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Uygulama K Ca
(Application) Kok (Root) Yaprak (Leaf) Kok (Root) Yaprak (Leaf)
(X+S3) (X£5S5) (X+S3) (X+S5)
Kontrol (Control) 1.760+0.22 A-D 5.291+0.45 A-C 1.410+0.27 BC 1.991+0.5
V1 (%3) 1.912+0.23 A-C 4.368+0.46b BC 1.378+0.26 b C 1.115+0.49
V2 (%6) 2.696+0.23 A 6.644+0.46 a A 2.898+0.26 a A 1.136+0.09
V3 (%3) 2.419+0.23 A 4.611+0.46 b BC 1.834+0.26 b BC 1.569+0.84
LSD OD 3.137 1.813 OD
G1 (%3) 1.336+0.18 CD 4.112+0.48C 1.622+0.27 BC 1.015+0.26
G2 (%6) 1.476+0.18 B-D 4.952+0.48BC 1.412+0.27 BC 1.8394+0.42
G3 (%9) 1.027+0.18D 4.648+0.48 BC 2.374+0.27 AB 1.263+0.43
LSD OD OD OD OD
L1 (%3) 1.451+0.18 B-D 5.850+0.39 a AB 1.745+0.31 BC 1.3085+0.56
L2 (%6) 1.640+0.18B-D 4.371+0.39 b BC 2.883+0.31 A 1.2667+0.49
L3 (%9) 1.958+0.18 AB 4.303+0.39b C 2.653+0.31AB 1.113+0.27
LSD OD 2.656 OD OD
T.U.I LSD 1.456 2.901 1.695 OD

Aymi siitunda farklh harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Aym siitundaki kiigiik harfler giibrelerin tig
farkli dozu arasindaki bliytik harfler ise tim gibre dozlar1 arasindaki farkliliklar: géstermektedir. OD: ortalamalar arasindaki

fark 6nemli degil. T.U.IL: tiim uygulamalar i¢in LSD: En kiiciik anlaml fark testi (least significant difference test).
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ABSTRACT

In this study, it was aimed to examine some morphological features
and determine the proximity between genotypes in 105 confectionary
pumpkins lines (Cucurbita pepo L.), which were determined as
promising at S4 level. In the study, some observations and
measurements of plants including fruit and seed characteristics were
taken. The appearance of plant genotypes are; 81.9% erect, 15.2%
clutching, 0.9% semi-clutching; while the degree of branching of the
genotypes was found to be 32.3% weak, 47.7% moderate, 22.8% high,
and it was determined as 84.7% branched and 15.3% bush type. The
body color of the genotypes has been found to be 49.5% green, 37.14%
light green, 13.3% dark green. Leaf color was found as 64.7% green,
30.4% dark green, 4.7% light green, and leaf lobbing were determined
as 1.9% low, 48.5% medium, 2.8% high, 4.7% excessive and 41.9% were
defined as absent. The fruit spot density was determined as; 73.3%
was low, 24.7% dense, 1.9% more spotted and 19.0% of the mature
fruits was cream, 4.7% yellow, 0.9% green, 1.9% green-yellow, 4.7%
dark-yellow, 28.6% light-yellow and 41.9% orange. The size of the
mature fruits was 21.9% short, 38.0% medium and 40% long, while
the diameter was determined as 62.8% long, 35.23% medium, and
3.8% narrow. The fruit size of genotypes respectively was; 14.2% of
large, 36.1% medium, 50.4% small, and 0.9% small-medium. In order
to determine the genetic diversity between genotypes, principal
component analysis (PCA) and cluster analysis were performed and it
was seen that genotypes were divided into 6 groups.
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Baz1 Cerezlik Kabak Genotiplerinde Morfolojik Degigkenligin Ortaya Konmasi

OZET

Bu calisma, S4 kademesinde umitvar olarak belirlenmis 105 adet
cerezlik kabak hattinda (Cucurbita pepo L1.), bazi morfolojik
ozelliklerin incelenmesi ve genotipler aras1 yakinliklarin belirlenmesi
amaciyla yapilmigtir. Calismada bitki, meyve ve tohum o6zelliklerine
ait baz1 gézlem ve olgimler yapilmistir. Genotiplerin bitki gérintimu
%81.9 dik, %15.2 sarilic1 ve %0.9 yar1 sarilicai bulunurken kol atma
derecesi %32.3Unde zayif, %47.7sinde orta %22.8'inde fazla
bulunmus, genotiplerin %84.74 kollu %15.2’i kolsuz olarak
saptanmigtir. Genotiplerin %49.5’1 yesil, %37.14’ 4 acik yesil, %13,3 0
ise koyu yesil govdeli olarak bulunmustur. Genotiplerde yaprak rengi,
%64.7’sinde yesil, %30.4inde koyu yesil, %4.7sinde acgik yesil;
dilimlilik %1.9unda az, %48.5'inde orta, %2.8’inde fazla, %4.7’sinde
¢ok fazla, %41.9unda yok, olarak tanimlanmistir. Meyve benek
renginde, % 31.4’0 yesil, %7.6’s1 turuncu, %0.9u sari, %601 krem;
benek yogunlugunda; %73,3 1 az, %24.7’si yogun, %1.9'u fazla; meyve
renginde, %19.0'u krem, %4.7’si sar1, %0.9'u yesil, %1.9u yesil-sari,
%4.7s1 koyu-sari, %28.6’s1 acik sari, %41.9u turuncu olarak
bulunmustur. Tohumluk meyve boyu; %21.9unda kisa, %38.0'inde
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orta, %40 1nda uzun; meyve c¢ap1 %62.8'inde uzun, %35.23inde orta,
%3.8’inde dar olarak belirlenmistir. Genotiplerin %14.2’s1 iri, %36.1’1
orta, %50.40 kigik ve %0.9 kicik-orta meyve iriligine sahip
olmustur. Genotipler arasindaki genetik cesitliligin belirlenmesi
amaciyla, temel bilesenler analizi (PCA) ile cluster analizi yapilmig ve

genotiplerin 6 gruba ayrildigi gérilmiistur.

To Cite : Kayak N, Tturkmen ¢ 2021. The Revealing of Morphological Variability and Characterization of Some Confectionery
Pumpkin. KSU J. Agric Nat 24 (6): 1127-1138. DOI: 10.18016/ksutarimdoga.vi.865192.

INTRODUCTION

The Cucurbitaceae family have contained, herbaceous
and annual plant species such as Cucurbita pepo,
Cucurbita maxima and Cucurbita moschata that have
great economic importance in the world and Turkey
(Robinson and Decker-Walters, 1997). These species
are used in human nutrition as well as in different
industries. The pumpkin seeds have been consumed as
confectionary in Turkey for many years, and their
consumption has increased daily. Thus, a significant
increase have seen in its production because of its
nutritional value and benefit to human health in
recent years (Ermis, 2010). Pumpkin seeds contain
high amounts of fat (40-50%) and protein (30-40%). It
is also rich in carbohydrates (20-25% ) and vitamin E
values (Abak et al., 1997; Tiirkmen et al., 2015). There
are no registration in Turkey for confectionary
pumpkin cultivars. For this reason, confectionery
pumpkins cultivation is made using by local
populations. Since local cultivars have been grown in
the same region for many years, they were easily
adapted to climate-changing and to other conditions.
Productivity and quality are the main factors in
cultivation and it is necessary to have a good practice
of growing techniques and to have genetically ideal
varieties. This is only possible with hybrid cultivars
that are of a premium nature. Hybrid cultivars are
combine the superior features and increase
productivity. In the case of breeding of hybrid
cultivars, it is first necessary to determine the
characteristics of the genetic diversity of the core
collection. Therefore, it is important to collect, preserve
and include these varieties to the plant breeding
programs without genetic loss. Conventional
morphological markers are used in determining the
genetic relationships among the plants. In vegetable
breeding, it is always important to determine the
variation of morphological characteristics among
genetic resources. In Turkey, there are some studies
conducted on the breeding of confectionary pumpkin by
different researchers. Tiirkmen et al. (2016) examined
the plant, leaf, flower, fruit and seed properties of 81
confectionary pumpkin lines at S5 level according to
UPOV parameters. It has been reported that some
promising genotypes can contribute economy by being
used in hybrid seed production in Turkey. In a study
that conducted in Portugal, 20 morphological
characteristics identified for Cucurbita spp. were used
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to evaluate the diversity of 54 C. pepo, 32 C. maxima
and 21 C. moschata genotypes. The highest mean
values were observed in C. pepo for fruit length, shell
thickness and seed weight, C. maxima for fruit width
and 1000 seed weight, and C. moschata genotypes for
fruit weight and thickness (Martins et al., 2015).
Multi-variable analysis are used to evaluate data
obtained from qualified gen pools created within the
reclamation programs (Alkan, 2011). In order to detect
the variability of certain characteristics, morphological
features must be thoroughly inspected. For this
reason, “Multi-variable Statistical Analysis” have been
developed (Cakir, 1994). Cluster Analysis is one of the
many variable statistical methods that have
particularly been popular in recent years. These
features are used to determine the superior genotypes
by utilizing the criteria prepared by UPOV. Usage of
the data obtained after the characterization studies,
the similarities and groupings among of genotypes can
be easily displayed by using cluster analysis and
principle component analysis (Karaagac and Balkaya,
2010). Soltani et al. (2016) compared 11 C. pepo, C.
moschata and C. maxima genotypes, 3 of which were
open-pollinated, and it was observed that genotypes
were divided into 6 basic groups in terms of fruit and
seed characteristics in the cluster analysis.

The main goal of this study was to determine some
morphological  characteristics  differences and
similarities among the local and nonlocal confectionary
pumpkin genotypes of Turkey and to find solutions to
the seed problem for confectionary pumpkin producers
for future breeding efforts.

MATERIAL and METHODS

In the study, 105 prominent confectionary pumpkin
genotypes (Cucurbita pepo L.) were used as plant
material, which was previously selfed at S4 level. Seed
sowing was realized in plastic seedling trays filled with
peat moss (one seed per cell) and 10 seeds were sown
from each genotype. Within a week following the
sowing, the plants emerged, when the seedlings were
ready for planting five of each genotype were planted
under greenhouse conditions and irrigated by drip
irrigation method. Morphological observation criteria
were prepared by using the modified UPOV variety
feature document (UPOV, 2002). In this study, the
plant appearance, branching, and its degree, stem and
leaf color, lobbing on the leaf, presence and color of the
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ring at the base of the petal and spot color and density
in ripe fruits, fruit color, fruit height, fruit diameter,
the height-diameter ratio in mature fruit (index), size,
1000 grain weight, seed color, and cracking ease of seed
were determined (UPOV, 2002).

The pumpkin genotypes can be easily demonstrated by
using the morphological data determined by the
existing similarities-differences and groupings among
genotypes by using cluster analysis and principal
component analysis.

All data were evaluated with the WARD program, it
was included in the JMP computer program for cluster
analysis and promising genotypes were determined by

factor analysis with Principle Component Analysis
(PCA) (Ward, 1963).

RESULTS and DISCUSSION

The plant appearance of the genotypes was found to be
81.9% erect, 15.2% clutching, 0.9% semi-clutching. The
branching degree of the genotypes was found to be
47.7% moderate, 32.3% weak, 22.8% high and it was
determined as 84.7% branched and 15.3% bush type.
The body color of the genotypes was found as 49.5%
green, 37.14% light green, 13.3% dark green(Table 1).
Seymen (2010) had determined that, 59 (47.5%) of the
confectionary pumpkin genotypes as erect, 49 (39.5%)
genotype as semi-clutching and 16 (12.5) genotype as
clutching. While 58 (46.7%) genotypes did not show
branching, 66 (53.2) genotypes were observed, and 40
(32.2%) of these genotypes were semi-branching. When
the stem color was examined, 23 (18.5%) of the
genotypes were determined as light green, 28 (22.5%)
dark green, and 73 (58.8%) green. Besides, Tirkmen et
al. (2016) determined the plant appearance of C. pepo
genotypes as 37% erect, 31% semi-erect and 32%
clutching, and branching status was 93% present and
7% absent. Leaf color was found as 64.7% green, 30.4%
dark green, 4.7% light green, and leaf lobbing were
determined as 1.9% low, 48.5% medium, 2.8% excess,
4.7% too much and 41.9% absent. The presence of the
ring at the base of the crown was 81.9% absent, 18.0%
present and the color of the ring at the crown base was
81.9% absent, 2.6% green-yellow and 13.3% green
(Table 1). The fruit spot color was found to be green in
31.4%, orange in 7.6%, yellow in 0.9% and cream in
60% of the genotypes. It was determined that 73.3% of
the genotypes was low, 24.7% dense, and 1.9% more
spotted. In terms of fruit colors, the 19.0% of mature
fruits was cream, 4.7% yellow, 0.9% green, 1.9% green-
yellow, 4.7% dark-yellow, 28.6% light-yellow and
41.9% orange. The size of the mature fruits was 21.9%
short, 38.0% medium and 40% long, while the diameter
was 62.8% long, 35.23% medium and 3.8% narrow. The
length to diameter ratio was determined as 58.0%
round, 22.8% elliptical and 20% tall, while the size of
the mature fruit was 14.2% large, 36.1% medium and
50.4% small (Table 2). In the study by Seymen (2010),
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leaf color was determined as light green in 26
genotypes, dark green in 34 genotypes and green in 64
genotypes. Leaf lobbing was low in 54 genotypes, very
low in 36 genotypes, medium in 16 genotypes and more
in 18 genotypes. When the presence of a ring at the
base of the crown was examined, while there was no
ring at the base of the crown in 28 genotypes, rings
were observed in 96 genotypes, while the ring color was
yellow in 30 genotypes, 35 genotypes were green and
31 genotypes had a green-yellow ring color. It has been
observed that our findings and Seymen's results are
similar to the leaf color. But the leaf lobbing, the
presence of the ring at the base of the crown, and the
color of the ring at the base of the crown have different
values compared to our study. It is thought that some
incompatibilities may be related to the material used,
the region and ecological differences and even the
cultivation conditions. Tiirkmen et al. (2016) found
that there is no leaf lobe in 3 genotypes, less in 37,
medium in 32 and excess in 9. In our study, the seed
color was found as 32.3% cream, 2.8% cream-dark
cream, 48.5% light cream, 1.9% light cream-dark
cream, 5.7% light cream-cream. Cracking ease of
genotypes was found to be 60% difficult, 2.9% easy,
10.47% easy-difficult. They were taken seeds from one
fruit between 73.5 and 418.8 g and 1000 grain weight
was varied between 12.57+0.40 and 131.02+15.5¢g
(Table 3). Principal component analysis (PCA)
provided a simplified classification of confectionary
pumpkin genotypes for genetic diversity and breeding
studies. PCA is based on the visualization of type
projections on an axis or a series of axes that can best
represent the relationship among types in a
multidimensional field (Karaagac, 2006). The PCA plot
shows geometric distances reflecting similarities
among genotypes in the table in terms of the measured
variables.

According to these analysis, it was seen that genotypes
were divided into 6 groups (Figurel). Group A
contained two genotypes with PCA 1 negative and PCA
2 positive. Group B contained two genotypes with PCA
1 negative and PCA 2 positive. Group C included 12
genotypes with low PCA 1 and medium PCA 2 values.
Group D contained two genotypes with PCA 1 negative
and PCA 2 positive. Group F contained 17 genotypes
with positive PCA1 and PCA2 values. Group E
contained 66 genotypes with PCA 1 positive and
negative and PCA 2 positive. Small genetic distance
has been detected between genotypes 21 and 69. It has
been observed that high diversity in terms of
morphological characterization occurs in confectionary
pumpkin genotypes. Martins et al. (2015) used 20
morphological features for the diversity of 54 C. pepo,
32 C. maxima and 21 C. moschata populations
collected from the northern and center of Portugal. As
a result of statistical analysis, they revealed the
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difference at P<0.005 level for all characteristics except
fruit thickness.

They revealed that these three species were separated
in PCA and the total variation was 52.5%. Mladenovic
et al. (2014), in their study to determine morphological
characterization for 20 genotypes, showed that these
genotypes were divided into 5 groups on the PCA axis
as a result of principal component analysis. In a
morphological characterization study conducted in 76
genotypes of C. pepo and C. maxima species; C. pepo
included 10 genotypes classified as Cluster 1, while C.

maxima included 66 genotypes classified as Cluster 2.
As a result of the PCA analysis, it was observed that
76 genotypes were divided into two groups and 66 C.
maxima genotypes were separated from 10 C. pepo
genotypes (Chao et al., 2013). The diversity of 64 C.
pepo entries aimed at providing genetic improvement
and application in Cucurbita breeding programs was
analyzed using morphological markers. In principal
component analysis (PCA), the 64 entries were clearly
divided into two groups: a group of stemless seeds and
a group of seeds covered with a shell (Yunli et al.,
2020).

Table 1. Plant Appearance (A), Branching (B), Degree of The Branching (C), The Body Color (D), Leaf Color (E), Leaf
Lobbing (F), The Presence of The Ring (G), The Collor of Thering (H)
Cizelge 1. Bitki Gortiniimii (A), Kol Atma (B), Kol Atma Derecesi (C), Gévde Rengi (D), Yaprak Rengi (E), Yaprak
Loplulugu (F), Halkanin Varligi (G), Tag¢ dibinde halkanin rengi (H)

Genotype A C D

Name E F G H
4 Erect Present Weak Green Green Medium Absent
5 Erect Present Medium  Light- Green Light- Medium Present Green-
Green Yellow
. . Green-
11 Erect Present Weak Light- Green Yesi Absent Present
Yellow
17 Clutching Absent Dark- Green Green Absent Absent
20 Erect Present Medium  Green Green Medium Absent
21 Erect Present High Light- Green Green Absent Absent
22 Semi-Clutching Absent Weak Green Green Absent Absent
23 Erect Present Medium  Light- Green Green Absent Absent
26 Erect Present High Light- Green gii{l-l Absent Present Green
27 Erect Present Medium  Green Green Absent Present Green
28 Erect Present Medium  Light- Green Dark- Absent Absent
Green
33 Erect Present High Green Green Absent Absent
37 Erect Present High Green Green Absent Absent
38 Erect Present Weak Green Green Absent Absent
41 Erect Present Medium  Green Dark- Absent Absent
Green
. Dark-
42 Erect Present Medium  Green Absent Absent
Green
43 Erect Present High Green Green Medium Absent
46 Erect Present Medium  Green Dark- Absent Present Green
Green
47 Erect Present High Light- Green Green Absent Absent
49 Erect Present Medium  Light- Green 2?551 Absent Present Green
50 Erect Present High Green Green Absent Absent
56 Erect Present Medium  Light- Green ]G)jiz Absent Absent
. Dark- .
58 Erect Present Medium  Green Medium Absent
Green
60 Erect Present Weak Dark- Green Green Absent Absent
64 Erect Present Medium  Green ]G)r::}{r-l Medium Present Green
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65 Erect Present Medium  Dark- Green Green Absent Absent
66 Erect Present High Green Dark- Medium Absent
Green
74 Erect Present High Light- Green Green Absent Absent
77 Erect Present Weak Green Green Absent Absent
78 Erect Present Medium  Light- Green Green Absent Present Green
83 Erect Present Weak Light- Green Green Absent Present Green
85 Erect Present Weak Green Green Absent Absent
86 Erect Present Medium  Green gii; Absent-Medium Absent
. Dark- .
87 Erect Present Weak Light- Green Green Medium Absent
. Dark-
88 Erect Present Medium  Green Absent Absent
Green
. Dark-
89 Erect Present Medium  Green Absent Absent
Green
90 Erect Present Medium  Green Green Absent Absent
91 Erect Present Medium  Green Dark- Medium Absent
Green
. Dark- .
92 Erect Present Weak Light- Green Medium Absent
Green
93 Erect Present Medium  Light- Green Green Absent Absent
94 Erect Present Medium  Dark- Green Dark- Medium Absent
Green
96 Erect Present High Light- Green Green Absent Absent
97 Erect Present High Light- Green Green Absent Absent
98 Erect Present High Light- Green Dark- Absent Absent
Green
99 Erect Present High Green Green Medium Absent
100 Erect Present Medium  Light- Green Light- Medium Present Green-
Green Yellow
102 Erect Present Medium  Light- Green Green Absent Absent
103 Erect Present Weak Green Dark- Medium Absent
Green
. Dark-
105 Erect Present Medium  Dark- Green Absent Absent
Green
109 Erect Present Medium Dark- Green Green Absent Absent
110 Erect Present Medium  Green Dark- Absent Absent
Green
111 Erect Present Weak Dark- Green Green High Absent
112 Erect Present High Light- Green Green Medium Absent
116 Erect Present High Green Green Medium Absent
118 Erect Present Medium  Light- Green Green Medium Absent
120 Erect Present Medium Dark- Green Green Absent Absent
124 Erect Present Weak Green Green Absent Absent
125 Erect Present Weak Light- Green 23551 Absent Absent
127 Erect Present Medium  Light- Green Light- Medium Present Green-
Green Yellow
128 Erect Present Weak Light- Green Green Medium Present Green
129 Erect Present Medium  Green gark- High Absent
reen
130 Semi-C Present Light- Green Green Medium Absent
131 Erect Present Weak Green Light- Medium Absent
Green
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132 Erect Present Weak Light- Green Green Medium Absent
133 Erect Present Weak Green Green High Absent
134 Erect Present High Light- Green Green Medium Absent
137 Erect Present Medium  Light- Green Green Medium Absent
138 Erect Present Medium  Light- Green Green Medium Absent
144 Clutching Absent - Green Green High Absent
145 Erect Present High Green Green High Absent
146 Erect Present High Dark- Green Green Absent Absent
147 Erect Present Medium  Light- Green Green Medium Absent
149 Clutching Absent Medium  Dark- Green Iélrge}:; Medium Absent
150 Erect Present Medium  Light- Green Green High Absent
152 Clutching Absent - Light- Green Green Medium Absent
153 Erect Present Medium  Green Green Low Absent
154 Erect Present Medium  Green Green Low Absent
155 Erect Present High Green Green Absent Absent
156 Erect Present Medium  Green Green Absent Absent
157 Erect Present High Green Green Absent Absent
158 Clutching Absent - Light- Green Green Absent Absent
159 Clutching Absent - Green g?;l; Medium Present Green
161 Erect Present Medium  Green Green Absent Absent
162 Erect Present Medium  Light- Green Green Medium Absent
164 Erect Present Medium  Green Green Absent Absent
166 Erect Present Medium  Green Green Absent Absent
169 Clutching Absent - Green Green Absent Present Green
170 Clutching Absent - Green g?(i{r-l Medium Present Green
174 Erect Present High Green Green Medium Absent
175 Erect Present High Green g?(i{r-l Medium Absent
176 Erect Present High Dark- Green Dark- Absent Absent
Green
177 Erect Present Weak Light- Green Green Medium Absent
178 Clutching Absent - Light- Green Green Medium Present gélelirx;
179 Clutching Absent - Green Green Medium Absent
180 Clutching Absent - Green Green Absent Present Green
183 Erect Present Medium  Light- Green gx}; Medium Absent
184 Erect Present High Green Green Absent Absent
187 Erect Present Weak Green Green Medium Absent
188 Clutching Absent - Light- Green Green Absent Present Green
189 Clutching Absent - Dark- Green gi;l; Absent Present Green
190 Clutching Absent - Dark- Green Dark- Absent Absent
Green
191 Clutching Absent - Dark- Green Dark- Absent Absent
Green
192 Erect Present Medium  Green Green Absent Absent
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196 Erect Present Medium  Green Green Medium Absent
198 Clutching Absent - Green Dark- Medium Absent
Green

Table 2. Fruit Spot Color (A),Spotted dence (B), Mature Fruits Color (C), Mature Fruits Length (D), MatureFruits
Diameter (E), The Length to Diameter Ratio (F), Size of The Mature Fruit (G)
Cizelge 2. Meyve Benek Rengi (A), benek yogunlugu (B), olgun meyvelerde renk (C), tohumluk meyvenin boyu (D),
tohumluk meyvenin ¢api (E), tohumluk meyvenin boy ¢ap orani (F), tohumluk meyvenin iriligi (G)

Genotype

Name A B C D E F G

4 Cream Low Cream Long Long Round Medium
5 Cream Low Cream Long Long Round Medium
11 Green Dense Orange Short Long Elliptical Medium
17 Cream Low Orange Short Long Round Medium
20 Orange Low Orange Long Medium Long Medium
21 Green Low Orange Short Long Round Medium
22 Green Dense Orange Long Medium Long Smal

23 Cream Low Light-Yellow Long Long Long Medium
26 Cream Low Cream Long Narrow Long Medium
27 Cream Low Light- Yellow Short Medium Elliptical Large
28 Cream Low Light-Yellow Long Long Long Smal

33 Cream Low Light- Yellow Long Long Elliptical Smal

37 Cream Low Light- Yellow Long Long Elliptical Smal

38 Green Low Green-Yellow Long Long Long Smal

41 Cream Low Dark-Yellow Medium  Long Elliptical Medium
42 Cream Low Light- Yellow Long Medium Long Smal

43 Cream Dense Light- Yellow Long Long Round Smal

46 Cream Low Cream Long Long Round Smal

47 Cream Low Orange Medium  Medium Round Medium
49 Cream Low Cream Medium  Long Round Smal

50 Green High Orange Short Long Round Medium
56 Cream Low Light- Yellow Medium  Medium Elliptical Medium
58 Cream Low Orange Long Long Elliptical Smal

60 Green Dense Green-Yellow Medium  Long Round Smal

64 Cream Low Light- Yellow Short Long Round Large
65 Green Dense Orange Short Long Round Large
66 Orange Dense Light- Yellow Short Long Round Smal

74 Green Low Orange Medium  Long Round Smal

77 Cream Low Cream Long Medium Elliptical Smal

78 Cream Low Light- Yellow Medium  Medium Round Medium
83 Cream Low Cream Long Long Elliptical Smal

85 Cream Dense Cream Medium  Long Elliptical Smal

86 Cream Low Orange Short Long Round Medium
87 Cream Low Light- Yellow Medium  Medium Elliptical Smal

88 Cream Low Light- Yellow Short Dar Long Large
89 Cream Low Orange Medium  Medium Round Smal

90 Green Dense Orange Long Medium Long Smal

91 Cream Low Cream Long Long Long Smal

92 Cream Dense Light- Yellow Long Long Round Smal

93 Green Dense Orange Long Medium Long Medium
94 Cream Low Orange Long Long Elliptical Medium
96 Cream Dense Light- Yellow Long Medium Long Large
97 Cream Low Yellow Long Medium Long Medium
98 Green Dense Orange Short Dar Elliptical Large
99 Cream Low Light- Yellow Long Medium Elliptical Smal
100 Cream Low Light- Yellow Long Long Round Smal
102 Cream Low Cream Short Long Round Medium
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103 Cream Low Orange Long Long Elliptical Smal
105 Cream Low Orange Long Long Elliptical Smal
109 Cream Low Light- Yellow Medium  Long Round Medium
110 Cream Low Yellow Medium  Long Round Smal
111 Green Dense Orange Medium  Long Round Smal
112 Cream Low Light- Yellow Short Long Round Large
116 Green Dense Orange Short Long Round Medium
118 Cream Low Light- Yellow Long Medium Long Medium
120 Green Dense Orange Short Long Round Medium
124 Cream Low Light- Yellow Short Long Round Large
125 Cream Low Light- Yellow Medium  Medium Round Medium
127 Cream Low Cream Long Long Round Medium
128 Cream Low Light- Yellow Medium  Medium Round Smal
129 Cream Low Cream Short Long Round Medium
130 Green Low Orange Long Medium Long Smal
131 Cream Low Light- Yellow Short Long Round Smal
132 Yellow Low Orange Short Medium Round Medium
133 Cream Low Cream Medium  Medium Round Large
134 Green Dense Dark-Yellow Medium  Long Round Smal
137 Orange Low Orange Long Medium Elliptical Smal
138 Cream Low Light- Yellow Long Long Round Smal
144 Green High Dark-Yellow Medium  Medium Round Large
145 Green Low Orange Medium  Medium Round Smal
146 Green Dense Orange Medium  Medium Elliptical Medium
147 Green Low Yellow Medium  Medium Elliptical Smal
149 Green Dense Orange Short Long Round Medium
150 Green Dense Orange Medium  Long Round Smal
152 Cream Low Light- Yellow Long Long Long Large
153 Cream Low Yellow Short Long Round Medium
154 Green Dense Orange Long Long Elliptical Smal
155 Cream Low Cream Medium  Medium Elliptical Medium
156 Green Low Dark-Yellow Long Long Long Large
157 Cream Low Light- Yellow Medium  Medium Elliptical Medium
158 Cream Low Light- Yellow Medium  Long Round Medium
159 Green Dense Orange Medium  Medium Round Medium
161 Cream Low Cream Medium  Long Round Medium
162 Green Dense Orange Long Medium Long Smal
164 Cream Low Dark-Yellow Long Long Long Large
166 Green Low Orange Medium  Medium Round Smal
169 Cream Low Cream Long Long Long Smal
170 Green Dense Orange Medium  Long Round Smal
174 Green Dense Green Medium  Long Round Smal
175 Cream Low Cream Medium  Long Round Medium
176 Cream Low Dark-Yellow Short Long Round Medium
177 Orange Low Orange Medium  Long Round Medium
178 Green Dense Orange Short Medium Round Large
179 Green Low Orange Long Long Round Smal
180 Cream Low Cream Medium  Long Round Smal
183 Green Low Orange Medium  Medium Round Large
184 Orange Low Orange Medium  Long Round Smal
187 Green Dense Orange Medium  Medium Elliptical Medium
188 Cream Low Cream Long Medium Long Smal
189 Cream Low Orange Long Long Round Smal
190 Cream Low Yellow Medium  Long Round Smal
191 Orange Low Orange Medium  Long Round Smal
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192 Orange Low Orange Medium  Long Round Smal
196 Orange Low Orange Medium  Medium Elliptical Smal
198 Cream Low Cream Long Long Round Smal

Table 3. Seed Weight (g), 1000 Seed Weight (g), Seed Color, Cracking Ease
Cizelge 3. Tohum Agirligi(g), 1000 Tohum Agirlig1 (g), tohum Rengi, Citlama Kolayligi

Genotype Name Seed Weight (gram) 1000 Grain Weight (gram) Seed Color

Cracking Ease

4

5
11
17
20
21
22
23
26
27
28
33
37
38
41
42
43
46
47
49
50
56
58
60
64
65
66
74
77
78
83
85
86
87
88
89
90
91
92
93
94
96
97
98
99
100
102
103
105
109
110

281.844+22.47
236.46+17.85
193.88+34.78
187.08+39.59

213.33+40.940

183.91+11.44
281.53+58.68
190.04+37.50
126.64+21.22
300.43+19.61
302.66+11.38

280.17+446.11

244.11430.01
163.34+5.19

156.94+4.28

158.35+28.21
181.64+41.41
301.14+76.19
102.35+22.30
236.26+25.63
186.40+27.18
231.44421.52
135.54+30.02
200.68+14.28
190.78+33.30
204.85+28.86
189.75+18.07
180.56+86.40
332.20+£97.86
273.54+21.00
90.30+11.03

251.46+65.12
200.80+13.73
228.58+42.87
252.524+17.32
272.50+15.59
225.94+6.60

205.97+27.11
266.34+37.97
166.30+32.22
275.54+1.21

227.54+1.78

195.76+8.04

118.62+9.54

334.424+26.24
228.32+18.28
93.38+17.71

141.08+25.32
234.1149.54

311.50+26.24
252.70+£21.15

78.10+1.34
74.58+23.11
47.7945.50
16.08+2.77
95.27+23.45
64.21+10.06
72.41+18.66
65.01+3.54
34.344+4.48
38.54+3.89
62.52+1.78
131.02+15.5
44.59+3,24
70.23+6.91
44.70+3.3
40.95+2.22
37.15+21.52
79.25+2.86
38.27+0.06
82.12+1.50
61.78+18.92
39.30+0.49
77.11+£2.04
36.98+7.54
37.40+£0.79
34.39+13.86
72.19+8.62
23.2840,20
60.43+10.91
30.70+0.49
62.56+7.55
46.25+22.67
14.29+0.20
34.66+3.94
72.26+8.66
54.58+3.83
54.57+11.22
35.29+£1.04
37.16+£0.49
83.54+5.72
44.98+13.27
22.59+22.34
41.53£1.08
82.12+1.50
59.17+0.58
12.57+0.40
16.08+18.56
34.46+13.06
47.44+45.25
91.52+9.62
129.84+6.59

Light Cream
Light Cream
Light Cream
Light Cream
Light Cream
Cream
Cream
Cream
Cream
Cream
Light Cream

Light Cream-Cream

Dark Cream
Dark Cream
Cream
Light Cream
Light Cream
Dark Cream
Light Cream
Light Cream
Cream
Light Cream
Cream
Cream
Light Cream
Light Cream
Cream
Light Cream

LightCream-Dark Cream

Light Cream
Light Cream
Cream

Light Cream
Light Cream
Light Cream
Cream

Light Cream
Light Cream
Light Cream
Light Cream
Light Cream

Light Cream-Cream

Light Cream
Light Cream
Cream
Cream
Cream

Light Cream-Cream

Cream

Light Cream-Cream

Dark Cream

Difficult
Difficult

Easy

Easy

Difficult
Difficult
Difficult
Difficult

Easy

Difficult

Easy

Easy

Easy

Easy

Easy
Easy-Difficult
Easy
Easy-Difficult
Easy

Easy

Difficult

Easy

Difficult

Easy
Easy-Difficult
Difficult

Easy

Difficult
Difficult

Easy
Easy-Difficult
Difficult

Easy

Difficult

Easy

Difficult
Difficult

Easy

Easy

Difficult
Easy-Difficult
Easy-Difficult
Difficult

Easy

Easy

Easy

Difficult
Difficult
Difficult
Easy-Difficult
Difficult
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111 229.92+13.97 43.90+2.75 Dark Cream Difficult
112 180.24+15.30 29.67+6.83 Light Cream Difficult
116 178.32+11.76 107.17+5.07 Light Cream Easy
118 183.36+17.33 68.90+6.29 Cream Difficult
120 254.52+12.01 40.18+11.40 Cream Easy
124 239.81+28.92 50.16+0.11 Cream Difficult
125 240.90+7.32 77.21+£12.50 Cream Easy
127 202.66+32.47 79.8+1.50 Light Cream Difficult
128 203.30+27.45 91.52+3.82 Light Cream Difficult
129 200.60+26.38 81.26+5.25 Cream Difficult
130 418.84+32.47 75.83+14.73 Cream-Dark Cream Easy-Difficult
131 283.28+30.26 29.75+0,50 Light Cream-Cream Easy-Difficult
132 248.67+25.40 75.81+£2.95 Light Cream Difficult
133 249.12+30.60 72.04+4,90 Cream Difficult
134 323.46+28.95 86.09+4,30 Light Cream Difficult
137 246.97+£18.46 83.49+2.46 Cream Difficult
138 333.02+26.24 105.23+2.20 Light Cream Easy
144 368.36+62.52 85.13+11.77 Cream-Dark Cream Difficult
145 232.12+£13.97 72.60+13.62 Cream Difficult
146 239.96+87.30 55.44+11.85 Light Cream Difficult
147 295.04+9.54 73.33+2.12 Light Cream Difficult
149 284.56+49.58 92.53+2.91 Light Cream Dark Cream  Easy-Difficult
150 295.36+31.84 75.61+3.96 Light Cream Difficult
152 184.62+1.83 106.68+6.25 Cream Difficult
153 332.28+67.42 106.62+4.67 Light Cream Difficult
154 275.52+10.87 26.45+4.55 Light Cream Difficult
155 299.63+58.18 117.24+5.11 Light Cream Difficult
156 142.18+39.25 78.66+2.91 Dark Cream Difficult
157 221.83+31.84 91.18+7.90 Light Cream Difficult
158 188.18+62.91 96.39+7.45 Light Cream Difficult
159 73.50+£29.82 32.14+2.10 Light Cream Easy
161 183.76+£32.01 16.33+0.49 Cream Difficult
162 301.74+30.01 79.73+6.88 Cream Difficult
164 246.74+73.5 50.43+6.03 Dark Cream Difficult
166 240.28+26.81 78.32+11.33 Light Cream Difficult
169 318.86+60.81 113.42+0.80 Light Cream-Cream Difficult
170 286.88+33.05 76.14+1.04 Light Cream Easy
174 203.62+£28.48 81.47+1.10 Cream Difficult
175 201.26+48.69 101.567+0.28 Cream Difficult
176 255.31+26.81 57.89+0.58 Light Cream Easy
177 288.43+2.55 50.41+0.28 Light Cream Difficult
178 225.40+0.89 112.26+8.67 Cream Difficult
179 217.52+46.08 93.87+17.66 Light Cream Easy
180 296.24+29.14 109.65+6.11 Cream Difficult
183 235.92+17.96 63.93+2.77 Cream Easy
184 225.81+12.38 10.88+0.61 Cream Difficult
187 280.91+3.50 98.70+16.25 Cream-Dark Cream Difficult
188 140.06+25.39 128.62+0.270 Light Cream Difficult
189 259.85+5.78 53.44+4.63 Light Cream Difficult
190 181.72453.01 60.02+25.04 LightCream-DarkCream Difficult
191 205.24+12.13 31.66+1.02 Light Cream Difficult
192 259.85+28.35 64.07+11.97 Light Cream Easy-Difficult
196 181.72+11.97 99.96+11.97 Dark Cream Difficult
198 205.24+22.58 85.42+4.44 Cream Difficult
Average 229.65 63.77

CONCLUSION As a result, it has been determined that confectionary

pumpkin genotypes are at a promising level and it is
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possible to develop confectionary pumpkin varieties for
different regions and ecological conditions. The data
obtained will be an important resource and guide for

upcoming studies on genetic diversity in confectionary
pumpkin.
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Figurel. Two dimensional graphic obtained from principal component analysis with morphological data
Sekil 1. Morfolojik verilerilerle yapilan temel bilesen analizi sonucu elde edilen iki boyutlu grafik
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ABSTRACT

This study was carried out to investigate the effects of irrigation water
containing different Cl- on plant growth parameters, fruit yield and
quality characteristics of pepper (C. annuum L. cv. Postal Capija).
Nutrient solutions containing Cl  concentrations were applied to
processing pepper plants and effects of Cl on growth parameters, fruit
yield and quality traits, leaf water potential and chloride contents
were determined. Greenhouse experiments were conducted with the
Cl' concentrations [control (0.27), 1.5, 3.0, 4.5, 6.0, 7.5 and 15.0 mM]
were applied to pepper plants. Plant height, fresh and dry weight,
fruit yield and fruit weight, length and diameter were not affected by
increasing Cl concentrations up to 3.0 mM, but further increases in
CI concentration negatively influenced this results. The greatest dry
matter and soluble solids content were obtained from 3.0 and 4.5 mM
Cl' treatments. Increasing Cl concentration increased fruit acid
content; the greatest acid content was from the greatest CI
concentration. Increasing growing media Cl concentration increased
leaf Cl° accumulation and Cl concentration >3.0 mM reduced leaf
water potential. Research results showed that Cl' concentrations in
irrigation water are important for efficient and economical pepper
cultivation, and using water containing more than 3.0 mM chlorine
will jeopardize yield and quality.-

OZET

Bu calismada, salcalik biber (C. annuum L. cv. Postal Capija)
bitkilerine farkli Cl iceren besin soliisyonlar: uygulanmis ve biberin
bluytiime parametreleri, meyve verim ve kalite 6zellikleri, yaprak su
potansiyeli ve klor icerikleri arastirilmigtir. Sera sartlarinda yapilan
arastirma tesadif parselleri deneme desenine uygun ve dort
tekerriirlii olarak planlanmis, bitkilere yedi farkli Cl- [kontrol (0.27),
1.5, 3.0, 4.5, 6.0, 7.5 and 15.0 mM] uygulamas1 yapilmistir. Sonuclar,
Cl' konsantrasyonunun 3.0 mM’e kadar ylikselmesinden; biiyiime
parametreleri (bitki boyu, bitki yas ve kuru agirligl) meyve verimi ve
meyve karakteristiklerinin (meyve agirligl, meyve cap ve boyu)
etkilenmedigini, ancak bu seviyenin tizerinde artan CI
konsantrasyonlarimin s6z konusu degerleri olumsuz etkiledigini
gostermigtir. En yiksek meyve kuru madde ve suda ¢oziintir kuru
madde igerikleri 3.0 and 4.5 mM Cl uygulamalarinda tespit
edilmigtir. Buna karsin, Cl- konsantrasyonlarindaki artis meyve asit
iceriklerini de arttirmig ve en yuksek asit igerigi yuksek CI
uygulamasinda bulunmustur. Yetistirme ortaminda artan CI,
yapraklarda daha fazla Cl birikmesine neden olmus, (>3.0 mM)
yaprak su potansiyelini ise diisirmustir. Bu arastirmadan elde edilen
sonuglar, besin soliisyonu Cl- kapsamindaki artiglarin bitki biiytimesi,
verim ve meyve Ozelliklerinde 6nemli azalmalara neden olabilecegini,
biberlerin sulanmasinda kullanilan soliisyonun Cl kapsamlarinin da
dikkate alinmasinin ne kadar gerekli oldugunu gostermigtir.
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INTRODUCTION Agri. Industry Trade Ltd. Co., Bursa, Turkey). The

Chloride plays a role in photosynthesis and water
balance in plants and is an essential micro-nutrient for
plant growth and development (Chen et al., 2010).
Vegetables crops generally have a low Cl" requirement
and low levels are up taken from the soil. Chloride may
have toxic effects at relatively low concentrations and
may result in irreversible damages in plants (Welch,
1995).

Water with different Cl concentrations is commonly
used in irrigation of plants (Narkis et al., 1995; Rav
Acha et al., 1995). Chloride ions are the most common
toxic element encountered in 1irrigation water.
Chlorine is not adsorbed by soil colloids, moves easily
with soil water, and easily up taken by roots and
transferred to leaves (Ayers and Westcot, 1985; Al
Obaidy et al., 2014).

Chloride may intrude into ground waters from
decomposition, seepage through sedimentary rocks,
saline water intrusion into soils, wind-drifted salts,
domestic and industrial wastewater discharges, and
municipal wastewaters (Karanth, 1987; Hadian et al.,
2015). Plants could be exposed to greater quantities of
chlorine because of increasing use of chlorinated
domestic and industrial wastewaters in agriculture.
Treated wastewater effluents can be used in irrigation
(Narkis and Kott, 1991; Rav Acha et al., 1995).
Irrigation water is among the primary Cl sources in
soils (Karaivazoglou et al., 2005). Irrigation water CI°
concentrations of <70 mg L1 improves plant yield (As
et al., 2007; Smith et al., 2016). Ground water with Cl
contents up to 70 mg-L! is suitable for irrigation and
does not pose serious threats to production. Chloride
concentration over 350 mg-L'! may result in toxic
effects. Chloride ion concentrations in ground waters,
used in irrigation, are between 0.70-153.55 me-L' and
allowable limit for irrigation waters is 11.54 me-L!
(Adhikary et al., 2014).

The red pepper (Capsicum annum L.), ‘Postal Capija’,
is used in pepper paste production, roasted and oiled
pepper production (Hekimoglu and Altindeger, 2019).
This study was conducted to investigate effects of CI
concentration in irrigation water on plant growth, fruit
yield and quality of pepper.

MATERIAL and METHODS

The experiments were conducted in a plastic-covered
greenhouse of the Mustafakemalpasa Vocational
School of Uludag University in Bursa, Turkey (latitude
of 40°01' N, at longitude 28°22' E with an altitude of 22
m above sea level), from May-August 2020. ‘Postal
Capija’ pepper seedlings were supplied from a
commercial producer (Marmara Seedling Product.
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experiment was arranged in a completely randomized
design with 4 replications. Three plastic pots (height
40 cm, diameter 30 cm) were used in each replicate and
a single plant was maintained in each pot. Pots were
filled with 25 kg of air-dried sand-clay-loam soil (60%
sand, 21% clay, 19% silt, 1.3% organic matter, 10.3%
lime, 35.6 mg L1 phosphorus, 355.20 mg L1 potassium,
0.09% total nitrogen, pH = 7.4, EC= 0.49 dS'm!, field
capacity FC= 25%, permanent wilting point PWP =
13% and bulk density 1.23 g-cm3). Soils were passed
through a 4 mm sieve before being placed in pots.
Holes, over laid with a 5 cm sand-gravel mix, were
provided to facilitate drainage of excess water. Pepper
seedlings were planted in pots on 20 May. Throughout
the growing season, average temperature under the
high tunnel was 26.4°C and average relative humidity
66.2%. Cultural processes described by Salk et al.
(2008) were practiced, herbicides were not applied and
weeds were controlled manually.

Nutrient solution (Hoagland and Arnon, 1950) was
used 1n irrigations during the initial 10 days, and then
experimental treatments were applied. In the control,
nutrient solution with 9.5 mg-L* (0.27 mM) CI content
was applied and additional chloride was not applied.
In chlorine treatments, the CI levels were: 1.5 mM
(53.18 mg-Li'1), 3.0 mM (106.35 mg-L'1), 4.5 mM (159.53
mg-L1), 6.0 mM (212.70 mg-L'1), 7.5 mM (265.88 mg-L-
), and 15.0 mM (531.75 mgL'). Chloride
concentrations were prepared with  sodium
hypochlorite (NaOC)). In all treatments, CI' was added
to nutrient solution, mixed, and applied to soil in pots
as a drench. Pots were covered with polyethylene to
reduce evaporative losses. Irrigation was initiated
based on evaporation from Class-A pan and pan
coefficient was 1.0 (Kirnak et al., 2002). Irrigations
were generally twice a week.

Plant height was measured just before harvest from
the root collar to the apical growing tip. In control, and
Cl treatments, plants were removed at the end of the
experiment. Plants were cleaned with water and
separated into roots, stems and leaf sections. All
sections were weighed to determine fresh weights.
Samples were placed in a forced air oven at 80°C for 48
h and reweighed to determine plant dry weights.

Fruit harvested from each treatment were weighed
and average fruit weight determined. Ten fruit were
randomly selected from each treatment and fruit
diameter and length. To determine fruit yield per plant
fully-ripened (full-red color) fruit were harvested on
14, 25 and 31 August and weighed, and summed to
determine total yield.

For leaf Cl content, water-extracted dry leaf samples
were stained with potassium chromate indicator and
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titrated with AgNOs (Chapman and Pratt, 1961). Leaf
water potential was determined following Sairam et al.
(2002). Mature leaf samples collected between 14.00-
14.30 were used. Four disc samples (1.5 cm dia) were
removed from leaves, fresh weight of leaf discs were
determined, samples were placed into 100 mL distilled
water for 4 h and turgor weight determined. Leaf
samples were placed in a forced air oven at 65°C for 48
h and reweighed to determine leaf relative water
contents.

Eight fruit were randomly sampled from each replicate
of each treatment. Samples were washed with tap
water, and rinsed in distilled water. Seed were
removed and samples ground. Resultant fruit pulp was
placed in a forced air oven at 80°C for 48 h to obtain
fruit dry matter content. Soluble solids content (SSC)
of fruit juice was measured with a refractometer (Abbe-

type refractometer, model 60/DR, Bellingham &
Stanley Ltd., Kent, UK). Total acidity was determined
through titration with 0.1 N NaOH (Anonymous,
1968).

Data were subjected to analysis of variance in SPSS
(SPSS® Statistics for Windows, ver. 20.0, IBM Corp.,
Armonk, NY). Means were separated with use
Duncan’s multiple range test. Regression analysis was
performed on the relationships between CI
concentrations and growth parameters, yield and fruit
characteristics in pepper.

RESULTS and DISCUSSION

Increasing Cl concentrations affected growth of plants.
There was a good negative linear relationship between
plant height, plant fresh weights, plant dry weights
and CI' concentration (Figure 1).
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Figure 1. Effect of irrigation water chloride concentrations on pepper plant growth, leaf water potential and
chloride content, yield.
Sekil 1. Sulama suyu klor konsantrasyonlarinin biber bitkisinin biiyilimesi, yaprak su potansiyeli ve kloriir igerigi,
verim lizerine etkisi
As:, PHplant height (a), PFWplant fresh weight (b), PDW plant dry weight (c), LWP leaf water potential (d), CI
chloride (e), FY fruit yield ()
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Plant height, plant fresh and dry weights were not
influenced by CI concentrations up to 3.0 mM level,
but further increases in Cl concentration reduced
responses. Plant fresh and dry weights were higher at
3.0 mM CI than at 15.0 mM Cl. Chlorine can have an
inhibitor role on plant growth (Navarro et al., 2000;
Scholberg et al., 2000).

The growing media Cl° concentrations was well
correlated with leaf relative water contents, (Figure 1).
Decreasing leaf water contents occurred with
increasing Cl concentrations. Concentrations of Cl- up
to 3.0 mM did not affect leaf water potential, but
further increases in Cl' concentrations reduced leaf
water potentials which agrees with Turhan and Kuscu

negatively affect conditions within the root zone.

Leaf Cl° content was positively influenced by
increasing Cl- level. Increasing leaf Cl- contents
occurred with increasing irrigation water CI
concentrations (Figure 1) which agrees with Komosa
and Gorniak (2015) and Kowalczyk et al. (2008). The
greatest leaf Cl content was from the 15.0 mM
treatment. Decreasing nutrient solution CI
concentration reduced leaf Cl- contents and the lowest
leaf Cl contents were observed in the control and 1.5
mM CI treatments. Increasing growing media Cl
concentrations increased plant Cl- uptake and reduced
uptake of the other nutrients through antagonistic
effects (Shawer, 2014).
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Figure 2. Effect of irrigation water chloride concentrations on fruit characteristics of pepper plant.

Sekil 2. Sulama suyu klor konsantrasyonlarinin biber

bitkisinin meyve 6zellikleri tizerine etkisi

As: FL fruit length (a), FD fruit diameter (b), FW fruit weight (c), FDM fruit dry matter (d), SSC fruit soluble solids contents (g),

TA fruit total acidity (f)

There were significant, negative, linear relationship

between pepper yield and Cl" concentrations (Figure 1).

The Cl" concentrations up to 3.0 mM resulted in slight
changes in fruit yields and the greatest fruit yield was
obtained from 1.5 mM Cl° treatment. The CI
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concentration of 4.5 mM, and greater, reduced fruit
yields. The lowest fruit yield was from 15.0 mM CI
treatment. It was reported that low Cl levels increased
total and marketable yields in tomato, but high CI-
concentrations negatively influenced yield (Komosa
and Gorniak, 2015). Yield reductions mostly come from
smaller fruit (Tantawy, 2007).

A negative linear relationship occurred between CI
treatments and fruit length and diameter (Figure 2).
Variance analysis indicated Cl treatments affected
fruit physical characteristics. The heaviest and widest
fruit were from 3.0 mM CI" treatment and the longest
fruit were from 1.5 mM CI treatment; increasing Cl-
concentration negatively influenced fruit
characteristics. High Cl' concentration (15.0 mM) had
highly significant, negative, effects on fruit length,
diameter and weight, and at this concentration, values
decreased which agrees with Shawer (2014) for
cucumber with increasing Cl° concentrations
increasing fruit length and diameter, but high Cl- (15.0
mM) concentration reduced fruit dimensions. High
sodium chloride treatments negatively influenced fruit
weight of tomatoes (Zahedifar et al., 2012).

There were significant linear relationship between
fruit chemical characteristics and Cl- concentrations
(Figure 2). The greatest dry matter content was in 3.0
mM Cl treatments. Soluble solids contents increased
up to 4.5 mM CI concentration and the greatest value
was in this concentration. High dry matter, soluble
solids and acidity contents were reported for salt-
treated tomatoes (Leonardi et al., 2004; Helaly et al.,
2017) and processing peppers (Turhan et al., 2014).
Besides soluble solids content, increasing antioxidant
capacities were reported with increasing salt
concentrations (Peet et al., 2004). Effects of salinity on
plants are mostly related to Cl and Na* toxicity (Goyal
et al., 2003; Zhu, 2003). The 6, 7.5 and 15.0 mM CI’
concentrations reduced dry matter and soluble solids
content. Acid content increased with increasing CI
concentrations and the greatest value was obtained
from 7.5 and 15 mM CI" treatments.

CONCLUSIONS
Increasing growing media Cl° concentrations
influenced  growth  parameters, yield, fruit

characteristics, leaf Cl- content and water potentials of
pepper plants. The threshold nutrient solution Cl-
concentration was 3.0 mM for pepper plants,
indicating Cl" concertation of nutrient solution should
be kept at 3.0 mM and below. To determine the validity
of the results studies under field conditions, for longer
durations, with greater number of commercial species,
are required.
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ABSTRACT

Research Article

Cantharellus pallens Pilat 1959 in Cantharellus genus is recorded for

the first time from Tokat city province, Turkey. Morphological studies,
phylogenetic data derived from both the DNA sequences of nuclear
ribosomal internal transcribed spacer (ITS) and large ribosomal
subunit (LSU) genes revealed that this species is a new record for the

Turkish mycota.
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Tirkiye Mikotas: i¢in Yeni Bir Kayit Olan Cantharellus pallens Pilat 1959 (Cantharellales,

Basidiomycota)'nin Molekiiler ve Morfolojik Teghisi

OZET

Aragtirma Makalesi

Cantharellus cinsine ait bir mantar tiri olan Cantharellus pallens

Pilat 1959, Tiirkiye'nin Tokat ilinde ilk kez kaydedilmistir. Morfolojik
calismalar, niikleer ribozomal internal transcribed spacer (ITS) ve
large ribosomal subunit (LSU) genlerine ait DNA dizilerinden
turetilen filogenetik veriler, bu tiirtin Turk mikotasi i¢in yeni bir kayit

oldugunu ortaya koymaktadir.
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INTRODUCTION

The genus Cantharellus Adans. ex Fr. (Fries, 1821)
contains species of commercial, medicinal and
economical importance, and they are best known as
edible ectomycorrhizal mushrooms. The species of this
genus are morphologically distinguished by a well-
developed hymenium or a complex lamellae-liked
forked wrinkles, a solid and fleshy stipe, non-funnel-
shaped pileus, smooth ellipsoid and non-amyloid
spores, and spore deposits in cream to pinkish yellow
or pale ochre color (Eyssartier and Buyck, 2000; Kibby,
2012). Many species mostly have five sterigmata per
basidium and show differences in septal pore
morphology (Hibbett et al., 2014). The type species of
Cantharellus is Cantharellus cibarius which was first
described by Fries (1821).

Molecular methods have been widely used to describe
new species and reduce the possibility of
misinterpretations in fungal taxonomy. The nuclear
ribosomal internal transcribed spacer (ITS) region is
the most commonly used fungal barcode (Schoch et al.,
2012) for the exploration of fungal diversity in
environmental samples and solving species
delimitation problems among morphologically similar
species. However, due to high evolutionary rate of
nuclear ribosomal RNA genes in Cantharellus genus
(Moncalvo et al., 2006), use of different gene regions,
such as combination of ITS and ribosomal nuclear
large subunit (LSU) regions are important for a better
infrageneric classification in this genus. Cantharellus
species delimitation problems can only be resolved
with the availability of additional molecular data from
different geographic locations.
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In the last decade, taxonomic research on Cantharellus
has increased and with the help of molecular studies,
approximately 180 species of Cantharellus have been
described worldwide in subtropical, tropical and
temperate climate regions (An et al., 2017; Buyck and
Hofstetter, 2011; Buyck et al., 2011, 2013, 2014, 20164,
2016b, 2016¢; De Kesel, 2011; Deepika et al., 2014;
Shao et al., 2011, 2014, 2016a, 2016b; Buyck and
Randrianjohany, 2013; Foltz et al., 2013; Kumari et al.,
2013; Liu et al., 2015; Suhara and Kurogi, 2015; De
Kesel et al., 2016; Leacock et al., 2016; Olariaga et al.,
2017; Ogawa et al., 2018; Parad et al., 2018; Lao et al.,
2019; Jian et al., 2020). In Turkey, nine Cantharellus
species (C. amethysteus (Quél.) Sacc., C. cibarius Fr.,
C. cinereus (Pers.) Fr., C. ferruginascens P.D. Orton,
C friesii Quél., C. ianthinoxanthus (R. Maire) Kiihner,
C. Iutescens (Fr.) Fr., C. subalbidus A.H. Sm. & Morse,
C. melanoxeros Desm.) have been described from
various regions but they all lack molecular evidences
(Al et al., 2017; Solak et al., 2007; Sesli and Denchev,
2008; Keles et al., 2014; Akata and Kumbasgl, 2014;
Turkekul and Isik, 2016; Sesli et al., 2016; Bulam et
al., 2018). No samples of C. pallens were recorded so
far in Turkish mycobiota. More studies based on both
morphological and molecular analysis are urgently
needed for a better classification and correct
description of Cantharellus species in Turkey and
other locations.

In this study, we identified Cantharellus pallens Pilat
(1959) from Tokat city province, Turkey, by both
morphological examination and molecular
phylogenetic studies. This species is identified with its
pale orangish white to cream pileus, white to pale
ochraceous cap surface, well-developed white to pale
ochre-yellow hymenium, white to cream stipe, small
and ellipsoid spores. This study presents a new

Cantharellus species for Turkish mycological
collections.
MATERIALS and METHODS

Study area and sampling

Mushroom specimens were collected from Akbelen
plateau (Tokat). It has an elevation of 1600 to 1800 m
with mild climate. This area is in the vicinity of
Yaylacik Mountain. Due to its geographic location, it
hosts many vegetations and a rich spot for fungal
diversity. The sampling was made on June 29th, 2018.
The fresh basidiomata were photographed in the field
using a digital camera. Field notes were made and
samples were dried for longer storage in boxes. They
were deposited in the Fungarium of the Department of
Biology, Tokat Gaziosmanpasa University, Tokat,
Turkey (GOPUF) with a voucher number TTS46.

Morphological analyses

Macromorphological characters of fresh fruitbodies,
colors of different parts of the basidiomata; shape, size,
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and color of the pileus and stipe; vegetation and odors
were noted during field study. A mature sample was
selected to obtain spore print of the sample.
Microscopic studies were carried out on dry samples
using a microscope. Some chemicals (such as 5% KOH,
Congo red) were used to rehydrate and dye dry samples
during the studies. The findings obtained in these
studies were compared with the existing literature
(Watling and Turnbull, 1998; Breitenbach and
Kranzlin, 2000; Eyssartier and Buyck, 2000, 2001).

Molecular and phylogenetic analyses

Genomic DNA was extracted from about 20 mg of dried
specimen using the ZR Fungal/Bacterial DNA
MiniPrep kit (Zymo Research Irvine, CA, USA) as
described by the manufacturer’s protocol. The primer
pair ITS4/ITS5 (White et al., 1990) was used to amplify
approximately 873 bp genomic sequence of the ITS1-
5.8S-ITS2 region of the rDNA internal transcribed
spacer region (ITS) and LROR-LR5 primer pair
(Vilgalys and Hester, 1990) was used to amplify about
878 bp genomic sequence of the 28S nuclear ribosomal
large subunit rRNA (LSU) gene region. The PCR
conditions for ITS and LSU regions was performed as
decribed in Sengul Demirak and Isik (2020). PCR
amplifications were verified by using 1% agarose gel
electrophoresis. PCR products were sequenced from
both ends using forward and reverse primers (BM
Labosis Inc., Ankara).

Sequences generated from both ends were edited and
assembled to produce a final gene sequence for ITS and
LSU regions of the studied sample and deposited in
GenBank. Homology based searches using Basic Local
Alignment Search Tool (BLAST) program was used to
find the best matches for each genomic sequence.
Representative ITS and LSU sequences of
Cantharellus species were retrieved from GenBank for
phylogenetic analysis. Sequences were aligned using
ClustalW (Larkin et al., 2007) and adjusted manually.
Phylogenetic trees for both ITS and LSU sequences
were drawn using the Maximum Likelihood (ML)
method based on Tamura-Nei model (Tamura and Nei,
1993) using MEGA 7.0 (Kumar et al., 2016) with
bootstrap support of 1000 replicates and default
settings. The bootstrap support values > 50% were
marked on the branches of the tree. Initial tree for the
heuristic search was obtained automatically by
applying Neighbor-Join and BioNJ algorithms to a
matrix of pairwise distances estimated using the
Maximum Composite Likelihood (MCL) approach, and
then selecting the topology with superior log likelihood
value. The analysis involved 28 and 33 nucleotide
sequences for ITS and LSU regions, respectively,
including the studied specimen. All positions
containing gaps and missing data were eliminated.
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RESULTS and DISCUSSION
Taxonomy
Hydnaceae Chevall. 1826

Cantharellus pallens Pilat,
Savulescu: 600 (1959)

Omagiu lui Traian

Mycobank: MB 327488

Descriptions: Pileus 25-95 mm across, pale orangish
white to orange cream, with the cap surface varying
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from white to pale ochraceous, sometimes yellowish at
the margin (Figure 1a). Hymenophore well-developed,
forked veins to anastomosing. Stipe robust, whitish
cream, 15—60 x 11-25 mm. Flesh white to whitish
cream, pale violet in the stipe. Taste mild. Basidia 75-
85 x 7-9 pm, slenderly clavate, 4 spored (Figure 1c).
Basidiospores 7.5-9.5 x 3.5-5.5 pum, ellipsoid, hyaline,
thin walled and smooth, with granular contents
(Figure 1b).

Figure 1. Cantharellus pallens. a. basidioma, b. basidiospores, c. basidia and basidioles. d. hyphal extremities of
the pileipellis. Scale bars: a= 20 mm; b, ¢, d = 10 um.
Sekil 1. Cantharellus pallens. a. bazidiyokarplar, b. bazidiyosporlar, c. bazidiyol ve bazidiyumlar, d. pileipellisde
hif yapilar1. Olgek cubugu’ a= 20 mm; b, ¢, d= 10 um.

Edibility: Edible, occasionally collected and sold on
local markets in the world (Pilz et al., 2003).

Ecology: Rare, summer to fall, on rich, calcareous soil,
mycorrhizal with beech (Fagus L.) and oak (Quercus
L.) trees (Hansen and Knudsen, 1997).

Material examined: TURKEY—Tokat, Akbelen
plateau, on soil, under Quercus L. sp., 40° 30' 41"N -
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36° 37' 22"E, 1510 m, 29 June 2018, TTS46.

The holotype specimen of C. pallens Pilat (PRM
655551) is described from Czech Republic found on soil
associated with conifers (Pilat, 1959). This species is
quite robust and well characterized by its pale-colored
morphological features, including a light colored, white
to pale ochraceous cap, white flesh, pale orange to
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white pileus, pale ochre white to pale ochre stipe, and
a well-developed hymenophore with bright orange
yellow to pale ochre yellow color, and thick margin
(Pilat, 1959; Eyssartier and Buyck, 2000; Kibby, 2012;
Olariaga et al., 2017). Among the European species of
Cantharellus, C. pallens has the smallest spores,
generally of 7-9 x 4-5 pm, with ellipsoid and smooth
appearance (Bertolini, 2014).

Cantharellus pallens is mostly distributed in Europe,
especially in the Mediterranean area, but also found in
Great Smoky Mountains of North Carolina in the
United States. (Buyck et al., 2016; Olariaga et al.,
2017). C. cibarusis also greatly distributed in Europe,
but not present in the Mediterranean -climate
(Olariaga et al., 2017). They have some differences in
their ecological preferences such that C. pallens is
associated with Quercus, other evergreen oaks,
deciduous oaks and Pinus, while C. cibarius prefers
cooler climates, and is found with broad-leaved trees
such as Castanea sativa Mill., deciduous oaks or
conifers, and shows preference for acidic soils
(Olariaga et al., 2017). C. pallens and C. cibarius also
exhibit some variable features. C. cibarus is
characterized by an orange-yellow hat, pileus, stipe
and uniform colored hymenophore, while C. pallens
has a whitish to pale orange-yellow colored pileus,
stipe, and has a brighter orange-yellow hymenophore
near the margin (Eyssartier and Buyck, 2000; Olariaga
et al., 2017). Moreover, C. pallensis often a very robust
species.

Based on morphology, C. ferruginascens P.D. Orton
(1969) is a species that has been synonymised with C.
pallens (Pegler et al., 1997). Later, Watling and
Turnbull (1998) indicated that they are different
species exhibiting differences in their color and
staining. Kibby (2012) also reported a larger spore size
and predominant staining feature for C.
ferruginascens. Moreover, it is indicated that C.
ferruginascens differs from C. pallens due to different
colors of young pileus and hymenophore (Olariaga et
al., 2017). In northern Europe, the name C pallenshas
been more commonly used, while C. subpruinosus
Eyssart. and Buyck (2000) has been used in southern
Europe (Olariaga et al., 2017). Based on morphological
characters, C. subpruinosus was described to show
strong staining and have young basidiomata with
white pileus, but C. pallens is described as the non-
staining species (Eyssartier and Buyck, 2000).

Phylogenetic analyses

We have successfully amplified about 830 bp ITS1-
5.8S-ITS2 and LSU rRNA gene sequences which were
deposited in GenBank with accession numbers
MW386299 and MW386300, respectively. An initial
BLAST searches using the ITS and LSU sequences as
query retrieved sequences up to 99% identity
belonging to Cantharellus subg. Cantharellus species
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described from various collections in different
geographic locations. Best matches from BLAST
results and C. pallens sequences described in Olariaga
et al. (2017) were included in the phylogenetic
analysis.

We present ML trees based on the sequences for ITS
and LSU regions to indicate phylogenetic relationship
of the studied species with other Cantharellus species
(Figures 2 and 3). In the ITS and LSU phylogenies, two
distinct clades were recognized that separated the
clade including C. pallens from C. cibarius with a high
bootstrap support (Figures 2 and 3). They are both
supported as monophyletic groups. Phylogeny reveals
that C. pallens is closely related and sister to C.
cibarius, where the sequence divergence between the
two species was estimated to be approximately 0.02%.
Recent molecular studies also indicate that they are
closely related but phylogenetically distinct species
(Olariaga et al., 2017; Ogawa et al., 2018). The results
showed a high degree of sequence similarity in both
ITS and LSU genomic regions for C. cibarius and C.
pallens specimens, which may indicate that these two
species can be conspecific. The phylogenetic analysis
suggested that the two species were distinguished as
separate lineages with high statistical support.
Although not observed in the ITS phylogeny, C.
cibarius specimen (KX828796) appear to be a basal
clade in the LSU phylogeny. It is highly possible that
DNA sequence generated for the LSU region of this
specimen 1s incorrect and needs validation by
additional sequencing data.

Cantharellus ferruginascens samples also formed a
separate clade distant from C. pallens clade but sister
to the clade of C. alborufescens (Malencon) Papetti and
Alberti (1998). Similar phylogenetic results have also
been shown by other studies (Buyck et al., 2014;
Olariaga et al., 2017; Ogawa et al., 2018; Jian et al.,
2020). We confirmed that C. ferruginascens, C.
alborufescens and C. pallens are separate taxa within
the Cantharellus.

Distinction based on morphological features alone is
not enough for C. pallens and C. subpruinosus. Buyck
et al. (2014) reported that C. subpruinosus is
monophyly with C. cibarius based on the sequence
analysis of the largest subunit of the RNA polymerase
II (RPB2) region. In Figure 3, LSU based phylogeny
shows that C. subpruinosus collection from France
(KF294660) is very closely related to C. pallens species
described from different localities, and also supports
the monophyly of C. subpruinosus and C. cibarus.
Zamora et al. (2018) propose that two different species
may share identical DNA sequences at a given locus,
even for already tested barcoding markers. This could
explain why C. subpruinosus is grouped with the
sequences of C. pallens in the same clade. Since ITS
sequence data is not available for C. subpruinosus, we
only made our interpretations according to the LSU
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localities and additional gene regions for molecular subpruinosus and C. pallens.

analysis has to be studied to solve the species
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Figure 2. Molecular phylogenetic analysis using ML method based on ITS sequences. The studied specimen was
indicated with black circle. Bootstrap support values > 50% from ML analysis were shown on the
branches. Sequences from type collections were marked. Bar indicates 0.1 expected change per site per
branch. Craterellus tubaeformis (AY195573) was the outgroup species. C.: Cantharellus; ET: epitype;
HT: holotype; NT: neotype

Sekil 2. ITS dizilerine dayali ML yontemi ile molekiiler filogenetik analiz. Calisilan numune siyah daire ile

belirtilmistir. ML analizlerinde, > %50 bootstrap destek degerleri olanlar dallarin tistiinde gosterilmigtir.
Tip koleksiyonlar sekilde belirtilmigtir. 0.1 bar ¢izgisi, her daldaki her noktaya ait tahmini degisimi ifade
etmektedir. Craterellus tubaeformis (AY195573) dis grup tiirdiir. C.: Cantharellus; ET: epitip; HT:
holotip; NT: neotip
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Figure 3. Molecular phylogenetic analysis using ML method based on LSU sequences. The studied specimen was
indicated with black circle. Bootstrap support values > 50% from ML analysis were shown on the
branches. Sequences from type collections were marked. Bar indicates 0.05 expected change per site per
branch. Craterellus tubaeformis (KF294640) was the outgroup species. C.: Cantharellus; ET: epitype;

HT: holotype

Sekil 3. LSU dizilerine dayali ML yontemi ile molekiiler filogenetik analiz. Calisilan numune siyvah daire ile
belirtilmistir. ML analizlerinde, > %50 bootstrap destek degerleri olanlar dallarin tistiinde gésterilmistir.
Tip koleksiyonlar sekilde belirtilmistir. 0.05 bar ¢izgisi, her daldaki her noktaya ait tahmini degisimi
ifade etmektedir. Craterellus tubaeformis (AY195573) dis grup tiirdiir. C.: Cantharellus; ET: epitip; HT:

holotip

CONCLUSIONS

Nomenclature of a new species displaying similar
morphological features with the existing species and in
the absence of molecular evidences causes ambiguity
among Cantharellus. Thus, taxonomic studies with the
hep of molecular evidences have increased in the last
decade to clarify species delimitation of this genus.
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This study reports Cantharellus pallens from Tokat
province, Turkey, with morphological and molecular
evidences, including ITS and LSU gene regions. A taxa
adopted to a different location can only be resolved
with additional descriptions based on morphological,
ecological features, and more importantly, with the
inclusion of reliable molecular studies.
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OZET Aragtirma Makalesi

Bu calisma ile, Kahramanmaras ili sinirlar1 i¢ginde dogal olarak

yetisen Coban Cantasi (Capsella bursa-postaris) ve Coban Cokerten Makale Tarihgesi
(Tribulus terrestris) bitkilerinin dogal antioksidan enzim Gelis Tarihi  :25.02.2021
kapasitesinin  Olgiilmesi amaclandi. Arastirma kapsaminda Kabul Tarihi :09.04.2021
Kahramanmaras ili Bertiz yoresine ait C.pastoris ve T.terrestris

bitkilerinden yararlanildi. Bitki yapraklari, etanol ile hazirlanan Anahtar Kelimeler

cozliciide ekstrakte edilmis daha sonra antioksidan enzim aktiviteleri %nti(iksidan
katalaz (CAT) ve siiperoksit dismutaz (SOD) ile oksidatif stres AELER
Oksidatif stres

indikatérii olan malondialdehit (MDA) diizeyleri spektrofotometrik
yontemlerle saptanmastir. Iki bitkinin SOD ve CAT enzim aktivitesi
kargilagtirildiginda en yiiksek CAT ve SOD aktivitesi T.terrestris
bitkisinde o6l¢ulirken C.pastoris bitkisinde bu degerler distuk
bulunmustur (p<0.05). MDA seviyeleri C.pastoris bitkisinde yiiksek
iken en disiik MDA seviyesi T.terrestris bitkisinde bulunmustur
(p<0.05). C.pastoris ve T.terrestris bitkileri yaprak dokularinin
antioksidan enzim aktivitesine sahip oldugu sonucuna varilmigtir.
Yapilan analizlerde T.terrestris bitkisinin, C.pastoris bitkisine oranla
daha fazla antioksidan enzim aktivitesine sahip oldugu gorilmuistur.
Her iki bitkide de antioksidan aktivitenin goriilmesi, sahip olduklar:
fenolik ve flavonoid igeriklerinden kaynaklandigi sonucuna
varilabilir.

Comparison of The Antioxidant Power of Polyphenol-Rich Coban Cékerten (Tribulus Terrestris) and
Coban Cantas1 (Capsella Bursa-Postaris) Plants Commonly Consumed in Kahramanmaras: an in Vitro
Study

ABSTRACT Research Article

Objective of this study to measure the natural antioxidant enzyme

capacity of the Coban Cantas1 (Capsella bursa-postaris) and Coban Article History

Cokerten (7ribulus terrestris) plants grown naturally within the Received £ 25.02.2021
borders of Kahramanmaras province. C. pastoris and 7. terrestris Accepted - 09.04.2021
plants belonging to Bertiz region of Kahramanmaras province were

used in the scope of the research. Plant leaves were extracted in a i{ey‘wo.r((iis
solvent prepared with ethanol, and then antioxidant enzyme activities Cn:ui)ﬂ 2Ly
atalase

catalase (CAT), superoxide dismutase (SOD) and oxidative stress
indicator malondialdehyde (MDA) levels were determined by
spectrophotometric methods. The highest SOD and CAT enzyme
activities of the two plants were measured in 7. terrestris plant, while
these values were found to be low in C. pastoris plant (p< 0.05). While
MDA levels were high in C. pastoris, the lowest MDA level was found
in 7. terrestris (p<0.05). It was concluded that leaf tissues of C.
pastoris and T. terrestris plants have antioxidant enzyme activity. In
the analysis, it was seen that 7. terrestris plant sustained more
antioxidant enzyme activity compared to C. pastoris plant.

Oxidative stress
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GIRIS

Bitkiler yapisinda bulunan farmakolojik o6zelliklere
sahip Dbilegsikler ve biyoaktif maddeler sayesinde
serbest radikalleri supurme oOzelligi gosterir ve
giinimiizde kullanilan ilaglarin birgogunun kékenini
olugturur. Bitkilerde tedavi amacl kullanim M.O.
5000’li yillarda Mezopotomya uygarhigina dayanmakta
olup yaklasik 250 bitkisel drogun kullanildig1 tespit
edilmistir (Demirsoy, 1999). Gelecek yillarda tiim
diinyada bitkiler ile tedavinin artacagi Dinya Saghk
Orgiitiince  bildirilmektedir (Sarigen, 2005). Bu
sebeple, gunumiizde bitkilerden elde edilen
ekstraktlarin ana etken maddelerinin elde edilip
degerlendirilmesi ekonomik ve saglik agisindan biytk
onem tagimaktadir. Bitkilere ait yaprak, gévde, kok ve
kabuk gibi kisimlar kullanilarak antioksidan aktivite
ile 1ilgili  bilimsel c¢alismalar yapilmaktadir.
Antioksidan aktivite g¢alismalari olmasina ragmen
yine de baz1 bitkiler i¢in simirli denilebilir. Bu
bakimdan arastirmada antioksidan aktivite tayini
sinirl olan iki bitki tiirti se¢ilmis ve tayin islemi farkl
bir yontem ile yapilmigtir.

Turkiye'de tiim bolgelerde genis yayilis gosteren
Coban cantas1 (Capsella bursa-pastoris) Cruciferae
familyasina ait bir bitkidir ve halk arasinda ¢oban
cantas1 ve cingildakl ot olarak bilinmektedir (Baytop,
1999). Taze yapraklar1 salata olarak da tiiketilen c.
cantasi ¢ok cesitli tibbi etkilere sahip olup bazi
calismalarda  kullamilmigtir. Ratlarda  yapilan
calismalarda kan basincini diizenledigi, antitilseratif
ve antienflamatuar etkilerinin oldugu goérulmektedir
(Kurodo ve ark., 1969). Coban Coékerten (7ribulus
terrestris), Zygophyllaceae familyasina ait tek yillik
bir bitkidir. Bu bitki, ylzlerce yildir c¢esithi
hastaliklarin  tedavisi  i¢in  geleneksel tipta
kullanilmaktadir. Coban ¢okerten bitkisinin ana aktif
bilesenlerini flavonoidler, alkaloidler, saponinler,
amidler ve glikozitler olusturmaktadir (Shadid ve ark.,
2006).

Antioksidanlar radikal olusumunun azaltilmasz,
radikal reaksiyonlarinin sona erdirilmesi, olusan
radikallerin etkisiz hale getirilmesi ve hasarh
molekiillerin ortadan kaldirilmasindan sorumlu olan
molekiillerdir (Hallwell., 1995). Antioksidanlar
vicutta ¢ok kisa omirli olmasina karsin saldirgan
olan serbest radikaller ile savasirlar. Prooksidan
terimi, reaktif tirler igin kullanilan bir terimdir.
Antioksidanlar, hucrelere zarar veren bu
prooksidanlar: (reaktif oksijen ve azot tiirleri, serbest
radikaller) etkin bir gekilde indirgeyerek az zararh
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veya zararli olmayan firiinlere dontstirirler. Bu
tehlikeli bilesiklerin varligi, saglikli bir yasam ig¢in
antioksidanlar1 6nemli kilmaktadir (Cao ve ark.,
1999). Antioksidanlar biitiin gida maddelerinde
bulunmakla birlikte gidalarin muhafazasi veya gida
kalitesini artirmak amaciyla sonradan da eklenebilir.
Besin c¢urimesinin engellenmesi veya aciliginin
giderilmesi durumlarinda antioksidan maddelerden
yararlanmilir (Evans ve ark., 1997). Antioksidanlar;
vicut hucreleri tarafindan turetildikleri gibi, gidalar
yoluyla da alinabilmektedir. Gidalarda mevcut olan ve
insan vicudunu zararh serbest radikallerden koruyan
basglica dogal antioksidanlar, esas olarak vitaminler
(C, E ve A vitaminleri), karotenoidler ve polifenolik
bilesiklerdir. Cogu arastirmada meyve ve sebze
tiuketiminin kanser ve kalp hastaliklarinin olusumunu
engelledigi goriilmektedir (Giiclii ve ark., 2005).

Coban Cantasi ve Coban Cokerten bitkileri baz
aktarlarda ticari amacla bulundurulmakla birlikte
yerel halk tarafindan yeterince bilinmemektedir.
Literatiir taramalarinda, bu Dbitkiler ile ilgili
antioksidan enzim aktivitesini inceleyen in vitro
calismalara rastlanilmamigtir. Yapilan bu ¢alismada,
bu bitkilere ait antioksidan enzim aktiviteleri (SOD,
CAT) ve oksidatif stres indikatérii (MDA) diizeyleri
kargilagtirilarak degerlendirilmistir.

MATERYAL ve METOD

Bu calismada Akdeniz Bélgesi Kahramanmaras ili
sinirlarinda dogal olarak yetisen bitkiler kullanildi.
Bitki o6rnekleri sterilizasyon ve ayirma islemleri
yapilarak, oda sartlarinda giines gérmeyecek sekilde
ince bir tabaka halinde serilerek kurutuldu. Daha
sonra oOrnekler degirmende c¢ekilerek oda 1sisinda
kullanilacak zamana kadar saklandi.

Biyokimyasal Analizler

Biyokimyasal analiz igin  bitki  ekstresinin
hazirlanmasi

Bitki o6rneklerinin hazirlanmas1 iglemi KSU Tip
Fakiiltesi Tibbi Biyokimya Aragtirma
Laboratuvarinda gerceklestirildi. Aragtirma

laboratuvarina getirilen taze bitki 6rnekleri steril bir
nester yardimiyla uygun kisimlari alinarak kugik
parcaciklara ayrildi ve oda sicakliginda kurumaya
birakildi. Kurutulan bitki o6rnekleri lavion marka
mekanik 6glticii yardimiyla toz haline getirilerek
+4°C’de saklandi. Arastirmada ekstraksiyon iglemi
etanol ile yapildi. Bunun igin 10 g bitki 6rnegi alinarak
100 ml %70lik etanol ¢6zeltisi igerine konuldu ve
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calkalamali inkiibatérde (Niikleon NCI55) bir gece
bekletildi. Ardindan slizme iglemi gerceklestirildi.
Elde edilen stiztinti 5000 rpm’de 5 dk sture ile santrifiij
(Hettich 420 R) edildi. Siipernatant rotary evaparatér
yardimiyla uzaklagtirildi. Elde edilen madde hassas
terazide (Radwag AS 510) tartildt ve sonraki
calismalar icin gines gérmeyen alanda saklandi. Bu
sekilde stok ¢ozelti olugturuldu.

Antioksidan Aktivitenin Saptanmasi
SOD aktivitesi tayini

Bitki ekstraklarinda SOD enzim aktivitesi, Fridovich
tarafindan aciklanan yénteme goére 6lciildii (Fridovich,
1995). SOD, oksidatif enerji tiretimi esnasinda olusan
toksik stiperoksit radikallerinin hidrojen peroksit ve
molekiiler oksijene dismutasyonunu hizlandirir. Bu
yontem, ksantin ve ksantin oksidaz kullanilarak
olusturulan siiperoksit radikallerinin, 2-(4-iyodofenil)-
3-(4-nitrofenol)-5 fenil tetrazoliyum klorid
(piyodonitrotetra zoliyum viyolet:NT) ile meydana
getirdigi kirmizi1 renkli formazan boyasinin 505 nm
dalga boyunda verdigi optik dansitenin (OD) okunmasi
esasina dayanmaktadir. Olusan kirmizi rengin OD’si
SOD yoklugunda olusan renge gére azalir, buradaki
farkin belirlenmesiyle de SOD aktivitesi 6l¢tlir.

CAT aktivitesi tayini

CAT aktivitesi, 230 nm ‘de hidrojen peroksit
konsantrasyonundaki diisusiin 6l¢tilmesiyle belirlendi
(Beutler, 1984). CAT aktivitesi U/mg protein olarak
ifade edildi. CAT hidrojen peroksitin yikiminm katalize
eder. Hidrojen peroksitin CAT tarafindan yikim hiz,
hidrojen peroksitin 230 nm’de 15181 absorbe
etmesinden yararlanilarak spektrofotometrik olarak
olguldi.

MDA diizeyinin tayini

Aerobik sartlarda pH 3.40°de tiyobarbitiirik asit (TBA)
ile 6rnegin 90-95 C”de inkiibasyonu sonucu olusan
lipit peroksidasyonunun sekonder urini olan
MDA’nin TBA ile pembe renkli kompleks olusturma
esasina dayanir. Olusan bu renk siddeti ortamdaki

MDA konsantrasyonu ile dogru orantihidir ve 532
nm’de  spektrofotometrik olarak degerlendirilir
(Ohkawa, 1979).

Protein diizeyi

Folin Cioacalteu yontemiyle hem protein hem de
polifenol bilesiklerin diizeyleri saptanabilmektedir.
Folin teknigi ile ekstrede proteinlerin igerdigi trozin ve
triptofan rezidilerinin fosfotungustik —fosfomolibdik
asit ile verdigi renk reaksiyonunun spektrofotometrik
yontemle 750 nm’deki absorbans o6l¢giimine dayanir
(Lowry, 1951). Sigir bovin serum albiimin standart
olarak kullanilmigtir.

Istatistiksel Analizler

Istatistiksel degerlendirmeler SPSS 22.0 paket
programinda yapildi. Bitkilerin birbirleriyle
kargilagtirilmalarinda Mann Whitney U testi ve
varyans analizi kullanildi. Istatiksel anlamlilik olarak
P<0.05 duizeyi alinda.

BULGULAR

Cizelge 1’de goruldigu gibi, iki bitki arasinda en
yiksek SOD ve CAT enzim aktivitesi Coban Cékerten
bitkisinde goraldi (p<0.05). Ote yandan, Coban
Cantas1 bitki ekstresinde MDA diizeyi yluksek iken,
coban cokerten bitki ekstresinde MDA diizeylerinin
diisiik oldugu saptandi (p<0.05) (Sekil 1).

TARTISMA ve SONUC

Turkiye, farkh bolgelerde ¢ok gesitli iklim boélgelerine
sahip olmasi nedeni ile olduk¢a uygun tibbi ve
aromatik bitki florasina sahiptir. Meyve, sebze ve
yabani otlar tedarik edilerek besin kaynag olarak
yuzyillardir kullamilmaktadir. Bu besin kaynaklari
sahip olduklarn flavonoid gibi bilesikler ile
formakolojik etkilere sahip olabilmektedir. Bu
etkilerinden dolayr saglik takviyelerinde veya ilag
olarak tercih edilen ajanlara donustiirilerek
kullanilmakta ve buyiik ilgi gérmektedir (Ozkol ve
ark., 2017).

Cizelge 1. Coban Cokerten (Tribulus terrestris) ve Coban Cantasi (Capsella bursa-pastoris) da antioksidan enzim

aktiviteleri (CAT ve SOD)

Table 1. Antioxidant enzyme activities (CAT and SOD) in Coban Cékerten (Tribulus terrestris) ve Coban Cantasi

(Capsella bursa-pastoris)

Coban Cokerten (Tribulus terrestris) **

Coban Cantas1 (Capsella bursa-pastoris)

CAT (U/mg protein) 113.6+0.95%
SOD (U/mg protein) 1.51+0.03*

104.8+0.57*
1.324+0.08*

*Sonuglar ortalama + standart hata olarak verildi.

**Coban Cokertende CAT ve SOD aktivitesi Coban Cantasina gére daha yiiksek bulundu (p<0.05).
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3,5

2,5
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Coban Cokerten (Tribulus terrestris)

Coban Cantasi (Capsella bursa-pastoris)

Sekil 1. Coban Coékerten (T.terrestris) ve Coban Cantas1 (Capsella bursa-pastoris) bitkilerinde MDA diizeyleri.
Figure 1. Comparison of MDA levels of Coban Cékerten (T.terrestris) ve Coban Cantasi (Capsella bursa-pastoris).

Bitkiler geleneksel tedavi yontemlerinde kullanilmak
tzere dogrudan kullanilabilir veya cgesitli yontemlerle
ila¢ seklinde hazirlanir. Taze bitkiler dogrudan veya
su ile kaynatildiktan sonra dahilen veya haricen
uygulama yapilarak kullanilabilir. Bitkilerden yemek,
recel, marmelat seklinde de tedavi edici olarak
faydalanildig1 literatiirlerde kayithdir (Tuzlac1 ve
Senkardes., 2016). Bircok hastaligin olusumunda rolii
olan oksidatif stres ve serbest radikallerin, canlh
organizmalara olan zararlarini gidermek acisindan,
antioksidan yapiya sahip maddelerin tedarik edilmesi
ve bunlarin antioksidan enzim aktivitelerinin
bilinmesi saglik acgisindan biiyik o6neme sahiptir
(Kurutas, 2015). Bitkilerde antioksidan enzim
kapasite; test sistemi, ortam sartlari ve kullanilan
ekstraktlara bagh olarak degismektedir. Antioksidan
enzim aktivitesi uzerine spektrofotometrik
yontemlerin kullanildigi herhangi bir arastirma
yapilmamigtir. Bu calismada bitkilere ait oksidatif
strese karsi koyan antioksidan enzim aktivitelerinin
miktar1 ve lipid peroksidasyon seviyeleri (MDA)
belirlenmigtir.

Arastirmada kullamlan bitkilerin (C. cokerten ve
C.cantas)), cok koklii gecmislerinin  oldugu,
hastaliklarin tedavisinde halk tarafindan kullanildig:
ancak her iki bitki grubu i¢in arastirmalarin son
yillarda agirhk kazandig1 gozlenmektedir. C. ¢cantasi
bitkisinin; flavonoid, sterol, histamin, tiramin,
asetilkolin, organik asit, vitamin ve iz element gibi
bilesikleri bulunduran genis bir kimyasal yelpazeye
sahip oldugu gorillmektedir (Al-Snafi, 2015). C.
cantasi Dbitkisinin insanlikla iligkisinin yiizyillar
oncesine dayandigi, ozellikle Cin ve dJaponya’da
kanamalar1 inhibe edici, akciger, mide ve bobrek
rahatsizliklarinda tedavi edici olarak kullanildig:
bildirilmistir (Al-Snafi, 2015). Son yillarda C. cantas:
bitkisi 1ile c¢alismalar yapilmis ve insan saghg:
acisindan onemli sonuclar elde edilmistir. C. cantasi
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bitkisine ait su, etanol ve metanol ekstrelerinin
sirasiyla %42.9, %29.5 ve %42.9 oraninda tumor
inhibisyonuna neden oldugu gériilmektedir (Yildirim
ve ark., 2013). Karaciger hasarina karsi koruyucu
etkilerinin oldugu gésterilmistir (Algasoumi ve ark.,
2008). Halk arasinda tansiyon diisiirmek amaciyla
kullanmildig1 literatiirde kayithdir (Yigit, 2014). C.
Cokerten bitkisi de C. Cantasi bitkisi gibi ytizyillardir
halk arasinda geleneksel tipta kullanilan tek yillik
bitkidir. C. Cokerten bitkisinin ana aktif bilesenleri
arasinda flavonoidler, alkoloidler, saponinler, amidler
ve glikozitlerin oldugu gériilmektedir (Shahid ve ark.,
2016). Bitkinin tansiyon diigiirmek amaciyla ve kalp
hastaliklarinda yerel halk arasinda kullanmildig:
literatiirde kayitlidir (Giines ve ark., 2011).

Antioksidan aktivite tayininde cok cesitli (etanol,
metanol, hekzanol, sw) ¢Oziiculer
hazirlanabilmektedir. Bu c¢oziiciler ile hazirlanan
ekstraktlar, bitki dokularinin tibbi acidan aktif
kisimlarinin  duragan kisimlarindan ayrilmasim
saglar. Cozucllerle ekstraksiyon, bitkide bulunan
antioksidan Dbilesiklerin kazanilmasinda siklikla
kullanilmaktadir. Polar 6zellikli etanol ¢o6zeltesi,
bitkinin sert kisimlarina ve benzer yapilara
ulasilmasini saglar. Bu yiizden c¢alismada
ekstraksiyon verimi yiiksek polar yapili etanol
¢ozeltisi kullanildi. Her iki bitkinin antioksidan enzim
kapasiteleri 6l¢iilmiis ve C. ¢okerten bitkisinin daha
yiiksek antioksidan enzim aktivitesine (SOD, CAT)
sahip oldugu gorulmistir. Bu durumun C. ¢okerten
bitkisinin daha yiiksek oranda fenolik bilesik
igeriginden kaynaklandig1 sonucuna varilabilir. SOD
enzimi bitkide 6nemli organellerden kloroplast ve
mitokondri igerisinde yer alir. Bitkinin canhligini
stirdiirebilmesi bu enzimlerin miktarina baglidir.
Ozellikle yapraklarda olusan hidrojen peroksit
(H202)'in yok edilmesinde SOD ve CAT enzimlerinin
rol aldig1 belirtilmistir (Omari ve Nhiri, 2020).
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Enzimatik sistemler antioksidan savunmanin bir
parcasi olsa da, polifenoller gibi daha bir¢ok molekiil,
antioksidan aktivitelerini dolayli veya dogrudan
uygulayabilir. Dolayl etkileri, antioksidan enzimlerin
indiiklenmesi yoluyla endojen antioksidan sistemlerin
giglendirilmesinin yani1 sira, tiketilmeden &nce
gidalardaki lipidlerin oksidasyonunun onlenmesi ve
boylece prooksidan aliminin azaltilmasiyla meydana
gelir. Folin Ciolcalteu teknigi, bitki 6zlerindeki toplam
fenoliklerin 6l¢imi i¢in yaygin olarak
kullanilmaktadir. Gallik asit, katesin, tanik asit,
klorojenik asit, kafeik asit, vanilik asit ve ferulik asit
bir referans standardi olarak kullanilmaktadir. Folin
yonteminin kullamiminda, askorbik asit, sekerler ve
aromatik aminler gibi diger maddelerin Ol¢gtimleri
nedeniyle bir numunede daha ytksek toplam fenolik
icerik (TPC) degerleri verdigi rapor edildiginden baz
yanilgilar bildirilmistir (folin reaktifinin okside olmasi
gibi). Bireyler tarafindan her bir teste uygulanan
modifikasyonlar nedeniyle tutarsizlig, egri
kalibrasyonu i¢in kullanilan standartlarin tipinde
tekdiizelik eksikligi ve farkli arastirmacilardan
istenen fenolik bilesik bilesimi ve antioksidan
testlerinin verilerini karsilagtirmak genellikle zordur.
Bu calisma da folin yontemiyle 6rneklerde polifenol
diizeyi belirlemek hatali sonuclara neden olabilecegi
diisinuldiginden dolayr antioksidan enzim aktivite
(CAT ve SOD) sonuclar: mg protein bagina diigen {inite
olarak ifade edildi.

Aragtirma sonuglarina bakildiginda C. c¢okerten
bitkisinin yiiksek oranda SOD ve CAT enzim aktivitesi
sahip oldugu goérulmektedir. Yuan ve ark. etanol ile
hazirlanmig bitki yaprak ekstraktlarinin antioksidan
aktivitesinin oldugunu, hiicre canhiligimi artirdigini,
kaspaz-3in duzenlenmesi yoluyla géz ARPE-19
hiicrelerinin apoptozunun o6nlendigi belirtilmigtir
(Yuan ve ark., 2020). Ayrica ¢. c¢ékerten bitkisinin
ARPE-19 hiicrelerinde H20: tarafindan indiiklenen
asag regiile edilmis SOD ve CAT aktivitelerini
artirdign sonucuna vardilar. H2O2nin c¢ok diusik
oldugu konsantrasyonlarda bitkide herhangi bir
antioksidan  enzim etkinligi  gérilmemektedir.
H202nin konsantrasyonlarinda artiglarla birlikte
antioksidan enzim sistemi (SOD ve CAT) devreye
girdigi diistiniilmektedir (Liu ve ark., 2010). Hammoda
ve ark. yiiksek antioksidan seviyesine sahip oldugunu
DPPH radikal siipiirme yontemi ile tespit etmiglerdir
(Hammoda ve ark., 2013). C. cokerten bitkisi
antioksidan bakimindan dogal, zengin ve sagliklidir.
Benzer degerlendirmenin, Tian ve ark. tarafindan
ABTS ve DPPH yo6ntemi ile ¢. ¢okerten bitkisinin
antioksidan  06lgiim  sonucuna gore yaptiklar
goriilmektedir (Tian ve ark., 2019). C. cékerten
bitkisinde CAT ve SOD antioksidan enzim
aktivitesinin yiiksek olmasi; hiicre bélinmesi basta
olmak tizere hucresel homeostazisin saglanmasinda
roll oldugu dustintlebilir.
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Arastirmada ¢. cantas1 bitkisinin antioksidan enzim
aktivitesine sahip oldugu gériilmektedir. Yildirim ve
ark. arastirmalarinda c¢oban c¢antasi bitkisinin
etonollu ekstraktlarinin, plazma ve doku biyokimyasal
parametreleri tzerine SOD, CAT ve glutatyon
peroksidaz aktivitesini artirdigin1  goézlemlediler
(Y1ldirim ve ark., 2020). Benzer sekilde, ¢. cantas1 bitki
oziitiiniin antioksidan enzim (SOD, CAT) aktivitesini
artirdigini ve hiicrelerde nitrik oksit olugumu tizerinde
orta derecelerde inhibe edici etkisinin oldugunu
belirten ¢alisma mevcuttur (Min Cha ve ark., 2017).
Coban Cantasi bitkisinin antioksidatif etki gosterdigi
Peng ve ark. tarafindan in vivo fare modeli lizerinde
gosterilmis, fenolik asit ve flavonoidler dahil 24 bilesik
icerdigi vurgulanmistir (Peng ve ark., 2019). Fenolik
asit ve flavonoid ¢esitliligi bitkide antioksidan enzim
degerinin gostergesi olarak degerlendirilebilir. Fenolik
bilegikler bitkilerin hayatta kalmasinda rol oynayan
oksidatif strese karsi koyan c¢ok onemli ajanlardir.

Antioksidan enzimler, bitkileri c¢evresel stres
uyaranlarina karsit korumaktadir. Dolayisiyla bu
enzimlerin bitkide bulunma oranlari oldukca
onemlidir.

Aragtirma sonuglarina bakildiginda her iki bitkinin de
antioksidan enzim aktivite gosterdigi gorilmektedir.
SOD ve CAT enzim aktivitesinin ¢. ¢gokerten bitkisinde
daha fazla oldugu gézlenmistir. Bu durum bitkinin
yasam alanlarinin farkli olmasi, topragin yapisi,
sicaklik vb. cevresel faktérlere baglanabilir. Ozellikle
agir metal iyonlarinin miktari bu enzimlerin ¢alisma
sartlarimi etkiler. Diisik konsantrasyonlarda bakir
(Cu*?) iyonunun varhigi SOD ve CAT enzim aktivitesini
azaltirken, normal diizeydeki Cu*? iyonu varligi SOD
ve CAT enzim aktivitesini artirmaktadir. Bu agidan
bakildiginda ¢. cantas: bitkisine ait ¢éziicilerde SOD
ve CAT aktivitesinin ¢. ¢okerten bitkisine gore daha
dustiik diizeylerde olmasi topragin mineral madde
icerigine bagh olabilir (Stanisavljevic ve ark., 2012).

Oksidatif stresin gostergesi olan MDA, ayn1 zamanda
lipid peroksidasyonunun (LPO) son iiriiniidiir.
LPO’nun fazla olmasi; hiicre ya da ilgili dokularda
oksidatif hasarin yogun oldugu anlamina gelir. Bitkide
bulunan antioksidan maddeler lipid peroksidasyonuna
kars1 ilgili dokuyu korumaktadir. Arastirma da, ¢.
¢okerten bitkisinde MDA diizeyi disiik miktarlarda
saptanmis olup bunu destekleyen benzer caligmalar
mevcuttur. Bu durum, ¢. ¢okerten bitkisinin lipid
peroksidasyonunda engelleyici 6zelliginin daha fazla
oldugunun gostergesi olarak degerlendirilmektedir.
Bir bagka ifade ile ¢. ¢okerten bitkisinde fenolik bilegsik
orani daha fazla denilebilir. Yapilan calismalarda, en
disik MDA duzeyi, antioksidan enzim aktivitesinin
en fazla oldugu durumlarda da gorilmektedir
(Yildirnm ve ark., 2013). MDA seviyesinin diigiik
degerde olmasi, lipid peroksidasyonun az oldugu
anlamina gelmektedir. Lipid yikiminin az olmasi ile
bitki doku canliligi korunmusg olur. Kamboj ve ark. ¢.
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cokerten  bitkisinin  oksidatif stres ve lipid
peroksidasyonunu azalttigim gézlemlediler (Kamboj
ve ark., 2011). C. ¢cékerten bitkisi ile yapilan farkl bir
calismada gli¢li antioksidan 6zelliginin oldugu ve lipid
peroksidasyonunu engelledigi igin disik MDA
seviyelerinin gozlendigi bildirilmistir (Ivanova ve ark.,
2005). C. cantas1 bitkisinin karacigerde lipid
birikimini engelledigi in vivo arastirmalar ile
gosterilmistir (Choi ve ark., 2017). Coban Cantasi
bitkisinin anti inflamatuar ve antioksidatif olarak
degerlendirildigi ¢alismada MDA degerinin dusik
seviyelerde oldugu gosterilmistir (Choi ve ark., 2017).
Coziculerin fenolik bilesiklerle olan etkilesimleri
MDA degerinin dusik ya da yiksek degerde
okunmasina neden olabilir. Arastirmada kullanilan
etanol ¢ozliciniin MDA seviyesinin diigiik degerlerde
okunmasinda bir faktor oldugu soylenebilir.

Gunumiizde degisen beslenme aligkanliklari, salgin
hastaliklarin goriillme sikligr ve stres ortami birgok
hastaligin ortaya cikisimi tetiklemektedir. Bilim
diinyasina yo6n veren mekanizmalardan birisi de
stiiphesiz bu hastaliklara yakalanma riskini en aza
indirmek olacaktir. Bu agidan bitkilerin biyolojik
igeriklerini ve farmakolojik aktivitelerini 6grenmek
biylk 6nem arz etmektedir. Bu baglamda yapilan bu
calismada her iki bitki grubunun da etkin antioksidan
degerine sahip oldugu gorilmustur.

Literatiir taramas1 yapildiginda her iki bitki tara
ozelinde antioksidan enzim  aktivite Ol¢imu
calismalar1 ¢ok azdir. Ginumiuzde farkli yontemler
kullamilarak antioksidan 6l¢iimler yapilabilmektedir.
Bu calismada spektrofotometrik yontemler kullanarak
antioksidan enzim aktiviteleri tUzerine sonucglarin
alinmasi hedeflendi. Bu anlamda antioksidan enzim
parametreleri (SOD, CAT) ve oksidatif stres
parametreleri (MDA) diizeyleri Olctlerek
degerlendirildi. SOD ve CAT enzim degerlerine gore g.
¢okerten bitkisinin antioksidan enzim aktivitesinin
daha yiiksek degerde oldugu gozlendi. Bulunan bu
sonugclar literatir ¢calismalarini destekler niteliktedir.
Bitkilerin aktif bilesiklerini ortaya c¢ikarmak igin
cesitli solventler kullanilmaktadir. Etanol geleneksel
olarak antioksidan aktiviteye sahip c¢ogu bitki
Urinini ekstrakte etmek i¢in kullanilan evrensel bir
¢oziicidiir. Bu bakimdan arastirmada her iki bitki i¢in
¢oziici olarak etanol tercih edilmigtir. MDA
seviyelerine bakildiginda ¢. ¢okerten bitki ekstresi; ¢.
cantasi bitki ekstresine gore daha diisiik degerlerde
sonu¢ vermigtir. Her iki bitki grubunda lipid yikimi
azaltic etkisi goérialdigi soylenebilir. Ancak bu oran ¢.
cokerten bitkisinde daha fazladir. Bu bakimdan 6nceki
calismalar1 destekler nitelikte sonucglar ortaya
konmustur.

Bu her iki bitki ekstraktlarinda in vitro antioksidan
enzim aktivitelerini saptanmasi ve MDA miktar tayini
ilk defa bu ¢alismada degerlendirildi ve gesitli hastalik
modelleri olusturulan hayvan modellerinde bu iki bitki
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ekstraktlarinin koruyucu etkileri ileri de yapilacak
calismalarda arastirilabilir. Dahasi, ¢. ¢antas1 ve ¢.
¢okerten lzerine yapilan sinirli ¢caligmalar nedeniyle,
bu kantitatif calisma, ileri c¢aligmalara yeni 11k
tutacaktir, in vivo calismalarin yapilmasi ile bu
arastirma desteklenmelidir. Bu arastirma ile her iki
bitkinin antioksidan aktivite bakimindan gigli
oldugunu ve bitkiyi oksidatif strese karsi koruyan
mekanizmalarin bulundugu gésterilmis durumdadar.
Ozellikle ¢ok pahali bir sektér haline gelen ilag
sektorine, yapilacak arastirmalar ile yeni umutlar
olacag: dustiniilmektedir.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT

In this study, the antioxidant and antimicrobial activities of the water
and ethanol extracts obtained from the fruit and leaves of Paliurus
spina-christi Mill, from Kahramanmaras city were investigated. The
antioxidant activities of the extracts were determined using the cupric
ion (Cu*?) reducing antioxidant capacity (CUPRAC), 1,1-diphenyl-2-
picryl-hydrazyl-hydrate (DPPH), and 2,2-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) methods. The results
were evaluated by comparing them with those of butylated
hydroxytoluene (BHT) and Trolox, as standard substances. On the
other hand, the antimicrobial activities of the plant extracts were
identified using the agar well diffusion method. According to the
CUPRAC method, the antioxidant activities of the plant extracts at a
concentration of 800 pg/mL were found to be lower than those of the
standard antioxidant substances. At the same concentration, the
DPPH radical scavenging activity of the ethanolic extract of the leaves
of the plant was found to be higher than that of Trolox. In the ABTS
method, the radical scavenging activity of the fruit of the plant was
found to be high and close to those of the standard antioxidants.
According to the data obtained from antimicrobial studies, ethanol
extracts obtained from fruit and leaf parts on all microorganisms
except Pasteurella multicoda and Bacillus cereus bacteria have the
highest zone diameter. The ethanol extract of fruit of the plant was
found to be more effective in Pseudomonas aeruginosa, Klebsiella
pneumoniae and Candida albicans.

OZET

Calismada, Kahramanmaras ilinde bulunan Paliurus spina—christi
Mill. (Karacal) bitkisinin meyve ve yaprak kisimlarindan elde edilen
su ve etanol ekstrelerinin antioksidan ve antimikrobiyal aktiviteleri
incelenmigtir. Ekstrelerin antioksidan aktiviteleri, kuprik iyonu
(Cu*?) indirgeme (CUPRAC), 1,1-Difenil 2-pikril hidrazil (DPPH) ve
2,2-azinobis (3-etilbenzo-tiyazolin-6-siilfonik asit) (ABTS) yéntemleri
ile belirlenmistir. Sonuclar, BHT (Biitil hidroksitoluen) ve Troloks
standart maddeleriyle karsilagtirilarak degerlendirilmigtir. Bitki
ekstrelerinin antimikrobiyal aktiviteleri ise agar kuyu difiizyon
yontemi kullanilarak belirlenmistir. CUPRAC y6ntemine gore, bitki
ekstrelerinin 800 pg/ml  konsantrasyondaki  antioksidan
aktivitelerinin, standart antioksidan maddelere gore daha dusik
oldugu tespit edilmigtir. Ayni konsantrasyonda, bitkinin yaprak
kisminin etanol ekstresinin DPPH radikali giderme aktivitesinin
Trolokstan daha yiiksek oldugu tespit edilmigtir. ABTS yonteminde
ise, bitkinin meyve kisminin radikal giderme aktivitesinin yiiksek ve
standart antioksidanlara yakin oldugu tespit edilmistir.
Antimikrobiyal ¢calismalardan elde edilen verilere gore Pasteurella
multicoda ve  Bacillus cereus bakterileri disinda tim
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mikroorganizmalar Gizerinde meyve ve yaprak kismindan elde edilen
etanol ekstrelerinin en yiiksek zon capina sahip oldugu, bitkinin

meyve kisminin etanol ekstresi

ise Pseudomonas aeruginosa,

Klebsiella pneumoniae ve Candida albicansda daha etkili oldugu

tespit edilmigtir.

To Cite : Arslan L, Kaya E 2021. Investigation of Antimicrobial and Antioxidant Activities of Paliurus spina-christi Mill. in
Kahramanmaras,Turkey. KSU J. Agric Nat 24 (6): 1161-1169. DOI: 10.18016/ksutarimdoga.vi.835763.

INTRODUCTION

Today, the use of some herbs for therapeutic purposes,
intended for maintaining a healthy life, and the
subsequent consumption of natural antioxidants is
increasing with each passing day, as are the number of
studies on this subject. Many antioxidant compounds
found naturally in vegetal sources have been identified
as free radicals or active oxygen scavengers. Reactive
oxygen derivatives, known as free radicals, induce the
oxidation reactions in foods, causing spoilage and the
loss of color and aroma, as well as many diseases in
humans (Valko et al., 2006). Antioxidant substances
are used to lessen the damage of free radicals and some
kinds of reactive oxygen, as well as extend the shelf life
of foods. These compounds are abundant in vegetables,
shelled and unshelled fruits, seeds, leaves, flowers,
roots, and shells (Pratt and Hudson, 1990; Damien
Dorman et al., 1995; Tomaino et al., 2005). Natural
antioxidants delay the progression of many chronic
diseases by protecting the human body from free
radicals, and also delay oxidative spoilage in foods
(Gilcin et al., 2003). Synthetic antioxidants are too
often used in the food industry to extend the shelf life
of foods. Butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG), and tert-
butylhydroquinone (TBHQ) are the most commonly
used synthetic antioxidants in this field (Fki1 et al.,
2005). However, restrictions have been imposed on the
use of synthetic antioxidants due to their side effects;
hence, today, the natural antioxidants found in foods
have gained more importance.

Due to the complex structures of the plant extracts, the
evaluations were conducted using multiple methods
instead of a single method in the identification of the
antioxidant characteristics (Chu et al., 2000). The
methods used studies, such as CUPRAC, DPPH, and
ABTS *, have been commonly used in the evaluation of
plant extracts. Essential oils and plant extracts
obtained from various vegetal sources are known to
have antimicrobial activities on some microorganisms.
Antimicrobial agents that also have aromatic
properties are used for protecting raw and processed
foods from spoilage, in the treatment of infectious
diseases in medicine, in the field of alternative
medicine, and in natural treatment processes
(Hammer et al., 1999, Prince and Prabakaran, 2011).

Paliurus spina-christi Mill.(Rhamnaceae), colloquially
known by different local names, such as blackthorn,
Sincan thorn, bush thorn, and Christ’s thorn, is spread
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across the Balkans, the Caucasus, Southern Europe,
and particularly, in Turkey (Deligoz et al., 2007). P.
spina-christ;;, which 1s used with various medical
methods by local people, is also important in terms of
the substances it contains. The plant is known to have
significant biological activities, since it contains
alkaloids, flavonoids, glycosides, polyphenols, tannins,
methyl esters of natural fatty acids, sterols, and free
fatty acids (Medié-Sari¢, M et al., 1996). Studies have
also reported that the plant is used as an
antidiarrheal, diuretic and antirheumatic medication,
and that it has different extracts that comprise
antimicrobial, hypolipidemic, antioxidant,
antidiabetic, and antigenotoxic activities (Brantner
and Males, 1990, 1999; Schirarend and Olabi, 1994;
Brantner et al., 1996; El Rabey et al., 2014; Zor et al.,
2017; Takim, 2021).

This study was intended to determine the antioxidant
and antimicrobial activities of P. spina-christi, located
in the city of Kahramanmaras, which is used for
medical purposes by the local people. For this reason,
the antioxidant and antimicrobial properties of the
water and ethanol extracts obtained from the fruit and
leaves of P. spina-christi were investigated.

MATERIALS and METHODS
Chemicals

2,9-dimethyl-1,10-phenanthroline [Neocuproine], 2,2-
azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
[ABTS] , butylated hydroxytoluene [BHTI], 1,1-
diphenyl-2-picryl-hydrazyl [DPPH] and 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid [Trolox]
were obtained from Sigma (Sigma-Aldrich GmbH,
Sternheim, Germany). All other chemicals used were
analytical grade and obtained from either Sigma-
Aldrich or Merck.

Plant materials

The P. spina-christi sample used within the scope of
the study was collected from the Stileymanh town of
Onikisubat in Kahramanmaras Province, between
May and June in 2018. The plant sample was
identified and confirmed by Asst. Prof. Dr. Seyran
PALABAS UZUN. A voucher specimen was deposited
in the Kahramanmaras Stitgli Imam University Forest
Faculty Herbarium (KASOF 1324). The fruits and
leaves of the plant were left to dry completely in the
shade at room temperature. The completely dried
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fruits and leaves of the plant were ground into a fine
powder using a blender (Waring Commercial). The
ground samples were kept at 4 °C until performing the
experiments.

Preparation of ethanol and water extracts

For the water extracts, 20 g of dried fruit and leaf
samples were weighed separately (at a ratio of 1:20),
and 400 mL of pure water was added to each, and then
they were mixed on a magnetic stirrer for 30 min
(Giilgin, 2005). The extracts were filtered through
Whatman No. 1 filter paper. The collected extracts
were frozen at —20 °C, and once frozen, the extracts
were lyophilized for a period of 18 h.

For the ethanol extracts, 20 g of the samples were
weighed separately, and 400 mL of pure ethanol was
added to each, and then they were mixed on a magnetic
stirrer at 3000 rpm for a period of 6 h. The ethanol
extracts were filtered through Whatman No. 1 filter
paper, and the ethanol was removed from the collected
extracts using an evaporator at 40 °C. Samples at
concentrations of 12.5, 25, 50, 100, 200, 400, and 800
ug/mL were prepared using the extracts.

Cupric ions reducing antioxidant capacity assay

The cupric ion reduction activities of the water and
ethanol extracts obtained from the fruit and leaves of
P. spina-christi were identified CUPRAC method of
Apak et al. (2004). First, 1 x 10-2M of CuCl: solution
was added into the test tubes, and then 7.5 X 10-3M of
neocuproin solution and 1 M of ammonium acetate
buffer were added. After mixing these solutions, the
water and ethanol extracts obtained from the fruit and
leaves of the plant, prepared at different
concentrations (12.5-800 pg/mL), were added to the
mixture, and absorbance was recorded at 450 nm. BHT
and Trolox were used as the standard.

1,1-Diphenyl-2-picryl-hydrazyl-hydrate free radical
scavenging assay

The free radical scavenging activities of the water and
ethanol extracts obtained from the fruit and leaves of

P. spina-christi were identified using DPPH, according
to the method of Blois (1958).

First, 1 mL of 10-3M DPPH radical solution was added
to the 12.5-800 pg/mL concentrations of the water and
ethanol extracts of the fruit and leaves of the plant.
After keeping the mixtures at room temperature for 30
min, the absorbance at 517 nm was recorded against
the blank, using the control solution (consisting of
ethanol and DPPH). BHT and Trolox were used as the
standard. A decrease in the absorbance value indicated
the presence of an antioxidant substance in the
environment. All of the antioxidant activity
experiments were done with three repetitions. The
values were calculated using the formula below.
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A control—A sample

% Inhibition = x100

A control
Acontrol 1s the absorbance value of the control sample
containing the DPPH radical solution alone, Asample 1S
the measured absorbance value of the sample prepared
by adding a solution containing the DDPH radicals to
the extracts.

2,2-Azinobis (8-ethylbenzothiazoline-6-sulfonic acid)
radical scavenging activity assay

The ABTS radical scavenging activities of the water
and ethanol extracts obtained from the fruit and leaves
of P. spina-christi were identified according to the
method described by Re et al. (1999). For the
implementation of the method, the 2 mM ABTS
solution was mixed with potassium persulfate solution
at a ratio of 1/0.5, and then the mixture was kept in a
magnetic stirrer in the dark for 1 night to obtain the
ABTS'* radicals. Before using the resultant radical
solution, its absorbance at 734 nm was adjusted to
0.700 £ 0.025 nm with a phosphate buffer of 0.1 M and
pH ="7. The required amount was taken from the water
and ethanol extracts obtained from the fruit and leaves
of the plant, prepared at different concentrations
(12.5-800 pg/mL), and then 1 mL of ABTS'* solution
was added, and the resultant mixture was allowed to
stand for 30 min. The absorbance at 734 nm was
recorded against a blank consisting of the buffer
solution. A decrease in the absorbance value indicated
the amount of ABTS'+* radicals eliminated from the
environment. The implementations were performed in
triplicate, and the % inhibitions of the extracts and
standards (BHT and Trolox) were calculated using the
following equation.

% Inhibition =

A control—A sample
Lo Z TP x100

A control
Acontrol 1s the absorbance value of the control sample
containing the ABTS radical solution alone, and Asample
is the measured absorbance value of the sample
prepared by adding a solution containing the ABTS
radicals to the extracts.

Microorganisms

The standard strains, which comprised Bacillus cereus
(ATCC 11778), Bacillus subtilis (ATCC 11774),
Escherichia coli (ATCC 25922), Klebsiella pneumoniae
(ATCC 4352), Pasteurella multocida (ATCC 12945),
Pseudomonas aeruginosa (ATCC 27853),
Staphylococcus aureus (ATCC 6358), Yersinia
enterocolitica (ATCC 27729), and Candida albicans
(ATCC 10231), were used to determine the
antimicrobial activity of the P. spina-christi fruit and
leaf extracts.

The strains used in the study were obtained from the
Microbiology Laboratory of Atatlirk Vocational School
of Health Services, Kafkas University, Kars, Turkey.
Mueller-Hinton broth and agar (Merck, Darmstadt,
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Germany) were used to revitalize the bacteria, and
Sabouraud dextrose broth and agar media (Merck)
were used to resuscitate the yeast.

Determination of the antimicrobial activity and the
agar well diffusion technique

First, 50 g of the fruit and leaves of P. spina-christi
were weighed separately, and then ground. The
extracts obtained from a Soxhlet device were
evaporated at 50 °C. The fruit and leaf extracts taken
from the evaporator were kept at 4 °C until analysis.
The agar well diffusion method was used to identify the
antimicrobial activity.

The bacterial strains taken from the stock cultures
were separately incubated in 5 mL of liquid medium
for 2 to 5 h at 35 °C and 30 °C, respectively. Next, 100
pL of the cultures that grew at the end of the
incubation period was planted in petri dishes in such a
way as to ensure that 108 cfu/mL was available for the
cultural bacteria and 106 cfu/mL was available for the
yeast. They were inoculated by frequently combing
them in a petri dish, with a sterile swab being rubbed
in 3 different directions. After this process, all of the
petri plates were left to dry at room temperature for a
period of 5 to 15 min. After completion of the drying
process, 50 uL of the plant extracts were placed into
small wells with a diameter of 5 mm, opened on the
agar, and then the bacteria were incubated at 35 °C for
24 h, while the yeast was incubated at 30 °C for 48 h.
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At the end of the incubation period, the diameters
(mm) of the resultant inhibition zones around the wells
were measured. The antimicrobial activity
experiments against all test microorganisms were
done with three repetitions.

Statistical analyses

The analysis results were created using Microsoft
Office Excel 2010 and one-way ANOVA. The statistical
analyses performed using IBM SPSS Statistics for
Windows 20.0 (IBM Corp., Armonk, NY, USA). The
experimental results were performed in triplicate.

RESULTS and DISCUSSION
CUPRAC assay results

The results of the Cut*? reducing power, CUPRAC
assay, are shown in Figure 1. The Cu*? reduction power
of the fruit ethanol (EEF) and water (WEF) extracts
and leaf ethanol (EEL) and water (WEL) extracts
increased in direct proportion to the increasing
concentration. When the absorbance of the WEF, WEL,
EEF, and EEL of the plant were compared with
standard antioxidants, at a concentration of 800
pug/mL, the result was as follows: Trolox > BHT > WEF
> EEL> WEL > EEF, respectively.

When the EEF and EEL of the plant were compared,
EEL of the plant were found to have the highest Cu*2

1,74 1,746

BHT Trolox

Figure 1. Comparison between the absorbance values of the standard antioxidants (BHT ve trolox) at a
concentration of 800 ug/mL, and those of the water and ethanol extracts obtained from the fruit and
leaves of P. spina-christi , using the CUPRAC method.

(BHT: butylated hydroxytoluene, WEF: water extract of the fruits, WEL: water extract of the leaves, EEF: ethanol
extract of the fruits, EEL: ethanol extract of the leaves)

Sekil 1. P. spina-christi bitkisinin meyve ve yaprak kisimlarindan elde edilen etanol ve su ekstrelerinin (800 ug/ml)

konsantrasyonundaki absorbanslarin CUPRAC yéntemine gore standart antioksidanlar (BHT ve troloks)

ile karsilastirilmasi
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reducing activity. In the water-phase extracts, the
highest Cu*? reduction activity was found in the WEF
of the plant. Likewise, an increase was also found in
the absorbance values obtained with an increased
concentration of the water and ethanol phase extracts
of the plant. The higher absorbance values of the
standard antioxidants (BHT and Trolox) were thought
to possibly have been due to the fact that the extracts
of the fruit and leaves had lower antioxidant compound
contents or exhibited less antioxidant effect when
compared to the standard antioxidants used (BHT and
Trolox).

DPPH assay results

100
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40 35
30
20
10
0
WEF WEL EEF EEL

80,2

% Inihbition

DPPH and ABTS-** radical scavenging activity were
used to measure the radical scavenging activities of
plant extracts, mixtures, and pure substances. This
method is based on the fact that when a solution
containing DPPH is mixed with an antioxidant that
tends to give hydrogen atoms, they react with each
other, and consequently, the DPPH radical in the
environment is reduced and the solution loses its
original purple color. The transfer of hydrogen atom
from the antioxidant to the stable DPPH radical
reduces the absorbance by reducing the DPPH radical
in the environment (Miller 1996; Giil¢in et al., 2007).

87,4

65,8

BHT Trolox

Concentration (800 pg/mL)

Figure 2. Comparison between the % inhibition values of the standard antioxidants (BHT and Trolox) at a
concentration of 800 ug/mL, and those of the water and ethanol extracts obtained from the fruit and
leaves of P. spina-christi, using the DPPH method.

Sekil 2. P, spina-christi bitkisinin meyve ve yaprak kisimlarindan elde edilen etanol ve su ekstrelerinin (800 ng/ml)

konsantrasyonundaki %inhibisyon degerlerinin DPPH yidntemine gore standart antioksidanlar (BHT ve

troloks) ile karsilastirilmasi

When the activities of the WEF, WEL, EEF, and EEL
of the plant were compared with standard
antioxidants, at a concentration of 800 pg/mL, the free
radical scavenging activity were as follows: BHT > EEL
> Trolox > WEF > WEL > EEF, and the % inhibitions
were as follows: 87.4 > 80.2 > 65.8 > 58.8 > 49.2 > 35,
respectively (Figure 2).

The % inhibition values of both the water and ethanol
extracts obtained from the fruit and leaves of P. spina-
christi were found to increase with an increase in the
concentration. The inhibition value (80.2%) of the EEL
was higher than that of Trolox, the standard
antioxidant substance (65.8%). Therefore, the
antioxidant activity of the EEL was considerably high.
The maximum inhibition value of the WEF was 58.8%,
while the maximum inhibition value of the EEF was
35%. This difference was thought to have been due to
the fact that the fruit was hydrophilic, i.e. it had the

ability to bond better with water.

ABTS assay results

The findings obtained with the method, which was
based on the fact that adding an antioxidant-
containing sample to the ABTS-** radical solution
produced through the oxidation of ABTS reduced the
radical (Re et al., 1999), are shown in Figure 3. When
the activities of the WEF, WEL, EEF, and EEL were
compared with standart antioxidants, at a
concentration of 800 pg/mL in the ABTS radical
scavenging activity method, the result was as follows:
Trolox > BHT > EEF = WEF > EEL > WEL, and the %
inhibitions were: 97.8 > 97.2 > 96.2 = 96.2 > 95.9 > 95.5,
respectively. When the EEF and EEL were compared,
the fruit of the plant was found to have the highest
ABTS radical scavenging activity.
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Figure 3. Comparison between the inhibition values (%) of the standard antioxidants (BHT and Trolox) at a
concentration of 800 ug/mL, and those of the water and ethanol extracts obtained from the fruit and
leaves of P. spina-christi, using the ABTS radical scavenging method.

Sekil 3. P. spina-christi bitkisinin meyve ve yaprak kisimlarindan elde edilen etanol ve su ekstrelerinin (800 ug/ml)

konsantrasyonundaki % inhibisyon degerlerinin ABTS radikal giderme ydéntemine gore standart
antioksidanlar (BHT ve troloks) ile karsilastirilmasi

According to the obtained data, regarding the ethanol
and water extracts at a concentration of 800 ug/mL, the
ABTS radical scavenging activities of the fruit was
found to be higher than those of the leaves, and they
were also found to be very close to those of the standard
antioxidants (BHT and Trolox) used in the study.

The ethanol extracts were found to show higher
antioxidant activity than the water extracts. In this
study, conducted using the ABTS radical scavenging
activity method, the % inhibition values were observed
to increase in parallel with the increases in the
concentrations of both the standard antioxidant
substances and plant extracts.

The highest inhibition value (96.2%) was obtained with
the ABTS method among the CUPRAC, ABTS and
DPHH methods used for antioxidant activity. When
the WEF, WEL, EEF, and EEL were evaluated, the
antioxidant activities of the WEF were found to be
higher than those of the WEL with all of the methods
used.

When the literature studies were examined, it was
seen that there was a limited number of studies on the
antioxidant activities of P. spina-christi. Sen (2018)
stated that, among the different solvent extracts
obtained from the fruit, leaves, and branches of P.
spina-christi, especially the ethyl acetate and ethanol
extracts of the plant branches plant had strong
antioxidant activity @ against DPPH and ABTS
radicals. Ethyl acetate and ethanol extracts of
branches of P. spina-christi showed the highest

antioxidant activity in DPPH and ABTS assays with
ICs0 values of 15.54 and 22.06 pg/ml. In both ABTS and
DPPH assays, all extracts showed low antioxidant
activity when compared to standards. In this study,
the ethanol extract of the leaves of P. spina-christi was
found to have especially high antioxidant activity
against the DPPH radicals when compared to Trolox,
the standard antioxidant substance.

In study conducted by Kirca and Arslan (2008) to
determine the antioxidant activity of the methanolic
extract of the fruit of P. spina-christi, the inhibition
value at the highest concentration was determined to
be 70% using the ABTS radical scavenging activity
method. In the present study, results higher than
those in the literature were found using the ABTS
radical scavenging activity method, with an inhibition
value that was higher than 90%.

Takim and Isik (2020) examined the antioxidant
activity of the fruit extracts of P. spina-christi, using
the DPPH, ABTS, FRAP, and CUPRAC methods, and
found that the plant had metal reduction and radical
scavenging activity that was higher than those of the
commonly used standard antioxidants. In addition, the
radical scavenging rate of the fruit extract was found
to be 77.41% using the ABTS method, while in the
present study, the radical scavenging rate of the plant
was found to be 96.2% using the same method.

Antimicrobial activity results
The agar well diffusion method is one of the methods
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commonly used to determine antimicrobial activity.
The inhibition zone diameters (mm) of different
extracts of the fruit and leaves of P. spina-christi were

determined using the agar well diffusion method
(Table 1), where in, p < 0.05 was accepted as
statistically significant.

Table 1. Zone diameters (mm) of the water and ethanol extracts obtained from the fruit and leaves of P. spina-
christi, determined using the agar well diffusion method.

Cizelge 1. P. spina-christi bitkisinin meyve ve yaprak kisimlarindan elde edilen su ve etanol ekstrelerine ait agar
kuyu difiizyon yéntemine gére elde edilen zon ¢aplar: (mm).

Zone diameter / mm

Test microorganisms WEF WEL EEF EEL Penicillin 10 mg
B.cereus R 10b R R 14a
B.subtilis 15b 10c R 20a 10c
E.coli 10bc 12b 10bc 26a 26a
K.pneumoniae R 10b 30a R 12b
P.multocida 20a 12b R R 14b
P.aeruginosa R 12¢ 16b 10c 20a
S.aureus R R 30a 30a 26b
Y.enterocolitica R R R R 16a
C.albicans R 8c 24a R 24a

R: Resistant

Values expressed with different letters in the same row are significant at P < 0.05.

It was observed that the water and ethanol extracts
obtained from the fruit and leaves of P. spina-christi
had no antibacterial effects against B. cereus and Y.
enterocolitica bacteria and produced an inhibition
almost equivalent to the penicillin antibiotic (Table 1).
Regarding FE. coli bacteria, the ethanol extract
obtained from the leaves of the plant created an
inhibition diameter equivalent to that of the penicillin
antibiotic, while the other extracts had a
comparatively lower antibacterial effect. The ethanol
extract obtained from the fruit of the plant was
observed to show the highest activity against K.
pneumoniae, and this activity was higher than the
activity of the penicillin antibiotics. It was seen that
the water extract obtained from the fruit and leaves of
the plant had antibacterial activity against 2P,
multicoda, while the ethanol extracts did not form a
zone diameter. It was seen that the ethanol extract
obtained from the fruit of the plant had the highest
activity against P. aeruginosa, while the water extract
obtained from the fruit had no inhibitory effect. It was
ascertained that the ethanol extracts obtained from
the fruit and leaves of the plant formed the highest
zone diameter (30 mm) against S. aureus, but the
water extracts had no antibacterial activity against
this bacterium. Regarding C. albicans yeast, it was
seen that the ethanol extract obtained from the fruit of
the plant created an inhibition diameter equivalent to
that of the penicillin antibiotic, while the other
extracts had either no or very low antifungal activity.
The highest antimicrobial activity for the fruit and leaf
extracts of the plant was found to have been created by
the ethanol extracts.

When the literature studies were examined, it was
seen that there were a very few studies on the
antimicrobial activity of this plant. In a study

1167

conducted by Brantner et al. (1996), the highest zone
diameter of the ethanolic root extracts of P. spina-
christi was found to be greater than that of S. aureus
(14 mm). In this study, it was observed that the highest
zone diameter was greater than that of .S. aureus (30
mm); the ethanol-phase leaf extract created a zone
diameter equivalent to that of the penicillin antibiotic,
especially against E.coli; and the obtained results were
parallel to those in the literature. In another study, the
antimicrobial activity of the hydrated extracts of the
fruit of P. spina-christi was investigated by
determining its antioxidant and minimal inhibition
concentration using the DPPH activity method. Its
antifungal activity against P. eruginosa and S. aureus
was found to be very low (Orhan et al., 2012).

CONCLUSION

In this study, by using different antioxidant activity
identification methods, it was found that P. spina-
christi had antioxidant properties comparable to those
of the standard antioxidant substances, and that the
plant showed antioxidant properties close to the
standard antioxidant substances used in the study,
especially when considering the results obtained using
the ABTS radical scavenging activity method. In
antimicrobial studies, particularly the ethanol extracts
of the fruit of the plant were found to have a high
antimicrobial activity. Therefore, it seems promising in
terms of its use in the food industry and various others,
as an alternative to synthetic antioxidants and
antimicrobial agents. In addition, it is believed that a
new evaluation can be made by studying the
antioxidant and antimicrobial effects of the growing
conditions of the plant in different provinces using
different standard substances, yeast, and bacteria, and
that it can, consequently, provide a new perspective for
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studies and the literature.

Acknowledgment

Thanks to Asst. Prof. Dr. Seyran PALABAS UZUN for
her contribution in plant identification. This study
was carried out by Kahramanmaras Sut¢ii Imam
University Scientific Research Projects Unit (BAP)
2018 / 2-13 YLS numbered project. The present study
was derived from the MSc thesis entitled:
Investigation of Antimicrobial and Antioxidant
activities of Paliurus spina-christi Mill. plant in
Kahramanmaras province.

Statement of Conflict of Interest
Authors have declared no conflict of interest.

Author’s Contributions

The contribution of the authors is equal.

REFERENCES

Apak R, Gicli K, Ozyiirek M, Karademir SE 2004.
Novel Total Antioxidant Activity Index for Dietary
Polyphenols and Vitamins C and E, Using their
Cupric Ion Reducing Capability in the Presence of
Neocuproine: CUPRAC Method. International
Journal of Food Science and Nutrition, 52 (26):
7970-7981.

Blois MS 1958. Antioxidant determinations by the use
of a stable free radical. Nature, 181 (4617): 1199-
1200

Brantner A, Males Z 1990. Investigations on the
flavonoid glycosides of Paliurus spina-christi.
Planta Medica, 56 (6): 582-583.

Brantner A, Male$ Z, Pepeljnjak S, Antoli¢ A 1996.
Antimicrobial activity of Paliurus spina-christi
Mill. (Christs Thorn). Journal of
ethnopharmacology, 52 (1): 119-122.

Brantner A, Males Z 1999. Quality assessment of
Paliurus spina christi extracts. Journal of
ethnopharmacology, 66 (2): 175-179.

Chu YH, Chang CL, Hsu HF 2000. Flavonoid content
of several vegetables and their antioxidant
activity. Journal of the Science of Food and
Agriculture, 80 (5): 561-566.

Deligoz A, Giiltekin HC, Yildiz D, Giiltekin UG, Musa
G 2007. Karacal (Paliurus spina-christi Mill.) ve
Hinnap (Zizyphus jujuba Mill.) Tohumlarinin
Cimlendirilmesi Uzerine Ga3, Citlatma Ve Ekim
Zamannin Etkileri. 7Tirkiye Ormancilik Dergisi, 8
(2): 51-60.

Damien Dorman HdJ, Deans SG, Noble RC, Surai P
1995. Evaluation in vitro of plant essential oils as
natural antioxidants. Journal of FEssential Oil
Research, 7 (6): 645-651.

El Rabey HA, Attia ES, Al-Seeni MN, Al-Sieni Al,
Ibrahim IH, Meerasahib MF, Shaikh-Omer AM,
Abuelgassim AO 2014. The hypolipidemic and

1168

antioxidant activity of Christ’s thorn (Ziziphus
Spina-Christi) leaves powder in
hypercholesterolemic male rats. Life Science
Journal, 11 (10): 1010-1021.

Fki I, Allouche N, Sayadi S 2005. Theuse of
polyphenolicextract, purified hydroxy tyrosoland 3,
4-dihydroxy phenyl aceticacid from olive mill waste
water for the stabilization of refinedoils: a potential
alternative to synthetic antioxidants. Food
Chemistry, 93 (2): 197-204.

Gilcin I, Oktay M, Kiregei E, Kiifrevioglu OI 2003.
Screening of antioxidant and antimicrobial
activities of anise (Pimpinellaanisum L.) seed
extracts. Food Chemistry, 83 (3): 371-382

Giilcin 1 2005. The antioxidant and radical scavenging
activities of black pepper(Piper nigrum) seeds.
International Journal of Food Sciences and
Nutrition, 56 (7): 491-499.

Gl¢in I, Koksal E, Elmastas M, Aboul-Enein H. Y
2007. Determination of in vitro antioxidant and
radical scavenging activity of Verbascum
oreophilum C. Koch var. Joannis (Fam.
Scrophulariaceae). Res. J. Biol. Sci, 2 (3): 372-382.

Hammer KA, Carson CF, Riley TV 1999. Antimicrobial
activity of essential oils and other plant extracts.
Journal of Applied Microbiology, 86 (6): 985-990.

Kirca A, Arslan E 2008. Antioxidant capacity and total
phenolic content of selected plants from Turkey.
International Journal of Food Science Technology,
43 (11): 2038-2046.

Medi¢-Sari¢ M, Males Z, Sari¢ S, Brantner, A 1996.
Quantitative Modeling of Flavonoid Glycosides
Isolated from Paliurus spina-christi Mill. Croatica
chemica acta, 69 (4): 1603-1616.

Miller DD 1996. Mineral in OR Fennema (Ed.). Food
Chem. New YORK, 611-649.

Orhan DD, Ozcelik B, Hogbas S, Vural M 2012.
Assessment of  antioxidant, antibacterial,
antimycobacterial, and antifungal activities of some
plants used as folk remedies in Turkey against
dermatophytes and yeast-like fungi. Turkish
Journal of biology, 36 (6): 672-686.

Pratt DE, Hudson BJF 1990. Natural Antioxidants
Not Exploited Commercially. Food Antioxidants. pp
171-191.

Prince L, Prabakaran P 2011. Antifungal activity of
medicinal plants against plant pathogenic fungus
Colletotrichum falcatum. Asian Journal of Plant
Science and Research, 1 (1): 84-87

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C 1999. Antioxidant Activity Applying
an Improved ABTS Radical Cation Decolorization
Assay. Free Radical Biology and Medicine, 26 (9-
10):1231-1237.

Schirarend C, Olabi MN 1994. Revision of the genus
Paliurus Tourn. Ex Mill.(Rhamnaceae). Botanische
Jahrbucher, 116 (3): 333-360.

Sen A 2018. Antioxidant and anti-inflammatory



KSU Tarim ve Doga Derg 24 (6): 1161-1169, 2021
KSU J. Agric Nat 24 (6): 1161-1169, 2021

Arastirma Makalesi
Research Article

activity of fruit, leaf and branch extracts of Paliurus
spina-christi Mill. Marmara Pharmaceutical
Journal, 22 (2): 328-333.

Takim K 2021. Bioactive component analysis and
investigation of antidiabetic effect of Jerusalem
thorn (Paliurus spina-christi) fruits in diabetic rats
induced by streptozotocin. Journal of
FEthnopharmacology, 264 - 113263.

Takim K, Istk M 2020. Phytochemical Analysis of
Paliurus spina-christi Fruit and Its Effects on
Oxidative Stress and Antioxidant Enzymes in
Streptozotocin-Induced Diabetic Rats. Applied
Biochemistry and Biotechnology, 191:1353-1368.

Tomaino A, Cimino F, Zimbalatti V, Venuti V, Sulfaro

1169

V, De Pasquale A, Saija A 2005. Influence of heating
on antioxidant activity and the chemical
comparision of some spice essential oils. Food
Chemistry, 89 (4): 549-554.

Valko M, Rhodes CdJ, Moncol J, Izakovic M, Mazur M
2006. Freee radicals, metals and antioxidants in
oxidative stres-induced cancer. Chemico- Biological
Interactions, 160 (1): 1-40.

Zor M, Aydin S, Giner ND, Basaran N, Basaran AA
2017. Antigenotoxic properties of Paliurus spina-
christi Mill fruits and their active compounds. BMC
complementary and alternative medicine, 17 (1):
229.



KSU Tarim ve Doga Derg 24 (6): 1170-1176, 2021
KSU J. Agric Nat 24 (6): 1170-1176, 2021
DOI:10.18016/ksutarimdoga.vi.848137

The Effect of Rosa pimpinellifolia Extract on the Proliferation of Human Tumor Cells

Elif AYAZOGLU DEMIR!, Selim DEMIRZ/, Nihal TURKMENS, Ibrahim TURAN*

Department of Chemistry and Chemical Processing Technologies, Macka Vocational High School, Karadeniz Technical University, 61750
Trabzon, Turkey, 2Department of Nutrition and Dietetics, Faculty of Health Sciences, Karadeniz Technical University, 61080 Trabzon, Turkey,
3Department of Medical Services and Techniques, Vocational School of Health Services, Recep Tayyip Erdogan University, 53100 Rize, Turkey,
4Department of Genetic and Bioengineering, Faculty of Engineering and Natural Sciences, Gumushane University, 29100 Gumushane, Turkey.
thttps://orcid.org/ 0000-0001-9027-7633, 2https://orcid.org/ 0000-0002-1863-6280, 3https://orcid.org/ 0000-0002-8913-8692

4httpsi//orcid.org/ 0000-0003-3400-5494
4 selim-demir@hotmail.com

ABSTRACT

The aim of this study was to evaluate the antioxidant properties of F.
pimpinellifolia and its cytotoxic effect against human colon (WiDr),
liver (HepG2) and lung (A549) cancer cells compared with a normal
fibroblast (BJ) cell line. The antioxidant properties of extract was
determined using spectrophotometric methods, while the cytotoxic
effect of extract was evaluated using MTT assay. The total phenolic
content, total flavonoid content and reducing power values of extract
were calculated as 16.4+0.4 mg gallic acid equivalent, 5.2+0.2 mg
quercetin equivalent and 34.3+2.4 mg trolox equivalent per g sample,
respectively. Although the extract exhibits selective cytotoxic effect on
three cancer cell lines in a dose-dependent manner compared to BJ
cells, the highest selectivity index value (2.7-fold) was obtained for the
WiDr cell line. In conclusion, this is the first study to demonstrate the
cytotoxic effect of R. pimpinellifolia on cancer cells. To demonstrate
the molecular mechanism of this cytotoxic effect and to carry out in
vivo studies may be a guide for future clinical studies.
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Rosa pimpinellifolia Ekstraktinin Insan Timér Hiicrelerinin Cogalmasina Etkisi

OZET

Bu calismanin amaci, R. pimpinellifolianin antioksidan 6zelliklerini
ve insan kolon (WiDr), karaciger (HepG2) ve akciger (A549) kanser
hiicreleri tizerindeki sitotoksik etkisini normal bir fibroblast (BdJ)
hiicre hattina kiyasla degerlendirmektir. Ekstraktin antioksidan
ozellikler: spektrofotometrik yontemler kullanilarak belirlenirken,
sitotoksik etkisi ise MTT testi kullanilarak degerlendirildi.
Ekstraktin toplam fenolik icerigi, toplam flavonoid icerigi ve
indirgeme glici degerleri g 6rnek basina sirasiyla 16.4+0.4 mg gallik
asit egdegeri, 5.2+0.2 mg kuersetin esdegeri ve 34.3+2.4 mg troloks
esdegeri olarak hesaplandi. Ekstrakt BdJ hiicrelerine kiyasla fig
kanser hiicresi hatti tizerinde doza bagimli bir sekilde se¢ici sitotoksik
etki sergilemesine ragmen, en yiiksek secicilik indeks degeri (2.7 kat)
WiDr hiucre hatti icin elde edildi. Sonug¢ olarak, bu calisma R.
pimpinellifolianin kanser hiicreleri tizerindeki sitotoksik etkisini
gosteren ilk calismadir. Bu sitotoksik etkinin molekiiler
mekanizmasini goéstermek ve 1n wvivo calismalarin yapilmasi
gelecekteki klinik ¢aligmalar igin yol gosterici olabilir.
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INTRODUCTION

Cancer is a major public health problem worldwide,
and approximately 10 million new cases are detected
annually (Faezizadeh et al., 2016). There are various
traditional treatment options, such as surgery,

radiotherapy, and chemotherapy, to treat cancer. As
one of the most commonly wused treatments,
chemotherapy has been in clinic for about 70 years for
the purpose of suppressing cancer cell proliferation
(Demir et al., 2019). However, toxicity of
chemotherapeutics on normal cells and drug resistance
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on cancer cells affect the success percentage of
chemotherapy (Faezizadeh et al, 2016). The
worldwide high incidence of cancer and disadvantages
of chemotherapy necessitates the development of new
clinical strategies (Abotaleb et al., 2020). Increasing
evidence supports the potential use of some
phytochemicals that can kill cancer cells by
modulating the expression of metabolic enzymes
(Zhang, 2015). In recent years, the plant extracts with
low toxicity on normal cells and with greater effect on
cancer cells have led the scientific community to
investigate the anticancer properties of herbal
products (Faezizadeh et al., 2016; Zarei and Yaghoobi,
2019). Because natural products are an important
source of phytochemicals and other bioactive
compounds, they are an important resource for
therapeutic products that can prevent or cure a large
number of diseases (Marmol et al., 2020). Today, many
epidemiological and clinical studies have revealed the
positive relationship between herbal medicines
consumption and human health (Lall et al., 2015;
M4rmol et al., 2020). For this reason, natural products
rich in bioactive substances have become an area of
interest for the pharmaceutical, food and cosmetic
industries in recent years (Aliyazicioglu et al., 2017;
Demir et al., 2018a). Recently, the emergence of side
effects of synthetic antioxidants in chronic use has
further increased this interest (Cosmulescu et al.,
2017.

The Rosa genus with more than 100 species is one of
the most populated members of the Rosaceae family
and is widely distributed in Europe, Asia, the Middle
East and North America (Fattahi et al., 2012; Kilinc et
al., 2020). This genus is one of the most used plants in
folk medicine for the treatment of different diseases,
such as kidney and bladder stones, diarrhea, gum
bleeding, arthritis, rheumatism, gout, colds, throat,
asthma, hemorrhoids and pains (Guimardes et al.,
2014; Koczka et al., 2018; Kilinc et al., 2020). Rosa
species contain various biologically active compounds,
such as sugars, organic acids, pectins, phenolics,
tannins, carotenoids, tocopherols, fatty acids,
vitamins, minerals and amino acids (Fattahi et al.,
2012; Roman et al., 2013; Bhave et al., 2017). These
species have many biological acitivities, such as

antioxidant, antimutagenic, antidiabetic,
antiproliferative, anti-inflammatory, anti-arthritic,
analgesic, cardioprotective, antimicrobial,
gastroprotective, neuroprotective, hepatoprotective,

immunosuppressive, renoprotective, anti-aging, anti-
ulcerogenic, anticarcinogenic and immunomodulatory
effects and these activities are attributed to the above
mentioned compounds (Khazaei et al., 2020; Marmol et
al., 2020). In recent years, the investigation of the
antiproliferative effects of Rosaceae species on cancer
cells has become a very popular research area.
Although there are many studies investigating the
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cytotoxic effect of different Rosa species in various
cancer cells, such as breast (4T1 and MCF-7) (Olsson
et al., 2004; Radovanovic et al., 2013; Berkoz et al.,
2019), colon (WiDr and HT-29) (Olsson et al., 2004;
Demir et al., 2017), prostate (LNCaP) (Lee et al., 2008)
and melanoma (B16) (Fujii et al., 2011), there is no
study determining the cytotoxic effect of Rosa
pimpinellifolia on cancer cells in the literature. The
aim of this study was to investigate for the first time
the selective cytotoxic effect of R. pimpinellifolia
extract on human lung (A549), liver (HepG2) and colon
(WiDr) cancer cells, which represent the most common
types of cancer in the world, compared with a normal
fibroblast (BJ) cell line.

MATERIALS and METHODS
Chemical and Reagents

All the chemicals and solvents used in extract
preparation, antioxidant activity analysis and
cytotoxicity experiments were purchased from Sigma-
Aldrich (St. Louis, MO, USA). All the chemicals and
solutions used in cell culture studies were purchased
from Lonza (Verviers, Belgium) and Biological
Industries (Kibbutz Beit Haemek, Israel).

Preparation of Extract

The fruits of Rosa pimpinellifolia were collected from
Gumushane province of Turkey. The fruit samples
were left to dry at room temperature for 20 days. The
fruit parts of the dried plant were carefully powdered
using a mechanical grinder (Retsch ZM 200, Haan,
Germany). For preparing stock extract, 1 g of the
powder material was weighed and mixed with 20 mL
of dimethyl sulfoxide (DMSO) and then mixture was
continuously stirred at 45°C for 24 h. At the end of the
period, the mixture was filtered through filter paper
(Whatman No.1) and 0.2 uM filter and stored at -20°C
by aliquoting (Turan et al., 2018; Kilinc et al., 2020).

Determination of Total Phenolic Content

Total phenolic content (TPC) of extract was
determined using Folin-Ciocalteu method (Slinkard
and Singleton, 1977). Briefly, the sample (12.5 nL) was
mixed with 125 pL of sodium carbonate and 62.5 pL of
Folin reagent. After 30 min of reaction at room
temperature, the absorbance was measured at 760 nm
in a plate reader spectrophotometer (Molecular
Devices Versamax, California, USA). Gallic acid was
used as standard. Results are presented as mg gallic
acid equivalent per g sample (GAE g'! sample) (Demir
et al., 2019).

Determination of Total Flavonoid Content

Total flavonoid content (TFC) of extract was
determined by aluminium chloride method (Moreno et
al., 2000). The sample (20 pL) was mixed with 172 pL
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of 80% ethanol, 4 pL of 10% aluminum chloride and 4
pL of 1 M potassium acetate solution. After 40 min of
reaction at room temperature, the absorbance was
measured at 415 nm in a plate reader
spectrophotometer (Molecular Devices Versamax,
California, USA). Quercetin was used as standard.
Results are presented as mg quercetin equivalent per
g sample (QE g1 sample) (Turan et al., 2017).

Reducing Power Analysis

The ferric reducing power of extract was determined
using the method of developing by Oyaizu (1986). The
sample (40 pL) was mixed with 100 pL of 0.2 M
phosphate buffer, and 100 pL of potassium
ferricyanate solutions. After 20 min of reaction 50°C,
100 pL of 10% trichloroacetic acid was added to the
mixture and the mixture was centrifuged at 1800Xg for
10 min. The supernatant (100 pL) was transferred to a
flat-bottomed 96-well microplate and mixed with 100
pL of distilled water and 20 pL of iron (III) chloride.
After 5 min of reaction at room temperature, the
absorbance was measured at 700 nm in a plate reader
spectrophotometer (Molecular Devices Versamax,
California, USA). Trolox was used as a standard.
Results are presented as mg trolox equivalent per g
sample (TE g sample) (Misir et al., 2018).

Cell Culture

Ab549, WiDr, HepG2 and BdJ cell lines were obtained
from American Type Culture Collection (Manassas,
VA, USA). All cell lines were grown in a humidified
incubator at 37°C with a 5% CO2 atmosphere. Eagle's
minimum essential medium (EMEM) supplemented
with  10% fetal Dbovine serum and 1%
penicillin/streptomycin was used for the culture of
these cell lines.

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl-Tetrazolium
Bromide (MTT) Assay

The cytotoxic effects of the Kosa pimpinellifolia extract
and cisplatin (was used as a positive control) on three
human cancer and one normal cell lines were assayed
using the MTT assay (Mosmann, 1983) with slight
modifications (Misir et al., 2020). Cancer cells were
seeded in 96-well plates at 5x103 cells per well, while
BJ cells were seeded at 2.5x103 cells per well and
overnight incubated at 37°C. After over night
incubation, the cells were exposed with different
concentrations of extract (5-500 pg mL1) and cisplatin
(0.1-12 pg mL™Y) for 72 h. DMSO concentration to which
cells were exposed was kept below 0.1% (v/v), and only
cells treated with 0.1% (v/v) DMSO formed the
negative control group. After incubation, MTT solution
(0.25 mg mL1) was added to each well and after 2 h the
formazan precipitate was dissolved in 200 pL of
DMSO. Optical density (OD) of each well was
measured at 570 nm using a microplate

spectrophotometer (Versamax Molecular Devices, CA,
USA). The survival curve of the cells were calculated
after comparison with control, and percent viability
was determined as follows:

Cell Vlablllty (%) = (ODtreatment group/ ODcontrol group) x 100

The dose-response curves were drawn using
logarithmic concentrations against %cell viability and
the ICso value of extract and cisplatin were calculated
for each cell line. The ICs0 values calculated for extract
and cisplatin in all cell lines were used to determine
the selectivity index (SI) value with the following
formula (Demir et al., 2018b):

SI = BdJ cells ICs0 / Cancer cells ICso

Statistical Analysis

All experiments were performed at four times. The
distribution of the data was examined with the

Kolmogorov-Smirnov test. Data showing normal
distribution  were  expressed as  arithmetic
meantstandard deviation. Statistical analyzes

between the groups were revealed by ANOVA and
post-hoc Tukey tests. p<0.01 was regarded as
significant.

RESULTS and DISCUSSION

Oxidative stress is the condition that results from the
deterioration of the oxidant-antioxidant balance in
favor of the oxidant (Tusat et al., 2017). Increased
oxidative stress damages the biomolecules, such as
carbohyrate, protein, lipid and nucleic acids (Jiménez
et al.,, 2016). The role of oxidative stress in the
pathogenesis of various human diseases, including
cancer, aging, and atherosclerosis, is increasingly
accepted (Mavi et al., 2004; Jiménez et al., 2016). Thus,
compounds with antioxidant properties that can
modulate cellular redox balance are among the most
promising targets for functional food science. Since
plants can contain large amounts of these compounds,
it has come to the fore in recent years, and the
determining the antioxidant activity of plants has
become one of the most popular research areas
(Tumbas et al., 2012). Therefore, the antioxidant
properties of the R. pimpinellifolia extract were
determined by TPC, TFC and reducing power methods
and the results are shown in Table 1.

Table 1. Antioxidant properties of R. pimpinellifolia extract
(n=4)
Cizelge 1. R. pimpinellifolia ekstraktinin antioksidan
ozellikleri (n=4)

Antioxidant Parameters

Total Polyphenolic Content (mg GAE g1 sample)  16.4+0.4
Total Flavonoid Content (mg QE g sample) 5.2+0.2
Reducing Power (mg TE g! sample) 34.3+2.4
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In the studies examining the antioxidant properties of
R.  pimpinellifolia extract, Mavi et al (2004)
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demonstrated that the TPC value of E. pimpinellifolia
extract, collected from Turkey, is 58.8 mg GAE g1,
while Fattahi et al (2012) reported that the TPC and
TFC values of R. pimpinellifolia extract, collected from
West Azerbaijan, are 1.77 mg GAE g1 and 0.41 mg QE
g1, respectively.

In other studies examining the antioxidant properties
of different Rosa species extracts, collected from
Hungary, Poland, Serbia, Transylvania, Tunisia,
Turkey and West Azerbaijan, the TPC and TFC values
are reported to vary between 2.26-76.6 mg GAE g1, and
0.44-26.47 mg QE g1, respectively (Jablonska-Rys et
al., 2009; Ghazghazi et al., 2010; Fattahi et al., 2012;
Roman et al., 2013; Koczka et al., 2018; Paunovié et al.,
2019; Kilinc et al., 2020). The antioxidant results of
this study are in agreement with the previous
literature data. It is stated that the phenolic and
flavonoid content of natural products may vary
depending on the genotype, environment, soil
conditions, harvest time and the extraction method
used (Ozkan et al., 2017). Small differences between
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antioxidant activity results and available literature
data are thought to be due to these reasons.

Colon cancer accounts for approximately 10% of all
cancers and cancer-related deaths diagnosed
worldwide each year, and it is the second most common
cancer in women and the third most frequently
diagnosed cancer in men (Dekker et al., 2019). Lung
cancer is the most common cause of cancer deaths in
the world and each year approximately 1.8 million new
cases of lung cancer are diagnosed worldwide
(Wadowska et al., 2020). Liver cancer is the fifth most
common cause of malignancies and the third cause of
cancer deaths, with less than 9% 5-year survival rate
in patients (Alnajjar and Elsiesy, 2015). Therefore, this
study aimed to determine the cytotoxic effect of R.
pimpinellifolia extract on various cell lines, including
A549, HepG2 and WiDr, representing common cancer
types in the world, compared with a normal fibroblast
(BJ) cell line. The cytotoxic effect of extract on these
cell lines was determined using MTT assay and the
growth curves of the cells are shown in Figure 1.
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Figure 1. The cytotoxic of R. pimpinellifolia extract on cancer and BJ cell lines (n=4). *Statistically significant compared to its
own control group (p=0.006), **Statistically significant compared to its own control group (p=0.0001).

Sekil 1. R. pimpinellifolia ekstraktinin kanser ve BJ hiicre hatlari tizerindeki sitotoksik etkisi (n=4). *Kendi kontrol grubu ile

kiyaslandiginda istatistiksel olarak anlamli (p=0.006), **Kendi kontrol grubu ile kiyaslandiginda istatistiksel olarak

anlamli (p=0.0001).

When all cells were evaluated together, statistically
significant cytotoxic effect of extract was emerged
starting at a concentration of 10 ug mL! and extract
exhibited cytotoxic effect in all studied cancer cells in
a dose-dependent manner. In order to make the results
more understandable, the ICso values (ug mL1) of
extract and cisplatin (used a positive control in
cytotoxicity experiments) in all studied cell lines were
calculated and presented in Table 2.

When Table 2 is examined, it is seen that the ICso
values for extract in cancer cells ranged from 72.1 to
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Table 2. ICso values (ug mL?1) calculated for F.
pimpinellifolia extract and cisplatin (n=4)

Cizelge 2. R. pimpinellifolia ekstrakti ve cisplatin i¢in
hesaplanan ICso (ug mL?) degerleri (n=4)

Extract Cisplatin
A549 153.4+3.3 0.75+0.06
HepG2  74.3+5.2 3.57+0.06
WiDr 72.1+4.9 0.88+0.05
BJ 195.1+3.8 3.61+0.10

153.4 ug mL'l. Many studies have been shown that the
cytotoxic effect of different Rosa (Rosa agretis, Rosa
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canina, Rosa damascena, Rosa micrantha, Rosa
roxburghii Tratt) extracts on various human cancer
cell lines, such as cervix (HeLa), breast (MCF-7), colon
(HT-29 and HCT-115), esophageal (CaEs-17), gastric
(SGC-7901), lung (NCI-H460 and A549) and liver
(HepG2) cancer cells. In these studies, it is seen that
the ICs0 values of Rosa extracts in cancer cells vary
between 150-498 ug mL1 (Zamiri-Akhlaghi et al., 2011;
Liu et al., 2012; Tumbas et al., 2012; Guimaries et al.,
2014; Erguven et al., 2015; Nadpal et al., 2016). Thus,
it 1s remarkable that the ICso values indicating the
cytotoxic activity of K. pimpinellifolia extract on
HepG2 and WiDr cell lines are quite low compared to
the literature.

Selectivity is one of the most important criteria for a
compound to be evaluated as a chemotherapeutic
(Demir et al., 2018b). For this reason, one normal cell
line (BJ) was used along with three cancer cells in the
study. The SI of extract and cisplatin for all studied
cancer cells were calculated using the formula
described in the "Materials and Method Section" of the
ICs0 values obtained for each cell and results were
presented in Table 3.

Table 3. Selectivity index of R. pimpinellifolia extract
and cisplatin

Cizelge 3. R. pimpinellifolia ekstrakti ve cisplatin igin
hesaplanan secicilik indeksleri

Extract Cisplatin
A549 1.3 4.8
HepG2 2.6 1.1
WiDr 2.7 4.1

The results showed that the extract exhibited a highly
selective cytotoxic effect, especially in the WiDr and
HepG2 cell lines. It can be said that a compound or
extract whose effect is investigated has a selective
cytotoxic effect only if the SI value is greater than 2.
(de Oliveira et al., 2016). From this point of view, the
SI value of the extract in these two cell lines were
satisfied this condition. Many studies have been shown
that the selective cytotoxic effect of different Rosa
(Rosa beggeriana, Rosa canina and Rosa damascena)
extracts on various human cancer cell lines, such as
breast (MCF-7), cervix (HeLa), colon (WiDr), liver
(LCL) lung (A549) and prostate (PC-3), compared with
normal fibroblast cells. In these studies, it is seen that
the SI values of Rosa extracts in cancer cells vary
between 1.3-3.8 (Artun et al., 2016; Turan et al., 2018;
Zarei and Yaghoobi, 2019; Kilinc et al., 2020). This
finding of the study were also in agreement with the
previous reports. Preliminary experiments were
performed to determine the optimum cell number per
well for the MTT test. In these experiments, increasing
amounts of each cell line were added to each well and
the MTT protocol was applied. As a result of these
experiments, seeding of 5000 cells per well giving
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absorbance values between 0.5 and 1 for WiDr, HepG2
and A549 cell lines was accepted as optimum. Since the
BJ cell line is a cell of connective tissue fibroblast
origin and has a more bulky and elongated appearance
compared to other cells, the optimum cell number was
determined to be 2500 per well in order to avoid contact
inhibition. These cell numbers used are similar to cell
numbers in similar comprehensive studies in the
literature (Balsevich et al., 2012; Turan et al., 2017).

Rosa species are reported to be rich in phenolics, such
as gallic acid, vanilic acid, chlorogenic acid, caffeic acid,
syringic acid, coumaric acid, ferulic acid, sinapic acid,
salicylic acid, elagic acid, trans-cinnamic acid,
protocatechuic acid, quercetin, rutin, myricetin,
kaempferol, and catechin derivatives (Tumbas et al.,
2012; Cosmulascu et al.,, 2017). Various studies
reported that phenolics exhibit antiproliferative effect
on various types of cancer cells, such as lung, colon,
breast, prostate, liver, gastric and cervix (Lall et al.,
2015; Zhou et al., 2016). The antiproliferative activities
of these compounds are explained by several cellular
mechanisms, such as their ability of modulating
apoptosis, necroptosis, ROS formation, angiogenesis,
metastasis, autophagy, ferroxitosis, cell cycle arrest,
mitochondrial function and endoplasmic reticulum
stress (Zhou et al., 2016; Abotaleb et al., 2020).
Therefore, we think that the selective cytotoxic effect
of R. pimpinellifolia extract may be due to the
synergistic effect of its phenolic content.

CONCLUSIONS

The results confirm that the phenolic and flavonoid
contents of Kosa pimpinellifolia are rich and its
antioxidant power is high. It can be concluded that £.
pimpinellifolia might be a good candidate for inhibiting
proliferation of especially WiDr and HepG2 cells. This
is the first study to demonstrate the effect of KA.
pimpinellifolia on the proliferation of cancer cells. In
future studies, it i1s necessary to determine the
cytotoxic active components of R. pimpinellifolia, and
to conduct characterization studies and to conduct
anticancer efficacy studies in different cancer cell lines
and experimental animal models.
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OZET

Pleurotus ostreatus, lezzeti, yiksek besleyici degeri ve tibbi 6zellikleri
ile diinya ¢apinda bilinen ve ilk kiiltiire alinan mantarlardandir. Bu
calismada olgun fruktifikasyon (OF) ve asir1 olgun fruktifikasyona
(AOF) ait mantar tozlarinin ekstraksiyon sartlari Yanit Yiizey
Yéntemi (YYY) ile optimize edilmistir. Ayrica optimum sartlarda
ekstraksiyonu yapilan mantar tozlarinmin, toplam fenolik madde
miktar1 (TFMM), antioksidan aktivitesi (DPPH, FRAP ve ABTS) ve
hiperglisemide anahtar enzim roli olan a-amilaz ve a-glukozidaz
inhibisyon etkisi ortaya konulmustur. AOFlerde TFMM % 6.93,
DPPH, FRAP ve ABTS degerleri ise sirasiyla % 19.48, % 24.87 ve %
16.91 oraninda kayba ugramigtir. Ayrica a-glukozidaz inhibisyon
potansiyeli hasat zamaninin geciktirilmesi ile % 7.33 oraninda
azalmigtir. P. ostreatusiin daha yiiksek biyoaktif faydalar sergilemesi
acisindan flas zamamni, dikkate alinmasi gereken 6nemli konular
arasinda olmalidir.
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Determination of Antioxidant Activity of Oyster Mushroom (Pleurotus ostreatus (Jacq.) P. Kumm.)
According to Different Flush Times and the Inhibition Potential of a -amylase and a-glucosidase, which
are Key Enzyme Role in Hyperglycemia

ABSTRACT

Pleurotus ostreatus is a macro-mushroom known worldwide for its
taste, high nutritional value, and medicinal properties, and was one
of the first cultivated mushroom. In this study, the extraction
conditions of mushroom powders of mature fruit body (OF) and over-
ripe fruit body (AOF) were optimized by Response Surface Method
(RSM). Besides, the total phenolic content (TPC), antioxidant activity
(DPPH, FRAP, and ABTS), and the inhibition effect of a-amylase and
a-glucosidase, which are key enzymes in hyperglycemia, have been
demonstrated for mushroom powders extracted under optimum
conditions. TPC was lost 6.93 %, DPPH, FRAP and ABTS values
19.48 %, 24.87 %, and 16.91 % respectively in over-ripe fruits. In
addition, a-glucosidase inhibition potential decreased by 7.33 % with
delay of harvest time. In order to exhibit higher bioactive properties
of P. ostreatus, flush time should be considered.
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GIRIS
P. ostreatus (Istiridye mantar1), kiltiir mantarlar
arasinda ikinci sirada tiretimi yapilan popiiler egzotik

mantarlardandir.
lignoseliilozik enzim sistemlerine sahip olmasi, yliksek
randiman ve hastaliklara karsi dayanmikli olmasi

Kolay kiiltire alimigi, yiksek
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yaninda, gastronomik agidan lezzet tstunligi, besin
degerinin yiksekligi ve tibbi 6zellikleri agisindan da
degerli bir mantar c¢esididir (Sarangi ve ark., 2006;
Mata ve Torres-Hernandez, 2008; Patil ve ark., 2010;
Patel ve ark., 2012). Kimyasal kompozisyonu, biyoaktif
icerigi ve duyusal ozellikleri substrata (yetistirildigi
ortam) gore degistigi bilinen bir gercektir (Liu ve ark.,
2005). Ancak tek etken bu olmayip her ne kadar
substrat kadar etkili olmasa da mantarlarda flas
(hasat) zamani da bu degisimlerde 6nemli bir
parametredir (Mau ve ark., 1997; Soares ve ark., 2009;
Saha ve ark., 2012).

P.ostreatusun tibbi 6zellikleri agisindan en dikkat
cekici oOzelliklerinden birkag1 yiiksek fenolik igerigi
sayesinde yuksek antioksidan aktivite goéstermesi
(Jayakumar ve ark., 2006; Choi ve Ryu, 2015; Sevindik
ve ark., 2016) ve B-glukanlar, diyet lifleri gibi aktif
polisakkarit igerigi ile antitiimor, immiin sistemini
uyarict (Wasser, 2002) ve antidiyabetik o6zellik
gostermesidir (De Silva ve ark., 2012; Zhang ve ark.,
2016).

Gunumizde, hastaliklarin bircogunun tlketilen
gidalarla  iligkilendirilmesi, tuketicilerin  satin
aldiklar1 gidalarda besleyici 6zelligi yaninda ilave
faydalar saglamasi konusunu glindeme tagimigtir.
Ozellikle bitkilerle alinan antioksidan maddelerin
hiicrelerin  deformasyonuna neden olan serbest
radikallere karsi olan koruyucu etkisi antioksidan
aktivitesi yiksek olan dUrlinlere olan 1lgiyi
arttirmaktadir (Kris-Etherton ve ark., 2002; Sevindik,
2020). Ashnda insan viicudunda bu savunma
sistemleri hali hazirda var olup miktar agisindan
yetersiz kaldiklarindan besin takviyesi ile antioksidan
iceren gidalarin tiketilmesi insan vicudunun bu
oksidatif hasardan korunmasinda 6nemli bir
avantajdir (Lin ve Yen, 1999; Krupodorova ve
Sevindik, 2020).

Fenolik bilesikler kolayca okside olabilme 6zelligi
dolayisiyla yiiksek antioksidan aktiviteye sahiptirler
(Carabias-Martinez ve ark., 2005; Mohammed ve ark.,
2018). P.ostreatusta  icermis oldugu fenolikler
sayesinde ylksek antioksidan ozellik gosterir ve
antioksidan aktiviteleri ile toplam fenolik bilesik
miktarlar1 arasinda pozitif bir korelasyonun var
oldugu bilinmektedir (Dogan ve ark., 2020).
Mantarlarin 6nemli tibbi &zelliklerinden biri de
antidiyabetik aktivite goéstermeleridir. Kan glukoz
seviyesinin yemek sonras1 yiiksek seyretmesi ile
karakterize edilen Tip 2 diyabetin tedavisinde ince
barsaklarda bulunan ve kompleks karbonhidratlar
absorbe edilebilir forma dontstiiren enzimlerin
inhibisyonu 6nemli bir yaklagimdir. Akarboz Tip 2
diyabetin tedavisinde kullanilan etken bir bilesik olup,
birgok antidiyabetik ilagta da etken maddesi olarak
kullanilmaktadir.  Akarboz karbonhidratlarin
parcalanmasinda anahtar enzim roli oynayan a-
glukozidaz ve a-amilaz enzimlerini inhibe ederek
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monosakkaritlertin olusumunu ve emilimini
kisitlamaktadir. Ancak bunun kullanimi ile ilgili yan
etkiler s6z konusudur (Su ve ark., 2013). Bu gibi
sebeplerden o6tiiri dogal yollardan gida ve/veya gida
takviyesi olarak antidiyabetik 6zellik gosteren gida
ajanlarinin  kullanimi 6nem kazanmaktadir. Son
yillarda yapilan in vitro ve in vivo ¢alismalarda
P.ostreatusun a-glukozidaz ve a-amilaz inhibe edici
etkisinin de oldugu bildirilmistir (De Silva ve ark.,
2012; Ravi ve ark., 2013; Zhang ve ark., 2016).

Mantarlarin sahip oldugu besinsel, biyoaktif ve
gastronomik ozelliklerinden tam manasiyla
yararlanilabilmesi i¢in hasat zamani, dikkat edilmesi
gereken oOnemli bir husustur. Mantarlarin flag
zamanlarina dikkat edilmeden, uygun buyuklige
ulastiginda ya da ticari sevkiyat zamam geldiginde
toplanmas1 6nemli bir problemdir. Bu c¢alisma da
onemli bir ticaret hacmi olan P.ostreatus mantarinin
flag zamanlar: dikkate alinarak sahip oldugu biyoaktif
ozelliklerden maksimum fayda saglanmasi agisindan,
olgun fruktifikasyon ve asir1 olgun fruktifikasyonlara
ait mantar tozlarinin ekstraksiyon sartlar1 YYY ile
optimize edilmigtir. Ayrica optimum sartlarda
ekstraksiyonu yapilan mantar tozlarinin, toplam
fenolik madde miktarlari, antioksidan aktiviteleri
(DPPH, FRAP ve ABTS) ve hiperglisemide anahtar
enzim roli olan a-amilaz ve a-glukozidaz inhibisyon
ozellikleri incelenmisgtir.

MATERYAL ve METOD
Materyal

P.ostreatus saf kilturti Yozgat Bozok Universitesi
Bogazliyan MYO kiultiir bankasindan temin edilmistir.
Sivi  kultir tdretimi, misel Uretimi ve mantar
uretiminde kullanilan malt 6zuti, kavak talasi, maya,
yulaf, KsPO4s MgSO4 kepek, CaSO4+ve CaCOs Yozgat
ilindeki tedarik¢ilerden, polietilen microsac torba
(Type 14A, Unicorn Bags, TX) USA’den, diger tiim
kimyasallar aksi belirtilmedikge Merck KGaA’dan
temin edilmigtir.

Siv1 Kiiltiir, Misel ve Mantar Uretimi

Sivi kiiltiir iiretimi icin; Stamets (2011) metodu
modifiye edilerek uygulanmigtir. Karigim 25 °Cde 14

giin  boyunca inkiibe edilmistir. Bu silirenin
belirlenmesinde transparan gériintisi kaybolup
bulanmik bir gorinti olusturdugu zaman esas

alinmigtir. Misel tretimi i¢in, 0,5 p delik ¢apina sahip
filtreli 1s1ya dayanikli microsac torbalarda % 55 nem
icerigine sahip % 1 CaSOs ve % 0,5 CaCOs ile
harmanlanmig yulaf tanesi 121 °C’ de 2 saat sterilize
edilmis ve 25 °C’ye sogutulmus ve 10 ml siv1 kiltur
inokiile edilmistir. Microsac torbalarda goérsel olarak
tam bir kolonizasyon olusana kadar (10-15 giin) 25
°C’de inkiibe edilmistir. Mantar tUretimi icin; kavak
talasina suplement olarak % oraninda bugday kepegi,
1 % CaCOs ilave edilmis ve nem orani % 65 olacak
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sekilde kompost ayarlanmigtir. Hazirlanan kompost Box-Behnken Tasarimi (BBD) dikkate alinarak

filtreli torbalara doldurulmus ve 121 °C'de 4 saat soliusyonlar hazirlanmig ve yine tasarima uygun
sterilize edilmigtir. Sterilize edilen komposta %5 sicaklikta 60 dakika su banyosunda (Wisd, Kore)
oraninda misel inokiile edilmigtir. 3 hafta 25 °C ve % ekstrakte edilmistir.

85 mnem ve karanllk ortamda inkiibasyona

birakilmigtir. Sonrasinda torbalara 3 cm capraz sekilli Dizaynin Olusturulmasi

kesikler atilmig ve sicaklik 17 °C ye dustrilip nem % Sicaklik (30-60 °C), solvent/kat1 oran1 (10-30 mL ) ve

9?,?_ g}karllmlstlr. Pinhead (igpe ,b'?sl) gikintilar metanol konsantrasyonu (% 30-80) gibi ekstraksiyon
gorildikren sonra 12 saat 1s1k verilmigtir. Yaprak ¢cap1 sartlarmn TFMM ve DPPH iizerine etkisi Design
5 c¢m oldugunda toplanan mantarlar olgun

fruktifikasyon (OF), OF’den 5 giin sonra toplanan
mantarlar ise asir1 olgun fruktifikasyon (AOF) olarak
isimlendirilmistir.

Expert 11.0.0 yazilhmi (Stat-Ease Inc., Minneapolis,
MN) kullanilarak belirlenmistir. BBD’ye ait bagimsiz
degiskenlerin seviyeleri, deneysel veriler ve tahminsel
degerler Cizelge 1’de verilmigtir.

Bagimsiz degiskenlerin yamit tzerindeki etkisini

) ] ] gbsteren 3D yiizey grafikleri, Iki bagimsiz degisken ve
OF ve AOF ornekleri flag zamam akabinde 0.5 ¢cm bir yanittan olusan 3 boyutlu ytizey grafiklerinde diger

Mantarlarin Kurutulmasi ve Ekstraksiyon

boyutunda kesilmis ve 40 °§]’hk etiivde 12 sgat bagimsiz degiskenin orta noktasinda sabit tutulmas:
kur.u'tulr'nu.stur. Kurutulan érnekler toz hah{le ve Design Expert 11.0.0) ciktilarin Mathematica
getirilmistir (Bosch MKM6000, Almanya). Yapilan én yaziliminda (siiriim 7; Wolfram Research, Champaign,
denemler neticesinde metanol ve su karisimi en IL) islenmesiyle olusturulmustur.
yiiksek  biyoaktif &zellik (TFMM ve DPPH) y .. e

.. e . Yanitlar ve bagimsiz degiskenler arasindaki iligki, 2.
gosterdiginden solvent olarak secilmigtir.

. . . . . . li kligi kullanilarak
Ekstrasksiyon islemi Yanit Yiizey Yoénteminin (YYY) df}rece.der? polinom  regresyon denkligi kullamlara
gosterilmigtir.
Y = Bo + BiXy + BoXy + BsXs + BriXi® + BraXy” + BazXs® 4 Bip + BraXo Xy + BisXi Xz + BraXoXs (D)
Y: 6ngorilen yanit, Bo: kesisme, B1, B2, B3: dogrusal katsayilar, B11, B2z, B33! etkilesim katsayilari, Bi2, B13, Bes: ikinci dereceden
katsayilar, X1, Xo, X3! bagimsiz degigkenler

Cizelge 1. Box Behnken deneme dizaynina gére deneysel ve tahminlenen veriler
Table 1. Experimental and predicted data according to Box-Behnken design

Deneme Bagimsiz Degigkenler Olgun Fruktifikasyon (OF) Agir1 Olgun Fruktifikasyon (AOF)
noktasi Independent variables Mature Fruit Over-Ripe Fruit
Experimentai ) X TFMM (mg GAED_PPH (umol TETFMM (mg GAE € DPPH (umol TE g7)
point X1 (°C) (L &) (%) g g1 1)

mLg ° D.V. TV. D.N. TV. D.V. T.V. D.V. T.V.
1 30 10 55 2.61 2.60 18.20 18.18 2.25 2.26 15.89 15.62
2 60 10 55 2.66 2.66 18.54 18.38 2.30 2.29 16.06 16.39
3 30 30 55 2.49 2.49 16.45 16.61 2.00 2.01 14.99 15.02
4 60 30 55 2.55 2.55 18.19 18.21 2.12 2.11 15.88 15.79
5 30 20 30 2.80 2.78 19.21 18.96 2.59 2.56 15.68 15.66
6 60 20 30 2.85 2.84 19.84 19.73 2.64 2.63 16.71 16.42
7 30 20 80 2.79 2.81 18.99 19.10 2.60 2.61 15.73 15.98
8 60 20 80 2.87 2.87 19.87 20.13 2.64 2.67 16.69 16.75
9 45 10 30 2.75 2.77 17.05 17.32 2.53 2.55 15.22 15.35
10 45 30 30 2.60 2.61 17.44 17.54 2.23 2.25 15.25 15.43
11 45 10 80 2.75 2.74 18.78 18.68 2.52 2.50 16.54 16.36
12 45 30 80 2.70 2.69 16.99 16.72 2.41 2.39 15.20 15.07
13 45 20 55 2.91 290 20.74 20.76 2.69 2.70 17.63 17.67
14 45 20 55 2.90 290 21.01 20.76 2.70 2.70 17.88 17.67
15 45 20 55 2.90 2.90 20.54 20.76 2.71 2.70 17.50 17.67

Xi:Sicaklik, Xs ¢ solvent/kat1 orani, X3! metanol konsantrasyonu, D.V.: Deneysel veriler, T.V.: Tahminlenen degerler
Xi: Temperature, Xo! solvent / solid ratio, X3: methanol concentration, D.V .: Experimental data, T.V .: Predictive values

Toplam Fenolik Madde Miktar1 (TFMM) Tayini cozeltisi ile karistirilmistir. Karanlik bir ortamda 60
TFMM Singleton ve ark. (1999)'min metotu esas dakikadan sonra, absorbans 765 nm'de okunmustur
alinarak spektrofotometrik yontem kullanilarak (Shlmad%u UV'17OO, KYOt(?, Japor%ya).. TFMM, gallik
gerceklestirilmistir. 0.4 ml seyreltilmis ekstrakt 2 ml  asit esdegeri (GAE) olarak ifade edilmistir.

Folin & Ciocalteu reaktifi ve 1.6 mL % 7.5 Na2COs
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Antioksidan Kapasite Tayini (DPPH, ABTS, FRAP)
Antioksidan kapasite tayini 2,2-difenil-1-
pikrilhidrazil (DPPH) radikal siipiiriicii etki tayini,
2,2'-azino-bis-3-etilbenzotiazolin-6-stilfonik

asit (ABTS) ve demir iyonu indirgeyici antioksidan
gic (FRAP) yontemi ile belirlenmistir. Analizin
sonuglar1 Trolox esdegeri (uM TE g! sample) olarak
ifade edilmigtir. DPPH analizi i¢in 0.1 mL 6rnek 3.9
mL 25 mg L konsantrasyonda metanolik DPPH ile
karigtirildiktan sonra karanlhik bir yerde oda
sicakliginda 30 dakika bekletilmis ve 515 nm de
absorbans okunmustur (Brand-Williams ve ark.,
1995). ABTS analizinde, 30 mg ABTS ve 7.8 mL 2.46
mM potasyum peroxodisiilfattan olusan ¢ozelti PBS ile
seyreltilerek 0.70'1ik absorbansa ayarlanmistir. 1950
uL seyreltilmig ABTS soliisyonu ve 50 pL ekstrakt ile
6 dakika inkiibe edildikten sonra 734 nm'de
okunmustur (Cam ve ark., 2009). FRAP analizi i¢in 10
pL. 6rnek ve 20 mM ferric chloride, 30 mM sodium
acetate ve 10 mM TPTZ'den olusan FRAP reaktifi ile
bir soliisyon olusturulmus, 30 dakika inkibasyondan
sonra, absorbans 593 nm'de okunmustur (Benzie ve
Strain, 1996).

a-amilaz ve a-glukozidaz Inhibisyon Aktivitesi Tayini
a-amilaz ve a-glukozidaz inhibisyon aktivitesi tayini
enzimatik-spektrofotometrik olarak belirlenmistir ve
pozitif kontrol olarak akarboz standarti kullanilmigtir.
Bu amagla a -amilaz inhibisyon aktivitesini belirlemek
icin ise 1 mL ekstrakt, 1 mL patates nisastasi
soliisyonu ve 1 mL 20 mM monosodyumfosfat bir test
tipunde karistirilarak 37 °C'de 5 dakika inkibe
edilmigstir. Enzimatik reaksiyonu baslatmak i¢in tipe
1 mL a -amilaz soliisyonu ilave edildikten 30 dakika
sonra, 0.5 mL 5.31M potasyum sodyum tartarat ile 0.5
mL 96 mM 3,5-dinitrosalisilik asit solisyonu tipe
eklenmigtir. Reaksiyonu durdurmak i¢in karigim 5

dakika kaynar suda tutulduktan sonra absorbans 540
nm'de okunmustur (McDougall ve ark., 2005; Cam ve
ark., 2020). a-glukozidaz inhibisyon aktivitesini
belirlemek i¢in, 50 pL ekstrakt, 1250 pl. 67 mM
monopotasyum fosfat ve 50 pL a-glukozidaz bir test
tiptinde karnistirthp 37 °C'de 5 dakika inkiibe
edilmigstir. Enzimatik reaksiyonu basglatmak igin tiipe
125 plL 10 mM 4-nitrophenyl-D-glucopyranoside
solisyonu eklenmigtir. 20 dakika sonra 2 mL 0.1 M
Na2COs ilave edilerek reaksiyon durudurulmus ve
absorbans 400 nm'de okunmustur. Ekstraktlarin
antidiyabetik aktivitesi, agagidaki formiil kullanilarak
hesaplanmigtir.

Antidiyabetik aktivite(%) = ABS"Z";;“_ABSW"“’" x100 (2)
kontrol

ABSkontrot ve ABSsrmek, sirasiyla kontrol ve numunenin
absorbansini ifade eder. a -amilaz ve a-glukozidazin % 50'sini
inhibe eden numunelerin fenolik konsantrasyonlar:i ICso
olarak ifade edilmistir.

Istatistik Analizler

Grup ortalamalar1 arasindaki farkhiliklar: belirlemek
icin, SPSS 22.0 istatistik paket programi kullanilarak,
gruplar arasindaki farkin 6nemi varyans analizi ile
belirlenmigtir. Duncan coklu karsilagtirma testi ile
grup ortalamalar1 karsilastirnlmistir (SPSS Inc.,
Chicago, IL).

BULGULAR ve TARTISMA

Modelin Dogrulanmasi

Modelden iiretilen 2. dereceden polinomial denklemin
dogrulugunu saptamak icin regresyon degeri (p-
degeri), belirleme katsayis1 (R?), diizeltilmis R2 (R2.4)),
tahminlenmis R2 (R%pred) ve model uyumsuzlugu gibi
istatistiksel parametreler kullamlmistir (Cizelge 2).

Cizelge 2. Polinomial denklemler ve model uyumlulugu icin istatistiksel parametreler
Table 2. Polynomial equations and statistical parameters to determine model fitness

Ornek  Yamtlar 2. dereceden polinomial denklemler Regression Model «
Sample Responses 2nd order polynomial equations (p-value) R Rl R uyumsuzlugu
P P poiyn q P Lack of fit
2.90+0.030X:-0.054X2+0.014X3+0.025X2X3-
TEMM (a0 0 9975 r 0,093 7 <0.0001  0.994 0.989  0.951 0.180
20.76+0.449X1-0.438X2+0.136X3-0.545X2X3-
B DPPH (oo 49X 0 785K 0.0001  0.965 0.931  0.799 0.258
2.70+0.033X1-0.105X2+0.023X3+0.048X X 3-
TFMM 0.169X,2-0.364Xx*+0.086Xs2 <0.0001 0.993 0.985 0.944 0.088
B 17.67+0.381X1-0.299X5+0.163X3-0.343X2X3- 0.0003
S DPPH e i1 31X:%-0.810X 0.958 0.916  0.745 0.325

X1t sicaklik, Xz : solvent/ kat1 orani, X3: metanol konsantrasyonu
X1: Temperature, X! solvent / solid ratio, X3: methanol concentration

Tiim yamtlarin varyans analizinin (ANOVA) p
degerinin 0.05'ten kiigiik oldugu goérilmiustir. Bu
durum secilen modelin anlamh oldugunu
gostermektedir. Ayrica 15 deney noktasinda verilen
yanitlarin deneysel ve tahminlenen degerlerinin
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birbirine yakin olmasi da modelin giivenilirliginin bir
gostergesidir (Cizelge 1). Tiim bunlarla birlikte model
uygunlugunu degerlendirmek  i¢in F  testi
uygulanmigtir. Her iki olgunlagma agsamasinda da
modelin yanmtlar tiizerine uyum eksikligi 6nemsiz
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bulunmustur (p>0.05). Yanitlarin R2? degerleri, OF
icin; TFMM ve DPPH igin sirasiyla 0.994 ve 0.965,
AOF i¢in ise; 0.993 ve 0.958 olarak tespit edilmistir
(Cizelge 2). Dahasi, R2pred ile R2.q arasindaki fark
0.2'den kicgiktur. Adj-R2 ile pre-R?2 degerleri
arasindaki farkin 0.2 degerinden kiigiik olmas1 ve R2
ve R2ag; degerlerinin %90’ 1n tistiinde olmasi modelin
uygunlugunu gostermektedir (Myers ve ark., 1995).
Modelin yanitlar tizerindeki etkisinin arttirilmasi igin,
onemsiz olan faktérler (p>0.05) 2. derece polinomial
denklemden ¢ikarilarak modifiye edilmistir. Bu durum

onemli faktérlerin yamtlar tzerindeki etkisinin
belirlenmesinde son derece 6nemlidir (Friedman ve
ark., 2001).

Ekstraksiyon Faktorlerinin Yamtlar Uzerine Etkisi ve
Yanitlarin Degerlendirilmesi

Her iki olgunlagma agsamasi i¢in bagimsiz faktorlerin
TFMM tzerine etkisi Sekil 1. de, DPPH tizerine etkisi
ise Sekil 2. de verilmisgtir.

Sekil 1. Farkli olgunlagsma asamalarinda ekstraksiyon kosullarinin TFMM tzerine etkisinin 3-D ytizey grafikleri
Figure 1. Superimposed 3-D surface plots of the effect of the extraction conditions on TPC at different maturation

stages

Sekil 2. Farkli olgunlagsma agsamalarinda ekstraksiyon kosullarinin DPPH {izerine etkisinin 3-D yiizey grafikleri
Figure 2. Superimposed 3-D surface plots of the effect of the extraction conditions on DPPH at different maturation

stages

Bagimsiz degiskenlerden sicaklik ve sivi/kati orani
yanitlar1 énemli élciide etkilerken (p<0.05), metanol
konsantrasyonunun bazi yanitlar tizerindeki etkisi
onemsiz ~ bulunmustur  (p>0.05).  Ekstraksiyon
isleminde sicaklik faktori 6nemli bir parametredir.
Cunki sicakligin dokular1 yumusatmasi, ¢éziintrlugi
arttirmasi, yizey gerilimini azaltmasi  gibi
etkilerinden dolay1 fenoliklerin ekstrakta gegmesinde
etkilidir. Ancak diger taraftan yuksek sicakligin
fenolik bilesiklere zarar verdigi de bilinen bir gergektir
(Dent ve ark., 2013). Bu sebepten otiirii sicaklik
ekstraksiyonlar1 i¢in o6nemli faktérlerin baginda
gelmektedir ve fenolik bilesikler gidalara 6zgu olup,
herbir fenolik maddenin de sicakliktan etkilenme
olgusu farkhidir. Bu amagla ekstraksiyon sicakliginin

urine 0zgl olarak optimize edilmesi Onem
kazanmaktadir. Ancak tabiki ekstraksiyon
islemlerinde, faktorlerin prosesi tek tek

etkilemesinden ziyade bir butiinin parcas1 olarak
degerlendirilmesi gerekir zaten optimizasyonun
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amaglarindan biri de budur. Siv/kati oran1 ve
methanol konsantrasyonu orta noktada sabit
tutuldugunda ve sicakhigin etkisi tek basina
dustnuldaginde TFMM ve DPPH yanitlar1 lizerine
OF i¢in 0.99 arzu edilirlik degeri ile 48.70 °C, AOF igin
ise 0.98 arzu edilirlik degeri ile 47.90 °C kirilma
noktas1 olarak belirlenmigtir. Yani her iki olgunlagma
agsamasinda bu sicaklik derecelerine kadar TFMM ve
antioksidan kapasitelerinde artig gézlenmig, kirilma
noktalarina ulagtiktan sonra ise azalma egilimine
gecmisgtir. Bu azalis sicakligin fenolikler tzerinde ki
bozunma etkisinden kaynaklanmaktadir (Dent ve
ark., 2013). TFMM ve DPPH o6zelliklerinin
belirlenmesinde sicakliga karsi bu sekilde bir egilimin
olmas1 beklenilen bir durumdur. Gidalarin sahip
olduklar1 aktioksidan kapasitesi igermis olduklar
toplam fenolik madde miktari ile iliskilidir (Velioglu ve
ark., 1998). Yapilan son calismalarda da mantarlarin
icermis olduklar1 fenoliklerle de antioksidan
kapasitesi arasinda pozitif yonde bir korelasyon
oldugu goriilmektedir (Cheung ve ark., 2003; Dogan ve
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ark., 2020). Genel olarak, sivi/kat1 orani orta noktaya
yaklagtikca TFMM o6nemli élgide artmistir. Ancak
daha sonra azalma gozlenmigtir. Bu durum
fenoliklerin sivi/kat1 orani belli bir konsantrasyonda
iken maksimum miktarda ekstrakte olmasi ancak
belirli bir seviyeden sonra solventin artmasi ve
konsantrasyonun azalmas ile agiklanabilir. Metanol
konsantrasyonunun degismesi OF lerde TFMM
tizerinde etkili olurken (p<0.05), DPPH iizerinde etkili
goriilmemistir (p>0.05). AOF lerde ise metanol
konsantrasyonunun artmasi ile bir artig gézlenmis
olsada, bu artis %5 hata diizeyinde Onemli
gorilmemigtir. Bu durumun fenolik maddelerin
¢ozucuye transferinde ¢oziicii polaritesinin 6neminden
kaynaklandig1 diisinilmektedir. Ekstraksiyonda tek
tip alkol kullanimina goére, alkol ve su karigimi
¢ozicllerin daha verimli oldugu yoniinde ¢aligmalar
mevcuttur (Markom ve ark., 2007). Metanol ve suyun
¢ozlici polarite indeksleri sirasiyla 6.6 ve 9'dur
(Snyder, 1974). Dolayisiyla metanol solventi 6n
denemlerde daha ylksek aktivite gisterse de sulu
karisgimlarinda istatistiksel olarak 6nemli olmamasi
suyun polaritesinin yiiksek olmasi yaninda bazi
mantar fenoliklerinin suda daha iyi ¢6ziinmesi ile
aciklanabilir. Liyana-Pathirana ve Shahidi (2005),
antioksidan bilesenlerin ekstraksiyonunda en yuksek
performansi1 %50 alkol karisimli hidrosal solventinde
gosterdigini  belirtmesi ¢alisma  sonuglar1 1ile
uyumludur.

Farkli zamanlarda hasat edilen istiridye mantarinda
en yiksek fenolik ve antioksidan kapasite OF de tespit
edilmigtir. OFnin TFMM ve DPPH degeri AOF’ den
sirasiyla % 7.38 ve % 19.12 daha yiiksektir.
Olgunlagma ile antioksidan kapasitesindeki kaybin
daha ylksek c¢ikmasinin sebebi olgunlagsma ile
fenolikler icerisindeki antioksidanlarin daha fazla
zarar gormesi ile agiklanabilir. Literatiir calismalar:

da bu durumu desteklemektedir. Agaricus
brasiliensisin  farkli  olgunlasma asamalarinda
antioksidan aktivitesinin belirlendigi ¢alismada

olgunlagma arttik¢a antioksidan aktivitenin azaldig,
DNA zararlanmalarinda daha az etkili oldugu ve
sarcoma 180 timo6r inhibisyonundaki etkisinin
azaldig1 goriilmiistiir (Mourdo ve ark., 2011). Agaricus
brasiliensis sapkali bir mantar oldugundan burada
ileri olgunlagsma sapkanin alt kisminda bulunan
lamellerin agilmasi ile ifade edilmigtir. Ancak P.
ostreatus sapkali bir mantar olmadigindan OF yaprak
¢ap1 5 cm oldugunda, AOF ise, olgun fruktifikasyondan
5 giin sonrasinda toplanmasi ile belirlenmistir. 5 glin
zaman agiminin belirlenmesinde yaprak uglari renk
degistirmesi, kivrilmasi ve kendine 06zgli seklini
kaybetmesi etkili olmustur. Pleurotus djamor (Rumph.
ex Fr.) mantar1 1. giin, 2. giin, 3. giin ve 4. giin
araliklarla dogadan toplanmigtir. Yapilan fenolik ve
antioksidan kapasitesi sonuglarina goére sirasiyla
2.791 mg g'! toplam fenolik icerigi ile en yiiksek 1. giin
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ve onu sirasiyla 1.447 mg g1, 1.271 mg g'! degerleri ile
2. ve 3. gln olgunlastirilan mantarlar takip etmistir
(Saha ve ark., 2012). Soares ve ark. (2009) yaptiklar
calismada Agaricus blazer Murrill mantarinda 2
olgunluk (lamel kismi acik, lamel kismi kapal)
asamasinda TFMM, lamel kapali iken daha ylksek
bulunurken istatistiksel olarak bu farklilik 6nemli
bulunmamigtir. Ancak antioksidan  kapasitesi
agisindan lamel kismi kapali olan da daha yiiksek
olarak tespit edilmistir.

Baz1 yenilebilir mantarlar tizerine yapilan gen
¢alismalarinda, miselyum agamasindan olgunlagma
stireci boyunca gen farkliliklari, sayilari ve/veya
seviyelerinde degisimler meydana geldigi ortaya
konulmustur. Sekonder metobolitlerden sorumlu
genlerin olgunlagsmaya bagh olarak degistigi tespit
edilmistir. Bu ¢calismada miselyum ile fruktifikasyon
degil, fruktifikasyonun farkli flag zamanlarina goére
biyoaktif maddelerindeki degisimler arastirilmigtir.
Ancak gen farkliliklarinin miselyum ve fruktifikasyon
asamalarinda farkli olmas1 yasam dongustntn farkl
asamalarinda da bu genlerin degisebilecegi sonucunu
dogurmaktadir. Calisma sonucuna gore fruktifikasyon
yaslandikca (hasat geciktirildikce) s6z konusu aktif
genlerin azalmasi1 yoniindedir. Ayrica fruktifikasyon
agsamasinda baz spesifik proteinlerin ve fonksiyonel
bilesiklerin tretimden sorumlu genlerinde bulundugu
tespit edilmistir (Muraguchi ve ark., 2015; Song ve
ark., 2018; Wang ve ark., 2018). Mantarlar {izerine
yapilan bagka bir gen calismasinda ise miselyum ile
fruktifikasyon arasinda bazi gen farkliliklar: olsa da
genel olarak her iki grupta da cogu terpenoid ve
polisakkarit biyosentezi yiiksek bulunmustur (Chen ve
ark., 2020). Literatiir verileri 1s181nda mantarlarin
yasam  donglsiinde  farkli gen  degisimleri
gozlendiginden, flas zamaninin son derece ©6nemli
oldugu anlagsilmaktadir. Ayrica s6z konusu biyolojik
aktivite gosteren maddeler yalnizca bunlarla iligkili
olmayip diger biyoaktif = bilesenlerden de
kaynaklanabilecegi tizerine dugsliniilmesi gereken bir
diger konudur.

Tahmini

Optimizasyon ve Deneysel Veriler ile

Degerlerin Dogrulanmasi

En 1iyi ekstraksiyon kosullar1 belirlemek i¢in sayisal
optimizasyon uygulanmigtir. Optimum noktalar
belirlemek icin 3 bagimsiz degisken (sicaklik, sivi/kat
orani ve metanol konsantrasyonu) maksimum ve
minimum noktalar araliginda, yanitlar olan TFMM ve
DPPH ise maksimum sonucu verecek sekilde
secilmistir. En ylksek arzu edilirlik puani esas
alinarak optimum nokta belirlenmistir. Optimum
sartlar, modelin tahminledigi degerler ve optimum
noktalarda analizlenen degerler Cizelge 3'de
verilmigtir. Bu degerler arasindaki farkin %5 in
altinda olmasi modelin giivenilirligini géstermektedir.
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Cizelge 3. Optimum noktalar, deneysel veriler ve tahminlenen degerler
Table 3. Optimum points, experimental data and predicted values

Optimum gartlar Yanitlar Tahmin Deneysel Fark (%)
Optimal conditions Response 1 degerler  Differenc
o) Sicaklik Sivi/kat1 oran1  Metanol Arzu s degerle Experime e
rnekler . e 1
Samples (°C) (II}L gl) - konsantrasyonu ed111.r11k. - r ' ntal value
Temperat Liquid/solid (%) Desirabilit Predict
ure ratio Methanol conc.  y score ed
value
OF 49.3 19.0 60.0 0.99 TFMM 2.91 2.93+0.15 0.68
DPPH 20.87 20.98+1.11 0.52
AOF 48.6 18.7 59.11 0.98 TFMM 2.71 2.74+0.23 1.09
DPPH 17.52  17.56+0.87 0.23
Optimum Nokta  Ekstraksiyonlarinda TFMM, olmasiin  fruktifikasyon yaslandik¢ca oksidatif

Antioksidan Aktivite (D.PPH, FRAP ve ABTS) ve a -
amilaz ve a -glukozidaz Inhibisyon Potansiyeli

Optimum nokta ekstraksiyonlarina goére farkli flag
zamanlarindaérneklerin TFMM, antioksidan aktivite
ve aramilaz ve a-glukozidaz inhibisyon potansiyeli
Cizelge 4’de gosterilmistir. Antioksidan maddelerin
serbest radikalleri inhibe etme mekanizmasi farkh
oldugundan antioksidan aktivite 3 farkli yontemle
(DPPH, FRAP ve ABTS) tespit edilmistir. Flas
zamanlar:1 dikkate alindiginda ekstraksiyon iglemi ile
de paralel olarak en yliiksek TFMM miktari ve onunla
paralel olarak antioksidan aktivite OF de tespit
edilmigtir. AOF de antioksidan kapasitesinin disiik

reaksiyonlarin etkin olmasi ve antioksidan bilegiklerin
zarar gormesi ile agiklanabilir. En yliksek TFMM 2.93
mg GAE g-1 ve antioksidan aktivite DPPH, FRAP ve
ABTS i¢in sirasiile 20.98 umol TE g-1, 39.11 umol TE
g-1,52.47 pmol TE glile OF de saptanirken, en dusik
TFMM 2.74 mg GAE g-1 ve antioksidan aktivite 17.56
umol TE g-1, 31.32 umol TE g-1 ve 44.88 umol TE g-1
ile AOF de bulunmustur. Fruktifikasyon yaslandikc¢a
TFMM % 6.93 oraninda, DPPH, FRAP ve ABTS
degerleri ise swrasiyla % 19.48, % 24.87 ve % 16.91
oraninda kayba ugramistir. Ayrica TFMM ve tum
antioksidan kapasite yontemlerinden elde edilen
sonuglara gore flas zamanlarindaki farklihik 6nemli
bulunmustur (p<0.05).

Cizelge 4. Optimum noktalarda TFMM, antioksidan aktivite (DPPH, FRAP ve ABTS) ve a —amilaz/a -glukozidaz

inhibisyon potansiyeli

Table 4. TPC, antioxidant activity (DPPH, FRAP and ABTS) and a -amylase/a-glucosidase inhibition potential at

optimum points
Antioksidan Kapasite Antidiyabetik aktivite
Ornek TFMM Antioxidant capacity Antidiabetic activity
Sample (mg GAEgl) DPPH FRAP ABTS a-glukozidaz a-amilaz ICso GUD
(umolTEg?) (umolTEgl) (umolTEgl) ICso(pgmL?l) (ugmL?)
OF 2.93+0.152 20.98+1.112  39.11+0.902 52.47+1.112 240.65+1.55¢  268.47+0.48¢  3x170.72 g
AOF 2.74+0.23P 17.56+0.87> 31.32+0.54b 44.88+0.34b 259.69+1.39>  290.41+1.36> 3x184.23 g
Akarboz - - - 35.24+1.734 72.96+3.184 3x25 mg

GUD: Giinliik uygulama dozu; aym siitunda farkl harfler 6rneklerin istatistiksel olarak farkli oldugunu géstermektedir (p

<0.05)

GUD: Daily application dose; Different letters in the same column indicate that the samples are statistically different (p <0.05)

Farkli olgunluklarda hasat edilen mantarlarda en
disiik ICso degeri a-glukozidaz ve a-amilaz aktivite
icin sirasiyla 240.69 pg mL! ve 268.47 pg mL! degeri
ile OF de saptanmigtir. Fruktifikasyon olgunlastik¢a
a-glukozidaz ve a-amilaz inhibisyon potansiyeli
azalmigtir. Antidiyabetik ilaglarin etken maddesi olan
akarboz ise 35.24 ug mL1! ile a-glukozidaz, 72.96 pg
ml1ile a-amilaz inhibisyon etkisine sahiptir. AOF de
a-glukozidaz ve a-amilaz inhibisyon etkisinin daha
disiik ¢ikmasinin sebebinin mantarin sahip oldugu
antidiyabetik o0zellik gosteren biyoaktif bilegiklerin
olgunlagma ile bozunabilecegi ve/veya olgunlagmanin
farkli evrelerinde s6z konusu biyoaktif bilesiklerin
sentezinden sorumlu genlerin aktif veya pasif

olmasindan kaynaklanacag distinulmektedir.
Mantar cesitlerinin antidiyabetik etkisinin
arastirildigi 6nceki ¢aligmalar ile uyumlu olarak a-
amilaz inhibisyonu etkisi daha dusiik, a-glukozidaz
inhibisyonu daha ylksek olarak bulunmustur
(Stojkovic ve ark., 2019). Tip 2 diyabet hastalarina
baglangi¢ diizeyinde iken akarboz etken maddesi olan
bir ilagtan ginlik 3x25 mg'hk kullanmasi
onerilmektedir (Lebovitz, 1995). P. ostreatusun a-
glukozidaz tizerinden akarboz inhibisyonuna gore
yapilan hesaplamayla OF tiizerinde 3x170.72 g giin'!
olarak kullanmilmas: 6nerilmektedir (Cizelge 4). Su ve
ark. (2013) yaptiklar1 calismada da akarboza gére
yapilan kargilastirmada a-amilaz inhibisyonu
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etkisinin a-glukozidaz inhibisyon etkisinde daha zayif
olarak bulunmustur. Zeng ve ark. (2016)nmin yaptiklar
calismada baz1 fenolik bilesiklerin a-glukozidaz
inhibitor etkisi ile iligiki oldugunu tespit etmislerdir.
Friedman (2016)1mn yaptig1 calismada ise mantar
polisakkaritlerinin ~ 6zellikle de  B-glukanlarin
antidiyabetik etkilerinin oldugu vurgulanmisgtir. P.
ostreatustan ekstrakte edilen polisakkaritlerin de
antidiyabetik 6zellikleri ile ilisigi gosterilmistir (Choi
ve Ryu, 2015; Zhang ve ark., 2016).

Mantarlarda, vegetatif miselyum asamasindan
generatif olgunlagma stireci boyunca gen farkliliklari,
sayillar1 ve/veya seviyelerinde degisimler meydana
gelmektedir. Bazi yenilebilir mantarlar {izerine
yapilan gen calismalarinda sekonder metobolitlerden
sorumlu genlerin olgunlagsmaya bagli olarak degistigi
tespit edilmistir. Genel olarak terpenoid ve poliketid
gibi sekonder metobolitlerden sorumlu genler
miselyumda, olgunlagsan fruktifikasyonlara goére daha
yiksek bulunurken, c¢ogalma, hiicresel onarim ve
transkripsiyon genleri fruktifikasyon asamasinda
daha yiksek bulunmustur. Ayrica polisakkarit
biyosentezinde rol oynayan genler hem miselyumda
hem de fruktifikasyonda ylksek ¢ikmigtir. Ancak , B-
glukan senteziyle iligkili genler fruktifikasyonda
miselyum ve pinhead asamalarindan daha yuksek
cikmigtir. Bu durum B-glukanlarin hiicre duvarindaki

polisakkaritlerde yiiksek oranda bulunmasindan
kaynaklandig: dustnilmektedir. Ayrica
fruktifikasyonda baz1 spesifik proteinlerin ve

fonksiyonel bilesiklerin liretimden sorumlu genlerin
de bulundugu tespit edilmistir (Muraguchi ve ark.,
2015; Song ve ark., 2018 Wang ve ark., 2018).
Mantarlar tizerine yapilan baska bir gen calismasinda
ise miselyum ile fruktifikasyon arasinda bazi gen
farkliliklari olsa da genel olarak her iki grupta da ¢ogu
terpenoid ve polisakkarit biyosentezi yiiksek
bulunmustur (Chen ve ark., 2020). Literatiir
kaynaklar1 1s181nda mantarlarin yasam dongusinde
farklh gen degisimleri gézlendiginden, flag zamaninin
son derece 6nemli oldugu anlasilmaktadir. Ayrica s6z
konusu biyolojik aktivite gosteren maddeler yalnizca
bunlarla iligkili olmayip diger biyoaktif bilesenlerden
de kaynaklanabilecegi lizerine diisiiniilmesi gereken
bir diger konudur. Hericium erinaceusun 3 farkh
olgunlagsma asamasinda kimyasal kompozisyonunun
ve polisakkarit fraksiyonunun degistigi tespit
edilmigtir. Protein degeri olgunlagsma ile azalirken
polisakkarit fraksiyonu farkl olgunlagma
basamaklarinda degisiklik seyretmigtir.
Fruktifikasyon uzantisi kiigiik olanlarda, orta ve olgun
olanlara gore polisakkaritlerin molekil agirligi ve
monosakkarit kompozisyonu 6nemli 6l¢ide farklilik
gostermistir (Li ve ark., 2015). Ayrica mantarlarin
farkli olgunlagsma  slirecinde aroma ve tat
kompenentleri de degisime ugramaktadir (Mau ve
ark., 1997). Calisma kapsaminda elde edilen ciktilara
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bakildiginda flas zamaninmin biyoaktif 6zellikler
uzerine degisimsel etkisi literatirde farklh mantarlar
uzerine yapilmig olan caligsmalarla da
desteklenmektedir.

SONUGC ve ONERILER

Kiltir mantarlar1 tretimi son dénemlerde ylkselen
bir trend haline gelmistir. Yenilebilir mantarlarin hem
besleyici olarak hem de halk ilaci olarak kullaniminin
¢ok eski yillara dayanmasi, mantarlari tizerinde yogun
bir sekilde ¢aligilan konulardan biri haline getirmigtir.
Calismadan elde edilen sonuglara gore P. ostreatusun
yiksek TFMM igerdigi ve dolayisiyla yiliksek
antioksidan aktivite sergiledigi gériilmektedir. Ayrica
a-amilaz ve a-glukozidaz inhibisyon potansiyelinin
yuksek olmasi bu mantari, besleyici 06zelliklerinin
yaninda tibbi 6zellikleri ile de 6n plana ¢citkarmaktadir.
Ancak tim sahip oldugu o6zelliklerden maksimum
diizeyde yararlanabilmek i¢in hasat zamani son derece
onemlidir. Bu ¢alismada P.ostreatusun farkli hasat

zamanlarindaki biyoaktif degisimler ortaya
konulmustur. Ancak s6z konusu bu biyoaktif
bilegiklerin karakterizasyonun ileri bir c¢alisma

konusu olarak aragtirilmasi da son derece 6nemlidir.
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ABSTRACT
Cancer is a major health problem causing great damage in recent
years worldwide. Serious side effects of chemotherapeutics used in
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reducing side effects and revealing a more effective treatment. In this

study, the effects of methanolic extract from Portulaca oleracea (POM) Keywords

alone and in combination with irinotecan were investigated against Portulaca oleracea

human colorectal carcinoma cell line HCT116 and human lung Irinotecan
adenocarcinoma cell line A549. The antiproliferative/anti-colony Cancer

formation effects were determined using WST-1 assay and clonogenic Apoptosis

assay. Cell death detection enzyme-linked immunosorbent assay
(ELISA) was employed to exhibit the triggered apoptosis, and
quantitative real time polimerase chain reaction (qQRT-PCR) was
performed to evaluate the mRNA expression of mTOR, Akt and PTEN
genes, which are significant modulators of apoptotic and survival
pathways. It was determined that 72 h treatment with increasing
concentrations of POM (0-1000 pg mL1) decreased the viability of
HCT116 and A549 cells in a dose-dependent manner. Also, POM and
irinotecan exhibited synergistic effects in both cell lines. The
combination of POM and irinotecan suppressed the colony forming
capacity of HCT116 and A549 cells by 84% and 79%, respectively.
POM also altered mTOR, Akt and PTEN gene expressions in HCT116
and A549 carcinoma cells, both alone and in combination with
irinotecan. This study indicates that the phytotherapeutic effect of P.
oleracea needs to be studied more intensively.

Cell culture

Portulaca oleracea Metanol Ekstraktinin Insan Kolorektal ve Akciger Kanseri Hiicrelerini Irinotekana
Kars1 Kemosensitize Edici Etkisi

OZET Aragtirma Makalesi
Kanser 6nemli bir saghik sorunudur ve son yillarda diinya ¢apinda

buyluk zararlara neden olmaktadir. Kanser tedavisinde kullanilan Makale Tarihgesi
kemoterapétiklerin ciddi yan etkileri, dogal trtnleri degerli Gelis Tarthi  :06.01.2021
kilmaktadir. Kemoterapi ilaglari ile bitkisel driinlerin birlikte =~ Kabul Tarihi :01.04.2021

kullanilmasi, yan etkilerin azaltilmas1 ve daha etkili bir tedavinin
ortaya cikarilmasinda onemli bir yaklagimdir. Bu calismada, tek
bagina ve irinotekan ile kombinasyon halinde Portulaca oleracea

Anahtar Kelimeler
Portulaca oleracea

metanol ekstraktinin (POM) etkileri, insan kolorektal karsinoma glnotekan
hiicre hatt1i HCT116 ve insan akciger adenokarsinom hiicre hatti anser
Apoptoz

Ab549'a kars1 arastirilmigtir. Antiproliferatif / anti-koloni olugsumu
etkileri, WST-1 deneyi ve koloni olusumu deneyi ile belirlendi. Hiicre
6liimii tespiti enzim baglh immunosorbent analizi (ELISA) tetiklenen
apoptozu gostermek icin kullanildi, ve apoptotik ve hayatta kalma
yolaklarinin 6nemli modiilatérleri olan mTOR, Akt ve PTEN
genlerinin mRNA ekspresyonunu degerlendirmek igin kantitatif
gercek zamanli  polimeraz zincir reaksiyonu (qRT-PCR)
gerceklestirildi. Artan POM konsantrasyonlari (0-1000 pg mL) ile 72
saatlik tedavinin doza bagl olarak HCT116 ve A549 hiicrelerinin

Hicre kulturu
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canhiligini azalttig1 belirlendi. Ayrica, POM ve irinotekan, her iki
hiicre hattinda da sinerjik etkiler sergiledi. POM ve irinotekan
kombinasyonu, HCT116 ve A549 hicrelerinin koloni olusturma
kapasitesini sirasiyla %84 ve %79 oraninda baskiladi. POM ayrica
HCT116 ve A549 karsinom hiicrelerinde mTOR, Akt ve PTEN gen
ekspresyonlarini hem tek basina hem de irinotekan ile kombinasyon
halinde degistirdi. Bu ¢alisma, P. oleracea'min fitoterapotik etkisinin
daha yogun olarak arastirilmas: gerektigini géstermektedir.

To Cite : Erdogan MK 2021. The Chemosensitizing Effect of Portulaca oleracea Methanol Extract on Human Colorectal and
Lung Cancer Cells Against Irinotecan. KSU J. Agric Nat 24 (6): 1187-1195. DOI: 10.18016/ksutarimdoga.vi.848187.

INTRODUCTION

Cancer is a heterogeneous disease that characterized
by uncontrolled proliferation, subsequent cellular
transformation, angiogenesis, invasion and
metastasis. The incidence and mortality of cancer is
increasing year by year, and this rise reinforces the
cancer remains one of the most devastating health
problem. Lung cancer ranks first in the world in terms
of incidence and mortality among cancers, and
colorectal cancer is the second cause of cancer related
deaths and is the fourth most common type of cancer
worldwide (Bray et al., 2018). In cancer treatment the
most commonly used applications are surgery,
radiotherapy and chemotherapy. However, reasons
such as recurrence of the tumor as a result of surgical
intervention or the serious side effects of the drugs
used in chemotherapy requires the development of
safer and more effective approaches for cancer
treatments (Afolayan et al., 2020). Recently, the
complementary and alternative use of plants in cancer
treatment has attracted considerable attention (Majolo
et al., 2019; Younes et al., 2020).

Plants have been used therapeutically as well as many
usage areas since ancient times and are an important
resource at the point where modern medicine comes. It
1s known that the drug used in the treatment of most
diseases is developed by taking inspiration from
plants. An important part of chemotherapeutic drugs
used especially in cancer treatment are derivatives of
the compounds isolated from medicinal plants. The
anticancer effect of plants can play crucial roles in the
prevention and treatment of cancer, which is a major
health problem for the most communities (Borah and
Banik, 2020; Erdogan et al., 2020a).

Portulaca oleracea (purslane) is an annual edible green
leafy vegetable that widespreads in many regions of
Europe, Asia, Africa, and the Middle East. It widely
consumed as a potherb added in soups and salads. In
many countries purslane used as a herbal medicine in
the treatment of headaches, pain and swelling,
intestinal and stomach illnesses, and shortness of
breath (Nemzer et al., 2020). Omega-3 fatty acids,
quercetin, kaempferol, apigenin, vitamin A and C, and
tocopherols are among the main components of P.
oleracea that makes purslane beneficial for health
(Lim and Quah, 2007). Many pharmacological effects
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of this plant was reported, including anti-
inflammatory, cardiac stimulant, antioxidative,
wound-healing, antibacterial, and anti-tumor (Xiang
et al., 2005).

Apoptosis is a programmed or physiological form of cell
death that occurs within genetic control by activating
endogenous proteases in the cell. As a result of this
process, the cell shrinks, the structure of the
cytoskeleton is distorted, and membrane bubbling
occurs, as well as nuclear condensation and
nucleosomal DNA fragmentation. Since the cell's
orientation to apoptosis occurs with the control of
genes, mutations in these genes can lead to apoptosis
avoidance (Ferreira et al., 2002).

Irinotecan is a camptothecin derivative that used in
various cancer types including colorectal, prostate,
pancreatic, and lung cancer as a chemotherapy agent.
Although irinotecan is one of the essential medicines
used in cancer treatment, it causes common side
effects, including colon inflammation, fever, bone
marrow, blood clots, shortness of breath, vomiting and
diarrhea (Huang et al., 2020). Therefore, the
development of new adjuvant treatment approaches
that can reduce the side effects and increase anticancer
efficacy of irinotecan even at low doses can make
important contributions to cancer treatment. This
study focused on the mechanistic elucidation of the
possible interaction between POM and irinotecan in
inhibiting the proliferation and inducing apoptosis of
colon and lung cancer cells. In addition, the study aims
to investigate the regulation of genes involved in
various pathways related to survival and apoptosis in
colon and lung cancer cells treated with POM and / or
irinotecan.

MATERIALS and METHOD
Chemicals and Reagents

The fetal bovine serum (FBS), penicillin/streptomycin,
Dulbecco's modified eagle medium (DMEM), and
phosphate buffered saline (PBS) was purchased from
Lonza (Walkersville, MD, USA). Trypan blue, trypsin-
EDTA, methanol, acetic acid and crystal violet was
obtained from Sigma-Aldrich (St. Louis, MO, USA).
Water Soluble Tetrazolium-1; 2-(4-Iodophenyl)-3-(4-
nitrophenyl)-5-(2,  4-disulfophenyl)-2H-tetrazolium,
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monosodium salt (WST-1) cell proliferation assay kit
was procured from Intron Biotechnology (Gyeonggi-do,
Korea). Cell death detection ELISA kit was purchased
from Roche (Mannheim, Germany). Irinotecan was
procured from Kocak Pharma (Istanbul, Turkey).
Forward and reverse primers were obtained from
Invitrogen (Carlsbad, CA, USA), pure link RNA mini
kit from Life Technologies (Carlsbad, CA, USA),
2xqPCRBIO SyGreen mix Lo-ROX kit from PCR
Biosystems (London, UK), and high capacity cDNA
reverse transcriptase kit from Thermo Fisher
(Waltham, MA, USA), and analysis with kits was
performed according to manufacturer's protocols.

Plant Material

The aerial parts of P. oleracea were obtained from a
local market from Bingol, Turkey, and the samples
were 1dentified by Yakup Yapar from the Department
of Biology, Bingol University. The plant samples were
thoroughly washed and freed from water via a filter
paper. Then, the samples were left to dry in an
environment without sunlight and moisture. The dried
samples were finely grounded using an blender for
extraction. A voucher specimen was deposited in the
Herbarium of Faculty of Arts and Sciences,
Department of Biology, Bingol University (herbarium
No. 6565).

Methanolic Extraction

Overall, 20 g of finely powdered plant material was
placed to the Whatman no. 1 filter paper and tightly
closed. 400 mL of analytical grade methanol (1:20/ w:v)
was placed to a flask and Soxhlet apparatus heated to
at 50°C until getting a clear solvent in extraction
chamber. Then the solvents in the mixture, which
collected in the bottom flask, were evaporated by a
rotary evaporator (IKA Rotary Evaporator model RV-
10, Werke GmbH Co. KG, Germany) under reduced
pressure at 45°C. Subsequently, the extracts were kept
in a vacuum oven at 25°C until they became powdered
and stored at -20 °C (Aizpurua-Olaizola et al., 2015;
Erdogan et al., 2019). The powdered extracts were
dissolved in traces of methanol and diluted with
DMEM for further use in the studies.

Cells and Culture Conditions

HCT116 human colorectal carcinoma cells and A549
human non-small cell lung cancer cell line were
provided by the cell repository of the Central
Laboratory Research and Application Center of Bingol
University, Turkey. The cell lines were maintained in
DMEM with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin, and in a humidified
atmosphere by 5% CO:2 and 37°C (Erdogan et al.,
2020a). When the cells reached 80% of density, they
were trypsinized to detach from the bottom surface and
were counted in Neubauer’s chamber for used in
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studies.

Cell Viability

The dose-dependent antiproliferative effects of POM,
irinotecan, and combinations were measured by the
WST-1 cell proliferation assay kit according to
manufacturer's protocol (Intron Biotechnology,
Gyeonggi-do, Korea). Briefly, 5x103 cells/well were
seeded into 96-well culture plates and incubated at
37°C and 5% CO:2 overnight. HCT116 and A549 cells
were treated with various concentrations of POM (0,
25, 50, 100, 200, 400, 600, 800 and 1000 pg mL1) and
irinotecan (0, 0.59, 1.47, 2.94, 5.88, 14.66, 29.35 and
58.70 pg mL1) for 72 h. Culture medium was replaced
by fresh medium and 10 pL of WST-1 reagent were
pipetted into wells. After 3 h incubation period, the
amount of soluble formazan dye produced by
metabolically active cells was measured with an
ELISA microplate reader (SpectraMax 384 Plus,
Molecular Devices, USA) at 450 nm as absorbance
(optical density-OD). The mixture of WST-1 reagent
and culture medium without cells was evaluated as a
background control. To determine percentage of cell
survival that formula was used:

% cell survival = [ODTreatment'ODBlank/ ODcontrol- ODBlank]
X 100%.

The absorbance value of the DMEM and WST-1
reagent mixture was evaluated as a blank. The control
cells were treated with DMEM and trace methanol
mixture only (1:50 / viv). The half maximal inhibitory
concentration (ICs0) value for each treatment group
was calculated.

Calculation of Combination Index (CI)

The combination index of POM and irinotecan
treatments was calculated by the following formula (Li
et al., 2017);

CI = (APOM) 50 / (BPOM) 50 + (AIrinotecan) 50 / (BIrinotecan)
50.

In this formula; (Apom) 50: POM concentration with
50% inhibition effect when half of the ICso of irinotecan
concentration is applied, (Brom) 50: ICs0 of POM,
(Amrinotecan) 50: Irinotecan concentration with 50%
inhibition effect when half of the ICso of POM
concentration is applied, (Brinotecan) 50: ICs0 of
irinotecan. The CI values found after calculation
indicates; CI> 1 antagonism, CI = 1: enhancer and CI
<1 synergism (Chou and Talalay, 1984).

Colony Formation Assay

The effect of the treatments on the colony formation
capacity of the cells were determined by clonogenic
assay which was previously described (Franken et al.,
2006). The HCT116 and A549 cells were seeded in 60
mm petri dishes (5x102 cells/dish) and followed by
overnight incubation, the cell lines treated with POM
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(250 pg mLY), irinotecan (1.47 pg mL1) and the
combination of 250 pg mL!1 POM+1.47 pg mL1?
irinotecan for 72 h. After treatment, the medium was
sucked off and replaced by fresh medium. The cells
were maintained in fresh medium for 12 days, and the
formed colonies were fixed with a mixture of methanol
> acetic acid (3:1/ viv) for 5 min. Then this mixture was
removed, and the petri dishes were washed with cold
PBS and stained with crystal violet (0.05%) for 15 min.
The colony formation were analyzed with the Imaged
2.1 software and quantitated by GraphPad Prism 8.0.

CDD ELISA

The cell death detection Elisa (CDDE) method provides
In vitro qualitative and quantitative analysis of the
histone that passes from the nucleus to cytoplasm due
to DNA fragmentation, as a result of apoptotic cell
death. Briefly, 1x104 cells/well were seeded in 96 well
plates and the cells were treated with the half of ICso
doses of POM, irinotecan and the combination of
POM+Irinotecan for 72 h. The 96 well plate was
centrifuged at 200xg for 15 min and after removing the
supernatant, 200 pL of lysis buffer was added to the
wells and incubated at room temperature for 30 min.
The lysate was centrifuged at 200xg for 15 min and 20
uL of the supernatant was taken and transferred into
a streptavidin-coated microplate. 80 upL  of
immunoreagent, that containing anti-histone and anti-
DNA peroxidase (POD) antibodies, was added to each
well. The microplate was covered with a sticky foil and
kept on a shaker at a slow speed for 2 h. The liquid part
was then removed, the wells were washed with
incubation buffer and 100 uL. of ABTS solution was
added to the wells. Then, it was incubated on the
microplate shaker for 25 min to be ready for
colorimetric analysis. The absorbance of the wells was
measured in the ELISA microplate reader
(SpectraMax 384 Plus, Molecular Devices, USA) at 405
nm. In the treatment groups, intense color formation
compared to control cells shows the DNA
fragmentation characteristic of apoptosis. The
absorbances of the groups were divided by the
absorbance of the control, and enrichment factors,
which are a colorometric indicator of apoptosis, were
calculated.

Real-Time Quantitative Polymerase Chain Reaction
(qRT-PCR)

qRT-PCR was performed according to the method
previously described (Erdogan et al., 2020b). 1x106
cells were seeded the 6 well microplates and after an
overnight incubation, the cells were treated with
appropriate treatments (the half of ICso doses of POM,
irinotecan and the combination of POM+Irinotecan) for
72 h. The medium was then removed, 1 mL of cold PBS
was added to the wells and the cells were collected with
a scraper. Pure Link RNA Mini kit (Invitrogen-Life
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Technologies) for RNA isolation from cells, High
Capacity cDNA Reverse Transcriptase Kit (Thermo
Fisher) for synthesis of total RNA from composite
DNA, SYBR Green master mix for quantitative real-
time PCR (2xqPCRBIO SyGreen Mix Lo-ROX Kit, PCR
Biosystems) was used and all experimental steps were
performed according to the manufacturer's protocols.
The PCR reaction conditions were as follows:
incubation at 95 °C for 2 min followed by 40 cycles at
95°C for 5 s, 64 °C for 20 s, 72 °C for 2 min, and 1 cycle
at 72 °C for 5 min. A PCR device (Rotor-Gene Q,
Qiagen, Hilden, Germany) was used in the analysis.
The forward and reverse primer sequences were used
as follows: mTOR (forward primer: 5-
'"TGTCCTGCTGGTCTGAACTG-3'; reverse primer: 5-
'"TTCAGCGATGTCTTGTGAGG-3), Akt (forward
primer: 5-'CACACCACCTGACCAAGATG-3'; reverse
primer: 5-'CTGGCCGAGTAGGAGAACTG-3"), PTEN
(forward primer: 5-'GGTGATGTGGCAGGACTCTT-3";
reverse primer: 5-'CAGCTTCCGAGAGGAGAGAA-3),
and B-actin (forward primer: 5-
'CTCTTCCAGCCTTCCTTCCT-3'; reverse primer: 5-
'"AGCACTGTGTTGGCGTACAG-3"). mRNA expression
rates were determined by the comparative threshold
cycle (244Ct) method (Livak and Schmittgen, 2001). Ct
values were normalized with B-actin mRNA expression
rates.

Statistical analysis

Each assay was repeated at least three times and data
are given as meanzstandard deviation (SD). Statistical
analysis of the findings were evaluated by one-way
ANOVA test using Prism 8.0 (GraphPad Inc., San
Diego, CA, USA). P value <0.05 was assumed as
statistically significant at differences between the
groups.

RESULTS and DISCUSSION

Lung cancer has the highest incidence and mortality
among cancer cases worldwide (Bray et al., 2018).
Colorectal cancer is the fourth most common cancer
type and is the second cause of cancer-related deaths
worldwide (Bray et al., 2018), and is an epigenetic-
based disorder that causes the colon/rectal mucosa to
transform into metastatic carcinoma (Jayathilake et
al., 2019). Surgical intervention, radiotherapy,
chemotherapy or hormone therapy can be applied in
the treatment of lung and colorectal cancer depending
on the genetic as well as clinical symptoms. However,
the fact that these approaches are responsible for
significant side effects necessitates alternative
treatment approaches (Younes et al., 2020). Plants and
plant derived compounds are considered as important
resources in revealing new and alternative treatment
approaches in this context. In this study, the viability
of A549 human lung cancer and human HCT116
colorectal cancer cells depending on the increasing
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concentration of POM, irinotecan and combination
were determined by the WST-1 cell viability assay and
shown in Figure la and 1b. Cell viability curves have
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shown that POM, irinotecan and combination of
POM-+Irinotecan suppresses proliferation in both cell
lines in a dose-dependent manner.
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Figurel. The antiproliferative effect of Portulaca oleracea methanol extract and combination of POM+ICs0/2 of
irinotecan (a), and irinotecan and combination of Irinotecan+ICs0/2 of POM (b) on HCT116 human colon
cancer and A549 human lung cancer cell lines in 72 h treatment. (*P<0.05; compared with the untreated

cells).

Sekil 1. Portulaca oleracea metanol ekstrakti ile POM+Irinotekan ICs0/2 kombinasyonunun (), ve irinotekan ile
Irinotekan+ POM ICs0/2 kombinasyonunun (b) 72 saatlik tedavide HCT116 insan kolon kanseri ve A549
insan akciger kanseri hiicre hatti iizerindeki antiproliferatif etkisi. (*P<0.05; tedavi edilmeyen hiicrelerle

karsilastirildiginda).

Since the 1990s, many large pharmaceutical
companies have  prioritized investments in
combinatorial treatment approaches, which have the
potential to increase the effectiveness of treatment
processes, as well as studies focusing on natural
products (Luzhetskyy et al., 2007; Majolo et al., 2019).
Considering the complex nature of the compounds
found in plant extracts and the economic and
synthetically very difficult to synthesize, the focus has
been on the discovery of drugs based on specific
molecular targets to obtain more efficient compounds
using combinatorial approach technologies (Ojima,
2008; Majolo et al., 2019). It is indicated that
combinational approaches will be the future source of
numerous new drugs or new chemical entities (Majolo

et al., 2019). Of the total of 136 new active substances
with cancer-related activity between 1981 and 2014,
113 or 83% were either directly natural products or
developed by imitation of natural products, only 23 or
17% were of synthetic origin (Newman and Cragg,
2016). Therefore, it has been reportedbwidely that
plants have great potential in terms of new therapeutic
approaches, and plant-based combinational
approaches act mechanically in the processes of cell
proliferation, angiogenesis, invasion and apoptosis in
the initiation, development and progression of cancer
(Rajesh et al., 2015; Majolo et al., 2019). The ICs0 and
CI values obtained by cell viability analysis are
presented in Table 1. It is clear from these data that
there was a synergistic interaction between POM and
irinotecan.

Table 1. The ICs0 and combination index values of POM and irinotecan on HCT116 and A549 cells
Cizelge 1. POM ve irinotekanin HCT116 ve A549 hiicreleri tizerindeki ICso ve kombinasyon indeksi degerleri

ICso values Combination Index (CI)
Cell Line POM (pg mL1) Irinotecan (ug mL1) POM-+Irinotecan
HCT116 608.80+17.32 12.16+0.77 0.79+0.03
Ab549 722.45+23.19 18.41+1.24 0.93+0.04

Besides being important for the food industry, P.
oleracea i1s a pharmacologically valuable plant that
exhibits antimicrobial, neuroprotective, anti-
inflammatory, antioxidant and anticancer activities
thanks to its wide range of chemical components such
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as flavonoids, proteins, alkaloids and vitamins.
Although the efficacy of the extracts or compounds
obtained from P. oleracea has been demonstrated in
many In vitro and in vivo studies, the number of
studies on their mechanism of action is limited.
Therefore, considering P. oleracea in advanced clinical
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studies will be possible with more mechanistic studies
(Zhou et al., 2015). Al-Sheddi et al. (2015) showed that
P. oleracea seed oil has been shown to significantly
reduce the viability of human liver cancer HepG2 cell
line and human lung cancer A549 cells, and the
antiproliferative effect of the treatment was higher,
especially at concentrations of 250 ng mL! and above.
In two previous studies, it was stated that the
chloroform extract of the whole plant and aerial parts
of P oleracea were exhibited moderate
antiproliferative activity in HCT-15 and Caco-2 colon
cancer cells, and that the treatment was more effective
at higher concentrations (Mali, 2015; El-burai et al.,
2020). Similarly, in this study, it was observed that P
oleracea methanol extract was exhibited a dose-
dependent effect on both cancer cell lines, but the
antiproliferative activity was further increased
especially at high concentrations. This difference may
be due to the use of methanol, which has a different
polarity, in extraction, and the different geography and

Control POM

HCT116

A549

Colony formation
(% of control)

climatic conditions where the plant samples were
collected (Gecibesler and Erdogan, 2019). A previous
study showed that the methanolic extract of P.
oleracea was non-toxic in normal Chang liver cells and
was safe for daily consumption (Payudara et al., 2013).
It has also been shown that the hydro-ethanolic extract
of P. oleracea was not cytotoxic on isolated human
lymphocytes (Rahimi et al., 2019). When all these
studies are evaluated, it can be concluded that while P.
oleracea does not exhibit toxic effects on normal cells,
it has cytotoxic activity on cancerous cells.

The survival of a single cell and its colony growth can
be analyzed by an in vitro colony formation assay or a
clonogenic assay method (Franken et al., 2006). As
shown in Figure 2, both POM individually and its
combination with irinotecan significantly inhibited
colony formation of the HCT116 and A549 cells
(P<0.05).

Irinotecan POM+Irinotecan

C—_—
>

Control
POM

Irinotecan
POM+Irinotecan

i

Figure2. Colony formation inhibitory effect of Portulaca oleracea methanol extract and / or irinotecan treatments on HCT116
and A549 cells. (*P<0.05, **P<0.01, ***P<0.0001; compared with the untreated cells. #P<0.05; compared with the

irinotecan treated cells).

Sekil 2. Portulaca oleracea metanol ekstraktinin ve/veya irinotekan tedavilerinin HCT116 ve A549 hiicreleri tizerindeki koloni
olusumunu inhibe edici etkisi. (*P<0.05, **P<0.01, ***P<0.0001; tedavi edilmeyen hiicrelerle karsilastirildiginda.
#P<0.05; irinotekan ile tedavi edilen hiicrelerle karsilastirildiginda).

The avoiding apoptosis is a characteristic feature of

cancer cells. Therefore, detection of apoptosis and
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targeting genes 1in apoptotic signal transduction approaches (Ocana et al., 2014). Rahimi et al. (2019)

pathways i1s an experimental tool not only in drug reported that P. oleracea hydro-ethanolic extract
discovery but also in clinical trials to confirm drug inhibited viability in U-87 human glioblastoma cancer
activity in the development of new anti-cancer cells in a time and dose dependent manner and caused
treatment approaches (Carneiro and El-Deiry, 2020). inhibition of NF-kB, an important regulator of
The rapamycin mammalian target (mTOR) / AKT apoptosis and survival. It has been reported that
pathway 1s known to be associated with many Portulacerebroside A, isolated from the aerial parts of
neoplastic diseases. The activation of this pathway P. oleracea, regulates the mitochondrial death

may be the result of mutations in the AKT genes, also pathway in human liver cancer HCCLM3 cells by
known as protein kinase B, or the loss of the affecting the activation of p38MAPK and JNK
phosphatase and tensin homolog (PTEN). Considering proteins, which have important roles in the regulation
the pioneering role of mTOR, Akt and PTEN in the of apoptosis (Zheng et al., 2014). The results of present
tumorigenesis of cells, it highlights the targeting of study indicated that POM suppresses proliferation
these genes in the development of new therapeutic
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Figure3. (A) Apoptotic effect of P. oleracea methanol extract and / or irinotecan treatments on HCT116 and A549
cells. (B-C) Changes in mTOR, Akt and PTEN mRNA expression levels in HCT116 (B) and A549 (C) cells
treated with POM and / or irinotecan. (*P<0.05, **P<0.01, ***P<0.0001; compared with the untreated
cells. #P<0.05, #P<0.01; compared with the irinotecan treated cells. ns=not significant).

Sekil 3. (A) P. oleracea metanol ekstrakti ve / veya irinotekan tedavilerinin HCT116 ve A549 hiicreleri tizerindeki
apoptotik etkisi. (B-C) POM ve / veya irinotekan ile tedavi edilen HCT116 (B) ve A549 (C) hiicrelerinde
mTOR, Akt ve PTEN mRNA ekspresyon seviyelerindeki degisiklikler. (*P<0.05, **P<0.01, ***P<0.0001;
tedavi edilmeyen hiicrelerle karsilastirildiginda. #P<0.05, #P<0.01; irinotekan ile tedavi edilen hiicrelerle
karsilastirildiginda. ns=farklilik anlamli degil).

in a dose-dependent manner on different cancer cell ?ffeCt of irinotecan on mTOR, Akt.and PTEN genes i.n
lines, HCT116 and A549, and enhances the regulatory important apoptotic and survival pathways, in
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accordance with these studies. Figure 3A shows the
effect of POM and/or irinotecan treatments on
apoptosis, while Figure 3B and 3C shows the change in
mTOR, Akt and PTEN gene levels, which have
important functions in apoptosis and survival
pathways.

These findings suggest that the antiproliferative, anti-
colony forming and apoptotic effect of POM,
particularly its combination with irinotecan, on
colorectal and lung cancer cell lines is due to its ability
to modulate the mTOR, Akt and PTEN pathway genes.

CONCLUSION

In conclusion, the combined treatment of methanolic
extract of P. oleracea and irinotecan has a synergistic
effect compared to their single use in inhibiting
proliferation of HCT116 colorectal cancer and A549
lung cancer cells, inducing apoptosis by modifying the
expression of the mTOR, Akt and PTEN. Therefore,
the combination of P. oleracea and irinotecan has the
potential to be a good approach in inducing cell death
in colorectal and lung carcinogenesis. Advanced
molecular mechanistic studies on P. oleracea may pave
the way for new therapeutic combination therapies to
be used in colon and lung cancer treatment.
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ABSTRACT
The study aimed to determine the biological activities of 70%
methanol extracts of nine Cladonia species from Turkey. The chemical

Research Article

Article History

composition was analyzed via  spectrophotometric and Received 126.01.2021
chromatographic (HPLC) techniques. DPPHe* (1,1-diphenyl-2- Accepted 103.03.2021
picrylhydrazyl) and ABTS** (2,2'-azino-bis (3-ethylbenzothiazoline-6-

sulphonic acid) radical scavenging activities, inhibition of B- Keywords
carotene/linoleic acid co-oxidation, and cytotoxicity on A549 and Antioxidant

COLO205 cell lines were studied. Anti-inflammatory activity was Anti-inflammatory
assessed on the Raw 264.7 mouse macrophage cell line by determining Cladonia

nitric oxide (NO) levels. Among the studied Cladonia species Cladonia Cytotoxicity

firma was found the most active extract in ABTS*® test system
(2.58+0.04 mmol/L/Trolox) and also in the cytotoxicity and anti-
inflammatory experiments. Cladonia pocillum, Cladonia rangiformis,
and Cladonia foliaceae were also found to be active.
Fumarprotocetraric acid amounts are between 1.89-23.82 mg gextract:
1 and fumarprotocetraric acid content did not show linearity with
biological activities. It has been proved with this study that lichens
traditionally used in treatment have as much biological activity as
plants and can be evaluated in pharmaceuticals and cosmetics.

Fumarprotocetraric acid

Farkli Cladonia Tirlerinin Antioksidan, Sitotoksik ve Antienflamatuvar Aktivitelerinin Kargilagtirmal
Analizleri ve Fumarprotosetrarik Asit Miktarlarinin Belirlenmesi

OZET Aragtirma Makalesi
Calismada, Turkiye'den 9 Cladonia tirinin % 70 metanol

ekstrelerinin  biyolojik  aktivitelerinin  belirlemesi amaclanda. Makale Tarihgesi
Kimyasal bilesimi, spektrofotometrik ve kromatografik (HPLC) Gelis Tarihi  :26.01.2021
tekniklerle analiz edildi. Ekstrelerin DPPHe (1,1-difenil-2- ~ Kabul Tarihi :03.03.2021

pikrilhidrazil) ve ABTS** (2,2-azino-bis (3-etilbenzotiyazolin-6-
siilfonik asit) radikal siipiiriicii aktiviteleri, B-karoten/linoleik asit

Anahtar Kelimeler

birlikte oksidasyonunun inhibisyonu ve A549 ve COLO205 hiicre ﬁnt}ok?]ldan

hatlarinda sitotoksisiteleri ¢galisildi. Antienflamatuvar aktivite, Raw C?t:fn LU

264.7 fare makrofaj hiicre hattinda nitrik oksit (NO) seviyelerinin ‘aaonia
Sitotoksisite

belirlenmesiyle degerlendirildi. Calisilan Cladonia turleri arasinda
Cladonia firma, ABTS* test sisteminde (2.58 + 0.04 mmol/L/Troloks)
ve ayrica sitotoksisite ve antienflamatuvar deneylerinde en aktif
ekstre olarak belirlendi. Cladonia pocillum, Cladonia rangiformis ve
Cladonia foliaceaenin de aktif oldugu bulundu. Fumarprotosetrarik
asit miktarlarn  1.89-23.82 mg  gekstret arasinda olup
fumarprotosetrarik asit igerigi biyolojik aktivitelerle dogrusallik
gostermedi. Geleneksel olarak tedavide kullanilan likenlerin bitkiler
kadar biyolojik aktiviteye sahip oldugu ve ilag ve kozmetikte
degerlendirilebilecegi bu ¢alisma ile kanitlanmagtir.

Fumarprotosetrarik asit

To Cite : 2021. Kocakaya Z, Kocakaya M, Seker Toprak G 2021. Comparative Analyses of Antioxidant, Cytotoxic, and Anti-

Inflammatory Activities of Different Cladonia Species and Determination of Fumarprotocetraric Acid Amounts. KSU
J. Agric Nat 24 (6): 1196-1207. https://doi.org/10.18016/ksutarimdoga.vi.868927.




KSU Tarim ve Doga Derg 24 (6): 1196-1207, 2021
KSU J. Agric Nat 24 (6): 1196-1207, 2021

Aragtirma Makalesi
Research Article

INTRODUCTION

Lichens are declared as composite organisms, consist
of the symbiotic relationship between the fungus and a
green alga (and/or cyanobacteria) as a photosynthetic
partner (Hodkinson and Lutzoni, 2009; Selbmann et
al., 2010). Lichens have been used as additives to folk
medicines for many years, as well as in food, spices,
and cosmetics in countries such as Afghanistan, China,
India, Ireland, Spain and New Zealand (Dayan and
Romagni, 2001; Huneck, 1999; Malhotra et al., 2007;
Shukla et al., 2014). Lichens have antibacterial,
antiproliferative, antioxidant, anti-HIV, anti-cancer,
immune regulation, and anti-protozoan effects
(Caviglia et al, 2001; Behera et al, 2005;
Bhattacharyya et al., 2016). A large number of
secondary metabolites, including depsides, depsidones,
dibenzofurans, xanthones and terpene derivatives are
produced by lichens (Molnar and Farkas, 2010). The
Cladonia genus is classified within the Cladoniaceae
family (Lecanorales order and Ascomycota division)
and the genus contains a large number of secondary
metabolites including lichenic acids, phenolic
compounds consisting mainly of depsides and
depsidones (Huovinen and Ahti, 1982; Miadlikowska
et al, 2006; Lumbsch and Huhndorf, 2010). C.
rangiferina, known as reindeer lichens, is used as a
medicinal tea for internal chest pains (Smith, 1973) as
a medicine for diarrhea (Kari, 1987). Extracts of
Cladonia species are used in folk medicine, therefore
they have been evaluated in many studies for their
biological activities (Koparal et al., 2006; Silva et al.,
2010; Kosani et al.,, 2014; Coskun et al., 2015).
Fumarprotocetraric acid, one of the depsidones of
Cladonia species, has antioxidant, antitumor,
antimicrobial, and also different biological activities
(Ramos et al., 2014).

A common feature of the pathogenesis of most chronic
diseases is the oxidative stress associated with the
production of reactive oxygen species (ROS) (Antal,
2004). Due to its high reactivity and low stability, ROS
enters lipids, proteins, and deoxyribonucleic acid
(DNA) reactions. Oxidative damage caused by free
radicals can initiate and promote the progression of
certain chronic diseases, such as cancer,
cardiovascular diseases, atherosclerosis, cataracts,
and inflammation, in addition to neurodegenerative
diseases (Parejo et al., 2002). The antioxidant
mechanisms of phenolics include the removal of free
radicals to terminate the radical chain reaction, the
absorption of oxygen radicals (ROS), the chelation of
the transition metals, the intervention of enzymes, the
production and stimulation of ROS antioxidant
enzyme activities. These activities of phenolics have
been reported in many literatures to reduce the
incidence of cancer. Phenolic antiproliferative agents
have been involved in cell cycle arrest, induction of
apoptosis, destruction of mitotic spindle formation, and
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inhibition of angiogenesis (Syiem et al., 2009; Hoshyar
et al., 2015). Phenolics are also essential compounds
among phytochemicals to suppress inflammation, and
their anti-inflammatory capacity has also been
demonstrated in studies (Shahidi and Yeo, 2018). A
wide variety of chronic inflammatory conditions has
been shown in many kinds of research that it
predisposes sensitive cells to neoplastic
transformation and that chronic inflammation is
associated with cancer (Khansari et al., 2019).

Despite the traditional usage of lichens, there is a lack
of information about their biological properties.
Therefore, this study aims to evaluate the relationship
between the in vitro antioxidant, cytotoxic and anti-
inflammatory activities, and phenolic compound
fumarprotocetraric acid amounts of nine traditionally
used Cladonia species: Cladonia coniocraea (Florke)
Spreng., Cladonia fimbriata (L.) Fr., Cladonia firma
(Nyl.) Nyl., Cladonia foliacea (Huds.) Willd., Cladonia
furcata (Huds.) Schrad., Cladonia pocillum (Ach.) O.J.
Rich., Cladonia pyxidata (L. Hoffm., Cladonia
rangiformis Hoffm., and Cladonia subulata (L) Weber
ex F.H. Wigg.

Herein, the radical scavenging activities of DPPH® and
ABTS** and the inhibition of B-carotene/linoleic acid
co-oxidation were investigated. Besides, cytotoxic
activities on the A549 (Human non-small
adenocarcinoma alveolar basal epithelial cells) and
COLO 205 (Human colon adenocarcinoma cell line) cell
lines and anti-inflammatory activities in the Raw
264.7 (Mouse macrophage cell line) cell line were
examined.

METHODS
Lichen Material and Reagents

The lichen samples were collected during 2013-2014
field studies. The collected specimens were diagnosed
by wusing keys according to morphological and
anatomical characteristics (Ahti and Hammer, 2002;
Ahti et al., 2013). The samples were preserved in Bozok
University, Bogazliyan Vocational School, Organic
Agriculture Department. All chemical substances used
in the experiments were of analytical quality and
obtained from the Sigma Chemical Company (St.
Louis, MO).

The locality information and herbarium numbers of
Cladonia species

C. coniocraea: Turkey, Istanbul, Kemerburgaz on the
way, Belgrad forests, Pinus brutia forests,
41°08'857"N, 28°55'683"E, alt. 20 m, 13/09/2013
(CLAD 77, 109); C. fimbriata: Turkey, Cankiri, Ilgaz,
East of Kastamonu-Ilgaz road, Basaraz village road,
Pinus nigra and Quercus communities, 41°00'848"N,
33°42'495"E, alt. 1200 m, 07/07/2014 (CLAD 712, 713);
C. firma: Turkey, Canakkale, Bayramic¢, Northwest of
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Hacibekirler  village, Pinus brutia, Quercus
communities, siliceous rocks, 39°55'320"N,
26°45'634"E, alt. 220 m, 16/09/2013 (CLAD 52); C.
foliacea: Turkey, Ankara, Giidil, Between Giidil and
Beypazari, serpentine rocks, 40°12'565"N, 32°09'54"E,
alt. 750 m, 21/07/2014 (CLAD 640); C. furcata: Turkey,
Rize, Camlihemsin, Kackar Mountains National Park,
North of Ayder, Kavrun plateau road, Picea and Fagus
mixed forest, 40°55'5692"N, 41°08'801"E, alt. 1750 m,
16/08/2014 (CLAD 488); C. pocillum: Turkey, Mersin,
Anamur, Antalya-Mersin road, Northwest of the
Bozyaz1 Peninsula, Puren neighborhood, Pinus brutia
forest, maquis vegetation, serpentine, 36°05'592"N,
33°04'345"E, alt. 31 m, 19/05/2013 and Mersin,
Camliyayla, the northern part of the cattle plateau,
limestone bedrock Juniperus sp. communities,
37°11'185"N, 34°37'579"E, alt. 1350 m, 20/05/2013
(CLAD 1, 55); C. pyxidata: Turkey, Corum, North of
Catak Village, Pinus nigra- Quercus forest, serpentine
bedrock, 40°41'486"N, 34°49'277"E, alt. 1325 m,
25/05/2013 (CLAD 135, 137); C. rangiformis: Turkey,
Corum, Located east of Belen, step vegetation, Rosa
canina, limestone bedrock, 40°31'855"N, 35°04'103"E,
alt. 1186 m, 24/05/2013 (CLAD 53); C. subulata:
Turkey, Ordu, Cambasi, Cambas1 Plateau, Picea
orientalis and Pinus nigra forest, 40°44'06"N, 37°56'
9"E, alt. 1560 m, 24/09/2014 (CLAD 998).

Preparation of the extracts

Air-dried C. pocillum (4.9 g), C. coniocraea (3.9 g), C.
pxyidata (3.3 ), C. rangiformis (31g), C. foliacea (12 g),
C. firma (6 g), C. furcata (10 g), C. subulata (15.8 g), C.
fimbriata (8 g) thalli materials were powdered with
grinder (IKA MF10.1, China) and extracted 3 times for
24 h using 70 % methanol (MeOH) in a shaking water
bath at room temperature. After the extracts were
filtered, they were removed from their solvent under
vacuum (37 °C). Following this procedure, the extracts
were lyophilized and stored at -18 °C before analysis.

Total phenolic and flavonoid content

The total phenolic content of Cladonia extracts was
measured by using the Folin-Ciocalteu assay and
estimated as gallic acid equivalents (GAE). The total
flavonoid content was determined by wusing the
aluminum chloride assay and estimated as catechin
(CA) equivalents (Zhishen et al., 1999). Extracts were
prepared at a concentration of 2 mg mL! and dissolved
in 70 % MeOH.

Determination of fumarprotocetraric acid amount with
High Performance Liquid Chromatography (HPLC)

Dry Cladonia extracts were dissolved in 70 % MeOH
and analyzed with HPLC (Shimadzu LC-20AT)
instrument with a C18 column (Mediterranean-C18,
5um; 4.6x250 mm) using PDA spectrophotometric
detector between the wavelengths of 200 and 550 nm.
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Analysis time set to 20 minutes. Methanol-water-
phosphoric acid (75:25:0.9, v/v/v) was used as a mobile
solvent and the flow rate was set to 1 mL minl. The
injection volume of the samples was applied as 10 pL.
Fumarprotocetraric acid standard was dissolved in 70
% MeOH and diluted to five different concentrations to
obtain calibration curve (Kosanic et al., 2018).

DPPH - radical scavenging activity

The method of Gyamfi et al. (1999) was used to
evaluate the DPPH* radical removal effects of the
extracts. Extracts were prepared at 10 different
concentrations between 0.025-4 mg ml?
concentrations ranges. Butylated Hydroxytoluene
(BHT) was used as a standard and prepared at 10
different concentrations between 0.001-1 mg mL1. 50
uL sample, 450 pL Tris-HCI buffer (pH 7.4 50 mM), 1
mL DPPHe* radical (0.1 mM in MeOH) were put into
the test tubes, respectively. After incubating in
darkness at room temperature for 30 min, their
absorbance at 517 nm against the blind, which is
composed of MeOH, was recorded. ECso values of the
extracts presented as the mean value of the triple
analysis and the % inhibition calculated using Eq 1.

% inhibition = [(Abscontrol — Abssample) | Abscontroll x 100
(Eq. 1)
ABTS+e radical scavenging activity

The method of Re et al. (1999) was used to evaluate
ABTS** scavenging effects of the extracts. 2.45 mM
K2S208 and 7 mM ABTS** solutions were mixed in a
ratio of 1:1 and incubated for 16 hours in the dark at
room temperature. This prepared ABTS** radical
solution was measured at 734 nm and diluted with
ethyl alcohol until an absorbance of 0.700 (+ 0.030) was
reached. The reaction kinetics of the 990 pL radical
solution, which was mixed with 10 uL. sample solution
for 30 minutes at 1-minute intervals, was measured at
734 nm. Extracts were studied at 1-4 mg mL?! and
standard BHT studied at 0.5-1 mg mL!
concentrations. Percent inhibition of all samples was
calculated as equivalent to Trolox (TEAC) and the
mean value of the triple analysis was used.

Inhibition of B-carotene bleaching

In this assay, the antioxidant activity of lichen extracts
was evaluated using the method of Velioglu et al.
(1998). After mixing, 1.2 mL of Fcarotene solution (1
mg mL7 in chloroform), Tween 20, and linoleic acid,
chloroform removed from media via rotary evaporator.
The emulsion was prepared by adding distilled water
to this mixture and mixing gently. For the blanks of
the control and samples, the same procedure was
performed without using B-carotene. BHT was used as
a standard in the test system. After the extracts,
standards, and controls were put into tubes together
with the emulsion, these samples were kept in a water
bath for 2 hours at 50 °C for autoxidation and the
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fading level was measured at 470 nm every 15
minutes. Inhibition of B-carotene bleaching was
calculated using Eq. 2.

AA%=[1-(Abs0 sample Abs120 sample)/

(Abs0 control Abs120 control] x 100 (Eq. 2)

Cell culture

Mouse macrophage cell line (Raw 264.7), Human non-
small adenocarcinoma alveolar basal epithelial cells
(A549), and Human colon adenocarcinoma cell line
(COLO 205) that we used in our experimental studies
were purchased from the American Type Culture
Collection (ATCC TIB-71, ATCC CCL-185, CCL-222,
Manassas, VA, USA). The growing medium of cultures;
DMEM, and RPMI (Invitrogen, Carlsbad, CA) with 1
%  penicillin, streptomycin mixture solution
(Invitrogen,) and 10 % FBS. The cultures were kept at
37°Cin 5 % COz2 and 95 % air (Gaidhani et al., 2013).

Cytotoxicity on A549 and COLO 205 cells

Cell viability on A549 and COLO 205 cells, was
assayed using a 3-(4,5-Dimethyl-2-thiazolyD)-2,5-
diphenyl-2H-tetrazolium  bromide (MTT) test.
Cultured cells were seeded (1 x 104 cell/well) in a 96-
well microplate.  Extracts prepared in the
concentration range of 15.6-2000 ug mL! were then
added to the plates kept at 37 °C for 24 hours for cell
adhesion. After incubation 24 hours, the fluids in the
wells were discharged and MTT solution in the fresh
medium was added. Following 2 hours of incubation,
dimethyl sulfoxide (DMSO) was added to each well to
dissolve the purple MTT formazan crystals after
removing the medium containing the MTT solution. In
three repeated experiments, the absorbance of plates
was read using Elisa (Biotek Synergy HT) at a
wavelength of 570 nm and the results were given as
mean + SD.

Determination of NO in the Raw 264.7 cell line

The toxicity of the extracts in the Raw 264.7 cell line
in the concentration range of 5-100 pg mL?! was
determined by the MTT method as mentioned above.
After the non-toxic doses were determined, the cells
were seeded at a number of 5x10% to 6 well plates and
incubated for 24 hours. After incubation,
lipopolysaccharide (LPS) was added to other wells,
except for the control well, at a concentration of 1 pg
mL!. The extracts were added to wells at a
concentration of 20 and 40 pg mL!, and indomethacin
at a concentration of 25 uM after 3 hours. At the end of
24 hours, supernatants were collected, and centrifuged
(10 min., 700 x g). Each 100 uL of culture supernatant
was mixed with the same volume of Griess Reagent
(Sigma-Aldrich, St. Louis, MO). After incubating 10
min. at room temperature absorbance was read at 540
nm using Elisa. Sodium nitrite was used as a standard
to prepare the calibration curve.
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Statistical analysis

Levene test was performed for variance homogeneity.
One-way analysis of variance was used among
multiple groups. Dunnett test and Tukey test were
applied for multiple comparison test at P <0.05 level.
EC 50 values were calculated using nonlinear
regression curves (Sigma Plot 2001 version 7.0, SPSS
Inc., Chicago IL).

RESULTS
Total phenolics and flavonoids

Total phenol and flavonoid amounts of the extracts
were calculated using the spectrophotometric method
and found that the C. pocillum and C. coniocraea
contained a high amount of phenolic material
(124.04+2.73; 103.53+1.59 MEGAE Zextract' !, Tespectively)
(Table 1). The extract with the highest total flavonoid
content was the C. foliacea extract (22.46+1.19 mgcar
Gextract 1) .

Determination of fumarprotocetraric acid amount with

HPLC

The chromatogram of C. pocillum extract and
fumarprotocetraric acid amounts of the lichen extracts
represented in Figure 1 and Table 1. The lowest
fumarprotocetraric acid amount was identified in the
C. rangiformis (18.89 mg gextract!) and the highest
amount was identified in C. fimbriata (232.82 mg
Gextract 1) .

DPPHe radical scavenging

The capacity of extracts in physiological pH to remove
the DPPH* radical, a stable and nitrogen-centered
radical, has been investigated. Extracts were studied
at 1, 2 and 4 mg mL! concentration. C. pocillum
extract was found the most active extract in
scavenging the DPPH® radical. C. pocillum extract
showed higher inhibition and its ECso value was found
0.24+0.05 mg mL1l. The second-active ones were
evaluated as C. foliaceae and C. firma showing similar
inhibition percentages. ECs0 value of the BHT was
found to be 0.14+0.005 mg mL* (Table 2).

ABTS+e radical scavenging

ABTS ** radical scavenging capacity of extracts and
BHT at concentrations of 0.50-4 mg mL?! were
evaluated in this experiment. All extracts exhibited
the highest activity at 4 mg mL1, while none exceeded
the activity of BHT used as a positive control at a
concentration of 1 mg mL! Surprisingly C. foliaceae
and C. firma showed more potent activity than C.
pocillum in this test system (Table 2). ABTS ** radical
removal capacity at 4 mg mL! is evaluated and the
ranking is as follows: C. firma> C. foliaceae> C.
fimbriata> C. rangiformis> C. coniocraea> C.
pocillum> C. furcata> C.pxyidata ~ C. subulata.
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Table 1. Total phenol, flavonoid and fumarprotocetraric acid amount of Cladonia species
Cizelge 1. Cladonia tiirlerinin toplam fenol, flavonoit ve fumarprotosetrarik asit miktari
Species (Tiirler) Total phenols Total flavonoids (Toplam Fumarprotocetraric acid amount

(Toplam fenoller) flavonoidler) (Fumarprotosetrarik asit
[mgGAE gextract_l] [mg CAE gextract_l] miktarl) (mg gextract-l)
C. pocillum 124.04+2.73 20.57+0.79 13.59+0.68
C. coniocraea 103.53+1.59 19.50+0.52 18.82+1.39
C. pxyidata 80.71+0.67 16.66+0.41 13.94+1.36
C. rangiformis 78.39+0.85 17.18+0.14 1.89 +£0.12
C. foliacea 91.20+2.85 22.46+1.19 18.58 £0.68
C. firma 72.07+0.00 15.03+0.86 8.47+1.97
C. furcata 59.58+0.70 17.13+2.38 3.48+1.24
C. subulata 80.40+3.00 16.19+0.57 9.19+0.68
C. fimbriata 86.10+2.42 19.58+0.42 23.82+1.98
Data are expressed as mean + standard error (n=3)
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Figure 1. Chromatogram of C. pocillum lichen extract at 254 nm
Sekil 1. 2564 nm'de C. pocillum Iiken ekstresinin kromatogrami
Table 2. DPPH and ABTS radical scavenging effects of Cladonia species
Cizelge 2. Cladonia tiirlerinin DPPH ve ABTS radikal siiptirme etkileri
Species DPPH ECso ABTS
(Tarler) (% Inhibition, ECso) (% Inhibisyon, ECs) (ug mL1) (mmol/L/Trolox)
4 mg ml1 2 mg ml! 1 mg mL1 4 mg ml1 2 mg ml1 1 mg mL! 0.5 mg mlL!
C. pocillum 89.74+£0.12 86.30+0.69 85.17+0.05 0.24+0.05 2.41+0.07 2.01£0.08 1.294+0.05
C. coniocraea 71.35£1.86 59.13+0.02 52.93+0.35 2.4840.06  1.89+0.08 1.25+0.07
C. pxyidata 72.46+0.94 68.32+0.04 57.27+0.07 1.67+£0.08 1.30+0.05 1.26+0.05
C. rangiformis 69.84+0.44 47.24+1.62 35.39+£0.67 2.50+£0.04 2.11+0.01 1.30+0.15
C. foliacea 74.75+1.91 73.62+0.16 61.78+0.18 2.57+£0.03 2.12+0.20 1.41+0.09
C. firma 74.81£2.66 68.77+1.08 60.32+1.18 2.58+0.04 1.59+0.11 1.18+0.07
C. furcata 56.62+0.15 32.91+2.42 24.46+0.81 2.34+£0.10 1.88+0.15 1.49+0.13
C. subulata 69.10+0.83 23.08+4.27 15.76+2.09 1.67+0.08 1.14+0.08 0.68+0.06
C. fimbriata 73.97£0.83  52.82+0.55 38.73+0.43 2.52+0.05 1.94+0.11 1.23+0.03

BHT 0.14+0.005
Data are expressed as mean + standard error (n=3)

2.51+0.02  1.174+0.03

Inhibition of B-carotene bleaching

The oxidation inhibitory effect of the extracts was
evaluated and the time-dependent change inhibition
percentages were given in Figure 2. According to
Figure 2, all extracts appear to inhibit oxidation but
show less activity than positive control BHT. It was
found that all extracts showed higher inhibition in the
first 30 minutes, and at the end of 90 minutes, lipid
peroxidation inhibitory effects decreased, while C.
rangiformis was more active than other extracts.
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Cytotoxicity on A549 and COLO 205 cells

The results obtained by the MTT cell viability method
for the A549 cell line are given in Table 3. The results
were given as percentage (%) and cell control group
viability was accepted as 100 % and other groups were
calculated. Significance of Levene statistics to test
homogeneity of variance was found (£<0.05). Dunnet
T3 test was applied to groups in which the assumption
of normality was not provided for the variable. All the
extracts at 15.6 pg mL! concentration were not found
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statistically different (£>0.05) from the control group.
At 2000 pg mL1! concentration C. pocillum, C.
coniocraea, C. rangiformis, C. foliacea, C. firma, C.
subulata and C. fimbriata were found statistically
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different from the control group (P <0.001). C. firma
extract was statistically more significant when
inhibition values were examined in all concentrations.

060 min. @90 min.

LR R ECEER AR
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Figure 2. The effect of the Cladonia extracts and positive control on B-carotene/linoleic acid co-oxidation. Bars
with the same symbol, lower case letter and number (¥,***), (a—d), (1-5) are not significantly (P>0.05)

different (n=3)

Sekil 2. Cladonia ekstrelerinin ve pozitif kontoliin B-carotene/linoleik asit birlikte oksidasyonu lizerine etkileri.
Ayni sembol, kiigiik harf ve sayiya (*, ***), (a — d), (1-5) sahip degerler istatistiksel olarak farkl

degildir(P> 0.05)

The results obtained by the MTT cell viability method
for COLO 205 cell line are given in Table 3. The results
were given as percentage (%) and cell control group
viability was accepted as 100 % and other groups were
calculated. Significance of Levene statistics to test
homogeneity of variance was found (2 <0.05). Dunnet
T3 test was applied to groups in which the assumption
of normality was not provided for the variable. Among
the all studied extracts only C. foliacea and C. firma
were found statistically different from the control
group (P<0.01) at 15.6 ug mL concentration. At 1000
and 2000 pg mL! concentrations all the extracts
showed potent inhibitory activity on COLO 205 cell
line (P<0.001).

Determination of NO in the Raw 264.7 cell line

The results obtained by the MTT cell viability method
for the Raw 264.7 cell line are given in Table 4.
Considering the results of the MTT test, 20 and 40 pg
mL?! concentrations with the same significance
compared to the control group were selected. When the
control group and the LPS group were compared, the
fact that the LPS group was significantly higher than
the control group (£<0.001) showed that inflammation
occurred (Table 5). Indomethacin administered at 25
M doses brought the nitric oxide amount to the same
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level as the control group. None of the extracts were
found to be statistically significant with indomethacin
(P>0.05).

DISCUSSION

In this study, chemical composition and in vitro
antioxidant, cytotoxic and anti-inflammatory effects of
nine Cladonia species were investigated. The biological
activity of most of the species investigated in this study
was illuminated for the first time.

The total phenol, and total flavonoid amounts of the
extracts which were prepared from the thalli part of
lichens, were determined by spectrophotometric
methods. Total phenol amounts were found between
the range of 72.07+0.005 - 124.04+2.73 MEGAE Zextract’!
and total flavonoid amounts were found between the
ranges of 16.19+0.57 - 22.46+1.19 mgCAE Zextract'* (Table
1). Comparing the herein reported results about the
total phenolic and flavonoid contents with Kosanic et
al. (2018), our results seem higher than their results.
Similar to us they have studied with C. fimbriata, C.
furcata, C. subulata and C. foliacea. In a different
study, the total phenolic amounts of the C. subulata,
C. furcata, and C. fimbriata methanolic extracts were .
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Table 3. Cytotoxic activity of Cladonia species on A549 and COLO 205 lines
Cizelge 3. Cladonia tiirlerinin A549 ve COLO 205 hatlarinda sitotoksik aktivitesi

% Cell Viability (% Hiicre Canlilig)
Concentrations (Konsantrasyonlar)

Species Cell 15.6 pg mL? 31.25 pgmL?! 62.5 pg mL! 125 pg mL! 250 pg mlL! 500 pg mL1 1000 pg mL? 2000 pg mL1

(Ttirler) Lines

C. pocillum Ab49 75.71+8.16 77.49+4.66 76.54+5.78* 70.52+5.48* 49.90+6.94**  51.23+6.33**  20.68+3.62***  11.50+0.21%**
COLO 71.81+6.35 72.47+8.19 62.44+10.26* 35.93+4.84%%%  29.39+5.09***  13.43+£1.38%**  5.74+0.12%**  5.95+0.39***
205

C. coniocraeca Ab549 86.40+3.67 93.17+12.03 89.87+17.60 61.77+4.30%* 55.17+4.96** 42.47+2.48%* 17.8242.93%**  11.45+0.74***
COLO 76.96+3.76 70.55+10.56 59.84+3.00% 56.50+4.95% 48.02+0.87%* 45.65+5.73%* 17.94+5.19%**  5.80+0.32*%**
205

C. pxyidata A549 88.96+7.30 81.69+7.22 94.61+15.56 70.65+3.74 69.65+9.00* 71.54+3.23 98.03+19.58 86.99+6.51
COLO 84.68+3.70 85.18+2.06 74.61+£4.87 65.13+£7.91* 60.44+7.85%* 57.79+6.18** 45.31+3.75%* 27.99+6.23*%**
205

C. A549 94.38+14.48 84.20+18.22 67.87+11.35 54.21+9.53** 41.39+8.85%* 42.49+5.43*%* 21.58+2.67***  15.76+£0.84***

rangiformis COLO 71.27+3.35 65.32+4.80* 50.65+2.46** 36.27+£2.71*%**  36.94+2.35%**  7.00+0.67*** 6.53+0.19%** 6.09+1.36%**
205

C. foliacea A549 76.48+2.70 73.76+6.69 65.00+£9.27* 61.97+£3.57* 66.73+9.96* 49.1345.16** 38.50+£2.56***  11.07+1.25%**
COLO 54.83+1.33*  48.22+3.86** 44.32+4.81%*%*  32.99+4.28%** 24 .35+2.18***  5,78+0.08*** 6.45+0.26%** 5.17+0.73%**
205 *

C. firma Ab549 97.30+5.28 65.41+11.53* 59.89+4.51** 57.56+4.40%* 45.36+3.75%* 42.66+2.65%* 48.28+7.46** 40.83+2.62%**
COLO 66.69+4.73*  51.67+6.65** 52.54+4.93** 39.28+2.54%*%*  41.56+4.80***  31.18+3.35%**  14.39+£3.55%**  4,52+(0.38***
205

C. furcata Ab549 123.45+2.21 100,89+13.18 81.18+8.53 87.62+12.03 71.9449.24 56.32+12.07* 64.63+£7.97* 57.61+10.99*
COLO 99.29+5.37 96.16+5.43 87.86+12.28 73.70+8.06* 59.87+8.49* 49.53+5.47** 5.48+0.43*** 5.7940.49%**
205

C. subulata A549 100.65+£5.55  67.17+6.40* 64.45+4.09* 59.50+1.38* 48.57+4.90%* 46.72+1.82%* 46.70+1.50%* 39.89+1.62%**
COLO 74.91+5.41 60.62+4.06** 58.61+3.56** 55.87+5.05*%* 47.23+£2.80%**  38.72+4.25%**  25.77+5.48***  8.73£1.75%**
205

C. fimbriata Ab549 119.58+14.9 115.45+9.48 95.31+11.42 87.22+8.74 78.69+5.44 92.55+3.83 76.59+4.32* 13.81+0.15%**
COLO 6 97.57+£5.85 102.67+£7.69 82.18+5.79 84.62+13.98 34.36£5.87***  6.56+0.19%** 5.25+0.87***
205 97.44+8.64

Data are expressed as mean + standard error (n=3). Significant differences are indicated as * P<0.05, ** P<0.01,*** P<0.001
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Table 4. Toxicity of Cladonia species on Raw 264.7 cell line

Cizelge 4. Cladonia tiirlerinin Raw 264.7 hiicre hatt1 tizerinde toksisitesi

Species (Tiirler) 5 pg mL1 10 pg mL1 20 pg mL1 40 pg mL1 80 pg mL1 100 pg mL1

C. pocillum 99.37+1.71 100.23+1.77 98.93+2.00 91.08+1.36 80.31+0.84 56.78+0.42%*
C. coniocraeca  110.14+1.28 104.63+3.46 101.23+3.28  97.17+2.03 81.44+1.02 59.95+0.33**
C. pxyidata 111.38+9.69 105.41£1.65 107.56+4.94  91.21+1.55 96.38+3.14 62.44+2.61*

C. rangiformis 108.90+3.35 99.96+0.57 95.55+1.39 89.84+0.71 75.79+0.78 59.95+0.57%*
C. foliacea 113.04+4.30 101.99+0.74 99.52+1.53 99.91+3.08 73.75+0.62 65.83+£0.41*

C. firma 104.76+0.58 103.15+7.78 103.72+2.61  97.48+4.38 79.63+1.02 68.77+0.24*

C. furcata 107.93+ 3.95  105.71+6.06 103.48+4.55  96.78+1.33 76.39+2.53 64.85+0.19*

C. subulata 111.02+3.24 103.01+2.61 98.54+3.02 98.03+2.61 78.76+3.73 60.13+0.56**
C. fimbriata 110.23+6.59 109.46+4.31 109.58+4.98  96.72+2.09 73.95+2.96 62.04+0.38*

In cytotoxicity experiment, data are expressed as mean + standard error (n=3). Significant differences are indicated as * P

<0.05, ** P<0.01.
Table 5. Effect of Cladonia species on NO amount

Cizelge 6. Cladonia tiirlerinin NO miktarina olan etkileri

Species Concentration NO amount (uM) Concentration NO amount (uM)
(Tirler) (Konsantrasyon) (NO miktar) (Konsantrasyon) (NO miktary)
C. pocillum 40 pg mL! 43.1+1.56a,b 20 pg mL* 34.50+0.83¢.d
C. coniocraea 40 pg mL! 69.30+0.72k.1 20 pg mL* 43.70+0.653;b
C. pxyidata 40 pg mL? 59.70+0.69) 20 pg mL* 42.36+0.35 b
C. rangiformis 40 pg mL1! 44.37+0.35b 20 pg mL1 36.36+0.35¢,d,e
C. foliacea 40 pg mL! 40.03+0.788,e.f 20 pg mL1 30.23+0.701

C. firma 40 ug mL 40.90+0.83a,b.f 20 pg mL* 31.00+2.21C:
C. furcata 40 pg mL? 66.38+0.35D.k 20 pg mL* 48.70+0.538

C. subulata 40 pg mL! 38.63+0.256:f 20 pg mL* 34.30+1.14¢,d
C. fimbriata 40 pg mL1 41.50+0.762,b,f Control 8.44+0.18h
Indomethacin 25 uM 8.30+0.35h LPS 72.37+0.67

In NO amount determination, data are expressed as mean + standard error (n=3). The same letters (a-1) indicate the similarity
between the groups (P>0.05) and the different letters represent the difference between the groups (£ <0.05).

found as follows respectively, 0.211 + 0.012, 0.494 =+
0.047 and 0.405 + 0.008 mg mL1! gallic acid. However,
directly comparing this study and our results do not
seem appropriate in terms of the units used. The
fumarprotocetraric acid amounts of the lichen extracts
are between the ranges of 18.89 — 232.82 mg gextract’L.
Fumarprotocetraric acid has been found in many
Cladonia species such as C. foliaceae, C. verticillaris,
C. furcata, C. rangiformis, and C. rangiferina.
(Laundon 1971; Yilmaz et al. 2004; De Barros et al.
2014; Narendra and Khurana, 2019). According to the
Farkas et al. research, the concentration of
fumarprotocetraric acid of C. foliacea acetone extract
varied between 2.26 and 5.81 mg g'! in winter collected
samples. The higher content of C. foliacea in our study
may be due to the samples obtained from different
countries, the time of collection, and extraction method
(Farkas et al., 2020).

DPPH* radical scavenging method is a rapid method
for evaluating the free radical scavenging effect of
extracts. We found that the scavenging effect of
Cladonia species was not as high as BHT used as a
positive control (Table 2). When comparing with the
literature we set similar results found by Rankovic et
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al. (2011) and Kosanic et al. (2011; 2018). Hawry et al.
demonstrated inhibition % of DPPH®* radical for C.
subulata, C. furcata, and C. fimbriata. According to the
results, the highest activity was recorded for C.
fimbriata as 21.57% inhibition. This result was
considered to be lower than the percentage of
inhibition at the lowest concentration used in our
study. Besides, they found a 10% inhibition effect for
C. firma extract but our data showed that at 1 mg mL-
1 concentration C. firma extract scavenged the 60% of
radical (Hawryt et al, 2020). In the antioxidant
activity of lichens, environmental factors play a crucial
role. Environmental factors like air pollution, high
light, desiccation, high temperature, and rehydration
act on decreasing the antioxidant activity and reducing
the synthesis of antioxidant compounds in lichens
(Bartak et al., 2004; Weissman et al., 2005, 2006).

ABTS** / TEAC method is one of the most preferred
antioxidant activity measurement methods. The assay
can be applied to both lipophilic and hydrophilic
components. Water-soluble acid of Vitamin E also
known as Trolox is used as the reference standard
(Okan et al., 2013). ABTS** radical removal effect of
extracts and standards were tested at four different
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concentrations of 0.5, 1, 2, and 4 mg mL1. It has been
determined that the scavenging effect of the extracts
were not as high as BHT at the same concentration
(Table 2). In this test system, C. firma and C. foliacea
were found more active than C. pocillum which was
active in DPPH* radical scavenging activity. Although
ABTS radical scavenging activities of Cladonia species
were not found in the literature, Paudel et al. reported
the IC50 value of the methanol extract of Cladonia sp.,
whose species was not specified, as 51.6 pg mL?1
(Paudel et al., 2012). In a different study ICso value of
the fumarprotocetraric acid for ABTS radical
scavenging was 277.8 + 30.6 pg mL* and 417.5 + 66.8
png mL* for DPPH radical scavenging (Prokop'ev and
Filippova, 2019). According to these results, it is
understood that the antioxidant activity of
fumarprotocetraric acid is not high, and it confirms
that our fumarprotocetraric acid content and
antioxidant activity are not correlated.

The #carotene/linoleic acid method, which is one of the
most widely used methods for this purpose, is based on
the principle that the degradation products resulting
from linoleic acid oxidation will turn the color of the &
carotene molecule. Extracts have been observed to
inhibit lipid peroxidation due to time, but they were
not as active as synthetic antioxidant BHT (Figure 2).
There is only one study on the inhibition of B-
carotene/linoleic acid oxidation for Cladonia species.
Aslan et al. (2006) reported that C. foliacea did not
exhibit notable inhibition of linoleic acid oxidation.

The result of the cytotoxic activity of lichen extracts on
the studied cell lines is detailed in Table 3. In A549 cell
line C. firma extract was statistically more significant
when inhibition values were examined in all
concentrations. C. firma extract was also found to be
more active in the ABTS** test system. However, other
extracts except for C. furcata and C. pxyidata showed
stronger inhibition than C. firma at a concentration of
2000 ug mL1. C. pxyidata showed no significant
difference in all studied concentrations compared to
the control group (£>0.05).

Against the COLO 205 cell line, all the extracts showed
stronger inhibition than the A549 cell line. As in the
Ab549 cell line, in this cell line, C. firma extract was
significantly different compared to the control in all
concentrations. C. rangiformis and C. foliaceae were
also found more potent than other extracts. C.
fimbriata extract in the COLO 205 cell line had a lower
inhibition percentage than the other extracts and did
not show a statistical significance below 250 pg mL!
concentration. When the study of Kosanic et al. (2018)
with Cladonia species is examined, the IC50 value of
lichen extracts on the A549 cell line seems to below
from our results. However, they incubated the cells for
72 hours with extracts and used a lower number of
cells than we used in our study. In the study of
Rankovic et al., evaluating the toxicity of C. furcata,
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they reported that the IC50 value of C. furcata on
human colon cancer cell (LS174 cell line) was 40.22 pg
mL1! In a study evaluating the toxic effects of C.
rangiformis and C. convoluta on the MCF7 cell line, C.
rangiformis was reported to inhibit the proliferation of
cells in a dose-dependent manner (Coskun et al., 2015).
Different inhibition percentages of the species in
toxicity studies result from the differences in cell
number, incubation time, and cell lines, and prevent us
from making direct comparison with the data of our
study. Also, no studies are evaluating the toxicity of
most Cladonia species we studied in A549 and COLO
cell lines.

Nitric oxide is synthesized from L-arginine by a family
of enzymes called nitric oxide synthase. The
interaction of nitric oxide with the superoxide radical
results in a strong cytotoxic oxidant, peroxynitrite
radical (ONOO®). Nitric oxide is produced in high
amounts by cytokines and endotoxins in cases of
infection and plays a role in killing parasites, but
overproduction can cause reperfusion injury
(Choudhari et al., 2013). The decrease in NO levels in
all groups treated with Cladonia extracts except C.
coniocraea (20 ng mL1) showed an anti-inflammatory
effect. The most active species were found as C.
foliacea, C. firma, and C. subulata (Table 4). Although
there is no study evaluating the effects of Cladonia
species on NO in Raw 264.7 cell line, the anti-
inflammatory activities of some species have been
evaluated by different methods in the literature. The
anti-inflammatory activity of C. clathrata was studied
using the paw edema model induced by 1%
carrageenan. It has been reported that C. clathrata
extract at a dose of 100-400 mg kg! reduced paw
edema (Silva et al., 2010). In a formaldehyde-induced
edema model, C. rangiformis exhibited 33.8%, 36.1%,
43.1% inhibition at 50, 100 and 200 mg kg! doses
(Siileyman et al., 2002).

The results we obtained from our study, confirm the
relationship between antioxidant activity and
cytotoxic activity. At the same time, C. firma and C.
foliaceae, which were active 1in cytotoxicity
experiments, also exhibited anti-inflammatory
activity. These results confirm the use of compounds
with  antioxidant properties 1in cancer and
inflammation. Antioxidant, cytotoxic, and anti-
inflammatory activities have not shown linearity with
the fumarprotocetraric acid content of extracts. The
results suggested us that presence of p-hydroxybenzoic
acid derivatives; vanillic and protocatechuic acid
derivatives and also dibenzofuran derivative usnic acid
in Cladonia species can be related to antioxidant,
cytotoxic, and anti-inflammatory activities (Zagoskina
et al., 2013).

CONCLUSION

Antioxidant, cytotoxic, and anti-inflammatory
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activities of 70% methanol extracts of the nine
Cladonia species have been evaluated in this study.
Although this study is superior to other studies
conducted with Cladonia species in terms of the
number of species studied, it also makes a significant
contribution to the literature by comparing species
activities to eachother. The Cladonia species which
were active in the antioxidant test systems were also
showed potent inhibition to the cancer cell lines than
the other species, thus proven the correlation between
the antioxidant and cytotoxic activity. The amount of
fumarprotocetraric acid was not correlated with
activity experiments. This study showed that lichens
have Dbiological activity and more detailed studies
should be done on lichens for biologically active
products, pharmaceuticals, or cosmetics.
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ABSTRACT

In this study, a total of 33 Yersinia ruckeriisolates were obtained from
rainbow trout farms in the five different region of Turkey. We
determined to changes in fatty acids group of the strains. All the
isolates were identified as Y. ruckeri based on colonical, cellular
morphology and biochemical characters. All Y. ruckerr 8 major fatty
acids, including 12:0 (Lauric acid), 14:0 (Myristic acid), 16:0 (Palmitic
acid), 16:1n-7 (Palmitoleic acid), 17:1 (Heptadecanoic acid), 18:1n-9c
(Oleic acid), 18:2n-6¢ (Linoleic acid), 18:3n-3c (Alfa-linoleic acid).
Compared to isolates biochemical property, there was no difference
between fatty acids and biochemical characteristics. The results of
this study showed that the fatty acids composition of Y. ruckeri
isolated strains from rainbow trout farms in Turkey is on a large scale
homogenous.

OZET

Bu ¢alismada Turkiye'nin bes farkli bélgesindeki gokkusagi alabalig:
yetigtiricilik tesislerinden izole edilen 33 Yersinia ruckeri yag asit
miktarlarindaki degisimler incelenmigtir. Butiin suslarin koloni ve
hiicre morfolojisi ile biyokimyasal 6zellikleri yoniinden incelenmesi
sonucu Y. ruckeri oldugu ortaya konulmustur. Bitun Y. ruckeri
suslarinda 12:0 (Laurik asit), 14:0 (Miristik asit), 16:0 (Palmitik asit),
16:1n-7 (Palmitoleik asit), 17:1 (Heptadekanoik asit), 18:1n-9c (Oleik
asit), 18:2n-6¢ (Linoleik asit), 18:3n-3c (Alfa-linoleik asit) gibi 8 6nemli
yag asidi tespit edilmistir. Izolatlarmn biyokimyasal 6zellikleri
karsilagtirilmistir. Yag asidi ve biyokimyasal o6zellikler arasinda
farklihk bulunamamigtir. Bu c¢alismada Tirkiye'deki gékkusagi
alabalig1 yetistiricilik tesislerinden izole edilen Y. ruckeri suglarinin
yag asidi kompozisyonunun biiyiikk oranda homojen oldugu
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INTRODUCTION

Enteric red mouth disease, known as ERM or
Yersiniosis, was first reported in 1950’s in the rainbow
trout farms in the USA as a septicemic disease with
high mortality rates in sub-acute and acute forms
(Bullock and Anderson, 1984; Busch, 1982; Frerichs
and Roberts, 1989; Lucangeli et al., 2000; Ross et al.,
1966). ERM disease is widespread in many parts of the
world (Bullock et al., 1977; Roberts, 1983; Lesel et al.,
1983; Stevenson and Daly, 1982).

In Turkey, Yersiniosis caused by Yersinia ruckeri was
identified in rainbow trouts in 1991. As the trout farms

increased in number, the disease became more
widespread, starting to cause economic losses. This
disease is currently frequently found in trout farms
and has become the most important bacterial disease
in Turkey (Cagirgan and Yiireklitiirk, 1991; Kubilay,
1997; Kubilay and Diler, 1999; Timur and Timur,
1991).

A standartdized and rapid identification system is
offered by the API 20E system. Miniaturized multitest
system was originally developed for the identification
of Gram-negative enteric bacteria in clinical
laboratories. During the last decade, this system has
been increasingly used for the identification of marine
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and fresh water fish pathogens (Tanrikul et al., 2004).

Lipids are one of the most basic organic compounds in
bacteria, as in other living things in the world. Lipids,
which play an important role in the functions of
cytoplasmic membranes, are affected by different
environmental factors such as temperature, surface
tension, osmotic pressure and pH. Fatty acids that
make up lipids in defining and characterizing bacteria
are accepted as one of the basic taxonomic criteria. It
is considered that free fatty acid complexes, which are
used in bacterial systematics, will be a good
chemotaxonomic property in different growth
environments in terms of microbial ecology (Kariptas,
1999).

The detection of the fatty acids of the bacteria using
gas chromatography dates back to the 1960s. It has
been suggested that mobile Aeromonas strains of
clinical and non-clinical origin can be classified by
liquid-gas chromatography according to their fatty acid
metal ester profiles (Canonica and Pisono, 1985).

In this study, the analysis of the heterogeneity of Y.
ruckeri isolated from fish in the trout farming plants
in different regions of Turkey was carried out in order
to reveal their fatty acid profiles. For this purpose, the
biochemical properties of the strains used in the study,

in addition to the traditional biochemical tests, the
relationship of epidemiological characters with the
fatty acid composition were revealed.

MATERIAL and METHODS
Bacteria

Y. ruckeri (33) isolates used in the study were isolated
from classical fish farms in different regions of Turkey
between 2005 and 2014 by classical methods. All
strains were cultured at 259C using Tryptic Soy Agar
(TSA). Isolates that were revealed to be Y. ruckeri by
biochemical tests were confirmed wusing the
Polymerase Chain Reaction (PCR) method reported by
Seker et al. (2012). Sowing was performed in Shotts-
Waltman Medium (SWM) and Ribose Ornitine
Deoxycholate (ROD) selective fattening sites.

Isolates, which were previously isolated and added to
glycerin in Triptic Strain Broth (TSB), kept at -20°C,
were freshly cultured in Triptic Strain Agar (TSA) for
sterility control before the study started, and it was
checked whether the strains were pure. DSM18506
was used as the reference strain. Table 1 shows the
geographical distribution of the isolates used in the
study.

Table 1. The gathering places of Y. ruckeri used in the study
Cizelge 1. Calismada kullanilan Y. ruckeri’nin toplanma yerleri

Isolate no Collection date Region-city Organ-isolated location
1-6 2005, 2014 Malatya Kidney-lesion
7 2011 Aydin Kidney
8 2012 Rize 22777
9-10 2008, 2012 Kayseri Kidney
11-23 2005-2014 Elazig Kidney, spleen-lesion
24,25 2009 Mersin 200?97
26-30 20977 Isparta 200?97
31, 32 2011 Artvin Liver
33 2010 Mugla Liver
Fatty acid extraction and analysis determination.

Bacteria were incubated in 100ml T'SB placed in 500ml
flasks at 25 °C for 48 hours and collected by
centrifugation at 2500 rpm for 10 minutes. The
bacteria were washed twice with 0.85% NaCl and kept
at room temperature for 2 hours. For hydrolysis of
approximately 55 mg bacteria biomass, NaOH and 1
ml of methanol mixture were added and incubated for
30 minutes in a water bath at 95°C. Then, 2 ml of 6 N
HCI prepared in methanol was added to methylation of
free fatty acids and kept for 10 minutes in a water bath
at 809C. The aqueous phase for fatty acid extraction
was collected and 1.15 ml of the hexane/methyl tert-
butyl ether (1:1) mixture was added to each tube and
inverted for 10 minutes. After the supernatant was
removed, 3ml of 1.2% NaOH was added and shaken for
5 minutes. The supernatant organic phase was taken
to the chromatography bottles (viallere) for fatty acid
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Fatty acid analysis was carried out by using Ultra 2-
HP (25m x 0,22 mm x 0,33mm) column and hydrogen
gas in gas chromatography-mass spectrophotometer
(GC-MS).

RESULTS and DISCUSSION

It was determined that 33 Y. ruckeri isolates used in
the study showed a homogeneous structure in terms of
biochemical tests.

Results revealed that Y. ruckeri forms a ground glass-
like zone due to the precipitation of calcium salts and
hydrolysis of Tween 80 by forming green colored
colonies in Shotts-Waltman medium (SWM) selective
medium. Y. ruckeri was found to give yellow colonies
in Ribose Ornitine Deoxycholate (ROD) medium as a
result of fermentation of ribose and precipitation of
sodium desoxycholate salts. The positive result of
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isolate 7 in terms of Sorbitol test is that this strain has
serotype 2 characteristics. This strain was immobile
and found that it did not hydrolyze the tween 80.

It was determined that Y. ruckeri bacteria isolated
from different regions of Turkey did not have a
significant differences in fatty acid composition and

Table 2. Fatty acid levels of Y. ruckeri isolates.
Cizelge 2. Y. ruckeri izolatlarinin yag asit diizeyleri.

had a homogeneous structure. The composition of
bacterial isolates to fatty acid is shown in Table 2. 8.
Important fatty acids such as 12:0 (Lauric acid), 14:0
(Myristic acid), 16:0 (Palmitic acid), 16:1n-7
(Palmitoleic acid), 17:1 (Heptadecanoic acid), 18:1n-9¢
(Oleic acid), 18:2n-6¢ (Linoleic acid), 18:3n-3c (Alfa-
linoleic acid) were detected in bacterial strains.

Fatty acids (%)

Isolates 12:0 14:0 16:0 16:1n-7 17:1 18:1n-9c 18:2n-6¢ 18:3n-3c
1-6 4.98 1.32 22.00 0.34 0.55 1.38 10.05 2.0
7 4.99 0.97 24.95 1.02 1.09 1.41 12.45 2.59
8 5.3 1.39 19.90 0.29 0.55 1.37 11.00 2.33
9-10 5.09 1.30 19.95 0.30 0.54 1.38 10.95 2.53
11-23 4.98 1.33 21.00 0.30 0.51 1.37 10.95 2.51
24,25 5.06 1.40 21.53 0.32 0.51 1.36 11.00 2.71
26-30 5.12 1.42 19.89 0.32 0.55 1.36 11.02 2.65
31, 32 5.26 1.29 19.95 0.31 0.53 1.36 10.98 2.66
33 4.99 1.29 19.99 0.31 0.53 1.37 9.42 2.68
DSM18506 5.21 1.41 21.04 0.32 0.54 1.36 10.55 2.69

DSM18506: Yersinia ruckeri serotype O1 reference str

Lipid compounds are abundant in the cell wall and
cytoplasmic membrane of gram-negative
microorganisms. Among the most common lipids are
cylopropane acid in FE.coli, palmitic acid, cis-vaccenic
acid, beta-hydroxy myristic acid in endotoxin of £. col,
beta-hydroxy acid in P. aeruginosa, cis-vaccenic acid in
Agrobacter tumetaciens, palmitic acid in S. marcescens
and 9, 10-methylen hexadecanvic acid, even and
unsaturated fatty acids in microplasms, cholesterol
and a small amount of caprilic acid and capric acid
(Arda, 2000). In this study Y. ruckeri strains, 11
important fatty acids were detected such as 12:0
(Laurik acid), 14:0 (Miristik acid), 16:0 (Palmitik acid),
16:1n-7 (Palmitoleik acid), 17:1 (Heptadekanoik acid),
18:1n-9c (Oleik acid), 18:2n-6¢ (Linoleik acid), 18:3n-3c
(Alfa-linoleik acid).

Bacteria are the simplest and smallest microbial cells.
Few of the bacteria with low oil production can
synthesize the desired amount of oil (Denli and Tekin,
2000). Current information on the production of oil in
bacteria 1s more related to pathogens. In the study
conducted by Bunker (1963), Mycobacterium species
stand out among the 5 microorganisms whose fat ratios
vary between 7-21%. In a recent study (Beopoulos et
al., 2009), it is stated that the total cell mass of
Rhodotorula glutinis can store 72% fat. In the same
article, although it is a very rare condition among
bacteria, it is stated that Rhodococcus opacus bacteria
can form a very high fat accumulation as 87%, but
there is no information about the form of the oil. In this
study, all of the samples are also pathogenic. Fat ratios
obtained from samples range between 40.58% and
49.47% as with Malatya (1-6) 42.62%; Aydin (7)
49.47%; Rize (8) 42.13%; Kayseri (9-10) 42.04%; Elazig

ain
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(11-23) 42.95%; Mersin (24-25) 43.89%; Isparta (26-30)
42.33%; Artvin (31-32) 42.34%; Mugla (33) 40.58%.

The examination of fatty acid profiles was performed
on 33 Yersinia ruckeri species isolated from rainbow
trout breeding facilities in 9 provinces in five different
regions. As a result of gas chromatography analysis,
fatty acid profile was determined as 12:0, 14:0, 16:0,
16:1n-7, 17:1, 18:1n-9c¢, 18:2n-6¢, 18:3n-3c. When this
results were compared to previous reports on FAME
composition of Y. ruckeriisolates from the USA (Arias
et al.,, 2007) and Fatty acid composition of Yersinia
ruckeriisolates from aquaculture ponds in North West
Germany (Huang et al., 2014), the fatty acids 12:0, 14:0
and 16:0 were found as main components in three
studies. Jantzen and Lassen (1980) observed that
strains from Yersinia pseudotuberculosis, Yersinia
enterocolitica and Yersinia pestis all exhibited a
similar fatty acid composition of 14:0, 16:1 and 16:0
and 16:0 was the most prominent fatty acid present in
Yersinia pestis and Yersinia pseudotuberculosis (Tan
et al., 2010). Canonica and Pisano (1988) reported in
a study with Aeromonas species that they contain 12:0,
14:0, 15:0, 16:0, 17:0, 18:0, 16:1, 18:1, and 3-OH 14:0
fatty acids. Fatty acid contents of 10 Bacteria species
of Aeromonas species isolated from 52 ice cream
samples taken from ice cream in Kirgehir were
examined and it was determined as 12:0, 14:0, 15:0,
15:0 30H, 16:1, 16:0 ve 17:1, 17:0 30H, 18:1 and 18:0
(Kariptas and Yeniceri, 2016). The fatty acid profile of
Y. ruckeri obtained in this study with the fatty acid
profiles determined as a result of studies with different
species show (12:0, 14:0, 16:0 ve 17:1) similarities and
(16:1n-7, 18:1n-9c, 18:2n-6¢, 18:3n-3c) differences.
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CONCLUSION

Results of this study cocluded that the fatty acid
composition of Y. ruckeri strains isolated from rainbow
trout farms in different geographic regions of Turkey
revealed that Y. ruckeri strains sustain a very similar
character in terms of fatty acid composition. It has
been determined that serotype 1 strain is common in
Turkey as in European countries. Since this research
has been studied with Y. ruckeris strains isolated from
businesses covering different geographic regions of
Turkey, the results of the research obtained will
contribute to future studies with this bacterium.
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ABSTRACT

Phytophthora infestans (Mont) de Bary, the causal agent of late blight
of potato is one of the most important plant pathogens. The disease
can occur in a wide variety of climatic conditions and can be very
devastating if it does not managed properly. To reduce yield losses,
different protective measures are used, including fungicide treatment.
Uncontrolled and excessive fungicide applications cause
environmental pollution. Accordingly, crop protection strategies
optimizing the number of treatments are of great interest. Prediction
of potato late blight epidemics was studied in two different locations
of Adana. Meteorological data (hourly) were recorded by an iMETOS®
automatic weather station installed in the field and were compared
with regional station Winstel, Blitecast and Ullrich-Schrodter models.
Three disease warning models were compared to forecast the
development of potato late blight in Adana between 2013 and 2014
first time. In the Cukurova region, the Winstel model yielded more
accurate results in predicting infection conditions compared to the
other two models. Studies provided that, the conditions of potato late
blight disease formation in the region were determined and the use of
the Winstel early warning system following the regional conditions
and biotechnical methods which will be alternative to chemical control
were provided by the regional farmers.

Patates Mildiyosii Hastaliginin Epidemiyolojisi ve Hastahk
Sistemlerin Kullanim Olanaklar:

OZET: Phytophthorainfestans (Mont.) de Bary'in neden oldugu
Patates Mildiy6sii tim dinyada trin kayiplarina neden olan 6nemli
bir hastaliktir. Hastalik, ¢ok gesitli iklim kogullarinda ortaya ¢ikabilir
ve kontrol edilemezse bitkinin tamamen kurumasina ve tim
yapraklarinin dékiilmesine neden olmaktadir. Cukurova Bolgesinde
hastalikla miuicadelede trin kayiplarini en aza indirmek i¢in fungisit
uygulamalar1 dahil olmak {izere cesitli koruyucu onlemler
kullanilmaktadir. Fungisitlerin kontrolsiiz ve ¢cok sayida uygulanmasi
cevre kirliligine neden olmaktadir. Bu nedenle ilaglama sayisim
optimize eden bitki koruma stratejileri buytk ilgi gérmektedir.
Caligsmalar, 2013 ve 2014 yillarinda, iklim verilerini degerlendirerek
bélge kosullarinda en dogru enfeksiyon tahminine olanak veren erken
uyart modelinin belirlenmesi amaciyla yurutilmustir. Bu amagla
yaprak 1slaklik stiresi, hava sicakligi, yagis ve nispi nem degerleri
anlik olarak olgilmistir. Patates mildiyosii hastaliginin tahmin
calismalari, Adana ilinde ticari patates yetistiriciligin yogun olarak
yapildig:r 2 farklh alanda iMETOS® elektronik iklim istasyonunun
bulundugu tarlalarda yurutilmustir. Bolgede ilk defa yapilan bu
calisma kapsaminda Ullrich Schrodter, Winstel ve Blitecast modelleri
kargilagtirilmali olarak uygulanarak boélge kosullarinda en dogru
enfeksiyon tahminine olanak veren erken uyar:1 modeli belirlenmigtir.
Cukurova bolgesinde Winstel modelinin diger iki modele gore en iyi
sonug¢ gosterdigi tespit edilmistir. Calismada elde edilen bilgiler
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yardimiyla Patates Mildiy6si hastaliginin bolgede epidemi olusturma
kogullar: belirlenerek bolge sartlarina en uygun olan Winstel erken
uyar: sistemi ile kimyasal miicadeleye alternatif olacak biyoteknik
yontemlerin bolge ¢iftgisi tarafindan kullanimi saglanmisgtar.

Anahtar Kelimeler:

To Cite : Guinagt1 H, Ay T. 2021. Forecasting of Potato Late Blight Disease Using Alternative Sets of Meteorological Data and
Disease Epidemiology. KSU J. Agric Nat 24 (6): 1213-1220. DOI: 10.18016/ksutarimdoga.vi.863578.

INTRODUCTION

Potato late blight (PLB), caused by Phytophthora
infestans (Mont.) de Bary, 1876, was responsible for
the occurrence of the destructive Great Irish Potato
Famine during the first outbreak in Europe in the
early 1840s (Bourke, 1991). P. infestans is a serious
and destructive disease of potato in the world,
including the Cukurova region in Turkey. Fungicides
used against PLB disease represents approximately
50% of the total amount of annual used fungicides. The
low yield and quality caused by this disease account for
huge economic losses. Overall, potatoes are produced
in 7000 ha area in Cukurova region, and an average of
12-14 fungicide application were done against this
disease seasonally.

Intensive chemical control of potato crops against PLLB
is realized in most of Europe with large potato
production. Recently, up to 20 fungicide applications
have been used to manage disease in many Europe
countries (Schepers and Spitz, 2006; Hansen et al.,
2007).

Both potato cultivation and seed potato production are
very important in the Cukurova region. The humidity
of the region cause an increase of yield loss and
consequently more of fungicide applications causing a
large economic and environmental damage. With the
early warning study conducted in the region for the
first time, it was tried to prevent unnecessary pesticide
use. Decision support system (DSSs) used in the
control of the disease in potato plant protection support
to determine the proper first application date and the
following treatments. This lets the number of fungicide
treatments to be reduced and plays an important role
in both the price efficiency of chemical control and also
in environment protection. In these systems, the
relative humidity, air temperature and leaf wetness
duration can be determined and the probability of an
outbreak is predicted. The first successful forecasting
model was the negative prognosis of P. infestans
Ullrich and Schrodter in 1966. DSSs have been
developed after the years and are readily available and
purchasable (McCown, 2002). In the Euroblight
website a list of 12 DSSs is presented, all for the
management of one pathogen, P. infestans
(http://www.euroblight.net/ EuroBlight.asp). A list of
16 DSSs for late blight management is currently on the
website of the University of California (UCIPM Online;
http://www.ipm.ucdavis.edu/disease/database/
potatolateblight. html) (Shtienberg, 2013).
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The reliable weather dependency of PLLB has been used
as an elementary for several types of models to
determine how to effectively control the disease with
fungicides. The models evaluated how favourable the
conditions for disease development are based mainly
on observations of weather condition. There are some
similar examples of such PLB control systems (e.g.
Smith, 1956; Ullrich and Schrodter, 1966; Krause et
al., 1975; Hansen et al., 1993; 1996; The Negfry-system
(Hansen et al., 1993; 1996). Such so-called DSSs have
the potential of reducing the fungicide inputs while
maintaining an acceptable level of control.

In Cukurova, losses of yield is reported about 40-80%
depending on the cultivars and weather conditions.

Because of controlling of the late blight requires-
frequent fungicide treatments, cost for controlling of
this disease in potato is higher than to other crops. Due
to high disease pressure in the highland tropics, some
farmers apply fungicides more than ten times per
growing season (Gunacti et al., 2016).

In this study, the Ullrich-Schrodter model (Ullrich and
Schrodter, 1966), Winstel model (Winstel, 1993) and
Blitecast model were compared by using them to
predict the progress of PLB in the potato growing areas
of two locations in Adana Province between 2013 and
2014. In the current study, in Cukurova, which is the
most important producer of potato cultivation, the
basis for the initiation of biotechnical control with the
PLB disease was prepared.

MATERIALS and METHODS

This study was conducted in 2013 and 2014 to
determine the early warning model, which allows for
the most accurate prediction of infection by evaluating
the climate data. For this purpose, the leaf wetness
duration, air temperature, rainfall and relative
humidity values were measured instantly. The trials
were carried out in two periods in the fields where
electronic observatory station was established in two
different fields in Seyhan and Yiregir districts of
Adana. Depending on the climatic conditions in Adana
province, planting of potatoes is done between 15
December and 15 January. Climatic data were
recorded between planting and harvesting periods.

Early-Warning Models

In this study, Ullrich-Schrodter, Winstel and Blitecast
models were used as a comparison in the estimation of
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the outgrowth of late blight disease. As predicted by
the models, all models were started to work together
with the grow of potato plants. According to the study
of the models, the phenological period of 3 weeks before
the harvest was entered and the study of the models
was terminated by entering the phenological period of
harvest. With the start of the study, field inspections
were carried out regularly and the date of the first
symptoms of late blight were recorded. The studies
were conducted at two stations established in 2
different potato fields in Sarithuglar and Kiurkgiler
locations in Yuregir and Seyhan districts between 2013
to 2014. For both climate stations, plots were designed
for the experimental area in potato fields. Potato cv.
Marfona were planted in the experimental area. To
observe the emergence of the disease, 1 m safety strip
was left between the control plots and both
experimental areas. To isolate from farmer spraying,
the trial plots were divided in the opposite direction of
the dominating wind of the field. A spraying area of 50
m? is reserved for each model. Climate stations have
been installed on 10.01.2013 at both locations and
activated immediately. Mancozeb+Metalaxyl-M (64+4
% effective ingredients, Ridomil Gold) and
dimethomorph+mancozeb (9+60 % effective
ingredients, Acrobat) fungicides were used as given by
the models.

Ullrich-Schrodter Model

The model is used to assessment hourly temperature,
leaf wetness and rainfall. It is a ‘negative prognosis’
model which forecast when late blight epidemics are
not likely to occur. Beginning at crop emergence, daily
and risk rate over a week are evaluated. Risk rate is
then calculated with the model's table Hansen (1993),
Ullrich and Schrodter and Fry models established by
the combination of the model in the Ullrich-Schrodter
temperature (°C), leaf wetness (%) and rainfall (mm /
h) data are used. The daily index values were
evaluated by taking the climate data together with the
plant output in the field. When the total index value is
160, the model gives a warning. The first application
was made when the total index value was 160 and the
daily index value was 8 and above.

Winstel Model

This model was made up of 2 stages and temperature
(°C) and leaf wetness (%) or leaf wetness data are used.
In the first stage, climatic data were calculated to
determine the conditions for infection. After the
infection condition was determined, the second phase
was started. At the second phase, the spraying time
was determined (Winstel, 1993). Treatment should be
beginning when phase 1 is followed by phase 2. Phase
1 forecasting infection when the following
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requirements are met daily average temperature
between 10 and 23 °C and then at least 10 h of
temperatures higher than 10 °C and leaf wetness
higher than 90 %. Phase 2 forecasting pathogen growth
when the maximum daily temperature is between 23
and 30 °C for two successive days and must occur after
at least 24 h but not later than 10 days after the first
phase.

Blitecast Model

Blitecast was designed as a computerized synthesis of
both the Hyre and Wallin models and has been used
successfully forecasting late blight in the USA and
Europe (Krause et al.,1975). Firstly, part of the
program forecasts the initial occurrence of PLB 7-14
days after the first accumulation of either ‘10 rain-
favourable days’ according to Hyre’s criteria (Hyre,
1954), or the accumulation of 18 severity values
according to Wallin’s model (Wallin, 1962). Secondly,
the program suggests fungicide sprays based on the
number of rain-favourable days and severity values
accumulated during the previous seven days. Fry et
al.(1983) modified Blitecast to schedule fungicide
applications more precisely once the initiation of
chemical sprays to manage late blight has begun. They
incorporated levels of host resistance and weathering
of fungicides with Blitecast to suit this system for
applying chemicals on both susceptible and resistant
cultivars. Daily minimum and maximum temperature
values (°C), relative humidity 90 % and above (hours),
maximum and minimum temperature values (°C) and
24-hour precipitation (mm) data were used in this
study.

RESULTS and DISCUSSION
Studies in 2013 season

Potatoes were planted at Kurkgiiler station in Seyhan
district on 07.01.2013 and Sarithuglar station in
Yiregir district on 10.01.2013. The climate data
obtained from iIMETOS®climate devices had been
collected with the cultivation of potato plants (Fig.1
and Fig. 2).

The Ullrich-Schrodter model, one of the early warning
models, increased the index value of 160 diseases and
the daily index value of more than 8 in the Sarihuglar
climate station on 24.02.2013, while the Kirkg¢iler
station reached this value only at 23.03. 2013 (Table
1). After the first warnings were received in the
experimental areas of the model, the first spraying was
made. A second warning was received at Kirkgiler
station on 18.04.2013. Two further warnings were
taken at the Sarihuglar station on 05.04.2013 and
21.04.2013, and 2nd and 3rd spraying were carried out
in the area related to the warnings (Table 1).
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Figure 1. Climate data from Kiirk¢iler village of 2013
Sekil 1. Kiirkg¢iiler kéyiine ait 2018 yili iklim verileri
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Figure 2. Climate data from Sarithuglar village of 2013
Sekil 2.8arthuglar kdytine ait 2013 yili iklim verileri

The Winstel model was alerted for the risk of infection
at the Sarithuglar station on 13 times. According to
Kirkculer station data, the infection risk has reached
the expected level 11 times in 2013. In March and
April, following risk  warnings, maximum
temperatures reached appropriate values for infection.
A total of 4 pesticides were applied in the experimental
plot belonging to the model on March 15, March 29,
April 12, April 26, of 2013 at Sarithuglar station. At the
Kiurkgiiler station, spraying was applied to the
experiment area on March 15, and April 5, and April
19 of 2013 when the model gave the spraying warning
(Table 1).

e Temperature (°C)
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e Humidity (%)

Sarihuglar station for Blitecast model has warned 4
levels 8 times in 2013. In the data obtained from the
Kiurkctler station, the warning level was calculated as
level 4-6 times in 2013. A higher warning level has not
been reached at both stations. Considering the number
of rainy days and plant development period within 7
days before the warnings, the pesticide was applied to
the plots allocated for the model in both stations on
April 24, 2013. The early symptoms of the disease were
observed on April 26, 2013, in the control plots (Table
1.
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Table 1. Disease occurrence dates according to DSSs models and disease occurrence at Sarithuglar and Kurkgiler

stations in 2013

Cizelge 1. 2013 yilinda DSS modellerine gore Sarithuglar ve Kiirkgiiler istasyonlarinda hastalik goriilme tarihleri

Sarihuglar Kiurkciiler
Ullrich- Date of Ullrich- Date of
Scrodter Winstel Blitecast observation  Scrodter Winstel Blitecast observation
in the field in the field
24.02.2013 23.01.2013 4.02.2013  26.04.2013 23.03.2013 23.01.2013 4.02.2013 24.04.2013
05.04.2013 24.01.2013 29.03.2013 18.04.2013 26.01.2013 28.03.2013
21.04.201 10.02.2013 4.04.2013 28.01.2013 29.03.2013
11.02.2013 5.04.2013 23.02.2013 18.04.2013
15.02.2013 10.04.2013 12.03.2013 20.04.2013
23.02.2013 11.04.2013 3.04.2013  21.04.2013
12.03.2013 18.04.2013 5.04.2013
28.03.2013 21.04.2013 10.04.2013
3.04.2013 12.04.2013
10.04.2013 17.04.2013
12.04.2013 24.04.2013
17.04.2013
19.04.2013

Studies in 2014 season

Potatoes were planted at Sarihuglar station on
January 5, 2014 and at Kurkgtler station on January
7, 2014. The climate data were started to be taken with
the cultivation of potato plants (Fig. 3 and Fig. 4). The
Ullrich-Schrodter model has reached the index value
of 160 diseases at Kiirk¢tiler station on March 3, 2014,
but no application has been made for this model since
the daily index has not reached 8 times required for the
application. There was no warning about the model at

%

Sarihuglar station (Table 2).

In the Winstel model, the risk of spreading for 2 hours
or more following the 10-hour infection warning was
determined as a warning threshold for the application.
For the Winstel model, a warning was received 4 times
for the risk of infection at Sarihuglar station.
According to Kurkgiiler Station data, Infection risk
was seen 3 times in 2014. Following the disease risk
warnings in March and April, high temperatures
reached the appropriate values for infection.

o Kurkguler ":;’;’r
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Figure 3. Climate data from Kiirkg¢iiler village of 2014
Sekil 3. Kiirkgiiler koytine ait 2014 yili iklim verileri

e Humidity (%)
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Sarthuglar

Figure 4. Climate data from Sarihuglar village of 2014
Sekil 4. Sarthuglar kdyiine ait 2014 yili iklim verileri

Table 2. The dates of disease prediction according to DSSs models and disease occurrence at Sarithuglar and

Kiurkctler stations in 2014

Cizelge2. 2014 yilinda DSS modellerine gore Sarthuglar ve Kiirkgiiler 1stasyonlarinda hastalik goriilme tarihleri

Sarihuglar Kirkculer
Ullrich- Date of Ullrich- Date of
Scrodter Winstel Blitecast observation Scrodter Winstel Blitecast observation
in the field in the field
04.03.2014
24.02.2014 17.04.2014 3.03.2014  9.03.2014  23.03.2014 26.04.2014
10.03.2014 5.04.2014 12.04.2014 18.04.2014
19.03.2014
21.04.2014 21.04.2014
04.04.2014

A total of 3 pesticides were applied to the experimental
plots of the model on March 4, March 19, and April 4
of 2014 at Sarihuglar station. At the Kurkciler station,
on March 10 and April 12 of 2014 when the model was
given a warning of spraying, spraying was applied to
the plot in the experimental area (Table 2).

In the Blitecast model, the spray threshold is
calculated by considering the number of rainy days.
The total 10-day precipitation amount was more than
3 cm and the 5-day average temperature is less than
25.5 °C or the total density value according to the
Wallin scale was more than 18; it was accepted that
the first symptoms of the disease would be observed
after 7 to 14 days. Until the report preparation date in
2014, Blitecast model did not give any model warning
because the amount of rainfall required for spraying
was never reached and no spraying was done for the
plot allocated to this model.

The first symptoms of the disease in control plots were
observed on April 17, 2014. In this study, which was
conducted to determine the prediction-warning model
that provides the most accurate prediction of infection
by evaluating the climate data in the conditions of
Cukurova region, the dates of the prediction and
warning for the infection of the three models and the
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infection rates in the region were compared. For the
development of late blight disease, first of all, fungal
spores should be germinated. For this purpose, high-
temperature and high relative humidity, such as
suitable temperature, free water film on the plant
surface, dew and precipitation is required. Humid
conditions for the penetration of the pathogen should
persist for a certain period. Secondary spores
(zospores) that occur after sports germination should
be able to perform a successful penetration. The
presence of free water film on the leaf increases the
efficacy of P. infestans as in many leaf pathogens.
Therefore, the duration of the leaf wetness is widely
used as a critical determinant of the risk of
epidemiology in early warning systems (Agrios, 1997;
Harrison, 1992; 1995).

Ullrich-Schrodter model; this model was tested during
the two breeding periods; the infection conditions could
not be predicted correctly. The model warned the total
index value of 160 in Sarithuglar location 3 times
(February 14, April 5 and April 21 of 2013) and twice
in the Kiirkgiiler location (23.03.2013 and 18.04.2013).
When the warnings were made, the relevant plots were
treated, but the disease occurred on the control plots
on April 26, 2013, long after the warning dates. In both
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stations, the Ullrich-Schrodter model was treated
according to the total index value of 160 for the
prediction of the first infection signs and the
unnecessary application was made. In 2014, 160
disease index values were reached at the Kiurkgiiler
station on March 3, 2014, but since the daily index did
not reach 8 times for an application, no application was
made for this model.

There was no warning about the model at Sarithuglar
station. Blitecast model; this model could not
accurately predict infection conditions during the two
sowing periods. To give a model warning, the total
density value should be 18. During the studies, the
total severity value of both stations did not reach 18.
The model was late in predicting infection conditions
in this period. In other breeding periods, it did not give
any warning. However, in the controls performed
during these periods, disease symptoms were detected
in the fields. According to these results, it was seen
that Blitecast model does not yield correct results in
predicting the conditions of infection in Cukurova
region. Winstel Model; in both periods, the model was
more suitable than the other two models in predicting
infection conditions. After infection of the plant by a
pathogen, a certain incubation time is required for the
disease symptoms on the plant. After the model gave a
warning, the first signs of PLB disease were
determined at the end of the incubation period in the
potato fields in both years. Temperature is very
important in the life cycle of P. infestans. The
temperature can  significantly  affect  spore
germination, mycelial growth rate, inoculum
formation and wviability. Temperatures below 20 °C
induce sporangium germination indirectly at an
optimum temperature of 12-13 °C. Temperatures
above 20 °C promote optimal direct germination at 24
°C (Harrison and Lowe, 1989; Sato, 1994). The
incubation period of the pathogen is also important in
the incidence of diseases. During the incubation
period, the pathogen develops and spreads within the
host tissues. The temperature of the incubation period
increases as the temperature increases and decreases.
The incubation period of P. infestansis 3.5 days at 22
°C, 13 days at 12 °C and 10 days at 30 °C. Incubation
time plays a key role in the starting of chemical control
of disease (Baykal, 1995; Ullrich and Schrodter, 1966).

More than 25 models are used for the forecast warning
of PLB in the world. The fact that there are so many
models is due to both the characteristics of the agent
and the diversity of ecology in the regions where
potatoes are grown. For this reason, while different
models are used among countries, sometimes different
models are used even within the country. In the
Cukurova region, the Winstel model was more
accurate in predicting infection conditions than in the
other two models (Ullrich-Schrodter and Blitecast
models). The application of the 8 - 12 spraying pre-
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warning system which is routinely done by the
manufacturer has been reduced to 4 applications.
Hansen et al. (2002), it was reported that the use of
early warning systems reduced the use of fungicide by
8-62 % compared to routine practices. With the data
obtained in the study, epidemiological conditions of
potato subclinical disease were determined and
Winstel early warning system which is suitable for the
region conditions and biotechnical methods which may
be an alternative to chemical control were used. Early
warning systems are very important to ensure effective
and economic control in the disease management
program. In this way, chemical control was applied at
the right time and the desired success was achieved in
the control against diseases and unnecessary
disinfection was prevented during the period of
infection.

CONCLUSIONS

With the help of the information obtained in this study,
the conditions of epidemic formation of PLB in the
region were determined and the use of biotechnical
methods which would be an alternative to chemical
control by Winstel early warning system which is
suitable for the region conditions was provided by the
local farmers. Considering the high sporulation
capacity of P. infestans and the ability to germinate in
a short period, the precondition for success in
combating the disease is to determine the relationships
between host, pathogen and environmental conditions
in the best way. Management strategies for PLB
include two main approaches; fungicide applications
and host resistance. Moreover, the use of certificated
and disease-free tubers for planting and cultural
control measurements can greatly reduce the early
initiation of disease symptoms. Early warning
systems are very important to ensure that an effective
and economic control program is implemented. In this
way, chemical control was applied at the right time to
achieve the desired success in combating the disease
and unnecessary spraying during the period when
infection conditions were not prevented. This study is
important in terms of showing that biotechnological
solutions can be provided to the disease. As a result,
with the early warning studies, the project prepared
the ground for the initiation of the biotechnical control
with the PLB in Cukurova, which is the most
important production area of early grown potato
cultivation. Although the approach used to predict the
initiation of PLB development is diverse but most of
them have been demonstrated to adequately forecast
the initial appearance of the disease as well as timely
fungicide application.

A large number of late blight forecasting models exist
and are currently used in many potato production
areas throughout the world and give satisfactory
information. DSSs increase the efficacy of control
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strategies without increasing risk and can also be used
to justify fungicide inputs and as a source of advice in
situations where the number of sprays or product
choice is limited by legislation. The application of
forecasting model for late blight of potato reduces the
frequency of fungicides application up to 50 % as
compared with conventional, calendar-based program.
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ABSTRACT
In this study, the effects of temperature and the duration of leaf
wetness on the development of rice blast disease caused by Pyricularia
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oryzae and the reactions of Edirne and Osmancik-97 rice cultivars Received $31.12.2020
were investigated under controlled environmental conditions. Rice Accepted ©12.03.2021
cultivars Edirne and Osmancik-97 were inoculated with a conidial

suspension (5x105 conidia ml1) of P. oryzae and exposed to Keywords

combinations of five different leaf wetness durations (from 6 to 30 h) Rice blast

and four different temperatures (20 to 32°C) over the course of Duration of leaf wetness
infection period. Disease severity on cvs. Edirne and Osmancik-97 Temperature

increased with increasing temperatures and hours of wetness

Disease severity

duration. The highest disease severity was detected on plants exposed
to 30 h leaf wetness duration at 28°C, while the lowest disease severity
values were observed 6 h leaf wetness duration at 20°C temperature.
Increased leaf wetness durations significantly increased disease
severity at optimal temperature. But, it was observed that the all
disease severity values on cv.Osmancik-97 was lower than cv. Edirne
at same temperatures and leaf wetness durations. In addition, a new
and simple technique was developed to increase the sporulation
capacity of the P. oryzae to provide enough inoculum quantity in the
experiments by this study.

Pyricularia oryzae’in Neden Oldugu Celtik Yaniklik Hastalign Uzerine Baz1 Epidemiyolojik Caligmalar

OZET Aragtirma Makalesi

Bu calismada, Pyricularia oryzaenin neden oldugu celtik yaniklik

hastaliginin gelisiminde sicaklik ve yaprak i1slaklik siiresinin etkileri Makale Tarihgesi

ile Edirne ve Osmancik-97 celtik cesitlerinin hastaliga kars: tepkileri Gelis Tarthi  :31.12.2020
Kabul Tarihi :12.03.2021

kontrollu ¢evre kosullar: altinda incelenmistir. Edirne ve Osmancik-
97 celtik cesitleri P. oryzaenmin (5x10° conidia ml?!) konidial

stispansiyonu ile inokule edilmis ve enfeksiyon dénemi boyunca dort Anahtar Kelimeler

farkl sicaklik (20-32°C) ve bes farkli yaprak 1slaklik siiresi (6 ila 30 geltikg alillﬁllil .
saat) kombinasyonuna maruz burakilmistir. Edirne ve Osmancik-97 Saplig kls axli suresi
1cakl

cesitlerinde, hastalik siddeti artan sicakliklar ve yaprak islaklik
sureleri ile yiikselmigtir. En yiiksek hastalik siddeti 28°C sicaklikta
30 saat yaprak islaklik slresine maruz kalan bitkilerde tespit
edilirken, en diisiik hastalik siddeti degerleri 20°C sicaklikta 6 saat
yaprak i1slaklik sturesinde saptanmistir. Yiikselen yaprak islaklik
sureleri, optimum sicaklikta hastalik siddetini o6nemli 6l¢tide
artirmistir. Ancak Osmancik-97 cesidindeki tim hastalik siddeti
degerlerinin ayni sicaklik ve yaprak islaklik siirelerinde Edirne
cesidinden daha dustk oldugu gorilmistir. Ayrica, bu ¢alisma ile
denemelerde yeterli inokulum miktarini saglamak i¢in P. oryzaenin
sporlama kapasitesini artiracak yeni ve basit bir teknik
geligtirilmistir.

Hastalik siddeti

To Cite : Ak¢ali E, Kurt S 2021. Some Epidemiological Studies on Rice Blast Disease Caused by Pyricularia oryzae. KSU J.
Agric Nat 24 (6): 1221-1229. DOI: 10.18016/ksutarimdoga.vi.851241.

INTRODUCTION

Rice has been considered one of the most significant

staple food crops of more than half of the world’s
population (Nalley et al., 2016). The global rice
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production has reached to 510.1 million tonnes in 2018
and consumption has expanded by 1.1 percent in
2017/18 to 503.9 million tonnes (FAO, 2020). Asian
countries supply approximately 90% of the world rice
production. While China has a 27% share in world
production with 208 million tonnes, followed by India
with 22% and Indonesia with 9.7% (FAO, 2018).
Turkey’s rice farming has been made in around 120
thousand hectare areas in Marmara, Black Sea,
Southeast Anatolia, the Mediterranean and the
Aegean regions and rice production was approximately
940 thousand tonnes (TUIK, 2018). The current global
human population is predicted to grow by over a third
and to reach 9 billion between 2009 and 2050 (Godfray
et al.,, 2010); accordingly, it must increase by 70%
globally cultivated land between 2005 and 2007 and
2050 to reach food request from population
development (FAQ, 2009). Therefore, any reduction in
production will have adverse effects on human food
demand.

Rice diseases caused by fungi are considered as the
main limiting factor in rice production and cause both
qualitative and quantitative losses (Kongcharoen et
al., 2020). Rice blast, caused by the heterothallic
ascomycete  fungus  Pyricularia oryzae Cav.
(teleomorph: Magnaporthe oryzae) on rice, is one of the
most widely disseminated and economically
destructive diseases of rice and grass plants in the
world (Ou,1985; Asibi et al., 2019) and Turkey (Oran,
1975). Rice blast, the most serious and widespread
disease in global rice production, is responsible for
approximately 45-50% of rice yield losses worldwide
(Singh et al., 2019; Asibi et al., 2019). It is therefore
one of the most important limiting factors in rice
production and a serious concern for the combat with
global food security. P. oryzae species complex that
causes blast disease has a broad spectrum of host
range and is known to infect almost more than 50
species of the gramineae plants including rice, wheat,
and millets (Castroagudin et al., 2016). It has been
stated that rice production was affected by the rice
blast disease in more than 50 countries around the
world, including America and Europe (Sirithunya et
al., 2007). Also, rice blast was reported to infect rice
resulting in yield loss of about 30-80% in Southeast
Asia, South America and other parts of the world (Ou,
1985; Talbot, 2003; Khush and Jena, 2009). Unless the
spraying is made, it may cause yield loss at levels
ranging between 60 to 100% in areas where sensitive
varieties of rice are grown (Aravindan et al., 2016).

In the field, the fungus is encountered mainly in the
anamorphic state which used to be called Pyricularia
oryzae if it infects the rice. Also, Magnaporthe grisea
can attack wheat, barley and various wild grasses on
which the asexual state is called P. grisea (synonym:
Pyricularia oryzae). The fungus infects any aerial part
at all developmental stages of rice, causing leaf, collar,
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neck and panicle blast symptoms. Leaf infection
reduces the photosynthetic capacity of the plant and
can even lead to death of the plant. However, panicle
infection that result in yield loss causes great economic
damage. Climatic conditions significantly affect the
disease establishment, development and severity
resulting in large genotype by environment
interactions. The majority of field studies about rice
blast disease has been conducted in tropical and
subtropical environments (Suzuki, 1975; Groth, 2006).
Temperature and wetness duration are significant
atmospheric parameters influence the relation
between fungal plant pathogens and host plants.
Temperature generally accelerate biological process
and both plant and their pathogens. The wetness
duration that a part of plant is subjected to liquid
water is an important factor affecting the occurrence
and development of disease. Spore germination and
appressorium formation require free water. It is both
difficult and time consuming for rice breeders to breed
for resistance to current strains of blast since blast is a
fungus that can evolve and mutate to overcome
resistance genes (Zhou et al., 2007). Identifying
environmental parameters necessary for the
occurrence and development of the disease help to
understand the biology and epidemiology of the
disease. Integrated management using biofungicides,
resistant cultivars, chemical fungicides for foliar
spraying and fluxapyroxad for seed application are the
most effective tools in management of blast in rice
growing areas where conditions are favourable for
severe epidemics (Gohel and Chauhan, 2015; Chen et
al., 2019; Anonymous, 2020; Kongcharoen et al., 2020).

Management of rice blast through breeding blast-
resistant varieties had only limited success due to the
frequent breakdown of resistance in field conditions
(Bonman et al., 1992). Understanding the biology of
rice blast disease is therefore of particular significance
because it promises to develop new and durable
disease control strategies (Skamnioti and Gurr, 2009).

Temperature and leaf wetness are important factors
deciding the progress of fungal plant diseases
(Diéguez-Uribeondo et al. 2011; Uysal and Kurt 2017),
because they play a key role in the infection process,
namely conidial germination, appressorium formation,
and germ tube elongation. Hence, the interactions
between leaf wetness duration and temperature are
scientifically important, because they were used to
create different forecasting models depending on
climate parameters.

The objectives of this study were to assign the effects
of temperature and duration of leaf wetness on the
progress of rice blast disease caused by P. oryzae and
reactions of Edirne and Osmancik-97 cultivars against
blast disease in controlled environment conditions.
Knowledge on the effect of climatic parameters could
be utility for making or improving a novel forecasting
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model which uses for estimate of timing of fungicide
applications, so rice blast disease could be controlled
with true spray timing and decreasing fungicide spray
numbers.

MATERIAL and METHOD
Plant production

For this purpose, rice seeds cvs. Edirne and Osmancik-
97 grown commercially in Edirne, Turkey were used in
all experiments. The seeds were sown in a mixture (4:1,
v/v) of sterilized soil and peat in a 28 cell plastic
growing tray. Before sowing, seeds were treated with
tap water during about 3-4 days of room temperature,
and transferred into growing trays. Rice plants were
cultivated in a climatic chamber set at 26°C
temperature and 70% humidity.

Preparation of inoculum

P. oryzae isolate PC1 was obtained from infected rice
plants from Ceyhan district of Adana province of the
Mediterranean Region in 2010. This virulent isolate of
P. oryzae has been chosen to represent the population
of Turkey. Isolation of the pathogen from infected leaf
tissue of the rice plant was particularly difficult,
because of the contamination of other microorganisms
and the slow growing and the non-competitive growth
characteristics of P. oryzae on an artificial growing
medium.

The isolation was achieved by suspending rice leaf
with symptomatic blast blades by pasting double sided
tape to the lids of 9 cm petri dishes containing water
agar. After incubation for 24 h at 26°C, conidia
released from the conidiophores were collected on the
water agar surface. Fungal hyphae were taken from
the agar medium and transferred on PDA (potato
dextrose agar, Merck, Darmstadt, Germany)
supplemented with 50 mg L1 streptomycin sulphate.
The causal agent was identified based on
morphological and cultural characteristics. Virulence
test was performed by spraying plants with a
suspension of 5x105 conidia ml?! using a hand held

s

Figure 1. Incubation period of plants after inoculation (A, B) and the period of disease severity assessment (C)

sprayer to confirm pathogenicity of P. oryzae on rice
plants. Conidial suspensions were prepared by flooding
the surface of the colony with 10 ml of sterile distilled
water by gently rubbing the surface with a sterile bent
glass rod and filtering the resulting suspension
through two layers of cheesecloth. In order to increase
conidial density for inoculum concentration desired,
the suspension was centrifuged at 3000 rpm for 3 min
and the supernatant was discarded. Afterward,
remaining conidial pellet were re-suspended with
sterile distilled water. The conidial suspension was
adjusted to a concentration of 5x105conidia per ml with
an aid of haemocytometer. Following inoculation,
plants were covered with polyethylene and incubated
at 26°C for 24 hours. Later, polyethylene was removed
and rice plants were kept for 6 days at 70% relative
humidity (RH). Non inoculated plants sprayed with
sterile distilled water served as the control.

The effect of temperature and leaf wetness duration on
disease severity

The trial was established to search the effect of
temperature and leaf wetness duration on blast
infection on both Edirne and Osmancik-97 inoculated
with P. oryzae in a climatic chamber set from 20 to
32°C temperature, 70% humidity, 12 h fluorescent
light and 12 h dark. The experiment included five
wetness duration (6, 12, 18, 24 and 30 h) for infection
and four temperatures (20, 24, 28 and 32°C) for
advance of disease. In the trial, 100 rice plants were
used for each combination of temperature and leaf
wetness duration and the experiment was repeated
twice. This trial was arranged as a split plot design
with two replications, using plants of cvs. Edirne and
Osmancik-97 inoculated with a suspension of 5x10°
conidia per ml of P. oryzae by spraying plants with a
hand held sprayer. Sterile distilled water was similarly
applied on control plants. After all treatment period,
rice plants were removed to another climatic chamber
with 26°C temperature and a relative humidity of 70%.
All inoculated and control rice plants were kept in a
controlled climatic chamber as described above (Fig. 1).

\\

Sekil 1. Inokulasyon sonrasi bitkilerin inkiibasyon donemi(A, B) ve hastalik siddeti degerlendirme dénemi (C)
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Disease evaluation on the individual of rice seedlings
was performed on a scale (Anonymous, 1996) of 0 to 9
(0= non affected; 1= 1% affected leaf area; 3= 10%
affected leaf area; 5= 25% affected leaf area; 7= 50%
affected leaf area; 9= more than 50% affected leaf area)
seven days after inoculation. Percent disease severity
was calculated wusing the Townsend-Heuberger
formula (Townsend and Heuberger, 1943).

Sporulation induction of Pyricularia oryzae

P. oryzae often produces small amounts of conidia
when grown in artificial growing medium. In order to
obtain more sporulation, P. oryzae Ceyhan isolate PC1
was grown up at 27°C and under UV-light at 12h
day/night cycle for 21 days. Afterward, mycelial discs
cut about 1 cm width and 5 cm long like bands were
transferred into another petri dishes no including PDA
medium. All cultures were incubated at 27°C under
UV-light at 12h day/night cycle during about 3-4 days.

Statistical analysis

Statistical analysis of the data was realized using the

SPSS statistics program (version 11.5, SPSS Inc.,
Chicago, IL, USA). Analysis of variance was performed
at the significance level of P=0.05. When appropriate,
means were separated using Duncan’s Multiple Range
Test (P= 0.05).

RESULTS and DISCUSSION

The effect of temperature and leaf wetness duration on
disease severity

At the end of the incubation period, while disease
progress occurred in all stages of the trial, there was
no symptom of blast disease in the uninoculated
control plants. The impact of wetness duration and
temperature on the blast severity (%) on cvs.
Osmancik-97 and Edirne changed from 0.1 to 12.3.
While the lowest disease severity (%) on Edirne and
Osmancik-97 varieties were 1 and 0,1 at 20°C
temperature and 6-hour leaf wetness, the highest
disease severity (%) values were 12.3 and 4.0 at 28°C
temperature and 30-hour leaf wetness, respectively
(Table 1).

Tablel. The mean blast severity on cvs. Edirne and Osmancik-97 inoculated with P. oryzae at different

temperatures and leaf wetness durations

Cizelge 1. P. oryzae’nin farkl sicaklik ve yaprak 1slaklik siirelerinde cesitler tizerindeki ortalama hastalik siddeti

Cultivar Duration(h) Temperature (°C) Average(%)
20 24 28 32
6 1.0+0.34 3.3+0.45 6.2+0.45  6.8+0.78 4.3
Edirne 12 3.0+0.34 4.9+0.23 7.2+0.56 7.6+£0.45 5.7
18 4.7+0.89 6.3+0.78 9.9+0.34  8.3+0.33 7.3
24 5.4+0.56 8.1+0.34 11.8+0.23 9.3+0.22 8.7
30 6.6+0.33 8.7+0.45 12.3+0.78 9.8+0.00 9.4
Average 4.1 6.3 9.5 8.7 7.1a
6 0.1+0.11 1.0+£0.12 2.2+0.45 2.3+0.11 1.4
Osmancik-97 12 0.9+0.23 1.6+0.22 2.7£0.22  2.7+0.00 2.0
18 1.3+0.22 1.9+£0.12 3.1+0.23 2.8+0.34 2.3
24 1.8+0.23 2.4+0.00 3.4+0.11 3.0+0.34 2.7
30 2.2+0.22 2.7£0.45 4.0+0.23 3.4+0.11 3.1
Avarage 1.3 1.9 3.1 2.8 2.3b
General Average 3.1d 4.7c 7.2a 6.4b

Values with in the same letter are not significantly different according to Duncan Multiple Range Test (P= 0.05).

The current epidemiological study conducted in a
controlled environment has demonstrated the efficacy
of wetness duration, temperature and cultivars on the
progress of rice blast disease. The results of many
studies revealed a significant relationship among leaf
wetness duration, temperature, and disease severity
(MacHardy et al., 1989; Trapero-Casas and Kaiser,
1992; Webb and Nutter, 1997; Uysal and Kurt, 2017).
The increase or decrease in disease severity values for
different cultivars are most likely due to the
susceptibility of cultivars to the blast disease. Miah et
al. (2017) explained that resistant cultivars against
rice blast disease in compare to susceptible cultivars
indicates different degrees of resistance.
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Blast severity increased as temperature and leaf
wetness durations increased on cvs. Edirne and
Osmancik-97. The highest disease severity (%) values
were recorded as 12.3 and 4.0 respectively, while the
temperature was 28°C and the duration of leaf wetness
was 30 hours (Tablel). Although the disease severity
increased with increasing leaf wetness at all
temperatures, the disease severity (%) value of 32°C
was lower than 28°C at 18-hour leaf wetness duration.
Minimum 6-hour leaf wetness duration at 20°C was
sufficient to the beginning of the rice blast infection for
Edirne and Osmancik-97. Disease severity values on
Edirne were higher than Osmancik-97 for the same
wetness duration and temperature. Studies on the
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factors such as temperature, humidity, light intensity
and their effects on mycelial development and
sporulation of P. oryzae were revealed that the optimal
temperature for mycelial growth is about 28°C and the
growth ranged from 8-9°C to 37°C (Suematsu, 1916;
Sawada, 1927; Nisikado, 1927; Abe, 1930; Yoshii, 1936;
Ou, 1985), but, optimum growth temperatures can
vary from isolate to isolate (Konishi, 1933; Tochinai
and Shimamura, 1932; Tseng et al., 1965; Ou, 1985).

Temperature (P < 0.05) and leaf wetness duration (P >
0.05) had a major impact on conidial germination,
appressorium formation, penetration, rice blast
disease development and severity (Figure 2 and 3).
Knowledge about the effect of temperature and leaf
wetness duration on disease severity on different
varieties is vital to assessing the epidemiology of rice
blast disease.

Edirne

14
12
10

Disease Severity (%)

o o ks R

18

Leaf Wetness Duration (Hour)

12-14
m10-12
m8-10
" 6-8
" 4-6
m2-4
mQ-2

Temperature (°C)

30

Figure 2. The effects of different temperatures and leaf wetness durations on blast severity in cv. Edirne
Sekil 2. Edirne gesidinde farkl sicaklik ve yaprak 1slaklik stirelerinin hastalik siddeti tizerine etkisi

Osmancik-97

Disease Severity (%)

18

m34
m2-3
m1-2
Em0-1
0
E
]
+
o}
~
24 20 g,
30 g
B

Leaf Wetness Duration (Hour)

Figure 3. The effects of different temperatures and leaf wetness durations on blast severity in cv. Osmancik-97
Sekil 3. Osmancik-97 ¢esidinde farkli sicaklik ve yaprak islaklik stirelerinin hastalik siddeti tizerine etkisi
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Kato (1974) reported that conidial germination of P.
oryzae can occur in the water within 3 hours. In
addition, Rajput et al. (2017) revealed that the highest
spore germination and appressoria formation rates
occurred within 4 hours at 22, 27 and 32°C.

Rice plants leaves were infected and caused symptoms
in all combinations of temperatures and leaf wetness
durations by P. oryzaeisolate PC1. When the effects of
temperature and leaf wetness duration interaction on
the mean disease severity (%) were compared with
Duncan's Multiple Comparison Test (Table 2), the
lowest mean disease severity (%) value was 2.7 at 20°C
in different leaf wetness durations. The highest mean
disease severity (%) value was found as 6.3, while the
temperature was 28°C indifferent leaf wetness

duration. Recent research on the effect of temperature
on the incidence of the rice blast pathogen
Magnaporthe oryzae indicated that the infection
stages of pathogen such as conidial germination,
appressoria formation, penetration and disease
development were influenced significantly from
temperature. They also reported that the maximum
spore germination was observed at 27°C temperature,
the spore germination decreased at 22°C and
minimum spore germination was observed at 32°C
(Rajput et al., 2017). These findings indicated that
spore germination was inhibited with higher
temperature. The temperature rise can inhibit the
MgNIMA gene, which encodes the kinase protein that
is a key factor for mitosis. As a result of blocking of
mitosis, conidia loses vitality (Liu et al., 2007).

Table2. The effects of interaction between temperatures and leaf wetness durations on the mean blast severity
Cizelge 2. Sicaklik ve yaprak 1slaklik siiresi interaksiyonunun ortalama hastalik siddeti lizerine etkisi

Duration (h) Temperature (°C)

Average (%)

20 24 28 32

6 0.6£0.29 1 2.24+0.70 j 4.2+1.18 f 4.6+1.32 ef 2.9d
12 2.0£0.63 k 3.3+0.97 h1 5.0+1.34 e 5.2+1.42 de 3.8¢c
18 3.0+1.03 1 4.1+1.32 fg 6.5+1.96 ¢ 5.6+1.62 d 4.8b
24 3.6+1.13 gh 5.3+1.64 de 7.6+2.41Db 6.2+1.84 ¢ 5.7a
30 4.4+1.26 f 5.7£1.75 d 8.2+2.43 a 6.6+1.83 ¢ 6.2 a
Average (%) 2.7d 4.1c 6.3 a 5.6b

Values within the same letter are not significantly different according to Duncan Multiple Range Test (P= 0.05).

Considering different leaf wetness durations, the
lowest mean disease severity (%) was recorded as an
average of 2.9 in 6-hour leaf wetness. On the other
hand, the highest mean disease severity (%) was
obtained as an average of 6.2 in 30-hour leaf wetness.
Rowlandson (2015) reported that studies have been
carried out for centuries on the relationship between
leaf wetness duration and the development of fungal
diseases. However, it is known that as the wetness
duration increases, the rice blast severity increases
(Kato,1976). Our data are consistent with the findings
of Teng (1994), who reported that the sporulation of A/,
oryzae and disease progress was supported by high
humidity (89%), optimum temperature (25-28°C), and
minimal 4 hour leaf wetness.

Considering the interactions between temperature and
leaf wetness, the lowest mean blast severity (%) was
observed in 6 hours of leaf wetness and an average
value of 0.6 at 20°C.

The highest mean disease severity (%) was observed
with an average value of 8.2 at 28-hour leaf wetness
duration and 30°C temperature. According to the
statistical analysis mean disease severity (%) values at
the end of the leaf wetness period of 24 and 30 hours
at 32°C temperature appeared in the same group both
in itself and 18-hour leaf wetness duration at 28°C
temperature. There were significant interactions
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between the temperature and leaf wetness durations.
Anderson et al. (1947) whose are studying about
infectivity, spreading and continuity of P. oryzae
reported that it was required to have 16-24 hours of
continuous leaf wetness at 24-28°C to produce the most
infection on the rice plant.

Sporulation inducing of Pyricularia oryzae

With this technique developed in studies on the
epidemiology and control measurements of rice blast
caused by (Pyricularia oryzae Cav.) in Cukurova, it has
become quite easy to increase fungal spore production
in artificial culture medium (Figure 4 and 5).

CONCLUSION

The current study indicated the impact of leaf wetness
duration and temperature on the beginning, progress,
infection severity of the rice blast disease at two rice
cultivars and also described a simple and effective
technique to increase spore density in artificial culture
medium. Disease severity was increased by the rising
temperature and leaf wetness on Edirne and
Osmancik-97 cultivars and the highest disease
severity (%) values were recorded at the 28°C
temperature and 30-hour leaf wetness duration. 4-
hour leaf wetness duration at 20°C was sufficient for
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the disease to occur. This information will contribute inoculation and for testing of resistant and susceptible
to the disease forecasting, management, the genotypes in controlled environment.

production of abundant spore for using in artificial

>

Figure 4.Increased spore deinsity in PDA growing medium
Sekil 4 PDA kiiltiir ortaminda artan spor yogunlugu

Figure 5. Spore density after treatment on culture medium
Sekil 6. Kiiltiir ortaminda uygulama sonrasi spor yogunlugu
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Antepfistign Dalgiivesi [Kermania pistacella Ams. (Lep: Tineidae)]

ekonomik anlamda zarar yapan turler arasinda olup, Antepfistigi Makale Tarihgesi
yetigtirilen biitin alanlarda bulunmaktadir. Bu c¢alisma ile; Gelig Tarihi  :01.10.2020

antepfistig1 dalgiivesi (K. pistaciella) 'nin 2015-2017 yillar1 arasinda Kabul Tarihi :07.01.2021
Gaziantep ilinde ti¢ farklh alanda (Alahaci Mahallesi (705 m),
Yagmuralan Mahallesi (531 m) ve Merkez Sahinbey Ilcesi (856 m)) Anahtar Kelimeler

yerlestirilen kiltir kafeslerinde parazitoit c¢ikis seyri takip Braconidae, Ichnemonidae
edilmistir. Elde edilen verilere gore; 5 tiir Braconidae [Chelonus Kermaniae pistaciella (Amsel)
(Microhelonus) karakumicus (Tobias, 1966) (Hym., Braconidae, Parazitoit

Cheloninae), Mirax rufilabris (Haliday, 1833) (Hym., Braconidae, Yeni kayit
Miracinae), Chelonus (Microhelonus) karakumicus (Tobias, 1966)
(Hym., Braconidae, Cheloninae), Chelonus (Microchelonus)
latrunculus Marshall (Hym., Braconidae, Cheloninae), Chelonus
(Microchelonus) sulcatus Jurine, 1807 erkek (Hym., Braconidae.
Cheloninae) Chelonus (Microchelonus) chetini Beyarslan and Sahan
sp. nov. disi (Hym., Braconidae, Cheloninae)l, 4 tiir Ichnemonidae
familyasindan parazitoit [Gelis imitatus mnov. sp. (Hym.,
Ichnemonidae, Cryptinae), Gelis kermaniae (Hym., Ichnemonidae,
Cryptinae), Gelis cinctus (Hym., Ichnemonidae, Cryptinae),
Mesostenus transfuga (Hym., Ichnemonidae, Cryptinae)l; tespit
edilmistir. Chelonus (Microhelonus) karakumicus, Gelis kermaniae,
Gelis cinctus, Chelonus (Microchelonus) sulcatus parazitoit tiirleri
Turkiye i¢in yeni kayittir. Mesostenus transfuga ve Chelonus
(Microchelonus) latrunculus tirleri Tirkiye’de daha o6ceden tespit
edilmis olup, K. pistaciella Uzerinde ilk kez saptanmistir. Ayrica,
Gelis imitatus sp. nov. ile Chelonus (Microchelonus) chetini
Beyarslan and Sahan sp.nov. turleri dinya i¢in yeni kayit
niteligindedir.

Contribution to the Fauna of Braconidae and Ichnemonidae Parasitoids of Pistachio twig borer moth
Kermania pistaciella Amsel (Lepidoptera: Tineidae) With the Description of New Species

ABSTRACT Research Article

Pistachio twig borer moth [Kermania pistacella Ams. (Lepidoptera:

Tineidae)] is one of the pest species causing economical damage in Article History

all pistachio cultivation areas in Turkey. In this study, we Received - 01.10.2020
investigated parasitoids of K. pistaciellalarvae and pupae in culture Accepted +07.01.2021

cages placed in three different areas (Alahaci District (705 m), K d
Yagmuralan District (531 m) and the Sahinbey District (856 m) eyworas

between 2015-2017. The parasitoid species were identified as Braconida_e
o s : o : Ichnemonidae
Braconids; [Chelonus (Microhelonus) karakumicus (Tobias, 1966) X, 5 ¥ olla (Amsel)
(Hym., Braconidae, Cheloninae), Mirax rufilabris (Haliday, 1833) Pefm?m.ffpl“a‘”e £ AT
(Hym., Braconidae, Miracinae), Chelonus  (Microhelonus) Naras1t01 1
ew recor

karakumicus, Chelonus (Microchelonus) Iatrunculus Marshall,
Chelonus (Microchelonus) sulcatus Jurine, 1807 male (Hym.,
Braconidae. Cheloninae), Chelonus (Microchelonus) chetini
Beyarslan and Sahan sp. nov. female (Hym., Braconidae,
Cheloninae)] and the Ichneumonids [Gelis imitatus nov. sp. (Hym.,
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Ichnemonidae, Cryptinae), Gelis kermaniae (Hym., Ichnemonidae,

Cryptinae), GQGelis cinctus (Hym.,

Ichnemonidae,

Cryptinae),

Mesostenus transfuga (Hym., Ichnemonidae, Cryptinae)l. Chelonus
Gelis cinctus,
Chelonus (Microchelonus) sulcatus were first record in Turkey.
Mesostenus transfuga and Chelonus (Microchelonus) latrunculus are
already determined in Turkey but found first record for parasitoid of

(Microhelonus) karakumicus, Gelis kermaniae,

Kermania pistaciella. Additionally,

Gelis imitatus sp. nov. and

Chelonus (Microchelonus) chetini Beyarslan and Sahan sp.nov. were

recorded as new species.

Atif icin:  Sahan Y.B, Tunaz H 2021. Antepfisti31 Dalgiivesi Kermania pistaciella Amsel (LEPIDOPTERA:TINEIDAE) 'min
Braconidae ve Ichnemonidae Familyasindan Yeni Kayit Parazitoitleri. KSU Tarim ve Doga Derg 24 (6): 1230-
1236. DOI: 10.18016/ksutarimdoga.vi.803418.

To Cite:  Sahan Y.B, Tunaz H 2021. Contribution to the Fauna of Braconidae and Ichnemonidae Parasitoids of Pistachio
twig borer moth Kermania pistaciella Amsel (Lepidoptera: Tineidae) With the Description of New Species. KSU
J. Agric Nat 24 (6): 1230-1236. DOI: 10.18016/ksutarimdoga.vi.803418.

GIRIS Balikesir ve Kitahya illeri yabani antepfistig:

Giineydogu Anadolu Bblgesinde tarihin  eski alanlarinda, Ulu ve ark. (1972) Ege Bolgesi'nde, Celik

antepfistig1 meyvesi; icerdigi protein, antioksidanlar,
aroma, vitamin ve minerallerin zenginligi ile birlikte
kullanmildig1 her gida maddesinin kalite ve lezzetini
arttirarak  Bolge ireticisine o6nemli derecede
ekonomik katki saglamaktadir. Ayrica bu Bolgede,
sulama suyunun simirli, yagis miktarinin az (300-500
mm) ve bircok kiiltiir bitkisi tarafindan ekonomik
olarak degerlendirilemeyen topraklarda, antepfistigi
yetistirilmesi hem tiilke ve hem de ¢iftgi ekonomisi
icin buyuk bir kazanctir. Bolgede 200 bin ailenin
gecim kaynagini antepfistig1 olusturmaktadir (Arpaci,
2010).

Diunyada oOnemli antepfistign ureticisi tlkeler
incelendiginde 2016-2019 yillar1 arasinda ortalama,
364.321 ton flretimiyle A.B.D. birinci sirada yer
alirken, bunu 158.750 ton ile Iran izlemektedir.
Turkiye 143.250 ton turetimi ile tgtinet, Cin 77.064
ton ile dordinci ve Suriye 35.808 ton uretimi ile
besinci sirada yer almaktadir (Aslan 2020).

Turkiye'de basta Giineydogu Anadolu Boélgesi’'ndeki
iller olmak {tizere antepfistiginin yogun olarak
yetigtirildigi  illerde meyve veren antepfistigi
agaclarinin  sayis1 Gaziantepte 17.181.970 adet,
Sanliurfa‘da 13.811.910 adet, Adiyaman‘da 4.452.832
adet, Kahramanmaras ‘ta 798.250 adet ve Siirt'te
2.809.000 adettir (TUIK, 2017). Yilhik antepfistig1
turetiminin biiyiik ¢ogunlugu Giineydogu Anadolu ve

Dogu Anadolu boélgesindeki illerden elde
edilmektedir. Ayrica; yeni antepfistigl
plantasyonlarinin  artmasiyla gelecekte meyve

veriminin, bunun yaninda da ekonomik kazancin
yikselmesi beklenmektedir.

Ulke ekonomisine onemli  katki saglayan
antepfistiginda ayni yilin Urinint, bir yil sonraki
tiriintinii (karagozleri) ve antepfisti§1 agacin1 zarara
ugratan; Urinin verim ve kalite degerini diisliren
farkli bocek tiirleri bulunmaktadir. Ozer (1958)
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(2002)  Giineydogu Anadolu Bélgesi antepfistigi
alanlarinda yaptiklar:1 c¢alismalarda 40'in Uzerinde
zararlh bocek ve akar turi saptamiglardir.

Bu o6nemli zararlilardan Antepfistig1 dalgiivesinin
Gaziantep, Sanhiurfa ve Siirt ‘te yogun oldugu yapilan
on calismalarda belirlenmigtir. Zararh kigi bir yillik
stirglinler icerisinde gecirerek meyve gozlerinin
dokiilmesine sebep olarak urin kaybina neden
olmakta, beslenmesi sirasinda zarar goren siirgiinde
meyve gozleri ve yapraklar dokulmekte, stirgiinler
kisa kalmaktadir. Larvalar ikinci zararini ise cumba
denilen meyve salkimlarina vermektedir. Salkimlarin
iceri giren larva salkim saplarinda beslenmekte, bu
nedenle meyveler gelisememekte veya dokilmektedir.

Antepfistig1 tiretimi yapilan farkh ilkelerden Iran’da
Mehrnejad (2001, 2003), Emami ve ark.,(2004),
Bassirat (2005), Gries ve ark. (2006), Manikavasagam
ve ark., (2008), Abbaszadeh ve ark. (2006, 2011), Izadi
ve ark. (2011), Tezerji, (2011), Arbabtafti ve ark.
(2012), Mollaei ve ark. (2017), K. pistaciellanin
biyolojisi, gelisme esigi, zarar egigi, populasyon
takibi, bazi morfolojik 6zellikleri, parazitoitleri ve
micadelesi ile ilgili gesitli ¢alismalar yapmiglardir.
Tiirkiyede Kiiciikarslan (1966), Mart ve ark. (1995),
Bolu (2002), Ozgen ve ark. (2012), Simsek ve Bolu
(2016), Yamk ve ark. (2016), yapmis olduklar
c¢alismalarla K. pistaciellanin baz biyolojik ve
morfolojik 6zellikleri, populasyon takibi, parazitoitleri
ve mucadelesine yonelik o6nemli veriler elde
etmiglerdir.

Bu nedenle; antepfistig1 dalgiivesi (K. pistaciella)’nin
biyolojik miicadelesi ile ilgili ¢alismalara zemin
olusturulmasi amaciyla farkli rakimlara sahip g
yérede (Alahaci Mahallesi (705 m), Yagmuralan
Mahallesi (531 m) ve Gaziantep Merkez Sahinbey
Ilgesi (856 m)) parazitoitleri saptanmigtar.
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MATERYAL ve METOT

Zararlinin ergin ve parazitoit c¢ikiglarini izlemek
amaciyla 2015-2018 yillarinda Gaziantep Sahinbey
ilcesi ve 2015-2017 yillar1 arasinda Alahac,
Yagmuralan mahallelerine Subat ay1 sonunda ikiger
adet 70x70x100 cm boyutlarinda tiil (insect net) ile
cevrili kultir kafesi birakilmigtir. Kafeslerin her
birine yine Subat-Mart aylarinda toplanan tizerinde
pupa tespit edilen bir ya da iki yasinda siirgiin dallar
budama makas1 1ile kesilerek yerlestirilmigtir.
Calismada 2015 yilinda tim lokasyonlarda kiltiir
kafeslerine 100’er adet pupali strgiin konmustur.
Bununla birlikte 2015 yilinda Gaziantep Sahinbey
ilgesindeki deneme alanindan toplanan erginlerin
sayisit yapilmig olan diger ¢alismalarda kullanilmak
icin yetersiz bulundugundan, c¢alismanin yapildig:
diger yillarda, Sahinbey ilcesindeki kafeslerde pupali
stirglin sayis1 artirilarak 600 adet yerlestirilmistir.
Vitpherolure KP ticari isimli, [(2S, 12Z)-2-Acetoxy-12-
heptadecene] etken maddeli, Scentomos Research and
Development INC tarafindan iiretilip Verim Ingaat ve
Turizm LTD. STI. tarafindan ithal edilen feromon
tuzaklar her lokasyona ikiger adet yerlestirilmistir.

Alahaci ve Yagmuralan yorelerindeki kafeslerde
feromon tuzaklarinda ilk erginler yakalandiktan
sonra haftalik olarak, Gaziantep Sahinbey Enstiti
bahg¢esinde bulunan kafeste ise giinlik sayimlar
yapilmistir. Boylece dogal kogullarda zararlinin ergin

Sekil 1. Mesostenus transfuga
Figurel. Mesostenus transfuga

Sekil 3. Mirax rufilabris
Figure3. Mirax rufilabris

ve parazitoitlerinin ¢ikig1 belirlenmigtir.

Ornekleme Yontemi

Kultur kafesinden agiz aspiratori ile toplanan ve
laboratuvara getirilen parazitoit érnekleri i¢inde %
70’lik etil alkol bulunan tlpler iginde muhafaza
edilerek teshis i¢in hazirlanmigtir.

Parazitoit teshisleri

Braconidae ornekleri, Bitlis Eren Universitesi Fen
Edebiyat Fakiiltesi Biyoloji Bélimiinden Prof. Dr.
Ahmet BEYARSLAN, Ichnemonidae, Cryptinae
ornekleri Avusturya Landes Mizesinden Prof. Dr.
Martin SCWARZ tarafindan teshis edilmigtir.

BULGULAR ve TARTISMA

Kermania pistaciellanin dogal kogullarda
parazitoitlerinin belirlenmesi ¢alismalar1 2015-2017
yillar1 arasinda Gaziantep Ili Sahinbey Ilgesi
Antepfistig1 Arastirma Enstitiisi bahgesi, Nizip ilcesi
Yagmuralan ve  Alahact  mahalleleri  ¢iftgi
bahcelerinde yurttilmustir. 2015 yilinda kultiar
kafesinden elde edilen parazitoitler C. karakumicus
(Sekil 1 ve 2) ve M. rufilabris (Sekil 3) olarak teshis
edilmigtir. 2016 yilinda elde edilen parazitoitler C.
karakumicus ve M. rufilabris, G. Imitatus nov. sp.

r ol %

Sekil 2. Chelonus (Microhelonus ) karakumicus
Figure2. Chelonus (Microhelonus ) karakumicus
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Sekil 4. Gelis imitatus erkek (a) ve disi (b)
Figure4. Gelis imitatus male (a) and female (b)

Sekil 5. Gelis cinctus disi Sekil 6. Gelis kermaniae disi
Figureb. Gelis cinctus female Figure 6. Gelis kermaniae female
"

" i
'B. Sahan Y. B. Sahan i

(b)

(@) %

Sekil 7. Chelonus sulcatus erkek (a) ve disi (b)
Figure 7. Chelonus sulcatus male (a) and female (b)
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06.04.2018, 14:59

06.04.2018, 15:02

Y. B. Sahan

(a) Y. B. Sahan (b)
mlatrunculus erkek m. latrunculus digl

Sekil 8. Chelonus latrunculus erkek (a) ve disi (b)
Figure 8 Chelonus latrunculus male (a) and female (b)
Sekil 9. Chelonus chetini Beyarlan and Sahan sp. nov.
Figure 9. Chelonus chetini Beyarslan and Sahan sp. nov.
Cizelge 1 Yillara gére parazitoit sayisi
Table 1 Number of parasitoids by years
Tur Takim Familya 2015 2016 2017
Species Order Family 2015 2016 2017
Mirax rufilabris Hymenoptera Braconidae 3 23 22
Chelonus karakumicus Hymenoptera Braconidae 18 169 0
Chelonus sulcatus Hymenoptera Braconidae 0 0 11
Chelonus latrunculus Hymenoptera Braconidae 0 0 34
Chelonus chetini Hymenoptera Braconidae 0 0 86
Gelis imitatus Hymenoptera Ichneumonidae 0 3
Gelis kermaniae Hymenoptera Ichneumonidae 0 1 5
Gelis cinctus Hymenoptera Ichneumonidae 0 1
Mesostenus transtfuga Hymenoptera Ichneumonidae 0 1
(disi) (Sekil 4.b), G. imitatus nov. sp. (erkek) (Sekil ~ (2016), . Dinocampus  coccinelae  Shrank
4.3), G. kermaniae (dis)) (Sekil 6), G. cinctus (disi) (Hym:Braconidae)nin antepfistiginda zararh K.

(Sekil 5) ve M. transfuga (disi) (Sekil 1) olarak teshis
edilmigtir. 2017 yilinda elde edilen parazitoitler ise
M. rufilabris, C. latrunculus erkek (Sekil 8.a), C.
latrunculus disi (Sekil 8.b), C. sulcatus (Sekil 7.a), C.
sulcatus disi (Sekil 7.b) ve C. chetini disi olarak
teshis edilmigtir.

2015-2017 yillar1 arasinda tiim loksayonlardan elde
edilen parazitoit sayilar1 toplam1 verilmistir (Cizelge
1). 2017 yilinda elde edilen 5 adet Hym;
Ichnemonidae 6rneginin teghisi yapilamadig: igin tir
bilgisi bulunmamaktadir. Tirkiye’de Simsek ve Bolu

pistaciellamin parazitoiti olarak Dunya’da ilk kayit
oldugunu, Ozgen ve ark., ise Siirt Aydinlar yoresinde
iki  yeni parazitoit tiri Chelonus flavipalpis
Szépligeti ve Mirax rufilabris Haliday (Hymenoptera:
Braconidae)nin tespit edildigini belirtmiglerdir.
Iran’da yurutilen calismalarda ise, Abbaszadeh ve
ark. (2006), tirii belirlenmemis olan 3 parazitoit
(Chelonus sp. (Hym:Braconidae), Pteromalus sp.
(Hym:Pteromalidae) ve bir Ichnemonidae),
Manickavasagam ve ark. (2008), K. pistaciellanin
pupalarinda ve birincil parazitoiti olan Chelonus
kermakiae Tobias (Hymenoptera: Braconidae)de
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hiperparazitoiti olan Cheiloneunus pistaciae sp. nov
(Hymenoptera:Encyrtidae)’yi  tespit  etmislerdir.
Mehrnejad ve Basirat (2009), ise K. pistaciella ‘nin 15
adet hymenoptera tiirii parazitoitini tespit etmis,
bunlardan 3 tir primer parazitoit, 2 tir
hiperparazitoit, 10 tir fakultatif hiperparazitoit
oldugunu bu tirlerden % 85 ‘ini C. kermakiae'nin
olusturdugunu belirtmigtir.

SONUC ve ONERILER

2015-2017 yillar1 arasinda teshis edilen Chelonus
(Microhelonus) karakumicus, Gelis kermaniae, Gelis
cinctus, Chelonus (Microchelonus) sulcatus parazitoit
tirlerinin Turkiye i¢in yeni kayittir. Mesostenus
transfuga ve Chelonus (Microchelonus) latrunculus
tirleri Turkiye’de daha 6ceden tespit edilmis olup, KA.
pistaciella lzerinde parazitoit olarak 1ilk kez
saptanmastir. Ayrica, Gelis Imitatus sp. nov. ile
Chelonus (Microchelonus) chetini Beyarslan & Sahan
sp. nov. turleri diinya i¢in yeni kayit niteligindedir.

TESEKKUR

Bu calisma, Tarimsal Arastirmalar ve Politikalar
Genel Midiirliigi tarafindan desteklenmistir (Proje
No: TAGEM-BS-14/08-09/01-14). Calismada
parazitoitlerin toplanmasi ve takibinde emegi gegen
Antepfistigi  Arastirma  Enstitisi’'nden  Ahmet
SAHAN (Antep Fistifni Arastirma  Enstitiisi,
Gaziantep)’a, tiir teshislerini yapan, Prof. Dr. Ahmet
BEYARSLAN (Bitlis Eren Universitesi Fen Edebiyat
Fakiiltesi Biyoloji Boliimii, Bitlis) ve Prof. Dr. Martin
SCWARZ (Avusturya Landes Miizesi, Avusturya)’a
tesekkirlerimi sunarim.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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Yerel Diatomit Topraklarmin Kokusuz Toz Sarimsak Ile Karigimimn Kirma Biti, Tribolium
confusum du Val. (Coleoptera: Tenebrionidae)ne Karg1 Etkinligi
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OZET Aragtirma Makalesi

Bu calismada iki yerel diatomit toprag preparatinin (Detech® ve

Demite®) tek basina ve bunlarin kokusuz sarimsak tozuyla belli Makale Tarihgesi
oranlardaki karigimlarinin Kirma Biti, 7ribolium confusum du Val. Gelig Tarihi  :12.02.2021
Coleoptera: Tenebrionidae)ne karsi etkinliklerinin belirlenmesi Kabul Tarihi :25.03.2021

amaclanmistir. Bu amagla bugday tizerinde 25+1 °C sicaklik ve %

65+5 nispi nem ortaminda tek basina iki yerel diatomit topraklarinin Anahtar Kelimeler

ve bunlarin kokusuz sarimsak tozuyla karisimlarinin 600, 900 ve
1500 ppm (mg DE/kg iiriin) konsantrasyonlarda 7 ve 14 giin siireyle
biyolojik testler yirutilmiustir. Mevcut calismada elde edilen
sonucglara gore bugday uzerinde tek basina Demite® ve Detech®

Yerel Diatomit topragi
Kokusuz sarimsak
Tribolium confusum
Bugday

diatomit topragir uygulamalari ile Demite® ve Detech® diatomit
toprag: ile kokusuz sarimsak karisimlarinin (E3, E4, E5 ve E6) test
edilen boceklere karsi etkinlikleri uygulama konsantrasyonuna ve
stresine gore onemli farkliliklar gosterdigi gorulmustur. Disiik
konsantrasyonda (600 ppm) genel olarak Demite® ve Detech®
diatomit topraklarin kokusuz sarimsak karisimlarinin (E5 ve E6) 7
confusum erginlerine kars1 etkinliklerinin tek bagina Demite®
diatomit topragi uygulamasina gore daha ylksek oldugu
bulunmustur. Bu c¢alismada diisik konsantrasyonda Demite® ve
Detech® diatomit topragi uygulamasina kokusuz sarimsak
eklemesinin 7' confusum erginlerine karsi etkinligin artmasina neden
oldugu, dolayisiyla bu iki ticari yerel diatomit toprag: ile kokusuz
sarimsak karigimlarinin diigiik konsantrasyonlarda (<900 ppm) 7}
confusm’un kontroliinde kullanilabilecegi sonucuna varilmigtir.
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kg wheat) concentrations of two local diatomaceous earth deposits
alone and their mixtures with odorless garlic powder for 7 and 14 days
were carried out at 25 £ 1 °C temperature and 65 + 5% relative
humidity. According to the results obtained in the present study, the
effectiveness of Demite® and Detech® diatomaceous earth alone and
mixtures of Demite® and Detech® diatomaceous earth and odorless
garlic (E3, E4, E5 and E6) on wheat against 7! confusum adults was
observed to have significant differences according to application
concentrations and exposure times. At low concentration (600 ppm),
in general the mixtures of Demite® and Detech® diatomaceous earth
with odorless garlic (E3, E4, E5 and E6) had higher insecticidal
efficacy than Demite® and Detech® diatomaceous earth alone
treatment. As a result, in this study, it was concluded that adding
odorless garlic to Demite® and Detech® diatomaceous earth at low
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concentrations resulted in increased insecticidal efficacy against 7.
confusum and can be used in the control of 7' confusum at their low

concentrations (<900 ppm).
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Depo tahil zararhilarinin micadelesinde sentetik
insektisitlerin ve fumigantlarin kullanimi yildan yila
bir¢ok probleme (dayanmiklilik, kullaniciya toksisitesi,
cevreye zararl (ozon delici 6zelligi), iirtinde kalint, vs.)
neden olmaktadir. Bugiin geleneksel olarak kullanilan
fumigantlarin ve koruyucu kontak insektisitlerin
artan zararlarindan dolay: bir¢ok arastirici alternatif
micadele yontemlerine yonelmiglerdir. Bu alternatif
micadele yontemlerinden birisi de diatomit topragi
(Diatomaceous earth-DE) kullanimidir. Diatomit
topraklari su yosunlari simifindan tek hiicreli
mikroskobik alglerin fosillesmis silisli kavkilarindan
olusmus bir ¢okeltidir. Diatomitlerin hiicre ceperleri
(kavkilar1) amorf silisten (SiO:2 + H20) olugmustur.
Diatomit topraklari muhtemelen insektisit olarak
kullanilabilen kuru maddelere bagh en etkili dogal
kaynaktir (Korunic, 1997; Korunic, 1998). Cesitli
diatomit preparatlarin toz formiilasyonun depolanmisg
tahil zararhlarina karsi genellikle 1000 ppm
konsantrasyonda yuksek etkinlik gésterdigi yapilan
calismalarla ortaya konulmustur (Subramanyam ve
ark., 1994; Korunic, 1998; Wakil ve ark., 2006;
Athanassiou ve ark., 2007; Kostyukovsky ve ark.,
2010; Ferizli ve ark. 2011). Diatomit topraklar
boceklerin kutikiillasinda etkili olup bécegin hizla
kurumasina ve dolayisiyla su kaybindan olumiine
neden olmaktadir. Memelilere toksik degillerdir
(sicanlarda agizdan LDso degeri > 5000 mg/kg viicut
agirligy), iiriinler tizerinde toksik kalint1 birakmaz ve
diatomit topragr gida katki maddesi olarak
kullanildig1 icin US EPA’ya gére GRAS (Genellikle
Giivenilir Kabul Edilen) kategorisinde siniflandirilir
(FDA, 1995). Diatomit topraklar1 uygulama yapilan
urinlerde uzun siire kalabilmelerinden dolay1 6zellikle
depolanmig tahillar1 zararli boéceklerden uzun sure
korumada  geleneksek insektisitlere  alternatif
olabilmektedir. Yapilan incelemelerde Turkiye'nin ¢ok
zengin dogal DE yataklarina sahip oldugu ve bu genis
DE yataklarinin tlkenin degisik bélgelerinde oldugu
gorilmektedir (Ozbey ve Atamer, 1987; Mete, 1988;
Sivaci ve Dere, 2006; Cetin ve Tas, 2012). Tiirkiye'nin
volkanojen Neojen’inde diatomit zuhurlarinin yaygin
oldugu hacim yoniinden en biiyik yataklar I¢
Anadolu'nun giineydogusunda toplanmigtir.
Tirkiye'nin diatomit rezervinin 125 milyon ton ve
Tirkiye'nin bilinen en biiyiik diatomit yataginin Hirka
(Kayseri) (106 milyon ton) oldugu bilinmektedir (Cetin
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Sarimsak, Allium sativum L. (Amaryllidaceae),
yumrusu ve bunun ekstraktlar1 depolanmig Uriin
zararhlarinin kontrolinde umut verici sonuglar
vermiglerdir. Sarimsagin petrolium eter ekstrakt:
fasulye tohum bécegi (Callosobruchus chinensis (L.))
tizerinde kaciric1 etkiye sahip olmustur (Pandey ve
ark., 1976). Jood ve ark. (1993) sarimsak tozunu misir
tanelerini kahpra béceginden (7rogoderma granarium
(Evert.)) korumada kullanilabilecegini bildirmislerdir.
Ho ve ark. (1995) dogranmis sarimsak suyunun ve
sarimsagin etil asetat ekstraktinin = 7rrbolium
castaneum  (Herbst) ve  Sitophilus  zeamais
Motschulsky tizerinde yiiksek derecede kacirici etkiye
sahip oldugunu bildirmiglerdir. Sarimsak yaginin ise
hem 7. castaneum hem de S. zeamaisin F:1 dolunde
uremenin azalmasi lizerinde oldukea etkili oldugu ve
T. castaneun’un yumurtalarina, erginlerine ve
pupalarina kars: toksik oldugu bulunmustur (Ho ve
ark., 1996). Sarimsak ucucu yaglarinda yagda ve suda
¢ozlunebilir  maddeler  bulunmaktadir.  Yagda
¢oziinenlerin koku yaydiklar: ve sulfiirlii bilesiklerin
fazla oranda bulundugu bilinmektedir. Jirovetz ve ark.
(1992) yaptiklar: calismada sarimsak ucucu yaginda
diallyl-trisulphide (%29.7), diallyl tetrasulfid (%4.4),
diallyl disulfid (%3.2), diallyl sulfid (%2.5) ve metil
allyl trisulfid (%2.1) bilesenlerinin bulundugunu
bildirmislerdir. Huang ve ark. (2000) sarimsak ugucu
yagimin ana bilesiklerinin, diallyl trisulfid, diallyl
disulfid ve metil allyl trisulfid, 7. castaneum ve S.
zeamais uzerinde yiksek fumigant aktivite
gosterdigini  ve depolanmig Urun zararhilarinin
miicadelesinde potansiyel alternatif fumigant olarak
dugtinulebilecegini bildirmislerdir.

Son yillarda yuritilen yogun ¢alismalar sonucunda
depolanmis Uriin zararhlarina karsi Turkiye orijinli
yerel diatomit toprag:r preparatlari, Detech® ve
Demite® ticari isimli (Entoteam Ar-Ge Tic. Ltd. Sti),
geligtirilmistir. Bu iki yerel diatomit preparatinin toz
formiilasyonun cesitli depolanmig tahil zararhlarina
kargi genellikle 1000 ppm konsantrasyonda yiliksek
etkinlik gosterdigi yapilan c¢alismalarla ortaya
konulmustur (Bayram ve ark., 2020; Saglam ve ark.,
2020; Ertiirk ve ark., 2020; Bagriacik, 2020). Bu toz
formiilasyonlarin daha diisiik konsantrasyonlarda
kullanilmasi hem ekonomik hem de iiriin kalitesine
yoniinde 6nemli avantajlar saglamasi acgisindan ¢ok
onemlidir. Bu yiizden bu yerel diatomit toprag:
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preparatlariin zenginlestirilmesine yonelik
calismalar buylik oOnem tasimaktadir. Sarimsak
bitkisinin degisik bitki ekstraktlar1 ve ugucu yag:
depolanmig tahil zararlilarina kasi1 yuksek etkinlik
gosterdigi yapilan calismalarla ortaya konulmustur
(Pandey ve ark., 1976; Jood ve ark., 1993; Ho ve ark.,
1995, 1996; Huang ve ark., 2000). Ancak sarimsak
ekstraktin  ve ugucu yagimin da en Onemli
dezavantajinin iriinde birakmis oldugu istenmeyen
nahos kokudur. Mevcut yerel iki diatomit topragi
formiilasyonlarinin (Detech® ve Demite®) kokusuz
sarimsak tozu ile zenginlestirilmesinin yerel diatomit
toprag1 formiulasyonlarin disik konsantrasyonlarda
depolanmig tahil zararhlarmna karsi etkinligini
artirabilecegi 6n gorilmustir. Bu baglamda bu
calismada yerel iki diatomit topraginin (Detech® ve
Demite®) tek basina ve bunlarin kokusuz sarimsak
tozuyla belli oranlardaki karisimlarin, kirma biti,

Demite® ticari isimli Turkiye orijinli yerel diatomit
topragl preparatlari1 kullanilmigstir. Detech® ve
Demite® ticari isimli yerel diatomit topraklarinin toz
formilasyonu Entoteam Ar-Ge San. Tic. Ltd. Sti.
firmasindan temin edilmistir. Biyolojik etkinlik
testlerinde kullanilan Detech® ve Demite® ticari
isimli yerel diatomit topraklarinin toz
formiilasyonunun baz fiziksel ve kimyasal 6zellikleri
Cizelge 1’de verilmektedir. Ayrica, yerel diatomit
topraklarinin belli oranlarda karigsimlardan olusan
yerel diatomit toprag: toz preparatlarinin (Detech® ve
Demite®) genel goriintiisii ve taramali elektron
mikroskop (SEM) goriintiisii sirasiyla Sekil 1’de
verilmektedir.

Denemelerde kullanilan kokusuz sarimsak tozu
Biyolojik etkinlik testlerinde kullanilan yerel diatomit

o)e ( ’ topraglr toz preparatlariyla kokusuz sarimsak
Triboli um confus um du Val. _Co}eopt.er@ karisstminda Veganatrel kokusuz (Odorless) toz
Tenebrionidae) erginlerine karsi etkinliklerinin sammsak (Allium sativum) tablet (Veganatrel

belirlenmesi amaglanmigtar.

MATERYAL ve METOD
Materyal
Biyolojik testlerde kullanilan bocek materyali

Bu calismada, laboratuvar kogullarinda yuritilen
biyolojik etkinlik testlerinde kirma biti, 7Tribolium
confusum du Val. (Coleoptera: Tenebrionidae)
erginleri kullamilmigtir. Biyolojik etkinlik testlerinde
kullanilan 7. confusum erginleri Kahramanmarasg
Siitcii Imam Universitesi, Ziraat Fakiiltesi Bitki
Koruma Boélimii'ne ait Entomoloji Laboratuvari’nda
yetistirilen stok kiiltiirlerden elde edilmistir. Bu stok
kultirler Mersin ilinde bulunan bugday depolarindan
elde edilmigtir.

Biyolojik etkinlik testlerinde kullanilan yerel diatomit
topragi formiilasyonlari

Bugday tizerinde yerel diatomit topraklarinin kokusuz
toz sarimsak ile karisgiminin 7' confusum erginlerine
karg1 biyolojik etkinligini belirleme testlerinde
Entoteam Ar-Ge San. Tic. Ltd. Sti. tarafindan
geligtirilen ve depolanmig tahil zararlilarina kars:
yiksek etkinligi kanitlanmig olan Detech® ve

Veganaturel Uriinler Ltd. Sti, Turkiye) kullanilmigtir.
Kokusuz sarimsak tozu (KS) sarimsak dislerinin
pargalanip ezildikten sonra asit ile muamele
edilmesiyle elde edilmistir. Kokusuz sarimsagin ana
birlegigi allisindir. Allisin, bozulmamig sarimsak
diglerinde mevcut degildir, ancak enzim alliinaz
varhiginda kokusuz éncii alliininden (+ -S-alil-L-sistein
siilfoksit) elde edilir. Sarimsak disinde alliin ve
alliinaz farklh boélmelerde bulunur. Sarimsak disileri
kesildiginde veya ezildiginde, hem enzim hem de
alinin temasa gecerek allisin Uretimini baglatir. Biitin
sarimsak diglerinin dilimlenene veya ezilinceye kadar
¢ok az veya hi¢ koku gistermemesinin nedeni bu
durumdan kaynaklanmaktadir.

Denemelerde kullanilan yerel diatomit topraklar: ile
kokusuz sarimsak tozu karisimlari

Yerel diatomit topraklari, Detech® ve Demite® ile
kokusuz sarimsak tozu karigimlari elde edilmigtir.
Detech® yerel diatomit topraginin %1 ve %10 kokusuz
sarimsak tozlu ile karigimlarina sirasiyla E3 ve E4
kodlar1 verilirken Demite® yerel diatomit karigimin
%1 ve %10 kokusuz sarimsak tozlu ile karigimlarina
sirasiyla E5 ve E6 kodlar: verilmistir (Cizelge 2).

Cizelge 1. Biyolojik etkinlik testlerinde kullanilan Detech® ve Demite® ticari isimli yerel diatomit topraginin toz
formiilasyonlarinin baz fiziksel ve kimyasal 6zellikleri
Table 1. Some physical and chemical properties of dust formulations of local diatomaceous earth, Detech® and

Demite®, used in biological tests.

Yerel diatomit topragi | SiOz oram Medyan partikiil pH degeri Yigin Renk
formiilasyonu (8O- ratio) biiyiikligii (pH value) yogunlugu (Colour)
(Local diaatomaceous (%)* (Median particule size) | + Shata | (Bulk density)
earth formulation) (um)** + S.hata (g/1)
Detech® 80.6 14.06 8.25+0.01 248.1+£5.3 Sarimtirak-beyaz
Demite® 82.2 14.08 8.45+0.03 223.9+1.6 Sarimtirak-beyaz

*Yerel diatomit topraklarin analizleri Maden Tetkik ve Arama Genel Miidirliigii ait Analiz Laboratuvarlar1 tarafindan yapilmagtir.

*%

Hacimsel kiimiilatif partikiil biiyiikliigii dagiliminda toplam partikiil hacminin %50’sine denk gelen (d(0.5)) medyan degeridir.
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(SEM) goriintiileri, 20000x biiyiitme.

Sekil 1. Yerel diatomit toprag1 toz preparatlarinin, (A) Detech®

(B) Demite®) taramali elektron mikroskop

A%

Figure 1. Scanning electron microscope (SEM) images of local diatomaceous earth dust formulations, (A) Detech®

and (B) Demite®), 20000x magnification.

Cizelge 2. Yerel diatomit topragi, Detech® ve Demite®
ile kokusuz sarimsak (KS) karigim oranlar
ve hazirlanan karisimlarim kodlari

Table 2. Mixing ratios of local diatomaceous earths,

Detech® and Demite® with odorless garlic
(KS) and their codes of prepared mixtures

%ﬁ::) Karigimlarin orami (Mixture ratio)

E3 %99 Detech® + %1 Kokusuz sarimsak tozu (KS)
E4 %90 Detech® + %10 Kokusuz sarimsak tozu (KS)
E5 %99 Demite® + %1 Kokusuz sarimsak (KS)

E6 %90 Demite® + %10 Kokusuz sarimsak (KS)

Denemelerde kullanilan bugday cesidi:

Biyolojik testlerde %11+1 iiriin nemi iceren Elbistan
Yazhigi isimli yumusak beyaz ekmeklik bugday
(Triticum aestivum L.) cesidi kullanilmigtir.

Metot
Test boceklerinin laboratuvarda yetigtirilmesi

Test boceginin yetigtirilmesinde kullanilan un olasi
bocek bulagsmasindan arindirmak igin bir hafta sure ile
20°C  sicakliga ayarli derin dondurucuda
tutulmustur. Tribolium confusum erginleri 1 mm’lik
Retsch marka elek yardimiyla elenerek bulagik undan
ayirilmigtir. Bir litrelik cam kavanozlar icerisine 250 g
bugday unu ve 12.5 g kuru maya ilave edildikten sonra
karigik cinsiyette 250-300 adet ergin birakilmig ve
kavanozlarin agizlar hava giris cikigsimi
engellemeyecek  geniglikte  tille  kapatilmigtir.
Hazirlanan kavanozlar 26 + 1 °C’ de % 65 + 5 nispi
nemde 1 hafta stire ile karanlik ortamda tutulmus ve
erginlerin yumurta birakmasi saglanmistir. Bir hafta
sonunda erginler elek yardimiyla bulagitk undan
ayirilmis ve bulagik olmayan bugday unu ve kuru
maya konulan kavanozlara eklenerek kiulturlerin
devamliligt saglanmigtir. Kirk bes gin sonra
hazirlanan kiltir kavanozlarindan ¢ikan yeni nesil
erginler biyolojik denemelerde kullamilmigtir. Bu
iglemlere ¢alisma boyunca devam edilmigtir.
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Biyolojik etkinlik testleri

Biyolojik testlerin her birinde diatomit topragi (DE) ve
diatomit topragi ile kokusuz sarimsak tozu karisimlar:
(DE+KS) 1 kg bugdaya 600, 900 ve 1500 ppm (mg
Diatomit toprag: veya Diatomit topragi sarimsak tozu
karigimy/ kg bugday) konsantrasyonlarda
uygulanmigtir. Standart isleme bagh olarak, 1 kg
bugday daneleri cam kavanozlara yerlestirildikten
sonra bugday danelerinin Uzerine her bir
konsantrasyona karsilik gelen DE ve DE+KS tozlar
birakilmistir. DE ve DE+KS toz preparatlarin bugday
danesi tizerinde esit sekilde dagilimini saglamak i¢in
yvaklagik 3 dakika elle ¢galkalanmigtir. Diatomit toprag:
uygulamasi yapilmayan bugday daneleri kontrol
olarak kabul edilmigtir. Daha sonra, her bir DE ve
DE+KS uygulamasi yapilan Grin partisinden her biri
50 g olan 4 érnek alinmig ve bu 6rnekler cam siselere
aktarilarak agizlar1 havalandirma igin tstiinde ince
tul ile kapl 1.5 cm delik olan tillerle kapatilmigtir. Bu
islemden sonra <21 giinliik 30 adet karigik cinsiyette
ergin bireyler sadece DE uygulanmis ve DE+KS
karigimlar: bugday danelerini igeren cam kavanozlara
yerlestirilmigtir. Altina plastik 1zgara yerlestirilen
plastik kutulardan (26 cm x 36.5 cm x 15 cm
boyutlarinda) nem ¢emberi olusturulmustur. Bu nem
¢emberlerinin alt kismina %65+5 nispi nemi saglayan
sirasiyla  doyurulmus sodyum nitrit sollisyonu
yerlestirildikten sonra (Greenspan, 1977) plastik
1zgaralarin tzerine DE ve DE+KS uygulanmis bugday
danelerini igeren cam kavanozlara yerlestirilmistir.
Daha sonra bu plastik kutular 26+1 °C sicaklik
seviyesine ayarlanmig sogutmali inkibator igerisine
yerlestirilmistir. Deneme boyunca nem ¢emberi
icerisindeki sicaklik ve bagil nem seviyesi HOBO veri
toplayicist (HOBO, Onset computers, ABD) ile
izlenmigtir. Uygulamadan 7 ve 14 giin sonra 2 mm’lik
metal elek ile bugdaylar elenmis ve erginlerin 6lii-canl
sayimlar1 yapilmigstir. Ayrica, tek basina kokusuz
sarimsak tozunun (KS) en yiiksek konsantrasyonda
(1500 ppm) 7' confusum erginlerine kars1 etkinligini
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belirlemek i¢in de 6n biyolojik testleri yuratilmustiir.
Bu testler sonucunda bugday tzerinde tek bagina
kokusuz sarimsak tozunun 1500 ppm
konsantrasyonuna 7 ve 14 gin sureyle maruz
birakilan 7. confusum erginlerinde olduk¢a disiik
olim oranlar1 (sirasiyla %0 ve %5.3+3.1) elde
edilmistir. Tek basina kokusuz sarimsak tozunu (KS)
en yiiksek konsantrasyonda (1500 ppm) bile 7.
confusum erginlerinde karsi etkinligin olduk¢a diigiik
olmasindan dolayr diger konsantrasyonlarda test
yapilmasina gerek goriilmemistir.

Verilerin degerlendirilmesi ve istatistiksel analizler

Bugday lzerinde yuriitiilen biyolojik testler
sonucunda test edilen her bécek tiiri igin test edilen
birey sayilarini ve uygulamadan 7. ve 14. giin sonra 6l
ve canli birey sayilarini igeren EXCEL tablolar:
olusturulmustur. Kontrolde 6liim olan uygulamalarda
Abbott'un  diizeltme formilii  (Abbott, 1925)
kullanilarak o6lim oranlar1 dizeltilmistir. Diatomit
topragr ve diatomit topragi ile kokusuz sarimsak
karisim uygulamalarina ait 7. ve 14. ginkd o6lim
oranlarina ayr1i ayri Arcsin transformasyonu
uygulandiktan sonra Minitab 17 (McLaughlin ve
Wakefield, 2015) istatistik programi kullanmilarak iki
faktorlii (uygulama konsantrasyonu ve diatomit
uygulamas1) varyans analizine (ANOVA) tabi
tutulmustur. Diatomit uygulamasina ve uygulama
konsantrasyonuna ait 6liim oranlari tek yonlii varyans
analizine tabi tutulduktan sonra ortalamalar
arasindaki farklihklar %5 6nem seviyesinde Tukey

ortalamalari kiyaslama testi kullanilarak
belirlenmigtir.
BULGULAR ve TARTISMA

Yapilan c¢ift yonlii varyans analizleri sonucunda tek
basina Demite® ve Demite® diatomit toprag: ile
kokusuz sarimsak karigimlarina ait 7 giin sireyle
diatomit uygulamalarimin (F22:=4.83, P=0.016) ve

Research Article
uygulama konsantrasyonlarinin (F2,27=175.52,
P<0.0001) 7' confusum o6lim oranlar1 {izerinde

istatistiki agidan 6nemli derecede etkiye sahip oldugu
gorilmustir. Bu iki faktér arasindaki interaksiyonun
da istatistiksel agidan 6nemli oldugu saptanmistir
(diatomit uygulamasi x uygulama konsantrasyonu icin
F42:=3.72, P=0.015). Yedi giin maruz kalma siiresi
sonucunda 600 ve 900 ppm konsantrasyonlarda tek
basina Demite® ve Demite® diatomit toprag: ile
kokusuz sarimsak karigimlarindan (E5 ve E6) elde
edilen 7' confusum 61im oranlari arasinda istatistiksel
acidan fark bulunmazken 1500 ppm konsantrasyonda
diatomit uygulamalar1 arasinda istatiksel olarak
onemli fark oldugu bulunmustur (Cizelge 3). E6 kodlu
diatomit topragi karigimindan elde edilen 7. confusum
6lim oraninin, tek bagina Demite® uygulamasindan
elde edilen 7. confusum 6lim oranindan istatistiksel
olarak onemli seviyede daha yliksek oldugu
saptanmigtir. Ayni konsantrasyonda E5 kodlu
diatomit topragi karisimi ve tek basina Demite®
uygulamalarindan elde edilen 7. confusum O6lim
oranlari istatistiksel olarak benzer bulunmustur. Tek
basina Demite® uygulamasinin 900 ve 1500 ppm
konsantrasyonlarindan elde edilen 7. confusum 6lim
oranlar1 arasinda istatistiksel agidan o6nemli fark
bulunmazken 1500 ppm konsantrasyonda elde edilen
T. confusum 6lim orani hem 600 ppm hem de 900 ppm
konsantrasyonlardan elde edilen 6liim oranlarindan
istatistiksel ag¢idan o6nemli seviyede daha ylksek
oldugu saptanmistir (Cizelge 3). E5 ve E6 diatomit
topragi karigsimlarinin 1500 ppm konsantrasyonda
elde edilen 7. confusum 6lim oraninin hem 600 ppm
hem de 900 ppm konsantrasyonlardan elde edilen
6lim oranlarindan istatistiksel agidan 6nemli seviyede
daha yiiksek oldugu tespit edilmistir. Benzer olarak
900 ppm konsantrasyonda elde edilen 7. confusum
6lim oraninin 600 ppm konsantrasyondan elde edilen
6lim oranindan istatistiksel acidan 6nemli seviyede
daha yiiksek oldugu tespit edilmigtir.

Cizelge 3. Bugday tlzerinde tek bagina Demite® diatomit topragin ve Demite® diatomit topragi ile kokusuz
sarimsak karigimlarin (E5 ve E6) farkli konsantrasyonlarina 7 giin siireyle maruz birakilan 7ribolium
confusum erginlerin diizeltilmig 6lim oranlar

Table 3. Corrected mortality rates of Tribolium confusum adults exposed for 7 days to different concentrations of

Demite® local diatomaceous earth alone and the mixtures of Demite® and odorless garlic (E5 and E6) on

wheat
Diizeltilmis 6liim oram (Corrected mortality rate) (%) + N
Uygulamalar (7Treatments) S. hata F ve P degeri
yguwlamala (F and P value)
600 ppm 900 ppm 1500 ppm
E5 (%99 Demite® +%1 KS) 2.5+ 1.6 Ca 48.3+ 5.0 Ba 81.5+ 2.2 Aba | Fa9=103.84, P<0.001
E6 (%90 Demite®+%10 KS) 6.6+1.4Ca 40+ 4.9 Ba 82.4+ 5.9 Aa F2,9= 33.86, P<0.001
Demite® 1.6+0.9 Ba 46.6 + 3.6 Aa 56.1 + 3.0 Ab F2,9= 99.75, P<0.001
Kontrol (Control) 0£0 0+0 5+0.9
F ve P degeri* F2,9=3.06 F2,9=0.95 F2,0=5.70
(F and P value) P=0.097 P=0.422 P=0.025

*Verilere tek yonlii varyans analizi (ANOVA) uygulanmis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde Tukey testine gore
ortaya konmustur. Ayni siitundaki farkh ktigik harfler ve ayni satirdaki farkli biiytk harfler istatistiki olarak birbirinden farklidir.
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Yapilan c¢ift yonli varyans analizleri sonucunda tek
basina Demite® ve Demite® diatomit topragi ile
kokusuz sarimsak karigimlarina ait 14 giin siireyle
diatomit uygulamalarin 7. cofusum &6lim oranlar
uzerinde istatistiksel agidan 6nemli derecede etkiye
sahip oldugu gérillirken (F22:=116.24, P<0.0001)
uygulama konsantrasyonlarin 7. cofusum 6lim
oranlar1 lizerinde istatistiksel agidan 6nemli etkiye
sahip olmadig1 bulunmustur (Fz,2:=3.29, P=0.0528). Bu
iki faktor arasindaki interaksiyonun istatistiksel
olarak  farkli oldugu saptanmistir (diatomit
uygulamasi x uygulama konsantrasyonu igin
F427=3.46, P=0.0209). On dért giin maruz kalma siiresi
sonucunda tek bagina Demite® diatomit topraginin ve
Demite® diatomit topragi ile kokusuz sarimsak
karisimlarimin 7% confusum 6lim oranlar1 uzerine
etkisi incelendiginde 600 ppm konsantrasyonda, E5
diatomit toprag: karisimindan elde edilen 7’ confusum
6lim oranlar1 tek basina Demite® uygulamasindan

elde edilen 7. confusum 6lim oranindan istatistiki
olarak o6nemli seviyede daha yuksek oldugu
gorilmistir (Cizelge 4). E6 diatomit toprag:
karisimindan elde edilen 7. confusum 6lim orani ile
E5 diatomit toprag karigimindan ve tek basina
Demite® uygulamasindan elde edilen 7. confusum
6lim oranlar1 arasinda istatistiksel olarak 6nemli bir
fark  bulunmamistir. 900 ve 1500 ppm
konsantrasyonlarda tiim diatomit uygulamalarindan
elde edilen 7. confusum 6lim oranlari arasinda
istatistiksel olarak 6nemli bir fark bulunmamigtir. Her
bir uygulama konsantrasyonu ayri ayri
degerlendirildiginde tim diatomit uygulamalarinda
900 ve 1500 ppm konsantrasyonlardan elde edilen 7.
confusum 6lim oranlari, 600 ppm konsantrasyondan
elde edilen 6lim oranindan istatistiki olarak 6nemli
seviyede daha yiiksek olurken (Cizelge 4), 900 ve 1500
ppm konsantrasyonlardan elde edilen 7. confusum
6lim oranlar1 arasindan istatiksel olarak 6nemli bir
fark bulunmamaistar.

Cizelge 4. Bugday tizerinde Demite® diatomit topraginin ve Demite® diatomit topragi ile kokusuz sarimsak
karisimlarinin (E5 ve E6) farkli konsantrasyonlarina 14 giin siireyle maruz birakilan 7ribolium
confusum erginlerinin diizeltilmig 6lim oranlari

Table 4. Corrected mortality rates of Tribolium confusum adults exposed for 14 days to different concentrations of

Demite® local diatomaceous earth alone and the mixtures of Demite® and odorless garlic (E5 and E6) on

wheat
Diizeltilmig 6liim oram (Corrected mortality rate) (%) . .
F ve P degeri*
Uygulamalar (7Treatments) | +S. hata (F and P value)
600 ppm 900 ppm 1500 ppm
E5 (%99 Demite® +%1 KS) 63.6 + 9.6 Ba 99.1+ 0.8 Aa 100 £ 0 Aa | Fo,0= 26.67, P=0.0002
E6 (%90 Demite® +%10 KS) 49.1 + 7.4 Bba 97.5+ 1.5 Aa 100+ 0 Aa | Fe0=54.51, P<0.0001
Demite® 29.1+ 6.7 Bb 99.1+ 0.8 Aa 100 + 0 Aa | Fao= 110.68, P<0.0001
Kontrol (Control) 8.3+ 1.6 0+0 5+0.9
F ve P degeri* F29=4.42 F2,9=0.50 F=-
(F and P value) P=0.0459 P=0.6244 P=-

*Verilere tek yonlii varyans analizi (ANOVA) uygulanmis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde Tukey testine gore

ortaya konmustur. Ayni siitundaki farkh kiigiik harfler ve aym satirdaki farkh biiylik harfler istatistiki olarak birbirinden farkhdir.

Yapilan ¢ift yonli varyans analizine gore 7 giin stireyle
diatomit uygulamasinin ve uygulama
konsantrasyonun 7. confusum’un 6lim oranlari
uzerine istatistiki olarak 6nemli etkiye sahip oldugu
goriilmiistiir (diatomit uygulamasi icin Fs27=5.08,
P=0.0134; uygulama konsantrasyonu i¢in F227=263.36,
P<0.0001). Diatomit uygulamasi x konsantrasyon
interaksiyonunu arasinda istatistiksel olarak onemli
fark olmadig1 gériilmiistiir (diatomit uygulamas1 x
uygulama konsantrasyonu icin Fi27=2.50, P=0.0662).
Yedi giin maruz kalma sliresi sonucunda 600 ppm
konsantrasyonda E3 diatomit topragi karisimindan
elde edilen 7. confusum 6lim oranlari, tek bagina
Detech® ve E4 diatomit toprag karisimindan elde
edilen 6lim oranlarindan istatistiki olarak 6nemli
seviyede daha yiiksek olurken, tek bagina Detech®
uygulmasindan elde edilen 6liim orani ile E4 diatomit
toprag1r karisimlarindan elde edilen 6lim oranlar:

arasindan istatistiksel olarak énemli farkli olmadigi
bulunmustur (Cizelge 5). 900 ppm kosantrasyonda E3
diatomit topragi karisimindan elde edilen 7. confusum
6lim orani, E4 diatomit toprag: karisimi ve tek bagina
Detech® uygulamasindan elde edilen 6lim
oranlarindan istatistiki olarak 6nemli seviyede daha
yiksek olurken, E4 diatomit toprag: karisimi ve tek
bagsina Detech® uygulamasindan elde edilen 6lim
oranlar1 arasinda istatistiksel olarak 6nemli bir fark
bulunmamistir (Cizelge 5). 1500 ppm
konsantrasyonda ise diatomit uygulamalarindan elde
edilen 7. confusum 6lim oranlar1 arasinda istatistiksel
olarak 6nemli fark bulunmamigtir. Her bir diatomit
uygulamasi ayri ayr1 incelendiginde E3 diatomit
topragi karigimin 600 ppm konsantrasyonundan elde
edilen 7. confusum 6lum orami 900 ve 1500 ppm
konsantrasyonlardan elde edilen 6liim oranlarindan
istatistiki olarak 6nemli seviyede daha diislik oldugu
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gorilurken, 900 ve 1500 ppm konsantrasyonlarda elde
edilen 6lum oranlar1 arasinda istatistiksel acidan
onemli fark bulunmamistir (Cizelge 5). E4 diatomit
topragi karigimi ve tek bagina Detech® uygulamalari
icin 1500 ppm konsantrasyondan elde edilen 7.
confusum O6lim oranlar1 600 ve 900 ppm
konsantrasyonlardan elde edilen 6lim oranlarindan

istatistiksel ag¢idan o6nemli seviyede daha yuksek
olurken 900 ppm konsantrasyondan elde edilen 7.
confusum 6lim oranlari 600 ppm
konsantrasyonlardan elde edilen 6lim oranlarindan
istatistiksel acidan ©Onemli seviyede daha yiiksek
oldugu bulunmustur.

Cizelge 5. Bugday tizerinde tek bagina Detech® diatomit topragin ve Detech® diatomit toprag: ile kokusuz
sarimsak karigimlarin (E3 ve E4) farkli konsantrasyonlarina 7 giin siireyle maruz birakilan 7ribolium

confusum erginlerin diizeltilmig 6lim oranlari

Table 5. Corrected mortality rates of Tribolium confusum adults exposed for 7 days to different concentrations of
Detech® local diatomaceous earth alone and the mixtures of Detech® and odorless garlic (E3 and E4) on

wheat
Diizeltilmig 6liim oram (Corrected mortality rate) (%) o .
F ve P degeri*

Uygulamalar (7Treatments) | +S. hata (Fand P value)

600 ppm 900 ppm 1500 ppm
E3 (%99 Detech® +%1 KS) | 32.5+ 2.5 Ba 92.5+25Aa | 97.4+1.7Aa | Fz9=80.70 P<0.0001
E4 (%90 Detech® +%10KS) | 11.6 + 3.5 Cb 80.8+2.8Bb | 99.1+0.9Aa | Foo=157.88 P<0.0001
Detech® 17.5+6.7Cb 80.8 + 3.4 Bb 97.4+1.7Aa | Fe9=60.65 P<0.0001
Kontrol (Control) 0+0 0+0 5+ 0.96
F ve P degeri* Fa9=5.08 Fa0=5.84 F2,9=0.39
(F and P value) P=0.0334 P=0.0237 P=0.6831

*Verilere tek yénlii varyans analizi (ANOVA) uygulanmis olup, ortalamalar arasindaki farkhiliklar %5 énem seviyesinde Tukey testine gore
ortaya konmustur. Aym stitundaki farkl kiigiik harfler ve aym satirdaki farkh biiyiik harfler istatistiki olarak birbirinden farklidir.

Yapilan ¢ift yonli varyans analizine goére 14 gln
sireyle diatomit uygulamasinmin ve wuygulama
konsantrasyonun 7. confusun?’ un O6lim oranlar:
uzerine istatistiki olarak 6nemli etkiye sahip oldugu
goriilmiistiir (diatomit uygulamasi i¢in F22:=99.10,
P<0.0001; uygulama konsantrasyonu i¢in F227=4.98,
P=0.0144). Diatomit uygulamasi x konsantrasyon
interaksiyonunu arasinda da istatistiksel olarak
onemli fark oldugu goriilmiistiir (diatomit uygulamasi
x uygulama konsantrasyonu icin  F427=5.06,
P=0.0036). On dért giin maruz kalma siiresi
sonucunda 600 ppm konsantrasyonda E3 diatomit
toprag1 uygulamasindan elde edilen 6lum orani tek
basina Detech® ve E4 diatomit toprag: ile kokusuz
sarimsak karigsimi uygulamasindan elde edilen 6lim
oranlarindan istatistiki olarak énemli seviyede daha
yiiksek oldugu goriiliirken (Cizelge 6), tek basina

Detech® uygulamasindan elde edilen 7. confusum
6lim orani ile E4 diatomit topragi uygulamalarindan
elde edilen 6lim oranlar: arasinda istatistiksel olarak
onemli fark bulunmamistir (Cizelge 6). 900 ve 1500
ppm uygulama konsantrasyonlarinda diatomit
uygulamalarindan elde edilen 7. confusum 6lim
oranlar1 arasinda istatistiksel olarak ©6nemli fark
bulunmamistir (Cizelge 6). Her bir diatomit toprag:
uygulamasi ayri1 ayri incelendiginde tium diatomit
uygulamalarinda 900 ve 1500 ppm
konsantrasyonlardan elde edilen 7. confusum 6lim
oranlar: 600 ppm konsantrasyondan elde edilen 6lim
oranindan istatistiki olarak oOnemli seviyede daha
yiksek oldugu goruluirken 900 ve 1500 ppm
konsantrasyonlarda elde edilen 7. confusum 6lim
oranlar1 arasinda istatistiki olarak o6nemli fark
bulunmamistir (Cizelge 6).

Cizelge 6. Bugday tlizerinde tek basina Detech® diatomit topragin ve Detech® diatomit toprag: ile kokusuz
sarimsak karisimlarin (E3 ve E4) farkli konsantrasyonlarina 14 giin siireyle maruz birakilan

Tribolium confusum erginlerin diizeltilmig 6lim oranlari
Table 6. Corrected mortality rates of Tribolium confusum adults exposed for 14 days to different concentrations of
Detech® local diatomaceous earth alone and the mixtures of Detech® and odorless garlic (E3 and E4) on

wheat
Diizeltilmis 6liim oram (Corrected mortality rate) (%) —_
F ve P degeri

Uygulamalar (7reatments) + S. hata (F and P value)

600 ppm 900 ppm 1500 ppm
E3 (%99 Detech® +%1 KS) 90.0 £ 2.7 Ba 99.2+ 0.8 Aa 100 + 0 Aa F29o=18.97 P=0.001
E4 (%90 Detech® +%10 KS) | 58.4+ 8.5 Bb 99.2+ 0.8 Aa 100+ 0 Aa F2,9= 45.36 P<0.0001
Detech® 74.5 + 6.8 Bb 99.1 £+ 0.8 Aa 100+ 0 Aa F2,0= 35.04 P<0.0001
Kontrol (Control) 8.3+ 1.6 0+0 5+0.9

1243




KSU Tarim ve Doga Derg 24 (6): 1237-1246, 2021

Arastirma Makalesi

KSU J. Agric Nat 24 (6): 1237-1246, 2021 Research Article
F ve P degeri* Fo0=6.11 F2,0=0.50 Foo=-
(F and P value) P=0.021 P=0.6224 = -

*Verilere tek yonlii varyans analizi (ANOVA) uygulanmis olup, ortalamalar arasindaki farklihklar %5 énem seviyesinde Tukey testine gére
ortaya konmustur. Ayni stitundaki farkh kiigiik harfler ve aym satirdaki farkl biiytik harfler istatistiki olarak birbirinden farkhdir.

SONUC ve ONERILER

Tek basina Demite® diatomit topragina ve Demite®
diatomit toprag: kokusuz sarimsak karigimlarina (E5
ve E6) ait 6liim oranlari incelendiginde genel olarak
yiiksek konsantrasyonda (1500 ppm) tek basina
Demite® diatomit topragin ve Demite® diatomit
toprag1 kokusuz sarimsak karisgimlarin 7" confusum
erginlerine  karst etkinliklerinde 6nemli fark
bulunmazken diger iki konsantrasyonda (600 ve 900
ppm) tek bagina Demite® diatomit topragin ve

Demite® diatomit topragr kokusuz sarimsak
karisgimlarin = 7. confusum  erginlerine  karsi
etkinliklerinde istatistiki olarak 6nemli fark

goriilmiistiir. Diisiik konsantrasyonda (600 ppm) genel
olarak Demite® diatomit topragi ile kokusuz sarimsak
karisimlarin (E5 ve E6) 7. confusum erginlerine kars:
etkinliklerin tek basina Demite® uygulamasina gore
daha yuksek oldugu bulunmustur. Bu sonuclar, diisik
konsantrasyonda Demite® uygulamasina kokusuz
sarimsak eklemesinin 7. confusum erginlerine karsi
etkinligin artmasina neden oldugunu gostermektedir.
Ancak 900 ppm kosantrasyondan benzer sonuclarin
elde edilmedigi gorulmektedir. 900 ppm
konsantrasyonda tek basina Demite® uygulamas: ile
Demite® diatomit topragi ile kokusuz sarimsak
karisimlarin (E5 ve E6) 7. confusum erginlerine kars:
etkinliklerin benzer oldugu gorilmustir. Detech®
diatomit  topragi i¢cin elde edilen sonucglar
incelendiginde 1500 ppm konsantrasyonda Detech®
diatomit topragi uygulamasina kokusuz sarimsak
eklenmesinin 7 confusum erginlerin 6lim oranlarinda
onemli artigsa neden olmadig1 goriiliirken 600 ve 900
ppm konsantrasyonlarda Detech® diatomit topragi
uygulamasina kokusuz sarimsak eklenmesinin 7.
confusum erginlerin 6lim oranlarinda 6nemli artiga
neden oldugu bulunmustur.

Yapilan calismalarda bircok ticari diatomit topragi
preparatinda depolanmigs tahil zararlilarina kars:
onerilen konsantrasyonun genellikle 1000 ppm oldugu
vurgulanmaktadir (Korunic, 1998; Subramanyam ve
ark., 1994; Athanassiou ve ark., 2007; Kostyukovsky
ve ark., 2010; Wakil ve ark., 2006). Bu calismada
diisiik konsantrasyonda (600 ppm) Demite® ve
Detech® diatomit topragr uygulamalarina kokusuz
sarimsak eklemesinin 7. confusum’a kars1 etkinligin
artmasina neden olurken yiiksek konsantrasyonlarda
(900 ve 1500 ppm) 7. confusum’a karsi etkinligin
artmasina neden olmamasi c¢alismada test edilen
yiksek konsantrasyonlar bir¢cok ticari diatom
topraginin onerilen konsantrasyonuna yakin veya
yiksek olmasinda kaynaklanabilecegi
distiniilmektedir. Diisiik konsantrasyonda Demite®
ve Detech® diatomit toprag uygulamasina kokusuz
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sarimsak eklenmesinin test edilen bdceklere karsi
etkinligin artmasina neden olmasinin muhtemel
nedeni kokusuz sarimsak tozu ile temas eden bocekler
rahatsiz olmasi ve dolaysiyla trin igerisinde daha
fazla hareket ederek diatom topragi partikiillerine
daha fazla maruz kalmasiyla aciklanabilir.

Sarimsak ekstraktlarin depolanmig tahil zararhlarina
kargt etkinliklerine yonelik bazi1 arastirmalar
yapilmistir (Ho ve ark., 1995; Ho ve ark., 1996; Huang
ve ark., 2000). Ancak sarimsak ekstraktlarin diatomit
topragr ile kombinasyonun depolanmis tahil
zararhilarin etkinligine yonelik literatiirde kisith
sayida calisma bulunmaktadir (Yang ve ark., 2010.
Yang ve ark. (2010) laboratuvar kosullarinda tek
basina sarimsak ucucu yag ve diatomit topragi ile
sarimsak ucgucu yagi kombinasyonun S. oryzae ve T.
castaneum erginlerine karg: etkinligini belirlemek i¢in
biyolojik etkinlik testleri yuritmiglerdir. Calismanin
sonucunda sarimsak ucgucu yag ile diatomit topragin
kombinasyonun test edilen boéceklere kargi etkinligi
tek basina sarimsak ugucu yag uygulamasindan
onemli 6l¢ide daha yuksek oldugu gorilmustiur. Ayni
calismada sarimsak ucucu yag ile diatomit topragin
ayn1 anda uygulanmasi, etkili sarimsak ugucu yag i¢in
gereken ucucu yag konsantrasyonunu onemli 6l¢lide
azaltmis oldugu bildirilmigtir. Aymi ¢alismada ayrica
diatomit topraginin sarimsak ugucu yag: ile kombine
edildiginde etkili olan ticari diatomit preparatinin
tavsiye  edilen uygulama  konsantrasyonunun
(Athanassiou ve ak., 2003; Arnaud ve ark., 2005;
Chanbang ve ark., 2007) azaltabilecegi de
bildirilmigtir. Elde edilen bu sonuc¢lar mevcut
calismada diisiikk konsantrasyonda (600 ppm) elde
edilen sonuglarla paralellik géstermektedir.

Bunun diginda degisik diatomit toprag: preparatlarin
farkl bitki ekstraktlarinin veya bitki ugucu yaglarla
kombinasyonun depolanmig tahil zararlilarina kars:
etkinliklerine yonelik ¢alismalarin literatiirde mevcut
oldugu gorilmektedir. Khorrami ve Soleymanzade
(2016) laboratuvar kosullarinda Satureja hortensis L.,
Trachyspermum ammi 1. Sprague, Ziziphora tenuior
L., Cuminum cyminum L. ve Foeniculum vulgare Mill.
ucucu yaglari, etanolik ekstraktlarin ve tozlarin tek
bagsina ve diatomit topragi ile kombinasyonun
Callosobruchus maculatus (F.) erginlerine kars
sinerjik etkilesimlerini incelemiglerdir. Bu ¢calismada
test edilen bitkilerin ugucu yaglarin, etanolik
ekstraktlarin ve tozlarin diatomit toprag ile
kombinasyonun bu bitkilerin ugucu yaglarin, etanolik
ekstraktlarin ve tozlarin tek bagina uygulanmasina
gore C. maculatus erginlerine karsi daha yuksek
etkinlik gosterdigi ve dolaysiyla bitki ekstraktlarin
diatomit toprag ile birlikte sinergistik etkiye neden
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oldugu bildirilmigtir. Bu sonuglar, bazi ugucu yagin ve
bitki ekstraktlarinin daitomit topraginin etkinligini
artirabilecegi  hipotezini  desteklerken  mevcut
calismamda disiik diatomit konsantrasyonunda elde
edilen sonuglarla paralellik géstermektedir. Ziaee ve
ark. (2014) Carum copticum (L.) tozu ve ucucu yagin
diatomit toprag: ile kombinasyonun 7. confusum ve S.
granarius erginlere karg1 sinerjik/antagonistik
etkilesiminin  belirlenmesine yonelik  calisma
yuriutmusglerdir. Calisma sonucunda test edilen ugucu
yagi ile diatomit topragi ile kombinasyonu 7. confusum
ve S. granarius erginlerine karsi sinergistik etki
gosterirken test edilen bitkinin toz ekstrakti ile
diatomit topraginin kombinasyonu 7. confusum ve S.
granarius erginlere kars1 antogonistik etki gosterdigi
gérilmustir.

Sonug¢ olarak, bu calismada Demite® ve Detech®
diatomit topragina kokusuz sarimsak eklenmesinin bu
iki ticari yerel diatomit topragi preparatlarin disiik
konsantrasyonlarda (<900 ppm) depolanmis tahil
zararhsi, T confusunr’un miicadelesinde
kullanilabilecegi sonucuna varilmigtir. Ancak, bundan
sonraki caligmalarda bu yerel diatomit topraginin
kokusuz sarimsak karisimina ait toz preparatlarin
laboratuvar disinda gercek depo kosullarinda farkl
depolanmig tahil zararhlarina karsi ticari olarak
uygulanabilirliklerinin arastirilmasi gerekmektedir.
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OZET Aragtirma Makalesi
Giilnar (Mersin)’da elma agaclarinda bulunan zararli ve yararh

Arthropoda tiirlerini saptamaya yonelik olarak yapilan bu ¢alisma Makale Tarihgesi
2014-2015 yillarinda ilkbahar, yaz ve sonbahar aylarinda Gelig Tarihi  :16.02.2021
surdurulmustir. Calisma sonucunda, 26 zararhh ve 13 yararli tir Kabul Tarihi :01.04.2021

tespit edilmistir. En énemli zararl tiirlerin; Panonychus ulmi (Koch,

1836), Aphis pomi DeGeer, 1773, Eriosoma lanigerum (Hausmann, Anahtar Kelimeler

1802), Tropinota hirta (Poda, 1761) ve Cydia pomonella (Linnaeus, Elma

1758) oldugu belirlenmistir. Bélgede elma agaclarinda ekonomik Zararl1 ve Yararli Arthropoda
acidan 6nemli ve ana zararh tiirtin, Cydia pomonella (Linnaeus, 1758) Turleri

oldugu ve eseysel ¢ekici feromon tuzaklar: kullanilarak bu turtn ilk Biyoekoloji

ergin ¢ikis zamani, populasyon degisimleri ve dogada aktif olarak Gilnar

bulundugu dénemler saptanmigtir. Ayrica, bu ¢alismada incelenen Mersin

zararh tirlerin biyoekolojileri ile ilgili bazi bilgiler elde edilmistir.

ABSTRACT
The aim of this study was to determine the apple trees pests and
beneficial Arthropoda species on the apple trees in Giilnar (Mersin)

Determination of Pests and Beneficial Arthropoda Species Associated with Apple Trees in Giilnar
(Mersin) and Some Bioecological Observations
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and Cydia pomonella (Linnaeus, 1758) were determined as the most
important harmful species. The first adult emergence time, population
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GIRIS

Ihman iklim meyvesi olan elma (Malus domestica
Borkh.), giilgiller (Rosaceae) familyasinin Pomoideae
altfamilyasi igerisinde yer alir. Elma, dinyada ve
Tiurkiye’de ekonomik degeri en yiksek meyve
turlerinden birisidir. Sibirya ve Cin’in kuzeyi gibi ¢ok
soguk iklim bélgelerinin yaninda, Kolombiya ve
Endonezya gibi sicak boélgelere de adapte olmus bir
meyve tiridiir (Hampson ve ark., 2000). Tiirkiye,
diinya tizerinde bulundugu cografi konumu nedeniyle
tropik bahge bitkileri disinda tim meyve tiirleri i¢in

olduke¢a elverigli bir iklime sahiptir. Bu bakimdan
Tirkiye, bahge bitkileri kiltiiriniin dogus yeri,
diinyada yetisen birgok meyve tiiriiniin anavatam
konumundadir (Agaoglu ve ark., 1997). Diinya
uzerinde ¢ok genis alanlara yayilmis olan elma, pek
¢ok bolgeye kolay adapte olabilen bir meyve tiurudiir.
Dinya tizerinde 6.000 ¢esidi bulunan elmanin
Turkiye’de ise 450-500 ¢esidinin oldugu bilinmektedir.
Elma bulundugu ortama kolay adapte olma &zelligine
sahip olmasi ve tiiketicilerin tercih etmelerinden
dolay1 tilkemizde yetistiriciligi genig alanlarda
yapilmakta ve tretimi hizla artmaktadir (Ozbek,
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1978).

Turkiye'nin hemen hemen her bolgesinde yetisen
elma, Gulnar ilgesinde de ureticilerin en 6nemli gelir
kaynaklarinin baginda  gelmektedir. Tirkiye'de
2.480.444 ton elma tretilmekte bunun ise 4.293
(%0.17) tonu Giilnarda iretilmektedir (Anonim,
2014). Elma yetistiriciliginde iiretimi siirlayan ve
kaliteyi distiren bircok hastallk ve zararh
bulunmaktadir. Tirkiye'de ve gerekse uluslararasi
alanda elma zararhlari ve dogal diismanlar: ile ilgili
baz1 c¢alisgmalarin yapildigi dikkati c¢ekmektedir.
Bunlardan bazilari ise sunlardir; Elma ickurdu, Cydia
pomonella (Linnaeus, 1758) yumusak cekirdekli
meyvelerde o©nemli zararlara neden olmaktadir
(Chapman, 1973; Erden, 1988; Barnes, 1991). Croft
(1982), Elma ickurdunun (C. pomonella) biitiin
diinyada elmanin en 6nemli zararlis1 oldugunu, yilda
iki veya daha fazla nesil verdigini, miicadele
yapilmayan bahc¢elerde meyve kurtlanma oranlarinin
%259n tzerine ulagabildigini bildirmektedir. Pedigo
(1996), C. pomonellanin Japonya ve Bat1 Avustralya
hari¢ diinyanin biitiin ilkelerinde bulundugunu ve
elmanin en 6nemli zararlhsi olmakla beraber, ceviz,
armut ve ayvada da zararlh oldugunu, yilda 1-3 nesil
verdigini, zarar oraninin %20-95 arasinda degistigini
belirtmektedir. Turkiye'de yapilan calismalarda ise
Ozpmar ve ark., (2009), Canakkale ilinde Elma
ickurdunun yayilis alani ve popilasyon gelisimi
uzerinde yaptiklar: calismada, ilk ergin ¢ikiginin nisan
ayinda gercgeklestigini bildirmiglerdir. Marmara ve
Trakya Bolgesi'nde yapilan bir calismada, Panonychus
ulmi Istanbul, Kocaeli, Sakarya ve Bursa’da tespit
edilmig ve konukgularinin ise yumusak cekirdekli
(elma, armut, ahlat, ayva ve musmula) ve sert
cekirdekli meyveler (kiraz ve visne) ile mahlep ve
findik oldugu belirlenmistir (Goksu ve Atak, 1969).
Amasya yoresinde elma bahgelerinde zararli akar
turleri arasinda Bryobia rubrioculus, Tetranychus
urticae, 1. viennensis, Panonychus ulmi, Aculus
schlechtendali, Calepitrimerus baileyi, Tarsonemus
carli, Cenopalpus pucher gibi fitofag tiirlerin yaninda,
Amblyseius agrestis, Fuseius finlandicus,
Kampimodromus aberrans, Phytoseius finitimus,
Typhlodromus pyri ve Tydeus -californicus gibi
predator tiirler de saptanmistir (Incekulak ve Ecevit,
2002). Bulut ve Kilincer (1989) Ankara’da Elma
igkurdunun yumurta parazitoitleri olan
Trichogramma embryophagum (Hartig 1838) ve T.
kilinceri Kostadinov'nin dogal etkinlikleri tiizerine
yaptiklar: calismada her iki parazitoit tiiriin yaygin ve
etkin oldugunu saptamislardir. Ciftci ve ark., (1995),
C. pomonellZnin Antalya’min Korkuteli ve Elmal
ilgelerinde yilda iki nesil verdigini bildirmiglerdir.
Karaca ve ark. (2010), Isparta elma bahcelerinde 2001~
2004 wyillar1 arasinda yaptiklar1 bir c¢alismada, 4
takima ait 19 zararli tir tespit etmisler ve
Tetranychus urticae (Koch, 1836), Panonychus ulmi
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(Koch, 1836) ve C. pomonellanin ise en yaygin zararh
turler oldugunu belirlemiglerdir. Mamay ve Yanik
(2013), C. pomonellimin  Sanlurfa’da  elma
bahgelerinde ilk ergin ugusunun nisan sonunda
bagladigini ve uguslarin eylill sonuna kadar yaklagik
bes ay aktif olarak siirdigiinii belirtmiglerdir. Ayrica
zararlinin ergin popilasyonunun olusturdugu tepe
noktalar1 dikkate alindiginda ¢ nesil verdigini
bildirmislerdir. Altay ve ark. (1972), Marmara Bolgesi
meyve bahgelerinde ekonomik olarak zarara sebep
olan Coccidae familyas: turlerinden Sphaerolecanium
prunastri  (Boyer de  Fonscolombe, 1834),
Parthenolecanium corni (Bouché, 1844) ve Ceroplastes
sinensis Del Guercio, 1900'in bulundugunu ve bu
turlerin avcilarinmin Chilocorus bipustulatus, Adalia
bipuctata oldugunu kaydetmiglerdir. Diizgiines ve
Toros (1978), Ankara ili ve cevresinde yaptiklar: bir
calismada, elma agaglarinda bulunan yaprakbiti
turlerinden Aphis pomi De Geer, 1773, Dysaphis
plantaginea (Passerini, 1860) ve Dysaphis devecta
(Walker, 1849)nin en yaygin tiirler oldugunu, nadir
olarak da Aphis craccivora Koch, 1854'nin
goriildiigiinii belirtmislerdir. Erden (1979), Adana,
Mersin, Kahramanmaras ve Antalya illeri elma
bahg¢elerinde yapilan bir calismada dokuz takima ait
35 familyaya baghh 40 tur tespit etmigstir. Yigit ve
Uygun (1982), Adana, Mersin ve Kahramanmaras
illerindeki elma bahgelerinde 1978-1979 yillarinda
yaptiklar: bir calismada, alt1 takima ait 42 familyaya
baglh 132 fitofag tiir, yedi takima ait 21 familyaya bagh
67 entomofag tir olmak tizere toplam 199 tur
kaydetmiglerdir. Erden (1988), Agr, Erzincan,
Erzurum, Gumughane, Kars, Sivas ve Tunceli
illerindeki yumusak c¢ekirdekli meyvelerde ylrittigi
¢alismalarda C. pomonella larvalarinin elma
agaclarindaki zarar oranimin %58,48 oldugunu ve
zararlinin boélgede iki nesil verdigini tespit etmigtir.
Kiroglu ve ark. (1992), Karadeniz Bélgesindeki elma
bahgelerinde entegre miucadele imkanlarim
arastirmiglar ve 6nemli zararhlardan biri olan A.
pomrnin devamli elma agaclar: tizerinde yasadigini ve
yaz aylarinda daha c¢ok sturginlerde beslendigini
belirlemiglerdir. Toros ve ark. (1996), Van ilinde
Aphidoidea ustfamilyasina bagli 40 yaprakbiti tiira
saptamiglardir. Bu tirlerden A. pomi, H. pruni, M.
cerasi, Chaitophorus Ileucomelas Koch 1854 ve
Brachycaudus cardui (Linnaeus, 1758) (Hemiptera:
Aphididae)’nin bolgede en yaygin tiirler oldugunu
kaydetmislerdir. Coskun (1999), Igdir ovasindaki
yumusak ve tag ¢ekirdekli meyve agaclarinda bulunan
Coccidae ve Diaspididae familyalarina ait tirleri
belirlemek amaciyla yaptigi calisma sonucunda,
Coccidae familyasindan S. prunastri ve Diaspididae
familyasindan Diaspidiotus perniciosus, Lepidosaphes
ulmi (Linnaeus, 1758) ve Diaspidiotus prunorum
(Laing, 1931) olmak {izere toplam dort tiir tespit etmis,
bunlardan D. perniciosus ve L. ulminin ekonomik
zarar esigini astigim belirlemistir. Kasap (2003),
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Amphitetranychus viennensisin beg farkli elma
cesidinde 25°C ve 65+10 orantili nemde, 16:8
1isiklanma  periyodunda  gelisme durumu ve
donemlerini bildirmistir. A. wviennensisin Golden
Delicious ¢esidi tizerinde diger elma ¢esitlerinden daha
iyi geligim gosterdigini, gelisme sliresinin 10,7 giin ve
yumurta birakma oraninin 5,2 yum/disi/gin oldugunu
kaydetmistir. Narmanlioglu (2013), Yukar:1 Coruh
Vadisi'nde yetistirilen meyve turlerinden elma, armut,
ayva, erik, seftali, kayisi, kiraz, visne ve ceviz
agaclarinda  yuriuttigi  ¢alismalar  sonucunda
Aphididae familyasindan 15 yaprakbiti tiirini tespit
etmigtir.

Gilnar ilgesinde elmada bulunan zararli ve faydal
tirler tlizerinde daha once kapsamli bir g¢alisma
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yapilmamigstir. Bu ¢alismanin amaci, Gilnar ilgesinde
elma agaclarinda ekonomik kayiplara sebep olan
zararl turlerin ve dogal dismanlarinin tespiti ve
zararh tirlerin biyoekolojileri ile ilgili bazi bilgiler elde
edilerek zararlilara karsi yurutilecek olan entegre

miicadele calismalarinda s6z konusu verilerin
kullanilmasini saglamaktir.

MATERYAL ve METOT

Aragtirma Bolgesi

Aragtirmanin  materyalini, Mersin 1ili  Gllnar

ilcesindeki elma bahgelerinden toplanan zararli ve
dogal diisman turlerine ait 6rnekler olusturmustur

(Sekil 1).
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Sekil 1. Arazi ¢caligmalarinin yurutildigi alanlarin Tirkiye’deki konumu.
Figurel. Location of the areas where the execution of fieldwork in Turkey.

Materyalin Toplanmasi

Aragtirma alaninda zararh ve faydali turleri tespit
etmek amaciyla 2014-2015 yillarinda ve Mart-Ekim
aylar1 arasinda belirlenen bahgelere her hafta diizenli
olarak gidilerek materyal toplanmig ve gé6zlemler
yapilmigtir. Calismalar elmanin farklh fenolojik

tirleri tespit etmek

gorilebilen
amaciyla ¢iceklenme baglangicindan meyve hasadina
kadar, haftada en az bir gin, kis mevsiminde ise

donemlerinde

mevsim  boyunca 1ki kez araziye c¢ikilarak
stirdirilmistir. Calismanin sérvey plani, bélgenin
ulagim durumu, cografik o6zellikleri ve Uretim
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kapasitesi g6z 6nline alinarak yapilmgtir.

Elma bahgelerindeki zararli ve yararli tiirlerin
belirlenmesi amaciyla, her 6rnekleme bahgesindeki
agaclarin oOncelikle kok bogazi, gévde, dal, sirgin,
yaprak, ¢icek ve meyveleri gézle incelenerek 6rnekler
alinmigtir. Bu amagcla, bolgede elma yetistiriciliginin
yogun olarak yapildign mahalleler, Ilce Tarim ve
Orman Miuduarligi ve Ziraat Odas1 verilerinden
yararlanilarak tespit edilmigstir. Tespit edilen
mahallelerde bulunan bahcelerde o6rneklemeler ve
gozlemler yapilmigtir. Sorvey calismalar: ¢igeklenme
ile hasat arasindaki kritik donemlerde daha sik
yapilmigtir. Ayrica 6rneklerin toplandig1 yer bilgileri
ve toplama tarihleri de kaydedilmistir. Orneklemeler
asagida belirtilen metotlara gére yapilmistir.

Dal sayim metodu

Kis1 agacglarin tzerinde gegiren zararh tirleri ve
yogunluklarini  belirlemek i¢gin bu  ydntem
kullanmilmigtir. Dal sayimlari, agaclarin dormant
doénemde oldugu mart ay1 bagsindan sonuna kadar iki
defa yapilmigtir. Bunun i¢in bahgeyi temsil edecek
sekilde bes agacin her birinden 20 cm uzunlukta farkl
yoneylerde bulunan, 1-3 yillik 12 dal parcasi kesilmig
ve bunlar once kese kagidina ve sonra polietilen
torbalara yerlestirilerek laboratuvara getirilmigtir.
Burada dallarin onar adedi tzerindeki zararly
kabuklubit, kosnil, kirmiziériimcek yumurtalar: v.s.
mikroskop altinda sayilmigtir. Ikigser adedi ise
parazitoit gikartma kutularina yerlestirilerek dogal
parazitlenme oran1 saptanmaya ¢aligilmistir.

Gozle kontrol metodu

Bu yontem, bitin vejetasyon slresince, elma
bahgelerinde bulunan zararli ve yararli tirler ile
bunlarin populasyon yogunluklarini saptamak igin
kullanilmigtar.

Gozle inceleme, vejetasyon suresince 1-2 hafta
araliklarla yapilmigtir. Bunun igin, bahgeyi temsil
edecek gekilde on agac¢ secilmis ve bu agaclarin her
birinden onar olmak tlizere toplam 100 adet bitkinin
farkli kisimlari incelenmigtir. Fenolojik doneme baglh
olarak, ciceklenme oncesinde tomurcuk, ciceklenme
doneminde c¢icek, daha sonra yaprak ve meyve
izerinde bulunan, zararli ve yararli bécekler ve
yenikler go6zle veya blyiitecle agaglarin tiizerinde
gozlenmistir. Ornekleme bahgesindeki aga¢ sayisina
bagh olarak her agacin etrafinda dolasarak bitkinin
fenolojik dénemine gore govde, dal, stiirgiin, yaprak ve
meyveleri lizerinde goézle goriillen erginler elle veya
agiz aspiratori ile toplanarak, etiket bilgisiyle birlikte
plastik kapakli kutulara konulmustur. Ergin &éncesi
dénemde olanlar ise ya bulunduklar: bitki orgamyla
birlikte kesilerek veya bir pens yardimiyla alinarak
besinleriyle birlikte agz1 hava almaya elverigli olan
plastik saklama kutularina etiket bilgileriyle birlikte
konulmus ve kiltire alinarak ergin c¢ikiglar
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saglanmigtir.

Zararli ve predator akar tirleri ve yogunluklarimi
belirlemek i¢in, her bahgeden segilen on agacin degisik
yon ve yiiksekliklerinden alinan yaprak érneklerinin
alt ve ust ylizeyleri blyilite¢ ve mikroskop altinda
incelenmistir. Zararhh ve predatoér akar tlrlerine ait
canli dénemlerinin gézlemleri yapilmistir. Yapraklar
ve dallar tizerindeki akarlar fir¢a yardimiyla i¢erisinde
%70’lik alkol bulunan tiplere alinarak tiiplerin agz
kapatilip parafilmle sarilip etiket Dbilgileri de
yazildiktan sonra muhafaza altina alinmgtir.
Yaprakbitleri gibi yumusak viicutlu olan bireyler ise
yumusak uclu bir firga yardimiyla, igerisinde %70’lik
alkol bulunan tiiplere aktarilarak etiket bilgileri de
eklendikten sonra tiliplerin agz1 kapatilmis ve
parafilmle sarilarak muhafaza altina alinmigtir.

Darbe metodu

Bu yontem, agaglarin tizerinde bulunan hareketli veya
hareket kabiliyeti az olan zararli ve yararh tirlerin
yogunluklarini  belirlemek  i¢in  kullanmilmagtir.
Ciceklenme basglangicindan itibaren, haftalik olarak
¢ikilan arazi ¢alismalarinda rastgele secilen agaclar
uzerinde uygulanmigtir. Bu islem sorvey yapilan
bahgelerden tesadiifen secilen on agacin toplam 40
dalina uygulanarak gercgeklestirilmigtir. Agaglarin
dort yoninden ve farkh yuksekliklerinden birer dal
secilerek her dala sopa ile ti¢ kez vurularak dallarin
tizerinde bulunan zararh ve yararh tiirlerin, dallarin
altinda tutulan bir kenar1 50 cm olan kare seklindeki
beyaz kumastan yapilan Japon semsiyesi Uzerine
dismesi saglanmigtir. Japon semsiyesi Uizerine diisen
bécekler aspiratér yardimiyla toplanmis ve 6ldirme
kutusuna aktarilmigtir. Bu béceklerden ergin olanlar:
oldiirme siselerinde oldurtlerek, lokasyon bilgisini
iceren etiketler konularak koleksiyon yapilmak tizere
laboratuvara getirilmigtir. Burada tiirlerine gore
ayrilarak yogunluklari belirlenmistir. Japon semsiyesi
icerisine diigen tim bireyler daha sonra 30x50 cm
boyutlarinda polietilen torba icerisine, lokalite
bilgisini  igeren  etiketle  birlikte  konularak
laboratuvara getirilmistir. Laboratuvara getirilen
polietilen torba icerisindeki materyalden bitki
parcaciklar1 temizlendikten sonra larva déneminde
olan ornekler kiiltiire alinmagtir.

Tuzak metodu

Bu c¢alismada tuzak olarak elma bahgelerinde
zararhlarin poptlasyon takibinde eseysel c¢ekici
tuzaklar, yapigskan tuzaklar, besin tuzaklari, 1s1k
tuzaklari ve renk tuzaklari kullanilmigtir.

Ozellikle, C. pomonella i¢in delta tipi eseysel cekici
tuzaklar kullanilmigtir. Tuzaklar, Giilnar'da elma
yetigtiriciliginin yogun yapildig1 yerlerde hakim
rizgar yonu esas alinarak yerden 1.5-2 metre
yukseklikteki dallara asilmigtir. Feromon tuzaklar,
yakalanan erginlerin yapismasi igin tabaninda
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yapiskan levha bulunan ve disi Dbireylerin
feromonlarinin yapay olarak emdirildigi kapsiillerden
olusmaktadir. Tuzaklardaki feromon kapsilleri,
alinan ticari firmanin prospektiis Onerisi ile 4-6
haftada bir yenileriyle degistirilmistir. Yapigkan plaka
ise Ozelligini kaybetmesine gére belirli araliklarda
yenileri ile degistirilmigtir. Tuzaklar nisan ayinin
ikinci haftasinda asilmig ve ilk ergin ¢ikis zamamn
belirlenene kadar her giin kontrol edilmig ve ilk ergin
cikigt belirlendikten sonra haftada bir kez tuzak
kontrolleri yapilip sayim sonuglar1 kaydedilmigtir.
Tropinota hirta (Poda, 1761) igin her bahgeye yarisina
kadar su doldurulmus en az iki adet olacak sekilde
mavi legenler konulmustur. Bu legenler belirli
araliklarla kontrol edilmis suya disen erginler
kaplara alinmig ve suyu eksilen legenlere su takviyesi
yapilmistir. Kabuk altinda kis1 geciren ve belli
donemlerini kabuk altinda hareketsiz geciren
zararhilar i¢in igerisinden gecemeyecekleri siklikta
ortilmis file ile bulunduklar: yerin tzeri kapatilmis,
aktif hale gectiklerinde buranin altinda kalmasi ve
kontrol altina alinmasi hedeflenmisgtir.

Kiiltiire alma metodu

Dal sayimi ve goz ile inceleme yontemlerine gore
ornekleme yapilirken zararlh ile bulagik dal, stirgiin,
yaprak, meyve ve kabuk gibi bitki pargalar
koparilarak saydam torba, plastik kap, petri kutusu ve
tuplere  alinarak, bitki  parcaciklari, diger
zararlilardan temizlendikten sonra, oda sartlarinda,
seffaf plastik olan kultir kaplarina ayri ayri alinmig
ve ergin cikiglar1 saglanmagtir.

Siirgiin alma metodu

Agaclarda bulunan =zararli ve yararhh tirlerin
orneklenmesi amaciyla, secilen bahceleri temsil
edecek sekilde begser agag isaretlenmis, bunlarin her
birinden kis mevsiminde iki kez, 2-3 yillik dallardan
uctan itibaren 20 cm uzunlukta siirgiin kesilerek
laboratuvara  getirilmis  lizerindeki  zararhlar
mikroskopla incelenmigtir. Ayrica  c¢iceklenme
doéneminde her bahcgede on agag isaretlenerek ve her
agactan 10 cm’lik bir siirgiin laboratuvara getirilmis,
zararli  ve  yararli  tirlerin  toplanmasinda
kullanilmigtar.

Atrap metodu

Otsu bitkilerden sezon iginde agaclara ge¢isi miumkiin
olan turleri belirlemek i¢in gerek duyuldukg¢a atrap
yontemi de kullanilmigtir.

Materyallerin Hazirlanmasi

Elma agaglarindan toplanan o6rnekler laboratuvara
getirilerek bitki parcaciklarindan ayiklanmis ve kiigiik
boyutlu ergin bireyler tlg¢gen Kkagitlar izerine
yapistirilmig, biytk boyutlu bireyler ise dogrudan
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ignelenmistir. Yapistirici madde olarak su icerisinde
¢ozlinebilen bir yapistirica (glotofix) kullanmilmigtir.
Igneleme ve ticgen kartonlara yapistirma islemleri
yapilirken vicut lzerinde teshis karakteri olarak
kullanilan kisimlarin zarar gO0rmemesine Ozen
gosterilmigtir. Bunun igin tripsler oOncelikle trips
saklama sivisindan alinip igerisinde laktofenol
bulunan petrilerde 30 dakika bekletilmigtir. Bu
bireyler daha sonra tlizerine Hoyer damlatilmig lam
uzerine ventral olarak yerlestirilerek kanat, bacak ve

antenleri dizeltildikten sonra tizerleri lamelle
kapatilip 55°C’ye ayarlanmig etiivde bir saat
bekletilmigtir. Bu sekilde preparatlar1 yapilan

ornekler teghise hazir hale getirilmigtir.

Tir Teshislerinin Yapilmasi

Turlerin familya diizeyinde teshisi mikroskop yardimi
ile yapilmigtir. Teghisler yapilirken genellikle tirlerin
morfolojik karakterleri kullanilmistir. Daha sonra
familya bazinda ayrilan 6rnekler konunun uzmani
olan kigiler tarafindan teshis edilmigtir:

BULGULAR ve TARTISMA
Teshisi Yapilan Zararh Turler

Mersin ili Gilnar ilgesinde 2014-2015 yillarinda elma
bahgelerindeki zararli Arthropoda tirlerini belirlemek
amaciyla yapilan bu calisma sonucunda bes takima
bagli 12 familyaya ait 26 tir tespit edilmistir. Bunlar:

Takim: Prostigmata
Eriophyidae
Aculus schlechtendali (Nalepa, 1890)

A. schlechtendalinin disilerinin kig1 tomurcuklara
yakin yarik ve catlaklarda, tomurcuk pullar: altinda
gruplar halinde hareketsiz olarak gecirdigi tespit
edilmigtir. Kigladiklar1 alanlarda 60x’lik biytiteg
yardimiyla goriilen ergin disilerinin yerinin tespit
edilmesi amaciyla kalemle isaretleme yapilarak
diizenli olarak arazide kontrolleri yapilmigtir.
Erginlerin nisan aymmin ilk haftasindan itibaren
gbzlerin de uyanmasiyla birlikte kiglama yerlerinden
cikmaya basgladig1 tespit edilmistir. Haftalik olarak
yapilan arazi ¢alismalarinda yeni suirgiinlerdeki taze
yapraklarda ve tomurcuklarda mayis ayimnin tigiinci
haftasindan itibaren yogunlugunun artmaya bagladig:
ve aktif olarak zarar yaptig1 belirgin bir gsekilde tespit
edilmigtir. Zararlinin en yogun gorildigi doénem
haziran, temmuz ve agustos aylar1 olup, yapraklarin
alt ytizlerinde yogun olarak gozlenmigtir. Daha
sonraki aylarda zararh popiilasyonunda hizh bir diisiis
gozlenmigtir. Yaprak lzerinde pas Dbelirtileri
gorildigi anda ilaclama yapilmakta ve ilaglama
yapilmadiginda popiilasyon yogunlugunun ve zarar
siddetinin artmasina bagh olarak yapraklarin alt
yuzinde kegeye benzer sekil bozukluguna neden
olduklar1 gézlenmistir. Ayni1 zamanda meyve tizerinde
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de beslendigi ve pas olusturdugu tespit edilmigtir.
Denizhan (2007) yaptig1 arastirmada zararlinin kisi
deutogyne  doéneminde  agaglarin  c¢atlak  ve
yariklarinda, henliz ac¢ilmamis olan tomurcuk
diplerinde ge¢irdigini ve Aculus schlechtendalinin
kiglaklarda kis1 geciren deutogyne ddénemleri
havalarin 1sinmaya basglamasiyla birlikte tomurcuklar
ve heniiz acgilmakta olan yapraklara yerlesmeye
basladiklarim ifade etmistir. Easterbook (1984), bu
tirin elma yapraklarinin alt ylizeyinde yogun olarak
gozlemlendigini ileriki donemlerinde A.
schlechtendalinin meyvelerde pas rengi gérinimiunde
bir simptoma neden olduklar1 i¢in ciddi zararlar
olusturduklarini bildirmistir.

Tetranychidae
Bryobia rubrioculus (Scheuten, 1857)

B. rubrioculusun kigi yumurta halinde taze dallarin
sirgin bogumlarinda kirmizi kimeler halinde
gecirdigi tespit edilmistir. Kig1 ayn1 zamanda ergin
olarak da gecirdigi goriilmiistiir. Dallarda ve gévdede
goriilen yumurtalarin yerinin tespit edilmesi amaciyla

dallara renkli ipler baglanmistir. Ip baglanan
dallardaki yumurtalar renkli kalemlerle
isaretlenmigtir. Haftalik olarak yapilan arazi

calismalarinda B. rubrioculus’un kis yumurtasinin
nisanin ilk haftasindan itibaren acilmaya basladig1 ve
bunun mayisa kadar devam ettigi tespit edilmigtir.
Haftada bir ¢ikilan arazi ¢alismalarinda yumurtalar
hem yapraklarda ve hem de dallarda tespit edilmigtir.
Aym zamanda yapraklarda hem ergin ve hem de nimf
donemlerine rastlanmigtir. Agag lizerinde yeni nesile
ait i1lk yumurtalara mayisin son haftasinda
rastlanmigtir. Haziran ve temmuz aylarinda
ilaclamalar devam etmesine ragmen popiilasyon
yogunlugu fazla olarak kaydedilmistir. Cicek
tomurcuklar1 iyice gelisince Panonychus ulmi ile
beraber B. rubrioculus kis yumurtalar1 acilmaya
baslamigtir. Nisanin son  haftasinda  elma
yapraklarimin 2-3 cm buytukligia aldigr gozlenmigtir.
Bu tarihte kis yumurtalarinin tamamina yakinin
acildig1 tespit edilmistir. Haziran ilk haftasindan
itibaren akar popilasyonunun artmaya basladigi ve en
yuksek  yogunluga temmuz ayinda ulastig:
gorilmustiir. Bahgelerde yapilan  kontrollerde
yapraklarda zararin en fazla temmuz ayinda oldugu
gbzlenmistir.

Panonychus ulmi (Koch, 1836)

P, ulm/nin kgt yumurta halinde gecirdigi,
yumurtalar1 elma agaclarinin meyve tomurcugu ve
odun gozlerinin etrafina biraktigi tespit edilmigtir.
Dallar tizerinde goriilen yumurtalarin yerinin tespit
edilmesi amaciyla 60x’lik lup kullanilmis ve kirmizi
renkli bir kalemle yumurtalarin bulundugu kisimlar
isaretlenmigtir. P. u/m/nin kis yumurtalarinin nisan
ayinin ortalarindan itibaren ac¢ilmaya basladig: tespit
edilmigtir. Arazi ¢alismalarinda yapraklarin alt ve st

1252

yuzeyinde; yumurta, ergin ve nimf ddénemlerine
rastlanmigtir. Yeni nesil erginlerinin yogun olarak
yumurta birakmaya haziran aymin ilk haftasinda
bagladig1 goérulmustir. Haziran aymnin ortasinda
stirekli ilaclama yapilmasina ragmen popiilasyon
yogunlugunun yuksek oldugu goézlenmistir. Cicek
tomurcuklari iyice geligsince P. u/mr/nin zarar yapmaya
bagladig1 gorilmiistiir. Nisanin son haftasinda bitki
uzerinde ilk c¢ikan yapraklarda zarari goézlenmeye
baslanmigtir. Haziranin ilk haftasindan itibaren
yaprak basina diigsen akar popillasyonunun artmaya
bagladig1 ve en yliksek yogunlugun temmuz ayinin
ortalarinda oldugu gorilmustir. Bahcelerde yapilan
kontrollerde yapraklarda zararin en ¢ok temmuz ve
agustos ayinda dikkat cekici diizeyde oldugu tespit
edilmigtir. P. w/minin zarari nisan aymn ilk
haftasindan ekim ayinin sonuna kadar devam etmekte
oldugu gorulmiustir. P. ulmi ¢icek ganak yapraklari
etrafindaki taze yapraklar1 emerek sararttig:
gozlenmistir. Yazin ise zarar goérmis yapraklarin
bronz rengini aldig1 ve yaprak kenarlarinin kivrilarak
ilerleyen donemlerde dokiildiigi tespit edilmistir. Agiz
yapisi delici ve emici yapida oldugu, styleti ile yaprak
dokusunu parcgaladiklari ve yapragin 6z suyu ile
beslendikleri gorilmustiir. Emgi yaptig: alanlarda sar:
renkli bir goérinti olustugu tespit edilmigtir.
Cuthbertson ve Murchie (2006) yaptiklar: calisma ile
P. ulminin konukgularinin yapraklarindaki bitki
O6zsuyunu emerek zararli oldugu ve bunun sonucu
yapraklarda oOnce beyaz, sonra sarimsi kahverengi
lekeler meydana geldigi ve daha sonra bu lekeler
birlegerek yapragin kuruyup dokilmesine sebep
olduklarini, genellikle yapraklarin alt kisminda ve
yaprak damarlarina yakin yerlerde stiletleri ile sokup
emme seklinde zarar yaptiklarini, zarari ilerledikge
emgi yerlerinde renk degisikligi ve bronz bir géruntiye
sebep  olduklarini, konuk¢usu oldugu meyve
agaclarinda P. wulmi zarar1 sonucunda meyvelerde
kalite ve  kantitenin  olumsuz etkilendigini
bildirmiglerdir.

Tetranychus urticae (Koch, 1836)

Bu tirin, kis1 disi olarak agac¢ kabuklarinin altinda,
agaclardaki catlak ve yariklarda wuyusuk halde
gecirmekte oldugu tespit edilmigtir. Digiler kig1
gecirirken portakal veya kiremit rengine dontstukleri
i¢in arazide fark edilmeleri daha kolay olmaktadir.
Disi erginlerin harekete ge¢cme zamanini belirlemek
amaciyla kalemle isaretlemeler yapilmistir. Erginlerin
mart aymin son haftasindan itibaren kiglama
yerlerinden ¢ikmaya bagladig1 tespit edilmistir. Hem
yapraklarin alt ylzeyinde hem de st yilizeyinde
yumurta, ergin ve nimf dénemlerine rastlanilmigtir.
Mayis ayinin sonunda itibaren yogunlugunun artmaya
bagladig1 tespit edilmistir. Temmuz ve agustos
aylarinda ise zarar seviyesinin arttigi gézlenmisg buna
bagli olarak popiilasyon yogunlugu kontrol edilmig ve
yaprak bagina diigen birey sayisimin fazla oldugu
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gorilmustur. 7. urticaénin zarari nisan ayimn ilk
haftasindan ekim aymin sonuna kadar devam ettigi
gorilmustir. Erken dénemde ¢icek ¢anak yapraklar
ve ufak yapraklar: emerek sarartmiglardir. Yazin ise
zarar goren yapraklarin bronz rengini aldig
gézlenmigtir. Zarar goren yapraklarin kenarlari
kivrilmigs zarar ¢ok ilerleyince de yapraklarin
dokilmeye bagladigi gorilmigtir. Diger kirmizi
oriumcekler gibi 7. urticae erginlerinin yaprak 06z
suyunu emerek zararli oldugu ve bunun sonucu
yapraklarda ¢énce beyaz, sonra sarimsi kahverengi
lekeler meydana geldigi ve daha sonra bu lekeler
birleserek yapragin kuruyup doékiilmesine sebep
oldugu gézlenmistir. Zararin yogun oldugu bahcgelerde
meyvelerin kiigiik kaldig1 ve tam olarak renk almadig:
gézlenmigtir. Bu tirin yapraklarda yogun olarak ag
ordiikleri de gozlenmistir. Gerson ve Vacante (2012),
Akdeniz tilkelerindeki turunggillerde 11 akar tirtinin
zarar yaptigini, bunlarin arasinda 7. urticaénin de
bulundugunu bildirmigtir. Bu kirmizi1 &rimcek
tirtinin ozellikle alt dallardaki yapraklardan
bulastig1 ve emgi yaparak yapraklarin klorofil yapisini
bozduklar: belirtilmigtir. Ozellikle gen¢ agaclarda

fotosentezdeki kayip nedeniyle kurumalar ve
6limlerin ortaya ¢iktigini bildirilmigtir.

Takim: Hemiptera

Aphididae

Aphis (Aphis) craccivora Koch, 1854

A. caraccivoranmin yeni c¢ikan taze surgenlerde
gorilmeye bagladigi ve bu siirgiinler {zerinde
beslendigi gozlenmigstir. Yapraklarda beslenmeleri
sonucu kivrilma ve fumajine sebep olduklar

gorilmustir. Bu turin, tespit edilen diger turlere gore
vicut renklerinin daha koyu oldugu goézlenmis ve
predatér ve parazitoitlerinin de bulundugu tespit
edilmigtir. Beslendikleri yerlerde cikarmis olduklari
fumajinlerin  etrafinda  karincalarin  beslendigi
saptanmistir.

Aphis (Aphis) pomi DeGeer, 1773

Bu tiirtin, Nisan ayinda erginleri koloni halinde yillik
sturgunlerde gorulmeye baslanmistir. Yapilan sérvey
calismalarinda sezon boyunca zararlinin hem kanath
hem kanatsiz bireylerine rastlanmigtir. Caligmanin
yuratiuldiga 2014-2015 yillarimin mayis, haziran,
temmuz aylarinda popiilasyon yogunlugunun diger
aylara gore fazla oldugu tespit edilmistir. Ancak
agustos aymnda  yiksek sicaklilk ve dogal
dismanlarinin  etkisiyle ergin bireylerde bir
duraganhk goézlenmistir. Haziran ayinda popilasyon
yogunlugunun zirve seviyeye ulastig1 gézlenmistir. A.
pomrinin daha ¢ok fidanlhiklarda ve geng¢ agaglarda
zarar olusturdugu gorulmustir. Yash agaglarda, daha
¢ok strgunler tizerinde yogunluk gésterdikleri, agir
yogunluklarda strgunlerin gelismesinin yavasladigi
gozlenmistir. Beslenmeleri sonucu fumajin
olusturduklari ve bu fumajinler tizerinde karincalarin
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toplandiklar1 gézlenmigtir. Bu fumajinlerin arilar1 da
cezbettigi gorulmustir. Kimyasal kullanilmayan
bahgelerde A. pomrnin popillasyonunun yararhlar
tarafindan kontrol altinda tutuldugu gézlenmistir.

Dysaphis (Dysaphis) devecta (Walker, 1849)

D. devecta, Nisan ayinin ilk haftasi gozlerin patlamas:
ile birlikte goriillmeye baslanmis ve c¢iceklenme
déneminden sonra ergin disi bireylerin
populasyonlarinda artis oldugu goézlenmigtir. Arazi
c¢alismalarinda yapraklarin alt ylizeylerinde ergin ve
nimf doénemleri goézle ve lup yardimiyla tespit
edilmigtir. Bitki 6zsuyunu emmek sureti ile
yapraklarin kivrilarak kirmizi renk almasina neden
oldugu ve fumajin olugsmasi nedeni ile bitkinin
6zumleme yapmasina engel oldugu ayni zamanda bu
fumajinlerin  etrafinda  karincalarin  beslendigi
gbzlenmigtir.

Dysaphis (Pomaphis) plantaginea (Passerini, 1860)

Bu tirin, Nisan aymin ilk haftasindan sonra
yapraklara gectigli ve zarar olusturmaya basladig:
tespit edilmistir. Yapraklarda kivrilma ve fumajine
sebep olarak yaprakta sekil bozukluklarina neden
olduklari, ayni zamanda bu yapraklara yakin olan
elmalarda gelismenin yavasladig: ve kiigiik kaldiklar:
gozlenmistir. Mayis ve haziran ayinda popiilasyonu ve
zarar oraninin en Ust dizeye c¢iktigr gorulmustiir.
Haziran ayindan sonra yapraklarda D. plantaginea
populasyonunda oOnemli oranda azalma oldugu
gozlenmigtir. D. plantaginea, daha ¢ok geng agaclarda
zarar olusturdugu gortilmustiur. Yasl agaclarda, daha
¢ok sturgiunler tzerinde yogunluk goésterdikleri asir
yogunluklarda sirginlerin gelismesinin yavagladigi
gbzlenmigtir. Beslenmeleri sonucu fumajin
olusturduklari, bu fumajinler {izerinde karincalarin
toplandiklar1 goézlenmigtir. Ayrica bu fumajinlerin
arilarn  da  cezbettigi  gorulmistir. Strglunler
uzerindeki yaprakbitleri ile faydali boéceklerin
beslendigi, ilaclanmayan bahgelerde bu faydalilarin
zararh popllasyonunu baskiladigi gérilmustir.

Eriosoma lanigerum (Hausmann, 1802)

Bu tir, kig1 ergin disi halinde agaclarin kabuklar
arasinda ve kok bogazinda gecirdigi tespit edilmigtir.
Poptiilasyonunun temmuz aymin ikinci haftasinda
diger aylara gore daha yogun oldugu gorilmis ve
agustos ayindan sonra popililasyon yogunlugunun
hizla distigli saptanmistir. Bitki 6zsuyu emerek
beslendikleri ve bitkiye salgiladiklar: toksik maddeler
sonucu urlarin ve gigkinliklerin meydana gelmesine ve
agaglarda sekil bozukluklarina sebep oldugu
goriilmiistiir.  Alaserhat (2015), Erzincan ve
Gumiishane illerinde yetigtirilen 1liman iklim meyve
tirlerinde bu zararlhi tirin ozellikle yagh ve
terkedilmis bahcelerdeki elma agaclarinda yogun ve
yaygin oldugunu, ayrica haziran ve eylul aylarinda
elma diginda erik agaglarinda da bulundugunu ifade
etmigtir. Bagka bir ¢alismada ise K. lanigerum’un
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yiksek popiilasyona ulastigi doénemlerde, elma
agaclarinin gévde, dal ve slrglnleri ile meyvelerin
cekirdek evi igerisinde zarar meydana getirdigi, zarar
sonucu bitkinin zayifladigi, az iriin vermesine hatta
kurumasina neden oldugu ve ¢ikardig1 toksik
salgilarin bitkide ur olusumuna neden oldugu,
koklerde beslenmesi sonucunda ise bitkinin toprak alt1
organlar1 tizerinde de urlarin olustugu ve meydana
getirdigi yaralarin diger hastalik etmenleri i¢in girig
kapisi olusturdugu ifade edilmektedir (Diizgiines ve
Toros, 1978).

Rhopalosiphum padi (Linnaeus, 1758)

R. padrinin elmada zarar olusturduguna dair herhangi
bir bilgi bulunamamistir. Kuloglu (2011), B. padinin
hububat tlrleri tlzerinde =zarar olusturdugunu
bildirmigtir. Bu tiir elma tzerinde ekonomik olarak
zarar olusturmamaktadir. Ancak diger yaprakbitleri
populasyonu ile  birlikte arazi  kosullarinda
rastlanmistir.

Cicadellidae
Empoasca decipiens Paoli, 1930

E. decipiens, kig1 ergin dénemde yabanci ot ve bitki
artiklarinin arasinda gegirdigi tespit edilmistir. Nisan
sonlarinda erginler kiglaklardan ¢ikarak yapraklarin
alt yluizeylerinde beslenmeye bagladiklar: goriilmuistiir.
Mayis, haziran ve temmuz aylarinda popilasyonun
yogun oldugu, temmuz ayindan sonra ise popilasyon
yogunlugunun azalmaya bagladig1 tespit edilmigtir.
Ergin ve nimfler yapraklarin alt yuziinde bitki
ozsuyunu emerek beslenmektedirler. Cok gen¢ ve
kiigiik yapraklarda oncelikle damarlar etrafinda
yaprak dokularinda buzgiiller meydana getirerek
kiguk yapraklar: canak biciminde ¢ukurlastirdiklari
gorilmustir. Beslendikleri yapraklarin yumusgakligini
kaybettikleri ve yapragin alt ytzeyindeki damarlarin
beyaz bir renk aldiklar1 fark edilmigtir. Zaman
ilerledikge bu yapraklarin kenarlarinda ¢epecevre
renk acilmalari oldugu gorilmiustir.

Diaspididae
Diaspidiotus perniciosus (Comstock, 1881)

Bu tiir, lokal olarak baz1 noktalarda tespit edilmistir.
Ilkbaharda agaclarda gelismenin baslamasiyla
birlikte bitki 6zsuyu ile beslenmeye ve gelismeye
bagladiklar: gérilmistiir. Nisan ve mayis baslarinda
olgun bireyler gézlenmistir. Bu dénemde c¢ogalmaya
bagladig1 ve tekrar kabuk olusturmaya basladig,
haziran ve temmuz aylarinda zarar yogunluklarinin
arttigi, agaclarin gévde, dal, yaprak, siirgiin, tomurcuk
ve meyvelerin Ozsularini emmerek beslendigi, bu
kisimdaki kabuklar bicakla kaldirildigi zaman altta
kirmizi lekeler olusturduklari gézlenmistir. Meyve
tuzerinde beslendikleri yerde kabuk kaldirildiginda
yapismis olduklar1 yerin etrafinda beslenmeden
kaynaklh kirmizi lekeler olusturduklar1 tespit
edilmistir. Erden (1988), beslendikleri yerlerde kabuk
bir bicak ile dal eksenine paralel sekilde kesildigi
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zaman, altta kirmizi lekelerin gérilmesinin bu
zararlinin en tipik 6zelligi oldugunu, emgi yerlerinin
etrafinda hale sgeklinde kirmizi lekeler meydana
getirdigini, meyvelerin kiicik kalarak pazar degerinin
diigtiigiini ifade etmistir.

Lygaeidae

Nysius graminicola (Kolenati, 1845)

Bu tir, elma tizerine ekonomik diizeyde zarar
olusturmamaktadir. Onder ve ark. (2006), yapmis
olduklar1 bir calismada bu tiriin ekonomik &nemi
olmayan bir tiir oldugunu, tarim alanlari, ormanlar,
makilik ve c¢ayirlhlk alanlarda yasadiklarini, bol
bulunan bir tir oldugunu ve bitkisel besinlerle
beslendiklerini bildirmiglerdir.

Rhopalidae
Liorhyssus hyalinus (Fabricius, 1794)

Bu tiir, elma lizerinden atrap sallama yontemi ile elde
edilmigtir. Elma {zerine ekonomik diizeyde zarar
olusturduklarina  dair herhangi bir go6zlem
yapilamamigtir.

Rhopalus (Rhopalus) subrufus (Gmelin, 1790)

Bu tiir, elma agaclar: tizerinden atrap sallama yontemi
ile elde edilmigtir. Elma tzerine ekonomik diizeyde
zarar olusturmamaktadir.

Takim: Thysanoptera
Thripidae
Frankliniella occidentalis (Pergande, 1895)

F. occidentalis i¢in yorede diizenli olarak ilaclamalar
yapildig: ve ¢ok ki¢iik canlilar olduklar: i¢in biyolojisi
tam olarak takip edilememigtir. Yapilan genel
gozlemler ise diizenli olarak not alinmigtir. Trips
turlerinin kig1 ergin halde elma agaglarinin kalin
kabuklarinin alt kisimlarinda gizlenerek ge¢irmekte
oldugu tespit edilmistir. Ilkbaharda gozlerin uyanmasi
ile Dbirlikte ergin Dbireyler dogada gorilmeye
baglamigtir. Trips yogunlugu, elmanin ciceklenme
doéneminde en yiiksek seviyeye ulastigl gortilmustir.
Zararlinin siirgiin ve yapraklar tizerinde de bulundugu
saptanmigtir. Cicek icerisinde en yogun rastlanan
turin F. occidentalis oldugu tespit edilmigtir.
Tripslerin bitki 6zsuyunu emerek beslenmeleri
sonucunda, genc¢ yapraklarda klorotik ve nekrotik
lekeler gozlenmistir. Cigeklerde beslenme sonrasinda
renksizlesme ve deformasyonlar meydana geldigi
goriilmistiir. Meyve lizerinde de beslendigi ve meyve
kabugunda pas benzeri bir zarar olusturdugu
saptanmistir.

Thrips meridionalis (Priesner, 1926)

Bu tir, diger trips turleri ile birlikte ayni poptlasyon
icerisinde yer aldiklar: tespit edilmigtir.

Thrips tabaci Lindeman, 1889

Bu tiir, diger trips tiirleri ile birlikte ayni1 poptlasyon
icerisinde yer aldiklar: tespit edilmigtir.
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Takim: Coleoptera
Curculionidae
Otiorhynchus torosicus Giiltekin and Davidian, 2016

Bu tarin, mart sonu ve nisan aymin bagsinda agag
catlak ve yariklarinda ve gévdenin toprakla birlestigi
yerlerde toprak igerisinde kisi ergin olarak gecirdigi
tespit edilmistir. Ilkbaharda yapraklarin a¢mas: ile
birlikte yesil aksamla beslendigi ve zarar yaptigi
gorulmustir. Ozellikle yeni dikilen fidanlarda
beslenmesi sonucu fidanlarin yapraksiz kaldig1r ve
biyltk zararlar olusturdugu gézlenmistir. Mayis ve
haziran aylarinda ergin popiilasyonu ve zararinin
arttig1 tespit edilmigtir.

Paophilus asiaticus (Desbrochers des Loges, 1902)

Bu tlrin, kis1 agag catlak ve yariklarinda gecirdigi
tespit edilmistir. Ilkbaharda yapraklarin acmas: ile
birlikte yesil aksamla beslendigi ve zarar yaptigi
goriilmistiir. Ozellikle yeni dikilen fidanlarda
beslenmesi sonucu fidanlarin yapraksiz kaldig:
gbzlenmigtir.

Polydrusus (Scythodrusus) ponticus Faust, 1888

Bu turin, mart sonu ve nisan aymin baginda agag
catlak ve yariklarinda ve gévdenin toprakla birlestigi
yerlerde toprak icerisinde ergin olarak gecirdigi tespit
edilmigtir. Ilkbaharda yapraklarin acmasi ile birlikte
yesil aksamla beslendigi ve zarar yaptigi gorilmuistiir.
Ozellikle yeni dikilen fidanlarda beslenmesi sonucu
fidanlarin yapraksiz kaldig1 gézlenmigstir. Turkiyenin
farkll bolgelerinde yetistiriciligi yapilan bir¢gok meyve
cesidinde daha once tespit edilmistir. Balachowsky
(1963), P. ponticusun Orta Anadolu’da meyve
agaclarinda énemli zararlar yaptigini belirtmektedir.

Melolonthidae
Melolontha albida Frivaldszky, 1835

Bu tur, kis1 larva doneminde gecirmektedir.
Kigslamakta olan larva 24 Mart 2014’de toprak
icerisinde tespit edilmistir. Mart ayinin sonunda ilk
erginlerin 151k tuzaklarina geldigi goézlenmigtir.
Calisma yapilan elma bahcelerinde yogun bir zarar
meydana getirmemistir. Erginler elmanin yesil
aksaminda beslenirken g6zlenmisgtir.

Polyphylla (Polyphylla) olivieri Laporte de Castelnau,
1840

Bu tiir, ki1 larva olarak agag koklerine yakin yerlerde
gecirdigi saptanmigtir. Mart aymnin sonunda ilk
erginlerin 151k tuzaklarina geldigi gorilmiustir.
Erginleri yapraklarla beslenmektedir. Larvalar elma
agacglarimin kok boélgelerinden kazilmak suretiyle
cikarilmistir. Tezcan ve ark. (2013), bu tiiriin basta
kiraz olmak lizere meyve fidanlarinin ve agaglarinin
koklerini kemirerek zararlara yol agtigini, erginlerinin
ise yaz aylarinda gorilldigini ve aksam saatlerinde
aktifleserek 1s18a yonelim gosterdigini bildirmiglerdir.
Lodos (1986), bu tiirtin Tiirkiye’de yaygin bir sekilde
bulundugunu, esas zarari yapan larvalarin, meyve
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agac¢larinin koklerini kemirmek suretiyle beslendigini
belirtmistir. Calisma yapilan elma bahgelerinde yogun
bir zarari olmadig1 gézlenmigtir.

Scarabaeidae
Tropinota (Epicometis) hirta (Poda, 1761)

Bu tiir, ¢igeklenme zamaninda zarar olusturmaktadir.
Bu tirtn toplanmasi ve yogunlugunun saptanmasi
i¢in igerisi su ile doldurulmug mavi legenler ve kapar
firmasindan alinan cezbediciler kullanilmigtir. Bu
turin kisi larva halinde toprak altinda gecirdigi tespit
edilmistir. Ilkbaharda havalarin 1sinmasiyla beraber
ilk ergin bireyler nisan ayinin ortalarindan itibaren
goriilmeye baglamigtir. Elmanin c¢iceklenmesinin
yogun oldugu doénemde ergin bireylerin c¢igceklerle
beslendigi gozlenmigtir. Elma agaclarinin 15 Nisan - 5
Mayis tarihleri arasindaki c¢igeklenme doéneminde,

populasyon yogunlugu yiksek seviyeye ulasmig
oldugu ve genellikle c¢iceklerde bulundugu ve
beslendigi goézlenmigtir. Cigeklerin dékiilmesiyle

popiilasyonlarinda ani bir diisiis gozlenmistir. Elma
agaclarinda meyve tutumu basgladiktan sonra, zararh
yeni c¢iceklenmeye baglayan bitkilere gecis yaptigi
tespit edilmistir. Ergin bireylerin ciceklerin disi ve
erkek organlari, polen tozlarimi hatta tomurcuklarini
yiyerek zarar olusturdugu tespit edilmistir. Racksko
ve ark. (2007), Macaristan’da 7. hirta erginlerinin
meyve agaclarinin ¢igeklerini yiyerek verim kaybina
neden oldugunu belirtmiglerdir.

Takim: Lepidoptera
Tortricidae
Cydia pomonella (Linnaeus, 1758)

C. pomonellahin yoérede ekonomik olarak ciddi
zararlara sebep oldugu ve miicadelesi i¢in yilda 15-20
kez ilaglama yapildigr gozlenmistir. Bu turin, ergin
c¢ikisin1 ve popilasyon yogunlugunu tespit etmek
amaciyla feromon tuzaklari kullanilmigtir. Mart
aymmn ilk haftasindan itibaren arazi c¢alismalarina
baslanmistir. C. pomonellanin mart ortasinda doga
kogullarinda kigi olgun larva doneminde agag
kabuklarinin altinda, kék kismina yakin ¢atlaklar ve
kabuklar arasinda érdiikleri kokon icerisinde ge¢irdigi
sorvey calismalar1 esnasinda tespit edilmistir. Mart
aymin sonundan itibaren larvalarin pupaya
déniismeye basladign gézlenmistir (Sekil 2.f). Doga
kogullarinda periyodik olarak yapilan takiplerde, elma
ickurdu'nun kigi olgun larva olarak aga¢ kabuklarinin
altinda ve agaca yakin yerlerdeki catlak yarik gibi
saklanmasina uygun olan yerlerde o6rdiikleri kokon
icerisinde gecirdigi tespit edilmistir (Sekil 2.g).
Turkiye’de yapilan bir¢ok ¢alismada C. pomonellanin
kis1 larva déneminde gecirdigi belirtilmistir (Anonim,
2008). Kis1 olgun larva déneminde geciren bu tiir, mart
ayinin sonundan itibaren pupaya dénlismeye bagladig:
goriilmistiir. Nisan ayinin ortalarindan sonra pupalar
acilmaya ve ilk erginler gériilmeye baslamistir (Sekil
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2.h). Tlk erginlerin gériilmesi ise agaclarin fenolojik
olarak  ¢igeklenme  zamanina denk  geldigi
gozlenmigtir. Sekil 3’den de anlasilacagi tizere feromon
tuzaklardaki ergin sayis1 mayis ayinin ortasi, haziran
aymin sonu ve temmuz ayimnin ilk haftasi baz yillarda
ise agustos ayinin sonunda pik yaptig1 gézlenmigtir.
Bu tuzaklarda yakalanan kelebek sayisinin 2014 yili
icerisinde 2 tepe noktasi olusturdugu ve 2015 yilinda
ise 3 tepe noktasi olusturdugu saptanmigtir. Buna

dayanarak elma ickurdunun yilda 2-3 nesil verdigi
tespit edilmigtir. Bu degiskenligin ise yillara gore
iklimsel farkliliklardan kaynaklandig:
dustnilmektedir. Nesil streleri larvadan larvaya ele
alinacak olursa kis1 olgun larva olarak gegiren elma
ickurdu, mart aymin son haftasinda pupaya
déniismeye baslamis (Sekil 2.f), ilk erginler ise
01.05.2014 tarihinde gorillmiistiir (Sekil 2.h).

cikan larva, d) meyve icerinde beslenen larva, e) kabuk altinda kokon érmeye baglamig larva, f) kabuk

altinda bulunan larva ve pupa, g) kabuk altinda kokon igerisinde bulunan pupa, h) pupadan cikis yapan

ergin

Figure 2. Cydia pomonella (Linnaeus, 1758); a and b) the appearance of the egg on the fruit, c) the newly hatched
larva, d) the larva feeding inside of the fruit, e) the larva that has started to knit cocoons under the shell,

£ the larva and pupa under the shell, g) the pupa in the cocoon under the shell, h) adult exiting the pupa
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Sekil 3. 2014 ve 2015 yilindaki feromon tuzaklarina gore ergin popiilasyon yogunlugu
Figure 3. Adult population density according to pheromone traps in 2014 and 2015

Ik nesil kelebekleri tuzaklarda 22.05.2014 tarihinde
pik noktaya ulasmis olup ilk yumurtalar 16.05.2014
tarihinde yapraklarin Ust ylzeyinde ve meyve
tizerinde saptanmistir (Sekil 2 a ve b). Yumurta
acilmalar1 ise yogun olarak 26.05.2014 — 03.06.2014
tarihleri arasinda gerceklestigi tespit edilmistir (Sekil
2.¢,d). Meyve icerisinde beslenen larvalar 17.06.2014
tarihinde sonra meyve icerisinde ¢ikmaya baglamis
olup (Sekil 3.e), haziran sonu ve temmuz ortasinda
dogada elma ickurdu daha c¢ok pupa doéneminde
gorinmius, ancak bu dénemde nadir de olsa larva ve
kelebekler de dogada gozlenmistir. Ikinei neslin ilk
kelebekleri 10.07.2014 tarihinde feromon tuzaklarinda
yakalanmigtir. Bu da pupalarin agilmaya bagladiginin
gostergesi olup, bu donemden sonra kelebek
populasyonu giderek artmis ve 24.07.2014 tarihinde
doruk noktaya ulagsmigtir (Sekil 3). Onceden tahmin ve
erken uyar: istasyonu verilerine gore ise ikinci nesil
yumurta acilimlar1 24.07.2014 tarihinde baglamagtir.
C. pomonella larvalari, elmada 6zellikle sapa yakin
kisim ile ¢icek cukurundan giris yapmakta ve ¢ekirdek
evine dogru galeri acarak ilerlemekte ve her meyve
icerisine tek bir larva girmektedir (Sekil 2.d).

Gelisme Egiginin Hesaplanmasi: Boécek hayatin
saglikli bir sekilde tamamlayabilmesi igin, belirli
seviyede bir sicaklik enerjisi toplamina ihtiyaci vardir.
Bu enerjinin toplam miktar1 “giin/derece (g/d)” birimi
ile ifade edilir (Ogurlu, 2001). Elma ickurdu 10 °C
sicakligin lizerinde gelismeye baglar ve bu sicaklikta
zararhnmin “Gelisme Esigi”dir (Pitcairn ve ark., 1992;
Beers ve ark., 1993).

Cizelge 1 ve 2’deki veriler Demirézii ve Yarmasu
mahallelerinde bulunan erken uyari cihazindan alinan
verilerle olusturulmustur. Elma ickurdunun 2014 ve
2015 yilinda Giilnar ilgesinde yilda 2-3 nesil verdigi
belirlenmisgtir.

18.08.2014 tarihinde larvalar meyve igerisinden
¢itkmaya baglamistir. 2015 yilinda 05.04.2015
tarihinde ilk pupalar dogada gériilmiis olup (Sekil 2.9),
ilk kelebekler 24.04.2015 tarihinde feromon tuzagina
gelmigtir. Tuzaklardaki kelebek sayis1i 22.05.2015
tarihinde 2015 yilindaki en yliksek sayiya ulasmigtir
(Sekil 3). 04.06.2015 tarihinde yumurtalar acgilarak
larvalar meyve icerisine girmeye baslamis olup (Sekil
2.c,d), elma icerisinde beslenen larvalar 24.06.2015
tarihinde meyve icerisinden c¢ikmaya baslamistir.
19.06.2015 tarihinde tuzaklardaki kelebek sayisi 3
olarak sayilmis olup, bu tarihten sonra feromon
tuzaklarin da kelebek sayis1 artmaya baglamais,
10.07.2015 tarihinde ise kelebek sayis1 52’ye ulasarak
yil igerisindeki ikinci en yiiksek seviyesini gormustiir.
31.07.2015 tarihinde ikinci nesil yumurtalarinin
acilmaya basladigr gorilmustir. Sekil 3'de 2014 ve
2015 yillarina ait feromon tuzaklarda haftalik kelebek
sayim sonuclari yer almaktadir.

Archips rosana (Linnaeus, 1758)

Bu tirin, 10 Nisan 2014 ve 15 Nisan 2015’de kig1
yumurta paketi halinde dallar tzerinde gecirdigi
tespit edilmistir. Dallar tizerinde gozle ve 60x’lik lup
yardimiyla gorilen yumurta paketlerinin yerinin
tespit edilmesi amaciyla kirmizi renkli kalemle
igsaretlemeler yapilmigtir. Yumurta paketlerinin
mayis'in ilk haftasindan itibaren ac¢ilmaya bagladig:
tespit edilmigtir. 2014-2015 yillarinin haziran ayinda
popiilasyon yogunlugu zirve seviyeye ulagmis oldugu
ve genellikle larvalarin taze yapraklar ve siirglinlerle
beslendigi saptanmistir. A. rosana larvalari birden
fazla yapragi aglarla birbirine baglayip buket haline
getirdikleri, tek yapragi ise orta damar dogrultusunda
puro gibi uzunlamasina sardiklar: géralmustir.

Yapilan bu ¢alismada, P. ulmi, A. pomi, E. lanigerum,
T. hirta ve C. pomonellanin elma Uretim alanlarinda
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yaygin olarak bulundugu, popiilasyonlarinin ise yogun
oldugu saptanmistir. Bu tlrlerin elma bahgelerinde
onemli zararli konumunda olduklari belirlenmistir. Bu
turlerin yaninda Curculionidae familyasina ait
turlerin de yeni dikilen fidanlarda 6nemli zararlar
meydana getirmeye basladiklar1 gérilmiistir.

Saptanan zararh tiirler arasinda ekonomik agidan en
onemli turin C. pomonella oldugu belirlenmigtir.
Ayrica, ekonomik acidan o6nemli olan diger
zararhilarin ise Acarina takimina ait tirler oldugu
gorilmiistir (Sekil 4).

/

i i

{3 oy on,

Sekil 4. Cydia pomonella (Linnaeus, 1758)'nin; a,b,c,d ve e) beslenmesi sonucu olusan zarar, f) zarar sonucu

doékiilen meyveler.

Figure 4. Cydia pomonella (Linnaeus, 1758); a, b, ¢, d and e) damage caused by feeding, f) fruits spilled as a result

of damage

Teghisi Yapilan Yararl Tiirler

Mersin ilinde Giilnar Ilgesinde yapilan sérvey
calismas1 esnasinda gidilen elma bahcelerinde teshis
edilen yararh tirler ve etkili oldugu zararl turler
Cizelge 3’de verilmigtir.

Chrysoperla carneanin hem ergin bireyleri ve hem de
larvalarimin  yaprakbitleri ve kirmiziérimcekler
tuzerinde etkin bir sekilde predatér olarak dogada
beslendikleri tespit edilmistir. C. carnea larvalar1 O.
niger, D. lutescens ve D. serenus tirleri elma
bahg¢elerinde bulunmasina ragmen dogada
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beslenirken gézlemlenememistir. C. septempunctata
erginleri ve larvalar1 yaprakbitlerinin yogunlugu
arttig1 dénemlerde elma agacglarindan toplanmigtir ve
yaprakbitleri ve kirmiziérumceklerle beslendigi
gorilmustur. £. balteatusve M. corollae ergin bireyleri
A. pomi ve D. plantagineamn popilasyonlarinin
yogun oldugu elma bahcgelerinden toplanmigtir. A.
bipunctata, H. sedecimguttata, A. transversafasciata,
M. octodecimguttata erginleri ve larvalar1 D. devecta
uzerinde beslenirken alinmigtir. Bu tirler aym
zamanda diger yaprakbitleri tizerinde beslenirken de
gozlenmis olup, en yogun D). devecta uzerinde tespit
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edilmigtir. Yapilan calismalar sonucunda
Coccinellidae familyasina ait tirlerin dogal digsmanlar
bakimindan oO6nemli oldugu gorulmektedir. Bu
familyaya ait turler genel predator turlerdir. Elma
agaglarinda bulunan yumusak viicutlu arthropodlarin
popilasyonlarinin erken ilkbaharda artmasi pek ¢ok

polifag avci dogal diismanlarinda popiilasyonlarinin
artmasina neden olmaktadir. Caligmanin yuratuldiaga
Mersin 1ilindeki elma bahgelerinde Coccinellidae
familyasina ait tiirlerin genel olarak zengin oldugu
belirlenmisgtir.

Cizelge 1. Mersin Ilinin Giilnar ilgesi Demirdzii Mahallesi 2014-2015 yilina ait aylik etkili sicaklik (Giin/derece)

toplamlar1
Table 1. Total monthly effective temperature (day/degree) for 2014-2015 in Demirézii-Giilnar district of Mersin Province
Aylar (Months) 2014 y1ih Etkili Sicaklik (giin/-derece) | 2015 yili Etkili Sicaklik (giin/-derece)
(Effective Temperature in 2014 (d/d)) | (Effective Temperature in 2014 (d/d)

Ocak (January) 0° 0°

Subat (February) 0° 0°

Mart (March) 53.9° 217.3°

Nisan (April) 41.51° 74.00°

Mayis (May) 129.2° 152.91°

Haziran (June) 283.03° 231.92°

Temmuz (July) 415.25° 391.76°

Agustos (August) 417.88° 380.42°

Eyliil (September) 252.34° 310.41°

Ekim (October) 114.02° 202.96°

Kasim (November) 3.92° 33.37°

Aralik (December) 0° 0°

Genel toplam o o

(The ovelzj'a]] total) 1711.05 1805.05

Cizelge 2. Mersin Ilinin Giilnar ilgesi Yarmasu Mahallesi 2014-2015 yilina ait aylik etkili sicaklik (Giin/derece)

toplamlar:

Table 2. Total monthly effective temperature (day/degree) for 2014-2015 in Yarmasu-Giilnar district of Mersin Province

Avlar 2014 yilh Etkili Sicaklik 2015 yili Etkili Sicaklik
(]& nths) (giin/ derece) (giin/-derece)
ontas (Effective Temperature in 2014 (d/d) (Effective Temperature in 2014 (d/d))

Ocak (January) 0° 0°

Subat (February) 0° 0°

Mart (March) 0.6° 0°

Nisan (April) 12.83° 83.1°

Mayis (May) 71.01° 88.55°

Haziran (June) 141.77° 160.61°

Temmuz (July) 323.02° 319.68°

Agustos (August) 266.37° 310.96°

Eyliil (September) 142.73° 206.25°

Ekim (October) 33.64° 61.52°

Kasim (November) 0° 0°

Aralik (December) 0° 0°

Genel toplam o o

(The overall total) 991.97 1230.67
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Cizelge 3. Yararl tiirler ve etkili oldugu zararlilar
Table 3. Natural enemies and pests to be effective

Etkili oldugu 1. Zararh

Etkili oldugu 2. Zararh

Deraeocoris (Knightocapsus)
lutescens (Schilling, 1837)

'}‘gklml Familya Dogal Diismanin Ac (The first pest to be| (The second pest to be
rder/ Family) (Name of natural enemy) . .
effective) effective)

Mesostigmata/ Typhlodromus psyllakisi Swirski | Aculus  schlechtendali %
Phytoseiidae and Ragusa, 1976 (Nalepa, 1890)
Neuroptera/ Chrysoperla carnea (Stephens, | Tetranychus urticae | Dysaphis (Dysaphis)
Chrysopidae 1836) (Koch, 1836) devecta (Walker, 1849)
Hemiptera/ Orius (Orius) niger (Wolff, 1811) * *
Anthocoridae ’

Deraeocoris (Camptobrochis) % %

serenus (Douglas and Scott, 1868)

Deraeocoris (Camptobrochis) % %
Hemiptera/ punctulatus (Fallen, 1807)
Miridae

Campylomma verbasci (Meyer-
Diir, 1843)

Episyrphus balteatus (De Geer, | Aphis  (Aphis) pomi 5]{; iatg Z'f]ea (g?;::g }1111131)
1776) DeGeer, 1773 1860)
Diptera/ Syrphidae
Eupeodes corollae (Fabricius, | Aphis  (Aphis)  pomi Dysaphis ({’omap }.HS.)
1794) DeGeer. 1773 plantaginea Passerini,
’ 1860)
Adalia (Adalia) bipunctata | Dysaphis (Dysaphis) -
(Linnaeus, 1758) devecta (Walker, 1849)
Halyzia sedecimguttata | Dysaphis (Dysaphis) -
(Linnaeus, 1758) devecta (Walke, 1849)
Coleoptera/
Coccinellidae Myrrha‘ (My rrha) Dysaphis (Dysaphis) %
octodecimguttata (Linnaeus,
devecta (Walker, 1849)
1758)
Coccinella (Coccinella) | Aphis  (Aphis)  pomi D]”Z iat{; bfj oa %Ogjg }11;151)
septempunctata Linnaeus, 1758 DeGeer, 1773 110860) & ’

*Teghis edilen yararh tirlerin etkili oldugu zararh tirler tespit edilemedi
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ABSTRACT

This study was conducted to test five substrates (whole rice, broken
rice, dévme, wheat and bulgur) for the mass production of Beauveria
bassianaisolate 5-4, known to be affective against stored-cereal pests.
A solid-state fermentation technique was used, and amount of
product, number of conidia, germination, hydrophobicity and
thermotolerance of conidia, and their virulence on Rhyzopertha
dominica adults were used to evaluate the success of substrates. For
production, 100 g of a substrate was used in a polypropylene bag. After
sterilization and inoculation, the bags were sealed and incubated for
14 days at 25°C. Hydrophobicity was assessed using the aqueous-
solvent partitioning method with PM buffer, and liquid paraffin as two
phases. Thermotolerance tests were conducted by exposing conidia to
35, 40 and 45°C for 15, 30 and 60 minutes. In virulence test, adults
were released into 40 gr wheat mixed with conidia and kept at 25°C
and 65% relative humidity in darkness for 14 days. The highest
amount of product was obtained by using whole rice (4.10g/bag),
followed by broken rice, wheat, dovme and bulgur. The highest
number of conidia was achieved wusing broken rice
(10.24x10%conidia/g) and whole rice (9.62x101%onidia/g). The
germination rates of conidia did not vary significantly. Significantly
higher hydrophobicity rate was obtained using wheat (88.73%). The
conidia from bulgur and wheat showed higher thermotolerance than
those from other substrates. The conidia obtained from whole rice and
broken rice caused 80.3% and 72.0% mortalities, respectively,
significantly higher than the others. Rice was found to be a better
choice for this isolate as the ultimate purpose is to suppress pest
populations, with awareness of its shortcomings. It was found crucial
to test all important characteristics of produced conidia together for
assessment of substrates.

OZET

Bu ¢aligsma, depolanmig tahil zararhlarina karsi etkili oldugu bilinen
Beauveria bassiana izolat1 5-4Un Kkitlesel tretimi i¢in bes substrati
(tam piring, kirik piring, dévme, bugday ve bulgur) test etmek icin
yuritilmistir. Kat1 faz fermantasyon teknigi kullamilmig ve
substratlarin basarisini1 degerlendirmek i¢in trin miktari, konidi
sayisl, ¢cimlenme, hidrofobisite ve konidi termotoleransi ve elde edilen
konidilerin Rhyzopertha dominica erginleri tizerindeki viriilenslikleri
kullanilmigtir. Uretim icin, polipropilen bir torba i¢inde 100 g substrat
sterilize edilmis ve inokulasyondan sonra torbalar kapatilip 25°C
sicaklikta 14 gun inkiibe edilmigtir. Hidrofobisite, iki faz olarak likid
paraffin ve PM tamponu ile ayristirma yontemi kullanilarak
degerlendirilmigtir. Termotolerans testleri, konidilerin 35, 40 ve 45°C
sicakliga 15, 30 ve 60 dakika silireyle maruz birakilmasiyla
gerceklestirilmigtir. Virtlenslik testinde erginler, konidi ile muamele
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edilmig olan 40 gr bugdayin ig¢ine birakilmig ve 25°C sicaklik ve %65
nispi nemde karanlik ortamda 14 giin bekletilmigtir. En yiiksek tiriin
miktar1 tam piring (4.10 gr/torba) kullanilarak elde edilirken, bunu
kirik piring, bugday, dévme ve bulgur izlemigtir. En yliksek konidi
sayisi, kirik piring (10.24x10%onidi/g) ve tam  piring
(9.62x101%konidi/g) kullanmilarak elde edilmistir. Konidilerin cimlenme
oranlar1 onemli 6lgiide degismemigtir. Bugday kullanilarak 6nemli
olciide daha yiiksek hidrofobisite orani elde edilmistir (%88.73).
Bulgur ve bugdaydan elde edilen konidiler, diger substratlardan elde
edilen konidilere kiyasla daha yiiksek termotolerans goéstermistir.
Tam pirin¢ ve kirik piringten elde edilen konidi, sirasiyla %80.3 ve
%72.0 1ile digerlerinden 6nemli 6lgiide daha yiiksek 6liime neden
olmustur. Zayif 6zellikleri bulunmakla birlikte, nihai amag zararh
popilasyonunu baskilamak oldugundan bu izolat i¢in princin daha iyi
bir se¢im oldugu belirlenmigtir. Substratlarin degerlendirilmesinde
uretilen konidilerin tim kritik ozelliklerinin birlikte
degerlendirilmesinin ¢ok 6nemli oldugu bulunmustur.

To Cite: Barig C, Er M. K 2021. Examining Some Cereals for Mass Production of Beauveria bassiana Conidia by Solid
State Fermentation. KSU J. Agric Nat 24 (6): 1263-1270. DOI: 10.18016/ksutarimdoga.vi.828259.
INTRODUCTION submerged. The second propagule type is mycelium,

Avoiding qualitative and quantitative loss due to
insect pests during storage periods i1s quite important
and challenging for agricultural commodities (Moino et
al., 1998; Padin et al., 2002). The most commonly
practiced method to suppress the populations of these
pests is the use of synthetic chemical insecticides
(Athanassiou and Palyvos, 2006). However, because of
the adverse effects associated with such chemicals on
non-target organisms, environment and humans there
has been an increasing demand for alternative and
more eco-friendly options (Arthur, 1996; Michalaki et
al., 2007). The use of entomopathogenic fungi is an
acceptable alternative to synthetic insecticides to
control a variety of pests (Wraight and Carruters,
1999; Lomer et al., 1999; Wraight et al., 2001).
Entomopathogenic fungi have also been investigated
as alternatives for the management of stored grain
pests. A number of studies demonstrated this potential
with a range of success depending on both fungus and
pest species (Rice ve Cogburn, 1999; Cherry et al.,
2005; Shams et al., 2011; Sewify et al., 2014). In these
studies, researchers have focused on Beauveria
bassiana being a potential species that can be
developed as a Dbiological control agent in grain
storages. In order to demonstrate its potential in
actual storage conditions, its application in larger
quantities of grains needs to be fulfilled. That in turn
requires mass production of B. bassiana spores with an
appropriate procedure, as the procedure itself can have
effects on the ultimate success of the fungus to control
grain pests.

Mass production of entomopathogenic fungi for the
management of pest insects has been investigated for
producing three types of fungal propagules. One of
them is fungal vegetative cells called blastoconidia,
which are produced in liquid culture media as
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which are grown in liquid fermentation. The most
resistant and more persistent stage of the fungal life
cycle, conidia, is the third propagule type. These
conidia can be produced by surface culturing on a solid
medium. The medium is usually inoculated with
blastoconidia obtained from culturing in liquid
fermentation. Conidia produced using solid media
have a hydrophobic property, which is important for
their adherence to targeted insect surface. Besides, the
shelf life of conidia produced in solid media can have a
longer shelf life (Moore and Higgins, 1997).

Furthermore, in mass production procedures, additive
substances have various effects on the properties of
entomopathogenic fungi in the final product
(Humphreys et al.,1989; Ying and Feng, 2004; Kassa
et al., 2008; Gangwar, 2013; Patil et al., 2014). It is also
known that properties of yielded conidia can be altered
depending on ambient conditions like temperature,
humidity and pH together with the water activity of
the product (Borisade and Magan, 2014; Lizzy et al.,
2015). This study was conducted to test various mass
production substrates for developing a mass
production procedure of the conidia of a B. bassiana
isolate (5-4), known to be affective against stored-
cereal pests. A solid-state fermentation technique was
chosen as the production technique as the final product
will need to be a long lasting powder with a
hydrophobic property, so that the product can be mixed
into cereal kernels, can stay for required period of time
for sufficient efficacy, and can adhere easily to the
insect surface.

MATERIAL and METHOD
Insect culture

Rhyzopertha dominica (F.) (Coleoptera: Bostrichidae)
adults were obtained from a laboratory culture



KSU Tarim ve Doga Derg 24 (6): 1263-1270, 2021
KSU J. Agric Nat 24 (6): 1263-1270, 2021

Arastirma Makalesi
Research Article

originally established from individuals collected in
Kahramanmaras. The cultures were maintained under
controlled conditions at 30+5 °C and 65+5% R.H in
darkness and kept on wheat (7riticium aestivum). One
week old adults were used for pathogenicity tests.

Fungus culture and inoculum preparation

B. bassiana isolate used in tests (5-4) is a single spore
culture of B. bassiana 151138, which was originally
isolated from a K. dominica adult. This isolate was
taken from the Department of Plant Protection,
University of Kahramanmarag Siit¢ii Imam, Turkey.

In order to prepare inoculum for mass production, the
fungus was grown on PDA (potato dextrose agar) in
sealed Petri plates for 14 days at 25+2° C in dark and
the conidia in the cultures were harvested in 10 ml
sterile distilled water with 0.01% Tween80. Spore
count of the suspension was determined by using a
hemocytometer and the suspension concentration was
adjusted to 2x107conidia/ml.

Production of conidia

Whole rice, broken rice, d6vme, wheat and bulgur were
used as substrates for mass production of B. bassiana
conidia. 100 g of each substrate was placed
individually in an autoclavable polypropylene bag
(25cmx38cm). Tap water was added into the bags and
they were kept overnight. Thereafter, excess water
was removed and 1.5g CaSO4 and 1.5g CaCOs were
added and mixed thoroughly to get a uniform coating
over the substrate (Nirmala et al., 2005). Then, the
prepared bags were sterilized by autoclaving at 121 °C
for 20 minutes. After cooling, each bag was inoculated
with 10 ml of inoculum (conidial suspension at
2x107conidia/ml concentration). The bags were sealed
and incubated for 14 days at 25+2°C and 12:12h
light:dark photoperiod Once the fungi in bags
sporulated, the bags were opened and the contents
were allowed to dry at 25° C until the moisture content
was low enough for sieving to separate the conidia from
the substrate. The obtained product was stored at +4°
C until it is used. The whole process was carried out in
5 replications for each substrate.

Obtained conidia from each replication was weighed by
using a precision scale and recorded. In order to
determine count of conidia in the products, one
milligram conidia was mixed within 10 ml of 1% Tween
80 solution and vortexed. The concentration of the
conidial suspension was determined by counting on a
hemocytometer under a light microscope at 40x
magnification. This process was repeated five times for
each sample. Number of conidia per gram of product
was then calculated.

Germination tests
After determining the concentration, each conidial
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suspension was adjusted to the concentration of 1x10%
conidia/ml before spreading 100ul on PDA. They were
incubated 24 hours at 25+2° C in darkness. Thereafter,
the conidia were examined under a light microscope at
40x magnification and those with germ tubes equal or
longer than the conidia were considered germinated.
The germination ratios were calculated after
examining a minimum of 300 conidia from each of the
five replicate plates.

Determination of hydrophobicity

Conidial hydrophobicity was tested according to the
aqueous-solvent partitioning method described by
Shah et al. (2007). Obtained conidia in the products
were suspended in PM buffer containing 0.02% (v/v)
Tween 80, and the concentration of the suspension was
adjusted to 2x107 conidia/ml. As the organic phase, 40
pl liquid paraffin was added to each 4 ml of the
suspension. The mixture was vortexed for 3 minutes.
After the two phases (organic phase and aqueous
phase) are separated from each other, the number of
conidia in the aqueous phase was found by counting on
a Neubauer hemocytometer under a microscope. The
test was repeated five times for conidia obtained from
each substrate. The hydrophobicity rate (Hr) was
calculated as Hr = (1-C/Co) x 100, where Co is
concentration of conidia in the suspension before
addition of liquid paraffin, and C is the concentration
of conidia in the aqueous phase after the separation of
two phases.

Determination of thermotolerance

The conidia from the products using different
substrates were subjected to thermotolerance tests at
35, 40 and 45° C. For each replication of each product,
1 mg of conidia was added into 10 ml of 0.1% Tween 80.
The suspension was mixed using vortex and then 1 ml
of suspension was transferred into an Eppendorf tube.
The tubes were heated in a water bath at above
mentioned temperatures for 15, 30 and 60 minutes.
The tests were conducted with five replications and the
viability of treated and non-treated control conidia was
determined by the germination tests.

Virulence of conidia

For each treatment, 40 gr durum wheat homogenously
mixed with the required amount of conidia to provide
the concentrations of 2x107 conidia/g wheat in a 50 ml
centrifuge tube. Twenty K. dominica adults were
placed inside each tube. For control, clean wheat
without fungal conidia was used. All the experimental
tubes were placed in a humidity chamber, a sealed
plastic container (45x31x18.5 cm) with saturated
NaNOz solution. The experiment had four replications
for each product, and was conducted at 25+2° C and
65+5% relative humidity in darkness. Adult
mortalities were recorded 14 days after treatment.
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Statistical Analysis

The data  (hydrophobicity, = thermotolerance,
germination rates, conidia amounts and mortality
rates) were subjected to one-way ANOVA followed by
Tukey multiple comparison test (P<0.05) and were
arcsine transformed prior to the statistical analysis.
All statistical analyses were conducted by using SPSS
statistics program.

RESULTS

Amount of
hydrophobicity

conidia, their germination and

Beauveria bassiana conidia were mass produced on
different substrates and obtained amount of products,
number of conidia in the products, germination rates
and hydrophobicity of the conidia were presented in

Table 1. Substrate was significantly important in
terms of amount of product, number of conidia and

hydrophobicity, while germination of conidia in all
cases were similarly high. The highest amount of
product was obtained by using whole rice as substrate
(4.10 g/bag), followed by broken rice (3.20 g/bag), wheat
(2.01 g/bag), dévme (1.61 g/bag) and bulgur (1.23
g/bag). The highest number of conidia was achieved
using broken rice (10.24x1010 conidia/g) and whole rice
(9.62x1010 conidia/g) while the other substrates
resulted in significantly lower number of conidia. The
germination rates of conidia obtained from different
substrates did not show any significant differences
(F4,20= 0.61; P=0.658) and all had a germination rate of
95% or higher. The hydrophobicity rates of conidia
varied between 81.60% and 88.73%. The highest
hydrophobicity rate was obtained using wheat as
substrate (88.73%). This was significantly higher than
the rest, while the differences among the rest were
insignificant.

Table 1. Effects of substrate in mass production of Beauveria bassiana conidia in terms of amount, germination

and hydrophobicity (+s.e.)

Cizelge 1. Beauveria bassiana konidilerinin kitlesel tiretiminde substratlarin hidrofobisite, ¢imlenme ve miktar

acgisindan etkisi(+s.h.)

Amount of product Number of conidia in . Hydrophobicity rate

Substrates per bag (g) products (x109conidia/g) Germination (%) (%)
Whole rice 4.10£0.21 a 9.62+0.15 a 95.72+1.18 a 83.04+£0.77 b
Broken rice 3.25+0.20 b 10.244+0.09 a 94.93+£1.30 a 82.10+£0.97 b
Dévme 1.61+£0.12 cd 3.06+£0.63 b 96.20+0.62 a 82.13+0.36 b
Wheat 2.10+£0.17 ¢ 0.87£0.15 ¢ 97.13+0.50 a 88.73£0.64 a
Bulgur 1.23+0.05 d 0.48+0.10 ¢ 96.33+0.64 a 81.60+0.73 b

F420=35.16 F420=241.9 F4,20=0.61 Fi20=16.71
ANOVA results P<0.0001 P<0.0001 P=0.658 P<0.0001

* Different letters within each column indicate significant differences according to Tukey multiple comparison test (P<0.05).

Thermotolerance of conidia

Germination rates of B. bassiana conidia exposed to
high temperatures for 15, 30 and 60 mins. were
presented in Tables 2, 3 and 4, respectively. The
germination rates of untreated conidia were >95% for
all substrates at 24 hours. Examining all the tables
shows that temperature, exposing time and substrate
are important factors for the thermotolerance of B.
bassiana conidia. When exposed to 35°C for 15 mins,
tolerance of conidia did not differ except for those
obtained using bulgur, which tolerated significantly
better than the rest. Bulgur was better than the rest
except for wheat as substrate for conidial tolerance at
40°C for 15 mins (Table 2). Substrate did not
significantly change the tolerance of conidia at 35° C
for 30 mins. After exposing to 40° C for 30 mins, conidia
from bulgur, wheat and dévme germinated better than
those obtained using whole and broken rice (Table 3).
Treatment of the conidia for 60 mins at 35° C did not
cause any significant difference while at 40° C conidia
grown on whole and broken rice were more susceptible
than the others (Table 4). At all exposure times, B.
bassiana conidial germination was impeded severely
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at 45° C. Overall the conidia from bulgur and wheat
showed higher germination rates than the others.

Virulence of conidia

Rhyzopertha dominica adult mortalities caused by
application of B. bassiana conidia produced using
different substrates are presented in Figure 1. There
were significant differences among obtained ZR.
dominica adult mortalities (Fu20=35.16; P<0.0001).
The most virulent conidia were produced on rice while
the least virulent conidia were produced on wheat and
bulgur. At 14 days post-treatment, the conidia
obtained from whole rice and broken rice caused 80.3%
and 72.0% mortality, respectively. However, the
conidia obtained from dévme, wheat, bulgur caused
significantly lower mortalities, 56.7%, 43.5%, 39.3%,
respectively.

DISCUSSION

Five different substrates were evaluated for
developing a mass production procedure of the conidia
of a B. bassiana isolate (5-4), efficiency of which has
previously been demonstrated to be high against
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stored-cereal pests. The results show that both
quantity (amount of product and number of conidia)
and quality (germination rate, hydrophobicity rate and
thermotolerance) of conidia were influenced by
substrate used for production. The only characteristic
that did not show significant change depending on
substrate was the germination rate of B. bassiana
conidia in this study. It seems that once conidia were
produced by the fungus, almost all are capable of
germinating, at least soon after production.

The tested substrates significantly affected the
quantity of conidia and the highest yield of conidia was
obtained using rice, which is used predominantly for
mass production of entomopathogenic fungi (Mar and
Lumyong, 2012; Ye et al., 2006; Cherry et al., 1999;
Nirmala et al., 2005; Patil et al., 2011). There are
numerous studies demonstrating the significance of
substrate or nutrient content of the medium where
entomopathogenic fungi are produced on the virulence
of obtained conidia (Feng et al., 2000;Shah et al., 2005;

Table 2. Effect of exposing Beauveria bassiana conidia to high temperatures for 15 minutes on their germinations

(%) (£s.e.)

Cizelge 2. Beauveria bassiana konidilerinin yliksek sicakliklara 15 dakika maruz birakilmasinin ¢imlenmeleri

lizerine etkisi (%) (+s.h.)

e ture 35°C 40°C 45°C ANOVA results

Substrates

Whole rice 9166+ 1.26bA  83.00 £ 2.41cdB  26.00 + 1.70 bC F2.12=148.135 P<0.0001
Broken rice 93.00+ 1.28 bA  78.00+2.02dB  46.66 = 1.42 aC F»1:=98.651 P<0.0001
Dévme 89.66+0.51bA  86.66+096bcA  14.00+1.12 cB F2.1:=947.471 P<0.0001
Wheat 92.66+ 1.00bA  91.66+0.54 abA  3.00 + 0.70 dB F».1:=2212.345 P<0.0001
Bulgur 97.00+ 0.51 aA  96.66+0.85aA  22.66 = 0.99 bB F».12=1357.107 P<0.0001

F420=14.195 F420=19.953 F420=91.827
ANOVA results P<0.0001 P<0.0001 P<0.0001

* Different capital letters in a row and different small letters in a column indicate significant differences according to Tukey

multiple comparison tests (P<0.05).

Table 3. Effect of exposing Beauveria bassiana conidia to high temperatures for 30 minutes on their germinations

(%) (£s.e.)

Cizelge 3. Beauveria bassiana konidilerinin yiiksek sicakliklara 30 dakika maruz birakilmasinin ¢imlenmeleri

lizerine etkisi (%) (+s.h.)

e ture

35°C 40°C 45°C ANOVA results
Substrates
Whole rice 88.33+1.13 aA 60.66 + 3.23 bB 10.00 £ 0.77 beC F2,12=164.468 P<0.0001
Broken rice 88.00 £ 1.29 aA 59.66 + 4.13 bB 19.66+ 1.53 aC F212=66.889 P<0.0001
Dévme 84.00 £ 0.88 aA 80.33 £ 1.04 aA 6.66 + 0.90 cB F212=949.921 P<0.0001
Wheat 87.00 £ 0.85 aA 86.33 £ 0.57 aA 1.00 £ 0.57 dB F212=2939.383 P<0.0001
Bulgur 88.66 £ 0.70 aA 89.00 £ 0.55 aA 13.66 £ 0.69 bB F212=1902.601 P<0.0001
F420=2.765 F420=16.064 F4,20=69.430
ANOVA results P=0.056 P<0.0001 P<0.0001

* Different capital letters in a row and different small letters in a column indicate significant differences according to Tukey
multiple comparison tests (P<0.05).

Table 4. Effect of exposing Beauveria bassiana conidia to high temperatures for 60 minutes on their germinations
(%) (&s.e.)
Cizelge 4. Beauveria bassiana konidilerinin yiiksek sicakliklara 60 dakika maruz birakilmasinin ¢imlenmeleri
lizerine etkisi (%) (+s.h.)

e ture

35°C 40°C 45°C ANOVA results
Substrates
Whole rice 7400+ 2.07bA  27.00=3.89bB  3.66=0.99bcC  F212=86.787 P<0.0001
Broken rice 78.00 £ 1.30 abA  28.33+4.00bB  5.00 = 1.29 bC F212=94.934 P<0.0001
Dévme 76.00+0.83bA  59.66+0.41aB  2.33+0.95cC F2.15=1428.977 P<0.0001
Wheat 84.33+0.38aA  76.33+1.05aB  0.00dC F2.12=1366.243 P<0.0001
Bulgur 84.66+0.38aA  84.00+0.38aA  10.33+0.52aB  Fs12=4114.225 P<0.0001
F4,20=6.881 F420=42.315 F420=61.119
ANOVA results P<0.001 P<0.0001 P<0.0001

* Different capital letters in a row and different small letters in a column indicate significant differences according to Tukey
multiple comparison tests (P<0.05).
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Fig. 1. Virulence of Beauveria bassiana conidia produced using different substrates against Rhyzopertha dominica
adults at the concentration of 2x107conidia/g wheat (Bars represent standard errors, n=4)

Sekil 1. Farkli substratiar kullanilarak iiretilen Beauveria bassiana konidilerinin 2x107konidi/g bugday

konsantrasyonda Rhyzopertha dominica erginlerine karsi virtilenslikleri (Barlar standart hatayi

belirtmektedir, n=4)

Shah et al., 2007; Latifian et al., 2013). In the present
study conidia with the highest virulence against R.
dominica adults were obtained when whole or broken
rice was used for mass production of B. bassiana
conidia. This is probably another reason for rice to be
commonly preferred in mass production of
entomopathogenic fungi (Mar and Lumyong, 2012; Ye
et al., 2006; Cherry et al., 1999; Nirmala et al., 2005;
Patil et al., 2011). Although these results indicated
that rice would be the best choice for production of B.
bassiana conidia, some properties of the conidia were
found to be better when other substrates were used.
The conidial thermotolerance of entomopathogenic
fungi has been shown to be significantly influenced by
ambient conditions where fungi are grown. It was
found that during mycelial growth, especially the
substrate used can enhance conidial thermotolerance
(Ying and Feng, 2006; Kim et al., 2011). The present
study supports these results. The thermotolerance of
conidia significantly varied depending on the substrate
and the most tolerant conidia was obtained by using
wheat and bulgur. Kim et al. (2011) and Ying and Feng
(2004) found a positive relationship between
thermotolerance and hydrophobicity of conidia.
Similarly, according to the results of the present study,
the conidia produced by using wheat showed both high
thermotolerance and high hydrophobicity amongst
tested substrates.

It is once more demonstrated that choice of substrate
is a very important step in developing a mass
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production procedure for entomopathogenic fungi.
Although the results may apply to most closely related
entomopathogenic fungi, at least for mass production
of the tested B. bassianaisolate (5-4), as substrate, rice
should be preferred to achieve highly virulent more
conidia while wheat should be the choice to reach more
hydrophobic and thermotolerant conidia. In this study,
all the tested characteristics were evaluated together
for the first time for an entomopathogenic fungus.
These results demonstrated that in the decision
making stage for mass production of entomopathogenic
fungi, all important characteristics should be assessed
together. In this study, As the main purpose of
evaluating substrates for the mass production of the
tested B. bassiana isolate (5-4) is to obtain conidia for
the control of stored cereal pests, rice can be selected
as substrate to achieve high mortality and thus better
suppression of the pest, while ways to improve their
lower features are to be sought in feature researches.
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OZET

Bu c¢alisma, ortialti hiyar yetistiriciliginde sorun olan kok-ur
nematodlar1 (Meloidogyne spp.)na karsi kimyasal miicadeleye
alternatif mucadele olanaklarini arastirmak amaciyla 2017-2018
yillarinda Kocaeli ilinde yurttilmiustiir. Denemeler, saks1 denemesi
seklinde tesaduf parselleri deneme desenine gore 8 karakter, 10
tekerrirlia ve 2 tekrarli olarak gercgeklestirilmigtir. Domates saf
kiiltiirden elde edilen ikinci dénem kék-ur nematodu (Meloidogyne
incognita) larvalar: (I.2), Ceylan F1 hiyar ¢esidi bitkileri, Hint hardalh
(Barassicae juncae), Kadife ¢icegi (Tagetes erecta) bitki aksamlari,
Susam yag1 (Nemax®), Trichoderma herzianum Rifai KRL-AG2 4x106
spor/g (T-22 Planter Box®), Arbiiskiilar Mikorizal Fungus (Endo
root®, %23,5 canli Glomus spp.) ve karsilagtirma ilaci Fenamiphos
etken maddeli (Nemasat®) denemenin materyallerini olusturmustur.
Elde edilen bulgulara gore; kok-ur nematodunun hiyar bitkisinde
olusturdugu urlarin engellenmesi, topraktaki nematod sayisinin
azaltilmasi, daha az yumurta kiimesi olugumu, bitki boyunu artirici
etkisi, bitki yas ve kuru agirligina, kok yas ve kuru agirligina etkileri
bakimindan her bir saksiya 50 g Hint hardali yesil aksam
uygulamalarinin etkisi diger karakterlerdeki uygulamalara gore daha
yiiksek bulunmustur. Hint hardali (B. juncae/ndan sonra 7.
harzianum ve Susam yag1 karakterleri etkili bulunmustur.

ABSTRACT

This study was conducted in order to investigate the alternative
control to chemical control against root-knot nematodes (Meloidogyne
spp.) which was a problem in greenhouse cucumber growing in Kocaeli
(Turkey) province during 2017-2018. The experiments were carried
out according to randomized plot design with 8 characters, 10
replications and two repititions as pot trials. The second stage root-
knot nematodes (Meloidogyne incognita) larvae (J2) obtained from the
pure culture of tomatoes, Ceylan F1 cucumber variety plants, Indian
mustard (Barassicae juncae), Marigold (Tagetes erecta) plant
components, Sesame oil Nemax), Trichoderma herzianum Rifai KRL-
AG2 4x106 spore/g (T-22 Planter Box®), Arbaceous mycorrhizal
fungus (Endo root®, 23,5% live Glomus spp.) and the comparative
nematicides Fenamiphos (Nemasat®) composed of the experiment
materials. According to the findings obtained; it was been found more
effective effect of 50 g Indian mustard green component applications
in each pot than other characters, in terms of prevention of knots
created by root-knot nematodes in cucumber plants, reduction of the
number of nematodes in the soil, formation of less egg-cluster,
increasing effect of plant height, effects of plant wet and dry weight
and root wet and dry weight. 7. harzianum and Sesame oil characters
were found to be effective after the Indian mustard (B. juncae).
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GIRIS

Sebzelerde ekonomik anlamda zararh olan tiirlerden
biri de konukgusu oldugu bitkinin koék sisteminde
urlara neden olarak, bitkilerin iletim dokularini tahrip
ederek, topraktan yeterli miktarda su ve besin
maddeleri alimin1 engelleyen, ekonomik anlamda
irinde ciddi kayiplarina sebep olan koék-ur
nematodlar: [Meloidogyne  spp. (Nematoda:
Meloidogynidae)]'dir. Kék-ur nematodlar1 ile bulasik
sebze yetigtiriciligi yapilan tarim alanlarinda, gerekli
onlemler alinmadig1 zaman, tirtn kayiplari, zararlinin
yogunluguna, bitkinin ¢esidine ve bitki hassasiyetine
gore degismektedir. Bu oran genellikle sebzelerde
%15-85‘e kadar ulagabilmektedir. Kék-ur nematodlari
sahil bolgelerimiz basta olmak {izere sebze
yetistiriciligi yapilan oérta alti1 ve acgik alanlarda ve
meyve bahcgelerinde yaygin olarak gorilebilmektedir
(Anonim, 2008; Yildiz ve Mamay, 2012).

Kok-ur nematodlarina karsi uygulanmakta olan
miicadele metotlarindan en yaygin olani kimyasal
miicadeledir. Sebze yetistiriciliginde 6zellikle 6rti alti
sebze tUretimi yapilan alanlarda, kék-ur nemotodlarina
kars1 yiksek toksik etkiye sahip nematisitler yogun
olarak kullanilmaktadir. Nematisitlerin nematod
kontroliindeki etkinlikleri basarili olmasina ragmen,

genis spektrumlu bir etkiye sahip olmalar,
arastirmacilar tarafindan kanserojen etkilerinin
ortaya  konmasi, urtnler  tzerinde kalinta

problemlerinin ortaya ¢ikmasi gibi sebeplerden dolay1
Avrupa Birligince alinan kararlar dogrultusunda

Tarim ve Orman  Bakanhgi’nca  Cadusafos,
Carbofuran, Oxamyl, Iprodione gibi bir¢ok nematisitin
kullamimi iilkemizde yasaklanmistir (Kepenekei,
2012).

Nematisitlerin toksik derecelerinin yiiksek olmasi,
insan ve cevre saghgina verdigi zararlar, ilag
uygulamalarinin pahali ve zor olmasi, ihrag¢ edilen
urinlerin kalint1 problemleri nedeniyle geri donmesi
gibi  sebeplerden dolay1r kimyasal miicadeleye
alternatif miicadele yontemleri tizerinde ¢aligmalarin
geligtirilmesine agirlik verilmistir. Son yillarda
ulkemizde cevreye, dogal yasama ve insan sagligina
olumsuz etkileri olmayan biopreparatlar ile ilgili
calismalara hiz verilmigtir.

Kok-ur nematodlarina karsi alternatif miicadele
olanaklarinin arastirilmasina yoénelik biyoteknik
micadele yontemleri kapsaminda bitkisel ekstraktlar
ile ilgili diinyada ve iilkemizde ¢ok sayida arastirma
yapilmaktadir. Elde edilen bulgularin miicadele
uygulamalarina aktarilmasiyla tlkemizde kok-ur
nematodlarina karsi insan sagligina ve c¢evreye
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olumsuz etkiler olusturan kimyasal miicadele alanlari
daraltilacaktir (Kepenekei, 2012).

Bu calismada, ortiialt1 hiyar yetigtiriciliginde sorun
olan kok-ur nematodlar1 (Meloidogyne spp.)na kars:
kimyasal miicadeleye alternatif miicadele olanaklari
arastirilmistir. Bu amacla Hint hardali (Barassicae
Jjuncae), Kadife cicegi (Tagetes erecta) bitki aksamlari,
Susam yag1 (Nemax®), Trichoderma herzianum Rifai
KRL-AG2 4x10% spor/g (T-22 Planter Box®) ve
Arbiiskiilar Mikorizal Fungus (Endo root®, %23,5 canl
Glomus spp.) calisma kapsamina alinmigtir.

MATERYAL ve METOT

Bu c¢alisma 2017-2018 yillarinda nematisit etkisi
oldugu disiinillen Hint hardali [Brassica juncea
(Euphorbiaceae)] ve kadife cicegi [7agates erecta
(Asteraceae)] bitkilerine ait olan toprak alti ve toprak
ustli tim aksamin ve bazi biyolojik ticari preparatlarin
[Arbiiskiilar mikorizal fungus (Endo Roots), Susam
yagl (Sesamum indicum), Trichoderma harzianum (T-
22 planter box)] kék-ur nematodu (M. incognita)na
olan etkisini arastirmak amaciyla saksi denemeleri
seklinde Kocaeli Universitesi Aslanbey Meslek Yiiksek
Okulu (KUAMYO) labaratuvari ve seralarinda
(Kocaeli), Kocaeli I Tarim ve Orman Miidirligi
Laboratuarinda ve Yasar TOSUN [Basiskele Ilcesi
Kullar Mahallesi, Kocaeli (BIKM)I’a ait 1sitmasiz
seralarda yurutulmustir.

Saks1 Denemeleri

Saks1 denemeleri kapsaminda 16 Mayis 2017-25
Temmuz 2017 tarihleri arasinda KUAMYO’a ait
serada birinci denemeler kurulmustur. 01 Agustos
2018-09 Ekim 2018 tarihleri arasinda BIKM’de yer
alan Uretici serasinda ikinci denemeler kurulmustur.
S6z  konusu calismada  kullamilan  uygulama
karakterlerine ait bilgiler agsagida yer alan Cizelge 1’de
verilmigtir. Her bir saks1 bir tekerrir olacak gekilde;
10 tekerriirlii ve 2 tekrarh (iki farkli zamanda) olarak
tesadif parselleri deneme desenine gore saksi
denemeleri geklinde kurulmustur. Deneme stresince
hiyar bitkileri, tek ana goévdeden olacak gekilde
yetistirilmis, yan koltuklar alinmigtir.

Sera-Saks1 Denemelerinde Kullanilacak Hiyar
Fidelerin Yetigtirilmesi ve Nematod Saf Kultiiri
Olugturma Caligmalar

Saf kiltlirin devaminin saglanmasi ve nematodlarin
Uretimi igin kok-ur nematodlarina hassas oldugu
bilinen  SC-2121  domates ¢esidi  tohumlar:
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kullanilmigtir. Tohumlar viyollere ekilmeden once
yuzeysel dezenfeksiyon amaciyla %3’lik camasir
suyunda 1 dakika tutulup steril suyla yikanmig ve
kurutma kagidi tlizerinde kurutulmustur. Bunu
takiben tohumlar, iginde tohum topragi konulmusg 45
oluklu (9%x5) viyollere (en: 5 cm, derinlik: 6 cm) her
oluga bir tohum olacak sekilde dikilmistir. Viyoller
23+2:C’de 16 saat aydinlik 8 saat karanlhik ortama

Cizelge 1. Denemede kullanilan karakterler ve simgeleri
Table 1. Characters and symbols used in the experiment

yerlestirilerek diizenli olarak sulanmigtir. Viyollerde
2-4 gercek yaprakli doneme gelen fideler saksilara
sasirtilarak seraya aktarilmigtir. Daha sonra elde
bulunan stok kiiltiirden nematodlar fidelerinin kékleri
etrafina acgilan 3-4 delige bombeli pipet yardimiyla
3000 yumurta (kék-ur nematodu yumurtasi) bitki?!
olacak sekilde bulagtirilmigtir.

Uygulama karakterleri

Karater Simgesi

No (Applications characters) (Character symbols)
1 Kontrol (+) Nematodlu Kontrol KH#)

2 Kontrol (-) Nematodsuz Kontrol K ()

3 Ilach Kontrol IK (+)

4 Hint Hardali (Brassicae juncae) H®)

5 Trichoderma harzianum TD (+)

6 Kadife cicegi (Tagates eracta) T (+)

7 Arbtuiskiilar mikoriza M (+)

8 Susam yag1 (Sesamum indicum) SY (+)

Sasirtma isleminde saksilarda %80 kum %15 toprak
ve %5 kil olacak sekilde toprak karigsimi kullanilmagtir.
Kullanilan saksilar 10x10 e¢cm boyutlarinda olup 800
cm3 toprak karigimi almaktadir. Toprak karigimlari
saksilara konulmadan 6nce saksilarin alt kisimlarina
bitki koklerin disar1 c¢ikmasimi ve karigimlarin
dokilmesini  6nlemek  amaciyla  kagit  tela
yerlestirilmistir. Tohumlarin sagirtilacagi saksilarda
kullanilan kum ve toprak karigimi 121°C de 15 dakika
otoklavda iki kere sterilize edilip, iki islem arasinda 24
saat beklenilmistir (Nakasone ve ark., 2004).

Yumurtalar: elde etmek icin kék-ur nematodu (M.
incognita) ile enfekteli kokler yikanarak 1 Llik
kavonoz i¢ine yaklagik 1 cm uzunlugunda dogranarak
konulduktan sonra tizerine 200 ml %0.525 yogunlukta
NaOCl ¢ozeltisi eklenip, agzi kapatilarak 3.0-3.5
dakika c¢alkalama iglemi yapilmistir. Carkalama
isleminden sonra 500 mech’lik (delik genisligi 25 pm)
elek iizerine yerlestirilmis 200 mech (delik genisligi 75
um) elek iizerine kavanoz i¢indeki nematodlu NaOCI
¢ozeltisi dokilerek elek temiz suyla durulanmistir.
Ustteki elek ayrildiktan sonra alttaki elek tizerinde
biriken nematod yumurtalar1 beherlere alinmigtir.
(Hussey ve Barker, 1973). Elde edilen nematod
yumurtalar1 denemelerde kullanilmak tizere +4Cde
buzdolabinda muhafaza edilmigtir.

Denemenin Kurulmasi

Viyollerde yetistirilen Hiyar fideleri (Ceylan F1), 2-4
yaprakli déneme gelince her saksiya bir fide olacak
sekilde sagirtilmistir [Denemelerde 7x7cm (yaklasik
340 ml veya 320 g toprak alan) ebatlarinda icinde
toprak kum karisimi (%80 kum, %15toprak ve %5 kil)
bulunan plastik saksilar kullamilmistir]. Sasirtilan
fideler kok sistemlerinin geligsmesi i¢in 5 giun diizenli

olarak kontrol edilerek sulanmigtir. Gelisme geriligi
goriillen veya popilasyonda uyum iginde olmayan
fideler denemeye alinmamistir.

Daha o6nce elde edilen nematod yumurtalarmin bir
kism1 denemelerde kullanilmak amaciyla mikroskop
altinda sayim yapilarak 1 mI’de 3000 yumurta olacak
sekilde ayarlanmigstir. Ayrica nematod yumurtalarinin
bir kismi inkibasyona birakilarak 2. dénem larvalar
(L2)1m olusumu saglanmig ve toplanmigtir. 1 ml icinde
1000 2. dénem enfektif larva (1000 L2 ml1) olacak
sekilde mikroskop altinda sayim gerceklestirilmis ve
ayni glin bu larvalar sera saksi denemelerinde
kullanilmigtar.

Kurulan tiim denemelerde (+) kontrol (sadece nematod
yumurtast veya L2min uygulandigl) ve (-) kontrol
(sadece su wuygulanan, herhangi bir nematod
uygulamasi yapilmayan) olmak iizere 2 kontrol grubu
kurulmustur. Ayrica ilagh konrol (IK) olarak
Fenamiphos etken maddeli Nematisit (Nemasat 400
EC) kullanilmisgtir. Calismalarda kullanilan
konsantrasyonlar bitki/saks1 basina ayarlanmis ve
uygulamalardan sonra her bir saksiya 100 ml su
verilmigtir.

Pozitif (+) kontrol uygulamas1

Fideler sagirtildiktan 5 giin sonra fidelerin kokleri
etrafina acilan 2 cm derinligindeki delige pipet
yardimiyla bitki bagina 1000 L2 ml?! verilmigtir.
(Hussey and Barker, 1973). 10 tekerriir olacak sekilde
pozitif konrol (+) karakterleri olusturulmustur.
Uygulamadan hemen sonra 100 ml su verilmigtir.

Tlach kontrol uygulamas:

Ilach kontrol olarak zararhiya karsi uzun giin etkisi
olan ruhsatlh Fenamiphos etken maddeli Nemasat 400
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EC ilac1 kullanilmistir. Fideler sasirtildiktan sonra 5
giin kok gelisimi i¢in beklenilmigtir. Fidelerin kokleri
etrafina acilan 2 cm derinliginde olan delige bitki
bagsina 3000 yumurta ml! olacak sekilde uygulama
yapilmistir (Melakeberhan, 1997). Uygulamadan
hemen sonra Nemasat 400 EC isimli ila¢ 5 L suya 15
ml (saks1 bagina 1.5 ml), dozunda saks1 basina 500 ml
ilach su olarak verilmistir. Ilaglamadan 6énce ve sonra
fideler 100 ml suyla sulanmigtar.

Negatif (-) Kontrol uygulamasi

Negatif (-) kontrol karakterinde fideler sasirtildiktan
sonra kok geligimi i¢in 5 giin beklenilmig ve denemeler
kurulurken higbir nematod uygulamasi yapilmamisg
ayn1 oranda sadece su verilmistir.

Arbiiskiilar Mikorizal Fungus (Endo Roots Soluble)
Uygulamasi

Glomus intraradice, G. aggregatum, G. mosseage, G.
clarum, G. monosporus, G. deserticola, G. brasilianum,
G. etunicatum, Gigaspora margarita turlerinin
icerdigi Endo Roots preparati bitki bagina 15 gram 500
ml su ile karistirilarak uygulama yapilmigtir.

erecta) koklerinin

Kadife cicegi (Tagetes

uygulanmasi

ve

Saksilarda yetistirilen kadife cicekleri sokilerek
cesme suyuyla topragindan arinmak amach
yikanmistir. Daha sonra kadife cigegi bitkilerinin kok
aksami makas yardimiyla kii¢iik parcalara ayrilmistir.
Bu parcalanan koklerden her bir saksiya 30 gr gelecek
sekilde tartilarak nematod uygulamasindan hemen
sonra saksi topragina karistirilmigtir.
(T-22 box)

Trichoderma  harzianum

uygulamasi

planter

Trichoderma harzianum (T-22 planter box) 5 L suya 10
g uygulamasi ile saksilara yaklagik olarak 500 ml ilagh
su gelecek sekilde verilmigtir.

Hint hardali (Brassica juncea) uygulamasi

Hint hardali bitkisinin yapraklari, gévde kisimlari
makas yardimiyla kiciik pargalara ayrilmistir. Daha
sonra blenderdan gegirilirek her bir saksiya 50 gr
gelecek gekilde tartilarak ayni giin nemataod

Research Article
uygulamasi yapilan saksi topraklarina
karigtirilmigtir.

Susam (Sesamum indicum) yag1i ~ (Nemax®)
uygulamasi

Nematodlara karsi micadelede kullanilan Nemax®
(Susam yag1), saksi basina 3 ml preparat diisecek
sekilde 2 L suya 30 ml karistirilarak saksi bagina 200
ml olacak sekilde verilmigtir. Baglangicta nematodla
bitlikte uygulama yapilmig sonra 15 giin ara ile 3 kez
daha uygulanmigtir. Toplamda 4 uygulama
yapilmistir.

Denemenin Degerlendirilmesi

Uygulamalardan 9 hafta sonra bitkiler saksilardan
koklere zarar vermeden topraklari ile birlikte
gikartilip numaralandirma iglemi  yapilmigtir.
Denemeler sonunda her bir bitkinin boyu (cm), bitki
ist aksam ve kék yas agirhg (gr) parametreleri
kaydedilmigtir. En son olarak, 70°C'de 48 saat
kurutma (Mohammad ve ark., 2007) islemi yapildiktan
sonra her bitki igin st aksam ve kok kuru agirhiklar:
(gr) tartilmistir. Ayrica yaprak ve meyve sayilari
kaydedilmigtir.

Nematod yumurta paket sayimi ve kokteki urlanma
orani parametrelerini degerlendirmek amaciyla, fazla
tazyikli olmayan musluk suyu altinda kok sisteminin
topraktan tam arindirilmasi i¢in yikanmastir. Yikama
isleminden sonra kékler phloxine B (0.15 g L su)) ile
15-20 dakika boyanmistir (Daykin ve Hussey, 1985) ve
binokiiler altinda yumurta paketleri sayilmigtir.

Deneme sonunda, yapilan uygulamalarin koék-ur
nematodlarinin  topraktaki larva popiilasyonlar
(L2Yna etkilerinin belirlenmesi amaciyla,
“Gelistirilmis Baermann-Huni Yontemi” kullanilarak
saks1 topraklar1 analiz edilmis (Hooper, 1986) ve
topraktaki nematodlar sayilmigtir.

Koklerde bulunan yumurta kiimeleri ve urlanma
oranlar1  degerlendirilmesi amaciyla, boyanan
yumurta kiimeleri sayilmis ve 0-5 yumurta kiimesi
reaksiyon skalasina goére (Triantaphyllou, 1981;
Sasser ve ark., 1984) degerlendirilmistir (Cizelge 2).

Cizelge 2. Yumurta kiimesi-reaksiyon skalas1 (Triantaphyllou, 1981; Sasser ve ark., 1984)
Table 2. Egg cluster reaction scale (Triantaphyllou, 1981, Sasser ve ark., 1984)

Kokteki yumurta kiimesi sayisi Skala degeri Sonug
(Number of egg mass in the roots) [Scale value (Gal index)] (Results)
Yumurta kiimesi yok 0 Dayanikh
1-2 1 Dayanikh
3-10 2 Dayanikh
11-30 3 Hassas
31-100 4 Hassas
101 dsti 5 Hassas
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Uygulamalarin nematodlar {izerindeki etkinligini Ayrica, kok-ur skalasi degerlerine logl0 (X+1)
belirlemek i¢in koklerdeki urlanma miktarlar transformasyonu uygulanarak istatistiksel analizler

belirlenmigtir. Bu amagcla, Cizelge 3.’de belirtilen Zeck
(1971) skalasina goére kokler degerlendirilerek
bulagiklik dereceleri ortaya konmustur.

Deneme sonucunda elde edilen tiim degerlerin varyans
analizleri (ANOVA) icin SPSS (Version 16.00; SPSS,
Chicago, IL, USA) istatistik yazilim program
kullanilmis olup, ortalamalarin kargsilastirmasi
Duncan testine goére P<0.05 diizeyinde yapilmistir.

gerceklegtirilmigtir.

Denemeler boyunca sera igi sicaklik ve nem degerleri
HOBO (sicaklik ve nem kaydedici) kullanilarak
kaydedilmigtir. 2017 yili icin (16.05-27.07.2017)
sicaklik 26.98 °C+8.01 (14.9-42.9 °C); nem %79.9+27.17
(%21.5-100.0) ve 2018 yih igin (01.08-12.10.2018)
sicaklik 23.80 °C+7.30 (14.2-40.1 °C); nem %79.6+28.07
(%21.5-100.0) olarak kaydedilmistir.

Cizelge 3. Kok-ur nematodlari ile bulasiklik durumlarim gésteren skala (Zeck,1971)
Table 3. Scale showing contamination status whit root-knot nematodes (Zeck,1971)

Bitkilerin Belirtileri
(Symptoms of plant)

Bulagma Derecesi
(Degree of contamination)

0 Kok sistemi timiyle saglam.
1 Kokler dikkatle incelendiginde ¢ok az ur var.
2 Urlar kiigiik, fakat 1.dereceye oranla ¢ok.
3 Kok sisteminde c¢ok sayida ur vardir. Urlarin bazilari birleserek biytimtistir.
Fakat koklerin vazifesini aksatmaz.
4 Cok sayidaki urlara ilaveten buiylik urlar mevcut,fakat koklerin ¢ogu gorevlerine
devam eder.
5 Urlardan dolay1 kéklerin yaklagik olarak %2571 gérev yapamaz.
6 Kok sisteminin yaklagik %50’si gorev yapamaz
7 Kok sisteminin yaklagik %75’1 urlu,iriin kaybi var.
8 Saglam kok kalmamastir, bitkinin beslenme diizeni bozulmustur. Fakat bitki hala
yesildir.
9 Kok sistemi tamamen urla kapli olup kok ¢tirtir.
10 Bitki ve kok 6liir.
BULGULAR ve TARTISMA oldugu goriinmektedir [F (2.09)= 117.244 P<0.05].
Sera kosullarinda yiiriitilen saksi denemeleri Uygulamalarin koéklerdeki urlanmaya azaltici etkisi

sonucunda pozitif kontrol (nematod verilen) (K+) ve
negatif kontrol (nematod verilmeyen sadece su
uygulanan) (K-) deneme karakterleri'ne ait hiyar
bitkilerinin kdéklerindeki urlanma miktari; kokteki
yumurta paketi sayisi; topraktaki 2. donem larva
sayis1 (L2); bitki boylar:; bitki yas ve kuru agirhgi; kok
yas ve kuru agirhiklari; meyve ve yaprak sayilar
bakimindan ilach kontrol, (IK); Hint Hardal
(Brassicae juncae), (H); Trichoderma, (TD); Kadife
cicegi (Tagates eracta), (T); Arbiiskiilar mikoriza, (M)
ve Susam yag1 (Sesamum indicum) (SY) uygulamalar:
ile kargilastirilarak degerlendirilmistir.

Koklerdeki Urlanma Miktar:

Uygulamalar degerlendirildiginde IK (2.05+0.20), M
(2.30£0.17) ve T deneme karakterleri birlikte ayni
grupta yer almiglardir. Daha sonra sirasiyla H
(0.85+0.13), TD (0.95+0.11) ve SY (1.10+0.12) deneme
karakterleri farkl bir grupta yer almistir. Kéklerdeki
en diisik urlanma H (0.85+0.13) karakterinde
olmustur. Kok-ur 1skala degerleri acgisindan
degerlendirilme yapildiginda ise, H, TD ve SY deneme
karakterleri esdeger diuzeyde ve diger uygulamalara
gore koklerdeki ur olusumunu daha fazla engellemis
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%63.40-86.50 oraninda olmustur (Cizelge 4).

Yumurta Kiimesi

Sera saks1 1. ve 2. deneme sonuglarina gore yapilan
uygulamalarin  hiyar  bitkilerinin  koklerindeki
yumurta kiimelerine etkisinin incelenmesi sonucunda;
uygulamalar icinde koklerde en yuksek yumurta
kiimesi miktar1 K+ deneme karakterinde (3.30+0.15)
gorulmiis ve tek basina bir grup olusturmustur. Diger
uygulamalar ise en disiik yumurta kiimesine sirasiyla
H (0.60+0.16), TD (0.75+0.11) ve SY (0.95+0.05)
karakterlerinde rastlamilmigtir. Yumurta kumesi
reaksiyon 1skalas1 agisindan degerlendirildiginde, H,
TD ve SY deneme karakterleri egdeger diizeyde ve
diger uygulamalara goére daha az yumurta paketine
sahip bulunmustur [F (2.09)= 77.181 P<0.05]. Yapilan
uygulamalarin koklerdeki yumurta kiimesi
miktarlarin1  azaltic1 etkisi %40.2-82.2 oraninda
olmustur (Cizelge 4).
Kok-Ur

Topraktaki Nematodu 2. Doénem Larva

Sayilar

Uygulanan deneme karakterleri arasinda en dustik 2.
dénem larva yogunlugu H (72.00+7.11) karakterinde
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saptanmis, TD (98.00+11.23) deneme karakteri ile deneme karakterleri istatistiksel olarak eg deger
istatistiksel olarak ayni grupta yer almigtir. Daha diizeyde ayr1 grup olmuslardir [F (2.09)= 157.466
sonra; SY (113.00+10.88) deneme karakteri P<0.05]. Uygulamalarin hiyar bitkilerinin saks1
istatistiksel olarak ayr1 grup olusturmustur. IK topragindaki kok-ur nematodu 2. dénem larva
(272.00+£19.02), M (282.50+47.96), T (332.00+46.03) sayilarina %95.1-75.9 oraninda olmustur (Cizelge 5).

Cizelge 4. Farkli uygulamalara gore hiyar bitkilerinin kéklerinde Meloidogyne incognitanin olusturdugu urlanma
miktar1 (Ur Skala Degeri) [X+SH (min-max)] (n=10), yumurta kiimesi-reaksiyon skalas1 [X+SH (min-
max)], (n=10) ve pozitif kontrol (K+)’e gore azaltic1 etkisileri (%)

Table 4. The gall injury rates [X+SE (min-max)/ (n=10), the egg cluster reaction scale [X+SE (min-max)] (n=10) of

Meloidogyne incognita in the roots of cucumber plants according to different applications and decreasing
effect (%)to positive control (K+)

Uygulamalar  Ur Skala Degeriz Azaltic1 Etki (%)  Yumurta Paketi2 Azaltic1 Etki (%)

(Applications) (Gall scale value) [Decreasing (Egg package) [Decreasing effect
eftect (%)] (%)]

HH#) 0.85+0.13 (0.00-1.50)» b 86.5 0.60+0.16 (0.00-1.00) b 82.2

TD (+) 0.95+0.11 (0.00-1.50) b 84.9 0.75+0.11 (0.50-1.50) b 77.6

SY (+) 1.10+0.12 (0.50-1.50) b 82.5 0.95+0.05 (0.50-1.000 b 71.6

M (+) 2.30+0.17 (1.50-3.00) ¢ 63.4 1.80+0.08 (1.50-3.000 ¢  46.2

T (+) 2.25+0.18 (1.50-3.00) ¢ 64.2 2.00+0.14 (1.00-3.00) ¢  40.2

IK (+) 2.05+0.20 (1.00-3.000 ¢ 67.4 1.40+0.16 (0.50-2.000 d 58.2

K () 0.00+0.00 (0.00-0.00) a - 0.00+0.00 (0.00-0.00) a -

K &) 6.30+0.32 (5.50-8.000 d O 3.35+0.15 (3.00-4.00) e O

aIstatistiki analizlerde urlanma ve yumurta kiimesi-reaksiyon skala verilerine log10(X+1) transformasyonu uygulanmistur.
b Aym harfi iceren ortalamalar Duncan testine gore istatistiksel olarak farkli degildir (P<0.05).

Cizelge 5. Yapilan uygulamalar sonunda hiyar bitkilerinin saksilarindaki topraklarda Meloidogyne incognita 2.
dénem larva sayilar: [X+SH (min-max)] (n=10), bitki boyu (cm) ve pozitif kontrol (K+)’e gére azaltici
etkisi (%)

Table 5. Second stage larvae number [X+SE (min-max)] (n=10) of Meloidogyne incognita in the pots soil of

cucumber plants and plant height (cm) in as a result of applications and increasing effect (%) of
nematodes numbers according to positive control (K)

Uygulamalar Nematod sayisi Azaltic1 Etki (%) Bitki Boyu (cm) Azalticl Etki (%)

(Applications) (Number of nematodes) [Increasing (Plant height) [Increasing effect
effect (%)] (%)]

H®) 72.00+7.11(50-200)2 ab 95.1 252.3+5.66(213.5-282.5) a  87.4

TD (+) 98.00+11.23(50-170) ab 92.8 240.50+4.44(220-262) a 786

SY (+) 113.00+10.88(70-170) b  91.7 215.15+3.04(202.5-229) b 59.8

M (+) 282.5+47.96(100-480) ¢  79.4 203.75+5.38(184-234) be 51.3

T (+) 332.0+46.03(170-550) ¢ 75.9 195.75+3.97(178.5-215) ¢  45.4

IK (+) 272.0+419.02(170-350) ¢ 80.2 178.8+9.43(146.5-227) d 328

K () 0.0+0.0(0.0-0.0) a - 176.20+2.14(165-184) d 30.9

K (+) 1378.0+70.2(1100-1640) d 0.0 134.60+4.27(111-158) e -

a Ayn1 harfi iceren ortalamalar Duncan testine gére istatistiksel olarak farkl degildir (P<0.05).

Bitki Boyu Bitki Yas Agirligh
Deneme karakterleri iginde en yiiksek bitki boyu H En yiiksek bitki yas agirhgn H (266.39+11.61)
(252.35+5.26) karakterinde saptanarak TD karakterinde saptanarak ayri grupta yer almigtir.
(240.50+4.44) karakteri ile istatistiksel olarak aym Daha sonra sirayla; TD (198.91+7.78), SY (184.51+
grupta yer almigtir. SY (215.15+3.04) karakteri ti¢iincii 7.93) ve M (181.66x 9.85) deneme karakteri
yiksek boy ortalamasiyla ayr1i  bir grubu istatistiksel olarak ayni grupta yer almigtir. T
olusturmustur. En diisiik bitki boyu K+ (134.60+4.27) (138.44+5.62) karakteri ayr1 grup olmustur. IK
deneme karakterinde kaydedilmistir [F (2.09)= 52.133 (123.70+ 9.50) ve K- (122.86+8.31) deneme karakterleri
P<0.05]. Yapilan uygulamalarin hiyar bitkilerinin birlikte aynmi1 grupta yer almislardir. En disik bitki
boyuna artirici etkisi %30.9-87.4 oraninda olmustur boyu K+ (94.13+ 4.42) deneme karakterinde
(Cizelge 5). kaydedilmis ve 1iststistiksel olarak ayr1 grup
olusturmustur [F (2.09)= 41.985 P<0.05]. Yapilan
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uygulamalarin hiyar bitkilerinin boyuna artirici etkisi almigtir. Daha sonra sirayla; T (28.05+ 1.14), IK
%30.5-183.0 oraninda olmustur (Cizelge 6). (21.42+ 1.81) ve K- (24.76+ 2.06) deneme karakterleri
ayr1 gruplarda yer almiglardir. En diisik bitki kuru
Bitki Kuru Agirhig agirhgt K+ (16.33+ 0.69) deneme karakterinde

kaydedilmis ve istatistiksel olarak ayr1 grup
olusturmustur [F (2.09)= 41.985 P<0.05]. Yapilan
uygulamalarin hiyar bitkilerinin kuru agirligina etkisi

Deneme karakterleri i¢inde en yiiksek bitki kuru
agirhgn H (39.38+1.74) karakterinde saptanmig, TD
(36.15+0.81) deneme karakteri ile aymi grupta yer .
almistir. SY (31.06+ 1.26) ve M (29.08+ 1.11) deneme %31.1-141.1 oraninda olmustur (Cizelge 6).

karakterleri istatistiksel olarak ayni grupta yer

Cizelge 6. Yapilan uygulamalar sonunda hiyar bitkilerinin yas, kuru agirliklar: (gr) [X+SH (min-max)] (0n=10) ve
pozitif kontrol (K+)’e gore arttiric: etkisi (%)
Table 6. The wet, dry weight of cucumber plants as a result of applications [X+SE (min-max)] (n=10) and increasing
eftect (%) to positive control (K)

Uygulamalar Bitki Yas Agirlik (gr) Arttirica Etki (%) Bitki Kuru Agirhik (gr)  Arttiricr Etki (%)
(Applications) [Plant wet weight (gr)] [Increasing effect (%)] [Plant dry weight (gr)]  [Increasing effect (%)]
H®) 266.39+11.61(204.76-318.07)2 a 183 39.38+1.74 (27.77-47.37) a 141.1

TD (+) 198.91+ 7.78 (160.07-243.50) b 111.3 36.15+0.81 (31.99-40.75) a 121.3

SY (+) 184.51+ 7.93 (140.60-229.19) b 96 31.06+ 1.26 (26.07-37.88) b 90.2

M (+) 181.66+ 9.85 (135.77-219.92) b 92.9 29.08+ 1.11 (21.08-34.37) b 52.2

T (+) 138.44+ 5.62 (131.60-186.10) ¢ 47 28.05+ 1.14 (23.59-35.54)  hc 71.7

IK (+) 123.70+ 9.50 (135.77-219.92) d 31.4 21.42+ 1.81 (14.10-32.10) cd 31.1

K () 122.86+ 8.31 (95.04-183.25) d 30.5 24.76+ 2.06 (15.38-35.71) d 51.6

K®) 94.13+ 4.42 (80.10-120.18) e - 16.33+ 0.69 (11.82-19.19) e -

a Ayni harfi iceren ortalamalar Duncan testine gére istatistiksel olarak farkl degildir (P<0.05).

Kok Yas Agirhigi Kok Kuru Agirhig
Deneme karakterleri iginde en yiiksek kok yas agirligi Deneme karakterleri iginde en yiksek kok kuru
H (12.04+0.53) karakterinde saptanmis ve tek basina agirhgny H (2.63+0.28) karakterinde saptanmis,
ayr1 grup olmustur. Daha sonra; TD (8.73+0.48) ve SY sirasiyla TD (2.18+0.14), SY (2.03+ 0.10) ve M (1.87+
(8.52+ 0.31) deneme karakteri ayn1 grupta yer almistir 0.20) deneme karakterleri istatistiksel olarak es deger
[F (2.09)= 41.985 P<0.05]. Yapilan uygulamalarin diizeyde grup olmuglardir. En distik bitki kok kuru
hiyar bitkilerinin kuru agirhigina etkisi %31.1-141.1 agirhgn K+ (1.59+ 0.88) deneme karakterinde
oraninda olmustur (Cizelge 7). kaydedilmis ve istatistiksel olarak ayr1 grup
olusturmustur [F (2.09)= 41.985 P<0.05]. Yapilan
uygulamalarin hiyar bitkilerinin kuru agirligina etkisi
%31.1-141.1 oraninda olmustur (Cizelge 7).

Cizelge 7. Yapilan uygulamalar sonunda hiyar kéklerinin yas, kuru agirhiklar (gr) [X+SH (min-max)] (n=10) ve
pozitif kontrol (K+)’e gore arttiric etkisi (%)
Table 7. The wet, dry root weight of cucumber plants as a result of applications [X+SE (min-max)/, (n=10) and
increasing eftect (%) to positive control (K)

Uygulamalar  Yas Kok Agirlik (gr) Arttiric: Etki (%) Kuru Kok Agirlik (gr)  Arttiricr Etki (%)
(Applications)  [Wet root weight (gr)] [Increasing effect (%)] [Dry root weight (gr)] [Increasing effect (%)]
H®) 12.04£0.53 (9.01-13.90)= a 84 2.63+0.28 (1.42-3.85) a 65
TD (+) 8.73+0.48 (6.82-11.60) b 334 2.18+0.14 (1.51-2.90) ab 37
SY (+) 8.52+ 0.31 (26.07-37.88) b  30.2 2.03+0.10 (1.55-2.76) abc 27,6
M (+) 7.28+0.46 (5.27-10.03) ¢ 11.3 1.87+ 0.20 (1.24-3.34) abcd 17.6
T (+) 7.16+0.30 (5.42-8.42) c 94 1.73+0.98 (1.31-2.37) bed 8.8
IK (+) 7.03+ 0.38 (4.68-9.50) c 74 1.52+0.16 (1.24-2.92) d 44
K () 7.08+ 0.20 (6.25-7.84) c 82 1.76+ 0.71 (1.44-2.19) bed 10.6
KH) 6.54= 0.52 (5.60-9.82) c - 1.59+ 0.88 (1.16-2.16) cd
a Aynm harfi iceren ortalamalar Duncan testine gére istatistiksel olarak farkli degildir (P<0.05).
Yaprak Sayis1 olarak ayr1 grup olmustur. Daha sonra sirasiyla TD
Deneme karakterleri i¢inde en yiiksek yaprak sayis1t H (30.40+1.01), SY (30.50£0.92) ve M (30.40+0.63)
(38.30+1.03) karakterinde saptanmis istatistiksel deneme karakterleri istatistiksel olarak es deger
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diizeyde aymi grupta yer almigtir. IK (28.70+1.98)
deneme karakteri ayr1 grupta yer almistir. En diisuk
yaprak sayis1 K+ (15.90+0.79) deneme karakterinde
kaydedilmigs ve istatistiksel olarak ayr1 grup
olusturmustur [F (2.09)= 39.824 P<0.05]. Yapilan
uygulamalarin hiyar bitkilerinin yaprak sayisina
arttirici  etkisi  %45.2-140.8 oraninda olmustur
(Cizelge 8).

Meyve Sayisi
Deneme karakterleri i¢inde en yliksek meyve sayis1 H

(12.10+0.43) karakterinde saptanmis istatistiksel
olarak ayr1 grup olmustur. TD (11.20+0.20), SY
(10.70+0.21) deneme karakterleri istatistiksel olarak
es deger dlizeyde ayn1 grupta yer almistir. Daha sonra
sirastyla M (8.30+0.26), IK (7.40+0.33), T (6.90+0.17)
ve K- (6.60+0.16) deneme karakterleri ayri grup
olusturmustur En diisiik meyve sayis1 K+ (5.30+0.21)
deneme karakterinde kaydedilmig ve istatistiksel
olarak ayr1 grup olusturmustur [F (2.09)= 39.824
P<0.05]. Yapilan uygulamalarin hiyar bitkilerinin
meyve sayisina arttirici etkisi % 45.2-140.8 oraninda
olmustur (Cizelge 8).

Cizelge 8. Yapilan uygulamalar sonunda hiyar bitkilerinin yaprak, meyve sayis1 [X+SH (min-max)] (n=10) ve
pozitif kontrol (K+)’e gore arttiric etkisi (%)
Table 8. The leaf fruits numbers of cucumber plants as a result of applications [X+SE (min-max)/, (n=10) and

increasing effect (%) to positive control (K)

Uygulamalar Yaprak Sayis: (adet)
(Applications) [Numbers  of
(total)]

Arttirica Etki (%)
leaf [Increasing effect (%))

Meyve Sayis1 (adet) Arttiric1 Etki (%)
[Numbers of fruits [Increasing eftect (%)]
(total)]

H®) 38.30+1.03 (34-45)a a 140.8
TD (+) 30.40+1.01 (26-37) b 91.2
SY (+) 30.50+0.92 (28-36) b 91.8
M (+) 30.40+0.63 (26-33) b 91.2
T (+) 26.80+0.61 (24-29) c 68.5
IK (+) 28.70+1.98 (21-39) bc  80.5
K () 23.10+0.60 (20-26) d 45.2
K #+) 15.90+0.79 (13-22) e 0

12.10+0.43 (10-14) a 128.3
11.20+0.20 (10-12) b 111.3
10.70+0.21 (10-12) b 101.8
8.30+0.26 (7-9) c 91.2
6.90+0.17 (6-8) de 30.1
7.40+0.33 (5-9) d 39.6
6.60+0.16 (6-7) e 20.7
5.30+0.21 (4-6) f 0

a Aym harfi iceren ortalamalar Duncan testine gére istatistiksel olarak farkli degildir (P<0.05).

McLeod ve Steel (1999)in 15 Brassica tiirleriyle
yaptiklar:1 ¢calismada 10 ve 20 g olmak tuzere 2 ayn
dozda yesil aksamin topraga karistirildiginda
Meloidogyne javanicahin populasyonunda onemli
Olciide azalma meydana geldigini ve bu baglamda s6z
konusu olan koék-ur nematodunu baskiladigim
bildirmislerdir. Stirling ve Stirling (2003) ise domates
bitkisinde M. javanicanin micadelesinde sera
kogsullarinda B. juncea ve B. napusun kok, yaprak ve
govde kisimlarindan meydana gelen karigimi organik

yesil glibre materyali olarak topraga
uygulanmiglardir. Arastirmacilar uygulamalar sonucu
M.  javaica  popllasyonunu  buyuk oranda

baskilandigim bildirmislerdir.

Goswami ve ark. (2008) tarafindan domates bitkisinde
kok-ur nematodlarn ile miicadelede Acremonium
strictumve Trichoderma harzianum kullanilarak tarla
denemelerinde koklerde urlanamanin azaldigini
ortaya koymuslardir. Mukhtar ve ark. (2013)mn
yaptiklar1 c¢alismada, kok-ur nematodlarindan M.
Incognitaya karsr Pasteuria penetrans, Pochnia
chlamydosporia, Paecilomyces Iilacinus ve
Trichoderma harzianum bamya bitkisi kullamlarak
denenmis ve P. lilacinus ve T. harzianum'un etkili
oldugu goérulmustir. Bu ¢calismada da 7. harzianum
(TD) uygulamalar: kék-ur nematodu ile miicadelede
bagarili bulunmustur.
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Kariuki ve Muhandra (2010), Nairobi (Kenya)de
fasulye bitkisinde zararli nematodlara karsi Vydate®
(Oxamyl), Sesamin EC® (Susam yag) (1L dalve 2L
dal dozunda 7 giin ara ile 3 kez uygulama) ve
Bionematon® (Paecilomyces lilacinus) (50 g 100 m2
dozunda 7 giin ara ile 3 kez uygulama)u ayr1 ayr1 ve
SesaminEC®1in 1 L da?! dozu ile Bionematon®u
kombine ederek uygulamiglardir. Calismanin
sonucunda SesaminEC®’in 2 L da! dozunun etkili
oldugunu bildirmiglerdir. Bu c¢alismada da benzer
sonuclar alinmis ve susam yag (Nemax) (SY)
uygulamalar1 kok-ur nematodu ile miicadelede
bagarili bulunmustur.

Sonug olarak yiiriitiilen bu ¢alismada; Hint hardal (H)
yapilan tim uygulamalarin degerlendirilmesi sonucu
kok-ur nematodlarinin hiyar bitkilerinde olusturdugu
urlar1 engelleme, topraktaki nematod sayisini azaltma
daha az yumurta kiimesi olusumu, hiyar bitkisinin
boyuna arttirici etki gésterme, bitki ve kok yas ve kuru
agirhigina, yaprak ve meyve sayisini arttirmada
olumlu etkileri bakimindan uygulamalar icerisinde
one c¢ikmig, diger biitin uygulamalara gére daha

bagsarili bulunmustur. Daha sonra 7Trichoderma
harzianum (TD) ve susam yag1 (Nemax) (SY)
uygulamalar1 kék-ur nematodu ile miicadelede

degerlendirilen kriterlerde bagarili bulunmustur.
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OZET

Bu ¢alismada; Adiyaman Ilinde Besni (Merkez) ve Kahta (Tuglu kéyi
ve Hac1 Yusuf kéyii) ilcelerinde bulunan badem bahcelerinde Badem
Ickurdu (FBurytoma amygdali End. (Hymenoptera: Eurytomidae))’nun
ergin ¢ikis zamanin ve pupa gelisme siiresinin belirlenmesi
amaclanmigtir. Badem I¢kurdunun pupa geligimini ve ergin
cikiglarini takip etmek amaciyla her bir badem bahgesinin farklh
bélgelerinden badem agaglari secilmig ve her bir agacin gliney, kuzey
ve guney-bat1 yonlerinde bulunan dallara sifon dal kafesler
yerlegtirilerek icerine K. amygdali ile bulasik mumyalagmis badem
meyveleri konulmustur. Calisma sonucunda, ti¢ farkli 6rnekleme
yerindeki badem agaclarin farkhi yonlerine (giineybati, kuzey ve
giiney) yerlestirilen kafesler icerisinde bulunan E. amygdali ile
bulagtk mumyalagmis badem meyveleri icerisindeki diyapozdaki
larvalarin ilk beyaz pupa ve ilk ergin ¢ikis tarihleri ve pupa ile ergin
cikis stlireleri arasinda istatistiki olarak onemli farkliligin olmadig
goriilmistiir (P>0,05). Ilk beyaz pupa olusumu Kahta ilcesi 1. bahcede
(Tuglu kéyii), Kahta 2. bahcede (Haciyusuf kéyii) ve Besni ilcesindeki
bahgede sirasiyla 26, 28 ve 26 Subat’ta gergeklesirken badem agaci
pembe c¢icek tomurcugu déneminde oldugu gorilmustir. Ik ergin
cikig1 Kahta ilgesi 1., 2. bah¢ede ve Besni ilgesindeki bahcede sirasiyla
27, 27 ve 24 Mart’ta gerceklesirken badem agaclari cagla mercimek
iriligi doneminde oldugu belirlenmigstir. Ergin ¢ikis stiresi Kahta ilgesi
1., 2. bahcede ve Besni’deki bahgede sirasiyla 15, 15 ve 17 giin
stirmustiir. Pupa stiresi Kahta ilgesi 1., 2. bahc¢ede ve Besni ilgesindeki
bah¢ede sirasiyla 34, 33 ve 31 giin olarak kaydedilmistir. Kahta ilgesi
2. bahgede ve Besni ilgesindeki bahgede ilk beyaz pupa gorilme
tarihiyle ilk ergin ¢ikiginin gériildiigii tarihler arasinda (28 Subat-27
Mart 2018) giinliik ortalama sicaklik degerleri sirasiyla 12.88 ve 14.05
°C olarak tespit edilmistir.

ABSTRACT

In this study, the timing of adult emergence and pupal development
time of almond seed wasp (Furytoma amygdali End. (Hymenoptera:
Eurytomidae)) at Besni and Kahta district (Tuglu and Haciyusuf
village) of Adiyaman Province was determined. In order to observe
pupal development and adult emergence of . Amygdali, three almond
trees at each orchard site were randomly selected and chiffon branch
cages in infested fruits from previous year were placed on their twigs
on different directions (north, south and south-west). As a result of
the study, there were no statistically significant differences between
the times of first white pupal formation, the first adult emergence and
pupal development time of the diapause larvae in the chiffon branch
cages placed at three different directions (south-west, north and
south) of the almond trees at three different orchard sites (P>0.05).
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The first white pupa formation was observed in 1st orchard (Tuglu
village), 274 orchard (Haciyusuf village) of Kahta district and in the
orchard of Besni district on February 26, 28 and 26 respectively, where
the almond trees were at the pink flower bud period. The first adult
emergence was observed in the 1st, 2nd orchard of Kahta district and
in the orchard in Besni district on March 27, 27 and 24 respectively
where almond trees were at young almond fruit stage with the size of
a lentil. The adult emergence period lasted 15, 15 and 17 days in the
1st orchard, 2nd orchard of Kahta district and in the orchard in Besni
district respectively. Pupal development time was determined as 34,
33 and 31 days in the 1st, 2nd orchard of Kahta district and the orchard
in Besni district respectively. Between the dates of first white pupa
formation and first adult emergence (28 February-27 March 2018) in
2nd orchard of Kahta district and orchard of Besni district, the average
daily temperatures were determined as 12.88 and 14.05 °C,

respectively.
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GIRIS verimin % 48.8'ne denk geldigini yillik verim kaybinin

Diinyada badem tiretimi ¢ogunlukla Akdeniz’e kiyisi
olan ilkelerde yogunlagmistir. Dinya badem dikim
alanlarinin %61.63i Akdeniz’e kiyis1 olan ulkelerde
bulunmaktadir (FAO, 2018). Diinyada en fazla badem
dikimi yapan iilkeler ise Ispanya (544.518 ha), ABD
(380.405 ha), Tunus (184.500 ha) ve Fas (165.817 ha)
‘tir. Bu tlkeleri 33 bin hektar ile Tiirkiye 7. sirada
takip etmektedir (FAO, 2018). TUIK (2018) verilerine
gore, Adiyaman 1ili 5.843 hektar badem dikim alam ile
Turkiye’ de ilk sirada yer almaktadir. Adiyaman ilinde
badem ekim alani siralamasinda Kahta ve Besni
ilceleri 6n plana gikmaktadir. Kahta ilgesi toplam
dikim alanminin % 48 lik kismini ve Besni ilgesi ise %
21’ lik dikim alanini olusturmaktadir. Adiyaman ili
ulkemizdeki toplam badem ekim alanlarinin yaklagik
% 14’ Giine tekabil etmektedir. Adiyaman ili 2018 yili
agac basi verim ortalamasi 10 kg’ dar.

Badem Ickurdu, FEurytoma amygdali Enderlein
(Hymenoptera: Eurytomidae), Yunanistan,
Bulgaristan, Sirbistan, Kibris, Turkiye, Lubnan,
Suriye, Urdiin ve Israil gibi Giineydogu Avrupa'daki ve
Ortadogu'daki farkl tilkelerde badem agaglarinda
goriilen 6nemli bir zararhdir. Bu zararh tiiriin Fransa,
Ermenistan, Azerbaycan ve Giircistan'daki badem
bahgelerinde de bulundugu bildirilmigtir (Plagt, 1973,
1975; Zerova ve Fursov, 1991). Badem Ickurdu,
Tirkiye’de badem bahgelerinde 6nemli =zarar
olustururken badem yetigtirilen tium alanlarda
gorillmektedir (Nizamhoglu, 1962; Giinaydin ve Ekici,
1969; Barut, 2007; Yesilyaprak, 2015). Giinaydin ve
Ekici (1969), Elaz1g, Mardin, Tunceli, Bingél illerinde
yurittikleri  g¢alismalarda badem  agaglarinin
ortalama % 51.4 Badem Igkurdu ile bulagik oldugu,
aga¢ basina verim kaybinmin 5.75 kg oldugu ve bu
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ekonomik degeri ise 2.016,000 b oldugunu tespit
etmiglerdir.

Badem I¢kurdu, Tiirkiye’nin her yerinde yilda tek dél
veren (univoltine) monofag bir zararhdir. Kis1 yere
diisen bulasik badem meyveleri icerisinde veya agacin
uzerinde mumyalasmis bulasik badem meyvelerinin
icerisinde olgun larva déneminde gecirir. Tirkiye'de
bulagik meyve igerisindeki kig1 gegiren olgun larvalar
baharda pupa olmaya baslarken bulasik meyvelerden
erginlerin cikis1 delik acarak bahar ortasinda (Nisan)
baslayip erken baharin sonlarina (May1s) kadar devam
ettigi goriilmektedir (Barut, 2007; Yesilyaprak, 2015).
Ergin disiler, ovipozitérlerini kullanarak geng¢ badem
meyvelerinin (cagla) ekzo ve mezokarp:r (meyve eti)
delerek endokarpin i¢ kismina yumurta birakirlar. Her
diginin 80 yumurta biraktig bilinmektedir (Ozbek ve
ark., 1998). Meyve etinin icerisindeki yumurtadan
¢ikan larva meyve 6ziine (embriyo) inerek meyvenin
i¢cini tamamen tahrip eder. Meyve 6ziini tamamen
yiyen larvalar yazin sonunda olgun larva dénemine
ulastiktan sonra sonbaharda zarar gérmus meyve
icerisinde kig1 gecirmek Uzere diyapoza girerler. Zarar
gbormis meyveler aga¢ Uzerinde kalarak saglam
meyvelerden daha erken sararmakta, sonbahar ve
kigin agag tizerinde kalarak siyahlagmaktadir.

Badem I¢kurdunun miicadelesine yénelik bir strateji
gelistirilmesi, zararlinin biyonomisi (biyolojisi ve
ekolojisi) hakkinda bilgi saglayarak bagarilabilir
(Rozsypal ve ark., 2013). Bu zararlinin gelismesi ve

hayatta kalmasi1 c¢evresel faktorlerle o6zellikle
sicaklikla yakindan iligkilidir. Sicaklik 6zellikle birinci
ve ikinci (son) diyapoz larva doénemlerinin

tamamlanmasi veya sonlandirilmasinda énemli bir
etkiye sahiptir (Tzanakakis ve ark., 1992, 1994).
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Birinci diyapoz larva déneminin tamamlanmasi igin
ihman sicakhiga (19-20 °C) gereksinim duyarken ikinci
(son) diyapoz larva dénemi ise daha diisiik sicakliga (9-
10 °C) ihtiya¢ duymaktadir (Tzanakakis ve ark., 1991).
Bu baglamda bulasik meyvelerdeki olgun larvalarin
diyapozu tamamlanarak ergin c¢ikis zamanlarinin
belirlenmesi kimyasal miicadelenin bagarisinda biiyik
6neme sahiptir.

Turkiye’de badem iireticilerinin Badem I¢kurdunun
kimyasal miicadelesinde ¢ogunlukla basarisiz oldugu
gorulmektedir. Bunun en 6nemli sebebi zararlinin
farkli biyolojiye, ekolojiye ve zarar sekline sahip
olmasindan kaynaklanmaktadir. Badem bahgelerinde
olgun diyapoz larvalari igeren bir yil 6nce bulagik
bademlerden bahar ayinda ergin ¢ikis zamanlarinin
dogru olarak belirlenmesi kimyasal miicadelenin
basarisinda  kritik 6neme  sahiptir. Bulagik
bademlerden ergin cikiglarinin baglamasina takiben
ilaclamanin yapilmamasi veya gec ilaglama yapilmasi
erginlerin taze badem meyvesinin igerisine yumurta
birakilmasina imkan saglamaktadir. Bu asamadan
sonra zararlinin larva dénemi badem meyvesinin
igerisinde gerceklegsirken bu zararhiya ruhsath
insektisitlerin tiimii deyme (kontak) yoluyla etkiye
sahip olmas1 sebebiyle bundan sonra yapilacak
ilaglama zararlinin kontrolini imkansiz hale
getirmektedir. Bu durum Turkiye’de badem
bahcelerinde Badem Ic¢kurdundan kaynaklanan
onemli ekonomik verim kayiplarini beraberinde
getirmektedir (Giinaydin ve Ekici, 1969). Entegre
Micadele  uygulamalar1  ¢ercevesinde  Badem
Ickurduwnun miicadelesinin daha etkin bir sekilde
yapilmasi i¢in bahar aylarinda ergin disilere karsi
kimyasallar en uygun zamanda uygulanmasi
gerekmektedir. Ancak sicakliga bagh olarak ergin
¢ikis zamanlar1 ve dolayisiyla ilaglama zamanlar: ve
illaclama sayilar1 badem yetistirilen bolgelere gore
onemli farkhliklar goéstermektedir. Bu c¢alismada
Adiyaman ilinde t¢ farkli badem bahgesinde ergin
cikis zamanlarinin ve pupa gelisme siirelerinin
belirlenmesi amaglanmigtar.

MATERYAL ve METOD
Materyal
Denemelerde kullanilan bécek materyali:

Calisgmanmn  boécek materyali Badem Igkurdu
(Burytoma amygdali Enderlein)nun erginlerinden ve
diger dénemlerini (diyapozdaki larva, beyaz krem
pupa (erken dénem pupa) ve siyah pupa (gec dénem
pupa)) iceren bir yil énceden (2017) kalan bulagik
badem meyvelerinden olusmustur. Bulagik
mumyalagmis badem meyveleri Adiyaman ilinin
Kahta ve Besni ilgelerindeki badem bahgelerinde
hasattan sonra agacin {lzerinden veya toprak
yuzeyinden toplanmigtir. Badem Ickurdunun ergin
bireyleri ve pupalar1 bu mumyalasmig badem
meyvelerinden elde edilmistir.
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Denemelerde kullanilan badem materyali

Ergin ¢ikis zamaninin ve pupa gelisme siiresinin
belirlenmesi 1ile ilgili denemelerde kullanilan £
amygdali ile bulagik mumyalasmis bademler (Prunus
amygdalus (L.) Batsch.) Adiyaman ilinde Kahta ve
Besni 1ilgelerinde yaygin olarak tretimi yapilan
Ferragnes ve Ferraduel badem cesitlerinden
toplanarak elde edilmistir.

Denemede kullanilan kafesler:

Badem Ickurdunun ergin cikiglarini takip etmek
amaciyla 50X60X60 cm (en yiikseklik - boy)
boyutlarinda alt tarafi sunta, etrafi tiil ve sinek teliyle
kaplh bocek kiltir kafesleri kullamilmistir. Agag
yoninin ergin c¢ikis zamanina ve pupa gelisimine
etkisini belirlemek i¢in badem agacinin dallarinda
sifon dal kafesler kullanilmigtir. Sifon dal kafesler, 30
cm ¢apli 2 adet paslanmaz celik tele gecirilerek silindir
bir gekilde 110 cm uzunlugunda ve tellerin etrafi
tamamen tiillerden olusmustur.

Sicaklik kayit edici cihaz:

Badem I¢kurdunun pupa geligiminin ve ergin c¢ikis
zamanin Dbelirlendigi badem bahcelerinde ortamin
hava sicakligin1 kayit etmek igin Hobo Onset dig
mekan sicaklik/Nem kaydedici Datalogger (Hobo U12-
013 Sicakli/Nispi nem Dig Mekan Data Logger, Onset
Computer Corporation, Bourne, MA) kullanilmistar.

Metot

Badem ickurdunun pupa gelisiminin ve ergin cikis
zamanmn belirlenmesi:

Badem Ickurdunun pupa gelisimi ve ergin cikis
zamaninin belirlenmesine yonelik calismalar 2018
yilinda Adiyaman Ilinde bulunan t¢ farkli badem
bahgelerinde  yiritilmustiir. Badem  bahgeleri
Adiyaman Ilini temsil edecek sekilde Kahta ilgesinden
iki ve Besni ilgesinden bir bahce olmak tizere
belirlenmigtir. Kahta ilgesindeki birinci badem bahgesi
(Tuglu Kéyii) 800 dekar 5-7 yasinda Ferragnes ve
Ferraduel badem c¢esitlerinden, Kahta il¢esindeki
ikinci badem bahcesi (Haciyusuf kéyii) 130 dekar 5-6
yasinda Ferragnes ve Ferraduel badem c¢esitlerinden
ve Besni ilcesindeki {iciincii badem bahcesi (Konuklu
koyii) 100 dekar 10-11 yasinda Ferragnes ve Ferraduel
badem cesitlerinden olusmaktadir. Tum bahceler
damlama sulama sistemi ile sulanmaktadir.
Adiyaman Ilinin Kahta ve Besni ilgelerindeki badem
bahgelerinden bir yil énce badem ickurdu ile bulagik
oldugu tahmin edilen badem meyveleri toplanmigtir.
Badem Ickurdunun ergin qkiglarim ve pupa
geligimini takip etmek amaciyla her bir badem
bahgesinden rastgele 3 badem agaci1 secilmistir. Her
bir agacin giliney, kuzey ve giliney-bat1 yonlerinde
bulunan dallara sifon dal kafesler yerlestirilmigtir.
Her deneme bahgesinde toplam 3 agacgta 9 adet sifon
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dal kafes kullanilmistir. Bu dal kafeslerin her birinin
icerisine bir yil énce Badem I¢kurdu ile bulagik 200
adet mumyalagmis badem meyveleri konulmus ve
agizlar1 kalin ip ile kapatilmigtir. Boylece her badem
agacina U¢ farkli yondeki dalina toplam 600 adet
bulagik badem meyvesi yerlestirilmistir. Her badem
bahgesinde 3 badem agacinda, her agacta 600 adet
toplamda 5.400 adet badem igkurdu ile bulasik
mumyalagmis meyve yerlestirilmigtir. Dal kafesler
icerisinde mumyalagmis bademlerin igerisindeki
badem ickurdunun diyapoz larvalarinin pupa olma
durumu ve ergin ¢ikiglar1 mart ayina kadar iki haftada
bir kez, mart ayindan sonra haftada bir kez kontrol
edilmis ve pupa durumu ile ¢ikan ergin sayilar: kayit
edilmigtir. Bulagik badem meyvelerinden pupa
olugsumu ve erginlerin ¢ikis dénemi ile agacin fenolojisi
arasinda iligki olup olmadiginmi arastirmak igin agacin
fenolojik doénemleri (cicek tomurcugu, ciceklenme
baslangici ve sonu, gen¢ meyve olusum dénemi, meyve
gelisme doénemleri) de kayit edilmistir. Denemelerin
yuritildigi Kahta 2. Bahce (Haciyusuf kéyi) ve
Besni ilgesindeki ticari badem bahcesine 01 Subat
2018 tarihinde itibaren birer adet HOBO sicaklik/nem
Datalogger yerlestirilmis ve birer saat araliklarla
ginlik sicaklik degerlerini kaydedecek sekilde
ayarlanmistir. HOBO’larin kaydedecegi iklim verileri
bilgisayar ortamina aktarilarak, her giline ait en
yuksek ve en dusiik sicaklik degerleri kullanilmak
suretiyle, gunlik ortalama sicaklik degerleri
hesaplanmigtir.

Verilerin degerlendirilmesi ve istatistiksel analizler

Her sayimda her sifon dal kafeste bulunan bir yil énce
bulagik meyvelerdeki diyapoz larvalarin krem beyaz
pupa ve siyah pupa olma oranlar1 ve ergin cikis
oranlari hesaplanmigtir. Meyvelerdeki krem beyaz
pupa (erken dénem pupa) ve siyah pupa (ge¢ dénem
pupa) olma oranlar1 ve ergin cikis oranlari ¢ikis olan
meyve sayisinin toplam bulasik meyve sayisina
bolintip 100 ile ¢arpilmasi ile hesaplanmistir. Boylece
gbzlem yapilan her badem bahgesi ve her sayim tarihi
icin krem beyaz pupa, siyah pupa olma oranlar1 ve
ergin cikig oranlar1 belirlenmistir. U¢ bahcedeki her
gozlem  tarihinde agacglarin  farkli  yoOnlerine
yerlestirilen mumyalasmis badem meyvelerindeki
diyapoz larvalarin krem beyaz pupa, siyah pupa olma
oranlarina ve ergin ¢ikis oranlarina ayri ayri1 Arcsin
transformasyonu uygulandiktan sonra SAS 9 (SAS
Ins. 2009) istatistik programi kullanilarak tek yoénlii
varyans analizine (ANOVA) tabi tutulmustur. Krem
beyaz pupa, siyah pupa olma oranlarina ve ergin ¢ikig
oranlarina ait ortalamalar arasindaki farkliliklar % 5

onem  seviyesinde Tukey testi  kullanilarak
belirlenmigtir.

BULGULAR ve TARTISMA

Yapilan varyans analizi sonucunda c¢alismanin
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yuriutildigi t¢ badem bahgesinde tim goézlem
strelerinde agacin farkli yonlerine yerlestirilen
kafesler icerisinde bulanan FE. amygdali ile bulagik
mumyalagsmis badem meyvelerdeki diyapoz larva,
krem beyaz pupa, siyah pupa ve ergin olma oranlari
arasinda istatistiksel olarak 6nemli farkin olmadig:
gorillmiistiir (P>0.05, Cizelge 1, 2, 3). Bu sonuclar ayn1
agacin farkl yonlerine (Giineybati, kuzey ve giiney)
yerlestirilen £, amygdali ile bulagitk mumyalagsmig
badem meyvelerde diyapoz larva, pupa gelisimine ve
ergin olusumuna o&nemli etkiye sahip olmadigini
gbstermigtir.

IIk gozlem tarihi 12-14 Subatta c¢alismann
yuritildigi tic badem bahgesinde de badem agaglari
¢igek tomurcugu déneminde oldugu ve kontrol edilen
bulagitk mumyalagsmis badem meyvelerin timinde
(%100) diyapoz larvalarin oldugu tespit edilmistir
(Cizelge 1, 2, 3). Badem agaclarinin pembe cicek
tomurcugu dénemindeki 26-28 Subat tarihinde Tuglu
kéyi (Kahta), Haciyusuf kéyii (Kahta) ve Besni'deki
badem bahcelerinde diyapoz larvalarin biiyiik oranda
(sirasiyla %74, %63.9 ve %70.4) krem beyaz pupaya
dénmeye basladig1 tespit edilmistir. Cicek agma
baslangic dénemindeki 8 Mart’taki sayimda Tuglu
koylindeki (Kahta) badem bahcesinde diyapoz
larvalarin tamamen (%100) krem beyaz pupaya
dondiigi gozlenirken (Cizelge 1) Haciyusuf koyi
(Kahta) ve Besni'deki badem bahcelerinde ise sirasiyla
diyapoz larvalarin %97.2 ve %74'nin krem beyaz
pupaya doéndigi goériilmiistiir (Cizelge 2, 3).
Calismanin yurutildigi t¢ badem bahgesinde de
krem beyaz pupalardan ilk siyah pupalarin olusumu
14-16 Mart’ta gerceklesirken bu tarihte badem
agaclari %20-%70 c¢icek a¢cma doéneminde oldugu
gbrilmustir.

Furytoma amygdali ile bulasik mumyalasmis badem
meyvelerde ilk ergin gikiglar: ¢alismanin yurutildigu
ti¢c badem bahcesinde 24-27 Mart’ta gozlenmistir. 11k
ergin cikigslar1 badem agacinin mercimek iriligindeki
¢agla dénemine denk geldigi gézlenmistir. Bu tarihte
Tuglu kéyi (Kahta), Haciyusuf koyi (Kahta) ve
Besni’deki badem bahgelerinde bulagik mumyalagmis
badem meyvelerin sirasiyla %72.2°, %77.8 ve
%12.9’'unda ergin cikiglar: gerceklesmistir (Cizelge 1,
2, 3). Caglalar nohut iriligine ulastigi 3 Nisan’daki
gozlemde Tuglu koyii (Kahta), Haciyusuf koyii (Kahta)
ve  Besni’deki badem  bahgelerinde  bulasik
mumyalagsmig badem meyvelerinden ergin c¢ikis
oranlarinin sirasiyla %90.7, %86.1 ve %94.4%¢
yikseldigi gorilmistir. 11 Nisan’da ise bulagik
mumyalagmis badem meyvelerin tiimiinde (%100)
ergin c¢ikiglar1 tamamlanirken c¢aglalar beklenen
meyve biytukligine ulagmigtir. Bulagik mumyalagmisg
badem meyvelerinden ergin c¢kiglarmn 15-17 gin
sirmistir. Genellikle bulagik mumyalagsmis badem
meyvelerinden ilk ¢ikigs yapan erginlerin erkek
bireyler oldugu goriilmiustir.
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Cizelge 1. Adiyaman ilinin Kahta ilcesindeki (Tuglu kéyii) birinci ticari badem bahcesinde belli gézlem siirelerinde
badem agacglarinin farkli yonlerine yerlestirilmis kafesler icerisinde bulanan FEurytoma amygdali ile
bulagik mumyalagmis badem meyveler igerisinde diyapoz larva, krem beyaz pupa, siyah pupa ve ergin
olma oranlari

Table 1. The rates of diapause larva, cream white pupa, black pupa and adult emergence in mummified almond
fruits infested by Furytoma amygdall in the cages placed in different directions of almond trees at certain
observation periods atthe first commercial almond orchard in Kahta district (Tuglu village) in Adiyaman

province
. Bocek doneminin oram (Rate of insect stage) (%) Agacin
Gozlem L : : Fenolojisi
tarihi Agacin yonii (Direction of| Diyapozdaki Krem beyaz . . (Phenology of
(Observation tree) larva Siyah Pupa Ergin
. pupa (Cream tree)
date) (Diapause ; (Black pupa) (Adul?)
white pupa)
larva)
Giineybati (South-Wes?) | 100+0 00 00 00 Cigek
12 Subat | Giiney (South) 1000 0£0 0+0 0£0 Tomurcuk
(Febuary) Kuzey (North) 1000 0+0 0+0 0+0 Dénemi
2018 F ve P degeri* . _ (Flower bud
(F and P value) stage)
Gl}neyban (South-Wes?) | 0+0 A 100+0 A 0+0 0+0 Reailio g
26 Subat [ Giney (South) 16.67+16.67 A_|83.33+16.67 A | 0+0 00 Tomurcuk
(Febuary) Kuzey (North) 11.1+11.1A | 88.87+11.13A |0+0 0+0 Dénemi
2018 F ve P degeri* Fa6= 0.54 Fo= 0.54 (Pink flower
(F and P value) P=0.610 P=0.610 bud stage)
Giineybat1 (South-West) | 0+0 1000 0+0 0+0 Cicek Acma
Giiney (South) 0+0 1000 0+0 0+0 Baslangig
8 Mart (March) | Ruzey (North) 0+0 1000 0+0 0+0 Dénemi
2018 - . (Beginning of
F ve P degeri* ) ) flowering
(F and P value) stage)
Giineybati (South-West) | 0+0 91.67+8.33A |8.334833A  [0+0 %20  Cicek
) Mart Giiney (South) 0+0 83.33+16.67 A | 16.67+16.67A | 0+0 Ac¢ma
(March) 2018 | Kuzey (North) 0£0 91.67+8.33 A |8.33+8.33 A 0+0 Dénemi (20%
F ve P degeri* i Fa,6= 3.39 F26=3.39 Blooming
(F and P value) P=0.104 P=0.104 stage)
Giineybat1 (South-West) | 0+0 0+0 27.77+14.69 A | 72.2+14.70A | Cagla
Giiney (South) 0+0 0+0 25.0414.43 A | 75.0£14.43A | Mercimek
Kuzey (North) 0+0 0+0 30.53£19.42 A |69.43+19.45A | Iriligi
o7 Mart | F ve P degeri* Fy6= 0.03 | F,6=0.03 Dénemi
(March) 2018 | (Fand P value) P=0.972 P=0.972 (Young )
i i almond fruit
stage  with
the size of a
lentil)
Giineybat1 (South-West) | 0+0 0+0 16.67+8.33 A |83.33+8.33 A | Cagla Nohut
- Iriligi
Giiney (South) 0=+0 0+0 8.3348.33 A 91.67+£8.33 A Dénemi
03 Nisan | Kuzey (North) 0+0 0+0 16.67+16.67 A |83.33+16.67A | (Young ‘
(Apri) 2018 [F ve P degeri* - - Fze=0.17 Foe=0.17 | almond fruit
(F and P value) P=0.815 P=0.815 stage  with
the size of a
chickpea)
Giineybat1 (South-West) | 10 0+0 0+0 10040 Cagla
11 Nisan | Gtiney (Souzh) 00 00 0+0 1000 Dénemi
(Aprid 2018 | Kuzey (North) 0-0 0-0 0+0 1000 (Developed
F ve P degeri* _ _ almond fruit
(F and P value) ) stage)

*Verilere tek yonlii varyans analizi (ANAVO) uygulanmis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde Tukey
testine gore ortaya konmustur. Ayni situnda benzer harfler ile gésterilen ortalamalar arasinda istatistiksel olarak fark yoktur.
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Cizelge 2. Adiyaman ilinin Kahta ilcesindeki (Haciyusuf kéyii) ikinci ticari badem bahcesinde belli gozlem

stirelerinde badem agaclarinin farkli yonlerine yerlestirilmis kafesler igerisinde bulanan FEurytoma
amygdali ile bulagik mumyalagsmis badem meyveler igerisinde diyapoz larva, krem beyaz pupa, siyah
pupa ve ergin olma oranlar
Table 2. The rates of diapause larva, cream white pupa, black pupa and adult emergence in mummified almond
fruits infested by Furytoma amygdali in the cages placed in different directions of almond trees at certain
observation periods at the second commercial almond orchard in Kahta district (Haciyusuf village) in

Adiyaman province
Gozlem Bécek déneminin oram (Rate of insect stage) (%) ?éa(iu.l' .
tarihi Agacin yonii (Direction of Divapozdaki Krem bevaz . €1010J151
(Observation tree) larvz (ija pause | pupa ( CI’Z&M (Slyah pupa Ergin (Aduld (tP 11§110105’.Y of
date) larva) white pupa) Black pupa) 7ee
Giineybat (South-Wes?) 1000 0+0 0+0 0+0 Cicek
14 Subat | Giiney (South) 1000 0+0 00 0+0 Tomurcuk
(Febuary) Kuzey (North) 100+0 0+0 0+0 0+0 Dénemi
2018 F ve P degeri* (Flower  bud
(F and P value) ] ] i i stage)
Giineybatx (South-Wes?) 22.247.84 A | 77.73£11.13 A 0=0 0=0 Pembe Cicek
28 Subat | Giiney (South) 44.43+3.94 A | 55.53+5.53 A 0+0 0+0 Tomurcuk
(Febuary) Kuzey (North) 11.1+7.85 A | 88.87+11.13 A 0+0 0+0 Dénemi (Pink
2018 F ve P degeri* Fo6=3.12 Fz6=3.12 i i flower  bud
(¥ and P value) P=0.118 P=0.118 stage)
Giineybat1 (South-Wes? 0+0 A 100+0 A 0+0 0+0 Cicek Ac¢ma
Giiney (South) 8.33+8.33 A | 91.67+8.33 A 0+0 0+0 Baslangig
8 Mart (March) | Kuzey (Nerth) 0:0 A 100+0 A 00 00 Dénemi
2018 F ve P degeri* Fae=1 Foe=1 ) . gefé:f;;g of|
(F&.HdP Va]ue) P=0.422 P=0.422 Stgge)
Giineybat1 (South-Wes?) 0£0 100£0 A 0£0 A 0=0 %20  Cicek
Giiney (South) 0+0 91.67+8.33 A 8.33+8.33 A 0+0 A¢ma Donemi
;gfgart (March) Kuzey (North) 0+ 0 10040 A 0+0 A 0+0 (20% .
F ve P degeri* _ Foe=1 Foe=1 i Blooming
(F and P value) P=0.422 P=0.422 stage)
Giineybat1 (South-Wes?) 0+0 0+0 25.0£0.0 A 75.0£0.0 A | Cagla
Giiney (South) 0+0 0£0 25.0414.43A | 75.0+14.43A | Mercimek
o7 Mart (aret) |2 (North) 0+0 0+0 16.67:16.67 A | 83.33+16.67A ?;gf;gDoneml
2018 F ve P degeri* Fo6=0,14 Foe=0,14 | almond fruit
(F and P value) i ) P=0.870 P=0.870 with the size
of a lentil
period)
Giineybat1 (South-Wes?) 00 00 16.67+8.33 A | 83.33+8.33 A [ Cagla Nohut
Giiney (South) 00 00 0+0 A 1000 A | Irili§i Dénemi
03 Nisan (4pri) | Kuzey (North) 00 00 111341113 A | ss.87¢11.134 | o428
2018 a]{nond ﬁ"zlut
F ve P degeri* _ _ with the size
(F and P value) ® - Fa=1.12 Foe=112 | chickpea
P=0.386 P=0.386 .
perio)
Giineybat1 (South-Wes?) 0+0 0+0 00 100+0 Cagla
) .» | Giiney (South) 0+0 00 0+0 100+0 Dénemi
;(l)lelsan (Aprid Kuzey (North) 0+0 0+0 0+0 100+0 (Developed .
F ve P degeri* ) - - _ almond  fruit
(F and P value) stage)

*Verilere tek yonlii varyans analizi (ANAVO) uygulanmis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde Tukey
testine gore ortaya konmustur. Ayni situnda benzer harfler ile gésterilen ortalamalar arasinda istatistiksel olarak fark yoktur.

Kahta ilgesi 2. bahgede ve Besni’deki bahgede ilk beyaz
pupa olusumunun goéruldigi 14-28 Subat tarihleri
arasinda glinliik ortalama sicaklik degerleri sirasiyla
8.64 ve 9.33 °C olarak tespit edilmistir (Cizelge 4). Ilk
siyah pupa olusumu Kahta ilgesi 1., 2. bahcede ve
Besni’deki bahgede sirasiyla 14, 16 ve 16 Mart'ta

gerceklesirken badem agaci %20, %70 ve %70 cicek
a¢cma doneminde oldugu belirlenmigtir. Kahta ilgesi 2.
bahg¢ede ve Besni’deki bahgede ilk siyah pupa
olusumunun gorildigi 08-16 Mart tarihleri arasinda
giinlik ortalama sicaklik degerleri sirasiyla 12.6 ve
14.26 °C olarak tespit edilmistir (Cizelge 4).
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Cizelge 3. Adiyaman ilinin Besni ilgesindeki ticari badem bahgesinde belli gézlem strelerinde badem agaglarinin
farkli yonlerine yerlestirilmis kafesler icerisinde bulanan Furytoma amygdaliile bulagik mumyalasmig
badem meyveler igerisinde diyapoz larva, krem beyaz pupa, siyah pupa ve ergin olma oranlar

Table 3. The rates of diapause larva, cream white pupa, black pupa and adult emergence in mummified almond

fruits infested by Furytoma amygdali in the cages placed in different directions of almond trees at certain
observation periods at the commercial almond orchard in Besni district in Adiyaman province

Gézlem y ... | Bocek déneminin oram (Rate of insect stage) (%) Agacin
tarihi ;(Alg);a'lcn;' yonl; Diyapozdaki Krem beyaz fenolojisi
. irection o :
(Observation larva (Diapause|pupa (Cream Siyah Pupa Ergin (Aduld (Phenology  of
date) tree) : (Black pupa) tree)
ate Jarva) white pupa)
Giineybat1 0+0 .
" \ (South-Wes?) 100+0 0+0 0+0 %1(;91{ .
(Fe bwag;‘ 8t [Giiney (South) | 10020 0+0 0+0 0+0 quurgu
5018 Kuzey (North) | 1000 00 00 00 Flower  bud
F ve P degeri*|_ ) ) ) stage)
(F and P value)
Giineybat: 19.43+10.01 A 80.53+10.03 A | 0+0 0+0 .
26 bat (South-West) ?embe kClqek
Subat [Giney (South) |36.1x7.35A 63.87+7.35 A [ 00 00 Omureus
(February) Dénemi (Pink
92018 Kuzey (North) | 33.3:0 A 66.6:0 A 0+0 0+0 Aower bud
F ve P degeri* Fao 6= 1.55 | F2,6= 1.55 ) ) stage)
(F and Pvalue) |P=0.287 P=0.287
Giineybat1 0+0 .
(South-Wes?) 19.43+10.01 A 80.53+10.03 A | 0+0 gfell;n 1 Acma
8 Mart | Giiney (South)  |27.77+2.77 A 72.2042.80 A |00 0+0 D--$ 2
(March) ! dnemi
2018 Kuzey (North)  |30.53+2.77TA  |69.40:2.80 A |00 00 ffegm{ﬂﬂg of
Fve P degeri* | Fae= 0.87 F2,6= 0.87 ) ) o ZZ{ e
(F and Pvalue) | P=0.467 P=0.467
Giineybat1 0% 0 63.8647.35 A 36.10+7.35 A 0+0
(South-Wes?) e Cicek
- o ice
16 Mart | Giney (South) | 0+0 7773+11.13 A | 22-20+11.1 A 0+0 A¢ma Démomi
(March) 2018 |Kuzey (North) o+ 83.33+11.67 A |16.67+16.67TA | 0+0 (20% Blooming
L.
Fve P degeri* | _ Fz6= 0.66 Fz,6= 0.66 ) AT
(F and P value) P=0.550 P=0.550
Giineybat1 16.67+16.67 A Cagla
(South-Wesd) 0+0 8.33£8.33 A 75.0+14.43 A Mercimek
Giiney (South) | 0+0 0+0 A 88.87+11.13 A |11.11+11.11 A |Iriligi Dénemi
24 Mart
(March) 2018 | Kuzey (North) | 0+0 8.33+8.33 A 80.53+10.03A | 11.11x11.11 A | (Young almond
F ve P degeri* Fae= 0.50 F26=0.34 Fz,6= 0.06 f}:LIJt with tb‘e
(F and P value) |00 P=0.630 P=0.726 P=0.943 size g a lentil
: perio
Giineybat1 0+0 0+0 91.67+8.33 A Cagla Nohut
(South-Wes?) BEREEE ImGe Donem
03 Nisan LGtney (South) |00 00 8.33+8.33 A 91.67+8.33 A (Yoyng almond
(Apri) 2018 |Kuzey (North) |00 00 00 A 100£0 A fruit with the
F ve P degeri* - - _ _ Sz of a
e o Rei [Reow |
v v period)
Giineybat1 0+0 0+0 .
(South-West) 00 100+0 gggla '
11 Nisan | Giiney (South) [ 00 00 00 1000 onemi
(Developed
(April) 2018 |Kuzey (North) | 0+0 00 00 100+0 I i’ dp fruit
F ve P degeri* _ _ _ stng
(F and P value)

*Verilere tek yonlii varyans analizi (ANAVO) uygulanmis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde Tukey
testine gore ortaya konmustur. Ayni siitunda benzer harfler ile gosterilen ortalamalar arasinda istatistiksel olarak fark yoktur.
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Ik ergin ¢ikisi Kahta ilcesi 1., 2. bahgede ve Besni’deki
bahgede sirasiyla 27, 27 ve 24 Mart'ta gerceklesirken
badem agaci ¢agla mercimek iriligi déneminde oldugu
gorulmustur. Kahta ilgesi 2. bahcede ve Besni'deki
bahgede ilk ergin ¢ikiginin gorildiga 16-27 Mart
tarihleri arasinda giinliikk ortalama sicaklik degerleri
sirasiyla 14.93 ve 16.51 °C olarak tespit edilmistir
(Cizelge 4). Ergin cikis siiresi Kahta ilcesi 1., 2.
bahgede ve Besni’deki bahgede sirasiyla 15, 15 ve 17
glin sirmustiur. Pupa stresi Kahta ilgesi 1., 2. bahcede
ve Besni’deki bahgede sirasiyla 34, 33 ve 31 giin olarak
belirlenmigtir. Kahta ilgesi 2. bah¢ede ve Besni’deki
bahgede ilk beyaz pupa goérilme tarihiyle ilk ergin
cikisinin (pupa aciliminin) gériildiigi tarihler arasinda

(Kahta ilcesi ikinci bahge icin 28 Subat-27 Mart ve
Besni'deki bahce icin 26 Subat-24 Mart) giinlilkk
ortalama sicaklik degerleri sirasiyla 12.88 ve 14.05 °C
olarak tespit edilmigtir. Bu sonuglar tu¢ farkh
lokasyondaki badem agaglarina yerlestirilen kafesler
icerisinde bulanan £ amygdali ile Dbulasik
mumyalagsmig badem meyveler icerisindeki diyapoz
larvalarin ilk beyaz pupa, ilk siyah pupa olma ve ilk
ergin c¢ikis tarihleri ve pupa ile ergin ¢ikig siireleri
arasinda buyuk farkligin olmadig: gorilmustiir.

Ik beyaz pupa olusumu Kahta ilgesi 1., 2. bahgede ve
Besni’deki bahgede sirasiyla 26, 28 ve 26 Subatta
gerceklesirken badem agaci pembe ¢icek tomurcugu
déneminde oldugu goriilmiistiir (Cizelge 5).

Cizelge 4. Adiyaman ili Kahta 2. Bahce (Haciyusuf kdyii) ve Besni ilcesindeki ticari badem bahcesinde her gézlem
tarihi araligindaki giinliik ortalama sicaklik ve maksimum- minimum sicaklik degerleri
Table 4. Daily average temperature and maximum-minimum temperature values in each observation date interval

in the commercial almond orchard at Kahta (Haciyusuf village) and Besni district in Adiyaman province

Bahge lokasyonu (Orchard location)
Kahta 2. Bahce (Haciyusuf Koyii) Besni
Gozlem tarihi Giinliik ortalama (l}/ll; k§1murr)1_ Gunlik ortalama (l\jlwaks'lmur?_
(Observation date) sicaklik (Daily mean | aximuimn, sicakhik (Daily mean yaximum
temperature) (°C) + M1n(1]r‘r}um sacaldile temperature) °C) £ M1n1m1‘m'1 sicaklik
S.hata aLmum S.hata (Minimum
temperature) (°C) temperature) (°C)
01-14 Subat (Febuary) 2018 9.04+0.33 1.17-19.04 9.56+0.33 -1.06-23.63
14-28 Subat (Febuary) 2018 8.64+0.29 2.39-19.31 9.33+0.43 1.17-24.79
28 Subat (Febuaz'ﬁ - 11.12+0.83 3.31-21.71 11.39+0.74 2.89-25.17
08 Mart (March) 2018
08-16 Mart (March) 2018 12.60+0.41 5.4-24.79 14.26+0.48 4.15-29.5
16-27 Mart (March) 2018 14.93+0.61 4.99-27.91 16.51+0.34 7.03-29.9
27 Mart(March)- 03 Nisan 15.51+0.47 5.4-27.91 16.16+0.31 5.4-30.31
(Apri) 2018
03-11 Nisan (Apri) 2018 17.44+0.88 5.4-33.59 18.77+0.69 3.74-34.85

Cizelge 5. Adiyaman ilinde ti¢ farkli lokasyondaki badem bahgesinde badem agaclarina yerlestirilen kafesler
icerisinde bulanan Eurytoma amygdali ile bulasik mumyalagsmis badem meyveler igerisindeki diyapoz
larvalarin ilk beyaz pupa, ilk siyah pupa olma ve ilk ergin cikis tarihleri ve pupa ile ergin ¢ikis stireleri

Table 6. The dates of the first white pupa, the first black pupa, the first adult emergence and the time of pupa and

adult emergence of diapause larvae inside mummified almond fruits infested by Furytoma amygdali, in

cages placed on almond trees at three different locations of Adiyaman province

588 3| gavy 4 he | BE%5a vy |2 A S
g 8 § 2 25 I 8 S 2H TS 3¢ 5 § &
o@’ﬁ e B q'MH—c'E/g): w5 < ‘% ‘:EMH'H'\S\) o5 NE p:'Mr-i-H'E‘k) r:/,; :S & 'g
378 s8y,u E9EEE | 8.3 ETE5SQ 288 | E2858 | 2837 835
9 8 VI -R- Sa88Q 282588 §58 wg @ 5288 IS NS 5 9.8
EC8 | #2898 ¥ES8S | HE8988 2888 HE888 | 2888 £S5 88 A887
Kahta 26 Subat | Pembe ¢igek | 14 Mart 2018 | %20 ¢icek acim1 | 27 Mart 2018 | Cagla mercimek | 34 15
1. Bahce 2018 tomurcuk iriligi
Kahta 28 Subat | Pembe ¢icek | 16 Mart 2018 | %70 ¢igek agim1 | 27 Mart 2018 | Cagla 33 15
2. Bahce 2018 tomurcuk mercimekiriligi
. 26 Subat | Pembe ¢icek | 16 Mart 2018 | %70 ¢gicek agim1 | 24 Mart 2018 | Cagla mercimek | 31 17
Besni S
2018 tomurcuk iriligi
SONUC ve ONERILER amygdali ile  bulastk mumyalasmis  badem
Denemelerin yuriutildigic Adiyaman iline Besni meyvelerdeki diyapoz larva, krem beyaz pupa, siyah

ilgesinde bir ve Kahta il¢gesinde iki toplamda tu¢ badem
bahcesinde tim goézlem silrelerinde agacin farkh
yonlerine yerlestirilen kafesler icerisinde bulanan F.

pupa ve ergin olma oranlar1 arasinda istatistiksel
olarak o6nemli farkin olmadig1 gorilmustir. Bu
sonuclar ayni agacin farkli yonlerine (giineybati, kuzey
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ve giiney) yerlestirilen E. amygdali ile bulasik
mumyalasmis badem meyvelerde diyapoz larva, pupa
gelisimine ve ergin olusuma oOnemli etkiye sahip
olmadigini géstermistir.

Denemelerin yurutildigi ti¢ bahgede de 12-14 Subat
tarihine kadar E. amygdali ile bulagik mumyalagsmig
badem meyvelerin timiinde diyapoz larvalarin
bulundugu gérulirken ilk pupa olusumu 26-28 Subat
tarihinde, badem agacglarinin pembe ¢igek tomurcugu
doneminde gerceklegsmistir. 6-8 Mart tarihinde badem
agaglar1 ¢icek agma donemine ulagtiginda bulagik
mumyalagmig badem meyvelerinde ilk siyah pupalar
gorilmustir. Furytoma amygdali ile Dbulagik
mumyalagmig badem meyvelerde ilk ergin ¢ikiglar: 24-
27 Mart'ta gozlenmistir. Ik ergin cikiglari badem
agacinin mercimek iriligindeki ¢agla donemine denk
geldigi tespit edilmistir. 11 Nisan’da ise bulagik
mumyalasmis badem meyvelerin tiimiinde (%100)
ergin cikiglar1 tamamlanirken c¢aglalar beklenen
meyve blytkligine ulagmistir. Bulagik mumyalasmisg
badem meyvelerinden ergin cikigslar1 yaklasik 15-17
giin stirmiistiir. Katsoyannos ve ark. (1992), 1986-1989
tarihleri arasindaki 4 yil stresince Yunanistanin
Selanik Boélgesi'nde yurittikleri ¢aligmada, Retsou
badem g¢esidindeki zarar gormis bademlerden ergin
cikisgim1  tespit etmiglerdir. 4 yillik c¢alismanin
baglangicindan itibaren yakalanan erginlerin ilk
olarak 13-24 Nisan tarihleri arasinda ortaya ciktigi ve
maksimum seviyeye 17 Nisan-11 Mayis tarihleri
arasinda ulastigim1  belirlemiglerdir. Ergin cikis
zamanin mevcut calismada daha ge¢ donemde olmasi
iklimsel farklihk veya badem c¢esidi farkliligindan
kaynaklanmig olabilecegi distnilmektedir.
Turkiye’de Kahramanmaras ilindeki 2005 yilinda
badem bahgesinde yuritilen ¢aligmalarda ilk ergin
cikiglarinin ¢aglalar yaklagik 7-8 mm buytklige
ulaginca, 15 Nisan’da gergeklestigini ilk ergin ¢ikigini
takiben 5 giin sonra ergin ¢ikig en st diizeye ulastig1
ve ergin cikiglarmmin 19 Mayis'ta tamamlandigi
bildirilmistir (Barut, 2007). Yesilyaprak (2015), 2014-
2015 yillarinda, Sanhurfa ilinin Bozova (Uriinlw),
Merkez (Ilhan) ve Karaképrii (Cirall) ilcelerindeki
badem bahgelerinde yuritilen c¢alismada E.
amygdalinin ilk ergin ¢ikisi nisanin ikinci haftasinda
gerceklestigini ve en yiksek ergin ¢ikiginin nisanin
Uglincii haftasinda ve son ergin ¢ikiginin mayisin
u¢unci haftasinda oldugunu belirlemigtir. Ergin ¢ikig
zamanin mevcut ¢calismada daha ge¢ dénemde olmasi
iklimsel farklilhik veya badem cesidi farkliligindan
kaynaklanmis olabilecegi diisiiniilmektedir.

Uc farkl lokasyondaki badem agaglarina yerlestirilen
kafesler igerisinde bulanan FE. amygdali ile bulagik
mumyalagmis badem meyveler icerisindeki diyapoz
larvalarin ilk beyaz pupa ve ilk ergin ¢ikis tarihleri ve
pupa ile ergin ¢ikig siireleri arasinda buytk farkligin
olmadig1 goriilmiistiir. Ik beyaz pupa olusumu Kahta
ilcesi 1. bahcede (Tuglu koéyii), Kahta 2. bahcede
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(Haciyusuf koyi) ve Besni ilcesindeki bahcede
sirasiyla 26, 28 ve 26 Subat’ta gerceklesirken badem
agac¢lariin pembe ¢icek tomurcugu déneminde oldugu
gorillmustir. Ik ergin ¢ikist Kahta ilgesi 1. bahcede
(Tuglu koyii), Kahta 2. bahcede (Haciyusuf koyi) ve
Besni ilgesindeki bahgede sirasiyla 27, 27 ve 24 Mart’ta
gerceklesirken badem agaglarinin g¢agla mercimek
iriligi déneminde oldugu gorulmistir. Ergin cikis
siiresi Kahta ilcesi 1. bahcede (Tuglu koyii), Kahta 2.
bahcede (Haciyusuf koyii) ve Besni ilgesindeki bahgede
sirasiyla 15, 15 ve 17 gin surmustir. Kahta ilgesi 2.
bah¢ede ilk beyaz pupa olugsumunu ve ilk ergin
¢ikisinin Besni’deki bahgeye gore 2-3 glin ge¢ oldugu
gorilmistir. Bunun en o6nemli sebebinin bu iki
lokasyondaki sicaklik degerlerindeki farkliliktan
olabilecegi diigsinlilmektedir. Nitekim Kahta ilgesi 2.
Bahgedeki goézlem tarihleri araliginda glnlik
ortalama sicak degerlerinin Besni ilgesindeki bahgeye
gore 1-1.5 °C daha dustk oldugu gorilmiustir. Pupa
siiresi Kahta ilcesi 1. bahcede (Tuglu koyi), Kahta 2.
bahcede (Haciyusuf koyii) ve Besni ilcesindeki bahcede
sirasiyla 34, 33 ve 31 glin olarak belirlenmistir. Besni
ilgcesindeki bah¢ede pupa gelisme suresinin Kahta 2.
bahceye (Haciyusuf koyi) gére 2-3 giin daha kisa
olmas1 Besni il¢esindeki bahcgede giinlik ortalama
sicaklik degerlerinin 1-1.5 °C daha yiiksek olmasindan
kaynaklanabilecegi diisiiniilmektedir. Ibrahim (2008)
tarla kosullarinda pupa gelisimini 35.9 glinde
tamamladigini  bildirmistir. Bu c¢alismadaki pupa
gelisme sliresinin  mevcut calismamizdaki pupa
gelisme stlirelerinden 2-5 giin daha uzun olmasi yine
sicaklik degerlerindeki farkhilhktan kaynaklanmig
olabilecegi soylenebilir.

Sonu¢ olarak bu calismada Adiyaman ilinde farklh
lokasyondaki badem bahgelerindeki badem agacglarina
yerlestirilen kafesler icerisinde bulanan F. amygdali
ile bulagtk mumyalagmis badem meyveler icerisinde
diyapoz larva, krem beyaz pupa, siyah pupa ve ergin
olma oranlar1 arasinda istatistiki olarak o6nemli
farklihgin olmadig gérilmistir. Ik ergin gikiglarinin
badem meyvesinin mercimek iriligindeki 24-27 Mart
tarihlerinde oldugu ve ergin cikiglarinin 15-17 gun
sturidagi belirlenmigtir. Bu ¢alisma sonucunda her
yilki sicaklik degerlerine gore ergin ¢ikis tarihlerinin
degisebilecegl goz 6nline alindiginda E. amygdali ile
kimyasal miicadelede ilk ilaglamanmin ilk ergin
¢ikiglarinin oldugu badem agacin fenolojik durumuna
(badem meyvesinin mercimek iriliginde) gore
yvapilmasinin  mimkin olabilecegi  o6nerilebilir.
Ilagclama sayisimin ise ergin cikiglarmin 14-17 giin
stiridigi disinildiginde ve secilecek insektisitin
etki siiresine baglh olarak bir veya iki kez yapilmasinin
uygun olabilecegi diisiiniilmektedir. Bundan sonraki
calismalarin farkh lokasyonlardaki badem
bahcelerinde sicakliga bagh olarak FE. amygdalinin
ergin ¢ikis zamanlarinin giin-derece modeline esas
etkili sicakliklar toplami degerlerinin, ergin c¢ikis
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zamanlarina bagl olarak ila¢clama zamanlarinin, ergin
cikis slresine gore ilaclama sayisinmi ve yapilan
ilaclamalarin badem i¢ kurduna karg: etkinliklerinin
belirlenmesine yonelik olmasi gerekmektedir.
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ABSTRACT
The spermathecae and egg morphology of Stenozygum coloratum
(Klug, 1845) were examined with light and scanning electron
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Article History

microscopy, and their external morphology was characterized in detail Received $11.01.2021
(egg chorion surface, operculum, and aero-micropylar processes, and Accepted :18.03.2021
spermathecae morphology). Eggs are barrel-shaped; operculum is
round and the hatching line can be easily distinguished in the Keywordg
scanning electron photograph. The egg batches usually consist of 12 Egg chorion
eggs. Because of the thick egg chorion, embrionic development was not Egg burster
visible from the outside. The eggs of S. coloratum are usually laid in Micropyle
Spermatheca

two rows and are glued to the Capparis spinosa (Capparacea) plants.
The egg burster is highly sclerotized, thick and T shaped. It is clearly
observed in the hatched egg. Egg-burster is remains attached with the
inside lateral surface of the egg. The well-marked operculum
intersects the ring of 18-20 short pipe shaped micropylar projections
that are found between the tubercles around the hatching line. In S.
coloratum, the spermathecae has a semi-oblong spermathecal bulb, a
pumping region, intermediate flanges, a dilation of spermathecal duct
and distal and proximal ducts. The pumping region has distal and
proximal flanges. The balloon-like median spermathecal dilation has
sclerotized rod and is narrowed distally and tipped. The proximal area
of the spermathecal duct is close to the vagina opening. Two V-shaped
sclerites and two ring sclerites are localized on the genital chamber
(vagina) wall in to which opens the spermathecae. Egg and
spermathecae structures in insects differ from species to species. In
this study, spermateca and egg structures of this species, which have
not been studied before, were examined in detail, and it was aimed to
contribute to systematic and taxonomic studies.

S. coloratum

Stenozygum coloratum (Klug, 1845) (Heteroptera: Pentatomidae)'un Spermateka ve Yumurta
Morfolojisi

OZET Aragtirma Makalesi
Stenozygum coloratumun (Klug, 1845) spermateka ve yumurta

morfolojisi 151k ve taramali elektron mikroskobu ile incelenmis ve dig Makale Tarihgesi
morfolojileri ayrintili olarak karakterize edilmistir (yumurta koryon Gelig Tarthi  :11.01.2021
yiizeyi, operkulum ve aero-mikropilleri ve spermateka morfolojisi). Kabul Tarihi :18.03.2021

Yumurtalar fig1 seklindedir, operkulum yuvarlaktir ve agilma hatti

taramali elektron mikroskobu fotografinda kolaylhikla ayirt edilebilir.
Yumurta kiimesi genellikle 12 yumurtadan olusmaktadir. Yumurta
koryonunun kalin olmasi nedeniyle embriyonik gelisim digsaridan
gorunmemektedir. S. coloratum yumurtalar1 genellikle iki sira
halinde Capparis spinosa (Capparacea) bitkilerine yapistirilir,
Yumurta kiricisi olduke¢a sklerotize, kalin ve T seklindedir. O, acilan
yumurtada agik¢a goriilmektedir. Yumurta kiricisi, acgilan
yumurtanin i¢ yan yiizeyinde kalir. Belirgin operkulum, agilma hatti
cevresinde tiiberkiillerin arasinda bulunan 18-20 kisa boru seklindeki
mikropil ¢ikintilarimin  halkas1 ile kesigir. S. coloratum'da,
spermateka, yari1 oblong bir spermateka haznesi, spermatekal kanal,

Anahtar Kelimeler
Yumurta kabugu
Yumurta Kiricisi
Mikropil
Spermateka

S. coloratum
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pompalama bdélgesi,

spermatekal kanalin dilasyonu, distal ve

proksimal kanallara sahiptir. Pompalama bolgesi distal ve proksimal
yakalara sahiptir. Balon benzeri medyan spermatekal dilasyon
sklerotize ¢ubuga sahiptir ve o distal ve uc kisimda daralmigtir.
Spermatekal kanalin proksimal bélgesi vajina agikhigina yakindir. Iki
V seklindeki sklerit ve iki halka sklerit, spermatekaya agilan genital
oda (vajina) duvarinda yer almaktadir. Boceklerde yumurta ve

spermateka yapilar

turden ture farklihk gostermektedir.

Bu

calismada daha o6nce caligilmamig olan bu tiriin spermateka ve
yumurta yapilar: detayli olarak incelenmis, sistematik ve taksonomik

calismalara katki saglanmasi amaglanmagtir.

To Cite : Candan S, Giillla M, Ozyurt Kogakoglu N 2021. Morphology of Spermathecae and Eggs of Stenozygum coloratum (Klug,
1845) (Heteroptera: Pentatomidae). KSU J. Agric Nat 24 (6): 1290-1299. DOI: 10.18016/ksutarimdoga.vi.858454.

INTRODUCTION

Stenozygum coloratum (Klug, 1845), which is called
the variegated caper bug, is common in the Eastern
Mediterranean region. S. coloratum 1is a small
agricultural pest and generally thrives on wild caper-
bush, Capparis spinosa L. Capparaceae, but
sometimes migrates to thrive on a variety of cultivars,
including avocados. The damage to the fruit is
accompanied by heavy persein secretion and the
appearance of black spots (Izhar et al., 1990).

The surface pattern and shape of insect eggs, are
taxonomic characters which are useful in identification
of species. In pterygote insects, the taxonomic and
phylogenetic significance of eggshell structure has
been demonstrated at different levels in different
orders (Hinton, 1981; Salkeld, 1983; Margaritis, 1985).
The color, size and shape of the eggs and the number,
size and shape of the micropylar processes of
Pentatomidae family can be easily distinguished and
constitute significant characters for the identification
of species and genera (Esselbaugh, 1946; Hinton, 1981;
Izhar et al.,, 1990; Bundy and McPherson, 2000;
Candan et al., 2001). At the egg stage, despite
available information regarding the diversity of taxa,
there are no cladistic analyzes at lower taxonomic
levels in Pentatomidae, including egg characteristics.

The spermathecae, which is insect female reproductive
system region, is responsible for sperm storage,
fertilization, copulation, and oviposition (Gaffour-
Bensebbane, 1991, 1994; Pascini, 2017).

The egg and spermathecae structures differ among
insect species and these structures are systematically
and taxonomically important. Therefore, in this study,
the egg and spermathecae structure of S. coloratum
was examined in detail and compared with other
Heteroptera species.

MATERIAL AND METHOD
Preparation of Eggs

Adults of Stenozygum coloratum were collected from
Adana, Turkey (June 2013). At room temperature,
fresh eggs were collected from a colony kept in rearing
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cages. Insects were kept on Capparis spinosa plants in
plastic jars until they deposited eggs.

The eggs were observed with stereomicroscopy
(Olympus SZX12). Length and width measures were
taken and aero-micropylar processes were counted.

The freshly laid eggs were cleaned, prepared and air
dried for SEM examination. The eggs were mounted
with double sided tape on SEM stubs, coated with gold
using a sputter coater (Polaron SC 502). Then, the eggs
were viewed with SEM (Jeol JSM 6060 LV) at 5 kV and
taken photograph.

Preparation of Spermathecae

The abdomen regions of six female samples were
prepared by first softening for 5-10 minutes in 10%
KOH. Then spermathecae parts were carefully
removed under a dissection stereomicroscope
(Olympus SZX7). Then the spermathecae were placed
in glycerin. The examinations were made and
photographed with light microscope (Olympus BX51).

For scanning electron microscopy (SEM), six
spermathecae were cleaned. After being dehydrated in
a graded ethanol series and air dried were mounted
using double-sided tape on SEM stubs, gold coated by
a sputtering device Polaron SC 502 Sputter Coater.
Then, sample examinations were made and
photographed using a Jeol JSM 6060 LV SEM.

For the structure of the spermathecae, we follow the
terminology proposed by Pendergrast (1957), Salkeld
(1983), Margaritis (1985) and Pascini (2017).
Abbreviation list is seen in Table 1.

RESULTS
Description of Eggs of Stenozygum coloratum

The eggs of S. coloratum are usually laid in two rows
(Figures la-d) and are glued to the C. spinosa plants.
Each female of S. coloratum was deposited 12 eggs on
average in mass (Figures la-d). The barrel-shaped
eggs averaged 1.05+ 0.05 mm in diameter. The chorion
and the egg microsculpture prevent observation of the
embryonic development. There are two black bands or
rings around each egg, one lower and one higher. The



KSU Tarim ve Doga Derg 24 (6): 1290-1299, 2021 Aragtirma Makalesi
KSU J. Agric Nat 24 (6): 1290-1299, 2021 Research Article

Table 1. The spermathecae abbreviations used in figures.
Cizelge 1. Sekillerde kullanilan spermateka kisaltmalari.

Spermathecae abbreviations (Spermateka kisaltmalar) Descriptions (Tanimlar)

Sb Spermathecal bulb (apical receptacle)
Df Distal flange of pump

Pf Proximal flange of pump

Pr Pumping region

Dsd Distal part of spermathecal duct

Dpd Proximal part of spermathecal duct
D1 Dilation of spermathecal duct

Dr Dilation rod

.....

X3B. 200 hm : ]

Figure 1. Light and SEM photos of eggs of Stenozygum coloratum. (a-b) Egg mass of S. coloratum. (a) Side view (b) Dorsal view

(c) Hatched egg and nymps (d) Dorsolateral view of hatched eggs (e) SEM photos of lateral surface of eggs. (f) SEM
photos of dorsal view of unhatched eggs, hatching line (—) and operculum (Op)

Sekil 1. Stenozygum coloratum yumurtalarinin 1sik ve SEM fotograflars. (a-b) S. coloratum'un yumurta kiimesi. (a) Yandan
goriiniim (b) Usten goriiniimii (¢) Agilmis yumurta ve nimfler (d) A¢ilmis yumurtalarin dorsolateral goriiniimii (e)
Yumurtalarin yan yiizeyinin SEM fotograflari. (f) A¢ilmamis yumurtalarin operkulum hattinin (—) ve operkulumun
(Op) dorsal gériiniimiiniin SEM fotograflar
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lower band is narrower than the upper one and the
middle of the outside surface of each egg has a blackish
spot. The operculum is almost entirely white with only
the margin of the central white spot slightly black. The
egg shells are clear white following hatching (Figures
la-d). In light and SEM microscopic examination, the
operculum and egg surface of S. coloratum is generally
rough, and there is no pattern on the surface (Figures

Aro8 | ZBMm

le, f), but when the surface of the egg chorion
(exochorion) is removed, the egg surface is found to be
covered with irregular polygonal shapes and deeply
buttressed walls (Figures 2a-d). The polygons are
mostly hexagonal and tightly connected to each other.
Their edges are different in length. Among these
polygons there are large voids and chambers in the
form hexagonal (Figures 2a-d).

RZ> 8o 16

Figure 2. SEM micrographs of egg horion of Stenozygum coloratum. (a-b) Irregular polygonal sculptures outlined by the
extrachorion. (c-d) The chorionic network with perforated polygons in middle of the egg exochorion. (e) Chorion layers
in egg cross sections. Ec: Endochorion, Exc: Exochorion, Extc: Extrachorion (f) Perforated layer in exochorion and

air chamber in endochorion (¥).

Sekil 2. Stenozygum coloratum'un yumurta koryonunun SEM mikrograflari. (a-b) Ekstrakoryon tarafindan ana hatlari ¢izilen
diizensiz poligonal sekiller. (c-d) Yumurta ekzokoryonunun ortasinda delikli cokgenlere sahip koryonik ag (e)
Yumurtanin enine kesitinde koryon tabakalari. Ec: Endochorion, Exc' Exochorion, Extc: Extrachorion (0
Ekzokoryonda delikli katman ve endokoryonda hava odas1 (*)
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In cross sections of the egg, the chorion is shown to
consist of three different layers. These are
extrachorion, exochorion and endochorion. The
exochorion has a perforated layer; the endochorion also
contains large air chambers (Figures 2e, f).

The operculum consists of irregular polygonal swollen
tubercles. They vary in shape and size, and some of
them have pores in the middle (Figures 3a-c). In

%) S\ Y. i NS

unhatched eggs, the eclosion line is hardly discernible
among the tubercles (Figure 2f). In hatched eggs, the
eclosion line appears in a circular shape around the
operculum (Figure 2f). Around the eclosion line,
similar tubercles with irregular shapes and deeply
buttressed walls are dispersed (Figures 3a-e). The gap
among the tubercles is very large and perforations are
very distinct (Figures 3b, c, e).

X280 1885m

Figure 3. SEM photos of eggs of Stenozygum coloratum. (a) Operculum (Op), hatching line (—), and micropylar projections (b)

Regular and irregular polygons in operculum surface. (c-e) Eclosion line (—), micropylar projections (M) and
perforated polygons in operculum surface. (f) T-shaped egg-burster (*) in the hatched egg and micropylar projections

=)

Sekil 3. Stenozygum coloratum yumurtalarinin SEM fotograflari. (a) Operkulum (Op), agilma hatti (—) ve mikropilar ¢ikintilar
(b) Operkulum yiizeyinde diizenli ve diizensiz ¢okgenler. (c-e) Ag¢ilma hatti ¢izgisi (—), mikropil ¢ikintilar1 (M) ve
operkulum yiizeyinde delikli cokgenler. () A¢ilan yumurtadaki T-sekilli yumurta kirici (*) ve mikropil ¢ikintilar: (—)
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There are 18-20 short pipe-shaped micropylar
projections that are found between the tubercles along
the hatching line. Each micropylar projection rises
from a large cavity in the chorion (Figures 3c-e). The
egg burster, which is inverted T-shaped black and it 1s
responsible for opening the operculum. The egg burster
is thick and highly sclerotized (Figure 3f).

GUFEF @

18kU
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Description of spermathecae of Stenozygum coloratum

S. coloratum spermathecae has the spermathecal bulb
(apical receptacle), a spermathecal pump (pumping
region), intermediate flanges (distal and proximal)
associated with the pump, the spermathecal ducts,
spermathecal dilation with sclerotized the ring
sclerites are localized on the wall of the genital
chamber (vagina) into which opens the spermathecae
(Figures 4a, b).

XG> OCl

Flgure 4. nght and SEM photos of spermathecae of Stenozygum coloratum. (a) Generaf view of spermathecae of S. coloratum.
(b-d) Spermathecal bulb (Sb), distal flange (Df) and pumping region (Pr), sclerotized dilation rod (Dr). (e-f) Proximal

flange (Pf) and distal spermathecal duct (Dsd).

Sekil 4. Stenozygum coloratum spermatekal’in i1sik ve SEM fotograflar. (a) S. coloratum'un spermatekasi'nin genel goriiniimii.
(b-d) Spermatekal hazne (Sb), distal yaka (Df) ve pompalama bolgesi (Pr), sklerotize dilatasyon ¢ubugu (Dr). (e
Proksimal yaka (PP ve distal spermathekal kanal (Dsd)
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The spermathecal bulb is sclerotized and semi-oblong.
The spermathecal pump with distal and proximal
flanges is somewhat sclerotized and swollen at the
mid-posterior position (Figures4a-c). The distal
spermathecal duct is the same length as the proximal
duct. The proximal flange is narrower than the distal
flange and appears as a plate (Figures 4c-f).

The balloon-like median spermathecal dilation has

18kU

sclerotized rod and is narrowed distally and tipped
(Figure 4a); Spermathecal dilation is join with the
proximal part of the spermathecal duct (Figure 5a).
The spermathecal dilation has thin muscular walls
(Figure 5b). The cuticular wall of proximal
spermathecal duct is strongly wrinkled and is closely
associated with the genital chamber (vagina) opening
(Figures 5c-f). There are two sclerites, one at each side
of the genital chamber (Figure 5e).

Flgure 5 SEM photos of spermathecae of Stenozygum coloratum. (a b) Dlstal region of medlan spermathecal dilation and
surface. (c-d) The cuticular wall of the proximal duct, strongly wrinkled. (e) Two ring sclerites (*) at both dorsal sides
of genital chamber (f) Opening of spermathecal duct, lateral sides of genital chamber and proximal spermathecal

duct.

Sekil 5. Stenozygum coloratum'un spermatekal’inin SEM fotograflari. (a-b) Orta spermatekal dilatasyonun distal bélgesi ve
yiizeyi. (c-d) Proksimal kanalin olduk¢a kirisik kiitikiiler duvari (e) Genital odanin her iki dorsal tarafinda iki halka
sklerit (*) () Spermatekal kanalin, genital odanin yan taraflarinin ve proksimal spermathekal kanalin agiklig
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DISCUSSION

The barrel shaped Stenozygum coloratum eggs are
usually deposited in 2 rows and are glued to host
plants (Capparis spinosa in the field). The main
characters of the microsculpture of the chorion, color,
operculum, egg burster and the number of micropylar
processes are of great systematic value at generic and
family level (Puchkova, 1959, 1961; Cobben, 1968;
Hinton, 1981; Javahery, 1994). In insects, the color of
eggs changes during embryogenesis (Hinton, 1981;
Javahery, 1994). Among Pentatomidae species, some
eggs are barrel-shaped with hexagonal pits or shallow
depressions, others may resemble those of S
coloratum, or fine spines or with chorionic hairs at the
reticulation lines (Javahery, 1994). Some eggs are
cylindrical or spherical but lack chorionic spines or
reticulations (Candan, 1997).

The eggs of stink bugs, studied by various authors so
far, differ greatly in their chorion surface morphology.
Most of them have a chorion called "spinose" and this
chorion is characterized by spines with dotted surfaces.
Fuschistus servus Say, E. obscurus Palisot, E.
quadrator Rolston, E. tristigmus Say (Bundy and
McPherson, 2000), Codophila varia Fabricius (Candan
et al., 2001), Carpocoris pudicus Poda (Cobben, 1968),
Mormidea sp. (Javahery, 1994; Wolf and Reid, 2003),
Palomena prassina Linnaeus (Candan, 1998a),
Piezodorus Iituratus Fabricius (Candan, 1998b),
Eocanthecona furcellata Wolff (Kumar et al., 2002),
Podisus maculiventris Say (Lambdin and Lu, 1984),
FEuschistus variolarious Palisot (Candan et al., 2005),
G. semipunctatum Fabricius (Candan, 1999b) and
Graphosoma Ilineatum Miiller (Candan and Suludere,
1999) serve as examples. Others are called to as
"coarsely reticulate, foveate" (Bundy and McPherson,
2000) and are characterized by the presence of pits
arranged hexagonally on the surface. This type of
chorion has been stated in Acrosternum hilare Say
(Javahery, 1994), Apodiphus amygdali Germar
(Candan, 1997), Rhaphigaster nebulosa Poda (Candan,
2001), Coptosoma siamicum Walker (Mohan, 1988),
Eurydema rugulosum Dohrru (Suludere et al., 1999).
As well as, a spongy and mushroom shaped chorion
type has been seen in the surface of Vilpranus gali
Wolff (Candan, 1997) and Ancyrosoma leucogrammes
Gmelin (Candan, 1999a) eggs, a wart-like chorion has
been found on Edessa bifida Say (Wolf and Reid, 2003)
eggs and the presence of polymorphic tubercles have
been noted on the chorionic surface of FEurydema
ventrale Kolenati and FE. blandum Horvath eggs
(Suludere et al., 1999).

Micropile processes originate from the chorion around
the cap in all Pentatomidae species, but in
Acanthosomidae, Cydnidae, Scutelleridae, and
Thyrocoridae, they tend to project from the inner side
of the shell. They differ in shape, length and number
according to the taxa taken into consideration
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(Javahery, 1994). The aeromicropile process has a
central channel for the passageway of sperm and
serves for respiratory exchange in many Heteroptera
species, including S. coloratum (Southwood,
1956;,Cobben, 1969; Candan 1998a).

In some Pentatomidae species, the first sign of
embryonic development in eggs appears long after
revolution as two red eye spots with a T-shaped or Y-
shaped egg burster between them just below the
operculum (Javahery, 1994; Candan, 1998a; 1998b).
The egg burster is highly sclerotized and thick in S.
coloratum. It 1s difficult to observe the T-shaped egg
burster and two eye spots in unhatched eggs because
of the sculpturing and the thickness of the chorion. The
role of the egg burster in hatching of pentatomid eggs
has been noted previously (Southwood, 1956;
Puchkova, 1959, 1961; Cobben, 1968; Hinton, 1981) as
described below. Hatching begins with the peristaltic
contraction of the prolarva body, and a curved incision
appears on the burster, extending into a circular
incision in the inner margin of the micropile processes
(Javahery, 1994). In Pentatomidae species, the incision
line or hatching line is a straight longitudinal incision
or a circular line. In S. coloratum, the hatching line is
circular. The egg-burster also has taxonomical
importance in Heteroptera as in Pentatomidae
(Hinton, 1981; Puchkova, 1966).

One spermathecae is present in all Pentatomoidea
(Heteroptera) species, usually only one spermathecae
is found to be present. Spermathecae is linked to the
vagina (Dupuis, 1955, 1970). It is characterized by a
well-marked pump in the intermediate part with both
proximal and distal flanges (Pendergrast, 1957;
Kumar, 1965; McDonald, 1966; Pluot-Sigwalt and Lis,
2008). In some Pentatomidae, the spermathecal
morphology is different. In some subfamilies
(Podopinae and Asopinae) the spermathecae has a
spermathecal bulb, a pump with two flanges, a median
spermathecal dilation with sclerotized rod, and one or
two sclerites (Margaritis, 1985; Kocorek and
Danielczok-Demska, 2002). In other Podopinae, the
spermathecal bulb is [oblong-ovate (Dybowskyia
reticulate (Dallas), spherical Scotinophara Ilurida
(Burmeister), S. scotti (Horvath), S. horvathi (Distant),
or semi-oblong [Graphosoma rubrolineatum
(Westwood)], and has one to three spermathecal
processes. In some Asopinae, the spermathecal bulb is
spherical Picromerus bidens (Linnaeus), P. lewisi
(Scott), Arma chinensis Fallou, semi-oblong
(Pinthaeus sanguinipes (Fabricius), or semi-ovoidal
Zicrona caerulea (Linnaeus) and all species of the
Asopinae lack spermathecal processes (Javahery,
1994). Our study shows that the spermathecal bulb of
S. coloratum i1s semi-oblong and lacks a process.
Sperm transfer is performed directly with the help of a
sperm pump (Margaritis, 1985; Kim and Lee, 1994;
Candan et al., 2007, 2014, 2015). In Pentatomidae,
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generally, the pumping region has two flanges (distal
and proximal) as does S. coloratum. The size and shape
of the flanges can vary. Also, the spermathecal ducts
can also vary according to shape. In some taxa, they
are essentially straight; in others they can be very
coiled. Also, sometimes there is a swelling or
enlargement just below the proximal flange (Javahery,
1994; Candan et al., 2014, 2015). In this SEM study,
the distal spermathecal duct and the proximal
spermathecal are almost the same length, and
muscular structures. These spermathecal ducts are
longitudinal muscular fibers and connect with the

common oviduct. This is a common feature of
pentatomids (Scudder, 1959; Puchkova, 1966;
Margaritis, 1985; Javahery, 1994; Pascini and

Martins, 2017). The spermathecal duct, where it
attaches to the bulb, is also transformed into a pump,
the cuticular lining of which is slightly sclerotized and
flexible (Lambdin, and Lu, 1984).

Spermathecal ducts are region of the sperm transport
system, they are responsible for sperm can be
transported directly from the spermathecae to the
common oviduct (Puchkova, 1959). The two ring
sclerites presence within the genital chamber are
common to all species of Pentatomidae previously
studied (Javahery, 1994; Candan et al., 2014, 2015).
Based on our study, morphological characters of eggs
and spermathecae of S. coloratum can be useful in the
classification of Pentatomidae. However, further
studies are required to establish clear trends within
the Pentatomidae family to which S. coloratum
belongs.
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ABSTRACT
In this study, 117 specimens of the genus Carpelimus Leach
(Coleoptera: Staphylinidae: Oxytelinae) were collected from different
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provinces and regions of Turkey between 2005 and 2019. As a result Received 119.01.2021
of the field studies, a totally 12 species of the genus were recorded. Accepted 121.03.2021
Among them, Carpelimus (Trogophloeus) fiorii Gildenkov is the first

record from Turkey. In addition, C. (s.str.) fuliginosus (Gravenhorst) Keywords

from Aegean and Southeast Anatolia Regions, C. (s.str.) gusarovi Staphylinidae

Gildenkov from Aegean and Mediterranean Regions, C. (s.str) Oxytelinae

pusillus  (Gravenhorst) from Eastern Anatolia Region, C. Carpelimus
(Paratrogophloeus) rivularis (Motschulsky) from Aegean Region, C. New records

(Troginus) exiguus (Erichson) from Eastern Anatolia Region and C, Turkey

(Troginus) impressus (Lacordaire) from Marmara Region are the first
recorded for the area.

Tiirkiye Carpelimus Leach, 1819 (Staphylinidae: Oxytelinae) Faunas: Uzerine Ek Notlar

OZET Aragtirma Maklesi

Bu calismada, 2005-2019 yillar1 arasinda Tirkiyenin farkh il ve

bolgelerinden Carpelimus Leach (Coleoptera: Staphylinidae: Makale Tarihgesi
Oxytelinae) cinsine bagl 117 6érnek toplanmistir. Arazi calismalar: Gelig Tarthi  :19.01.2021
sonucunda toplam 12 tir rapor edilmistir. Bunlarin arasinda, Kabul Tarihi :21.03.2021

Carpelimus (Trogophloeus) fiorii Gildenkov tiirii Tiirkiye i¢in ilk kayit
niteligindedir. Ayrica, C. (s. str.) fuliginosus (Gravenhorst) tiirii Ege

Anahtar Kelimeler

ve Giineydogu Anadolu Bélgeleri'nden, C. (s. str.) gusarovi Gildenkov Staphyhmdae
tiri Ege ve Akdeniz Bélgelerinden C. (s. str) pusillus (Gravenhorst) Oxytehpae
tiirti. Dogu Anadolu Bélgesinden C. (Paratrogophloeus) rivularis Carpelimus
(Motschulsky) tiri Ege Bolgesinden, C. (Troginus) exiguus }:Z?lldl;iylﬂar

(Erichson) tiirii Dogu Anadolu Bolgesinden ve C. (ZTroginus)
impressus (Lacordaire) tiirii ise Marmara Bolgesinden ilk defa

bildirilmistir.

To Cite : Kacar EZ, Orgel S, Anlas S 2021. Additional notes on the genus Carpelimus Leach, 1819 (Staphylinidae: Oxytelinae)
fauna of Turkey. KSU J. Agric Nat 24 (6): 1300-1303. DOI: 10.18016/ksutarimdoga.vi.864393.

INTRODUCTION

According to Newton (2019), the Oytelinae genus
Carpelimus Leach, 1819 includes 384 species in
worldwide. In the meantime, fifteen species and one
subspecies have been described by Gildenkov (2019a,
b, 2020a, b, ¢), Gildenkov and Tronquet (2019) and Lee
and Ahn (2019). In the Palaearctic region, the genus is
represented by 127 species and subspecies in five
subgenera, with four species listed as incertae sedis
(Schiilke and Smetana, 2015).

Twenty-nine species and two subspecies belonging to
the genus were listed from Turkey (Anlas, 2009:
updated). The Turkish species belong to four
subgenera’ the nominal subgenus (seven species and

one subspecies); Paratrogophloeus Hatch, 1957 (five
species); Troginus Mulsant and Rey, 1878 (three
species); Trogophloeus Mannerheim, 1830 (14 species
and one subspecies). Seven of these species are
exclusively known from Turkey.

The main purpose of the present paper i1s to
supplement the knowledge of the Carpelimus fauna of

Turkey based on the material of different parts of
Turkey.

MATERIAL and METHODS

Field studies were conducted from different provinces
and regions of Turkey between 2005 and 2019. Most of
the specimens were found from under the stone. Also,
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some specimens were collected by hibernation trap
bands. The material referred to in this study is stored
in the Alagehir Zoological Museum Manisa (AZMM).
Classification and nomenclature of the genus
Carpelimus listed by Schiilke and Smetana (2015)
have been followed in this study.

RESULT

In the study, a total of 12 species belonging to genus
Carpelimus have been recorded from Turkey. Among
them, Carpelimus fiorii Gildenkov, 2004 is the first
records for the Turkish Fauna. In addition, first
records have been given for many regions and
provinces of Turkey.

Oxytelinae Fleming 1821

Tribe Thinobiini J. Sahlberg, 1876

Carpelimus (s.str.) fuliginosus (Gravenhorst, 1802)
Material examined: Manisa® 13, 06.111.2006, Turgutlu,

Ovacik, hibernation trap band, leg. Anlas. Siirt: 33,
1199, 10. VI. 2009, leg. Yagmur.

Distribution in Turkey: Adana, Ankara Antalya,
Istanbul (Anlag, 2009; Anlas and Rose, 2009; Assing,
2014). This species is recorded from Aegean and
Southeast Anatolia Regions for the first time.
Distribution in the world: C. fuliginosus is distributed
in Europe, Algeria, Libya, and Turkey, in the
Palaearctic Region. . It is also known from Afrotropical
Region (Schiilke and Smetana, 2015).

Carpelimus (s.str.) gusarovi Gildenkov, 1997

Material examined: Kahramanmarag: 138, 19,
09.II1.2008, Turkoglu, 37°22'11"N, 36°48'54"E, leg.
Yagmur. Manisa: 18, 15.IV.2006, Demirci,

Hanimkaya, leg. Anlas.

Distribution in Turkey: Amasya, Samsun, Tokat
(Assing, 2009, 2010). This species is recorded from
Aegean and Mediterranean Regions for the first time.

Distribution in the world: C. gusarovi is distributed in
Azerbaijan, Austria, Bulgaria, France, Hungary, Italy,
Moldavia, The Netherlands, Romania, South
European Territory of Russia, Ukraine, Iraq, and
Turkey (Schiilke and Smetana, 2015).

Carpelimus (s.str.) insularis (Kraatz, 1858)

Material examined: Diyarbakir: 243, 04.VII.2010,
Silvan, leg. Yagmur. Hatay: 15, 14.1V.2007, Reyhanh
10 km W, leg. Yagmur. Kahramanmarasg: 633, 4992,
23.V1.2007, Andirin, 37°31'48"N, 36°22'49"E, 720 m,
leg. Anlas.

Distribution in Turkey: Adana Ankara, Antalya,
Aydin, Hatay, Izmir, Kilis, Manisa and Mersin (Anlas,
2009; Tezcan and Anlag, 2009). This species is
recorded from Diyarbakir and Kahramanmaras
Provinces for the first time.

Distribution in the world: C. Insularis is widely
distributed in the Palaearctic Region. It is also known

1301

from the Afrotropical, Neotropical, and Oriental

Regions (Schiilke and Smetana, 2015).
Carpelimus (s.st) pusillus (Gravenhorst, 1802)

Material examined: Elazg: 138, 329, 10.VIL.2016,
central province, leg. Yagmur.

Distribution in Turkey: Ankara (Anlas, 2009). This
species 1s recorded from Eastern Anatolia Region for
the first time.

Distribution in the world: C. pusillus is widely
distributed in the Palaearctic Region. It is also known
from Afrotropical, Nearctic, Australian Regions
(Schiilke and Smetana, 2015).

Carpelimus (Paratrogophloeus) bilineatus Stephens,
1834

Material examined: Diyarbakir: 13, 12, 30.VI.2010,
Silvan 20 km SW, Koépriibasy, leg. Yagmur; 18,
06.V1.2010, Silvan, Képriibasi, Ambarcay, leg. Ozgen.
Elaz1g: 14, 12.V1.2010, Dogukent. leg. Ozgen. Mardin:
14, 19, 23.IV.2010, Karasu, leg. Ozgen; 14, 299,
10.VIII.2006, Yesilli leg. Anlas. Trabzon: 237,
06.V1.2006, Stimela 7 km N, leg. Anlas.

Distribution in Turkey: Adana, Ankara, Antalya,
Aydin, Diyarbakir, Izmir, Manisa, Mardin, Mersin,
Nigde, Osmaniye, Siirt, Sinop, Van, Yalova (Anlas,
2009; Anlas and Rose, 2009; Tezcan and Anlas,
2009; Ozgen et al., 2010). This species is recorded from
Eastern Black Sea Region and Elazig Province for the
first time.

Distribution in the world: This 1s a cosmopolitian
species. C. bilineatus is known from Europe, North
Africa, Middle Asia, China, Russia, Mongolia, Cyprus,
Iran, and Turkey in the Palaearctic Region (Schiilke
and Smetana, 2015).

Carpelimus (Paratrogophloeus)
(Motschulsky, 1860)

Material examined: Manisa: 13, 06.111.2006, Turgutlu,
Ovacik, hibernation trap band, leg. Anlas.

rivularis

Distribution in Turkey: Adana, Amasya, Ankara,
Istanbul, Kars, Ordu (Anlas, 2009; Gildenkov,
2009a). This species is recorded from Aegean Region
for the first time.

Distribution in the world: According to Schiilke and
Smetana (2015), C. rivularis is widely distributed in
the Palaearctic Region. It is also known from the
Nearctic Region.

Carpelimus (Paratrogophloeus) similis (Smetana,
1967)

Material examined: Ankara: 1&, 25.VI1.2016,
Kizilcahamam, 40°35'33"N, 32°39'30"E, leg. Orgel.
Elazig: 18, 19.V.2010, Dogukent, leg. Ozgen. Giresun:
14, 299, 24.IV.2013, Tirebolu, leg. Orgel.
Kahramanmaras: 13, 17.V.2019, Goksun, 38°14'21"N,
36°35'12"E, 1570 m, leg. Orgel. Kayseri: 13, 19,
16.V.2019, Develi, 38°05'43"N, 35°43'13"E, 1740 m,



KSU Tarim ve Doga Derg 24 (6): 1300-1303, 2021
KSU J. Agric Nat 24 (6): 1300-1303, 2021

Arastirma Makalesi
Research Article

leg. Orgel. Trabzon: 13, 06.V1.2006, Macka, leg. Anlas.

Distribution in Turkey: Ankara, Amasya, Canakkale,
Erzurum, Gumishane, Manisa, Mugla, Nigde,
Osmaniye, Samsun, Sinop, Van (Anlas, 2009;
Gildenkov, 2009a). This species is recorded from
Elazig, Giresun, Kahramanmaras, Kayseri and
Trabzon for the first time.

Distribution in the world: C. similis is known from in
Belgium, Bosnia, Bulgaria, Central European
Territory, Czech Republic, France, Great Britain,
Georgia, Hungary, Italy, The Netherlands, Slovakia,
Spain, Switzerland and Turkey (Schiilke and
Smetana, 2015).

Carpelimus (Trogophloeus) coiffaiti Gildenkov, 2001

Material examined: Kahramanmarag: 233, 299,
23.VIII.2007, Andirin, 37°31'48"N, 36°22'49"E, 720 m,
leg. Anlas.

Distribution in Turkey: Antalya, Erzurum, Hatay
(Anlas, 2009; Anlas and Rose 2009; Gildenkov,
2009b).

Distribution in the world: This is an Anatolian endemic
species and recorded from Kahramanmaras Province
for the first time.

Carpelimus (Trogophloeus) corticinus (Gravenhorst,
1806)

Material examined: Balikesir: 15, 10.X.2017, Erdek,
40°27'61"N, 27°54'60"E, 202 m, leg. Sak & Bulut.
Denizli: 14, 11.IV.2015, Tavas, 37°39'36"N,
28°52'06"E, 1131 m, leg. Orgel. Diyarbakir: 13, 19,
17.V1.2007, Karacadag, 37°52'16"N, 39°52'39"E, 975
m, leg. Yagmur; 333, 629, 16.VI.2006, Egil,
Asagidogemeler 3 km W, 38°13'44"N, 40°05'12"E, 675
m, leg. Ozgen; 13, 19, 04.V1.2010, Egil 3 km W, leg.
Ozgen; 13, 05.V1.2010, Dicle River banks, leg. Ozgen.
Elazg: 18, 19.111.2010, Dogukent, leg. Ozgen.
Kirklareli: 243, 25.V.2010, Igneada, 41°51'27"N,
27°57'32"E, leg. Bekchiev; 14, 19, Hamam Lake, leg.
Kunt. Mugla: 243, 399, 21.V.2015, Dalaman,
36°53'37"N, 28°53'25"E, 127 m, leg. Orgel.
Distribution in Turkey: Adana, Amasya, Ankara,
Antalya, Ardahan, Artvin, Balikesir, Bitlis,
Diyarbakir, Erzurum, Hakkari, Izmir, Kilis (Anlas,
2009; Anlas and Rose, 2009; Gildenkov, 2009b;
Ozgen et al., 2010; Assing, 2013, 2014; Sert et al.,
2014). This species is recorded from the European part
of Turkey, and also Denizli, Elazig and Mugla
Provinces for the first time.

Distribution in the world: C. corticinusis known in the
Palaearctic Region from Europe and North Africa,
South and Middle Asia, Middle East, Eastern, and
Western Siberia, China, Cyprus, Israel, and Turkey in
addition to Nearctic, Australian, and Neotropical
Region (Schiilke and Smetana, 2015).

Carpelimus (Trogophloeus) fiorii Gildenkov, 2004

Material examined: Ardahan: 13, 12.VI1.2012, Hanak,

1302

41°18'05"N, 42°49'52"E, 2160 m leg. Altin. Elaz1g: 17,
27.V.2010, Dogukent, leg. Ozgen. Mugla: 13, 292,
21.V.2015, Dalaman, 36°53'37"N, 28°53'25"E, 127 m,
leg. Orgel. Diyarbakir: 243, 999, 06.V1.2010, Silvan,
Ambarkdy, Kopriibasi, leg. Ozgen.

Distribution in Turkey: This species is recorded from
Turkey for the first time.

Distribution in the world: This species is known from
Georgia and Italy (Schiilke and Smetana, 2015).

Carpelimus (Troginus) exiguus (Erichson, 1839)

Material examined: Elazmg: 138, 299, 10.VIL.2016,
central province, leg. Yagmur. Mugla: 13, 629,
21.V.2015, Dalaman, 36°53'37"N, 28°53'25"E, 127 m,
leg. Orgel.

Distribution in Turkey: Adana, Afyonkarahisar,
Ankara, Antalya, Canakkale, Gaziantep,
Kahramanmaras, Kilis, Mersin, Karaman, Sanhurfa
(Anlas, 2009; Anlas and Rose, 2009; Gildenkov,
2009b, 2014). This species is recorded from Eastern
Anatolia Region and Mugla province for the first time.

Distribution in the world: According to Schiilke and
Smetana (2015), C. exiguusis widely distributed in the
Palaearctic Region. It is also known from the
Afrotropical and Oriental Regions.

Carpelimus (Troginus) impressus (Lacordaire, 1835)

Material examined: Kirklareli: 24J, 25.V.2010,
Igneada, Demirkdy, 41°51'27"N 27°57'32"E, 5 m, leg
Kunt.

Distribution in Turkey: This species was known from

Amasya (Heyden, 1890). This species is recorded from
Marmara Region for the first time.

Distribution in the world: C. imperessusis known from

Europe, Algeria, Morocco, Russia, Syria and Turkey in
the Palaearctic Region.
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Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki
olduklarini beyan eder.

saglamig

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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Investigation of Some Physiological Traits
Kahramanmaras Conditions

OZET

Bu c¢alisma, 2015-2017 iretim sezonunda, Kahramanmaras Dogu
Akdeniz Gegit Kusagi Tarimsal Arastirma Enstitisti arazisinde
yiiriitiilmiistiir. Arastirmada 10 adet arpa genotipi (Akhisar 98,
Marti, Lord, G158P003, Kiral 97, Kendal, Altikat, Burkut, Troya ve
Zeus) kullanilmis ve deneme tesadiif bloklar1 planina gore 4
tekrarlamali olarak kurulmustur. Ciceklenme doneminde bayrak
yaprak alani ve klorofil icerigi, ¢iceklenmenin tamamlandigi dénemde
bitki ortusi sicakligl, tane doldurma doneminde net fotosentez haizi,
stoma iletkenligi ve transpirasyon hizi o6l¢ilmiis ve hasatta tane
verimi belirlenmigtir. Bayrak yaprak alani, net fotosentez hizi, stoma
iletkenligi ve transpirasyon hizi yoniinden genotipler arasindaki
farklar 6nemli olmamistir. Lord (41.23), Biirkiit (42.49) ve Troya
(41.96) cesitleri en yiiksek bayrak yaprak klorofil icerigine, Lord
(19.25°C) cesidi en diisiik bitki értiisii sicakligina sahip olmuslardir.
En yiiksek tane verimi Troya (625.5 kg d2) cesidinden elde edilmistir.
Tane verimi ile; transpirasyon hizi ve bayrak yaprak klorofil igerigi
arasinda olumlu ve 6nemli, stoma iletkenligi arasinda olumsuz ve
onemli iligki oldugu saptanmigtar.

ABSTRACT

This research was carried out in 2015-2017 growing season in East
Mediterranean Transitional Zone Agricultural Research of Institute.
Ten barley genotypes (Akhisar 98, Mart1, Lord, G158P003, Kiral 97,
Kendal, Altikat, Biirkiit, Troya ve Zeus) were used in an experiment
established as randomized complete block design with four
replications. The flag leaf area and chlorophyll content at anthesis,
plant canopy temperature at the end of anthesis, net photosynthesis
rate, stomatal conductance and transpiration rate at grain filling
period and grain yield at harvest were determined. There were no
significant differences among genotypes for the flag leaf area, net
photosynthesis rate and transpiration rate. The cultivars Lord (41.23),
Biirkiit (42.49) and Troy (41.96) had the highest flag leaf chlorophyll
content, Lord (19.25°C) variety had the lowest vegetation
temperature. The highest grain yield was obtained from Troya (625.5
kg Pa) cultivar. There were significant and positive relationships
between grain yield and; transpiration rate and flag leaf chlorophyll
content, and a negative and significant relationship between stomatal
conductance.
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GIRIS

Arpa insan ve hayvan beslenmesinde kullanilan,
bugdaydan sonra en fazla uretimi yapilan bitkidir.
2020 y1h1 verilerine gére 403 bin da ekim alani ve 96.4
bin ton arpa uretimi olan Kahramanmarag’da arpa
verimi 239 kgd@’dir (Anonim 2021). Dekara verimin
disik olmasinin nedeni, bdélgeye uygun olmayan
genotiplerin yetistirilmesi ve yanlis yetigtirme
tekniklerinin uygulamas:1 ile yerel ve uzun boylu
genotiplerin kullanilmasi verimi kisitlayan en 6nemli
unsurlardir.

Bugdaya gore, yaprak 6zgul agirligr daha disiik olmasi
nedeniyle arpada yaprak bliyiime hiz1 ve erken dénem
gelisme hiz1 daha yiiksektir (Lopez-Castaneda ve ark.,
1995; Amanullah, 2015). Basaklanma ve olgunlasma
donemleri, ekolojilere gore degismekle beraber,
bugdaydan yaklasik bir ay kadar 6nce olabilmektedir
(Colkesen ve ark., 1999). Tane doldurma dénemi,
c¢ogunlukla serin ve yagigsh iklim kogullarinda
gerceklesmekte, yiiksek sicaklik ve kurakligin etkili
oldugu doénem baglamadan tane doldurmayi
tamamlamaktadir. Arpanin bugdaya gore vejetasyon
stiresini daha erken tamamlamasi, Akdeniz Iklim
kusag1 ve Kahramanmaras kogullar: i¢in 6nemli bir
ozelliktir. Cunkl bu iklim kusaginda, bugdayin tane
doldurma doéneminde yuksek sicaklik ve kuraklik
etkili olmakta, sulama imkanm olmayan kosullarda,
tane verimi 6nemli 6lgtide diigsmektedir. Bugdaya gore
tarlay1 erken bogaltmasi ve ikinci Girtin tarimina daha
uzun sureli firsat vermesi, kighk yetigtiriciliginin
bélgede risk tagitmamasi gibi diger 6zellikler nedeniyle
de arpa bolge i¢in ideal bir miinavebe bitkisidir. Cesit
gelistirme calismalarinda agronomik  6zellikler
yaninda fizyolojik ozellikler uzerinde de
durulmaktadir. Fotosentez, kiiltur bitkilerinde tane
verimi ve kuru madde tiretiminin ana kaynagidir. Ayn
zamanda Urinin buylmesini ve gelismesini
siirdiirmek icin de énemli bir siirectir (Mahmood ve
ark., 2019). Klorofil icerigi gibi fotosentetik 6zelliklerin
Olciilmesinin, bitki biliyimesi ve verimi uzerindeki
cevresel stresin  etkisini tahmin edebilecegi
bildirilmistir (Guo ve Li 1996; Fracheboud ve ark.,
2004). Bayrak yapragi, basaklara kisa mesafede
olmasi ve yapraklarin geri kalanindan daha uzun siire
yesil kalmasi nedeniyle tane dolumu ve verimi igin
birincil karbonhidrat kaynagidir (Li ve ark., 1998).
Bayrak  yapragmmin  fizyolojik ve  morfolojik
ozelliklerinin verim tizerindeki roliiniin anlagilmasi,
mahsuliin biiyimesi ve gelismesinde yeni bir bakig
acis1 saglayacaktir (Duke, 1983). Yiiksek
sicakliklarda, bugday genotipleri arasinda net
fotosentez hiz1 yoniinden goériilen farklarin klorofil a:b
oranindaki degisimlerle iligkili oldugu (Al-Khatib ve
Paulsen, 1984; Harding ve ark., 1990), net fotosentez
hizindaki varyasyonlarin, sicak kogullarda bugday
verimini o6nemli dizeyde etkiledigi bildirilmigtir
(Reynolds ve ark., 2000). Yaprak yesil kalma siiresinin
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kurak  kogullarda  seleksiyon  kriteri  olarak
kullanilabilecegi (Cekig, 2007), tritikale genotiplerinde
verim ve Kklorofil parametreleri arasinda onemli
iliskiler bulundugu belirtilmistir (Hura ve ark., 2009).
Tane dolum déneminde yapraklar tarafindan yapilan
fotosentez yaninda bagsak tarafindan yapilan
fotosentezin de verime katk:i sagladigi (Tambussi ve
ark., 2007), stresler nedeniyle fotosentezin azalmasi
halinde yapisal olmayan depo maddelerinin taneye
tasindigr (Bingham ve ark., 2009), yeterli asilimat
uretilemedigi durumda tane agirliginin 6nemli
diizeyde azaldigi sonucuna varilmistir (Serrago ve
ark., 2013). Bu ¢alismada, 10 adet arpa genotipi 2015-
2017 duretim sezonlarinda, ciceklenme-olgunlagma
dénemleri arasinda tane verimi ile fizyolojik 6zellikler
incelenmigtir.

MATERYAL ve YONTEM

Kahramanmaras kogullarinda 2015-2017 {rin
yillarinda yiritilmiis olan bu arastirmada, materyal
olarak, 10 adet arpa genotipi (Akhisar 98, Mart1, Lord,
G158P003, Kiral 97, Kendal, Altikat, Biirkiit, Troya ve
Zeus) kullanilmis (Cizelge 1) ve deneme tesadif
bloklar1 deneme planina goére 4 tekerrirli olarak
yuritulmustir. Genotiplerin ekimi Kahramanmaras
Dogu Akdeniz Gegit Kusagr Tarimsal Aragtirma
Enstitisii arazisine ilk yil 28.12.2015, ikinci yil
06.12.2016 tarihinde, metrekareye 450 tane diisecek
sekilde, 1.2x8.3 m ebatlarindaki parsellere, parsel
ekim makinesiyle yapilmistir. Her parsel 6 bitki sirasi
icermis olup, ekimle beraber dekara saf 7 kg N ve P20s5
olacak sekilde 20-20-0 kompoze gubre, Ust gubre
olarak ta saf 8 kg Nda olacak sekilde Amonyum Nitrat
kullanilmigtir. Her iki deneme yilinda da sulama
yapilmamig, yabanci ot micadelesi yabanci ot ilaci
kullanilarak yapilmigtir.

Kahramanmarag ilinin uzun yillar ortalamasi olarak
(1960-2015) ve denemenin yapildig1 2015-2017 iiretim
sezonlarinda, Ekim - Haziran dénemi aylik ortalama
sicaklik ve yagis degerleri Cizelge 2’de verilmigtir
(Anonim, 2017). Cizelge 2den goriildiigii gibi,
Kahramanmarag'ta uzun yillar ortalamasina gore
yillik yagis miktar1 720.3 mm’dir. Arastirmanin
yuriatildigi 2015-16 ve 2016-17 iurin yillarindaki
yillik toplam yagislar sirasiyla 354.9 ve 533.3 mm
olmustur. Uzun yillar ortalamasina gore, birinci Girin
yilinda 365.4 mm, ikinci Uriin yilinda ise 187.0 mm
daha az yagis dismistir. Yagisin miktar1 yaninda,
vejetasyon periyodu igerisindeki dagilimi da yillar

arasinda o6nemli farkhilhik gostermigtir. Subat
aylarinda Dbirinci ve ikinci yilda, uzun yillar
ortalamasindan olduk¢a dusiik miktarda yagis

meydana gelmistir (Cizelge 2). Bitkilerin generatif
gelisme (gebecik, basaklanma, ciceklenme, déllenme,
tane dolumu) gosterdikleri Mart, Nisan ve Mayis
aylarindaki yagis miktar:1 bakimindan ise (ikinci {iriin
yili Mayis ay1 hari¢) her iki iiriin yilindaki yagis
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miktar1 uzun yillar ortalamasindan daha az olmustur.
Uzun yillar ortalamasina goére, Kahramanmarag’ta
yillik ortalama sicaklik 13.4 °C’dir. Arastirmanin
yuratildigia 2015-16 ve 2016-17 urun yillarindaki
yillik ortalama sicaklik degerleri sirasiyla 15.2 °C ve
13.5 9C olmustur. Birinci yil, ikinci y1l ve uzun yillar
ortalamasina gore daha yiiksek sicakliga sahip
olmustur. Her iki tirtin y1l1 da uzun yillar ortalamasina
gore, daha ylksek yillik ortalama sicakliga sahip
olmustur. Yérede uzun yillar ortalamasina gére yillik
ortalama nispi nem % 60.7°dir. Arastirmanin birinci ve
ikinci Urin yillarindaki yillik nispi nem degerleri ise,

sirasiyla % 50.5 ve % 52.3 olmustur.

Denemenin  yuratildigi  arazinin @ 0-30 cm
derinliginden alinan toprak o&rneklerinin analiz
sonuglarina gore topraklar killi-tinhi tekstiire ve hafif
alkali reaksiyona sahiptir. Makro besin
elementlerinden fosfor ve potasyum orta derecede
yeterli, kalsiyum fazla, magnezyum c¢ok fazladir.
Mikro besin elementleri az veya yetersiz diizeyde,
organik madde igerigi yoninden toprak fakir
durumdadir (Cizelge 3).

Cizelge 1. Denemede kullanilan genotipler ve bazi 6zellikleri
Table 1. Genotypes used in the research and some of their characteristics

Genotipler Geligsme Tabiat1 | Bitki Boyu Basak Tipi Mensei

Akhisar-98 Yazlik 85-95 cm 6 sirali Ege Tarimsal Arastirma Enstitusi

Marta Alternatif 85-90 cm 6 sirali Trakya Tarimsal Arastirma Enstitist

Lord Kighk 100-110 cm 6 sirali Tareks A.S.

G158P003 Yazlik 6 sirali Ileri kademe hat

Kiral 97 Alternatif 70-80 cm 6 sirali Bahri Dagdas Uluslararast Tarimsal
Aragtirma Enstitiisi

Kendal Yazlik Orta uzunlukta | 6 sirali GAP Uluslararast Tarimsal Aragtirma
ve Egitim Merkezi

Altikat Yazlik Orta uzunlukta | 6 sirali GAP Uluslararas: Tarimsal Arastirma
ve Egitim Merkezi

Burkiit Yazhik 103-110 cm 6 sirali Ege Tarimsal Arastirma Enstitiisi

Troya (Egebeyi) | Yazlik 105-110 cm 6 sirali Ege Tarimsal Arastirma Enstitiisi

Zeus Kishik Orta uzunlukta | 2 sirali Progen Tohum A.S.

Cizelge 2. Deneme yil1 ve uzun yillar (1960-2015) ortalamasina ait bazi iklim verileri
Table 2. Some climate data belong to research and long terms (1960-2015)

Yagg (mm) Sicaklik (°C) Nispi Nem (%)
Aylar 2015 2016- Uzun Yillar 2015- 2016- Uzun 2015- 2016- Uzun
2016 2017 (1960-2015) 2016 2017 Yillar 2016 2017 Yallar
Ekim 35.3 10.7 45.4 20.3 20.5 19.0 55.5 41.0 54.0
Kasim 15.4 36.8 82.9 13.7 11.1 11.8 43.0 49.5 63.1
Aralik 20.0 105.0 131.0 8.4 4.5 6.8 45.8 67.9 70.4
Ocak 140.6 126.7 128.5 4.1 3.8 4.9 65.7 65.9 70.1
Subat 30.3 3.7 114.5 11.0 7.4 6.4 60.9 44.0 66.6
Mart 61.3 74.5 96.2 12.8 12.2 10.6 50.3 55.4 60.4
Nisan 17.6 67.8 74.7 19.3 15.8 15.4 41.5 49.0 58.0
Mayis 16.5 105.0 40.4 20.6 19.6 20.3 49.4 55.0 54.5
Haziran 17.9 3.1 6.7 26.8 26.4 25.2 42.3 42.9 49.1
Toplam 354.9 533.3 720.3
Ortalama 15.2 13.5 13.4 50.5 52.3 60.7
Table 3. Some physical and chemical properties of soil of trial area
Cizelge 3. Deneme alani topraklarinin bazi fiziksel ve kimyasal ozellikleri
OM (%) Kireg (%) pH EC mS.em? Kum % Kil % Silt % Bunye
0.65 15.71 7.52 1.63 48.0 26.72 25.28 Killi-Tinh
P K Ca Mg B Fe Cu Zn
12.52 167.5 4427.5 1570 0.257 0.99 0.32 0.09

Arastirmada, Kog ve ark., (2003), Kuscu, (2006), Bahar
ve ark., (2008), Kog ve ark., (2008), Hui ve ark., (2008),
Kara, (2009) ve Kara, (2016) tarafindan uygulanan
yontemler esas alinarak; bayrak yaprak alam (cm2),
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bayrak yaprak klorofil icerigi (SPAD), bitki &rtiisii

sicaklig1 (°C), net fotosentez hizi (umol CO2 m-2s-1),

stoma iletkenligi (mol m-2s-1), transpirasyon hiz
(mmol

H:O0 m-2 s1) ve tane verimi (kg/da)



KSU Tarim ve Doga Derg 24 (6): 1304-1314, 2021
KSU J. Agric Nat 24 (6): 1304-1314, 2021

Arastirma Makalesi
Research Article

belirlenmistir. Sonuclara ait istatistiksel
hesaplamalarda SAS paket programi kullanilmigtir
(SAS, 1999). Yapilan arastirmada incelenen tiim
ézelliklerde yillara ait varyanslar Barlett (JMP 7.0)
homojenite testi uygulanmig, klorofil igerigi,
transpirasyon hizi ve tane verimi i¢in énemli, diger
ozellikler i¢in ise 6nemsiz farklarin ¢ikmasi nedeniyle
yillar hem ayri ayri hemde birlikte degerlendirilmigtir.

Bayrak Yaprak Alani

Bayrak yaprak alami yoninden genotipler arasindaki
farklar her iki yil, iki yillik ortalamalar, yillar ve yil x
genotip interaksiyonu bakimindan 6nemsiz olmustur.
Bayrak yaprak alanlari ilk yi1l 10.34-13.98 cm?, ikinci
yil 9.94-13.75 cm? arasinda degismis, genotipler
arasindaki fark énemli olmamstir (Cizelge 4). Tlk yil

Lord ve Troya gesitleri 13 cm? tizerinde olurken, Kiral-
97, Altikat ve Burkiit genotipleri 12 cm?nin altinda
bayrak yaprak alanina sahip olmustur. Ikinci yilda
Birkit, Troya, Lord ve Kiral-97 cesitleri 13 ¢cm? nin
uzerinde en yiiksek yaprak alanina sahip cesitler
olurken, Mart1 ¢esidi 9.94 cm? ile en disik yaprak
alanina sahip g¢esit olmustur. Cukurova kogularinda
yapilan bir c¢alismada, yaprak alami yoninden
genotipler arasindaki farklarin énemsiz (Geng ve ark.,
1994), diger iki calismada ise 6nemli oldugu sonucuna
varilmigtir (Bahar, 2004; Kuscu, 2006).
Kahramanmarag kosullarinda ekmeklik bugday
gesitleriyle yapilan c¢alismada, ana sap yaprak alam
yoniinden genotipler arasindaki fark bir yil énemsiz,
diger yil 6nemli olmus (Kara, 2009), kislik bugday ve
arpada 6zgil yaprak alaninin yillara gére degistigi
tespit edilmistir (Sieling ve ark., 2016).

Cizelge 4. Arpa Genotiplerine Ait Ortalama bayrak yaprak alan (BYA) ve bayrak yaprak klorofil icerigi (BYKI)
Table 4. Flag leaf area (BYA) and flag leaf chlorophyll content (BYKI) of barley genotypes

Genotipler BYA (cm?) BYKI (SPAD)

2015-2016 2016-2017 Ortalama 2015-2016 2016-2017 Ortalama
Akhisar-98 12.44+0.31 12.87+1.13 12.65+0.55 49.15+1.66 31.25+0.53 40.20+3.48 ab
Mart1 12.33+1.57 9.94+0.72 11.13+0.92 50.562+0.94 30.85+0.28 40.69+0.37 ab
Lord 13.98+0.66 13.45+1.33 13.71+0.69 50.77+£1.97 31.68+0.46 41.23+0.37 a
G158P003 12.39+1.82 11.19+.121 11.79+1.03 47.52+3.77 32.20+0.96 39.86+3.41 ab
Kiral-97 11.98+3.09 13.24+.126 12.61+1.56 47.37+4.99 31.15+0.38 39.26+0.38 ab
Kendal 12.03+1.28 11.22+1.81 11.63+1.04 45.52+1.45 31.90+1.14 38.71+£2.71 ab
Altikat 11.45+1.27 11.07+2.03 11.26+1.11 47.87+3.13 31.55+0.83 39.71+3.43 ab
Burkit 11.54+0.87 14.11+1.78 12.83+1.04 51.12+1.87 33.85+2.25 42.49+3.54 a
Troya 13.04+1.98 13.75+1.92 13.39+1.28 50.97+2.46 32.95+2.11 41.96+0.37 a
Zeus 10.34+0.86 12.39+1.79 11.37+1.00 41.87+2.93 30.63+0.17 36.25+2.52 b
Ortalama 12.15 12.32 12.24 48.7 a 31.8Db 40.25

ns ns ns ns ns *
CV 24.7 25.5 25.1 11.7 5.8 10.5

Bayrak Yaprak Klorofil Igerigi onemli (Yegin, 2012), Mardin ve Diyarbakir

Yapraklarin toplam klorofil miktarini temsil eden ve
SPAD 502 cihaziyla olcilen SPAD degerleri
incelendiginde, genotipler arasindaki farklar her iki
yilda 6nemsiz olmus, iki yillik ortalamalara ve yillara
gore ise énemli olmustur (Cizelge 4). Her iki yilda da
Biirkiit cesidi en yiiksek (birinci yi1l 51.12, ikinci yil
33.85), Zeus ¢esidi en diigiik (birinci y1l 41.87, ikinci y1l
30.63) SPAD degerine sahip olmustur. Iki yillik
ortalamalara gore Birkut, Troya ve Lord c¢esitleri
yiksek bayrak yaprak klorofil icerigine sahip cesitler
olurken, en dusiik degere sahip Zeus ¢esidi hari¢ diger
genotipler aynmi grupta yer almiglardir. Cukurova
kogullarinda yapilan c¢alismada ortalama bayrak
yaprak klorofil icerigi, bu arastirmadan elde edilen
sonuglara benzer gekilde, ortalama 49.5 mg m? olarak
belirlenmistir (Yildirim, 2005). Bayrak yaprak klorofil
icerigi yoniinden sonuglar kararlh olmayip, genotipler
arasindaki farkin bir yil 6nemli, diger yil 6nemsiz
oldugu (Kuscu, 2006), ekmeklik ve makarnalk
bugdaylarda énemli oldugu (Bahar, 2004), Konya'da
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kosullarinda énemsiz oldugu (Kizilgeci ve ark., 2016)
seklinde sonuglara varilmigtir. Kurak kosullarda
yapraklarim1 uzun siireyle yesil tutabilen arpa
genotiplerinin, karbonhidrat sentezini stirdiirebildigi,
dolayisiyla yiiksek verime sahip oldugu bildirilmigtir
(Gous ve ark., 2013).

Bitki Ortiisii Sicakhg

Bitki ortist sicakligr yontinden her iki y1l ve iki yillik
ortalamalara goére genotipler arasindaki farklar
onemli bulunmug (P<0.05), en diisiik bitki ortiisii
sicaklig1 her iki yilda ve iki yillik ortalamalara gore
Lord cesidinde dl¢iilmiistiir (Cizelge 5). Lord ve Altikat
(ikinci y1l hari¢) cesitleri bu 6zellik yoniinden &éne
¢gikmig, diger genotipler 20 °C uzerinde sicakliklara
sahip olmugtur. Iki yillik ortalama degerlere gére
yillar arasindaki fark (P<0.01) ve yil x genotip
interaksiyonu (P<0.05)' seviyesinde istatistiki olarak
onemli bulunmustur. Ikinci yilda tim genotiplerin
bitki ortist sicakliklarinda artiglar olmus ve yillar
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arasindaki fark 6nemli olmustur. Bitki 6rtist sicaklig:
ilk yil 20.3 °C, ikinci yil 22.9 °C olmustur. Arpa
genotipleri arasindaki farklarin o6nemli oldugu,
Mardin kogullarinda sicaklik degerlerinin 14.65-18.77
0C arasinda, Diyarbakir kogullarinda 22.30-24.23 °C
arasinda degistigi tespit edilmistir (Kizilgeci ve ark.,
(2016). Bitki ortiisii sicakhifina dayal fizyolojik
ozelliklerin, seleksiyon kriteri olarak o6nemli rol
oynayacagl (Bahar ve ark., 2008), diisiik yaprak
sicakligina sahip genotiplerin secilmesiyle, toprak
nemini daha etkili kullanabilen bugday cesitlerinin
gelistirilmesinin mimkin olabilecegi belirtilmigtir
(Hui ve ark., 2008).

Genotiplerin, bitki ortiisi sicakligi yoniunden yillara
gore kararl bir durum goéstermemeleri, yil x genotip
interaksiyonunun 6nemli ¢ikmasina neden olmustur
(Sekil 1). Birinci yilda 6l¢iim yapilan tarihte
sicakliklarin, ikinci yil sicakligindan daha disik
olmasindan dolayi, genotiplerde bitki értiisti sicaklik
degerleri ilk yil, ikinci yildan daha distik olmustur
(Cizelge 5 ve Sekil 1). Ol¢imiin yapildigi andaki
sicaklik  artisina  bagh  olarak  bitki  Ortlsi
sicakliklarinin  da arttigi, bitki ortisti sicakligi
degerlerinin, stresli kogullarda stressiz kogullara gore
daha yiiksek oldugu belirtilmistir (Araghi ve Assad,
1998).

Cizelge 5. Arpa Genotiplerine Ait Ortalama bitki értisii sicaklign (BOS), net fotosentez hizi (NFH)
Table 5. Canopy temperature (BOS) and net photosynthetic rate (NFH) of barley genotypes

Genotinler BOS (°C) NFH (umolCO%m?/s)

P 2015-2016 2016-2017 Ortalama 2015-2016 2016-2017 Ortalama
Akhisar-98 21.1+0.78 ab  23.25+0.81 abc  22.18+0.66a  9.31+0.94 12.52+0.97 10.91+0.87
Mart1 21.2+0.60 ab  22.08+0.42 be 21.64+0.38 a  10.68+0.82 11.95+0.50 11.32+0.51
Lord 18.0+0.93 ¢ 20.50+0.20 ¢ 19.25+0.65b  10.65+1.12 12.77+0.89 11.71+0.78
G158P003 20.6+0.48 abc  22.98+0.79 abc  21.79+£0.62 a  12.37+1.16 9.50+0.27 10.94+0.77
Kiral-97 21.9£0.92 a 22.18+0.78 abc  22.04+0.56 a 12.56+1.14 10.09+1.21 11.32+0.90
Kendal 21.3+1.17 a 22.03+0.57 be 21.68+0.62 a  11.77+0.81 11.83+1.03 11.80+0.61
Altikat 18.6+1.29 be 25.10+1.47 a 21.86+1.52 a 11.00+1.32 11.35+1.20 11.18+0.83
Burkiit 20.1+£0.52 abe  22.55+0.49 abc  21.34+0.56 a 11.89+0.36 11.94+1.13 11.92+0.55
Troya 20.4+£1.27 abe  23.28+0.72 abc  21.83+0.87 a 11.96+0.78 11.25+0.31 11.61+0.41
Zeus 20.1+1.56 abc  24.98+1.90 ab 22.51+1.47 a 11.79+0.83 10.60+0.66 11.20+0.54
Ortalama 20.3 b 229 a 21.6 11.4 11.3 11.35

*(P<0.05) * * ns ns ns
Ccv 7.93 7.9 7.92 15.8 15.9 15.8
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Sekil 1. Bitki Ortiisii Sicakligi Yoniinden Yil x Genotip Interaksiyonu
Figure 1. Year x Genotypes interaction by canopy temperature

Net Fotosentez Hiz1

Net fotosentez hizi yoniinden, varyans analizine gore
genotipler arasindaki farklar oOnemli olmamigtir
(Cizelge 5). Net fotosentez hiz1 yoniinden yil x genotip
interaksiyonu % 5 seviyesinde 6nemli bulunmustur
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(Sekil 2). Birinci y1l en yiiksek net fotosentez hiz1 12.56
umol COz m-2s-1 olarak Kiral-97 genotipinde
olgtilmiis, bunu az bir farkla G158P003 genotipi
izlemigtir. Ikinci yil ve iki yillik ortalamalara goére
Birkit ¢esidi en yiksek net fotosentez hizina sahip
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cesit olmustur. Net fotosentez hizi yo6niinden Net fotosentez hizi yonunden yil x genotip
genotipler arasindaki farklarin laboratuvar interaksiyonu %5 seviyesinde O6nemli bulunmustur.
kogullarinda 6nemli, tarla kosullarinda &nemsiz Genotiplerin ¢ogu yillara goére kararli bir durum

oldugu (Kog, 1993), genotiplerin yakin sonuclar verdigi
belirlenmistir (Genc¢ ve ark., 1994). Bayrak yaprak
fotosentez hizinin verimle iligkili oldugu (Koc ve ark.,
2003), tamamlayici seleksiyon kriteri olarak
kullanilabilecegi (Koc ve ark., 2008), stres kosullarinin
fotosentezi dolayisiyla tane agirhigim distirdigu
seklinde sonuclar elde edilmistir (Serrago ve ark.,
2013).

gostermesine karsilik, G158P003, Kiral-97, Troya ve
Zeus genotipleri bu duruma farkl tepki gostermigler
ve yil x genotip interaksiyonunun 6nemli ¢ikmasina
neden olmuslardir (Sekil 2). Ayrica, ilk yilda
G158P003, Kiral-97, Troya ve Zeus cesidi digindaki
genotipler, birinci tiriin yilinda ikinei Girtin yilina goére
daha yuksek net fotosentez hizina sahip olurken, bu
genotiplerde ise bunun tersi bir durum séz konusu
olmustur.

Y1l X Genotip interaksivonu
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Figure 2. Year x Genotypes interaction by net photosynthetic rate
Stoma Iletkenligi tespit edilmistir (Kuscu, 2006).
Genotipler arasindaki farklar 6nemli olmamig, stoma )
iletkenligi birinci yil 0.107 ile 0.170 mol m-2s-1 Transpirasyon Hiz1
arasinda degismis, G158P003 genotipi en yiiksek, Transpirasyon hizi yoniinden arpa genotipleri

Marti gesidi en diisiik degere sahip olmustur (Cizelge
6). En yiiksek stoma iletkenligi ikinci yi1lda Lord, iki
yillik ortalamalara goére ise Kiral-97 c¢esidinde
belirlenmigtir. Tane dolum déneminde, ikinci yilda
tim genotiplerin stoma 1iletkenliklerinde artiglar
olmus ve yillar arasindaki fark énemli olmustur (P<
0,01). Stoma iletkenligi, ilk y11 0.144 mol m-2 s-1, ikinci
yil 0.215 mol m-2 s-1 olmustur. Kahramanmarag
kogullarinda tritikale genotipiyle yapilan ¢alismada,
stoma iletkenligi yonilinden, genotipler arasindaki
farkin 6nemli olmadigi, ortalama stoma iletkenliginin
0.190-0.267 mol m-2s-1 arasinda degistigi tespit
edilmistir (Kara, 2016). Sicaklik stresi altindaki
bugday genotiplerinde, stoma iletkenliginin 0.277-
0.357 mol H2O m-2 s-1 arasinda degistigi (Kog ve ark.,
2008), ekmeklik ve makarnalik bugday genotipleri
arasindaki farklarin yillara ve gevrelere gore, 6nemli
veya Onemsiz oldugu (Bahar, 2004), erken dénemde
yapilan 6l¢iimlerde, genotipler arasindaki farklarin bir
yil 6nemli, diger yil 6nemsiz oldugu seklinde sonuglar
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arasindaki farklar 6nemli olmamis (Cizelge 6), birinci
y1l Kiral-97 cesidi en yiiksek (3.73 mmol H2O m-2 s-1),
Mart1 cesidi en digiik (2.66 mmol H20 mj2s-1)
transpirasyon hizina sahip olmustur (Cizelge 6). Ikinci
yilda Troya cesidi en yiliksek, G158P003 genotipi en
distik transpirasyon hizina sahip olmustur. Bu
arastirmanin sonucuna benzer gekilde, Cukurova ve
Kahramanmarasg kosullarinda yapilan c¢aligmalarda
transpirasyon hizi bakimindan genotipler arasindaki
farklarin 6nemli olmadig1 sonucuna varilmistir (Geng
ve ark., 1994; Dalkilic ve ark., 2016). Kahramanmarag
kogullarinda tritikale genotipiyle yapilan baska bir
calismada, iklim kogullarinin transpirasyon hiz1
uzerindeki etkisinin genotiplere gore degisen bir trend
gosterdigi  sonucuna varilmistir (Kara, 2016).
Transpirasyon hizi bakimindan yillar arasindaki fark
%1 seviyesinde istatistiki olarak 6nemli bulunmustur.
Genotiplerin ortalamasi olarak, transpirasyon hiz ilk
yil 3.35 mmol H20 m-2 s-1, ikinci y1l 2.22 mmol H20
m-2 s-1 olmustur.
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Cizelge 6. Arpa Genotiplerine Ait Ortalama stoma iletkenligi (SI) ve transpirasyon hizi (TH)
Table 6. Stomatal conductance (SI) and transpiration rate (TH) of barley genotypes
Genotipler SI (mol/m?/s) TH (mmolH20/ m?%s)
2015-2016 2016-2017 Ortalama 2015-2016 2016-2017 Ortalama
Akhisar-98 0.147+0.03 0.22+0.03 0.19+0.03 3.32+0.57 2.35+0.39 2.84+0.37
Mart1 0.107+0.02 0.22+0.02 0.16x0.03 2.66+0.22 2.26£0.18 2.47+0.15
Lord 0.122+0.02 0.25+0.02 0.18+0.03 3.02+0.42 2.29+0.21 2.65+0.26
G158P003 0.170+0.01 0.18+0.04 0.17+£0.02 3.02+0.30 1.94+0.16 2.83+£0.37
Kiral-97 0.167+0.03 0.22+0.03 0.20+0.02 3.73+£0.17 2.35+0.27 3.04+0.30
Kendal 0.150+0.03 0.22+0.05 0.19+0.03 3.54+0.57 2.29+0.21 2.92+0.37
Altikat 0.145+0.03 0.22+0.04 0.18+0.03 3.22+0.46 2.08+0.23 2.65+0.32
Burkit 0.127+0.01 0.23+£0.04 0.18+0.03 3.11+£0.26 2.20+0.30 2.66+£0.25
Troya 0.147+0.01 0.22+0.02 0.18+0.02 3.51+0.13 2.38+0.08 2.95+0.23
Zeus 0.155+0.01 0.19+0.02 0.17+0.01 3.66+£0.37 2.06£0.22 2.86+0.36
Ortalama 0.144 b 0.215 a 0.18 3.35a 2.22 b 2.79
ns ns ns ns ns ns
CV 20.9 18.9 20.1 22.6 20.9 22.6

Tane Verimi

Tane verimi yoniinden arpa genotipleri arasindaki
farklar birinci yilda énemsiz bulunmus (Cizelge 7),
ikinci yil, iki yillik ortalamalar, yillar ve yil x genotip
interaksiyonu énemli olmustur (P<0.01). Tane verimi
1lk yil 672-498 kg/da arasinda degismis, en yliksek
tane verimine 672 kg/da ile Troya gesidi, en disiik tane
verimine 498 kg/da ile Zeus cesidi sahip olmustur.
Ikinci yilda Altikat, Troya, Kiral-97 ve Kendal cesitleri
en yiiksek tane verimine sahip c¢esitler olmuglar ve
ayni grupta yer almiglardir. Iki yillik ortalamalara
gore Troya ¢esidi en yiiksek, Lord, Zeus ve G158P003
genotipleri ise en disik tane verimine sahip
olmuglardir. Ik y1l genotiplerin verimi 572.9 kg/da
olurken ikinci yil 461.0 kg/da olmustur. Akar ve ark.
(1999)‘a gére Orta Anadolu ve Gegit Bélgelerinde yillik
ortalama yagigsin miktarinin 400 mm'‘yi gectigi yillarda
yatma sebebiyle arpa bitkisinde énemli verim kaybi
oldugu belirtilmistir. Bu arastirmada da buna benzer

sekilde yiiksek oranda yagis alinmasina ragmen ikinci
yil genotiplerden elde edilen TV degerleri ilk yilin
altinda kalmigtir. Bu verim kaybinin 6nemli sebepleri
arasinda yatma gorilmesi sayilabilir. Tane verimi,
cevre faktorleri ve yetigtirme teknikleri yaninda
genetik yapi tarafindan da énemli derecede etkilenen
bir o6zelliktir. Kahramanmaras kosullarinda yapilan
arastirmalarda arpa gesitlerinin tane veriminin 367-
735 kg/da (Colkesen ve ark., 2002) ve 426-771 kg/da
arasinda degistigi (Cokkizgin ve ark., 2008), ortalama
tane veriminin 517 kg/da oldugu ve ¢esitler arasindaki
farklarin énemli oldugu (Turan, 2008) seklinde
sonuglara varilmigtir. Van kogullarinda yapilan
calismalarda tane verimi yoninden cesitler arasindaki
farklarin énemli oldugu (Kaydan ve Yagmur, 2007;
Erman ve ark., 2008), Haymana kosullarinda arpa
genotiplerinin tane verimlerinin 267-625 kg/da
arasinda degistigi tespit edilmistir (Ergiin ve Gecit,
2008).

Cizelge 7. Arpa Genotiplerine Ait Ortalama tane verimi (TV)

Table 7. Grain yield (TV) of barley genotypes

Genotipler TV (kg da)

2015-2016 2016-2017 Ortalama
Akhisar-98 657.3+24.88 509.3+24.05 abc 583.3£32.23 ab
Mart1 587.6+£13.49 369.5+£71.22 bed 478.6+£53.14 be
Lord 594.0+53.49 237.9+22.85 d 416.0£72.55 ¢
G158P003 544.3+39.46 318.3+32.89d 431.3+48.89 ¢
Kiral-97 516.5+60.20 552.6+97.76 a 534.5+53.58 ab
Kendal 577.3+27.06 551.0+76.57 a 564.1+£37.92 ab
Altikat 543.5+29.43 603.2+34.10 a 573.4+£23.70 ab
Burkiit 538.5+56.64 533.8+57.34 ab 536.2+37.32 ab
Troya 671.6+4.59 579.4+34.06 a 625.5+23.59 a
Zeus 498.3+34.97 355.0+20.05 cd 426.6+32.88 ¢
Ortalama 572.9 a 461.0b 517.0

(P<0.05) i o
CV 13.9 23.9 18.6

1310



KSU Tarim ve Doga Derg 24 (6): 1304-1314, 2021
KSU J. Agric Nat 24 (6): 1304-1314, 2021

Arastirma Makalesi
Research Article

Tane verimi bakimindan yil x genotip interaksiyonu
6nemli olmustur (P< 0.01). Genotiplerin iiriin
yillarindaki kogullara kars1 goésterdikleri tepkinin
farkli olmasi nedeniyle yil x genotip interaksiyonu
onemli bulunmustur (Sekil 3). Arastirma, yagmura
bagiml kogullarda yuratildigi i¢in arpa yetistirme
sezonu boyunca yagis miktari tane verimi uzerinde
dogal olarak etkili olmustur. Arastirmanin ikinci

yilinda Nisan ve 6zellikle de Mayis ayinda diisen fazla
yagis tane veriminde yatmadan kaynakli olarak
onemli azalig saglarken, birinci yilda aymi aylardaki
yetersiz yagis tane veriminin daha yiiksek olmasina
neden olmustur. Sekil 3’ de goruldugi gibi, tane verimi
yillara ve genotiplere goére degismis ve yil x genotip
interaksiyonunun 6nemli ¢ikmasina neden olmustur.
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Sekil 3. Tane Verimi Yoniunden Yil x Genotip 1nteraksiyonu

Figure 3. Year x Genotypes interaction by grain yield

Arastirmada o6zellikler aras iligkiler incelenmis olup
korelasyon tablosu Cizelge 8te sunulmustur. Cizelge
&de gorilldugi gibi; TV ile; TH (r=0.234%) ve BYKI
(r=0.354**) arasinda olumlu ve énemli, SI (= -
0.296**) arasinda olumsuz ve 6nemli iliski oldugu
saptanmistir. Tang ve ark., (2017) tane verimi ile
SPAD degerleri arasinda yiuksek korelasyon oldugunu
bildirmiglerdir. Tane verimi ile net fotosentez hizi
arasindaki iliskiyi Fischer ve ark., (1981) énemsiz
bulmustur. Delgado ve ark., (1994), tane veriminin
klorofil icerigiyle iliskili oldugunu; Ashraf, (2000),
verimle toplam klorofil igeriginin olumlu ancak
onemsiz iligkili oldugunu belirlemiglerdir. Bazi
arastirmalarda, stoma iletkenliginin tane verimi ile
olumlu iligkili oldugu (Delgado ve ark., 1994; Bahar,

2004), bir arastirmada ise stoma iletkenliginin élciilen
biitiin dénemlerde (ciceklenme, siit olum ve gec sari
olum) tane verimi ile iligkili olmadig1 belirlenmistir
(Jiang ve ark., 2000). Bayrak yaprak klorofil icerigi ile
TH (r=0.603**)_ arasinda olumlu ve 6nemli, BOS (r= -
0.468**) ve SI (r= -0.519**) arasinda olumsuz ve
onemli iligki oldugu belirlenmistir. Tranpirasyon hizi
ile BOS (r= -0.326**) arasinda olumsuz, NFH
(r=0.356**) arasinda olumlu ve anlamh iligki
bulunmustur. Transpirasyon hizi ile fotosentez hizi
arasinda olumlu bir iligkinin oldugu belirtilmistir (Guo
ve ark., 2008). Stoma iletkenligi ile BOS (r= 0.234%) ve
NFH (r=0.487**) arasinda olumlu ve énemli iligkiler
tespit edilmigtir.

Cizelge 8. Incelenen ézellikler aras: iligkilere ait korelasyon katsayilar
Table 8. Correlation coefficients of the relationships between the examined traits

BYA BOS NFH Si TH BYKI
BOS 0.188
NFH 0.044 -0.087
si 0.096 0.234* 0.487%*
TH 0.032 -0.326%* 0.356** 0.058
BYKI 0.037 -0.468** -0.038 -0.519%* 0.603**
TV 0.015 -0.142 -0.189 -0.296** 0.234* 0.354**
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SONUC

Bu calisma kapsaminda, 10 adet arpa genotipi 2015-
2017 1dretim sezonunda, Kahramanmaras Dogu
Akdeniz Gecit Kusagr Tarimsal Arastirma Enstitisi
arazisinde denemeye alinarak; ¢iceklenme-olgunlagsma
donemi arasinda tane verimi ve bazi fizyolojik
ozellikler  incelenmistir. Iki yilhk arastirma
sonucglarina gore bayrak yaprak alani, net fotosentez
hiz1, stoma iletkenligi ve transpirasyon hizi yoniinden
genotipler arasindaki farklar 6nemli olmamagtir. Tane
verimi ile olumlu ve &6nemli iligki igerisinde olan
transpirasyon hizi ve bayrak yaprak klorofil igerigi
gibi 6zellikler seleksiyon kriteri olarak kullanilabilir.
Yillara bagli olarak iklim kogullarindaki degismeler ve
genotiplerin yillara gore farkli tepki gostermeleri
nedeniyle, daha giivenilir sonuglara ulasabilmek i¢in
uzun yillar1 kapsayan benzer arastirmalarin yapilmasi
yararh olacaktir.

TESEKKUR
Calismamiz KSU Bilimsel Arastirma Projeleri
Tarafindan  desteklenmistir ~ (2016/3-34  YLS).

Calismamazin ilk yil rakamlar yiiksek lisans tezinden
alinmigtar.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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zamani (Mart ay1 basinda, Mart ay1 sonunda, Nisan ay1 baginda, Ekim

ay1 sonu, Kasim ay1 bas1 ve Kasim ay1 sonu)’nda, 4 farkli yem bezelyesi Anahtar Kelimeler

(Kirazli, GAP Pembesi, Ozkaynak ve Tagkent) cesidinin tohum verimi
ve bazi verim unsurlar: belirlenmistir. Arastirmada yem bezelyesi’nin
olgunlagma siiresi (0OS), bitkide bakla sayis1 (BBS), baklada tane
sayis1 (BTS), biyolojik verim (BV), tohum verimi (TV), saman verimi
(SV), hasat indeksi (HI), bin tane agirligi (BTA) belirlenmistir.
Arastirma sonuclarina gore, arastirmanin ikinci yilindaki BBS, BTS,
SV, TV ve BV degerleri birinci yila gore daha yiksek olmustur. Yem
bezelyesinde ylksek biyolojik, tohum ve saman veriminin
alinabilmesi i¢in tohum ekimlerinin Mart ay:r basinda yapilmasi
gerektigi sonucuna varilmigtir. Tohum ve saman verimleri
bakimindan Kirazli ¢esidinin daha iyi oldugu tespit edilmigtir. Sonug
olarak bolge sartlarinda Kirazli ¢cesidinin secilmesi ve bu ¢esidin Mart
ay1 baginda ekilmesi durumunda daha yiliksek biyolojik, tohum ve
saman veriminin elde edilecegi belirlenmigtir.

ABSTRACT
This research was conducted in  Agricultural Application and
Research Center, Igdir University, 2018-2019 and 2019-2020, as a

Yem bezelyesi
Ekim zamamn
Cesit

Tohum

Effects on Yield Components and Seed Yield of Some Feed Pea (Pisum sativum ssp. arvensel.) Varieties
at Different Sowing Times

Research Article
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November). In the research, the maturation time of the feed pea (MT), Sow.lng e

the number of pods per plant (PN), the number of seeds per pod (SN), gj;ety

biological yield (BY), seed yield (SEY), straw yield (SY), harvest index
(HD, thousand grain weight (TGW) were determined. Results
indicated that, the BBS, BTS, SV, TV and BV values in the second
year of the study were higher than the first year. It was concluded that
seed sowing should be done at the beginning of March in order to
obtain high biological, seed and straw yield in feed peas. It was
determined that Kirazli variety was better in terms of seed and hay
yields. As a result, it was determined that in the case of selecting the
Kirazl variety, the higher biological, seed and straw yield could be
obtained by sowing it in early March under the region conditions.
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GIRIS tohumlar1 %20-30 arasinda ham protein igermeleri

Turkiye’'de yillara gore ekim alani ve lretimi artan
yem bezelyesinin (Pisum sativum ssp. arvenseL.) 2020
yili istatistiklerine gore 243.191 da alanda ekimi
yapilmaktadir. Turkiye'nin toplam tarim alam
231.363.960 da ve nadas alami1 31.732.521 da’dir. Yem
bezelyesi ekim alami 2020 yili istatistiklerine gore
toplam ekim alani igerisinde %0.10luk bir paya
sahiptir. Bu oran 2017 yili istatistiklerinde %0.03
civarindadir. 2014 yilindaki ekim alani1 37.395 da iken
bu miktar 2020 yilinda 243.191 da ekim alanina
ulagsmis ve ekim alani 6 yil icerisinde yaklagsik olarak
6.5 kat artmigtir (TUIK, 2020). Igdur ili 1.029.533 da
toplam ekim alanina sahip olmasina ragmen, yem
bezelyesi Uretimi, istatistiklere girecek kadar bir ekim
alanina sahip degildir.

Turkiye Istatistik Kurumunun 2020 yili
istatistiklerine gore 14.193.351 adet buylikbas ve
54.112.626 adet kiigiikbas olmak lzere toplamda 68
milyon hayvan varhg bulunmaktadir (TUIK, 2020).
2015 yili istatistiklerine gore toplam kaliteli kaba yem
uretimi 83.9 milyon ton ve kaliteli kaba yem acig1 da
30 milyon ton olarak hesaplanmigtir (Ozkan ve
Demirbag, 2016). Ulkemizde yillara gére hayvan
varhigi ve kaliteli kaba yem acig1 stirekli artig
gostermektedir. Bu acigin ve hayvanlarin yem
ithtiyacinin kisa vadede karsilanmasi i¢in yem
bitkilerinin hem alan hem de verim ve kalite yoninden
artirilmasi biiyiik 6nem goéstermektedir.

Igdir ilinde 2020 y1hi istatistiklerine gére 147.154 adet
buytikbasg, 1.224.683 adet koyun ve 54.520 adet keci
bulunmaktadir. Igdir ilinde hayvanlarin
beslenmesinde daha c¢ok c¢ayir mera alanlarindan
faydalanilmaktadir. Igdir ilinin ekimi yapilan toplam
972.359 da alani igerisinde yem bitkileri 408.280 da
alanda yapilmakta olup; toplam ekim alani
icerisindeki yem bitkilerinin payr %39dur (TUIK
2020). Igdir ilinde yem bitkileri ekim alaninin fazla
olmasi bolge ciftcilerinin en 6nemli ge¢im kaynaginin
hayvancilik oldugunu géstermektedir. Igdir ilinde tane
masir, silajlik misir ve yonca tarimi yaygin olarak
yapilmasina ragmen, yem bezelyesi tarimi hentz
yapilmamaktadir. Son 5 yillik istatistiklere gore
Turkiye'deki yem bezelyesi ekim alaninin yaklagik
olarak 3 kat arttig1 ve bu artigin Igdir ilinde de olmasi
durumunda bdélge hayvanciligin gelismesi agisindan
onemli olacagi disiiniilmektedir.

Yem bezelyesi siit ineklerine tek bagina verildiginde
st verimi ve kalitesi izerinde olumsuz etkiye sahip
olup; Ca, P ve Fe bakimindan zengindir. Yem bezelyesi
ot Uretimi, tohum iretimi, yesil glibreleme ve silaj
amaciyla tek bagina veya tahil tirleri ile karigim
yapilarak ekimi yapilmaktadir. Yem Dbezelyesi
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nedeniyle kesif yem olarak degerlendirmelerde tercih
edilen énemli bir bitkidir (Avcioglu ve ark., 2009).
Protein igeriginin yluksek olmasi nedeniyle Avrupa
ulkelerinde soya bitkisine alternatif olarak
onerilmektedir (Acikgéz, 2001; Aveioglu ve ark., 2009;
Uzun ve ark., 2012; Kaplan ve ark., 2014).

Bu arastirma Igdir ekolojik sartlarinda farkli yem
bezelyesi cesitleri ve farkli ekim zamanlarindaki
tohum verimi ve bazi verim 6gelerinin belirlenmesi
amaciyla yapilmigtir. Bu c¢alisma ile hangi yem
bezelyesi ¢esidinin hangi ekim zamaninda ekilmesi
durumunda tohum verimi ve verim 6gelerinin uygun
olacagi belirlenmisgtir.

MATERYAL ve METOD
Aragtirmanin yuriutildigu Igdir iline ait bazi iklim
degerleri Cizelge 1'de verilmigtir. Cizelge 1

incelendiginde 2019-2020 yillarina gore, 2018-2019
Yilarindaki sicaklik (15.1 °C), yagis (352.6 mm) ve nem
(%58.3) daha yiiksek olmustur. Diger taraftan uzun
yillara gore, yem bezelyesinin ekiminin yapildig1 2018-
2019 ve 2019-2020 yillarindaki sicaklik ve nem miktari
yuksek, yagis miktar1 ise dusik gerceklesmistir
(Cizelge 1). Bolgenin iklim degerlerine bakildiginda
Turkiyenin en kurak iklim kusaginda yer aldigi
gorulmektedir.

Deneme alani topraklarini temsil edecek sekilde 4
farkli noktadan alinan toprak oOrneklern Igdir
Universitesi Ziraat Fakiiltesi Laboratuvarlarinda
analiz edilmis ve topraklarin az tuzlu, orta alkali,
organik icerigi duslk, kire¢ icerigi yiksek oldugu
belirlenmistir (Cizelge 2).

Arastirma 6 ekim zamaninda (Mart ay1 basinda, Mart
ay1 sonunda, Nisan ay1 baginda, Ekim ay1 sonu, Kasim
ay1l basi ve Kasim ay1 sonu) 4 farkli yem bezelyesi
(Kirazli, GAP Pembesi, Ozkaynak ve Taskent)
¢esidinin tohum verimi ve bazi verim unsurlarim
belirlemek amaciyla yuritilmustir. Deneme 2018-
2019 ve 2019-2020 yillarinda ilkbahar ve sonbaharda
olmak tizere Igdir Universitesi Tarimsal Uygulama ve
Aragtirma Merkez deneme sahasinda sulu kogullarda
tesadif bloklarinda boélinmiis parseller deneme
desenine gore ¢ tekerrirli olarak kurulmugtur. Ekim
zamanlar1 ana parsellere, cegitler ise alt parsellere
yerlestirilmigtir. Parsel uzunluklari 3 m, parsel
geniglikleri 1.75 m olmak tizere her bir parsel alani
5.25 m? olarak ayarlanmistir. Ana parseller aras1 2 m,
alt parseller arasi 1.2 m ve bloklar aras1 1.5 m bogluk
birakilmigtir. Yem bezelyesi tohumlari 35 cm sira
aralig1 ve 10 cm sira lizeri olacak gekilde el markori
ile acilan cizilere elle ekimi yapilmistir (Tan, 2018).
Her bir parsele standart olarak ekimle birlikte saf
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olarak 5 kg da'* N (% 21’lik amonyum siilfat) ve 12 kg
dal P05 (% 39-41lik Triple siiper fosfat)
kullanilmistir. Ilkbahar tohum ekimleri 2018-2019 ve
2019-2020 yillarinda sirasiyla 07 ve 14 Mart, 22 ve 28
Mart, 06 ve 12 Nisan, sonbahar tohum ekimleri ise 22-
22 Ekim, 5 ve 12 Kasim ve 19 ve 22 Kasim tarihlerinde
yapilmigtir.

Sulama iglemleri yagmurlama sulama yéntemine gére
yapilmigtir. Bitkiler c¢icek olusturmaya basladiktan
sonra sulamalar salma sulama yontemi ile yapilmistir.
Yabanci ot miicadelesi parsel iclerinde el capasi ile
parsel aralarinda ise ¢apa makinesi ile yapilmigtir.
Yem bezelyesi baklalarinin doldugu ve tohumlarin
sertlestigi donemde tohum hasatlari yapilmistir.

Cizelge 1. Arastirmanin yiiriitiildigii bélgeye ait bazi iklim verileri (Anonim, 2020)
Table 1. Some climate data for the region where the research was conducted (Anonymous, 2020)

Aylar 2018-2019 yilh 2019-2020 yil1 Uzun yillar ortalamas (1978-2017)
Sicaklik Yagis Nem Sicaklik Yagis Nem Sicaklik Yagis Nem
0 (mm) (%) 0)] (mm) %) (0O (mm) (%)
Mart 12.3 16.5 51.9 6.8 23.5 59.7 6.9 21.5 49.9
Nisan 14.2 18.2 49.7 12.1 25.1 56.9 13.4 37.9 49.0
Mayis 18.4 69.1 65.5 19.9 25.9 51.2 17.6 48.9 51.1
Haziran 23.4 31.8 54.5 25.6 13.6 45.8 22.3 33.2 45.7
Temmuz 29.2 5.8 42.8 27.3 0.6 40.1  26.2 14.7 43.3
Agustos 26.4 4.1 48.4 27.0 0.6 41.2  25.6 9.8 44.5
Eylul 22.8 6.5 48.2 20.0 10.5 53.6  20.7 10.3 48.9
Ekim 15.0 20.8 63.9 15.8 4.5 58.0 13.3 28.1 62.3
Kasim 7.0 29.4 80.9 4.3 8.0 70.1 5.9 19.4 65.7
Aralhik 3.9 30.9 81.6 4.7 8.2 80.0 -0.4 13.0 68.4
Ocak 0.6 12.3 69.3 0.0 7.3 65.2 -3.1 13.1 66.5
Subat 3.7 19.1 61.9 1.9 14.1 64.5 0.3 15.5 59.8
Mart 6.8 23.5 59.7 10.6 18.1 56.5 6.9 21.5 49.9
Nisan 12.1 25.1 56.9 11.7 83.6 64.8 13.4 37.9 49.0
Mayis 19.9 25.9 51.2 18.6 76.1 55.0 17.6 48.9 51.1
Haziran 25.6 13.6 45.8 23.9 15.7 44.7  22.3 33.2 45.7
Top./Ort. 15.1 352.6 58.3 144 335.4 56.7 13.1 406.9 53.2

Cizelge 2. Arastirmanin yuriutildigu topraklara ait bazi 6zellikler
Table 2. Some characteristics of the soils where the research was conducted

pH Kire¢ % EC (mS/cm) Organik Madde %

P

(ppm) K (ppm)  Ca (ppm) Mg (ppm)

8.16 11.2 1.58 0.95

3.

21 1.92 20 7.82

Aragtirmada Incelenen Ozellikler
Olgunlagma siiresi (giin)

Ekim tarihi ile tohum hasat olgunlugu arasindaki
gecen gun sayist  olgunlagsma suresi olarak
hesaplanmistir (Anonim, 2001).

Bitkide bakla sayis1 (adet/bitki)

Hasat donemine gelen parsellerde hasat o6ncesi hasat
alan1 i¢inde kalan kisimda tesadiifen belirlenen 10
adet Dbitkinin baklalar1 sayilip ortalamalarinin
alinmas: ile bitkide bakla sayis1 bulunmustur (Ekiz,
1983).

Baklada tane sayis1 (adet/bakla)

Bitkide bakla sayisi igin belirlenen 10 adet bitkiden
elde edilen tane sayis1 bakla sayisina oranlanarak
baklada tane sayis1 adet olarak belirlenmistir.

Biyolojik verim (kg da'1)
Her parselden kenar tesirleri atildiktan sonra geri
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kalan kisimlar hasat edilip, torbalara doldurulmus ve
once acgik havada daha sonra 35°C’ye ayarhh kurutma
firminda kurutulmustur. Daha sonra bu bitkiler
tartilarak toplam agirliklar: biyolojik verim olarak kg
da’! cinsinden hesaplanmistir (Acikgoz, 2001).

Tohum verimi (kg da’1)

Biyolojik verimleri belirlenen bitkiler
harmanlandiktan sonra parsellerde elde edilen
tohumlar hassas terazide tartilarak Once parsele
verim daha sonrasinda ise basit bir egitlik vasitasiyla
dekara tohum verimleri belirlenmistir (Timuragaoglu
ve ark., 2004; Acikgoz ve ark., 2007).

Saman verimi (kg da?)

Harmandan sonra elde edilen tohum agirhiklar:
biyolojik verimden g¢ikartilarak saman verimleri
bulunmustur (Acikgoz, 2001).

Hasat indeksi (%)
Her parselden elde edilen tohum verimleri biyolojik
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verime oranlanip cikan degerler 100 ile carpilarak
hasat indeksi (%) bulunmustur.

Bin tane agirlig (g)

Tohum hasadindan sonra her parselde 4 kez 100 adet
(4 x 100) tohum sayilarak hassas terazide tartilmis ve
elde edilen degerlerin ortalamalari alinarak 10 ile
carpilip, bin dane agirhklari hesaplanmigtir
(Timuragaoglu ve ark., 2004; Acikgdz ve ark., 2007).

Istatistik Analizler

Arastirma verileri JMP 5.0.1 paket programina gore
yil tekrarlamali tesadif bloklarinda bdélinmiis
parseller deneme desenine gore varyans analizleri
yapilmig ve 6nemli cikan ortalamalarin
karsilastirmalar1 LSD (% 5) testine gore yapilmistir.
Ayrica ortalamalarla Dbirlikte standart hatalar
sunulmustur (Yildiz ve Bircan, 1991).

BULGULAR ve TARTISMA
Olgunlagma siiresi

Mart ay1 basinda (EZ-1), Mart ortasinda (EZ-2) ve
Nisan basinda (EZ-3) yem bezelyeleri tarlada sirasiyla
109.7 giin, 99.3 giin ve 89.9 glinde olgunlagmalarim
tamamlamiglardir. Sonbahar ekimleri olan Ekim ay1
sonu (EZ-4), Kasim ay1 bas1 (EZ-5) ve Kasim ay1 sonu
(EZ-6) yem bezelyeleri tarlada sirasiyla 252.0 giin,
227.3 gin ve 2224 gun'de olgunlagsmalarin
tamamlamiglardir. Ilkbahar ekimleri arasinda 15%r
giin olmasina ragmen, olgunlagsma siireleri arasinda
ise 10ar gun aralik bulunmaktadir. Sonbahar
ekimlerinde ise Ekim ay1 sonu ile Kasim ay1 basi
arasinda 20 gin ve Kasim ay1 basi ile Kasim sonu
arasinda 10 giin fark olmasina ragmen, olgunlagsma
streleri arasinda sirasiyla 25 gin ve 5 giin fark
olmustur (Cizelge 3).

Cizelge 3. Farkli yil, ekim zamani ve cesitlere gore yem bezelyesinin tohum olgunlastirma streleri
Table 3. Maturation time of feed peas according to different year, planting time and variety

Cesit (C)
Yl (V) Ekim zaman (EZ) Gap Pembesi Kirazh Ozkaynak Tagkent Yil Ort.
EZ-1 112.3+1.33m 112.3+1.33m  114.0+1.00m™ 114.0+1.00m
EZ-2 100.3£0.33° 100.3+0.33° 107.0+£0.00» 100.3+0.33°
2018- 2019 EZ-3 93.0+0.004 93.0+0.004 93.0 £0.004 93.0+0.004 166.747.7
EZ-4 247.3 £0.884 246.7+2.604 251.0+0.00¢ 251.0+0.00¢ ) ’
EZ-5 220.0+0.00k 220.0+0.00k 229.0+0.008 229.0+0.008
EZ-6 221.0+0.00k 212.0+0.00! 221.0+£0.00k 221.0+0.00k
EZ-1 106.7+0.33n 107.0+0.00» 106.0+£0.58» 105.7+0.88»
EZ-2 95.0+1.15p 92.74+1.454 99.0+3.21° 99.7+0.88¢°
2019-2020 EZ-3 85.0+0.00¢ 85.0+0.00¢ 89.7+0.67r 87.3+1.20s 166.7+8.4
EZ-4 252.0+0.00bc 253.0+0.58 257.0+£0.002 258.0+0.002 ) )
EZ-5 227.0+0.00h 225.0+0.00: 233.0+0.00¢ 235.0+0.00e
EZ-6 225.0+0.00: 223.0+0.00i 228.0+0.00sh 228.0+0.008h
Cegit Ort. 165.4 £20.5P 164.1+20.3¢ 168.9+20.82 168.5 +21.12
EZ Ort LSD degeri ve Onemlilik
EZ-1 109.7+0.774 Y 0.6776d
EZ-2 99.3+£0.91¢ EZ 1.16%*
EZ-3 89.9+0.72f Y x Ez int. 1.63**
EZ-4 252.0+0.842 C 0.57**
EZ-5 227.3+1.06P Y x C int. 0.80*
EZ-6 222.440.99¢ EZ x C int. 1.39%*
Y x EZ x G int. 1.96%*

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan baginda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,
*¥%:P<0.01, *: P<0.05, ayni harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.

Olgunlagma sureleri bakimindan cesitler arasinda
onemli fark olmustur (P<0.01). En erken olgunlasan
cesit 164.1 giin ile Kirazl, en geg olgunlasan cesit ise
168.9 giin ve 168.5 giin ile swrasiyla Ozkaynak ve
Tagkent cesitleri olmustur (Cizelge 3). Farkli ekolojik
bolgelerde yiiriitiilen arastirmalarda yem bezelyesi
gesitlerinin olgunlagsma streleri 195.0-209.0 giin
(Sayar ve Anlarsal, 2008), 197.5-206.3 giin (Sayar ve
ark., 2009), 116.8-154.4 giin (Alan ve Geren, 2012),
102.0-116.5 giin (Tan ve ark., 2012) ve 181.4-194.0 giin
(Kavut ve Celen, 2017) arasinda olmustur. Genetik
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ozellik ve farkli iklim sartlarina gore c¢esitlerin
olgunlagsma siirelerindeki bu degigimlerin olmasi
beklenen bir durumdur.

Yil, ekim zamani ve gesit interaksiyonu olarak en
erken olgunlagma 85 giin ile 2019 yilimin 3. ekim
zamaninda Gap Pembesi ve Kirazl gesitlerinde tespit
edilmigtir. En ge¢ olgunlagma ise 2019 yilinin 4. ekim
zamaninda 257.0 ve 258.0 giin ile sirasiyla Ozkaynak
ve Taskent cesitlerinde elde edilmistir (Cizelge 3).
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Bitkide bakla sayis1

Yillara gore bitkide bakla sayisinda 6nemli degisimler
olmustur. Denemenin ikinci yilinda (2019 yil) 17.6

adet ile en yiiksek bitkide bakla sayis1 elde edilirken,
2018 yilinda 15.3 adet ile en dusiik bakla sayis:1 elde
edilmistir (Cizelge 4).

Cizelge 4. Farkli yil, ekim zamani ve gesitlere gére yem bezelyesinin bitkide bakla sayilar

Table 4. Number of pods per plant of feed peas according to difterent year, planting time and variety

Cesit (C)
Yal () Ekim zamam (EZ) Gap Pembesi Kirazh Ozkaynak Tagkent Yil Ort.
EZ-1 15.5+0.4507  14.84+0.62kt 16.4+0.99¢P 13.7+0.93nv
EZ-2 14.5+0.42l'm 11.4+0.28wx 12.0+£0.77tx 19.5+1.41¢ce
2018- 2019 EZ-3 13.3+0.84rv  9.7+0.89x 13.0+1.12aw 15.0+1.30it 15.5340.45b
EZ-4 17.0+£0.94em  16.2+1.21fp 25.1+1.102 22.5+0.47ac ) )
EZ-5 14.0+0.84mv  10.4+1.21wx 15.4+0.23br 18.1+2.2547
EZ-6 12.6+1.11rx 11.0+0.88v= 17.940.584k 17.8+£1.069k
EZ-1 20.3+£1.90bd 24.7+£2.372 16.6+0.62¢° 16.9£1.07en
EZ-2 23.3+£1.392ab 18.44+2.094h 24.3+1.792 17.3£1.114d1
2019-2020 EZ-3 18.9+1.18d¢ 15.441.51br 14.5+1.46 15.2+0.87vs 17.640.41a
EZ-4 17.6+0.2341 18.6+0.79dh 19.44+0.68¢* 17.7£0.75%k ) ’
EZ-5 17.3+0.2941 13.4+1.17ow 17.2+0.3141 18.3+3.6041
EZ-6 14.9+0.29kt 12.04£0.54sx 15.1+0.75it 16.0+0.0784
Cesit ort. 16.5+0.992 14.6+1.37> 17.2+1.242 17.3+0.822
EZ Ort LSD degeri ve Onemlilik
EZ-1 17.3+0.78p Y 0.58%*
EZ-2 17.5+1.0P EZ 1.01**
EZ-3 14.3+0.614 Y x Ez int. 1.42%*
EZ-4 19.2+0.642 C 0.92%*
EZ-5 15.5+0.62¢ Y x C int. 1.30%*
EZ-6 14.6+0.55¢d EZ x C int. 2.25%*
Y x EZ x C int. 3.18**

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan baginda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,
**: P<0.01, *: P<0.05, aym harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.

Ekim zamanlarina goére bakla sayilarinda o6nemli
degisimler olmustur. Sonbahar ve ilkbahar ekim
zamanlarinin geciktirilmesiyle bitkide bakla sayisinin
da azaldig1 belirlenmistir. En yluksek bitkide bakla
sayis1 19.2 adet ile sonbaharda Ekim ayimnin sonunda
(EZ-4) ekilen yem bezelyelerinde, en diisiik bitkide
bakla sayisi ise 14.3 adet ile ilkbaharda Nisan ayi
basinda (EZ-3) ekilen yem bezelyelerinde tespit
edilmigtir. Yapilan arastirmalarda ekim zamanlarina
baglh olarak yem bezelyesinin bitkide bakla sayisimi
etkiledigi belirlenmistir (Onder ve Ceyhan, 2001; Alan
ve Geren, 2012). Hem sonbaharda ve hem de
ilkbaharda tohum ekimlerin geciktirilmesi ile bitkide
bakla sayisinin azalmasi, bitkilerin daha kisa bir
vejetasyon siiresinde iklim ve toprak sartlarindan
yararlanmasindan kaynaklandig: tahmin
edilmektedir.

Aragtirmada kullanilan bitkilerin bakla sayilar: cesit
bazinda 14.6 adet ile 17.3 arasinda degismigtir.
Bitkideki en yiiksek bakla sayis1 Ozkaynak ve Taskent
¢esitlerinde sirasiyla 17.2 adet ve 17.3 adet, en diisik
bakla sayis1 ise 14.6 adet ile Kirazl1 g¢esidinde
belirlenmigtir. Yem bezelyesinde bakla sayilarinin 5-
12 adet/bitki (Timuragaoglu ve ark., 2004), 5.6-9.0
adet/bitki (Sayar ve Anlarsal, 2008), 6.4-10.0 adet/bitki
(Sayar ve ark., 2009), 26.7-28.3 adet/bitki (Alan ve
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Geren, 2012), 10.4-15.5 adet/bitki (Tan ve ark., 2012),
8.7-11.4 adet/bitki (Uzun ve ark., 2012), 8.2-9.2
adet/bitki (Kavut ve Celen, 2017), 3.3-9.0 adet/bitki
(Ozkose, 2017) ve 5.8-11.0 adet/bitki (Kadioglu ve Tan,
2018) arasinda gerceklestigi ve cesitlerin farkh
miktarlarda bakla sayillarina sahip olduklar:
belirlenmigtir.

Yil, ekim zamam ve c¢esit interaksiyonuna gore
bitkideki en yiksek bakla sayis1 24.7 adet ile 2019
yilinda 1l.ekim zamam (EZ-1)nda ekilen Kirazh
¢esidinde, en duglk bitkide bakla sayisi ise 9.7 adet ile
2018 yilinda 3. ekim zamaninda ekilen Kirazli
cesidinde tespit edilmigtir.

Baklada tane sayis1

Yillarin baklada tane sayisina etkisi oOnemli
olmamigtir. Cesit ve ekim zamanlarinin ortalamasina
gore 2018-2019 yilinda 3.31 adet, 2019-2020 yillinda
ise 3.58 adet baklada tane sayilari tespit edilmigtir
(Cizelge 5).

Ekim zamanlarina goére bakladaki tane sayilari
farklilik géstermistir. Buna gore bakladaki en fazla
tane sayilar1 EZ-1 ve EZ-2’de sirasiyla 3.91 ve 3.76
adet elde edilmis olup, aym istatistik grupta yer
almiglardir. Bakladaki en dugsiik tane sayilar: ise EZ-
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4 ve EZ-6’da sirasiyla 3.00 adet ve 2.95 adet elde
edilmigtir. Ilkbahar ekimlerinde (EZ-1, EZ-2 ve EZ-3)
elde edilen baklada tane sayilari, sonbahar ekimlerine
(EZ-4, EZ-5 ve EZ-6) gére daha yiiksek olmustur.
Yapilan bir arastirmada farkli ekim zamanlarinda

ekimi yapilan yem bezelyesinde 5.4 ile 6.6 arasinda
baklada tane sayilar1 elde edilmis olup, ekim
zamanlarina gore bakladaki tane sayilarinin 6nemli
derecede etkilendigi belirlenmistir (Onder ve Ceyhan,
2001; Alan ve Geren, 2012).

Cizelge 5. Farkli yil, ekim zamani ve gesitlere gore yem bezelyesinin baklada tane sayilar:

Table 5. The number of seeds per pod of feed peas according to different year, planting time and variety

Cesit (Q)
Yl (Y) Ekim zamani (EZ) Gap Pembesi Kirazli Ozkaynak Tagkent Yil Ort.
EZ-1 4.57+0.32bd 4.90+0.32ab 3.37+0.12° 3.60+0.20h1
EZ-2 4.23+0.03¢f 4.30+0.29¢f 2.53+0.18¢f 3.80+0.151
2018-2019EZ-3 3.93+0.19¢1 4.20+0.35¢8 3.37+0.24° 3.10+0.06%P 3.3140.11
EZ-4 3.63+0.30hk 2.10£0.06t 2.00+0.12u 2.40+0.29su ) ’
EZ-5 2.57+0.18at 4.23+0.52¢t 2.90+0.56n 3.37+£0.12i°
EZ-6 2.10£0.12tu 4.23+0.09¢f 1.90+0.06u 2.27+0.15%u
EZ-1 3.67+0.03hk 4.07+£0.28dh 3.63+0.09hk 3.53+0.18m
EZ-2 3.40+0.26/m 5.12+0.27a 3.07+0.13ma  3.63+£0.09hk
2019-2020 EZ-3 3.23+0.24%k» 4.67+£0.262¢ 3.40+0.06in 3.27+0.30k» 3 58+0.07
EZ-4 3.97+0.22e1 3.70+0.21¢8k 3.00+0.06nr 3.20+0.15%» ) )
EZ-5 3.40+0.06in 4.57+0.23bd 2.83+£0.17ps 3.60+0.10h1
EZ-6 3.07+0.18m4q 4.33£0.18¢ce 2.90+0.06n 2.87£0.1907s
Cegit Ort. 3.48+0.21P 4.20+0.252 2.90+0.174 3.21+0.16¢
EZ Ort LSD degeri ve Onemlilik
EZ-1 3.91+0.12a Y 0.186d
EZ-2 3.76+0.162 EZ 0.32%*
EZ-3 3.64+0.122ab Y x Ez int. 0.45**
EZ-4 3.00+0.15¢ C 0.15**
EZ-5 3.43+0.16P Y x C int. 0.22**
EZ-6 2.95+0.18¢ EZ x C int. 0.37**
Y x EZ x C int. 0.53**

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan baginda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,
*¥%:P<0.01, *: P<0.05, ayni harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.

Arastirmada kullanilan yem bezelyesi cesitlerinin
bakladaki tane sayilar1 arasinda o©nemli farklar
gorilmustir. En yiiksek baklada tane sayis1 4.20 adet
ile Kirazli yem bezelyesi ¢esidinden elde edilmistir.
Diger yem bezelyeleri Gap Pembesi, Tagkent ve
Ozkaynak cesitlerinde ise sirasiyla 3.48 adet, 3.21 adet
ve 2.90 adet baklada tane sayilari elde edilmigtir. Yem
bezelyesinde baklada tane sayilar1 4-6 adet/bakla
(Timuragaoglu ve ark., 2004), 4.1-5.1 adet/bakla
(Sayar ve Anlarsal, 2008), 4.0-5.2 adet/bakla (Sayar ve
ark., 2009), 5.4-6.6 adet/bakla (Alan ve Geren, 2012),
4.3-5.0 adet/bakla (Uzun ve ark. 2012), 4.9-5.7
adet/bakla (Kavut ve Celen, 2017), 3.6-5.9 adet/bakla
(Ozkose, 2017) ve 4.8-7.6 adet/bakla (Kadioglu ve Tan,
2018) arasinda degismistir. Bolgelere gore cesitlerde
baklada tane sayilarinin degisik olarak elde edildigi
gorilmektedir.

Yil, ekim zamani ve gesitlerin interaksiyonuna gore,
bakladaki tane sayilar: 2.00 adet ile 5.12 adet arasinda
degismigtir. En yliksek baklada tane sayis1 5.12 adet
ile 2019 yilinda 2. ekim zamaninda ekilen Kirazh
cesidinde, en duslik baklada tane sayisi ise 2.00 adet
ile 2018 yilinda 4. ekim zamaninda ekilen Ozkaynak
cesidinde tespit edilmistir.
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Biyolojik Verim
Biyolojik  verim {lzerine yillarin etkisi 6nemli
olmustur. Arastirmanin ikinci yilindaki (2019)

biyolojik verim (522.8 kg da'!), birinci yildaki (2018)
biyolojik verimden (472.8 kg da’l) daha yiiksek
olmustur (Cizelge 6).

Ekim zamanlarina gore biyolojik verimleri 429.1 kg da-
1 ile 572.1 kg da! arasinda degigsmistir. En yiiksek
biyolojik verimi 572.1 kg dal ile EZ-1'de, en dusik
biyolojik verimi 429.1 kg dal ile EZ-6’da tespit
edilmigtir.

En yiksek biyolojik verim 570.5 kg da! ile Kirazl
¢esidinde, en disiik biyolojik verim ise 432.5 kg da‘!
ve 463.3 kg da’! ile sirasiyla Tagkent ve Ozkaynak
gesitlerinde tespit edilmigtir. Degisik ekolojik
sartlarda yem bezelyesi gesitlerinin biyolojik verimleri
391-496 kg da'! (Timuragaoglu ve ark., 2004) ve 204.0-
540.4 kg da! (Sayar ve Anlarsal, 2008) araliklarinda
belirlenmis olup cesitlerin biyolojik verim tizerine
onemli etki yaptigi tespit edilmistir.

Yil, ekim zamani ve c¢esit interaksiyonuna gore
biyolojik verimleri 332.4 kg da?l ile 910.2 kg da?
arasinda degismistir. En yiiksek biyolojik verimi 910.2
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kg dal ile 2019 yilinda ilkbaharda 1. ekim olarak
ekilen Kirazli cesidinde, en diusik biyolojik verimi
332.4 kg dal ile 2018 yilinda ilkbaharda 2. ekim

zaman1 (EZ-2) olarak ekimi yapilan Ozkaynak
¢esidinde belirlenmisgtir.

Cizelge 6. Farkli yil, ekim zamani ve gesitlere gére yem bezelyesinin biyolojik verimleri
Table 6. Biological yield of feed peas according to different year, planting time and variety

Cesit (C)
Yl (Y) Ekim zamani (EZ Gap Pembesi Kirazli Ozkaynak Tagkent Yil Ort.
EZ-1 602.2+62.1bs 694.0+£55.7P 476.2+58.8hr 371.1+£36.2rt
EZ-2 590.1+38.9bh 434.8+4.9it 332.4+20.5¢ 588.14+25.2bh
2018-2019 EZ-3 548.1+36.247 481.6+32.08¢ 394.6+£39.3nt 443.8+59.31t 479.8419.6b
EZ-4 522.7+20.2fm 353.3+22.0xt 562.0+£42.8¢1 468.2+63.4hs ) )
EZ-5 417.6+13.0kt 474.9459.8hr 443.2+23.2vt 522.7+62.7fm
EZ-6 372.5+£29.7vt 467.8+42.0bs 404.6+17.2mt  382.0+30.7°t
EZ-1 550.1+£39.7¢] 910.2+165.82 565.0+£20.0¢1 407.7+21.11t
EZ-2 531.4+32.64k 676.8+54.0b¢ 649.1+38.9be 359.8+23.7at
2019-2020 EZ-3 590.2+40.4bh 641.6+40.4bf 342.4+16.6t 348.7+18.7st 599.8+16.84
EZ-4 558.445.4¢1 652.5+68.2bd 534.4+27.0dk 415.7+32.6kt ’ )
EZ-5 513.1+£20.18n 528.8+37.6¢1 474,947 2b 490.2+6.28p
EZ-6 503.6+8.18° 530.3+11.641 380.5+6.60t 391.54+8.0nt
Cegit ort 524.9+24 5P 570.5+51.62 463.3+31.5¢ 432.5+26.6¢
EZ Ort LSD degeri ve Onemlilik
EZ-1 572.1+£39.72 Y 22.8*%*
EZ-2 520.3+27.2b EZ 39.5%*
EZ-3 473.9+24 .4¢ Y x Ez int. 55.96d
EZ-4 508.4+21.8bc C 35.6%*
EZ-5 483.2+12.9bc Y x C int. 50.4**
EZ-6 429.1+13.84 EZ x C int. 87.3%*
Y x EZ x C int. 123**

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan baginda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,
**:P<0.01, *: P<0.05, ayn1 harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.

Tohum verimi

Tohum verimi tizerine yillarin etkisi 6nemli olmustur.
Arastirmanin ikinci yilindaki (2019 yil1) tohum verimi
(238.7 kg da'1), birinci y1ldaki (2018 y1l1) tohum verimi
(208.1 kg da')’nden daha yiiksek olmustur (Cizelge 7).
Yem bezelyesi lizerine yapilan arastirmalarda yillara
gore tohum veriminde oOnemli farklar oldugu
belirlemistir (Cakmakei ve ark., 1999).

En yuksek tohum verimi 263.0 kg da! ile EZ-1’de, en
diisik tohum verimi 179.9 kg dal ile EZ-3'de tespit
edilmigtir.  Farkli ekim  zamanlarinda yem
bezelyesinin ekilmesi durumunda 97-168 kg da?
(Ceyhan ve Onder 2001), 152.7-213.5 kg da! (Demirci
ve Unver, 2005), ve 143-349 kg dal (Alan ve Geren,
2012) tohum verimleri alinmig ve ekim zamanlarinin
tohum verimleri tizerine 6nemli etki yapmagtir.

Mevcut ¢alismada en yiksek tohum verimi 286.1 kg
daile Kirazlh ¢esidinden, en disik tohum verimi ise
181.9 kg da'! ve 187.3 kg da™! ile sirasiyla Tagkent ve
Ozkaynak cesitlerinden elde edilmistir. Yem bezelyesi
uzerine yapilan arastirmalarda cegitlere gore elde
edilen tohum verimleri 217-195 kg da! (Timuragaoglu
ve ark., 2004), 132.4-200.5 kg da'! (Demirci ve Unver,
2005), 71.6-246.3 kg da! (Sayar ve Anlarsal, 2008),
115.4-210.4 kg da! (Sayar ve ark., 2009), 219-285 kg
da! (Alan ve Geren, 2012), 150-221 kg da! (Tan ve
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ark., 2012), 257.4-362.0 kg da! (Uzun ve ark., 2012),
95.6-309.8 kg da'! (Kavut ve Celen, 2017), 69.6-189-2
kg da! (Ozkése, 2017), 33.8-180.2 kg da! (Cacan ve
ark., 2018) ve 196.5-314.7 kg da! (Kadioglu ve Tan,
2018) arasinda tespit edilmistir. Ayrica 2012, 2013 ve
2014 yillarinda farkli ekolojik kosullarda ve bazi yem
bezelyesi cesitleri ile yapilan tescil denemelerindeki
raporlara gore c¢esitler arasinda, farkli ekolojiler
arasinda ve yillara goére tohum verimlerinde 6nemli
farklarin oldugu belirlenmistir. U¢ yillik rapora gore
cesitlere, farkli ekolojilere ve yillara goére yem
bezelyesi cesitlerinin tohum verimleri 43.2 kg/da ile
435.8 kg/da arasinda degismistir (Anonim, 2015).

Yil, ekim zamani ve ¢esit interaksiyonuna gore tohum
verimleri 85.8 kg dal ile 476.2 kg da! arasinda
degismistir. En yliksek tohum verimi 476.2 kg da! ile
2019 yilinda ilkbaharda 1. ekim olarak ekilen Kirazli
¢esidinde, en dusiik tohum verimi 85.8 kg da'! ile 2018
yilinda ilkbaharda 2. ekim zamani (EZ-2) olarak ekilen
Ozkaynak ¢esidinde tespit edilmigtir.

Saman verimi

Saman verimi lizerine yillarin etkisi 6nemli olmustur.
Arastirmanin ikinci yilindaki (2019 yil1) saman verimi
(284.0 kg da'1), birinci yildaki (2018 y1l1) saman verimi
(264.7 kg da')’nden daha yiiksek olmustur (Cizelge 8).
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Cizelge 7. Farkli yil, ekim zamani ve gegitlere gére yem bezelyesinin tohum verimleri
Table 7. Seed yield of feed peas according to different year, planting time and variety
Cesit (Q)
Yl (V) Ekim zamani (EZ) Gap Pembesi Kirazlh Ozkaynak Tagkent Yil Ort.
EZ-1 303.4+70.8¢d 299.8+39.7¢f 168.8+14.11 144.2+11.8ps
EZ-2 277.9+£15.5¢1 185.0+8.6kr 85.8+6.8s 237.6£17.8dn
2018-2019EZ-3 212.5+12.0ha 155.7+14.8vs 129.8+18.11s 166.5+21.4ms 908,127 96>
EZ-4 223.0+£13.4d» 194.6+16.7ir 227.0£17.2d0  203.7+36.9r B
EZ-5 190.9+13.2ir 300.6+16.0c¢ 192.4434.2ir 249.4+35.0¢1
EZ-6 191.3+6.9ir 301.0+30.4¢e 190.6+6.77r 162.8+20.3ms
EZ-1 278.9+22.0¢1 476.2+136.52 260.0+£13.2¢k 173.0+4.11r
EZ-2 218.1+£13.2fp 396.5+29.7ab 298.0+14.2¢¢ 173.8+£7.7tr
2019-2020 EZ-3 248.9+23.3¢1 265.1+£18.2ck 133.3+2.449s 127.3+7.3rs 938.7410.985
EZ-4 268.4+14.2¢i 323.5+54.4bc 218.6+8.7fp 173.6£14.5 ’ ’
EZ-5 229.0+£5.3d° 294.0+£16.8¢h 192.1+14.1i 220.1+3.3¢p
EZ-6 217.6+5.08p 240.6+7.8dm 151.245.40s 152.243.90s
Cesit Ort. 238.3+10.0P 286.1+33.02 187.3+£18.3¢ 181.9+13.6¢
EZ Ort LSD degeri ve Onemlilik
EZ-1 263.0+26.82 Y 17.3%*
EZ-2 234.1+£18.7ab EZ 30.0**
EZ-3 179.9+11.74 Y x Ez int. 42.5*
EZ-4 229.1+£12.0bc C 23.7*%*
EZ-5 233.5+10.53b Y x C int. 33.5%*
EZ-6 200.9410.8¢d EZ x C int. 57.9*%*
Y x EZ x C int. 81.9%*

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan baginda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,
**: P<0.01, *: P<0.05, aym harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.

Yapilan bir arastirmada yillara gore saman veriminde
onemli farklar oldugu ve iki yilin ortalamasina gére
saman veriminin 358.6 kg da! oldugu belirlemistir
(Cakmakac ve ark., 1999).

Ekim zamanlarina gore saman verimleri 228.2 kg da’!
ile 309.0 kg dal arasinda degismistir. Ilkbaharda
ekilen (EZ-1, EZ-2 ve EZ-3) yem bezelyelerinin saman
verimleri, sonbaharda ekilen (EZ-4, EZ-5 ve EZ-6) yem
bezelyelerinin saman verimlerinden daha yiliksek
olmustur. En yiiksek saman verimi 309.0 kg da! ile
EZ-1’de, en digiik saman verimi 228.2 kg da! ile EZ-
6’da tespit edilmisgtir.

En ylksek saman verimleri Gap Pembesi, Kirazh ve
Ozkaynak cesitlerinde sirasiyla 286.6 kg da'l, 284.4 kg
dal ve 275.9 kg dal olarak elde edilmis olup, bu
cesitler arasinda saman verimi yoninden 6nemli fark
gorilmemigtir. En diisiik saman verimi ise 250.4 kg da
1 jle Tagkent cesidinde belirlenmistir. Farkli ekolojik
bélgelerde yem bezelyesinin farkh cesitleri ile yapilan
arastirmalarda saman verimi 160-887 kg da? (Cacan
ve ark., 2018) ve 335-453 kg da! (Tan ve ark., 2012)
arasinda bulunmustur.

Yil, ekim zamani ve gesit interaksiyonuna gére saman
verimleri 158.7 kg da! ile 434.0 kg da! arasinda
degismigtir. En yiiksek saman verimi 434.0 kg da™! ile
2019 yilinda ilkbaharda 1. ekim olarak ekilen Kirazl
cesidinde, en diiglik saman verimi 158.7 kg da! ile
2018 yilinda sonbaharda 1. ekim zamam (EZ-4)nda
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ekilen Kirazlh ¢esidinde goérilmistiir.

Hasat Indeksi

Yilara gore yem bezelyesi hasat indeksinde 6nemli bir
degisim olmamistir. Denemenin birinci yilinda (2018
y1l1) hasat indeksi %43.8, ikinci yilinda (2019 yil1) ise
hasat indeksi %44.8 olarak gerceklesmistir (Cizelge 9).

Ekim zamanlarina gore hasat indeksleri %37.6 ile
%48.3 arasinda degismigtir. Ekim zamanlarina gore
hasat indeksinde oOnemli degisimler olmustur.
Sonbahar ekimi (EZ-4, EZ-5 ve EZ-6) yapilan yem
bezelyelerinin hasat indeksleri, ilkbahar ekimi (EZ-1,
EZ-2 ve EZ-3) yapilan hasat indekslerinden daha
yuksek olmustur. En yuksek hasat indeksi %48.3 ile
sonbaharda Kasim ay1 basinda (EZ-5) ekilen yem
bezelyelerinde, en diigiik hasat indeksi ise %37.6 ile
ilkbaharda Nisan ay1 basinda (EZ-3) ekilen yem
bezelyelerinde tespit edilmistir. Ekim zamanlarina
bagli olarak hasat indeksinin %45.4-56.8 arasinda
degistigi rapor edilmigtir (Demirci ve Unver, 2005)

Aragtirmada kullanilan hasat indeksi %39.8 ile %50.1
arasinda degismistir. En yiiksek hasat indeksi %50.1
ile Kirazlh ¢esidinde, en diisiik hasat indeksi ise %39.8
ile Ozkaynak cesidinde belirlenmistir. Farkli ekolojik
sartlarda yapilan denemelerde yem bezelyesi
cesitlerinin hasat indeksleri %30.0-41.0
(Timuragaoglu ve ark., 2004), %42.7-54.6 (Demirci ve
Unver, 2005), %30.7-51.5 (Sayar ve Anlarsal, 2008),
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%27.5-35.9 (Tan ve ark., 2012) ve %21.0-35.7 (Kadioglu

ve Tan, 2018) arasinda degismis olup cesitlerin hasat

Cizelge 8. Farkl yil, ekim zamani ve cesitlere gére yem bezelyesinin saman verimleri
Table 8. Straw yields of feed peas according to different year, planting time and variety

indeksi tizerine énemli etki yaptig1 belirlenmigtir.

Cesit (C)
Yl (Y) Ekim zamam (EZ) Gap Pembesi  Kirazh Ozkaynak Tagkent Yil Ort.
EZ-1 298.8+15.541 394.2+26.2ab 307.4+46.547 227.0+25.6v
EZ-2 312.2+23.441 249.7+£12.4ir 246.6+15.4kr 350.4+7.4b-e
2018- 2019 EZ-3 335.6+£24.4bg 326.0+17.6¢h 264.8+25.0rr 277.3+£38.18p 264,748 98b
EZ-4 299.7+6.841 158.7+5.3% 335.0+£25.7vg 264.5+26.6* ’ ’
EZ-5 226.7+7.9vv 174.3+44.2vw 250.8+28.0ir 273.8+28.5ha
EZ-6 181.2+24.8tw 166.7+£12.1vw 214.0+£22. 49w 219.3+22.6rv
EZ-1 271.2+17.7ha  434.0+29.32 305.0+8.7dk 234.74+21.1mu
EZ-2 313.3+20.241 280.2+24 .58 351.1+ 32.6¢° 186.0+16.0sw
2019-2020 EZ-3 341.2+27.1bf 376.5+25.7a¢ 209.1£15.9rw 221.44+11.90v 984.0+7 282
EZ-4 289.9+10.7em 329.0+£13.9¢h 315.8+£19.3d2 242.1+19.0s ) )
EZ-5 284.1+15.5fn 234.8+21.6mu  282.8+7.6in 270.1+£3.9h4
EZ-6 286.0+£12.4fn 289.7+10.1fm 229.3+5.6mu 239.3+£10.4!t
Cegit ort. 286.6+15.232 284.44+28.232 275.9+17.182 250.4+15.15b
EZ Ort LSD degeri ve Onemlilik
EZ-1 309.0+15.932 Y 9.9**
EZ-2 286.1+12.63P EZ 17.1%*
EZ-3 293.9+13.77ab Y x Ez int. 24.2%*
EZ-4 279.3+12.45P C 17.5%*
EZ-5 249.6+10.02¢ Y x C int. 24.7*%*
EZ-6 228.2+9.854 EZ x C int. 42.9%*
Y x EZ x C int. 60.6**

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan bagsinda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,

**:P<0.01, *: P<0.05, ayni harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.

Cizelge 9. Farkl yil, ekim zamamn ve gesitlere gore yem bezelyesinin hasat indeksleri
Table 9. Harvest index of feed peas according to different year, planting time and variety

Cesit (C)
Yl (V) Ekim zamani (EZ) Gap Pembesi Kirazh Ozkaynak Tagkent Yil Ort.
EZ-1 49.1+6.37d¢ 42.94£2.19hp 35.94£2.50rt 39.0+£1.340r
EZ-2 47.2+0.50e1 42.6+2.31v4 25.8+1.21v 40.3£1.35mr
2018-2019 EZ-3 38.8+£0.560s 32.2+1.00¢ 32.8+2.14st 37.6+0.72rt 43.841.14
EZ-4 42.6+0.87r4a 54.9+1.27bd 40.4+0.20mr 43.0+1.85¢r ) )
EZ-5 45.6+2.21em 64.4+4.332 43.2+£7.018p 47.4+1.25¢k
EZ-6 51.7+£2.77¢e 64.24+0.832 47.4+3.30¢k 42.5+3.674
EZ-1 50.7+0.33¢* 50.0+6.61¢f 46.0+0.96e'm 42.7+2.47vp
EZ-2 41.1+0.641r 58.6+0.482b 46.1+2.26e'm 48.4+1.13¢
2019-2020 EZ-3 42.2+2.40i9 41.4+1.35kr 39.1+£1.760™ 36.5+0.65%t 44.840.71
EZ-4 48.0+£2.23¢7 48.9+3.24dh 40.9+0.90m~ 41.8+0.98kr ) )
EZ-5 44.7+0.99fa 55.7+1.13bc 40.4+2.43mr 44.9+0.36f4
EZ-6 43.2+1.6087P 45.4+1.33fn 39.7+1.17nr 38.9+£1.570s
Cesit Ort. 45.4+1.55>  50.1+3.092 39.8+2.12d 41.9+1.30¢
EZ Ort LSD degeri ve Onemlilik
EZ-1 44.5+1.49> Y 1.726d
EZ-2 43.7+1.85P EZ 2.98**
EZ-3 37.6+0.83¢ Y x Ez int. 4.21%*
EZ-4 45.1+1.11P C 1.78%*
EZ-5 48.3+1.802 Y x C int. 2.52%*
EZ-6 46.6+1.732b EZ x C int. 4.37**
Y x EZ x C int. 6.18%*

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan baginda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,

**:P<0.01, *: P<0.05, ayn1 harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.
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Yil, ekim zamani1 ve gesit interaksiyonuna goére en
yiksek hasat indeksi %64.4 ve %64.2 ile 2018 yilinda
Kirazli ¢esidinin EZ-5 ve EZ-6 ekim zamanlarinda
ekilmesiyle, en dusiik hasat indeksi ise %32.2 ile 2018
yilinda 3. ekim zamaninda ekilen Kirazli ¢esidinde
tespit edilmigtir.

Bin tane agirlig:

Bin tane agirlign tizerine yillarin etkisi 6nemli
olmamistir. Arastirmanin birinci yilindaki (2018 yil1)
bin tane agirhig1 135.4 g, ikinci yildaki (2019 yil1) bin
tane agirhig1 133.2 g olmustur (Cizelge 10).

Cizelge 10. Farkl yil, ekim zamani ve gesitlere gére yem bezelyesinin bin tane agirliklar:
Table 10. Thousand grain weight of feed peas according to different year, planting time and variety

Cesit (C)
Yl (Y) Ekim zamani (EZ) Gap Pembesi  Kirazh Ozkaynak Tagkent Yil Ort.
EZ-1 146.0+9.13dh 137.6+7.59¢1 109.5+5.44ns 100.0+2.09rt
EZ-2 159.6+1.564 132.7+6.56¢1 96.6+£6.39st 110.8+6.48ms
2018-2019EZ-3 145.949.42dh 135.3+7.19¢k 103.0+1.440°s 102.4+8.03as 135.443.60
EZ-4 135.6+4.5017 153.94+10.164¢ 132.8+4.05¢1 119.1+£8.90k©° ’ ’
EZ-5 207.7+10.312 178.8+4.44b 127.0+£6.49vm 102.7+2.95ps
EZ-6 182.7+£8.80b 177.6£3.32b 131.844.2201 121.6+1.77
EZ-1 153.14+2.534de 153.8+9.964e 117.3+4.63%4 117.44+5.83%4
EZ-2 160.94+4.63¢d 146.1+3.974h 112.2+10.49ms  118.8+3.41lp
2019-2020 EZ-3 153.3+£11.52de 151.9+7.054f 114.6+3.72mr 85.2+5.21¢ 133.9492.90
EZ-4 144.94+0.92dh 148.5+6.59d¢ 119.9+4.71im 112.2+2.41 s ) )
EZ-5 176.0+3.74bc 152.5+3.514de 111.9+2.60ms 110.7+2.77ms
EZ-6 160.6+7.52¢d 154.94+0.38d 116.5+2.61%4 103.1+4.810"s
Cegit ort. 160.5+6.542 151.9+5.05P 116.1+3.87¢ 108.6+3.754
EZ Ort LSD degeri ve Onemlilik
EZ-1 129.3+4.49bc Y 4.36d
EZ-2 129.74+4,99bc EZ 7.5%%
EZ-3 123.9+5.51¢ Y x Ez int. 10.6**
EZ-4 133.3+3.46b C 4.7%%
EZ-5 145.9+7.692 Y x C int. 6.76d
EZ-6 143.6+5.932 EZ x C int. 11.5%*
Y x EZ x C int. 16.3*

EZ-1: Mart basinda, EZ-2: Mart sonunda, EZ-3: Nisan baginda, EZ-4: Ekim sonu, EZ-5: Kasim bagi, EZ-6: Kasim sonu, 6d: 6nemli degil,
*¥%:P<0.01, *: P<0.05, ayni harflerle gosterilen veriler arasinda fark istatistiksel olarak 6nemli degildir.

Ekim zamanlarina goére bin tane agirliklar: 123.9 g ile
145.9 g arasinda degismistir. Ilkbaharda ekilen (EZ-1,
EZ-2 ve EZ-3) yem bezelyelerinin bin tane agirliklar,
sonbaharda ekilen (EZ-4, EZ-5 ve EZ-6) yem
bezelyelerinin bin tane agirliklarindan daha disik
olmustur. En yiiksek bin tane agirhig 145.9 g ile EZ-
5de, en diisik bin tane agirhg 123.9 g ile EZ-3’de
tespit edilmistir. Yapilan arastirmalarda ekim
zamanlarina bagli olarak bin tane agirhiklarinin
énemli derecede etkilendigi belirlenmistir (Demirci ve
Unver, 2005; Alan ve Geren, 2012).

En yiliksek bin tane agirligi 160.5 g ile Gap Pembesi
cesidinde, en distk bin tane agirlhigi ise 108.6 g ile
Tagkent c¢esidinde belirlenmigtir. Yapilan birgok
arastirmada bin tane agirliklar: gesitlere gore 6nemli
miktarda degistigi belirlenmistir (Timuragaoglu ve
ark., 2004; Demirci ve Unver, 2005; Sayar ve Anlarsal,
2008; Sayar ve ark., 2009; Alan ve Geren, 2012; Tan et
al., 2012; Uzun ve ark., 2012; Kavut ve Celen, 2017;
Ozkése, 2017; Cacan ve ark., 2018).

Yil, ekim zaman1 ve ¢esit interaksiyonuna goére bin
tane agirliklar1 85.2 gile 207.7 g arasinda degismistir.

1324

En yuksek bin tane agirligr 207.7 g ile 2018 yilinda
sonbaharda ikinci ekim (EZ-5) olarak ekilen Gap
Pembesi ¢esidinde, en digiik bin tane agirlig: 85.2 g ile
2019 yilinda ilkbaharda ticiincii ekim zamani (EZ-3)
olarak ekilen Tagkent ¢esidinde gérulmustir.

SONUC

Bu arastirmada, Igdir ekolojik sartlarinda 2018 ve
2019 yillarinda 6 ekim zamaninda tohum amaciyla
yetigtirilen 4 yem bezelyesinin tohum ve saman
verimleri incelenmistir.

Yillara gore, bitkide bakla sayisi, baklada tane sayis,
saman verimi, tohum verimi ve biyolojik verimde
degisim  goézlenirken, incelenen diger verim
unsurlarinda o6nemli bir degisim olmamigtir.
Arastirmanin birinci yilina (2018) gore, ikinci yilinda
(2019) bitkide bakla sayis1, baklada tane sayisi, saman
verimi, tohum verimi ve biyolojik verim daha yluksek
tespit edilmigtir.

Ekim zamanlar1 yem bezelyesinin tohum verimi ve
verim  Ogelerini  6nemli  derecede  etkiledigi
belirlenmigtir. Yem bezelyeleri en erken
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olgunlagmalarim1 Nisan basinda yapilan ekimlerde
saglamiglardir. Sonbahar ekimlere gore, ilkbahar
tohum ekimlerinde baklada tane sayisi, saman verimi,
tohum verimi, biyolojik verim daha yiiksek olmustur.
Bitkide bakla sayis1 Ekim ay1 sonundaki (EZ-4)
ekimlerde, baklada tane sayis1 Mart ay1 basinda ve
Mart ay1 sonundaki (EZ-1 ve EZ-2) ekimlerinde,
saman verimi, tohum verimi ve biyolojik verim Mart
ay1 basinda (EZ-1) ekimlerde, hasat indeksi Kasim ay1
basindaki (EZ-5), bin tane agirlign Kasim ay1 basinda
ve Kasim ay1 sonundaki (EZ-5 ve EZ-6) ekimlerde
verim ve bazi verim unsurlar1 yonleriyle diger ekim
zamanlarina gore daha iyi sonuglar elde edilmigtir.

Incelenen tiim verim ve ozellikleri yem bezelyesi
cesitlerine gore oOnemli derecede farkhliklar
gostermistir. En erken olgunlagsma Ozkaynak ve
Tagkent cesitlerinde gorulmustiir. Bitkide bakla sayis1
Tagkent, Ozkaynak ve Gap Pembesi cesitlerinde,
baklada tane sayisi, tohum verimi, biyolojik verim ve
hasat indeksi Kirazli ¢esidinde, saman verimi Gap
Pembesi, Kirazli ve Ozkaynak cesitlerinde, bin tane
agirhigs Gap Pembesi cesidinde en 1yi degerlerine
ulagmistir.

Sonu¢ olarak bolge sartlarinda Kirazli ¢esidinin
secilmesi ve bu cesidin Mart ay1 basinda ekilmesi
durumunda daha yliksek saman, tohum ve biyolojik
verim elde edilecegi belirlenmigtir.
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ABSTRACT

Research Article

Most wastes generated during food production in the world are
released to nature. However, the target and non-target species take
these wastes into their organisms through nutrition although their
bioavailability is unknown. In this study, the aim was to determine
the bioavailability of wasted pumpkin seed membrane (PSM) for
species in nature through its effects on the Drosophila obesity model
along with the increased fat intake. For this purpose, either fat (20%)
and PSM (0-2 g) were added to the Drosophila melanogaster diet.
Survival-development, sex ratio, and adult lifespan were evaluated.
As a result, the survival rate decreased and development time
increased in insects depending on the amount of PSM added to the
food. In the study, fed with PSM and fat intake negatively affected the
insect in terms of survival-development and lifespan.

OZET

Diinyada gida tretimi esnasinda olusan atiklarin neredeyse bir¢cogu
dogaya birakilmaktadir. Cevre ve canlilar agisindan kullanilabilirligi
bilinmeyen trunlerin beslenme yoluyla organizmaya alinmasi hedef
ve hedef olmayan canlhilar acisindan énemlidir. Calismada hem atik
olarak kabak cekirdegi mebraninin (KCM) cevre ve dogada yasayan
turler agisindan kullanilabilirligi, hem de artan yag alimi ile obezite
modeli olarak kullanilan Drosophilada etkinin Dbelirlenerek
cikarimlar yapilmasi amaglanmigtir. Bu amacgla Drosophila
melanogaster diyetine yag (%20) ve KCM (0-2 g) eklenmistir. Bocekte
yasama-gelisme, esey orani ve ergin Omur uzunlugu
degerlendirilmigtir. Sonug olarak besine ilave edilen KCM miktarina
bagli olarak boceklerde yasama orani azalirken, gelisim slresi
artmigtir. Calismada beslenmeyle KCM ve yag alinmasi bocegi
yasama-gelisim ve 6miir uzunlugu agisindan olumsuz etkilemigtir.
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INTRODUCTION

Worldwide, pumpkin is cultivated for food (vegetable-
nuts) industry, cosmetic industry, animal nutrition,
and medical use (oil industry) (Tuncer and Yanmaz,
2011). When examining international cuisine,
pumpkin has a wide range of uses in Turkish and
regional cuisines. This crop is used extensively,
especially in the kitchens of the regions as ingredient
from soup to dessert (Cesur and Avcikurt, 2019; Giileg
and Durlu Ozkaya, 2019; Kahraman et al., 2019). In
Turkey, it is observed that the pumpkin cultivation is
growing for nut pumpkins production. In particular,

the reasons for this increase of cultivation in recent
years are low production costs and longer seed storage
time (Altinok et al., 2019). Pumpkin seeds (Cucurbita
pepo L.) are known to be nutritious and beneficial for
health because of being rich in protein, fiber, vitamins,
and minerals such as iron, zinc, calcium, magnesium,
and copper (Syed et al., 2019; Valdez-Arjona and
Ramirez-Mella, 2019; Alshehry, 2020). Pumpkin seeds
and its o1l are used in herbal medicine for the
treatment of different diseases. Some studies show
their positive effects on diseases such as diabetes, high
cholesterol, liver functions, gallbladder, prostate
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gland, depression, and gastrointestinal parasites (Syed
et al., 2019; Valdez-Arjona and Ramirez-Mella, 2019;
Alshehry, 2020; Majid et al., 2020). The wastes
generated in food production from the agricultural
origin are often used as animal feed or disposed
(Konca, 2014; Yanmaz, 2014). Pumpkin seed is
surrounded by a soft shell and a natural membrane. It
is known that this natural membrane has the potential
to pollute the environment after the seeds are roasted
(Cankaya and Ozcan, 2017; Syed et al., 2019; Alshehry,
2020). Nuts with a high rate of waste formation are
pumpkin seeds, pistachios, hazelnuts, almonds,
carobs, peanuts, and sunflower seeds (Giiltepe and
Bayram, 2019; Valdez-Arjona and Ramirez-Mella,
2019; Gultekin Ozgiiven et al., 2020). As the nuts
industry wastes contain some nutrients required for
animal, the objective of this study aimed to evaluate
the use of PSM. The PSM is surrounded by a thin
membrane-coating separated from the core during
roasting. It cannot be used in human and animal
nutrition in contrast to the other plant seed wastes.
According to recent studies, these membrane
structures are powdered with a special application and
found to be available as natural additives in the
clothing and paper industries. This substance has high
water retention properties, which makes PSM usable
(Cankaya and Ozcan, 2017). Most bioactive
phytochemicals are found in the outer shell of the seed
(Liu et al., 2014). Thus, in this study, it was aimed to
test the bioavailability of pumpkin seed membrane
(PSM) in an animal model. In nutritional research, the
fruit fly Drosophila melanogaster Meigen is used as an
important model organism. This fly is fed by a daily
standard diet that includes glaze or potatoes, yeast,
sugar sucrose, fungicide, and agar. The number of
replicates has no ethical concern, its easy supply and
cultivating in laboratory conditions make it the
preferred model. To perform studies on diseases such
as obesity and diabetes, which are the result of poor
nutrition today, necessary research can be done by
adding the desired products (high-fat diet, high sugar
diet, etc.) to the standard diet (Liiersen et al., 2019;
Pocas et al., 2020). This study also evaluated the effect
of feeding with PSM on the model organism’s
development and lifespan. Besides, the use of PSM in
the laboratory was tested by using its water retention
capacity. As recycling has become an important issue,
this study also aimed to determine whether the PSM
can be disposed of in the soil.

MATERIAL and METHOD

In this study, commercial (Pmnar Nuts Products,
Nevsehir type, pointed pumpkin) PSM produced in
2018-2019 was used by adding to the standard insect
diet (SD) without freezing and after sterilization (30-
40°C) and removal of rough parts. The flies used in the
experiments were the White type (W29 strain of D.
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melanogaster (Drosophilidae). This stock had been
maintained for five years in the Laboratory. The flies
were kept at a constant temperature of 25 + 2°C on an
SD composed of potato flour, sucrose, dried yeast, agar,
nipagin, and vitamin C (Giines, 2016). The flies were
kept in 12 hours at the light and 12 hours at darkness
except during the transfers onto a fresh medium
(usually once weekly). The humidity of the
experimental chamber was 70-60%.

Experimental Design

In this study, for a High-fat diet (HFD), palmitic acid
was dissolved within Tween-80 (1%) and added 20% to
the hot SD (Sun et al., 2010). HFD groups were added
to experiments because of the increased fat intake in
non-target organisms such as humans. Similar to the
previous study (Giines and Bicer Bayram, 2019), the
upper and lower limits of PSM use were determined.
The six different amounts of PSM (0.05, 1 and 2 g) were
added to 100 ml of SD. All of the experiments were
carried out under conditions where the stock culture of
insects was grown. From the culture, the females and
males (5 virgin/7 male; N: 100/each of trials) with the
same age were used for experiments, they mated and
the eggs were collected after six hours. The culture
vials containing only the SD were used as negative
control; high fat containing diets were used as a
positive control (PC). Firstly, newly 1st stage larvae
(72 hour, N: 100) were grown up to the adult stage by
inoculating on the experimental pattern. The larvae of
the insect were grown up to the adult stage with the
PSM in different concentrations and the
developmental stages were followed daily. After
pupation, pupae were removed, offsprings were
counted every day, and sexes were determined by
Stereomicroscope (SZ61, Olympus, C3X33, Japan).
Secondly, the same age mated adults were raised in the
vials including SD, PSM, and PC. The effects of PSM
on longevity were studied separately in 25 females and
25 males, which were grown in the experimental
nutrients. Foods were replaced with fresh ones twice a
week, and dead-alive adults were recorded. The
experiment was conducted until the last fly died. The
experiments were repeated 4 times in thermal cabins
(Colak et al., 2014).

Statistical analyses

One-way Variance Analysis (ANOVA; SPSS version
18.0, Inc., Chicago, IL, USA) and LSD tests were used
to determine the importance of the difference between
averages. Survival rates and longevity were analyzed
by the Chi-square test. The longevity values of the
experimental groups were subjected to Duncan's one-
way range test (P<0.05).

RESULTS

The development, sex ratio, and longevity data are
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presented in the table below (Table 1; Figure 1). As
data were evaluated in pupae fed by PSM, the highest
survival ratio was obtained in pupae fed with 0.05 g
PSM (99.5%). It was observed that increasing the rate
of PSM (1 and 2 g) reduced the rate of larval survival
or even reduced the lethal concentration below 50, and
this decrease cannot be prevented by adding PSM with
the HFD added to the feed. In larval developmental
times; although only PSM additions were statistically
very similar compared to control, it was found that the
development of the insects fed with the HFD group
increased 2-fold, and with the addition of PSM, the
developmental time extended 3 times of the normal
developmental time (approximately 12days) (Table 1).
The survival rate in the pupal period was found to be
100% in 0.05 g PSM, 70% at 1 g and 20% at 2 g. These
rates changed with HFD and the rate of pupae
decreased from 70% in 1 g PSM to 50% with the
addition of HFD to the feed. In terms of the

developmental time of being pup; contrary to what was
observed in the larval phase, the addition of PSM
extended the pupal development period and even
reached 3-3.5 times the duration with the addition of
HFD and PSM to the feed (Table 1). While the rate of
adult life in the group fed with 0.05 g PSM was around
99%, its increased amount in the feeding (2 g) was
found to reduce the survival ratio by 4.5 times. With
the addition of HFD to the feed, the survival rates of
adults remained the same when 2 g PSM was added.
When adult development times were evaluated, they
were extended 3-4 days with PSM addition, 5 days with
HFD addition, and approximately 11 days in the adult
when both were added (Table 1). Although the change
in sex ratio was not statistically different between
PSM and the other groups, the proportion of male
individuals in HFD-fed insects was greater than the
proportion of females (Giines and Bicer Bayram, 2019).

Cizelge 1. Kabak cekirdegi membrani1 (KCM) ile olusturulan besin gruplarinin D. melanogaster yasama, gelisim

ve cinsiyet oranina etkisi

Table 1. Effect of nutritional groups formed with pumpkin seed membrane (PSM) on D. melanogaster survival,

development time and sex ratio

Survival to  Time to Survival Time to Survival to Time to adult Sex ratio (%)

third third instar to pupal pupal stage adult stage stage (days) Female/Male
(g/L) instar (%) (days) stage (%)  (days) (%)

M*£S.E) (M*+S.E) M*£S.E) (M*+S.E) (M*+ S.E) (M*+ S.E) (M*+ S.E)
Control 98.8+0.12  3.81 +0.22b 90.8+0.12 4.80+0.22 80.4 + 0.2b 7.35+0.12 55/54+0.54
HFD 40.3+ 1.7 6.57 +2.2¢ 40.0 £ 0.8¢ 9.14 £ 0.5¢ 40.0 + 2.3¢ 12.75£0.2¢c 26/74+0.42
PSM 0.05g/L 99.5+0.12 4.4+0.2b 99.5+0.12 7.8+ 0.2p 99.5 + (.22 10.8 +0.1b 50/50+0.5¢
PSM 1 g/L 70.0£0.1» 4.7+0.2> 70.0 £ 0.1P 8.4 + 0.2bc 70.0 £ 0.2b 10.7+£0.1b 43/57+0.5P
PSM 2 g/L, 20.0£0.1¢ 3.0+0.22 20.0 +0.1d 8.0+ 0.2P 20.0 + 0.2d 11.5+0.1¢ 50/50+0.5¢
PSM 0.05g/L+HFD 71.3+1.8> 7.8+0.2¢ 70.5 £ 2.1b 11.0 +0.24 70.3 £ 2.1b 14.3 £ 0.44 50/50+2.1¢
PSM 1 g/l + HFD 51.3+1.8c 10.3+0.24 50.5 £ 2.1¢ 13.1 £0.4¢ 50.3 £ 2.1¢ 16.3 + 0.4¢ 50/50+1.73¢
PSM 2 g/LL + HFD 21.0+1.8 11.8+0.2¢ 20.5 + 2.14 15.3 £ 0.4f 20.0 + 2.14 18.3 + 0.4f 50/50+1.29¢

*Average of four replicates, 100 larvae used for each repeat,

abedef Values within a row with different superscripts differ

significantly at P<0.05 (32 test, LSD Test), Control: Standard insect diet, M: Mean, HFD: Hihg-fat diet (20%), PSM: Pumpkin

seed membrane, S.E (Standart Error)

Cizelge 2. Kabak cekirdegi membrani (KCM) ile olusturulan beslenme gruplarinin bécegin émiir uzunluguna etkisi
Table 2. The effect of feeding groups formed with pumpkin seed membrane (PSM) on the lifespan of the insect

Female

Male

Female life span Male life span

(/L) Max. Life Span (days) Max. Life span (days)

(N:100) (M. £ S.E) (N:100) (M. + S.E)
Control 62.5 60.0 £+ 1.22 65.0 62.0+ 1.52
HFD 21.5 18.0+ 1.6b 18.5 18.0 £ 0.3b
PSM 0.05¢g/L 43.0 43.0£0.1¢ 43.0 43.0 £ 0.1c
PSM 1 g/LL 62.5 60.0 £+ 1.22 59.5 58.0+ 0.62
PSM 2 g/LL 60.5 60.0+ 0.32 60.0 60.0+ 0.1
PSM 0.05g/LL + HFD 18.0 18.3+£0.1b 18.0 18.3+£0.1b
PSM 1 g/ + HFD 39.0 20.0 + 1.0b 36.0 20.0 £ 0.8>
PSM 2 g/L. + HFD 18.3 18.0+ 1.0b 18.3 18.0 £ 1.0P

abedefValues within a row with different superscripts differ significantly at P<0.05 (Duncan test), Max=Maximum, Control:

Standard insect diet, M: Mean, HFD: Hihg-fat diet (20%), PSM: Pumpkin seed membrane, S.E (Standart Error)

As for females, while the control group is statistically
similar and had near-average longevity compared to

groups fed with 1 and 2 g PSM, HFD was found to
negatively affect the length of life and reduced it
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approximately 2-3 times. In the PSM and HFD group,
it was determined that there were individuals between
18-20 days old and that the length of life decreased by
3% compared to other groups without changes in male
and female ratio (Table 2). If the longevity of male

70 + Female 70 Male

- . |
50
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20 s
n
]

Control HFD PSM PSM
005g 1g

PSM PSM PSM EPSM
2 005z 1g

2 003g 1g
HFD HFD HFD

lg

2=
< E

individuals was evaluated, similar results occurred in
females, but the maximum longevity of males fed with
fat and 1 g PSM was 3 days shorter than females
(Table 2; Figure 1).

- £y

*i

Control HFD PSM PEM PEM  PESM PEM PEM

1
~E
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Sekil 1. Kadinlarin ve erkeklerin ortalama émiir uzunlugu (giin); * P <0.05, ** P <0.01,
Figurel. The average life span of females and males (days); *P<0.05, **P<0.01,

DISCUSSION

Under normal circumstances, the rate of survival of
Drosophila melanogaster can be as low as 98% in
larvae and up to 80% in the development of the adult
stage. The duration of development is about 7-8 days
in total from larvae to adults (Giines et al., 2017). In
the study, it was determined that 2 g PSM prevented
the development of the insects, decreased the rate of
survival with the addition of HFD, and delayed the
developmental period by 3-3.5 times in 18 days. This
experiment was designed in line with the increased
prevalence of obesity and fat intake in humans.
Studies with Drosophila species showed that
Cucurbita pepo L. led to 79% survival (Goii et al.,
1998). Nutrients and their ingredients can reduce or
increase the rate of survival (Giines, 2016). Palmitic
acid, especially used in HFD, is known to negatively
affect the development of life (Giines et al., 2019).
Feeding with a low amount of PSM increased the
survival rate by approximately 5% compared to control
group, and addition of PSM to the HFD caused a 14%
decrease in the survival rate of adult insects. In the
developmental period of the same individuals fed with
0.05 g PSM, the duration of adultness increased by
approximately 3 days compared to control, while the
duration of development increased by 6 days tol14 days
in those fed with fat-added diet.

In the study, there was no significant difference in sex
ratios except for those fed HFD although nutrition
affects sex ratio (Giines et al., 2019). Research on
nutrition and photoperiods supports the results of the
present study (Ko¢ and Giilel, 2006). However, while
some nutrients increase the female ratio (Giines et al.,
2019), sometimes an increase in the male ratio can be
observed (Arica et al, 2017). Since sex ratio
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determines the population density, amount, and
variety of nutrients affect the survival, reproduction,
and egg-laying of the species, thereby directly
influence population size (Kog and Giilel, 2006).

The addition of HFD to the diet causes the larvae to
become a gel and remain small, which decreases the
percentage of survival, but the nutrients taken during
the larval period are known to affect survival, adult
size, and rate of development (Chippindale et al.,
1997). In insects, environmental factors such as stress,
temperature, climate, light, nutrition, humidity as
well as genetic factors such as mutation or inter-
species diversity affect life longevity and aging (Carey
et al., 2002; Cakir and Sarikaya, 2004; Uysal et al.,
2015). Population density affects body size and
maturity, while maturity affects the length of life in
individuals (Benli and Tiirkoglu, 2017). Therefore, in
this study, life-longevity experimental groups were
designed where only the nutrition varied among
groups. Under normal circumstances, the life length
of female and male individuals can vary between 60-80
days (Uysal and Semerdoken, 2011; Uysal et al., 2015).
In this study, it was determined that females lived an
average of 62 days and males lived about 65 days, and
these lengths were not affected by the addition of PSM
to the diet. However, with HFD added to the diet, it
was determined that the life span was shorter 47 days
in individuals, the addition of PSM did not affect the
longevity (Table 1). Although it is known that under
normal circumstances males live longer than females
(Lints et al., 1983; Good and Tatar; 2001; Ko¢ and
Giilel, 2006), in this study females live a day or two
more when the average days of life were compared
between males and females. Similar nutritional
experiments with different herbal extracts (Colak et
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al., 2014) support in this study results of female and
male life longevity in the study. Factors such as dietary
content, egg formation, and early maturation are
thought to be the factors that reduce the length of life
of females (Prowse and Partridge, 1997; Good and
Tatar, 2001; Arking et al., 2002; Novoseltsev et al.,
2003). In this study, there was a negative correlation
between PSM+HFD and lifetime in female and male
individuals (R=0.110 for males and R=0.180 for
females).

CONCLUSION

Vegetable wastes are either re-used as animal feed or
disposed, with or without processing, directly or
indirectly to nature. In this study, the effects of PSM,
which is known to cause discomfort in the lungs of
animals when taken through inhalation, were
investigated to determine whether swallowing/eating
would cause similar negative outcomes. Only the
addition of PSM at a low amount (0.05 and 1 g) to the
diet was determined not to adversely affect the
development of the insects and their longevity.
However, the intake of PSM together with HFD
prevented the formation of eggs, reducing the
population density and survival-development. PSM,
which can hold water, is considered not to be available
in the laboratory due to usage limitation at low
amounts (g/L) and a high amount of toxic properties.
Detailed studies are needed to evaluate its safe use as
animal feed. With this approach presented in this
study, the basis for advancing studies is thought to be
established.
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olusan degisiklikler, sinir sistemi ve endokrin sistemin gorev aldigi

fizyolojik olaylar sonucu meydana gelmektedir. Purkinje hiicreleri, Anahtar Kelimeler

merkezi sinir sisteminin en iri hiicrelerindendir. Bu hiicreler, tavuk
embriyosunun ilk giinlerinde beyincik korteksine go6¢ edip,
kendilerine ait hiicre tabakasini meydana getirmektedirler. DNA’nin
rRNA sentezleyen genlerini iceren ve nukleolusu olusturan bolgeleri,
nukleolus diizenleyici bélgeler (NOR) olarak adlandirilmaktadir.

Civciv beyincigi

Purkinje hiicresi

NOR (Nukleolus Diizenleyici
Bolgeler)

Luxol fast blue&Cresyl violet

NORlarin giimiisleme metoduyla (AgNOR) aktif olarak
transkripsiyon yapan bolgelerinin boyanmasi sirasinda rRNA
bolgeleri de boyanarak, 1sik mikroskobunda kiicik, koyu benekler
halinde gorunmektedirler. Bu ¢alismada; etlik ve yumurtaci damizlik
yumurtalarina kulugkada uygulanan ginliik déngiisel aydinlatmanin
(16 saat aydinlik/8 saat karanlik) beyincikte Purkinje hiicrelerinde
hem histolojik (Iuxol fast blue & cresyl violet) hem de bu hiicrelerin
nukleus cap ve alanlar1 ile NOR alanlar1 (AgNOR giimiis boyama
yontemi ve istatistiksel analiz) iizerine etkisi incelenerek ileride
yapilacak olan benzeri calismalara temel veriler saglanmas:
amaclanmistir. Kuluckada aydinlatmanin kontrol grubuna gore etlik
civcivlerde Purkinje hicrelerinde nukleus alami ile NOR alanini,
yumurtacilarda ise nukleus capimi artirdigr saptanmistir. Sonug
olarak, kuluckada aydinlatmanmin etlik civcivlerde Purkinje
hiicrelerinde  protein  sentezini  artirdig: dolayis1  1ile
sitoplazmalarindaki protein miktarinda artisa bagh olarak nukleus
alaninin genigledigi yargisina varilmagtir.

AgNOR

The Comparasion of Some AgNOR Parameters of Purkinje Cells in The Laying and Broiler Chicks
Exposed to Daily Cyclic Lighting During The Embryonic Period

ABSTRACT
Lighting, in modern poultry breeding, is one of the most important
factors affecting the physiology of birds, including reproduction,

Research Article

Article History

growth, body temperature, feed consumption and digestion, also plays Received ©23.12.2020
an impressive role in metabolic events in the body. Changes caused by Accepted ©11.02.2021
lighting occur as a result of physiological events associated with the
nervous system and the endocrine system. Purkinje cells are one of Keywords

Chick cerebellum

the largest cells of the central nervous system. In the early days of the
chicken embryo, these cells migrate to the cerebellum cortex and form
their own cell layer. The regions of DNA that contain rRNA-

Purkinje cell
NOR (Nucleolar Organizer

synthesizing genes and form the nucleolus called Nucleolar Organizer iegi(ir}s) blue&C L viol
Regions (NOR). During the staining of actively transcribing regions of AuXNOORa i [e et Uineen). viclet
g

NORs with the silvering method (AgNOR), the rRNA regions are also
stained and appear as small, dark spots under light microscope. This
study aimed to determine the effect of 16 h light:8 h dark lighting
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during incubation on histology, nucleus diameter, areas of these cells
and NOR areas of the Purkinje cells of the cerebellum of chicks to
provide basic data for similar studies to be carried out in the future.
The results showed that lighted incubation increased nucleus areas
and NOR areas of the Purkinje cells of the broiler chicks compared to
control and increased nucleus diameters of laying chicks. It was
concluded that, lighting during incubation increased protein synthesis
in the Purkinje cells of broiler chicks and the amount of protein in
their cytoplasm resulting in an increase in nucleus area.
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GIRIS

Kanatli sinir sistemi de memelilerde oldugu gibi
ektodermden koken alir. Kanalis ndralisin 6n ucunun
kapanmasi ve gelismesiyle beyin vezikiili ya da beyin
kabarcig1 sekillenir. Ensefalon adim1 alan bu yapinin
bogumlanmasi ile meydana gelen rombensefalon (arka
beyin), 72 saatlik tavuk embriyosunda, morfolojik
olarak metensefalon (art beyin) ve miyelensefalon (son
beyin) olmak {izere ikiye ayrilmistir. Embriyonik
donemin sonuna dogru dorsal metensefalik bolgeden
ise beyincik gelisir. Beyincik; sag ve sol serebral
hemisferler (yarikiireler), ortada iki yarikiireyi
baglayan vermis serebelli ve hemisferlerin dis
yuzeyindeki folya adi verilen derin kivrimlardan
meydana gelmektedir. Beyincik hasarlari, ince motor
becerilerin kaybi ile iligkilidir. Bu sebeple, beynin
motor merkezi olarak kabul edilen beyincik dengeyi
saglamak ve kas hareketlerini koordine etmek gibi
énemli islevlere sahiptir (Herrup ve Kuemerle, 1997;
Koral-Tasc1 ve Bingsl, 2018).

Gelisimini tamamlamis bir beyincik, korteks (gri
madde) ve medulla (ak madde) olmak iizere iki
tabakadan olusmaktadir. Korteks tabakasi, tekrar tg
tabakaya ayrilir. Bunlar distan ice dogru; en az hicre
sayisina sahip olan molekiiler tabaka (stratum
molekiilare), ortada Purkinje hiicreleri ile bunlar
cevreleyen sepet hicrelerinden olusan Purkinje
hiicresi tabakas1 (stratum gangliosum) ve icte en
yogun hiicre popililasyonuna sahip olan graniler
tabaka (stratum graniilosum)dir (Koral-Tasci ve
Bingsl, 2018; Ober ve Turgay-Izzetoglu, 2020). Biitiin
bu korteks tabakalari; 8 tip néron (Purkinje hiicreleri,
Lugaro hiicreleri, sepet hiicreleri, unipolar fir¢amsi
hiicreler, yildiz hiicreleri, Candelebrum hiicreleri,
Golgi hiicreleri, graniiler hiicreler), gliya hiicreleri, bu
hiicrelerin uzantilari ve kan damarlarini igermektedir.
Medulla tabakasinda ise néron bulunmaz. Beyincigin
genel histolojik yapisinin kulucka c¢ikigindan sonra
tamamlandig1 bilinmektedir (Akar ve Sur, 2010;
Koral-Tasc1 ve Bingol, 2018).

Purkinje hiticreleri, merkezi sinir sisteminin en iri
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hiicrelerindendir. Bu hiicreler, tavuk embriyosunun 3.
ve 5. giinleri arasinda sekillenmeye baglar ve beyincik
korteksine goc¢ edip, kendilerine ait hiicre tabakasini
(stratum gangliosum) meydana getirirler. Yapilan
calismalarda, 13. giinde Purkinje hiicrelerinin ti¢ sira
halinde dizildigi ve altlarindaki grantiler tabakanin
henliz tam diizenlenmedigi; 17. gunde ise, Purkinje
hiicrelerinin tek sira halinde diizenlendigi ve
molekiiler tabakanin belirginlestigi bildirilmigtir
(Espinar ve ark., 1997; Luo ve ark., 2004; Akar ve Sur,
2010). Purkinje hiicreleri beyincigin tek eferent
hiicreleridir. Asir1 dallanma goésteren dendritleri
molekiiler tabakaya uzanirken, aksonlar1 ise
medullaya kadar ulasarak orada yer alan noéronlarin
nukleuslar:1 ile baglanti kurup iletimi saglamaktadir.
Purkinje hiicreleri sitoplazmalarinda bol miktarda iri
Nissl tanecikleri icermektedirler (Akar ve Sur, 2010;
Karol ve ark., 2010; Kandel ve ark., 2013).

Aydinlatma, modern tavuk yetistiriciliginde; tireme,
bluytume, vicut sicakligi, yem tiiketimi ve sindirim
olaylar1 da dahil olmak tzere bir¢ok metabolik olaya
etki eden unsurlardan biridir. Isik, kanatlilarda
retinal ve ekstra retinal bdélgelerdeki fotoreseptor
hiicreler tizerinden algilanarak hipotalamus ve hipofiz
bezini harekete gecirmekte boylece biiytime, cinsel
olgunluk ve yumurta verimini etkilemektedir (Lewis
ve  Morris, 2006). Kontrolli  aydinlatmayla
kanathilarda olusan degisikliklerin, sinir sistemi ve
endokrin sistem arasindaki fizyolojik olaylar sonucu
meydana geldigi diistiniilmektedir. Diisiik yogunlukta
strekli aydinlatilan piligler daha uysal olmakta ve
gesitli uyaric1 aydinlatma programlarina maruz kalan
piliclere gore daha az hareket etmektedirler
(Kristensen ve ark., 2006). Piliclere karanlik dénem
saglayan programlarin ise fizyolojik stresi azalttigi,
bagisiklik yanitini iyilestirdigi, uyuma davranigini
diizenledigi, hayvanlarin hareketliligini arttirdigi ve
hizli gelisme sonucu olusan ani 6limleri azalttigi
gosterilmistir (Bayram ve Ozkan, 2010; Prescott ve
ark., 2004; Schwean-Lardner ve ark., 2016). Bu
kapsamda basta AB olmak tizere bazi lilkelerde pilig
uretimini diizenleyen yasalar, tiretim dénemi boyunca
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4 saati kesintisiz olmak tlzere en az 6 saatlik bir
karanhk periyodu zorunlu kilmistir (Schwean-Lardner
ve ark., 2016). Piliclere karanlk periyotlarin
sunulmasi ile ortaya cikan olumlu etkilerin, gece
karanlhiginda salinimi artan melatonin hormonu ile
iliskili oldugu bildirilmistir (Kliger ve ark., 2000).
Tavuklara, embriyo déneminden itibaren 6 saatin
tzerinde karanlik dongii igeren bir aydinlatma
programinin, yumurtadan ¢ikis sonrasinda stres
etmenlerine uyumu arttirdigi, gelismeyi ve refahi
olumlu etkiledigi saptanmistir (Archer ve ark., 2009;
Ozkan ve ark., 2012). Ote yandan Riedstra ve
Groouthuis (2004) embriyo doénemi aydinlatmanin
civeivlerin ¢ikis sonrasi davramiglarinda degisiklik
olusturdugunu ve aydinlatma yapilan gruplarda tiy
gagalama davraniginin arttigin1  saptamiglardir.
Benzer sekilde Dayioglu ve Ozkan (2013) kulucka
déneminde aydinlatma uygulamasi ile etlik civcivlerin
erken yasta (2 haftalik) daha hizli gelistigini, yem
tiketim ve sosyal gagalama davraniglari sergileme
sikliginin daha yiliksek oldugunu ve korkaklikla iligkili
davraniglarin ise azaldigini bildirmistir. Bu nedenle
fizyolojik ve davramigsal degisiklikler ile sinir
sisteminin  aktivite ile iligkilendirilen beyin
bélgelerindeki hiicrelerin gelisimi arasindaki iligki
arastirmaya deger niteliktedir.

Ote yandan sirkadiyen salimm gésteren melatonin
hormonunun salgilanma ritminin (aydinlikta diisiik,
karanlikta yiiksek) erken olusmasi da gelisme ve
davranmigsal degisikliklerle iligkilendirilebilmektedir
(Kozanoglu, 2010; Ozkan ve ark., 2012).

Hiicrede ribozomal alt birimler nukleolusta
sentezlenmektedir. Okaryotik ribozomal RNA’lari
sentezleyen  genler, canli  tirlerinde  belirli
kromozomlarda yer alirlar. Bu kromozomlarin
ribozomal RNA (rRNA) sentezleyen béliimleri,
interfazdaki bir hiicrenin nukleusunda Dbelirli
bélgelerde toplanarak koyu bolgeleri olustururlar.
Buna gére DNAnin rRNA sentezleyen genlerini iceren
ve nukleolusu olusturan bolgeleri nukleolus
diizenleyici bélgeler (Nucleolus Organizer Regions
veya NORs) olarak adlandirilmaktadir. rRNA genleri
protein sentezinde 6nemli rol oynamaktadir. Bundan
dolay1 NOR’larin sayilar1 ve gorinimleri hicrelerin
nikleer aktivitesini ve ribozom yapim ve protein
sentez hizina bagl olarak, hiicre ¢ogalma hizim
yansitir (Treré, 2000; Kus ve ark., 2003; Aydin ve
Celik, 2005; Akar ve Sur, 2010). Tiirler arasinda
kromozom sayis1 bakimindan farklar oldugu gibi NOR
iceren kromozom sayisi ve hiicrelerdeki AgNOR
(NORar ile etkilesimde bulunan ve giimiisle boyanan
proteinler) sayilar1 bakimindan da farklar vardir (Sur
ve ark., 2003; 2011). Ornegin, tavuk genomu 9 c¢ift
makro ve 30 ¢ift de mikro-kromozom olmak tizere
toplam 78 kromozomdan olugsmakta; NOR sayis1 da 2
olup, bunlar 16 numarali mikro-kromozom ¢ifti
tizerinde yer almaktadir (Masabanda ve ark., 2004).
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AgNOR’larin  nukleustaki  lokalizasyonlar1  ve
yerlesimleri de farkli olabilmektedir. Bu durum,
nukleusun yapis1 ve aktivitesi ile ilgilidir. Ozellikle
merkezi sinir sistemindeki néronlar, buytklik ve
dolayisiyla da nukleus buyuklikleri bakimindan
birbirlerinden olduk¢a farkli hiicreler olduklar: igin,
AgNOR yerlesimleri de bu hiicrelerde farkhiliklar
gostermektedir (Giindiiz ve Oznurlu, 2014; Akbulut ve
ark., 2015).

Hiicre nukleusunda NOR’larin giimiisleme metoduyla
boyanmasi, basit ve ucuz olmasi nedeniyle son yillarda
sitogenetik calismalarda siklikla tercih edilen 6nemli
bir yéntemdir (Aydin, 2004). Giimiisleme metoduyla
aktif olarak transkripsiyon yapan NOR bélgelerinin
boyanmas1 sirasinda rRNA bélgeleri de boyanarak,
151k mikroskobunda kii¢iik, koyu benekler halinde
goriinmektedirler. Glimiis boyama ile bu bolgelerdeki
asidik proteinik yapilar (AgNOR) boyanmaktadir (Kus
ve ark., 2003; Aydin ve Celik, 2005).

Bu calismada; yumurtact ve etlik damizlik
yumurtalarina kuluckada aydinlatma uygulamasi ile
civeivlerin  beyinciklerindeki Purkinje hiicrelerinde
histolojik ag¢idan ve bu hiicrelerin nukleus cap ve
alanlar:1 ile AgNOR alanlar1 bakimindan herhangi bir
farkliigin  olup olmadigini belirleyerek, ileride
yapilacak olan benzeri c¢alismalara temel veriler
saglanmasi amaclanmagtir.

MATERYAL ve METOD
Etik Onay

Calisma, Dokuz Eylil Universitesi Tip Fakiiltesi
Hayvan Deneyleri Yerel Etik Kurulu tarafindan
59/2013 Protokol numarasi ile onaylanmisgtar.

Hayvan Materyali

Calismada Hyline Brown genotipe sahip yumurtaci ve
Ross 308 genotipe sahip etlik damizliklardan elde
edilen 576’sar adet toplam 1152 adet yumurtadan elde
edilen civcivler kullanilmigtir.

Gruplarin Olugturulmasi

Her genotipe sahip yumurtalarin yaris1 Victoria Combi
Model T 12+H marka kulugka makinesinde optimum
kulucka kosullarinda ve karanlikta inkiibe edilirken
(kontrol grubu); diger yarisi ise yine optimum kulucka
kogullarinda ancak bu defa gunlik 16 saat
aydinlatmanin  uygulandigi  (aydinlatma grubu)
sartlarda inkiibasyona birakilmigtir.

Aydinlatma Uygulamasi

Gunlik 8 saat karanlik sartlarda inkibe edilen
deneme grubundaki yumurtalar giiniin geri kalan 16
saatlik diliminde 150-200 Lux arasinda degisen 1s1k
siddeti olusturulan, 520 nm dalga boyunda (yesil renk)
151k yayan LED ampullerin kullanildig1 aydinlatmaya
maruz birakilmigtir. Kulugka iglemleri, her iki grupta
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da standart kosullarda, giris bélmesinde (0-18 giin)
37.7°C sicaklik ve %60 nem, cikis bélmesinde (18-21
giin) 37.5°C sicaklik ve %65 nem altinda yapilmistir.

Hayvanlarin Segimi

Bu calismada iki farkli genotip ve 1ki farkh
aydinlatmanin uygulandigi etlik ve yumurtaci
damizliklara ait yumurtalardan ¢ikan civcivler ikisi
kontrol ikisi deneme olmak tizere toplam dort gruba
ayrilmigtir. Calismada en az sayida hayvan kullanimi
esast dikkate alinmistir. Buna gére ticari
yumurtacilarda erkekler tiretimde kullanilmadigi ve
elde edilen veriler de pratige aktarilamadigindan disi
civeivler kullanilirken; etlik genotiplerde ise erkekler
digilere gore daha hizli gelisip daha yiksek canlh
agirhiga ulastigi; buna karsin yiksek canli agirliklar:
nedeniyle de metabolik problemler (asites, ani &6liim,
bacak problemleri vb.) erkeklerde disilere gore daha
fazla gorildigi icin erkek civcivler tercih edilmigtir.

Beyincik Dokularinin Temini

Kulucgka ¢ikigimi takiben her gruptan rastgele se¢ilen
5’er civciv servikal dislokasyonla sakrifiye edilmigtir.
Beyinleri total olarak c¢ikartilan civcivlerin beyincik
dokular1 ayrilarak %10’luk formaldehit soliisyonuna
aktarilmigtir.

Histolojik Islemler

%10’luk formaldehit soliisyonu igerisinde 24 saat
streyle tespit edilen beyincik dokulari rutin doku
takibi agsamalarindan sonra parafinde bloklanmigtir.
Parafin bloklardan alinan 5 um kalinligindaki sagittal
seri kesitlere, genel yapinin belirlenebilmesi i¢gin Luxol
fast blue & Cresyl violet boyamas:1 (Humason, 1962;
Presnell ve Schreibman, 1997; Ober, 2009) yapilirken;

LSS S o
ik civcivlerde beyincik folyumunun genel

Sekil 1. Etl

gorinimau. A Ayda

Nukleolus Diizenleyici Bolgeler (Nucleolar Organizer
Regions, NORs)in belirlenmesi icin ise AgNOR
boyama metodu (Patkin ve Sorokin, 1983)
uygulanmigtir. Hazirlanan preparatlar Zeiss Axio
Scope Al marka mikroskopta incelendikten sonra
gerekli goriilen bolgelerin fotograflar1 histometrik
analizler i¢gin ZEN go6rinti analiz yazilimi
kullanilarak elektronik ortamda kaydedilmigtir.

Histometrik Analizler

Her gruptan 15’%er adet Purkinje hiicresinin nukleus
caplari, nukleus alanlar1 ve NOR alanlar1 Zeiss Axio
Scope Al marka mikroskopta ZEN goriinti analiz
yazihmi kullamilarak 6lgilmistir. Istatistiksel
analizler PASW Statistics programinda bagimsiz T
testi ile gerceklestirilmistir.

BULGULAR

Luxol fast blue & Cresyl violet uygulanmis kesitler
uzerinde yapilan 1s1k mikroskobik degerlendirmelerde
beyincik dokusunun yaprak benzeri katlantilar olan ve
derin oluklarla birbirinden ayrilan folyumlardan
olustugu gorulmustir. Tim gruplarda beyincik
korteks ve medulla tabakalarinin bilinen histolojik
organizasyonda dizenlenmis olduklar1 goérilurken
(Sekil 1 ve 2); beyincik korteksindeki molekiiler tabaka
ve granller tabaka arasinda tek sira dizilimleri ile
gbze carpan armut sekilli Purkinje hiicreleri ise
belirgin nukleus ve nukleoluslarinin yani1 sira
sitoplazmalarinda yer alan Nissl tanecikleri ile dikkat
cekmistir (Sekil 3 ve 4).

Kontrol ve aydinlatma uygulanan gruplar arasinda
histolojik organizasyon bakimdan herhangi bir fark
belirlenememistir (Sekil 3 ve 4).

-

nlatma uygulanan grup, B. Kontrol grubu.

GT: Graniiler Tabaka, K: Korteks, M: Medulla, MT: Molekiiler Tabaka, —: Purkinje hiicreleri tabakas1 (Luxol

fast blue & Cresyl violet boyamasi).

Figure 1. General appearance of the cerebellar folium in broiler chicks. A. Lighting group, B. Control group. GT- Granular
Layer, K: Cortex, M: Medulla, MT: Molecular Layer, —: Layer of Purkinje cells (Luxol fast blue & Cresyl violet

staining).
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Sekil 2. Yumurtaca cwcwlerde bey1n01k folyumunun genel gorinimii. A. Aydinlatma uygulanan grup, B. Kontrol grubu.
GT: Graniiler Tabaka, MT: Molekiiler Tabaka, —: Purkinje hiicreleri tabakas1 (Luxol fast blue & Cresyl violet
boyamasi).

Figure 2. General appearance of the cerebellar folium in egg laying breed chicks. A. Lighting group, B. Control group.
GT: Granular Layer, MT: Molecular Layer, — Layer of Purkinje cells (Luxol fast blue & Cresyl violet staining).

Sekll 3. Etlik civcivlerin bey1nc1kler1ndek1 Purkinje hiicreleri (—). A. Aydlnlatma uygulanan grup, B. Kontrol grubu.
GT: Graniiler Tabaka, MT: Molekiiler Tabaka, NT: Nissl Tanecikleri (Luxol fast blue & Cresyl violet boyamasa).

Figure 3. Purkinje cells in the cerebellum of broiler chicks (—). A. Lighting group, B. Control group. GT: Granular Layer,
MT: Molecular Layer, NT: Nissl Bodies (Luxol fast blue & Cresyl violet staining).

3 v
MT

Sekﬂ 4. Yumurtam civcivlerin beyinciklerindeki Purkinje hiicreleri (—)) A. Aydinlatma uygulanan grup, B. Kontrol
grubu. GT: Graniiler Tabaka, MT: Molekiiler Tabaka, NT: Nissl Tanecikleri (Luxol fast blue & Cresyl violet
boyamasi).

Figure 4. Purkinje cells in the cerebellum of egg laying breed chicks (—). A. Lighting group, B. Control group.
GT: Granular Layer, MT: Molecular Layer, NT: Nissl Bodies (Luxol fast blue & Cresyl violet staining).
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Patkin ve Sorokin (1983)e gére uygulanan AgNOR ve NOR alanindaki artigin 6nemli oldugu gérilmistir

boyasi ile hazirlanan preparatlar Uzerinde yapilan (Sekil 5A-8A). Yumurtac: civcivlerde ise aydinlatma
histometrik degerlendirmeler sonucunda kulugka uygulanan grupta Purkinje hiicrelerinin nukleus
doneminde aydinlatmaya maruz kalan etlik ¢aplarinin, kontrol grubuna goére arttigi belirlenmigtir.
civcivlerde Purkinje hiicrelerinin nukleus ¢apindaki Ancak, aydinlatmanin yumurtaci civcivlerde Purkinje
sayisal artigin istatistiksel olarak onemli olmadigi hiicrelerinin nukleus alani ve NOR alani tizerine etkisi

tespit edilirken; Purkinje hiicrelerinde nukleus alani onemsiz bulunmustur (Sekil 5B-8B). (Tablo 1, p<0,05).

Sekil 5. Kontrol grubu etlik civcivlerde beyincik folyumu. A. Genel gériintim, —: Purkinje hiicreleri tabakasi. B. Purkinje
hiicrelerinin nukleuslar ve icindeki NOR'lar (—). GT: Graniiler Tabaka, K: Korteks, M: Medulla, MT: Molekiiler
Tabaka (AgNOR boyamasi).

Figure 6. The cerebellar folium of broilers chicks in control group. A. General appearance, —- Layer of Purkinje cells.
B. Nuclei of Purkinje cells and NORs (—). GT: Granular Layer, K- Cortex, M: Medulla, MT: Molecular Layer
(AgNOR staining).

Sekil 6. Kontrol grubu yumurtac1 civcivlerde beyincik folyumu. A. Genel gorunum - Purklnje hicreleri tabakasi.
B. Purkinje hiicrelerinin nukleuslar: ve i¢cindeki NORlar (—). GT: Graniiler Tabaka, MT: Molekiiler Tabaka
(AgNOR boyamasi).

Figure 6. The cerebellar folium of egg laying breed chicks in control group. A. General appearance, —- Layer of Purkinje
cells. B. Nuclei of Purkinje cells and NORs (—). GT: Granular Layer, MT- Molecular Layer (AgNOR staining).
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e

AN 4= e
Sekﬂ 7. Aydlnlatma uygulanan etlik civcivlerde bey1nc1k folyumu. A. Genel gorunum —: Purkln]e hiicreleri tabakast.
B. Purkinje hiicrelerinin nukleuslar: ve icindeki NORlar (—). GT: Graniiler Tabaka, MT: Molekiiler Tabaka
(AgNOR boyamasi).
Figure 7. The cerebellar folium of broilers chicks in lighting group. A. General appearance, —- Layer of Purkinje cells.
B. Nuclei of Purkinje cells and NORs (). GT: Granular Layer, MT- Molecular Layer (AgNOR staining).

"!t"‘_::":-d

Sekll 8. Aydmlatma uygulanan yumurtaci c1V01vlerde bey1nc1k folyumu A. Genel gorinim, —: Purkinje hiuicreleri
tabakasi. B. Purkinje hiicrelerinin nukleuslar: ve icindeki NOR'lar (). GT: Graniiler Tabaka, MT: Molekiiler
Tabaka (AgNOR boyamasi).

Figure 8. The cerebellar folium of egg laying breed chicks in lighting group. A. General appearance, —- Layer of Purkinje
cells, B. Nuclei of Purkinje cells and NORs (—). GT: Granular Layer, MT- Molecular Layer (AgNOR staining).

Tablo 1. Kontrol ve aydinlatma uygulanan civcivlere ait Purkinje hiicrelerinin nukleus ve NOR parametreleri
(xstandart hata).

Table 1. Nukleus and NOR parameters of the Purkinje cells of chicks in the control and lighting treated groups
(tstandart error).

Etlik civcivler Yumurtac civcivler
Kontrol grubu Aydinlatma Kontrol grubu Aydinlatma
uygulanan grup uygulanan grup
Purkinje hiicresi 5.637 +0.166 OD 5.773+0.1660 5.184 £ 0.166 * 5.606 £ 0.166
nukleus cap1 (um)
Purkinje hiicresi 28.388+1.255 * 32.487+1.255 28.876+1.255 OD 29.862+1.255
nukleus alan1 (um?)
NOR alani (um?) 3.907+0.337 * 4.917+0.337 3.775+0.337 OD  3.931+0.337

* Ayni satirda etlik ya da yumurtaci civeivler igin kontrol ve aydinlatma uygulanan gruplar arasindaki farkin 6nemli oldugunu
gostermektedir (P<0.05)
OD Istatistik olarak énemli degil (P>0.05)
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TARTISMA ve SONUC
Bir hiicredeki kromozomlarin ribozomal RNA (rRNA)
genlerini tasiyan bolgeleri, interfaz asamasinda

nukleoluslar1 olugturmak lizere bir araya gelerek 1s1k
mikroskobuyla nukleus i¢inde iri, yuvarlak ve belirgin
cisimcikler halinde gorinmektedirler.
Kromozomlarin, nukleoluslar: olusturan bu bélgeleri
Nukleolus Diizenleyici Bolgeler (Nucleolar Organizer
Regions, NORs) olarak bilinmektedir. Bu bélgelerde
bulunan ribozomal genlerle (rDNA) iliskili olan
nukleolar argirofilik (giimiis seven) ve histonik
olmayan (asidik) proteinlere ise AgNOR proteinleri adi
verilmektedir. Bir nukleustaki AgNOR'larin sayisi,
hiicre kinetigini ve proliferatif aktiviteyi gtivenilir bir
sekilde yansitmaktadir. NOR'lardaki argirofil
proteinleri, rRNA transkripsiyonunda ve ribozomal
biyogenezde 6nemli rol oynamaktadir. Bu proteinlerin
miktari, hiicrenin ribozom sentezine goére aktivite
durumunu goéstermektedir (Ploton ve ark., 1986;
Khanna ve Dutta, 2002; Aydin ve Celik, 2005; Celik ve
ark., 2018).

Interfaz swrasindaki bir nukleusun, NOR’larinin
giimiisleme metoduyla boyanmasi yo6ntemi, son
yillarda sitogenetik c¢alismalarda kendine genis yer
bulan énemli, basit ve ucuz bir metottur. Interfaz ya
da mitoz sirasinda transkripsiyonel olarak aktif olan
AgNORlarin yerlesimi, gimiis boyama metoduyla
gosterilebilmektedir. Gimius boyama teknigi; gumius
nitratin, asidik bir ortamda AgNOR proteinleri
tarafindan metalik glimiige indirgenmesine
dayanmaktadir (Ploton ve ark., 1986; Aydin ve Celik,
2005; Ozparlak ve ark., 2015). AgNOR boyama metodu
sayesinde hayvanlarda degisik verim 6zellikleri
hakkinda o6nemli ipuglar1 elde edilerek uzun sure
beklemeden yuksek verimli hayvanlarin o6nceden
tespit edilip seleksiyona tabi  tutulabilecegi
ongorilmektedir (Akbulut ve ark., 2015).

Babcock—B—380 yumurtaci tavuklarla yuritilen bir
calismada, kuluckadan ¢kis giliniinde alinan
beyinciklerin Purkinje nukleus caplar1 ortalama
5.59+0.04 pm, Purkinje nukleus alanlari ortalama
32.44+0.81 pm?, AgNOR alanlar1 ise ortalama
2.25+0.17 um? olarak 6l¢tilmustir. Ancak s6z konusu
calismada 6rnekler kulugka sirasinda herhangi bir 151k
uygulamasina maruz birakilmamistir (Akar ve Sur,
2010).

Bir nukleustaki NOR alaninin, nukleus alaniyla
iliskili oldugu belirlenmistir (Goodpasture ve ark.,
1976; Mikelsaar ve ark., 1977; Alberts ve ark., 1989).
Bir organizmanin farkli hiicrelerinin veya farkh
organizmalarin benzer hiicrelerinin genomlarinda
bulunan aktif NORlarin sayilar1 arasinda belirgin
farklar bulunmaktadir (Sur ve ark., 2003; 2011). Aktif
NOR sayilarinin hiicrenin protein sentezi ihtiyaci ve
cevre sartlarina gore degisiklik gosterdigine dair ortak
bir goriis bulunmaktadir (Goodpasture ve ark., 1976;
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Mikelsaar ve ark., 1977; Alberts ve ark., 1989). Bu
goriis, sunulan bu calismada kulugcka déneminde
aydinlatmaya maruz birakilan etlik civeivlerin
Purkinje hiicrelerinin nukleus ve NOR alanlarindaki
artma yoniindeki egilimiyle desteklenmektedir. Genel
olarak, etlik civcivlerin, daha yiksek nukleus alan ve
NOR alani degerlerine sahip olduklar1 gérulmustur.
Aktif olarak c¢ogalan ve transkripsiyon yapan
hiicrelerin ~ NOR’larimin  daha  fazla  oldugu
bilinmektedir. Bu bilgi 1s181nda NOR alanmi1 degerinin
fazla oOlgiilmesi, sentez aktivitesinin fazla oldugu
bilinen tipik sinir hiicrelerinden biri olan Purkinje
hiicrelerinde protein sentezinin fazla oldugunu, bunun
da nukleuslarinin daha biiyiikk olmasina sebep
olabilecegini akla getirmektedir. Ancak bu durumun
yumurtaci civcivler i¢gin s6z konusu olmadigi tespit
edilmigtir. Bu bulgu yumurtaci ve etlik civcivlerin
kulucka  doneminde uygulanan  aydinlatmaya
tepkilerinin farkl olabilecegi bu farkliligin da etlik ve
yumurtaci genotiplerin sahip olduklar: farkl gelisim
hazlar: ile iligkili olabilecegi seklinde yorumlanabilir.
Cunki, etlik genotipler baglica hizli gelisme ve yiiksek
canli agirlik, yumurtaci genotipler ise yiksek yumurta
verimi yoniinde gelistirilmektedir (Thiruvenkadan ve
Prabakaran, 2017). Ancak bu konuda kesin bir yargiya
varabilmek i¢in daha fazla arastirmaya gereksinim
vardir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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ABSTRACT

The objective of this study was to determine Holstein Cattle body
measurements using digital imagingDIPM methods. The ratios were
calculated by dividing each measurement by another and the
relationship between the ratios and the output characteristics were
evaluated. For this reason, the body measurements of the 198 heads
of Holstein cattle breed dairy cows were calculated by the Set Object
Video System (SOVS) process. The ratios were calculated by dividing
each body measurement to another then the relationship between
these ratios and the characteristics including the daily average milk
yield (DAMY), the number of inseminations per calving (NIPC), the
age at insemination (AFI) and the age at first calving (AFC) were
evaluated. The relationship between DAMY, NIPC, AFI, AFC and
body measurements were; withers height (WH), back height (BH),
rump height (RH), pin bone height (PBH) ), chest depth (CD), body
length (BL), trunk length (TL), body area (BA) and body perimeter
(BP) was low, negative and not statistical significantly (p>0.05). The
highest R2 measured for DAMY by WH (0.389 (p<0.01), for NIPC by
BA (0.344 (p<0.05)), for AFI by BP (0.266 (p<0.05)) and for AFC by
BP (0.249 (p<0.05)) used in multiple regression equations. It can be
stated that the use of DIPM is more convenient than TM for the body
measurement of milking cows. The estimated power of regression
equations for estimating milk and reproductive output, such as
DAMY, NIPC, AFI and AFC, were low for Holstein cattle breeding
COWS.
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Siyah Alaca Siit Sigirlarinda Viicut Olgiilerinin Birbirlerine Oranlarinm Verim Ozellikleri ile Iligkisi

OZET

Calismada, Gériinti Isleme Metotlar: kullanarak Siyah Alaca siit
sigirlarimin  vicut olgiilerinin ortaya konmasi, elde edilen viicut
Olctilerinin  birbirlerine boéliinerek oranlar elde edilmesi ve bu
oranlarin verim oOzellikleri ile iligkilerinin ortaya konmasi
amaclanmigtir. Bu amacgla 198 biiyiik bas Siyah Alaca siit sigirinin
Sabit Nesne Video Metodu yardimiyla viicut olgiileri tespit
edilmigtir.  Tespit edilen viicut olgiileri birbirlerine béliinerek
oranlar elde edilmis ve bu oranlar ile Gunliik Ortalama Siit Verimi
(GOSV), Gebelik Bagsina Tohumlama Sayis1 (GBTS), Ilkine
Tohumlama Yag1 (ITY) ile Ilkine Buzagilama Yas1 (IBY) arasindaki
iligkileri ortaya konmustur. Arastirmada, GOSV, GBTS, ITY ve IBY
ile viicut olgiilerinden cidago yiiksekligi (CY), sirt yiiksekligi (SY),
sagr1 yiiksekligi (SGY), oturak yumru yiiksekligi (OYY), gogiis
derinligi (GD), viicut uzunlugu (VU), gévde uzunlugu (GU), viicut
alan1 (VA) ve viicut ¢evresi (VC) arasindaki iligkinin tiim laktasyon
guruplarinda dusiuk, negatif yonli ve istatistik olarak 6nemli
olmadig1 gozlenmistir (p>0.05). Viicut olciilerinden elde edilen
oranlar modele dahil edilerek GOSV, GBTS, ITY ve IBY'nin tahmini
i¢cin olusturulan coklu regresyon denklemlerine iligkin en yliksek
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Determinasyon Katsayis1 (R?) degerlerinin GOSV i¢in CY (0.389
(p<0.01)), GBTS i¢in VA (0.344 (p<0.05)), ITY icin VC (0.266
(p<0.05)) ve IBY icin VC ile edilen oranlarin kullanildigi coklu
regresyon denklemleri oldugu gézlenmigtir. Siit sigirlarinda viicut
olciilerinin belirlenmesinde GIM uygulamalarmin Klasik Ol¢iim
Metotlari’na (KM) gore daha pratik oldugu séylenebilir. Siyah Alaca
siit sigirlarnda GOSV, GBTS, ITY ve IBY gibi siit ve dol
verimlerinin tahmini i¢in viicut oOlgilerinden elde edilen oranlar
kullanilarak olusturulan regresyon denklemlerinin tahmin giiciiniin

diisiik oldugu belirlenmistir.

To Cite:  Onal AR, Dama E, Tuna YT 2021. Relationship Between Production Characteristics and Proportion of Body
Measurements of Holstein Cows. KSU J. Agric Nat 24 (6): 1343-1348. DOI: 10.18016/ksutarimdoga.vi.842397.
INTRODUCTION detection of healthy and well-visible cows (Ali¢, 2007).

Morpohological characteristics of domestic animals
are one of the main subjects of animal breeding and
one of the most explored by animal scientists.
Phenotypic characteristics are utilized as important
selection criteria in animal breeding. Various
measurement, such as body height, BH, WH, BL, and
CD are important morphological features of the
animal body that are wutilized to evaluate the
individual 1identity, structural capacities, the
relationship to the fertility levels, morphological type
assessment and in particular, the identification of
breeds and breeds of characters.

Tien and Tripathi (1990) stated that body
measurement heritability is categorized as moderate
and high. The body weight and body type or shape of
the animals are formed and changed according to
particular breeding objectives. Dairy genotypes,
particularly Holstein cattle, are known to have
improved over several years in terms of udder or
dairy characteristics and to demonstrate
morphological differences as compared to other yield-
oriented genotypes. Differences in the shape and
morphological characteristics of livestock genotypes
that were systematically improved over many years
in milk or meat yield were observed. Morphological
traits of dairy cattle were used as direct selection
criteria for predicting type characteristics and
longevity and indirect selection criteria as early herd
life (Yavuz and Kaygisiz, 2015; Mimaryan and Yener,
2000). A prerequisite for the efficient production of
dairy cattle is the production of a genotype of high
yield. However, it is possible to obtain productivity
from the individual for several years ahead. Body
structures play an important role in the longevity of
the individual.

In addition to the yield characteristics, the
morphological properties of individual animals should
be considered as selection criteria in the -cattle
breeding program. The main aim of the morphological
assessment of the animal is to decide if in addition to
their milk yield, they have an acceptable body
structure. It is assumed that the only way where the
optimal yield levels can be achieved through the
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The studies investigating the relationship between
body measurements and individual productivity
levels in cattle are generally focused on estimating
live weight (LW) from body measurement. Body
measurements such as BH, WH, BL, TL, CD and CW
were also determined wusing standard body
measurement tools. Regression equations were
calculated using the body measurements obtained to
estimate the production yields of the animals.
Researchers reported that image processing is a
simple and practical method for assessing body
measurements of  different animal  species
(Dogaroglu,2006; Onal, 2011, Hyslop et al., 2008;
Tazser et al., 2000; Negretti and Bianconi 2005).

The Holstein Cattle body measurements were
calculated by the digital image processing methods
and the proportions were obtained by dividing the
body measurements taken by the digital image
processing methods. The relation between the
obtained proportions and the yield characteristics has
been revealed.

MATERIALS and METHODS
Material

198 head Holstein cows of different ages and their
production records and images formed the study
material. The milking cows evaluated in the study
were from the private dairy farm.

Method

The measurement points reported by Kok (1996),
Dogaroglu (2006) and Onal (2011) were evaluated in
this analysis. Seven body measurement points were
evaluated: withers height (WH), back height (BH),
rump height (RH), pin bone height (PBH), chest depth
(CD), body length (BL), trunk length (TL), body area
(BA) and body perimeter (BP).

Image Processing

Set Object Video System (SOVS) was used as an
image processing method for the determination of
body measurement points (Onal, 2011). During the
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transition (walking) of the animals from the platform
that was installed, the video recording was taken
from the digital camera and via the digital platform.
Digital photos captured in .jpeg format from a video
record (Canon 600D; Canon, Tokyo, Japan). The
digital images were measured on a PC with the

assistance of Image ProPlus software (Figure 1)
(Figure 2) (Onal, 2011).

Daily average milk yield was used as milk production
parameters and the number of insemination per
calving, age at first insemination, and age at first
calving as fertility parameters in the study.

(3
l

Measurements

Processing

Figure 1.Image recording (Onal, 2011)
Sekil 1. Gériintiilerin alinmasi (Onal, 2011)

Statistical analysis

Statistical analyzes were performed using the SPSS
program Ver. 15.0 (IBM, Armonk, NY, USA) for the
evaluation of the data. Duncan's multiple comparison
test was performed as a comparison test between
categories. Basic statistics for body measurements
and mean traits were obtained using the univariate.
The technique was also used to evaluate Pearson
correlations between body measurements and traits.
The best regression equation estimating milk and
fertility parameters was determined by Stepwise
Linear Regression Analysis.

RESULTS and DISCUSSION

According to lactation numbers, descriptive statistics
for milk and fertility yields of Holstein milking cows
were given in Table 1. The statistical difference
between the daily average milk yield and the number
of insemination per pregnancy were calculated in
terms of lactation number (p<0.01). No statistical
difference was observed between the first age of
insemination and the first age of calving (p> 0.05).

The relationship between body measurements and
production yields

During the first lactation between yield and body
measurements, and r values for milking cows; there
was usually a low negative association between yield
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Figure 2.Image processing procedures
Sekil 1. Gortintiilerin iglenmesi agamalar:

and body measurements.

In this study, the r values between the daily average
milk yield (kg), and the pin bone height (PBH) were
low and negative -0.267 (p>0.05). While, r values
between the daily average milk yield (kg) and the
chest depth were 0.031 (p>0.05) (Table 2). The weak r
values for the number of inseminations per pregnancy
were between 0.334 (p<0.05) in chest depth and -
0.061 (p>0.05) in body length. There was a weak but
statistically significant age at first insemination and
chest depth -0.335 (p<0.05) and a strong but not
statistically significant age relationship at first
insemination trunk length -0.093 (p>0.05). The weak
r between the back height and trunk length r=-0.041
(p>0.05) and the strong r between the body length
and trunk length r=0.975 (p<0.01) was determined

when the body measurements were calculated
between each other.
This study was conducted to determine the

relationship between body measurement and milk
yield, it was shown that the r values between milk
production and body measurements as well as body
height, body length and chest depth were -0.19, -0.19
and-0.19 respectively for milking cows in the first
lactation (Akbulut et al. 1998). Mimanyar and Yener
(2000) stated that the r values between milk yield and
milk height -0.09. Orhan (2007) reported that r value
calculated between 305 days milking yield and rump
height -0.49. It was indicated that the results
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obtained in this research were generally consistent (Mimaryan and Yener, 2000; Orhan, 2007).
with the results published in the literature

Table 1. Descriptive statistics of milk and fertility yields
Cizelge 1. Stit ve dol verimine iligkin tanimlayici 1statistikler

Lactation

Number

Laktasyon Mean S.D.  S.E.

Sirasi n Ortalama S.S. S.H. Min. Max. P
Daily average milk yield (kg) 1 39 35.32 a 3.03 0.48 29.37 43.45  0.001
Giinliik Ortalama Siit Verimi (kg) 2 104 40.33 ¢ 5.64 0.55 24.06 54.39

3 29 39.99 be 4.67 0.87 30.37 46.98

4 26 37.89b 5.34 1.05 29.28 49.30

Total 198 38.97 5.39 0.38 24.06 54.39
Number of Insemination Per 1 38 1.39 a 0.89 0.14 1.00 4.00 0.001
Pregnancy 2 103 2.82Db 1.86 0.18 1.00 9.00
Gebelik  Basmma  Tohumlama 3 29 3.93 ¢ 2.43  0.45 1.00 8.00
Sayisi 4 26 2.54 b 1.65 0.32 1.00 7.00

Total 196 2.67 1.93 0.14 1.00 9.00
Age at first insemination (Day) 1 35 486.94 81.20 13.73 400.00 666.00 0.107
Ilkine Tohumlama Yas: (Giin) 2 91 497.12 81.17 8.51 401.00 760.00

3 29 519.45 69.561 1291 439.00 736.00

4 26 527.27 48.73 9.56 445.00 629.00

Total 181 503.06 76.27 5.67 400.00 760.00
Age at first calving (Day) 1 30 768.43 79.25 14.47 682.00 938.00 0.133
Ilkine Buzagilama Yas1 (Giin) 2 90 773.04 76.55 8.07 680.00 992.00

3 28 790.04 56.29 10.64 717.00 983.00

4 26 805.62 47.30 9.28 723.00 912.00

Total 174 779.85 71.05 5.39 680.00 992.00

Means with different letters are significantly different (P< 0.05). SD: Standard Deviation, SE: Standard Error

Table 2. The correlation coefficient (r) values between body measurements and production yields
Cizelge 2. Viicut él¢iileri ile verim ézellikleri arasindaki korelasyon katsayilar: (r)

Daily average milk yield (kg) Number of Insemination Per Pregnancy

Giinliik Ortalama Siit Verimi (kg) Gebelik Basina Tohumlama Sayisi
Lactation Number 1 2 3 4 1 2 3 4
WH/CY -0.047 0.165 0.042 0.141 -0.104 -0.024 -0.207 -0.151
BH/SY -0.014 0.117 0.223 0.165 -0.078 -0.025 -0.343 -0.087
RH/SGY -0.168 0.044 0.000 0.053 -0.099 0.032 -0.107 -0.222
PBH/OYY -0.267 0.017 0.069 0.035 -0.114 0.061 -0.231 -0.258
CD/GD 0.031 0.012 -0.244 -0.184 -0.334* -0.043 0.128 -0.190
BL/VU -0.171 -0.058 -0.023 -0.251 -0.061 0.110 -0.004 -0.062
BA/VA -0.023 0.064 -0.234 0.056 -0.163 0.078 0.206 0.050
BP/VC -0.112 0.135 -0.053 0.127 -0.237 0.034 0.201 0.086

Age at first insemination (Day) Age at first calving (Day)

Ilkine Tohumlama Yas1 (Giin) Ilkine Buzagilama Yagi (Giin)
Lactation Number 1 2 3 4 1 2 3 4
WH/CY -0.224 0.084 0.179 0.112 -0.262 -0.001 -0.115 0.008
BH/SY -0.155 0.053 0.154 0.260 -0.250 -0.079 -0.082 0.156
RH/SGY -0.305 0.025 -0.105 0.096 -0.292 -0.110 -0.281 0.054
PBH/OYY -0.256 0.018 -0.139 0.093 -0.247 -0.075 -0.075 0.047
CD/GD -0.335* 0.205 -0.049 -0.031 -0.346 0.066 -0.250 -0.084
BL/VU -0.186 0.146 0.196 -0.064 -0.121 0.078 -0.033 -0.138
BA/VA -0.182 0.132 0.028 -0.194 -0.205 0.036 -0.137 -0.230
BP/V(C -0.327 0.139 -0.006 -0.248 -0.387* 0.055 -0.131 -0.326

*P<0.05
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Relationship between the proportions and the output
of production:

The R? values for multiple regression equations
generated by lactation number to estimate the
average daily milk yield, the number of inseminations
per pregnancy, the first insemination age and the
first calving age utilizing body proportion values were
shown in Table 3. Lactation numbers were evaluated
in four groups (Ist, 2nd, 3th and 4th). Multiple
regression equations for estimating the daily average
milk yield, the number of inseminations per
pregnancy, the first insemination age, and the first
calving age were generated by including all

proportion values obtained by dividing each body size
to other body measurements.

All of the traits were positively correlated with milk
and fertility yields. The coefficient of determination
(R? of the multiple regressions of milk and fertility
yields on body proportion measurements varied.
According to the results, the highest R2 value
measured for multiple regression was 0.389 (p<0.01)
for daily average milk yield at wither height, 0.344
(p<0.05) for body area for insemination number per
pregnancy, 0.266 (p<0.05) for age at first
insemination and 0.249 (p<0.05) for age at first
calving (AFC) at body perimeter.

Table 3. The R2values of the multiple regression equation determined by the proportions of body measurements.
Cizelge 3. Viicut ol¢giilerine iliskin oranlar kullanilarak elde edilen ¢oklu regresyon denklemlerine ait R? degerleri

Lactation
Number WH BH RH PBH CD BL BA BP
Laktasyon CY SY SGY oYYy GD VU VA Ve
Sirasi
Daily average milk yield (kg) 1 0.389** 0.381 0.361** 0.372** 0.217* 0.143* 0.371* 0.378*
Giinliik Ortalama Siit Verimi 2 0.036  0.032 0.026 0.024 0.023 0.014 0.075 0.070
(kg) 3 0.339 0269 0.075 0.073 0.052 0.020 0.433 0.426
4 0.272 0.263 0.180 0.114 0.046 0.029 0.312 0.310
Number of Insemination Per 1 0.187 0.188 0.179 0.117 0.093 0.004 0.213 0.164
Pregnancy 2 0.049 0.047 0.038 0.039 0.035 0.008 0.063 0.069
Gebelik  Basina Tohumlama 3 0.285 0.246  0.127 0.124 0.076 0.072 0.344 0.335
Sayisi 4 0.171 0.127 0.117 0.108 0.103 0.063 0.294 0.246
1 0.068 0.061 0.033 0.031 0.029 0.004 0.072 0.074
Age at first insemination (Day) 2 0.059 0.054 0.049 0.043 0.003 0.001 0.069 0.053
Ilkine Tohumlama Yas: (Giin) 3 0.239 0.240 0.133 0.106 0.086 0.002 0.243 0.192
4 0.168 0.089 0.034 0.028 0.002 0.001 0.259 0.266
1 0.090 0.086 0.082 0.080 0.076 0.018 0.137 0.136
Age at first calving (Day) 2 0.086 0.057 0.050 0.034 0.001 0.001 0.100 0.067
Ilkine Buzagilama Yas1 (Giin) 3 0.208 0.207 0.165 0.054 0.048 0.021 0.211 0.076
4 0.137 0.075 0.042 0.034 0.040 0.001 0.242 0.248

WH </> Yi= B+bwn/satb wr/scy+bwrpa+b wr/cp+ bwa/BL+ bwh/TL

BH </> Yi= B+vBr/scy+bsapea+ber/cD+bBH/BLY bBH/TL
RH </> Yi= B+ bru/pea+bru/co+bru/sLt brE/TL

PBH </> Yi= 8+ bpea/cp+bper/BL+bPBH/TL

CD</> Yi= B+ bcpmrtbeprr

BL</> Yi= B+bpuTL

BA </> Yi= B+ baawntbsasutbraru+bsareat+bracpt beasLt bearL+bsasp
BP </> Yi= B+ bepwn+bspsut+bsrwa+bre/sra+bEP/ICD+ bBP/BLT bBP/TLTbBP/BA

*(p<0.05), **(p<0.01)

CONCLUSION AND RECOMMENDATIONS

The objective of this study was to demonstrate the
relationships among body proportions and production
yields in different lactation numbers of holsteins
fresian milking cows. The study indicated that the
predictive power of multiple regression equations
produced by the use of the proportion values obtained
from body measurements for the estimate of the daily
average milk yield, the number of inseminations per
pregnancy, the first insemination age were low in
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general, and similar studies would be useful for the
research.
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