuron
ile yabanc1 ot kontroli herbisitin 4.95 g aktif madde ha-
Yden yiiksek dozlarinda diisiik dozlara kiyasla daha iyi

bulunmustur.

Anahtar kelimeler: Aspir, yabanci ot, herbisit, biyolojik
etkinlik
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The control of powdery mildew (Erysiphe necator Schw.) is carried out based
on phenology in Turkey. First spraying is done when the shoots become 25-30
cm in length before blooming according to the Agricultural Control Technical
Instructions. The aim of this project was to assay different spraying programs on

Keywords: epidemiology effects and determine the suitable time to start chemical control.

grapevine, Vitis vinifera, powdery Within the scope of the project, three different spraying programs were applied
mildew, Erysiphe necator, chemical
control

on Cabernet Sauvignon grape variety in the research area within the Tekirdag
Viticulture Research Institute in 2015. As a result of the applied programs; it is

found that the effects of the disease control in fungicide applications in leaf for
* Corresponding author: Duygu MERMER
DOGU
N duygumermer@gmail.com

Program A (according to Agricultural Control Technical Instructions) as 36.4%,
Program B (addition of an additional pesticide application between first two
applications in Agricultural Control Technical Instructions) 43.2%, Program C
(early chemical control when shoots are 10 cm) 59.3%; in cluster for Program
Ais 52.5%, for Program B 74.1% and for Program C 87.9%. It was suggested
that Program B was a suitable alternative to control powdery mildew disease in
Tekirdag province and Thrace Region, since it was an economical option.

GIRIS

Asma ve dzim yetistiriciligi eski medeniyetlerden iiretim bakimindan ilk sirada yer alirken onu sirasiyla talya,

giiniimiize ulagan bir kiiltiirdiir. Diinya iizerinde kuzey ABD, Fransa, Ispanya ve Tiirkiye izlemektedir. Ulkemiz 4
milyon ton #iziim #retimi ile diinya tiretiminin %6.3’Gni

karsilamaktadir (TUIK 2016).

yarim kiirede 20-52, gliney yarim kiirede ise 20-40 enlem
bilinmektedir (Winkler

et al. 1974). Ulkemizin hem cografi konumu, hem de

dereceleri arasinda yapildig:

Ulkemiz i¢in milli degeri olan yemek ve igeceklerin

ekolojik faktorlerin elverigliligi biitin bolgelerimizde asma tiretiminde kullanilan tarimsal tiriinlerin i¢ piyasada Tiirkiye

yetistiriciligine imkan saglamistir. Gida ve Tarim Orgiitiiniin
(FAO) verilerine gore diinyada 7.1 milyon hektar alanda,

77 milyon ton {iziim iretilmektedir (Anonim 2016). Cin
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i¢in ayr1 bir onemi vardir (Canpolat and Maden 2020).
Vitaceae familyasinda Vitis cinsi igerisinde yer alan asmanin
da, tilkemizde ¢ekirdeginden yapragina kadar bir¢ok sekilde
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(asma yapragi, pekmez, kuru tiziim, Gzéim suyu, pestil)
degerlendirilme imkani olup, yaprak sarmasi, pekmez ve
pestil iilkemiz i¢in milli degeri olan yiyeceklerdir. Ulkemiz
i¢in bu denli 6nemli olan asmada hastalik ve zararlilarin neden
oldugu sorunlar, saghkli Girtin eldesini zorlastirmaktadir.
Baglarda ortaya ¢ikan en énemli fungal hastaliklardan biri
Bag kiillemesi hastalig1 (Erysiphe necator Schw.) olup, hastalik
tilkemizde bir¢ok bolgede iiziim baglarinda 6nemli kayiplara
neden olmaktadir (Mermer Dogu and Zobar 2014).

Erysiphe necator obligat bir parazittir, kigt bitki tizerinde
kleistotesyum ve gozlerde miselyum halinde gegirir.
Strglinlerin uzamaya bagladig: ilk andan itibaren faaliyete
baglar ve tim yesil aksam tizerinde (yaprak, sap, siirgiin,
salkim) gelismeye devam eder (Built and Lafon 1978,
Pearson and Goheen 1988). Kiilleme hastalig1 asmalarda ilk
olarak gri renkli kiil serpilmis gibi tozlu bir goriiniime sebep
olur. Hastalik belirtileri gosteren kisimlar zaman igerisinde
siyahlagir. Yapraklarda kivrilmalara, tanelerde gatlamalara
ve tiim salkimin deforme olmasina yol agarak 6nemli 6l¢iide
triin kayiplarina neden olur (Pearson and Goheen 1988).
Tekirdag baglarinda da hastalik belirtileri yogun olarak
goriilmekte ve zararin Oniine gegmek amaciyla kimyasal
miicadele yontemine bagvurulmaktadir (Zobar and Dogu
2014). Ilaclamalar mevcut Zirai Miicadele Teknik Talimatina
gore gergeklestirilmektedir (Anonim 2009a). Ancak bu
programin bazi bolgelerde hastaligin kontroliinde yetersiz
kaldig1 goriilmiistiir. Bu nedenle hastaligin zirai miicadele
talimatinin revizyonuna gerek duyulmus ve {ilkemizin
7 farkli cografi bolgesinde, Bag kiillemesi hastaliginin

miicadelesine yonelik ¢aligmalar baglatilmistir.

Bu ¢aliymada Bag kiillemesi hastaligima karsi, mevcut
Zirai Miicadele Teknik Talimatrnda Onerilen ve farkli
uygulama zamani olan ilaglama programlar1 denenmistir.
Caligma sonucunda programlarin hastaligin miicadelesinde

kullanilabilirligi karsilagtirmali olarak degerlendirilmistir.

MATERYAL VE METOT
Materyal

Tekirdag Bagclik Arastirma Enstitiisi  Muadurlagi
(40.97°N, 27.51°E) biinyesinde yer alan Cabernet Sauvignon
saraplik Gziim ¢esidi ve bag kiillemesi hastaligi etmeni
(Erysiphe necator Schw.) ¢alismanin ana materyallerini

olusturmustur.

Cabernet Sauvignon saraplik tziim bagy telli terbiye
sistemli, 2.5x1.5 m araliklarla olugturmugtur. Denemelerde
aktif madde olarak 200 g/l Boscalid+100 g/l Kresoxim-
methyl igeren ticari fungisit (Collis SC: BASF), 30 ml/100
litre su dozunda uygulanmistir. Tlaglamalarda mekanik sirt

piilverizatorii kullanilmigtir.
Metot

Calisma, tesadif bloklar1 deneme desenine gore 2015
yilinda yapilmistir. Deneme deseni, 4 karakter (Program
A, Program B, Program C, Kontrol) ve 5 tekerriirlii olarak
kurulmugstur (Cizelge 1). Telli bag sisteminde parseller ayni
sira Uzerinde 6 omcadan olusmus ve sayimlar ortadaki 4
omcada yapilmistir. {laglamalar ilacin etki siiresi dikkate
alinarak tekrarlanmistir. Kontrol parsellerindeki asmalara

hi¢bir uygulama yapilmamustir.
Sayim ve degerlendirmeler

Degerlendirmeler, ayni parsel iizerinde yer alan 6 omcadan
ortadaki 4 omca lizerinde yiiriitilmistir. Bag kiillemesinin

degerlendirilmesi yaprak ve salkim tizerinde yapilmistir.

Yaprakta sayim ve degerlendirme igin; her bir omcanin
cevresindeki siirgiinlerden, dipten 3. yapraktan sonraki
yapraklardan, tesadiifen alinan 25er yaprakta, 4 omcadan
toplam 100 yapraktaki lekeler incelenmistir. Bag kiillemesi
hastaliginda yaprak i¢in degerlendirme skalas1 Cizelge 2'de
verilmistir (Anonim 2009b).

Cizelge 1. Bag kiillemesi hastaligina kars1 uygulanan ilaglama programlari, uygulama zamanlari ve fenolojik donemler

flaglama Programi

N B C flaglama Tarihleri Fenolojik Donem
X 06.05.2015 Stirglin uzunlugu 10 cm
X X 13.05.2015 Siirgiin uzunlugu 25-30 cm
X 18.05.2015 Strgtin uzunlugu 35-40 cm
X X 29.05.2015 Cigeklenme dncesi ¢igek tomurcuklar ayrildiginda
X X X 09.06.2015 Cigek tag yapraklar1 dokiildiigiinde
X X X 19.06.2015 Tane tutumu dénemi
X X X 29.06.2015 Koruk dénemi
X X X 10.07.2015 Iri koruk dénemi
X X X 21.07.2015 Ben diigme dénemi
X X X 31.07.2015 Olgunluk baslangici
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Cizelge 2. Bagkiillemesi hastaliginda yaprak degerlendirme
skalas1

Skala degeri Hastalik tanimi
0 Yaprakta hi¢ leke yok
1 Yaprakta 1-2 leke mevcut
2 Yaprakta 3-10 leke mevcut
3 Yaprakta 10 adetten fazla leke mevcut

Salkimda sayim ve degerlendirme; her parselde sayima tabi
omcalarin herbirinden 5er salkimda olmak izere, 4 omcadan
toplam 20 salkimda hasta ve saglam taneler sayilarak,

parseldeki hasta ve saglam tane adedi belirlenmistir.
Sayim zamani ve sayist

Sayimlar, son ilaglamadan sonra kontroldeki hastalik siddeti

%20 ve tizerinde oldugunda yapilmistir.
Verilerin degerlendirilmesi

Salkimlar i¢in sayim sonunda hasta ve saglam olarak
ayrilmig danelerin hastalik yiizdesi bulunmus ve Abbott
formiiliiyle  degerlendirilerek ilacin  yiizde etkileri
hesaplanmustir. Yaprak degerlendirmesinde ise skalaya gore
elde edilen degerlerden Townsend-Heuberger formiiliine
gore yiizde hastalik siddeti, hastalik siddetinden de Abbott
formiilii ile ilaglarin % etkisi bulunmustur. Sayim sonuglari
uygun istatistiksel yontemle (Duncan) degerlendirmeye tabi

tutulmustur (Anonim 2009b).
SONUCLAR VE TARTISMA

Caligma, Enstitiisti'nde

Cabernet

Tekirdag Bagciik Arastirma
2015

gerceklestirilmistir. Ilaglamalar tesadiif bloklar1 deneme

Sauvignon baginda yilinda
desenine gore, programlarda (A, B, C) belirtilen uygun

fenolojik donemlerde yapilarak, elde edilen veriler

degerlendirilmistir (Cizelge 1).

Program A ve B igin birinci ilaglama 13 Mayis'ta yapilmustir.
ikinci ilaglama B programinda 16, A programinda ise 26
glin sonra gergeklestirilmis ve diger ilaglamalar ilacin etki
stiresi goz oniine alinarak yapilmistir. Tiim uygulamalarda
hem yapraklarda hem de salkimlarda hastalik goriilmistir.
Kontrolde hastalik siddeti %61.7 olarak bulunmugtur.

flaglama uygulamalarinin yaprak enfeksiyonlar1 bakimindan
kontrole gore yiizde etkileri, Program C %59.3, Program B

Cizelge 3. Yaprakta hastalik siddeti (%), uygulamalarin
kontrole gore etkileri (%)

Program  Hastalik Siddeti (%) Yiizde Etki (%)
A 39.5ab 36.4
B 36.2 bc 43.2
C 25.0c 59.3
Kontrol 61.7a -

*Duncan ¢oklu kargilagtirma testine gore P=0.01e gore 6nemlidir. Ayni harfi
almig ortalamalar ayni istatistiki grupta yer almistir.
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%43.2 ve Program A %36.4 olarak belirlenmistir (Cizelge
3). Bu degerlere gore erken donemde yapilan uygulama
hastaligin gériilme oranini azaltmaktadir. Baglarda kiilleme
hastaliginin tomurcuk enfeksiyonu ve epidemi olusturma
riskini en aza indirmek i¢in yiritilen bir ¢aligmada,
miicadelenin  siirgiin  gelisiminin erken doéneminde
baslatilmasi gerektigi, tomurcuklarin E. necator ile kolonize
olmasinin engellenmesinin 6nemi belirtilmistir (Rumbolz

and Gubler 2005).

Hastalik belirtileri goriilen salkimlarda gergeklestirilen
sayimlarda, hastalikli tanelerin yiizdesi kontrolde %69.6
belirlenirken, en diisitk C programinda (%7.9) elde edilmistir
(Cizelge 4). Hasat edilecek iiziimiin kalitesi tzerine,
yapilacak ilk ilaglamanin tarihi ve ilk @i¢ ilaglama arasinda
gegen siirenin etkisi belirleyici olmustur. Magarey (2010),
hastalikla iyi bir miicadele i¢in, ilaglama uygulamasinin tipi,
zamani ve tekniginin 6nemli oldugunu vurgulamaktadir.
Yine farkli arastiricilar fungisitlerin koruyucu olarak
uygulandiginda, baglarda hastaligi kontrol etmekte daha
etkili oldugunu bildirmislerdir (Gubler et al. 1999, Magarey
2010, Peduto et al. 2013).

Cizelge 4. Hastalikli tane (%), uygulamalarin kontrole
gore etkileri (%)

Program  Hastalik Siddeti (%) Yiizde Etki (%)
A 32.3 ab 52.5
B 17.8 bc 74.1
C 7.9 [ 87.9
Kontrol 69.6 a -

*Duncan ¢oklu kargilastirma testine gére P=0.01e gore 6nemlidir. Ayn1 harfi
almig ortalamalar ayni istatistiki grupta yer almistir.

Caliyma materyali olan Cabernet Sauvignon cesidinin
kiillemeye karsi hassas bir ¢esit oldugu bu nedenle
ilaglama zamaninin etkili miicadele i¢in 6nemli oldugu
belirlenmigstir (Ellis 2008, 2009, Stummer et al. 2008). ik
enfeksiyonlarin erken dénemde kontrolii 6zellikle duyarli
cesitlerde onemlidir (Hartman and Beale 2008). Ozellikle
saraplik cesitlerde titre edilebilir asitlik, toplam fenolikler,
hidroksisinamatlar ve flavonoidler E. necator'un neden
oldugu kiilleme hastaligindan etkilendigi, ¢ok disiik
enfeksiyon seviyelerinin bile sarap duyusal ozelliklerine

etkili oldugunu gostermistir (Stummer et al. 2008).

Bu proje ile Bag killemesi hastaligi ile kimyasal
miicadelede farkli ilaglama programlar1 denenerek en etkin
programin belirlenmesi amaglanmigtir. Ulkemizde Bag
kiillemesi hastalig1 ekonomik 6nemi olan ve sik kimyasal
miicadele yapilan etmenlerden biridir. Yillar igerisinde iyi
programlanmis ve zamanlanmasi dogru ilaglamalar ile
baglardaki inokulum miktarinin diisecegi, ilaglama sayisinin

azalacag ve etkili kontrol saglanacag diigiiniilmektedir.
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Yapilan ¢alismada yaprak ve salkimlarda hastalik yiizdesi
en disik C programinda gorilmektedir. Ancak C
programimin uygulama sikhiginin fazla olmasi nedeniyle
triinde insan ve ¢evre saglig1 agisindan riskler yaratabilecegi
digtiniilmektedir. Buna ek olarak iireticiye ekonomik yiikil
en fazla olan program olmasi da dikkat ¢ekicidir. Mevcut
tavsiye olan A programina gore ek bir uygulama yapilan
B programimnin da hastalida karsi yakin derecede etkili
oldugu goriilmektedir. Eldeki veriler iretici, triin, insan
sagligr gibi tiim yonleriyle degerlendirildiginde B programi
Bag kiillemesi hastalig1 ile miicadelede kullanilmak tizere
tavsiye edilerek, Tarimsal Arastirmalar ve Politikalar Genel
Miudirliigi'ne sunulmustur. Bu programa gore ilaglamalar
stirglinler 25-30 cm oldugunda baglamalidir. Devaminda
gigek tomurcuklarnin ayrildii ve tag yapraklarinin
dokiildiigiinde 2. ve 3. uygulamalar yapilmalidir. Kullanilan
etkili maddeler goz oOniine alinarak dreticiler tarafindan

ilaglamalara devam edilmesi 6nerilmektedir.
TESEKKUR

Bu TAGEM-BS-21278028-930/3678
proje kapsaminda destekleyen Tarimsal Aragtirmalar

calismay1 nolu
ve Politikalar Genel Miidiirliigii'ne ve Tekirdag Bagcilik
Arastirma  Enstitistt Mudurligiine saglanan ¢aligma

imkanlar i¢in tesekkiir ederiz.
OZET

Ulkemizde Bag kiillemesi ile miicadele fenolojiye dayal
olarak yiriitiilmektedir. Zirai Miicadele Teknik Talimatina
gore ilk ilaglama ¢igeklenmeden once, siirgiinlerin 25-
30 cmye ulastigt donemde gerceklestirilmektedir. Bu
projenin amaci kimyasal miicadeleye baslamada uygun
zamanin tespiti ve farkli ilaglama programlarinin hastalik
olusumuna etkisinin arastirilmasidir. Proje kapsaminda
2015 yili igerisinde Tekirdag Bagcilik Arastirma Enstitiisii
Mudirligi biinyesinde yer alan arastirma parselinde,
Cabernet Sauvignon {iziim ¢esidi tizerinde 3 farkl
ilaglama programi uygulanmigtir. Uygulanan programlarin
sonucunda, ilaglamalarin yaprakta Program A (Zirai
Miicadele Teknik Talimatina gére) %36.4, Program B (Zirai
Miicadele Teknik Talimatinda ilk iki ilaglama arasina bir
ilaglamanin eklenmesi) %43.2 ve Program C (siirgiinler
10 cm oldugu donemde erken baglanan uygulama) %59.3;
salkimda Program A %52.5, Program B %74.1 ve Program
C %87.9 oraninda hastaligin miicadelesinde etkili oldugu
belirlenmistir. Trakya Bolgesi, Tekirdag ilinde Bag kiillemesi
hastaligin1 kontrol etmede B programi ekonomik olmasi
nedeniyle 6nerilmektedir.

Anahtar kelimeler: asma, Vitis vinifera, Bag kiillemesi

hastaligi, Erysiphe necator, kimyasal miicadele
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