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ABSTRACT

In this study mono and dual ovaries, which belonged to female individuals of different plant
parasitic nematode species that were obtained from the quince (Cydonia oblonga Mill.)
(Rosales: Rosaceae) cultivated areas in Sakarya Province (Turkey), were classified. The total
number of 109 and 121 female nematodes, which were taken from the soil, were used in
2016, July and 2017, July, respectively. Overall body length (L), spear length (Stylet) and
tail/distance from vulva to anus (T/VA) parameters belonged to these nematodes were
measured and examined. The mono and dual ovary groups were distinguished by using the
Linear Discriminate Function (LDF) method (Fisher’s method) and Artificial Neural Networks
(ANNs) approach taking correlation between those parameters into consideration. The pair
of parameters L and (T/VA) had higher accuracy percentage (as 97% for LDF method and
100% for ANNs approach) than the pair of parameters L and Stylet (as 91% for LDF method
and 97% for ANNs approach) for the classification using 2017, July data set. The second
approach was more successful than the first method. This research is the first study that was
used these method and approach together at the nematology study area in Turkey and the
World. The taxonomical studies may be improved using different statistical methods and
artificial neural networks approaches together at the nematology.

Key Words: Artificial Neural Networks, Linear Discriminate Function, Nematode, Ovary, Quince
0z

Bu calismada Sakarya ilindeki (Tirkiye) ayva (Cydonia oblonga Mill.) (Rosales: Rosaceae)
ekilis alanlarindan elde edilen farkli bitki paraziti nematod tirlerinin disi bireylerine ait olan
tek ve cift ovarileri siniflandirilmistir. Sirasiyla, 2016 Temmuz ve 2017 Temmuz’ da topraktan
alinan toplam 109 ve 121 adet disi nematod kullaniimistir. Bu nematodlara ait olan tim
vicut uzunlugu (L), stylet uzunlugu (Stylet) ve kuyruk/vulvadan aniise olan mesafe (T/VA)
parametreleri Olg¢lilmiis ve incelenmistir. Tek ve cift ovary gruplari, bu parametreler
arasindaki iliski dikkate alinarak Dogrusal Ayirt Etme Fonksiyonu Yontemi (Fisher Yéntemi)
ve Yapay Sinir Aglari Yaklasimi kullanilarak ayirt edilmistir. Temmuz 2017 veri seti kullanilarak
yapilan siniflandirmada L ve (T/VA) parametre ikilisi (LDF yontemi igin %97 ve YSA yaklasimi
icin %100 olarak), L ve Stylet parametre ikilisinden (LDF yontemi icin %91 ve YSA yaklasimi
icin %97 olarak) daha yiiksek dogruluk yiizdesine sahiptir. ikinci yaklasim, birinci ydontemden
daha basarilidir. Bu arastirma Tirkiye’de ve Diinya’daki nematoloji ¢alisma alaninda bu
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yontemin ve yaklasimin birlikte kullanildigi ilk ¢calismadir. Taksonomi ¢alismalari nematolojide farkli istatistiksel yontemler
ve yapay sinir aglari yaklasimlari birlikte kullanilarak gelistirilebilir.

Anahtar Kelimeler: Yapay Sinir Aglari, Dogrusal Ayirt Etme Fonksiyonu, Nematod, Ovary, Ayva

Introduction

The nematodes, which need to the water in a
film layer for the survival, are alive individuals
belonging to the Phylum Nematoda. The plant
parasitic nematodes (PPNs) are the microscopic
individuals that have important species among the
plant pests which caused to the yield loss in the
agricultural production. Further they are one of
the Metazoan groups that are the richest in terms
of species diversity in the Earth (Kareem et al.,
2017).

The PPNs are available in the most of the
agricultural areas in different climatic zones of the
world widely. As Turkey has different climate
types, it contains various plant and animal species.
For this reason, many nematologists in our country
have detected plant parasitic nematode species in
host plants on different locations (Erdal et al.,
2001; Yildiz and Mamay 2012; Kepenekgi, 2014).
Further PPNs were determined on stone and pome
fruits nurseries in Odemis (izmir, Turkey) (Yildiz
and Gozel, 2015).

In Turkey, fertile soils, favorable rainfall and
climatic conditions allow the cultivation of all kinds
of crops (Muminjanov and Karagéz, 2019). Since
Turkey is the homeland of the quince is the leader
with 174,038 tons and 6,568 ha of production area
in the world and meets about 20% of world
production (FAOSTAT, 2021). Sakarya province
takes the first place in quince production with
102,476 tons and constitutes 59% of our country's
quince production (TUIK, 2021). In this region
Sakarya has a production potential that will be
considered as the quince store in Turkey even the
world (Ayglin, 2018). As “Limon quince” kind got
its name from the district of Geyve and it is a
variety as a high table value known in the world
market with the name as “Geyve Quince” (Genger,
2011). Besides, “Esme quince” is a kind of quince
and is cultivated in Esme District, Kocaeli Province,
too (Bolat and ikinci, 2015). The Marmara

Geographic Region is the first cultivated area at the
quince cultivation in our country (Bolat and ikinci,
2015). Geyve Quince symbolized by Geyve on June
17, 2020 has been registered by the Turkish Patent
and Trademark Office with geographical indication
(Akal et al., 2020). The quince has a very important
position used as the main material in the study and
its sampling locations both in our country and in
the world. So, we were collected the soil samples
from quince cultivated areas in Sakarya (Turkey)
and were examined.

PPNs have some taxonomic characteristic
properties that can be distinguished by using the
dimension and morphological similarity. Some
morphometric measurement values are used in
studies conducted for this purpose. Researchers
should be aware of the importance of this issue in
order to be able to diagnose nematode species
using classical classification methods (De Oliveira
et al., 2011). For this reason accurate identification
has a great importance in understanding the
diversity of nematodes, evaluating potential
threats to plant health and deciding on efficient
control methods. There are the body length, the
morphology of genitals, the mouth and tail parts,
and other some physical characters among
important morphological identification characters
at nematodes (Karssen and Van Aelst, 2001;
Eisenback and Hunt, 2009; Bogale et al., 2020).

For example the morphology and the
morphometric of the sexual organs are used for
identification of nematode species in the classical
taxonomic studies importantly. Generally the
female nematodes are determined according to
the mono ovary and dual ovary in a population
together. For that reason it can cause some
probable errors at the classification studies. In
order to determine the number of real individuals
in the study area, population catalogs should be
classified truly. Parameters, that are present the
nematode unaccompanied, are not enough to
achieve. Many different methods exist in the
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literature on the subject of discrimination of the
population. Therefore the discrimination of the
different groups should be examined carefully
2006).
Function method and Artificial Neural Networks

(Horasan et al., Linear Discriminate
approach are two of discrimination techniques at
the multidisciplinary scientific studies in the World
(Dowla et al., 1990; Horasan et al., 2006, 2009;
Kiyuk, et al., 2009; Kartal, 2010; Deniz, 2010;
Kekovali et al., 2010; Ogiitci et al., 2010; Kekovali
et al., 2012; Badawy et al., 2019; Ceydilek and
Horasan, 2019; Tan et al., 20213, b; Tan, 2021). But
LDF method has not been used in the classification
of the PPNs in the World, yet. We should point out
that the LDF method firstly was applied by a biolog
whom used flower morphometrics between two
different species of Iris spp. (Iris setosa Pallas and
Link and Iris versicolor L.) (Iris) for the group
classification at the botanical studies in the
(Fisher, 1936).
determined as “The Fisher’'s method” in the

literature Moreover it is
statistics, too.

Besides, ANNs approach studies have been
available and have showed that the artificial
intelligence may be important in the detection,
quantification as well as classification of
nematodes (Ferrée et al., 1996; Sundararaju et al.,
2002; Li et al.,, 2016; Monteiro et al., 2016;
Akintayo et al., 2018; Golhani et al., 2018; Aragon
et al., 2019; Saberi et al., 2020; Uhleman et al.,
2020).

In this study we used LDF method and ANNs
approach together for discrimination of mono and
dual ovary groups of the females PPNs population
in quince which has had the most plantation area
in Geyve and Pamukova in Sakarya Province during
July, 2016 and July, 2017. The soil samples were
collected from this study area and were examined.

The location of the sampling area was shown in
Figure 1. The values of accuracy percentage were
calculated using these method and approach.
Obtained data, that belonged to 2016 and 2017
years, was compared to determine the real
number of the female ovaries. This may improve
the quality of the population and help to better
determination with less errors in nematode
taxonomy studies by using some multidisciplinary

scientific main brands together.

Material and Method

In this study, a total of 50 soil samples were
taken from quince cultivation areas in Geyve and
Pamukova in Sakarya in 2016, July and 2017, July
in the region bounded by 39.48-40.00°N and
30.03-30.21°E. A total of identified 230 female of
plant parasitic nematodes were diagnosed as And
then they were diagnosed as Helicotylenchus
Siddiqi 1963 (Tylenchida:
Hoplolaimidae), Merlinius brevidens (Allen, 1955)
Siddiqgi, 1970 (Tylenchida: Belonolaimidae),
Pratylenchoides alkani Yiksel, 1977 (Tylenchida:
Pratylenchidae), Rotylenchulus boreails Loof and
Oostenbrink, 1962 (Tylenchida: Hoplolaimidae)
and Scutylenchus quettensis Maqgbool, Ghazala

tunisiensis

and Fatima, 1984 (Tylenchida: Belonolaimidae) for
the plant parasitic nematode species with dual
ovary and Boleodorus (B.) thyllactus Thorne, 1941
(Tylenchida: Tylenchidae), Irantylenchus
clavidorus Kheiri, 1972 (Tylenchida: Tylenchidae)
1945
(Tylenchida: Anguinidae) for the plant parasitic

and Ditylenchus destructor Thorne,
nematode species with mono ovary from these soil

samples (Figure 1.). (Yakut et al., 2013).
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Figure 1. The location map of the study area as shown inside of the black rectangle (Modified from

Yakut et al., 2013).

In this study, we used the parameters as overall
body length, spear length, tail/distance from vulva
to anus parameters (De Man, 1880) and compared
the results of LDF method and ANNs approach for
the classification of mono and dual ovaries. L
versus Stylet, L versus (T/VA) were allowed the
determination of LDF method using Statistical
Package for the Social Sciences (SPSS) Analysis
Program to discriminate mono and dual ovaries of
this PPNs population (SPSS, 2005). Before we
applied LDF method the data set, we have to
recognize used some parameters as L, stylet and
(T/VA). So we examined these parameters. We
applied the normalization process to data after we
calculated of these parameters. We used these
parameters for discrimination of mono and dual
ovary using LDF method and ANNs approach
respectively.

LDF method

LDF method was used to discriminate different
data groups from each other (Fisher, 1936).
Generally Linear Discriminate Functions were
shown as again simplified in “Equation 1”:

Fipr = a+ b Xy + by Xp+..+bp, X, (1)

Here, a is constant number, by, ... , bm are
regression coefficients and Xm is the value of
independent variable m.
X1: Normalized value of Xn discriminate
parameters
L versus Stylet for the data set was drawn and
we discriminated mono and dual ovary using LDF
method. The functions were drawn and the
accuracy percentages were calculated by using
SPSS Analysis Program (SPSS, 2005). In this study
we applied LDF method to the data set (Tables 1.

and 2. and Figures 2. and 3.).

Table 1. The results of the discriminant analysis using LDF method for pairs of criteria 1: L versus Stylet and criteria 2: L versus
(T/VA) parameters for data set in 2016, July. The original grouped cases were correctly classified for two criteria as

92% and 96%, respectively.

Criterion Type Predicted Group Membership Total
Dual Ovary Mono Ovary
(DO) (MO)

. DO 59 5 64

1 Original Number MO 4 a1 45
% DO 92.2 7.8 100

0 MO 8.9 91.1 100

. DO 64 0 64

, Original Number MO 4 a1 45
% DO 100 0 100

0 MO 8.9 91.1 100
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Table 2. The results of the discriminant analysis using LDF method for pairs of criteria 1: L versus Stylet and criteria 2: L versus
(T/VA) parameters for data set in 2017, July. The original grouped cases were correctly classified for two criteria as
91% and 97%, respectively.

Criterion Type Predicted Group Membership Total
Dual Ovary (DO) Mono Ovary (MO)
. DO 67 7 74
1 Original Number MO 4 43 47
% DO 90.5 9.5 100
° MO 8.5 91.5 100
. DO 74 0 74
Original Number
5 MO 4 43 47
DO 100 0 100
%
MO 8.5 91.5 100
a) b)
| + Dual ovary
. o O Mono ovary
L M L # el
1 3603 1 x )
8 _:?: &o
8 L -, o B
/"
Stylet TVA

Figure 2. Plots showed distribution of a) L versus Stylet and b) L versus (T/VA) for data set using LDF method in 2016, July. The
accuracy percentages were obtained as 92% for pairs of L versus Stylet parameters and as 96% for pairs of L versus
(T/VA) parameters, respectively.

a) b)
* Dual ovary
12 ' s B o Monro ovary
L 4 L o4
°8 %00 %
0 0 g - [«
4 Bo®, - & ’
° ) '.?Q, * 0
‘,?'F. ‘ °.:_ 9 8
L T T T T T T
Stylet TVA

Figure 3. Plots showed distribution of a) L versus Stylet and b) L versus (T/VA) for data set using LDF method in 2017, July. The
accuracy percentages were obtained as 91% for pairs of L versus Stylet parameters and as 97% for pairs of L versus
(T/VA) parameters, respectively.
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ANNs approach

We used the ANNs approach to compare the
results of accuracy percentage of other method.
This technique was applied to the data set. In this
study we used Back Propagation Feed Forward
Neural Networks (BPNNs) learning algorithm for
the classification the morphometric

measurements of PPNs. This algorithm had some

(@)

advantages such as reducing error from backward
namely output to input (Cetin et al., 2006). Further
it had a simple neural network topology (Cayakan,
2012). And then, we decided to use weights
according to the quantity of error (Yildirnm, 2013).
Generally members of the network architecture
were shown as in Figure 4 (Rumelhart et al., 1986;
Gllbag, 2006).

INPUT LAYER HIDDEN LAYER OUTPUT LAYER

Weights
Wil

Bias=1
Xil

-
ln;;.ns Win

Sum
Function

®)
L =

Input

Stylet —>O

«©

(INVA) —oo

® O

>ffzr>—l £ _}J——— Outputs

Transfer
Function

Classification
Output
Afono Ovary

o

Dual Ovary

Classification
Output
Afono Ovary

e

Dual Ovary

Figure 4. (a) Members of the network architecture, a neural network structure for types
of the ovary (b) L versus Stylet and (c) L versus (T/VA) (Modified from Glilbag,

2006).

Pairs of parameters were used in this study.
Because one of them was the input parameter for
testing and other was the output parameter as the
type. These pairs of parameters were determined
as L versus Stylet and L versus (T/VA), respectively
(Figure 4.). We decided to use these pairs of
parameters because of their high accuracy
percentage according to the ANNs approach.

After we chose the learning algorithm, we
started to prepare the data set as “the training
data” and “the testing data” for ANNs approach.
Different researchers prepared their data using
values of different percentages for separating of
training data and test data namely there is not a
special rule for separating the data set (Ursino et

al., 2001; Gulbag, 2006; Yildirim et al., 2011; Kundu

et al., 2012; Yildirim, 2013; Kaftan et al., 2017; Tan
et al.,, 2021a, b; Tan, 2021). In this study we
arranged the data set by using the 2016, July data
and the 2017, July data. And then we have decided
to use 70% of all data as training data and 30% of
all data as testing data. The 2016, July data set had
109 and the 2017, July data set had 121 numbers
for types of the ovary. We separated this data set
to two parts as training data (Number of 76 data
for the 2016, July data and Number of 85 data for
the 2017, July data, respectively) and as testing
data (Number of 33 data for the 2016, July data
and Number of 36 data for the 2017, July data,
respectively). Namely number of training data was
of 70% using ANNs approach in this study (Tables
3.and 4.).



Tan et al., 2022. Harran Tarim ve Gida Bilimleri Dergisi, 26(1): 1-14

Table 3. Number of events in training set, testing set, misclassified testing set and misclassified quarry blast for all data set by
using ANNs approach in 2016, July (For pairs of criteria 1: L versus Stylet and criteria 2: L versus (T/VA) for data set).

Criterion The Number of The Number of The Number of The Number of The Accuracy
All Data Set Training Set Testing Set Misclassified Testing Set Percentage (ANNs
approach) (%)
1 109 76 2 94
2 109 76 0 100

Table 4. Number of events in training set, testing set, misclassified testing set and misclassified quarry blast for all data set by
using ANNs approach in 2017, July (For pairs of criteria 1: L versus Stylet and criteria 2: L versus (T/VA) for data set).

Criterion The Number  The Number The Number The Number of The Accuracy Percentage (ANNs
of All Data of Training of Testing Set Misclassified approach) (%)
Set Set Testing Set
1 121 85 36 1 97
2 121 85 36 0 100

All results were obtained using ANNs approach
on MATLAB (MATLAB, 2011). We obtained suitable
results of accuracy percentage that had high values
between 88% and 100% were obtained. Namely
the results of ANNs approach were very successful.
For obtaining the network architecture of the
artificial neural network, the selection of the
number of neurons (Nn) was an important
criterion in the ANNs approach (Kermani et al.,
2005; Gulbag, 2006). Because it was one of the
significant factors for the discrimination of

different data groups (Cetin et al., 2006; Gilbag

and Temurtas, 2007). Further Nn was decided by
trial and error method (Yildirim, 2013; Kaftan et al.,
2017). And then Nn which had the highest
accuracy percentage was selected for the defined
ANNs model (Gillbag, 2006). In the literature,
researchers applied different intervals using
different increments for Nn (Glilbag, 2006; Kiyuk
et al., 2009; Yildirim, 2013; Kaftan et al., 2017; Tan
et al., 2021a, b; Tan, 2021). In this study it was
increased by 5 between 1 and 25 and then results
were compared each other for every pair of

parameters separately (Tables 5. and 6.).

Table 5. The number of neurons (Nn) according to the Accuracy Percentage results according to ANNs for pairs of criteria 1: L
versus Stylet and criteria 2: L versus (T/VA) parameters in 2016, July.

Accuracy (%) for Accuracy (%) for
Nn:5 Nn:10

Criterion

Accuracy (%) for

Accuracy (%) for Accuracy (%) for

Nn:15 Nn:20 Nn:25

1 88 94
100 100

94 94 94
94 100 100

Table 6. The number of neurons (Nn) according to the Accuracy Percentage results according to ANNs for pairs of criteria 1: L
versus Stylet and criteria 2: L versus (T/VA) parameters in 2017, July.

Accuracy (%) for Accuracy (%) for

Criterion NR:S Nn-10

Accuracy (%) for

Accuracy (%) for Accuracy (%) for

Nn:15 Nn:20 Nn:25

1 94 94
2 100 92

97 92 94
97 100 97

until  the
determination coefficient (R?) has approximated

The training was continued

to 1. When the suitable value was obtained, the

network model was stopped and was started to
the test (Tables 7. and 8.).

Table 7. The variation of R according to Nn that were obtained using ANNs approach for pairs of criteria 1: L versus Stylet

and criteria 2: L versus (T/VA) parameters in 2016, July.

Criterion R2 (Nn:5) R? (Nn:10) R2 (Nn:15) R? (Nn:20) R2 (Nn:25)
1 0.83 0.83 0.85 0.85 0.85
2 1 0.97 1 0.96 0.97
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Table 8. The variation of R? according to Nn that were obtained using ANNs approach for pairs of criteria 1: L versus Stylet and

criteria 2: L versus (T/VA) parameters in 2017, July.

Criterion R? (Nn:5) R? (Nn:10) R? (Nn:15) R? (Nn:20) R? (Nn:25)
1 0.85 0.86 0.86 0.85 0.85
2 0.97 0.97 0.97 0.97

For the 2016, July data set we selected Nn as 10
for the pair of L versus Stylet and 5 for the pair of L
versus (T/VA) parameters, respectively. Further for
the 2017, July data set we selected Nn as 15 for the
pair of L versus Stylet and 5 for the pair of L versus
(T/VA) parameters, respectively. Because Nn was
less for a pair of a parameter. Namely the
architecture of the network was not complex and
was close to 1 as R? (Tables 9. and 10.).

Table 9. The selected Nn according to the Accuracy
Percentage results for pairs of criteria 1: L versus
Stylet and criteria 2: L versus (T/VA) parameters in

2016, July.
Criterion The Selected Nn  Accuracy (ANNs)
(%)
1 10 94
2 5 100

Table 10. The selected Nn according to the Accuracy
Percentage results for pairs of criteria 1: L versus Stylet
and criteria 2: L versus (T/VA) parameters in 2017, July.

Criterion The Selected Nn  Accuracy (ANNs)
(%)

1 15 97

2 5 100

Further we used the Levenberg-Marquardt
training algorithm and Hyperbolic Tangent-

a) b)

[ ]

Sigmoid activation function in this study (Kermani
et al., 2005; Kiylk et al., 2009). This algorithm had
an important application in MATLAB software
(Levenberg, 1944; Marquardt, 1963; Charrier et al.,
2007; MATLAB, 2011; James et al., 2017). The
equations of the standard back propagation and
the Levenberg-Marquardt (LM) algorithms were
showed as selected activation function, denoted
by @(x), defined the output of a neuron in terms
of the induced local field (Gllbag and Temurtas,
2007). We might use the hyperbolic tangent
sigmoid function, defined by using “Equation 2”

2
(p(X) = m -1 (2)

Here, @(x) : Hyperbolic Tangent Sigmoid
activation function (Gradshteyn and Ryzhik, 2007).

Further the normalization process was
applied to every data and a significant percentage
of the data randomly had been selected as the
training data. Hence remaining part was taken as
the testing data, randomly (Kermani et al., 2005).
After obtained outputs were compared with
tested outputs, the accuracy percentage was
calculated (Figures 5. and 6.).

(o]

ual ovary
O Mono ovary
O Misciassified cata

Stylet

TVA

Figure 5. Plots show distribution of a) L versus Stylet (Selected Nn:10) and b) L versus (T/VA) (Selected Nn:5)
for data set using ANNs approach in 2016, July. The accuracy percentages were obtained as 94%
for pairs of L versus Stylet and as 100% for pairs of L versus (T/VA) parameters, respectively.
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a) b)

Stylet

Dual ovary
Mono ovary
0 Misclassifed data

Figure 6. Plots show distribution of a) L versus Stylet (Selected Nn:15) and b) L versus (T/VA) (Selected Nn:5)
for data set using ANNs approach in 2017, July. The accuracy percentages were obtained as 97%
for pairs of L versus Stylet and as 100% for pairs of L versus (T/VA) parameters, respectively.

The comparison of ANNs approach results with
the results of the LDF method can be seen in the
Tables 11. and 12.

Table 11. Comparison of the accuracy percentage values for
data set according to LDF method and ANNSs
approach. criteria 1: L versus Stylet and criteria 2: L
versus (T/VA) parameters in 2016, July.

Method and

Criterion approach Accuracy (%)
1 LDF 92
ANNSs 94
LDF 96
2 ANNSs 100

Table 12. Comparison of the accuracy percentage values for
data set according to LDF method and ANNSs
approach. criteria 1: L versus Stylet and criteria 2: L
versus (T/VA) parameters in 2017, July.

Method and

Criterion approach Accuracy (%)
1 LDF 91
ANNSs 97
LDF 97
2 ANNSs 100

Results and Discussion

The identification of the type of ovaries was
carried out using LDF method and ANNs approach.
In this study sixty-four (59%) of studied total 109

individuals were described as dual ovaries and 45
(41%) of them were described as mono ovaries for
2016, July. Further seventy-four (61%) of studied
total 121 individuals were described as dual
ovaries and 47 (39%) of them were described as
mono ovaries for 2017, July, too. Ovary types of
female PPNs obtained from quince cultivation
areas in Sakarya Province were determined and
then, some morphometric parameters of them
were distinguished from each other. The results of
the classification method between the types of the
ovaries using LDF method for pairs of criteria: 1- L
versus Stylet and 2- L versus (T/VA) were shown for
2016, July and 2017, July data sets in Table 1. and
Table 2., respectively.

In the first criterion in Table 1., 59 dual ovaries
were classified correctly and 5 dual ovaries were
misclassified as mono ovaries. 41 mono ovaries
were classified correctly and 4 mono ovaries were
misclassified as dual ovaries. So we obtained that
the accuracy percentage of the classification is as
92% for 2016, July data set by using LDF method.
In the second criterion in Table 1., 64 dual ovaries
were classified correctly. 41 mono ovaries were
classified correctly and 4 mono ovaries were
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misclassified as dual ovaries. So we obtained that
the accuracy percentage of the classification is as
96% for 2016, July data set by using LDF method.

Further in the first criterion in Table 2., 67 dual
ovaries were classified correctly and 7 dual ovaries
were misclassified as mono ovaries. 43 mono
ovaries were classified correctly and 4 mono
ovaries were misclassified as dual ovaries. So we
obtained that the accuracy percentage of the
classification is as 91% for 2017, July data set by
using LDF method. In the second criterion in Table
2., 74 dual ovaries were classified correctly. 43
mono ovaries were classified correctly and 4 mono
ovaries were misclassified as dual ovaries. So we
obtained that the accuracy percentage of the
classification is as 97% for 2017, July data set by
using LDF method.

So Figure 2. and Figure 3. were drawn as
graphics using these numerical values for July,
2016 and July, 2017, respectively.

After we discriminated mono and dual ovary
using LDF method, we applied ANNs approach for
the same pairs of parameters. Firstly we had to
decide for Nn, and then we created test and
training data set for the two criteria in Table 3. and
Table 4., respectively. The values of the accuracy
percentage for ANNs approach were also given in
Table 5. and Table 6., respectively. The accuracy
percentage values changed between 88% and
%100. We increased the values of the number of
neurons by 5 between 5 and 25 as shown in Table
5. and Table 6., respectively. And then Nn versus
the determination coefficient (R?) per data sets for
L versus Stylet and L versus (T/VA) were given in
Table 7. and Table 8., respectively. R? values
changed between 0.83 and 1 in that table. This
situation indicated that BPNNs learning algorithm
was successful for those parameters on that
the The
comparison of R? values that were obtained using

structure of network topology.
ANNs approach for pairs of parameters in this
study area and the comparison of R? versus the
number of neurons were not enough for deciding
unaccompanied. Table 7. and Table 8. showed that

this relationship was only a stopping criterion for
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stopping the training stage of the network
topology. Nn was decided as 10 and 5 at the
network architectures for pair of criteria: 1 (L
versus Stylet) and 2 (L versus (T/VA)) for July, 2016,
respectively. Further they were decided as 15 and
5 at the network architectures for pair of criteria:
1 (Lversus Stylet), 2 (L versus (T/VA)) for July, 2017,
respectively. Because the average accuracy
percentage were the highest as 94% and 100% for
the July, 2016 data, as 97% and 100% for the July,
2017 data for pair of criteria: 1 (L versus Stylet) and
2 (L versus (T/VA)) respectively (See Table 9. and
Table 10.). Further L versus Stylet values of the
accuracy percentage for LDF method and ANNs
approach were shown for 2016, July data set and
for 2017, July data set in Table 11. and Table 12.,
respectively. According to L versus Stylet the
accuracy percentage values were obtained using
LDF method and ANNs approach as 92% and 94%
for July, 2016 data set, respectively. And then
according to L versus (T/VA) the accuracy
percentage values were obtained as 96% and 100%
for July, 2016 data set. Further L versus Stylet the
accuracy percentage values were obtained using
LDF method and ANNs approach as 91% and 97%
for July, 2017 data set, respectively. And then
according to L versus (T/VA) the accuracy
percentage values were obtained as 97% and 100%
for July, 2017 data set. Values of pairs of the L
versus Stylet and the L versus (T/VA) for ANNs
approach were plotted in Figure 5. and Figure 6.
for 2016, July and 2017, July, respectively, too.
LDF method was one of the most popular and
successful techniques for classification different
groups among the multidisciplinary sciences in the
world. For example the accuracy percentage
values were obtained for pairs of parameters for
the earth sciences (the pair of Ratio versus logS
parameters) as 98.6%, 93.8%, 97.7% and 95.8% for
Gaziosmanpasa, Catalca, Gebze-Hereke, and
Omerli, respectively (Horasan et al., 2009). The
accuracy percentages were obtained as 96.3 %,
89.3%, 100%, 100%, 96.5%, and 100 % for the
earthquake stations KTUT, ESPY, BAYT, PZAR,

GUMT, and BCA, respectively (Yilmaz et al., 2013).
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Further lower accuracy percentage values (91.7%,
83.7% and 83.2%)
Seconder/Primer wave amplitude peak ratio,

were obtained using
complexity and spectral ratio in Egypt than the
other country values (Badawy et al., 2019). Further
in this study the values of the number of neurons
which were increased by 5 between 5 and 25 was
given in Tables 5., 6., 7., 8., 9. and 10. Nn versus R?
values per data sets were shown in Table 4a. and
Table 4b. for pairs of criteria 1: L versus Stylet and
criteria 2: L versus (T/VA) parameters in 2016, July
and July, 2017, respectively. R? values changed
between 0.83 and 1 in these tables, too. It means
that BPNNs learning algorithm was successful for
these parameters on that structure of the network
topology in the area considered in this study.
When we compared the accuracy percentage
values for two criteria (L versus Stylet and L versus
(T/VA)), the pair of L versus (T/VA) had higher
classification percentage values for both of July,
2016 data set and July, 2017 data set (94% and
97%, respectively and 100% for ANNs approach)
than the pair of L versus Stylet in Table 9. and Table
10. And then when we compared the accuracy
percentage values for two criteria (L versus Stylet
and Lversus (T/VA)), the pair of L versus (T/VA) had
higher classification percentage values for both of
July, 2016 data set and July, 2017 data set (92%
and 96%, respectively and 91% and 97% for LDF
method) than the pair of L versus Stylet in Table
11. and Table 12. Further when we compared the
accuracy percentage values for two criteria (L
versus Stylet and L versus (T/VA)), the pair of L
versus (T/VA) had higher classification percentage
values for ANNs approach for both of July, 2016
data set and July, 2017 data set (94% and 100%,
and 100% for ANNs
approach) than the pair of L versus Stylet for LDF
in Table 11. and Table 12. Further
misclassified data was near the function line of the

respectively and 97%
method
discrimination area according to LDF method

and 3.) and the Ilimit of the
discrimination area according to ANNs approach

(Figures 2.

(Figures 5. and 6.) between two different areas
called as “the mono ovary” and “the dual ovary”.
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This is a new finding in this study according to
these discrimination method and approach, too.
Further ANNs approach was one of the most
and  successful  techniques for
different at  the

multidisciplinary sciences in the world, too. Similar

popular
classification groups
three methods of the ANNs approach were used to
distinguish the natural and artificial seismic events
in Istanbul and its vicinity (Yildinm et al., 2011).
They obtained the success of the models as 99%
for feed forward back propagation neural
(FEBPNN).

investigated data sets for Edirne and Manisa using

networks Some researchers
BPNN Learning algorithm successful between
absolutely 80-100%, too (Tan et al., 20214, b; Tan,
2021). Suitable ANNs models were studied to
determine using performance criterion such as
mean determination coefficient (R?) as above 99%
and used the BPNN learning algorithm at the forest
industry (Akyliz, 2019; Tan, 2021). For that reason
the ANNs approach can be used as a good tool in
industrial wood sales forecasts. Further three of
the ANNs
perceptron (MLP) and evolutionary-based, genetic
network (GANN) and
evolutionary product unit-based neural network

approaches are that Multi-layer

algorithm with neural

(EPUNN) approaches were applied to predict LDso
value using Tribolium confusum Jacquelin du val
(Coleoptera: Tenebrionidae) in the entomological
research area, too (Altay and Ozgen, 2021).

ANNs approach studies were emphasized that
classification of nematodes very importantly.
that
researched about the non-linear solutions or

Nematological studies were generally
manipulation of the images of the C. elegans using
the neural networks in the World, too (Ferree et
al., 1996; Sundararaju et. al., 2002; Li et al., 2016;
Monteiro et al., 2016; Akintayo et al 2018; Golhani
et al.,, 2018; Aragon et al., 2019; Saberi et al.,

2020).

Conclusions

In this study the human intelligence, the
computer intelligence and the artificial intelligence
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were compared with each other. In fact we
compared the human intelligence, the computer
intelligence and the artificial intelligence with each
other using measured values, statistical program
and the neural networks, respectively. The
accuracy percentage values of the LDF method
were as successful as results using ANNs approach.
But ANNs approach was more successful than LDF
method for the classification of mono and dual
ovaries of females of PPNs. Hence, we concluded
that the mono and dual ovaries were discriminated
from each other very well in this study and it may
be developed the taxonomical studies using LDF
method and ANNs approach together at the
nematology. Further this is the first study by using
LDF method and ANNs approach together at the
nematological studies in both of Turkey and the
World. Further we suggest that different training
algorithms could be investigated by using different
pairs of parameters in ANNs approach in the

nematology.
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ABSTRACT

Phytoplasma infections are able to limit the lettuce growth around the world. The alterations
of biochemical contents in the host physiology following phytoplasma infection in lettuce
remain to be elucidated. In this study, changes in total protein and chlorophyll content,
proline, malondialdehyde (MDA) accumulation, peroxidase (POD) and catalase (CAT)
enzyme levels were investigated in leaves of lettuce plant after Candidatus Phytoplasma
asteris infection. Symptoms observed in plants infected with phytoplasma were yellowing,
little leaf, stunting, and a general decline. Phytoplasma agent detected in all infected lettuce
by PCR-RFLP studies. Total protein and chlorophyll contents of phytoplasma-infected plants
were lower than those of healthy control. Proline, MDA accumulation, POX and CAT enzyme
activities were increased in infected plants as compared to those of control. The results show
that phytoplasma infection can modify the host physiology of lettuce. In conclusion, this
study indicated that the previously identified Ca. P. asteris was still pathogen with no
changes in its DNA sequence and it was able to reduce the quality parameters of the lettuce
plant and possess potential danger to the lettuce growing areas.

Key Words: Biochemical alterations, Phytoplasma, Lettuce, PCR,
0z

Diinya genelinde marulda verimi sinirlayan fitoplazma infeksiyonlari gérilmektedir. Marul
bitkisinde fitoplazma etmeninin konukgu fizyolojisinde meydana getirdigi biyokimyasal
bilesenlerindeki degisimler anlasilmaya devam etmektedir. Bu calismada Candidatus
Phytoplasma asteris tarafindan etkilenen marul bitkisinin yapraklarindaki total protein ve
klorofil icerigi, prolin, malondialdehid (MDA) birikimi, peroksidaz (POD) ve katalaz (CAT)
enzimlerindeki degisimler incelenmistir. Fitoplazma ile infekteli bitkilerde gozlenen
simptomlar sararma, kiiglik yaprak, bodurlasma ve genel olarak bitkinin 6limi bigiminde
olmustur. PCR-RFLP calismalariyla tim infekteli marul bitkilerinde fitoplazmanin varligi
dogrulanmistir. Fitoplazma ile infekteli bitkilerde toplam protein ve klorofil igerigi saghkli
kontrol bitkilerine kiyasla azalmistir. Prolin, MDA birikimi, POX ve CAT enzim aktivitesi
infekteli bitkilerde artis gosterirken; saglkli kontrol bitkilerinde 6nemli diizeyde azalmistir.
Sonuglar, fitoplazma infeksiyonunun konukcu fizyolojisini modifiye edebilecegini
gostermistir. Sonug olarak bu calisma, Ca. P. asteris’in marulu infekteleyen DNA dizisi
degismeyen bir patojen oldugu, etmenin marul bitkisinde kalite parametrelerini distrdigu
ve marul yetistirilen alanlarda potansiyel tehlike olabilecegini ortaya koymustur.

Anahtar Kelimeler: Biyokimyasal degisimler, Fitoplazma, Marul, PCR,
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Introduction

Lettuce (Lactuca sativa L.) is a broadleaf
herbaceous cold climate vegetable belonging to
the Lactuca genus in the Asteraceae family that
plays a significant role in human nutrition. It is very
rich in vitamins A, C, E, and K and contains high
amounts of fiber, sugar, Ca, Fe, Mg, and K minerals
(Kim et al., 2016). The most important place
among the morphological features of lettuce is its
leaves which are the consuming part. Flat or curly
leaves and leaf colour are the important
distinguishing factors. In addition to leaf shape and
color, features such as core and head formation,
leaf fleshiness, friability and earliness can be
the

(KFistkova et al., 2008). Considering these features,

counted among distinguishing factors
salads and lettuces; curly-leaf salads, oily salads
and lettuce are grouped under three main groups
(Vural et al., 2000; Lebeda et al., 2007). Lettuce
and salad group, which can be found in markets
throughout the year, is one of the most consumed
vegetables (Aybak, 2002; Shatilov et al., 2019). Due
to these features, lettuce is grown in open,
greenhouse and low plastic tunnels in almost every
region of Turkey depending on the climate. The
production of lettuce, which has a very short
production period (2-3 months), is usually the
second or third product culture in our country
before or after the main vegetable production
(Akinci et al., 2003).

However, lettuce production is adversely
affected by some abiotic and biotic factors.
(2017), Sclerotinia

sclerotiorum, Botrytis cinereaq,

According to Soylu et al.
Golovinomyces
cichoracearum and Bremia lactucae are the most
important fungal agents observed in lettuce
cultivated areas. Among the bacterial agents,
Pectobacterium carotovorum subsp. carotovorum,
Enterobacter Xanthomonas

and cloacae,

campestris pv. vitians could be counted as
significant pathogens. In addition, Beet western
yellows, Lettuce mosaic, Lettuce dieback, Lettuce
big vein, Tomato spotted wilt, Turnip mosaic virus
agents were also detected in lettuce (Koike et al.,

2007; Sertkaya, 2015).
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In addition to these factors, phytoplasmas,
could also be counted as bacterial agents, leading
to symptoms such as yellowing, wilting, chlorotic
local lesion, deformity, witches’ broom formation
and stunting in lettuce plants (Akkurak et al.,
2021). Phytoplasmas are located in the Mollicute
class of the Prokaryotae kingdom. They are limited
to the phloem, they do not possess cell walls,
therefore, they are very sensitive to tetracycline
group of antibiotics. Phytoplasmas infect over
1000
vegetables, fruits, and weeds, and are spread from
infected plant to healthy plant by insects feeding
on phloem tissues. (Bertaccini et al., 2014; Namba,

plant species worldwide, including

2019). Small leaves, phyllody, virescence, large
buds and witches' broom are among the most

common symptoms observed in vegetables
infected by phytoplasma agents (Kumari et al.,
2019).

Phytoplasmas affect plant species which mostly
belong to Apiaceae, Asteraceae, Cucurbitaceae,
Fabaceae and Solanaceae families from those 16
different ribosomal groups have been reported
worldwide in 16Srl-A, 16SrI-B, 16Srlll-J, 16SrIX and
16SrXIl-A (Kumari et al., 2019). For example, Lin et
al. (2014) reported that Ca. P. asteris (16Srl) was
associated with the most common symptoms such
as chlorosis and wilting on infected lettuce plants
were. It has been reported that the transfer from
diseased lettuce plants to healthy plants could be
via phloem-feeding leafhopper (Macrosteles
striifrons) (Lin et al., 2020). Ca. P. trifolii in cabbage
and pepper, Ca. P. solani and Ca. P. trifolii in
tomatoes and potatoes, Ca. P. asteris in lettuce are
the important phytoplasmas that have been
transferred via insects (Caglar et al., 2010; Yilmaz
et al., 2019; Ulubas Serce and Yilmaz, 2019; Giller
and Usta, 2020; Akkurak et al., 2021).

Phytoplasmas live in the phloem tissue of
infected and initiate

plants accordingly

physiological deterioration in the host plant
leading to the production of defense proteins
(Musetti et al., 2005; Huseynova et al.,, 2017).
Rasool et al. (2020) found that the activity of
peroxidase (POD), superoxide dismutase and

catalase (CAT) enzymes responsible for defense
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responses increased while Chlorophyll a,
Chlorophyll b and total Chlorophyll levels reduced
in phytoplasma-infected plants in sweet orange
(Citrus sinenses L.). Decreased chlorophyll content
in plants infected with phytoplasma is thought to
be a possible reason for the leaf color turning from
green to vyellow. In another study,
malondialdehyde (MDA) and hydrogen peroxide
levels were found higher in Sesamum indicum
plants infected with phytoplasma than those of
healthy plants (Ahmad et al., 2019). Zafari et al.
(2012) also stated that a decrease in total protein
content was evident in the leaves of the lime plant
infected with Ca. Phytoplasma aurantifoliae.

We had previously performed DNA isolation
and PCR-RFLP on lettuce plants that showed signs
such as yellowing, tiny leaves, and stunting. We
then stated that the component producing these
symptoms was discovered to be associated to the
Candidatus (16Srl-B)
subgroup as a consequence of the analysis.
(Akkurak et al., 2021). In this study, we aimed to

examine the biochemical changes in antioxidant

Phytoplasma  asteris

enzymes (POD and CAT) along with chlorophyll,
protein, malondialdehyde (MDA) and proline
contents in lettuce plant infected by Ca. P. asteris.
These possible changes in terms of physiological
and biochemical patterns are not explored in

lettuce plants to the best of our knowledge.

Material and Methods

Plant material

Previously reported causal agent including
symptoms such as yellowing, small leaf, necrosis,
stunting, and a general decline in lettuce plants
had been related to Ca. Phytoplasma asteris
through PCR tests (Akkurak et al., 2021). In this
study, healthy control (n=6) and symptomatic
(n=8) leaves of L. sativa were collected for DNA
extraction to confirm our previous findings if the
symptomatic lettuce plants still possess the
confirmed phytoplasma agent. The samples were
tested again via two-step polymerase chain

reaction (PCR) assays.
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DNA isolation and PCR analysis
Total DNA
symptomatic and healthy

isolation was made from
lettuce plants as
described by Ahrens and Seemdiller (1992). Tissue
leaf midrib (0.5 g) was homogenized in 2 ml of
CTAB buffer and 2 ml aliquots of the extract were
incubated at 65°C for 35 min. Afterward, DNA
purification was made through chloroform-
isoamyl alcohol (24:1) extraction method and
precipitated. Total DNA was melted in 50 ul of TE
buffer and maintained at -20 2C until use. Total
DNAs obtained here was used as template in our
PCR studies for phytoplasma diagnosis.

Template DNA was tested with two-step PCR
using R16F1/RO primers in the first round PCR
followed by R16F2n/R2 primers in the second
round to amplify the 1.250 bp DNA fragment from
the 16S rRNA gene (Gundersen and Lee, 1996;
Duduk et al., 2013).

The following conditions were used for PCR:
denaturation at 94°C for 3 minutes, annealing at
54°C (F1/R0) or 55°C (F2n/R2) for 2 minutes, and
primer extension at 72°C for 3 minutes. Both PCRs
were subjected to a 10-minute extension cycle at
72 °C. Ten pl of F2n/R2 amplified products were
electrophoresed in a 1% agarose gel and visualized

on a UV transilluminator.

Protein contents

Bradford's method was used to determine total
protein content (1976). Approximately, 0.5 g
healthy and symptomatic lettuce leaf samples
were taken and homogenized with 5 ml of sodium
phosphate buffer, pH 7. Afterwards, 5 ml of
Coomassie Brilliant Blue G-250 was mixed with 100
pul of plant extract and read at 595 nm in a
spectrophometer (Shimadzu, UV-1280). Bovine
Serum Albumin Fraction V (Sigma), at different
concentrations (10-100 pg ml') was used for the
protein standard curve.

Chlorophyll measurement

Chlorophyll a and chlorophyll b analyses in
healthy and infected lettuce leaves were made
according to the method of Arnon (1949).
Approximately 0.5 g leaf was homogenized in 5 ml
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acetone/water (80% v/v) mix, then filtered and
placed in Eppendorf tubes. Readings were made
against 80% acetone control at 663.5 nm for chl a
and 645 nm for chl b. Chlorophyll calculation was
made on the basis of mg L'! on a fresh weight (FW)
basis.

Total chlorophyll (mg L'!)= 20.2 Agss+ 8.02 Ases s
Chlorophyll a (mg L'!)= 12.7 Aee3.s- 2.69 Aeas
ChIorophyII b (mg L'1)= 22.9 Acss- 4.68 Ages s

Proline analysis

Proline activity was employed with minor
modifications according to Bates et al. (1973)
(Karakas et al. 2013). The compound consisting of
an acid-ninhydrin mixture was used as a color
agent in the analysis. Nearly 0.5 g leaf sample was
taken from healthy and infected the fresh leaf,
grinding in liquid nitrogen, and solubilized by
adding 10 ml of 3% sulfosalicylic acid. The extract
was passed through filter paper Whatman No:1
and 2 ml of the mixture was added to 2 ml of acid
ninhydrin solution, and the mix was boiled for 1
hour at 100 °C. The reaction was then stopped in
ice cold water. Afterwards, toluene (5 ml) was
added to the reaction mix and vortexed for 30
seconds. Then, the upper phase was taken, and the
absorbance reading was evaluated at 520 nm in a
spectrophotometer (Shimadzu, UV-1280).

Malondialdehyde (MDA) analysis

MDA was measured according to Heath and
Packer (1968) with some modifications (Karakas et
al. 2013). A fresh leaf sample of about 0.5 g was
healthy
homogenized with 10 ml

taken from and infected plants,
of 0.1 percent
trichloroacetic acid (TCA), and centrifuged for 5
minutes at 10,000 g. After centrifugation, 4 ml of
20% TCA [containing 5% thiobarbituric acid (TBA)]
was added to 1 ml of extract. The resulting mixture
was incubated for 30 minutes at 95 °C for 30
minutes. It was then rapidly cooled with the aid of
an ice bath and then centrifugation at 10.000 g for
10 minutes, 300 ul of supernatant was taken, the
absorbance readings at 532 and 600 nm in a

spectrophotometer were used for the MDA
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calculation using the following formula.

MDA (nmol g fresh g.) = [Extraction volume (ml) x
[(As32-Aso0) /(155 mmol L't cm™)] / Sample quantity
(g)Ix 10°

Catalase (CAT) activity (E.C. 1.11.1.6)

The protocol prepared by Milosevic and
Slusarenko (1996) was used to measure catalase
(CAT) activity. A 0.5 g of fresh leaf sample was
collected from the plants and homogenized with
Na-phosphate buffer, pH 7.0. Then, 50 ul of the
obtained supernatant was added to 2.95 ml of the
then it the

spectrophotometer at 240 nm for 30 seconds. One

reaction mix, was read in
unit of catalase enzyme activity expressed as the
amount of enzyme that breaks down 1 umol H,0;
in 1 minute was used to express the enzyme in

terms of unit mg* protein (Wang and Han, 2009).

Peroxidase (POD) activity (E.C. 1.11.1.7)

Peroxidase measurement was performed
following protocol prepared by Cvikorova et al.
(1994) with some modifications (Karakas et al.,
2013). Approximately 0.5 leaf samples were taken
the healthy

homogenized in phosphate buffer, pH 7.0. Then,

from and infected plants,
100 pl of the obtained leaf extract was taken and 3
ml of reaction mix (13 mmol L** guaiacol, 5 mmol L°
1 H,02 and 50 mmol L'* Na-phosphate, pH 6.5) was
added. The reaction was started with the addition
of H,0; and read 3 times at 25°C at 470 nm within
1 minute intervals. One unit of peroxidase enzyme
was defined as 0.1 absorbance min™ at AA470 nm.

Results are expressed in units mg™* protein.

Statistical analysis

The data obtained as a result of the analyses
were analyzed using Tukey's Test Method using
one-way analysis of variance (ANOVA) in Minitab
Statistical Software-20. Variations between groups
were significant at p< 0.05. The error bars in the
graphs show the mean + error.
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Results and Discussion

Morphological observations in infected lettuce
plants

We observed remarkable symptoms in lettuce
plants infected with Ca. P. asteris such as

ot

Fig. 1. Symptoms of lettuce plants infected with phyt

decline (c).

8

a

oplasma yeIIowin and small leaf (a), stunting (b) and

yellowing, small leaf, stunting and decline (Fig. 1).
We confirmed that the symptoms in lettuce
plants were associated with Ca. Phytoplasma
asteris through PCR-RFLP studies. No DNA bands
associated with Ca. Phytoplasma asteris in the
healthy lettuce plants were detected (Fig. 2).

9 10 11 12 13 14 P N M

Fig. 2. Gel electrophoresis of DNA amplified by PCR. Lane 1-8 phytoplasma-infected
lettuce leaves, lane 9-14 non-infected lettuce leaves, N; negative control or no
DNA, P; positive control, M; 1 kb DNA size markers.

Effect of phytoplasma infection on total protein
and chlorophyll contents

Soluble protein content was significantly lower
in infected leaves when compared to those of
healthy plants (Fig. 3). Similar conclusions were
observed by Nasir et al. (2017), who indicate that
chickpea plants are infected with Ca. P. australasia
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reduced the soluble contents of leaves.

Decreased in protein content in most diseased
plants are commonly observed. In this study, we
detected soluble protein decline in infected lettuce
plants following phytoplasma infection in which
the lettuce plants exhibited defensive responses
throughout the growing season.
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Fig. 3. Total protein and chlorophyll levels in control and phytoplasma-infected lettuce leaves.

The significant decline was also observed with
that of total chlorophyll content (Fig. 3, p<0.05).
Previous reports were in line with our findings in
which the phytoplasma infection decreased the
chlorophyll content of Chinese jujube (Liu et al.,
2016), corn beans (Hameed et al., 2017) and lime
(zafari et al., 2012) crops. In the present study, the
low chlorophyll content is thought to be related to
the yellowing and chlorosis symptoms. Although
the detailed mechanism for the chlorophyll
degradation following phytoplasmas is not
revealed yet, we assume that phytoplasmic agents
interfere with Mg?*/Fe?* molecules through the
production of reactive oxygen species (ROS) and

other stress metabolites.
Effect of phytoplasma infection on proline and

MDA content
When we examined proline and MDA levels,

Proline

Proline (umol g1)
O R, N WA U O N ©

control infected plants

both exhibited
differences from those of control plants, p<0.05.

metabolites remarkable
Proline has significant roles widely of biological
mechanism, stress, signaling, energy production.
Its role in the pathogenicity of microorganisms has
been subject to be elucidated (Christgen and
Becker, 2019). The amount of proline in lettuce
leaves infected with phytoplasma increased as
compared to the healthy ones (Fig. 4). Similar
findings were also obtained in Citrus aurantifolia
by Abdolahi et al. (2012) who reported that
high
accumulation of proline in the leaf. For instance,
Dikilitas et al. (2020) that the
determination of the proline content in plants

phytoplasma infection resulted in

indicated
infected with phytoplasma agent is a good marker

for measuring the effects of the disease as well as
resistance levels of the host plants.

MDA
9
8
7
w6
g 5
:DE 4
S 3
2
1
0
control infected plants

Fig. 4. Proline and MDA levels in control and phytoplasma-infected lettuce leaves.
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One of the most important effects of free
radicals formed under abiotic and biotic stress
conditions is the peroxidation of lipids. With the
reaction of polyunsaturated fatty acids and
oxidants, lipids in the cell membrane are oxidized
and malondialdehyde (MDA) is composed as the
end product of lipid peroxidation (Morales and
Munné-Bosch, 2019). Weber et al. (2004) reported
a remarkable increase in MDA level in Arabidopsis
spp. under oxidative stress conditions. In this
study, the MDA content of the plants infected with
Ca. P. asteris was found higher than the healthy
plants (Fig. 4). Similarly, Ahmad et al. (2019) stated
that increased MDA levels in Sesamum indicum
following phytoplasmas infection. However,
Rasool et al. (2020) also reported that MDA level in
Citrus sinensis L. increased following phytoplasma
infection. It could be possible that MDA level may
not increase upon infection. The host plant could
tolerate the stress or suppress MDA activity
depending on its capacity in terms of genetic
background and the infection period of the
phytoplasmic agent. However, in general, MDA

POD
1.8
1.6
1.4
1.2

0.8
0.6

POD (Unit mg? protein)

0.4
0.2

control infected plants

content appear to elicit different responses in the
plant depending on the plant or the phytoplasma
species. Therefore, increases in MDA are a widely
used marker for the determination of biotic and
abiotic stress levels and it serves as a sign of the
extent of damage under stress.

Effect of phytoplasma
activities (POD and CAT)
When the level of antioxidant enzymes was the

infection on enzyme

elucidated, level of both enzymes increased
following Ca. Phytoplasma asteris infection.
Peroxidases are one of the antioxidant enzymes
that play an important role in cell wall formation,
lignification, removal of ROS, and inducing plant
defense system (Passardi et al., 2005; Prasannath,
2017). In this study, we determined that POD and
CAT activities increased significantly in lettuce
leaves infected with phytoplasma (Fig. 5, p<0.05).
Similarly, Junqueira et al. (2011) reported that
phytoplasma infection in the maize plants resulted
in a significant increase in POD and CAT enzymes.

CAT
14

12

10

CAT (Unit mg protein)

control infected plants

Fig. 5. POD and CAT enzyme levels in control and phytoplasma-infected lettuce leaves.

Catalase is also one of the essential enzymes
capable of protecting biological systems against
free radical attack (Ighodaro and Akinloye, 2018)
and is the most effective enzyme, which reduces
H,0; into H,0 and O; (Mhamdi et al., 2010; Alam
et al., 2014; Veronica et al., 2017). Catalase activity

21

is mostly elevated against plant pathogen attack
(Magbanua et al., 2007). Hameed et al. (2017) in
mungbean (Vigna radiata), Zafari et al. (2012) in
lime (Citrus aurantifolia) also reported that
increased CAT

phytoplasma infection.

activity in plants following
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Conclusions

This study indicated that phytoplasma could
damage the infected lettuce plant via deteriorating
the physiological and biochemical processes.
Compared to uninfected plants, chlorophyll and
protein contents decreased in diseased plants. The
morphological changes (yellowing, small leaf,
stunting and decline) observed in the infected-
plant indicated that the phytoplasma has the
potential to reduce photosynthesis rate and
protein synthesis.

The increase in proline, MDA, CAT and POD
enzyme activities with phytoplasmic infection
showed that the lettuce plant became defensive
against the agent. Knowing the biochemical
changes that occur in the host plant provides an
the the

infection provide

understanding  of of
phytoplasma

information about the recovery that activates the

responses
and can
resistance mechanism. These results provide
important clues for developing control strategies

against phytoplasma diseases.
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6z

Ekonomik olarak 6nemli bir paya sahip olan Antepfistigi (Pistacia vera L.) agag gévdelerinde
¢atlamalara ve ani kurumalara yol agan ve yeni bir fungal hastalilk etmeni olan
Neoscytalidium novaehollandiae, Tirkiye’'de ilk kez Glineydogu Anadolu Bolgesi’'nde rapor
edilmistir. Bu c¢alismada, Sanhurfa ili Karakoprii, Bozova, Birecik, Halfeti ve Ceylanpinar
ilcelerinin Antepfistigi yetistiriciligi yapilan alanlarinda 25 kdy ve 75 bahgede survey yapilarak
bolgede bulasiklk orani tespit edilmistir. Survey yapilan bes ilgenin ortalama bulasiklik orani
% 35.88 olarak bulunmustur. Bulasiklik orani sirasi ile Bozova % 43.68, Birecik % 39.34,
Ceylanpinar % 36.07, Karakopri % 32.25 ve Halfeti % 28.07 olarak belirlenmistir. Survey
sirasinda infekteli olan agaglarin gévde ve dallarindan 6rnekler alinmis ve PDA ortaminda
izolasyonlar yapilmistir. izolasyon sonucunda gelisen fungal etmen saflastiriimis,
mikroskobik olarak incelenmis, molekiler olarak ITS (Internal Transcribed Spacer), ACT
(Actin gene), LSU (Long Sub Unit) ve SSU (Small Sub Unit ) gen bolgesi primerleri kullanilarak
PZR (Polimeraz Zincir Reaksiyonu) ile genetik karakterizasyonu ortaya konmus ve sekans
analizine gonderilmistir. Elde edilen niikleotid dizileri GenBank’ta (ITS icin erisim numarasi:
OL455801 ve LSU igin erisim numarasi: OL589617) kaydedilmistir. Sekans ve filogenetik
analizler sonucunda ITS ve LSU gen bodlgesi dizi verilerine gore hastalig§in Neoscytalidium
novaehollandiae etmenine % 99 ila % 99.9 benzer oldugu tespit edilmistir. ACT ve SSU gen
bolgesi icin benzerlik oranina bakilmis fakat gen bankasinda bu gen bdlgeleri i¢in herhangi
bir kayit bulunmadigindan ACT ve SSU gen bolgeleri ile herhangi bir degerlendirme
yapilamamistir. Hastalik etmeninin daha ¢ok yasli agaclarda ciddi enfeksiyonlara yol actigl
belirlenmis ancak yeni gelisen agaclarin da tehlike altinda olacagi degerlendirilmistir.

Anahtar Kelimeler: Pistacia vera L., Neoscytalidium novaehollandiae, Gévde clrikligi, PCR.

ABSTRACT

Neoscytalidium novaehollandiae, a new fungal disease causing cracking and sudden drying
out in trunks of Pistachio (Pistacia vera L.), which is economic importance, was reported for
the first time in the Southeastern Anatolia Region of Turkey. In this study, infestation rate
was determined in 25 villages and 75 orchards in the Pistachio growing areas of Sanliurfa
province Karakoprii, Bozova, Birecik, Halfeti and Ceylanpinar districts. The average
infestation rate of the five districts surveyed was found to be 35.88%. The rate of infestation
was determined as Bozova 43.68%, Birecik 39.34%, Ceylanpinar 36.07%, Karakoprii 32.25%
and Halfeti 28.07%, respectively. During the survey, samples were taken from the trunk and
branches of the infected trees and isolated in PDA medium. The fungal agent was then
purified, examined microscopically, and molecularly determined by PCR (Polymerase Chain
Reaction) using the gene region primers of ITS (Internal Transcribed Spacer), ACT (Actin
gene), LSU (Long Sub Unit) and SSU (Small Sub Unit). The genetic characterization was
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demonstrated and sent for sequence analysis. The resulting nucleotide sequences were registered in GenBank (accession
number OL455801 for ITS and accession number OL589617 for LSU). As a result of the sequence and phylogenetic
analysis, the fungal agent was verified and found to be as close to Neoscytalidium novaehollandiae with 99% to 99.9%
similarity according to ITS and LSU gene region sequence data. The similarity ratio was checked for the ACT and SSU gene
regions, however, since there were no records for ACT and SSU genes regions in the gene bank, therefor, no evolution
was made. It has been determined that the disease agent causes serious infections mostly in old trees, however, newly

developing trees could be under threat.

Key Words: Pistacia vera L., Neoscytalidium novaehollandiae, Stem rot, PCR

Giris

Anacardiaceae familyasina mensup olan
Antepfistigl (Pistacia vera L.) ekonomik 6éneme
haiz bir bitkidir (Yavuz, 2016). Antepfistiginin
meyvesi icerdigi proteinler, antioksidantlar,

aroma, vitamin ve minerallerce zengin
oldugundan gida sektoriinde 6nemli bir yere
sahiptir (Arpaci, 2010). Glney ve kuzey yarim
kirelerin 30-45° paralelleri arasinda yetisebilen
Pistacia tirlerinin Anadolu’da ilk kiltiire alindigi
yer Etiler olarak bilinir (Agar, 1997; Hashim ve ark.,
2018). Ulkemizin de Gen Merkezini olusturdugu P.
vera tirlerinin istatistiklere yansiyan rakamlara
ulkede

yetistiriciligi yapilmaktadir (Yavuz ve ark., 2016).

gore Dinyada vyaklasik olarak 21
Dinyada toplam Antepfistig tretimi 1.375.770
tondur. Bu dretimin % 96 ik payini sirasiyla
551.307 ton ile % 40 oraninda iran, 447.761 ton
ile % 33 oraninda ABD, 240.000 ton ile % 18
oraninda Turkiye, 74.000 ton ile % 5'lik bir paya

sahip olan Cin almaktadir (TUIK, 2018; FAO, 2018).

Ulkemizde Antepfistigi Uretim miktari 2019
verilerine goére 85.000 tondur. (Tarim ve Orman
Bakanligl, 2020). Tirkiye’'de  Antepfistigi

yetistiriciligi yogun olarak Gilineydogu Anadolu
Bolgesi'nde gerceklesmektedir (Anonim, 2017).
TUIK
Antepfistigl Gretiminde toplam payin % 37.6’sini

istatistiklerine gore 2019 vyili Tirkiye
karsilayan Sanliurfa ili birinci sirada yer almaktadir
(TUIK, 2019).
Antepfistiginda gozlemlenen fizyolojik
problemlerin yani sira, biyotik faktorler de dnemli
sorunlara sebebiyet vermektedir (Eskalen ve ark.,
2001; Kaplan ve ark., 2018; Kaplan, 2019; Aydin,
2019).

geriye dogru

Ornegin, genellikle

bitkilerde

Botryosphaeriae,
O6lime ve odunsu
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kanserlere yol agan, kozmopolit dagilima sahip
olan zengin bir familyadir (Barr, 1987; Crous ve
2006; 2007).
Botryosphaeriae mensup

ark., Slippers ve Wingfield,

familyasina ve
Neoscytalidium cinsine ait olan Neoscytalidium
dimidiatum tari ilk olarak 2006 yilinda Crous ve
Slippers tarafindan tanimlanmis ve bu cinse ait
turler septali havai misel varligi ile karakterize
edilmistir (Crous ve ark., 2006). Daha sonra Pavlic
ve ark. (2008) Neoscytalidium novaehollandiae
tirinli baobab bitkisi ile iliskili funguslari ve
Avusturalya’nin kuzeybatisindaki endemik agag
turlerini arastirirken kesfetmislerdir.
Neoscytalidium novaehollandiae son zamanlarda
gibbosa,

Crotalaria medicaginea ve Grevillia agrifolia’nin

Adansonia Acacia  synchronica,
bir endofiti olarak Kuzey-Bati Avustralya’da tespit
edilmistir (Pavlic ve ark., 2008). Neoscytalidium
bu N.

novaehollandiae sayida

cinse olan
(Pavlic)

konukguda hastaliklara neden olan gogunlukla

cinsleri ve mensup

tard  ¢ok
aseksliel Ureyen, yavas gelisen bir fungustur
(Crous ve ark., 2006). Neoscytalidium’a ait olan
turler tropikal ve subtropikal iklim bdlgelerinde
endemiktir (Dunn ve ark., 2003).

Kaltir

morfolojik ve mikroskobik olarak cok benzeyen N.

ortaminda, N. dimidiatum tirine
novaehollandiae, ilk basta hiyalin olusturabilir
fakat kisa strede koyu kahverengi ila siyahimsi
hale gelen pamuksu, hizli blylyen koloniler
gelistirir. Genelde elipsoidal silindirik olarak hem
hiyalin hem de koyu renk pigmentli artrokonidia
Uretilir (Singler ve ark., 1997; Crous ve ark., 2006;
Pavlic ve ark., 2008).

Neoscytalidium cinsi daha 6nce tim diinyada
genis bitki
konukgularinda rapor edilmistir (Von Arx, 1987;

cografi bolgelerde,  cesitli
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Farr ve Rossman, 2018). Ornegin, Avustralya’da
mango olumd ile iligkili olan N. novaehollandiae
rapor edilmis, hastahgin ciddi ekonomik kayiplara
yol actigi belirlenmistir (Ray ve ark., 2010).
Botryosphaeriae familyasindan
Neoscytalidium cinslerine ait bdlgemizde ve
Tirkiyede yeni gorilen N. dimidiatum (Dervis ve
ark., 2019) ve N. novaehollandiae (Kurt ve ark.,
2020) adinda iki fungus tlirinin Antepfistig
yol actig
edilmistir. Glineydogu Anadolu Bdlgesi'nde N.

agaclarinda problemlere tespit
dimidiatum’un domates bitkisinde yesil aksamda
yanmalar ve ozellikle kok igi nekrozlari gibi
belirtilere yol agtigi rapor edilmistir (Tlirkdlmez ve
ark., 2019). Benzer sekilde, Manisa ve Gaziantep
illerinde asma bitkisinde, dal kanseri ve geriye
dogru 6lim (Akgll ve ark., 2020), ve 2019 yilinda,
Diyarbakir ili badem agaglarinda yaprak
sararmasi, dal kurumasi gibi gévde hastaliklari
(Oren ve ark., 2020), ve yine 2019 yilinda Trabzon
belirtilerin N.

novaehollandiae etmenitarafindan olusturuldugu

hurmasinda dal kurumasi gibi
rapor edilmistir (Oren ve ark., 2020).

hastalik N.
novaehollandiae ile ilgili olarak ilk rapor Kurt ve
ark. (2020) tarafindan bildirilmistir. S6z konusu
hastaligin

Antepfistiginda olusturan

heniz
de
bblgemizde bu hastalik etmeni ile ilgili kapsaml

mucadele olanaklari

arastinilmamis  hem  llkemizde hem

calismalar  yapilmamistir.  Ayrica  hastaligin
epidemiyolojisi ve micadele olanaklari da
oncelikle c¢alisilmasi gereken konular olup

etmenin yil icindeki poptlasyon gelisimi, hastalik

indeksinin  hangi doénemlerde arttigl, hangi

simptomlarla kendini belli ettigi, ilk inokulum

kaynaklarinin  neler oldugu tam olarak

bilinmemektedir. Hastaligin seyri konusunda

yeterli bilginin olmayisi nedeni ile, miicadele
metodunun olusturulmasinda sikintilar
bu

Sanhurfa ili Antepfistigi lretim alanlarinda N.

yasanacagl ongorilmus, nedenle heniiz
novaehollandiae etmeni 6nemli problem teskil
etmeden hastalik etmeni ile ilgili bilgi birikiminin
saglanmasi gerekmektedir.

Bu

alanlarinda N.

calismada, Sanlurfa ili  Antepfistigi

novaehollandiae’nin  bulasiklik
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oraninin belirlenmesi, etmenin morfolojik ve
molekiler tanilanmasi, sekans ve filogenetik
analizlerinin yapilmasi amaglanmistir.

Materyal ve Yontem

Neoscytalidium navaehollandiae’nin izolasyonu
ve morfolojik karakterizasyonu

Sanlurfa ilinin Karakopri, Bozova, Birecik,
Halfeti ve Ceylanpinar ilgelerinin yogun olarak
Antepfistigl yetistiriciliginin yapildigi bahgelerde
agaclarin govde ve dallari gozle kontrol edilerek

(agagc sayisi/dekar) incelenmistir (Cizelge 1).
Ornekleme, ilceleri temsil edecek bicimde
etmenin simptomlarina bakilarak yapilmistir.

Survey c¢alismasinda her 5 km’de bir durularak yol

Uzerindeki bahcgelerden goézlem vyapilmistir.
infekteli agaclar sayilarak bahge icin % bulasiklik
orani belirlenmistir (Aksoy, 2002). Antepfistig
govdesinde veya dallarinda gatlamalar ve siyahi
renk alan agaclar pozitif olarak
degerlendirilmistir. izolasyon icin her bahgenin
sinirindaki ilk sira agaglar atlanarak, bahgenin
farkli istikametlerinde bulunan tesadifi olarak
kabuk

catlamalari ve kanserli yaralarindan ornekler

secilen agaclarin kabuk alti nekrozu,

alinmistir. Ornekler etiketlenerek buz kaplari
(+4-6  °C)
Orneklerdeki belirtiler birbirine cok benzedigi icin

icinde laboratuvara getirilmistir.
Karakopri ilcesinden 5, Bozova ilcesinden 10,
Birecik ilcesinden 10, Halfeti ilcesinden 7, ve
Ceylanpinar ilgesinden 5 6rnek secilmistir.
izolasyon icin alinan érnekler kiigiik pargaciklar
(2-4 mm) halinde kesilmistir. Daha sonra % 1 lik
NaOCl 1 dakika

sterilizasyonu yapilmistir. Sterilize edilen dokular

solisyonu icinde ylzey
steril saf suda 3 kez durulandiktan sonra %70 lik
ethanol icinde de birka¢ kez daldiriip 3 kez saf
sudan gegirilerek steril kurutma kagitlar Gzerinde
kurutulmak Uzere 25-30 dakika bekletilmistir.
Kuruyan dokular, antibiyotik (tetracycline 12 mg L
1) eklenmis olan Patates Dextroz Agar (PDA) besi
ortami iceren Petri kaplarina alinmistir
(Michaillides ve ark., 1992). Daha sonra Petri
25 °C sicaklikta 5-7 gun karanlikta

Bu

kaplari

inklibasyona birakilmistir. siire sonunda
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gelisen ¢ok sayida fungal izolat saflastirilmistir. Saf
kaltiur elde edebilmek igin kolonilerden tek hifli
PDA besi
aktarlmistir. Tim izolatlar daha sonra +4 °C’de 3-

uclar ve sporlar vyeni ortamina
4 ay alt kiltirde muhafaza edilmistir. Uzun sireli
patojen kiltirlerini saklamak igin % 15’lik gliserol
solusyonundan 500 pL alinip Eppendorf tiplere
aktarilmistir ve etmenden bir parga hif veya bir
miktar spor alinip tliplere konulmustur. Tipler
etiketlenerek -20 °C’ de saklanmistir.

Saf olarak gelisen koloninin rengi, gelisme sekli,
pigment olusumu ve gelisme hizi gibi makroskobik
Mikroskobik

incelemelerde ise hif ozellikleri, eseysiz spor

ozellikler incelenmistir.
olusumu, eseyli spor yapilarinin varligl, konidi

olusum sekli, rengi, septa ve misel varlig
incelenmis ve konidi ve misel boyutlari OLYMPUS
BX5

hesaplanmistir. Neoscytalidium novaehollandiae

arastirma  mikroskobu  yardimi ile
etmeninin iki hticreli konidia ve arthrokonidiasi
Pavlic ve ark. (2008)'nin tanimlarina gore
kaydedilmis, ilgili bitki parcalarinin alindigi doku

cesidi kaydedilmistir.

Neoscytalidium novaehollandiae’nin  molekiiler
karakterizasyonu

Elde edilen saf fungus kultirlerinden total DNA
(1992)’in
izolasyon yonteminde bazi kiigiik modifikasyonlar

izolasyonu Ahrens ve Seemdiiller
yapilarak total niikleik asit izolasyon protokoliine
gore yapilmistir. Neoscytalidium novaehollandiae
izolatlari ITS (Internal Transcribed Spacer) gen
boélgesi icin ITS1 (5 -TCCGTAGGTGAACCTGCGG-3)
- ITS4 (5 -TCCTCCGCTTATTGATATGC-3 ) primerleri
(White ve ark., 1990), ACTIN gen bdlgesi igin
ACT512 (5-ATGTGCAAGGCCGGTTTCGC-3) -
ACT783 (5-TACGAGTCCTTCTGGCCCAT-3)
(Carbone ve Kohn, 1999), LSU (Long Sub Unit) gen
boélgesi icin LROR (5 -ACCCGCTGAACTTAAGC-3') -
LR5 (5-TCCTGAGGGAAACTTCG-3) (Vilgalys ve
Hester, 1990) ve SSU (Small Sub Unit) gen bolgesi
icin NS1 (5-GTAGTCATATGCTTGTCTC-3') - NS4
(5 -CTTCCGTCAATTCCTTTAAG-3) (White ve ark.,
1990)

yapilmistir.

kullanilarak PCR analizleri
icin PCR

primerleri

Adlari gecen primerler
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kosullari ve programi, Camele ve ark. (2005)'na
gore gergeklestirilmistir. DNA amplifikasyonunda,
her bir reaksiyon igin 5uL 10X enzim buffer, 1 pL
10 mmol L1 dNTP (di niikleotid trifosfat), 50 mmol
L't MgCly, 1 pL primer, 0.25 uL Tag DNA polimeraz
ve 1 uL (ng) DNA ve lzerine 35.75 pL steril saf su
ilave edilerek toplam karisim hacmi 50 plL olacak
sekilde hazirlanmistir. PCR amplifikasyon kosullari
icin, 95°C'de 3 dakika baslangi¢c denatiirasyonu,
95 °C'de 1 dakika denatiirasyon, annealing
sicakhgi ITS icin 55 °C'de 1 dakika, LROR-LR5 ve
NS1-NS4 igin 52 °C’'de 1 dakika, ACT512F-ACT78R
primerler cifti icin 60 °C'de 1 dakika, 72 °C’'de 1
dakika uzama ve final adimi olarak 72 °C’de 10
dakika son uzama olarak belirlenmistir. Agaroz Jel
Galitelli
gore gergeklestirilmistir.

elektroforezi Minafra
(1994)'ya
transilluminator ile kontrol edilip ITS, ACT, LSU ve
SSU gen bolgelerine ait bant boyutlari ve
PCR ve

elektroforez calismalarindan sonra fungus tiri

¢alismasi ve

Sonuglar

goruntileri sirasiyla elde edilmistir.
acisindan pozitif olarak saptanan 6érneklerinden
birer adet ITS1/1TS4, LROR/LRS5,
ACT512F/ACT783R, NS1/NS4 primerleri
cogaltilan Urlnler sekans analizi icin MEDSANTEK

ile

firmasina génderilmistir. Diziden gelen 6rneklerin
forward ve reverse dizileri Bioedit programi (Hall,
1999) yardimi ile birlestirilmis ve tek bir dizi elde
edilmistir. Gerekli diizenlemeler yapildiktan sonra
MEGAX 2016)
kullanilarak dizi hizalamasi (Clustal W) yapilmistir

(Kumar ve ark., programi

(Thompson ve ark., 1994). Elde edilen diziler gen
BLAST
yapiimistir. Daha sonra elde edilen dizilerin gen

bankasinda kayith olan diziler ile
bankasindaki izolatlarla benzerlik karsilastiriimasi
yapitimistir. Son olarak elde edilen diziler ile
filogenik aga¢ olusturularak diinyadaki diger N.
novaehollandiae tirleri ile olan benzerlikler ve

farklihklar ortaya konmustur.
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Patojenisite testi ve reizolasyon

Patojenisite testleri icin Antepfistigl bitkisinin
govde aksamlarindan izole edilen ve saflastirilan
izolatlardan birer tanesi patojenisite calismalari
icin kullanilmistir. Bunun igin 2 yasinda 3 adet asih
saglikh Antepfistigi fidani kullaniimistir. iki fidanin
govdesi % 70’lik etanol ile dezenfekte edilerek
govde merkezinin kabugu steril bir mantar delici
(0.5 cm) ile kaldirilmis ve saf fungus kiltirinden
bir disk alinip olusan kuyucuga konulmus ve Uzeri
bantla sarilmistir. Fungus asilamasi igin asl
noktasinin alt ve Ust kisimlari da yaralanarak iki
noktadan inokulasyon yapilmistir. Kontrol igin
kullanilan iki yasindaki bir adet asili Antepfistig
fidani ise steril PDA’dan alinan diskler ile ayni
sekilde inokule edilmistir. Fidanlar daha sonra 24
°C'de % 80 nem igeren iklimlendirme odasinda
simptom belirtileri goriliinceye kadar bekletilmis
gerekli bakim ve sulama islemleri yapilmistir.
inkubasyon sonucu ortaya cikan lezyonlardan
tekrar izolasyonlar yapilarak (Koch postulati)
etmenin varligi  kontrol

edilmistir.  Ayrica

govdelerden elde edilen izolatlar 10% spor mL?
yogunlugunda hazirlanarak sera kosullarinda
3 adet Antepfistig
govdelerindeki lentisellere de puskirtilmustir.

secilmis olan agacinin
Kontrol olarak ise 1 agaca sadece steril su

puskirtilmustir. Bu govdelerden vyl boyu
ornekler alinarak periyodik araliklarla hastaligin

seyri takip edilmistir.

Arastirma Bulgulari ve Tartisma

Fungus izolasyonu ve morfolojik karakterizasyonu
incelenen
5-35 vyas
araligindaki agaclarda, gévde ve dal nekrozlari,

Survey calismalari  sirasinda

Antepfistigi  Uretim  alanlarinda
zamk akintisi ve gévdede meydana gelen derin
kabuk alti

nekrozlari, dal kurumalari, dallarda yaniklik ve

catlamalar, govde ve dallarda
kanserli dallarin iletim demetlerinde kararmalar
ve geriye dogru olim seklindeki belirtiler

gozlemlenmistir (Sekil 1).

Sekil 1. Survey sirasinda tespit edilen hastalik belirtileri, a: geriye dogru 6lim, b: gbvde ylzeyinde
catlamalar, c: kabuk alti nekrozu, d: iletim demeti kararmalar

Figure 1. Disease symptoms detected during the survey, a: retrograde death, b: cracks on the stem
surface, c: subshell necrosis, d: darkening of the vascular bundle

Sanhurfa ilinin Karakoprl, Halfeti, Bozova,
Birecik, Ceylanpinar ilcelerinde toplam 4.444 da
alanda survey yapilmistir. Hastalik etmeninin bu
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ilgelerdeki toplam bulasiklik orani % 35.88 olarak
belirlenmistir (Cizelge 2).
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Cizelge 2. Sanhurfa Antepfistigi Gretim alanlarinda Neoscytalidium novaehollandiae hastaliginin bulasiklik orani (%)
Table 2. infestation rate of Neoscytalidium novaehollandiae disease in Sanliurfa pistachio production areas (%)

ilce Toplam Toplam Toplam Toplam infekteli Bulasiklik
District Arazi incelenen incelenen incelenen Agac Orani (%)
Alani Bahge Arazi alani Agac Sayisi Sayisl Infestation
(dekar) Total (dekar) Total Number of Rate (%)
Total Surveyed Number of Infected
Land Orchards Surveyed Examined Trees
Area Land area Trees
(acres) (acres)
Karakopru 5401 19 228 5244 1691 32.25
Bozova 309862 23 315 7245 3165 43.68
Birecik 390271 17 206 4738 1864 39.34
Halfeti 190500 11 195 4485 1259 28.07
Ceylanpinar 41857 15 3500 80500 29036 36.07
Toplam 937891 75 4444 102212 37015 35.88
Total
Hastallk  belirtisi  gosteren  Antepfistigl glinde tamamen Petri kaplarini kaplamis ve ilk

agaclarinin govde ve dallarindan hastaliga neden
olan N. novaehollandiae etmeni izole edilmistir.
izolasyon sonucu kiltiir ortaminda fungal
etmenin misel yapisi havai, beyaz ve yogun tiyli
olup daha sonra fungusun gelisimine goére zaman
icinde griden siyaha donlsen kiltlrler haline

gelmistir. Sekil 2’de de goruldigi gibi fungus 3

basta beyaz gelisen hifler 5. giin ve sonrasinda
koyu griden tamamen siyaha donmistiir. Miselyal
yapilarin goérintileri ve gelisimleri, Kurt ve ark.
(2019)'nin  Antepfistiginda rapor ettikleri N.
novaehollandiae etmeni ile uyum icinde olup
olarak benzer gelisim

etmen  morfolojik

gostermistir.

Sekil 2. Neoscytalidium novaehollandiae hastalik etmeninin PDA ortaminda 3 ginlik
gelisimi a: 6n ylzl, b: ters ylizi, c: 5 glinlik gelisimin 6n ylzd, d: ters yizi

Figure 2. 3-day development of the disease agent Neoscytalidium novaehollandiae in
PDA medium a: front, b: back, c: front side after 5-day development, d: back

side after 5-day development
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Yapilan survey calismasinda tim bahgeler
bulasik olarak saptanmistir. Hastalik en fazla %
43.68 ve % 39.34 oraninda Bozova ve Birecik
ilgelerinde saptanmistir. En distk bulasiklik orani
Bu kadar
yuksek oranda bulasiklik ve yayginlik oranlarinin

ise Halfeti ilgesinde kaydedilmistir.
sicaklik ile ilgili oldugu distiniilmektedir. Ornegin,
Neoscytalidium dimidiatum fungal etmeni en fazla
yari kurak ve tropikal bolgelerde o6zellikle elma,
kayisi, turuncggil, erik, incir, pithaya ve kavak
bitkilerinin yetistiriciliginin yapildigi alanlarda
gorilmektedir (Oren ve ark., 2001; Sadowsky ve
ark., 2007; Polizzi ve ark., 2009; Ray ve ark., 2010;
Chuang ve ark., 2012;). Yine N. dimidiatum
Kaliforniya’da Ficus sp., Juglans regia ve Prunus
amygdalus gibi odunsu bitkilerde rapor edilmistir
(English ve ark., 1974; Inderbitzin ve ark., 2010;
Chen ve ark., 2013). Bu bolgenin de sicaklik ile
edildigi hastalik

etmeninin virllensligi ve yayilmasinda sicakhigin

karakterize dislnlirse,
etkisi ortaya ¢tkmaktadir.

Sanlurfa ilinde 30 °C’nin Uzerinde vyiksek
sicakhigin bulunmasi hastaligin bulunma sikhgini
arttirdigi distindlmektedir. Nitekim Sadowsky ve
(2007) 34 °C’nin
Scytalidium solgunlugunun turuncgillerde arttigini

ark. tzerindeki sicakhgin

rapor etmislerdir. Bununla birlikte bdlgemizde

Antepfistiginda hastaligin  gelisimine sadece

sicakhgin  degil ayni  zamanda  konukgu
duyarlihginin da etki edebilecegi bu bilgiler 1siginda
distnulmektedir. Bu nedenle hastalik etmeninin
diger abiyotik stres faktorleri ile bulunmasi
durumunda Antepfistiginda N. novaehollandiae
etmeninin sebep oldugu belirtilerin daha etkin
olarak goérilmeye baslanacagr ongorulmektedir.
Benzer bicimde vyiksek sicaklik ve konukcu
de

Bortyosphaeriaceae familyasina ait hastaliklar

duyarhliginin turuncgillerde

arttirdig1 Kaliforniya turuncgil bahcelerinde rapor
(Leavitt 1990; Urbez-Torres 2011;
Adesemoye ve ark., 2014). Ornegin, Rolshausen ve

edilmistir

ark. (2013) Glney Kaliforniya bolgesinde yari kurak
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alanlarda vyetistirilen N. dimidiatum etmeninin %
15 oraninda bulasiklik géstermesine ragmen,
sicakhgin hastalik etmenini lzerine etkisinin
olabilecegi duslintlerek, hastalik
epidemiyolojisisinin periyodik olarak belirlenmesi
Uzerine durmuslardir. Benzer sekilde, bélgemizde
tespit edilen N. novaehollandiae hastalik etmeni
de Bortyosphaeriaceae familyasina ait olan bir
diger tlr olup abiotik stres faktorleri ile etkinliginin
artacagi duslintilmekte, % 28-43 oraninda degisen
bulasikhk oranlarinin daha da artacagi ve hastalik
siddetinin daha

ongoriulmektedir.

belirgin olarak hissedilecegi

Neoscytalidium novaehollandiae etmenine ait

mikroskop incelemeleri sonucunda misellerin
septall veya septasiz halde geliserek melaninsiz bir
yap! gosterdigi ve ayni zamanda melaninsiz geng
septasiz  bir vyapi
belirlenmigstir. Melaninsiz yapidaki konidia boyutu
7.89-4.68 x 3.58-1.92 um (ortalama 6.63-2.81

um) olarak olcilmistiir. Etmene ait konidilerin

misellerin  de olusturdugu

olgunlasmasi ile birlikte enine bolinmus bir cizgi
seklinde septali kalin duvarli ve hiyalinli yapilar
olusmustur. Yeterince olgunlagsmis olan konidia ve
artrik zincirler de, melanin sentezi ile birlikte koyu
kahverengi bir renk almis ve Sekil 3’teki gibi
konidia, elipsoidal veya ¢cubuk yapisinda olup 0-1
septali olusum gostermistir. Bu olgun konidilere ait
Olclimler ise 7.9-3.49 x 6.20-1.51 um (ortalama
5.56-2.52 um) boyutlarinda hesaplanmistir. Ayni
zamanda gen¢ miseller de ilk basta septasiz
granilli yapida iken, misel yaslanmasi ile birlikte
¢ok sayida enine yapilar olusturarak septali hale
Kurt (2019)’nin
Antepfistiginda rapor ettikleri N. novaehollandiae

blrtinmiustar. ve ark.

etmenine ait konidi boyutlari ve mikroskop
gorlntdleri ile bizim calismamiz uyum icinde
bulunmakta olup geng yapidaki konidia 4.5-10.4 x
2.6-3.6 pm boyutlarinda iken olgun konidia
7.2-11.3 x 2.9-3.5 um boyutlarinda

Olclilmuslerdir.

yapilari
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) melaninsiz geng miselleri; b) melaninli, kalin

duvarli, septali olgun artrokonidia varligi; c) artrik misel olusumlari
Figure 3. a) young melanin-free mycelium of the agent Neoscytalidium novaehollandiae; b) the
presence of thick-walled, septate mature arthroconidia with melanin; c) artic mycelial

formations

Fungus, piknidial ve miselyal anamorflarinin
tanimina dayanarak N. novaehollandiae Pavlic, T.
J. Burgess, & M. J. Wingf (Philips ve ark., 2013)
olarak  tanimlanmistir.  Survey  g¢alismalari
sonucunda elde edilen ve birbirlerine benzeyen
izolatlarin morfolojik incelenmesi sonucunda
etmenin N. novaehollandiae ile uyumlu oldugu
N.

morfolojik olarak N. dimidiatum tirine de

belirlenmistir. novaehollandiae izolatlari
benzerdir ancak N. novaehollandiae muriform,
konidi ile farkhlik

gostermektedir (Crous ve ark., 2006).

dichomera benzeri Uretimi

Molekiiler karakterizasyon
PCR calismalari sonucunda, ITS gen boélgesi icin
600 bp, LSU gen bolgesi icin 950 bp, SSU gen
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bolgesiicin 1050 bp, Actin geni bdlgesiicin 280 bp
civarinda bantlar goézlemlenmistir (Sekil 4: a, b, c,

d). Molekiler analizler sonucunda izolatlarin
Neoscytalidium novaehollandiae oldugu
belirlenmistir.

Antepfistigl alanlarindan izole edilen N.

novaehollandiae etmenlerinin Birecik, Halfeti,
Bozova, Ceylanpinar ve Karakdpri ilgelerinden
ikiser izolat, cift yonli DNA dizilemesi igin
MEDSANTEK firmasina gonderilmis ve bu 10
izolatin tamami N. novaehollandiae hastalik
etmenine %99.9 benzer bulunmustur. Bu nedenle
bu izolatlardan temsili olarak BKNova63 adli bir
izolat ve bu izolatla

secilmis galismalar

yarGtilmustir.
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Gl G2 G3

Gl G2 G3

Sekil 4. Neoscytalidium novaehollandiae icin farkh gen bolgelerinin DNA profilleri: a) ITS; b)
LSU; c) SSU; d) ACT. M: 1 kb DNA marker, G2: BKNova63 izolati, N: Kontrol

Figure 4 DNA profiles of different gene regions for Neoscytalidium novaehollandiae: a) ITS; b)
LSU; ¢) SSU; d) ACT. M: 1 kb DNA marker, G2: BKNova63 isolate, N: Control

ITS (Internal Transcribed Spacer), LSU (Long
Sub Unit), SSU (Small Sub Unit ) ve ACTIN (Actin
gene), gen bolgelerine ait primerler ile amplifiye
edilen PCR drinleri DNA sekans analizi sonrasi,
Bioedit
programi (Hall, 1999) kullanilarak birlestirilmis ve
tek dizi haline getirilmistir. Gerekli diizenlemeler
yapildiktan sonra MEGAX (Kumar ve ark., 2016)
yazillm paketi ve 1000 6n yikleme kopyasina
dayali “Komsu Birlestirme Yontemi (Neighbor-

orneklerin forward ve reverse dizileri

Joining  Method)” ile filogenetik agacg
olusturulmustur. Daha sonda dizi hizalamasi
(Clustal W) vyapilmistir. Dis grup olarak
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dothidea
Dizilerin gen bankasinda kayith olan diziler ile

Botryosphaeria dizisi  segilmistir.
BLAST analizi yapilmistir. Daha sonra elde edilen

dizilerin gen bankasindaki izolatlarla
karsilastirilmasi yapilmistir. Son olarak elde edilen
diziler ile filogenik agac¢ olusturulmus ve
dinyadaki diger N. novaehollandiae tirleri ile
olan benzerlikler ve farkliliklar, analiz edilmistir
(Sekil 5, 6, 7, 8). Filogenetik analizler i¢in kullanilan
izolatlar ile bu ¢alismada tanisi yapilan BKNova63
izolatinin bir araya gelmesinden elde edilen

dendogram Sekil 5’'te verilmistir.
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Meoscytalidium novaehollandiae (GU172400.1)
t MNeoscytalidium novaehollandiae (MK530201.1)
MNeoscytalidium novaehollandiae (GU172397.1)
Neoscytalidium nowvaehaollandiae (EF585539.2)
MNeoscytalidium novaehaollandiae (Ky498713.1)
MNeoscytalidium novaehollandiae (MHB83624.1)
MNeoscytalidium novaehollandiae (MHBB3623.1)
Meoscytalidium novaehollandiae (EF2853243 1)

N. novaehollandiae (0OL455801.1)
Neoscytalidium novaehollandiae (EF585536.2)
MNeoscytalidium novaehaollandiae (Ky498712.1)
MNeoscytalidium novaehollandiae (MHB83625.1)
MNeoscytalidium novaehollandiae (EF585340.1)
Fusicoccum dimidiatum (AYB18727.1)

MNeoscytalidium dimidiatum (GU172385.1)

GU172389.1 Meoscytalidium dimidiatum (GU172389.1)
MNeoscytalidium dimidiaturn (MK343742.1)

MNeoscytalidium dimidiaturm (MH114530.1)

MNeoscytalidium dimidiatum (KFP132486.1)

Botryosphaeria dothidea (AY259092.1)

0.0050

Sekil 5. Botryosphaeriaceae familyasina ait tanisi yapilan Neoscytalidium tirlerinin Neighbor-Joining Method
ile Antepfistigl agaclarindan elde edilen Neoscytalidium novaehollandiae BKNova63 (OL455801.1)
izolatinin ITS gen bolgesine gore MEGA X program ile ortaya cikarilan filogenetik yapisi. Diinyadaki
diger izolatlarin Genbankasi erisim numaralari tiir isimlerinin 6niinde parantez icinde verilmistir

Figure 5. Phylogenetic structure of Neoscytalidium species of Botryosphaeriaceae family, identified by
Neighbor-Joining Method and Neoscytalidium novaehollandiae BKNova63 (0L455801.1) isolate
obtained from Pistachio trees, according to ITS gene region, revealed by MEGA X program. Genbank
accession numbers of other isolates in the world are given in parentheses before the species names

— Meoscytalidium novaeshollandiae  (OL589617)
Meoscytalidium novaehollandiae (MHEBS9583.1)
Meoscytalidium novaehollandiae (MHBB9579.1)
Meoscytalidium novaehollandiae (MHB29581.1)
Meoscytalidium novaehollandiae (MHB29582.1)
Meoscytalidium novaehollandiae (MG 059486 1)
Meoscytalidium dimidiatum (FKX464534 1)

“_[&;i:uscytalidium dimidiaturm (DQ377925 1)

Meoscytalidium dimidiatum (MHT14592 1)
Meoscytalidium dimidiatum (MH114593.1)
Botryosphaeria dothidea (KF7EE319.1)

0.0020

Sekil 6. Botryosphaeriaceae familyasina ait tanisi yapilan Neoscytalidium tirlerinin Neighbor-Joining Method ile
Antepfistigi agaclarindan elde edilen Neoscytalidium novaehollandiae BKNova63 (OL589617) izolatinin LSU gen
bolgesine gére MEGA X program ile ortaya cikarilan filogenetik yapisi. Dlinyadaki diger izolatlarin Genbankasi
erisim numaralari tlr isimlerinin 6niinde parantez iginde verilmistir

Figure 6. The phylogenetic structure of Neoscytalidium species of Botryosphaeriaceae family, identified by Neighbor-
Joining Method and Neoscytalidium novaehollandiae BKNova63 (OL589617 ) isolate obtained from Pistachio
trees, according to LSU gene region, revealed by MEGA X program. Genbank accession numbers of other isolates
in the world are given in parentheses before the species names
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MNeoscytalidium novaehollendiae BKNova63

Eotryosphaeria dothidea (NG D62738.1)

Meoscytalidium dimidiatum isolate (MH114590.1)

Meoscytalidium dimidiatum (MHT1142581.1)

010

Sekil 7.Botryosphaeriaceae familyasina ait tanisi yapilan Neoscytalidium turlerinin Neighbor-Joining Method
ile Antepfistigl agaglarindan elde edilen Neoscytalidium novaehollandiae BKNova63 izolatinin SSU
gen bolgesine gére MEGA X program ile ortaya cikarilan filogenetik yapisi. Dinyadaki diger izolatlarin
Genbankasi erisim numaralari tiir isimlerinin 6niinde parantez icinde verilmistir.

Figure 7. Phylogenetic structure of Neoscytalidium species of Botryosphaeriaceae family, identified by
Neighbor-Joining Method and Neoscytalidium novaehollandiae BKNova63 isolate obtained from
Pistachio trees, according to SSU gene region, revealed by MEGA X

Meoscytalidium novaehollendiae BKNova63

UNYERIFIED: Meoscytalidium dimidiaturm (MH114589.1)

UNYERIFIED: Neoscytalidium dimidiatum (MH114585.1)

Botryosphaeria dothidea (JF4409468.1)

0.050

Sekil 8. Botryosphaeriaceae familyasina ait tanisi yapilan Neoscytalidium tirlerinin Neighbor-Joining
Method ile Antepfistigi agaclarindan elde edilen Neoscytalidium novaehollandiae BKNova63
izolatinin ACT gen bolgesine gore MEGA X program ile ortaya ¢ikarilan filogenetik yapisi. Dinyadaki
diger izolatlarin Genbankasi erisim numaralari tiir isimlerinin 6niinde parantez icinde verilmistir.

Figure 8. Phylogenetic structure of Neoscytalidium species of Botryosphaeriaceae family, identified by
Neighbor-Joining Method and Neoscytalidium novaehollandiae BKNova63 isolate obtained from
Pistachio trees according to ACT gene region, revealed by MEGA X program. Genbank accession
numbers of other isolates in the world are given in parentheses before the species names.
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Patojenisite testi ve reizolasyon

Patojenisite testinden 3 hafta sonra asi
noktalarinda koyu kahverengi lezyonlar ve zamk
akintisi  gbézlemlenmistir.

Olusan simptomlar,

arazide gozlenen simptomlara benzer bulunmus

| % simptomiu
IS -

Sekil 9. Patojenisite sonucu

lezyon olusumu (kontrol fidaninda herhangi

olup, kontrol bitkisinde herhangi bir simptom
gorilmemistir. Patojenisite sonucu govdelerde
gorilen ilk belirtiler ve bu noktalardan akan
zamktan elde edilen hastalik etmeni Sekil 9. da
gosterilmistir.

kontrol

kontrol

bir lezyon

gbzlenmemistir) ve geri kazanilmis olan etmenin Petri ve mikroskop goriintuleri
Figure 9. Lesion formation as a result of pathogenicity (no lesion was observed in the control
sapling)and Petri and microscope images of the reisolated pathogenic agent

Sera kosullarinda 2

Antepfistiklarinin gévde ve dallarindaki lentisellere

yasinda asili
puskirtilerek tatbik edilen 10 spor mL? spor
yogunlugunun yil boyu herhangi bir patojenik
etkisi gortilmemis, herhangi bir simptom tespit
edilememistir. calismada
gozlemlerde hastalik etmeninin govde

Yaptigimiz ve
icine
penetre etmedikce veya ana dallarda kanser
yaralarina neden olmadik¢a agaci o6ldirmedigi,
ancak fungal etmenin yaralarda kolonize oldugu ve
hastaligin seyrinde bu yaralarin énemli rol oynadigi
gortlmastir. Bu nedenle agaglarin budanmasi
sirasinda yapilan mekanik zararlarin hastaligin
yayllmasinda etkili olacagi ongorilmistir. Benzer
bicimde turuncgillerde dal ve govde hastaliklarinin
budama ve yaralanmalar sonucunda arttig1 rapor
2000).

Yaralanmalara abiyotik stres faktorleri (dolu, don,

edilmistir ~ (Graham  ve Menge,
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yildinm  dlsmesi, sicakliktan dolayi

catlamalari) yaninda boceklerin de yol acacagi

govde

dislintldigiinde penetrasyon kabiliyetine sahip

vektorel boceklerin  penetrasyon yapabilecek

fungal etmenleri nakletmeleri g6z Online

alindiginda, bu etmenler ve faktorler ile miicadele
edilmesi  hastaligin  kontrolinde etkin rol
oynayacaktir.

Bu

familyasina giren diger patojenlerin de benzer

patojenin  veya  Botryosphaeriaceae
etkileri yaptig géz 6niine alinirsa, Neoscytalidium
dimidiatum olarak bilinen ve son vyillarda yikici
etkisi tespit edilmis olan bu patojenin de ayni
gruptan oldugu tespit edilmis olup, miicadelenin
karantina tedbirlerinin

veya Neoscytalidium

kapsaminda degerlendirilmesi onem arz

etmektedir (Zhang ve ark., 2020).
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Sonuglar ve Oneriler

Bu ¢alismada, Sanlurfa ilinde yetistiriciligi yapilan

Antepfistigi  agaglarinin  gbvdelerinde  goriilen
hastalik etmeninin bu bolge icin yeni bir hastalik
etmeni olan Neoscytalidium novaehollandiae oldugu
tespit edilmistir. DNA dizileri NCBI veri tabaninda
diinyadaki diger etmenlerle kiyaslandiginda ve
filogenetik analiz sonucunda N. novaehollandiae
etmeni LSU ve ITS gen bdlgelerine goére % 99.9
benzerlik gosterirken, ACT ve SSU ile ilgili daha
once her hangi bir kayit bulunmadigi icin benzerlik
orani net olarak tespit edilmemistir.
Antepfistiginda gbévde ve sirgin yanikligi, ana
dallarda meydana gelen derin kabuk catlaklari ve
N.

novaehollandiae etmeninin patojenisite ¢alismasi

kanser gibi belirtilerden sorumlu olan
yapilmis ve hastalik etmeni, olusturdugu lezyon
bolgesinden tekrar izole edilmistir.

Etmene ait mikroskobik incelemeler yapilimis,
konidi ¢api 5.56-2.52 um olarak

hesaplanmistir.

ortalama

Arazi gikislari sirasinda bahgeler kontrol edilmis
%
bulasiklik orani belirlenmistir. Buna gore bolgede

ve hastalik belirtisi gosteren agaglardan
% 35.88 " lik bir bulagsma orani tespit edilmistir.

Bu arastirma ile hastallk etmeninin genel
karakteri fizyolojik, morfolojik ve molekiler olarak
ortaya konmus olup hastalik etmeninin virtlenslik
ve patojenisiteye temel teskil eden enzim ve toksin
gibi

metabolitlerin ele alinacagl biyokimyasal

calismalar gelecek calismalar arasinda
degerlendirilecektir. Hastalik etmeninin yayilmasi
ve etkinliginde sicakhgin onemli rolli oldugu
degerlendirildiginden in vitro olarak hastalik
etmeninin alt ve Ust sicaklik sinirlari tespit edilmeli
ve hastalik etmeninin bu kosullarda biyokimyasal
ozellikleri ortaya cikarilmalidir. Daha sonra hastalik
etmeninin diger abiyotik ve biyotik etmenler ile
etkilesimi de test edilerek virtilenslik durumu daha
once belirlenen (Dikilitas ve ark., 2018) yontemler
ile tespit edilerek virtilenslikte rol oynayan genlerin
ekspresyonu ortaya cikarilmahdir. Bu durumun
hastalilk etmenine dayanikhlik mekanizmasinin
rol

ortaya cikarilmasinda onemli oynayacagi

dustnidlmektedir.
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Cikar Catismasi: aralarinda
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Bu calisma, Yozgat ili ve ilgelerinde (Akdagmadeni, Aydincik, Bogazliyan, Candir, Cayiralan,
Cekerek, Kadisehri, Saraykent, Sarikaya, Sorgun, Sefaatli, Yenifakili ve Yerkoy) hububat
alanlarinda ekin saparisi (Hymenoptera: Cephidae) tirleri, yayginhklari yogunluklar ve
dogadaki yasam dongisiuni belirlemek amaciyla yuratilmastir. Ekin saparisi tlrlerinin
yayginlik ve yogunluklarini belirlemek amaciyla, Yozgat il ve ilgelerinde tesadiifi olarak segilen
84 bugday tarlasinda zararlilarin ergin ugus dénemi boyunca (nisan basi-mayis sonu) 100’er
atrap sallanarak tirler elde edilmistir. Ekin saparilarinin yagsam dongusiini belirleme
¢alismalari ise Bogazliyan ilgesinde yirutilmus, zararlilarin dogaya ilk ¢ikis zamani, lizerinde
beslendigi yabanci otlar ve bugday lzerindeki yasam dongisi belirlenmistir. Calismada
Cephus pygmeus (Linnaeus, 1767), Trachelus tabidus (Fabricius, 1775), Calameuta idolon
(Rossi, 1794) olmak lizere toplam g tlr belirlenmistir. Siirvey yapilan alanlarda Cephidae
familyasina ait ekin saparisi tlrlerine 65 tarlada (%77.4 oraninda) rastlanmis olup, 19 tarla ise
(%22.6’sinda) rastlanamamistir. Belirlenen tirler icinde en yaygin tiiriin ise C. pygmeus oldugu
(%98.1) belirlenmistir. Dogadaki ilk saparisi erginleri, nisan ay1 sonunda Bogazliyan ilgesinde
belirlenmistir. Zararhya ait ilk donem larvalar mayis ayi sonunda ve olgun larvalar ise bugday
kok bogazi icinde diyapoza girmis halde temmuz ayi ortasinda tespit edilmistir. Yozgat ili
hububat alanlarinda ekin saparisi ergin yogunlugunun sayisal olarak distik yogunlukta oldugu
ve 6nemli bir sorun olarak gorilmedigi sonucuna varilmakla birlikte, zararli yogunlugu ile larva
bulasikligi arasindaki iliskiye bakilarak ergin yogunlugu yiiksek olan yerlerde hasat déneminde
orneklemeler yapilmasi gerektigi sonucuna varilmistir.

Anahtar Kelimeler: Ekin saparisi, Siirvey, Bugday, Popiilasyon , Yozgat
ABSTRACT

This study revealed densities and distribution of different wheat stem sawflies (Hymenoptera:
Cephidae) and their life cycle in cereal fields cultivsted in different districts (Akdagmadeni,
Aydincik, Bogazliyan, Candir, Cayiralan, Cekerek, Kadisehri, Saraykent, Sarikaya, Sorgun,
Sefaatli, Yenifakili ve Yerkoy) of Yozgat province. A total 100 sweep net sample were taken
during the adult flight period (early april and may) of sawfly species in randomly selected 84
wheat fields. The study relating to determine the life cycle was conducted in Bogazliyan
district and data relating to time to first emergence in nature, weed species being fed by
sawlies and life cycle on the host plant species were recordedss. Total 3 wheat stem sawfly
species, i.e., Cephus pygmeus (Linnaeus, 1767), Trachelus tabidus (Fabricius, 1775) and
Calameuta idolon (Rossi, 1794) belonging to Hymenoptera order and Cephidae family. The
most abundant and commonly observed species was C. pygmeus (98.1%). Wheat stem
sawflies were recorded in 77.4% (65 fields) of the surveyed fields, whereas 22.6% (19 fields) of
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the field had no sawfly species. The first adults emerged at the end of April in Bogazliyan district and a newly emerged first
stage larvae appeared at the end of May. Mature larvae diapausing in wheat root crown were found during the middle of
July. It can be concluded that density of wheat stem sawflies is low in wheat fields of Yozgat province and the pest did not
cause significant problem. However, considering correlation between adult density and larval infestation, the larval samplings
should be done close to the harvest period at the fields where the high adult densities of the sawflies are determined.

Key Words: Wheat stem sawfly, Monitoring, Wheat, Population, Yozgat

Giris

Tirkiye’de insanlarinin  temel olan
hububat  Granleri
%62’lik bir payla

almaktadir (Anonim, 2021a). Ulkemiz bugday

gidasi

bugday, arasinda Uretim

bakimindan ilk sirada vyer
Uretimi, ortalama 20 milyon ton civarindadir. Orta
Anadolu Bolgesi, 2.655.000 ton lretim ve %15.5
ekilis alani ile %12.9” luk Uretimdeki pay ile
bir Orta
Bolgesi'nde yer alan Yozgat ili de bu Uretimde

onemli yer tutmaktadir. Anadolu
onemli bir orana sahip olup 2.629.558 dekar ekim
alani ve 600 bin ton civarindaki Uretim ile 6ne
¢itkmaktadir (Anonim, 2020).

Hem dlinyada hem de (ilkemizde temel besin
kaynaklari

arasinda vyer alan bugdayin bitki

koruma sorunlari  ve bunlarin  micadele
yontemleri biylik 6nem arz etmektedir (Mutlu ve
ark. 2018). Gerek Orta Anadolu bolgesi ve gerekse
diger bolgelerde bugdayin énemli bircok zararlisi
Bunlarin ozellikle

bulunmaktadir. icerisinde,

Gilneydogu Anadolu Bolgesinde vyillardan beri
spp.
Hemiptera: Scutelleridae) basta olmak Uzere,

miicadele edilen Siine (Eurygaster
Hububat hortumlubdcegi (Pachytychius hordei
Brulle, Coleoptera: Curculionidae), Bugday tripsi
Kurdij.

glvesi

(Haplothrips tritici

Phloeothripidae),  Ekin
temperatella Led., Lepidoptera: Scythridae), Ekin
(Zabrus  spp.,
Carabidae) gibi zararhlar bulunmaktadir (Mutlu ve
ark., 2021). Orta Anadolu bodlgesinde ise Kimil
Ekin
Hymenoptera:

Thysanoptera:
(Syringopais

kamburbd6cegi Coleoptera:

Pentatomidae),
L.,
Cephidae), Ekin bambulbocegi (Anisoplia spp.,

(Aelia spp., Hemiptera:

saparisi  (Cephus pygmeus
Coleoptera: Scarabaeidae) ve Ekin kamburbocegi
(Zabrus spp., Coleoptera: Carabidae) gibi dnemli
zararhlar bulunmaktadir (Anonim, 2008).

Ekin saparilari basta Kuzey Amerika olmak
Uzere Avrupa, Akdeniz, Orta Dogu ve Kuzey Afrika
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Ulkelerinde serin iklim tahil Gretim alanlarinda

gorilen en oOnemli zararh tirler arasindadir
(Shanower, 2004). Avrupa ekin saparisi olarak
bilinen (Cephus pygmeus L. Hymenoptera:
Cephidae); Irak, iran, Tirkiye, Kibris, Suriye,
Libnan, Cezayir, Misir, Fas ve Filistin’de tespit
edilmistir  (Rashwani, 1981). Ekin saparilari
Tirkiye’de ilk defa 1906 yilinda kaydedilmis ve

bazi yillarda hububatta 6nemli Griin kayiplarina

yol actiklari  bildirilmistir ~ (Altinayar, 1975).
Saparilari (Sawflies) isimlerini testere benzeri
ovipozitor'e sahip olmalarindan almiglardir.

Saparilarinin zararini sap iginde beslenen larva
yapmaktadir. Larvanin sapta beslenmesi sonucu
iletim dokulari tahrip olmakta ve bitkideki
karbonhidrat ile su iletim sistemi bozulmaktadir.
Bunun sonucunda basaktaki taneler az gelismekte
ve tane kaybina neden olmaktadir. Ote yandan
bulasik saplardaki basaklardan elde edilen
tanelerin saglamlara oranla hafif olmaktadir.
Ayrica larvalar tarafindan kesilen saplar, hasattan
once kirilarak diismekte ve urin kayiplarina
neden olmaktadir (Altinayar, 1975; Shanower ve
Holmer, 2004). Zararlinin bugday saplari icinde
bulunmasindan dolayr kimyasal miicadelesi
mimkin olmadigindan zararliya karsi kayith bir
insektisit bulunmamaktadir (Anonim, 2008).

Son yillarda Gineydogu Anadolu bdlgesinde
ekin saparilari lzerine vyapilan c¢alismalarda,
ekmekli ve makarnalik gesitlerde zarar oranin % 6-
12 arasinda degistigi belirlenmistir. (Ozberk ve
ark., 2005; Kili¢ ve ark. 2017; Mutlu ve ark., 2019).
Zararh larvalarin bugday sapi icinde bulunmasi ve
beslenmeden kaynakl olusan dogrudan ve dolayli
zararl Ureticiler tarafindan kolayca
goriilememekte ve bundan dolayr Glineydogu
Anadolu bdlgesi hububat alanlarinda ekin saparisi
zararinin oldukca yiksek oldugu bildirilmektedir
(Mutlu, 2019; Mutlu ve ark., 2019). Bu nedenle

onemli bir bugday Uretim alanina sahip Yozgat ili
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bugday alanlarinda ekin saparilari ilgili detayh
¢alismalara ihtiyag¢ bulunmaktadir. Bu ¢alisma
Orta Anadolu Boélgesi’'nde yogun hububat ekimi
bugday

alanlarinda zararh ekin saparisi turleri, yayilis ve

yapilan Yozgat ili ve ilcelerindeki
yogunluklari ile dogadaki kisa biyo-ekolojisinin

arastirilmasi amaciyla yuratdlmastar.

Materyal ve Yontem

Materyal

Calismanin ana materyalini Yozgat ili bugday
ekim alanlari, bugday bitkisi, ekin saparisi turleri,
standart atrap, % m?lik demir cerceve, el orag,
bez cuvallar (100x150 cm) ve diger laboratuvar
arag ve geregleri olusturmustur.

Yontem

Ekin saparisi tirleri, yayihs ve yogunluklarinin
belirlenmesi

Bu calisma Yozgat ili ve ilgelerinde (Merkez,
Aydincik, Gandr,
Cayiralan, Cekerek, Kadisehri, Saraykent, Sarikaya,

Akdagmadeni, Bogazliyan,
Sorgun, Sefaatli, Yenifakili ve Yerkoy olmak Uzere)

toplam 14 lokasyondaki bugday alanlarindan

orneklemeler yapilarak yuritilmustir.
ilk olarak 25.04.2020

Bogazliyan ilgesinde bugdayin kardeslenme ve

Calismalara tarihinde
sapa kalkma doneminde baslanmis, 10.06.2020

tarihinde bugdayin basaklanma (sit olum)
evresinde son bulmustur. Orneklemeler, ¢alisma
yapilan ilgeler arasindaki karayollari ve koy yollari
izlenerek yolun iki tarafindaki bugday alanlarinda
yapimistir. Belirlenen her bir tarlanin 20 farkl
noktasinda toplam 100 atrap sallanmis ve 6rnek
alinan vyer, tarih, bugday cinsi ve fenolojisi
kaydedilmistir. Atrap ile yakalanan butin bocekler
5 litrelik polietilen seffaf plastik torbalara
konularak laboratuvara getirilmistir. Boceklerin
Olmesi icin ornekler derin dondurucuya konulmus
daha sonra morfolojik olarak farkli olan ekin
saparisi tiirleri blyltec altinda disi ve erkek olarak
ayirt edilerek etiketlenmistir (Sekil 1). Ayrica her
bir tarladan toplanan bitin ekin saparisi ergin tir
ve sayilar kaydedilerek vyayilis ve

ayri ayri
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yogunluklari belirlenmistir (Mutlu, 2019). Tir
teshisleri Dog. Dr. Ertan Mahir KORKMAZ (Sivas
Cumhuriyet Universitesi, Molekiler Biyoloji ve
Genetik Boliim) tarafindan yapilmistir.

Ekin saparilarinin dogadaki kisa biyo-Ekolojisi

Bu c¢alisma ekin saparilarinin micadelesine
esas dogadaki biyo-ekolojik kriterlerinin
belirlenmesi amaciyla 2020 yilinda Bogazliyan
ilcesinde zararh ile bulasik oldugu belirlenen

bugday alanlarinda  yurutllmustir.  Zararl
erginlerin dogaya ilk ¢ikis tarihini belirlemek igin
calismalara nisan ayi basinda baslanmistir. Bu
bugday arpa

kenarlarindaki yabanci otlar olmak Uzere tarla

amacla oncelikle ve tarlasi

iclerinde atrap ile orneklemeler yapilmistir.
Dogada ilk ergin c¢ikisi gorildikten sonra,
erginlerin beslendigi yabanci otlar ve diger
biyolojik donemlerinin belirlenmesi amaciyla

yeterli sayida bugday sapi alinmistir (en az 1 m?lik

alan iginden). Laboratuvarda bugday saplari
bisturi yardimiyla yukaridan asagiya dogru ikiye
kesilerek sap iginde ekin saparilarina ait yumurta
ve larvalari aranmistir (Sekil 4).

Hasat doneminde bugday saplari, sonrasinda
ise anizda kalan sap kisimlari kokleri ile beraber
alinarak  laboratuvara  getirilmistir  Bugday
anizindan alinan saplara ait kok bogazi icinde
bisturi yardimiyla olgun larvalar belirlenmistir
(Sekil 5). Zararhnin biyolojik donemleri ile bugday
fenolojisi arasindaki iliskiyi belirlemek amaciyla da
bugdayin  fenolojik  donemleri  6rnekleme
tarihlerinde kayit edilmistir.

Calismada belirlenen yabanci ot tiir teshisleri
(Diyarbakir Zirai Micadele Arastirma Enstitlsi
Alet

Baskanhginda gorevli

Mudurligiu  ilag, ve Yabanciot B&lim

Doktorant islam Emrah

SUER tarafindan yapilmistir.
Bulgular ve Tartisma

Ekin saparisi tiirleri, yayilis ve yodunluklarinin
belirlenmesi

Yozgat ili hububat alanlarinda 6rnekleme
yapilan ilceler ve bu ilcelerde belirlenen ekin

saparisi tirleri tablo 1’de verilmistir.
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Cizelge 1. Yozgat ili hububat alanlarinda belirlenen ekin saparisi tlrleri ve yayilis alanlari

Table 1. The species and distribution of wheat stem sawflies in the cereal fields of Yozgat province

Tirler
Species
il ' ilg.e . Siirvey Tarihi Cephus pygmeus Tra?helus f.‘alameuta
Province Districts Surveyed date tabidus idolon
Akdagmadeni 30.5.2020 X
Aydincik 14.5.2020 X
Bogazliyan 27.4.2020 X X
Candir 10.5.2020 X
Cayiralan 10.5.2020 X
Cekerek 14.5.2020 X X
Kadisehri 30.5.2020 X X
YOZGAT Merkez 17.5.2020 X
Saraykent 10.05.2020 X
Sarikaya 10.5.2020 X
Sorgun 10.5.2020 X
Sefaatli 9.5.2020 X
Yenifakili 6.5.2020 X
Yerkdy 9.5.2020 X

Yozgat ili merkezi ve bagh 13 ilgeden toplam 84 tarladan yapilan érneklemelerde elde edilen tirlerin
teshisi sonucunda Cephidae familyasina bagh 3 tiir belirlenmistir. Bu tlrlerin Cephus pygmeus L. (Sekil
1a), Trachelus tabidus (F.) (Sekil 1b) ve Calameuta idolon (Rossi, 1794) (Sekil 1c) oldugu kayit edilmistir.
Cephus pygmeus calisma yapilan batlin alanlarda, T. tabidus ise Bogazliyan ve Kadisehri ilgelerinde
belirlenmistir. Calameuta idolon ise nadir gorilen bir tir olarak sadece Cekerek ilcesinde (Kavakalan

Koy, 1 birey & ) bulundugu tespit edilmistir.

Sekil 1. Ekin saparisi erginleri; Cephus pygmeus ergini (?) (a), Trachelus tabidus ergini (%) (b), Calameuta

idolon ergini (&) (c)

Figure 1. Wheat stem sawflies adults Cephus pygmeus adult (€) (a), Trachelus tabidus adult (¢) (b),

Calameuta idolon adult (&) (c)

Ekin saparisi tlrlerinin Yozgat ilindeki ergin
yogunluklari ve tirlerin bulunma oranlarina ait
veriler gizelge 2’de verilmistir.

Surveylerde belirlenen tirlerden C. Pygmeus,
Yozgat merkez dahil olmak {izere 13 ilgenin
tamaminda kayit edilmistir. Calisma sonucunda
belirlenen tirler icinde en yaygin olan tiriin %98.
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1 ile C. pygmeus oldugu belirlenmistir (Cizelge 2).
tabidus’
bulunma orani % 1.1 iken bu oran Kadisehri

Trachelus un Bogazliyan ilcesinde
ilcesinde % 32.1 olarak tespit edilmistir. Cinsiyet
oranlari bakimindan elde edilen C. pygmeus
erginlerinin %57.7’sinin disi oldugu % 42.3’nln ise

erkek ergin bireyi oldugu tespit edilmistir. Cok az
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sayida elde edilen Trachelus tabidus tiri igin
cinsiyet oranlarinin 1:1 oraninda oldugu tespit
edilmistir. Her iki tirin toplam birey sayilari
icinde bulunma oranlan ise C. pygmeus igin
%98.1, T. tabidus igin %1.9 olarak belirlenmistir.
Survey yapilan tarlalarda

bitin Cephidae

%77.4
oraninda (65 tarla) rastlanmis olup, %22.6’sinda

familyasina ait ekin saparisi tirlerine
ise (19 tarla) ekin saparilari bulunamamistir. Bazi
tarlalarda sadece bir tlire ait ergin bireyler
goriliurken, diger tarlalarda ise iki tlir birden
belirlenmistir.

Cizelge 2. Yozgat ili hububat alanlarinda 2020 yilindaki ekin saparisi ergin yogunluklari ve ilgelere gére bulunma oranlari
Table 2. The rate occurence of wheat stem sawflies species in Yozgat province in 2020, according to density and districs

ilgeler Survey yapilan tarla  Cephus pygmeus ergin  Trachelus tabidus  Toplam ergin  Turlerin bulunma
Districts sayisi sayisi toplami ergin sayisi sayisl oranlari
No of surveyed fields  Total number of toplami Total number  The rate
Cephus pygmeus Total number of of adults occurence of
Trachelus tabidus species
Akdagmadeni 7 42 0 42 100.0/0.0
Aydincik 4 47 0 47 100.0/0.0
Bogazliyan 30 462 5 467 989/1.1
Candir 2 3 0 3 100.0/0.0
Cayiralan 4 2 0 2 100.0/0.0
Cekerek 2 33 0 33 100.0/0.0
Kadisehri 3 19 9 28 67.9/32.1
Merkez 6 49 0 49 100.0/0.0
Saraykent 2 3 0 3 100.0/0.0
Sarikaya 5 5 0 5 100.0/0.0
Sorgun 5 22 0 22 100.0/0.0
Sefaatli 6 24 0 25 100.0/0.0
Yenifakili 5 11 0 11 100.0/0.0
Yerkoy 3 10 0 10 100.0/0.0
Toplam 84 732 14 747 98.1/1.9
90 -
80 - === Cephus pygmeus == Trachelus tabidus

Ergin sayisi

Sekil 2. Yozgat ili Bogazliyan ilgesinde ekin saparilarinin ergin ugus dénemi boyunca bugdaydaki popilasyon seyri

Figure 2. Population dynamic of wheat stem sawflies during adult flight period in wheat fields in Bogazliyan

district of Yozgat province

Ekin saparisi erginlerinin Yozgat ilinde bugdayin
kardeslenme doéneminden itibaren goérilmeye
basladigl ve bu dénemden sonra popilasyonun
artigi belirlenmistir. Saparisi erginlerinin ucus

aktivitesinin en yilksek oldugu hafta 11.05.2020
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ile 18.05.2020 tarihleri arasinda oldugu tespit
edilmistir. Bugday bitkisinin bu tarihler arasinda
basaklanma déneminde oldugu ve bazi basaklarda
ise kilciklarin ¢ciktigi kayit edilmistir.

Ekin saparisi tirleri ile ilgili gecmis yillarda
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yapilan ¢calismalarda Alkan (1948), Tirkiye’de ekin
T. tabidus ve P.
smyrnensis’in bulundugunu, Bodenheimer (1958),

saparilarindan C. pygmeus,

ise C. pygmeus’'un Bati Anadolu ve Marmara
Bolgesinde yaygin oldugunu ve doguda Konya’ya
kadar Akdeniz
tabidus’un bulundugunu bildirmistir.

yayildigini, Bolgesinde ise T.
Altinayar
(1975), Konya ilinde, calismamizda tespit edilen
Uc ekin saparisi tiriine ek olarak T. libanensis ve
P. smyrnensis’i belirlemis ve bu tirlerden en
yaygin olan tirin C. pygmeus ve bunu takiben T.
tabidus oldugunu bildirmistir. Son yillarda yapilan
¢alismalarda Orta Anadolu Bélgesinde Cephidae
familyasina bagli 16 tir bulunmusg ve bunlar iginde
en yogun olan tirin C. pygmeus ile T. tabidus
oldugu bildirilmistir (Korkmaz ve ark. 2010). Diger
bolgelerde yapilan ¢alismalarda benzer sonuglar
elde edilmis ve gerek Trakya bolgesi ve gerekse
Akdeniz

bolgelerinde en vyaygin ve yogun tlrin C

Dogu ve Glneydogu Anadolu
pygmeus oldugu kayit edilmistir (Sayan, 2010;
Tulek ve ark., 2013; Mutlu, 2019). Yozgat ilinde
bu

yukarida bildirilen ¢alismalar ile tam bir uyum

yapilan calismada elde edilen sonuglar
gostermis ve hububat alanlarinda en yaygin olan
zararh saparisi tlrinin Udlkemizde C. pygmeus
oldugunu bir kez daha ortaya koymustur. C.
pygmeus ve T. tabidus’un Avrupa, Rusya’nin
Avrupa kesimi, Fas, israil, iran ve Suriye’de yaygin
oldugunu (Banita ve ark., 1992; Ghadiri, 1994; El
Boushssini ve ark., 1998) yaygin oldugu, buna
karsin C. idolon’nun Bati Palearktik (Avrupa, Asya
ve Kuzey Afrika’yi icine alan bolge), Arnavutluk,
Cezayir, Ermenistan, Bulgaristan, Hirvatistan,
Kibris, Fransa, Yunanistan, Macaristan, italya,
Urdiin,

bulundugu bildirilmistir (Taeger ve ark., 2010).

Portekiz, lIspanya ve Ukrayna’da

Yozgat ilinde ekin saparisi ergin yogunluklarina
bakildiginda; %90 lizerinde C. pygmeus oldugu ve
T. tabidus’un ise Kadisehri ilcesi haric cok az
oranda oldugu belirlenmistir. Bu sonucun aksine
Guneydogu Anadolu bolgesinde T. tabidus’un

diger tirler arasinda bulunma oraninin %36.1
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oldugu (Mutlu, 2019), Konya ilinde ise sirvey
yapilan alanlarin  %55.3’inde C. pygmeus,
%5.9’unda T. tabidus ve tarlalarin %27.1’inde ise
her iki tarin (C. pygmeus ve T. tabidus) oldugu
1975). Bu
sebebinin abiyotik faktorler, yorede ekilen bugday

bildirilmistir  (Altinayar, durumun
cesitleri ile farkli yabanci otlarin T. tabidus’un
ekolojisine uygun olmadigi diisiiniimektedir.

Ekin saparilarinin dogadaki kisa biyo-ekolojisi

Bogazliyan ilcesinde yapilan glnlik

orneklemeler neticesinde gerek C. pygmeus
gerekse T. tabidus’un dogaya cikis zamanlarindaki
C
pygmeus ergini dogada ilk olarak 27.04.2020
tarihinde, T. tabidus’un erginleri ise 15.05.2020

tarihinde

sureler arasinda farkliliklar bulunmustur.

belirlenmistir. Cephus pygmeus’un
dogaya ciktigi tarihlerde sicakhgin ortalama 9 °C,
nispi nemin ise %61,1 oldugu kayit edilmistir.
Zararhlarin dogaya c¢iktig1 tarihlerde bugdayin
sapa kalkma doneminde, arpalarin ise basaklanma
asamasinda oldugu gorilmistir. Ornekleme
yapilan bugday ve arpa tarlalari kenarlarinda
bulunan yabanci otlar icinde en fazla Sinapis
arvensis L. (Yabani hardal), Bifora radians Bieb.
(Kokar Ot), Cardaria draba (L.) (Yabani Tere),
Avena sterilis L. (Kisir yabani yulaf), Hordeum
murinum L. (Duvar Arpasi) oldugu belirlenmistir.
ciktiktan

yabanci otlar iginde 6zellikle yabani hardalin ¢gigek

Erginlerin dogaya sonra belirlenen
polenleri ve kokar otu Uzerinde yogun olarak
bulundugu goralmastir (Sekil 3). Ekin saparisi
erginlerinin cogunlukla mayis ayinin ikinci yarisi ile
haziran ayi basi arasinda (18.05.2020- 01.06.2020)
ciftlestikleri, ugus
aktivitesinin ve ciftlesmenin 18.05.2020 tarihinde

ancak en yogun ergin
yine tarla kenarlarindaki yabani hardal, yabani
ot bitkileri

belirlenmistir. Calisma yapilan bugday alaninda ilk

tere ve kokar Uzerinde oldugu
ekin saparisi ergini 27.04.2020 tarihinde, son
ergin ucusu ise 14.06.2020 tarihinde belirlenmis
ve ergin aktivitesinin Yozgat ilinde yaklasik 49 giin
oldugu belirlenmistir.
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Sekil 3. Yabani hardal ve kokar ot tizerinde bulunan ekin saparisi erginleri
Figure 3. Wheat stem sawflies on wild mustard and Bifora radians

Erginlerinin ¢iftlesmesinden sonra tarladan
getirilen bugday saplar basagin hemen altindaki
ilk bogumdan kesilerek zararlilara ait yumurta
(Sekil 4a) belirlenmeye calisiimis ancak yumurta
tespit edilememistir. Buna karsin bugday saplari
icinde yumurtadan yeni ¢cikmis erken donem ekin

© Cetin Mutlu

saparisi larvasi (Sekil 4b) ilk erginlerin belirlendigi
tarinten 32 giin sonra 29.05.2020 tarihinde
belirlenmistir. Bu tarihte bugday fenolojisinin
basaklanma ve ciceklenme evresinde oldugu kayit

edilmistir.

Sekil 4. Ekin saparisi yumurtasi (a), yumurtadan yeni ¢ikmis larvasi (b)
Figure 4. Wheat stem sawflies egg (a), newly hatched larvae from the egg (b)

Bugdayin  fenolojik  olarak  ciceklenme
doéneminin  sonunda oldugu haziran ayinin
ortasindan sonuna kadar, bugday saplari
icerisinde  beslenen son dbnem larvalar

gortlmastir. Temmuz ayinin ikinci haftasinda
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(10.07.2020) bugday saplarinin toprak icinde
kalan kok bogazi icinde diyapoza girmek amaciyla
seffaf bir kokon ordiikleri ve diyapoza girdikleri
belirlenmistir (Sekil 5).
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Sekil 5. Bugday sapi kok bogazi icinde seffaf kokon
icinde bulunan ekin saparisi olgun larvasi

Figure 5. Mature larvae of wheat stem sawfly that
is located in a silken cocoon in the wheat

root crown

Yozgat ilinde ekin saparilarinin dogaya en
erken nisan ayi sonu mayis ayl basinda ¢iktiklar
Bu cikis
zamanlarinda iklimsel faktorlerin olduk¢ca 6nemli

belirlenmistir. zararlilarin  dogaya
oldugu bir gercektir (Altinayar, 1975; Mendoza ve
Weaver, 2006; Delaney ve ark., 2008; Mutlu,
2019). Ayrica, karasal iklimin hakim oldugu ic
C.

pygmeus’un nisan ayl sonunda ve mayis ayi

Anadolu bolgesinde ekin saparilarindan
basinda 2 hafta kadar sonra ise T. tabidus’un
dogaya ¢iktigi bildirilmistir (Altinayar, 1975). Buna
C.
ayl
ise Diyarbakir,

karsin Anadolu Bolgesinde
Mardin’de

basinda

Gilneydogu

pygmeus erginlerinin mart
ayl
Adiyaman ve Sanliurfa illerinde dogaya c¢iktigini
(Mutlu, 2019).

dogaya cikis zamani agisindan bdlgeler arasi bu

sonunda, nisan

bildirilmistir Ekin saparilarinin
farklihklarin iklimsel kosullardan oldugu sonucuna
variimistir. Yurt disindaki ¢calismalarda; Fransa’da
ayl
(Bonnemaison, 1962), ABD’de ise C. pygmeus 'un

Mayis sonu ile Haziran baslarinda

haziran ayl basinda T. tabidus’un ise bir hafta
sonra ciktigr bildirilmistir (Udine, 1941). Wilcocks
(1925) iklimsel olarak daha sicak olan Misir'da T.
tabidus’un Mart ayi ortalarinda, israil’de ise subat
sonu ve mart ayl basinda C. pygmeus ve T.
(Golb’berg,

tabidus’un ciktiklarini  bildirilmistir

1986).
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Ekin saparilari dogaya ciktiktan sonra bugday
ve arpa tarlalarinin kenarlarinda bulunan yabanci
otlardan; yabani hardal, yabani tere ve kokar ot
Uzerinde belirlenmistir. Altinayar (1975) erginlerin
dogaya ciktiktan sonra bugday, arpa ve gavdar ile
yabani Gramineae’den yabani arpa (Hordeum sp.)
ve Brom otu basaklarinda bulundugunu, Mutlu
(2019) ise erginlerin dogaya ¢ikmasindan sonra
disilerin ¢ogunlukla yabani hardal bitkilerinin (S.
L.)
beslendiklerini

nektarlan ile
Bu konuda Udine
(1941) saparisi erginlerin sarigicekli yabanci otlar
ile beslendigini, (Ries, 1926; Gol’berg, 1986) ise C.
pygmeus ve T. tabidus’un Cruciferae familyasina
bitkilerin
beslendiklerini kayit etmistir.

arvensis ¢iceklerinin

bildirmistir.

ait sarl renkli cicekleri Gzerinde

iran’da saparisi
erginlerinin  yabanci  otlarin  polenleri ile
beslendiklerini ve bu yabanci otlarin Descurainia
sophia, Cardaria draba, Euphorbia cf. heteradena
ve Lisaea heterocarpa oldugu bildirilmistir Ghadiri
(1994). Chen ve ark. (2005) Cin’de C. fumipennis
‘in  yabani nektari

hardalin ile beslendigini

bildirmislerdir. incelenen tim c¢alismalarda
gorlldugi uzere ekin saparisi erginlerinin yabanci
otlar Gzerinde gorilmesi ve beslenmeleri calisma
sonucunu destekler niteliktedir.

Bugday saplari icinde erken dénem larva 2020
yill mayis ayr sonunda belirlenmistir. Cephus
pygmeus’un yumurta agilma siirelerinin 8-10 giin
1962;

ise 4-7 gin

arasinda degisebildigi (Bonnemaison,
1975), T.

arasinda alabilecegi bildirilmistir (Udine, 1941). Bu

Altinayar, tabidus’un

¢alisma sonucundan farkh olarak Glneydogu
Anadolu Bolgesinde C.pygmeus’un yumurtalari ve
ilk donem larvalari mayis ayinin ikinci haftasinda
belirlenmistir (Mutlu, 2019). Zararh
diyapoza girmeden o6nce aktif larva déneminin

larvalarin

yaklasik olarak 6 hafta oldugu belirlenmistir. Elde
edilen sonuglara benzer olarak Konya ilinde C.
pygmeus’un aktif larva doneminin 36-53 giin
arasinda degisebildigi kayit edilmistir (Altinayar,
1975). Orta Anadolu’da
belirlenen bu siirenin, yiksek sicaklilarin larva

larva gelisimi icin

gelisimine olumlu yonde etki géstermesi (Gol’berg
1986) ve sap icindeki nem miktarinin saplarin

erken gelisimine olan etkilerinin larvalarin
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olgunlasma suresini kisalttigi (Luginbill ve McNeal,
1958) dustnilmektedir.

Diyapoz donemine giren larvalara temmuz ayi
Ancak Gilneydogu
Anadolu Bolgesinde ise diyapoz dénemine giren

ortasinda  rastlanmistir.
larvalarin haziran ortasinda goruldugu
bildirilmistir (Mutlu, 2019). Bu c¢alismada elde
edilen sonuglar Altinayar (1975) ile uyumluluk
Clnku
dénemine gecen olgun

gostermistir. Konya ilinde diyapoz

larvalar vyillara gore
degismekle beraber haziran ayi ortasi ile temmuz
ayl basinda tespit edilmistir. Ulkemizden daha
sicak iklime sahip israil’de C. pygmeus ve T.
tabidus’un diyapoz baslangici nisan sonu ve mayis
basi oldugu kayit edilmistir (Gol’berg, 1986).
Sicakligin béceklerin gelisme dénemleri (izerine
etkileri temel bir faktor oldugundan (Taylor,
1981), bu bolgeler bu

farkhligin sicakhgin artmasiyla diyapoza girme

sonuglar arasindaki
suresinin kisaldigini gostermektedir.

Sonuglar

hububat
alanlarinda Cephidae familyasina bagli toplam 3

Bu calisma sonucunda Yozgat ili
tur belirlenmistir. Bu tlrlerin Cephus pygmeus,
Trachelus tabidus ve Calameuta idolon oldugu
kayit edilmistir. Cephus pygmeus calisma yapilan
tim ilgelerde, T. tabidus Bogazliyan ve Kadisehri
idolon

ilcelerinde ve C. ise sadece Cekerek

ilcesinde tespit edilmistir. Belirlenen tirler
icerisinde en yaygin turin C. pygmeus (%98.1)
oldugu ilcelerden

belirlenmistir. Cephidae

familyasina ait toplam 931 adet ait saparisi ergini
toplanmis olup 508 adet disi (¥) ve 423 adet erkek
() oldugu belirlenmistir. Yozgat ili Bogazliyan
ilcesi bugday alanlarinda dogadaki ilk saparisi
erginleri nisan ayl sonunda, larvalari mayis ayi
ise
Ekin
saparilari erginlerinin en yogu oldugu dénemin

sonunda ve diyapoza girmis olgun larva

temmuz ayl ortasinda tespit edilmistir.
mayis ayinin ikinci haftasindan sonuna kadar olan
donemde oldugu kayit edilmistir. Sonuc¢ olarak
elde edilen ergin yogunlugu goz 6nline alindiginda
Yozgat ili hububat alanlarinda ekin saparisi ergin
yogunlugunun sayisal olarak duisuk yogunlukta
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oldugu ve 6nemli bir sorun olarak gorilmedigi
sonucuna varilabilir. Ancak zararli ergin yogunlugu
ile tarlada olusacak larva bulasikhgl arasindaki

iliskiye bakilmasi gerektigi ve buna gore
bulasikhgin  yiksek oldugu ilcelerde larva
bulasikhgr ve bugday cesitlerinde meydana

getirebilecegi zarar oranini belirlemek amaciyla
hasat doneminde &rneklemekler yapilmasinin

daha dogru bir sonu¢ verecegi kanaatine
variimistir
Ekler

Bu ¢alisma birinci yazarin yiksek lisans tez
¢alismasinin bir parcgasini icermektedir. Yazarlar
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6z

Bitki gelisimini tesvik eden bakterilerin (PGPB) alt grubu olan Endofit bakteriler (EB) bitki
dokulari icinde de bulunabilmeleri nedeniyle bitki hastaliklari ile savasimda ©6nemli bir
potansiyele sahiptir. Bu ¢alismada doért farkli endofit bakteri izolatinin domateste Clavibacter
michiganensis subsp. michiganensis (Cmm) patojeninin neden oldugu bakteriyel kanser ve
solgunluk hastaliginin kontrolii ve bitki gelisimi Uzerine olan etkilerinin belirlenmesi
amaclanmistir.  Torf/perlit karisiminda yetistirilen domates fidelerine 10® CFU/mL
yogunlugundaki EB stispansiyonlari kotiledon yaprak asamasi ve dérdiincii bilesik yaprak olusum
asamasinda olmak (zere iki defa icirme metodu ile uygulanmistir. Cmm’nin 10® CFU/mL
yogunlugundaki slispansiyonu ise ikinci EB uygulamasindan 48 saat sonra fidelerin Ugilnci
bilesik yapraginin alt ve tstline inokule edilmistir. Calismalar 24+2 °C derecede, %40-60 nem ve
14 saat 1sik/10 saat karanlik kosullarina sahip iklim odasinda yurttilmistir. Patojen
inokulasyonundan 7 hafta sonra 0-4 skalasi ile hastalik siddeti, bitki gelisim parametreleri ve
klorofil icerigi tespit edilmistir. In vitro calismalarda dort endofit bakteri izolatindan Uglnin
patojen gelisimini sinirlandirdigr gézlenmistir. Bu izolatlarin ayni zamanda in vivo saksi
¢alismalarinda da Cmm’nin neden oldugu hastalik gelisimini sinirlandirdigi belirlenmistir. EB
T2K2-1 izolati %40 etki ile en basarili izolat olurken, bunu %17,5 ve 15,5 etki ile V30G2 ve
T14K1-1 izolatlari takip etmistir. izolatlar arasinda farklilik olsa da bitki gelisim parametrelerine
pozitif katki sagladigi gézlenmistir. Yaprak sayisinda, T2K2-1 ve V35Y1 izolatlarinin uygulandigi
bitkilerde artis gozlemlenirken hastalik baskisi altinda bu etki gézlenmemistir. Bitki boyu ve
klorofil igerigi bakimindan uygulamalar arasinda énemli bir fark belirlenmemistir. Kullanilan EB,
farkh biyolojik savas mekanizmasi ile Cmm’nin hastalik gelisimini sinirlandirabilmesi ve bitki
gelisimine pozitif katki ortaya koymalari,bitkisel Gretimde pestisit ve sentetik glibre kullaniminin
azaltilmasina yardimci olabilecekleri hipotezimizi desteklemistir.

Anahtar Kelimeler: Endofit bakteri, Bakteriyel kanser ve solgunluk, Biyolojik kontrol, Domates,
PGPR

ABSTRACT

Endophyte bacteria (EB), is a subgroup of plant growth-promoting bacteria (PGPB) living in plant
tissues, has an important potential in controlling plant diseases. In this study, it was aimed to
determine the effects of four different EB isolates on controlling the bacterial cancer and wilt
disease caused by the Clavibacter michiganensis subsp.michiganensis (Cmm), and on plant
growth. EB suspensions with a density of 108CFU/mL were applied to tomato seedlings grown
in peat/perlite mixture by drenching method twice. The suspension of Cmm at a density of
108 CFU/mL was applied by rubbing with piece of cotton to the third compound leaf of the
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seedlings 48-hours after the second EB application. The studies were carried out in a climate room with 40-60% humidity at
2442°C and 14-hours of light/10 hours of darkness. The disease severity, which detection by 0-4 scale, plant growth
parameters and chlorophyll content were determined on seven weeks after the pathogen inoculation. In in vitro studies,
three of the four EB were observed to limit the growth of the pathogen. These isolates were also determined to limit the
development of the disease caused by Cmm in vivo pot studies. T2K2-1 isolate was the most successful isolate with 40%
effect, followed by V30G2 andT14K1 isolates with 17.5% and 15.5% effects, respectively. Although there were differences
between EB, it was observed that they contributed positively to plant growth parameters. While an increase was observed in
the number of leaves in seedlings treated with T2K2-1 and V35Y1, this effect was not observed under disease pressure. There
was no significant difference between the treatments in terms of plant height and chlorophyll content. EB used in this study
were limited to disease development caused by Cmm by different biocontrol mechanisms, and positively affected plant
growth. Therefore, EB can help reduce the use of pesticides and synthetic fertilizers in tomato production.

Key Words: Endophytic bacteria, Bacterial cancer and wilt, Biological control, Tomato, PGPR

Giris Hastallk ile  miicadele de baslangig
inokulumunu azaltmak en etkin yontemdir.

Domates (Solanum lycopersicum L.) bircok Patojen (retim yapilacak alanlara, tohum ve
farkh tuketim sekilleri nedeniyle tim dinyada fideler yolu ile tasindig igin temiz Uretim
180,766 m ton ile meyvesi yenen sebzeler iginde materyali kullanimi hayatidir. Hastalikh bitkiler
ilk sirada yer alan énemli bir ekonomik Grindir Uretim vyapilan alanlardan uzaklastiriimah ve
(TUIK 2021). Ulkemizde ise tiim bolgelerde  yakilmalidir. ikincil enfeksiyonlara yénelik 5-7 giin
yetistirilen ve toplam Uretimi 12,8 m tona ulasan aralkla bakirli pestisitlerin uygulamasi
ic tliketim ve ihracatimiz igin Onemini onerilmektedir (Cetinkaya Yildiz, 2007). Ancak bu
korumaktadir. Domates Uretimini sinirlandiran uygulama genellikle tam bir kontrol saglamaz.
bircok viral, fungal ve bakteriyel etmenin neden Kimyasal uygulamalarin ¢evre ve insan sagligina
oldugu hastalik mevcuttur (Belglzar ve ark. 2016; olan olumsuz etkilerinin yani sira patojenin
Yazici ve ark. 2011). Bu hastaliklar iginde tim pestisitlere  karsi  direng¢  kazanmasi  yeni
Diinya’da ve Tirkiye’de ©on sirada vyer alan yaklasimlari zorunlu kilmaktadir. Bu cercevede
Clavibacter michiganensis subsp. michiganensis bitki gelisimini tesvik eden bakteriler (PGPB)

(Cmm)’in neden oldugu “domateste bakteriyel biyolojik miicadele ¢ercevesinde 6nemli olanaklar
kanser ve solgunluk hastaligl” onemli verim saglamaktadir (Anith ve ark., 2004).

kayiplarina sebep olmaktadir (Chalupowicz ve PGPB’lar bitkilere dogrudan ve dolayli olarak
ark., 2017; Agrios, 2005). katki saglayabilirler. Zararli mikroorganizmalari

Cmm’nin primer inokulum kaynagl tohumdur antibiyosis, rekabet, hiper parazitizim ve bitki
(Ozaktan 1991). Tohum kabugunda bulunan uyarilmis direncini aktive ederek kontrol etme
patojen ¢imlenme ile ksileme kolonize olur. yetenekleriyle dolayli olarak fayda
Bitkinin gelismesiyle vyapraklara dogru ilerler. saglayabilmektedirler (Glick ve ark., 1994).
ikincil enfeksiyon yolu ise yaralar, stomalar ve Dogrudan katkiyi ise, fitohormonlarin Uretilmesi
diger bitki dogal acikliklaridir (Peritore-Galve ve veya dizenlenmesi, fosfor, demir, cinko gibi besin
ark., 2019). Hastalk belirtileri bitkinin tim elementlerinin ¢ozinduirilerek bitki blnyesine
organlarinda gozlenebilir. Hastaligin ilk  alinmasini saglayarak yapabilirler (Grobelak ve
asamalarinda vyapraklarda solgunluk gozlenir, ark., 2015). PGPB’lar icinde bitkinin ici
patojenin yayllma siddeti arttikga gévde ve yaprak dokularinda kolonize olan Endofit bakteriler (EB)
saplarinin formunu bozan yarilmalar meydana O0zgin bir yere sahiptir. EB vaskiler dokular ile
gelir. Buralarda lokal kanserler olusmaya baslar. bitkinin tamamina yayilabilen, konukguya zarar
Onlem alinmadigl taktirde hastaligin siddetine vermeden yasaminin en azindan bir bolimini
baglh olarak meyve (izerinde beyaz haleler bitki ic dokularinda geciren mikroorganizmalar
seklinde gozlenen (kus gozi belirtisi) olusmaktadir olarak tanimlanir (Hallmann 1997; Hardoim ve
(Carlton ve ark., 1998). ark., 2008; Hardoim ve ark. 2011).
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Epifitik PGPB’lardan farkh olarak endofitler i¢
dokularinda yasamalarindan dolayi bitkiyle daha
yakin bir iliski kurabilir ve Urettikleri metabolitler
bitki
sistemleri yoluyla diger bitki dokularina ulagsmalari

tarafindan dogrudan algilanabilir. iletim

sayesinde uygulandigi bitki dokusu disindaki
alanlarda da bircok biyolojik savas
mekanizmasiyla patojenlerle micadele

edebilirler. (Hardoim ve ark., 2008; Hardoim
2011; Mercado-Blanco and Lugtenberg 2014;
Romano ve ark. 2020; Akkopri ve ark. 2021).

Akat Ozaktan  (2011)
antagonistlerin in-vitro ve in-vivo c¢alismalar ile

ve bakteriyel
domates bakteriyel kanser ve solgunluk hastahgini
engelledigini belirlemistir. Yildiz ve Aysan (2014)
fosforu ¢6zme ve azotu baglama 6zelliklerine gore
PGPB’in domates bakteriyel
kanser ve solgunluk hastaligini %38-54 oraninda

se¢mis olduklar

engelledigini gozlemlemislerdir. Fosforu ¢ozme,
siderofor Uretme, indol asetik asit Uretme ve
hidrojen siyanir Uretme yetenegine sahip olan
Pseudomonas sp. 23S izolatinin belirli araliklarla
Cmm ile inokule edilmis domates bitkilerine
bitki
ilerlemesini blyuk olglide geciktirmis ve fidelerin
gelisimini artirmistir  (Takishita ve ark. 2018).
Anith ve ark. (2004) bitki blylmesini tesvik eden

bakterilerin topraga sasirtilan domates fidelerinde

uygulanmasi, patojenin icerisinde

bakteriyel patojenin neden oldugu solgunluk

hastaligini azalttigini  bildirmislerdir. Yapilan
c¢alismada PGPR ve Acibenzolar-s-metil’'in birlikte
kullanimi hastalik yogunlugunu 6nemli diizeyde
azalttigi belirlenmistir.

Yapilan ¢alismalar ile tek veya diger kimyasallar

ile uygun kombinasyonda kullanilan PGPB’in

basarih  sonuclar verdigi gorilmektedir. Bu
cercevede i¢ dokularda kolonize olup farkli
dokulara hareket eden EB’in  Clavibacter

michiganensis subsp. michiganensis (Cmm)’nin
neden oldugu bakteriyel kanser ve solgunluk
hastaliginin kontroli icin 6nemli bir potansiyele

sahip oldugu gorilmektedir. Bu c¢alismada
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onceden karakterize edilmis olan (Olur 2019;
Babier ve Akkopriu 2020) endofit bakterilerin
domateste Cmm’nin neden oldugu bakteriyel
kanser ve solgunluk hastaliginin kontroli ve bitki
gelisimi  Gzerine olan etkilerinin belirlenmesi
amagclanmistir.

Materyal ve Yontem
Test Bitkisi, Yetistirme ortami, EB uygulanmasi

L.)
“Falkon” tohumlari 250 ml saksilara 2:1 oraninda

Domates (Solanum lycopersicum Cv.

torf-perlit  karisimindan  olusan  yetistirme
ortamina ekilmistir. Ekilen tohumlar 242 °C
derecede %40-60 neme ve 14 saat 151k/10 saat
karanlik kosullara sahip iklim odasinda gelisime
birakilmistir. Kotiledon yapraklar ¢iktiktan sonra

fidelerin besin ihtiyacini karsilamak amaciyla
haftalik  olarak  Hoagland besin  ¢ozeltisi
uygulamasi yapilmistir (Hoagland ve Arnond
1950).

EB Uygulamasi: Bazi bitki patojenlerine karsi
in vivo olarak o©nceki
calismalar ile belirlenmis olan EB izolatlari
(Bacillus pumilus T2K2-1, Bacillus sp. T14K1-1,
Psudomonas caspiana V30G2, B. megaterium
V35Y1)kullaniimistir (Babier-Akképrii 2020, Olur,
2019 (Cizelge 1). EB izolatlari T2K2-1 T14K1-1 ve
V35Y1 bu calisma kapsaminda MALDI-TOF MS
(Bruker Daltonik MALDI Biotyper) ile tanilanmistir.

EB
yontemiyle iki defa uygulanmistir. Bu amagla

etkinlikleri in vitro ve

izolatlari domates fidelerine icirme
izolatlarin King’s B (KB) besi ortaminda (King ve
ark. 1954) 48 saat gelistirilmis olan kiiltlrleri, su
ile sispanse edilerek spektrofotometre yardimiyla
yogunlugu 10® CFU/mL’ ye ayarlanmistir. ilk EB
uygulamasi kotiledon yapraklarin yatay sekli aldigi
asamada 10 mL/fide oraninda, ikinci uygulama ise
dordiinci bilesik yapragin olustugu asamada 15
mL/fide oraninda EB slispansiyonu icirme metodu
ile yetistirme ortamina uygulanmistir.
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Cizelge 1. Cmm’ye karsi kullanilan antagonist endofit bakteriler, izole edildikleri konukgu bitkiler ve bu bakterilerin 6zellikleri
(Babier 2019, Olur 2019)

Table 1. Antagonist bacteria used against Cmm, the host plants from which they are isolated and the characteristics (Babier
2019, Olur 2019)

Isolate Konukgu bitki* Gram HR  Sid. ACCD “P” IAA Cmm** Diger
Host plant Reac. (mm) sol. (ppm) patojenler
Other
pathogen
Bacillus sp. T14K1-1 Chenopodium sp. (-) - 2 - + Nd + Psl
B. pumilus T2K2-1 Eremopoa songarica (-) - 1 - + Nd + Psl
P.caspiana V30G2 Patlican (-) - 4.5 - + - + Pss, Pst, Psl,
Ea, Xe, Xph
B. megaterium V35Y1 Karpuz (-) - 1.5 + + + - -

* Host plant: EB'lerin izole edildigi konukgu bitkiler, Gram Reac.: %3’lik KOH ile gram reaksiyonu, Sid: Siderefor lretim
yetenegi, HR: Tutlinde hipersensitif reaksiyon, ACCD: 1-amino-siklopropan-1-karboksilik deaminaz, P sol.: fosfati ¢ozme
yetenegi IAA: indol asetik asit, Other pathogen in vitro: In vitro da etkili oldugu diger patojenler Cmm: Clavibacter
michiganensis michiganensis, Ea: Erwinia amylovora Psl: Pseudomonas syringae pv. lachrymans, Pss: P. syringae pv. syringae,
Pst: P. syringae pv. tomato, Xe: Xanthomonas euvesicatoria, Xph: X. axanopodis pv. phaseoli, Nd:belirlenmemis, "-" tespit
edilmemis, “+” tespit edilmis
** Bu calisma kapsaminda belirlenmistir.

surllerek uygulanmistir. Patojen uygulamasindan

Patojen  uygulamasi  ve hastalik  siddetinin  pomen sonra enfeksiyon sansini arttirmak icin 48

belirlenmesi saat boyunca yiksek nemi saglamak amaciyla

Vangdlli  havzasindan izole edilmis ve  fiyaler polietilen kabinlere alinmistir.

Bakteriyoloji Laboratuvari stoklarimizda bulunan Hastalik belirtileri patojen inokulasyonundan 7

patojenisite ve virulensligi dnceden belirlenmis hafta sonra 0-4 skalasi (0: hastalik hi¢ yok, 1:

olan  Clavibacter  michiganensis  subsp.  piikide alttan Gst kisma dogru bitkinin 1/4'

michiganensis (Cmm) izolati calismalarimizda test solmus veya kurumus, 2: alttan dst kisma dogru

patojeni olarak kullanilmitir. Patojen  1/7'si solmus veya kurumus, 3: alttan Gst kisma

uygulanmasi amaciyla KB ortaminda 48 saat dogru 3/4°G solmus veya kurumus, 4: bitkinin

gelistirilmis olan Cmm kdlturl, su ile sUspanse  3mam; solmus veya kurumus) kullanilarak tespit

edilerek spektrofotometre yardimiyla 10° CFU/mL edilmistir (Kusvuran ve ark., 2011). Skala degerleri

(OD: 600nm, 0,1) yogunluga ayarlanmis ve asagida belirtilen formidl 1 yardimiyla % hastalik

sispansiyona %0,05 oraninda tween 80 ilave siddetine  donistirilmuistir.  Uygulamalarin

edilmistir. ~ Patojen bakteri uygulamasi ikinci  ontrol grubuna gére etkileri ise % etki formalii

endofit uygulamasindan 48 saat sonra yapilmistir. (formil 2) ile hesaplanmistir (Akkdprii ve ark

Hazirlanan slispansiyon ile iyice islatiimis olan 2021)
steril bir pamuk yardimiyla patojen her fidenin
Uglinct bilesik yapraginin alt ve Ustline hafifce

X (skala degeri x o skala degerinedeki yaprak sayist)

1) Hastalik Siddeti = 100
(1) Hastaluk Siddeti Bitkideki toplam yaprak sayisit x En ylUksek skala degeri x

. Kontrol Grubu degeri — Uygulamama grubu degeri
(2) % Etki = — x 100
Kontrol grubu degeri

Bitki gelisim parametrelerinin belirlenmesi ortami materyallerinden arindirilmistir.  Oda

Endofit bakteri uygulamalarinin bitki sicakliginda kurutma kagitlari arasinda
biyomasina etkisinin belirlenmesi icin patojen kurutularak  yikama  suyunun  uzaklasmasi
inokulasyonundan 7 hafta sonra calisma saglanmistir. Kok ve sirgliniin yas agirliklar
sonlandiriimis ve bitkiler kok bogazindan kesilerek  tartilarak tespit edilmistir. Daha sonra bitki
tartimlari yapiimistir. Kokler yikanarak yetistirme materyalleri 60 °C’ de 48 saat etlivde kurutulmus
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ve hassas terazi ile tartimi yapilarak kuru agirhiklari
belirlenmistir. Ayrica yaprak sayisi, gévde uzunlugu
tespit edilmistir. ikinci deneme kapsaminda her
bitkide belirlenen ayni yastaki yapraklarda klorofil
Olger (Konica Minolta SPAD-502) yardimiyla toplam
klorofil icerigi tespit edilmistir.

Verilerin analizi

Calismalar en az iki kere denenmistir. Elde
edilen veriler SPSS (SPSS, Inc. 2007) paket programi
yardimiyla ile varyans analizine tabi tutulmus ve
ortalamalar Duncan c¢oklu karsilagtirma testi ile
degerlendirilmistir.

Arastirma Bulgulari ve Tartisma

Bu calisma kapsaminda domateste Cmm’nin
neden oldugu bakteriyel kanser ve solgunluk
hastaliginin kontroli igin secilmis olan dort endofit
bakterinin etkinligi arastinimistir. Ayrica bu endofit
bakterilerin, hastaliksiz ve hastalik stresi altindaki
bitkilerinin

domates gelisim  parametrelerine

etkinlikleri saksi ¢alismalari ile belirlenmistir. Cmm

tohum ile tasinmasinin ve sistemik olarak bitki
icinde ilerlemesinin yani sira dogal agikliklardan da
girerek ikincil enfeksiyon yaratmasi ve hastalik
belirtilerininin ge¢ dénemde gbzlenmesi nedeniyle
onemli kayiplara neden olan kontroli gli¢ bir
patojendir (de leon ve ark., 2011, Chalupowicz ve
ark., 2017).

Rhizosferde kololonize olan bir epifit PGPB,
fillosfere yerleserek hastalik yapan bir patojeni;
bitki besin dengesine, bitkinin dayanikliligina ve
toleransina etki ederek baskilayabilecek iken,
endofitik PGPB’ler bitki i¢ dokularinda sistemik
yayilimlarindan dolayl bu mekanizmalara ek olarak
antibiyosis, hiperparazitizim ve rekabet gibi diger
biyolojik savas mekanizmalarini da kullanabilir
(Rosenblueth ve Martinez-Romero, 2006; Hardoim
ve ark., 2008; Hardoim 2011; Mercado-Blanco ve
Lugtenberg 2014; Romano ve ark 2020; Akkopri ve
ark 2021). Calismada hedef patojen olan Cmm bitki
icinde sistemik hareketinden dolayi bitkinin farkli
endofit
ile miicadelede buyldk bir

bulunur. Bu
hastalik
potansiyele sahiptirler.

dokularinda cercevede
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Sekil 1. Endofit bakteri T14K1-1, T2K2-1, V30G2 ve V35Y1 izolatlari uygulanmis domates fidelerinde Clavibacter michiganensis subsp.
michiganensis (Cmm)’in neden oldugu hastalik siddeti tizerine etkileri. Ptojen uygulamasindan 7 hafta sonra 0-4 skalasina gére
degerlendirilen % hastalik siddeti (koyu gri renkli stitunlar) ve EB uygulamalarin pozitif kontrole goére hastaligi baskilamalarindaki
% etki oranlari (agik gri sutunlar) verilmistir. Her guruptaki ortalama degerler en az 13 bitkiden elde edilmistir. * Duncan ¢oklu
karsilastirma testine gore ayni stitundaki ayni harfler arasindaki fark 6nemsizdir (p<0.05). ** 6d.: istatistiki 6nem araliginda degil.

Figure 1. The effects on disease severity caused by Clavibacter michiganensis subsp. michiganensis (Cmm) in tomato seedlings
treated with endophyte bacteria T14K1-1, T2K2-1, V30G2 and V35Y1 isolates. The disease severity (dark gray columns) evaluated
according to the 0-4 scale 7 weeks after the Ptogen application and the % effect rates of EB applications in suppressing the
disease compared to the positive control (light gray columns) are given. Average values in each group were obtained from at

least 13 plants.

* According to Duncan multiple comparison test, the difference between the same letters in the same column is insignificant

(p<0.05).
** 6d: not within the statistical significance range.
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dort endofit
bakterinin Gglinin Cmm’nin olusturdugu domates

Calismamizda  kullandigimiz

bakteriyel kanser ve solgunluk hastaliginin
gelisimini sinirlamada basarili oldugu gézlenmistir
(Sekil 1). Birinci calismadaki en basarili EB izolati
%40 etki ile T2K2-1 izolati olmustur. Bunu takiben
sirasiyla %17,5 ve 15,5 ile V30G2 ve T14K1-1
izolatlari gelmektedir. V35Y1 izolati ise Cmm’nin

neden oldugu hastalik belirtilerini 1. calismada

arttirdigr  ikincisinde  ise  etkisiz  kaldig
belirlenmistir. Bu sonuglar genel anlami ile her iki
¢alismada da paralel olmakla birlikte ikinci

calismadaki elde edilen etki dizeyleri istatistiki
olarak 6nem araliginda bulunmamistir.

Endofit bakterilerin c¢esitli patosistemlerde
etkinlikleri incelemis ve patojen,
farklilik
belirlenmistir (Kang ve ark., 2007; Aravind ve ark.,
2012 Muthukumar ve ark., 2010; Ozaktan ve ark.,
2015; Akkopri ve ark., 2018; Akkopri ve ark.,
2021). Calismada kullanilan endofit bakteriler de

(T14K1-1, T2K2-1, V30G2, V35Y1) bazi in vitro ve

konukcu ve

bakterilere gore gosterebilecegi

in vivo calismalarda sinanmis basarili sonuclar
elde edilmistir (Babier ve Akkoprii 2020; Olur
2019; Boyno ve ark., 2020).

Endofit bakterilerin hastalik olusumu Uzerine
etkilerine paralel olarak bitki gelisimine de etkileri
gozlenmistir. EB uygulamalarinin ilk ¢alismada kok
yas agirhgina hastalik baskisi altinda onemli bir
etkisi olmaz iken ikinci denemede T2K2-1, V30G2
ve V35Y1 izolatlari 6nemli diizeyde arttirmistir.
Kok kuru agirligina ise hastalik baskisi altinda
T14K1-1 etkisiz kalirken diger (g izolat her iki
denemede de (I. denemede T2K2-1 harig)
istatistiki katkilar
saglamistir. Sirglin yas agirligina; EB uygulamalari

onem araliginda pozitif
hastaliksiz kosullarda 6nemli bir artisa neden
olmamistir. Buna karsilik I. denemede hastalik
baskisi altinda T2K2-1, V30G2 ve V35Y1 izolatlari
onemli azalislari Il.
V30G2 izolati artisa neden olmustur. Siirglin kuru

agirlikta ise her iki denemede de hastaliksiz ve

saglarken, denemede ise

hastalik baskisi altinda kayda deger onemli bir
fark olusmamistir (Cizelge 2).

Cizelge 2. Endofit bakteri uygulamalarinin Cmm’nin neden oldugu domates bakteriyel kanser ve solgunluk hastaliginin baskisi
altinda kok yas ve kuru, gévde yas ve kuru agirliklarina etkisi
Table 2. The effect of endophyte bacteria applications on root fresh and dry, stem fresh and dry weights under the pressure of

the disease caused by Cmm.

Uygulama Kok yas agirlik Kok kuru agirhk Govde yas agirhk Govde kuru agirhk
izolatlari Root fresh weight Root dry weight Shoot fresh weight Shoot dry weight
(8) (8) (g) (8)
Isolates l. I. l. . I 1. I 1.
NK (-) 1.53abc 1.55bc 0.13ab 0.20ab 14.93a 9.7cd 1.39a 1.11b
T14K1-1 1.75a 2.11abc 0.18a 0.19ab 14.94a 12.08ab 1.00cd 1.22ab
T2K2-1 1.42abc 2.24ab 0.15ab 0.22a 13.65a 10.39abcd 1.45a 1.13a
V30G2 1.32bc 2.01abc 0.11ab 0.22a 9.57bc 11.45abc 1.44a 1.33ab
V35Y1 1.31bc 2.01abc 0.13ab 0.21a 13.07a 11.08abc 1.36ab 1.11b
PK (Cmm) 1.34abc 1.43c 0.13ab 0.14b 13.72a 8.47d 1.26bc 1.09b
T14K1-1+Cmm 0.85d 1.94abc 0.08b 0.19ab 12.4ab 10.57abcd 1.06bcd 1.12b
T2K2-1+Cmm 1.38abc 2.34a 0.12ab 0.22a 9.36bc 11.71abc 1.08bcd 1.23ab
V30G2+Cmm 1.63ab 2.39a 0.18a 0.22a 9.39bc 12.65a 1.07bcd 1.43a
V35Y1+Cmm 1.20cd 2.19ab 0.18a 0.21a 7.83c 10.07bcd 0.94d 1.62ab

*Cmm, Clavibacter michiganensis subsp. michiganensis, PK: pozitif kontrol, yalnizca patojen uygulanmis. NK: negatif kontrol

herhangi bir uygulama yapiimamis.

**: Ayni stitundaki farkli harflerle gésterilen ortalamalar arasindaki fark 6nemlidir (P<0.05).

Bitki toleransindaki ana unsur bitki gelisimi

veya saghgina vyapilan katki ile hastalik
belirtilerinde gorilen azalmadir. Akképri ve ark.,
(2018) yaptiklari calismalarda gelisim

parametrelerine etkinin EB izolatlari ve bitki
turlerine gore farklihk gosterdigini belirlemistir.
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Bitki boyu (izerine EB’lerin domateste onemli
etkisinin olmadig, buna karsilik biberde bazi
izolatlarin 6nemli dizeyde bitki boyunda artis
sagladigi goridlmistir (Akkopri ve ark.,2018).
Kang ve ark., (2007) iki endofit bakterinin biber
boy gelisimini %17 ‘ye varan oranlarda artirdigini
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belirlemistir. Benzer sekilde, Xia ve ark., (2015)
farkli EB’lerin bitki
parametrelerini ortalama %25

Akkopri ve ark.,

domateste gelisim
oraninda
arttirdigini  belirlemiglerdir.
(2018) EB uygulanmis bitkilerde kok ve siirgiin
yas ve kuru agirhklarinin %28-128 araliginda
arttigini gézlemlemislerdir.

Diger bitki gelisim parametrelerinden biri olan
yaprak sayisinda birinci denemede T2K2-1 ve
V35Y1 izolatlarinin uygulandigl bitkilerde artis
gozlemlenirken diger izolatlarda ve hastalik
baskisi altinda 6nemli bir fark godzlenmemistir.
Govde uzunluguna bakildiginda birinci denemede

herhangi bir fark goérilmemesine karsin ikinci

denemede V35Y1 hari¢ diger Ug¢ izolat govde
uzunlugunda artis saglamistir. ikinci denemede
yapilan klorofil olglimleri sonucunda 6nemli bir
fark tespit edilmemistir (Cizelge 3). Buna benzer
bircok ¢alismada bitki boyundaki artis, PGPR etki
belirteglerinden biri olarak alinsa da
(Muthukumar et al. 2010; Xia et al., 2015), Huang
ve ark., (2017), bu parametrenin yalniz basina
PGPR
olmadigini ileri sirmustlr. Fakat calismamizda bu

etkisinin  degerlendirmesi icin yeterli

Ug izolatin bitki boyuna olan etkileri bitki gelisimi

ve hastalik siddeti parametrelerinde de

gozlenmistir.

Cizelge 3. Endofit bakteri uygulamalarinin domates bakteriyel kanser ve solgunluk hastaliginin baskisi altinda yaprak sayisi,

govde uzunlugu ve klorofil Gizerine etkisi

Table 3. The effect of endophyte bacteria applications on leaf number, stem length and chlorophyll content under the pressure

of tomato bacterial cancer and wilt disease

Uygulama izolatlari Yaprak sayisi Govde uzunlugu Klorofil
Isolates Number of leaves Shoot length (cm) Chlorophyll
(N . (N . Il.
Kontrol (-) 6.93c 7.58ab 35.33ab 17.64d 36.08
T14K1-1 7.00c 7.47ab 37.38a 24.93c 36.66
T2K2-1 8.00b 7.60ab 29.43cd 25.07c 38.38
V30G2 6.86¢ 7.80a 30.21cd 25.13c 37.30
V35Y1 9.00a 7.64ab 29.08dc 27.29c 36.17
Kontrol (+) 7.21bc 6.50bc 32.16bc 25.00c 37.43
T14K1-1+ Cmm 7.00c 7.36ab 23.6%e 35.31a 34.59
T2K2-1+ Cmm 6.57c 7.33ab 27.71cde 37.54a 34.94
V30G2 + Cmm 7.31bc 7.13abc 27.46cde 33.40ab 34.15
V35Y1 + Cmm 6.50c 6.21c 25.60de 28.36bc 37.68

* Cmm, Clavibacter michiganensis subsp. michiganensis, Klorofil siitunundaki veriler SPAD metre 6l¢iim degerleridir.
**: Ayni stitundaki farkli harflerle gésterilen ortalamalar arasindaki fark 6nemlidir (P<0.05).

Ribaudo ve ark., (2016) Ddomates ve bibere
uygulanmis EB’in bitki gelisimine olan etkilerinin
urettikleri IAA’ten kaynaklanabilecegini
belirtmistir. Khan ve ark., (2012) IAA Uretimi ve
azot fiksasyon yeteneklerine sahip EB’lerin biber
ve domatesin aralarinda

bulundugu bircok

bitkinin gelisimini, ciceklenmesini ve verimini
artirdigini gostermislerdir. Muthukumar ve ark.,
(2010) endofitik Pseudomonas spp., Amaresan ve
ark., (2012) Bacillus spp. ve Serratia spp.’nin 1AA,
siderefor ve inorganik fosfat ¢ozliclii enzimler vb.
ikincil metabolitler yoluyla kdk ve strglin gelisimi
ile cimlenme oranini arttirdigini belirlemislerdir.
Calismamizda basarili sonucglar elde ettigimiz
izolatlarinin 1AA ve siderefor Uretimi ile fosfat

¢ozme vyetenekleri oldugu dikkate alindiginda

56

(Cizelge 1), bitki gelisim parametrelerinde ve
toleransinda gozlenen artisin bu metabolitlerden
kaynaklanabilecegi de dusindlebilir.  Benzer
olarak Akat ve Ozaktan (2011) in vitro’da Cmm’ye
antagonistik etkisi oldugu belirlenen on bir
izolattan dordinin saksi calismalarinda pozitif
%59-97
oraninda baskiladigini belirlemislerdir. Romero ve
ark., (2016), bazi endofit bakterilerin in vitro’da P.

tomato’ya

kontrole goére hastalik belirtilerini

syringae pv. karsi antimikrobiyal
aktiviteye sahip oldugunu ve bazilarinin domates
bitkisinde  bu

belirlemislerdir. Bu calisma kapsaminda hastalig

yolla  hastaligi  baskiladigini
baskilamada en basarili izolatlar olan V30G2 ve
T2K2-1'nin

sinirladigl belirlenmistir. Bu cercevede hastalik

in-vitro'’da  Cmm’nin  gelisimini



Ucgar ve Akképrii, 2022. Harran Tarim ve Gida Bilimleri Dergisi, 26(1): 50-59

olusumuna karsi elde edilen korumada EB’lerin
antibiyosis mekanizmasinin etkisinin olabilecegi
dustnulebilir.

(2016) farkli endofitlerin
domates gelisimi ve farkh fungal hastaliklara karsi

Romero ve ark.,

etkinliginin notr veya farkli diizeylerde oldugunu
Streptomyces,
Bacillus ve Pseudomonas cinsine ait bakterilerin

belirlemistir. Benzer sekilde;
domateste bakteriyel leke hastaligina ve bitki
etki ettikleri

belirlenmistir (Naue ve ark., 2014). Bilindigi gibi

gelisimine degisen oranlarda
biyolojik savas elemanlari birden fazla mekanizma
patojen bitkiyi
koruyabilirler. Bazen de in vitro da belirlenen
etki

gozlenmeyebilir.

ile ve hastaliklara  karsi

antibiyosis ayni diizeyde in vivo da
Bu yonlyle patojen ve hastalik
Uzerine etkinin antibiyosise ek olarak rekabet ve
hiperparazitizim gibi dogrudan biyolojik savas
bitki

dengesine vyapilan katki ve bitki toleransinin

mekanizmalari ile olabilecegi gibi besin
arttirilmasi veya bitki dayanikliiginin aktivasyonu
ile saglandigl da dislndlebilir. Bazi arastirmacilar
bitki dayaniklihginin biberde endofit bakteriler
INR7 (Vi 2013),

Pseudomonas rhodesiae ve Pantoea ananatis

Bacillus  pumilus ve ark.,

(Kang ve ark., 2007) yardimiyla uyarilmasi sonucu

pv.
neden oldugu hastaligin sirasiyla %52, 34.7 ve

Xanthomonas axonopodis vesicatoria’nin
26.3 oraninda baskilanabildigini belirlemislerdir.
Ribaudo ve ark., (2016) ise EB uygulamasinin
bitkideki
etilen hormonu ve patojenisite ile ilgili SI-ACS

domateslerde simptom azalmasinin
genlerinin aktivitasyonu sonucu oldugunu tespit

etmistir.

Sonug¢

Sonuc¢ olarak c¢alismada kullanilan endofit
bakterilerin bazilarinin, Clavibacter michiganensis
subsp. michiganensis’in sebep oldugu Domates
Bakteriyel Kanser ve Solgunluk hastaligini kontrol
potansiyeline sahip olduklari ve bitki gelisimine

olumlu etkileri oldugu belirlenmistir. EB
izolatlarinin hastalik baskisi altinda dahi bitki
gelisim parametrelerine pozitif etkileri
gozlenmistir. Ozellikle EB T2K2-1 izolatinin
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Cmm’nin  belirti olusumunu o6nemli dizeyde
baskiladigi tespit edilmistir. Endofitik bakteriler
bircok farkli ile
hastalik bitki

gelisimine olan pozitif etkileri nedeniyle bitkisel

biyolojik savas mekanizmasi

gelisimini  sinirlandirmasi  ve

Uretimde pestisit ve sentetik glibre kullanimini
azaltabilir. Bu yonlyle EB uygulamalari gevre
dostu bir yaklasim olmakla birlikte ekonomik
fayda saglayabilme potansiyeline de sahiptir.
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ABSTRACT

Due to the excessive use of inorganic fertilizers, the structure of the soil is deteriorated, and
the product quality is adversely affected. For this reason, the use of environmentally friendly
organic fertilizers in production has increased in recent years. A field experiment was
conducted in a plastic greenhouse in the Research Center Field at General Directorate of
Agriculture, Dohuk Governorate, Northern region of Iraq during autumn season of 2020 to
examine the effect of soil application of the biofertilizer (Corabac) with three levels (0, 5 and
10 g L) and foliar spraying with the seaweed (algal extract) at three concentrations (0, 4 and
8 g L) and the inorganic fertilizer at two concentrations (0 and 1 g L* (N:P:K 10:10:10))
compared with control (without treatment) on growth and yield of lettuce crop (Lactuca
sativa L.). The obtained data indicated that the application of the three fertilizers and their
interactions significantly induced vegetative growth parameters like stem length and leaf
number per plant but did not positively affected leaf area (cm?) and chlorophyll content (%).
Head weight (kg), yield (kg m), and total yield (ton ha) were also notably increased due to
soil addition of biofertilizer and foliar spraying of the algal extract and inorganic fertilizer as
compared to the control. Biofertilizer, seaweed and inorganic fertilization affected the N, P
and K content in lettuce leaves. For a sustainable production in greenhouse lettuce, it is
possible to obtain higher head weight and therefore higher yield by using seaweed and
biofertilizers, which are considered environmentally friendly.

Key Words: Algae extract, Biofertilizer, Chemical fertilization, Organic fertilizer, Plant nutrition
0z

inorganik giibrelerin asiri kullanimi nedeniyle topragin yapisi bozulmakta ve iriin kalitesi
olumsuz etkilenmektedir. Bu nedenle lretimde ¢evre dostu organik gubrelerin kullanimi son
yillarda artis gostermistir. Calisma 2020 yili sonbahar yetistirme doneminde Irak'in Kuzey
Bolgesi, Dohuk Valiligi, Tarim Genel Mudurltgi Arastirma Merkezi arazisinde bulunan plastik
serada yuritilmustir. Denemede topraktan uygulanan biyogiibre (0, 5 ve 10 g L) (Corabac)
ile yapraktan uygulanan deniz yosunu (alg 6zii) (0, 4 ve 8 g L'?) ve inorganik giibrenin (Ove 1 g
Lt (N:P: K 10:10:10)) marulda (Lactuca sativa L.) verim ve bazi bilyiime parametreleri iizerine
etkisini incelenmek amaciyla gergeklestirilmistir. Elde edilen veriler, ¢ glibrenin ve bunlarin
interaksiyonlarinin, bas agirhigi, verim, gévde uzunlugu, yaprak sayisi gibi parametreleri 6nemli
dlcude arttirdigl, ancak yaprak alani (cm?) ve klorofil icerigini (%) azalttigini gdstermistir.
Biyogubre, deniz yosunu ve inorganik giibreleme yapraklardaki N, P ve K igerigini etkilemistir.
Sera marul Uretiminde siirdirilebilir bir Gretim icin, cevreye dost oldugu disiiniilen deniz
yosunu ve biyogiibre kullanilarak daha ylksek bas agirligi ve dolayisiyla daha yiliksek verim
elde edilmesi mimkiindiir.

Anahtar Kelimeler: Deniz yosunu, Biyogiibre, Kimyasal glibreleme, Organic giibreleme, Bitki
besleme
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Introduction

Lettuce (Lactuca sativa L.) is an important
member of Astaraceae family which is categorized
under annual leafy herbs. It is consumedas a
famous salad crop, occupying the world largest
land devoted for salad crops production. Lettuce
is very valuable from nutritional aspect since it
contains a considerable amount of minerals,
vitamins, antioxidants and phytochemical
compounds which possess anti-carcinogenic
function (Norman, 1992; Hanafy et al.,, 2000;
Masarirambi et al., 2012).

The rapid increase in the world population, on
the other hand, along with the decrease in
agricultural lands and the loss of yields due to
various stress factors bring the problem of
nutrition and food safety to the agenda. In order
to get maximum yield and best quality from the
plants, it is essential to carry out a correct
fertilization program for plants as well as
providing convenient ecological factors for each
type. However, as well as getting maximum vyield,
it is quiet crucial to get a sustainable agricultural
production and save environment and human
health establishing this fertilization
programme 2021). There

intensive use of inorganic fertilizers in order to

while
(Soylemez, is an
increase the yield obtained from the unit area.
Excessive use of inorganic fertilizers disrupting
the

pollution, and adversely affecting product vyield

soil structure, causing environmental
and quality. Therefore, researchers have focused
on the use of environmentally friendly organic
fertilizers such as biofertilizer and seaweed, which
are thought to be healthier. Biofertilizers are
natural substances containing the living cells of
several species of beneficial bacteria and fungi
which are applied as a substitute for minimizing
application of harmful inorganic fertilizers. The
strength of biofertilizer products is proved from
their

productivity for plant. They enhance the soil

ability to give optimum growth and

fertility and soil microbial activity via different
biological processes due to they contain of

microorganisms that convert the nourishing
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elements from complex forms into simple
obtainable forms. (Ekta et al., 2017; Shinde et al.,
2018; Cevheri et al., 2021). Ahmed et al. (2000)
showed that lettuce plants received Azotobacter
sp. as a biological fertilizer possessed better
vegetative components like height of the shoot,
leaf number and total fresh weight. Menamoa
and Woldeb (2013) have demonstrated that
treating romaine lettuce with the biofertilizer
cyanobacteria caused an enhancement in the leaf
number, leaf area, leaf length, leaf fresh weight,
leaf dry weight and the root dry weight of lettuce.
Gonzalez et al. (2019) showed that treating
lettuce plants with EM (effective Microorganisms)
at 10 mL m?2at 0 and 15 DAT (day after tretment)
was the best in term of growth and productivity
of the crop. The influence of biofertilizers on
broccoli performance has been studied and the
results displayed that biofertilization gave the
optimum foliage traits such as plant height,
number of leaves per plant, chlorophyll content
and leaf area comparing to control (Lateef et al.,
2019).

Seaweed extracts are defined as bio-stimulants
derived from non-blooming marine algae that
have not true leaves, shoots, and foliage. These
extracts are common in containing a high content
of  sterols, polysaccharides, N-containing
compounds (e.g., betaines), numerous nourishing
number

elements and a of plant growth-

promoting substances like auxins, cytokinins,
gibberellins and brassinosteroids (Khan et al.
2009; Craigie 2011). When provided for plants,
seaweed extracts significantly ameliorated plant
outgrowth and vyield and resulted in increased
tolerance to hard exogenous stresses via raising
the metabolic paths driving to production of
antioxidants within plant cell (Thirumaran et al.,
2009). Mohamed and Zewail (2016) reported that
the biggest head diameter and the premium fresh
and dry weight and total yield were recorded by
200% organic fertilizer (T5) and seaweed extract
at 3 ml/l. Chrysargyris et al. (2018) displayed that
foliar spraying of seaweed extract Ascophyllum
and

nodosum remarkably improved growth

guality of cut lettuce. Yusuf et al. (2019), showed
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that the Maxicrop extract significantly enhanced
shoot biomass, root biomass and leaf chlorophyll
content by 66, 47 and 9%, respectively. It has
been found that the seaweed concentrate
Kelpak® and effective microorganisms caused a
magnitude increment in the growth and yield of
cabbage in term of fresh leaves, fresh head
weight, stem diameter and head polar diameter
(Satekge et al., 2016).

The aim of this study is to determine the
effects of biofertilizers, seaweed extract and
inorganic fertilizers on growth, development and
yield of lettuce in order to reduce environmental
pollution and production costs.

Materials and Methods

Materials

The study was conducted in a greenhouse (500
Field
Directorate of Agriculture, Dohuk Governorate,

m2) in Research Center at General
Northern region of Iraq during autumn season of
2020. Al-Fajr variety of lettuce was used as plant
material.

The plowing land of plastic house was carried
out then the soil was well softened. The organic
manure (1500 kg per 500 m?) was added to the
soil for improving soil fertility and second plough
was given to the land for the aim of mixing the
organic matter with the soil particle then the land
was amended. The land of plastic house was
divided into ten lines each line comprised two
lines of lettuce according to the distribution
system of the drip irrigation. Each line consisted
of 18 parts which compartmented into a line. The
plants were planted with space 60 cm between
narrow rows, 80 cm between wide rows and 30
cm in rows. The land was well irrigated and the
doors were closed for a few days so the field of
plastic house was disinfected.

The

multiplate pods on October 1%t 2020. The young

seeds of lettuce were sown in
lettuce plants were transplanted on November 6t
2020 at distance of 30 cm between plants with 60
cm spacing between terraces. In the study, we

used biofertilizer, seaweed (algae) extract and
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inorganic fertilizer. The plants were harvested on
15.2020. The
contained in biofertilizers have the potency to

December microorganisms
convert nutrient elements from complex form to
obtainable form via different biological processes.
There are many species of microorganisms, like
predominant populations of lactic acid, yeasts,
smaller numbers of photosynthetic bacteria,
bacteria, actinomycetes and many other types of
organisms  selected for  preparation of
biofertilizers (Woodward, 2003). The Corabac
product contains selected strains of bacteria such
as Azotobacter and Bacillus megaterium. Table 1
illustrates the chemical and physical properties of
Corabac fertilizer (Saleem and Ali, 2021).

Table 1. Physical and chemical properties of Corabac

fertilizer
Content of material Units Amounts
availability
Azotobacter % 1.0
Bacillus megaterium
Gardened cultured % 2.0
Riolete granules % 97.0
Seaweed extracts are rich in complex

polysaccharides, fatty acids, plant hormones,
various vitamins and nutrient elements that assist
exhibit  high

productivity (Battacharyya et al., 2015). Bioactive

plant to performance and
compounds contained in algae were showed
excellent ability to promote plant growth. These
compounds  positively influence  metabolic
activities such as photosynthesis, biosynthesis of
nucleic acid and nutrient absorption (Tarraf et al.,
2015). Table 2 shows chemical analysis and amino

acid content of algal extract (Tarraf et al., 2015).

Table 2. Chemical analysis and amino acid content of algal

extract

Content of material Units Amounts
availability

Amino acid % 16.00
Nitrogen % 10.24
Phosphorus % 3.40
Potassium % 1.50
Methods

The study comprised of soil drenching of the
biofertilizer (Corabac) at three concentrations (0,
5 and 10 g L) and foliar sprayed of seaweed
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extract (Alga at three

concentrations (0, 4 and 8 ml L %) and inorganic

Seaweed) (algae)
fertilizer applied at two rates (0 and 1 g L?) of
NPK (10:10:10) and their interactions. The first
spray and soil drenching was done on November
25™ 2020 with ten days' interval between each
spray. The second spray was done on October 5"
2020 and the third one was performed on
October 15™ 2020. The following parameters
were measured:

Vegetative growth parameters

The plants were harvested by cutting at the
soil level on 30.01.2021. The leaves were counted
by separating them from the stem. The plant was
weighed on a precision scale for head weight.
Leaf area was measured by leaf area meter.
Chlorophyll index was determined from inner,
midle and outer leaves by Chlorophyll Meter,
SPAD-502, Konica Minolta after 45 days from
transplanting. Stem length was determined by
measuring bar from full-physiologically grown
stems of plants.

Yield per square meter was calculated by
equation 1 given below;

Yield of experiment unit (k
Yield = P (kg)

(1

Area of experimental unit

Mineral contents in leaves

The total nitrogen percentage was measure
based on the modified method of Kjeldahl and
the analysis was attained by using the
Microkjeldahl equipment (A.O.A.C., 1980) that
cited by Black (1965). The Phosphorus content (%)
was determined in leaves of lettuce depending
the the
spectrophotometer equipment was utilized for

upon colorimetric methods and
this purpose (Matt, 1970). Potassium percentage
(%) was measured according to flame method by
use of Flame photometer instrument (A.0.A.C,,

1970 and Al -Sahaf, 1989).

Statistical analysis
The factorial
(RCBD)

Randomized Complete Block

Design was used for treatment
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arrangement and the study included 18
treatments (2 x 3 x 3 = 18), each treatment was
replicated three times and each treatment was
represented by 14 plants. The data were analyzed

using (SAS, 2010) program.
Results and Discussion

Vegetative growth parameters
Number of leaves

According to the results showed in the Table 3,
effect of soil application of biofertilizer and foliar
spraying of seaweed extracts and inorganic
fertilizer were significant on number of leaves of
lettuce. Seaweed treatments significantly
increased the number of leaves compared to the
control. While the maximum number of leaves
(56.00) was obtained from the 4 g L' seaweed
dose, it was in the same statistical group with the
8 g L' dose (55.72). Also, the number of leaves
increased significantly with the increase of
biofertilizer doses. The highest number of leaves
(57.06) was obtained from the dose of 10 g L'? of
biofertilizer, and the lowest number of leaves
(53.83) was determined in the control application
(0 g L1). But, application of inorganic fertilizers
adversely affected the number of leaves. The
most number of leaves was in control application
(0 g L' of inorganic fertilizer) with 56.82 .

All of interactions had a significantly influence
on leaf number. Application of inorganic fertilizer
(0 g L'!) and seaweed (0 g L) gave the most leaf
number (57.11 pieces). The least leaf number
(50.22 pieces) was taken from application of
inorganic fertilizer (1 g L'!) and seaweed (0 g L?).
The peak mean number of leaf for biofertilizer *
seaweed interaction (58.33 and 58.00 pieces) was
counted in plants supplied with 4 and 8 g L™ algae
extract and 10 g L bio fertilizer, while the lowest
value was seen in the control application (52.00
pieces). For the interference between biofertilizer
and inorganic fertilizer, 10 g L™ of biofertilizer and
no inorganic dose resulted in the highest leaf

number per plant (59.56).
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Table 3. Effect of biofertilizer, seaweed and inorganic fertilizer on number of leaves per plant of lettuce

Inorganic Biofertilizer (g L) Seaweed (g L?) Chemical* Inorganic
fertilizer 0 4 8 Biofertilizer fertilizer
With 0 49.67 g 55.67 b-e 52.00fg 52.44d
With 5 51.33fg 53.33 ef 55.33c-e 53.33 cd 53.44b
With 10 49.67 g 56.67 b-d 57.33 a-d 54.56 bc
Without 0 54.33 d-f 53.00 ef 58.33 a-c 55.22b
Without 5 57.00 a-d 57.33 a-d 52.67 e-g 55.67 b 56.82 a
Without 10 60.00 a 60.00 a 58.67 ab 59.56 a
Seaweed (g L) 53.67 b 56.00 a 55.72a
Inorganic With 50.22 d 55.22 bc 54.89 ¢ Biofertilizer (g L'})
*Seaweed Without 57.11a 56.78 ab 56.56 a-c
Biofertilizer 0 52.00 c 54.33 b 55.17 b 0 53.83 b
*Seaweed 5 54.17 b 55.33 b 54.00 bc 5 54.50 b
10 54.83 b 58.33 a 58.00 a 10 57.06 a

Different letters indicate significant differences at P<0.05 by Duncan test.

The triple combinations among the three
factors at 10 g L of biofertilizer plus 4 g L' of
algal extract plus no inorganic rate and at 10 g L!
of biofertilizer plus 0 g L' of algal extract plus no
inorganic rate produced the greatest average

value (60.00) in comparison with other
treatments.
Leaf area

The leaf area of lettuce exhibited no

improvement in attribution to the individual
doses of biofertilizer, the inorganic fertilizer and
algal extract. Seaweed doses had a negative
effect on leaf area and the largest leaf area was
measured with 38.01 2 in the

application containing 0 g L'! seaweed. The same

cm control

effect was also true for biofertilizer that resulted
in the maximum leaf area of 38.04 cm? at 5 g L!

that was not differed from 37.91 produced by O g
L' dose. Application of inorganic fertilizer to
lettuce suppressed leaf area and the largest leaf
area was seen in control.
Concerning the dual interaction between
seaweed and inorganic fertilizer, there were
significant differences in leaf areas and the
highest leaf area (39.74 cm?) was measured in
plants that took 0 g L' doses of both fertilizers.
The combination of 0 g L™ biofertilizer and 8 g L
algae extract with 5 g L™? biofertilizer and 0 g L
seaweed resulted in the highest leaf area (39.89
The

interaction had important effect on leaf area. The

cm?). inorganic  fertilizer-biofertilizer
largest leaf area (39.66 cm?) was obtained from
the inorganic dose (1 g L) plus biofertilizer at

level of (5 g L1).

Table 4. Effect of biofertilizer, seaweed and inorganic fertilizer on leaf area (cm?) of lettuce

Inorganic Biofertilizer (g L) Seaweed (g L?) Inorganic* Inorganic
fertilizer 0 4 8 Biofertilizer fertilizer
With 0 34.28 hi 37.53f 39.27de 37.03¢c
With 5 34.05 hi 41.79 ¢ 43.13b 39.66 a 36.91b
With 10 40.49d 33.84i 27.80¢g 34.04d
Without 0 3897 e 36.83 f 40.50d 38.79b
Without 5 45.09 a 35.67 g 28.50]j 36.40 c 37.81a
Without 10 35.15 gh 39.97de 39.58 de 38.23b
Seaweed (g L?) 38.01a 37.62a 36.46 b
Inorganic With 36.27 c 37.72b 36.73 ¢ Biofertilizer (g L)
*Seaweed Without 39.74 a 37.51b 36.20 c
Biofertilizer 0 36.63d 37.21cd 39.89a 0 3791a
*Seaweed 5 39.60a 38.73b 35.82¢e 5 38.04 a
10 37.82c 36.91d 33.69 f 10 36.14 b

Different letters indicate significant differences at P<0.05 by Duncan test.

64




Mohammed et al., 2022. Harran Tarim ve Gida Bilimleri Dergisi, 26(1): 60-71

On the other hand, the complex (triple) dose of
the fertilizers affected the leaf area of lettuce.
The peak leaf area (45.09 cm?) was found in
plants treated with no inorganic fertilizer, algal
extract at (0 g L) and biofertilizer at (5 g L?)
whereas the smallest leaf area (27.80 cm?) was
measured for leaves of plants given inorganic
fertilizer + algal extract at (8 g L'Y) + biofertilizer at
(10 g L'Y) in comparison with the other treatments
(see Table 4).

Chlorophyll content
The soil drenching of biofertilizer and foliar
feeding of inorganic fertilizer and seaweed caused

no amelioration in the chlorophyll content of
lettuce. The individual levels of the three factors
were not supreme in enhancing chlorophyll
content of leaves and the chlorophyll content
located between (31.03 %) and (31.55 %).
Similarly, the double levels of fertilizers drove to
no remarkable increment in the chlorophyll
content in comparison with control. The triple
interaction inorganic fertilizer * algal extract *
biofertilizer at no inorganic fertilizer and
biofertilizer along with algal extract at level of (8 g
1) gave the maximum chlorophyll content (32.43
%) surpassing other treatments as shown in the

Table 5.

Table 5. Effect of biofertilizer, seaweed and inorganic fertilizer on chlorophyll content (%) of lettuce

Inorganic Biofertilizer (g L) Seaweed (g LY) Inorganic* Inorganic
fertilizer 0 4 8 Biofertilizer fertilizer
With 0 32.07 ab 30.30 ab 3243 a 31.60a
With 5 30.10 ab 31.07 ab 31.47 ab 30.88 a 31.34a
With 10 31.37 ab 31.93 ab 31.30ab 31.53a
Without 0 32.27 ab 31.23 ab 31.00 ab 31.50a
Without 5 31.57 ab 30.90 ab 30.83 ab 31.10a 31.03a
Without 10 29.17b 32.40a 29.93 ab 30.50 a
Seaweed (g L?) 31.09 a 3131a 31.16a
Inorganic With 31.18a 31.10a 31.73 a Biofertilizer (g L)
*Seaweed Without 31.00 a 31.51a 30.59 a
Biofertilizer 0 32.17a 30.77 a 31.72a 0 31.55a
*Seaweed 5 30.83 a 30.98 a 31.15a 5 30.99 a
10 30.27 a 32.17a 30.62 a 10 31.02a

Different letters indicate significant differences at P<0.05 by Duncan test.

Stem length

The data displayed in the Table 6 indicates
effects on stem length of lettuce in ascription of
foliar feeding of inorganic fertilizer and seaweed

singular impact of the biofertilizer and the algal
extract was not significant on stem length and it
changed between 13.34 and 14.14 cm. For
inorganic fertilizer dose the longest stem length

extracts and soil

addition of biofertilizer. The

was recorded 14.21 cm.

Table 6. Effect of biofertilizer, seaweed and inorganic fertilizer on stem length (cm) of lettuce

Inorganic Seaweed (g L?) Inorganic* Inorganic
fertilizer Biofertilizer (g L) 0 4 8 Biofertilizer fertilizer
With 0 13.83 ab 15.38 a 14.10 ab 1443 a
With 5 12.87 b 14.90 ab 14.43 ab 14.07 ab 14.21a
With 10 13.73 ab 14.47 ab 14.17 ab 14.12 ab
Without 13.23 ab 13.00b 12.77b 13.00b
Without 5 12.80b 12.80b 13.17 ab 12.92b 13.30b
Without 10 13.60 ab 14.30 ab 14.00 ab 13.97 ab
Seaweed (g L?) 13.34a 14.14a 13.77 a
Inorganic With 13.48b 1491 a 14.23 ab Biofertilizer (g L)
*Seaweed Without 13.21b 13.37b 13.31b
Biofertilizer 0 13.53 ab 14.18 ab 13.43 ab 0 13.72a
*Seaweed 5 12.83b 13.85ab 13.80 ab 5 13.49 a
10 13.67 ab 14.38a 14.08 ab 10 14.04 a

Different letters indicate significant differences at P<0.05 by Duncan test.
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Regarding the binary effect of factors, the dual

interference between inorganic dose and
seaweed extract dose, the average longest stem
(14.91 cm) was owned by plants recieved
seaweed at level of (4 g L'!) along with inorganic
dose. In state of interaction between biofertilizer
and seaweed extract, the best stem length
average (14.38 cm) was measured in plants
supplied with biofertilizer at level of 10 g L* plus
seaweed extract at level of 4 g L™ in comparison
with the
fertilizer*biofertilizer the
stem (14.43 cm) was obtained from control
plants.

The complex interaction among the fertilizers

other treatments. In inorganic

interaction, longest

was important. The longest stem (15.38 cm) was
recorded from application of inorganic fertilizer
dose + seaweed extract at 4 g L™ + biofertilizer at
OglL™

Yield parameters

Head weight
The data

variations in lettuce head weight owed to treating

analysis revealed significant

with bofertilizer, seaweed and inorganic fertilizer
(Table 7). For individual doses, the seaweed
exhibited and the

supremacy over control

heaviest head was 1.19 kg in plants treated with 8
g L' of the algal extract. The same superiority was
found for the increased doses of biofertlizer in
term of the biggest average head (1.19 kg) that
was weighed for plants treated with 8 g L of the
algal extract. The single effect of inorganic
fertilizer did not show efficacy in ameliorating the
head weight.

In state of seaweed * inorganic fertilizer
interaction, the most average head weight (1.22
kg) was measured for plant given 8 g L algal
extract and inorganic fertilizer compared with
other treatments.

For seaweed * bio fertilizer interaction, the
heaviest average of head weight (1.25 kg) was
estimated for plants delivered algal extract at
level of 8 g L'* and biofertilizer at level of 10 g L
over other treatments whereas the highest
average (1.22 kg) was possessed by plants given
inorganic fertilizer dose plus biofertilizer at 10 g L°
! when compared with other treatments.

Relevant to triple interaction, the peak head
weight average (1.27 kg) was determined in
plants provided with the inorganic fertilizer and
the algal extract at 8 g L™* as well as biofertilizer at
10g L™

Table 7. Effect of biofertilizer, seaweed and inorganic fertilizer on head weight (kg) of lettuce

Inorganic Biofertilizer (g L) Seaweed (g L?) Inorganic* Inorganic
fertilizer 0 4 8 Biofertilizer fertilizer
With 0 1.025d 1.18 a-d 1.15a-d 1.12cd
With 5 1.09 b-d 1.23ab 1.25ab 1.19 a-c 1.18 a
With 10 1.19 a-c 1.21a-c 1.27a 1.22a
Without 0 1.12 ad 1.14 ad 1.13 a-c 1.13 b-d
Without 5 1.06 cd 1.13 ad 1.10 b-d 1.09d 1.14a
Without 10 1.23 ab 1.15 a-d 1.23 ab 1.20 ab
Seaweed (g L?) 1.12b 1.17 ab 1.19a
Inorganic With 1.10c 1.20 ab 1.22a Biofertilizer (g L)
*Seaweed Without 1.13 bc 1.14 1.16 a-c
Biofertilizer 0 1.071d 1.158 a-d 1.14 b-d 0 1.12b
*Seaweed 5 1.075cd 1.175 ad 1.17 a-d 5 1.14b
10 1.208 ab 1.179 a-c 1.25a 10 1.21a

Different letters indicate significant differences at P<0.05 by Duncan test.

Yield

Results in the Table 8 indicated statistically
significant differences in the vyield (kg m?) in
response to the treatment with the inorganic
fertilizer, the biofertilizer and the seaweed along
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with their interactions. The sole dose of seaweed
at 8 g L' led to produce the best average (4.75 kg
m=2) over control. The same efficiency was seen
for the single dose of biofertilizer and the highest
average (4.85 kg m?) was measured for plants
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treated with 10 g L™ of the biofertilizer compared
to other doses. The single rate of inorganic
fertilizer has had no magnitude influence on yield
(kg m=).
The twin
improved vyield. In inorganic fertilizer * seaweed
interaction, the highest average yield (4.89 kg m™)
was ascribed to inorganic dose plus 8 g L™! of algal
extract. The same effectiveness was given by

interaction between all fertilizers

seaweed * Dbiofertilizer interaction and the

highest average vyield (5.00 kg m) was resulted
from seaweed at 8 g L and biofertilizer at 10 g L!
About
fertilizer * biofertilizer, the maximum average

over the other treatments. inorganic
(4.89 kg m?) was yielded by plants received the
inorganic fertilizer dose plus biofertilizer at 10 g L.

In respect to the triple combination, the
highest yield (5.07 kg m) was in plants treated
with inorganic fertilizer + algal extract at 8 g L™ +
biofertilizer at 10 g L.

Table 8. Effect of biofertilizer, seaweed and inorganic fertilizer on yield (kg.m?) of lettuce

Inorganic Biofertilizer (g L) Seaweed (g L?) Inorganic* Inorganic
fertilizer 0 4 8 Biofertilizer fertilizer
With 0 4.10d 4.70 a-d 4.60 a-d 4.47 cd
With 5 4.37 b-d 4,90 ab 4,99 ab 4.75 a-c 4.70 a
With 10 4.77 a-c 4.83 a-c 5.07 a 4.89 a
Without 4.47 a-d 4,57 a-d 4,53 a-d 4.52 b-d
Without 5 4.23 cd 4.50 a-d 4.40 b-d 4.38d 4.57 a
Without 10 4.90 ab 4.60 a-d 4.93 ab 4.81ab
Seaweed (g L?) 4.47 b 4.68 ab 4.75a
Inorganic With 441c 4.81 ab 4.89a Biofertilizer (g L)
*Seaweed Without 4.53 bc 4.56 a-c 4.62 a-c
Biofertilizer 0 4.28d 4.63 a-d 4.57 b-d 0 449b
*Seaweed 5 4.30dc 4.70 a-d 4.70 ad 5 457 b
10 4.83 ab 4.72 a-c 5.00a 10 4.85a

Different letters indicate significant differences at P<0.05 by Duncan test.

Mineral content
Nitrogen

The effect of
applications on the nitrogen content of the leaves

seaweed and biofertilizer
was found to be significant, while the effect of
inorganic fertilizer application was found to be
nonsignificant. When the dose of the applied
seaweed increased, the nitrogen content in the
leaves also increased, and the highest nitrogen

content was obtained from the application with 8
g L In the biofertilizer application, while the
highest nitrogen content was obtained from the
control application (0 g L), 10 g L biofertilizer
application followed the control application. The
effect of inorganic fertilizer application on
nitrogen content was not observed and they were

in the same group statistically.

Table 9. Effect of biofertilizer, seaweed and inorganic fertilizer on nitrogen content (%) of lettuce

Inorganic Biofertilizer (g L) Seaweed (g L?) Inorganic* Inorganic
fertilizer 0 4 8 Biofertilizer fertilizer
With 0 1.87 c-e 2.06 a-c 2.17 ab 2.03a
With 5 1.64e 1.18f 2.00 a-c 1.61c 1.82a
With 10 1.92 b-e 1.64e 1.92 b-d 1.83b
Without 0 2.20a 2.08 a-c 2.09 a-c 2.12a
Without 5 1.38f 1.69 de 1.36f 1.48c 1.88a
Without 10 1.70 de 2.19ab 2.27 a 2.05a
Seaweed (g L?) 1.78 b 1.81b 197 a
Inorganic With 1.81b 1.63¢ 2.03a Biofertilizer (g L)
*Seaweed Without 1.76 bc 1.98 a 1.91ab
Biofertilizer 0 2.04 ab 2.07 ab 2.13a 0 2.08 a
*Seaweed 5 1.51 ef 1.43f 1.68 de 5 1.54c
10 1.81cd 1.91 bc 2.10 ab 10 1.94b

Different letters indicate significant differences at P<0.05 by Duncan test.
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As seen in Table 9, all bilateral interactions
were found to be significant. In the inorganic
the highest
nitrogen content was obtained from the inorganic

fertilizer *seaweed interaction,
fertilizer plus 8 g L'! seaweed application and the
inorganic fertilizer-free plus 4 g L! seaweed
the

interaction, the highest nitrogen content was

application. In biofertilizer *seaweed
determined in the application of 0 g of the
biofertilizer and 8 g L™ of seaweed. The highest
the

fertilizer*biofertilizer interaction was determined

nitrogen content in inorganic
in the control application where the inorganic
fertilizer and biofertilizer were 0 g L% This
application was followed by inorganic fertilizer 0 g
L plus biofertilizer 10 g L' and inorganic fertilizer
plus 0 g L biofertilizer applications.

In connection with the complex combination
the greatest

percentage (2.27 %) was determined in plants

among fertilizers, average
without the inorganic fertilizer dose and seaweed
at (8 g L) plus biofertilizer (10 g L?%). The
minimum average percentage (1.18 %) was
obtained in application of inorganic fertilizer +

biofertilizer (5 g L'!) + algal extract (4 g L'%).

Phosphorus
The effect of inorganic fertilizer, seaweed and
biofertilizer applications on phosphorus content

was found to be statistically significant (Table 10).
The highest phosphorus content (0.29%) was
obtained from the plants applied with inorganic
the
content (0.30 %) was found in plants recieved

fertilizers while maximum phosphorus
seaweed at 8 g L.

In biofertilizer * seaweed interaction, the
highest phosphorus content (0.37%) was obtained
from biofertilizer at 10 g L't and seaweed at 4 g L
1, All binary interactions on phosphorus content
were significant. In the inorganic fertilizer *
seaweed interaction, the highest phosphorus
content (0.34 %) was determined in the plants
applied with inorganic fertilizer and 8 g L*
the

interaction, the highest phosphorus content (2.03

seaweed. In biofertilizer * seaweed
%) was determined in the application of 10 g L
biofertilizer + 4 g L seaweed. In the inorganic
fertilizer * biofertilizer interaction, the highest
phosphorus content (0.37 %) was determined in
the application of inorganic fertilizer and 10 g L
biofertilizer.

In the triple the highest
phosphorus content was (0.42%) obtained in
application of inorganic fertilizer + 10 g L*

interaction,

biofertilizer and 0 g L'* seaweed, while the lowest
phosphorus content (0.12%) was detected in
application of inorganic fertilizer + 4 g L'! seaweed
and 0 g L'! biofertilizer.

Table 10. Effect of biofertilizer, seaweed and inorganic fertilizer on phosphorus content (%) of lettuce

Inorganic Biofertilizer (g L'%) Seaweed (g LY) Inorganic* Inorganic
fertilizer 0 4 8 Biofertilizer fertilizer
With 0 0.33d 0.12 k 0.32d 0.26d
With 5 0.19h 0.17i 0.36¢ 0.24e 0.29a
With 10 0.42a 0.33d 0.35¢c¢ 0.37a
Without 0 0.21g 0.35¢ 0.39b 0.32b
Without 5 0.29e 0.21g 0.14 j 0.21f 0.28 b
Without 10 0.28 e 0.40 ab 0.24f 031c
Seaweed (g L?) 0.29 b 0.26 ¢ 0.30a
Inorganic With 0.31b 0.22d 0.34a Biofertilizer (g L)
*Seaweed Without 0.26 ¢ 0.32b 0.26 ¢
Biofertilizer 0 0.27d 0.24f 0.36 ab 0 0.29b
*Seaweed 5 0.24 ef 0.19g 0.25e 5 0.23c
10 0.35b 0.37a 0.29¢ 10 0.34a

Different letters indicate significant differences at P<0.05 by Duncan test.

Potassium

The effect of inorganic fertilizer and seaweed

applications

on  potassium

content

was
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but the effect of biofertilizer
application was significant (Table 11). The highest

insignificant,

potassium content (5.32 %) was determined in
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the application of 10 g L™ biofertilizer. The effect
of bilateral interactions on potassium content was
found to be significant. In the inorganic fertilizer *
seaweed interaction, the highest potassium
content (5.33 %) was determined in the 0 g L?
application of inorganic fertilizers and seaweed. In
biofertilizer * seaweed application, the highest
potassium content (5.52 %) was obtained from (0
g L) dose of seaweed and (10 g L) dose of
Corabac. In the inorganic fertilizer * biofertilizer
interaction, the highest potassium content (5.47

%) was found in 0 g L application of inorganic
fertilizer and 10 g L application of biofertilizer.
The triple interaction was found to be statistically
significant, and the highest potassium content
was obtained from the application where
inorganic fertilizer and seaweed were 0 g L', and
biofertilizer was 10 g L. The lowest potassium
content was determined in the application of 1 g
L't inorganic fertilizer + 0 g L™ seaweed + 5 g L*

biofertilizer.

Table 11. Effect of biofertilizer, seaweed and inorganic fertilizer on potassium content (%) of lettuce

_1 .

Inorganic Biofertilizer Seaweed (g L") Inorgami Inorganic
o 1 fertilizer o
fertilizer Corabac (g L) 0 4 8 fertilizer

Corabac
With 0 5.62 a-c 5.03 a-d 4.75 b-d 5.13 ab
With 4.19d 4.87 b-d 4.80 b-d 462b 4.98b
With 10 5.09 a-d 5.06 a-d 5.37 a-c 5.17a
Without 0 4.81 b-d 4.81 b-d 5.42 a-c 5.01 ab
Without 5.21a-c 5.03 a-d 4.65 cd 4,96 ab 5.15a
Without 10 5.96 a 5.67 ab 4.77 b-d 5.47 a
Seaweed (g |_'1) 5.15a 5.08 a 4,96 a
Inorganic With 4.97 a 4.99a 497 a Biofertilizer
fertilizer Corabac (gL?)
*Seaweed Without 5.33a 5.16 a 4,95 a
0 5.21ab 4,92 ab 5.09 ab 0 5.07 ab
Corabac 5 4.70b 4.94 ab 472b 4.79b
Seaweed
10 5.52a 5.36 ab 5.07 ab 10 5.32a

Different letters indicate significant differences at P<0.05 by Duncan test.

The insignificant impact of the three factors on
chlorophyll content and leaf area could be due to
good soil fertility of the plastic house after field
preparation and addition of organic manure. The
improved stem length and leaf number and yield
traits could attribute to the effect of seaweed
extracts, which contain numerous beneficial
molecules such as complex polysaccharides, plant
fatty

compounds, different vitamins and a variety of

growth regulators, acids, betaine-like
macro and micronutrients that help the plant to
grow optimally with better yield (Battacharyya et
al., 2015).

Furthermore, the beneficial influence may
have resulted from the activity of microorganisms
contained in the biofertilizer product.

It is enriched with Azotobacter and Bacillus

megaterium microbial agents that increase soil
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fertility via decomposition of organic material into
organic matter that acts like a nutrient, thereby
increasing nutrient availability for plant as well as
their works as regulators of the suitable progress
of plant outgrowth and productivity (Bhat et al.,
2015). On the other hand, the inorganic fertilizer
NPK may also has contributed to ameliorated
foliage growth and vyield of lettuce through
providing N, P, and K required for plant growth
and productivity. The results agree with Ahmed et
al., (2000) on effect of biofertilizer on lettuce
plants, Chrysargyris et al. (2018) on effect of
seaweed on cut lettuce and Nermadodzi et al.
(2017) on the influence of NPK fertilizer on baby
spinch.

Bender Ozen¢ and Sen (2017) reported that
the application of liquid seaweed to grafted and
greenhouse

ungrafted tomato plants under
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conditions positively affects plant growth. In
addition, they reported that
the
nutrients, optimizing their delivery to the needed

liquid seaweed

applications increased availability  of
tissues, and the increased yield is due to this
effect. Kiraci et al. (2013) reported that the use of
microbial fertilizers in organic carrot cultivation
(1990)

investigated the effect of liquid algae extract on

increased the quality. Crouch et al.

growth and nutrient content of lettuce and it was
noted that algae extract increased the product
amount and the amount of Ca, K, Mg in the
(1992) applied
seaweed extract from soil and leaves to tomato

leaves. Crouch and Staden

seedlings and reported that soil application
during the seedling period and foliar application
during the flowering period gave better results,
and the algae extract increased the plant fresh
weight and root weight. Abetz and Young (1983)
reported increased yield and head diameter in
lettuce and cauliflower plants treated with
seaweed. The results of our study are consistent

with the literature reported above.

Conclusion

In recent years, consumers prefer that the
product they consume is grown organically and
that environmentally friendly techniques are used
during production. According to the results
obtained, it caused an increase in head weight,
yield and nitrogen content depending on the
increasing doses of seaweed applied, while it
caused a decrease in leaf area. In addition,
seaweed application increased the leaf number
and phosphorus content compared to the control.
The

chlorophyll, stem length and potassium content

effects of seaweed applications on

were found to be statistically insignificant.
the
number of leaves, yield, head weight, phosphorus

and the
amount of nitrogen decreased compared to the

With the application of biofertilizer,

and potassium contents increased,
control. The effects of biofertilizer applications on
chlorophyll content and stem length were found
to be insignificant.
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While inorganic fertilizer application increased
the
decreased the number of leaves and leaf area.

stem length and phosphorus content,

The effects of inorganic fertilizer application on

chlorophyll content, head weight, yield per

square meter, nitrogen and potassium content
were found to be insignificant.

Therefore, it is recommended that application
of biofertilizer, seaweed and inorganic fertilizer,

especially in combination, is essential for

optimum production of lettuce crop with more
scientific research to be carried out in this field.
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Giris

Vitis vinifera L. tlarinln ilk kdltire alindig
alanlardan birisi olan Anadolu (Arroyo-Garcia ve

ark., 2006),

Zzaman

6z

Calismada; melezleme islahi ile elde edilmis olan 11 adet Karadimrit x 140 Ruggeri genotipine
kuraklik ve tuz stresi uygulanmis, fenolik bilesik ve antioksidan miktarlarindaki degisimler
tespit edilmistir. F1 genotiplerinde tuz uygulamalari sonucunda, yapraklarda o6lglilen toplam
fenolik bilesik (TFB) icerikleri 13 388-30 093 mg GAE kg KA ve antioksidan kapasite (TEAK)
miktarlari 125.7-301.6 pumol troloks g KA arasinda degerler vermistir. Kuraklik uygulamasi
sonuglarina gére sirasiyla; 17 674-36 706 mg GAE kg KA ve 155.2-373.0 umol troloks g* KA
arasinda degerler kaydedilmistir. Tuz ve kurakhk uygulanmis genotiplerden toplam fenolik
bilesik miktarlarinda en fazla artisi sirasiyla 3. genotip (% 113.0) ve 2. genotip (% 113.0)
gosterirken, antioksidan kapasite miktarlarinda da en yiiksek artis ayni genotiplerde % 133.8
ve % 96.3 degerleri ile meydana gelmistir. Tuz uygulamalari sonrasinda elde edilen sonuglarda
en yuksek degerleri her iki analiz (TFB, TEAK) icin de 11. melez, kuraklik uygulamalarinda ise 2.
melez gostermistir. Melezlerin tuz ve kuraklik streslerine karsi verdikleri tepkiler farklilik
gostermistir.

Anahtar Kelimeler: Vitis vinifera L., V. rupestris, Kuraklik, Tuzluluk, Fenolik bilesik
ABSTRACT

In the study; drought and salt stress were applied to 11 Karadimrit x 140 Ruggeri genotypes
obtained by crossbreeding, and the changes in the amounts of phenolic compounds and
antioxidants were determined. As a result of salt applications in the F1 genotypes, the total
phenolic compound (TPC) contents measured in the leaves were 13 388-30 093 mg GAE kg-
!DW and the antioxidant capacity (TEAC) amounts were between 125.7-301.6 pmol trolox g*
DW. According to the results of drought application, respectively; values between 17 674-36
706 mg GAE kg! DW and 155.2-373.0 pmol trolox g! DW were recorded. Among the
genotypes treated with salt and drought, the highest increase in total phenolic compounds
was observed in the 3rd genotype (113.0%) and the 2nd genotype (113.0%), while the highest
increase in antioxidant capacity occurred in the same genotypes with values of 133.8% and
96.3%. In the results obtained after salt applications, the 11th hybrid showed the highest
values for both analyzes (TPC, TEAC) and the second hybrid in drought applications. The
responses of hybrids to salt and drought stresses differed.

Key Words: Vitis vinifera L., V. rupestris, Drought, Salinity, Phenolic compound

melezlemelerle ortaya c¢ikan ¢ok zengin bir asma
gen potansiyeline sahiptir. Tlrkiye’ de 2020 vyili
istatistiklerine gore toplam bag alani 400 998

hektar, toplam Gizim Uretimi ise 4 208 908 tondur
dogal
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icerisinde
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(TUIK,  2021).
karsilastirildiginda,
%1.08" lik bir
alanlarindaki  azalisin

2010-2020
yillar

yih  istatistikleri

arasinda  Uretimde
azalma gozlenirken, bag
%16.07 oldugu

belirtilmistir. Tarim alanlarinda meydana gelen bu

ise

azalmaya, tarim alanlarinin tarim disi kullanimi,
Ozellikle son g¢eyrek yilzyillda agirhigini gittikge
30 il
Ulkemizin de bulundugu Akdeniz havzasini son

hissettiren ve oOnimizdeki icerisinde
derece olumsuz etkileyecegi yapilan uluslararasi
c¢alismalarla ortaya konan iklim degisikligi ve
kiiresel 1sinma, bilingsiz sulama, vyeralti su
kaynaklarinin ve gollerin yanhs tarimsal Grin
desenlerinin  secgilmesi  nedeniyle azalmasi,
goletlerin kurumasi, ¢oraklasma ve tuzlanmasinin
maksimum seviyeye ¢ilkmasina neden olmaktadir.

2021 yihinda 7.9 milyar olan diinya nifusunun,
2050 yilinda 9.2 milyar olmasi beklenmektedir.
2050 yilina kadar, gelismekte olan ulkelerdeki
gelismis

Ulkelerdeki nifusun ise 1.2 milyar olacagl tahmin

nifusun yaklagik olarak 8 milyar,

edilmektedir. Artan nifus yogunlugunun ortaya
cikardigr en buylk zorluklardan birisi de besin
kaynagi kithgidir. Arastirmacilara gore, 2050 yilina
kadar birim arazi basina 1.5 kat daha fazla gida
uretilmesi gerekmektedir (George Silva, 2018).
Sadece (lkemizde degil, dinyanin pek c¢ok
bolgesinde son yillarda 6nemli derecede etkisini
goérmeye basladigimiz kiiresel Isinmanin
neredeyse tim tarimsal Urinleri tehdit etmesi ve
nifusun hizh artisi bir arada incelendiginde,
kullanilabilir tarim arazilerinden en yiksek verimi
ve kaliteyi alabilmek amaciyla, son ¢eyrek asirda
bilimsel ¢alismalarin ¢ogu abiyotik stres sartlarina
adapte olabilecek c¢esit ve anaclarin slahi
konusuna yogunlasmistir (Fidan, 1985; Eris, 1992).
Ozellikle geleneksel tipta asma yapraklarinin
tedavi edici etkisinden bahsedilirken (Marusic,
1990; Lardos ve Kreuter, 2000; Orhan ve ark.,
2009; 2010),

glinimizdeki distk seviyede olup,

Dani ve ark., yapraklarin
kullanimi
kimyasal bilesimi ve ozellikleri hakkinda bilgi
yetersizdir.
hakkindaki

potansiyel olarak zengin bir kaynagi olan bu bitki

Yapraklarin  polifenolik icerikleri

bilgilerin azhg, fenolik bilesiklerin

materyali hakkinda arastirma ihtiyacini ortaya
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cikarmaktadir (Jaradat ve ark., 2017).

2007-2008 vyillarinda melezleme slahi ile
baslatilan ¢alismada, Karadimrit x 140 Ru
melezlemeleri sonucunda elde edilen F1

melezlerinin, abiyotik stres kosullarindan kuraklik
ve tuza tolerant/dayanikliliklari tespit edilmeye
galisiimistir (Cakir 2011). Yapilan uygulamalar
sonrasinda gelisimine devam ederek anag/cesit
adayl olma ihtimali olan Umitvar melezler islah
parseline aktarilmiglardir.

Bu ¢alisma ile; 2007-2008 yillarinda melezleme
islahi ile elde edilmis olan (Cakir, 2011) ve
anac/cesit ozellikleri bakimindan Umitvar olarak
secilen 11 adet Karadimrit x 140 Ru melezine tuz
ve su (kuraklik) stresi uygulanmis ve strese karsl
tepkilerin toplam fenolik bilesik ve antioksidan
kapasite  miktarlarinda

meydana  getirdigi

degisimlerin spektrofotometrik olarak

belirlenmesi  amaglanmistir.  Ebeveyn olarak

kullanilan ve F1’ ler gibi kurakhk ve tuz
uygulamalarina tabi tutulan Karadimrit ¢esidi (V.
140 Ru (V.

yapraklarinin, daha o6nce fenolik bilesik igerik

vinifera) ve anaci rupestris)

belirleme  calismalarinda  materyal olarak
kullanilmamis olmasi ve ayni ebeveynlere sahip
F1’

spektrofotometrik

lerin strese verdikleri tepkilerin

Olgimlerle  karsilastiriimasi
amaciyla yapilan calisma ve elde edilen sonuglar

ile literatire katki saglanacagi distinilmektedir.
Materyal ve Metot

Arastirmada bitkisel materyal olarak; Ankara

Universitesi  Ziraat Fakiltesi Kalecik Bagcilik
Arastirma ve Uygulama istasyonu (40° 06° 44.5
Kuzey Enlemi; 33° 25° 43.3 Dogu Boylami; Rakim:
700 m) islah parselinde bulunan ve Ulkemizin
onemli yerli Gzim cesitlerinden olan Karadimrit
Uzim cesidinin kuraga ve kirece dayanikli olan
140 Ru Amerikan asma anaci ile melezinden elde
edilen 11 omcadan alinan celikler kullanilmistir.
Celik alinan omcalar etiketlenmis ve kayit altina
alinmistir. Alinan celikler dikime kadar muhafaza
edilmek Gzere sicakligi 4 °C, nispi nemi ise % 96
olan soguk hava deposuna konmuslardir. Celikler

2 gozli olarak dikime hazirlanmis, her genotip icin
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3 tekerrirli ve her tekerrirde 1 bitki olacak
sekilde, Perlit (1) + Torf (1) + Cocopeat (1) karisimi
ile doldurulmus siyah polietilen fidan posetlerine
(11x22 cm) dikilmiglerdir. Dikilen gelikler sicaklik

Dikim
sulama

ve nem kontrolli seraya aktariimistir.

sonrasinda, ¢eliklerin duzenli olarak
(pH:7.3, EC:83.7 umhos cm™?), glibreleme, hastalik
ve zararh kontrolleri yapilarak saghkli bir sekilde
gelisimleri saglanmistir. Kuraklik uygulamasi ve
tuz uygulamasi icin denemeler, tesadif parselleri
deneme desenine gore planlanmis, uygulamalarin
es zamanli yuritilmesi amaciyla ayni omcalara ait
celiklerle fakat her iki uygulama icin de ayri ayri
kurulmustur. 11 melez genotipte kuraklik stresi
uygulamasi icin 3 x 1 ve tuz stresi uygulamasi icin
3 x 1 bitki materyali koklendirilerek fidan haline
getirilmistir.

Bu 140 Ru
melezlemesinden elde edilen 11 melez genotipin,

calisma ile, Karadimrit x
stres basinda ve stres sonunda alinan yaprak
ornekleriyle fenolik bilesik ve antioksidan kapasite
degerlerinin belirlenmesi ve stres uygulamalarina
bagl olarak yaprakta meydana gelen stres basi-
stres sonu miktar degisimlerinin tespit edilmesi

amaglanmigtir.

Kuraklik uygulamalari

Kuraklk uygulamasi ebeveynler (Karadimrit ve
140 Ru) ve F1 bitkilerine 15 giin sireyle su
verilmeyerek gergeklestirilmistir. 15 glin siirecek
olan kuraklik stresi bitkilerin son kez sulanmasi ile
baslatiimis ve ilk yaprak ornekleri alinmistir. O.
gin (kontrol) ve 15 giin sonunda alinan yaprak
ornekleri sivi  azot ile soklandiktan sonra
ekstraksiyon tarihine kadar -40 °C’' de muhafaza

edilmistir (Cramer ve ark., 2007).

Tuz uygulamalari

Tuz uygulamasi, bitki basina 100 mL su igin;
120 mM NaCl ve 12 mM CaCl; (Tattersall ve ark.,
2007)
gerceklestirilmistir. Her bitki icin 100 mL tuzlu su,

ile 5 ginde bir yapilan sulamalarla
siringa yardimi ile bitki kok boélgesine verilmistir.
ilk tuz uygulamasi son sulamadan 24 saat sonra
(0. giin) yapilmistir. Uygulama 5 kez tekrarlamistir.
stresince bitkilere tuzlu

Tuz uygulamasi su
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haricinde su verilmemistir. 0. giin ve 20. gin
sonunda alinan yaprak ornekleri sivi azot ile
soklandiktan sonra ekstraksiyon tarihine kadar -40
°C’ de muhafaza edilmistir.

Ekstraksiyon yéntemi
Aljuhaimi ve ark. (2019) nin ekstraksiyon
yonteminin  modifiye
-40 °C
ornekler cikartihp 40 °C’ de 24 saat boyunca
Cikartilan

amaciyla

edilmesiyle  yapilan

ekstraksiyonda, de muhafaza edilen

kuru
0.2 gr
alinmistir.

etlivde kurutulmustur.

orneklerden  ekstraksiyon

tartilarak santrifdj tiplerine
Ekstraksiyonu yapilacak oérneklerin Gzerine 3 mL
HCI" li MeOH c¢ozeltisi eklenmis ve homojenize
edilmistir. 14000 rpm’ de 10 dakika santrifiije tabi
seffaf

sipernatant temiz bir santrifiij tiptine alinmistir.

tutulmus ve Ust tarafta bulunan

Tortu (pellet) tzerine 2 mL ¢ozelti eklenmis ve

homojenizasyon ve santrifiij islemleri tekrar
edilmistir. Elde edilen slpernatant kismi da bir

onceki ekstrakta eklenmis ve son hacim 5 mL’ ye

tamamlandiktan sonra 0,45 um’ lik PVDF
(Polyvinylidene Difluoride) ile filtrelenerek cam
siselerde analiz tarihine kadar -40 °C’ de
muhafaza edilmistir.
Toplam fenolik bilesik analizi (TFB)

Toplam fenolik bilesik analizleri UV-Vis

Spektrofotometre cihazi (Shimadzu Corporation,
Japan) ile Singleton ve Rossi'ye (1965) gore
yapilmis, sonuclar mg Gallik Asit Esdegeri (GAE)
kg
edilmistir.

olarak, kuru agirhk (KA) cinsinden ifade

Troloks esdegeri antioksidan kapasite analizi (TEAK)
TEAK (Troloks
ile

Antioksidan kapasite tayini
Antioksidan
gerceklestirilmistir. Re ve ark. (1999)’ na ait olan

Esdegeri Kapasite) yontemi
yontem ABTS (2.2'-azinobis-(3-etilenbenzotiazolin-
6-sulfonik asit) diammonium salt)’ nin oksidasyonu
ABTSe+ radikal

Uzerine, antioksidan iceren 6rnegin eklenmesiyle

sonucu Uretilen ¢Ozeltisinin

radikalin indirgenmesi olayina dayanmaktadir.
Sonuglar yapraklarda pmol troloks g kuru agirlik

(KA) cinsinden elde edilmistir.
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Istatistiksel analiz
Arastirma sonucunda elde edilen

degerler Minitab 18 istatistik programinda

ANOVA kullanilarak degerlendirilmis, farkhiliklarin

onem duizeyini

sayisal

belirlemek igin Fisher testi
kullanilmis ve p<0.05 istatistiksel olarak anlamh
kabul edilmistir. Sonuclar ortalamazortalamanin

standart hatasi olarak ifade edilmistir.

Arastirma Bulgulari ve Tartisma

Yapraklara ait toplam fenolik bilesik (tfb) diizeyleri

Tuz ve kuraklik stresi uygulanmamis (kontrol)
ve uygulanmis ebeveyn ve melezlere ait toplam
(%)
Cizelge 1’ de verilmistir. Uygulama yapilmayan
bitkiler
ebeveynlerin toplam fenolik bilesik igerikleri; 10

fenolik bilesik igerikleri ve artis oranlari

incelendiginde, tuz wuygulanacak olan

652 (Karadimrit) ve 17 347 (140 Ru) mg GAE kg*
KA  olarak
sonrasindaysa bu degerler Karadimrit gesidi ve

Olgilmustir.  Tuz  uygulamasi
140 Ru anacindan alinan yaprak o6rneklerinde
sirasityla; 14 085-20 035 mg GAE kg KA olarak
belirlenmistir. Karadimrit gesidi stres basinda ve
sonundaki degerlere bakildiginda % 32.2’ lik bir
fenolik madde artisi gosterirken, bu deger 140 Ru
anacinda % 15.5 olmustur. Melezlerde tuz
uygulanmamis (kontrol) degerler incelendiginde;
11. melez en yliksek tfb icerigine sahip, 5. melez
ise en duslik degere sahip olarak deger vermistir.
Melezlerde tuz uygulamasi sonrasinda elde edilen
en yiksek toplam fenolik bilesik icerigi 30 093 mg
GAE kg KA olarak 11. genotipte tespit edilirken,
en dusuk deger ise 13 388 mg GAE kg™ KA ile 5.

genotipte bulunmustur.

Gizelge 1. Tuz ve kuraklik uygulamalari sonrasinda yapraklarda toplam fenolik bilesik icerikleri (mg GAE kg1 KA).
Table 1. Total phenolic compound contents in leaves after salt and drought applications (mg GAE kg 'DW).

Toplam Fenolik Bilesik
Total Phenolic Compound

#Zil::;i Tuzluluk Artis Kurakhk Artis
kontrol Tuz orani (%) kontrol Kuraklik orani (%)
. Salinity Salinity Increase Drought Drought Increase
Genotip o o
Genotype control rate (%) control rate (%)
Karadimrit 10 652+6038" 14 085+188' 32.2 13 18418628 20 686+473f 56.9
140 Ru 17 347+452° 20 035+573% 15.5 18 1661649¢ 20 547+521f 13.1
1 11 289+696% 16 11518618 42.8 26 437+536° 29 631+837¢ 12.1
2 13 272+279¢ 20 8751626°¢ 57.3 17 237+773¢ 36 70618422 113.0
3 12 584+544¢ 26 808+993 113.0 25 140+499° 32 985+845P 31.2
4 11 542+461f 14 863+113" 28.8 17 736+104¢ 23 989+991¢ 35.3
5 10 867+715% 13 388+538' 23.2 15 288+62°f 17 79412628 16.4
6 17 358+625° 18 425+375f 6.1 15 996+105¢ 18 44241318 15.3
7 18 735+447° 20 240+273¢% 8.0 14 567+870f 22 153+891° 52.1
8 14 430+442¢ 19 285+472¢ 33.6 17 675+609¢ 21 172+84°F 19.8
9 15 592+166° 18 462+425f 18.4 12 413+8368" 18 66113268 50.3
10 17 753+662° 26 907+630° 51.6 21 344+362° 3575117322 67.5
11 19 008+146° 30 09316912 58.3 12 034+916" 17 674+1718 46.9

*Ayni sttundaki farkli harfler istatistiksel olarak p<0.05 diizeyinde 6nemlidir.
*Different letters in the same column indicate statistical differences at the p<0.05 level.

Kurakhk tabi
(kontrol) ve tutulmus olan Karadimrit cesidinde
13 184 mg GAE kg KA’ dan 20 686 mg GAE kg
KA’ a g¢ikan fenolik madde miktari (% 56.9 artis)
tespit edilirken, 140 Ru anacinda ise 18 166 mg
GAE kg! KA’ dan 20 547 mg GAE kg' KA’ a, %
13.1’ lik bir artis meydana gelmistir. Melezler

uygulamasina tutulmamis

icerisinde kontrol grubu verileri incelendiginde; en
ylksek degeri 1. genotipten, en distk degeri ise
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11. genotipten elde edilmis vermistir. Kuraklik
uygulamasi sonrasinda melezlerde en yiksek tfb
icerigi 36 706 mg GAE kg KA ile 2., en dusik
deger ise 17 674 mg GAE kg* KA ile 11. genotipte
Farkli
melezlerin verdigi tepkiler de farkhlik gostermistir.

tespit edilmistir. uygulamalara karsi

11. genotip tuz uygulamasi sonrasinda en yiksek
degeri gosterirken, kuraklik uygulamasinda en

disik sonucu vermistir. Kurakhk uygulamasi
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sonucunda bitkilerin daha c¢ok strese girdigi, bu
nedenle strese bir tepki olarak binyelerinde
bulunan toplam fenolik bilesik ve antioksidan

gorilmektedir. Hem tuz hem de kuraklik kontrol
ve uygulamalarina ait degerleri gosteren grafik
Sekil 1’ de verilmistir.

miktarlarinin  daha fazla artis  gosterdigi

11
10
9
8
7
2 6
5 5
& 4
3
2
1
140 Ruggeri
Karadimrit

0 5000 10000 15000 20000 25000

30000 35000 40000

mg GAE kg1 KA

Kurakhk W Tuz

Sekil 1. Tuz ve kurakhk uygulamalari sonrasinda yapraklarda toplam fenolik bilesik miktarlari
Figure 1. Total phenolic compounds in leaves after salt and drought applications

Katalinic ve ark. (2013); 6 farkh Vitis vinifera
cesidinden Mayis, Agustos ve Eylil aylarinda
aldiklari
iceriklerini incelemis ve Mayis ayl orneklerinde
18.8-28.0 g GAE L%, Agustos ayi orneklerinde
25.2-35.0 g GAE L%, Eylil ayr dérneklerinde ise
32.5-56.8 g GAE L! arasinda degisen degerler elde
etmislerdir. 2014 yilinda yapilan arastirmada;

yaprak orneklerinde toplam fenolik

Sultani Cekirdeksiz, Sultanl, Sultan7, Saruhanbey
ve Narince Uzlim cesitlerinin yapraklarinda toplam
fenol, toplam flavonoid ve renklenme {izerinde
cahsilmis ve yaprak orneklerinin toplam fenol
iceriginin 9.72 ile 14.22 mg g* arasinda degistigi
bildirilmistir (Gller ve Candemir, 2014). Farkli
dokulardan alinan orneklerin fenolik iceriklerinin
bir
yapraga ait toplam fenolik bilesik icerigi 61 000

belirlenmesini  amaclayan calismada ise
mg GAE kg KA olarak bulunmustur (Farhadi ve
ark., 2015).

2015 yilinda farkli

cesitlerin fenolik bilesik icerikleri analiz edilmis ve

yapilan arastirmada;
en disuk Prokupac cesidinin yaprak ekstraktinda
18.32 mg GAE g, en yiksek Vranac cesidinde
42.62 mg GAE g arasinda degerler elde edilmistir
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(Radovanovic ve ark., 2015). Yesiloglu ve Giilen
(2016) yaptiklari arastirmada farkh (su, aseton ve
metanol) ¢ozicl ile elde edilen Vitis vinifera
yaprak ekstraktlarinda; su ile ¢ozindirdiklerinde
60.33 mg GAE g}, aseton ile ¢ozindurdiklerinde
48.67 GAE gt
coziindurdiklerinde ise 70.87 mg GAE g toplam
Sirbistan'da
yetistirilen farkli asma ¢esitlerinin yapraklarindaki

mg ve metanol ile

fenol igerigi  belirlemislerdir.
toplam fenolik bilesik icerikleri incelenmis ve
27.5-76.0 g GAE kg arasinda degisen sonuclar
bulunmustur (Panteli¢ ve ark., 2017). Bogazkere,
Merlot
Okuizgdzli cesitlerinin yapraklarinda bulunan en
yiksek fenolik bilesik icerigi 35 825 mg GAE kg™
KA ile Bogazkere, en duslk icerik ise 12 180 mg
GAE kg KA ile Calkarasi ¢cesidinden elde edilmistir

(Tahmaz ve Séylemezoglu, 2019). Ankara, Kalecik’

Calkarasi, Cabernet Sauvignon, ve

ten alinan 16 adet kirmizi Gizim ¢esidinde farkl
dokulardaki fenolik bilesik icerikleri arastirilmis ve
yapraklarda en yiksek degerler; ‘Kalecik Karasl’
(44 150 mg GAE kg KA), ‘Pinot Noir’ (44 175 mg
GAE kg KA), ‘Red Globe’ (45 250 mg GAE kg*
KA), ‘Syrah’ (45 100 mg GAE kg KA) ve ‘Hamburg
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Misketi’ (45 100 mg GAE kg KA) olarak tespit
edilmistir (Yiksel ve ark., 2020). Gilct ve ark.
(2020),
yapraklarindan aldiklari 6rneklerde en distk ve

olgunlasmamis ve olgunlagsmis asma

en yiksek toplam fenolik igeriklerini sirasiyla
38.45 (Cabernet Sauvignon) ve 78.66 mg GAE g
(Michele Palieri) ile 19.49 (Cabernet Sauvignon)
ve 47.76 mg GAE g! (Michele Palieri) arasinda
bulmuslardir. Karadimrit x 140 Ru melezlerinden
elde edilen sonuglar yukaridaki kaynak taramalari
ile karsilastirildiginda benzer degerler elde edildigi
ve yapraklarin fenolik bilesik agisindan zengin
bitkisel materyaller oldugu gorilmektedir.

Yapraklara ait antioksidan kapasite (TEAK)
diizeyleri

Tuz ve kuraklik uygulanmamis (kontrol) ve
uygulanmis ebeveyn ve melezlere ait antioksidan
kapasite miktarlari ve artis oranlari (%) Cizelge 2’
de verilmistir. Kontrol degerleri incelendiginde tuz
uygulanacak olan ebeveynlerin antioksidan
kapasite miktarlari;; 83.2 (Karadimrit) ve 104.3
(140 Ru) umol troloks g KA olarak 8lcilmustr.
Tuz uygulamasi sonrasinda bu degerler Karadimrit
cesidi ve 140 Ru anacinda sirasiyla; 106.1-149.2
g—l
Karadimrit cesidinin stres basinda ve sonundaki
degerlerine bakildiginda % 27.5’ lik bir antioksidan
kapasite artisi gozlenirken, bu deger 140 Ru
%
uygulanmamis (kontrol) degerleri incelendiginde;

pmol  troloks KA olarak belirlenmistir.

anacinda 43.1 olmustur. Melezlerin tuz

10. genotip en yuksek, 5. genotip ise en disuk

antioksidan kapasite miktarina sahip

bulunmustur.  Melezlerde  tuz  uygulamasi
sonrasinda elde edilen en yiksek antioksidan
kapasite miktari 301.6 pmol troloks g KA olarak
11. genotipte tespit edilirken, en distk deger ise
KA

tamami

125.7 umol trolox g? ile 5. genotipte

bulunmustur. Melezlerin uygulama
sonunda Karadimrit cesidinden yiliksek degerler

vermislerdir.
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Kuraklik uygulamasina maruz birakilmayan
(kontrol) ve maruz birakilan Karadimrit ¢esidinde
130.7 umol troloks g KA’ dan 226.8 umol troloks
g KA’ a cikan antioksidan kapasite miktari (%
73.6 artis) tespit edilirken, 140 Ru anacinda ise
135.1 pumol troloks g* KA’ dan 142.0 umol troloks
g KA” a, % 5.2° lik bir artis meydana gelmistir.
Melezler icersinde kontrol grubu verileri
incelendiginde; en yiksek degeri 3., en dislk
11. Kuraklik

sonrasinda melezler igerisinde en

degeri ise genotip vermistir.
uygulamasi
yuksek antioksidan kapasite miktarina sahip olan
melez 373.0 umol troloks g KA ile 2., en disik
ise 155.2 umol troloks g KA ile 6. genotipte
tespit edilmistir. Hem tuz hem de kuraklik

uygulamalarina ait antioksidan kapasite
miktarlarini gosteren grafik Sekil 2’ de verilmistir.

farkli
yapilan antioksidan kapasite analizleri sonucunda;
184.8-304.0 uM g?

araliginda degerler elde edilmis ve yapraklarin

Muscadine UzUmlerinin dokularinda

yapraklar incelendiginde,
kabuk ve tane etine gore daha yiksek oranda

anitoksidan kaynagi  oldugu belirtilmistir
(Pastrana-Bonilla ve ark., 2003). Farhadi ve ark.
(2015), tGzlim yapragi ekstraktlarinin DPPH radikal
temizleme aktivitelerinin % 61.39 (Agh Shani) ile
% 92.68 (Ghara Shani)

bildirmistir. Cesitli Gzim yapragl ekstraktlarinin

arasinda oldugunu
antioksidan aktivite degerleri 6.57 ml g (Vranac)
ve 20.74 ml g (Prokupac) arasinda belirlenmistir
(Radovanovic ve ark., 2015). Aljuhaimi ve ark.
(2019), taze asma vyapraklarinin antioksidan
aktivite degerlerinin % 84.46 (Palieri) ile % 88.46
(Narince) arasinda degistigini bildirmigtir. 2020’de
yapilan arastirmada; olgun asma vyapraklarinin
antioksidan miktarlari 311.59 umol TE gt
(Hamburg Misketi) ile 524.42 pumo TE g*
(Yapincak) arasinda degerler almistir (Gilcl ve
ark., 2020). Ayni yontemin kullanildigi sinirli
sayida arastirma bulunmakta olup, elde edilen

degerler bu arastirmalarla uyumlu bulunmustur.
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Cizelge 2. Tuz ve kuraklik uygulamalari sonrasinda yapraklarda antioksidan kapasite miktarlari (umol troloks g KA).
Table 2. Antioxidant capacity amounts in leaves after salt and drought applications (umol trolox g* DW).

Antioksidan kapasite

Antioxidant capacity
#Zil:::;i Tuzluluk Artis Kurakhk Artis
kontrol Tuz orani (%) kontrol Kuraklik orani (%)
. Salinity Salinity Increase rate Drought Drought Increase
Genotip
control (%) control rate (%)
Genotype
Karadimrit 83.2+1.8" 106.1+1.7 27.5 130.7+1.5" 226.8+4.0° 73.6
140 Ru 104.3+1.8" 149.2+3.68 43.1 135.1+2.68 142.0+1.6% 5.2
1 73.614.9 135.0+0.4" 83.5 199.0+1.4° 235.4+3.6¢ 18.3
2 118.4+1.48 137.7+0.9" 16.2 190.0+0.8° 373.0+2.1° 96.3
3 123.3+1.0 288.2+2.1° 133.8 231.643.2° 300.946.7¢ 29.9
4 103.7+1.8" 156.0+1.6 50.4 162.9+3.6 203.7+2.2f 25.0
5 67.6+3.4% 125.7+1.8' 86.0 167.5+1.6° 172.2+1.6' 2.8
6 164.4+1.8° 202.3+2.1¢ 23.0 123.7+1.6' 155.2+2.0/ 25.5
7 176.7+4.7° 193.2+5.7¢ 9.4 134.5+2.48 183.44.3" 36.3
8 140.6+2.5¢ 219.8+1.2¢ 56.4 135.3+4.98 184.5+3.6" 36.4
9 131.2+1.1¢ 196.4+1.3¢ 49.7 108.6+2.0' 193.3+2.98 78.1
10 205.5%£1.52 298.0+2.32 45.0 178.0+1.2¢ 325.0+2.8° 82.5
11 176.5+1.5° 301.6+0.8° 70.9 103.8+1.6" 176.1+0.9' 69.6
*Ayni sttundaki farkli harfler istatistiksel olarak p<0.05 diizeyinde 6nemlidir.
*Different letters in the same column indicate statistical differences at the p<0.05 level.
11
10
9
8
7
2 6
5 5
& 4
3
2
1
140 Ruggeri
Karadimrit
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0

umol troloks g1 KA

Kurakhk ®Tuz

Sekil 2. Tuz ve kuraklik uygulamalari sonrasinda yapraklarda antioksidan kapasite miktarlari
Figure 2. Antioxidant capacity amounts in leaves after salt and drought applications

Ebeveynleri ayni olmasina ragmen, melezler
arasinda kuraga ve tuza karsi tepkilerde farkliliklar
gozlenmistir. Bununla baglantii olarak strese
maruz kalmadan ve kaldiktan sonra ortaya cikan
toplam fenolik bilesik ve antioksidan kapasite
miktarlari ve artis oranlari da farklilik gostermistir.
Ebeveyn ve melezlere ait fenolik bilesik ve
(%)
gosteren grafik Sekil 3’ te verilmistir. Melezler 15

antioksidan kapasite artis miktarlarini

glnlik kuraklik sonucunda daha fazla strese
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girerek daha yliksek fenolik bilesik ve antioksidan
birikimi gerceklestirmislerdir. Her genotipin strese
karsi gosterdigi tepki farklilik gostermekle birlikte,
tekerrirler arasi fark oldukca az olmustur. Fenolik
bitkideki
oldugu

miktarlari
kadar
glineslenme, iklim, sicaklik, toprak 6zellikleri gibi

bilesiklerin genetik

ozelliklerden stres faktorleri,
dissal her tiurli faktorden de etkilenmektedir
(Ribéreau-Gayon ve ark., 2000). Cozlici olarak

kullanilan solisyonlar da ekstraktlardaki fenolik



Yiiksel Kiiskii ve S6ylemezoglu, 2022. Harran Tarim ve Gida Bilimleri Dergisi, 26(1): 72-81

bilesik
sonucunda; Karadimrit gesidi, 140 Ru Amerikan
F1’
toplam

iceriklerini  etkilemektedir.  Calisma

asma anacl ve lerin  yapraklarinda

bilesik
antioksidan kapasite miktarlarina gore, fenolik

gercgeklestirilen fenolik ve

bilesikler  agisindan zengin oldugu ve
degerlendirilebilir ~ fenolik  bilesik  kaynagi
olabilecekleri sonucuna ulasiimistir.

Yapilan calisma kapsaminda kurakhk
uygulamasi ile bitkinin su alimi  dogrudan

engellenirken, tuz uygulamasinda da kéklerin su
alimina dolayli olarak etkide bulunularak bir
NaCl ve CaCl;
tuzlarinin direkt kok bolgesine uygulanmasi

kurakhlk meydana getirilmistir.

nedeniyle toprakta yogun olarak bulunan tuzlar
osmotik strese neden olmustur. Meydana gelen
bu digsal osmotik stres, suyun kullanilabilmesini
azaltmakta ve fizyolojik  kurakliga neden
olmaktadir (Culha ve Cakirlar, 2011). Uygulamalar
sonrasinda vyapraklarda meydana gelen stres
sonucunda, osmotik strese bagh olarak su miktari
bu

madde

nedenle fenolik bilesik ve
artis

Fenolik bilesiklerin biyotik ve

azalmakta,
antioksidan konsantrasyonlari
gostermektedir.

abiyotik stres faktorlerinden etkilendigi ve fenolik

150

140Ru
Karadimrit
11
10
9

madde icerigi ile antioksidan kapasite arasinda bir
iliski oldugu yapilan arastirmalarda bildirilmistir

(Sivritepe, 2001; Bartolome ve ark., 2004;
Karadeniz ve ark., 2005; Goktlirk Baydar ve ark.,
2007).

Kuraklik stresi sonucunda tanelerde meydana
gelen sekonder metabolit birikimi ve aroma
degisimleri Gzerine aragtirmalar 1980’ lerden beri
yapilmaktadir (Kennedy ve ark., 2002; Ojeda ve
ark., 2002; Oliveira ve ark., 2003; Koundouras ve
ark., 2006; Bindon ve ark., 2007; Pedreira dos
Santos ve ark., 2007; Poni ve ark. 2007).
Matthews ve Anderson (1988), Cabernet Franc
meyvesinde, kuraklik stresine bagl olarak tane
hacminin azalmasi sonucunda kabuk polifenol
konsantrasyonunun

arttigini  ifade etmisledir.

Toplam fenolik madde, toplam flavonoidler,
kapasite,

miktarlari, trans-resveratrol gibi tane yapisinda

antioksidan toplam  antosiyanin
bulunan bazi bio-aktif bilegiklerin su stresi ile artis
gosterdigi saptanmistir (Soltekin, 2019). 2020’ de
yapilan bir arastirmada da tuz stresi uygulanan
bitkilerde toplam fenol seviyesinde artis oldugu

belirtilmistir (Karimi ve ark., 2020).

—6% tuz tfb degisim
7 e % kuraklik tfb degisim
% tuz teak degisim
=% kuraklik teak degisim

Sekil 3. Stres sonrasinda meydana gelen tfb ve teak miktarlarindaki artis orani (%)
Figure 3. The rate of increase in the amount of tpc and teac after stress (%)

Sonug ve Oneriler

Uygulamalar ve analizler sonucunda elde

edilen verilerle, asma yapraklarinin ylksek
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miktarda fenolik bilesik ve antioksidan madde
icerigine sahip oldugu ve bu icerigin stres ve
genotip faktorlerine gore degisiklik gosterdigi
belirlenmistir. Kabuk, ¢ekirdek dokularinda yogun
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olarak bulunan fenolik bilesikler genel olarak taze
ya da kurutmalik Gzim olarak tiketilmekte ya da
meyve suyu ve sarap teknolojisinde
kullaniimaktadir. Ticari olarak kabuk ve cekirdek

kadar sanayide kullanilmayan, ancakher asmada

olduk¢a fazla miktarda bulunan vyapraklarin,
fenolik bilesik ve antioksidan madde igerigi
bakimindan zengin bir  kaynak  olarak

kullanilabilecegi sonucuna ulasiimistir.
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Degisen diinya iklimi siirdiiriilebilir bagcilik yapmayi gerekli kilmaktadir. Ulkemizdeki bircok
bag alani gibi Tekirdag ili Sarkoy ilgesi de su stresi gorilen bolgeler arasinda sayilabilir. Yillik
yagis rejimlerinin dlzensizligi ve ortalama sicakliklarin artisi nedeniyle 6zellikle saraplik
cesitlerin yetistiriciliginde sorunlar yasanmaktadir. Bu galisma 2019/2020 ve 2020/2021
vejetasyon periyodunda ardisik iki yilda Uretici baginda yiritilmustir. Denemede dort farkli
yaprak su potansiyeli uygulamasi ve dort farkl sekilde yaprak alma Kontrol, Tam Pencere, Sag
Pencere ve Sol Pencere uygulamasi gergeklestirilmistir. Sonug olarak, Merlot lGziim ¢esidinde
Tekirdag ili kosullarinda siirgiin 6zellikleri bakimindan hem stres uygulamalari hem de yaprak
alma uygulamalari igerisinde diisik budama odunu agirligi ve bir yillik dal agirhgi degerlerine
sahip olanlar S3 (YSP W <-0.7 MPa) uygulamasi ve Tam Pencere uygulamasi olmustur. S3
uygulamasinda gorilen goreceli yuksek stres ve Tam Pencere uygulamasiyla fotosentez
etkinligi yuksek (7. ve 13. bogum arasindaki) yapraklarin cikartilarak yaprak alanlarinin
azalmasi; karbonhidrat tUretimini ve depolanan miktari sinirlandirmistir.

Anahtar Kelimeler: Vitis vinifera L., bir yillik dal agirligi, yaprak alma, su stresi, suirgiin 6zellikleri
ABSTRACT

The changing world climate necessitates sustainable viticulture. Like many vineyard areas in
our country, Sarkoy district of Tekirdag province can be counted among the regions where
water stress is observed. Due to the irregularity of the annual precipitation and the increase in
temperatures, there are problems especially in the cultivation of wine grape varieties. This
study was carried out in the vigneron’s vineyard in two consecutive years in the vegetation
period of 2019/2020 and 2020/2021. Four different leaf water potential range and four
different leaf removal applications were done; Control, Full Window, Right Window and Left
Window in this research. As a result, S3 (YSP Ws06 <-0.7 MPa) and Full Window applications
were with low pruning weight and vigor values in terms of shoot characteristics in Tekirdag
province conditions in Merlot grape cultivar, both in stress applications and leaf removal
applications. Relative high stress seen in S3 application and reduction of leaf area by removing
leaves with high photosynthesis capability (between 7™ and 13" node) with Full Window
application; limited carbohydrate production and stored amount.

Key Words: Vitis vinifera L., vigor, leaf removal, water stress, shoot characteristics
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Giris

Uziim olgunlasma siireci; Uziim tanelerinin
bilesimini, sarabin kalitesini ve ¢esit Ozelliklerini
etkileyen fizyolojik bir donemdir (Silva ve Queiroz,
2016). Ancak optimum hasat seviyesine erismek
kuresel artan

iklim  degisiklikleri nedeniyle

sicakliklar sonucunda (Ozkaplan ve Balkaya,
2021);

donemlerde meydana gelebilecek ani sicaklik

ben disme ile hasat arasindaki

degisimleri nedeniyle giderek zorlasmaktadir.

Stres, asma bilylime ve gelismesini olumsuz

etkileyerek, onemli fizyolojik ve metabolik
degisimlere yol agmaktadir. Ote yandan suyun
varligi asmanin yasaminin sirekliligini saglamak
birlikte

ekonomik doéngusu igin kritik bir yere de sahiptir

amaciyla gerekli olmakla kalite ve
(Medrano ve ark., 2015). Kurakhk stresi ile es
anlami olan su stresi toprakta bitkiye yarayish su
miktarinin azalmasi, atmosferik kosullarin etkisiyle
transpirasyon ve evaporasyon sonucu Su
yitmesinin slirmesi durumunda ortaya cikar (Kacar
ve ark., 2006).

Yaprak su potansiyeli degerleri omca su
durumunu belirlemede 6nemli bir indikatérdir
(Rienth ve Scholasch, 2019; Deloire ve ark., 2020).
Korkutal ve ark. (2011), Montpellier/Fransa’da
Merlot/SO4 omcalarinin erken dénemde su

stresine karsi tepkisini gozledikleri ¢alismada
Mayis ayinin ikinci haftasindan Haziran’in ikinci
haftasina kadar WSo giinde 4L, WS, giinde 3L, WS;
glinde 2L, WS3 glinde 1L olacak sekilde bir sulama
rejimi uygulamislar; stirglin biyime hizi ve slrgin
uzama  hizinin olumsuz

su  eksikliginden

etkilendigini ve ortalama salkim agirhginin
azalisiyla; veriminin de dustigini belirlemislerdir.
Bahar ve ark. (2017) Tekirdag ili Sarkoy ilcesi
kosullarinda Sangiovese tizim gesidinde Wy (-0.3/
-0.5] MPa uygulamasi ile budama odunu agirlig,
bir yillik dal agirhg, gi¢ ve verimde artis, Wss (-
0.3/ -0.7] MPa uygulamasi ile de daha disuk
degerler elde etmislerdir. Buesa ve ark. (2017),
iskenderiye Misketi c¢esidinde budama odunu
agirligi ile su stresi arasinda 6nemli bir ters iliski
bulundugunu ve bu nedenle omca basina budama

odunu agirliginin Kontrol’de onemli 6lclde yliksek
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oldugunu gormdislerdir. Copper ve ark. (2022)
otokton ve standart saraplk Uzim g¢esitlerini
Maratheftiko,
Sauvignon Blanc) yarattiklari su stresinin gelisim
etkilerini  Kibris
Kibris'ta

cesidinde yapilan fizyolojik 6lglimlerde istatistik
iki
Ulkede yurutulen saksi denemelerinde ise slirgiin

kullanarak  (Xynisteri, Shiraz,

Uzerine ve Avustralya’da

incelemislerdir. yetistirilen  Xynisteri

olarak o6nemli bir farka rastlamamiglardir.

uzunlugu degerlerinin cesitlere ve yetistirildigi
Ulkenin teruar oOzelliklerine gore degistigini ve
bunlarin istatistik olarak 6nemli diizeyde degistigi
vurgulanmistir.

Tag yonetimi asmanin gelisme kuvvetini, tGrin
kalite ve verimini, ta¢ mikroklima ozelliklerini ve
buna bagh olarak da sarap kalitesini maksimumda
tutmak amaciyla asma tacinda vyapilan baz
diizenlenmeler anlamina gelmektedir (Kok ve ark.,
2013). Tag¢ yoOnetimi cgalismalari 1960°h yillarda
baslayip ve glnimiize gelmistir. Bu slregte,
asmanin fizyolojisi ve verimliligi Gzerine 1sIk,

sicaklik,  yaprak/salkim  ve  salkim/slrgin
oranlarinin etkileri belirlenmistir (Bowen, 2009).
(2020), Sicilya’da

Mascalese/140Ru omcalarinda erken bazal yaprak

Ferlito ve ark. Nerello
dokimui uygulamislar ve bunu kontrol omcalari ile
karsilastirmislardir. Her iki yilda da daha az negatif
glin ortasi yaprak su potansiyeli gosterdigini
ortaya koymuslardir.

Bu calismada Merlot iziim ¢esidinde yaprak su
potansiyeli

ile yaprak alma uygulamalarinin

surgln ozellikleri Gzerine etkileri incelenmistir.

Materyal ve Yontem

Arastirma 2019-2020 ve 2020-2021 vejetasyon
periyodunda iki yil siireyle Tekirdag ili Sarkoy ilgesi
sinirlari  icinde yer alan Uretici baginda
ylritilmustir. Materyal olarak 13 yasindaki 41B
anaci lzerine asili Merlot GzUim cesidi omcalari
kullanilmistir. Omcalar Espalye (duvar) sisteminde
¢ift kollu kordon terbiye sisteminde, 2.1 m X 1.0 m
sira arasl ve sira Uzeri mesafede dikilmis, 70 cm
govde vyiksekligine sahiptir. Siralar Uzerindeki
asmalarin ayni yas, gelisme doneminde ve ayni

yaklasik sarjda olmalarina 6zen gosterilmis, kenar
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etkileri goz ardi edildikten sonra secilen omcalarin
homojen oldugu kabul edilmistir. ikinci yilda
surginler 25-35 cm civarinda iken sirgin ve
salkim sayilari bir dnceki yila esitlenmistir. Bagda
rutin kiltarel islemler (toprak isleme, giibreleme,
ot alma, ilaglama, vb.) vejetasyonlar (iki yil;
2019-2020) boyunca uygulanmistir. Safak oncesi
bitkilerin
parametrelere (kuraklik vb.) verdigi fizyolojik

yaprak su potansiyeli, iklimsel
tepkisini belirlemek amaciyla Scholander Basing
Odasr’'yla 6l¢tlmustir (Scholander ve ark., 1965;
Deloire ve ark., 2020).

Deneme  Bolinmis  Parseller Deneme
Desenine gore 3 tekerrirli olarak kurulmus ve
(YSP)

olusturmustur. YSP uygulamalari (SO, S1, S2 ve

her parsel stres uygulamasini
S3); her alt parselde de bir yaprak alma konusu
Kontrol (Yaprak Alma Yapilmamig) (K), Tam
Pencere (TP), Sag Pencere (SAP) ve Sol Pencere
(SOP) olarak siralanmistir. Arastirmada 4 farkl
stres dizeyi, 4 farkli yaprak alma, 3 tekerrir ve
her tekerrirde 48 omca olmak (lizere toplamda

144 omca ile gahsiimistir.

Yaprak Su Potansiyeli (Stres diizeyleri)

Stres 0 (Kontrol= Sulamasiz): Omcalar yorenin
dogal yagisina birakilmis ve herhangi bir sulama
yaptimamistir.

Stres 1 (S1): Safak oncesi yaprak su potansiyeli
(gerektiginde sulama yapilarak) -0,4 MPa ile -0,6
MPa arasinda tutulmaya caligilmistir (YSP Wys -
0.3/-0.5 MPa). 5-7 glinde bir
degerine gore

Olglilen Wy
gerektiginde sulama
gergeklestirilmis ve sulamadan sonraki giin Wgs
kontrolli yapilmistir.

Stres 2 (S2): Safak 6ncesi yaprak su potansiyeli
(gerektiginde sulama yapilarak) -0.5 MPa ile -0.7
MPa arasinda tutulmaya calisilmistir (YSP Wgs -
0.5/-0.7 MPa).

Stres 3 (S3): Safak oncesi yaprak su potansiyeli
gerektiginde sulama vyapilarak -0.7 MPa’ dan
daha disuk seviyede tutulmaya calisilmistir (YSP
Wss <-0.7 MPa). Tim stres uygulamalarinda
haftada  bir Wes

gerektiginde gerceklestirilmis

Olctilen degerine gore

sulama ve

sulamadan sonraki giin Wys kontroll yapiimistir.
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Yaprak alma uygulamalari

Kontrol (K): Yaprak alma uygulamasi
yapiimamistir.
Tam Pencere (TP): Asma Uzerindeki

sirglinlerde, ben dismeden 10-15 giin sonra

(15-17°Brix) doneminde (Algo, 2019); 8.
bogumun Uzerinden strgiinle beraber
yapraklarin alinmasi ve 7. ile 13. bogum

arasindaki tim vyapraklarin pencere bigiminde
¢ikarilmasi seklinde gergeklestirilmistir.

Sag Pencere (Batl Pencere) (SAP): Asmanin sag
tarafindaki  sirglinlerde  TP’deki  islemler
gerceklestirilmigtir.

Sol Pencere (Dogu Pencere) (SOP): Asmanin
sol tarafindaki

surglnlerde TP’deki islemler

gerceklestirilmistir.

Istatistik analiz

Her iki yilda elde edilen veriler JMP istatistik
programi ile degerlendirmeye tabi tutulmustur.
Yapilan varyans analizinden sonra elde edilen
veriler LSD testine tabi tutulmus ve onemli
farkliklar ortaya konmustur. iki yilin
sonunda il istatistiki
degerlendirmeleri her kriter igin iki yillik verilerle

Ayrica

birlestirmeleri  ve

yapilmistir.
Arastirmada incelenen kriterler

2019 ve 2020 il
Meteoroloji

iklim verileri Tekirdag
(TMM,  2020)'nden
alinmis ve fenolojik gelisme asamalari da Lorenz
(1995)'na
omcadan bir silirglin secilerek Mayis-Haziran

Madarlugu

ve ark. gore sunulmustur. Her
aylari boyunca tepe alma islemine kadar her
hafta slirgin boyu olctlmistir. Sirglinlerde
yapilan 6lgclimden, bir 6nceki haftanin ol¢iimleri
cikarilarak tepe alma islemine kadar haftalik
sirgiin uzama hizi belirlenmistir (Bahar ve ark.,
2008). Her parselde bulunan 2 adet omcanin
budanmasindan elde edilen ana ve koltuk
dallarinin tartimi yapilmis ve budama odunu
agirhig kg asma? olarak ifade edilmistir (Guner,
2005).

budama

Budama sonrasi elde edilen toplam

odun agirhgr toplam dal sayisina

oranlanmistir ve tek bir dalin agirligi (vigor)
olarak ifade edilmistir (Smart ve ark., 1990;
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Carbonneau, 1998; Deloire ve ark., 2005;
Carbonneau ve ark., 2007). Gli¢ hesaplamasi
(Carbonneau, 1998) formili  kullanilarak

belirlenmistir.

Gli¢ = [(Budama odunu adirhigi (kg omca™) x (0.5)
+ (Verim (kg omca™) x (0.2)] (1)

Ravaz indeksi, verim degerinin budama odunu
agirhigina boélinmesi ile belirlenmistir. Elde edilen
degerin 5-10 arasinda olmasi asmada vejetatif ve
bu
degerin 5’in altina diismesi vejetatif aksamin

generatif gelismenin dengede oldugunu;

daha fazla gelistigini; 10’un lzerinde olmasi ise
verimin fazla oldugunu gostermistir (Ravaz,

1903; Smart ve ark., 1990).

Cizelge 1. iki yil icin fenolojik dénemler
Table 1. Phenological stages in two consecutive years

Bulgular ve Tartisma

Iklim verileri ve fenolojik gelisme asamalari

2019 yilinin toplam 378.40 mm yagis aldigl,
2020 yilinda ise toplam yagis miktarinin 290 mm
oldugu belirlenmistir. iki yil arasindaki yagis farki
88.40 mm olmustur. Uzun yillar ortalamasi (1939-
2019) 589.50 mm ile karsilagtinildiginda her iki yil
icin de ortalama yagis miktarinin distk oldugu
sonucuna varilmistir.  Winkler indeksi (Wi)
degerinin 2019 yilinda 2157 giin-derece; 2020
yilinda 2124 giin-derece oldugu belirlenmistir.
2010 yilinda Sarkdy ilgesinin Wi degerinin 1959
giin-derece (Bahar ve ark., 2010) oldugu goz
ontne alindiginda Carbonneau ve ark. (2007)
siniflamasinda IV. gruba gectigi kaydedilmistir.
Fenolojik gelisme asamalari da yillar arasinda 1-8
giin arasinda farklihklar gbstermistir.

Fenolojik Gelisim Asamalari 2019 2020
Phenological Growth Stages 2019 2020
Gozlerin uyanmasi (EL 05) 11.04.2019 15.04.2020
Bud burst (EL 05)

Ciceklenme 6ncesi (EL 19) 26.05.2019 30.05.2020
Pre-bloom (EL 19)

Tam Ciceklenme (EL 23) 02.06.2019 08.06.2020
Full bloom (EL 23)

Tane Tutumu (EL 27) 09.06.2019 14.06.2020
Berry set (EL 27)

iri Koruk (EL 31) 18.06.2019 26.06.2020
Pea size (EL 31)

Ben Diisme (EL 35) 20.07.2019 24.07.2020
Veraison (EL 35)

Hasat (EL 38) 15.09.2019 16.09.2020
Harvest (EL 38)

EL: Eichhorn ve Lorenz fenolojik gelisme asamalari (Lorenz ve ark., 1995)

Sdirgiin uzunlugu (cm)

Sdrgin uzunluguna farkh yaprak su potansiyeli
ve yaprak alma uygulamalarinin; yillar arasinda ve
uygulamalarin ana etkileri bakimindan istatistik
olarak 6nemli olmadigi gortlmustir (Cizelge 2).

Sdrgin uzunluklari Yaprak Alma Uygulamalari
Ana Etkisi (YUAET) yillar agisindan incelendiginde
128.62 cm (TP) ile 128.09 cm (SAP) degerleri
arasinda olmustur. Yaprak Su Potansiyeli Ana
Etkisi (YSPAET) incelendiginde S3 (128.42 cm)
uygulamasinin rakamsal olarak biylk oldugu,
128.25 cm ile SO uygulamasinin rakamsal olarak
kiicik degeri verdigi kaydedilmistir. Arastirma
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yilllarinda slirgiin  uzunluklarinin  uygulamalar
bakimindan birbirine yakin oldugu deneme
alaninin  homojen  oldugunu  gostermistir.

Arastirma ile benzer sekilde Candar ve ark. (2017)
Tekirdag merkez ilce kosullarinda Merlot Gzim
cesidinde (¢ yil boyunca vyaptigi calismada
omcalarin birbiriyle ayni sirgiin uzunluguna sahip
Ote

kapasitesini

oldugunu belirtmistir. yandan sirgin

uzunlugunun tacin gostermesi
bakimindan dnemli oldugu, bunun ylksek bir yillik
dal agirhgini gosterdigi Smart (1985) tarafindan

vurgulanmistir.
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Cizelge 2. Farkli yaprak su potansiyeli ve yaprak alma uygulamalarinin sirgiin uzunluguna etkileri
Table 2. Different leaf water potentials and leaf removal treatments effects on shoot lenght

vSp Villar Uygulamalar An? Etkiler
L WP Years Treatments Main Effects
K TP SAP SOP YSPAET YAET
2019 128.00 128.00 127.33 127.00
S0 2020 128.66 128.90 128.56 129.56 128.25
Yil Ort. 128.33 128.45 127.95 128.28
2019 128.33 129.00 127.66 128.00
s1 2020 128.13 129.70 128.20 127.76 128.35
Yil Ort. 128.23 129.35 127.93 127.88 2019 2020
2019 128.33 127.66 129.00 127.66 128.12 128.52
S2 2020 127.66 129.20 128.20 128.53 128.28
Yil Ort. 128.00 128.43 128.60 128.10
2019 129.00 127.66 128.66 128.66
s3 2020 128.76 128.90 127.13 128.56 128.42
Yil Ort. 128.88 128.28 127.90 128.61
YUAET 128.36 128.62 128.09 128.22

K=Kontrol, TP=Tam Pencere, SAP=Sag Pencere (Bati), SOP=Sol Pencere (Dogu), YSPAET=Yaprak Su Potansiyeli Ana Etkisi,

YAET=Yil Ana Etkisi, YUAET=Yaprak Alma Uygulamalari Ana Etkisi,

0.D. (Onemli Degil)

Stirgiin uzama hizi (cm hafta™)

2019 vyilinda denemeye baslandiginda tepe
alma vyapilmis oldugundan veri alinamamistir.
2020 yilinda haftalik olarak siirglin uzama hizinin
dizenli bir sekilde arttigi ve bu degerin 14.50-
15.68 cm araliginda oldugu tespit edilmistir. S1

18 4

[EEY
(o)}
1

hafta)

14

Sirgiin uzama hizi (cm

(15.50 hafta)
uzamasinin daha hizh oldugu ve bunu S2 (14.75
cm hafta), SO (14.50 cm hafta) ve son olarak S3
(13.25 hafta?)
gorllmastir (Sekil 1).

cm uygulamasinda  slirglin

cm uygulamasinin izledigi

== 150-157 =@=157-164

[EEN
N

SO S1

S2 S3 Ortalama

Uygulamalar

Sekil 1. Farkh yaprak su potansiyeli uygulamalari ve yaprak alma uygulamalari 2020 yili stirglin uzama hizina etkileri
Figure 1. Different leaf water potentials and leaf removal treatments effects on shoot growth rate in year 2020

Budama odunu adirhdi (kg asma™)

Farkli yaprak su potansiyeli ve yaprak alma
uygulamalarinin budama odunu agirhg Uzerine
etkisi acisindan Yil Ana Etkisi (YAET)'nin LSD %5
diizeyinde 6nemli oldugu bulunmustur (Cizelge 3).
YAET acisindan; 2019 yili (0.76 kg asma?) birinci
dnem grubunda, 2020 yili (0.65 kg asma™) ise son
onem grubunda yer almistir. Candar ve ark.
(2017) ve Algo (2019) calismalarinda yaptiklari
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uygulamalarin budama odunu agirligina etkilerinin
istatistik ifade
etmislerdir. Bunun sebebinin calismada salkim

acidan  o6nemli  oldugunu

sayllarinin  esitlenmesi, surglin uzunluklarinin

birbirine ¢ok yakin olmasi, verimin sinirlandirilmis
ilgili
Bu sonuglar Kurtural ve ark.

ve esitlenmis olmasiyla oldugu
distntlmastar.
(2013) ve Demirkeser ve Kamiloglu (2020) ile ayni

yondedir.
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Cizelge 3. Farkli yaprak su potansiyeli ve yaprak alma uygulamalarinin budama odunu agirhigina etkileri
Table 3. Different leaf water potentials and leaf removal treatments effects on pruning weight

vSp Villar Uygulamalar Anfa\ Etkiler
L WP Years Treatments Main Effects
K TP SAP SOP YSPAET YAET
2019 0.83 0.70 0.80 0.83
SO 2020 0.66 0.60 0.70 0.73 0.73
Yil Ort. 0.75 0.65 0.75 0.78
2019 0.83 0.73 0.90 0.70
S1 2020 0.73 0.63 0.80 0.60 0.74
Yil Ort. 0.78 0.68 0.85 0.65 2019 2020
2019 0.73 0.73 0.70 0.76 0.76a 0.65b
S2 2020 0.63 0.63 0.60 0.66 0.68
Yil Ort. 0.68 0.68 0.65 0.71
2019 0.80 0.70 0.66 0.73
S3 2020 0.70 0.60 0.56 0.63 0.67
Yil Ort. 0.75 0.65 0.61 0.68
YUAET 0.74 0.66 0.71 0.70

YAET LSDo.os: 0.051
K=Kontrol, TP=Tam Pencere, SAP=Sag Pencere (Bati), SOP=Sol Pencere (Dogu), YSPAET=Yaprak Su Potansiyeli Ana Etkisi,
YAET=Yil Ana Etkisi, YUAET=Yaprak Alma Uygulamalari Ana Etkisi

Bir yillik dal agirligi (Vigor) (g) YSPAET ve bunlarin interaksiyonlarinin ise
Bir yilhk dal agirligi Uzerine YAET istatistik istatistiki olarak 6nemli olmadigi kaydedilmistir
acidan LSD %5 duzeyinde 6nemli; ancak YUAET, (Cizelge 4).

Cizelge 4. Farkli yaprak su potansiyeli ve yaprak alma uygulamalarinin bir yillik dal agirhigina (vigor) etkileri
Table 4. Different leaf water potentials and leaf removal treatments effects on vigor

YSP Villar Uygulamalar Anfa\ Etkiler
LWP Years Treatments Main Effects
K TP SAP SOP YSPAET YAET
2019 66.00 50.00 56.00 57.66
S0 2020 44.60 40.76 52.00 56.36 52.92
Yil Ort. 55.30 45.38 54.00 57.01
2019 63.00 52.66 67.00 50.66
S1 2020 53.46 47.10 60.23 44.46 54.82
Yil Ort. 58.23 49.88 63.61 47.56 2019 2020
2019 55.33 48.66 54.33 55.00 55.37a 47.87b
S2 2020 47.16 48.90 45.56 49.03 50.50
Yil Ort. 51.25 48.78 49.95 52.01
2019 57.33 55.00 45.66 51.66
s3 2020 49.33 42.23 40.06 44.63 48.24
Yil Ort. 53.33 48.61 42.86 48.15
YUAET 54.52 48.16 52.60 51.18

YAET LSDo.os: 4.35
K=Kontrol, TP=Tam Pencere, SAP=Sag Pencere (Bati), SOP=Sol Pencere (Dogu), YSPAET=Yaprak Su Potansiyeli Ana Etkisi,
YAET=Y1l Ana Etkisi, YUAET=Yaprak Alma Uygulamalari Ana Etkisi

YAET incelendiginde farkli yaprak su potansiyeli uygulamalarinin disuk bir yillik dal agirhigina sahip
uygulamalari ve farkh yaprak alma uygulamalar oldugu, 54.82 g (S1) ile yiksek yilhk dal agirhg
sonucunda 2019 yilinin 55.37 g ile birinci 6nem degerini aldigi gozlenmistir. YSPAET x YUAET
grubunda yer aldigi, 2020 yilinin ise 47.87 g degeri interaksiyonu acisindan da rakamsal olarak yiiksek
ile son 6nem grubunda yer aldigi tespit edilmistir. bir wyilhk dal agirigit S1 x SAP (63.61 g)
YUAET istatistik olarak 6nemli olmamakla birlikte; interaksiyonundan alinmistir. Buna goére bir yillik
bir yilhk dal agirhigi degerlerinin 54.52 g (K) ile  agirliklari bakimindan 40 g-60 g kuvvetli (sofralik
48.16 g (TP) degerleri arasinda oldugu cesitler icin uygun olabilir) ve >60 g cok kuvvetli

gorulmuistir. YSPAET incelendiginde S3 (48.24 g) olarak degerlendirildiginden (Carbonneau, 1998),
87



Bahar ve ark., 2022. Harran Tarim ve Gida Bilimleri Dergisi, 26(1):82-91

alinan degerlerin bagin kuvvetli oldugu ve saraplik
cesitler igcin aranilan rakamlarin Gzerinde oldugu
gorulmustir. Ancak, Smart (1985) bir yillik dal
agirhgr degeri
gosterdigi; bunun da Gizimleri glines yanikligindan

yuksekliginin ta¢ yogunlugunu

korumada etkili oldugunu bildirmistir.

Glig (kg)

Farkh yaprak su potansiyeli ve yaprak alma
uygulamalarinin gii¢ Uzerine etkisi incelendiginde
YSPAET istatistik agidan LSD %5 dizeyinde énemli
bulunmustur (Cizelge 5). YSPAET agisindan; birinci
S1 (0.85) SO (0.84)
uygulamalari, son 6nem grubunda ise 0.78 degeri

6nem grubunda ve

ile S2 ve S3 uygulamalarinin yer aldigl tespit

agirligini 6nemli derecede etkiledigi bulgusuyla
ayni yonde oldugu gorilmuistir (Walker ve ark.,
2022). YUAET da

birbirlerine ¢ok yakin oldugu
Rakamsal olarak yiuksek giic degerini K (0.84)

acgisindan guc degerinin

gorilmustir.

uygulamasi almistir. YAET istatistik agidan 6nemli
olmamakla birlikte; 2019 yilinin 0.82 ile ylksek,
2020 vyilinin 0.80 dustk glg degeri
kaydedilmistir. Yaprak alma uygulamalarinin gig

verdigi

Uzerine etkili oldugu bulgusu Algo (2019) ile uyum
icindedir. Saraplik cesitlerde 0.5-1.0 arasindaki
glc degerlerinin ideal oldugu kabul edildiginden
(Carbonneau, 1998) yapilan tim uygulamalarin
deger araliklarinin; saraplik gesitler igin uygun
oldugu ve farkl yaprak alma uygulamalari ve stres

edilmistir. Sulama oraninin 2017/18 vejetasyon seviyelerinin farklihklar yarattig ortaya
periyodunda Chardonnay c¢esidinde bir yillik dal konmustur.
Cizelge 5. Farkli yaprak su potansiyeli ve yaprak alma uygulamalarinin gig lizerine etkileri
Table 5. Different leaf water potentials and leaf removal treatments effects on puissance
YSp villar Uygulamalar Anfa\ Etkiler
L WP Years Treatments Main Effects
K TP SAP SOP YSPAET YAET

2019 0.88 0.81 0.86 0.88
SO 2020 0.87 0.81 0.80 0.80 0.84a

Yil Ort. 0.88 0.81 0.83 0.84

2019 0.89 0.81 0.90 0.79
S1 2020 0.92 0.90 0.86 0.72 0.85a

Yil Ort. 0.90 0.85 0.88 0.75 2019 2020

2019 0.82 0.79 0.77 0.80 0.82 0.80
S2 2020 0.88 0.71 0.70 0.78 0.78b

Yil Ort. 0.85 0.75 0.73 0.79

2019 0.82 0.77 0.78 0.81
S3 2020 0.67 0.80 0.73 0.85 0.78b

Yil Ort. 0.74 0.78 0.76 0.83

YUAET 0.84 0.80 0.80 0.80

YSPAET LSDo.os: 0.049

K=Kontrol, TP=Tam Pencere, SAP=Sag Pencere (Bati), SOP=Sol Pencere (Dogu), YSPAET=Yaprak Su Potansiyeli Ana Etkisi,
YAET=YIl Ana Etkisi, YUAET=Yaprak Alma Uygulamalari Ana Etkisi

Ravaz indeksi (RI)

Farkli yaprak su potansiyeli ve yaprak alma
uygulamalara gére Ravaz indeksi lizerine YAET
bakimindan istatistik olarak o6nemli oldugu
bulunmustur (Cizelge 6).

YAET'ne gore birinci 6nem grubunda 2020 yih
(3.47), son 6bnem grubunda da 2019 yilinin (3.02)
yer aldigi saptanmistir. YSPAET acisindan S1 (3.09)
S3
uygulamasinin 3.44 degeri ile yiiksek Ri degerine

YSPAET x YUAET

uygulamasi  rakamsal olarak  dusuk,

sahip oldugu saptanmistir.
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interaksiyonlari acisindan; S3 x SAP (3.87)
rakamsal olarak yiksek; S1 x SAP (2.70)
interaksiyonu ise dislik degeri almistir. Arastirma
sonuglarinin  Alco  (2019)’'un Gamay (zim

cesidinde yaptigi calisma sonuglarina (K 3.88-DTA
5.30-PEN 3.53) yakin sonuglar ile paralel oldugu
belirlenmistir. Ri degerinin saraplk cesitlerde 5-10
arasinda olmasinin (Ravaz, 1903; Maccarrone ve
ark., 1996) uygun oldugu kabul edilmektedir.
Calisma verilerinin saraplik cesitlerde aranilan
deger araliklarinin altinda kaldigi gorilmustir.
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Cizelge 6. Farkli yaprak su potansiyeli ve yaprak alma uygulamalarinin Ravaz indeksi tizerine etkileri
Table 6. Different leaf water potentials and leaf removal treatments effects on Index Ravaz

vSp Villar Uygulamalar Anfa\ Etkiler
L WP Years Treatments Main Effects
K TP SAP SOP YSPAET YAET
2019 2.90 3.30 3.06 3.13
SO 2020 3.23 3.55 3.48 3.23 3.23
Yil Ort. 3.06 3.42 3.27 3.18
2019 2.90 3.10 2.60 3.23
S1 2020 2.90 3.75 2.81 3.46 3.09
Yil Ort. 2.90 3.42 2.70 3.34 2019 2020
2019 3.13 2.90 3.03 2.93 3.02b  3.47a
S2 2020 3.50 3.32 3.36 3.57 3.22
Yil Ort. 3.31 3.11 3.20 3.25
2019 2.63 3.06 3.40 3.06
S3 2020 2.90 4.23 4.35 3.91 3.44
Yil Ort. 2.76 3.65 3.87 3.49
YUAET 3.01 3.40 3.26 3.31

YAET LSDo.os: 0.26

K=Kontrol. TP=Tam Pencere. SAP=Sag Pencere (Bati). SOP=Sol Pencere (Dogu). YSPAET=Yaprak Su Potansiyeli Ana Etkisi.
YAET=Yil Ana Etkisi. YUAET=Yaprak Alma Uygulamalari Ana Etkisi

Merlot Gziim cesidinde benzer sonug¢ (Ri 3.0)
Demirkeser ve Kamiloglu (2020) tarafindan da
alinmis, bunun vylksek vejetatif blylimeden

kaynaklandigi ortak sonucuna erisilmistir.
Sonug¢

Merlot Giziim ¢esidinde iki vejetasyon donemi
icerisinde farkli yaprak su potansiyeli ve yaprak
bu
etkisi

bakimindan; S3 stres uygulamasinin ve TP yaprak

alma uygulamasi  gergeklestiriimis ve

uygulamalarin  stirgin  ozelliklerine
alma uygulamasinin disik budama odunu agirlig
ve bir yillik dal agirligi (vigor) degerlerine sahip
oldugu ortaya konmustur. S3 uygulamasinda
gorilen goreceli yiksek stres ve TP uygulamasiyla
fotosentez etkinligi yiksek (7. ve 13. bogum
arasindaki)  yapraklarin

¢ikartilarak  yaprak

alanlarinin azalmasi; karbonhidrat (retimi ve
depolanan miktarini sinirlandirmistir. Bu da stres
kosullariyla asmalarin maniptile edilerek farkh
sonuclar alinabilecegini gbéstermesi bakimindan
onemli bir veri saglamistir.

Sonug olarak; Merlot izim ¢esidinde Tekirdag
ili Sarkoy ilgesi kosullarinda diisiik budama odunu
agirhigi ve ayni sekilde disik bir yillik dal agirligi
(vigor) degerleri elde edilmesi istendiginde S3 +
TP

ortaya ¢ikarmistir.

uygulamalarinin  yapilabilecegi sonucunu
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periyodunda yuritilmustar. Calismada, Quince-A, Quince-C, BA-29 ayva klon anaglari ile
alig ve yenidinya ¢o6gir anaglar (zerine asili Hafif Cukurgdbek yenidiinya cesidi
kullanilmigtir.  Ayni kosullarda yetisen bes anag¢ Uzerine asilanmis Hafif Cukurgdbek
yenidiinya cesidinden alinan yaprak orneklerinde azot(N), fosfor(P), potasyum(K),
kalsiyum(Ca), magnezyum(Mg), demir(Fe), ¢inko(Zn), bakir(Cu), mangan(Mn) ve
sodyum(Na) analizleri yapilmistir. Arastirma sonucunda; yenidiinya yapraklarinin N, P, K,
Ca ve Mg iceriklerinin sirasiyla % 2.10-2.68(w/w), % 1.52-1.59(w/w), % 0.44-0.60(w/w), %
0.419-0.486 ve % 0.29-0.54(w/w) arasinda degisim gosterdigi saptanmistir. Yapraklarin Fe
icerikleri 29,66 ile 103.42 mg.kg™, Cu igerikleri 1.46 ile 4.32 mg.kg™, Zn icerikleri 15,71 ile
20.54 mg.kg?, Mn icerikleri 11.74 ile 16.52 mg.kg™, Na icerikleri ise 260 ile 350 mg.kg*
arasinda belirlenmistir. Sonuglar, anaglar arasinda onemli farkliliklar oldugunu
gostermistir. Bu nedenle yenidiinya agaclarinin mineral beslenmesi tavsiye edilirken
anag-kalem etkilesimlerinin dikkate alinmasi gerekmektedir.

Anahtar Kelimeler: Yenidiinya, Anag, Ayva, Bitki besin elementleri
ABSTRACT

This study was carried out to determine the effects of some rootstocks on uptake of
the macro and micronutrient of loquat cultivar in the vegetation period of 2020-2021. In the
study, Hafif Cukurgobek loquat cultivar grafted on Quince-A, Quince-C, BA-29 Quince clone
rootstocks, hawthorn and loquat seedling rootstocks were used. Leaf samples were
collected from Hafif Cukurgdbek cultivar grafted on the five rootstocks that were grown
under same conditions and were analyzed for nitrogen (N), phosphorus(P), potassium(K),
calcium(Ca), magnesium(Mg), iron(Fe), zinc(Zn), copper(Cu), manganese(Mn), and
sodium(Na). As a result of the research; it was determined that the N, P, K, Ca, and Mg
contents of loquat leaves varied between 2.10-2.68%(w/w), 1.52-1.59%(w/w), 0.44-
0.60%(w/w), 0.419-0.486% and 0.29-0.54%%(w/w), respectively. The contents of leaf iron
were between 29.66 and 103.42 mg.kg-1, copper contents were between 1.46 and 4.32
mg.kg?, zinc contents were between 15.71 and 20.54 mg.kg!, manganese contents were
between 11.74 and 16.52 mg.kg™?, sodium their contents were determined between 260 and
350 mg.kg?. Results showed that there were significant differences among rootstocks thus
it is necessary to consider rootstock-scion interactions when mineral nutrition of loquat
trees is recommended.

Key Words: Loquat, Quince, Rootstock, Plant nutrition,
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Giris

Bitkilerin topraktan aldiklari besin elementi
miktarlari, toprak, cevre ve bitki olmak lzere
cesitli temel faktorlerin kontrolil altindadir. Bitki
faktorleri, bu etkenlerin etki derecesini belirleyen
temel kriterlerden birisi olup, 0Ozellikle kok
sistemi, bitkilerin topraktan aldigi makro ve
mikro besin elementi miktarlarini dogrudan
etkilemektedir (Erdal ve ark., 2005). Topraktan
alinan bitki besin elementlerinin miktari, bitki tir
ve ¢esidinin yani sira kullanilan anag ile bitkinin
yasl
gosterebilmektedir. Bu nedenle anaglarin besin

ve gelisme durumuna goére farkhliklar

maddesi alimi ve tasima yetenekleri, glibreleme
dikkate
gereken bir faktordir (Kacar, 1995; Erdal ve ark.,
2008).

Anaclar, Uzerine asilanan meyve cesitlerinin

programi hazirlanmasinda alinmasi

fenolojik 6zellikleri, bliylime kuvveti, verim ve
kalitesinin yaninda besin elementlerinin alimi ve
Bitki
elementlerinin anagtan kaleme iletiminin saglikli

kullanimina da etki etmektedir. besin
bir bicimde gerceklesmesi, tim bu o6zellikleri
etkileyen 6nemli bir faktordir. Nitekim farkl
tirlerde yapilan ¢alismalarda, gesit ve anaglarin
besin elementi alimi Ulzerine 6nemli etkileri
oldugu belirlenmistir (Koksal 1979; Kiiden ve
ark., 1992; Kiicikyumuk ve Erdal, 2009).
Ulkemiz yenidiinya yetistiriciliginde,
yenidiinya ¢6gulrl, genel olarak en yaygin olarak
kullanilan anagtir. Ancak son vyillarda yapilan
arastirmalar (Polat, 2007, Polat, 2018a, b; Polat,
2020; Akkus ve Polat, 2021) bazi ayva anaglarinin
da

yetistiriciliginde basariyla kullanilabilecegini ve

yanisira alic anacinin yenidinya
bu anacglarin Uzerlerine asilanan vyenidiinya

cesitlerinde bodurlasma sagladiklarini
gostermektedir. Bu nedenle, bu yeni kullanilan
anaglarin degisik toprak sartlarina adapte olma
durumlari, asi uyusma durumlari ve asl tutma
sonrasli gelisme durumlarinin yanisira bitki besin
maddeleri iletimleri konularinda da calismalarin
yapilmasinda yarar bulunmaktadir.

kullanilan  anaglarin,

Meyve agaclarinda
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Uzerine asili ¢esidin meyve verim ve kalitesini
dogrudan etkileyen en 6nemli faktorlerden biri
oldugu bilinmektedir. Anacin bu etkisinin, baska
bircok unsurun yanisira ¢esidin beslenmesine
olan etkisinden kaynaklandigi soylenebilir.
iyi de
yapraklarin bitki besin elementleri igerigidir. Bu
de

belirlenmesinde kullanilan en etkin ydntem

Beslenme durumunun en gostergesi

nedenle gibreleme programlarinin
yaprak analizleridir.
Bu

anaglarin,

da
Gzerlerine agsil

calismada arastirmada yer alan
Hafif Cukurgdbek
yenidiinya cesidine makro ve mikro bitki besin
maddelerini iletme durumlarinin belirlenmesi
amacglanmis ve yaprak analizleri yapilarak konu
arastirllmistir.  Boylece arastirilan anaglarin
Uzerine asilanan c¢eside besin elementlerini
bir

olmadigr aydinlatilmistir. Calismadan elde edilen

iletme konusunda herhangi sorun olup
sonuglar ile farkli anaglarin, ¢esidin beslenme
durumuna olan etkilerinin belirlenmesi ve bodur
stk dikimli
glibreleme programlarinin dogru planlanmasina

anag¢ ile vyapilacak bahcelerde

katki saglanmasi hedeflenmistir.

Materyal ve Yontem

Materyal

Arastirma, 2020-2021 yillari vejetasyon
periyodunda yuratilmastir. Arastirmada, BA-29,
Quince-A, Quince-C ayva anaglarina asih 4
yasindaki, yenidiinya ve ali¢ ¢ogirlerine asili 3
yasindaki verim alinan Hafif Cukurgdbek

yenidiinya ¢esidinin yapraklari materyal olarak
kullaniimistir. Deneme kurulan bahcede, anaci
BA-29, Quince-A, Quince-C ve Ali¢ olan bitkilerin
dikim araligi, 1.0 x 0.5 m olup, anaci yenidiinya
¢Oglird olanlarin dikim araligi ise 1x1 metredir.
Deneme materyali agaclar, Goble terbiye
sistemi ile sekillendirilmis olup, damla sulama
sistemi ile sulanmistir. Arastirmanin yapildig
bahcede, oteki yillik teknik ve kiltiirel bakim
islemleri diizenli olarak yapilmis ancak herhangi

bir glibreleme programi uygulanmamistir.
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Yontem

Toprak érneklerinin alinmasi ve analizi

Deneme bahgesi topraginin fiziksel ve kimyasal
Ozelliklerinin belirlenmesi icin denemede ilk yaprak
ornekleri alinirken her tekerriirdeki agaglarin tag
izdisimiinden Jakson (1967)'in bildirdigi sekilde
ve topragin 0-20 ve 20-40 cm derinliklerinden toprak
ornekleri alinarak analizlere hazir hale getirilmistir.

Toprak orneklerinde pH tayini, 1/2.5 toprak su
karisiminda pH-metre ile EC tayini, ayni karisimda
EC-metre ile 6l¢limUstir (Richards, 1954). Alinabilir
potasyum, kalsiyum ve magnezyum analizleri
amonyum asetat ektstraksiyon yontemi (Richards,
1954) ile; organik madde Walkey-Black yas yakma
yontemine (Allison, 1965) gore; yarayisli demir
(Fe), bakir (Cu), mangan (Mn) ve ginko (Zn) tayinleri
DTPA ekstraksiyon yontemi (Lindsay ve Norwell,
1978) ile; ahnabilir fosfor igerigi Olsen ve ark.
(1954)'e gore; kire¢ miktari ise Allison, ve Moodie
(1965)’e gore belirlenmistir. Topraklarin blinyesi ise
su ile doygunluk vyizdesinden belirlenmistir
(Anonim, 1990).

Yaprak érneklerinin alinmasi
Calisma agaclardan  gelisme
kuvvetleri biri birine yakin 10 aga¢ segilerek her

alanindaki

tekerriirde 5 agacg olmak lizere iki tekerrirli olarak
yaprak ornekleri alinmistir. Yaprak ornekleri,
agaclarin dort tarafindan olmak Uzere ¢icek veya

meyve salkimi  bulunan yillik  sdrginlerin
ortasindaki saghkli yapraklardan Kasim ayi
ortalarinda (Doran ve Kaya, 2016a) alinmistir.
Alinan yaprak ornekleri laboratuvara tasinarak
sirasiyla cesme suyu, % 1’lik deterjanh su, cesme
suyu ve bidistile su ile yikanmistir. Yikanan yaprak
ornekleri, 6nce oda kosullarinda fazla nemini almak
icin kurumaya birakilmis ve sonrasinda 65°C
sicaklhiktaki etlivde 48 saat (sabit agirliga ulasincaya
kadar) kurutulmustur. Etlvden ¢ikarilan kurumus
yapraklar, 6gitme makinesi ile o6gutilup Kkilitli
naylon posetlere konularak analizleri yapilincaya
kadar buzdolabinda muhafaza edilmistir
(Sannoveld ve Dijk, 1982; Kacar ve inal, 2008).

Besin elementleri analizlerinin yapilmasi

Ogutilerek analize hazir hale getirilmis yaprak
ornekleri yas yakilmistir. Yas yakmadan sonra
ekstrakte edilen orneklerdeki N icerigi Dumas
metoduna (Horneck ve Miller, 1998) gore; P icerigi
Barton (1948) yontemine gore spektrofotometrik
olarak él¢tilmustiir. Orneklerdeki K, Na, Ca, Mg, Fe,
Cu, Zn ve Mn igerikleri ise drneklerin yas yakilmasi
sonucu elde edilen sliziiklerde atomik absorbsiyon
spektrofotometre cihazinda okunarak saptanmistir
(Lindsay and Norvell, 1978; Hanlon, 1998; Kacar ve
2008). yenidiinya
yapraklarindaki bitki besin elementlerinin yeterlilik
diizeylerine gore (Quifiones ve ark., 2013)
degerlendirilmistir (Cizelge 1).

inal, Elde edilen degerler

Cizelge 1. Kenworthy'nin denge indeksi prosediri uygulanan yenidinya yapraklarindaki bitki besin elementlerinin standart

konsantrasyonlari* (Quifiones,ve ark.,2013).

Table 1. Standard leaf nutrient concentrations on summer-flush leaves of loquat tree applying Kenworthy’s balance index procedure!

Element Adi Eksik Distk Optimum Yiiksek Cok yiliksek
Nutrient Deficient Low Optimum High Excess
N <0.75 0.75-1.16 1.17-1.65 1.66 -2.15 >2.15
P <0.056 0.056 - 0.084 0.085-0.125 0.126 - 0.160 >0.160
K <0.65 0.65-0.74 0.75-1.20 1.21-1.63 >1.63
Mg <0.18 0.18-0.26 0.27-0.38 0.39-0.50 >0.50
Ca <1.40 1.40-1.89 1.90-2.89 2.90- 3.65 >3.65
S <0.055 0.055-0.079 0.080-0.114 0.115-0.154 >0.154
Fe <35 65 - 42 53-76 77 - 110 >110
Zn <14 14-19 20-32 33-52 >52
Mn <12 12-14 15-23 24-35 >35
Cu <3 3-4 5-7 7-11 >11
B <15 15-24 25-35 36-48 > 48
Na <30 30-60 61-115 116 - 165 > 165

1Konsantrasyon, kuru agirhgin yuzdesi (makro besin: N, P, K, Mg, Ca ve S) veya milyonda kisim (mikro besinler: Fe, Zn, Mn, Cu, B ve Na) olarak

ifade edilmistir.

1Concentration expressed as percentage (macronutrient: N, P, K, Mg, Ca and S) or parts per million (micronutrients: Fe, Zn, Mn, Cu, B and

Na) of dry weight (DW).
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Sonuglarin degerlendirilmesi

Yaprak analiz sonuglarinin variyans analizleri
“Tesadif Bloklari Deneme Deseni”’ne (Bek ve Efe,

1988)  gore
karsilastirilmasinda Tukey testi

yapilmis  ve

Analiz sonuglarinin istatistiksel

degerlendirilmesinde SPSS programi kullaniimistir.

Aragtirma Bulgulari ve Tartisma

ortalamalarin
uygulanmustir.
olarak

Toprak érnekleri analiz sonuglari

Yapilan toprak analizlerine gore

topraginin killi tinli binyeli, hafif alkali reaksiyonlu,
tuzluluk ve kire¢ sorunu olmayan; ancak gerek
organik madde, gerek makro ve mikro elementler
acisindan genel olarak ¢ok dusik veya disuk
degerlere (Quifiones ve ark., 2013) sahip bir toprak

oldugu sdylenebilir(Cizelge 2).

Cizelge 2. Arastirma bahgesi topraginin bazi fiziksel ve kimyasal 6zellikleri
Table 2. Some physical and chemical properties of experiment orchard soil

Ornek alinan toprak derinligi

Ez;zzzz EZ::? Sampled soil depth
0-20cm 20-40 cm

pH 7.87 8.02

iletkenlik(EC) (uS/cm) 258 209

Electrical conductivity

Yarayisli Fosfor(P) (%) (w/w) 0.0046 0.0036

Availeble Phosphorus (P)

Yarayisli Potasyum(K) (%) (w/w) 0.0088 0.01

Availeble Potassium (K)

Kalsiyum(Ca) (%) (w/w) 0.524 0.48

Calcium(Ca)

Magnezyum(Mg) (%) (w/w) 0.340 0.301

Magnesium(Mg)

Sodyum(Na) (ppm) 110.0 110.0

Sodium(Na)

Demir(Fe) (ppm) 5.37 4.99

Iron(Fe)

Bakir(Cu) (ppm) 0.27 0.26

Copper(Cu)

Mangan(Mn) (ppm) 3.31 3.23

Manganese(Mn)

Cinko(zn) (ppm) 1.31 1.18

Zinc(Zn)

Organik madde (%) (w/w) 0.66 0.73

Organic matter

Kireg-CaCOs (%) (w/w) 1.50 1.28

Lime-CaCOs3

Blinye Killi tin Killi tin

Texture Clay loam Clay loam

Yaprak érneklerinin analiz sonuglari
Anac farkliiginin yenidiinya yapraklarinin N, P,
K, Ca ve Mg icerigine etkisi

Farkh Hafif
Cukurgobek yenidiinya ¢esidinin yaprak N, P, K,

anaclar Uzerine asilanmis
Ca ve Mg icerikleri Cizelge 3’te verilmistir.
Yapraklarin N, P, K, Ca ve Mg icerikleri,
cesidin asih bulundugu anaclardan etkilenmis
ve bu etki, P disindaki elementlerde istatistiksel
olarak  6nemli

bulunmustur.  Yapraklarin

ortalama N igerigi anaglara gore % 2.10-

95

2.68(w/w) araliginda degismistir. N icerigi, en
dislik yenidiinya ¢ogir anacina asil bitkilerde,
en yiksek, Quince-A anacina asili bitkilerin
yapraklarinda belirlenmistir. Yapraklarin
ortalama P icerikleri % 1.52-1.59(w/w) arasinda
bulunmustur. BA-29 anacinda belirlenen fosfor
icerigi en dlsuk diizeyde olurken, ali¢ anacinda
en yiksek bulunmustur. K icerigi, en disuk
Quince-A anacinda(% 0.44(w/w)), en ylksek
0.60(w/w))

Olgilmustlr. Yapraklarin ortalama Ca ve Mg

yenidinya ¢o6glr anacinda (%

bahce
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icerikleri, en yiksek Ali¢ anacinda (sirasiyla, %
0.486 ve 1.075(w/w)), en dusiuk BA-29 ayva
anacinda (sirasiyla, % 0.419 ve 0.374(w/w))

belirlenmistir. Diger anaglarin Ca icerikleri bu
degerler arasinda yer almistir(Cizelge 3).

Cizelge 3. Hafif Cukurgdbek yenidiinya ¢esidinin yaprak makro element igerikleri Gzerine anaglarin etkisi (%)
Table 3. Effect of rootstocks on leaf macro nutrient contents of Hafif Cukurgébek loquat cultivar (%)

Makro bitki besin elementleri (%)(w/w)

ngiicr)cks Macronutrients (%)(w/w)

N P K Ca Mg
Quince-A 2.68 a* 1.54 0.44d 0.430b 0.436 ¢
Quince-A
Quince-C 2.48 ab 1.53 0.47 cd 0.423 c 0.464 b
Quince-C
BA-29 2.47 ab 1.52 0.46¢c 0.419c¢ 0.374d
BA-29
YD ¢oguri 2.10b 1.57 0.60a 0.423 ¢ 0.375d
Loquat seedling
Alig 2.22b 1.59 0.52b 0.48 6a 1.075a
Hawthorn

* Sttunlardaki farkl harfler, Tukey HSD Testine gore her bir makro elementte anaglar arasinda 6nemli farkliliklar oldugunu gésterir (P <
0.05). Different letters within columns indicate significant differences among rootstocks within each macronutrients to Tukey HSD Test

(P < 0.05). ** Onemli degil, Not significant

Yapraklarin N, P, K, Ca ve Mg icerikleri, ¢esidin
astli bulundugu anaclardan etkilenmis ve bu etki,
P disindaki istatistiksel
onemli bulunmustur. Yapraklarin ortalama N
icerigi anaglara gore % 2.10-2.68(w/w) araliginda
degismistir. N icerigi, en dusitk yenidlinya ¢o6glr

elementlerde olarak

anacina asili bitkilerde, en vyiksek, Quince-A
bitkilerin
belirlenmistir. Yapraklarin ortalama P igerikleri %
1.52-1.59(w/w) arasinda bulunmustur. BA-29
en duslk

anacina asih yapraklarinda

anacinda belirlenen fosfor icerigi
alic anacinda en vyuksek
icerigi,
anacinda(% 0.44(w/w)), en vyiksek yenidinya

dizeyde olurken,

bulunmustur. K en disik Quince-A

¢ogur anacinda (% 0.60(w/w)) Olglilmustir.
Yapraklarin ortalama Ca ve Mg igerikleri, en
yiksek Alic anacinda (sirasiyla, % 0.486 ve
1.075(w/w)), en dusiik BA-29 ayva anacinda
(sirasiyla, % 0.419 ve 0.374(w/w)) belirlenmistir.
Diger anaclarin Ca igerikleri bu degerler arasinda

yer almistir(Cizelge 3).

Anag farkhiliginin yenidiinya yapraklarinin Fe, Zn,
Cu ve Mn icerigine etkisi

Farkh Hafif
Cukurgdbek yenidiinya cesidinin yapraklarinda

anaglar Uzerine asilanmis
belirlenen mikro element icerikleri Cizelge 4’te

verilmigtir.

Cizelge 4. Hafif Cukurgébek yenidiinya cesidinin yaprak mikro element icerikleri izerine anaglarin etkisi (mg kg)
Table 4. Effect of rootstocks on leaf micro nutrient contents of Hafif Cukurgébek loquat cultivar (mg kg?)

Anacglar

Mikro bitki besin elementleri (mg kg?)

Micronutrient (mg kg)
Rootstocks Fo o Mn 7 Na
Quince-A 4114 c l1.46d 11.74d 18.20 b 260 c
Quince-A
Quince-C 48.39b 214 c 12.42 cd 20.54 a 315b
Quince-C
BA-29 29.66 e 3.08b 13.30c 16.50 c 315b
BA-29
YD ¢oguri 32.90d 4.32a 16.52 a 15.94 c 350 a
Loquat seedling
Alig 103.42 a 196 ¢ 1463 b 15.71c 345 a
Hawthorn

* SUtunlardaki farkli harfler, Tukey HSD Testine gore her bir mikro elementte anaglar arasinda 6nemli farkliliklar oldugunu gosterir(P <
0.05). Different letters within columns indicate significant differences among rootstocks within each micronutrients to Tukey HSD Test (P

<0.05).
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Hafif  Cukurgobek
mikro element

Calismada, yenidinya

agaclarinda icerikleri Uizerine

etkisi istatistiksel olarak 6nemli
(Cizelge 4).
BA-29

diisiik(29.66 mg.kgt), anaci alig olan agaclarda en
yliksek(103.42 mg.kg?)

Yapraklarin bakir ve mangan igerikleri, en disik

anaglarin

bulunmustur Yapraklarin  demir

icerikleri, anaci olan agaglarda en

olarak belirlenmistir.

Quince-A anacina asili bitkilerde (sirasiyla 1.46
mg.kg! ve 11.74 mg.kg?) en yiksek Yenidiinya
¢Ogur anacina asih bitkilerde (sirasiyla, 4.32 mg.kg"
lve 16.52 mg.kg?) belirlenmistir. Yapraklarin ¢inko
icerikleri, 15.71 mg.kg?! (Alig) ile 20.54 mg.kg
Y(Quince-C); sodyum icerikleri ise 260 mg.kg™
(Quince-A) ile 350 mg.kg? (yenidinya ¢6guri)
arasinda dagilim géstermistir.

Farkh
konusunda c¢ok sayida arastirma bulunmakla

meyve tlrlerinde ana¢ kullanimi
birlikte yenidinyalarda anac¢ kullanimi Gzerine
yapilmis calismalar yok denecek kadar azdir. Son
yillarda, planlanan arastirmalarda, yenidiinyalarda
stk dikime uygun bodur anaglar belirlenmeye
Bu

calismalarda, Quince-A, Quince-C ve BA 29 ayva

¢ahisiimaktadir. kapsamda, yapilan

klon anaclarinin  vyanisira yenidinya ¢oglr

Hafif
yenidiinya ¢esidinin fenolojik, pomolojik 6zellikleri

anaglarinin  Gzerine asili Cukurgobek
ile verim ve vegetatif bliyimesi Uzerine etkileri
yogun olarak arastiriimaktadir(Akkus ve Polat,
2021). Ancak bu anaglarin kalemin beslenmesi
Uzerine etkileri konusunda yapilmis bir ¢alisma
olmadigindan bu alanda 6nemli bilgi eksiklikleri
bulunmaktadir. Yapilan literatlir taramalarinda,
ulasilabilen az sayidaki ¢alismanin ise yenidiinya
¢Oglr anaci Uizerine asil bahcelerden alinan yaprak
orneklerini kapsadig (Doran ve Kaya, 2000; Doran
2016 a, b);

yenidiinyalarda bitki besin elementlerinin alimi

ve Kaya, ve farkli anaglarin,

Uzerine etkilerinin belirlenmesine iliskin
calismalarin olmadig gorilmdistir. Bu nedenle,
calismamizda Quince-A, Quince-C ve BA 29 ayva
klon anaglarinin yanisira Yenidinya ve Alig ¢oglir
Hafif

yenidinya cesidinin yapraklarindaki bitki besin

anaglarinin, Gzerine asil Cukurgobek

elementlerinin seviyesi ilk kez calisiimistir.
Calismada elde edilen sonuclardan, yenidiinya
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agaclarinin  besin elementi iceriklerinin asili
bulunduklari ana¢ farkindan 6nemli diizeyde
etkilendigi  gorilmektedir.  Fosfor  disindaki

incelenen tim makro ve mikro elementlerin alimi
Uzerine anaglarin etkisi, istatistiksel olarak 6nemli
bulunmustur. Bu nedenle yenidiinya agaclarinin
mineral beslenmesi tavsiye edilirken anag-kalem
etkilesimlerinin dikkate alinmasi gerekmektedir.
Elde edilen genel
denemede vyer alan tim anaglara asih

olarak
Hafif
Cukurgdbek yenidiinya gesidinin yapraklarinda N

verilere gore,

ve P ¢ok yiksek; K ve Ca eksik (Quifones ve ark.,
2013) bulunmustur. Yapraklardaki Mg seviyesi ise
alicta Quince-A Quince-C
anaglarinda BA-29 yenidilnya
¢ogurinde optimum diizeyde(Quifiones ve ark.,

¢cok vyiksek, ve

yuksek, ve
2013) oldugu belirlenmistir.
Yapraklardaki mikro elementlerin icerigi, makro
daha
etkilenmistir. Nitekim yapraklardaki Fe igerigi,

elementlere gore anaclardan belirgin
anacl BA-29 ve Yenidlinya ¢6glirl olan bitkilerde
eksik; anaci Quince-A ve Quince-C olan bitkilerde
dislik; anaci alic olan bitkilerde ise yliksek
(Quifiones ve ark., 2013) bulunmustur. Yapraklarin
Bakir

anaglarina

iceriginin Quince-A, Quince-C ve Alig
bitkilerde eksik, BA-29 ve
Yenidlinya ¢6glriine asili bitkilerde ise distk

astli

(Quifiones ve ark., 2013) oldugu belirlenmistir.
Yapraklarin Mangan igeriginin, Quince-A anacina
asili bitkilerde eksik; Quince-C, BA-29 ve Alig
anaglarina asil bitkilerde dusuk, yenidiinya ¢oglr
anacina asih bitkilerde ise optimum (Quifiones ve
2013)
Yapraklarin Cinko seviyesi, sadece yenidiinya ¢ogur

ark., seviyede oldugu saptanmistir.
anacina asih bitkilerde optimum bulunurken oteki
tim anaclarda dusik (Quifiones ve ark., 2013)
bulunmustur. Denemede yer alan tim anaclara
asili bitkilerin yapraklarindaki Sodyum seviyesi ise
cok yiksek bulunmustur.

Literatlirde, yenidinyalarda besin maddelerinin
alimina farkli anaclarin etkilerine iliskin calismalara
ulasilamamakla birlikte; farkhi anag¢ ve cesitlerin
kullanildigi elma, kayisi, kiraz ve seftali ile yapilan
calismalarda ana¢ ve cesidin besin elementi
alimina etki ettigi belirtiimektedir (Tsipouridis ve

Thomidis 2005; Giorgi ve ark., 2005; Jimenez ve
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ark., 2007; Kiucukyumuk ve Erdal, 2009; Ugur ve
Paydas, 2018). Anaglarin bitki besin elementlerinin
alimina etkilerinin farkli olmasi, basta kok yayilim
alani olmak Uzere sagak kok miktari ve koklerin
vb. gibi
faktorlerle iliskilendirilebilir. Kok sistemi, su ve besin

katyon degistirme kapasitesi cesitli
maddelerinin topraktan alimi ve bitki igerisinde
birlikte,
yapraklarin ylzey alani ve yaprak yapilari gibi
da bitkilerin

miktarlarini

tasinmasinda biylk rol oynamakla
agaclarin toprak (Ustl organlari

topraktan aldigi besin elementi
etkilemektedir.

Anaclarin vegetatif bliyime kuvvetleri ile besin
elementleri alimi birlikte degerlendirildiginde;
incelenen anagclarin, Hafif Cukurgdbek yenidiinya
¢esidinin makro ve mikro element alimi {izerine
de farkhliklar

belirlenmistir. Nitekim, ¢calismada en yiiksek K, Cu,

etkilerinin onemli gosterdigi
Mn ve Na konsantrasyonlari yenidiinya ¢Oglr
anacina(kuvvetli) asilh agaclarda belirlenirken; en
yuksek P, Ca, Mg ve Fe konsantrasyonlari ise alig
anacina(cok bodur) asili agaclarda belirlenmistir.
Buna karsin en yiksek N, Quince-A, en yliksek Zn,
Quince-C anaglarina asili agaglarda belirlenmistir.

Farkli cevre kosullarinda ve degisik meyve
turlerinde yapilan ¢alismalarda da ¢esidin yaprak
mineral besin icerikleri (izerinde anaglarin dnemli
etkilerinin oldugu belirlenmistir (Giorgi ve ark.,
2005; Yin ve ark., 2009; Kiicikyumuk ve Erdal,
2011). ve ark.(2014)'nin vyaptiklari bir
calismada, Santa Maria armut c¢esidinin mineral

ikinci

element alimi Gizerine BA-29, Quince-A ve Quince-
C ve ¢ogur anaclarinin etkileri incelenmis ve en
yiksek N, P, K, Ca, Mg, Fe ve Cu konsantrasyonlari
armut ¢o6guri ve BA-29 anaclar (zerindeki
agaclarda belirlenirken, en dislik yaprak Fe
Quince-A
anaclarina asili armut agaclarinda belirlenmistir.

konsantrasyonlari, ve  Quince-C
Genel olarak calismada, Quince-C ve Quince-A
anaclarina asili agaclar, en disik yaprak makro
besin icerigine sahip olmustur. Yaprak besin
konsantrasyonu Uzerine benzer etki, elmada da
kuvvetli

bodur

anaclara asili olanlara gore daha yliksek mineral

gozlemlenmis ve bircok arastirmaci,

anaclara asili agacglarin yapraklarinin,

icerigine sahip oldugunu saptamistir (Kiiciikyumuk
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ve Erdal, 2011; Fallahi ve ark., 2002; Amiri ve ark.,
2014; Abdalla ve ark., 2002).

Gahsmamizin bulgulari, farkli meyve tirlerinde
yaptlan bu calismalarin bir kisminin bulgulari ile
benzerlik (Polat ve Yildirim, 2015; Uggun ve ark.,
2011) gésterirken bir kismindan ise farkhhk (ikinci
ve ark., 2014; Kiglikyumuk ve Erdal, 2011; Fallahi
ve ark., 2002; Amiri ve ark., 2014) tasimaktadir. Bu
durum, c¢alismamizin  materyalini  olusturan
kalem/ana¢ kombinasyonun farkli morfolojik ve
fizyolojik Ozelliklere sahip tirlerden olusmasinin
yanisira 6teki ¢calismalarda incelenen tirlerden de
farkhhiklar

olmasindan

onemli gosteren bir kombinasyon
Cunkad,

¢alismamizda arastirilan yenidiinya, kisin yapragini

kaynaklanmis  olabilir.

dékmeyen herdemyesil bir meyve tiri olup, 6teki

¢alismalarda incelenen kisin yapragini doken

ihman iklim meyve tirlerinden ¢ok farkli

morfolojik, biyolojik ve fizyolojik 6zelliklere

sahiptir.  Ayrica, ¢alismamizda  arastirilan

kombinasyonun kalemi  herdemyesil olup,
morfolojik ve fizyolojik 6zellikleri bakimindan,
Uzerine asilandigl kisin yapragini doken anag
farkhliklar

uzerine

tarlerinin bu ozelliklerinden 6nemli

gostermektedir.  Dolayisiyla  gerek
asilandig yapragini déken anag tirleri (BA-29,
Quince-A, Quince-C ve alig) ile arasindaki anag
kalem iliskileri bakimindan, gerek beslenme
fizyolojisi bakimindan olabilecek gesitli farkhliklarin
belirlenmesi amaciyla daha detayh arastirmalarin

yapilmasina ihtiya¢ bulunmaktadir.
Sonug¢

Ulkemiz yenidiinya yetistiriciliginde halihazirda
sadece ¢oglr anaci kullanilmaktadir. Ancak, 6teki
avantajlarinin yanisira 6zellikle sik dikim nedeniyle
birim alandan daha ¢ok verim alinabilmesi, bodur
anaclar ile  bahgce kurulmasinin  6nemini
arttirmaktadir (Polat ve ark., 2003). Yenidlinyalarda
bodur anac¢ olarak ayva anacinin kullanimina
iliskin calismalar, Gilkemizde ilk kez Polat ve Kaska
(1992) tarafindan baslatilmis ve halen konuyla
ilgili calismalar farkli yonleriyle devam etmektedir.
farkli

anaglarin, yenidinyalarda bitki besin elementlerinin

Ancak, vyapilan literatlir taramalarinda,
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Uzerine etkilerinin belirlenmesine iliskin
bilgi
eksikliginin giderilmesi, gerek literatlire katki
bakimindan gerek bodur anac¢ ile bahge tesis

alimi

calismalara rastlanmamistir. Bu alandaki

edecek vyetistiriciler agisindan blylik 06nem
tasimaktadir. Bu nedenle, ¢alismamizda, Quince-A,
Quince-C ve BA 29 ayva klon anaglarinin yanisira
yenidiinya ve ali¢ ¢o6gur anaglarinin, izerine asili
Hafif Cukurgdbek yenidiinya ¢esidinde, bitki besin
elementlerinin alimina etkilerinin ilk kez ¢alisiimig
olmasi, arastirmanin 6zgin yanini olusturmakta ve
onemini gostermektedir. Calismadan elde edilen
veriler ve bilgiler, alanindaki ilk verilerdir. Bu
durum, g¢alismanin verilerinin oldukga 6zglin ve
onemli oldugunu ifade etmektedir.

Elde edilen sonuglar, yenidiinya yetistiriciliginde
kullanilan anaglarin, Uzerine asili gesitlerin
beslenmesini dnemli dlgtide etkiledigi, bu nedenle
glibreleme programlar yapilirken sadece cesidin
degil

gerektigini

kullanilan anacin da dikkate alinmasi
bitkinin
ihtiyacindan fazla glbre kullanilarak maddi kaybin

gostermektedir.  Ayrica
yanisira gevre kirliligine neden olunmamasi veya
yetersiz glibre kullanimi ile ekonomik kayiplarin
yasanmamasi igin yetistiricilik yapilan alanlarda
uygun anag ve ¢esitlerin tespit edilmesi; belirlenen
ana¢ ve cesitlere ait glibreleme denemelerinin
yaklasim  oldugu

yapilmasinin  en  uygun

sonuglarina ulasiimistir.
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Giris

Sut ve st drlnleri, ginlik hayatta ihtiyag
duyulan en o6nemli besin maddeleridir. Diger
farkh

besin maddelerinden

(074

Bu calismada, yillik stt miktarini etkileyen faktorlerin dogrudan ve dolayl etkilerinin
belirlenmesi amaglanmistir. Arastirmanin materyalini, 2020 yilinda Tokat ilinde st sigirciligi
yapan 111 isletmeden elde edilen veriler olusturmaktadir. Arastirma sonuglarina gore yillk sit
miktarini toplam yem masrafi hari¢ diger bagimsiz degiskenler pozitif yonde etkilemektedir.
Yillik stit miktarini dogrudan etkileyen en 6nemli degisken sagilan bliylikbas hayvan birimi iken,
dolayl olarak etkileyen en 6nemli degiskenler giinliik stit verimi ve toplam yem masraflaridir.
Arastirmada sagilan biyiikbas hayvan birimi %68 ile yillik sit miktarina en yiiksek oranla
dogrudan etki etmektedir. Gunlik st veriminin yilik st miktarina dolayli etkisi %81,
dogrudan etkisi %19 iken dolayli etki isglici masraflarindan ve sagilan blyiikbas hayvan
biriminden kaynaklanmaktadir. Toplam yem masraflari bagimh degisken lizerinde dogrudan
negatif bir etkiye sahiptir. Toplam yem masrafi degiskeni diger tim degiskenleri negatif yonde
etkilemistir ve yem masraflari yillik siit Gretim miktarini negatif yonde etkilemektedir.

Anahtar Kelimeler: Path analizi, Stt sigirciligi, Hayvancilik

ABSTRACT

In this study, it was aimed to determine the direct and indirect effects of the factors affecting
the annual milk yield. The material of the research consists of data obtained from 111 dairy
cattle in Tokat in 2020. According to the result of the research, other independent variables
affect the annual milk amount positively, except for the total forage cost. While the most
important variable directly affecting the annual milk yield is the unit of cattle milked, the most
important variables inderectly affecting it are daily milk yield and total forage cast. The cattle
unit milked in the research directly affects the annual milk amount with the highest rate with
68%. While the indirect effect of Daily milk yield on the annual milk amount is 81% and the
direct effect is 19%, the indirect effect is due to labor costs and the unit of cattle milked. Total
feed cost has a direct negative effect on the dependent variable. The total feed cost variable
affected all other variables negatively, and the feed cost negatively affected the annual milk
production amount.

Key Words: Path analysis, Dairy cattle, Livestock

blylumeleri, gelismeleri ve saglikh bir sekilde

yasamlarini devam ettirebilmeleri icin gerekli
bircok besin 0Ogesini icermektedir. Bu nedenle
insan hayatinin her evresinde sit ve siit Urinleri

canlilarin = tiketimi 6nemli bir yer tutmaktadir (Celik, 2002).

olarak
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Hayvancilik sektoriniin en onemli Uretim
dallarindan birisini sIgir yetistiriciligi
olusturmaktadir. Sigir yetistiriciligi sit ve et

uretimine yonelik olarak yapilmaktadir. Besi
isletmelerinde sadece et Uretimine doénlk bir
faaliyet s6z konusu iken, sit isletmelerinde ise siit
Uretiminin yani sira et lretimi de s6z konusudur.
Ayrica besi isletmeleri kisa sireli faaliyetler olup,
sut isletmeleri daha uzun sireli bir faaliyettir. Bu
nedenle yapilacak veya yapilmis olan yatirimin
sirdurdlebilirligi agisindan konunun ekonomik
boyutu o©nemlidir. Bu faaliyete baslandiktan
bu is
yatirimlara cevrilmesi oldukga glictlir. Yani, st

sonra, icin yapilan yatirnmlarin baska
sigircihgina yer verilen isletmelerde kisa donem
icin planlama esnekligi daha zordur (Sahin, 2001).

Kurumsallasmis isletme sayisinin  azhgr sit
sektdriinde dnemli bir diger konudur. isletmeler
tarafindan

genellikle isletme

is
kurumsallasma yolunda bir adim atilmamaktadir.
Bu
gerceklestirmelerine, isletmelerini 6z sermaye ile

sahipleri

yonetilmekte, bolimi  yapilmamakta ve

tir isletmeler ki¢cik c¢apta (retim

dondiirmeye calismalarina ve finansal yonden
sikintilar yasamalarina ragmen birgok isletme bir
araya gelerek birlesme ve kurumsallasma
yoniinden adim atmaya
(Bars ve Akbay, 2013).

Sat sigircihgr isletmelerinin basarisinda 6nemli

yanasmamaktadirlar

olan kriterlerin basinda hayvanlarin irki, yasi ve
verimi canli materyalin performansinda dnemi bir
etkiye sahipken isletme kapasitesi, damizlk
hayvan sayisi, ahir kalitesi, Ureticinin tecriibe ve
egitimi, kullanilan isglici kalitesi ve sayisi,
rasyondaki kesif yem miktar ve bilesimi gibi
de
organizasyon kalitesini ifade etmektedir. (Yavuz
ve ark., 2003; Topgu, 2004).

Turkiye’de vyillar itibariyle hayvan basina sit

faktorler sit  sigircihgr  isletmelerinin

veriminde bir artis s6z konusudur ve 2019 yilinda
inek basina yillik stt verimi ortalama 3 120.4
kg’dir. Tokat ilinde 2019 yil itibariyle 106 005 bas
inek sagilmaktadir (Anonim, 2020). Kiltir ve
kaltar

dalgalanmalar olsa da bir artis gozlenirken yerli

melezi irklarinda  yillar icerisinde

irkta yillara gore sagilan inek sayisinda bir azalis

102

s6z konusudur. 2019 yilinda Tokat ilinde sagilan
inek varhginin %31.4’G kiltir irkindan, %53.6si
kiltir melezi irkindan ve %15.0'1 yerli irktan
olusmaktadir. Tirkiye istatistik Kurumu’nun
verilerine gore Tokat ilinde 2 yas ve lzeri ineklerin
%61’i sagiimaktadir.

Sut sigirciligi isletmelerinin ekonomik analizi ve
Uretim faaliyetinin karhhg ile ilgi yapilmis ¢ok
sayida arastirma bulunmaktadir. Qadir ve ark.,
(2016) Pakistan’in Pesaver eyaletinde yapmis
olduklari ¢alismada sit sigircihgl isletmelerinin
karhhigini analiz etmeyi amaglamislardir. Ayrica
Michalickova ve ark., “Technical Efficiency and Its
Determinants in Dairy Cattle” isimli calismalarinda
2006-2010 doénemine 83

isletmesinden alinmis veriler ile sut Uretiminin

ait st sigircihg
teknik verimliligini analiz etmeyi ve maliyetlerin
teknik verimlilik Uzerindeki etkilerini arastirmayi
amaglamiglardir (Michalickova ve ark., 2013). Sri-
Lanka’daki baska bir calismada ise Nafees ve
(2005)

sut

Jeyamalar Sri-Lanka’nin  Trinkomalee

bolgesindeki sigircihgl isletmelerinin
performans analizini incelemeyi amaglamiglardir.
Tauer ise New York bodlgesinde bulunun 314 sit
sigircihgr isletmesinden almis oldugu veriler ile
kiicik olcekli ve blylk olgekli sat isletmeleri
arasindaki Uretim maliyetlerini karsilastirmayi
amaclamistir (Tauer, 2001).
(2001)

isletmelerinin genel 06zelliklerini ve karhlik ile

Ginla ve ark,, Afyon ilinde st
verimlilik analizlerini anket yoluyla elde edilen
verilerle arastirmislardir. Sahin ve ark., “Igdir
llinde Biyiikbas Hayvancilik isletmelerinde
Karhligr Artirma Yollari Uzerine Bir Arastirma”
isimli calismalarinda 233 isletmeden anket yoluyla
almis olduklari veriler ile isletmelerin masraf
unsurlarini incelemisler, karhligi etkileyen énemli
etkenlerin  ne oldugunu ortaya koymaya
calismislardir (Sahin ve ark., 2014).

Gilcii ve Hatirh (2018) “Sut ve Sut Uriini
isleyen Firmalarin Etkinlik Analizi: TRB1 Bélgesi
Ornegi” isimli calismalarinda Elazig, Malatya,
Tunceli ve Bingoél illerinde faaliyet gosteren siit ve
sit Grunleri isleyen firmalarin Gretim etkinliklerini
arastirmislardir. 64 firmadan almis olduklari

veriler ile etkinlik analizinde stokastik Uretim siniri



Kaplan ve Cicek, 2022. Harran Tarim ve Gida Bilimleri Dergisi, 26(1): 101-108

modeli ve modelin tahmininde ise Cobb-Douglas

uretim fonksiyonu kullanmiglardir. Calismada

bolgedeki firmalarin ortalama Uretim

etkinsizliklerinin  0.10 oldugunu ve firmanin
dretimi ile oldugu
%89’unun

teknik ve dagihm etksizliginden kaynaklandigini

gozlenen ulasabilecek

maksimum {retim arasindaki farkin
belirtmislerdir.

(2003)
¢alismada Hatay ilinde projeli ve projesiz st

Yilmaz ve ark. yapmis olduklar
sigirciigl yapan isletmelerin sit sigirciligr tGretim
faaliyetlerinin ve faktor verimliliklerinin analizini
arastirmislardir. Calisma sonucunda projeli ve
projesiz isletmeler arasinda isglici ve sermaye
kullanimi gibi yillik faaliyet sonuglarinda onemli
farklarin  oldugunu

saptamiglardir. Calismada

yapilan marjinal analizler sonucunda projeli

isletmelerde  Olgegin  artirlmasinin  isletme
gelirlerini olumlu yénde etkileyecegi ve toplam
verimlilikle artisa neden olabilecegini belirtmislerdir.

Gozener ve Alyesil, “Kazova Vasfi Diren Tarim
isletmesinin St Sigircihgl Faaliyetinin Ekonomik
Analizi” isimli galismalarinda, isletmenin Uretim
masraflarini ve Uriin maliyetlerinin belirlenmesini
amaclamislardir. isletmenin gelir kaynaklarinin
%71.27’lik kismini st gelirlerinin olusturdugunu
belirtmislerdir (Gozener ve Alyesil, 2018). Ayrica
ikikat (2011)

isletmelerinde siit maliyetine etki eden faktorlerin

Timer ve Birinci hayvancilik
analizini yapmislardir. Calismada 100 isletmeden
anket vyoluyla elde edilen veriler ile hayvan
sigortasi yaptiran ve yaptirmayan isletmelerin
farklari ortaya konulmaya calisiimistir. Buna goére
hayvan hayat sigortasi yaptiran isletmelerde st
maliyetinin 0.08 TL/It azalacagi tespit edilmistir.
Bu

isletmelerin yillik sit Gretimini etkileyen faktorler

arastirmada  regresyon analizi ile
belirlenmeye calisiimis ve buna ek olarak path
analizi yapilarak bagimsiz degiskenlerin birbirleri
ile olan iliskileri incelenmistir. SUt Uretimini
etkileyen bagimsiz degiskenler arasindaki iliskinin
istatistiksel olarak ortaya konulmasi, bu ¢alismayi
ozgiln kilmaktadir. Path analizi ile yillik sit tGretim
miktari Uzerine dolayll ve dogrudan etkilerin

belirlendigi bu arastirmanin literatiire 6nemli

katki saglayacagi diistintilmektedir.
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Materyal ve Metod

Materyal

Arastirmanin materyali, 2020 yilinda Tokat
ilinde sut sigircihgl yapan 111 isletme ile yapilan
Tokat
Damizlik ve Sigir Yetistiricileri Birliginden elde

anketlerden olusmaktadir. isletmeler

edilen verilerle tespit edilmistir. Ornek hacminin

gayeli
isletme

belirlenmesinde ornekleme yodntemi

kullanilmistir. analizleri ve Uretim
dallarinin karlihgina yoénelik calismalarda yapilmasi
gerek anket sayilari (Cicek ve Erkan, 1996) goz
oniinde bulundurularak ilde 5 bas ve daha fazla
sagilan hayvana sahip 722 isletmenin %15’i 6rnek
hacmi olarak alinmistir. Calismanin yapilabilmesi
icin Tokat Gaziosmanpasa Universitesi Sosyal ve
Beseri Bilimler Arastirmalari Etik Kurulundan
17.04.2020 tarihli ve 33490967-044/ sayili karar
ile anketlerin uygulanabilmesi igin etik kurul izni

alinmistir.

Metod

Bu arastirmada, Sewall Wright tarafindan

gelistirilen path analizi kullanilmistir
(Oktay ve ark., 2012).

degisken Uzerindeki bagimsiz degiskenlerin dolayli

yontemi
Path analizi, bagimh
ve dogrudan etkileri seklinde ifade edebilen ve bu

etkileri diyagram (zerinden gorsellestirerek
karmagik iliskilerin sunumunu kolaylastiran bir
tekniktir (Oktay ve ark., 2012).

Path analizi, standardize edilmis degiskenler
arasindaki iliskiyi inceleyen bir analiz teknigidir.
Olusturulan path diyagrami ile hem bagimli hem
de bagimsiz degiskenlerin birbirleri ile sebep-
sonuc iliskisi ortaya konulmaktadir. Korelasyon
katsayilari, degiskenler arasindaki dogrusal
iliskilerin derecesini gostermektedir (Tahtali ve
ark., 2011).

Arastirmada vyillik st Gretim miktarina etki
ettigi diisiinlilen cok sayida degisken ile regresyon
analizleri yapilmistir. Yapilan analizler sonucu
sadece anlamli degiskenlerin yer aldigi modele
calismada yer verilmistir. Arastirmada her bir
degisken kodlanmistir ve bu kodlamaya goére yillik
GSv,

isletmecilerin egitim durumu; E, sagilan biytkbas

sit miktar; YSM, ginlik st verimi;
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hayvan birimi; SBBHB, toplam yem masrafi; TYM

ve yillik isglicii masrafi; YiM olarak ifade
edilmistir.
Path analizinde dogrudan etki katsayilar

standardize edilmis regresyon katsayilarini ile
ifade
degiskenin, bagimli degisken Uzerinde yapmisg

edilmektedir. Herhangi bir bagimsiz
oldugu etkiyi gosteren path katsayisi (Pyxk) esitlik

ile hesaplanmaktadir (Mendes ve ark., 2015).

Pyx, = b=* (1)
y
Esitlikte Pxy bagimsiz degiskenin bagimh

degisken lzerinde yapmis oldugu dogrudan etkiyi
gostermektedir. b, kismi regresyon katsayisini; Sx,
x Ozelligine ait standart sapmayi; Sy, y ozelligine
ait standart sapmayi ifade etmektedir.

Sx;, = “Z(ij —XR)ZJ.% = ( ¥ Xpjz — (Zx:,-) )% =
Sxx (2)
5, =VEO TRt (3 - E2) 1= 5 (3)

n

Bagimh ve bagimsiz degiskenler arasindaki

iliskilerin dogrudan ve dolayli olarak

gosterilmesinde path diyagrami kullaniimistir.

Bagimsiz degiskenden bagimh degiskene dogru

olan tek yonli oklar dogrudan etkileri

gostermektedir. Bagimsiz degiskenlerin kendi

aralarindaki oklar ise, degiskenler arasindaki

iliskiyi gostermekte ve ift olarak
belirtilmektedir.

Bagimh ve bagimsiz degiskenler arasindaki

yonlia

korelasyon katsayilarinin hesaplanmasinda SPSS
ve Excel, path diyagraminin olusturulmasinda

Amos istatistik programi kullaniimistir.
Arastirma Bulgulari ve Tartisma

isletmeler ve yetistiricilere iliskin genel bilgiler

Cizelge 1’de verilmistir. isletmecilerin vyas
ortalamasi 47.3'tlir ve sit sigirciliginda tecriibe yili
ortalama 27.4’tir. Egitim durumlari birbirine
yakin olmakla birlikte ilkokul mezunu orani %39.6,

ortaokul mezunu orani %21.6, lise mezunu orani

%25.3 ve %13.5
seklindedir. isletmecilerin %91.9’unun asil meslegi

Universite mezunu orani
tarimsal faaliyetlerdir. isletmecilerin siit sigirciligi
yapma nedenlerinde en yliksek oran %73.0 ile

baba meslegi olmasidir.

Cizelge 1. isletmeciye ve isletmeye ait genel bilgiler
Table 1. General information about organization and

manager

Yetistirici ve isletmeye Ait Genel Bilgiler Genel

Yasg (i) 47.3
ilkokul 39.6

Egitim Durumu | Ortaokul 21.6
(%) Lise 25.3
Universite 13.5

Asil Meslegi (%) Tanm 1.9
Tarim Digi 8.1

Tecriibe Yil Sayisi 27.4
Karli Olmasi 24.3

Baba Meslegi 73.0

Bitkisel Uretimin Az Olmasi 13.5

Yem Bitkilerini Degerlendirmek 11.7

Sit Sigircihigs Hayvanciliga Destek Verildigi
Yapma icin 2.7
Nedenleri* Bolgede Cok Kisi Yaptigi icin 72.1
Hayvanlari Satmak Kolay
Oldugu igin 0.9
Yapacak Baska Bir is Olmadig
Igin 53.2
Diger** 11.7
isglicine Katilan isletmeci Orani (%) 99.1
isletmecinin Yilda Calistigi Siire (giin) 232.5
Aile Fertlerinin isgiiciine Katilim Orani (%) 95.5
Aile Fertlerinin Yilda Calistigi Stre (giin) 107.7

*Birden fazla segenege cevap verildigi icin toplam %100.0’G gegmektedir.
**Diger nedenler; hayvanciligi sevdigi igin, ek gelir elde etmek igin.

incelenen isletmelerde yillik siit miktar en
disuk 2700 kg/yil, en yuksek 756 000 kg/yil iken
ortalama 31 978.33 kg/yil olarak belirlenmistir
(Cizelge 2.). Gunluk siit veriminde ise minimum 3
litre  maksimum 24 litre verim alindig
belirtilmistir. Bazi isletmecilerin yaslarinin biyik
olmasi veya birlikle anlasmazliklarindan kaynakli
olarak vb. durumlardan kaynakli hayvanlarini fazla
verimi  bu

sagmamaktadir.  Gunluk  sit

sebeplerden o6tiri az olan isletmelerde
¢alismadan c¢ikarilmamis ve baska etkenlerinden
incelenmesi amaclanmistir. ~ Yilhk sit miktarini
etkileyen 6nemli degiskenler arasinda glinliik sut

verimi, toplam yem masrafi, yillik isglicii masrafi,
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sagilan blyilkbas hayvan birimi ve isletmecilerin
egitim durumu vyer almaktadir. Toplam yem
masrafi ortalama 120 649.09 TL, toplam vyillik
isglicii masrafi ortalamasi ise 11 390.09 TL'dr.

Cizelge 2. isletmelere ait tanimlayici istatistikler
Table 2. Descriptive statistics for businesses

isletmecilerin %39.3’U ilkokul mezunu, %21.4’u
ortaokul mezunu, %25.0’i lise mezunu ve %14.3’(
ise Uiniversite mezunudur.

Degiskenler Yizde Ortalama Standart sapma Minimum Maksimum
Variables Percent Average sd Minimum Maximum
Yillik st miktari (kg) 31978.33 83 362.56 2 700.00 756 000.00
Ginluk st verimi (kg) 10.39 4.53 3.00 24.00
Toplam yem masrafi 120 649.09 152 217.44 6 600.00 1022 989.50
(TL)
Yillk isgticli masrafi 11 390.09 36 300.36 0.00 245 000.00
(TL)
Sagilan hayvan sayisi 10.95 13.24 2.50 120
(BBHB)
Egitim (%)
ilkokul 39.3
Ortaokul 21.4
Lise 25.0
Universite 14.3
Cizelge 3. Degiskenler arasindaki pearson korelasyon katsayilari
Table 3. Pearson correlation coefficients between variables
Degiskenler YSM E GSV TYM Yim
Variables
E 0.180
GSV 0.475™ -0.001
TYM 0.703™ 0.046 0.424™"
YiM 0.912™" 0.140 0.419™ 0.819™
SBBHB 0.956" 0.112 0.417" 0.708" 0.872"

ok

p<0.01 diizeyinde 6nemli

Korelasyon analizi sonuglarina gore, yillik siit
miktari ile glinlik sit verimi, egitim durumu,
toplam yem masrafi, isglicii masraflari ve sagilan
bliyikbas hayvan birimi arasinda pozitif yonde
iliski s6z konusudur. Yilhk st miktari ile pozitif
yonde en vyiksek iliskiye sahip degisken sagilan
blylkbas hayvan birimidir. Daha sonra sirasiyla
isglicli masraflari, toplam yem masrafi, glinliik sit
verimi ve egitim durumu gelmektedir.

Bagimh ve bagimsiz degiskenler arasindaki
dogrusal iliskinin denklemine regresyon
denilmektedir. Bagimli ve bagimsiz degiskenler
arasindaki iliskiler dogrusal olabildigi gibi dogrusal
olmayan iliskilerde mevcuttur (Efe ve ark., 2000).
Calismada coklu dogrusal regresyon metodu
kullanilmistir. Calismada backward elimination
yontemi ile uygun model sec¢imi yapiimis ve

bagimh degiskene etki eden bagimsiz degiskenler

belirlenmistir. Elde edilen degiskenler ile tekrar

enter yontemi ile standart c¢oklu dogrusal

regresyon yapilmistir.

Cizelge 4. Standardize edilmis regresyon analizi sonuglari
Table 4. Standardized regression analysis results

Parametreler E GSV | TYM | YiM | SBBHB
Parameters

Katsayilar (b1) | 0.056 | 0.090 | -0.131 | 0.406 | 0.650

Onem 0.011" | 0.000" | 0.001° | 0.000° | 0.000°

dizeyleri (P)

VIF 1.038 | 1.264 | 3.165 | 6.498 | 4.253

*p<0.01 diizeyinde &nemli
*p<0.05 diizeyinde dnemli

Standardize edilmis kismi regresyon katsayilari
ile katsayilarin 6nem duizeyleri Cizelge 4’te
verilmistir. Yillik st miktarinin tahmin edildigi
standardize edilmis c¢oklu dogrusal regresyon
denklemi “Y=0.056 E + 0.090 GSV- 0.131 TYM +

0.406 YIM + 0.650 SBBHB” seklinde tahmin
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edilmistir. Denklemde katsayilar standardize

edilmistir ve bu sebeple sabit sayi sifir olmaktadir.
Esitlikteki kismi regresyon katsayilari (b1) her bir

degiskenin sonu¢ degiskeni (izerine dogrudan

gore

etkilerini ifade etmektedir. Ayrica VIF degerlerine

degiskenler arasinda g¢oklu baglant

bulunmamaktadir.

Cizelge 5. Degiskenlerin dolayl ve dogrudan etki katsayilari ve etki oranlari
Table 5. The direct and indirect effect coefficients and effect ratios of the variables

" Dolayh Etki . Dogrudan Etki
D\(jslrilcjzreljr Indirect Effect Toplam Dolayl Etki Direct Effect
E GSV TYM YiM SBBHB Katsayi % Katsayi %
E -0.0001 -0.0060 0.0568 0.0728 0.124 69 0.056 31
GSV -0.0001 -0.0555 0.1701 0.2711 0.386 81 0.090 19
TYM 0.0026 0.0382 0.3325 0.4602 0.833 119 -0.131 19
YiM 0.0078 0.0377 -0.1073 0.5668 0.505 55 0.406 45
SBBHB 0.0063 0.0375 -0.0927 0.3540 0.305 32 0.650 68
E
GSV e
TYM YSM
YiM
SBBHB

Sekil 1. Path diyagrami
Figure 1. Path diagram

Arastirma sonuglarina gore yillik st miktarn
Uzerinde fonksiyonda yer alan degiskenler dolayl
etkilerinde pozitif etkiye sahipken dogrudan
etkilerinde egitim, glinlik stt verimi, yilhk isglici
masraflari ve sagilan bulylikbas hayvan birimi
pozitif etkiye, toplam yem masrafi ise negatif
etkiye sahiptir. Yillik sit miktarina en cok etki
eden degiskenler sagilan blylkbas hayvan birimi
yillik Cizelge 5’te
degiskenlerin yilhik siit miktarina dogrudan ve

ve isgict  masraflaridir.
ve etki oranlan

yillik

etkilerinin katsayilari
Gunlik

dolayli

verilmistir. sut veriminin st
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miktarina dolayl etkisi %81, dogrudan etkisi %19
iken dolayli etki isglicii masraflarindan ve sagilan
bliylkbas hayvan biriminden kaynaklanmaktadir.
isletmecilerin  egitim durumlarinin  yillik
miktarina dolayh etkisi %69, dogrudan etkisi %31
iken dolayli etkinin agirlikli olarak etkilendigi diger

sut

degiskenler isglicii masraflari ve sagilan bliylkbas
hayvan birimidir. Sagilan blylkbas hayvan birimi
yillik st miktarini diger degiskenlerden farkl
olarak daha fazla oranda dogrudan etkilemektedir.
Sagilan blylkbas hayvan biriminin yilhik sit
miktarina dogrudan etkisi %68 ve dolayl etkisi
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%32 iken, dolayli etki yillik isglicii masrafindan ve
gunlik st veriminden kaynaklanmaktadir. Toplam
yem masraflarinin yillik siit miktarina dolayli etkisi
pozitif yonde, ancak dogrudan etkisi negatif
yondedir. Toplam yem masraflarinin dolayh etkisi
blylk oranda isglici masraflari ve sagilan
bliylikbas hayvan biriminden kaynaklanmaktadir.
Yilhik isglcti masraflarinin yilhk st miktarina
dolayl etkisi %55, dogrudan etkisi %45 iken
dolayh etki sagilan bliyiikbas hayvan biriminden

ve toplam yem masraflarindan kaynaklanmaktadir.

Sonuglar

Arastirmada yillik stit miktarinin egitim, glinltk
sut verimi, yilhk isgici masrafi ve sagilan
blylikbas hayvan birimi ile pozitif yonde, toplam
yem masrafi degiskeni ile negatif yonde iliskisinin
Korelasyon
sonuglarina gére bagimh degisken ile bagimsiz
degiskenler arasinda pozitif yonde iliski
konusudur. Bagimsiz degiskenler arasinda gtnlik
st verimi ile isletmecilerin egitim durumu
arasinda negatif yonde, diger tim degiskenlerin
arasinda pozitif yonde iliski mevcuttur. Sagilan
blylkbas hayvan birimi beklenildigi gibi yillik sit

bulundugu saptanmistir. analizi

sOz

miktari ile en yiksek korelasyona sahip degiskendir.
Arastirmada sagilan biylikbas hayvan birimi %68
ile yillik sit miktarina en yliksek oranla dogrudan
etki etmektedir. Ayrica toplam yem masraflarinin
ve glnlik sut veriminin yillik st miktari Gizerinde
dolayli olarak etkilerinin bulundugu soylenebilir.

Toplam yem masraflari  diger
etkiye,
degisken Uzerinde ise dogrudan negatif etkiye
sahiptir. Toplam yem masraflari degiskeni diger
tim degiskenleri negatif yonde etkilemistir ve
yem masraflari yillik st Uretim miktarini negatif
yonde etkilemektedir. Diger degiskenler lizerinde
dolayl olarak en c¢ok etkisini gosteren degisken
sagilan bilyikbas hayvan birimidir. Sagilan
bliyikbas hayvan birimi Gzerinde ise yillik isglci
masrafinin dolayli etkisi ylksektir.

bagimsiz

degiskenler {izerinde dolayh bagimh

Cikar Makale
aralarinda herhangi bir ¢ikar ¢atismasi olmadigini

Catismasi  Beyani: yazarlari,

beyan eder.
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ABSTRACT

Two of the most important ingredients to add functional properties to royal jelly are 10-HDA
and major royal jelly proteins (MRJPs). The effect of royal jelly (RJ) production and the effect
of royal jelly harvest time (24, 48 and 72 hours) on 10-HDA, the total protein content of R/,
and molecular weights of major proteins in RJ were investigated in queenright and queenless
colonies. RJ production colonies were divided into 2 groups as queenless and queenright
where the queen was confined with frames. Subgroups were formed within each group
(queenless and queenright) according to harvest time (24, 48 and 72 hours). 80 larvae were
transferred to each colony. In this study, as the harvest time increased, total protein (TP)
ratio decreased (p<0.05); TP ratio in RJs harvested at 24, 48 and 72 hours was determined
as 18.4+1.24%, 15.2+0.80%, 10.6+0.27%, respectively. As the harvest time increased, 10-
HDA decreased. It was determined 10-HDA rates in RJ harvested at 24, 48 and 72 hours
respectively; 2.52+0.109%, 2.20+0.110%, 2.00+0.112%. MRJP1, MRJP2, MRJP3 and MRIJP5
were found from the MRJP family, and their molecular weights were determined as 53 kDa,
46.5 kDa, 66.8 kDa, 80.9 kDa, respectively. As a result, the early harvested (24 and 48 hours)
RJ had higher values in terms of TP and trans 10-HDA than the royal jelly harvested at 72
hours.

Key Words: Honey bee, Early harvest royal jelly, Aegean Ecotype of Anatolian bee, MRJP1,
Functional food

0z

Ari siitiine (AS) fonksiyonel 6zellik katan en 6nemli igeriklerinden ikisi 10-HDA ve major ari
sutt proteinleridir. Bu galismada, hasat zamani (24, 48 ve 72 saat) ve AS liretim kolonilerinin
ana arili ve ana arisiz olmasinin ari sitiiniin 10-HDA, toplam protein (TP) igerigine etkisi
belirlenmis ve major ari st proteinlerinin (MASP) molekil agirliklari saptanmistir. Bu
amagla AS Uretim kolonileri 2 gruba ayrilmis, birinci grup ana arisiz, ikinci grup ise ana aril
grubu olusturmustur. Birinci grubun ana arilari kovandan alindigi giin, diger grubunun ana
arilari da 2 cgergeve ile birlikte plastik sinirlandirma kafeslerine yerlestirilmistir. Her bir
koloniye 80 adet larva transfer edilmistir. Her grup icinde (anasiz ve ve ana arili) 2’ser koloni
24, 48 ve 72 saat hasat zamani alt gruplarini olusturmustur. Bu galismada hasat zamani
uzadikg¢a TP orani azalmis (P<0.05); 24, 48 ve 72 saatte hasat edilen ari stitlerinde TP orani
sirasiyla; %18.4+1.24, 15.2+0.80, 10.6+0.27 olarak belirlenmistir. 10-HDA (zerine hasat
zamanin etkisi dnemli (P<0.05) bulunmus, hasat zamani uzadik¢a 10-HDA azalmis, 24, 48 ve
72 saatte hasat edilen siitlerde 10-HDA sirasiyla; %2.52+0.109, %2.20+0.110, %2.00+0.112
saptanmis ve 24 saatte hasat edilen ari siitli, 48 ve 72 saatte hasat edilen siitlerden 10-HAD
bakimindan farkl bulunmustur (P<0.05). Bu ¢alismada MASP ailesinden MASP1, MASP2,
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MASP3 ve MASPS5 tespit edilmis ve ayni sirayla molekil agirliklari; 53 kDa, 46.5 kDa, 66.8 kDa, 80.9 kDa olarak belirlenmistir.
Sonugta erken hasat (24 ve 48 saat) ari sttleri 72 saatte hasat edilen ari stitlerinden TP ve 10-HDA bakimindan daha yiiksek

degerlere sahip olmustur.

Anahtar Kelimeler: Bal arisi, Erken hasat ari siiti, Anadolu arisi Ege ekotipi, MASP1, fonksiyonel gida

Introduction

Royal jelly (RJ) is a caste-determining food that
plays an important role in the transformation of
worker bee larvae into queens, secreted from the
mandible and hypopharyngeal glands of worker
bees aged 5-15 days. RJ consumption by young
larvae affects DNA methylation process (Kucharski
et al., 2008) and this results in the development of
gyne morphology (Zheng et al., 2011). For this
reason, it is defined as a “superfood” today
(Knecht and Kaatz, 1990; Li et al., 2010). It is used
for feeding the young larval stage of worker and
drone bees during the whole life of the queen bee
in the colony.

RJ is cream-colored, sticky, and sour in taste. In
the structure of RJ; water (60-70%), protein (12-
15%), fatty acids and lipids (3-8%), carbohydrates
(7-18%), ash (0.8-3%), small amounts of vitamins
(group B complex, vitamin C, vitamin E), minerals
(Fe, Na, Ca, K, Zn, Mg, Mn and Cu), enzymes,
hormones, polyphenols, nucleotides and minor
heterocyclic compounds (Boselli et al.,, 2003;
Sabatini et al., 2009; Isidorov et al., 2012; Melliou
and Chinou, 2014; Xue et al., 2017) .

RJ, which is among the functional foods, gets
this feature mostly from trans 10-HDA, which is the
major fatty acid, and major royal jelly proteins.
make up 80-85% of the lipid
composition of RJ, and trans 10-HDA constitutes

Fatty acids

the largest part of the fatty acid fraction with 32%
(Lercker et al., 1981; Terada et al., 2011). Trans 10-
HDA
pharmacological activities (Sugiyama et al., 2012;
Li et al., 2013; Chen et al., 2016) and is used as a
marker of RJ quality and authenticity (Sabatini et
al., 2009). Studies have shown that trans 10-HDA
has antimicrobial activity against various gram-

displays various biological and

positive and gram-negative bacteria (mostly
human pathogens) (Blum et al., 1959; Yatsunami

and Echigo, 1985; Garcia et al., 2013), it has been
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reported that it is a potent anti-inflammatory
(Chen et al., 2018), alleviates lipopolysaccharide
(LPS)-induced neuroinflammation, and protects
against LPS-induced blood-brain barrier (BBB)
damage (You et al., 2019).

Major royal jelly proteins (MRJPs), also known
as immune proteins, constitute 82-90% of RJ
proteins, one of the important components of RJ
(Schmitzova et al., 1998; Santos et al., 2005;
Drapeau et al., 2006; Shinkhede and Tembhare,
2009; Muresan and Buttstedt, 2019). Among the
MRIJPs, MASP1, which has been studied the most,
has longevity, anti-tumor, anti-oxidant effect,
immunomodulatory effects, and positive effects of
MASP2 on anti-tumor and cell proliferation have
been reported (Ramanathan et al., 2018).

The content of RJ is affected by the applications
made in the production of RJ. Studies have
revealed that the time of harvest, the age of the
grafted larva, the number of queen cell, the
season, and supplemental feeding affect the trans
10-HDA and protein content of RJ (Liu et al., 2008;
Zheng et al., 2011; K6soglu et al., 2013; Erdogan et
al., 2017; Ucak Koc et al., 2021a).

In commercial RJ production, RJ is harvested
within 72 hours because the amount of RJ in the
gueen cell cups peaks at this time (Lercker et al.,
1985). In recent years, some producers in China
produce RJ harvested two days after grafting (48
hours) or one day (24 hours) harvested. Early
harvest shortens the production cycle, and it is
suggested that early harvest RJ is fresher because
they wait less at the hive temperature (35 °C) (Liu
et al., 2008; Zheng et al., 2011; Kosoglu et al.,
2013).

Unlike other studies, in this study, RJ was
produced in queenless colonies and queen-
restricted colonies instead of the starter-finisher
RJ
production. The effect of harvesting time (24, 48

colonies commonly used in commercial

and 72 hours) and royal jelly production colonies
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(queenright and queensless) on 10-HDA and total
proteins were investigated, and the molecular
weights of major royal jelly proteins were

determined.
Materials and methods

This study was carried out at Aydin Adnan

Menderes University, Faculty of Agriculture,

"Honey Bee and Silkworm Research and
Application Unit". A total of 12 Anatolian bee
Aegean Ecotype colonies were divided into 2
groups, the queens of 6 colonies of the first group
(queenless) were removed. That is, these colonies
were left without a queen. The queens of the
colonies forming the second group (queenright)
were found and confined to the confinement cage
with 2 frames. Two days after this procedure (the
day of the larva transfer), all colonies were
arranged to be 12 frames of adult bees
(approximately 2.5 kg), equalized in terms of
honey and pollen stocks, young brood frames were
removed, and queen cells were degraded. By
reducing the number of frames of the hive to 7
frames, the bees were provided to form clusters on
and under the frame. During the experiment,
colonies were fed with sugar syrup. One-day old 80
larvae were transferred to queen cell cups made of
beeswax to each colony. The larvae transfer was
carried out in a room with 60-70 % humidity at a
temperature of 25-30 °C. During the experiment, a
total of 7360 larvae were transferred for both
groups. In the study, 24, 48 and 72-hours RJ
production was carried out in a rotation in the
colonies in both groups, respectively. RJ
production was carried out between 14 April-1
May 2021, and all analyzes were carried out in July

2021.

Chemical analysis

All samples (78 pieces) were kept at -18 °C and
light until
months). The 10-HDA determination was done as
previously done by Ucak Koc et al. (2021a). HPLC
Agilent 1260 Infinity series (UV-DAD) Luna C18
(150 mm x 4.6 mm x 5 mm) column was used

protected from analysis about 2

[Mobile phase: Methanol: Water: Phosphoric Acid
(55: 45: 5),
temperature 30°C, injection amount 20 mL,

flow rate 1 mL/min, column
analysis time 15 minutes, DAD detector 215 nm].
By weighing 0.01 g of 10-HDA analytical standards
to dissolve 50 mL (final density 200 mg/mL) in
water: methanol (50:50) and diluting from this
solution to 5, 10, 20, 50, 100, 200 (ppm) mg/mL
calibration curve was created. Then 0.05 g of RJ
was weighed into 50 mL cap tubes and shaken by
placing 12.5 mL methanol on it. Then 12.5 mL of
water was added to this solution and mixed by
closing the lid. After the mixture was kept in
ultrasonic water bath for 30 minutes, the tubes
were centrifuged at 6000 rpm for 5 minutes and
filtered through black band filter paper and 20 mL
were injected into HPLC (Caparica et al., 2007; Kim
& Lee, 2010).

Bradford’s method was used to measure total
protein concentration in RJ (Bradford, 1976) using
bovine serum albumin as the standard. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) (10 %), was used to check the
molecular weight of the major royal jelly proteins
by the method of Laemmli (1970). Protein staining
was carried out using Coomassie brilliant blue G-
250.

All data were analyzed using the general linear
procedure available from SAS (1999)
package program and the differences between the

model

groups were determined according to Tukey
(p<0.05) multiple comparison test. The statistical
model is given below.

yijkl=pu+ ai+ bj + (ab)ij + eijk

U = mean

ai = group (i = queenless and queenright)

bj = harvest time (j = 24, 48 and 72 hours)
(ab)ij = group * harvest time interaction effect
eijk = error

Results and Discussion

In this study, the effect of groups (queenless
and queenright) and harvest time on RJ yield is
significant (p<0.01). As the RJ harvest time
increased (24, 48 and 72 h), RJ vyield values
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decreased (3.67 g, 12 g and 17.5 g). While
12.9+0.65 g RJ was obtained
gueenless, it was determined as 9.3+0.67 g in the

in the group

gueenright group. The difference between the two
groups is significant (p< 0.05) (Table 1).

Table 1. Royal jelly yield (g) according to royal jelly harvest times (h) and groups

Time of harvest (after the larval transfer)

Groups 24h 48 h 72h Overall mean

Queenless 4.3+1.27 14.0+1.07 20.3+1.00 12.940.652
Queenright 3.0£1.27 10.0%1.00 14.7+1.60 9.310.67°
Overall mean 3.67+0.515° 12.0 +0.762° 17.5+1.092¢

a,b,c; p<0.05

In Table 2, 10-HDA ratios in queenless and
gueenright colonies are given according to harvest
time. As the harvest time increased, 10-HDA

decreased, RJ harvested in 24 hours and RIJ
harvested in 72 hours were different and

significant (p<0.01).

Table 2. Trans-10-hydroxy-2-decenoic acid rates (%) according to royal jelly harvest times (h) and group

Time of harvest (after the larval transfer)

Groups 24 h 48 h 72 h Overall mean
Queenless 3.16+0.186 2.72+0.157 2.27+0.152 2.71£0.095
Queenright 3.12+0.170 2.62+0.152 2.25+0.170 2.66+0.094
Overall mean 3.14+0.126* 2.67 +0.1098 2.26 +0.114°®

A, B; P<0.01

In similar studies, 10-HDA ratios in RJ harvested
in 24, 48 and 72 hours, in the same order;
1.97+0.07%, 2.05+0.04%, 1.60+0.04% (Liu et al.,
2008) Zheng et al. (2011) reported it as 2.5% *
0.4%, 2.0 £ 0.3%, 2.1 + 0.2%. The 10-HDA ratios
obtained in this study are higher than the values
found by (Liu et al., 2008) Zheng et al. (2011) and
lower than Ucak Koc et al. (2021a) and Kosoglu et
al. (2013).

In this study, 10-HDA was determined as 2.71%
in colonies queenless and 2.66% in queenright
colonies, and the difference was found to be
statistically insignificant. Ucak Koc et al. (2021b)
found 10-HDA ratios in RJ produced in queenless
and queenright colonies to be similar to each
other.

Table 3 shows total protein (TP) rates according
to harvest times and groups. The highest TP
content was obtained in RJ harvested 24 hours at

gueenright group (18.741.28%). When the TP
content of RJ was examined in terms of harvest
time (Table 3), the RJ harvested at 24 h, 48 h and
72 h were different and important than each other
(p <0.05).

In some studies, the TP amount of RJ decreased
as the harvest time extended. These results are
compatible with the literature (Liu et al., 2008;
Zhengetal., 2011; Ucak Koc et al., 2021a). Liu et al.
(2008), the TP ratios in RJ harvested at 24, 48 and
72 hours at harvest, respectively; 16.5+0.2%,
10.1+0.3%, 9.840.2%; Zheng et al. (2011) reported
crude protein ratios as 19.6 + 1.4%, 16.2% + 1.5,
15.0 £ 1.0% in RJ harvested at 24, 48 and 72 hours
according to the harvest time, Al-Kahtani and Taha
(2020) reported crude protein ratios (crude
protein 17.71 + 0.08 18.75 + 0.13 19.58 + 0.08) in
RJ harvested at 24, 48 and 72 hours.

Table 3. Total protein rates (%) according to royal jelly harvest times (h) and groups
Time of harvest (after the larval transfer)

Groups 24 h 48 h 72 h Overall mean
Queenless 18.1+1.28 15.8+1.08 11.0+1.02 14.9+0.65
Queenright 18.7+1.28 14.7+1.01 10.3+1.17 14.6+0.67
Overall mean 18.4+1.24° 15.2+0.80° 10.6+0.27¢

a, b, c; p<0.05
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A discriminant analysis was conducted to
predict harvest time of a sample by using 10-HDA
and total protein as predictor variables and
significant differences among harvest times were
observed for the predictor variable of total protein
(p<0.001) but 10-HDA (p>0.280). The
discriminate function revealed significant

not
a
association among groups and all predictors,
accounting for 37.1 % of among group variability,
although closer analysis of the structure matrix

revealed only one significant predictor, namely
total protein (0.996). The classification results
from discriminant analysis indicated that 35%, 31%
and 88.9% of harvest time 24 h, 48 h and 72 h were
correctly classified, respectively. However, 27.6%
and 41.4% of harvest time 48 h were classified as
harvest time 24 h and 72 h. Classification results
and Figure 1 revealed that harvest time 48 h is not
discriminated from harvest time 24 h and 72 h and
is located between harvest time 24 h and 72 h.

Canonical Discriminant Functions

Function 2

Function 1
Figure 1. Discriminant analysis of the RJ sampled 24, 48 and 72 h after grafting

In this study, molecular weight determination
of MRJPs was made in 3 RJ samples selected
randomly from the queenless group according to
the harvest time (24, 48, 72 hours) (Table 4).
Molecular weights of MRIPs are very similar
according to harvest time (Table 4 and Figure 2).
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harvest time
®24nh
®48h
®72h
Group Centrid

o

Table 4. Molecular weights of Major Royal Jelly Proteins
determined by SDS-PAGE

Lane A Lane B Lane C Lane D
Marker (kDa) (24h) (48h) (72h)
250 83.2 83.2 84.2
150 72.1 73.5 73.5
100 56.1 56.9 57.4
75 51.1 52.9 52.9
50

37

25

20

15
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Lane B Lane C Lane D

250
150
100

75

50

37

25

20

15

MRJPS5 83.2
MRIP373.5

MRJP156.9
MRJP252.9

Figure 2. Molecular weights of major royal jelly proteins

In this study, the molecular weight (56.9 kDa)
determined for MRJP1 was similar to the values
(between 55-57 kDa) detected by Malecova et al.
(2003) and Peixoto et al. (2009). Different
molecular weights have been determined for
MRIJP1 in different studies. For example, studies
using the HPLC method have determined the
molecular size of the MRJP1 oligomer to be 280
kDa (Kamakura, 2001; Ramadan and Al-Ghamdi,
2012), 350 (Simuth, 2001), or 420 kDa (Tamura et
al., 2009). According to simple PAGE analysis, the
MRIJP1 oligomer was reported to be split into two
small proteins, 55 kDa (MRJP1 monomer) and 5
kDa (apisimin) (Mandacaru et al., 2017). In another
study, Bilikova et al. (2002) reported that
apalbumin (MRJP1) is a 420 kDa protein that
combines with an apisimin oligomer (5.5 kDa) to
stable MRJP1 protein complex of
approximately 450 kDa (Kamakura et al., 2001;
Kimura et al., 2003; Furusawa et al., 2016).

In this study, while the molecular weight of
MRJP2 (51.1-52.9 kDa) was similar to Santos et al.,
(2005) (between 50.6 and 59.9 kDa), Imjongjirak et
al. (2005) and Schmitzova et al. (1998) determined
for MRJP2 is different from the molecular weight
(72 kDa).

It was determined that the molecular weight for
MRIJP3 (72.1-73.5 kDa) is lower than that of Santos
et al., (2005) (80.6 Da-87.0 Da) for MRJP3. The

form a
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molecular weight determined for MRJP5 in this
study is 83.2-84.2 kDa, which is consistent with the
value determined by Santos et al. (2005).

The variation in MRJP molecular weights is high
in the studies. Practices in RJ production and other
environmental and genetic factors have shown
that the amount of protein changes (Imjongjirak et
al., 2005; Tamura et al., 2009). For this reason, the
first studies on the MRJP family started in the
1990s, with techniques developed
depending on technology, studies on this subject

some

have increased in recent years, but studies on this
subject are not sufficient.

Conclusion

Proteins constitute more than 50% of the dry
weight of RJ and are the most abundant
components. MRJPs constitute 80-90% of the total
protein content in RJ (Furusawa et al., 2008;
Buttstedt 2014).
information obtained to date, one of the most
important components that add functionality to RJ
is MRJP and the other is 10-HDA. This study
showed that RJ, which is a valuable bee product, is
richer in total protein when harvested early (24-48
hours).

et al, According to the

In addition, RJ production in queenless and
queenright colonies can be an alternative to the
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starter-finisher system wused in businesses
producing commercial RJ. In small scale family
farm, in the apiary, the queen bee of the colonies
with old or unproductive queens can be killed and
RJ can be produced in these colonies. In this type
of colonies, RJ can be produced for 15 days with
the supplement of some adult bees and sealed
(almost adult) brood workers. With a few queen
cells to be left at the end of the 15th day, the
gueens of the colonies are renewed.

On the other hand, queen confinement cage can
be used in colonies with young and fertile queens in
the apiary. When the queen is taken to the
confinement cage, if a raised frame is provided for
the queen to lay eggs, it will be easy to obtain larvae
at a suitable age for larva transfer. Finally, when
both colony productivity and protein content are
evaluated together, it can be recommended to
harvest RJ within 48 hours. Nevertheless, in our
country where the amount of RJ production is still
this
premature in terms of timing. Because, first and

insufficient, recommendation may be
foremost, it is necessary to increase RJ production,
this, should be

encouraged to produce RJ (Ozbakir Ozmen et al,,

and for more beekeepers
2016). RJ production is a demanding job that
requires team, organization, discipline, and colony
management knowledge and skills. For this reason,
most of the beekeepers do not dare to produce RJ.
However, with the implementation of the above
suggestions, it can provide beekeepers with the skill
to produce RJ in smaller quantities, even if it is not
at the size of a commercial enterprise.
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ABSTRACT

The objective of this study was to investigate the effect of ultrasound pre-treatment
(50% US and 100% US-soaking), temperature (80, 90 and 100 °C) and dryer type (hot-air
convection and vacuum) on some physical characteristics such as hectoliter weight,
thousand kernel weight, dimensions (thickness, length, width, equivalent diameter and
sphericity) of corn during drying. Before drying, corn samples were pre-treated without
ultrasound (conventional-soaking) and with ultrasound (40 kHz 200 W, 50 and 100%
amplitude) during 1 hour soaking. Pre-treated samples were dried at 80, 90 and 100 °C
in the laboratory type vacuum dryer and hot-air convection dryer. Moisture content,
dimensions (length, width, thickness, equivalent diameter and sphericity), thousand
kernel weight and hectoliter weight of pre-treated corn samples at each temperature
were analyzed for every 60 min during 240 minutes of drying processes. When the
research results were analyzed, the length, width and equivalent diameter values of the
corn samples dried in vacuum and hot air convection dryer were found significantly
different between 0-60 minutes (P<0.05), but insignificant (P>0.05) in the following
periods. While the decrease in thickness of corn samples dried in vacuum dryer was
significant (P<0.05), the decrease in thickness of corn samples dried in hot air
convection dryer was found insignificant (P>0.05). The increase in sphericity of the corn
samples dried in vacuum dryer during drying was significant (P<0.05), but the increase
in the hot air convection dryer was insignificant (P>0.05). The effect of ultrasonic pre-
treatment and dryer temperature on the size of the corn samples was found to be
insignificant (P>0.05), while the effect of vacuum drying on the size of the corn samples
was significant (P<0.05). The effect of ultrasound pre-treatment, drying temperature
and drying time on moisture content, thousand kernel weight and hectoliter weight of
corn grains were found to be significant (P<0.05). As a result, the vacuum dryer, allowed
the corn to dry in a short time without much change in the structure of the corn.

Key Words: Corn, Vacuum and hot-air convection drying, Ultrasound, Physical
properties

(074

Bu galismanin amaci, ultrases on islemi (%50 US ve %100 US islatma), sicaklik (80, 90 ve
100 °C) ve kurutucu tipinin (sicak hava konveksiyonu ve vakum) misirin kurutulmasi
sirasinda hektolitre agirhigi, bin tane agirligi, boyutlar (kalinhk, uzunluk, genislik, esdeger
cap ve kuresellik) gibi bazi fiziksel kalite ozellikleri Gizerindeki etkisini arastirmaktir.
Kurutmadan 6nce, misir numuneleri 1 saatlik 1slatma sirasinda ultrasonsuz (geleneksel
Islatma) ve ultrasonlu (40 kHz 200 W, %50 ve %100 genlik) 6n isleme tabi tutulmustur.
Ultrases on islemi (40 kHz 200 W, %50 ve %100 genlik) uygulanmis misir taneleri
laboratuar tipi vakum kurutucu ve konveksiyon sicak hava kurutucuda 80, 90, 100 °C
'de kurutma yapilmistir. Her sicaklikta 6n islem gérmis misir 6rneklerinin nem igerigi,
118
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boyutlari (uzunluk, genislik, kalinlik, esdeger cap ve kiiresellik), bin tane agirligi ve hektolitre agirligi 240 dakikalik kurutma
islemi boyunca 60 dakikada bir analiz edilmistir. Arastirma sonuglari analiz edildiginde, vakum ve sicak hava konveksiyonlu
kurutucuda kurutulan misir numunelerinin kurutma sirasindaki uzunluk, genislik ve esdeger cap degerleri 0-60 dakikada
onemli derecede farkl (P<0.05) iken, sonraki siirelerde dnemsiz bulunmustur (P>0.05). Vakum kurutucuda kurutulan misir
numunelerinin kurutma sirasindaki kalinlik azalisi istatistiksel olarak énemli (P<0.05) bulunmusken, sicak hava konveksiyonlu
kurutucuda kurutulan misir numunelerinin kalinlik azalisi dnemsiz bulunmustur (P>0.05). Vakum kurutucuda kurutulan misir
numunelerinin kurutma sirasindaki kiresellik artisi istatistiksel olarak 6nemli (P<0.05) bulunmus, fakat sicak hava
konveksiyonlu kurutucudakilerin artisi 6nemsiz bulunmustur (P>0.05). Ultrasonik on islem ve kurutucu sicakhiginin misir
numunelerinin boyutlarina etkisi 6nemsiz bulunurken (P>0.05), vakum kurutucunun misir numunelerinin boyutlarina etkisi
onemli bulunmustur (P<0.05). Ultrason 6n islemi, kurutma sicakhgi ve kurutma siiresi misir numunelerinin nem igerigine, bin
tane agirhgl ve hektolitre agirligina etkisi 6nemli bulunmustur (P<0.05). Sonug olarak yeni bir kurutma teknigi olan vakum
kurutucu misirin yapisinda fazla bir degisiklik yapmadan misirin kisa stirede kurumasini saglamistir.

Anahtar Kelimeler: Misir, vakum ve sicak havali konveksiyonel kurutma, ultrases, fiziksel 6zellikler

Introduction Ultrasound is sound waves with a frequency of
more than 20 kHz that cannot be perceived by the

Corn (Zea mays L.), which is among the most human ear in the food industry (Yildirrm et al.,
produced cereals in the world, is a product that is 2011, 2013; Firouz et al., 2019; McKenzie et al.,
very valuable in terms of both human and animal 2019; Dedebas et al., 2021). The use of ultrasound
nutrition and has a variety of uses due to its rich technology is a new and emerging technology to
nutrients. Industrially, many products are improve food quality, extend shelf life, increase
obtained from corn; Hundreds of products, mainly processing efficiency and efficiency and ensure
flour, oil, starch, sweeteners, can be counted food safety (Huang et al., 2017). Ultrasonic sound
(Alglil, 2012; Miano et al., 2017). Corn whose waves have found application in the food industry

homeland is the American continent entered in in many different areas such as cooking, enzyme
Turkey through North Africa (Babaoglu, 2005). and microbial inactivation, foaming, degassing,
The ripening of the corn grain can be understood marinating, filtration,

from the black dot on the part where the grain homogenization/emulsification, cleaning and
attaches to the cob. It is harvested when the cutting, mass transfer processes (Ulusoy and
moisture content of corn is around 30% on Karakaya, 2011; Yildinm et al., 2013). Some
average (Babaoglu, 2005). The drying process is researchers have found that such as apple slices
very important as corn kernels are prone to mold (Yilmaz, 2016), rice (Jafari and Zare, 2017) and
and spoilage after harvest. The ideal moisture for  green pepper (Szadzinska et al.,, 2017) in
the storage of corn grains should be 12-14%. improving the indirect contact drying process

Vacuum drying has some distinctive features with food products and the development of an
such as higher drying rate, low drying ultrasonic dehydration method. Also, it has
temperature and so on compared to other drying reported that ultrasound application significantly
methods. These properties help to improve the reduces the drying time (Yilmaz 2016). In
quality and nutritional value of dried products another study, it was reported that the
(Wua et al., 2007). ultrasound pre-treatment applied before the

The purpose of the pre-treatment of  drying of the food was effective on the drying
agricultural products before drying is to remove performance of the product (Tifekci and Ozkal,
the moisture inside the products more quickly, to 2015). Chen et al. (2016) developed a new drying
preserve/increase the colours, tastes and technique using a combination of ultrasound and
nutritional values of the products, to prevent vacuum drying to shorten the drying time and
possible microbial activities on them, to ensure improve the quality of carrot slices. They found
their hygienic properties, and to obtain the shape that ultrasonic drying dried carrot slices in a
and size properties in accordance with the shorter time and consumed less energy than
standards (Ozler et al., 2006). vacuum drying.
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Ultrasound pre-treatment and vacuum drying
have been used in drying of some foods before,
but limited research has been done in drying of
corn. The aim of this study was to determine
effect of pre-treatment (conventional, 50 (100 W)
and 100% (200 W) amplitude US-soaking),
temperature (80, 90 and 100 °C) and time (0-240
minute) on hectoliter weight, thousand kernel
weight, dimensions (thickness, length and width),
equivalent diameter and sphericity of corn during
hot-air convection and vacuum drying.

Material and Methods

Material

The PR32T83 corn variety used in the study
was obtained from the Dora Village, Mecburi
Hamlet, Kiziltepe, Mardin in 2017. The corn used
in this study was harvested manually to avoid
foreign materials such as broken and garbage.
Corn in the form of cob collected from the field
was hand-picked from the cob. The moisture
content of corn was found to be 28.14 (%, wet-
basis). After that, the products were stored in
vacuum packages in a deep freezer (-18 °C) to
prevent moisture loss.

Pre-treatments

Before drying, the corn samples were soaked
for 1 hour with conventional soaking and
ultrasound soaking (50% (40 kHz, 100 W) and
100% (40 kHz, 200 W) amplitudes, (acoustic
energy density (EAD) of 0.029 W cm)) at 25 °C.
Average 100 g of corn kernels were immersed in 7
liter of deionised water; conventional and
ultrasonic soaking were both performed in
ultrasonic (US) bath (Model WUC-D10H, DAIHAN
Co., Ltd,, 220-821,

KOREA). The conventional soaking was performed

Scientific Gangwon-do,
in ultrasonic (US) bath without operating the
ultrasound device. The temperature of the
soaking water was at room temperature (25 °C).
Ice water was used to keep the temperature
constant. After the soaking pre-treatments (1
hour), the corn samples were drained for 2 min,

blotted with tissue paper, and weighed and then
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analyzed for physical characteristics, and finally
immediately subjected to drying processes. The
moisture content of samples in dry basis was
estimated using Eq. 1 after a 1 hour soaking
process:

(Mo +1)+We
Wo

M, = — 1] 100 (1)

where W, is initial weight (g), Wt is weight of
sample (g) at any process time (t). Mo and M are
the moisture contents of samples in dry basis
and at different time,

initially processing

respectively.

Drying process

The samples were dried in parallel with the
laboratory type hot-air convection dryer
(Absolute pressure of 101.325 kPa, 1.2 m s air
velocity, Heraeus brand UT-12, Germany) and
type (-0.1 MPa
atmospheric pressure, WiseVen, WOV-70, Witeg,
Germany) at 80, 90 and 100 °C for 4 hours. During
drying, the samples were taken out of the dryer in

laboratory vacuum dryer

certain periods and moisture, hectoliter,

thousand kernel weight, size analysis (length,
width,
sphericity) were examined. The moisture content

thickness, equivalent diameter and

of samples (%) at any drying time was calculated
by Eq (1).

Moisture content analysis

The moisture contents of raw and pre-treated
samples were analyzed using the method of AOAC
15.950.01 at 130 °C (AOAC, 1990).

Determination of physical properties

The average dimensions (L: length, W: width
and T: thickness in mm) of corn kernels were
measured with digital caliper (Mutitoyo No. 505-
633, Japan) with an accuracy of 0.02 mm. The
sphericities (®) and equivalent diameters (De) of
grains were calculated by using Egs.(2, 3)

(Mohsenin, 1986).
Do = (L*W +T)/3 2)

_ (LawsT)1/3
- L

P
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The thousand kernel weight and hectoliter
weight of samples were obtained by the methods
of Adebowale et al. (2005), Singh et al. (2005),
Williams et al. (1983), Youssef (1978) and AACC
International Method 55-10.01 (1999),

respectively.

Statistical analysis

All analyzes were done in duplicate. Data are
presented as the mean t standard deviation. The
results were determined by analysis of variance
(ANOVA) and Duncan’s multiple range test (a =
0.05). All calculations were performed with SPSS
22.0 (SPSS 22.0 software for Windows, SPSS Inc.,
USA). The significance level of P<0.05 was used.

Results and Discussion

Physical properties and moisture content of raw
material and pre-treated corns

When the phsical analyzes made on the
untreated P32T83 maize variety samples were
examined, the thousand kernel weight, hectoliter
length, width,
diameter, sphericity and moisture content of the

weight, thickness, equivalent
samples were found to be 350.03+0.69 g,
71.60+0.79 kg hl', 11.22+0.30 mm, 9.11+0.16
mm, 4.98+0.29 mm, 7.98+0.19 mm, 0.70£0.02
and 28.14 (%, wet-basis) or 39.16 (%, dry basis),
respectively. In some studies, hectoliter weights
and thousand kernel weights of corn variety
samples were found to be between 65.43-76.2 kg
hlIt (Peplinski et al.,, 1992; Pan et al., 1996;
Vartanli and Emeklier, 2007; Saygi and Toklu,
2016) and 311.5-384.22 g values (Altinel, 2002;
Saygl and Toklu, 2016). Ozler et al. (2006), when
they examined the size analysis of dent corn, flint
corn and sweet corn in the same study, the
length, width, thickness were found to be 11.63,
11.31, 12.07 mm; 8.52, 8.89, 7.37 mm; 4.55,
4,99, 3.38 mm, respectively (moisture 25-30%). In
another study, moisture content, length, width,
thickness and sphericity values of Helen, Shemal
and P32W86 corn varieties were found to be
11.60, 11.80, 12.10%; 12.64, 13.35, 11.54 mm;
7.88, 7.30, 8.30 mm; 3.76, 4.36, 4.13 mm and
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0.570, 0.586, 0.635, respectively (Polatci et al.,
2020). When the studies are examined, it is seen
that the results of present study compatible with
the dimensional analysis.

Harvested corn kernels were soaked in water
conventional, 50 and 100% ultrasound-soaking
for 1 hour at 25 °C temperature before drying.
The moisture content of pre-treated corns with
(conventional), 50%

(50% US) and 100%
amplitude (100% US) were increased from 9.16
(%, d.b.) to 41.81 (%, d.b.), 43.28 (%, d.b.) and
45.17 (%, d.b.), respectively. When the ultrasound
amplitude increased, the moisture content of the

soaking ultrasound

amplitude ultrasound

corn samples were increased. Yildirm et al.
(2010), found that
application of chickpea absorbs more water than

high power ultrasound
low power ultrasound application. In another
study, it was found that ultrasound treatment
increased the water absorption of corn grains
(Miano et al., 2017).

In this study, the length of pre-treated corns
with soaking without ultrasound, 50 and 100% US
were found to be increased from 11.22+0.30 to
11.89+0.43, 12.04+0.10 and 12.21+0.46 mm,
respectively. The width increased from 9.11+0.16
to 9.89+0.18, 10.00+0.19, and 10.36+0.52 mm,
respectively. The thickness increased from
4.98+0.29 to 5.08+0.32, 5.23+0.17 and 5.43+0.13
mm, respectively. Equivalent diameter increased
from 7.98+0.19 to 8.42+0.12, 8.57+0.20 and
8.82+0.34 mm and sphericity increased from
0.70+0.02 to 0.7140.01, 0.71+0.01 and 0.72+0.00,
respectively. Thousand kernel weight increased
from 350.031£0.69 to 370.25+0.68, 371.73+0.48
and 372.46+0.72 g in without ultrasound, 50 and
100% US. Hectoliter weights of soaking without
ultrasound, 50 and 100% US decreased from
71.60+0.79 to 70.59+0.01, 69.89+0.56
68.76+0.42 kg hl%, respectively.

Depending on the soaking conventional, 50

and

and 100% US pre-treatments, due to the water
absorption of the corn kernels, swelling and
weight gain were observed in the grain.
Accordingly, an increase was observed in the size

(length, width, thickness, equivalent diameter and
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sphericity) and thousand kernel weights of the
corn kernels, while a decrease was observed in
the hectoliter values.

Yiksel and Elglin (2013), reported that the
water absorption rate of the wheat grain
increased with the application of ultrasound and
the wheat grain swelled as it absorbs water. It has
been reported that the size of the soybean
(Bayram et al.,, 2004), cowpea (Yildirm and
Atasoy, 2017) and three different corn samples
(Polatci et al., 2020) increased as the time and
temperature increased during the soaking. In
other studies, it has been reported when the
moisture content increased, the mass of thousand
kernel weights increase of spinach seed and red

pepper seeds (Uger et al., 2010).

Moisture content change during drying
Table 1 the effect
temperature, type of dryer and pre-treatments on

indicated of drying
moisture content of the corn samples. It was
observed that the moisture content of
conventional, 50% US and 100% US soaked corn
samples during 240 minutes of hot-air convection
drying at 80 °C decreased from 41.81 to 9.62%,
from 43.28 to 6.92% and from 45.17 to 6.32%,
respectively. Similar trends of decrease in
moisture contents of conventional, 50% US and
100% US-soaked corn samples were observed at
90 and 100 °C during hot-air convection drying

(Table 1).

Table 1. Moisture content (%) values of corn for different pre-treatments, temperatures and times during hot-air convection

and vacuum drying.

Pre-treatment Time Hot-air convection drying Vacuum drying
(min) —_80°C 90 °C 100 °C 80 °C 90 °C 100 °C
. 4181w 41gle 4181 4181705 418199%  41.817%
£0.11 £0.12 £0.09 £0.12 £0.10 +0.13
o 22589 1965wl 17560 18.815x16 1631516 12.120218
£0.09 +0.14 £0.04 £0.11 £0.07 +0.14
. 15471 12.96%1a  10.87¢'a 11,7108 10,0318 8.36218
Without US 120 "4010 £0.19 £0.08 £0.09 £0.08 £0.12
11,719 920%ia  7.11dla 9.620x18 8,368 6.69¢218
180 "y0.05 +0.16 £0.14 £0.10 £0.10 +0.11
9.62exla  27vla 5 4Qerta 8.36°x18 5.850v18 5.020218
240 "10.04 +0.14 £0.12 +0.08 £0.12 +0.09
o 4328°% 432893  4328%% 4328720 4328725 43 289
+0.10 +0.12 £0.10 £0.10 +0.11 +0.12
o  2L21b% 1861w 1645020 16.88b:26 1472028 1169028
£0.11 +0.07 £0.11 £0.12 +0.09 +0.09
1342025 10.39%% g 662 10,8202 9.520v28 7.360228
50% US 120 “i015 +0.09 £0.09 +0.09 +0.06 +0.08
952020 7.79%2 G Qi 8,668 7.36%v28 6.06228
180 “yo13 +0.08 £0.12 £0.10 +£0.08 +0.10
6.92920 56392 4.76%% 6.49°%8 5.19¢v28 4330728
240 1008 +0.09 £0.12 +0.08 £0.07 +0.11
o 4517 4517 45 Q7o 451750 45.17a0a 45 172
£0.09 +0.12 £0.13 £0.14 £0.13 +0.11
o 19420% 16710 14910 14,4538 10.84by38 6.78073
£0.12 +0.13 £0.05 £0.11 £0.12 +0.10
11,7403« Q4Qwsa  7.6gesa 7.68038 6.320138 4,972
100% US 120 "40.06 £0.12 +0.04 £0.09 £0.10 £0.12
85893 7.68h2a @ 30dda 5.874x3 4,973 407238
180 “40.04 £0.14 £0.12 £0.10 £0.09 £0.09
oy 6329  Bazes 450 4.97038 4.070v38 3.160738
+0.06 +0.10 +0.14 +0.07 +0.08 +0.07

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with
100% amplitude ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3,
ultrasound) and letters (a-e, time) and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are
significant according to the 0.05 confidence limit.

The moisture content of conventional, 50% US
and 100% US-soaked corn samples during vacuum

drying at 80, 90 and 100 °C decreased from 41.81
to 8.36%, from 41.81 to 5.85% and from 41.81 to
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5.02%; from 43.28 to 6.49%, from 43.28 to 5.19%
and from 43.28 to 4.33%, and 45.17 to 4.97%,
from 45.17 to 4.07% and from 45.17 to 3.16%,
respectively (Table 1). As the temperature of
drying increased, drying rate increased and
moisture content decreased for the entire period
of hot-air convection and vacuum drying
(P<0.05). The moisture content of the corn
samples dried in the vacuum dryer decreased
faster than the corn samples dried in the hot-air
convection dryer (P<0.05). Similarly, increase in
the

decreased in moisture content of corn samples

amplitude of ultrasound pretreatment

during both hot-air convection and vacuum
drying processes (Table 1).

In some studies, it was reported that the
drying time of corn samples was shortened as
the temperature increased (Correa et al., 2011;
Li and Moray, 2013). Daghan et al. (2018)
reported that when they dried Isot (Urfa pepper)
in hot-air convection and vacuum dryer, the
samples dried in vacuum dryer dried in a shorter
time. In another study, it was reported that
when green bean samples were dried in
ultrasound assisted vacuum drying, vacuum
dryer and hot-air convection dryer, the samples
dried

provided drying in a shorter time (Tekin et al.,

in ultrasound assisted vacuum dryer

2017). These studies are quite close to the
results of this investigation.

Dimensional change during drying

The change in length of corn during hot-air
convection and vacuum drying was given in
Table 2.
increased, the lengths of the corn samples

It was observed that as the time

during drying decreased in all pre-treatment
applications and at the temperature. The length
of conventional-soaked corn samples during hot-
air convection drying at 80, 90 and 100 °C
decreased from 11.89 to 11.35 mm, from 11.89
to 11.32 mm and from 11.89 to 11.26 mm,
respectively. The length of 50% US-soaked corn
samples during hot-air convection drying at 80,
90 and 100 °C decreased from 12.04 to 11.28
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mm, from 12.04 to 11.18 mm and from 12.04 to
11.12 mm, respectively. The length of 100% US-
soaked corn samples during hot-air convection
drying at 80, 90 and 100 °C decreased from
12.21t0 11.17 mm, from 12.21 to 11.12 mm and
from 12.21 to 11.08 mm, respectively (Table 2).
The
samples during vacuum drying at 80, 90 and 100
°C decreased from 11.89 to 11.52 mm, from
11.89 to 11.40 mm and from 11.89 to 11.23 mm,
respectively. The length of 50% US-soaked corn

length of conventional-soaked corn

samples during hot-air convention drying at 80,
90 and 100 °C decreased from 12.04 to 11.36
mm, from 12.04 to 11.25 mm and from 12.04 to
11.13 mm, respectively. The length of 100% US-
soaked corn samples during hot-air convection
drying at 80, 90 and 100 °C decreased from
12.21 t0 11.28 mm, from 12.21 to 11.13 mm and
from 12.21 to 11.09 mm, respectively. While the
decrease between 0-120 minutes at 80, 90 and
100 °C in the lengths of corn samples dried in
soaking without US, hot-air convention and
the
decrease between 120-240 minutes was not
significant (P>0.05). While the decrease in 0-60
minutes at 80, 90 and 100 °C in the lengths of
the corn samples dried in 50 and 100% US-
soaking, hot-air convection and vacuum dryer

vacuum dryer was significant (P<0.05),

was significant (P<0.05), the decrease after 60
minutes was not significant (P>0.05) (Table 2).

In Table 3, corn was dried in hot-air
convection and vacuum dryer for 240 minutes
under different conditions and width was
measured every 60 minutes as a dimensional
analysis. During hot-air convection and vacuum
drying as the drying time increased, the width of
conventional-soaking corn samples decreased
with the temperature and this decrease was
found to be significant at all drying times
(P<0.05). During hot-air convection and vacuum
dried at 80, 90 and 100 °C when the decrease in
width of corn samples 50 and 100% US pre-
treated was found to be significant in the first
hour (P<0.05), the decrease after one hour was
not significant (P>0.05).
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Table 2. Length (L, mm) values of corn for different pre-treatments, temperatures and times during hot air convection and vacuum drying.

Time Hot-air convection drying Vacuum drying
Pre-treatment .
(min) 80 °C 90 °C 100 °C 80 °C 90 °C 100 °C
11.89bxla 11.89bxla 11.89bxla 11.89bxia 11.89bxa 11.89bxa
0 +0.13 +0.06 +0.43 +0.11 +0.16 +0.12
60 11.54bx18 11.52bx18 11.48bx18 11.79bx1a 11.71bx 11.64bx1a
+0.05 +0.16 +0.38 +0.07 +0.10 +0.21
) 11.482x18 11.462x18 11.4118 11.68%a 11.581a 11.44%1a
Without US 120 +0.32 +0.26 +0.28 +0.27 +0.15 +0.12
180 11.392x18 11.3618 11.292x18 11.59%x1a 11.481a 11.32%x1a
+0.21 +0.15 +0.13 +0.21 +0.43 +0.21
240 11.3528 11.3228 11.2618 11.522x1a 11.40% 1 11.23a
+0.08 +0.12 +0.15 +0.15 +0.32 +0.29
0 12.04x1a 12.04x1a 12.04b 12.045x1a 12.045x1x 12.04bx1x
+0.10 +0.17 +0.12 +0.23 +0.13 +0.21
60 11.532x18 11.4618 11.43bax18 11.70bx1a 11.61Px1 11.52bx1a
+0.33 +0.18 +0.31 +0.20 +0.04 +0.12
11.44218 11.3528 11.30pax18 11.55%1a 11.46%1a 11.35%a
0,
50% US 120 +0.32 +0.16 +0.39 +0.43 +0.21 +0.19
180 11.3428 11.2128 11.19218 11.45%a 11.35a 11.23a
+0.31 +0.17 +0.12 +0.22 +0.11 +0.11
240 11.282x18 11.18218 11.122x18 11.36%1a 11.25a1a 11.131a
+0.30 +0.10 +0.24 +0.28 +0.18 +0.28
12.271bx1a 12.271bx1a 12.21bx 12215 12.21bxc 12.21bxc
0 +0.46 +0.42 +0.32 +0.46 +0.36 +0.54
60 11.3528 11.322x18 11.342x18 11.65%1a 11.54ax1a 11.47b4c
+0.53 +0.32 +0.31 +0.06 +0.27 +0.32
11.262x18 11.2428 11.192x18 11.49%1a 11.373x1a 11.281a
0,
100% US 120 +0.50 +0.30 +0.35 +0.36 +0.21 +0.31
180 11.20218 11.1428 11.122x18 11.39%x1a 11.251a 11.131a
+0.30 +0.32 +0.38 +0.24 +0.17 +0.23
240 11.1728 11.1228 11.082x18 11.2818 11.13a1a 11.092x1a
+0.33 +0.35 +0.31 +0.12 +0.13 +0.18

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with 100% amplitude
ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3, ultrasound) and letters (a-e, time)
and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are significant according to the 0.05 confidence limit.

Table 3. Width (W, mm) values of corn for different pre-treatments, temperatures and times during hot-air convection and vacuum drying.

Pre-treatment Time Hot-air convection drying Vacuum drying
(min) 80 °C 90 °C 100 °C 80 °C 90 °C 100 °C
9.89dx1a 9.89dx1a 9.89¢cxla 9_89dx1u 9.89¢cxla 9.89dx1a
0 +0.06 +0.02 +0.03 +0.09 +0.07 +0.11
60 9.72w18 9.61x18 9.67bvx18 9,581 9.54bxla 9.49x1a
+0.12 +0.14 +0.13 +0.16 +0.18 +0.09
) 9.66b‘/15 9'55cbxlB 9'60bayx1B 9_49cbx1a 9_44bax1u 9_38cbx1a
Without US 120 +0.24 £0.22 0.13 +0.29 £0.25 +0.21
9.65by1[5 9_52bx1[5 9_57bayx1[5 9_41bax1a 9_34bax1a 9'27bax10.
180 +0.21 +0.13 +0.31 +0.13 +0.16 +0.19
240 9.57av1p 9.43ax1p 9.54ay1p 9.35a1a 9.162x1a 9.13ax1a
+0.22 +0.34 +0.32 +0.12 +0.13 +0.15
10.00bx1 10.00bx1a 10.00bx1 10.00bx1 10.00bx1 10.00bx1a
0 +0.19 +0.27 +0.16 +0.21 +0.22 +0.18
60 9.68ax1B 9.652x1p 9.58ax1B 9.5]1ax1a 9.452x1a 9.403x1a
+0.33 +0.37 +0.26 +0.15 +0.19 +0.13
9.53ax1p 9.562x18 9.48ax1B 9.4031 9.352x1a 9.3]13x1a
0,
50% US 120 +0.36 +0.32 +0.21 +0.13 +0.09 +0.26
9.51ax1p 9.54ax1p 9.442x1p 9.32ax1a 9.252x1a 9.19x1a
180 +0.37 +0.36 +0.23 +0.22 +0.21 +0.32
9.502x1f 9.502x1p 9.42ax1p 9.28ax1a 9.142x1a 9.12ax1a
240 +0.25 +0.33 +0.24 +0.11 +0.19 +0.21
10.360x1a 10.360x1 10.36Px1 10.36Px1a 10.360x1a 10.36bx1a
0 +0.52 +0.32 +0.34 +0.44 +0.46 +0.35
60 9.602x1p 9.602x1p 9.54ax1p 9.472x1a 9.43ax1a 9.39ax1a
+0.13 +0.05 +0.07 +0.33 +0.35 +0.31
9.48ax1p 9.49x1p 9.41ax1p 9.34ax1a 9.28ax1a 9.22axla
0,
100% US 120 £0.15 +0.04 £0.05 +0.23 £0.21 +0.24
9.462x1B 9.46x1p 9.38ax1p 9.26ax1a 9.182x1a 9.102x1
180 £0.14 £0.01 +0.04 +0.13 £0.25 0.21
9.45ax1p 9.45x1p 9.362x1P 9.18ax1a 9.072x1a 8.972x1a
240 +0.13 +0.02 +0.07 +0.03 +0.15 +0.11

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with 100% amplitude
ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3, ultrasound) and letters (a-e,
time) and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are significant according to the 0.05 confidence
limit.
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The thickness variation of the corn samples is
shown in Table 4. With the increase of the time,
the thickness of the without US and 50% US-
dried
convection dryer at 80, 90 and 100 °C, decreased

soaked corn samples, in the hot-air
in all times, but this decrease was not significant
(P>0.05). The thickness of corn samples dried in
100% US-soaking hot-air convection dryer at 80,
90 and 100 °C was decreased from 5.43 to 4.96
mm, from 5.43 to 4.92 mm and from 5.43 to 4.91
mm, respectively and was significant in the first

60 minutes (P<0.05). The decrease was not

significant in the following times (P>0.05). The
thicknesses of corn samples dried in without US,
50 and 100% US-soaked vacuum dryer at 80, 90
and 100 °C increased with increasing time. The
thickness increase of conventional-soaking, 50
and 100% US pre-treated corn samples during
vacuum drying at 80, 90 and 100 °C was
significant in the first 60 min (P<0.05). The
thickness of the corn samples after the 60th
minute remained constant until 240 minutes and
was not significant (P>0.05).

Table 4. Thickness (T, mm) values of corn for different pre-treatments, temperatures and times during hot-air convection and

vacuum drying.

Pre-treatment Time Hot-air convection drying Vacuum drying
(min) —_80°C 90 °C 100 °C 80 °C 90 °C 100 °C
5.08ax1a 5.08ax1a 5_08ax1a 5_08ax1a 5_08ax1a 5_08ax1a
0 +0.02 +0.06 +0.09 +0.03 +0.05 +0.11
o 5058 5028 4998  54ghxla 5 5obxla 5.550x1a
+0.11 +0.17 +0.09 +0.23 +0.11 +0.06
. 50408 50128 4088  5Exla 5 gAoxla 5.690x1a
Without US 120 +0.11 +0.21 +0.02 +0.12 +0.25 +0.07
g0 503 500 4950 5Era 5 6apde 5.690x1a
+0.10 +0.16 +0.10 +0.21 +0.18 +0.15
g 499 406%B  494vB 5o 5 pavela 5.690x1a
+0.13 +0.11 +0.07 +0.23 +0.13 +0.11
5_23ax21a 5_23ax21a 5.23ax21a 5.23ax21a 5.23ax21u 5.23ax21u
0 +0.17 +0.12 +0.13 +0.19 +0.21 +0.03
0 50018 49998 49728  553baxta 555l 5.580x1a
+0.22 +0.06 +0.20 +0.10 +0.28 +0.26
40618 40418 491218 5@gxla 5 7Qbxla 5.77bx1a
0]
0% US 120 +0.23 +0.05 +0.21 +0.14 +0.17 +0.21
g0 A9 493%B  489%%  5eguia 5700 57701
+0.21 +0.02 +0.28 +0.11 +0.20 +0.15
g A93P 40238 4g7aB  5egia 570w 5.770x1a
+0.19 +0.07 +0.26 +0.19 +0.23 +0.26
54372 543w 543m2% 54392 54392 5432
0 +0.12 +0.11 +0.02 +0.13 +0.17 +0.14
60 406518 40218 401a1B  5agxia 5 7bxla 5.7g0x1a
+0.37 +0.12 +0.16 +0.07 +0.26 +0.12
40418 40018 48818 57Qxia 5 gqbxa 5.91bx1a
0,
s 120 +0.38 +0.13 +0.12 +0.09 +0.20 +0.17
g0 4925 488B 485l 570w 5 gabds 5.91bx1a
+0.34 +0.18 +0.13 +0.02 +0.13 +0.10
g AO0%®  486mB 483w 5glia 5 ggpea 5.91bx1a
+0.33 +0.19 +0.15 +0.05 +0.19 +0.08

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with
100% amplitude ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3,
ultrasound) and letters (a-e, time) and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are

significant according to the 0.05 confidence limit.

The equivalent diameters (De) of the samples
dried in hot-air convection and vacuum dryer all
conditions decreased at all times (Table 5). This
decrease is thought to be due to the removal of
water from the grain. The equivalent diameters of
corn samples dried in a without US-soaking hot-
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air convection dryer at 80, 90 and 100 °C were
found to be significant at all times (P<0.05). The
equivalent diameters of corn samples dried in 50
and 100% US-soaking hot-air convection dryer at
80, 90 and 100 °C were found to be significant
(P<0.05) in the first 60 minutes, but not significant
for periods up to 240 minutes (P>0.05).
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Table 5. Equivalent diameter (De, mm) values of corn for different pre-treatments, temperatures and times during hot-air

convection and vacuum drying.

Time Hot-air convection drying Vacuum drying
Pre-treatment .

(min) 80°C 90 °C 100 °C 80°C 90 °C 100 °C
8'42bx1a 8.420(10( 8.42bx1u 8_423)(101 8_423)(1(1 8_423)(1(1

0 +0.02 +0.05 +0.01 +0.08 +0.05 +0.02
8.28bx18 8.22bx18 8.21bx18 8.56¥1 8.531a 8.5431a

60 +0.06 +0.15 +0.17 +0.21 +0.15 +0.01
. 8.24248 8.18218 8.17218 8.53¥1 8.50%1a 8.50%1a

Without US 120 +0.13 +0.21 £0.13 +0.19 +0.13 +0.11
8.212418 8.15ba18 8.12218 8.48¥1 8.45%1a 8.43¥1a

180 +0.03 +0.14 +0.10 +0.11 +0.21 +0.23
8.162*18 8.092x18 8.10°¢18 8.4431 8.381a 8.361¢

240 +0.05 +0.01 +0.12 +0.18 +0.10 +0.12
8'57bx1a 8_57bx1a 8.57bx1u 8_57ax1a 8_57ax1a 8_57ax1a

0 +0.17 +0.21 +0.12 +0.11 +0.10 +0.07
8.212418 8.21218 8.16%# 8.51¥1 8.4731a 8.45%1a

60 +0.06 +0.17 +0.04 +0.17 +0.11 +0.13
8.112418 8.15218 8.07># 8.52¥1 8.48¥1a 8.48¥1a

0,

>0% US 120 +0.03 +0.11 +0.03 +0.15 +0.17 +0.16
8.06°1F 8.10°18 8.02°18 8.471a 8.4 8.412x1a

180 +0.05 +0.12 +0.05 +0.10 +0.18 +0.19
8.04218 8.05218 7.992x18 8.43a 8.38a 8.36%1a

240 +0.07 +0.15 +0.03 +0.14 +0.15 +0.10
8.82bX1a 8.82bX1a 8.82b)(1a 8.82ax1a 8.823)(1(1 8.823)(1(1

0 +0.32 +0.35 +0.22 +0.38 +0.33 +0.37
8.05218 8.16218 8.10°18 8.561 8.531a 8.5431a

60 +0.30 +0.16 +0.11 +0.19 +0.17 +0.09
7.992x18 8.082x18 8.00°18 8.53a 8.50°¢1a 8.50°¢1a

0,

100% US 120 +0.28 +0.17 +0.21 +0.11 +0.12 +0.12
7.9721 8.03218 8.06>18 8.481a 8.45%1a 8.4321a

180 +0.26 +0.12 +0.16 +0.13 +0.16 +0.21
7.95218 8.012*18 8.032¢18 8.44¥1 8.381a 8.36%1¢

240 +0.29 +0.13 +0.16 +0.12 +0.10 +0.14

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with
100% amplitude ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3,
ultrasound) and letters (a-e, time) and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are

significant according to the 0.05 confidence limit.

In Table 6, corn was dried in hot-air convection
240 min different
conditions and sphericity was measured every 60

and vacuum dryer for
minutes as a dimensional analysis. As the time
increased, the sphericity values of corn samples
dried in without US, 50 and 100% US-soaking hot-
air convection dryer at 80, 90 and 100 °C was not
(P>0.05). While the
sphericity values of corn samples dried at 80, 90
and 100 °C in a vacuum dryer with without US, 50
and 100% US-soaking increased in the period

changed significantly.

between 0-120 minutes and this increase were
found to be significantly changed (P<0.05), The
change between 180-240 minutes was not
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significantly changed (P>0.05).

When the temperature changed between 80-
100 °C, the dimensions (length, width, thickness,
equivalent diameter and sphericity) of the
examined corn samples decreased, but this
decrease was not found to be significant (p>0.05)
(Tables 2-6). It is thought that the reason for this
is that the corn was dried at high temperature
and the temperatures were close to each other.

The effect of different pre-treatment
applications on the dimensions (length, width,
thickness, equivalent diameter and sphericity) of
the corn samples during drying was not found
significant (p>0.05) (Tables 2-6).
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Table 6. Sphericity (D) values of corn for different pre-treatments, temperatures and times during hot-air convection and

vacuum drying.

Time Hot-air convection drying Vacuum drying
Pre-treatment .
(min) 80 °C 90 °C 100 °C 80 °C 90 °C 100 °C
o 0'71ax1a O_7lax1a 0.71ax1cx 0.71ax1cx O_7laxla O_7laxla
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00
60 0.7231a 0.71°x18 0.722+18 0.73bx1a 0.74bx1a 0.75bx1a
+0.01 +0.01 +0.01 +0.00 +0.03 +0.01
. 0.72248 0.71318 0.7228 0.74%% 0.75%1 0.76%
Without US 120 +0.01 +0.02 +0.01 +0.00 +0.03 +0.01
180 0.72248 0.72318 0.7228 0.74%% 0.75%1 0.76%1
+0.00 +0.04 +0.00 +0.00 +0.03 +0.00
240 0.722x18 0.7118 0.722+18 0.74 0.75%1« 0.76%1
+0.00 +0.01 +0.00 +0.00 +0.03 +0.00
o 0'71ax1a O_7lax1a 0.71ax1cx 0.71ax1cx O_7laxla O_7laxla
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01
60 0.71248 0.72318 0.7228 0.73bx1 0.74b1 0.75bx1
+0.01 +0.00 +0.02 +0.00 +0.00 +0.02
0.71248 0.72318 0.7228 0.74%% 0.75%1 0.76%%
0,
>0% US 120 +0.03 +0.00 +0.01 +0.00 +0.01 +0.02
180 0.717# 0.72%# 0.727# 0.741 0.75%1 0.761
+0.01 +0.00 +0.04 +0.00 +0.01 +0.03
240 0.717# 0.72%# 0.7271# 0.74%1 0.75%1 0.761
+0.02 +0.00 +0.01 +0.00 +0.01 +0.02
0 0.7234« 0.72241 0.7234« 0.7234« 0.72%1 0.72%1
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00
60 0.72248 0.72x18 0.72218 0.73bx1 0.74b1 0.75bx1
+0.01 +0.01 +0.02 +0.00 +0.03 +0.01
0.7271# 0.72%# 0.727# 0.741 0.75%1 0.761
0,

100% US 120 +0.01 +0.01 +0.02 +0.00 +0.03 +0.01
180 0.722¢18 0.72%16 0.70>18 0.74%% 0.75%% 0.76%

+0.01 +0.01 +0.01 +0.00 +0.03 +0.00
240 0.72248 0.72x18 0.70218 0.74% 0.75%1 0.76%1

+0.01 +0.00 +0.01 +0.00 +0.03 +0.00

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with
100% amplitude ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3,
ultrasound) and letters (a-e, time) and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are

significant according to the 0.05 confidence limit.

The dimensions (length, width, thickness,
equivalent diameter and sphericity) of the corn
samples varied in different dryers and were found
to be significant (P<0.05) (Tables 2-6). The
dimensions of the corn samples dried in the
vacuum dryer decreased more slowly than the
corn samples dried in the hot-air convection
dryer. The moisture of corn samples dried in
vacuum dryer decreased faster than the moisture
of corn dried in hot-air convection dryer. While
the moisture of the corn in the vacuum decreased
during drying, its dimensions were less than the
size of the corn dried in the hot-air convection
dryer, since no shrinkage was observed.

The size of corn samples decreased rapidly in
0-60 minutes of hot-air convection and vacuum
(P<0.05). The reason for the

drying rapid
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reduction in size is thought to be due to the
drying of moisture on the surface first, as the
maize samples begin to heat up with the warm air
around them. The decrease in the size of the corn
slowed down with the increasing drying time. It is
thought that the reason for the slow decrease in
the size of the samples is that the moisture in the
corn dries later and this drying takes more time.
In some studies, it was reported that the size of
cowpea (Ampah, 2011) and paddy (Lilhare and
Bawane, 2012) samples decreased with increasing
time and temperature during drying. This is quite
close to the results of this investigation.

The 1000-kernel weight change during drying
Table 7 shows the results of the thousand
kernel weight of corn samples during the drying in
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different pre-treatment applications and hot-air
convection and vacuum dryers at different
temperatures.

During hot-air convention drying, when the
temperature increased from 80 to 100 °C, the
thousand kernel weight of the conventional, 50
and 100% US-soaked corn samples decreased
from 370.25 to 272.86 g, from 371.73 to 269.72 g
and from 372.46 to 263.54 g, respectively. When
the temperature increased from 80 to 100 °C
during vacuum drying, the thousand kernel
weight of the conventional, 50 and 100% US-
soaked corn samples decreased from 370.25 to
268.19 g, from 371.73 to 265.78 g and from
372.46 to 260.20 g, respectively. The decrease in
thousand kernel weights in ultrasound power,
temperature, time and dryer changes was found
to be significant (P<0.05). It is thought that as the
moisture is removed from the corn samples
during drying, the weight of the corn samples

decreases proportionally to the thousand kernel
weight (Table 7).

A significant (P<0.05) decrease was observed in
thousand kernel weights of corn samples dried in
hot-air convection and vacuum dryer depending
on the time.
temperature and ultrasound power increased, the
drying time was shortened and the thousand
kernel weights decreased. The thousand kernel
weights of the corn samples dried in the vacuum
dryer decreased faster than the corn samples
dried in the hot-air convection dryer. In the
literature studies, it has been reported that the
drying time was shortened with the increase in
temperature, and the weight of cowpea (Ampah,
2011) and artichoke slices (Alibas, 2012)
decreased depending on the temperature and
also this is quite close to the results of this
investigation.

It was observed that as the

Table 7. Thousand kernel weight (g) values of corn for different pre-treatments, temperatures and times during hot-air

convection and vacuum drying.

Pre-treat t Time Hot-air convection drying Vacuum drying
re-treatmen (min) 80 °C 90 °C 100 °C 80°C 90 °C 100 °C
0 370.251 370.251 370.251 370.25%1 370.25%  370.25%1«
+0.68 +0.68 +0.68 +0.68 +0.68 +0.68
60 312.88936 310.8073F 303.09%3# 307.54¢3¢ 302.80%2¢ 2920592
+0.11 +0.65 +0.25 +0.13 +0.25 +0.77
. 287.31¢3%8 285,923 278.35%38 285.90°23¢ 282.279%  276.07%3¢
Without US 120 +0.05 +0.40 +0.40 +0.39 +0.71 +1.10
180 282.120236 280.20°v38 274.04°38 278.62%73¢ 276.883¢ 270,332
+0.11 +0.90 +0.30 +0.39 +0.50 +1.02
240 279.78°%38 277.75%38 272.86%*3F 276.1333¢ 274.90%3¢ 268.19¥3¢
+0.08 +0.13 +0.23 +1.23 +0.91 +1.38
0 371.739%2 371.73%1 371.73%21a 371.7391 371.7392e 371 73X
+0.48 +0.48 +0.48 +0.48 +0.48 +0.48
60 306.2392¢ 303.67%28 298.65%%8 302.79¢92 299.80%2¢ 2907492
+0.35 +0.31 +0.66 +0.04 +0.25 +0.45
0 285.86% 281.209% 273.55P2 28469 282.27%%  272.069%*
50% US 120 +0.04 +0.01 +1.39 +0.35 +0.71 +0.55
130 279.06°22¢ 275.66°Y28 270.27%% 275.90°22¢ 273.92b2¢ 268 910X
+0.16 +0.25 +0.85 +0.04 +0.21 +0.73
240 277.40°%8 274.89%v%8 269.722% 274.00%2 270.99%2¢ 265,782
+0.74 +0.04 +0.94 +0.09 +0.01 +0.31
B 372.46°%2 372.46% 372.46%2 372.46°2 372.46%2¢ 372 .46%%
+0.72 +0.72 +0.72 +0.72 +0.72 +0.72
£0 300.1091# 290.96%18 284,561 296.49 921 286.15%1 281 .29l
+1.00 +0.91 +0.83 +0.23 +0.78 +0.23
. 276.7118 271.07°18 269.87°18 274,551 269.71%¢  267.19Px1¢
100% US 120 +0.17 +0.81 +0.42 +0.41 +0.81 +0.85
180 272.420718 266.361# 264.36>16 271.63541 264.30%1 261,323
+0.13 +0.28 +0.06 +0.45 +0.29 +1.04
240 270.67°718 265.44%Y18 263.542x18 269.06%71 262.79%1¢  260.20%
+0.04 +0.04 +0.32 +0.54 +0.57 +1.00

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with
100% amplitude ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3,
ultrasound) and letters (a-e, time) and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are

significant according to the 0.05 confidence limit.
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Hectoliter weight change during drying

In Table 8, the corn was dried for 240 minutes
in a hot-air convection and vacuum dryer at
different
different temperatures, and the hectoliter weight

pre-treatment applications and at

during drying is given. When comparing the
50 and 100%
treated corn samples during hot-air convection

conventional, US-soaking pre-
drying at 80 °C, the hectoliter weight values
decreased from 70.59 to 63.45 kg hl, from 69.89
to 61.00 kg hl'* and from 68.76 to 60.02 kg hl?,
respectively. When comparing the conventional,
50 and 100%
samples during vacuum drying at 80 °C, the

US-soaking pre-treated corn

hectoliter weight values decreased from 70.59 to
58.49 kg hl%, from 69.89 to 57.63 kg hl* and from

68.76 to 56.68 kg hl?!, respectively. It was
observed that when the temperature increased
from 80 to 100 °C, the hectoliter value of
conventional, 50 and 100% US-soaked samples in
the hot-air convection dryer decreased from
70.59 to 57.28 kg hl%, from 69.89 to 56.01 kg hl?,
from 68.76 to 55.56 kg hl, respectively while it
decreased from 70.59 to 54.97 kg hl, from 69.89
to 53.84 kg hl?l, from 68.76 to 52.72 kg hl?,
respectively in the vacuum dryer. Similar
decreases in hectoliter weights were obtained for
90 and 100 °C hot-air convection and vacuum
drying. The changes in temperature, ultrasound
power, time and drier showed significant
decrease in hectoliter weight of corn samples

during drying (P<0.05).

Table 8. Hectoliter weight (kg hl™) values of corn for different pre-treatments, temperatures and times during hot-air

convection and vacuum drying.

Time Hot-air convection drying Vacuum drying
Pre-treatment .
(min) 80 °C 90 °C 100 °C 80 °C 90 °C 100 °C
0 70.599%2 70.59°x2 70.599x2 70.59°x2 70.59%x2 70.59%x2
+0.11 +0.12 +0.13 +0.14 +0.13 +0.11
60 66.8793F 64.099v38 63.049x36 64.1893 62.11%v2 60.25%3
+0.05 +0.11 +0.11 +0.09 +0.14 +0.05
. 65.14¢236 61.8838 59.16%3# 60.153¢ 58.98¢y2 56.993¢
Without US 120 +0.06 +0.10 +0.21 +0.08 +0.10 +0.09
180 64.10°23F 60.80°Y3# 58.17236 59.24b%3¢ 57.94by3¢ 55.8173¢
+0.04 +0.11 +0.12 +0.06 +0.16 +0.12
240 63.45%738 59.132%3F 57.28>3F 58.49°23¢ 56.89%Y3% 54,9723
+0.07 +0.04 +0.12 +0.07 $0.21 +0.23
0 69.896)(210[ 69_89ex21a 69.896)(210[ 69_89ex21a 69_89ex21cx 69'89ex21a
+0.56 +0.56 +0.56 +0.56 +0.56 +0.56
60 65.639228 63.61928 62.14926 63.51922 62.11%2 59.97%2«
+0.09 +0.01 +0.07 +0.11 +0.20 +0.21
63.98228 60.43Y28 58.86%%F 59,732 58.98¢Y2 55.912
50% US 120 +0.09 +0.18 +0.17 +0.13 +0.14 +0.11
180 62.40°228 59.27bv28 57.04228 58.46P72 56.9852¢ 54,4452
+0.11 +0.10 +0.21 +0.07 +0.03 +0.02
240 61.00%7%8 58.00%v2F 56.012F 57.63%% 55.813Y2% 53.84%%
+0.16 +0.21 +0.11 +0.07 +0.02 +0.02
0 68.76°*1 68.76%1 68.76%1 68.76%1¢ 68.76°1 68.76°1
+0.61 +0.61 +0.61 +0.61 +0.61 +0.61
60 64.6991F 62.7918 61.97% 62.42971a 60.29%1 58.76%1
+0.20 +0.15 +0.23 +0.28 +0.26 +0.23
62.15416 59.920v18 57.84P18 58.861 56.91¢v1« 54,74
100% US 120 +0.23 +0.11 +0.19 +0.11 +0.25 +0.21
180 61.07°4f 58.19%v16 56.2121f 57.96b%1 55.98bY1x 53,8801
+0.21 +0.12 +0.18 +0.15 +0.21 +0.20
240 60.022718 57.62%16 55.56°*1f 56.68%1 54,9921 52.72%a
+0.15 +0.10 +0.21 +0.17 +0.10 +0.21

*Without US: Soaking without ultrasound, **50% US: Soaking with 50% amplitude ultrasound, ***100% US: Soaking with
100% amplitude ultrasound. Differences between values shown in the same column in the Table with different numbers (1-3,
ultrasound) and letters (a-e, time) and with different letters in the same line (x-z, temperature) and letters (a-B, dryer) are

significant according to the 0.05 confidence limit.
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The hectoliter weights of corn samples dried in
hot-air convection and vacuum dryers decreased
significantly depending on the time (P<0.05). As
the temperature and ultrasound power increased,
it was observed that the hectoliter weights
the
shortened. The hectoliter weights of corn samples

decreased because drying time was
dried in vacuum dryer decreased faster than corn
samples dried convection hot-air dryer.
Peplinski et al. (1994), determined that the

hectoliter weight of corn grains dried at 25-100 °C

in

decreased as the temperature increased. The
research is in agreement with this study.

Conclusion

In this study, the physical characteristics of

corn grains grown in Mardin region were
examined. Although the effect of ultrasound pre-
treatment on the size of the corn kernels during
drying was insignificant (P>0.05), the effect on the
moisture content, thousand kernel weight and
hectoliter weight values was found to be
significant (P<0.05). the
increase in ultrasound amplitude (from 50 to
100%) was significant (P<0.05) effect on the

decrease in the moisture content, thousand grain

At the same time,

weight and hectoliter weight of the samples. Both
in hot-air convection and vacuum dryers, as the
drying time increased, the decrease in the size of
the corn kernels, moisture content, thousand
kernel weight and hectoliter weight were found
to be significant (P<0.05). The reduction in the
size of the corn kernels were insignificant (P>0.05)
during hot-air convection and vacuum drying with

temperature increase, but the reduction in
moisture content, thousand kernel weight and
hectoliter weight were determined to be

significant (P<0.05). It was observed that the
moisture content, thousand grain weight and
hectoliter weight values of corn kernels dried in
vacuum dryer decreased faster than those dried
The effect of
temperature and ultrasound was observed in the

in hot air convection dryer.

hot air dryer, but the effect of vacuum was

observed more in the vacuum dryer. It is
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estimated that the use of ultrasound in direct
drying, instead of ultrasound pre-treatment, will
affect drying better in the drying of corn kernels.
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HARRAN TARIM ve GIDA BiLiIMLERi DERGISI
YAZIM KURALLARI

1. Makale, Microsoft Word programinda, Calibri yazi karakterinde, 1.15 satir araliginda, 12

2.

10.

11.

12.

punto diiz metin ve tek sttun olarak yazilmalidir.
Kenar bosluklari; sol, sag, alt ve list- 3 cm birakilarak, her satira ardisik olarak satir numarasi
verilerek hazirlanmalidir.

. Yazar(lar) makalenin ne tlrde bir yazi (Arastirma makalesi, derleme, teknik not vb.)

oldugunu belirtmelidir.

. Tiirkge baslik 14 punto (koyu ve ortah) kiiclk harflerle (Bashgin sadece ilk kelimesinin bas

harfi biyiik) ve diiz yazilmaldir. ingilizce bashk 12 punto ve ortali yazilmalidir.

Yazar isimleri Adi SOYADI kuralina gére Tirkce baslik sonrasi 12 punto (koyu, ortali ve
diiz) ve bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin ist simge olarak
rakam, sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri
sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir.

Adres satirindan sonra 1 bosluk birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID
satirinin altina, sorumlu yazar e-posta adresi belirtilmelidir.

. Metin genel olarak;

e Oz
e Abstract,
e Giris,

e Materyal ve Metot,

e Arastirma Bulgular ve Tartisma,
e Sonuglar,

e Ekler

e Kaynaklar seklinde olmalidir.

. Ana basliklarin yaziminda koyu olarak kelimelerin sadece bas harfleri bliyik yazilmalidir.

ikincil ve Gglincil bashklarda sadece ilk kelimenin bas harfi biyiik, diger kelimeler kiigiik,
koyu degil ve italik yazilmalidir. Metin ana basliklari, metin baslangici ve sonunda olmak
Uzere 1’ er bosluk birakilmahdir. Alt basliklardan 6nce 1 bosluk birakilmali, ancak,
sonrasinda bosluk birakilmamalidir. Tim basliklar girinti verilmeden sola yasli olarak
yazilmahdir.

. Metin icerisinde kaynak gésterimi (Yazar, yil) esasina gore yapilmalidir. Metin icerisinde

iki yazarli bir kaynagin gosteriminde, metin Tirkge ise (ilk yazar soyadi ve ikinci yazar
soyadi, yil) kurali uygulanmalidir. ikiden fazla yazarin bulundugu kaynaklarin gésteriminde
(ilk yazarin soyadi ve ark., yil) kurali uygulanmalidir.

Ornegin; (Mamay, 2020), (ikinci ve Bolat, 2018); (Séylemez ve ark., 2019),

Makale ingilizce olarak yazilacaksa (ilk yazar and ikinci yazar, yil) ve (ilk yazarin soyadi
et al., yil) kurali uygulanmalidir.

Ornegin; (Séylemez, 2018), (Bolat and Mamay, 2015), (Mamay et al., 2010).

Metin icerisinde birden fazla kaynaga ayni anda atif yapilacak ise; kaynaklar
yayinlandiklari yil dikkate alinarak kronolojik olarak siralanmalidir.

Oz (ABSTRACT): Baslk sola yasli olmali, 10 punto, koyu, paragraf basinda girinti
verilmemelidir. Tiirkce ve ingilizce metin 300 kelimeyi asmayacak sekilde, 10 punto ve 1
satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler ve Abstract ile Key Words arasinda tek



satir bosluk (10 punto, diz) birakilarak metnin hemen altinda en fazla 5 adet Anahtar
Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin (Giris) arasinda iki satir bosluk
birakilmalidir.

13. Makalelerde fotograf, grafik, cizim vb. “Sekil” olarak, Tablolar ise “Cizelge” olarak ifade
edilmelidir.

14. Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya Cizelge 1.). “Sekil”
ve “Cizelge” icerikleri 1 satir aralikh ve 10 punto olarak hazirlanmalidir.

15. Cizelge basliklari gizelgenin Ustlinde, sekil bashklari ise sekillerin altinda ilk harf biylk
olacak sekilde 1 satir aralikli 10 punto olarak yazilmalidir.

16. Tiirkge yazilmis makalelerde Sekil ve Cizelge basliklarinin ingilizceleri, Tiirkge bashgin
hemen altinda italik olarak yazilmahdir. (Makale ingilizce olarak yazilmissa, Sekil ve Cizelge
basliklarinin Turkge karsiliklari yazilmayacaktir)

Sekil 1. Arastirma bahcgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik yagis miktari
ortalamasi degerleri (2007-2011 yillari ortalamasi)

Figure 1. The average temperature, average relative humidity and average monthly rainfall data detected in the
research garden (average of the years 2007-2011)

Cizelge 2. Seftali gesitlerinin 2007 - 2011 yillari arasindaki fenolojik gdzlem sonuglari
Table 2. Phenological observation results of peach cultivars for between 2007 and 2011

Tirkgce yazilmis makalelerde Cizelge ile Sekillerin igerisinde bulunan parametrelerin
ingilizce karsiliklari bu parametrelerin hemen altina italik olarak yazilmalidir. (Makale ingilizce
olarak yazilmissa, Sekil ve Cizelgelerin icerisinde belirtilen parametrelerin Tlrkge karsiliklari
yazilmayacaktir.)

Cizelge 3. Denemede yer alan seftali gesitlerinin bazi pomolojik 6zellikleri
Table 3. Some pomological properties of peach varieties

Cesitler Meyve agirhgi(g) Meyve eni (mm) | Meyve boyu(mm) Cekirdek agirhigi (g)
Varieties Fruit weight (g) Fruit width (mm) |  Fruit length (mm) Kernel weight (g)
Cardinal 78.19 f 50.73 d 48.48 ¢ 5.06d
Cresthaven 129.58 b 61.69 bc 59.56 b 8.31 bc

17. Makale metni ve Cizelge-Sekil icerisinde bildirilen ondalik rakamlar, nokta ile ayrilmalidir.
(123.87; 0.987 vb.).

18. Cizelge-Sekillerden dnce ve sonra bir satir bosluk birakilmalidir.

19. Makale yaziminda “Uluslararasi Birim Sistemi” (SI)’ye uyulmalidir. Buna gore; g/l yerine g
I, mg/l yerine mg I'* ya da ppm kullaniimalidir. Yuzde ile belirtilen ifadeler aciklayici
olmalidir. Ornegin; %3 yerine %3 (w/v), %3 (v/v), %3 (w/w) seklinde belirtilmelidir.

20. Harran Tarim ve Gida Bilimleri Dergisi Kaynaklar listesinin bildirisinde APA Formatini
kullanmaktadir. Buna gore kaynaklar listesi asagidaki kurallar c¢ergevesinde
hazirlanmalidir.

1. DERGIi YAYINLARINA ATIF VERME

1.1. Tek yazarli makale

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’nin
Sanlurfaili nar bahgelerindeki bulasiklik haritasi. Tiirkiye Entomoloji Biilteni, 5(3), 159-
166.



1.2. iki yazarl makale

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions.
Applied  ecology and environmental research, 15(3), 759-770. DOI:
http://dx.doi.org/10.15666/aeer/1503 759770

1.3. ikiden fazla yazarl makale

Mamay, M., Unli, L., Yanik, E., Dogramaci, M., & ikinci, A. (2016). Efficacy of mating
disruption technique against carob moth, Apomyelois ceratoniae Zeller (Lepidoptera:
Pyralidae) in pomegranate orchards in Southeast Turkey (Sanliurfa). International
Journal of Pest Management, 62(4), 295-299.

Ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat
requirements and effective heat summations of some pomegranate cultivars grown
in Southern Anatolia. Erwerbs-Obstbau, 56(4), 131-138. DOI:
https://doi.org/10.1007/s10341-014-0220-8

2. KITAPLARI KAYNAK GOSTERME

2.1. Kaynak kitap ise,

Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York:
Gordon and Breach Science Publishers.

2.2. Kaynak kitaptan bir boliim ise,
Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp.
pages). Place: Publisher.

2.3. Editorla kitap

Yesilyaprak, B. (Ed. ). (2003). Gelisim ve égrenme psikolojisi. Ankara: Pegema Yayincilik.

2.4. Yazari bilinmeyen kaynaklari veya internet kaynaklarini kaynak olarak gosterme;

Anonymous (2005). Tereyagl, diger sit yagi esash sirilebilir Grlinler ve sadeyag tebligi. Turk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from:
http://faostat.fao.org/site/567/default.asp.

3. YUKSEK LISANS ve DOKTORA TEZLERINE ATIF VERME

Doktora ya da vyuksek lisans tezlerine elektronik veri tabanlarindan, kurumsal
arsivlerden ve kisisel web sayfalarindan erisilebilir. Eger bir teze ProQuest doktora ve yiiksek
lisans tezleri veri tabanindan ya da diger bir kaynaktan erisildiyse, atifta bu bilgi verilmelidir.
Bir veri tabani servisinde mevcut olan bir doktora ya da yiiksek lisans tezi icin asagidaki
kaynak gosterme bicimi kullanilir:


http://dx.doi.org/10.15666/aeer/1503_759770
https://doi.org/10.1007/s10341-014-0220-8
http://faostat.fao.org/site/567/default.asp

3.1. Yayimlanmamis tez

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards
in Sanliurfa province and using mating disruption technique for its control
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant
growing, yield and some fruit quality features at soilless grown grafted tomatoes
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

3.2. Yayimlanmis tez
May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol, UK: Canopus
Publishing.

4. SEMPOZYUM VE TOPLANTI BiLDiRILERINE ATIF VERME

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3" International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture,
Forest, Food Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia,
Turkey.

Sonmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp.
(Hemiptera: Aphididae)] population in greenhouse lettuce. 1% International Gobeklitepe
Agriculture Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa,
Turkey.

Not: Yukarida yer alan kaynak goésterimlerde bulamadiginiz farkli materyal veya konu

bashklarindaki kaynak bildirisleri icin internetteki APA Kaynak Gosterimi ile ilgili
web sayfalarindan ya da asagidaki linkteki bilgilerden yararlanabilirsiniz.

https://libguides.library.usyd.edu.au/ld.php?content id=47913440

Sencan, i., ve Dogan, G. (2017). Bilimsel yayinlarda kaynak gdsterme, tablo ve sekil
olusturma rehberi: APA 6 Kurallarl. Tiirk Kitiphaneciligi Dergisi, Ankara.

https://www.tk.org.tr/APA/apa_2.pdf


https://libguides.library.usyd.edu.au/ld.php?content_id=47913440
http://www.tk.org.tr/APA/apa_2.pdf

HARRAN TARIM ve GIDA BiLIMLERi DERGISi
YAZAR REHBERI

1. Harran Tarim ve Gida Bilimleri Dergisi’'ne génderilen makaleler Dergi Yayin Kurulu tarafindan
belirlenen yazim kurallarina gore yazilmalidir.

2. Makaleler, Dergipark Sistemi lizerinden online olarak yiklenmelidir.

3. Tum vyazarlar tarafindan imzalanan Telif Hakki Devir Soézlesmesi ve Makale Kontrol
Listesi (sorumlu yazar tarafindan imzalanacak) makale ile birlikte sisteme yuklenmelidir.

4. iThenticate Programi Benzerlik Raporu (%20’yi ge¢memelidir) ve gerekli ise Etik Kurul
Karari makale ile birlikte sisteme yuklenmelidir.

5. Hazirlanacak olan makale metni genel olarak;

e Oz,
e Abstract,
e Giris,
e Materyal ve Metot,
e Arastirma Bulgulari ve Tartisma,
e Sonuglar,
e Ekler,
e Beyanlar
e Cikar Catismasi

¢ Yazar Katkisi

e Kaynaklar bélimlerinden olusmalidir.

6. Bashlik: Kisa ve aciklayici olmali, Calibri yazi karakterinde, 14 punto, koyu, diiz, ortalanarak ve
kiicuk harflerle (Basligin sadece ilk kelimesinin bas harfi biyik) yazilmalidir. Baslik tercihen 15
kelimeyi gecmemelidir. ingilizce baslik Tiirkge basligi tam olarak karsilamali, 12 punto ve koyu
yazilmahdir.

7. Harran Tarim ve Gida Bilimleri Dergisi'ne yayinlanmasi i¢in makalenin ilk gonderiminde yazar
isimleri, kurum isimleri, adresleri, ORCID numaralari ve e-posta bilgileri yer almamalidir.

8. Makalenin hakem degerlendirmesi tamamlandiktan ve makale Yayin Kurulu tarafindan kabul
edildikten sonra, 7. maddede yer alan yazar isimleri ve diger bilgiler, hakem Onerilerine gore
yeniden diizenlenmis olan makale sayfasi (izerine yazildiktan sonra, Dergi web sayfasinda yer alan
dizenlenmis makaleyi gonder sayfasindan Dergi sistemine yiklenmelidir. Kontrol edilmis veya
diizeltilmis olan makale, yeni bir makale gibi Dergi web sayfasindan yiiklenmemelidir.

9. Yazar isimleri Adi SOYADI kuralina gére Tirkge baslik sonrasi 12 punto (koyu, ortali ve diiz) ve
bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin (st simge olarak rakam,
sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri sonrasinda 1
bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir. Adres satirindan sonra 1 bosluk



birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID satirinin altina sorumlu yazar e-posta
adresi belirtilmelidir.

10. 0Z: Calismanin yiiriitildigii yer ve zamanini, amacini, ydntemini ve sonuglari icermelidir. Sola
yasli, 10 punto, koyu, paragraf basinda girinti verilmemelidir. Tiirkce ve ingilizce metin 300
kelimeyi asmayacak sekilde 10 punto ve 1 satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler
ve Abstract ile Key Words arasinda tek satir bosluk (10 punto, diz) birakilarak, metnin hemen
altinda en fazla 5 adet Anahtar Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin
(Girig) arasinda iki satir bosluk birakilmalidir.

11. Giris: Bu bolimde; ¢alisma konusu, gerekgesi, konu ile dogrudan ilgili dnceki ¢alismalar ve
calismanin amaci verilir. Bu bélimde; calismanin konusu 6zetlenmeli, konu hakkindaki mevcut
bilgi dogrudan iliskili 6nceki ¢alismalarla degerlendirilmeli ve bilgi Uretimine ihtiya¢ duyulan
hususlar vurgulanip ¢alisma ile iliskilendirilmelidir. Son olarak ¢alismanin amaci net ve agik bir
sekilde ifade edilmelidir.

12. Materyal ve Metot: Bu bolimde; calismada kullanilan canli ve cansiz materyaller, uygulanan
yontemler, degerlendirilen dlcitler, uygulanan deneme desenleri veya 6rnekleme yontemleri ile
istatistiksel analizler gerektiginde kaynaklarla da desteklenerek, acik ve net bicimde
anlatilmalidir. Yeni veya degistirilmis yontemler, ayni konuda calisanlara arastirmayi tekrarlama
olanagi verecek nitelikte agiklanmalidir. Bu amacgla gerektiginde alt baslik kullanilmalidir.

13. Arastirma Bulgulari ve Tartisma: Calismada elde edilen bulgular sekil ve cizelgeler yardimiyla
ve istatistiksel analizlere dayali olarak acik ve net bir bicimde verilmelidir. istatistiki olarak &nemli
bulunan faktorler, uygulanan istatistik analiz teknigine uygun Kkarsilastirma yontemi ile
yorumlanarak ilgili istatistikler tGzerinde harflendirme yapilmalidir. Ayni veriler hem grafik hem
de cizelge ile verilmemeli, konuya en uygun arac¢ secilmeli, anlatimda tekrarlayan ciimle ve
ifadelerden kaginilmalidir. Tartisma kisminda, uyum ve zithk agisindan Onceki calismalarla
karsilastirilmali, doldurdugu bilgi agigl vurgulanmali, dnceki bolimlerdeki ifadelerin oldugu gibi
tekrarindan kaginilmahidir.

14. Sonuglar: Bu boélimde; elde edilen nihai sonuclar ve varsa oneriler, bilime ve uygulamaya
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